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The 20th Symposium on Capillary Electrophoresis
SCE 2000 The Millennium Symposium
November 29 - December 1, 2000, Awaji Yumebudai Intemational Conference Center, Hyogo

PROGRAM
Wednesday, Nov.29

Welcome and Opening of Symposium
Yoshinobu Baba, Symposium Chairman
Takao Tsuda, Chairman, Division of Electrophoretic Research, Japan Society of Analytical Chemistry

13:00 -13:50 Plenary Lecture I Chair: Takao Tsuda

SO01. THE ROLE OF CAPILLARY ELECTROPHORESIS IN THE REVOLUTION IN
BIOANALYSIS IN THE BEGINNING OF THE NEW MILLENNIUM
*William S. Hancock and Chris Becker, Thermo Finnigan

13:50 - 14:40 Plenary Lecture II Chair: Terumichi Nakagawa

S02. MICELLAR ELECTROKINETIC CHROMATOGRAPHY: PAST, PRESENT AND
FUTURE
Shigeru Terabe, Himeji Institute of Technology

14:40 - 15:30 Plenary Lecture 111 Chair: Takehiko Kitamori

S03. RECENT DEVELOPMENT OF MICROMACHINES AND PROSPECTIVE
APPLICATIONS IN MICRO CHEMICAL SYSTEMS
Hiroyuki Fujita, University of Tokyo

15:30 - 16:30 ~ Session 1 Chair: Hidetoshi Arai

LO1. Microchip Electrophoresis System "MCE-2010" -- Linear Imaging UV Detector Using Quartz
Chips — *Hiroaki Nakanishi (1), Akihiro Arai (2), Teruhisa Ueda (2) ,({)Technology Research
Laboratory, Shimadzu Corp.,(2)Analytical Instruments Division, Shimadzu Corp.

L02. Micro-chip Electrophoretic Analytical System and Its Applications, *Hiroshi Izutsu (1), Kazuhiko
Obara (1), Hiroo Watanabe (1), Hiroaki Machida (2), Hisashi Hagiwara (2), Yuusuke Miyazaki (2),
(1)Pharmaceutical Research Lab., Hitachi Chemical Co., Lid., (2)Electronic Equipments Div., Hitachi
Electronics Engineering Co.,Ltd.

LO3. Analysis of Biomacromolecule(DNA, RNA and Protein) using Agilent 2100 BioAnalyzer, *Kaho
Minoura (1), Naoto Kondo (1), Odilo Mueller (2), Meike Kuschel (2), (1)Yokogawa Analytical Systems
Inc., (2)Agilent Technologies Inc.

L04. Free flow electrophoresis module for rapid sample preparation, *Nobuyoshi Tajima, Etsuo
Shinohara, Life-science Technology Research Center, Olympus Optical Co., Ltd.

16:30- 17:00 Invited Lecture I Chair: Kiyokatsu Jinno

101, CAPILLARY ELECTROPHORESIS (CE) AND MICROFABRICATED CE CHIP: APOWERFUL
TOOL OF TUMOR MARKERS DETERMINATION .
*Bingcheng Lin (1), Futan Han (1), Qingnan Yu (1), Xiuling Dong (1), Hui Wang (1), Yinfa Ma (2),
(1)Dalian Institute of Chemical Physics, Chinese Academy of Sciences, (2)Truman State University

18:00 - 19:00 Night Session by Young Scientists & Welcome Reception at the Reception Hall
of Awaji Yumebutai International Conference Center

Thursday, Nov. 30

9:00 - 10:15 Session II Chair: Hidesaburo Kobayashi

L05. A Study of MEKC-MS with Frit-FAB Interface, *Kaoru Yamada (1), Yoshiaki Tanizawa (1),
Takashi Ujiie (1), and Toshiyuki Hobo (2), (1)LION Corporation, (2)Faculty of Engineering, Tokyo
Metropolitan University

L06. An Integrated CE-MS/MS System for Drug Discovery and Protein Characterization Application,
Albert Fu-Tai Chen, *Etsuo Arai, BECKMAN COULTER K.X.

L07. Development of Atmospheric Pressure Chemical Ionization Interface for Capillary
Electrophoresis/Mass Spectrometry, *Yoshihide Tanaka (1), Koji Otsuka (2), Sahori Takeda (3),
Shin-ichi Wakida (3), and Shigeru Terabe (2), ({)Department of Analytical Chemistry, Nippon
Boehringer Ingelheim, Co. Ltd, (2)Faculty of Science, Himeji Institute of Technology, (3)Department of
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Energy and the Environment, Osaka National Research Institute, AIST, MITI ]
L08. Improvement of Sensitivity in MEKC-APCI-MS Analysis Using On-line Sample Concentration
*Kentaro Isoo, Wato Yamamoto, Koji Otsuka, and Shigeru Terabe, Faculty of Science, Himeji Institute
of Technology
L09. High Sensitive Analysis by CZE using On-line Preconcentration Techniques and Analysis of the
Obtained Electropherograms, *Takcshi Hirokawa, Natsuki lkuta, Tatsuya Yoshiyama, and Hikaru
Okamoto, Faculty of Engineering, Hiroshima University

10:15-10:25 Break

10:25-11:40 Session III Chair: Jun Haginaka

L10. Highly Efficient Chemical Synthesis by Using Microchip, *Hidcaki Hisamoto (1), Takchiko
Kitamori (1,2), (1)Department of Applied Chemistry, School of Engineering, The University of Tokyo,
(2) Integrated Chemistry Project, Kanagawa Academy of Science and Technology

L11. Development of Capillary chip electrochromatography with polymeric material, *Katsumi
Uchiyama, Wei Xu, Toshiyuki Hobo, Department of Applied Chemistry, Graduate School of
Engineering, Tokyo Metropolitan University

L12.Monolithic PDMS-Glass Hybrid Microchip for Genetic Analysis, Jong Wook Hong (1,3), *Teruo Fujii
(2), Minoru Scki (1), Takatoki Yamamoto (2) and Isao Endo (3), (/)Department of Chemistry and
Biotechnology, The University of Tokyo, (2)Institute of Industrial Science, The University of Tokyo,
(3)Biochemical Systems Laboratory, The Institute of Physical and Chemical Research (RIKEN)

L13. Manipulation and Processing of a Single DNA Molecule inside Channels for Genome Analysis,
*Ken Hirano, Yukiko Matsuzawa, Hachiro Yasuda, Shinji Katsura, and Akira Mizuno, Departmer! of
Ecological Engineering, Toyohashi University of Technology

L14. Dynamics of a long DNA in small systems, *Masanori Ueda (1,2), Noritada Kaji (1,2), and Yoshinobu
Baba (1,2), (1)CREST, JST, (2)Department of Medicinal Chemistry, The University of Tokushima

11:40 - 12:30 Plenary Lecture IV Chair: Susumu Honda
S04. HIGH-SPEED HIGH-THROUGHPUT SCREENING BASED ON MULTIPLEXED CE
AND ABSORPTION DETECTION, Edward S. Yeung, lowa State University

12 :30-13:30 Lunch Break
13:30-14:30  Poster Session I (P101 - P128)

14:30-15:15 Session 1V Chair: Masao Kamahori

L15. Detection of Two variant verotoxin genes in Escherichia coli by capillary electrophoresis, *Hidetoshi
Arakawa, Hiroyuki Kashiwazaki, Kazuyuki Watanabe, Masako Macda, School of Pharmaceutical Sciences,
Showa University '

L16. Rapid Graphic Method to Evaluate the Reputation of Single-stranded DNA in Capillary
Electrophoresis, *Katsunori Aizawa (1), Kazuhiro Shibata (1), Masami Muramatsu (1), and Yoshihide
Hayashizaki(1,2), (1)Genome Exploration Research Group, RIKEN, Genomic Science Center (GSC)
RIKEN Yokohama Institute, and Genome Science Laboratory, RIKEN Tsukuba Institute, CREST, Japan
Science and Technology Corporation (2)Department of Medicine, Tsukuba University

L17. DNA analysis by 'beads-array", *Yoshinobu Kohara, Gang Chen, Kazunori Okano and Hideki
Kambara, Hitachi Ltd., Central Research Laboratory

15:15-15:45 Invited Lecture I1 Chair: Takeshi Hirokawa
102. EFFECTS OF POLYMER CHEMISTRY ON DNA SEQUENCING SEPARATIONS BY
MICROCHANNEL ELECTROPHORESIS,

Mcthal N. Albarghouthi, Brett A. Buchholz, Erin A. S. Doherty and * Annelise E. Barron, Northwestern
University

15:45 -15:55 Break

15:55-17:10 Session V Chair: Sahori Takeda

L18. Analysis of peptides in culture medium by SELDI ProteinChip system, *Kae Sato, Kazuki Sasaki,
Ken Yamaguchi, Growth Factor Division, National Cancer Center Research Institute

L19. Separation by Free Flow Electrophoresis Module for Proteome Analysis, *Hidesaburo
Kobayashi(1l), i Ohta (1), Ikki Mcguro (1), Hisaka Nagahama (1), Nobuyoshi Tajima (2), Etsuo
Shinohara (2), (1)Faculty of Science, Josai University, (2) Olympus Optical Co.,Ltd.

L20. Fast Analysis of Carbohydrate Derivatives by Microchip Electrophoresis, *Shigco Suzuki (1),
Yuka Saito (1), Norihisa Shimotsu (1) and Susumu Honda (1), Akihiro Arai (2), Hiroaki Nakanishi
(2), (1)Faculty of Pharmaceutical Sciences, Kinki University, (2) Shimadzu Corp

L21. Microchip Based Capillary Electrophoresis for Environmental Monitoring (VIII)



Characterization of Dissolved Organic Substances in Environmental Waters, *Shin-ichi Wakida
(1,2), Sahon Takeda (1), Atsushi Chiba (2), Kciichi Fukushi (3), Hiroaki Nakanishi (4), and Toshio
Matsuda (2), (I1)Osaka National Research Institute, AIST, (2)Faculty of Science and Technology,
Ritsumeikan University,(3)Kobe University of Mercantile, (4) Shimadzu Corp.

L22, On-capillary Enzymatic Reaction for On-chip Biomedical Analysis, *Eiichi Tamiya, Tomoyuki
Morita, Yuji Murakami, Japan Advanced Institute of Science and Technology

17:10 -18:00 Plenary Lecture V Chair: Shigeru Terabe
S05. LAB-ON-CHIP TECHNOLOGY IN THE NEW MILLENNIUM,
J. Michael Ramsey, Oak Ridge National Laboratory

18:30 -20:30 Banquet at The Westin Awaji Island

Friday, Dec. Ist

9:00 - 10:00 Session VI Chair: Keiichi Fukushi

L23. Separation and Quantitative Detection of Microbial Cell by Capillary Electrophoresis, *Kazutaka
Yamada (1,2), Masaki Torimura (1), Shinya Kurata (1,2), Yoichi Kamagata (1), Takahiro Kanagawa
(1), Kenji Kano (3), Tokuji Ikeda (3), Toyokazu Yokomaku (2), and Ryuichiro Kurane (1), (1)Applied
Microbiology Division, National Institute of Bioscience and Human-Technology, AIST, (2)Research
and Development Laboratory, Kankyo Engineering Co., LTD. (3) Kyoto University

L24. Study on Separation of Lymphocytes in Polymeric Micelles Coated Micra Chip, *Sakuitiro
Adachi(l), Chic Kuwahara(l), Akio Oki(l), Yuzuru Takamura(l), Kazunori Kataoka(l), Yukio
Nagasaki(2) and Yasuhiro Horiike(1), (1)School of Materials Science, The University of Tokyo, (2)
School of Materials Science, Science University of Tokyo

L25. On the stability of fluorescent peptide isoelectric point markers, *Keiichiro Kamiya (1), Kiyohito
Shimura (1), Ken-ichi Kasai (1), Hiroyuki Matsumoto (2), (1)Faculty of Pharmaceutical Sciences,
Teikyo University (2)Laboratory of Molecular Biophotonics

L26. Assessment Study of the Electrophoretic Behavior of Proteins in the Presence of Electroosmotic
Modifiers: Protein-Modifier Interaction Studied Using Polyacrylamide-Coated capillary, *Kancnobu
Kubo, Ai Hatton, School of Pharmaceutical Sciences, Kinki University

10:00 - 11:00 Session VII Chair; Kiyohito Shimura

L27. Separation and Functional Analysis of Heat Shock-Inducible Thymosin p-4 in A Human T
Lymphoblastic Cell Line, Jurkat Cells by Two-Dimensional Electrophoresis and Capillary
Electrophoresis, *Kazuyuki Nakamura (1), Noriyuki Mitani (1), Masanon Fujimoto (l1), Hitomi
Kinugasa (2) and Shigeru Terabe (2), (1)Department of Biochemistry and Biomolecular Sensing,
Yamaguchi University School of Medicin, (2)Faculty of Science, Himeji Institute of Technology

L28. Enantioselective Drug Binding Analysis of Genetic Variants of Human a;-Acid Glycoprotein
using High Performance Frontal Analysis / Capillary Electrophoresis, *Yukihiro Kuroda, Yoko
Kita, Akimasa Shibukawa, Terumichi Nakagawa, Graduate School of Pharmaceutical Sciences, Kyoto
University,

L29. Studies on the Quantitative Analysis of Proteins by Sieving SDS Capillary Electrophoresis, *Jun
Mukai, Nobuhiro Naohara, Nao Yamaguchi, Takashi Manabe, Department of Chemistry, Faculty of
Science, Ehime Universi

L30. Evaluation of the Action Pattern of Endo-Type Hyaluronidase Using Capillary Electrophoresis,
';jMitsuhiro Kinoshita, Yasuo Oda and Kazuaki Kakehi, Faculty of Pharmaceutical Sciences, Kinki

niversity

11:00-12:00 Poster Session 11 (P201-P227)
12:00 -13:00 Lunch Break
13:00-13:15 Poster Awards Presentation

13:15-14:30 Session VIII Chair; Koji Otsuka

L31. Development of high sensitivity Hadamard capillary electrophoresis, *Kazuki Kosai, Takashi
Kaneta, Totaro Imasaka, Faculty of Engineering, Kyushu University

L32. Miniature capillary electrochromatographic system with electrochemical detection for the set-up
on a stage of microscope, *Takahiro Sakaki (1), Shinya Kitagawa (2), Takao Tsuda (1),
(1)Department of Applied Chemistry, Nagoya Institute of Technology, (2)Venture Business Laboratory,
Nagoya Institute of Technology

L33. Capillary Electrochromatography Using Fibers as a Stationary Phase, Kiyokatsu Jinno and
*Hiroshi Watanabe, School of Materials Science, Toyohashi University of Technology

— 14_



L34, Characterization of porous silica monolithic columns in capillary electrochromatography,
*Hiroshi Kobayashi (1), Nobuo Tanaka (1), Norio Ishizuka (2), Hiroyoshi Minakuchi (2), Kazuki
Nakanishi (2), (1)Department of Polymer Science and Engineering, Kyoto Institute of
Technology,(2)Division of Material Chemistry, Graduate School of Engineering, Kyoto University

L35. Electrochromatography using AC electric field, *Masahiko Sato (1), Shinya Kitagawa (2), Takao
Tsuda (1), (1)Department of Applied Chemistry, Nagoya Institute of Technology, (2)Venture Business
Laboratory, Nagoya Institute of Technology

14:30 - 15:45 Session IX Chair: Hiroyuki Nishi

L36. Determination of S-[2-carboxy-1-(1H-imidazol-4-yl)ethyl] glutathione, a new metabolite of L-histidine,
in rat tissues after sunlight irradiation by capillary electrophoresis, *Masahiro Kinuta, Noriyoshi
Masuoka, Jun Ohta, Tadashi Abe, Atsushi Otsuka and Shun-Ai Li, Department of Biochemistry, Okayama
University Medical School )

L37. A High-Throughput pKa Screening Method in Drug Discovery using Capillary Electrophoresis,
*Yasushi Ishihama, Naoki Asakawa, Analytical Research Laboratories, Eisai Co., Ltd

L38. Rapid Development of Optimal Capillary Electrophoresis Conditions for Separation of Ofloxacin
and its Analogs by Using an Experimental Design Approach, *Takecaki Konno, Ken-ichi Yamazaki,
Analytical Research Center, Chemical Technology Research Laboratories, Daiichi Pharmaceutical Co.,
LTD

L39. Chiral Capillary Electrophoresis of Amphetamine and Analogs using Highly Sulfated Gamma
Cyclodextrin, *Yuko Iwata (1), Agnes Garcia (2), Tatsuyuki Kanamon (1), Yoshihito Ohmae (1),
Kanya Kobayashi (3), Hiroyuki Inoue (1), Tohru Kishi (1) and Ira Luric (4), (/)National Research
Institute of Police Science, (2)Southeast Laboratory, US Drug Enforcement Administration,
(3)Research Institute of Scientific Criminal Investigation, Nagano Prefectural Police H.Q. (4)Special
Testing and Research Laboratory, US Drug Enforcement Administration

L40. Enantiomer Separation by Capillary Electrochromatography Using Chiral Stationary Phases (4),
*Koji Kawamura, Koji Otsuka , and Shigeru Terabe, Faculty of Science, Himeji Institute of Technology

15:45-17:00 Session X Chair: Akimasa Shibukawa

LA41. Enantiomer Separation of Drugs by Capillary Electrophoresis Using Polysaccharides as Chiral
Selectors, *Yukari Kuwahara and Hiroyuki Nishi, Analytical Chemistry Department, Product Technology
Development Laboratory, Tanabe Seiyaku Co., Ltd

LA42. Non-aqueous Capillary Electrophoresis of para-Quinone Anion Radicals, *Yukihiro Esaka, Noriko
Okumura, Bunji Uno, Masashi Goto, Gifu Pharmaceutical University

LA43. Reproducibility of quantitative analysis in CZE, *Natsuki Ikuta, Tatsuya Yoshiyama, Hikaru
Okamoto, Takeshi Hirokawa, Faculty of Engineering, Hiroshima University

L44. Improvement of S/N ratio in capillary electrophoresis - Optimization of aperture width, *Kciko
Kitagishi, Yasuhiro Sato, Otsuka Electronics Co.

L45. Capillary zone electrophoresis with on-line transient isotachophoresis for the determination of
nitrite and nitrate in environmental waters: direct injection for a couple of terminating ions,
*Nobuhiro Ishio (1), Takashi Miyado (2), Hidcaki Nishio (1), Kanako Michiba (1), Keiichi Fukushi (1),
Keiitsu Saito (2), Sahori Takeda (3), Shin-ichi Wakida (3), (!/)Research Institute for Marine Cargo
Transportation, Kobe University of Mercantile Marine, (2)Faculty of Human Development, Kobe
University, (3)Osaka National Research Institute, AIST

Invitation to SCE 2001 Keiichi Fukushi, Symposium Chairman of SCE 2001 at Kobe

Close of Symposium Yoshinobu Baba, Symposium Chairman
Poster Session
Poster Session I (P101-P128)  Presentation time: Nov. 30 13:30-14:30

P10]1. On-line Sample Concentration in Microchip Electrophoresis, *Yoichi Scra, Norio Matsubara, Koji Otsuka,
and Shigeru Terabe, Faculty of Science, Himeji Institute of Technology

P102. Ultrafast Reaction Control in a Microchannel by Laser-Induced Photothermal Effect, *Maxim
Slyadnev1(1), Yuki Tanaka(2), Manabu Tokeshi(1), Takehiko Kitamori(1,2), (1)Integreted Chemistry Project,
Kanagawa Academy of Science and Technology, (2)Department of Applied Chemistry, The University of Tokyo

P103. DNA Analysis by Microfabricated CE Chip, *Aya Atsumi(l,2), Yoshinobu Baba(1,2), (1)Departinent of
Medicinal Chemistry, The University of Tokushima,(2JCREST, JST

P104. High-Speed Gene Amplification by Capillary PCR, *Yukari Hataocka(l,2), Yoshinobu Baba(l,2)
(1)Department of Medicinal Chemistry, The University of Tokushima,(2)CREST, JST

P105. Genomic Polymorphism Analysis by Microchip and Capillary Electrophoresis, *Yuki Endo(l,2).
Yoshinobu Baba(1,2), (1) Department of Medicinal Chemistry, The University of Tokushima,(2)CREST, JST

P106. Highly Sensitive Micellar Electrokinetic Chromatographic Analysis of Amino Acid Derivatives Using On-linc
Sample Concentration (2), *Chika Saeki, Koji Otsuka, and Shigeru Terabe, Faculty of Science, Himeji Institute of

Technology
N\



P107. On-line Sample Concentration in MEKC Using Cationic Surfactants Under Suppressed EOF, *Jong-Bok
Kim, Koji Otsuka, and Shigeru Terabe, Faculty of Science, Himeji Institute of Technology

P108. On-linc sample Concentration and Scparation of Carboxylic Acids by Capillary Electrophoresis, *Naoko
Inoue, Koji Otsuka, and Shigeru Terabe, Faculty of Science, Himeji Institute of Technology

P109. On-line concentration of chlorophenols in capillary clectrophoresis (II), *Sahori Takeda(l), Kenji
Chayama(2), Haruo Tsuji(2), Kei-ichi Fukushi(3), Masataka Yamanc(l), Zyun Siroma(l), and Shin-ichi
Wakida(l), (/)Osaka National Research Institute, AIST,(2)Faculty of Science, Konan University, (3)Kobe
University of Mercantile Marine

P110. High Sensitive Analysis of Lanthanide Ions by Isotachophoretic On-line Preconcentration-CZE, *Hikaru
Okamoto, Natsuki Ikuta and Takeshi Hirokawa, Faculty of Engineering, Hiroshima University

P111. Stacking Effect on CE Analysis Based on the Formation of Heteropolyoxometalate Complexes, *Yoichi
NAKASHIMA(1), Hitoshi NISHIKAWA(2), Takuya GOTO(2), Iwao KITAZUMI(2) and Sadayuki
HIMENO(2), (1)Technology Research Institute of Osaka Prefecture, (2)Department of Chemistry, Faculty of
Science, Kobe University

P112. Open Tubular Approaches to CEC, Chuzo Fujimoto, Department of Chemistry, Hamamatsu University
School of Medicine

P113. Development of Capillary Electrophoresis - Atomic Absorption Spectrometer(CE-AAS) (IV), *Toshiro
Yamauchi(l), Natsuki lkuta(l), Takeshi Hirokawa(l), Toshihisa Nakagawa(2), and Masumi Sakai(2),
(1) Faculty of Engineering, Hiroshima University, (2)Shimadzu Co.

P114. Electrochemical Detection of Alkylphenols at Sputtered Carbon Microarray Electrode Coupled with a
Miniaturized Thin-Layer Radial Flow Cell for CE Measurement, *Tianyan You(1), Osamu Niwa(1), Ryoji
Kurita(2), Katsuyoshi Hayashi(l), Shigeru Hirono(3), (/) NIT Lifestyle and Environmental Technology
Laboratories, (2JJNTT Advanced Technology (3)NTT Afty Corporation

P115. Development of On-plate CE MALDI-TOF/MS and Its Application to the Analysis of Biomolecules,
Noriyuki Ojima, Takahiro Yamamoto, and *Tsutomu Masujima, /nstitute of Pharmaceutical Sciences, Faculty
of Medicine, Hiroshima University

P116. Capillary Electrophoresis of Bascs and Nucleosides Detected by Parabolic Field Accelerated Time of
Flight Mass Spectrometer, *Tadao Furumoto, Takao Fukumoto, and Hitoshi Watarai, Graduate School of
Science, Osaka University

P117. Capillary Electrophoresis —Off Linc MALDI-TOF MS of al-Acid Glycoprotein, *Mitsuhiro Kinoshita,
Daisuke Kawakami, Kazuo Sei, Kaori Endo, Yasuo Oda and Kazuaki Kakehi, Faculty of Pharmaceutical
Sciences, Kinki University

P118. Analysis of Inorganic Ions in Environmental Samples by Capillary Electrophoresis, *Yasuhiro Sato,
Otsuka Electronics Co.

P119. Capillary Electrophoresis Mcthod for the Analysis of 200 Anions Including Inorganic Anions, Organic
Acids, Amino Acids, Nucleotides and Carbohydrates, *Tomoyoshi Soga(1), Chika Nogami, (1) Motohiro
Imaizumi(2), ([)Application Center, Yokogawa Analytical Systems Inc., (2)School of Materials Science,
Toyohashi University of Technology

P120. Genetical Polymorphisms of Plasma Protcin and Red Cell Enzymes of Domestic Cat in Japan, *Haruhiro
Yoshida(1), Junko Hirota(2), Reiko Usui(3), (/)Senshu University,(2)Alice Animal Hospital, (3)Usui Dog and
Cat Animal Hospital

P121. New method for DNA sequencing -Pyrosequencing- :Comparative study between pyrosequencing and
gel-based sequencing, *Zhou Guohua, Masao Kamahori, Kunio Harada, Kazunori Okano and Hideki Kambara,
Central Research Laboratory, Hitachi Ltd.

P122, Separation performance of automated DNA fragment sorter using capillary-array gel clectrophoresis,
*Takashi Irie(1), Ryutaro Fukumura(2), Ryoko Araki(2), Momoko Shimamoto(l), Masumi Abe(2), and Hidceki
Kambara(l), ({)Central Research Laboratory, Hitachi Ltd., (2)National Institute of Radiological Sciences

P123. Analysis of DNA adducts by capillary electrophoresis with end-column amperometric detection,
ZjShinsukc Inagaki, Yukihiro Esaka, Masashi Goto, Magoichi Sako, Yoshihiro Deyashiki, Gifu Pharmaceutical

niversity .

P124. Analysis of single nucleotide polymorphisms (SNPs) using Capillary Array clectrophoresis, *Chiho
Yoshida (1,2), Yoshinobu Baba (1,2) (/) The University of Tokushima, (2)CREST, JST

P125. Study of polymer solution for DNA Scparation in Capillary Elcctrophroesis, *Yasuko Tanaka(l,2),
Yoshinobu Baba(1,2) (/) Faculty of Pharmaceutical Sciences, The University of Tokushima, (2)CREST, JST

P126. Visualization and manipulation of a single DNA molecule, *Noritada Kaji(1,2), Masanori Ueda(1,2),
Yoshinobu Baba(1,2) (1) The University of Tokushima, (2) CREST, JST

P127. Interaction of protein and intercalating fluorescence dye against DNA, *Abd El-Maaboud lIsmail
Mohamed(1),Noritada Kaji(1,2), Masanori Ueda(1,2), Yoshinobu Baba(1,2), (1) The University of Tokushima,
(2).CREST, JST

P128. Separation of Triplet Repeat DNA by Capillary Electrophoresis and the Conformational Analysis by
Atomic Force Microscopy, *Tatsuo Nakagawa(1,2), Masamori Ueda(1,2), and Yoshinobu Baba(l,2) (/), The
University of Tokushima, (2), CREST, JST

Poster Session 11 (P201-P227)  Presentation time : Dec. 1st 11:00-12:00

P201. Micellar Electrokinctic Chromatography with Sodium 10-Undeccylenyl Sulfate Oligomer and Sodium 10-
Undccenoic Acid Oligomer as Pseudo- Stationary Phases with High Concentrations of Organic Modifiers.
*Mitsuhiro Wada, Koji Otsuka, and Shigeru Terabe, Faculty of Science, Himeji Institute of Technology,

P202. Non-aquecus CE Analysis of Alkaloids from Chinese Medicines, *Daisuke Uchida, Yukihiro Esaka,
Masashi Goto, Munckazu linuma, Gifu Pharmaceutical University,

P203. Disturbance at Moving Boundary in Free-flow Isotachophoresis, *Makoto Ishikawa, Ryutaro Murakami,



Natsuki Ikuta and Takeshi Hirokawa, Faculty of Enginecring, Hiroshima University .

P204. Development of Automatic Processing System for Capillary Electrophoresis (1V), *Tatsuya Yoshiyama,
Natsuki [kuta, Takeshi Hirokawa, Faculty of Engineering, Hiroshima University . ]

P205. Application of Capillary Electrophoresis for the Manufacturing of Semiconductors. *Katsushi Sasa, keiko
Kitagishi, Otsuka Electronics Co

P206. Enantiomer Separation by Micellar Electrokinetic Chromatography Using Novel Chiral Surfactants,
*Yoshiyuki Iwai (1), Masaki Nakamura (2), Koji Otsuka (1), and Shigeru Terabe (1), (/}Faculty of Science, Himgji
Institnte of Technology,(2)Department of Industrial Chemistry, Osaka Municipal Technical Research Institute

P207. Enantiomer separations by open tubular capillary eclectrochromatography, open tubular liquid
chromatography and affinity electrokinetic chromatography, *Zhen Liu, Koji Otsuka, Shigeru Terabe,
Facnlty of Science, Himeji Institute of Technology

P208, Separation of Basic Drug Enantiomers by Capillary Zone Electrophoresis Using Glucuronyl Glucosyl _-
Cyclodextrin as a Chiral Selector, *Hisami Matsunaga, Jun Haginaka, Faculty of Pharmaceutical Sciences,
Mukogawa Women'’s University

P209. Study on the molecular mechanism of the binding betwcen drug and oxidized LDL by using high performance
frontal analysis / capillary electrophoresis, *Yoshinori Watanabe, Y ukihiro Kuroda, Akimasa Shibukawa,
Tetsurou Handa and Terumichi Nakagawa, Graduate School of Pharmaceutical Sciences, Kyoto University

P210. Equilibrium Analysis of Acid Dissociation Reactions of Phenolphthalein by Using Mobility Change in
Capillary Zone Electrophoresis, *Toshio Takayanagi and Shoji Motomizu, Faculty of Science, Okayama
Universi

P211. Study o?,CompIex Dissociation Dynamics by Capillary Electrophoresis, * Hirotaka Tanaka, Hirofumi
Kawazumi, Kyushu School of Engineering, Kinki University

P212. Interaction between amyloid—B-peptide and metal chelates, *Satoshi Nishino and Yuzo Nishida,
Department of Chemistry, Faculty of Science, Yamagata University

P213. Interaction between protein and metal chelate in the presence of hydrogen peroxide ; origin of
“gain—of-function” by mutant SOD in patients of Amyotrophic lateral sclerosis, Satoshi Nishino and *Yuzo
Nishida, Department of Chemistry, Facully of Science, Yamagata University

P214. Effect of Organic solvents on the CE Analysis Based on the Formation of Heteropolyoxometalate
Complexes, *Takuya Goto (l), Yoichi Nakashima (2), Sadayuki Himeno (1), (/)Department of Chemistry,
Facully of Science, Kobe University (2) Technology Research Institute of Osaka Prefecture

P215. Capillary Electrophoretic Analysis Based on the Formation of Heteropolyoxometalate Complexes Il
Determination of Transition Metal lons, *Iwao Kitazumi (1), Yoichi Nakashima (2), Sadayuki Himeno (1),
(1)Department of Chemistry, Faculty of Science, Kobe University, (2)Technology Research Institute of Osaka
Prefecture

P216. Suppression of water evaporation from samples with a mineral oil-overlay and its use in the reduction of a
sample volume for capillary affinophoresis, *Noboru Uchiyama, Yo-ichiro Arata, Jun Hirabayashi, Kiyohito
Shimura, Ken-ichi Kasai, Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko

P217. Protein Analysis by Capillary Electrophoresis, *Mari Tabuchi (1), Yoshinobu Baba (2,3), (/)Okamoto Electric
Co., Ltd, (2)Department of Medical Chemistry, The University of Tokushima, (3)CREST, JST

P218. Analysis by Capillary Isoelectrofocusing of Charge Microheterogeneity of P-Trace Protein  (Lipocalin -
Type Prostaglandin D Synthase) in Cercbrospinal Fluid of Patients with Neurological Disorders,
*Atsushi Hiraoka (1), Kohsuke Seiki (2), Hiroshi Oda (3), Naomi Eguchi (3), Yoshihiro Urade (3), ltaru
Tominaga (4), and Kohji Baba (4), (1)Kyorin University School of Health Sciences, Haclioji, Japan, (2)Maruha
Corporations, (3)Osaka Bioscience Institute, (4)Shimohusa National Sanatoriun:

P219. Temperature regulated elution of the glycoproteins from the lectin, hapten sughr and temperature-
responsive polymer immobilized capillary, *Hidenori Yamanaka, Hiroyuki Sota, Kimihiro Yoshizako, Yukio
Hasegawa, Amarsham Pharmacia Biotech K. K.,

P220. Sample Reduction in Electrophoretic Carbohydrate-Protein Interaction Studies by Laser-Induced
Fluorescence Detection, *Atsushi Taga, Tomohiro Komeya, Mariko Ujimaru and Susumu Honda, Faculty of
Pharmaceutical Sciences, Kinki University

P221. Analysis of Milk Oligosaccharides by Capillary Electrophoresis, *Shigeo Suzuki, Sacko Okuda, Miwa
Kurosaki, Naoko Matsuura, Atsushi Taga, Susumu Honda, Faculty of Pharmaceutical Sciences, Kinki
University,

P222. Study of Glycogen Structure by Capillary Electrophoresis, *Atsushi Nishikawa, Atsushi Taga, Shigeo
Suzuki, and Susumu Honda, Faculty of Pharmaceutical Sciences, Kinki University

P223.  Separation and Detection of microorganisms by Capillary Electrophoresis with Laser-lnduced
Fluorescence Detection, *Tomoyoshi Shintani (1), Kazutaka Yamada (2,3), and Masaki Torimura (2),
(industrial Research Center of Ehime Prefecture, (2)Applied Microbiology Division, National Institute of
Bioscience and Human-Technology, AIST, (3)Research and Development Laboratory, Kankyo Enginnering Co.,

P224.  Use of a magnetic material for an aid of analysis and separation technique applicable to red blood cell,
*Yuji Kato (1), Shinya Kitagawa (1), Takashi Okuda (2), Takao Tsuda (1), () Depariment of Applied Chemistry,
Nagoya Institute of Technology, (2)Depariment of Materials Science and Engineering, Division of Inorganic
Materials, Nagoya Institute of Technology.

P225. Concurrent Observation of Red Blood Cells at Single Cell Level with UV Detection and Microscope,
*Norihiro Yamauchi (1), Shinya Kitagawa (2), Takao Tsuda (1), (/)Department of Applied Chemistry, Nagoya
Institute of Technology, (2)Venture Business Laboratory, Nagoya Institute of Technology

P226. Changes of Free Amino Acid in Cheese during Heat Processing, Toshie Tsuda, *Shiho Takeuchi, Masako
Yamada, Yuji Nakazawa, Kyoritsu women's Junior College

P227. Analysis of saccharides in foods, *Takako Kawahashi, Katsushi Sasa, Otsuka Electronics Co., Ltd.

P228. Separation, quantification and determination of pharmacokinetics of clenbuterol in the horse*CE Uboh (1,2),
LR Soma(2), F Guan(2), EK Birks(2), D Teleis(2), JA Rudy(l), DS Tsang(2), AO Watson(2), TD Teel(2), (/) West
Chester University, (2)University of Pennsylvania
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The Role of Capillary Electrophoresis in the Revolution in Bioanalysis in

the Beginning of the New Millennium

William S. Hancock and Chris Becker

Proteomics Division, Thermo Finnigan, San Jose, CA

Capillary Electrophoresis will have a major contribution to the development of
bioanalysis in the new millennium. Much of these advances will be based on the
sequencing of the human genome and the subsequent analysis of the corresponding
Proteome. Mass spectrometry will be the preferred detector because of the unparalleled
information content provided by one or more dimensions of mass measurement. There is
a key role, however, for both HPLC and HPCE as a separation process hyphenated to
mass spectrometry. As has been discovered with the combination of MALDI-TOF and
2D gel proteomics studies, the measurement of low abundance proteins is compromised
by the inability to achieve good ionization of complex peptide and protein mixtures.
Therefore, highly efficient separation processes are an absolute requirement for advanced
proteomic studies. While reverse phase HPLC is a popular approach, particularly in
peptide mapping studies, HPCE has an important place as an orthogonal approach for
separating polypeptide samples. In fact, a combination of the two approaches can be very
powerful using both hydrophobicity and ionic charge to resolve very complex peptide
mixtures. Another approach is to modulate the selectivity of a reversed phase separation
with the use of electric fields at an appropriate point in the separation.

The term proteome has been introduced to define the full complement of proteins in a cell

and also requires a description of the localization, concentration and multi-subunit
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associations of each of these proteins. A key initial step in this daunting endeavor is the
characterization of the constituents of an individual proteome in a high throughput
manner. Peptide mapping with multidimensional HPLC- and HPCE-ion trap mass
spectrometry (MS/MS) procedures can allow the characterization of at least 100 proteins
per hour. Another advantage of such an approach is the ability to define post-
translational modifications such as glycosylation, phosphorylation and sulfation as well
as the incorporation of lipid components. The identification of these modifications is
based on the measurement of specific changes in the chromatographic and mass spectral
signatures of the peptide fragments. These modifications often play a key role in the
activity, localization and turnover of an individual protein species.

Future developments in the field of proteomics will require the development of a new set
of tools for the fractionation of biological samples that allow the preparation of protein
fractions suitable for the MS/MS approach. This step will allow the characterization in a
high throughput manner of the complex sets of protein mixtures present in different
cellular regions. This presentation will describe the development of new instrumentation
based on the combination of capillary-based separation systems, including reversed phase
HPLC, capillary electrochromatography (CE) and electrochromatography (CEC) that can
be used on-line with different mass spectrometers Separation examples will include the

characterization of novel glycoproteins and proteomic samples.
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Micellar Electrokinetic Chromatography: Past, Present and Future
Shigeru Terabe

Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

Micellar electrokinetic chromatography (MEKC) was reported in 1984 as a capillary electrophoretic
technique that can separate neutral analytes by using an ionic micelle as a pseudostationary phase. The
separation principle of MEKC is based on the differential partitioning of the analytes between the micelle
and the surrounding aqueous phase, which migrate at different velocities. Although most advantages of
capillary electrophoresis can be held also in MEKC, some problems characteristic to MEKC must be
solved to expand the applicability of MEKC: separation of highly hydrophobic analytes, use of a mass
spectrometer as a detector, on-line sample concentration. In this paper, the summary of MEKC is going to
be presented and future of MEKC will be discussed.

MEKC % /& #1J0}

MEKC RN OED WX 2220 T LT
ZRFELNOTI ZTIRRMEIZEXSE, BZFT aurs
(21982 EIZHIO TREFR L 72 MEKC {2 & 5 3Bl = mnmI
Fig. 1 \2RTo 7 LV — IV Ekik 3 fili % 58 L7260
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Fig. 1. First MEKC electropherogram recorded

V74T MEKC £ ¥ % C LIt L7, September 7, 1982 at Department of Industrial
Chemistry, Kyoto  University. Peak
MEKC [5141 &5 & 7 i identification: 1, acetylacetone; 2, phenol; 3,

" mesityl oxide; 4, o-cresol; 5, m-cresol; 6, p-cresol.
MEKC T3R0S OFEMHATIR S TV S DT, Conditions: capillary, 50 pm x 134 cm (120 cm to

LI AN E LSO MATEL 4 2, 4 E%  the detector); running solution, 25 mM SDS in 50
cre p T e st ) ... mM phosphate buffer (pH 7.0); applied voltage,
i % I C L TREEMOFEREIL (T 206 —T5ik 25 k\F/); cu?nem, 22 pA;(I()ietectign, gPl(; nn:,witl%a
TH oA, HiATEOBVRHOMIEEE N Z TS Jasco UVIDEC-IL.
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Recent Development of Micromachines and Prospective Applications
in Micro Chemical Systems
Hiroyuki Fujita
CIRMM, Institute of Industrial Science,Universityof Tokyo.Tokyo, 106-8558

Research on micomachine technologies in recent ten years after the first micromotor was operated has made
remarkable progress. The cumrent status of the technology and micromachines is briefly reviewed One of the most
promising applications of micomachines is miao chemical systems. Features and possible use of miao chemical

systems are discussed.
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Microchip Electrophoresis System "MCE-2010"

-- Linear Imaging UV Detector Using Quartz Chips --

Hiroaki Nakanishi !, Akihiro Arai 2, Teruhisa Ueda
!Technology Research Laboratory, Shimadzu Corp.
2 HPLC Business Department, Analytical Instruments Division, Shimadzu Corp.

We have developed a microchip electrophoresis system using specially designed quartz microchips and a
linear imaging UV detector along with the chip. The microchips have an optical slit which cut off the stray
light in order to improve the sensitivity of UV absorption detection on the chip. The signal level of UV
absorption detection was effectively improved by applying the microchips having the "on chip” optical slit.
It is possible also to improve the signal-to-noise ratio by repetitive scanning of linear photodiode array
located along the separation channel, and signal averaging during eliminating the potential.
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Fig.1 Microchip electrophoresis system “MCE-2010" Fig.2 Quartz microchip
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Micro-chip Electrophoretic Analytical System and Its Applications
Hiroshi Izutsul!, Kazuhiko Obaral, Hiroo Watanabe!
Hiroaki Machida?, Hisashi Hagiwara2, Yuusuke Miyazaki?
IPharmaceutical Research Lab., Hitachi Chemical Co., Ltd.
2Electronic Equipments Div., Hitachi Electronics Engineering Co.,Ltd.

We have developed micro-chip electrophoresis system (Hitachi SV1100) for
rapid DNA fragments analysis. We showed that electrophoresis of DNA fragments
(50 - 800bp) was performed in 5 minutes with higher resolution in comparison with
agarose electrophoresis by using the system.
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Agilent Technologies Inc.’

Analysis of Biomacromolecule(DNA, RNA and Protein) using Agilent 2100

BioAnalyzer
Kaho Minoura', Naoto Kondo', Odilo Mueller?, Meike Kuschel?

Yokogawa Analytical Systems Inc.’
Agilent Technologies Inc.’

The Agilent 2100 bioanalyzer is designed for the automated analysis of nucleic acids and SDS-Protein.
The system integrates sample handling, separation, detection, and data analysis within a single, compact
system architecture. The bioanalyzer performed fragment quantitation at 85% or better, with a percent
standard deviation less than or equal to 10% using DNA kit. Over a size range of 100 to 12000 bps, the
percent standard deviation of both the DNA7500 and DNA 12000 assays was found to be 5% or lower,
while accuracy was 90% or better. Using RNA Kkit, the Bioanalyzer provides a more precise quantitation of
the total RNA and mRNA compared to the rough estimate obtained from gel electrophoresis.
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Free flow electrophoresis module for rapid sample preparation
Nobuyoshi Tajima, Etsuo Shinohara
Life-science Technology Research Center, Olympus Optical Co., Ltd.

Automatic rapid sample preparation system with free flow electrophoresis (FFE) module was constructed.
This system could handle up to 100 samples as a batch. The FFE module was prepared with Pyrex glass
substrates using microfabrication technologies. The size of the module was ¢100mmx2mm, in which
40.5x48mm electrophoresis bed with 30 pm deep flow gap was constructed. Seven inlets of buffer solution,
one inlet of sample and six outlets were formed on the module. Two electrodes were fixed to the both edges
parallel to its flow direction. To investigate its function a mixture of DNA and albumin was applied to the
FFE with 4kv at a flow rate of 100ul/min. The isolated DNA was recovered principally from outlet No. 4.
The recovery ratio of DNA from outlet No. 4 was about 83% and the separation ratio was 96%.
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Capillary Electrophoresis (CE) and Microfabricated CE Chip:
Io 1 A Powerful Tool of Tumor Markers Determination

Bingcheng Lin', Futan Han', Qingnan Yu', Xiuling Dong', Hui Wang', Yinfa Ma?
'Dalian Institute of Chemical Physics, Chinese Academy of Sciences
116023 Dalian, China (http://www.biochem.dicp.ac.cn)
>Truman State University, Kirksville, Missouri 63501, USA

Pteridines, polyamines and sialic acids are different classes of compounds excreted in
human body fluids (serum and urine), the levels of which are found to elevate
significantly in tumor-related diseases. The determination methods for the above
compounds in body fluids were developed based on capillary electrophoresis with high
sensitivity and high speed. A number of cancer patient’s samples were measured, the data
were compared with those of the normal persons used as the references (1-3).

Eight different pteridine derivatives were well separated, six of which were detected
and characterized in urine samples from normal persons and different cancer patients with
a home-built CE-LIF system. The detection limits of these pteridines are under 1 x 107
M. The levels of nepterin, pterine, xanthopterin and pterin-6-carboxylic acid were found
to be significantly elevated in urine excreted by cancer patents, while the level of
isoxanthopterin dropped in these patients. No significant change of biopterin level was
found between healthy individuals and cancer patients.

CZE with indirect UV detection was employed for detecting three polyamines
(putrescine (PU), spermine (SPM) and spermidine (SPD)) in serum. The concentrations of
SPD and SPM in the serum of a group of healthy adults and hundred patients of different
cancers were determined and compared.

The determination of NANA (N-acetylneuraminic acid, one kind of sialic acids) in 30
normal persons and 72 cancer patients was carried out with CE. The results demonstrated
that NANA in the serum of cancer patients significantly increased as compared with the
normal human (P<0.001). The results of determination of SA (NANA) are summarized in
Table 1. The data show that there’s significant difference of SA for all the cancer patients
investigated compared with those of healthy individuals (p<0.001), but no significant
difference among various cancer patients.

It can be found that the percentages of SA over the positive value were significantly
higher than that of the other tumor markers as shows in Table 2. Specificity values were
also evaluated for all markers. The highest value of 85.7% was found for SA, whereas for
TSGT, CA153 and TPA the values of 54.2%, 41.7% and 62.5% respectively were found in
the patients with breast cancer.

The detection of the mutation associated with cancer on microchip CE is in progress,
electropherogram of the DNA fragment shown in Figure 1 indicates the possibility of the
analysis of single-stranded conformational polymorphism (SSCP), which can be used to
distinguish the normal and mutant strands of cancer patient.
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General features for such determination of tumor markers with CE were discussed.
These methods can be used in clinical laboratories either for cancer monitoring or for
pre-cancer screening in principle.
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Table 1 Serum levels of SA in normal adult-

and various cancer patients (meanxS.D.) 5.6
Groups n__ SA (ugml) P 48 ¢
Normal -
controls 30 621146 & 4.0 )
Breast cancer 24 1198+£379 <0.001 2 32 | ;‘
Lung cancer 11 12484302 <0.001 § 2.4 \ 9| i
i 2 :
gyn'chmg‘ca' 21 1161+287 <0001 § 1.6 | , "._gl i
= G iy ¥
i 0.8 A
Endometrial 9  1038£211  <0.001 S v .
Cancer 10 30 50 70 90 110 130 150
Ovarian cancer 7 1145£324 <0.001 .
Cervicalcancer 5 11382269 <0.001 Time (s)
Leucocythaemia 16  1188+380 <0.001

Fig. 1. Microchip Electropherogram for DNA
Fragments Labeled by Fluorescence Dyes.

Table 2 Sensitivity for SA and five other tumor markers in various
cancer patients

SA? TSGF CAI53 TPA CAl125 CA199
Groups n No.total  NoJtotal No./total NoJtotal No./total  No./total
(%) (%) (%) (%) (%) (%)
21/24 13/24 10/24 15/24
Breastcancer 24 (g0 (542)  (41.7)  (62.5)
11/11 6/11 4/11
Lung cancer T 1000)  (54.5) (36.4)
Gynecological 21 19/21 9/21
cancer (90.5) (42.9)
Endometrial 9 8/9 3/9
cancer (88.9) (33.3)
. 6/7 517
Ovarian cancer 7 (85.7) (11.4)
. 5/5 1/5
Cervical cancer 5 (100.0) (20.0)
. 15/16
Leucocythaemia 16 (93.8)
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A Study of MEKC-MS with Frit-FAB Interface

Kaoru Yamada', Yoshiaki Tanizawa', Takashi Ujiie', and Toshiyuki Hobo

!LION Corporation, 7-chome 13-12, Hirai, Edogawa-ku, Tokyo 132-0035

’Faculty of Engineering, Tokyo Metropolitan University, 1-1, Minami-Ohsawa, Hachioji-shi,
Tokyo 192-0379

On-line coupling of micellar electrokinetic chromatography with frit-fast atom bombardment mass
spectrometry (MEKC-FritYFAB-MS) using liquid junction interface was developed. This method was able
to obtain a stable base line using 25mM-SDS/20mM-phosphate buffer. When n-dodecylammonium
bromide was analyzed, however sensitivity was insufficient. The main cause was found to be diffusion in a
capillary which connected a liquid junction to MS. The loss of the FAB ionization efficiency of the sample
resulting from coexistence of a surfactant was not large.
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Fig.1 Schematic representation of the MEKC-FAB/MS setup.
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Fig.2 MEKC-FAB/MS electropherogram of

n-dodecyltrimethylammonium bromide.
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An Integrated CE-MS/MS System for Drug Discovery
and Protein Characterization Application

Albert Fu-Tai Chen, Etsuo Arai

BECKMAN COULTER K.K.

An integrated CE-MS/MS system with single point software control is described.

Traditional ESI-based MS system uses volatile buffer like ammonium acetate and formate to carry out
electrospray gas-phase ionization. However, using sodium or ammonium phosphate buffer for CE-based
separation of basic drugs, a substantial improvement in resolution of mixture of 20 drugs was observed.
Ammonium phosphate appeared to be buffer of choice for the analysis of basic drugs.

Using NH,;OAC buffer at pH of 3.1 and a PEO-treated fused silica capillary, the present integrated
CE-MS/MS system provided user-friendly analytical tool for peptides and proteins samples.

Combining the high resolution of capillary electrophoresis with the power of ion trap MS/MS under
single point software control creates a powerful, user-friendly analytical tool for drug discovery and
development that require rapid, high-resolution separation and confirmatory characterization of analyte

mixtures.
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Development of Atmospheric Pressure Chemical Ionization Interface for
Capillary Electrophoresis/Mass Spectrometry

Yoshihzide Tanaka', Koji Otsuka®, Sahori Takeda®, Shin-ichi Wakida® and Shigeru
Terabe

1 Department of Analytical Chemistry, Nippon Boehringer Ingelheim, Co. Lid., Kawanishi,
Hyogo 666-0193

2 Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

3 Department of Energy and the Environment, Osaka National Research Institute, AIST, MITI,
Ikeda, Osaka 563-8577

For capillary electrophoresis/mass spectrometry (CE/MS), an atmospheric pressure chemical ionization
(APCI) interface was developed. A conventional interface for liquid chromatography/MS was modified
to permit coaxial flows of assisted gas and a sheath liquid. ~ To evaluate the performance of the interface,
a reserpine solution was directly infused into it at the flow rate of 1 ~20 uL/min. Since mass spectra of
reserpine were obtained with high sensitivity, several parameters on the APCI interface, such as flow rate
of sheath gas, temperature of vaporizer, and corona discharge current were optimized. The modified
interface was applied successfully to CE/MS.  An electropherogram of nicardipine obtained by CE/MS
is described.
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Improvement of Sensitivity in MEKC-APCI-MS Analysis Using On-line
Sample Concentration

Kentaro Isoo*, Wato Yamamoto, Koji Otsuka, and Shigeru Terabe
Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

On-line coupling of micellar electrokinetic chromatography (MEKC) using on-line sample concentration
techniques with mass spectrometry (MS) using an atmospheric pressure chemical ionization (APCI)
interface was investigated. By using UV detection, more than 1000-fold increase in detection sensitivity
was gained for test solutes by sweeping-MEKC (under acidic condition) compared to conventional
MEKC. Similarly, in sweeping-MEKC-APCI-MS a significantly improved detectability was attained
compared to conventional MEKC-APCI-MS. For diisopropyl phthalate, a 600-fold improvement in MS
detection was observed by sweeping-MEKC-APCI-MS under an acidic condition.
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Fig. 1. Sweeping-MEKC-APCI-MS analysis of phthalates: (A) Conventional MEKC-APCI-MS, (B)
sweeping-MEKC-APCI-MS. Samples, diisobutyl phthalate (DIBP), diisopropyl phthalate (DIPP); micellar BGS, 50
mM SDS / 40 mM phosphoric acid-5 mM phosphate buffer (pH 2.1) / 10% methanol; capiltary, 50 umi.d. x 60 cm;
MEKC voltage, ~11 kV; ESI voltage, 4.0 kV; pressure, 25 mbar; sheath liquid, 50% methanol / 50% buffer (1 pL/min);
concentration of samples, (A) 300 ppm, (B) 1 ppm; injection, (A) 50 mbar for 2 s, (B) 800 s.

DIPP {miz = 251)

[ #k)

Time / min

[1] RSN, FE T8, MFEE, 46 (1997) 421427,
[2] J.P.Quirino, S. Terabe, J. Cap. Elec., 4 (1997) 233-245,
[3] J. P. Quirino, S. Terabe, Anal. Chem., 71 (1999) 1638-1644.

Fig. 2. Sweeping-MEKC-APCI-MS analysis of DIPP.
Sample concentration, 0.5 ppm; injection, 50 mbar for 1200 s.

W\l JUJ“.L -JAJ WMwA #UW Other conditions as in Fig. 1.

[4] BREEARR, KRiEZ, W 7%, BARMUH{LESE 48 £, MU, 2000; 2112.
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High Sensitive Analysis by CZE using On-line Preconcentration Techniques and
Analysis of the Obtained Electropherograms

Takeshi Hirokawa, Natsuki Ikuta, Tatsuya Yoshiyama, and Hikaru Okamoto
Applied Physics and Chemistry, Faculty of Engineering, Hiroshima University

Abstract

On-line preconcentration technique is essential to improve concentration sensitivity of CE. When CZE
mode is used, field-enhanced sample stacking and pseudo-isotachophoretic preconcentration is useful.
However, analytical accuracy decreases when these techniques are used, since migration velocity
(consequently migration time) depends on the sample concentration, it's constitution (counter ion), and the
injected volume. For this reason, not only qualitative analysis on the basis of migration time but also
quantitative analysis based on the peak area was deteorirated in accuracy. In this paper, this effect was
theoretically analyzed and utility of converted electrophéorograms with effective mobility axis was
demonstrated with some model mixtures.
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Fig.1. Electropherograms of five kinds of cations(0.06mM) Fig.2. Electropherograms with effective mobility

obtained by varying sample injection time (hydrostatic axis converted by temperature-coefficient method
injection, 25mm, 20s-260s) [L,2].
ik

1. T. Hirokawa, N. lkuta, T. Yoshiyama, "Standardization of capillary zone electropherograms obtained by using
field enhanced sample stacking”, J. Chromatogr. A, Vol. 894, No. 1-2, pp. 3-9, 2000.

2. N. Ikuta, Y. Yamada, T. Yoshiyama, T. Hirokawa, "New method for standardization of electropherograms
obtained in capillary zone electrophoresis”, J. Chromatogr. A, Vol. 894, No. 1-2, pp. 11-17, 2000,
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Highly Efficient Chemical Synthesis by Using Microchip
Hideaki Hisamoto (1), Takehiko Kitamori (1,2),

(1) Department of Applied Chemistry, School of Engineering, The University of Tokyo
(2) Integrated Chemistry Project, Kanagawa Academy of Science and Technology

A microchannel fabricated on microchip provides novel chemical reaction field, such as
short diffusion distance, large specific liquid-liquid interfacial area, and small heat capacity.
These characteristics are expected to play important roles for demonstrating highly efficient
chemical reaction in microchip.

Here we firstly investigated the synthetic chemical reaction in microchip for demonstrating
high yield synthetic reaction by exploiting large specific interfacial area of the liquid-liquid
interface statically formed in microchannel. In order to investigate the liquid-liquid interface
diazocoupling reaction, organic phase containing resorcinol derivative and water phase
containing diazonium salt were introduced into the microchannel possessing 250 um width
under continuous flow condition.

In contrast to the macro scale reaction involving undesirable side reaction, highly efficient
synthesis of ca.100% yield was performed in microscale reaction. Calculated productivity of
single microchip suggested that a pile-up-chip system using plural microchips enables high
throughput synthesis of the compound without any chemical engineering consideration.
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Development of Capillary chip electrochromatography with polymeric material
Katsumi Uchiyama, Wei Xu, Toshiyuki Hobo

Department of Applied Chemistry, Graduate School of Engineering, Tokyo
Metropolitan University, Tokyo 192-0397

We have developed a novel preparation method for polyester microchip by in situ
polymerization. The method enables quantitative expression of selector moiety on the
wall of microchannel by the addition of appropriate cross linker to the monomer solution.
We found that 1) reproducible microchannel could be easily obtained by simple
procedure, 2) the microchip showed superior separation efficiency to conventional fused
silica capillary tube with MEKC mode, 3) the microchannel expressed 10-undecene-1-ol
on the wall showed electro-chromatographic behavior, 4) SDS was strongly adsorbed at
the wall of native polyester microchannel showing constant EOF regardless to the buffer
pH, 5) the addition of non ionic surfactant to buffer solution decrease EOF almost zero,
6) accommodation of glass window into the chip could be easily accomplished. We will
present recent progress of our new capillary chip electrochromatography with polymeric
material.
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F=o AIBIEREREGREZ —ODORERERV.. ERIABEROE(LL S EOFDKE S
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1) Development of Imprinted Polymer Microchannel Capillary Chip for Capillary
electrochromatography K. Uchiyama, et al, Anal. Sci., 15, 825-826 (1999). 2) The
Application of Polyester Microchip to Capillary Electrophoresis Wei XU et al, Chem. Lett.,
762-763 (2000). 3) Fabrication of Polyester Microchannels and Their Applications to
Capillary Electrophoresis, Wei XU et al, J. Chromatogr. A (accepted for publication).
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Monolithic PDMS-Glass Hybrid Microchip for Genetic Analysis

Jong Wook Hong'?, OTeruo Fujii®, Minoru Seki', Takatoki Yamamoto® and Isao Endo’

! Deparlmenl of Chemistry and Biotechnology, The University of Tokyo, Tokyo 113-86356
’Institute of Industrial Science, The University of Tokyo, Tokyo 106-8558
3Biochemical Systems Laboratory, The Institute of Physical and Chemical Research (RIKEN),
Saitama 351-0198

The development of the polydimethylsiloxane (PDMS)-glass hybrid microchip for genetic analysis by
functional integration of PCR and capillary gel electrophoresis (CGE) are reported. The microchip was
produced by molding PDMS against a microfabricated master with comparatively simple and inexpensive
methods. Adsorption of biomolecules to the surface of PDMS and glass was prevented by pretreatment of
the chip. PCR was successfully carried out on the PDMS-glass hybrid microchip with the target of ADNA
and consecutive electrophoretic sizing was carried out on the same microchip. The chip could be
considered as an inexpensive single use apparatus unlike the glass or silicon-made microchips for the same

purpose.
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Fig. 1. Layout of PDMS-glass hybrid microchip for genetic analysis on by PCR and capillary gel
electrophoresis (CGE) (not to scale). (A) Top view of the chip: The PCR chamber is ¢ = 3 to 5 mm, which
is drilled on the PDMS microchip. Separation channel is 14 mm long. (a) and (b) mean the access ports for
gel introducing, sample loading and electrode introducing for CGE. ¢ = 1.5 mm. (B) Cross-sectional view
of the chip.
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IRINAFANLEY, TOCBELCORELB OB, BSAL AL, djaEs
T2 1030 plo RIGERDGS, 3HEMPCRT. RIGHM 114230008 Th - /-, RIC,
Bl—F o 7LT, ¥x EZ2 V)= LFTAII-L->T, #—% 5 FDNABMLIT- 7,
ZOE. $B400um. EX100umD<T4 70 F ¢ FADHE, 353 mmiLE 0 &
Xpbnid, HENS00 bpHODNAD B A TR THE I 2 RWELE, Y512, %
DR R P T, FEAVEZ K TR TV M T A TR = ¥ % 63 L 7-(Fig.2)o
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>
<
1.5 L —
2 7 12 17
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Fig. 2. Electropherogram of 500 bp DNA amplified and analyzed on a PDMA-based microchip.
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Manipulation and Processing of a Single DNA Molecule inside Channels for
Genome Analysis

Ken Hirano, Yukiko Matsuzawa, Hachiro Yasuda, Shinji Katsura,

and Akira Mizuno

Department of Ecological Engineering, Toyohashi University of Technology 441-8580

A micromanipulation technique for single DNA molecules using electrostatic force and laser beam, has
been under development. In this paper, a single DNA molecule was cut from its terminus sequentially by
pulsed N2 laser and each fragment was continously recovered using the separation channel fabricated on a
glass substrate. This results suggest that total manipulation of single DNA molecule on a chip contribute to
acceleration of genome analysis speed.
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Tldhhot, G, I AEREIF Y FNVEEKL, TOHTY_al—ar
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Dynamics of a long DNA in small systems

Masanori Ueda! 2, Noritada Kajil2, and Yoshinobu Baba!

ICREST, Japan Science and Technology Corporation(JST), Chiba 292-0812
2Department of Medicinal Chemistry, The University of Tokushima, Tokushima
770-8505

Microfabricated capillary electrophoresis (Micro CE) devices are new technology for
next generation of gene analysis. In order to develop the new application technique on
the micro CE, we investigated DNA dynamics in micro CE channels at the level of
single DNA molecules. We will discuss about the difference of the dynamics between in

gel or polymer solutions and in micro CE.
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Figure 1. Fluorescence image of T4
DNA in microfabricated channels.
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HIGH-THROUGHPUT SCREENING BASED ON
MULTIPLEXED CE AND ABSORPTION DETECTION

Edward S. Yeung
Ames Laboratory-USDOE and Department of Chemistry,
Iowa State University, Ames, IA 50011, U.S.A.

Summary

Capillary electrophoresis (CE) is now a mature technique for analytical separations.
In its various modes, impressive performance has been demonstrated for ionic as well as for
neutral compounds. The Human Genome Project provided the impetus for developing multi-
ple capillary systems. However, capillary arrays are not just for DNA analysis. Every CE pro-
tocol can be similarly multiplexed to achieve higher throughput and reduced reagent
consumption without sacrificing its good resolving power and full automation. To extend the
applicability to non-fluorescing compounds, we constructed a simultaneous multiplexed ab-
sorption detector for 96 capillaries. Entire sample trays in the 96-well microtiter plate format
can be analyzed in one operation. This high-throughput capability gives CE a unique advan-
tage over column liquid chromatography in most applications. Examples from DNA analysis,
enzyme assay, peptide mapping and combinatorial synthesis will be presented.

1. Genetic Typing and HIV-1 Diagnosis

Current high-throughput approaches to the analysis of PCR products are based pri-
marily on electrophoretic separation and laser-excited fluorescence detection. We show that
capillary array electrophoresis can be applied to HIV-1 diagnosis and D1S80 VNTR genetic
typing based simply on UV absorption detection. The additive contribution of each base pair
to the total absorption signal provides adequate detection sensitivity for analyzing most PCR
products [1]. Not only is the use of specialized and potentially toxic fluorescent labels elimi-
nated, but also the complexity and cost of the instrumentation are greatly reduced.

2. Combinatorial Screening of Enzyme Activity

Efficient and comprehensive screening of enzyme activity was accomplished in a
combinatorial array of 96 reaction microvials [2]. Quantitation of the extent of the reaction at
well-defined time intervals was achieved by using 96-capillary array electrophoresis coupled
with a multiplexed absorption detector. Capillary electrophoresis provides high separation
resolution to isolate the product from the reactants. Absorption detection provides universal

— 54 —
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applicability to combinatorial screening. For the conversion of NADH to NAD™, the catalytic
activity of LDH was confirmed to be the highest at pH 7.
3. Comprehensive Peptide Mapping

A novel multi-modal method for peptide mapping of proteins by multiplexed CE is
presented [3]. By combining charge to size separations in four different channels and micellar
electrokinetic chromatography for hydrophobicity-based separations in two different chan-
nels in a 96-capillary array, peptide fragments of digested proteins were readily resolved and
showed unique fingerprints. Each capillary spanned several diodes in a photodiode array for
absorption measurement. This demonstrates that it is possible to rapidly screen biotechno-
logical products as well as to efficiently optimize separation conditions in CE by a combina-
torial approach.

4. Combinatorial Screening of Catalysis

Combinatorial chemistry is revolutionizing the discovery of new drugs, novel materi-
als and efficient catalysts by scanning and testing vast numbers of possibilities. In order to
fully realize the potential of combinatorial chemistry, general and powerful schemes for high-
throughput screening are essential. We report here the use of capillary array electrophoresis
for the rapid screening of a homogeneous catalytic reaction in a combinatorial manner [4].
This approach has allowed the effective optimization of a homogeneously catalyzed synthetic
organic reaction and the discovery of conditions that produce yields superior to those ob-
tained previously by a less systematic approach.
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Detection of Two variant verotoxin genes in Escherichia coli by capillary
electrophoresis

Hidetoshi Arakawa, Hiroyuki Kashiwazaki, Kazuyuki Watanabe, Masako Maeda
School of Pharmaceutical Sciences, Showa University, Shinagawa-ku, Tokyo 142-8555, Japan

Escherichia coli O157:H7 (O157) cause hemorrhagic colitis and have been associated with hemolytic-uremic
syndrome in human. 0157 produce vero toxins(VT) . VT is classified into two types. One is VT1 which is identical
with Shiga toxin, while the other type, VT2, which is different from VT1. These vero toxins are encoded from vero
toxin 1 and vero toxin 2 gene, respectively. In this study, analysis of allele specific PCR, SSCP and CFLP by
capillary electrophoresis with laser-induced fluorescence detection have been developed to identify VIl and VT2
gene in O157. This method can be applied to the identification of O157 type including VT1/VT2, VT1 and VT2,

and is shown to be specific, sensitive and speedy for clinical use.
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Rapid Graphic Method to Evaluate the Reptation of Single-stranded
DNA in Capillary Electrophoresis
Katsunori Aizawal, Kazuhiro Shibata!, Masami Muramatsu!, and Yoshihide Hayashizaki 1,2

1Genome Exploration Research Group, RIKEN, Genomic Science Center (GSC) RIKEN
Yokohama Institute, and Genome Science Laboratory, RIKEN Tsukuba Institute, Core Research
of Evolutional Science and Technology (CREST), Japan Science and Technology Corporation
(JST), Tsukuba, Ibaraki, 305-0074

2Department of Medicine, Tsukuba University, Tsukuba, Ibaraki 305-8575

We developed previously RISA sequencer for acceleration of the sequencing procedure
in Genome project. The sequencer can separate and analyze 384 DNA samples
simultaneously. For the improvement of the DNA sequencing, we need the new sieving
matrices with high resolution. The severe reptation of the longer ssDNA fragments
during electrophoresis causes the reduction of the separation selectivity, resulting in low
resolution. Therefore, suppression of the reptation would allow much better separation
performance for DNA sequencing. We propose a rapid graphic method to evaluate the
reptation.
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DNA analysis by "beads-array"

Yoshinobu Kohara, Gang Chen, Kazunori Okano and Hideki Kambara
Hitachi Lid., Central Research Laboratory, Kokubunji, Tokyo 185-8601, JAPAN

A platform for DNA analysis, "beads-array”, is presented. It is an array of
DNA-probe-attached beads in a capillary. Its construction is as follows. 100s of synthesized DNA
probes are fixed to beads (100 um) respectively. Beads with different DNA probe are arrayed in order in
a capillary. One bead represents for one kind of DNA probe and their order is the index. Sample
including fluorescence-labeled target are flown and hybridization occurs. After washing, fluorescence
intensity of each bead, which corresponds to each target concentration, is measured. This platform is
suited to pursue many simultaneous hybridization assays (100-1000) with small volume (< 1 pul) for many
samples (high reproducibility) in a short time (in 10s minutes).

For demonstrating this idea, a model system is constructed and tested. Several kind of DNA
probe with -SH at 5°- are fixed to the maleimide group induced glass beads. These beads are arrayed
alternatively in a capillary. 10 pl solution of complementary DNA with Texas Red at 5’- is flown inside
the capillary and the hybridization is observed by fluorescence microscope.

This work was performed as a part of the research and development project of Industrial Science
and Technology Program supported by NEDO .
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Beads with ! ! ! ! . ‘ | capillary tubing

probe No.1 No.2 Nod Nod4 NoS No.99 No.100

o

Fig..1 Schematic view of DNA probe attached beads array
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Movement of liquid

Sample & Buffer Reservoir

Fig..2 Schematic view of the flow system of beads array
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EFFECTS OF POLYMER CHEMISTRY ON DNA SEQUENCING SEPARATIONS
BY MICROCHANNEL ELECTROPHORESIS

Methal N. Albarghouthi, Brett A. Buchholz, Erin A. S. Doherty and Annelise E. Barron
Department of Chemical Engineering, Northwestern University, Evanston, IL 60208, USA.

Summary

The chemical and physical properties of entangled polymer solutions are critical for
their performance as sequencing matrices for microchannel electrophoresis, affecting both
DNA resolving capability and matrix viscosity for pressurized capillary loading. We have
systematically compared matrices based on polymers and copolymers of acrylamide, di-
methylacrylamide (DMA) and diethylacrylamide (DEA). Viscosities of 7% polymer solutions
decrease by orders of magnitude with increasing polymer hydrophobicity, while hydrophilic
polymers exhibit more pronounced reductions in viscosity with increased shear. As
sequencing matrices under identical CE conditions, the longest read length was produced
with linear polyacrylamide (LPA) while linear polyDMA (PDMA) gave ~ 100 fewer readable
bases. Read lengths with DMA/DEA copolymers were lower, and decreased with increasing
DEA content. This study highlights the importance of polymer hydrophilicity for DNA
sequencing matrices, through formation of robust, entangled polymer networks.

1. Introduction

In CE, DNA sequencing is accomplished through separation of DNA fragments in an
entangled, uncrosslinked polymer solution. The performance of a polymer matrix in DNA
sequencing is governed primarily by the ability of polymer chains to form a robust, entangled
polymer network. Here, we compare the rheological properties and sequencing performance
of polymer matrices of different chemical structures, yet similar molar mass, including LPA,
PDMA and different copolymer formulations of DMA and DEA.

2. Experimental

Homopolymers of acrylamide and DMA and copolymers of DEA and DMA were
synthesized by free radical polymerization in aqueous solution and purified by dialysis and
recovered by lyophilization. PDEA30, PDEAS50 and PDEA70 code for copolymers prepared
with 30, 50 and 70 % DEA, respectively. Molar mass of the polymers was determined by gel
permeation chromatography followed by multi-angle laser light scattering detection.

Polymer solutions were prepared in denaturing Triss/TAPS/EDTA buffer. Polymer
solution viscosity was determined by rheometry at room temperature. DNA sequencing was
performed on a MegaBACE 1000™ equipped with 96 LPA-coated fused silica capillaries.
M13 DNA sequencing fragments were injected electrokinetically at 94 V/cm for 30s and
electrophoresed at 140 V/cm and 44°C.

—62 —
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3. Results and discussion

~ We find that for polymers of similar molar mass, more hydrophobic polymer chains
adopt a more compact coil conformation in water. This increase in coil density results from a
decrease in the radius of gyration of the polymer chain, Ry, at a given polymer molar mass,
and leads to an increase in overlap threshold concentration, c* as seen in Table 1.

Table 1. Physical characteristics of LPA, PDMA and copolymers of DMA and DEA

Polymer | Weight-average Polydispersity Measured R, Calculated c* Calculated R, for
Molar mass (MDa) Index (nm) (% wiv) 4.0 MDa polymer (nm)

LPA 35 1.21 129 0.06 140

PDMA 3.9 1.31 122 0.09 124

PDEA30 47 1.42 125 0.10 114

PDEASO 4.1 1.47 109 0.13 107

PDEA70 4.2 242 84 0.28 82

Viscosity (cP)

Polymer solutions studied behave as Newtonian fluids at low shear rates, but at higher shear
rates exhibit non-Newtonian, shear-thinning behavior. At a given shear rate, the LPA solution
has the highest viscosity in comparison to the solutions of other, less hydrophilic polymers.
On the other hand, the low-shear viscosity of DEA-containing copolymer matrices decreases
markedly with increasing DEA content in the copolymers, as shown in Figure 1.

Table 2 summarizes the read length produced in the various DNA sequencing matrices.
Not surprisingly, LPA produced the longest read length, followed by PDMA, although the
PDMA sample had a higher average molar mass than the LPA. For DMA/DEA copolymers,
the read length decreased monotonically with increasing DEA content in the copolymer.

Ty Table 2. Effect of polymer chemistry on DNA sequencing read length

ol Polymer Read length at Base number at

98.5% accuracy resolution = 0.59
10 LPA 620 750
PDMA 512 600
1o PDEA30 460 530
PDEAS0 378 480
1 PDEA70 122 140

l:,onl u:)l l;,l | ;0 |:» 1000 10
Shear rato (5°')

Figure 1. Effect of shear rate on the viscosity
of polymer solution in sequencing buffer
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Analysis of peptides in culture medium by SELDI ProteinChip system
Kae Sato, Kazuki Sasaki, Ken Yamaguchi
Growth Factor Division, National Cancer Center Research Institute

For the screening and identification of clinically informative markers, polypeptides present in culture medium were profiled
on surface enhanced laser desorption/ionization time of flight mass spectrometry (SELDI TOF-MS). In proteomics., MS has
been used exclusively for the identification or bicchemical study of a given protein. However, the SELDI technique involves a
set of chemically modified chips, termed ProteinChip, with different selectivity for different polypeptides, and serves to provide
differential display of polypeptides present in mixtures. Also, the system allows the on-chip washing and removal of impurities
that interfere with matrix-assisted mass spectrometry. We optimized analysis conditions of polypeptides found in as little as 1 pl
of crude, serum free culture medium conditioned by cultured cells (protein concentration 0.05-0.5 mg/ml), without “pre-chip”
sample preparation.
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(MALDI-TOF-MS) (3RIE T RAGH D IL R RAER 53 F D AF AL AR | Fo /37 R~
TFREOZFHICHNONTWAEFIETHD, HEMEINT- surface-enhanced laser desorption
ionization (SELDI) mass spectrometry ProteinChip ¥ A7 AlX MALDI-TOF-MS O—FfiTéH AN,
MALD] Za—7Orbicra7 Ao F o7 LPEENAREILELAR DB HEN-F v 72 AVH A
TATHI], R&ELRFHEL T, Z2OF v 7 OUHZFIAL THO S RISRIREL FE-w7=0 | F-F
v 7 ECHIBEREDBELITHIZENTEI AR LITONS,

AI-bid, BRI LRIHENDS T FROSHIZIO SELDI ProteinChip 27 L&IGHL , AA
MRS BB DI R LR ICFEETINTFROBEAR ORI LR ~— I —2BRETHLE
RATVWD, 1% EEMLR WS- Efli~— b —NEBREDOELBABE MFP COFEELEE~—
H—ELTHRIESDFAREMHEE W, e bR LM/ NARBADIEE~— 3 —
ProGRP(31-98)i3., &< Dfifi/MNElaA ALE Ak CRIBRICE A S TV 2[2-3], 153 %2 TEkD
MALDI-TOF-MS T 2354 . MRSl B ot D ELRH LN TFRENS, APFRETIL,
SELDI ProteinChip AT L&MAWVTVAILIZE-> T, 8% EIEPOMBTFROBHRMLBIES
SO EAUEICLEBIREF o7 ETITHIZLDOTES, METRERRTFRAITEOREXED
ELBREEIT o=,



20" Symposium on Capillary
Electrophoresis, SCE2000

REBIUER
1. $HFRFv7 H4 ZHVW-BIE
1-1_Fy 7 ETCOREIZOWT

B EIIEREAE VO T, MALDI-TOF-MS TiZATARLL TEMBMHA — Ny PREIZLS
RRIBDBRIENA A K THhBH3, SELDI ProteinChip TIX 7/ F /N TEEEMIN - HHBRF 7 He
FROVAZLIZES>TF v 7 L TCRUETAZLNWRETH D, REEF o7 ICHRE G -0 bAlK THRR
TARIUCEY, FERICMBIZRIFRY AR N EBDIENTE, TEXRELDD ProteinChip 2V
TAEORIEBDNTEBI OB KA B ENTTRE TH T,
1-2 FEHRICOWT

s Eh0s R BERET B0I0E, FVERKTI-REAE T 100 pl LA ESLETH7-,
ZhITHFL SELDI ProteinChip /A7 A% AV BAIL, 5528 L3 1 pl(Protein 0.05-0.5 mg/ml) T
A&, EiRFHE MS TOHT 3840, 1 pl ORBCIRIATABEORRBIVHERED-O 5
FAZ8ETET BENDRLOGEON2WERITED TR ETHIZ LA RENT=,

2. AAVRHMEF v SAX2 BLUTWCX2 ZRW-HIE

AT BB T o7 SAX2, BLUBAA LV Z|-FRTF v 7 WCX2E W TR 21To7, RILHEEE L
H2RAWTYH, Fy7ORE2EXDL, BIRENAY AV EORMENREDLYRIR T v AARI LA
#/ohd, AT RBEF T ERAVWAZLIZLY, REHPOEH BB DRWIRIBTH
S>THRFEL TR BENFRETHAZ LN TENT,

E370)

SELDI ProteinChip ¥ A7 L% AWTHE# EFHICEETNARTFROLHEIToT-, BHE 0T
—ARTIC BV TEHR 2T IR ED A IZHWTERY ., #ORIBRIC R T BERKEERP /o<y
FT4—THNRIBDBNEHEBELTWS, £OL2FELDL, FERBESEBIUCERMEDOAT
BEhTWBEERDND, =, KETIIERST-EEAEROF v 72 VBIET, SH ROV
IRV ERHTAIENAETHAILENTENI-OT, ZRAERKKBETII/ NI REY N CH-
TOBRETHRAELSTICEIT TEELEDNS, EGIZ/uv by T 74— X ARIAIBIZHEL T,
ARBIIHBER BV THEAR . RIENTHE THY, EREDLLEBRRIT RS ICHEDRFETHEE
Bbha, 4%, ZREOHROER EHOST 21TV, BARRKERORRSFROBEERZITITFTE
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[1]1 M. Merchant and S. R. Weinberger, Electrophoresis 21, (2000) 1164.

[2] K.Aoyagi, Y.Miyake, K.Urakami, T.Kashiwakuma, A.Hasegawa, T.Kodama, K.Yamaguchi, Clin.
Chem. 41 (1995) 537,

[3] T.Matsumoto, T.Terasaki, K.Mukai, M.Wada, A.Okamoto, J.Yokota, K.Yamaguchi, K.Kato,
T.Nagatsu, Y.Shimosato, Jpn. J. Cancer. Res. 82 (1991) 820.
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Separation by Free Flow Electrophoresis Module

for Proteome Analysis

Hidesaburo Kobayashi!, Kazuki Ohta!, Ikki Meguro!, Hisaka Nagahama?,
Nobuyoshi Tajima?2, Etsuo Shinohara?

\Faculty of Science, Josai University, 2Life-science Technology Research Center,
Olympus Optical Co.,Ltd.

One of key technologies in proteome analysis is to make a system that can carry out in rapid
separation and high sensitive detection for small amount of protein. In two dimensional gel
electrophoresis, although this method is most popular electrophoresis technique for proteome
analysis, we have two questions on recovery and denaturation of protein, as follows. The first,
recovery of protein from gel is not so high since gel structure may tightly hold protein molecules
within that matrix and, the second, proteins in the second electrophoresis are usually denatured
because electrophoresis is carried out with strong surfactant SDS. For answering these problems,
we attempt to make a system for separating protein by using a free flow electrophoresis module
with Pylex glass substrate using microfablication technologies. We will report on feasibility of
this system without any gel matrix for separating protein in proteome analysis.
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Fast Analysis of Carbohydrate Derivatives by Microchip Electrophoresis

Shigeo Suzuki, Yuka Saito, Norihisa Shimotsu and Susumu Honda
Faculty of Pharmaceutical Sciences, Kinki University

Akihiro Arai and Hiroaki Nakanishi
Technology Research Laboratory, Shimadzu Corp.

As the first application of microchip electrophoresis (ME) to carbohydrate analysis, examples of
the analysis of hexosamines and hexosaminitols are presented. Under the optimized conditions
of 100 mM phenylborate buffer, pH 7.5, the 7-nitro-2,1,3-benzoxadiazole derivatives of these
aminated monosaccharides could be well separated within 1min by ME with detection limit of
12.5 uM using argon laser-induced fluorescence.
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Microchip Based Capillary Electrophoresis for Environmental Monitoring (VIII):
Characterization of Dissolved Organic Substances in Environmental Waters
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Matsuda

!Osaka National Research Institute, AIST, Ikeda, Osaka 563-8577

?Faculty of Science and Technology, Ritsumeikan University, Kusatsu, Shiga 525-8577

IKobe University of Mercantile Marine, Higashinada, Kobe 658-0022

*Technology Research Laboratory, Shimadzu Corp., Soraku, Kyoto 619-0237

We preliminarily studied high throughput screening (HTS) for organic pollution in waters using microchip based
capillary electrophoresis with laser-induced fluorescence (LIF) detection. The applied voltage was investigated to
control the gated-valve injection and separation using self-made PC based controller for voltage supply. We obtained
much improved HTS data for the reproducible separation of fluoresceinisothiocyanate (FITC) labeled river-water
samples using zwitter-ion based buffer solution (Tris-CHES) to avoid the adsorption of the labeled sample to the
channel of microchip.

We applied the HTS for the real samples of Hino River, which flows in Lake Biwa, at the ten sampling points and
obtained the reproducible several peaks for each sample within 2 min.
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On-capillary Enzymatic Reaction for On-chip Biomedical
Analysis

Eiichi Tamiya, Tomoyuki Morita, Yuji Murakami

The School of Materials Science, Japan Advanced Institute of Science and
Technology, Ishikawa 923-1292

We fabricated an on-chip capillary electrophoresis device for blood analysis. An on-chip capillary electro-
phoresis device was photolithographically fabricated on a glass chip. Alkaline phosphatase (ALP) was em-
ployed as a sample enzyme. Small amount of enzyme in the mixture of other proteins was detected with the
electrophoretically mediated microanalysis (EMMA) method. Fluorescein diphosphate was used as fluorogenic
substrate. The detection of ALP activity was achieved with laser-induced fluorescence monitoring fluores-

cein that was produced in enzyme reaction in capillary. Several methods to reduce the adhesion of protein are
also discussed.
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SO 5 LAB-ON-A-CHIP TECHNOLOGY IN THE NEW
MILLENNIUM

J. Michael Ramsey
Chemical and Analytical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN,
37831-6142, USA

The interest in microfabricated fluidic (lab-on-a-chip) devices for performing chemical
and biochemical assays appears to be in an exponential phase of growth. A handful of
researchers began investigating the possibilities of using microfabrication tools to build miniature
devices that perform conventional “benchtop” chemical and biochemical experiments in the late
1980s. Now there are several dozen laboratories across the world involved in such investigations.
Fortunately, there is a well-established developmental model in place for researchers to follow,
i.e., the microelectronics/information technology sector.

The microelectronics industry has had an immense impact on global economics, not the
least of which is the development of the information technology sector. It is also clear that
technology which can greatly reduce the time and cost of acquiring chemical and biochemical
information could also have significant economic implications, i.e., virtually any industry’s
products rely upon chemical information to some extent. The pharmaceutical industry is an
example of an enterprise that depends quite heavily upon the acquisition of chemical information.
Considering the number of human gene products (100,000) and the literally millions of
compounds, such as oligopeptide sequences, which can be tested for gene specific activity, the
total number of assays for potentially useful drugs is enormous. Of course, there is a massive
amount of experimental effort remaining just to discover these gene products! We believe it is
quite evident that a technological shift away from the present day laboratory to miniaturized
versions will be necessary to make such experimental endeavors tractable. Many now believe
that microfabricated fluidics devices may represent an enabling technology that provides the
necessary quantum leap in experimental processing power. These microfluidic devices are
fabricated using photolithographic patterning tools that find their origins in the microelectronics
industry. While microfluidics devices utilize “carriers” consisting of liquid reagents that are
transported through fluidic circuits rather than the electron “carriers” that are conducted through a
semiconductor circuit, there are many analogous advantages to miniaturization. Reduction of
dimensions provides speed of processing. Just as electrons have reduced distances to travel in
microcircuits, molecules have reduced distances to travel in microfluidic circuits. This is of

particular advantage in chemical separation devices [1] and microreactors where reagents are
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mixed [2, 3]. The small dimensions of microfluidic circuits also reduce the amount of carriers
(reagents) necessary to conduct a chemical process. Volumes of reagents for a single experiment
are often in the nanoliter to picoliter range rather than the microliter range or larger in
conventional experiments. Photolithographic based fabrication can also potentially provide a
number of economic advantages to lab-on-a-chip devices as well. Devices containing highly
replicated channel structures can be fabricated with small incremental cost per channel, allowing
for massively parallel chemical analysis to address high throughput experimentation. Economy of
scale in manufacturing will allow inexpensive disposable devices for many applications such as
research and clinical diagnostics. Photolithographic patterning also allows fluidic connections to
be easily made within the device’s substrate allowing for integration of serial chemical processes
or essentially automation of sample processing at the nanoliter volume scale. Lab-on-a-chip
devices that integrate all the necessary chemical processing steps to generate chemical
information from a *“raw” sample will be quite powerful. Sophisticated chemistry and
biochemistry procedures can be incorporated into the device at the point of manufacture,
allowing novices to perform complex assay procedures similar to the way advanced design and
analysis tools can be used on computers without intricate understanding of underlying theory.
Lab-on-a-chip devices have progressed rapidly but there are remaining issues to address.
High throughput processing and analysis also implies that samples must be brought to devices in
rapid succession to overcome what we have termed the “world-to-chip” interface. Approaches to
this problem have been demonstrated but improvements are needed. Fabrication capabilities that
allow viable manufacturing of three-dimensional fluidics devices and spatially heterogeneous
patterning of surface chemistries will be quite valuable. Sensitive detection modalities besides
optical fluorescence and mass spectrometry will also be highly desirable. Finally, computer
aided design tools that include fluidics, chemistry, and biochemistry will be necessary to rapidly
design the future generations of fluidics microchips, similar to the way microelectronics chips are
designed today. An update on where we are today and where we will likely head in the future

will be provided.
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Separation and Quantitative Detection of Microbial Cell by Capillary

Electrophoresis.
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Separation and quantitative detection of microbial cells from complex communities are
required both for population dynamics analysis and for preparative purposes in environmental
studies, medicine, microbiology, biotechnology, and industry.

Bacterial cell separation associated with the use of capillary electrophoresis including
electrokinetic approaches were demonstrated in connection with the detection of each bacterial cell
based on difference in charge density on surface between microbial cells. Each strain was
separated at a purity greater than 90 % and the each peak area was proportional to the amount
of each cell, and the quantitative results were in agreement with those of direct counting
method such as fluorescent in situ hybridization (FISH) with fluorescence-labeled
oligonucleotide DNA probes.

High resolution and feasibility of capillary electrophoresis to separate bacteria suggested
that this technique possess a considerable potential as a powerful tool for analysis of population

dynamics on autochthonous community or certain mixed culture.
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Study on Separation of Lymphocytes

in Polymeric Micelles Coated Micro Chip
(OS.Adachi,C.Kuwahara*,A.Oki,Y.Takamura,K.Kataoka, Y.Nagasaki*and Y.Horiike
School of Materials Science, The University of Tokyo, 7-3-1, Hongo, Bunkyoku, Tokyol13-8656,
Japan

* School of Materials Science,Science University of Tokyo, 2641, Noda, Chiba278-8501, Japan

e—-mail:adachi@micro.mm.t.u-tokyo.ac.jp.ac.jp

As a part of studies on the “healthcare device” which enables to check our daily health from trace
amounts of blood, an electrophoresis separation of B and T cells from lymphocytes has been tried in a quartz
made microcapillary. The polymeric micelle coating on the inner wall of the capillary allowed us not only to
suppress lymphocyte adsorption on the wall, but also to reduce the C-potential. Indeed, it was observed that
lymphocytes were flown smoothly in the capillary. Distribution of lymphocyte electrophoresis velocity was
measured by detecting the variation of absorbed intensity of a laser light which was irradiated to a slit set on the
capillary. Our obtained results agreed with the data of references which reported the separation of B and T sells

employing conventional methods.
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On the stablllty of ﬂuorescent peptide lsoelectnc point markers
Kamlya Keiichiro', Kiyohito Shimura', Ken-ichi Kasai', Hiroyuki Matsumoto’
Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko, Kanagawa 199-0195
’Laboratory of Molecular Biophotonics, Hamakita, Shizuoka 434-8555

The detection sensitivity of capillary |soelectnc focusing (CIEF) with laser-induced fluorescence (LIF)
detection reaches down to the level of 10 M due to the focusing effect of isoelectric focusing.
Fluorescence-labeled peptide pl markers ranging pl 3.64-10.12 were developed and were shown to form sharp
peaks in CIEE A formation of a new peak with slightly different pl was observed during storage of the
markers under a certain conditions with concomitant decrease of each original peak. Reproduction of the
formation of an additional peak by peracetic acid treatment suggests the oxidation of the sulfide bond between
the labeling dye and a cysteinyl residue of the peptides to sulfoxide. Aqueous 50% n-propanol was found to
be a suitable solvent for storage of the pI markers. Little change was observed after the storage in the dark for
a week even at 37°C in this solvent.

U B

103 M LX)V DMIEERE® b 0, *&%*Ilﬁﬂd‘éui\ FrEs) —mt_ﬁéﬁi‘ém; pH @EE%;_
=Y —FH7:00FBEET— N —BUEII LD, COEBMIC, BABEERTF FOV AT A R
{Z tetramethylrhodamine-5-icdoacetamide % RIC &, pl 3.64—10.12 DD H K ENEBE ~
—H—%MRELL, L2L, COBEERET—T—DOREDRI, EEIR Lo ¥—22EES
DL LRLZANOE =2 IR LAIEEL TW T EMNBBR EN, 2D &) ki, BEMEoEE
RSFFT—H—TCHICBV > THB &N, ZOL ) REBAEIRID L, T—H—DRIENF
Biickbh, ShODT—A—%2HAVHETREORELRLLZ LIl b, T TEMRETIL,
COSBEOTOREYES L &b ILRELBHETELRHORI LD X LI,
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ey L, 1I0mMbe Fa¥x/ >y, 10mM 2-(AFNVFA)LY )=, (V\'i‘n'b 0.1% Tween * & &
ERET pH 3R, 50% n- 7 5 — ViV, REFELMHIE—20T GB%L). 4T G2 L),
37C (L), Fik kL, Xi3xdh) THbH, $/:. ANV7 4 FORHLER D722, 5 mM
BREEEE ML 72,
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HEEBRTSF FEBE~— 7 —% 0.1% Tween 20 &t 1 mM HCl R TRET 5 & . pl D)
KRLDZE—7HHBE LA (Fig. 1b)o FHLE(LA, BEEARBIZL VBRBERLIENL, 2N
74 FEBEDANFFY FAOBLIZL 5 2 LR E N/ (Fig. 1c),

CDEH TR TAINECBREFOX ) Lo — B REBIRI TR CI LT
Lol AFFZVR2Z(AFNFA)IY )= NDES3 R ANT 4 FILEPOFTMEI oD —
IDOREEHCIENTELD, FLUDE -2 2 RESELIEIELNIL o7

50% n- 703/ — VR T, S3TCTOHOTHREICRFET LI ENTEL (Fig. 2),

a b ¢
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Fig. 1 Changes of fluorescence-labeled peptide pl markers observed under some conditions. The original
mixture of three acidic pl makers (#56, pl=4.50; #58, pl=3.99; #59, pl=3.64) (a) was stored in | mM HCI, 0.1%
Tween 20 at room temperature for 3 days under fluorescent light (b), or treated with S mM peracetic acid at
37T for 30 min (c). Newly formed peaks are marked with asterisks. 1% (w/v) Pharmalyte pH 2.5-5, 0.1%
(w/v) acetic acid and 0.3% (w/v) TEMED.

a b
Basic ¢—— —p Acidic Basic ¢—— | —» Acidic
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g g
3 3
Ll_- 1 43 R X - 1
— | — I I
I | — | {
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Fig. 2 Stability of fluorescence-labeled peptide pl markers ranging pl 3.64-10.12 in 50%
n-propanol solution. The original mixture of twelve pl markers (a) was stored at 37C for
1 week in the dark (b). 1% (w/v) Pharmalyte pH 3-10, 0.1% (w/v) acetic acid and 0.3% (w/v)
TEMED.
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Assessment Study of the Electrophoretic Behavior of Proteins in the
Presence of Electroosmotic Modifiers: Protein-Modifier Interaction
Studied Using Polyacrylamide-Coated capillary

O Kanenobu Kubo, Ai Hattori

School of Pharmaceutical Sciences, Kinki University, Higashiosaka, Osaka 577-8502

The effect of electroosmotic modifiers as an enhancer on the electrophoretic separation of
proteins with microheterogeneity was evaluated by using a polyacrylamide-coated capillary
instead of an uncoated capillary. Electropherograms obtained in the presence of modifiers
were inferior to those obtained in their absence with respect to resolution. Mobilities of the
proteins decreased, and their peaks were broadened. The unfavorable effect was dependent
on both of species of the modifiers and pH values of the electrolyte buffer. The reduction of
resolution caused by modifiers was in the following order: SPD~SPD-HCI > BDA > HMC.
The observed effect can be ascribed to the formation of complexes between the proteins and
the modifiers. In addition, it was observed for the bare capillary that the complexes show
interaction with the inner-surface, result in local suppression of electroosmosis, and lead to
poor resolution. The high-resolution obtainable in the coated capillary was reduced in the
presence of the modifiers. Thus, it should be reminded that use of the modifiers has
negative effect on the analysis of protein microheterogeneity.

1. BLaic

FEXYET) Ty OB BRI T A6, EXREHNHHEH S, L
DIKEIBRHFRICMEATBLE, WL22DF U7 FIZOoWT, FRHDOSENEREIS
BHESNDEIELHFBMESATVS (1-2), ZOERE L TREFKNFHFOEEF Y ES
) —REEANDO#SICERT OB EEOMENIZ KDL ¥ /3y BoERKBIER OB
m. @% 7 GoREOME, €L TCORERMHEFE ¥ > 7 BOMEIERANE L
bhd, EBROBFRIKITIE. Cho0HROBEICL > TEFEINER SN S LIHEE
EhTw3, LEROQLQRBEEXFYES Y — B TOUROBETHY, ho ki
LT, OQREFMFHAE & 7 BOREEROA XM MICEET LI LIITER
Ve FBHXFYETY—DRDLHICEYTZYNLTIFHEBEFYETY—2H T, @
EQOHFGIIERTE, SO RIZTOREHRMMANE 5 > 32 BOHEEAOES
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WKOWTEETLZILNTARETH S,

2. ER

CZE ¥+ EF7V)— (ME, 5pum) & KRBT L VAL, NREX, T%7
JOVNTIFDEGICL-oTHE LA (ER-FHE. 33-25, 58-50, 83-75 cm) (3),
BRKEEEE (PH7.4, 7.7, 8.5) 121&, 0. IM & 7 Eg-250M 4R 7 B MY & 4, 50aM
HEPES-Tris # Hi\V /-0 BXKENIX Quanta-4000 ¥ ¥ €5 1) —EXRkIIER (945 —-X
) HWT, 240 V/em 5\ 213 600 Vem, BRHER 214 o, FiR(26TC) TiT7o 7
B #2728 L L T ovalbumin (OVA), bovine serum albumin (BSA),
metallothionein (MT) Z R\ /-, EEHMMIA (1 M) Zid hexamethonium chloride
(HMC), 1,4-butanediamine (BDA), spermidine (SPD), spermidine trihydrochloride
(SPD-HC1) #MH L7z BEHR~—HA— 23RV IVTLI—NVEFEHL,

3. BRLEE

BEROAH (FEE) 0.IMFYEE-25oM Mk BEF bV Y L b TORSBFHHIT, P
IO, pHE., EMEIREIKEL THAICEILLA, RN EAEFLOPHIET
SPD~SPD-HC1 > BDA > HMC DI T&H -7z T /- pH 7.4 (2B TIZ SPD-HCI & SPD, pH7.7
Tl SPD 2 oW TR BHOSIEHRIED SNz, COHBEIZEDHRMIC L > THIF S
Nizo $72pH 7.7 TD SPD-HCI izoWTidRFEH~ Y urBHEI LI,
YUNIHADBRKE ORIYTZYNTIFIa—t2r¥TY— MEHHITET
TiX OVA, BSA, MT 13, ZREFNEED L v~ TR E—J#2R L1, AR (T 4%
b HERKENEFHE) OERIITHE B D2, MHIFIFFET Tid, OVA, BSA (I¥HIFIA
ETICHER, 78E— 2 BORA L BN FAE—~HR) OMINER L7, ThoDH
Er oA - 3 AHEAE»ER SIS L, ZLTEOMEERZY V37 ]
DRBIH L TADHMBEE L 6T 2 0 bh ol FHEDKTIX, pH 1l & FIHIFIC
MLTENENT.4>7.7T>85%FL TSPD~SPD-HCl > BDA > HMC DIHFETH - 7=,
QOEB BREH~Youonf#hT . WARTF—) I LEEVWE=2 %R LI, $%0D
KERIZRIEMET COaI— b F Y ESY) —CHONEKBIRICHBEFISLI > T,
ORI, BREF~¥YO, $L2bbEEREFSEOMHATHLATL, £OPIEE
(VY57 —EHLVRTUyEZYLE) BHEARLEOBTHEMMEENHEOZ L
ATRELTWS, I— 3+ EF7Y) —DFHDOEHELDOLEIZL o TR LN/ L LR
BED, —EMICIE, BERISENTY V82 HIcEEST ALY, YU ED
BAOEMICALTCEOAELHESE, HADERKDTHELZBETIETWAI LN
bhroll, HHFHNLRTIZBNTOA, BERIMEANIY 7 BOFHEH LTH
DT RIETILDOEEBENS,
4., XX® 1). R.P. Oda, et al., J. Chromatog. A, 680 (1994) 85. 2). M.E. Legaz and M.M. Pedrosa,
J. Chromatog. A, 719 (1996) 159. 3). K. Kubo, Anal. Biochem., 241 (1996) 42.
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Separation and Functional Analysis of Heat Shock-Inducible Thymosin 8 -4
in A Human T Lymphoblastic Cell Line, Jurkat Cells by Two-Dimensional
Electrophoresis and Capillary Electrophoresis

Kazuyuki Nakamura', Noriyuki Mitani!, Masanori Fujimoto', Hitomi
Kinugasa®, and Sigeru Terabe®

!Department of Biochemistry and Biomolecular Sensing, Yamaguchi
University School of Medicine, Yamaguchi 755-8505

?Faculty of Science, Himeji Institute of Technology, Hyogo 678-1297

Heat shock-inducible thymosin 8-4 in a human T lymphoblastic leukemia cell line, Jurkat
cells was separated by two-dimensional gel electrophoresis. Thymosin 8 -4 has an N-
terminal tetrapeptide, Ac-SDKP for showing its biological function of arresting cell growth of
progenitor cells of T lymphocytes. The structural basis of the tetrapeptide for showing the
function was studied by using cell growth assay of Jurkat cells with synthetic peptides
including d-isomers, Ac-SDKP, Ac-sdkp. SDKP, PKDS which were separated by capillary
zone electrophoresis.

= 4 V2.1

R avrESIE T ) NFRY A ARG Jurkat HIRRIE., MREEBHAMET L
T—HOMIEE7Z A b —Y RIS, ZOMRNAIALEARE 2 X/ VESkDhE
THEET 5 &, pl 5.6, Mr 18,500 8L U pl 5.1, Mr < 8,000 DEHAAF v bH4MINT % 1,
CNCOEBEHEORA7 X /BEFERE LR A, fiFTERARNSEGET AR
A VEE{LEH stathmin D€ /) VEHERIT. HHIZIRF IV € D thymosin §-4 (Thd)
THoY, Thaid. EMHBAMEOMITAN £ Gl M CEIL X ¥ THRENAM 20§ T 2
BEA L. ZOBESAIE N-KEED 4 DO7 3/ BHELSY Acetyl-Ser-Asp-Lys-Pro (Ac-
SDKP) TH 3 L@BESINhTWS,

SR, #> 3 v IZk 3 Jurkat MIKEOWMFINEIMEE 2 S »ICT 5 HIT, Jurkat i
fEAEHE 2 2 Ry IV ESIKINE T2 LT Thd OMNMOBEKGFHEEZR~<= /=,
Th4 DOMEEBM DOWERFRIEEZBINICTZDIC, d-7 3/ BEE ST Ac-SDKP BilAR~<
7'F K ZHWT Jurkat MIIROMAMHER 2R3 L & HIZ, F+ U5 ) —BKRKBHEIC
& % Ac-SDKP Bl &N TF RO FHEE2R~<=D OTHET S,
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Jurkat #HiRiZ RPMI-1640 &t (10%FCS, L-glutamine, Gentamicin sulfate %) T
Bz#% L /=, Subconfluent DIRHET FCS (—) RPMI-1640 sEithic fikg #5 L. Bin$ T 37°C
EZXEIC 41°CH 5 2CRAAHT 51°CETIRE% LIFT 30 Ay 3 v 7 2MIRICEX -0
B, —8B% trypan blue R L CTHMIREBEZEL. b % 1mM EDTA THEE L THIlEA
AIAMENEEZMM L2, 2 RtBESkEN. pH #E0H 3.5~10 @ 2%Ampholine® 20X /=
EABRO7T 7 UNT I FTN (PAG) ZAWTERRER K %17 > 1282 SDS-PAG

(15%T, 2.67%C) BRI %17 o /2o Jurkat HIREDMAIMBIERRIL. Hilg% 5X 10°E/mL
OWEBEICHE LT 37°CT 48 RIS R LRI 2R L T Z O HPIcAR~RTF
k& 107°~10"5M OEEICHML T 24 FEEEHE L= BB E L 2. BT F
F DS EEIX. BioFocus3000 Capillary Electrophoresis (CE) System(Bio-Rad) T 50 mM V)
VESREW (pH 2.60 & 6.00)Z kIR AV, EIIERE 16kV TTio /=,
KRLER

M a v/ k57 Jurkat §ifElE. 43°Chr & REBICHMIAEIAEC b LARKAIED
LT 51°CTiIFE A L LIRS S hish o 1= Jurkat FEEAD Tbd . 43°CH 5
stathmin ® V) Y B{EHHEDDITEN T, 45°CH S RBICWIN L 46D T 51°CE TREIKERN
I L =0 —7. Ac-SDKP D&M & b Jurkat MUK E R ERIC LS 28 L.
ZDRAIX Ac-sdkp, SDKP, PKDS O@EMTizRO s high o= 7=, Ac-SDKP &Hhlic
& b Jurkat fIlEAD stathmin {3) VE{tEh 3 L L $IZ Tb4 1ML 7= (Fig.1)e
Ac-SDKP Bl &~ 7F Fix CZE (T & > T SDKP, PKDS, Ac-SDKP DMEIZ X h /= bs
(Fig.2). Ac-sdkp & Ac-SDKP ¥ DB L TV R

Th4 {&. F-actin OFZALFHES DNase I iFHEMGIEA L & ICHRAMCQUWEINB I LY
BEEINTWS, SHOER»S, AR ML R EZT =MD THINL = Thd HF0M
RO EMF T 27213 T <. MIRSNC I iz Tha HEEERONMENHFT 5]
BEMEDTRME I N D, X 512, Thd DERD Ac-SDKP ICHEFR RN TH S T & H» 5. Ac-SDKP
ZE b T ) UNFERMYE L MK OMMMEIRI L U TR TE 2 ahedr Rl hiz,

59 (ph)  Mrxi0y A : gtathmin A :Tb4

Control Ac-SDKP oo Pt
Fig.1. Increse of Th4 in Ac-SDKP treated cells. Fig.2. CZE patterns of synthetic peptides.
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Enantioselective Drug Binding Analysis of Genetic Variants of Human «,-Acid Glycoprotein using High

Performance Frontal Analysis / Capillary Electrophoresis

Yukihiro Kuroda*, Yoko Kita, Akimasa Shibukawa, Terumichi Nakagawa
Graduate School of Pharmaceutical Sciences, Kyoto University,

e-mail to kurodada@pharm.kyoto-u.ac.jp

Abstract

The microanalysis of drug - human a-acid glycoprotein (AGP) binding was performed using high
performance frontal analysis / capillary electrophoresis (HPFA/CE). AGP was separated into F1*S or A
variants, and was also separated into concanavalin A (conA) retained or unretained form. (R)- or
(S)-enantiomer of disopyramide (DP), verapamil (VER) was dissolved in the solutions of those fractionated
AGPs, and the unbound drug concentrations of the solutions were determined by the HPFA/CE. Both conA
retained and unretained AGPs did not show significant difference in the binding affinity and enantioselectivity
to VER. However, conA unretained AGP did show larger affinity to DP than the other, while the
enantioselectivity of both AGPs was almost preserved. On the other hand, genetic variants of AGP gave

significant effect on the binding affinity and enantioselectivity to the model drugs.

[#5]

o -BEPERE & 37 B (AGP) 3% K DEWIHT S FZHMkE L 5. HPLC I8 5 &S EH
HILDEEME LTHVOATVS, LPLENOEDFEEA N ZXLERIZALH TRV,
AGP DRESAB L URTF FRIGHICREE L OTEYOLARMIMET I LEZONRL LA
AAGP XA, =AM, WUAFHEHAIRIT % microheterogeneity ¥ 7RL. 67 I /BEERFID
R 50 L 2HDORER variant FTET 5o LA > TUABBHMA N =X LEFARTH0I121E.
NoHAGPH 75 4 FTLILEPRERMEDER LT ILENH D, AGPRTF FHEDEWDHEE
LI N KA O BRATI HFHE 2 FBOBBEESHEOMICH S L EX LN TV SH, ZARHMESH
BZOZEHOBNEESHMLIZLAIFEEL 2V, T TAIFATIE AGP ¥ ZXRBEHRNEFEIILT
ESML. FNODEMIEERMMEL O IV RBIREE BRI, & 512 AGP OBIZAY variant % 57
BL., RIS 8L & IO BRI, HEEREL LTRERIC LV ES
BRAT ASUT i 72 B ERE I R/ F v € 5 —B&ikdEbiE (HPFA/CE) #HIv 7z,
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AGP subtype D 7+HL . native AGP % concanavalin A 7 5 LA ZRIFE N, ZARPHEHEF 2 VES
(UR-AGP, #)45%) LfRFFSh, ZHEJGMEHLFOES (R-AGP, 955%) (SHBEMBILA, 7
P& 12 native AGP % Iminodiacetete-Cu** 71 7 A IZIRFE X N Wl (FI RUTS variant DIREY. £
70%) LRFESNHES (A variant, #)30%) ICTERR L, SOUTMERERHZTEAGP Y75 4
T CD RUEHRARY PV B{LIROoheh o/, HPFA/CE 12 & A SRIBDIBREDON
. BEREHRENAALDY=THRITZYLT I FCHERBEI—FT 1 VS LABRI Y Hdy
E—%funi, ¥+ ET Y —ANDOKIRE B (pH4.5)DIEAICHE X LK pH 0 v EERET
(pH7.4) % TiEAL7:t%, REMIAEICRS L HICEBE (+H7kV. 1208) 2EMML TRE LY
ALZze COE SHESTHRBEHEF LoD, FILHBELESESHEPOANF Y ET Y —AIZH
AEN, AICHFBLAY Vi BRESHENEIF+ ) —AHICBA S hiv, W TERKE %
B+ 5 (+7kV) LATROEZESREN -2 3¥BRIE S, 2DT 5 F—HSHh ok S REY
WIE & RDTo

(&% - £8]
TRIZBONLERERETT. ZXAHBHOAEIIND LY VER RIEGOIEESRIZEDIRE.
BIULEBIREICKELBWERON Do/, LALEMEL, DP DHE TIX UR-AGP BFHIPIC
BT 2 EEEGRIREN R-AGP BHPDENRL DS ZHRPMHER -2V AGP DANEE
BAEIE O LG Do, Thid, BERKEDO S TIVEFRERS T ASEHL ) =KD L0
MAFHEHDO B A% { \UR-AGP DHHR-AGP £ W DP L BBHEMERTI-OTR VAL
EZbhb, TRIZH LILERRMEIZOWTIZ UR-, R-AGP ITK & 2ERRIZOO N h o1, —
5. AGP O EHEH variant DIEDE ML BT 2 &, MEW L 612 A variant 12 & D VW HMEL R
FTIEMNHBH L7, 612 DP Tl A variant 7K & 2o VL MFRIRTE X 7R L 72AT FI*S variants TIXE L A
EVEBIRMELZRE T, AGP ) DP (2313 5 LAAZMREI EIC Avariant I2& B 2 &Aoo e 70
VER Tit A variant XD KE LV EBIRE LR L. FI*S variants b VAGBIRME L HERF L TV,
DT ENbHAGPDORTF FEFIOEVPEDRAEE I EBREICKE{EE LTSI L,
BOILEDERIIEDICLI - TREBIENREINT,

Unbound Drug Concentrations in the Solutions of UR- and R-AGP. Unbound Drug Concentrations in the Solutions of AGP Variants.
Cu(R) Cu(S) Cu(R)/Cu(S) Cu(R) Cu(S) Cu(R)/Cu(S)
(uM) (uM) (UM) (HM)
disopyramide disopyramide
UR-AGP  6.56x0.16 5.61£0.059 1.17 F1*S variamis 10.81£0.031 10.1x0.16 1.07
R-AGP 7.8410.099 6.89+£0.039 1.14 A variant 4.1610.107 1.7610.032 237
verapamil verapamil .
UR-AGP  14.0£041 18.1£0.32 0.773 F1*S variants  20.110.21 2241092 0.895
R-AGP 14.0+0.45 17.81£0.28 0.787 A variant 14.91+0.70 17.91+0.76 0.835

n=3. Cu(R) and Cu(S): unbound concentrations of (R)- and (S)-isomer.  n=3. Cu(R) and Cu(S): unbound concentrations of (R)- and (S)-isomer.
Total concentaration of AGP was 40uM. Total concentrations of DP,  Total concentaration of AGP was 40uM. Total concentrations of DP,
VER enantiomer were 15, 30uM, respectively. VER enantiomer were 15, 30uM, respectively.
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Studies on the Quantitative Analysis of Proteins by Sieving SDS Capillary Electrophoresis
Jun Mukai, Nobuhiro Naohara, Nao Yamaguchi, Takashi Manabe
Department of Chemistry, Faculty of Science Ehime University, Ehime 790-0826
ABSTRACT
Quantitative sample injection in sieving SDS capillary electrophoresis by electrokinetic injection
was examined. Using the results, we reconstructed a two-dimensional separation pattern of
human plasma proteins by agarose gel isoelectric focusing followed by sieving SDS capillary
electrophoresis.
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Evaluation of the Action Pattern of Endo-Type Hyaluronidase Using Capillary
Electrophoresis
Mitsuhiro Kinoshita, Yasuo Oda and Kazuaki Kakehi
Faculty of Pharmaceutical Sciences, Kinki University

We found that oligomers derived from hyaluronic acid (HA) showed an anomalous
migration, and their migration profiles showed a close relation to their biological
functions. In the present study, we examined hyaluronidase action on pure HA
oligomers to determine the relationship between their molecular size and their
biological activities. From these studies, we found that the biological functions of the
enzyme may be dependento on the size and conformation of the oligomers and
capillary electrophoresis was a useful tool for the determination of the size of the
substrate.
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Fig. Enzyme reaction of HA oligomers with hyaluronidase. a: Each oligomer was
examined before the enzyme reaction. b: The enzyme reaction was performed at 4°C
for 1 h. ¢: The reaction at 4°C for 12 h. d: The reaction at 37°C for 1 h. The numbers
with the peaks indicate the size of the HA oligomers (i.e. degree of polymerizations).
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Development of high sensitivity Hadamard capillary electrophoresis

Kazuki Kosai, Takashi Kaneta, Totaro Imasaka
Faculty of Engineering, Kyushu University

ABSTRACT

Previously, we developed Hadamard transform capillary electrophoresis (HTCE), which is
combined laser induced fluorometry/capillary electrophoresis with Hadamard transform. In HTCE,
a sample was injected into a capillary by a photodegradation technique according to a pseudorandam
Hadamard sequence. The electropherogram obtained by the multiplex sample injection method was
transformed using an inverse Hadamard matrix. As a result, the signal-to-noise ratio is improved
compared to that obtained by a conventional single injection method.

In this work, quantitative performance and detection limit of HTCE were evaluated. Ar ion laser
emitting at 488 nm was used as an excitation light source for sodium fluorescein (absorption
maximum : 493 nm). The calibration curve was linear over 5 orders (2.0 X 107'>?M~1.5 X 107 M).
The detection limit depends on the laser power, and was 5X 10> M using 250 mW of the laser
power.
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Miniature capillary electrochromatographic system with electrochemical
detection for the set-up on a stage of microscope

O Takahiro Sakaki', Shinya Kitagawa®, Takao Tsuda'
I Department of Applied Chemistry, Nagoya Institute of Technology
? Venture Business Laboratory, Nagoya Institute of Technology

A very short column-separation system for electrochromatography was proposed. The
system was composed of a micro-packed column, electrochemical detection system which
consisted of the digital electrometer and homemade micro-carbon working electrode,
miniaturized-reservoirs, high-voltage power supply and a novel injection device. Packed length
of the homemade very short column was just 10 mm long. Sample was introduced electronically
by using a sample holder of home-made syringe type. Moreover, it set these miniaturized
capillary electrochromatographic system in the microscope stage. By using very miniaturized
chromatographic apparatus we separated 5 model solutes with high efficiency under an applied
voltage of 300. We would like to apply this separation system for very limited sample, such as

an inner fluid of a single cell.
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Capillary Electrochromatography Using Fibers as a Stationary Phase
Kiyokatsu Jinno and Hiroshi Watanabe
School of Materials Science, Toyohashi University of Technology, Toyohashi 441-8580, Japan.

Fiber-packed capillary columns have been evaluated in chromatographic performance in capillary
electrochromatography (CEC). Change of electroosmotic flow (EOF) velocity and selectivity
using different kinds of fiber materials were examined. As the results it has been found that
different properties of the fibers produced different EOF velocity and retention behavior for some
neutral solutes such as parabens. Using 200 um i.d. X 5 cm Kevlar® fiber-packed column to
shorten the total analysis time and a widebore postcolumn capillary (530 um i.d. X 45 c¢m) to
enhance EOF velocity, the separation of three parabens within | minute was achieved.
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Figure 3 CEC separation of parabens within |
minute. Internal diameter of the precolumn capillary;
100 pm. Other experimental conditions were the

same as in Figure 2.
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Figure 1 Schematic representation of CEC
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Figure 2 CEC separations of three parabens on
the Kevlar® (AS) packed column with different
postcolumn  capillary  internal  diameters.
Conditions: mobile phase; 2.5 mM phosphate
buffer (pH 7.0), applied voltage; 30 kV (400
V/em), packed length; § cm, internal diameter of
the precolumn capillary; 75 pm. Peaks: I;
thiourea, 2; ethyl paraben, 3; n-propyl paraben,

4; n-butyl paraben.
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Characterization of porous silica monolithic columns in capillary
electrochromatography

Hiroshi Kobayashi', Nobuo Tanaka', Norio Ishizuka®? Hiroyoshi Minakuchi®, Kazuki
Nakanishi?

'Department of Polymer Science and Engineering, Kyoto Institute of Technology
2Division of Material Chemistry, Graduate School of Engineering, Kyoto University

Porous silica monolithic columns were prepared by acid-catalyzed hydrolytic polymerization
of tetramethoxysilane in the presence of a water-soluble organic polymer in a fused-silica capillary.
They were able to show high performance at low back pressure in HPLC on the basis of the small-
sized skeletons and relatively high (skeleton size) / (through-pore size) ratios. A silica monolithic
column in capillary prepared previously showed a large difference of column performance between
HPLC and capillary electrochromatography (CEC). The relatively poor column efficiency at high
linear velocity was caused by the presence of the large-sized through-pores (about 8 um). The
reduction of through-pore size of silica monolith has lead to the improvement in column efficiency at
the expense of the increase in pressure drop. The results show the possibility of generating equally
large plate numbers in similar separation time in HPLC and in CEC by employing silica monolith of the
smaller domain size.

1. RUBHIC

B U HBRBER TN AF O ISV EBRAFRET TSR —BRESEDIECLYNA
pEhd, AMUZhEVASNE nm A XOHEA (AVYRT) 28OV hBELum Y44 XD
TAREXAMEIL (RN—R7) JVBEEZHh, Ch5RUENICREN, D BMNIKFRIEE TR
T, BRIV HBERKOBRNS A (UHAYEHSL) CRABICEETDAN-RTICLSD
KEZBMENZRZUHBRBIBULTHATE 0T, EXROBNFRRNBHSALIVIBSIMIC
EVHNSLAENTEIMEEERY CEPRESNTNDY, . VIOV EISALADORRIE—K
Wi, BERBOTTARMETOFYESYU—BEI/OTEIS574— (CEC) LBENTHRLE
2%, LBBELARICY, $vESYU-BIUNE/VANSLADETSH 8 um ORI —RT L
BWHPOURBMOBECKYNAY RENVORALRD, FHRRTRLYNEZIN-RT %
BYHE/ Y AORERGEEREIL. HPLC BXUCEC ICEIT5Nh 5 AEEDLLBRB£1TD,

2. RE&

NE 50 pm DT a—XRVAF+ESY—% 1 moll KBALT bV D LAKBETHRLL. 40C
T 3 BMABEBLAH. 1 moll HCl, BBUKOIRATEFRL L. ARMNERLELZNEF+ESY-AT
SIS VU HBHEEZRANUL AT hSLARBICEKY ODS ki, REBEMERLLE, COFv ES
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Y—hSAGBO-A. BYE 25 cm, 2K 33.5 cm)%& CEC £— KT, 80%CH,CN - Tris-HCI &A%
(50 mM, pH 8.0) ., ZIFIX Y2 TINELT 150-800 Viem OHIRIBETHREET>
. ¥, REDRGTHULAFYESU—-HS5A (50-B. HYERE 45 cm. 2K 535 cm) %%
297U MEL k. CHOHMH,0 = 80/20 LUK CH,CN/H,O = 80/20 2848 & L THLN,
HPLC I£8B17 21 S5 AEEOREZTo

3. BRLER

Fig. 1 CHEDRBEICLKYBLNAEFLESU-BRILUAE/VZXATAGBO-AD HPLC &
CEC [CLBFHE. RULYMNEBEAN-RT7 YA X2EHOIFv ESU—H5A(50-B)D HPLC [Tk
RMTHONLEBERELBERD O Y F2RT. 50-A A5 AlE HPLC & CEC ICBWTHS
AMEEICKENLEERLAE, CDEZ. 50-A hSANHDH 8 um OXRERAN-RT7Y A XICE
T HDEEZALSND, LYNERIAN—RT7YAL X%EHD 50-B hS5ARRBEHN (RRER)
ICDWTIZS0-A WS ALK YBIMERER TR LA, Chid. SUIE/VRDRTRASA AL X (R
W=RZH AL XEUNBIBYA XDOR) BELL. BEADPONRBBOBIICLZ /> RIEH
VADEENWASNIEIEOBTHDIEEALOND, 50-B hSAICBWTRASLENDNHUFRTA
NS ALVUES. UMb CEC & HPLC [LHIID NS AKEDEMNNE VDT, CEC IKENWTH
SNhABKBROERENE L YVERBTHPLC CBEWTERTAIBHMUEL LRI BDOEMBIENS,

Fig. 2 [C 50-A 1S5 A®D CEC ICLAFHA. LU 50-B hSAD HPLC ICL3FETAShALT
MNEAR o DOREIAR IS LETRT, 50-B hS5 Al Fig. 2 ITTRENDELDIC, 50-A hS5
LM CEC KBWTRTLYVEWNEBREBHRESA TS, Fig. 1 OFRIZ 50-B HS5 AN HPLC &
CEC CBVWTRSOH/EBHTRSORWITBEEEZSXSTEEZRLTWS. Shid. EVWE
ATORBHFAETHIUNE/ YUADHRICBI<KHOTHD. LML, RASL B4 XDN
ERE/VABASARREEDE/VRARASALVEVWEREHEZLELTE L. LU CEC
CHEITIEHESBOERICIEVSEEORENVELRIERELCDODVNTESICRHMSLETH
3, £/=. EENZAERETTOHPLC & CEC [CHIT D0 BEEOLRICBLHE B NS,

30
HPLC -
€ | A A | v pmightysi (a)-50 A, CEC
x (Spm, 46 mmig. N = 56,000 18
T oty A X150 mm) i
E‘ A :50-A J
S 15 | A ® :50-B . . (1111 SO
d_) A ‘ V CEC L [] —r 1
v v R 3 i
% 10 } v V. ° A .SO-A(CEC)__ 1 2 min.
5 18,0 L (b) 50-B, HPLC
N N = 50,000
pL—— "- )
. plate height
0. 1 2 .3 4 5 N : plate number A
Linear Velocity, v, mm/s  L: column tength L — L 5 ; L |
1 2 min,
Fig. 1 a- . XPETIS s
g3 1 RRBLRREOTO Y b Fig.2 7LEARSEOMHOT RIS A
HPLC CEC (a) 50-A, CEC (b) 50-8, HPLC
Mobite phase : CH,CN/H,0280/20  Mobite phase:CH,CN / Tria'HCI buffer Mobile phase : CH,CN / Trig-HC| buffer  Mobile phase : CH,CN /H,0
Sofuta : Hexylbenzene (50 mM, pH 8.0) = 6020 (50 mM, pH 8.0) = 807120 = 80720
Temperature : 25 T (A, @), 30 T (V)  Solute : Hexylbenzene Voitage ; 900 Viem Temperature : 25 C
Detection : 200 nm (A, @), 254 nm (V) Temperature : 20 T Temperature : 20 C Sciutes : C,H,C H, ., (n = 0-6)
Datection . 200 nm Sciutes : C,H,C H,,, (n = 06) Datection : 200 nm
Detection : 200 nm Column tength : 45 cm

Cotumn length : 25cm
(1) J. Chromatogr.A., 762 (1997) 135-146., 797 (1998) 121-131.
(2) Anal. Chem.,72 (2000) 1275-1280.
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Electrochromatography using AC electric field

OMasahiko Sato!, Shinya Kitagawa2, Takao Tsuda!
1Department of Applied Chemistry, Nagoya Institute of Technology
2Venture Business Laboratory, Nagoya Institute of Technology

Abstract

The application of an electric field along a column may induce the variation of
the condition around the stationary phase. The distribution coefficient of a solute
between stationary and mobile phase depends on the frequency of pulse electric field.
The solute in the effluent was found to be released from the stationary phase at
beginning of an application of pulse electric field. When the applied voltage was
off, the solute was again retained with stationary phase. The variation of effluent

composition with and without the application of pulse electric field were studied.

BRI/O= b 5774 —RAEERIEBEXRUTVLIFHINFETDHL, BRI/
2rNSIT74—Ti, ¥YESY BB IO~ 574 —-RANSLDH T LB MIZE
EEXEIMT %5, thwz, ABCEEREOVERRLBHHEPICBIT 2B RE. T4
bborOv b 74—OFBEBHEF YT —BRADOSHEBBLEOTEDOEHIZ
SN SBENLBRI/O b I 74~ 12BVWTHMTA2EBIELLT.BLEEERK.
BB 2 COBBAPICBITIHENERESELILDICAVLENS,

UHEZETE, BRPHRAEZRESELIDNIC,. BEB/ LB OSE(L, 2], PHiLe
MORFKER[3]., 7 LO0BRIEKN[4,5] 2 ELS ¥ EZRMICHEL. BEfBHTICH
PRABERIBGOXLBILLIVEEORBE IO N I 74 —IC3RONZWFH LY
O FrT7 74y 0 REBEHERTIEELRVHELTV S,

AEIE, 52, BRBEHOA LT, EENLEBEAREHRRPEARBIRBEL L WVWER
RBHTICBWTHEAER L BHHOSRITIRLAZE, ELIZZDOEIVEMBED
FAEBCE o THRMICEMRTEIIELRVE LY,

[£8] ERIZH W REIL, ZHK Y 7 (LC-6A, SHIMADZU, 548) . & EF % & (HOPP-1B3,
Matsusada Precision). $E4t & 8 H 85 (UV-970, JASCO) . £ ~ ¥ = & # — (7410, RHEODYNE) .
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UMAETHERLAATLATHESATVS, BER, #7242 A0807 720080
KEHRLIEAEF 2 -7 EOMICKRKBE IKVAIMLZ, ETOERTENERELMEAL
TWwb, #7LEBAEI0~320un72—XFI YA ¥ v ¥ 5 — (GL Science) b & U*
HIABILHMAOTMA L L LXEL TER L,

(#R] ##7 A% 1C-Anion SW, MCI GEL SCA04 * £ L., #0WHEF 72 74
VI—FLTHEF2—-7¥WHFIT, BRERETERLA, OB, BREICRLEED
FKHAICH L TRFNSY, UVRINEFOBREEATV S, —EE H(50kgf/cm?) T
WLTWARY, 27U M/ SLDNR—RAF4 VIEZ—FEhoTWwaBH, FEHXHERICKK
WHEZEMT B ERPAICRFEATOLFERAIBHEN, FORERNX-ZAFT M UHKRE
CERLZ, #0%:, F0FTTEMLETZE, TDODR—RAFTA UvANLEY, BE:XYA
CHEUNEAEBICRBFINLILDICNR—AFTA OHABEDNMAEL YD FHRLE, #L T,
BULEDR—AFGA I/ ANERo, COBO70 b /5400680 5REENEIL
M(LE=-2ETFE—0QNEENMBEEOAEBOMFE YL Figure 1 ICR LA, RiKEE
YEOMTALEICEER EBHHOSTEMNEINL., €OR{LRIZEMMBEEOHHERIC L -
TEELI, T, 54T TCREAORMNLEAERFOMEMNMBET LI ENR 6N,
COIEDPLORHEBRBI L - TEHERPEILL TS EEILND, COHROFAIZE
D, B9V beT5F+ET) R 207 b S F57 4 —~DICHNFTETD
59
Condition
M : Packing material:IC Anion SW
Effluent:3mM Phthalic acid + 3mM Hexa-
methylenediamine+0.15mM HEPES / meth-
anol (90/10)
QO: Packing material:IC Anion SW

300

200

100 -

Effluent:3mM Benzensulfonic acid / meth-
anol (90/10)
&: Packing material:MCI GEL SCA04
o 300 600 900 1200 Effluent:3mM Phthalic acid + 3mM Hexa-
Frequency [Hz) methylenediamine+0.15mM HEPES / meth-
anol (90/10)

Relative UV absorbance [-]

Figure 1. Relationship between frequency
of applied voltage and relative UV

ahravhawman

pq

1. S.Kitagawa, H.Watanebe, T.Tsuda, Electrophoresis, 20, 9-17, 1999.

2. S.Kitagawa, T.Tsuda, Analytical Sciences, 14, 5671-575, 1998.

3. C.Chaiyasut, S.Kitagawa, H.Wada, Y.Nakabeya, T.Tsuda, J.Microcol. Sep.,11,590-595, 1999

4. S.Kitagawa, A.Tsuji, H. Watanabe, M.Nakashima, T.Tsuda, J.Microcol.Sep., 9(5),347-356, 1997.
5. C.Chaiyasut, S.Kitagawa, H.Wada, T.Tsuda, Analytical Sciences, 16, 413-416, 2000.

— 101 -



20 Symposium on Capillary
Electrophoresis, SCE2000

v ESY—BRIXBEEBWAEXBERERS v A
L36 BPoOFEXFI o RKHEY S-[2-carboxy-1-(1H#-

imidazol-4-y|)ethyllglutathione MAITE

OMHIE#. #MS, KB H, MPESR, KF &, T HE

M LK RS 4 b 5 i pe

Determination of S-[2-carboxy-1-(1H-imidazol-4-yl)ethyl]glutathione, a new
metabolite of L-histidine, in rat tissues after sunlight irradiation by capillary
electrophoresis

Masahiro Kinuta, Noriyoshi Masuoka, Jun Ohta, Tadashi Abe, Atsushi Otsuka and Shun-Ai Li
Department of Biochemistry, Okayama University Medical School, Okayama 700-8558, Japan

Urocanic acid is a key metabolite of L-histidine and its increase in quantity in the skin is given by sunlight
irradiation. S-[2-Carboxy-1-(| H-imidazol-4-yl)ethyl]glutathione [GS(CIE)], an adduct of glutathione and
urocanic acid, was proposed to be an origin of a urinary compound, S-[2-carboxy-I-(1H-imidazol-4-
ylethyl]-L-cysteine [Cys(CIE)]. Various catabolites of Cys(CIE) were also isolated from human urine
previously. However, no direct evidence showing an existence of GS(CIE) as a biological material had
been given. By using capillary electrophoresis, GS(CIE) has now been found in the extracts from rat
tissues involving kidney, liver, skin and blood when the rat was maintained under conditions of sunlight
irradiation afier the fur on its dorsal skin had been clipped. On the other hand, no or a trace of GS(CIE)
was detected in rat tissue extracts when the animal was maintained under usual conditions in the room.
These results indicate that GS(CIE) formation actually occurs in the body and that the formation is
accelerated by the irradiation. Glutathione is a well-known scavenger of active oxygen and is catabolized
by gamma-glutamyltransferase. As the inhibitory effect of GS(CIE) in vitro on enzymatic functions of the
transferase was elucidated previously, it is possible that GS(CIE) formation is of sufficient physiological
importance to maintain the glutathione levels in tissues consequently to prevent the tissues from various
kinds of damage by active oxygen generated under conditions of sunlight irradiation.

B ®IC

EAFY O RIFBRTEMICECEENZOOSNE L AF¥—+ (EC 4.3.1.3) i2& o T
trans-o O A = YREICLA S S, JFRTIE, 62y oh+—+ (EC 4.2.1.49) (2L >TA
Iyvor7old BICRBINDN, EHTRYohF-EnEEsrEO oY, voh
ZUEENERT B, T, KMENBOEBIZL > THBEYOh = V@ trans BH S cis B
NOVEREEEZREIFTILIHONTVWS, ENBERT v FEHWLERT, A cis-
OH =L, F0H trans B L IR ZBELRT L FEIZHSMILE [1o

X512, AU VEOZEESIZIVYF4 2 (GSH) D-SH AL 7=t &4, Bl
%, S-[2-carboxy-1-(1H-imidazol-4-yl)ethy]llglutathione [GS(CIE)]D{CBEHmLEZONS
4 ODHBULEMEERE PRAOOGHEE - R L., HEREEZIToTEL, /4. LA
L7 GS(CIE) # Bp i I H & LTHY, 2ol EzHmEL T&/L: [1-7]. L2 L., &4
e LTGSCIE) HANFET 2083 PIIBET o2, 40, F ¥ ¥F Y —-B& k%
AWT, v PHLEEPIZGSCIE) P TFET A E2HO NI L7, o, ZDEBAKRBEEIMR
BIRIZE->TELLMMT B EZWORILDTHET 5,
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Hik

HHHAET v P2 RKBERAEBR T T2 HMMAFT L-&IS, =—FVHEFTEEESEM L. Mk,
. BB, R L. SR %, A+ RKRY T LATHRSBRLL, ZNBE
AFS vy bz baI—MIZLT

F v €7 —BAikTh3iB 2 P/ACE Diode array detector 2%# Beckman P/ACE system 5510 %
Av, ¥— % —nFi3 Beckman System Gold TiFo>7:0 ¥ + ¥ 5 Y —id Beckman eCAP neutral
coated capillary (H%)& 30 cn, MES0 pm) ZEMH L7z 54 &fFid. Beckman eCAP chiral
kit adjustable pH buffer C#H$ L 7z running buffer (pH 6.0) containing 80 mM hydroxypropyl-
B-cyclodextrin Z V>, field strength 1 500 V/cm, iRFE 20CCHIE L7z MEREHLY T
7Y NEEE AV, ERIZY -7 ERELBTCITo 7,

FAB-MS {3 Shimadzu SCAP 1123 data system & U Hewlett-Packard 7240A plotter printer %
$## L7 Shimadzu 9020-DF gas chromatography-mass spectrometer T, 7Yt %~ })
v 7 AHV, EEEATCHIE L.

BREER

KEBFCHBER T v PSHHEPIC,F ¥ €5 —BSKE) T GS(CIE) DR #Mm 9. 14 57 [7]
ER—DRFEEMZ R THEEZRO L, COWMEIBARSITER [n/z 446 (M), 140, 95].
RUBEAKEZKBTH GS(CIE) L EZ s,

WMERET T v POERBFETIRGCCIE) P RE &S wh, FLGMERRUT (FL—X) T
Holh KEECAREIRE T v P OB TIE, FI% 25.346.8, B 7.613.4, FEHAM <3 nmol/g
HAEEER. ME<2 mmol/ml THo 72,

CHODFERIE, GSCIE) ERMPEFNTERICREZ o TWEHI &, F/o, TOERAMKEE
MPBICL o TEL(RESNDZZEEZRLTVS, BHEEBIIEAICE > TEBILIWA P L
ARTERBEFIC L DA LR Y A~V OFRL 425, CSHIXIHEHBED A IR Vv — & LTIEH
THWHTH Y, y-glutamyltransferase £ > THBEENDZH, ZOBEFEIZHT S GS(CIE)D
invitro COMEEAE, B4 GBLICHEL T2 [8]o GS(CIE) EROEREMBRIITFHT
HBHH, EHEEBET CTOSCIE) AR TS &2k o T, ikt GSH A S I, HIRTH
ETA2EHEEIILA2 AU EHEHML TV A EEIRE E R,

A3 . A, CHEHETEREYE (EEMECICL Y iTbhis,
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A High-Throughput pKa Screening Method in Drug Discovery using
Capillary Electrophoresis

Yasushi Ishihama, Naoki Asakawa
Analytical Research Laboratories, Eisai Co., Ltd., Tsukuba, Ibaraki 300-2635

In drug discovery process, physico-chemical properties such as pKa, lipophilicity and
solubility are important because these properties affect the bioactivity of the drug candidate.
A high-throughput pKa screening method was developed using capillary electrophoresis.
To shorten the analysis time, pressure was applied with voltage simultaneously. As a
result, pKa values of more than 100 compounds could be measured in one day.

ZEHIZ

W, EMBTERIYEFMNITAUTFIA NI —REXRILEWS 1 75 —DFRE
WV, EHLEWEEM (BEX4MNE)E) @ High-Throughput Screening (HTS){L2*
HEATVD, GEH B2 EOPHELENERDOFMIC BN THIHELDEER 7 )
— VI ERPHEShOOH ), —HL0 100 {LEWREOITHEEL o TW5
(1], L2 L. BER#EEREKII>WTER, BARHEBETEELNEE2TAs#L%H
ENLL, WA Z Y -2 FROBGRE 2o T,

CE 27 pKa I, WHELE R EOREREICLHER, BVRERELTA L, HE
DL ZIFIZLL, BEORBTNEEZIT)I Z A TES[2], LA LAEELIED
Ta—AXFYYAXxETY) -GS, BEB TERBERIILAERELR
(b7, WERMPELS 20, 2WRBOBREL B LPRBETH - 7o NEE
AT O HESTCHBLAFYEST Y- 2BWAZ LTI ) LARMBEIIBLTES
M3]. ERTOIYHER YY) — =V VEOBRBRBEN L LTER TR THo7s 2
TH4I1Z, ZREZEELRBICENMT A LI ) RO EHEEEED . =%
pKa A7) —= v 7ELLTCEEXRETAZ L E LT,

SRER

¥y ES ) —ERIKBEBIIEE L ZRE X FEICEINNTE % Beckman 3 P/ACE
MDQ System Z fiv: 72, ¥+ EF U —id, AES0um, BRE31lem D7 a—-XF Y
HE (NHELEOLD, BLXUSMIL a—5714 7415 RL72b®) #HVE:, &
HIZIXZEERIS % AV, 210 - 400 nm ORI ZE JIE L 7o REHEHIZ 10 mM D
MEHILAMESL Y AF VAN KF Y FIDMSOBEHEKS LA 7H =Y
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VBET 205 CHMLA -0 (&R 100uL) % 96well 7L — + ECHRHUL, 20 F
FCERAFEHR V- L LTRHVWZZRELRV kB Z&ME L U pKa B Fizo
W TIEICRRIZNCGE - 72,

BREER
—HAHEEED 100 (L& THUE LT ) ZiE, ZREQEINIE ) THMEOET O
BLEBOFREEMNZRIBIZTILEND o7, ZRELERBEROMEEHALL
A, BRED LRI - TEHREEIIET L SABE LD A FZEL., H
MEREIZ 1~15psi ICBRE L7, T2, ZURERHBELHVEZLICL ), BERRE
H~v—Hh—THs DMSO L RF -2 %, UV RINEEDEVEZFHLTHHET S
EHAETH o 72,
HEBOGBREMERABIZTAD, DEDO3HA Yy FOWBIZ 6 BIFDHIHATF
v TR HEAANBZILE LT, oML 707207 T 4% Fig. 11227
O LoDk

BlICT 3 104 pHS pH 7 pH 6 pH S pH 4 pH 3

g #7 g RLS

1.5 T, 20 _ m{so DMSO DMSO DMSO DMSO DMSO
CNPLUT s
weEogx, $7 | . -

REZEAT ol o
5Lw)RT | SR |

vy Tk

L7 —itet 0 2 4 6 8 10 Time/min
BlhoEH Fig. I pKa Determinaiton of Aspirin using Pressurized CE.

EREMITH 15
SFTHY ., BREEENZERTEIENTE L BEEY THLETAEY ViZoWT,
BRIKBBEEO pH KFE» SIERERN_FEETHWTHE LN/ pKa fi 3.43 T
HY., XHE(3.49) L FIZ—F L7 FEDLERER T 50 nmol(10 mM DMSO &
T5uLHH) TH Y . BWHEGLSHOWHR 7 ) —=2 FEE LT aaMiEErHL
TWwaHBIZ Db,

FERTR., EBOEDERHILEYEANOBRABIZ>VWTHIHBNT %,

Xk

Y. Fujita, Gekkan Yakuji, 42(2000)1917.

Y. Ishihama, Y. Oda, and N. Asakawa, J. Pharm. Sci., 83(1994)1500.
H. Katayama, Y. Ishihama, N. Asakawa, Anal. Sci., 14(1998)407.

H. Katayama, Y. Ishihama, N. Asakawa, Anal. Chem., 70(1998)5272.
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Rapid Development of Optimal Capillary Electrophoresis Conditions for Separation of Ofloxacin
and its Analogs by Using an Experimental Design Approach

Takeaki Konno, Ken-ichi Yamazaki

Analytical Research Center, Chemical Technology Research Laboratories, Daiichi
Pharmaceutical Co., LTD, 1-16-13 Kitakasai, Edogawa-ku, Tokyo 134-8630, Japan

A rapid method to determine optimal capillary electrophoresis (CE) condition for drug
substances using an experimental design approach was developed. Ofloxacin drug substance and
its analogs (OFLXs) were used as model drug substances. The procedure was as follows: (1) the
pKa values of OFLXs were determined by the effective mobilities at various pHs. (2) Resolutions
between peaks of OFLXs next to each other on the various CE conditions around the pKa values
were estimated using the fractional factorial experiment (Ls orthogonal array experiment). (3)
The CE condition estimated in (2) was optimized using the full factorial experiment.
Consequently the optimal CE condition for OFLXs was established. The advantage of this
procedure leads us to the optimal CE condition by calculating statistically full data. This
procedure will be applicable for other drug substance and its analogs.

LI

BE.EERLTMY Y TR T A2ERNEHEZEICHPLCEMAVWOL AT WA FO—4,
ICHTII CEW LA RBREDAERRBRBAMITEIALT WS,

4o, EFVEAWELTAT7OXH L Y RUFEFOHHEWHE (OFLXs) * Hw, CEC &
LHEIBMITAEFALL OFLXs 0 —F L ORBIEEHOHELEHMH L L1,

K&

AEELT, $—-%3E (&) W OFLXs 7fi (OFLX, Des-Cl. Des-Me. 9-Pz, N-Ox.
Des'COz, FPA) #H w7, B BRI 7 b~ 3% % &t 0.01mol/L KEE{LF F VY v 4
WICHERL, 44 0.5mg/mL & L7, OFLXs iR&#MIE. 0.05~0.2mg/mL # A7z,

FHEBELT, 7+ b4 4 —-F7 LA RUBFF €5 ) —BERikBHEE X HP3D
YESY—BREAMIVATFLE2 . FYETY—BAERLABER L) AFYESY —50um
X41.5~48.5cm (fi%)K 33~40cm) % . Wir & iZ HEWLETT PACKARD Win NT 4.0
¥*Hwvws (M HEWLETT PACKARD ##) . ¥+ ¥ 51 —(3# 25CTEHL. VA
FANDRHEAIZMEH: (50mbar, 2s) . ENIMEE X 10~ 15kV TIT - 720

B2
Step 1 : CEi#:i2 & % pKa flll5E L2 (¥ &0 Fil)

CE i Hitd pH3~ 11 OMATM (4 A V3 0.05) *HAV. EpHIZB T A2EHE
BENMFHED S OFLXs ® pKa I L7, RS S, pH 8 {11 T OFLXs —F 57 8
DOMREEFRM L, 22 L, E- I BRRUGEOLBFLELHE L. &840 E#E L
Bt ERT A EE LI,
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Step 2 : 3KMERFRAEFIRER (EHEROKXE S OINRE)
CEZ BRI Table 1Y U EEEMMTIE & BV, Table 1 Factors and Levels (1)

SKERD Lo EXETIRERLEML | KAl MiT T factors level 1]level 2]level 3
ZHRTO OFLXs Mo GHEL* BB L. ZDHE. «:pH 75 | 80 | 85
FHREIpHOBRBEZT R TV ETFHREN EL. [ Bumron @dd || 20 |30 ] 40
REREEEIRERN, A FA G KA BN y * Cation Na* K+ | NHy*
LEL 10~125kVOL &, FTHEOHMLENTFEE [ Voltage kY | 10 | 125 | 16

hi: (Figl) - ZRHE» S RFLEFES N %
HMAELLER, CESREIE 30mM Y B KRG (pHB.0) . FIMMEIE X 12.5kV AF
WY THDETFREN(a2f2y289 o

Resolution(Rs)

O_x:—-'""\r\* m-bﬁ—dum

75 8.0 8.5 20 30 40 Na K NH4 10 125 15
pH Buffer Conc. (mM) Cation Volt  (kV)

Fig.1 Estimated Resolution between OFLX
Alphabet; OFLX(A), Des-CI(B), Des-Me(C), 9-Pz(D), N-Ox(E), F(FPA), Des-CO:(G) and eof (acetone)
Symbols; E-F(O), D-E(@), G-eof(®), C-A(A), A-B(X), eof-C(ll) and B-D(*).

Step 3 : 3 kKM JEALMFEER (&M RiE{t)
THERFETHEENIZEH azfoy202121E
WV, B aefe kRGBT B7:0, 3 KiltH
D_RBHEER (Table2) *ER L. &
OFLXs Moo 78R % fi i th . pH-#R 15 iR
E-SHBMED=ZKTY T 7% EKL. D
HER. CE 8B A 30mM VJ ~ 8 K 15
i (pH8.1) (azp2) NOK, B-D k< &
TOREYWOR—-AF5 {4 38 (5 HE 2.0
k) #88 L7 (Fig. 2) o &5, ikt
BIIZEFOT M LER LT,

Table 2 Factors and Levels (2) Y ';o' T l3.|0' o

factors level 1] level 2 | level 3 Time (min)

a2 pH 8.0 8.1 8.2 Fig.2 Electropherogram of OFLXs
3 2 Buffer conc. (mM) || 27 30 33 (CE condition: azfBzy202

i

EFNMEESWE LT OFLXs 2V, CE 2L 2 HE B2 FIB L7 OFLXs O —F i
FUHOREILEELYHI L. AFIAOEER, ETOMBF— 7 2HWIHKEBFIZL -
TRUOBBEILINTHRELZETH D, 5%, WOEP~NCHRHMLTWLFETH %,

p'q
1. Y. Ishihama et al., J. Pharmaceu. Sci., 83 (1994) 1500-1507.
2. J. Barbosa et al., J. Chromatogr. A, 839 (1999) 183-192.
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L39 B4 W R E L 51 DHighly Sulfated Gamma Cyclodextrin
W RESEF v €T ) —BERKE
O ‘BHHMTF'. AgnesGarcia®, £FEZ!. KEiF{Z'. /HRE D3,
# izt B #'. IraLurie’
FHESRF ', K[El DEA Southeast Lab.?, RFFUREHHERF . K& DEA STRL'

Chiral Capillary Electrophoresis of Amphetamine and Analogs using Highly
Sulfated Gamma Cyclodextrin

Yuko Iwata', Agnes Garcia’, Tatsuyuki Kanamori', Yoshihito Ohmae', Kanya
Kobayashi’, Hiroyuki Inoue', Tohru Kishi' and Ira Lurie’

!National Research Institute of Police Science, Chiba 277-0882

2Southeast Laboratory, US Drug Enforcement Administration, Miami FL 33166, USA

IResearch Institute of Scientific Criminal Investigation, Nagano Prefectural Police H.Q., Nagano 381-1232

'Special Testing and Research Laboratory, US Drug Enforcement Administration, McLean, VA 22102, USA

The simultaneous chiral separation of 11 amphetamine-like compounds by capillary electrophoresis was
investigated. As a chiral selector, SU(XIII)-y-CD (Highly Sulfated y-Cyclodextrin, Beckman Coulter) was
used.

d,l-Amphetamine, d /-methamphetamine, d,/-dimethylamphetamine, d./-norephedrine, d,/-ephedrine,
d,l-norpseudoephedrine, d l-pseudoephedrine, d,/-methylephedrine, d,/-methylenedioxyamphetamine,
d,l-methylenedioxymethamphetamine and d,/-methylenedioxyethylamphetamine were separated under the
conditions as follows: run buffer of 10 mM SU(XIII)-y-CD with 50 mM phosphate background electrolyte at
pH 2.6, applied voltage of —10.5 kV, capillary temperature of 15°C and detection wave length of 195 nm.

Seized d-methamphetamine hydrochloride samples dissolved in solvent at high concentration (20 mg/mL)
were analyzed using this method. Trace precursor impurities such as /-ephedrine and d-pseudoephedrine were
determined. The results suggested that this method would be applicable to the impurity profiling analysis for

characterization and classification of illicit methamphetamine samples.

ELOHIC
B, EEvHIBEELEeEwd. BEERELTHVWOREHD, RIEEICFEHIAEHD
EOLHBHFEET LM, TROoDEEWIE, KFEEEOEVIZ L), KEER KM
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TEEEPRLDIDDDH D, £/, BRFAGEHREIFEEDORRICHE L TORERE2HH
Ehhb,

ARFFETIL. Chiral selector & L TREM % % < 3 % Sulfated v-CD (SUXII)-y-CD) %
Ao, ¥y E5Y-BRIKENC L b, EXVWHIEELSHOEEREGL RIS
WA HBME L7 S5 R OEREFTHFADICHIC OV TR 21T 726

EER

AE & LT N HoESWHIEE{LAY (di-amphetamine (AM). dl-methamphetamine
(MA), di-dimethylamphetamine (DMA). dl-norephedrine (NE), dl-ephedrine (E). d/-norpseudo-
ephedrine (NpE), dl-pseudoephedrine (pE). dl-methylephedrine (ME). di-methylenedioxy-
amphetamine (MDA). dl-methylenedioxymethamphetamine (MDMA), dI-methylenedioxyethyl-
amphetamine (MDEA)) DR &GBEHEH /2o kFESHRY L L Tid, Highly Sulfated
y-Cyclodextrin (Beckman Coulter 1 ; (SU(XII)-y-CD)) . B-CD, Heptakis (2,6-di-O-methyl)-
B-CD, 2-Hydroxypropyl-B-CD (Sigma-Aldrich #) %, MEEHEYHIS) & L TiE.
(+)-Isoproterenol (+)-Bitartrate Salt (Sigma-Aldrich 1) % 7z, #i& (X Agilent Technologies
HBFr 7)) -BRKBEEEZ. ¥+ 7Y —I13 Polymicro Technologies ¥t Fused
Silica Capillary Tubing (32ecmX50 umid.) ZHW/z, BH#ERIZ 195nm TH 5,

HRLER

KB OAK, KBy AR EDENHEEL, FTHEOBRITEITo7-L A, 10 mM
SUXII)-y-CD /50 mM ') ~ Eeigi&i (pH2.6) % okEhai& L. EMINEE-105kV, ¥+ ¥
) —BE15°C DENT, R E—7ETHFETETH - 712,

COFEMGEE AV HRESVA] (d-MA) BEAPOTMHBIZOWT T 2{To /2L
BMEIZEEENTVS LE RV dpE DFIFHTRETH D, AT 07741 ¥ 7’5}1)‘?
CICETEEL & L AR S LTz,
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1 —ICLDIRFREEDHEE (4)
OMFERl, KZEZ, FF5 %
ERETAK -3

Enantiomer Separation by Capillary Electrochromatography Using Chiral
Stationary Phases (4)
Koji Kawamura*, Koji Otsuka , and Shigeru Terabe

Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

Enantiomer separation by capillary electrochromatography (CEC) using a packed capillary was
investigated. Packing materials used were Daicel OD-type chiral packings (3 um, 5 um). By
using acidic and basic aqueous acetonitrile solutions as mobile phases, several neutral and basic
racemic compounds were optically resolved. The separation efficiency in the chiral CEC system
was superior to that obtained in HPLC using chiral stationary phases. The plate heights obtained
for several enantiomers were 5-7 um and the reduced plate height of 1.5-2.2 with a 3 um

diameter particle.

[iXCBIZ] EE, F+ETY—BRkH (CE) LI 7ok~ r574— (320
HPLC) ¢ 2 lABLELFLWIHFETHLIF+ESY —BR 27U~ 757 14— (CEC)
AEHMEN»SHEE SN TV BL,CEC TIIFEHRD HPLC L KL TREICHWERBEE®EO NS
WhEtENd b, BEETHOEIIMHFEINL T2,

RERUEOMTIESE, EEFLELOETHFTCRELRHE 2> THBH, CE LR CEC
TLZOMUMMEIITE ISR EED LASHE LTREMTORTEY, K4 IET
IEES pm D F T WV FEHAN Z AV CECIC L B2 R ¥ RUEIHIS VW THRE L TEL[1,2]0
KR TIIRES pm OF 7 VFEHEA LA TRFEREETEZ TV, TOTEFEEICOVWTR
FLIHEREHRET 5,

[$2 BR] CEC #i{& (213 HP’PCE (Hewlett-Packard) % L7-, 78S T 4121k, OD ¥

A 7FHHH FEI um, S pm; ¥4V HE; Fig 1) 27a2a—-XFV Y AFrEF) —
(&F 33cm, PIE 100 um, BHE 24cem) KL DEFRAW L, BHEICIE 2-708
J—WESBEBEIC, T M= MYV ENEBEEICHY, HPLC KR 712 & 5 T 480 bar
HINEL TiTo 720 BHEALEET AN 7Y v ME. INEBE% 1% NaCl KB HIC
BIRLAH, METTFYETY —SMIZmMe L. REFBFERESI LI LICLD
e L7z REHEARBRMEAETITV, FYEF Y —WRD/NA TVIZEREFRE
71 (10bar) =T THEE T2 7
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[RREBITEBIRAHELT. EVFO— W, 4-T 22 V2-TF )=V, RYVAL 7,
PTH-DL-Met, XV V' A4», Ay ¥NRI FREFELTERRTO T IBEH., RE
SEERAT, TNETOMET, HESum OFEF* BWISGE, EEER U DY
BEPLIZ, TF 7y FA—3BIZDOWTHPLC & ) bENLHEENEONS Z L AH
Ll oTBY, FHEMRL L TREBRE X T 1626 BEMSRGONRTVS (1,2l £
THEILHE 3 um OFHAIZ OV CRIBDER LTV 5 um FEHH| & OFBEMERED
B, 7HEDRIINT L7 7 L2 RBERVERREHROLE. BERHEUCERZERNOE
RUDRE 1T 2720 TOHE. 3 um TEF T S um FTHEALU O S HEMREL RS =
ENTREE Y, FARFLERESG ORI, Fig.2 I2X I V3O —BIZRT,

H
CH
" Y
. o) RO
CH 3
RO OR n

Fig. 1. Chemical structure of OD type chiral stationary phase.
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Fig. 2. Enantiomer separations of indapamide and benzoin by CEC with an OD type packing.

[ #]

1. K. Otsuka, C. Mikami, S. Terabe, Presented at the 2nd International Symposium on Capillary
Electrochromatography, San Francisco, CA, USA, August 1998.
2. K. Otsuka, C. Mikami, S. Terabe, J. Chromatogr. A, 887 (2000) 457-463.
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Enantiomer Separation of Drugs by Capillary Electrophoresis Using
Polysaccharides as Chiral Selectors

OYukari Kuwahara and Hiroyuki Nishi
Analytical Chemistry Department, Product Technology Development Laboratory,
Tanabe Seiyaku Co., Ltd., 16-89, Kashima 3-chome, Yodogawa-ku, Osaka 632-8505 Japan

Enantiomer separation by capillary electrophoresis (CE) has attracted
considerable attention among analytical chemists as a promising new technique,
especially in the fields of pharmaceutical, clinical, and agrochemical sciences. Capillary
zone electrophoresis (CZE) is the most widely used for the enantiomer separation
among several separation modes of CE, in which a chiral selector is added to the
running buffer. Among various chiral selectors, polysaccharides are one of the most
successfully employed chiral selectors in CZE. In this study, we investigated the
capability of carboxymethyl (CM-) derivatives of polysaccharides such as CM-dextran,
CM-amylose etc, as a CE chiral selector. As a result, CM-polysaccharides were found
to be useful chiral selectors for the enantiomer separation of drugs.

BLoic

¥r €7 —-BRAikE) (CE) &, ok Hs, ToFRLELNLLARHLELT,
HERBEOFHEIFCIECEHENTVS, ThETCCE LI RERMEBOSEIIFT
BHALFINEL 2 V- PRFENRTELY, FOPTLFFAIMY Y, XA LT,
a4 F R, AN R EDEHERIIEA L RERBRERTIIVNELL 25—
LT, TDHHBEIRECRESRTVSL-5]. 40, FLLEBHALLT, 3R+ 5
VRUFFAM) LR EOPHSBBEIIANKF I AFIV (CM) EFBAShIIDICH
HL, BESKEPLELALEYORFRMEEGTHEICBISLCERHXIVELLIY LT
DHEPBEEXRF LA, TOHER, CMLEHHIIO LORHEREH LS L T, LFEIDHE
AEETHEIENTI oD THRET S,

.53

CE #{#1x BECKMAN # %, P/ACE 5510 system, ¥+t IV -l ARV IH#MN 7 2
-~ X FL)HE (MNE 75um, FEE 40cm) AW/, EMIMEBEIX 15kV~25kV —F & L,
Fr ) —I3GHEXYBT20CHO—FREIZR -7 BBk 220nm & LA F 7,
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kB IE 20mM ) CEEERE M (pH2.5) 121 ~5%RBEO CMLEZME (CM-F¥3A+ 5
Y, CM-73I0—X,CM-va—-R) %5kl 7%=k L TiML, FHINCILE 0.45
pmBHEVRS5 ym DAY TS T4 NI —THBH%, BEERSGHE (Branson 3200) #*
AOTBRAL, AL, 288 EL LT, WM [3] TOFFAPMYCRUEFHFR b
TYERWIRHET, FLodr0SBATAFRHINLILEY, BEINVFTEL, HE
FUA MR/ =, BEEANTF V=N, TNVIEXY, REEFAET Y, RFIVLLEE
Fubd LERMEY 12 @B RE L.

BREER
EERLELTTFXARAINTIVRFFXAMN) U FFERATHAL EIEBICHELZ [3] . 20
REKRTR, FFAPIVOERIDFFFAISVED SRFDHAEICEN, 3~6%DT
FAM) OFEMcE Y BELOREREOFEIER SN, Z20OHHAL L TIE, o
1, 4BETHL>TVAFXFAM) UHF7LFITALaLNVKBELE LY, 2O KNS
PREFRUEOBNCED LG ZRBELLDDEZZONL, —F, a-1,68E8THLT
FAMTIOTI, FOLIRBARBEE LN VD, ZOREDBEIFVD O L HIFS
iz, B, ZHROSERFUEMNRAREN, FRICAATEL L) IZh o724, 40T %
RoDPTCMAILEHE (CM-F¥AF5 >, CM-73I0—-X, CM-EVO—R) {220 T,
EFDLLOPUSHRA L ORXEZBEORBERT LT 2. XRFA TR EHBEOFH 7 F i,
I/, TOFFRSM, HAVIECMEDOUALRLEN—FTIEL2wOT, BHHEICLD
FEBERIERLY, BRBREUTOFEY IR 272, CM-FHFA M) Y CIREEOMBETHE
METHOERIERT, 1 BBRETORFT LT, TOER, LFBEILLEYEI
FEAMY L EOEALE. —F, CM-FHFAPT7 TS5 %BET TORBMBOERAMNT
BETHY, THINTEFRUEBEFFRAITIVEINEL o, ELEFFALMNY T
BEFICRERMETE SN, FXFALTOCHREA#BTH- 2, SWVFTEL, 7YX
pEFoBEALL Y, LESHEOZHER, v obb, ¥ A5, %A MY v, CM-
F¥AF5y, CM-73I0—R (CM-7¥%¥AXAFVYY), CM-tAVE—RDH, T, 400
EBREMHTTE, CM-PXFA S UHROEHNT, CM-Et VO — RS REZBRENLXS
ML 25 —ThAI NG ol. FZTC,CM-FHFALMT ZIZ2o0T, iRINBE (1~5%)
RU CMALEE (0.5 &£ 0.9) OBBII>WTRHNZTo7. BETREZOKEHI BRI,
BBEIEILYRIFICTESN. CMLEIZ2VWTIZ 050009 0bDE W EL Ok
R ir oL, MALEBEFLEFZRICAKEBELTVRI L Fh o7,

Xk

[1] A. D’'Hulst, N. Verbeke, J.Chromatogr.A., 735(1996)283-293.

[2] A. M. Stalcup, N. M. Agyei, Anal.Chem.,66(1994)3054-3059.

[3] H.Nishi, S.Izumoto, K.Nakamura, H.Nakai, T.Sato, Chromatographia.,42(1996)617-630.
[4] H.Nishi, J.Chromatogr.A., 792(1997)327-347.(review)

[5] R.M.C.Sutton, K.L.Sutton, A.M.Stalcup, Electrophoresis, 18(1997)2297-2304.
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Non-aqueous Capillary Electrophoresis of para-Quinone Anion Radicals
Yukihiro Esaka*, Noriko Okumura, Bunji Uno, Masashi Goto
Gifu Pharmaceutical University

Electrophoretic detection of two kinds of para-quinone anion radicals arising from electrolysis of
benzoquinone and chloranil was achieved by employment of an acetonitrile medium. Sufficient
dehydration of a running solution was necessary for the detection of the benzoquinone anion radical.
Oxygen in the running solution also caused serious decrease in the amount of the benzoquinone anion
radical during electrophoresis. Addition of methanol as a hydrogen-donor decreased electrophoretic
mobility of the benzoquinone anion radical significantly, while that of the chloranil anion radical
was little changed. This result is interpreted in terms of hydrogen-bonding interaction between the
para-quinone anion radicals and methanol reflecting the magnitude of their proton-accepting ability

(benzoquinone anion radical > chloranil anion radical).

LK

WEE, CE NPV THEARKBBAIFHATELL )R TEL, AROKBBELAY
HRAEND -2l KiFBEPCRALELYROGHNURE LI ENHE, ZORMND
LA . FTVINAFT Y=Yy PELE, REFHMBETHEIHINDOELRTREET
b, SARERAEYT Y7 b E#BRWT, HPLC, CE S0 # o BRTCEERLIZ LI
BHTLhW, ICRL, VW NVORGEERESBEE»GRITERTRCE LV, ST N
DYBEHRE., ERIZ. AKREVWREO AN X LBHIERATHRE525THs)L. %
DFBEEWHHM. STINVOYRE, CFMHRRICHWIIRRLHRIE A DI EUFTE
5, CITR. Xy F/7 2 (BQ) &2us=n (CA) DT X UHhoRBERLI-2HD
ART A TIAINEHRIZTE I PV LVRCEZAC AR RBHREERF L2, — 8
WCAKFRRBTTER, "53F /0723 NIEEBRLEV, $7:, SRR EPORE L,
ToAYITIVNNEHERIIRFESED, #foT, BAREFHT. EARRBELAV RESTE
NLELENL,

4 c

REBQRUCARZAZNAE, BERACI-THBLTAWS, T, M)LRUAY
=N T FITFNT D LABMERBIE(TBAPHI+FICBAL THw L, BAKED: *
YEFY—~12, DB-1 I—F 47 LAbD (J&W Science) ¥ AE 0.05 nn. €8 (HHE)
50 em (25 cm) CH W, RIHIMEVEFHATCHARL., AH. KBHMWIZ 30 secEBENTY

- 114 -



20 Symposium on Capillary
Electrophoresis, SCE2000

VYR, RERMBLAYBBEMZVOT, REFZARBREMD ST o7, kBl
Iid, 25 mM TBAP 7 b= b U LS EZ AV, BIEZ-10 kVICREL., B2 12 pABET
boteo ABREAEMICER VLI VRMLA. B BRI VBB EL (B 100
o) TAV, "R EHEE. FIBELRLBEE,. AEHBEOBE T >4, BQE CADE
REABBEORKEIX, TAEFA0.50 oM £ 0.48 mMIZHE LA, XFERH L L THO TBAP D
i looME L7, BREMINCHELACVOEETBRIVAWLT, #hAFL-0.6 VE
0.0 VICRE LA, BEMELIRADIL, EEAT)V 7Lk LBREYTo 7,

BREER
BQ. CARF N BBEBEMELRABHIBR AT 2To2EZ 5, Fh#h 320, 420 nm & U 320,
450 nn B ZRAERUT, BAF U HESOE—E—-s¥RAISKTZ, ChODKRHER
H, TREFRDOT=F IV NVORBHERRNERTHY, RUERTHVEDOT=F > F
CHVTHABIENRALREERL, CORYVYX) U T72F 29 A0 (BQ) 2us=
V7= hN (CA) OBEAKRBBEHE L. Fh&h 0.046. 0.040 /co’min-'V-' & 3
SRl TNIIBQIZHBMLTHEHELCAOER S Y EB T2 LRYLEiTH %,
Fig. 12, A) SEFHATB) BEEZHAT C) 1 %9KkEFETTH oL BQORBORTF %
ALl RBPICH LI F80%BDBYAEEICL-TERIEL, T2 1%DKNM, BROE—-2 %
EEILHEHEEE, COHER RETCRBELERLLEVF Y EFOCH#EOERICLZ LD
EBbha, —H. CAIE, COEBTTRIRLALEEYS I hd ok, CAR, 400D 1
VERBRENBEFL5E2005740, FLIRERRSK, BECLI2BRMILEESEL 25—
HC,. 20lkord8Far¥ e Fo o EbT2b0EEbhs, LAHL—f
. 727V AN CERBEITI DG, +F2HEBELEAILELELILNS,
BQ ik, HHEDBQICHEL. ELLKET -
2Ty — B ENBoT WS, ¥
ST NRFXF )T ATV HNDARE 0.0008 Abs
TrET—HOELKBEROT Y b O (x: 320 nm)
- VIZRIRAT AL EmPF LI, FiER,
RKEVFF—ER2Ar9%7—-N%2iFEML. &
FIANVOBMNAHBHED 25 /- Vil \

- A: Non, Non

BTG L AR, TOHER. CA B L ML.W
BQOBRABBHENELVWRIFES R B: Non O

BQ:

H,0 (1%), O,

o SN A )= NVEDKERHKGHBT e vyt e C: O Non
ROBE, 5ISHANDKET r €7 ¥ o 2 4 6
—EYRAEICRBREALIEERLTY Migration time / min

5,

Fig. 1 CE Detection of BQ".
Xk

1. Y. Esaka et al. Anal. Sci, (2001) in press.
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ILERELEE

Reproducibility of quantitative analysis in CZE
Natsuki Ikuta, Tatsuya Yoshiyama, Hikaru Okamoto, Takeshi Hirokawa
Faculty of Engineering, Hiroshima University

We have developed some conversion methods from CZE electropherograms with migration time axis
into that of effective mobility axis considering the temperature increase and relaxation of potential
gradient (RPG) in the separation capillary. It has been demonstrated that the electropherograms with
effective mobility axis was very 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 directly affects peak areas. Then we constructed a simple model describing the

peak areas and developed the reproducible methods for the quantitative analysis.

BB

Fr¥sy——VERKBECZEYDRADOEESILKESEHOBREN LI LIFET TS
L THE,FNORRIZEIZREFREOFDEN, Va2 —NVAIZEBX Y EFY) —iBED LR,
BRLAROBMBI(RPG)TH S 'Y, EOF # RPG DEIEHEIITEHETH 2, ¥ v EF ) -
DRFELATEZENET A LIIEBETHZ, £F2C, BABZIS0EZFIIL, #igEET
DEHBEIE 2 KD B Z L MHELIREREGETC )8 L CIREHRE - BEMMETCDT )%
MRELEY, 512, kEBENOBHENETRIENSHICKEBLE LT, ¥~/
FUCH B TALOERSHOBICLMBE 25, 2¥kb, 70T 75714 —RERikEh %
EMRORNERETA25ETIE,. ERIZEY-7ERTAVL LD, RIEBIHWLLED
EENERICHET 5, 8-> T, ABO L ) IZikBEEM 2 ZL S22 ERA, ThbbikihEE %
BLEE2 LD REENFETAEERSTMICBVTHLERBNET T2, £2 T, F4idikip
BEOEYN - ARG 2R LTERILTI27-ODMBLREFVEMELL, E612. &
DEFVIZEITE, BRAOBWE- o HEZREL L. EERTEZOFENFELY
HBEE, EBORICERHLAAIZOWTHLRRT 5,
L

BREBOEMETCEMORE idKIIL TE/LEELD, COLEDXYET ) —HIZBITS
KEOBESFIIE1a iR T LU TORTELZONS ERET 3,

{0 (x=vt>d/2, x-vt<—-d/2)

flx=v)=

6
C, (-d/2€x-vt<d/2) ©)

ST, x v, di3ERENR, ¥ €5 —GOE, KRB OKEEE KR, RPOET
Hb, COXYEFT)—hOFHEMELL &, it QAT moD I TOE 1242,
Q.= CdS @)

SZT, SIIF+ES) —HEKTH 5,

EEETHIE &

REPREEINLE, FYETY—HNTOTOT7AND—FTH2ERET D, HHE I DN
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BISRIBGEEELCEE, E— 7 BimEEBORBIREN «,  XDTOX ) IZFKSI WD,

1,=(l - 0.5d)v; (8)

t.=(1+0.5d)v, )

L72Ato T, Hidh% kB L L7 & & ORI A mol- s)IZL T L) iIcgkS B,
A=Cd, (10
BonLEREE-> THEHR O ZHET L.

O=ASv, an

B, b LBRBHKEENHES EISBo TWEIRET B L, 4, 75F %o ERFH Tl
DELICEBBENEL D, o T, AWCHELHIERIGELZHV2 L, ERITH S,
IFOIS=Av=Al/y, (12)
T/, COHFERBRKBOA LGS, 207 b I 74— 70 —~4 T2 yarilRE
DHENEFRET A2MECICHAT A ELTNRETH S, T, EBEZEERYS 2> Tuhid,
K11 2o TCERREYREELENTES,
BEREREX( RDEBEAREEZNTERITADISH)
AY 9 XV RNBLEGHROBE 2 CRNAEDOBMBENSH 256, REFHF—2 Lrin
HETH v 2 ERICHET A2 LHRETH L, £#2C, BUDROKMEHRE L BEHEORREK
EULBRETEL TCDTEZHAWVWA LT, COMEMFRTIZ L E2/HFEL 2,
E— skt ansb &, €=~ 70t 1-05d DEEBIZV S, #-T, ,EZUTD X
w3, Detector

1-0.5d [

! =-¢ —— = 12 ill
R T T A
milOWTERT L

- 4 5 @
1+ AT Jm,, +
m, = [ ( Wio, + My -m,, 3 Zolee I~
1+0AT 1-0.5d S & 5 |
3 . _>
FHIC LT, €= 7 hRILFHO KB 3515 5 BEHRE m. i *
FI R TP RN 2% (I X T %
- A position /cm
m = 1 (1+aAT)mo',.+mm,_ 19 i ®)
© 1+0AT 1+0.5d «f P ;
Bo T, MEEBMEI L2 FCBONBEM Aus i O A
(1+aAT)my, +m,,, Id ) —>
= : e =-C, (15) Lo bt
(1+aAT) 1°-0.25d + migration time/s
BV BRAKI T P>d THENTO25d ERRL 3 ©)
T Q\) Cif———====-" :
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1) N. lkuta, H.Sakamoto, Y. Yamada, T. Hirokawa, J. Chromatgr. A, 838(1999) 19-29
2) N.lkuta, Y.Yamada, T.Yoshiyama, T. Hirokawa, J. Chromatogr. A 894(2000), 11-17
3) FH EH . Il . 9%BH 2000-185276
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Improvement of S/N ratio in capillary electrophoresis - Optimization of aperture
width

Keiko Kitagishi, Yasuhiro Sato

Otsuka Electronics Co. '

We attempted to elucidate both signal and noise of the capillary cell theoretically, and
to optimize the signal-to-noise (S/N) ratio for the absorbance detection with a
photodiode array, a photodiode, a photomultiplier, or a charge-coupled device. The
relative S/N ratio could be estimated dependent upon the apparent beam width.
This theory will be a tool to optimize the aperture width without the process of trial
and error.
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Capillary  zone  electrophoresis with  on-line transient
isotachophoresis for the determination of nitrite and nitrate in
environmental waters: direct injection for a couple of terminating
ions

Nobuhiro Ishio', Takashi Miyado’, Hideaki Nishio', Kanako Michiba', Keiichi
Fukushi', Keiitsu Saito’, Sahori Takeda®, Shin-ichi Wakida’

! Research Institute for Marine Cargo Transportation, Kobe University of Mercantile Marine,
?Faculty of Human Development, Kobe University,

3Osaka National Research Institute, AIST

We describe a novel transient isotachophoresis (TITP) in capillary zone
electrophoresis (CZE) for the on-line concentration of nitrite and nitrate in
environmental waters including seawater. The following conditions were examined
using artificial seawater as the background electrolyte: the combination of selected
ions as the terminating ion, the injection procedure of the terminating ions and the
sample volume injected into the capillary. In order to obtain the maximum effect of
the TITP, it was important to inject the maximum amount of terminating ion in
which nitrate was completely separated from the terminating ion. We found that
formate was effective as the terminating ion as well as sulfate. The mixture of 0.1
mg/l concentration of nitrite and nitrate could be injected into the capillary
electrophoresis apparatus for 3 s. Further investigations are in progress to examine
the optimum combination of selected terminating ions, as well as the injection
procedure into the capillary.
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1. K. Fukushi, N. Ishio, H. Urayama, S. Takeda, S. Wakida and K. Hiiro, Electrophoresis, 21 (2000) 388.

2. K. Fukushi, N. Ishio, T. Miyado, K. Saito, S. Takeda, S. Wakida and K. Hiiro, Proceedings of
the Third Biennial International Conference on Monitoring and Measurement of the Environment,
Ottawa, Canada, May 8 (2000) 125.
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On-line Sample Concentration in Microchip Electrophoresis
Yoichi Sera*, Norio Matsubara, Koji Otsuka, and Shigeru Terabe
Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

On-line sample concentration in microchip electrophoresis was investigated using sweeping as a
concentration technique. Almost a 100-fold improvement in detection sensitivity was gained for
He-Ne laser induced fluorescence detection. Optimization of the distance between the injection

cross and the detection point is essential to achieve the maximum concentration efficiency.
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Fig. 1. 3% MEKC 8 (A) & sweeping-MEKC 78 (B).
# £} (a) Sulforhodamine B (10 nM), (b) Cresyl fast violet (100 nM), (c) Rhodamine B (10 nM).
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Ultrafast Reaction Control in a Microchannel by Laser-Induced Photothermal Effect
Ilnlegreled Chemistry Praject, Kanagawa Academy of Science and Technology, Kanagawa 213-0012
2Deparlment of Applied Chemistry, The University of Tokyo, Tokyo 113-8656

Temperature control of an aqueous media inside a microchannel was performed using the infrared
laser-induced photothermal effect. Using the fluorescence intensity quenching technique, ultrafast
temperature pulses were observed in response on IR laser irradiation with duration of 8 ms. Spatial
temperature distribution inside the microchannel was measured and fast heat removal was observed. Fast
temperature rise and fall rates were attributed to the small heat capacity of the heated volume. Non-contact
photothermal heating was applied to the control of enzyme-catalyzed reaction on a chip and 0.6 s reaction
control was demonstrated.

Introduction: In order to integrate all variety of chemical systems including analytical and synthetic
chemical reactions on a chip it is necessary to provide temperature control of reaction media. Temperature
ramp rates is required to be fast for polymerase chain reaction (PCR) to reduce total analysis time and
avoid false responses, as well as for organic synthetic reactions to decrease side-products yield. High heat
capacity of electrothermal heaters based on Joule heating restricts these rates. To overcome this limitation
we introduced non-contact heating by photothermal effect [1]. Small heat capacity of the heated volume
inside microchannel and high heat conductivity of the glass chip is expected to provide large temperature
rise and fall rates. The goal of present work is to rapidly control the temperature of the reaction media on
microchip using infrared (IR) laser radiation.

Experiment: A glass microchip, with microchannels of 250 pm wide and 100 pm deep, was prepared
by laser fabrication technique. The microchip was placed on the top of a Peltier stage, which maintained
steady-state temperature of the chip. Equilibrated temperature of the bulk microchip was monitored by a
thermocouple placed in contact with the top of the chip. Exact correlation between feedback controller of
the Peltier stage (bottom of the chip) and the thermocouple (top of the chip) was maintained in the

temperature range investigated (10-80 °C). IRlaser TLM

An infrared diode laser (A=1470 nm, 150 mW) was heating detection
focused on the top of the channel for heating. A g'|
mechanical shutter was used for chopping of laser HRP
radiation. Temperature of the water inside microchannel 4-AAP T Dran
was determined by quenching of the fluorescence — 35
intensity of Rhodamine-3B (Rh-3B) solution (Aex=514 H.0
nm, Aem=595nm). Fluorescence microscopy images of Tf)ozs , o
the mlcrochan.nel were recorded by a CCI? camera and . Lampr— I,_,'P
were used in order to obtain spatially-resolved o roduct plugs
temperature profiles.

Fig. | shows a set-up for photothermal control of Fig.] Schematic of the system setup.

reaction. A product of the chromogenic horseradish

peroxidase (HRP) catalyzed reaction between 4-aminoantipyrine (4-AAP) and aniline derivative (TOOS)
with hydrogen peroxide was detected in the microchip downstream heating point using thermal lens
microscopy (TLM).
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Results and Discussion: Temperature dynamics and spatial distribution characteristics were obtained
by monitoring fluorescence intensity of Rh-3B. Fluorescence intensity decreased with increase of the
solution temperature (~5 fold for the interval 10 — 80 °C). Fig.2 shows dynamics of temperature change in
the channel at the middle of IR laser spot for different irradiation times. Temperature ramp rates to the
equilibrium state were determined as 36 °C/s for heating and 26 °C/s for cooling, with the time constant
being 250 ms. Ultrafast temperature pulses were observed in response on the IR laser irradiation with
duration of 8 ms. Cooling was achieved without any external means, only by heat dissipation to the bulk of
the microchip. This is attributed to the large surface area of the channel walls and high heat conductivity of
3 4* 16 22 28 - 34 41)

10 _LM—LL-LKLLLLLLLLM Temperature, °C
30 :
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Temperature, °C
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U8 lnin I 13 nmin

Time, s
the glass, which facilitates heat removal.
Fig.2 Temperature profiles for different Fig.3 Temperature distribution inside micro-
irradiation periods: a — 67ms, b — 125 ms, channel. Each image size is 1000x750 um
c—250ms,d-500ms,e—2s. (WxH). Arrows indicate flow direction.

2-Dimentional distribution of the temperature in the microchannel upon IR irradiation, shown in Fig.3
for different flow rates of the solution, indicates heated volume size and how heat is dissipated to the
channel walls. A top 50% increase in the temperature is occurred in the solution volume of 8 nl, as
determined from the size of the heated zone on Fig.3. For the rate up to 3 pul/min heated volume remains
almost unperturbed and its size is defined by thermal diffusion.

A laser-light effect on the reaction rate in the
microchip was investigated. Fig.4 shows time-profiles noise
of the product generated during periodic switching of = M
the IR laser. The period of the detected signal
correlated well with the cycle of the ON-OFF of the
heating laser as was confirmed by Fourier transform of
TLM signal and subsecond characteristic time was |
clearly demonstrated. These times are resulted from
small heat capacity (~5 10" J/K) of heated volume. To ~10s
our best knowledge, this is the fastest temperature m PARSIRRI

reaction control, which is faster than could possibly be

TLM Signal, arb. un
}
N
(7]

achieved by electrothermal contact heaters due 0 20 40 60 80 100 120 140 160
to their much Time, s
larger (~10* times) heat capacity. Fig.4 Temperature control of reaction on a microchip for

different irradiation periods.
More powerful IR laser (~500 mW) is capable of higher temperature change that allows one to reach
95 °C, required for PCR reaction. Thus, time for total PCR reaction would be significantly shorter
compared to electrothermal heating devices. Experiments to perform such a reaction is under investigation
in our project.
Reference
1) Y.Tanaka, M.N.Slyadnev, A.Hibara, M.Tokeshi, T.Kitamori, J.Chromatogr. A, 894 (2000) 45.
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DNA Analysis by Microfabricated CE Chip
Aya Atsumi'?, Yoshinobu Baba'?

! Department of Medicinal Chemistry, The University of Tokushima, Tokushima 770-8505
’CREST, Japan Science and Technology Corporation (JST)

Microfabricated CE chip was realized by microfabrication technology and allowed high-speed DNA
analysis, reproducible DNA sizing and quantitation. We succeeded to analyze DNA fragments from 100
to 1000 bases within 75 seconds. Besides, for ultra fast separation of DNA fragments and increasing
accuracy of DNA sizing and quantitation, we tried to optimize the separation conditions, especially
polymer matrix.
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Fig.1 PCR amplified 500bp fragment (A DNA)
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High-Speed Gene Amplification by Capillary PCR

Yukari Hataoka'?, Yoshinobu Baba'?

'Department of Medicinal Chemistry, The University of Tokushima, Tokushima 770-8505
?CREST,Japan Science and Technology Corporation(JST)

Human genome project is quickly moving on to the post genome sequencing era, including
genome polymorphism analysis. As a technology of a new era, genome analysis on a
microchip is noticed now.

We examined gene amplification by capillary PCR device. In this study,we tried to
optimize the reaction conditions for capillary PCR in order to apply this technique to PCR on
a microchip. At the end of this experiment, we succeeded gene amplification by capillary PCR
within 10 minutes.

[1zLoiz]
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441X, Roche #£® LightCycler 2ifi L, PCRARMNDOV 7NV 5 A4 L TCORMBEHER LT,
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HIIPCRAERYMTHD LEDN S,

PCR cycle D&REBREIZL > T, PCRAERPOE—I7BEIHLELL TS,

E—/mffx. FIFICEL-RBERNORY L F—FOENR LB TAYNIL D, REZER
THZLEHLAMETH D,

PCR A% <4 7 oF v 7HEKIKINER TH 5 Agilent 2100 bioanalyzer THIFE L. Eht
B LU Sizing Z1To &R, ERPWHUKIZE 500bp THH L L, HXKDE— Ty I/ TO
PCR ¢ BED LR WVARHBENERINE, 28, JOBEKKBEFTEREHEIT, 1 bbb
HOOMTHY, HEROXYEFY —HBRKBHEREAVHELY GRMICERER TS,
¥7-, SYBR Green I UADEHENEFETHRJLZITV . YO-PROL 2L VICHWTIT- A
DNA OB B (AN 1Thbhiehofe, ZTDZ &6 YO-PROLIZPCR #ET 5 Z Latbiot:,

[Bi&¢]
AL, FEEATIRR I EFRRE A DT ITHEE Yr ¥ (CREST). WfFEX A Fr= AL ¥ — -
EXEENRSHBEM (NEDO)MS oY Y —2 7 LR IR, [BAN AR EHERMHB
& (EFERFROFAERE) oBRIEHETITo 7

(&% 3R]
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Genomic Polymorphism Analysis by Microchip and Capillary Electrophoresis

Yuki Endo'?, Yoshinobu Baba'?
! Department of Medicinal Chemistry, The University of Tokushima, Tokushima 770-8505
’CREST, Japan Science and Technology Corporation (JST)

In recent years, various methods for point mutation detection have been advanced and used [1,2].
Of them, it is accepted that the SSCP (Single Strand Conformation Polymorphism) technique is the most
widely used mutation scanning method. SSCP is based on the difference of mobility between wild type and
mutant under given electrophoresis conditions. It attributes to its own characteristic conformation that
depends on an individual sequence of single strand DNA. We examined the PCR product of K-ras gene
(oncogene)  with/without SNP by SSCP analysis on both capillary electrophoresis and microchip device.
The microchip technology is expected to play an important role in DNA analysis in that it may enable
ultra-fast separation of DNA fragment. In conclusion we succeeded in detecting SNP by SSCP using

microchip, and it led to saving time drastically.

LI

WAED Y/ L DNA BTN OD EE LWIBRICHEY, 7/ AFHREEB L LS L
WERPHELL L) E LTS, ECBEABACEKEZEREZBT 2B L4 -
¥—A— FEFICKELRIFEVEFEOATVES, FOBAHHROKL 2257 LERD
fEMT B & LT SNP (—382:Z A1) A It RAY 2 H 2 DT w5, SNPs DR ik
213, EENLRHETHHDNA S~ 7@, DNA F v 7, SSCP (Single Strand
Conformation Polymorphism) 7% EAsIFHo b, CD9H L SSCP i#Eid, BLMETHD
7% SNP T HEL LTHIONT WS, T /20 L ) 7D & B E R,
AR AN TR O REBEY 2 E SIS L D, EROICED T L s/ LBITHEAT O
RENTE, KMETHRAIE, FYETY—BESIKBIZL S SSCPDF—F %2 b LIl
MR TH DA 7 0F v TEKIKBIC & 5 SSCP % BV 7= SNP AT IZHLY 1A 75,
ZLTEDOEALEEBL 72,

[528%]

# 2 7WIZiX, point mutation D 5 A AMIEIE T, k-ras gene % GeneAmpPCR

system 9700 (PERKIN ELMER) Z T, PCRHE L 7: b D& v 7z, PCR X, 94C TS5
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. £Dfk, 94T T 30 M. 55C T30 M. 2CTT60HME 3094 7 M To72DB,
CT 10 7. 2L T, 100CTHR-720 SDEE, H5DLD, 77347 —D KM%
FAM F7203 cy5 12E o TTXIMEL D D2 HWE I ETEY Y IV 2 BEH L7,
¥v E7) —BAKBEE IS, L— Y- FRERRU ST (B2 R 488 nm, filter
520 nm) @ Beckman P/ACE 5010 system (Beckman Instruments) B\ 72, ¥ ¥ ¥ 5 1) —13,
J&W 3 DB-17-coated capillary T, £E27cm, FHE 202 cm Db DEFEH Lo AF NV
VO —2% TBICHBBRLADDIC ) ko— L xifmL - %e R <v—@BRE L, ¥
¥5 1) —hiZifi7s L7z, PCRIGIEE N724 >~ 7L, GeneAmpPCR system 9700 (PERKIN
ELMER)T, 90T, 5 7HOMEE LT 721k, KET3IpHEam L. — XKL L&k £
NOEZBESEIEALAE L. T~ 120Fy 7ELRKEOERBIZIE, Agilent 2100
bioanalyzer ( Agilent Technologies)% V>, DNA 7500 LabChip kit ¥ 7= DNA 500 LabChip kit
D7 b= NI TITo 72,
(R LEE]

Y. U UARBIEFTHS Keras gene & PCR HIEL 729~ 7V % Agilent 2100
bicanalyzer IZ& o THIE L. EDHIBDHREZITo720 EDT7 77 A MRIZ, 162bp T
bb, Dk, CODNA 757X FeWVT, 7. ¥y ET7 ) —BRIKOIEREICL
% SSCP B#i#4To720 AFNLELO—ZA%RY~7—L LT TBIZEML, FUI7) L
O— )V ERML 72 b O % k) Buffer & L TIRITE1T o 720 AEERTIL, k-ras gene O Wild
type & Mutant D4 TV ERELTHUET A LI2E ), 20OBIMOEXHER TS
ET. SNPs TRl § A5 Z L ICES T BV /2, ETOFFR. Wild type & Mutant D> TIViR
EHEEFAICELSEEIL T, TAODERERBT L LI L COHET
THC LIy, BENLFETIEIHEN, ARCE—-27DORIELEKRTE 7,

¥, FNLDH Y TINERIBIZIY A 70 F v TERIKIEBTH S Agilent 2100
bioanalyzer THHE Lo ZRIZE Y F ¥ ¥T Y —BEXKEITIX. 10 FRIE,D o T/
bDE 60 FAIKE W) EHIEMT, SNP 2T AZ EIZHRII L7,

(35

AL, BHERARELE X R R i I M B HE(CREST), BHEXEH T 4
V¥ - EEEHASHRBHENEDOMIR D > Vv — ¥ 7 AW EE, EEYEEHE
ARHE (RFEHFRLRASWERE) ORDEHFETITo 72,

[3CHR]
1. BYEEE, 771~ 7,2001,37(1), in press.
2. Y. Endo, C. Yoshida, and Y. Baba, J. Biochem. Biophys. Methods, 1999, 41,133-141.
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Highly Sensitive Micellar Electrokinetic Chromatographic Analysis of Amino
Acid Derivatives Using On-line Sample Concentration (2)

Chika Saeki*, Koji Otsuka, and Shigeru Terabe
Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

For on-line sample concentration of neutral analytes in micellar electrokinetic chromatography (MEKC),
several techniques have been developed based on stacking and sweeping phenomena. In this study,
stacking with reverse migrating micelles (SRMM) and sweeping methods were applied to the MEKC
analysis of phenylthiohydantoin—amino acids (PTH-AAs) to enable a highly sensitive separation and
detection. Under an acidic condition (pH 2.15), about 20 PTH-AAs were successfully separated and
detected by SRMM-MEKC with 50 mM SDS. The detection sensitivity in SRMM-MEKC was improved
up to 40-fold compared to conventional MEKC.

BL®IC

¥ v €7 — Bkl (CE) (d8asHmMTEE L TIREVW A BWTHA S h T
%o WH CE THWOLN L ENBARE TILRERNBEOEIIEHEINTS Y, REMLD
1204 DRANVBEENT VI, X V54 YREBBREFOPTLENLFETH B[], &
METIII VBB 7O~ b F7 14— (MEKC) 128D 7 IV ESHEEOTHICBNT, + ¥
T4 VRBHRMRELE LTAY 1 — €27 (sweeping) H[2Q1E AT v % » ¥ (stacking) H[3]% #H
L, BEREMTOTEEICOVTRE L

x B

CE {81213 Beckman £t P/ACE2000 %, ¥ v+ €7 ) —{JIZPI1E 50 um OATERE D 7 2
—XFI)AFcETY —FHVI, SEBRIE, SomM Y CESEREE (pH2.15) (CHEEF T
YNF FY YL (SDS) % 50mM DBEEICHRML CTHB L BB 7=V F4 ey M A
Y-7 3 /8 (PTH-AA) % 100%F 7213 50% 7t b= b U L KBRICIER L bR EH LT,
AEHEACIZENE (0.5psi) A L 7oMEKC FEEIZ BV TENINEREZ-20 kV. iBJEIX 20 °C.
BRI 214m & L7,

BRCER

I FETIS PR FICBT BEH O MEKC 12 & 1) 23 f0) PTH-AA DG EDTETH S = &
PHE XN TV 5[4] RRFRTIE, BEMESMIZE VT stacking FEAT 57-0, T FEREBTZ
A5l D MEKC THREZIT o720 #EV Ty BIFRHTIT stacking # (stacking with reverse
migrating micelles, SRMM) [Z DWW TR 17> 72,
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Fig. 112, 21 #® PTH-AA OF BRI £ R T o A 38D MEKC 78T, REHEABRMIZ 3 s
TdH 5, Bz SRMM-MEKC I L 2 3BT, S OB A D - THRERUTOMY THB:(1)A
LR LABERE (SOmMSDS) TH Y EJ Y —%ili/z¥, Q) A ORBSWME FRESHE S b bzl
FEOBEVBRTSEHIZARL35s iFA. 3) ¥+ EF ) - % TSI’ L., EXk %
Bfh, E— 7 BSICEDTVWTRBHELRKDLIS, 5~9ETH o7, BAEOHVRE9
HE(E-I7&FF 1-1)DAZRBHIEL L, 40 5L EABONL, sweeping IZ DV TIdEIfET 2
BEREL B2 OB ERF D TH S,

Absorbance (mAU)

>

i
8 10 12 14 16
Time (min)

Absorbance (mAU)

or)

Time (min)

Fig. 1. Separation of 21 PTH-AAs by (A) conventional MEKC and (B) SRMM-MEKC:
corresponding amino acids, (1) Arg, (2) His, (3) Lys, (4) Phe + Nle, (5) Trp, (6) Leu + Ile,
(7) lle, (8) Nva, (9) Met, (10) Val, (11) Pro, (12) Tyr, (13) Ala, (14) Glu, (15) Gln, (16) Gly,
(17) Asp, (18) Ser, (19) Asn + Thr. concentration of analytes (A), Trp (5 ppm), others (11-24
ppm); Pressure (0.5 psi) was applied after (A) 9.0 min and (B) 10 min; separation capillary,
50 pm i.d. x 57 cm (50 cm effective).

[1] J.P. Quirino, S. Terabe, J. Chromatogr. A, 856 (1999) 465-482.

[2] J.P. Quirino, S. Terabe, Anal. Chem., 71 (1999) 1638-1644.

[3] J.P. Quirino, S. Terabe, J. Cap. Electrophoresis, 4 (1997) 233-245.

[4] S. Terabe, Y. Ishihama, H. Nishi, T. Fukuyama, K. Otsuka, J. Chromatogr., 545 (1991) 359-368.
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On-line Sample Concentration in MEKC Using Cationic Surfactants Under
Suppressed EOF

Jong-Bok Kim*, Koji Otsuka, and Shigeru Terabe
Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

The electroosmotic flow was successfully suppressed even in the presence of cationic surfactants, when a
polyacrylamide-coated capillary was employed. Two on-line sample concentration techniques of sample
stacking and sweeping were evaluated in micellar electrokinetic chromatography (MEKC) using the
polyacrylamide-coated capillary. A cationic surfactant was used as a pseudostationary phase in MEKC. At
least 60-fold and more than 400-fold increases in detection sensitivity were obtained in terms of peak

heights by sample stacking and sweeping, respectively.

[IZLIz] BuE, ¥+ €5 Y —HEAD (CE) B3 IRERHBIELZHO DD D~
RREBRGEIEEENTWS, SEALWMEZ o< YT 7 4— (MEKC) ICkiTA4 T4
vRBRETE, REY - Lk M OBRBEOEZIIEK IR v Y
(stacking) [1] & AEEMEAZ SLKEARATEERAZ S ELVREY - 2B+ 50
ICRGERR DAY 4 —E V7 (sweeping) [2] P2 O FENFMATETH S, AL T
Biaf A REESR L2 #EAT 5 MEKC bW TERIRSET (EOF) #MA51-HICHNifiz F
U7 27UNT IF (PAA) TI—FT 47 LI¥vyETY—%FRAL, RY v X 7BLUR
D=L BA T REHBREIZI OV TR LT,

(2 B&] CE #%®iZ12 HP’® CE ¥ A F A (Hewlett-Packard) 2l =, ¥+ EF U —|{ZizR
S0um. 28 S9cm. HYPE S05cm D7 2—XFL Y ¥+ €5 Y —%FVHifix PAA T
a—FT A4 VREBLE 3, ¥ ETV—a—FT 47, (1) ¥ EF Y —%KEE{LFT MY
LT HER, BiA A KT HEREER, Q) EHRAAEZMLARNS 110 °C T 6 B,
Q) HIELFA=ZAKTABEXYET Y —FiMEMA L TT70°C T6 RKFHMB, @) F+EFY—
Wiz TIMRBIEE =AY R U AR TAKLTEMEZ R U T 70 °C T 6 BEMINA, (5) *
Y ETY —iliiE T T PAA ETADIIZITF 27, IkilhikiZ, 100 mM b+ U 2 EE4R ik
(pH 7.0) iZRET bS5 FYA MY AFAT EF=U L (TTAB) % 50 mM DHEEE TIAAEL .
10% (viv) A%/ —A%FMUTHMLEZ, REHEAXMERE (50 mbar) TiFV, HIMEE
+18kV. SRXEIRE 25°C., BHHHEK 247 nm TRIEXIT 7=,

[EREER] BBE T AT MY UL (SDS) D& 5 EEA A v REIEMEA £ 5 L Tkt

4T TMEKC 2175 & EOF iz 6, EOF AW &S T L BHUVWiRGBHIEAB O
[1,2). LML, BAA4rREEEA%Z2B V5 MEKC THREEMHESRET TY EOF Az b he
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W, 2L T, EOF #MAA1-0HNH%¥ PAA Ta—F 47 L% x T Y —%Fui-, PAA
Ta—FT 47 Lex v 5 Y —TiL EOF MHBRMIZMAOhD Z ENHALMELR ST
(Table 1), T I EADBHED HREBIZAA 9 R4 T MEKC 2R & i 21T > 7=, Fig. 1A
[ZiEH D MEKC 778, BIZAY 4 —E 7 THOMWEREKBRK 273, TTAB 23 H3 5
MEKCIZBWTPAATa—FT 4/ L-F v €SV —2ERALIEA T4 VBBEEXITA -8
£, BEDOMEKCHHEL U 3001%, /- EOF BHDHEMGET LD 3I~4 £/ RGHHBNE

bhi-,
Table 1. Electroosmotic mobilities
Capilary ~ Surfactant® pH  Direction 04’2?‘15'!'315.1) %RSD (n=6)
PAA-coated TTAB 7.0 + 0.12 0.72
untreated TTAB 7.0® - 3.2 1.5
untreated SDS 7.09 + 25 0.59
untreated SDS 2.59 + 0.21 0.87
2 50 mM surfactant.
%100 mM Tris-HCI buffer containing 10% methanol.
50 mM phosphate buffer containing 10% methanol.
3s 35
A B
30 - 30 -
1
25 - 28 J
? 20 - 20 -
E
gls ﬁ 15 -
§ 10 J 10 <
1
<< 2
s - ﬂ H 3 5 -
0 0 --r—'/—"/—‘—’"
-5 -5

T
10
Migration time / min

T T
20 0 5 10

T
15 20

Migrallon lime / min

Fig. 1. Separations of the test steroids by (A) conventional MEKC and (B) sweeping MEKC. Background
solution (BGS), 50 mM TTAB in 100 mM Tris-HCI (pH 7.0) / 10% methanol; sample solution, samples in
Tris-HCI buffer (pH 7.0) having conductivity similar to that of the BGS (6.9 mS/cm); injected length, (A)
0.57 mm, (B) 12.8 cm; concentration of samples, (A) testosterone (peak 1, 420 ppm), hydrocortisone
(peak 2, 422 ppm), cortisone (peak 3, 430 ppm), (B) 100-fold dilution of the samples in A; PAA-coated
capillary, 50 um 1.D., 59 cm total (50.5 cm to detector); detection, 247 nm; applied voltage, +18 kV;

temperature, 257C.

[X @]

1. J.P. Quirino and S. Terabe, J. Cap. Elec., 4 (1997) 233.
2. J.P. Quirino and S. Terabe, Anal. Chem., 71 (1999) 1638.
3. M. Nakatani, A. Shibukawa, and T. Nakagawa, Biol. Pharm. Bull., 16 (1993) 1185.
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On-line sample Concentration and Separation of Carboxylic Acids by
Capillary Electrophoresis

Naoko Inoue”, Koji Otsuka, and Shigeru Terabe

Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

Separation of six aromatic carboxylic acids were investigated using reversed migration micellar
electrokinetic chromatography (RM-MEKC) with 50 mM sodium dodecyl sulfate (pH ca. 1.9) and
capillary zone electrophoresis (CZE) with 50 mM borate buffer (pH 9.47). Several on-line sample
concentration techniques were then evaluated to increase the detection sensitivity in the RM-MEKC and
CZE systems. As on-line concentration techniques for MEKC, stacking with reverse migrating micelles
(SRMM), sweeping, stacking using reverse migrating micelles and a water-plug (SRW), and
field-enhanced sample injection with reverse migrating micelles (FESI-RMM) were applied. SRMM and
stacking-CZE provided the best results among the focusing techniques studied. Reproducibility in the

migration time, peak height, corrected peak area obtained with SRMM were acceptable.

LI

EGOB/PMEMTHHMBRPICEZHEHOMEYFHECETINTE Y, #YWRH
PREREOBATRH SNG, ChODHHEIT) CEIIEGRREBATHETEE
Thb, ANETRHRPIIHEIHFETIFERINVE ROFEESTELRET
BLONFMBRETE LT, 74 VRERMELHVS+ v ¥ 7)) —EXIKEICE)IC
LB EITo 7

=

CE {81213 HP’PCE (Hewlett-Packard)Z., ¥+ ¥ 5) — i XAERLEND 72— X F
Y)AFYET) — (&R 64.5cm, HHE 56cm, NE S0um) AV, # K 210nm T
BRI ZITo 2 FIMEREIX, I VB)E IO~ /5 7 41— (MEKC) E— FTi3-20kV,
Fr¥s)—v—ERKiKD) (CZE) €— FTIZ20kV & L7z, kB IZIE, MEKC Tl
S50mM ) V& (pH £ 1.9) IZBEEE N7 v+ b)) 9 4 (SDS) % 50 mM D@BEEICEMR L
725 D%, CZE TII 50 mM & T EEB W (pH 9.47) % 7z EHZ I3 trans-cinnamic acid,
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3-(4-hydroxyphenyl)pyruvic acid, 4-hydroxybenzoic acid, 4-hydroxyphenylacetic acid, proto-
catechuic acid, 3,4-dihydroxyphenylacetic acid % i\ 7z, HEHEAIIMESE (50 mbar) F 7-
TERBEAN (20kV) TITo 72,

H/E - EE

MEKC EER&MH T TIIBEBAR BN (EOF) M I TV 57:% SDS I I3RS
Ao TBEIT 5, M2 THL VBT O MEKC T6 ENREHI LEDOMICBEHL, B
bFricpBEs iz, RICRIEE2M EXE 2701240 54 Y REHEHEOEH ¢ Rt
L7co IBRREEICIZ A Y 4 — ¥ T (sweeping). W HEBEII £V RMM) 2HV5R 5 v
%7 (SRMM), RMM BUK 75V # VA A Y v ¥~ (SRW) DEFEFHW,
WTFNOBBEELHAW/IGETOLETE D MEKC DA LIRSS HEINER SN,
IARAIEE X sweeping T 5-6 {5128, SRMM T 8-22 {12/, SRW T 5-12 {51215 5
Nize EDOANKEIELHBHBAMTH 27-DRFHIVNE (, BOIBHRERRIIEDS
Nigdpole, 720 CZEIZBWTT A ) LA T THEEE 1TV MEKC TR b IRHERIE
DEPoILAT v F 2 VEzBEAL TRBEHEOYE LM - 255, SRMM L FEEEDR)
REHFIILEE o7, SHIMOEBBERAEOEH 2R~ BEHROUELIRES
LTw3,

Conventional MEKC Sweeping SRW SAMM
25 25 25 — 25 =
T Injection: 1.2s -1 Injection: Injection: Injection: 40s
L 10s 30s(w)/20s(s)
20 ~ 20 - 20 - 20 —
15 — 15 — 15 — 15 =
3 10 — 10 — 10 = 10 =~
€ \ 1
5 - ‘ 5 - ‘ 5 < 5 - l ‘
0 — ” LL 0 | \ l 1| 0~ 0 ~=mmee
-5 T | ] | T 1 -5 T I T | T I n -5 ' ' | 5 T . T | ) ' ]
0 10 20 [} 10 20 a0 [} 10 20 30 [} 10 20 0
Time /min Time / min Time / min Time / min

Fig. 1. 404V 7 4 Y REBEEIC & 558, BBRAE: conventional MEKC: (1) 100 ppm, (2) 200 ppm, (3)
30 ppm, (4) 90 ppm, (5) 20 ppm, (6) 30 ppm; sweeping, SRW, SRMM: conventional MEKC {2 Fl W /- 3R EHE %

10 £ FR.
bl

1. J.P. Quirino, S. Terabe, J. Chromatogr.4, 856 (1999) 465.
2. J.P. Quirino, S. Terabe, Science, 282 (1998) 465.
3. J.P. Quirino, S. Terabe, Anal. Chem., 70 (1998) 1893.
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On-line concentration of chlorophenols in capillary electrophoresis (II)
OSahori Takeda', Kenji Chayama?, Haruo Tsuji%, Kei-ichi Fukushi®, Masataka Yamane',
Zyun Siroma', and Shin-ichi Wakida'

! Osaka National Research Institute, AIST, Osaka 563-8577
?Faculty of Science, Konan University, Kobe 658-8501
3Kobe University of Mercantile Marine, Kobe 658-0022

Several chemicals are suspected that they have endocrine disrupting effects. We have been studied on the
analysis of non-volatile or thermally degradable chemicals in water by capillary electrophoresis (CE)
which can provide higher resolution than that of high-performance liquid chromatography. We have
achieved the simultaneous separation of phenols, 1- and 2-substituted chlorophenols by CE. Their
detection limits, however, were not sufficient for their determination in environmental waters. The
combination of some concentration method is necessary. We studied the on-line concentration based on
stacking. The effect of pH, injection volume and electrolyte concentration of the sample solution was
investigated. The improvement of ten-times concentration sensitivity was achieved with the isomeric

separation.

BL®IC

AR, N REHAMEZ 3 LD, RENICHFET A LEYROLBAR~NDOEENBRE I N
TEH . IhoOWEDFFTER % M, B8, BRI T 2 2 O BRI B TH % .6C-MS
(& BEHIITIE, BEESEY:  ASMEOWEIIH L TIZHEEEPLETDH S, —HLCIIGCIZ K
NRTHFEEIE L FFICREETREIRT T2 2 e Z 0, (EFEPHICBW TR Y1432 V8
DEIIRBUBILL o THBIAERLZLDLD ), FOHEFHBIEETHILELIGR
%o FA X, AFWBEIEROREVIE - NTW32,4-¥ 70072 /- ViED, 2BRIT
D700 72/ - VEEHBRIIF Y ETY) —ERKEIZ L 25EORET 2TV BREEEZ S 4
e ER LA Ly L, ERE~NOBERICRBEREORENARTRTHEI DL, 4
[i3A > 74 VgD 72O DOREHBEIC OV TR 21T 72

£i2
W RIFEETFRCAPI-3000% ., FHEF + €5 1) —1213PIR75um, £862cm(HZHE50cm) DX

- 138 —



20 Symposium on Capillary
Electrophoresis, SCE2000

HARVEDO 72 —XFI)HEERV REICETFRO 72 /-0 e, 1 BRB LU 2EBHRD
yow7 ./ —NVoORN0EEY BV, KINSHEICIZ20mMERIKE T > =7 A KB (pHS. 1)
¥Rz, ENINEEIZ20kVE L, BRIBIER210mTRIEZ T2 720

BREER

U4 VBHEE LT—BHICHVORTWAERY v 3 FEICIERB M) v 7 2124
AKERAWEBEICRLBHEDRENEVE SNTVEA, SEIOERIZHW7 2/ —VEOpK,
136.8~9.8TH h . pHIMBVIIL EDBHELNKE LB LEZOND, 2T K< MY v
7 AOpHDO DV THRL 20, I/I0HRKEIE ., B & TV/106R7 ~ €= 7 Kl MikE
B (pH%E 9 F7:13101CRE) DEF3HOBRE ., KB DFEF K EHCTHMEHE L UY
-~V BEERR ., FORE, FEICOVTIIRET MY v 7 AOpHAEV I DIF E, pK K
ELRCKEBIT 272/ —VEOFHENBILE L 720 ESICREARDEEIZOVTHRRLER,
WTNLEARIE 223 E— 7 OFHIZECL 222, kBRSO TIIENE
BREIKOHFEL WIS o7 ROT, KRBT MY v 7 AANDT7 Y =T KOFMIOW
TREFLZ.RBY M) v 2 207 2= TKBEZ100ME L723BE, RERROLETILE
BOREEARDBFEIHRTRATIHEREEREANM EL 255, €O +ppbBETH Y,
ERFEAK (FTppblL XNV) ~NOBRAIIZELIRIIVETHLEELLN S,

. Phenol

. 4-Chlorophenol

. 3-Chlorophenol

. 3,4-Dichlorophenol
. 2-Chlorophenol

. 3,5-Dichlorophenol
. 2,4-Dichlorophenol
. 2,3-Dichlorophenol
. 2,5-Dichlorophenol

I JL 10. 2,6-Dichlorophenol
6

OO~NDOHDWN =

1 —

9 12
Time/min

Fig.1 Pherogram of chlorophenols with ammonia solution added sample
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High Sensitive Analysis of Lanthanide Ions by Isotachophoretic On-line
Preconcentration-CZE

Hikaru Okamoto, Natsuki Ikuta and Takeshi Hirokawa

Applied Physics and Chemistry, Faculty of Engineering, Hiroshima University

Although absolute sensitivity of CE is very high, concentration sensitivity is relatively low
because injection volume is geometrically limited. On-line preconcentration technique for a large
volume of a sample solution is essential to improve concentration sensitivity. Although stacking
technique is well known as a concentrating method, its ability is limited because the velocity of
electroosmotic flow (EOF) increases with increase of the injected sample volume. Consequently,
the separation window becomes narrower and then the separation efficiency becomes worse. In
this report, preconcentration using stacking technique and transient isotachophoretic technique
were applied for the analysis of a complex test mixture of lanthanide ions(2ppm-0.02ppm). When
the transient isotachophoretic preconcentration technique was combined with stacking effect,
better separation was obtained for Tb, Y, Dy, Ho, Er, Tm, Yb and Lu compared to the separation
using only stacking effect.
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Stacking Effect on CE Analysis Based on the Formation of Heteropolyoxometalate Complexes
Yoichi NAKASHIMA, Hitoshi NISHIKAWAZ, Takuya GOTO?, Iwao KITAZUMI?
and Sadayuki HIMENO?
! Technology Research Institute of Osaka Prefecture, Osaka 594-1157
’Department of Chemistry, Faculty of Science, Kobe University, Kobe 657-8501

We have investigated the sample stacking effect to improve separation efficiency and detection limit of
CE analysis based on the formation of heteropolyoxometalates. The isomers of a Keggin-type
dodecamolybdosilicate with approximately the same migration time could be separated satisfactorily by
the sample stacking or the transitional isotachophoretic stacking. Similarly, the migration peaks due to
the Anderson-type complexes became sensitive and well separated, so that the simultaneous
determination of Ga(lIl) and AI(III) was also possible. Furthermore, the transitional isotachophoretic
stacking was effective on the determination of phosphate based on the formation of a Keggin-type
complex in aqueous-CH3CN media.
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Fig. 1 The (a) a-Keggin and (b) B-Keggin

Structure.
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Fig. 2 Electropherograms for a 5x10° M
P(V)-25 mM Mo(VI)-60%(viv) CH;CN
system containing each strong acid (50 mM ).
Migration buffer; 50 mM HCI-60%(v/v)
CH;CN. Applied voltage; -8.5 kV.

s Ay, PV)IZZE % Keggin BIEEA(PMoi0x ) 2 T 50 = DA RIS
L. #®Nd 2808234 CE piiTo/ BBE LT p-F Y Ly 2-ANKVEBEH
WSEE, FNE— 7 DB SIIEBEAVISHEOB L E3EIb ko o(Fig 2)e E—7HE
EVMREEDK-7 1 b= M) IVBROBFIZEE L IHEBEE S o720 SO LN SEH
BERLTMLZRICBVRTE, AFORYFEVAS L — MEEDITP A5 v & 7HHES

LT Lhbhol,

- 143 -



20r* Symposium on Capillary
Electrophoresis, SCE2000

P1 1 2 X v S5 —IC& B CEC

3 N
ERERKE - LFEBE

Open Tubular Approaches to CEC
Chuzo Fujimoto
Department of Chemistry, Hamamatsu University School of Medicine

Most capillary electrochromatographic (CEC) separations are currently being performed
using 50-100 pm i.d. fused silica capillaries packed with octadecylated or mixed-mode
silica with 1.5-3 pm particle diameter. However, some problems remain to be solved in
order that CEC may be used for routine analyses. In CEC with packed capillaries, bubble
formation is often a problem due to the presence of the frit holding the packing material in
place. Efficient packing of small silica particles into a small i.d. capillary and fabrication
of permeable frits in a reproducible manner also represent major challenges. Open tubular
columns and fritless packed column technologies [1,2] are alternative approaches to packed
columns that can avoid problems associated with frits and silica particles. A problem with
open tubular columns is their low phase ratios, which lead to small retention factor and low
sample capacity. In recent years several approaches have been developed in order to
overcome this problem. These include technologies such as etching with ammonium
hydrogenfluoride [3-5] and sol-gel processing with alkoxide precursors [6-10].

The aim of the present investigation is twofold. First, in order to increase the phase ratio
of an open tubular column, we tried to pave submicron-sized silica particles on the capillary
wall. After attaching functional groups onto the prepared layer through chemical bonding,
the performance of the columns was examined under reversed-phase separation conditions.
Second, in order to attain increased speed of separation and different selectivity for charged
analytes, fused silica capillaries were coated with titania. The columns showed unique
electroosmotitic flow (EOF) properties: at acidic pH, the titania-coated columns have a
large EOF that is toward either the anode or cathode, depending on the electrolytes used,
while they have a cathodic EOF at neutral or alkaline pH. After modification with
octadecyldimethyl-N,N-diethylaminosilane, the columns were used for the separation of
neutral compounds..

B, EBR70~< P77 74— (capillary electrochromatography, CEC) D3 & A Y
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Development of Capillary Electrophoresis — Atomic Absorption Spectrometer(CE-AAS) (IV)
Toshiro Yamauchi!, Natsuki Ikuta!, Takeshi Hirokawa!, Toshihisa Nakagawa2, and
Masumi Sakai?

1Faculty of Engineering, Hiroshima University

2SHIMADZU CORPORATION

Abstract

The atomic absorption spectrometry (AAS) is a convenient elemental-analysis method with
low detection limit and high qualitative potential. However, these may be deteriorated when a
large amount of organic materials and/or other elements are included. In order to avoid such
interference and speciation impossibility, elaborate chemical pretreatment has been used. To
improve this situation, we started to develop capillary electrophoresis - atomic absorption
spectrometry (CE-AAS) in which CE is used as the on-line pretreatment technique for AAS.

Development and optimization of CE-AAS interface will be discussed in this report.
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Electrochemical Detection of Alkylphenols at Sputtered Carbon
Microarray Electrode Coupled with a Miniaturized Thin-Layer
Radial Flow Cell for CE Measurement

OTianyan You ®, Osamu Niwa **, Ryoji Kurita °, Katsuyoshi Hayashi °,
Shigeru Hirono °

? NTT Lifestyle and Environmental Technology Laboratories, 3-1 Morinosato,
Wakamiya, Atsugi, Kanagawa 243-0198, Japan

b NTT Advanced T echnology, 3-1 Morinosato, Wakamiya, Atsugi, Kanagawa
243-0198, Japan

¢ NTT Afty Corporation,, Midori-cho, Musashino, Tokyo, 181-8585, Japan

A new carbon film was prepared by electron-cyclotron-resonance plasma (ECR)
sputtering method [1]. The parameters such as ion irradiation current density, acceleration
voltage, substrate temperature and Ar gas pressure were controlled to deposit non-
hydrogenerated amorphous carbon film onto the surface of silicon substrates. The typical
thickness of the carbon film is 40 nm after 15 minutes deposition. The carbon film is different
from that prepared by chemical vapor deposition (CVD) of aromatic compounds [2]. The
ECR sputtered and CVD carbon films were fabricated into microarray electrodes by
photolithography and dry-etching technique. Compared with CVD electrode, the ECR
sputtered carbon film electrode exhibits good electrochemical properties such as low
background current, wide potential window and good reproducibility.

In recent years, a lot of interest has been generated on the family of alkylphenols,
especially on nonylphenol because they are considered as environmental pollutants as causing
reproductive problems [3]. It is difficult to detect alkylphenols with electrochemical detection
because electrode surface is easy to be fouled by oxidized products. We detect alkylphenols
using miniaturized thin-layer radial flow cell with ECR sputtered and CVD carbon microarray
electrodes following separation by capillary electrophoresis. ECR carbon film shows better
sensitivity than CVD carbon film with better reproducibility.
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Development of On—plate CE MALDI—TOF/MS and Its Application to the Analysis of
Biomolecules

Noriyuki Ojima, Takahiro Yamamoto, and Tsutomu Masujima

Institute of Pharmaceutical Sciences, Faculty of Medicine, Hiroshima University

We have on lined the capillary electrophoresis (CE) and matrix-assisted laser desorption ionization-time of
flight/mass spectrometry (MALDI—TOF/MS). In this system, the eluted sample solution through the
capillary tube is spotted onto the MALDI target plate by electronanospraying. The usefulness of on-plate
CE—MALDI—TOF/MS (we call) was tested by using sample solution including two peptides bradykinin
and hexapeptide (Orn — Pro — Pro — Phe — lle — Val). The relative amount, calculated from a mass
spectrum, of each peptide at a given migration time was consistent of that calculated CE chromatogram.
The interface for more performance of this on-plate CE-MALDI-TOF/MS will be discussed.
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Capillary Electrophoresis of Bases and Nucleosides Detected by Parabolic

Field Accelerated Time of Flight Mass Spectrometer

Tadao Furumoto, Takao Fukumoto, and Hitoshi Watarai
Graduate School of Science, Osaka University

Mass spectrometer has been widely studied as a sensitive and selective detector in capillary zone
electrophoresis (CZE). However, the stability of the ionization interface and the speed of the acquisition
rate of spectra still remain to be improved. In this study, electrospray ionization parabolic acceleration
field time-of-flight mass spectrometer (ESI-TOF/MS, JAGUAR, LECO) was investigated as a detector in
CZE of bases and nucleosides. A CE capillary with a small electrospray interface was designed to be able
to add sheath solvent to the eluant of CZE at the end of the separation capillary and to introduce the
solution into ESI-TOF/MS with appropriate flow rate. Advantages of the TOF/MS having parabolic
acceleration field in its flight tube are wide m/z range (0 — 6500), high acquisition rate of spectra (5000
spectra/sec) and high sensitivity (over 1 count for | amol). Measurements were carried out using a buffer
solution composed of water, acetonitrile and acetic acid (50:50:0.3 v/v, pH 3.5). In this acidic condition,
adenine and adenosine migrated depending on the fraction of the protonated form by electrophoretic force.
Introducing the eluant into ESI-TOF/MS, time-resolved mass spectra were obtained continuously and the

electropherogram for each analyte was constructed.
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Capillary Electrophoresis —Off Line MALDI-TOF MS of a1-Acid Glycoprotein
Mitsuhiro Kinoshita, Daisuke Kawakami, Kazuo Sei, Kaori Endo, Yasuo Oda and
Kazuaki Kakehi
Faculty of Pharmaceutical Sciences, Kinki University

We have developed a CE method for the analysis of glycoforms of a1-acid
glycoprotein using a surface-modified capillary. In the present study, we collected
each peak on the electropherogram and analyzed by MALDI-TOF MS. The earlier
migrating fractions contained higher content of sialic acids. We further examined the
relationship between glycoform separation on CE and the distribution of di-, tri- and
tetra-antennary glycan chains attached to AGP molecules.
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Analysis of Inorganic Ions in Environmental Samples by Capillary
Electrophoresis

Yasuhiro Sato

Otsuka Electronics Co.

Inorganic anions and cations in environmental samples were measured by
capillary electrophoresis. Anionic and cationic species in the samples were
continuously measured only by setting two kinds of electrolytes for inorganic
anions and cations with samples. The water samples we measured were collected
from Kizu (Kyoto), Katsura (Kyoto), Uji (Kyoto), and Yodo (Osaka) Rivers. The
limits of detection for anions (chloride, sulfate, nitrate, fluoride, phosphate) and
cations (potassium, calcium, sodium, magnesium) were both 0.1ppm.
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Capillary Electrophoresis Method for the Analysis of 200 Anions Including
Inorganic Anions, Organic Acids, Amino Acids, Nucleotides and Carbohydrates.

Tomoyoshi Soga®, Chika Nogami', Motohiro Imaizumi®
'Application Center, Yokogawa Analytical Systems Inc., Tokyo 180-0006
2School of Materials Science, Toyohashi University of Technology, Toyohashi 441-8580

A simultaneous determination method for underivatized inorganic anions, organic
acids, amino acids, nucleotides and carbohydrates was developed. Highly alkaline
conditions were used to confer a negative charge not only on inorganic and organic
anions but also on amino acids, nucleotides and carbohydrates, and to promote their
migration towards the anode. Electroosmotic flow was reversed in the direction of
the anode by adding cetyltrimethylammonium hydroxide to the electrolyte.
Outstanding separations were obtained and electrophoretic mobilities of 200 anions
including alcohols, pesticides, metal complexes, chelating reagents and forensic
anions were determined by the method. The method provides excellent
reproducibility, good linearity and appropriate sensitivity. Its utility was

demonstrated by the analysis of a many kind of samples.
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Fig. 1 Separation of inorganic and organic anion, amino acid and carbohydrate standard mixture
(Concentrations: Cl-, 110 mg/l; carbohydrates, 200 mg/l each; others, 50 mg/l each).
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Genetical Polymorphisms of Plasma Protein and Red Cell Enzymes of Domestic Cat in Japan
Haruhiro Yoshida!, Junko Hirota? , Reiko Usui?
1 Senshu University, Kawasaki, 214-8580
2) Alice Animal Hospital, Iruma, 358-0011
3) Usui Dog and Cat Animal Hospital, Utsunomiya, 321-0136

In about 450 plasma samples of domestic cat in Japan including mongrel and 13 breeds, genetic
polymorphism of orosomucoid(ORM), transferrin(TF), group specific component(GC) and
antithorombin three (ATIM) types were examined through iscelectric focusing at the isoelectric point
of pH 4.0-6.0. ORM showed 15 phenotypes by 5 bands of A,B,C,D,and E.TF showed 11 phenotypes
by 5 bands of C,E,F,H and J. GC and AT showed 3 phenotypes.In about 330 samples including 14
breeds domestic cat red cell, genetical polymorphism of 6-PGD, ESD and PHI were examined used
starch gel electrophoresis. 6-PGD and ESD showed 3 phenotypes and PHI showed 2 phenotypes.The
ORM, TF, GC, AT, 6-PGD,ESD and PHIpolymorphism show the gene frequencies each varied
with breeds, and therefore suitable for cat identification, parentage testing and population studies.
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P 1 2 1 New method for DNA sequencing -Pyrosequencing- :
Comparative study between pyrosequencing and gel-based sequencing
Zhou Guohua, Masao Kamahori, Kunio Harada, Kazunori Okano and Hideki Kambara
Central Research Laboratory, Hitachi Ltd.
Introduction

The human genome project has been accelerated by the high-throughput sequencing instrument such as
gel-based capillary-array sequencers. We will get the database of whole human genome sequence soon. The
further development of DNA field is owed to clarifying the functions of genes and their application to various
fields. In the post genome era, new analytical tools are required to investigate gene expression profile, DNA
diagnostics and genome comparative analysis including single nucleotide polymorphisms (SNPs), where it is
not necessary to sequence long DNAs. Although various new technologies for this purpose have been reported,
any good method to sequence several tens of bases to identify the DNA fragments has not yet been developed.
One method called pyrosequencingl seems promising as a massive parallel method to sequence short DNA
fragments. The introduction and the comparison with gel-based sequencing method were carried out in this

paper.
Principle of pyrosequencing

In this technique, four enzymes are employed, DNA polymerase for incorporating nucleotides, ATP
sulfurylase for catalyzing PPi to energy source ATP, luciferase for generating light (signals) from ATP, and
apyrase for degrading ATP and extra nucleotides. All of the reactions are performed only in a single reaction

step and a single chamber. All the reagents are put in the chamber except for dNTPs. The whole process can be
expressed as the following cascade reactions.

ssDNA — (primer +(dNMP), )+ dNTP —£2202_ ssDNA — ( primer +(dNMP)

PPi + APS — Al slfnine , 4TP + SO >

)+ PPi

n+l

ATP + luciferin + O, —"£2< 5 AMP + PPi + oxylucifer in + CO, + hv
dNTP —45_y gNDP + Pi —228_, NMP + Pi

ATPp —22 _ ADP + Pi —*2% 5 AMP + Pi
Apparatus

The used pyrosequencing apparatus is very simple as shown in figure 1, which consists of a reaction
module having a reaction chamber, four dNTP reservoirs, a side-on photomultiplier tube (PMT), an amplifier
(AMP), a power supply and a computer. Pressure to inject dNTP into the reaction chamber is supplied by an
air-pump which is attached to the respective dNTP reservoir. The diameters of the four INTP reservoirs and the
reaction chamber are 10mm and 6mm, respectively.

Reaction mixture Air pressure
dATPaS dTTP / A * *
dCTP dGTR
e,

AMP |Compuler I

Power supply GND

High voltage supply | Gfass slide Capillary, 25um ID

Figure 1. Schematic illustration of pyrosequencing apparatus
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Results and discussion

Optimized condition. The reaction conditions including the amount of dNTP for each injection, the speed of
dNTP injection, the amount of polymerase and apyrase, and linearity of pyrosequencing for the detection of
homopolymericregions were studied. The required pressure to inject 0.2l of dNTP in 3s through the capillary
of 2 cm long and 25pum i.d. is 1.24x10°Pa, which is easily realized by using an air pump. The leakage of
undesired dNTP species into the reaction chamber by the capillaries is so small that polymerase reaction can
not be occurred, and its accumulation is degraded by existed apyrase. 150fmol of DNA template in 100ul is
sensitive enough to give a linear result.

DNA sequencing for the region near to primer. It is well-known that gel-based electrophoresis can not
give the right sequence near the primer, and the length is about 30-50 bases. The mistake occurs as the result of
mobility change by using different labeled fluorescence to detect four kinds of bases in the same lane and
overlap on the DNA peak of non-labeled fluorescence. In addition, several missing bases "N" in the
electrophoresis sequencing profile may be observed. Because gel electrophresis of DNA fragments is greatly
affected by both electrophretic condition (temperature, buffer solution, etc.) and sequence of DNA fragments.
However this region can be accurately sequenced by pyrosequencing as shown in Figure 2.

DNA sequencing for GC-rich DNAs; Pyrosequencing can sequence GC-rich DNAs that can not readily
sequenced by gel-based electrophoresis. A genome DNA containing 13 identical G in homopolymeric region
was successfully detected as shown in Figure 3. While by gel electrophoresis, the sequence determination was
stopped in this region. The linearity of pyrosequencing is very good for more than 10 identical bases in the
homopolymeric region.

Conclusion

Pyrosequencing is a complementary method to gel-based electrophoresis, which can accurately sequence
short DNAs. And it also has the advantage of real-time processing, simple instrumentation and avoiding the use
of labeled primers or labeled nucleotides.
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Separation performance of automated DNA fragment sorter using
caplllary-array gel eIectrophoresns
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One of the major research topics in the post genome-sequencing era is to analyze gene functions through
gene expression profiles. Although the cDNA micro-array is efficient for gene expression analysis, DNA
fragment-analysis methods based on gel-electrophoresis, differential display for example, are still
important and convenient to explore novel genes because they do not require complete sequence data and
cDNA clones. In the fragment analysis, differentially expressed DNA fragments must be extracted from a
gel for further analysis such as cloning and sequencing. Commercially available capillary-array DNA
sequencers realize high-throughput DNA fragment analysis. However, extraction of DNA fragments is
still problematic and labor-intensive process. A design of automated DNA fragment sorter based on
capillary gel-electrophoresis was reported previously to solve this problem. It comprises 16 gel-filled
capillaries and can sort up to 8 fractions in each of 80 samples per day. The resolution of about 2-5 bases
was suggested by electropherograms of sorted DNA fragments after re-amplification by PCR. This
resolution was examined more practically by fragment size distributions after cloning. The samples are
prepared by an improved protocol based on the AFLP method. 48 reactions of colony-PCR per
fractionation were sufficient to obtain the clones with desired fragment length.
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Analysis of DNA adducts by capillary electrophoresis with end-column amperometric detection
Shinsuke Inagaki, Yukihiro Esaka, Masashi Goto, Magoichi Sako, Yoshihiro Deyashiki
Gifu Pharmaceutical University, 5-6-1 Mitahora-higashi, Gifu, 502-8585

We investigated CE-EC analysis of DNA adducts using a laboratory-made simple amperometric detection cell
for end-column detection. Guanine is the most damageable base among the four normal bases and many
adducts seen in DNA are those from it. Most of them are electrochemically active, while normal bases except
for guanine, are not. Thus EC detection will be a promised method to analyze damage of DNA. The four
normal deoxynucleosides and two damaged deoxynucleosides: Nz-ethyldeoxyguanosine ('NZ-Et-dG) and
8-hydroxydeoxyguanosine (8-OH-dG) were separated completely with MEKC and normal dG and the two
damaged ones were detected selectively with our system. Sensitivity was parallel to that with UV detection.
Improvement of the system in sensitivity and the study of preconcentration for practical DNA analysis are in
progress.
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Fig. 1 CE-EC detection of deoxynucleosides.
Conditions: Running buffer solutions: 20 mM borate
buffer (pH 9.5) containing 80 mM SDS; Capillary tube:
500 mm X 0.05 mm, id.; Applied voltage: 10 kV
(Current 15 pA); Detection potential: +1.0 V.
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Analysis of single nucleotide polymorphisms (SNPs) using Capillary Array

electrophoresis

Chiho Yoshida, Yoshinobu Baba

Department of Medicinal Chemistry, The University of Tokushima, CREST, Japan Science and
Technology Corporation (JST)

Human genome project will quickly move on to the post genome sequencing era, including single

nucleotide polymorphisms (SNPs) analysis, functional genomics, mutation analysis, and proteome
analysis.
In this study, SNPs analysis was carried out with 8-capillary array sequencer. Microchip instrument
(Agilent Technologies 2100 Bioanalyzer) was utilized to optimize the step of cycle sequencing
reaction. We analyzed sequences with modifications of sequencing errors by the electropherogram,
by the plural sequencing, and by sequencing with reverse primer to keep accuracy of these results.
We present an attempt to discern true allelic variations from sequencing errors.
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Study of polymer solution for DNA Separation in Capillary Electrophroesis

Yasuko Tanaka'?, Yoshinobu Baba'"

!Department of Medicinal Chemistry, Faculty of Pharmaceutical Sciences, The University of
Tokushima, Tokushima 770-8505

’CREST, Japan Science and Technology Corporation (JST)

Recently, the sequencing of human genome have almost completed, but further development of
higher throughput analytical technologies for DNA, RNA, protein, and other bio-molecules is
highly required towards post-genome sequencing era. Then much attention has been still focused
on development of new technologies for DNA analysis. In this study, we investigated a capillary
electrophoretic behavior of DNA fragments using different polymer solutions. Effects of polymer
type, molecular weight of polymer, and concentration were examined and separation conditions
were optimized for DNA analysis on a microchip.
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Fig.1 Ogston plots of double stranded DNA markers at various electric fields
Fig.2 Plots of log (relative mobility) vs. log DNA size for double stranded DNA markers at
various electric fields

EF

AR, BHERFHIRAPEFARBAEPFEME LY E (CREST), AMEELEH T &
VE - EEFHASHAREBRM (NEDO) IR >V - T AMKRRHE, BEHTE
HEMARBDE (REHERSHAEEXE) OBPEHRTIT -0

ik

1. Y. Kiba and Y. Baba, Encyclopedia of Chromatography, J. Cazes (Editor), Marcel Dekker
Publisher, 2001.

2. Y. Baba, Gel Handbook, Y. Nagata, K. Kajiwara (Editors), Academic Press, New York,
2001.

. Y. Kiba and Y. Baba, J. Biochem. Biophys. Methods, 41 (1999) 143-151.
4, EHTEHEF. BERE, oW1LE, 48 (1999) 193-203.
BHEE, 77V ~<L 7, 36(2000) 24-28.

- 171 —



20* Symposium on Capillary
Electrophoresis, SCE2000

P -| 2 6 1 4F DNA OF{be2=Fal—ar
OmMMEEE 2, EHER ", B5%E
pEEy K-35 | BHER CREST

Visualization and manipulation of a single DNA molecule

ONoritada Kaji'?, Masanori Ueda'?, Yoshinobu Baba'?

'Deparlmem of Medicinal Chemistry, The University of Tokushima, Tokushima 770-8505
’CREST, Japan Science and Technology Corporation (JST)

[ABSTRACT]

In this study, we propose novel method for stretching a DNA molecule in gel with alternating current
(AC) electric fields. The molecular motion of a long DNA (T4 DNA; 165.6kbp in 1 % agarose gel) was
investigated using fluorescence microscopy. Almost fully stretched DNA molecules were observed AC
field only with the frequency of around 10 Hz. The maximum length of a stretched DNA was nearly
proportional to the strength of external electric field. The stretching was not sensitive to the concentration
of agarose gel. We can used the method in the wide rage of agarose gel concentration from 0.5% to 1.5%.

The method reported here is promising to develop novel method of stretching much longer DNA,
such as even the human chromosomal DNA, and contribute to analysis of a single DNA from a proper

well.
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Figure 1.  Fluorescence image of T4 DNA in 1% agarose gel. A) in the absent of external
electric field. B) under sinusoidal AC field (200V,/cm, 9Hz).
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AFFFL . BHFIT IR B S [ AR A S R WP FEHEEE HE J(CREST), A EFRE M = R N¥— &
EHHTREHRBIBNEDOMI D Y — o 7 AR S, EAREARERERGHE(RH
HELESMAT ) OEMEETIT1,

[3ciR]

1. EHIERI B53EE, EHHEL 2000, 40(1), 48-51.

2. BBEE, SAtE, 2000010), 602-606.

3. N.Kaji, M. Ueda, and Y. Baba, Nucleic Acids Symp. Ser., 44,247-248.
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Interaction of protein and intercalating fluorescence dye against DNA
O Abd El-Maaboud Ismail Mohamed'Noritada Kaji'*%, Masanori Ueda'*?, Yoshinobu Baba'?
! Department of Medicinal Chemistry, The University of Tokushima, Tokushima 770-8505
’CREST, Japan Science and Technology Corporation (JST)

[ABSTRACT]

Atomic force microscopy (AFM) was used to elucidate the location of the restriction enzyme sites of plasmid
DNA and structural change of ds (double-strand) DNA owing to intercalation. The former was accomplished
using two restriction enzymes, namely EcoRl and Nael. The p-bluescript Il SK (+) phagemid vector was
linearized with Nael, then EcoRI recognition site was imaged, and EcoRI binding site was calculated from
AFM images. The latter was accomplished using intercalated fluorescence dye, YOPROI and YOYOIl. The

structural change accompanied by intercalation was confirmed by direct observation using AFM.

[IXLiZ]

VAR, M NSRS (AFM) Z W23 A A A A= I BB AT TS, TE3E, DNA oL /37
REDHANNERX BB T DLEITITETFHAESEN EICAV LN TEN, ZORTREO RS CEBICHE
WEBETHLOI AL, RLUTKIBRICBB TERLVDLDO T ofz, 2T, 4V AERINRES TR
BBV REBEIRO AFMIICLZBIEMN, bO BB FIELL TIHRRIN TE, AFM ICLABIEIT,
ERHITT-LINIG, IBEPOY U TARRBTAIENTRETHHEI KRERHEE2E TS, 2hit. &
TEDOBBFEOPTIL, BbSLERERRELE, T4bb | ERNICTFETHLEORIBICLDIFEVVES
BB TEDHLHTETHD,

ZDEH72 AFM OFEZVD L, BIFEPICHiT 5232 B LU CE 125175 DNA O R HiIC v
LRBAF—HL— NN RIEL DNA ¢Dar Ty 22 HBL, FOMBERICOWTHEERZ LW
SBEMORITLT,

[E&]

8] 7 9AP 81, Nanoscope [a (Digital Instruments Inc., Santa Barbara, CA)!Z E-scanner Z3E#L T
Fv>, tapping mode 2 TBIE 21T o7, HUFL3i—id, B2V MoLONP-S)EERLE,

p-bluescript 11 SK (+) phagemid vector (Stratagene, USA) iZ Nael (Takara Biochemicals, Japan)%# {Ef &&
THEF{RD dsDNA (ZL7-t. EcoRI (Takara Biochemicals, Japan)%{ER & THEMR LT, OIFrE7- DNA
YT nEL, ThvE, H6H08 2-Aminopropyltriethoxysilane THLEL/=<AH EIZBTL, B8%1T
27, BONE{RLD, DNA D2REZNFEL ., BIRBEROERELIZ W TRITL-,

7=, 500bp, 1000bp DENEND dsDNA DFHEFTe¥ 7 A(DNA Quantitation StandardsKit, Gene
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Sura)&, YOPROI, YOYOI(Molecular Probes, Inc.)2 &R EIZTIRE L., £RLFEHKO FETHELZITV.
Bon-ERLY. DNA D2EZHEL., 17— —F—D DNA ~DEBIZHWTRILT-,

[BREER]
HIBRE¥E# Nael & EcoRI % p-bluescript [| SK (+)IZ{EFAS 7L &M AFM {8, BLBENT-DNA NDL2E%
RIBL7-#H% Figl ISR T, TRODRERLD, AFM (X588 5RD7- DNA DL RIT. BIR{AED 3%
PANIZIE> TR ZENbhot-, ZDESIZ. #i
IREEROIERIIIE . APM IC L BELEEEN 6K A
BHARLDT 7a—FHLARETHLZENALMN LR
o, EBIZEVARINIZHNWTYH, 2D &S ik
(LD FREER R D (ERAREETHDHEEZL TV
%,
Ric, AV F—hr—F—2ER&ERLED
DNA DEEZRELIZEZA (ER&E oL &L
HETHLE 2> TWAIENHALL, £, 2 B) ¢

Theoretical value 125.4nn

DEEN, A F—H —F—DBEICHLTEDL g | Fean length 1228800
NZBEL QBN ETR5DE, YOPRO!I DBEEIT 54 -Count 28
D/b(Dye/base)=1/1 DLEIZ, YOYO! DFE g,

|25

(ID/b=1/2DLEIZRKDEIL), TNE L
A= —F—MEATHELRBRWIEHNH
bhtiof-, ZhiX, YOYO! #3 YOPROI LR

D ERL L HA—HL —F—ThHB LA T+ 5 12 14 16 U8 120 122
%—Gﬁ)éo C) ! Theoretical value 871;:'::11 =
ABlE, ZDL57 AFM IZ XD EEH £256 DNA 6 | bean length  870.33
LBy A B—HL—F—DREERICOW s |
TRUTLI- R R HET 5, g«
[ae¢] LE
ARZET ., B AT IR LR 3 O HREE i) JEBERF 75 2t
HEEYF R (CREST), @i EREH T~ INF— & 7
EEHTR SR EBHBNEDO) KT Y — T A O S0 850 860 870 880 890 - 900
PEMBIR, FAEHAREHRRHMDL (B Length / na
HHRFEREMFEETR) DEMEBTIT-, Figure I. A) AFM image of lincarized DNA

molecules cleaved by EcoRlI. Image scale is 800 nm. B)
Distribution of lengths of 28 individuals, short DNA
fragments. C) Distribution of lengths of 21 individuals,

long DNA fragments.
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& 3 3 #t L RFRABEERIC & 3 SRWERFR
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HEbK - 31, FHEE CREST

Separation of Triplet Repeat DNA by Capillary Electrophoresis and the

Conformational Analysis by Atomic Force Microscopy

Tatsuo Nakagawa', Masamori Ueda?, and Yoshinobu Baba'*
! Department of Medicinal Chemistry, The University of Tokushima, Tokushima 770-8505
CREST, Japan Science and Technology Corporation (JST)

An extension for repeats of trinucleotide . like CTG, is known to cause some inherited neuromuscular
diseases!, called triplet repeat diseases. DNA fragments containing CTG repeats migrate faster than
expected in non-denaturing polyacrylamide gels2 and polymer solution33. This unusual electric
behavior of triplet repeat DNA is expected to be used for the detection of an extension of the triplet
repeat. However, the separation mechanism has been remained to be unclear. In this work, we have
investigated the higher order structure of triplet repeat DNA fragment in a buffer solution by means

of AFM.

Lo

HE, PTLy b (ZEEM) VE- FOREMIBNMNG L, BE§ XK. HREEISA o7
1 =L LOBREEBRBIRESN, HLOI A TOREFERICHRETIBERTHLEVH) T DS
EHESRTVE, C0L ) LEFIZHET A DNAIL, T2 5 L850 DNA &8 L TREISECST R ikEh#
BEROILHPHONER-TEN, SHRIZFY 7Ly PYE—FDNADIT Y80 M aBkiEIcL 5 b
DTHBEHMENTVE, KEFETIE, AM EAVTHEBPIZBETL M) 7Ly P E—F DNA OEBX
FLERTE 1TV, ARARKBOKER L DN ORI ELERNIIHILSEAZ L 2BIEL,

£ - Htk

Fr 51 —WSRikBHIL, Beckman P/ACE 2100 capillary electrophoresis system %MV TiT- 7
FrETU—, MELI—F 1 7L JRWRDB-17 2HRIL. ¥ ¥ €T — i/ +Bligmicid,
50mM Tris-boric acid &t bl o — AFHEF L /o 42 7Nk, FITC TI~A{ELLA 90mer
single-strand DNA, (CTG),. B LT » ¥ LBHID 80mer single-strand DNA Z RV 7=, ARM BUEICIZ,
Nanoscopella Multi Mode system (Digital Instruments) %R L. FlPIBVWTY vy L ¥~ FI
L OEE L7, ] scanner BL U Si N, tip A L. drive frequency 9-10kHz. scanning rate lHz ®
FHTTHMELL, 4 AT, 73/ 70V M bX 205 2 FBADPIC1-2BNE6TIE
L DERLZ, EEOY > 7N % 50aM Tris-boric acid IZEML, </ AREMIIBHFSEHI LicL Y
BEL,

R
LR TIVOREGEREF Y ET) BRI L O FBLALIA P TL Yy PJE-FDNAD
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FOYHROH VT Y LEHIDAN &L h b B ahr: (Fig.l)e VU 7Ly PJE—FDNA LSV Y
LEEHIDNADAFM BZRHBLE A, ENODFEIEVIR O LN o7 DNADK S EFNE
hfllg L7:# %, 1.3nm+0.3nm(90mer). 1.1nm+0.2nm(80mer). 1.5nm=+0.4nm(200bp ds DNA)&
Lofso £ PU 7Ly FPYE—F DNA &5 ¥ 45 DNA OILEAD ZHIE L& R, 24.7nm+
3.3nm(90mer), 22.8nm=+4.9nm(80mer)& % - 72,

:: nu_\ Pl Lond ,

@ i
2 " §
Fig.1. Electropherograms for 80 bases Fig.2. Histogram of the heights of
random-sequence and (CTG)30. DNA measured by AFM.

ER

LEDERPS, P Ty Y E— | DNADBRIGEEABICERT S LIITE LD o7 MY
7Ly FJE—} DNA &7 >~ ¥ LE5) DNA MO BRKBEED BN X, A5 51 v 7 LBETIEL L
FAF I 7 ECBELTWAEBEANSG, COBE, ¥4+ 37 7 LHENDNA 274 EIC
B SEHBETETILELONDD, AFM SL2RTIIEBTH L, 4RI, ¥4 F-3Iv %
BECBVTELRMENETRE,

A

FHRR., HEGHRREXEGBOZHMANES R (CREST), AMEREHIINF — - BRE
AL AMREHE (NEDO) #iga> V-7 4 (PHMERASY) MRMAREER. FLEEAFERFRR
ReEBhE. NBEANEARBRAMEOEBER[TT >4,

Mgt
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Micellar Electrokinetic Chromatography with Sodium 10-Undecylenyl Sulfate
Oligomer and Sodium 10-Undecenoic Acid Oligomer as Pseudo- Stationary
Phases with High Concentrations of Organic Modifiers.

Mitsuhiro Wada*, Koji Otsuka, and Shigeru Terabe
Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

The use of high-molecular-mass surfactants (HMMS) which have a polymerized hydrophobic
interior and a charged hydrophilic exterior, as pseudo-stationary phases in micellar electrokinetic
chromatograpy (MEKC) has been studied in recent years because of the advantages afforded by
their stable structure. In this work, SUS (sodium 10-undecylenyl sulfate) oligomer was synthesized
by polymerizing SUS monomer with ammonium persulfate. SUA oligomer (sodium 10-undecenoic
acid) was also synthesized by the same method. SUS oligomer or SUA oligomer was more stable
against the high concentrations of organic modifiers than sodium dodecyl sulfate (SDS). The
performance of HMMS-MEKC will be discussed from viewpoints of signal to noise ratio and
reproducibility in comparison with in SDS-MEKC.

[ix i)

IENVEIE IO~ bS5 7 14— (MEKC) THRO THAMN S VLEWOS 81T 7=
DIEREFERMIEDHTH LA IRUEEMHE LTHBEEF TV F M) Y4 (SDS) & &
DOESFREFEEEA OMMS) W5 L FRBEHORMEICHBIH TS 5.8KkE 2%
FEHECL VEE LB FRRAESEA HMMS) BB TIEVERMELHEE
LTEH, ABEROEBERMTOLEL Y ITA S, £2 T4, HEY 7
VovF b)Y La (SUS), RUY Y FEVEBF UYL (SUA) 25V ANVEESETH
EICENERTELBA 4+ Y HMMSEIBUEEM L L THW, AREHTEBECIRmL
RICBIIABAMOBEVRHEOFEE R,

[ 5]

AV 7BENT NI VERTLSRIFEERETVRER L /2SUSE50mM Y ~ BRIERE I
(pH6.6) ICEER I VB (CMC) 2 BRA D IRETHABRIYE, VA XV HET v E=
7 LT T70°C, 26BF E-G %17 o 72[1]o EA . SPECTRUMADEIE (5 F&1,000
Ay b)) THOWENLAEZA, UE30.6%TSUSEH ) Iv—%185Z ATE 7/, BWL
I3’ H-NMR, MSARZ Pz & YRR % 1T o 72 CEZMBIZiXBeckman PAACE MDQ#%
B, #¥E51) —i2i3AE0um, AHR0O0cmD 72— FI ) AFx+ES)—%H
Wiz, REIEE LT, 0.6% (W) SUSH ) ¥v— (23 mME/ v—H%) 10 mM V) ~EtE-
A BIEARWTHE. pH 8.5, 50% (v/iv) 7t b= PV IVIZHER). 0.6% (wiv) SUAT ) I<=— (27
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mME /7 —H4) Q0 mM ) BB BEERE . pH 8.5, 0% (vv) TE M= FU N
IZiEME) &, 25mM SDS 20 mM V) BRI BIE@ETI. pH 8.5, 50% (viv) T F =}
YIICER) THW, BEIKISO0kVE L, RBICEERAFSFERR{ILAE (PAH)., 7%
VEBETNVEXNVIATNVEES 0% (VW) TEF=FYLVTEBRL-DDEHW,

[#FRLEE]

B L7=SUSH ) I<w—, SUAFT Y T —IIMSARY PV LELSEILITLDE0H 2B
BEYWTHHZ LMbh o7z, Fig 1alZSDS, Fig. 1bi2SUSH Y < — % Fv 7-MEKCD 4%
BED % 7R ¥ PAHSTE D 53 BEIZSUSH V) I~ —-MEKCRD T RIFTH o 72, SUSH Y I<
—-MEKCHRRZEL THHEEZIT) e W TE-DIZH L T.SDS-MEKCEIZ BT 538D
BHEREDP o7, SDSI LIV ARBROBRENNTERE, HBEELECOHEET LD
MCE), IEVEROBRUENB kotbEZONS, ABIFE 4 EIREIRML
SDS-MEKC. SUS#* ! ¥ —-MEKC, SUA* Y Iv—-MEKCIZDOW T ERMDEBL &
5, FEOBBRMRVE— T - ESOBABOHBICOWTRE LERIZOVWT
bE®ET 5,

10 [ 10 -

Fig. 1a [ Fig. 1b )
8 8 -
5 R
L 4 s
i +
6 F s |
56 [ 6
< 7 5
Ed A 24 F 7
E
2 1 2
+itii 8
0 R__SDS-MEKC . JL_ 0r
Ll_l_I_I_l_J_J_.L_A_I_I_I_I_L_I_I_J_I_L_.I_L_I_I_I_I_I_I_J_L_I
0 5 10 15 0 5 10 15
Time (min) Time (min)

Fig. . MEKC analysis of 8 PAHs by (a) SDS-MEKC, (b) SUS olgiomer-MEKC. Samples, (1)
benzene, (2) toluene, (3) naphthalene, (4) acenaphthene, (5) ethylnaphthalene, (6) phenanthrene, (7)
anthracene, (8) pyrene; capillary electrophoresis instrument, PPACE MDQ); capillary, 50 um i.d. x
50.2 cm; effective length, 40.0 cm; applied voltage, 15 kV; detection wavelength, 214 nm;
temperature, 25 °C; additive, 50% (v/v) acetonitrile.

[£%& 3R]
[1]1 C. P. Palmer, S. Terabe, J, Microcol. Sep., 1997, 8, 115-121.
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Non-aqueous CE Analysis of Alkaloids from Chinese Medicines
Daisuke Uchida*, Yukihiro Esaka, Masashi Goto, Munekazu linuma
Gifu Pharmaceutical University,

Non-aqueous CE separation of alkaloids in some crude drugs and aromatic compounds in natural
products was studied using acetnitrile and methanol as running solutions, comparing with phosphate
buffer. Non-aqueous media seemed to have some advantages in resolution and selectivity for
analyses of the Chinese medicines.

XLOIC

BRIE. BHROMIBOWTERENBERICHVONIBEHIRITETVE, BEE L TOEEORFHI,
H—DtE&me 3Rz o 12582704, ThidER. £E0PIZEBRORSHFEREL TV AHH
LREOND, EoT, FOMRICIIKEREALNBETATH B, T, EFEICRS FRAYS
ik, S OERERL BT LAY EFT SR, TOEROMEELHFL LA O BIENTEHLE (it
EWLHE GF) LTwaIEidFbhoTwni, ThORRWPERRFOENR I EEDORREIC
IKELRERDD 5,

FHFETIX, FDOGFEE LTHKR CEDFRENHRIH L BME LTV 5, KSR CE DMfFS
NBEFRO—2I2, KRTRERML., BEHOBVRTORNETIEII TS I P DL, RAWHERD
BROMRE 2 LEWIIE, Trhof FRErRUDHETHHEMBRBENEVIEIS V., EE,
% DEHIFBRERICE o T SISt S h TV 5, TARIIC, EBFEEIDE L, #
DFEERBOIOITKEIE, 7TI /%, AVEFINRLEDERELFLTEY., SHRESFILD
KEZEHEDIARTHEALMEFEROSBE—FE LTOIFALIETE S, ttoT, ML~ MY
v 7 AT ERORKRABOGITE, KR EHHN BN LMETE S,

4@, REE LT, ARG ELTTAIOA FREEEL 404, RRYHRO 7THEOT 5
R4 FEEE 2HBOR) 72/ —VvERV, KBIE LTE7E = FYIACN), 2% /=
(MeOH) RERWVTRE L7, T/, KFROY VERGHL B E L1,

ES -

%I . CE#EII, BETV ¥V a VI SHBEERIFRHCZE-30PN0.25). HAR GRS MR IR H 25
(UV970). BitBERBY O }/3y Z(C-RA)E WS N B, ¥+ ET U —id, KSR
i J&W Scientific #t% p sil DB-1(0.05mm i.d. x 500mm, &%) 300mm)% . " > RERIGIEREHCIZ GL
Sciences t1 3¢ silica capillary tube (0.05mm i.d.-0.375 mm o0.d.x 500mm, F%HE 300mm)% A\ 7,
SRS | MR, EAFE L L T tert-(n-butyl)ammnonium perchlorate(SmM) % & &, = HUIZEEE k@i
D& 13 Perchloric acid(ImM), 3EIEMEIKEIHE DA 1213 tert-(n-butyl)ammnonium hydroxide(ImM) % &%
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L7 ACN iEHi. MeOH {&ili % AV 720 F 72, V) VBEHEERIL 10mM DIREET, pH A5 Eh#h 2.14,7.22,
N29DHDERIC, ENMEEIX, 15kV(15~17pA) F 7213 20kV(4~10pA) & L7z,

FHAHEDEE (AoLr, =T AUy, O—baY) BZRENR01%W/ VDRET, KBl
WICEDHET ACN, MeOH, HHKICERS b0V, THO 75K/ - VvEKE
(5,7,,2’,3’-tetrahydroxyflavone,  Skullcapflavone @ , 5,7-dihydroxyflavanone, 5,7-dihydroxyflavone,
sophoraflavanone G, rubraxanthone, genistein), 2 DY) 7 = / — Jl(vaticanol B,C)i%. &' Dikfiik(cBIL T
b ACN ISR E-bDERW,

KR ER

ARV 7-4EFE® ACN . MeOH &, KADLKRM Tkl S &%, —A%IC, ACN, MeOH Tit ¥
Y- TRE—MEB IR, TS OBEEICREBTE 7, SR L, KRTIR, B ST EBRWT,
E—os2ET 70— Fichh@RARON, 4 THRAMNIHZTELWBENE D o1 KRR L
BAKI—FT 4 7%+ ET) ORI, £ERFOMTEL TR L S IcBbhb, — K, 75K
J—=VERE, KY 72— VEOBEITIE, —iglZ ACN &, KR Ty — TR Y- HHEBEN:
A, MeOH R T7U— FLR ¥— s BT Aehd o712, E—7ARDAMC S | kB THEERIR
HARL YD, BERAOREOEBEB AT SNL L EHIZ, KR THETELVESDH, JEKRTHEIS
FEINDT—R (A THDERS ephedorine & ZDORMMELR L) bbb, ML hBilERrHAVLZ
tDTEAFRAMEMRE NI,

R, EEFREPoO7T VAT F, REDDOFERILEYH (77K — gk, R)7=/-
F) 2oV TESKKBI AL (mep) % FLH L 72(Table 1, Table 2)o #5ENK & K1k, 7EHK(0.8904)>MeOH
(0.547)>ACN (0.345)TdH H ., HIXIX ACN B TIZY) Y BEHREGTD 2 L LD m, RIS K TH RV
13 CH5, LEL, MEICBWTERIIERELENRON LW —ZXb% vy, 7, MeOH Fili %
FV27-B%. skullcapflavone I , vaticanol B, C @ my, BMESHIZE Vs SHOHD I EIX, RS IFEHRTHV
KB CRBDOERIRBICKE 2ENDH LI L EREL TS, I, MeOH & & ACN % Tid.
BEOHE, BENELVIEDS, BEOBMEESLRBLTWAERLEVA S, SOICHALEN
EITITFETH 5,

Table | The m,, value of 4 alkaloids in crude drugs .

ACN Methanol Phosphate buffer
berberine 20.31 15.64 24.89
ephedrine 24.79 16.67 24.78
glycyrrhizin 31.25 16.64 19.64
atropine 27.14 16.22 22.59
1)The pH are 2.14 except for the case of glycyrhrizin (pH 7.22).
Table 2  Electrophoretic mobility of 9 aromatic compounds.
ACN Methanol Phosphate buffer
(pH 11.29)
5.7,2'.3’-(OH),flavone 43.14 18.38 24.30
Skullcapflavone I 25.07 2.38 14.60
Chrysin 32.64 14.70 20.33
5,7-(OH),flavanone 30.95 14.13 18.96
Sophoraflavanone G 26.71 11.93 26.46
Rubraxanthone 33.67 14.50 25.30
Genistein 27.79 12.67 29.83
Vaticanol B 18.28 5.71 25.03
Vaticanol C 20.81 6.77 24.36
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Disturbance at Moving Boundary in Free-flow Isotachophoresis
Makoto Ishikawa, Ryutaro Murakami, Natsuki lkuta and Takeshi Hirokawa
Faculty of Engineering, Hiroshima University

Free-flow electrophoresis is the method for continuous separation and fractionation of a sample.
Isotachophoresis has preparative advantage that concentrated sample zones can be fractionated.
However, when a large driving current is applied to obtain high throughput, sharpness of the
moving boundary is deteriorated and the separation becomes worse. Although it seemed that the
disturbance was caused by thermal convection due to joule's heat, we found that this disturbance
still existed under microgravity environment. There were several possible causes such as
sedimentation, vortex street, Marangoni convection and distortion of zone due to difference of
permittivity. We tried to clarify which phenomenon was the most affective to the disturbance.

ZO®HIC

7U—7o0—E&kEER (LUT FFEU) RBEKIKEDHED DICEML = EBH
CEHIZRSEEMEZHTIERKY, BB oSG R - 2MZENETHREBETD
5., WBHKBODMT S0 aBEoN30T, ¥ NI ECHIRPMERZ EDE
EERINDIRABHFEINTVS, Fie, FHEEZIKITBEEFBEDRICKOIREL -
B = ORSBENRE S —ERREND D, FRICERTH S, U UBALRH
IS EEVTRES B Z MM S B D L L THBEICKRERZM6 75 & SHEEKKBRSE
DHEVEEREICHELSEL., 2BICBPEERIZT. Y9, CORARIALOFEILR
BERICE > TREL LY 2 - )VBITHESIBMFETH D EEXTHEN, BNEATT
DEEL I ENSBMFE TN ENASMIE >, FREHEOHEEL Tz
KR, <. 5 T2, BEROELERT /- OEAFNEASH
%, MR TRRERILICHEET 2ELREEZEZBRNITASHICTS I 2R Bk,

RER

FFEU & U T Dr. Weber %4 Octopus ZH W=, ZOERB TGO THh S Bk
REIZEFL. KIS ELEOEBICEEZENML TEXRKEZT\W. KO L THm
75, BEHCRERTZA RSV E2 27, SPAINS o —fBOEFREZHA W, ERAKIL 400
T UEZTKE -IFI)-n-BREET ol T ICREBLA-bOZBETEMIEIC. 10nM HEEH
WoF 2 BEEREICAWE, KBRAEIIKEIEE XA 0. 4on. KEHE O BRIK O
BIX 2. 2ml/min. . EREHEEFEZE 40mA & L7z, KFEBHIETAH A S TEHREL. B TR
Ll MNEHRETOEBROZDMEMERHIT /.

RBREER
Fig 1 12 1G(A) BEULuGCB) TOERBRRERERLZ. A B FITEMD Y — 2 (SPADNS)
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ICANA V ROREHELVEB X N 5.
COBRMSHAEAHRENDOGOEEIL
BEAERVWDT, BNBICTERTS . ¥
bOTIRANT ENHSMTEE, !

TICREMIALERDENOBSRE L g
OWNELKIEERAOFY. TS . L 5 R
J— OBBEREOBNCE BN B i%”?a{ B by |
ROMTRABANEE X, KBERNO . B
BREOTNE LD TRYERER > o H1E &SR TORmRANET
o MNZILHNEHIN T BOXE B
BEHETEZOTHREMRILMNESIT S
TTHD, COERTOXRBERIZ 1
o0mA TH o7z, Fig 2 IZEEEMET (A
BIUEEEME 4nin. B) OEERAEE
%;:ELL;;"B A_f_g;a;ﬂii’lggggﬁ Fig. 2 A:BEAMOIRE & B: BEAIMSE dnin OFKBRE
SHHEEEIIAN T U RICERT 2 DTN EBHSMIR S,

DEIZ, ZORMBELE) —F 4 T EIY-IFIN/ - DREELERTETS
SAZRBWTIRABNWMEEZL, URNBEIHEZ/ NS THEDICERKORSE %Y
MEETHRBERZToR. 7 > IMRNFERTHNIIREHEEINNE ST T
Hd. COEBRTOREIBTARIV/EEESY) VB L SPANS THB, iz,
BRI OB INITIZ HPC (£F 0357”0k Mobo-2) 24A L. HPC ¥BEE 0%, 0. 1%, 0.5%T
LB E{To7. Fig 3 12 HPC 0% (A) . HPC 0. 1%(B) . HPCO. 5% (C) DEMiKZE AV - ER
KMRERT. AL B. g — m————— = ——
C LERKOKEZ

v
L% |

SRR L Al i

G

1 |

H > [
H

HME RS & R o
AN E->TNSZ

EMDbMB, A B b

TEBDEST A b e !\ & |
SYLRIIERT N gl g B BB T, M e
JBRD DI by e o8 BERC 0. 1% C:HRC 0, SOBMMTORBRE

BENELNTWBM C

TRIBEAEHEANNE>THBY. RIFREENGESE.
ULEO#REFEDHZ L, SHETFIKDFR OHRVEEIREICAE U 2 LIS Fiis
EIEATZ2HDOTIIRL, 7 MRICRRATI2HOTHIEHEEINSZ, L
L. ZOEIBRIEBIBREAIXLARZOVWTRELTPRUINTE ST, 5%

Vi NFERZ RN SEICH L WRITRLETH 5.

E 3

AEFEIZT SF (NASDA) odBhick v, DFEt ek ((HUNEHTICBIT 35t
7V =7 0—BXKIKEEBEICE YT 2 EBAOFFE. 1997-1999) o—BRELTITDbhD
DTH>, L TEHMBL LIFB,

— 183 —



20" Symposium on Capillary
Electrophoresis, SCE2600

P204 v E5)—BAXMEAMBHT X TLOBR (IV)

Al =th, HR E#. RI &
EBX- T

Development of Automatic Processing System for Capillary Electrophoresis (IV)
OTatsuya Yoshiyama, Natsuki Ikuta, Takeshi Hirokawa
Faculty of Engineering, Hiroshima University

Electropherograms with migration time axis would not always be useful for qualitative and
quantitative analysis if capillary zone electrophoresis was performed using various apparatuses with
different migration voltages and capillaries. We developed the "temperature coefficient method",
which converts the x-axis from the migration time into the effective mobility at the reference
temperature by correcting such factors influencing migration time as electroosmotic flow,
temperature rise in the capillary due to Joule's heat, relaxation effect of potential gradient, applied
voltage, and capillary length. Since the conversion procedure is time-consuming, we developed a
computer program. Furthermore, we constructed a system to determine physico-chemical constants
such as absolute mobility and pKa and retrieve candidates from our database.

IXTC I

F¥ T Y —V—EKKBE CATCZE) TRV IA 3 ORBRANRESEEL L
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(#EX] m= (A Sh 83 B BHEE) : pKa=(F H& it pKa) ) BREE (m+2, pKa+0.2)
[A] m=54.7 : pKa=3.79 m pKa [B] m=43.1:pKa=473 m pKa

1) formic acid 5668 3.75 1) acetic acid 424 476
2) 2)

[C] m=34.7 : pKa=4.85 [D] m=30.1 : pKa=4.94

1) 4~hydroxybutyric acid 343 472 1) 3-methoxypiridine 300 491
2) butyric acid 338 482 2) caproic acid 30.2 486
3) allylacetic acid 339 467 3) p—toluidine 300 509

#Z R 1)N.Ikuta, Y. Yamada, T. Yoshiyama, T.Hirokawa, "New method for standardization of electropherograms
obtained in capillary zone electrophoresis”, J. Chromatogr. A, Vol. 894, No. 1-2, pp. 11-17, 2000.
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Application of Capillary Electrophoresis for the Manufacturing of Semiconductors.
Katsushi Sasa, Keiko Kitagishi
Otsuka Electronics Co, Tokyo 192-0082

For the quality control of large-scale integrated circuits of semiconductor, ionic contaminants
both in the materials and the solutions should be determined in every processes of the
manufacturing. Capillary electrophoresis is suitable for the purpose because of short analysis time

and simplicity in the sample handing.

LI
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1) Plandik,W.R.Jones,J.Chromatogr.,546,431(1991)
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Enantiomer Separation by Micellar Electrokinetic Chromatography Using
Novel Chiral Surfactants

Yoshiyuki Iwai*', Masaki Nakamura®, Koji Otsuka', and Shigeru Terabe'

! Faculty of Science, Himeji Institute of Technology, Kamigori, Hyogo 678-1297

’Department of Industrial Chemistry, Osaka Municipal Technical Research Institute, Morinomiya,
Joto-ku, Osaka 536-8553

A novel synthesized chiral surfactant, sodium N-decanoyl-N-methylglucamide sulfate, was employed in
micellar electrokinetic chromatography (MEKC) as a chiral pseudostationary phase for enantiomeric
separation. Chiral separation of several racemic dansyl amino acids, PTH-amino acids, and chiral drug
components were achieved.
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Fr EF)—BRKD (CE) ICX 2R EOFEERIT, EELTY707FR
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TWA X IV REFEEFIIBRESNTE Y, F2RmESHORBREICHTIERD
BV, AR INTTIC, BHABRFEAR V- AFYETH 54O ERERF
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Fig. 1. Structure of sodium N-decanoyl-N-methylglucamide sulfate.
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Fig. 2. Chiral separation of Dns-AA by MEKC using sodium N-decanoyl-N-methylglucamide sulfate.

X #
1. &, KiF, F5, ZH, b AERILFERSE 2 FFES, WK, 1997; 1B733.
2. K, &, F8, EH, it £ 48 MIEFBRIXBESEFEKRS, HHE, 1998.
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P207 Enantiomer separations by open tubular
capillary electrochromatography, open tubular
liquid chromatography and affinity electrokinetic

chromatography

Zhen Liu*, Koji Otsuka, Shigeru Terabe
Faculty of Science, Himeji Institute of Technology, Kamigori,
Hyogo 678-1297

Enantioseparations by open tubular capillary electrochromatography (OTCEC), open tubular
liquid chromatography (OTLC) and affinity electrokinetic chromatography (AEKC) were
achieved with avidin and vancomycin as stationary and pseudostationary phases. The OTCEC
and OTLC separations were based on a chiral stationary phase of avidin prepared by the
physical adsorption method proposed previously. While in AEKC, continuous separation zone
built fully in a capillary (common mode) and discontinuous separation zone built partly in a
ployacryamide-coated capillary (partial filling mode, PF) were employed with avidin and
vancomycin as pseudostationary phases. A drug with two chiral centers, chrysanthemic acid,
was baseline separated by both OTCEC and PF-AEKC with avidin as chiral selector (see Fig.
1). Due to its large changeable range of phase ratio, AEKC offers a possibility to separate
enantiomers having weak interactions with the chiral selector. Two tetrapeptide enantiomers
with four chiral centers, acetyl-L-ser-L-asp-L-lys-L-pro (Ac-SDKP) and acetyl-D-ser-D-asp-
D-lys-D-pro (Ac-sdkp), were baseline resolved by PF-AEKC with avidin as chiral selector
(see Fig. 2). Two pentapeptide enantiomers with three chiral centers, gly-L-arg-gly-L-asp-L-
ser (GRGDS) and gly-D-arg-gly-D-asp-D-ser (grgds), were baseline separated by common
AEKC with vancomycin as chiral selector (see Fig. 3). Due to the requirement on the charge
status of the analyte, it is very difficult for both OTCEC and AEKC to separate basic chiral
compounds. However, three racemic basic drugs, E2020, sulconazole nitrate and nicardipin
hydrochloride, were separated well with fast speed by OTLC with absorbed avidin as
stationary phase (see Fig. 4).
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Fig. 1. Separations of chrysanthemic acid by
OTCEC and PF-AEKC. Capillary, (OTCEC)
57 cm (50 cm to detector) x 20 um i.d.; (PF-
AEKC) 57 cm (50 cm to detector) x 50 ym i.d.,
polyarcylamide coated; stationary phase for
OTCEC, adsorbed avidin; separation solution
for PF-AEKC, 10 puM avidin in 10 mM
phosphate buffer (pH 5.95), filled length, about
40 cm; mobile phase, 10 mM phosphate buffer
(pH 5.95); temperature, 20°C; applied voltage,
-10kV.

Fig. 2. Separations of Ac-SDKP and Ac-sdkp
by PF-AEKC with avidin as pseudo-
stationary phase. Capillary, 57 cm (50 cm to
detector) x 50 um i.d., polyarcylamide coated;
separation solutions, 250 pM avidin in 10 mM
phosphate buffer (pH 5.95), filled length, about
40cm; mobile phase, 10 mM phosphate buffer
(pH 5.95); temperature, 20°C; applied voltage,
-15kV.

Fig. 3. Separation of GRGDS and grgds by
common AEKC with vancomycin as
pseudostationary phase. Capillary, 57 cm (50
cm to detector) x 50 um i.d.; separation solution,
500 uM vancomycin in 10 mM phosphate buffer
(pH 8.00); mobile phase, 10 mM phosphate
buffer, (pH 8.00); temperature, 20°C; applied
voltage, 10kV.

Fig. 4. Separations of basic chiral compounds
by OTLC with adsorbed avidin stationary
phase. Solute, (A) E2020, (B) nicardipin, (C)
sulconazole. Capillary, (A) 57 ¢m (50 cm to
detector) x 27 um i.d., (B) and (C), 57 cm (50
cm to detector) X 20 um i.d.; mobile phase, 10
mM phosphate buffer (pH 5.95) containing
different percentages (v/v) of methanol: (A)
15% (B) none, (C) 25%; pressure, 138 kPa;
temperature, 20°C.
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Separation of Basic Drug Enantiomers by Capillary Zone Electrophoresis Using
Glucuronyl Glucosyl B-Cyclodextrin as a Chiral Selector

Hisami Matsunaga, Jun Haginaka

Faculty of Pharmaceutical Sciences, Mukogawa Women'’s University, Nishinomiya 663-8179

Enantiomer separations of basic drugs have been investigated using glucronyl glucosyl B-cyclodextrin (GUG
B-CD) as a chiral selector in the background electrolyte by capillary zone electrophoresis. Chiral resolution
of 16 basic drugs was attained using 10 mM GUG B-CD in 40 mM phosphate buffer solution at pH 2.5 or 5.8
as the running buffer solution. The chiral recognition abilities of GUG B-CD were compared with those of
B-CD and maltosyl B-CD. GUG B-CD showed the highest chiral recognition abilities for basic drugs tested
among the CDs.
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B-Cyclodextrin (B-CD) ¥ X 2D FF#kii* v € 7)) —ERIKBIEIZ X 2EY DKL
FEDIDDEL 7 ¥ - LTELHVWLRATWS, 4@, £ 7% —& LT malosyl
B-CD (Ma B-CD) D EERGDERM I NV a— AFRIED E FOF L A F VT AN BIFR
BICER LS R, o U BRI LR S 17z glucronyl glucosyl B-CD (GUG B-CD) % FEWY, 18
M ORE 2 TR R T A L LI, GUG B-CD D X%k %p-CD B
LU MaB-CD DEN LI - #REF L7

ER

F v €7 —EX5kEHZ%E (T Beckman 3 P/ACE 5500 { linear polyacrylamide % I — 7
A7 L7 2a—=XFY)AE (RSO pm, A5 S0 cm) %% L THA LA, BN
BEE250kv. FX €T ) —RIEIL 20T T, i 214 2 1E 254 nm TF o 720 KE)
i, L7 y—%2&L) YERERTHY, £L 275 —-BIU) U EBRHROE VIS
BE& pH &L 3872, HEHL, 16 HOBEMIEW 2 v, £ D& homochlorcyclizine
& trimetoquinol (X 0.1 mg/ml. promethazine & chlorpheniramine i% 0.5 mg/ml T# DD ZE
(202mg/ml & L, MEE (0.5psi. 1s) TEAL,

BRLER

KB IZ. GUG B-CD DIl S, 10 BL T 20 mM, V) VEEBE D ENVIBE 20 B LU
40mM, ') CEERERHEO pH25 BL U pHS.8 & L, B OXZSHERFT L2 £
L7y —DilE% 5. 10, 20 mM & ELS &8, BETLAZE WD) B clomprenaline,
dimethindene. isoprenaline. pindolol. propranolol. terbutaline 33 X U trimetoquinol 1¥. %E\»
L7y —iBEICBWTRIF L5872 LA L. homochlorcyclizine (Xt 1 7 ¥ — i
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B 5mM TR RIFLTEFE ORI, WThOERP L bEL 7 ¥ —BE 10mM
BWTHT SR FHEFELONIOT, UTORE TR, €V y—RELX10mM & L7z,
KENED pH % 5.8 05 2.5 (IR & & 7h, #RET Lo T _XCOEHM R O kBRI E
2o 72%% pH 2.5 Tl ketamine, promethazine. homochlorcyclizine 35 & UF verapamil ® )t
FESEHTREIZ L 5 720

Table. Influence of cyclodextrin type on the migration times and resolution of basic drugs

Analyte GUG B-CD Ma B-CD B-CD

t, Rs t, Rs t, Rs
Atenolol 17.60 0.51 16.14 0.34 16.27 <0.2
Chlorpheniramine 10.42 1.61 11.2] 1.36 10.55 1.35
Clorprenaline 14.93 4.83 13.98 3.81 13.99 3.72
Dimethindene 9.62 3.70 9.05 3.02 8.81 2.36
Homochlorcyclizine 21.16 0.51 19.80 - 18.02 -
Isoprenaline 13.70 1.55 13.50 1.39 13.03 1.27
Ketamine 16.69 1.57 15.80 1.50 15.02 1.43
Pindolol 15.03 0.98 14.46 0.69 14.36 0.64
Piperoxan 17.15 3.93 16.07 2.89 15.64 2.76
Promethazine 34.40 0.96 26.90 <0.2 24.10 0.21
Propranolol 20.50 0.61 18.64 0.56 17.65 0.46
Terbutaline 17.61 5.88 16.80 4.00 15.98 3.44
Trimetoquinol 15.47 297 15.32 2.79 15.01 2.87
Verapamil 34.16 1.26 27.21 0.47 25.31 048

HPCE conditions: linear polyacrylamide coated capillary, 50 um i.d., L=50/57 ¢cm; E, 500 V cm'; T,
20 «C; buffer, 40 mM phosphate buffer containing 10 mM each CD (pH 2.5); detection, 214 nm.

K2, TRHDEXRMEEWORXFESTEIE 10 mM @ GUG B-CD, MaB-CD 8L U° B-CD
2Ly — L LTHOWTHE - 5T L7z, RISHLAZL I, FHETVThOEYIC
BV TH GUG B-CD>Ma B-CD=B-CD DI BiF 245 % 5 2 72, Homochlorcyclizine 3
GUG B-CD W -R73), RETENTETH o 72, BEMEWDOXEFTENZBNWT,
GUGB-CD i¥, MaB-CD BLUB-CD L W ENAFINEV I IV —THAZEPHLD L
ol
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Study on the molecular mechanism of the binding between drug and oxidized LDL by using high
performance frontal analysis / capillary electrophoresis

Yoshinori Watanabe®*, Yukihiro Kuroda, Akimasa Shibukawa, Tetsurou Handa and Terumichi Nakagawa
Graduate School of Pharmaceutical Sciences, Kyoto University, Sakyo-ku, Kyoto 606-8501 Japan.

High performance frontal analysis / capillary electrophoresis (HPFA/CE) was applied to the binding study
between basic drugs (verapamil and propranolol) and several liposomes to invesitgate the effect of LDL (low
density lipoprotein) oxidation upon drug binding affinity from molecular-based viewpoint.

The model liposomes consisted of I-palmitoyl-2-oleoyl-phosphatidylcholine (POPC, C16:0, C18:1),
1-palmitoyl-2-linoleoyl-phosphatidylcholine (PLPC, C16:0, C18:2), dilauloyl-phosphatidylcholine (DLaPC,
C12:0, C12:0) or 1-palmitoyl-3-phosphocholine (monoPPC, C16:0) did not show significant difference in the
drug binding affinities. However, the liposome consisted of 1-palmitoyl-2-oleoylphosphatidylglycerol (POPG,
C16:0, C18:1) showed much stronger binding affinity to the model drugs than the other liposomes. This
result suggests that the decrease in the positive charges of LDL phospholipids gives more significant effect
upon the drug binding affinity than the changes in acyl-chain length or the number of unsaturated bonds.

Keywords: LDL, liposome, verapamil, capillary electrophoresis, high performance frontal analysis.

[#E]

BKEL S NCEEMEREOmIE Y o7 HSICMETHBERE) KRS 328 (LDL) 11,
A ) RS 7 BORTROMPRENE ., BELEAEIL L > TIIFEBIREIKAE {ZES
L. SR MAE R BT LIERF I IBE LIS 2 T A Z LA HMOS N TV A SIFEZETIZ I T TIC,
EMEREEIET/F v €5 ) —B&UkEhiE (HPFA/CE) & LDL oMy > /3 7 #4H5%RISE
HL. LDL DBALIZIEVWEDOESHEI KT LI E 2 MELTELN2 LA L, F02F
ZXLDFANOVWTIITHTH 5, LDLHEELS D &, JREPOKE T o fE0NR T &
VERT, U V) YIREOER. REGREBMED R Y v 7R YIC X AERBORD L YO
RN B, KW TIX HPFA/CE 2 HWT, 7Y VOABHIERCHE. AELOHEEMR
LAV VERPORA 4 EOETNVY RV —-LBIXUREABLERDTHAL) VY VIEEEZREL
REFVIEY—-LEDEDBMELNE L, LDL BHEIZPEDY U VEER S OMERLA RIS
HICHEZ AR ERET L, TFNVEY L LTHISELEED TH 5 verapamil (VER, HIL ST 4
FEHEE) B XU propranorol (PRO. BiEHEE) #fEH L7, 4B, LDL L EWE DHES IR
REMXRONLh o200, KT, MEDLOFERETHLOEEHRALL,

[%88]

YRV - L0 WEE REOEM: €7 NVIEEE LT, I-palmitoyl-2-linoleoylphosphatidylcholine
(PLPC. Cl16:0, CI18:2), I-palmitoyl-2-oleoylphosphatidyl-choline (POPC., C16:0, Ci8:1), dilauloyl-
phosphatidylcholine (DLaPC. C12:0), I-palmitoyl-2-oleoyl-phosphatidylglycerol (POPG. C16:0, C18:1),
1-palmitoyl-3-phosphocholine (monoPPC. C16;0) % 1#H L. POPC, PLPC, DLaPC {22\ Tid 8
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T, POPG & monoPPC (X POPC ¢ IRE L THEEFHEICL D )R Y — L %A% L 72 REREEHR LA
BlEICEhIEL, VUBERAE/ v —RERa) A3 y—VYiEIZE hERLL,
HPFA/CE#:IZ & 2GR VERIBEDHIE: MERAEDBERS VA F ¥ €T ) — (RIR75um,
2R 42cm, H%HE 30cm) (2 kBRI (pH7.4.1=0.17 ©) VBHREGTHE) %7 L, E5 9% (20-80pM
D(S)-VER H 5 Z(S)-PRO 2 EL Y R Y — LK, £/ v —HE 455uM) (2¥ v ¥ 7Y —D—i%
AN, EEZIZE D#100-3000L DREBHEEF Y ET ) —FIA LY, BtV TESR KB~
T35 (V) EESTPHIRBLREOOBGMEDHY BV — L0 6HE L, GHKOERER
EYPC—IrRRBENT, SOTT M —EE»LIEESREDBEZ RO,

(&% 8]

DRy~ EARSOERICKS CEWZEAMEDEL . (S)-VER, (S)-PRO DOMiE LY
R.HHBE/ETTRTOYEFY — LBV TIEESFEI LI LDL L FRICESBNOR
LN VIERFRNLBENEI o TnE Z EARENL, MEWOIEESSEIX PLPC. POPC,
DLaPC D& ) KV — AMICB W THELHENR SN, T EHEBLERMTHELY V) VE
B monoPPC ¥ iRETHILICL > THOKRELEHIRON LD o7 —F. POPG (BEFi—1) &
POPC (Bf+0) L%REL) VIEBEY AV -4, BO4HO) B Y — LI HRIEES TN
KELETL, VEY—L0BHEROFOEHIEEMEYOESHEMEIIE KL EELYRIZT
ZENRENS, BHESOBENAE TH S POPG DESBEMME KDY VHRH) BV — 4l
BRXKEWT D6, LDL RECBITAEEGROBUHPEELHF & %> T LDL OEE{LISHES
BEEBEPOESBHERAIREI Y, JFET7 I VHOHERCTBNEOE(LIc L 2Bz Fhic
KphEndokELZLNS,

Table. Unbound fravction (%) of (S)-VER and (S)-PRO in liposome solutions
unbound fraction (%)

component

(S)-VER (S)-PRO
PLPC 73.5% 1.0 59.4 + 0.9
POPC 57.8+ 1.0 65.0% 1.7
DLaPC 723+ 1.7 66.2 + 1.2
POPC + POPG 29.9+0.9 19.81 0.8
POPC + monoPPC 684 1.1 59.5 + 0.5

Mean*SD., n=3. Sample: 30uM (S)-VER and (S)-PRO with POPC, PLPC or monoPPC
liposome (monomer concentration 455uM). 50uM (S)-VER and (S)-PRO with DLaPC
liposome or POPG liposome.

(8% 3R]
(11 N.A.L.Mohamed, Y.Kuroda, A.Shibukawa, T.Nakagawa, S.E.Gizawy, H.F.Askal, M.E.E.Kommos, J.
Chromatogr. A. 875, (2000) 447.
[2] N.A.L.Mohamed, Y.Kuroda, A.Shibukawa, T.Nakagawa, S.E.Gizawy, H.F.Askal, M.E.E.Kommos, J.
Pharm. Biomed. Anal. 21 (1999) 1037
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Equilibrium Analysis of Acid Dissociation Reactions of Phenolphthalein by Using Mobility
Change in Capillary Zone Electrophoresis

Toshio TAKAYANAGI and Shoji MOTOMIZU

Faculty of Science, Okayama University, 3-1-1 Tsushimanaka Okayama 700-8530

An equilibrium analysis method by capillary zone electrophoresis was applied to the
determination of acid dissociation constants of Phenolphthalein, which is unstable in an alkaline
aqueous solution.  Acid dissociation constants of Phenolphthalein were determined by using the
mobility change of Phenolphthalein in capillary zone electrophoresis. Apparent electrophoretic
mobility of Phenolphthalein increased with increasing pH of a migrating solution, and a non-

linear least-squares analysis provided the acid dissociation constants (pK,) of 8.84 and 9.40.

TU®IC

Zx/)—=IV7%L414 (PP) FEL<HWSNAEERIERED—DTHBMN, 7ILh
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TWiz 3, LIWLZEMNS, CZE B:0HI—DDEERKHUTH I DBt AIZER
INTWaM-7-. CZE ETH, ALELEM L EXHRIGICHES LWEERIZEN
LT BEHNSHEEINDZIDT, INSARELELFHOEREZITTICRIATI &
ME[ETHS. EWRETIL, BEATORETELEHOFLLTI =/ IV T7H L1
2L0HT, CZEZEDBHENENS TOBMEEEREREL .

RER

Fr U5 ) —BLKRIKkEHEE & U T Hewlett Packard *°CE Z A1), 56+6.5cm (PR 501um)
DEM ) AFr E5)—%2%F L. pH BIEITIE Coming Ion Analyzer 250 IZ#&E
BEEELUTRHOE.

PSRBT b U LRI HCL 5 0 id NaOH 2L T pH 8L, 1AW
A 0.05 12D K DIC NaCl ZIEINL7=bDOEKENKE L THW:E., BRI kT
4r& 1x10°M PP, 2x10°M AFIAL 2P (MO) 28UbDZEHNE. FyESU—
DBEERIMN S IR EHEZ 150mbarss FEA L, 15kV OEFEZEIN L TEK KB Z 1TV, 230nm
THEHABRB U, NAT7IVRE, F+ESY—REIZEBHIZ25.010.1°C &L 7%,
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Fig.1 Electropherograms for PP and
MO. pH conditions: a), 8.64; b) 9.42;
c)9.81;d) 11.6. Signals: 1, PP; 2, MO.
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Fig.2 Change in -J, of PP and MO.

O: PP; A:MO.

NWERETHIEBRUBR/NEREIREKD K, K, ZRELE. 1B, BRICHE->TIIE
TR DTRNS, o BE-P, D 12 ELT. BOENTY,,p, BIIEENT £/
=Ly RIGEL, BEEMLSZMRA A AORRTHI MRS, ik, B
SNEREES (pK) 13 8.84+0.09, 9.40+0.09 TH D, Tamura b DFHEE 2 ITE W
ERFON. e EEERCSEBTICBNTD, pK, BICKELZENIEDSH

ok,

¥

FHFRIL, BEREMRESTMFRRHEISERFITIZ A 12740409 DB E ZiFITh L.

3CiR

1) T. Ozeki, H. Morikawa and H. Kihara, Bunseki Kagaku, 42 (1993) 887. 2) Z. Tamura, S. Abe, K. Ito and
M. Maeda, Anal. Sci., 12 (1996) 927. 3)S. ). Gluck and J. A. Cleveland, J. Chromatogr. A, 680 (1994) 49.
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Study of Complex Dissociation Dynamics by Capillary Electrophoresis
Hirotaka TANAKA, Hirofumi KAWAZUMI

Department of Environmental and Biological Chemistry, Kyushu School of Engineering, Kinki University

A new approach for the kinetic study of complex formations is proposed by using the capillary electrophoresis.
Chelate complexes (Fe(l1), Cu(ll) and 1,10-phenanthrolines) formed in advanCE are injected into the capillary in
which a buffer solution does not contain the ligand. During the electrophoresis, the complex decomposes because
the equilibrium is one-sided to the complex products. An amount of the survived complex is analyzed by changing
the electrophoresis time. The dissociation rates and the dependenCE of metal ions on the kinetic stability could be

obtained.
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B PRI EERY LFENEIEATHI L ICDERIT L 7o AR TR, HEIM2EMMER
IETdH 5 SHERRIC T Y LiV 7 IO BWHIBREDN D121, SERRICEROFAL AL
LEND 5. 8%, FRERIANFHTEHRECHOLFEMOBREL TR, RAFREA TS,
—%, EERMIIERICHEE L &
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Interaction between amyloid-p-peptide and metal chelates
Satoshi Nishino and yuzo Nishida
Departmet of Chemistry, Faculty of Science, Yamagata University Yamagata 990-8560

Interaction between amyloid beta-peptide(1-40) and metal chelates in the presence of hydrogen

peroxide was investigated in terms of capillary electrophoresis method
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Interaction between protein and metal chelate in the presence of
hydrogen peroxide; origin of "gain-of-function"” by mutant SOD in
patients of Amyotrophic lateral sclerosis
Satoshi Nishino and yuzo Nishida
Departimet of Chemistry, Faculty of Science, Yamagata University Yamagata 990-8560

Capillary electroporesis method has revealed that a (hydroperoxo)copper(ll) species can interact
with the proteins as a nucleophile; this may be very important to understand the origin of
"gain-of-function” observed in mutant SOD.

ZC®IC
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EOEWICER LIIRZHBITTETVD (BRULFORERHFELTTR, BHBOZL) .
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COFDOEBIEE L KFEEMASD L. TORBENEDLE (LORTORDI &)
DEWMIE>TREKEEEINDZEEREL TER. &<IZ Cu(tpa) & Cu(bdpg) & {4k
TOBRWVWIIHAETHS. TNSOHFEZEIL, mutatet SOD IZBIT B8 A ELTOE
MRBOREN, RIGOBRP TERIND/S\—FFH1 RFIMEORKIGEZEKREE R
TBD., TN ZOBEFEIZE B “gain-of-function” DEE TH D . mutant SOD IZk 3
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5 (1) 8846/ BEHL K BROPRE L THENTELZ EDHASHITE o /2, ©
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anhydrase IZA % &, BERI 7 FIUNREEI N, BEOKZBE & BIZTENIHEHZ
TN ZEZRWEH L. (tpa) SBAELINT D, R AZBERMBERHE N, ZOoHL WL
SUFNVOERKICDOTIIRETBHEETIRAVWN, —DDafetE & L T, Cultpa) 8k
A (ERONIAFY) 8IEKERE #IZ. carbonic anhydrase &#& L7 &AMk
TIEMTES, Lo TIDERARBEBENRODOEITE>TED, TNIXDFT R
ENSHBOSNHEHR. Tabs (ERoRILAFY) A #HERZ, Fo7ab 0
BIZE-> T, RIGEMRBBE<I bOo—=LENTHY. HHBEA 121, nucleophile
ELTERT S, 2 &L TS,

ZOfD (B RoxX)FFv) # (D) &#EEiZE % nucleophilic Z2{EMIX. EAHE®D
conformaitonl change Z5IZE ZdHEREBEZ SN, CTNOSDHIDERELL T
DOEHHAD misfolding DHKEEZ 2 L TEERHELRLA D,

1) Nishida, Trends Inorg. Chem., 5 (1998) 89. Nishida and

Nishino, J. Bioscience, 54c (1999) 1107. 2) Nishida and Nishino,
in press.
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Effect of Organic solvents on the CE Analysis Based on the Formation of
Heteropolyoxometalate Complexes

Takuya Goto', Yoichi Nakashima®, Sadayuki Himeno'

! Department of Chemistry, Faculty of Science, Kobe University 657-8501
Technology Research Institute of Osaka Prefecture 594-1157

The formation of heteropolyoxometalates has been applied to the spectrophotometric and
voltammetric determination of various hetero-ions such as P(V) and Si(IV). In recent studies, we
have found that some molybdophosphates being unstable in aqueous solution can be stabilized by
the presence of water-miscible organic solvents like CH;CN as auxiliary solvents. On the basis of
these findings, the complex-formation reaction of polyoxometalates was applied to the capillary
electrophoretic determination of phosphate, phosphonate and diphosphate in aqueous-CH3;CN media,
because well defined peaks due to the respective heteropolyoxomolybdate complexes were
obtained.

On the other hand, we have also found that Mo(VI) reacts rapidly with low concentrations of
Ni(Il) even at room temperature, to form a stable Anderson-type heteropolyanion in acidic
aqueous-CH3CN media, and Ni(Il) can be determined with high sensitivity by the
acetonitrile-stacking. Similarly, the acetonitrile-stacking is observed for the determination of AI(III),
Ga(III), Cr(I1I) and Si(IV).

[FL®HIZ

RV AFYAZ L— KL, RV TTUVBEA AL RF VT RT VA 2 L flix DR
FE L ODFEARISICE VERT AETH S, IHEINO ORI, fbibs, EREREK
RREDEVWSEFIIEBWTARWWIER IR TWS, ¥£i=, SEESTFICBNTIE, KU A
X VEY7F— MEEROAERREEAWVERAEREREE, WbwbdA~TaR) TL—ik
B, Y UVEERr A BOMEN OBRELREREL LTL<HALATVS,

— D X LBIGEHAR IRV T, KU A XV A S L— MEFITER BRI CHTR LW
LEANTW, Bx 3R EAGOERERMOBR, To#/—Y REERIILHET
A% OEEREMSBERSIZBVTHLEB T CHRIFICHEERTAZLERWEL, Zo
RIS % CE DA LTER[], hbDEfidRE e NVRAEEERFOZ &
A3, Cr(ll), AI(IIN), Ga(lll), I(VI)72 ¥ OBRRELRERE UV RHBFETH--, ZHET
DOBRYAF Y AZ L— MEED CE ~ORAMEIIEIZKERARTITONTE /288, $Hx
I3k —ERBRESERPCELIIEL OHEHENERTIZ LEEHALNI LTV, 5,
HYAFY AZ L— FMEED CE DIFICRIETHEDORENE., XY v F U VBLUFKIE
WOBBRIZHOWTRE LT,
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Beckman coulter #+3¢ P/ACEMDQ & iV EBR 252 e o=, ¥ ¥ €5 U —iZHNET5 um.
2870 cm, RS0 cm OBFEY Y HEERVVE, E—I R ERRBICRRY FRIE
2TV KU ARV AL L— MEEREZRE LT, REEAZRERDS 5 B, MESX

0.5 psific L > TITo7=,

BRLER

9. PO, P,0;". PHOs® & Mo(VI) & Déh
ARSIV TRM LR, WFhbkeE
WRCSHELZER LD o728, RIZTE =
NN E OB ETNT S L. ERES
BT THOBBICEERT 2 2 Ehbhots,
IOBER Lk EIZE £ [PMopOw) .
[(P207)Mo15054]*.  [(PHO3);Mo15045]" Tdr o 72,
Z DSREIED CE S ~DIEHAEZ B L=
LA, KBRICKBIEZERA L-BEITER
KBNS IZEEEN AL, AR ARATETH -
N, Y INVEEERABEDTZ =%
BMLEBECRBRF 7205 0%5B5
ZENRTE, SEB LN ERGEEIZ PO,
P,0;%. PHO; 12 DWW TH& 41X 108~5X 104 M,
2X108~5X10% M, 5X10°~1X10°M Th-
7=

—%k. THE CEREFR TIISEIAR L2V
L ENTWe NI(IDBRRSHEK—FHRIBRETE
BWRICE XD & BERE T Mo(VI) & 88T
BZLEERWE L, BeORNOBR., TV
& — 2 B [NiMoeOyHe] " DAER EHEBT 5
EMRTET, = @[NiMOﬁO:dH‘s]“‘fifi‘E?ﬁ) R

T T T T
o ®)
)
(C]
] 1 TR §
12 14 12 14
time/min Ume/min

Fig.1 Electropherograms for test solutions
containing (a) 1 X 10° M P,0;*,
(b) 1X10°M PO.>, (c) 2X10°*M
PHO,”.

Fig.2 The Anderson structure.

Ni(I)® CE HF~DIEAE2RATI L Z A, KBREZKBIKE T2FBBRE L ST CE,
DY ROGILITIRLRIZERMNBLN, FEZ, KEBRICHLT7TE2 = FIALEZEMN
TAHREL HRKBFEOSHBLEEBRTE 51EH), R yF U I7OBRICL Y EERR

2X107M &V BRESTNEEETH o 1=,

ALK, KBEFZO CE BRBRESBESHFICEALTEET U F—Y U8
M"™Mog02:He]*” (M=Al, Ci)%, 4 ¥ BISi"Mo),040)" DEIGH & k—H IR SIS R~
Txl-lid, Ha0BHRERETIo LR, R¥ XV I7HRICE DBEDR L

Abhie,
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1. Y. Nakashima, K. Kusuyama, H. Shen, I. Kitazumi, S. Himeno, Proceedings of the 19th Symposium on

Capillary Electrophoresis 40 (1999).
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Capillary Electrophoretic Analysis Based on the Formation of Heteropolyoxometalate
Complexes II. Determination of Transition Metal Ions.

Iwao Kitazumi!, Yoichi Nakashima?2, Sadayuki Himeno!

IDepartment of Chemistry, Faculty of Science, Kobe University, Nada, Kobe
657-8501

2Technology Research Institute of Osaka Prefecture, Izumi, Osaka 594-1157

Recently, we have found that the complex-formation reaction of polyoxometalates
proceeds rapidly even at very low concentrations of Mo(VI) or W(VI) and various
oxoanions, and the polyoxometalates are stable in aqueous and aqueous-organic media.
Since the polyoxometalates possess high molecular absorptivity, we have applied such
complex-formation reactions to the capillary electrophoretic determination of
oxoanions being capable of acting as central heteroions.

In the present study, we develop a new method based on the formation of ternary
mixed polyoxometalates in aqueous media. The present method made it possible to
determine various oxoanions being incorporated in the peripheral structure.

ZL®IZ

FhBE UV RREE-RVWEEBA 47 =4 % CE 94+ 5384, klhkiz UV
RN #FHHOBEREZ2EML., BNA AU PRES 2 EETIBEOADRINERET S
indirect UV iEN L <K AV BB, indirect UV EIIfHETIIH 20, FOREBEBRIILT
Lb@m<L RV, TR0, &BA A ICB L T, BN EBEN T & B\ e/ VRRE
RROEREERSE, BEOREXR STV,

FYTFUBA TRV I AT VEEA ALY VEBEA AR A BA AL e Y OBEE
BA A ERIE L THEBICKRERENMBREEERHDR ) AXF Y AZ L— MNEEEBERT
B, BAIZINERIAX Y AL b— FMEEERRIEHERESRGT TESMICEZS Z
EE#RWEL, CE fti~OIGRAZEITTWS, BiEl, ®) ITFUEA A RF VT RT
VEEA AV B RICRE L T Dl OBFHA 4> DRBFIT~DIERIZS>WTHRE L L,

EVTTFVBAT LRI VT AT VAT VN VA F T ~TOAF L LTHD
(ZHR D HAATE RBESEHEO RIBENLIC S TEREREEA A VRS LEkfli2 =R Y A%
YAZL—bElEE W, THETEZSDEZRRY AF Y AL U— FMSER SR EREX
nTw3a, BERBRPLOBREA A 20hxdghe LTW=olzxtL, 8, ZO=x
SEEDIANCENL T DEEREA A 2ot in e LTHERA L, St otiks: By
ELEH LWSHEORRBEERL T, TOER, s OBFZEEEA 4 ORIV TREF
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M 75 pm, 28K 60 cm, FHR 50 cm DB/ U HE RV, kB E— 27 JIE & FIRg
IZ PDA IZK D AN PADRIEZITV, RVAFR Y AZL— MEEORIELIT- T, H
BHIBSAERIA S 10 DEIEHEIZ I D HEA LK,

ERLEER

BYVTTFUVBAA LY VEBA T ERIERE L U AR T 5 RIBARGE KL R R
hel., EBAAL 2T R PETHHBERRIGIZOWTRMN L, BEEE. 7= Uik,
7 o oEfEE. RU~o VEBREERICOWVTHRKENRDOBRMN21To- ¢ 25, 7 oo
LLiEv o UEEBEARAERA L L EIDARZRR) % Y A 7 L— MEFRERRIRIC
LB —r BRI, LL, »oVBEERREERT3 L. 7 oo iSEaik
EERALEL JICHAEERAERICHHIZE L, 46, KBNEiLs oo BB Rk
FAWAZLIZLEE, ZO&R. M Fe(ID, VAV)., VV)MEUL LT = ook 4Rk
% CE SWICINHTA Z N TE R, VAV), VIWICE L TR ER b TR Tdh - 7= (Fig.
1),

KD BHOTLR RS BRIT, ¥

T v 1

IRAFUEEA AL &Y VA L R RISRE S vam
E Lo E2RAL, LL, ZD
RICREDRZE., TV ITTFVBAA LY vv)

BeA A2 RICREL LE=giFEizle <0
VORI ZET I EVIREN DT,

#ZT, 4B, FUTRATFUEAA L LYV
BEA A D30 B[PW1Osol”- KIBRISE K %
HoEMUHER L., THEARRMELHA

DEEREBAA L EOZTRYAX VA ZL—

FMEEAERR R OWTRM LT, F0RER. — }JL_‘ .
[PW10sl™- R IARIGEE 2 RIGRE L L5 4 6 8 10
& SEEERRRIGASER)NHE A, Time/min

BT SRMERERRYT 5 EATELLD Fig.1 An electropherogram for 5.0 mM Mo(VI) +
Al(HI)\ Ga(III)\ In(III)\ Fe(III)\ Cl’(HI)\ 0.5 mM P(V) containing 0.1 mM V(Iv) +0.1 mM
Zx(IV), VIVIORESSHHE: CE ST~ yyy (0.1 M CCIH:COOH-CCIH:COONa buffer
ICANTREL I o Te, (pH 2.0)).

AR

1. Y. Nakashima, K. Kusuyama, H. Shen, I. Kitazumi, S. Himeno, Proceedings of the
19th Symposium on Capillary Electrophoresis (1999) 40.
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Suppression of water evaporation from samples with a mineral oil-overlay

and its use in the reduction of a sample volume for capillary affinophoresis
Noboru Uchiyama, Yo-ichiro Arata, Jun Hirabayashi, Kiyohito Shimura, Ken-ichi Kasai
Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko, Kanagawa 199-0195

In affinophoresis, the mobility of a protein depends on the concentration of an
affinophore filled in a capillary. Analysis of the mobility changes caused by the
affinophore leads to the determination of an affinity constant. With decreasing
the volume of the affinophore solutions in a sample tray, the problems brought
about by evaporation of water become increasingly serious. The condensation of
affinophore solutions results in abnormal baseline, excessive current and aberrant
separations. We found a mineral oil-overlay can effectively suppress the
evaporation of water from samples without affecting the performance of
electrophoresis with an automatic CE instrument. A sample less than 20 pL can
be used without any cooling devices for more than several hours.

XU &I
FrETY—IZEATLIHRBEAPEFIIMETHEL LD, FrET ) —BRKEC
BIIAKELFEDOVEDTHL, LELEBNI TUVHOREFHMEIZRD L, KF
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BRISIX. 774/ 74TDREZEZLHETEFYESTY — %l LTY 2237 ik
TAWERTT 74/ 7+THOBRENETHLE R—AF54 VORYE AREERE.
BBl EFORMBANPYE L 5, KFFETIRKDEBIZCL LT 714/ 7+ THROBH*
Bi<CHEELT, BEHCI A INFANZEFG TS HEOHFDEERST L7,

KRERB(E
ORBDEFEROE

WAk S A% & (0.02% NaN; % &1 0.1M Tris-AcOH (pH 7.9)) 20 uL ZREt» v
7 (6200 pL) (AN, BB LI 25U+ 1)V (white light oil, Sigma) 2 &G L
2o THERBERNVY—IZAN, Ry POAST2TAFx+ v 7% LT, Beckman
P/ACE 5010 DR HE FL A1l P L7, MBI LICEELNEL TREDERRZ
BHLZe a2 bO— W ELTIAINFANVEERLEZVLOREY, A—4&4TT
Ao ENE L, V
QIAXATINAANDEXEST)—T 714/ 7L AT HEEOEE

F4 ki) I2 12 Beckman P/ACE 5010 £ V2 /2o ¥+ EF5 Y — (N1 0.056 mm, E X
270cm, A7 > ZNWVB) )T a—MNICT 74/ 7+ Tz LB, v —H— 7
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Simura, K., and Kasai, K. (1996) J. Biochem. 120, 1146-1152.
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Protein Analysis by Capillary Electrophoresis

Mari Tabuchi', Baba Yoshinobu™

!Okamoto Electric Co.,Ltd.

’Department of Medical Chemistry, The University of Tokushima, Tokushima 770-8505
YCREST, Japan Science and Technology Corporation (JST)

High Throughput Screening Systemis necessary for the protheome
analysis towards post genomic sequencing era. So in this study,
we investigated the development of the separation carrier, which
can separate proteins and peptides at high speed and high
resolution by capillary electrophoresis. The migration time and
the resolution of peptides depended on the concentration of
phosphate buffer. The addition of the polymer such as
methylcellulose hastened the migration time without decreasing
of the resolution, though the dextran gave the tailing of the
peak. The addition of the polysaccharide, which shows the
physiological activator, also hastened the migration time. These
polymer and polysaccharides will be proposed as the separation
carrier. Moreover, this saccharide could be analyzed within 10
minutes without preconditioning such as derivatization, though
the saccharide analyses always need the preconditioning.
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Y2 8/Xy77—(pH2.5). ROB/NY T 7—(pH5.5). FYR- KROB/Sv T 7 —(pHB.5).
ZAVE, SRRABGKELT, AFELO-R (B FR40A) . TFAMSY (9 FR10
A~20R) . A—=KS3». BETF2NEREFFYDA (SDS) . PIVEVEF RUD A, SE6&H
sz AVE, AZREE. BIE300V/cm YT 22933 8kV/8 sec T
fTof. REBER25CTELE,

BRREER
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CHREEEET L, £EREEMROBHOTMIL. BRHEOMA LERLMTRBESEEEZH
feo —RICDNASHRICBOTIE, EIVA—-ABBRLBEDRY I —BBEBERTIA V2%
FIALESBSTDIhTEY, DNA YA XERYT—REOMESREhTNS 2, LhL.
FRRTEUUENBROSNARY T —RERBERETH D10, Ay aDERIITORTES
T RU I~ FAIVDOHRTIILL< . FREBEE LTOERAEZEL TV BDEEZI LN
%, ¥t RUT—PEREEHROFMICK Y BESSEASMEEhAC L3, BB &k
ASHOREERANEZS5NS,

EHICSER~ (. LIEHEHE. F+ES Y -BRKEBIZANT, ABRARGRVAERNGZE
BBt dC&iIck Y. BRETREZAEE L. —RBRICHY O NOR. BHOF+ES Y-
TABICLDAHMISEMEANZ <. BUDIFRICIZ2- 72/ BV P ELKHFIBBRILRD
2ET 5, SEOBHOEERTII. RESALARRESTRRILENDC &T, RBESHHA]
&R D. KLY RORISBHBBORLDIMIESH. ChickV I O RBEOREE
HOHODHB, > THSERFENYRIL. §EROTOT 4 F—ARITOMARBIETED T
BETHDEEZASNSD,
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FHRRE. DMEREHIF - - EREEZAMREM (NEDO) #iga> Y — o7 ARRMRBED
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1) S.Yao, D.S.Anex, W.B.Caldwell, D.W.Amold, K.B.,Smith, P.G.Schitz, Proc.Natl.Acad.Sci.USA,
96 (1999) 5372.
2) BPEAF - ZZRT - KIBM(B . Chromatography, 20(1999) 27.
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Analysis by Capillary Isoelectrofo-
cusing of Charge Microheterogeneity
of p—Trace Protein (Lipocalin—-Type
Prostaglandin D Synthase) in Cerebr o-
spinal Fluid of Patients with Neuro-—
logical Disorders

Atsushi Hiraokat!, Kohsuke Seiki2, Hiroshi 0dad, Naomi Eguchi®, Yoshihiro
Urade3, [taru Tominaga4, and Kohji Baba4

tKyorin University School of Health Sciences, Hachioji, Tokyo 192-8508,
Japan, 2Maruha Corporations, 30saka Bioscience Institute, and 4Shimohusa
National Sanatorium

Charge microheterogeneily of B -trace protein (8TP) (lipocalin-type
prostaglandin D synthase) in cerebrospinal fluid (CSF) of patients with
various neurological disorders was analyzed by capillary isoelectrofocus
ing. Under the conditions employed, B TP in CSF was split into several
isoforms with different isoelectric points and their patterns varied in
association with some diseases, suggesting that pathophysiological roles
of this protein change depending on pathological conditions in the cent-
ral nervous system.

1. QUi

BML—XEHE (BTP) (YRAYIBFUAN S FYF 4+ 2D EaBEER)
i, P EEHE (CSF) BEEPTMU & S5 T2 IEAER (CNS) Kh¥k
TAHRLTREERDLDBEOZT VA THY, CNSIEHY 5 EEMEES FOBIXE
EKRUBRROMAORIELFODTIH T 27,0000V 7 VRS HEELTH S,
BAlL, EREBOEHCFPO O TPOERYEGEBIC DWW TEEE{LZOWIEL
EHTETHY, BIEL T, CSFHD O TPEEN, CNSOFEMKREQOHIBE
BRUBRMRBREEEUDVWITLRT3CERUBTPOED & 5 2 |ATIE(LYS, *
M molecular mass microheterogeneity BHSEENH S &2 MG U L,
SEWE, ¥ vEFY -SBATRRKY (CIEF) BHVT, @AOMREEDEE
& V&SN CSFHD BTPD charge microheterogeneity 24T L, BHERL:{L%
BRI B 1T 2 2o
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2. HRRUAE

(1) W BMAOMBREOEZFOARDOEHL VGO hRCSFRKkLY, &
DIRAZB2HWT, 3 FB1 -6A0EATEOOHE - HiEYVA2EL 2EE
H'ﬂlgﬂgbf«zo

(2)'CIEF: eCAP™ Neutral Capillary % reversed polarity mode CTEEHEU
fzBeckman PACE/2000RUE8EHIL, Nw oy (HNw Iy 2-1¥5-) HO
Taba-MZUlMo2TiToke COFEW, focusing DT, 28X h
REEHEVPRRAERZBRCHMINTHRELS (280 nm) 2@l 5LSX
¥ % one slep ANDCIEFTH %,

(3) #0fs: electropherogram LB % BTPOY — 2 OEER, Hikike
E)70FPLMERASLARPULIBAILBTAYZEE -7 OBINEERICE VEE
BUlese X, CSFHRATPAMIEE LT RITHIEE (ELISA) TEEL, EOHlE
Bt —-rmMEHLDOIELLY, BTPOA isoform OHEFZTRIRFT U L.

3. HBRRUBER

CSFerD B TPIL, electropherogram iz iz & H4D®D isoform OE —F 2
AU, Tholl, EBAE (pI) M/ 4 4.6-4.8, 1.9-5.2, 5.3-5.6 RYU 5.8~
6.0 OEWMILH R ELBIXTORBEhE, BE-IJHKOEERIUREKI L
I RRZY, X, AUVAROFTHEEOL - IAMPhIT LbH 2R,
LT EORIKTD pl 4.6-4.8 DE -7 BFEATH oL, X, —HOKRE-
T, pHEMLBLT (4.1=-) RUG.0LIE (~7.8) &b, FRADBTPOE /
2 FNIERD N I LAMBRICHEETEE - BRI LRV, ZREATFTLAD
WHELLSOMWHRANIW 3 RAABORBRDVC LSO OYENEHER D,
BTPORIEBRMETE M oke ELISMCEBHNETHS N CSF STPOLRH
EL LREHEDOLTP isoform(s) OBEMEHLPELEL S, MIMERERU
M e B SEMKBOMEENOEBE T, EEUT pl 1.6-14.80majortiso—
formD WM D &ESTWTCSFHD ATPL XIS EW s TWhY, RIIHEHEDS 3
HEENHRERVERIICHM VOS5 AMEFLGE T, pl 5.3-5.6 DHFUE
ED7NLAYVRMD ninor %2 isoform BeLOIZCSFRO ATPRIEMU TV, X,
BTPD minor 72 isoform THATHEMOH B ZOMDNE - D55, pHiEh
1.2 £ 0.1 DbDIL, MEBERE DB S BHCSFDelectropherogram LICD &
ﬁﬂjsnr&o

CNSBREUR BEEIT O MM BROFELOHFRICB W T, CSFfha pTPIL,
RN FOERYPHFEYHEESUTINSHh s RKIFMAEU L I B2 IE-
TWaELHRYh, —F, PTPOAXFRERRUBFICBW S microheterogeneity
OEH, TOLIRBEOEILEFUODVTVEEHBEX SN S, CIEFDelec-
tropherogram bl X h 2B isoformDpl i (B L WKHPWICER->TWVA)
DEHE, BTPAFHO2EDA Y IHRHHATOY 7 VRBEOHKDERICL ST
DH2SY, BTPREAUVTVWANBERA TOMERC LS THREERITL
%ﬂﬁﬁﬂi)’ﬁd’u%o

X, electropherogrambClt, ai-acid glycoprolein, Bez-microglobulin
RU 7 -trace protein QE~7 R - AETh, EALTPERMUBYILREL
BUDLVREBEMNEFRRUTVWAIENTRBREI T2,
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Temperature regulated elution of the glycoproteins from the lectin, hapten

sugar and temperature-responsive polymer immobilized capillary

Hidenori Yamanaka, Hiroyuki Sota. Kimihiro Yoshizako,Yukio Hasegawa
Amarsham Pharmacia Biotech K.K., Tokyo 169-0073

Fused silica capillary inner wall modification with the lectin and hapten sugar introduced
temperature-responsive polymer was successfully achieved. In this study we examined the
feasibility of the temperature elution of the glycoprotein or sugar derivatives as lectin affinity
capillary chromatography. The model system was constructed with lactose, RCA120 and poly(N-
isopropylacrylamide) (PNIPAAm) as hapten sugar, lectin and temperature-responsive polymer
each. The lactose derivatives was bound to the RCA120 at 15C. And the bound lactose
derivetives was confirmed to be eluted from capillary at 35C.

Keywords: lectin affinity capillary chromatography, glycoprotein, temperature-responsive
polymer, LCST
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LTWa,, 0. &oIlMunEHLr o T2H2BHBLTCE IO ATFLREA
LEBIZXFYET)—NELOLIF U \DT 7 b —AFEBOBH IS SRR DL
B NTF e FICBEOAIIL-Ta s PO - VTETHAELHERL

ES 5

FrET) —NENDBEIEE L AT LAOMEL L UREERIUTICRLAFECE
k) ‘,ﬁ:’) 7—'0

- 214 -



20" Symposium on Capillary
Electrophoresis, SCE2000

1. BELEES AFLOEHK

DMF T, £1V70EVTIVTEY) (N-T2)a4 8% A7 4 3F) (pNAS) D R
704 I FELETHIC(0%ERE) BT A3 L Y KBHIC Lo ZOKREH KR = —
% PBS Ny 77— ICBBLIEBICB-F7bIMLTIVERIESETZ P — AR
PNIPAAm(PNIPAAm-lac) % {E& L 7zo T PNIPAAm-lac ® PBS /Xv 7 7 —iBlz7 3/ 7
OQELSY A TRBLTT I VEFHEALLFYET Y —IZEAL T PNIPAAD-lac D3
FLTWDRAZ V4 I VELZFIAL TAEILE1T > 720 Bi%IC RCA120 D PBS /8y 7 7 —
BREEAL T, ZOEEIL & 17z PNIPAAm-lac (2 RCA120 %3 A L 7=,

2. VAT LDRREE

LROIIIER L RFABHF Y ET) —ICEFMEEMEL TS 7 b —REHEKEE
EEDOREICKEREMLIERIZEA, SifLL, SHICFYET Y —HOBELEL
EHTHOSBFUN Y 77— XX ESY—RIZEALTHF Y ES Y —HNICHBELTE L
PR % UV(214nm) |2 THRIM L 72,

BREER

BEEEBRT I5SCTT 7 P—AFUEKZEALBIIFYETY) —EOREL 35CE
TLASELHEITIE, RCAI0 ICRIFSN/AT 7 P —AF UKD 90%BENBFH I
HHNER SN, Thid, PNIPAAm @ LCST Btk D 53 FDILA ) DN IZ K h Ky =
—FHIEAEIL SNV I F L ENT T VREOMEEANREICL - THHTE2H %
RMET 5, LCST 135 7 b— AR U RCAI20 DEARIZ L W IETEETH Y. SHINDEER
TR ISCTTHEMET o720, AR L TRBEHRBRENETELN0TSHEK L HEW
BECHEHTRELEATAILHBRTEITFETH S, COVATLZHRATNE, VHY
FEEEELAFYET) —s 07 P RUBRKINCBWTINT T U2 ERETICE
MR LBETATELOTREEBE LT MS PMERATE, BEEHOTHEIL
LR SO (I

B
AR, BEYEOEXHFEMAMERREMED L LT, LAV F— - BEK
WEEMEMRML ) ZHEXITTEBLAEODOTH S,

B4

1. Hideko Kanazawa, Yoshikazu Matsushima, and Teruo Okano, Trends in Anal. Chem., 17
(1998) 435. (PNIPAAmM IZLBRE/0~= I 74—)
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Sample Reduction in Electrophoretic Carbohydrate-Protein Interaction Studies
by Laser-Induced Fluorescence Detection

Atsushi Taga, Tomohiro Komeya, Mariko Ujimaru and Susumu Honda

Faculty of Pharmaceutical Sciences, Kinki University

Abstract We have shown that capillary electrophoresis is a powerful tool for studying
carbohydrate—protein interaction and have developed two systems for this methodology, i. e.,
the normal and reverse systems. In the present paper we describe further extention of this
methodology to allow for ultramicro analysis using fluorescence tags. Association constants
could be determined by using a 2.5 nM NBD-labeled protein sample in the normal system,
and a 25 nM 6AF-labeled carbohydrate samples in the reverse system.

1. ZLsic

HESDINW—TTRF Y ES ) —BKIKDY (capillary electrophoresis, CE) IZ &k 3
W~ 5 o ERREERAOBIFEC DLW T —EOMEZTV. ZOHEKLLT
DAY FSEREBBF TS N IBEESHMT 5% (normal system)? BITH )37
HEBKBBFTA A MIHY FESMTTSFK (reverse system)® D 2 DDRZEHE
MTBHIEDTER, ChSDHEEBWTIREN SR Z1T 535S, normal system
T 100 ug/mi~1 mg/ml (# uM~E+ uM). reverse system Tl 100 uM F2RE DI
BEIEITH D, 1 BOMTICLEREHRE LT, ZhBhB+ fmol BLT
¥ pmol LRV EBHETH 3. ShIE L —F—EFE8E (laser induced fluorescence,
LIF) MHZRAWACLIC LIS EHMBRET 2 AKICODVWTRET 21T ok,

2. EEB

CE %18 : BIO-RAD BioFocus CE system Z i\ o L —F—XHEE7Z VI L —
Y—% /= (Ex 488 nm, Em 520 nm).

2. 1. Normal system : ¥+ £ 1) —IZI& Polybrene—polyacrylic acid 2 @3 —7F 1 »

YUt72—XEY)HhHE (50 um i. d, 45 cm) 26 LUk, KBRS 7 b—2X
@ 2-mercaprocthanesulfonate (MerES)? FEAEZFML = 25 mM V) VERIREIE (pH
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7.5) ZR\W, HINNEE 20 kV, ¥+ ES5 ) —BE 25°CCESKRKB 2T oo SR
QA7 b —ABBL VF L THBE—F v YL I F> (peanut agglutinin, PNA) %
R\, 7-nitro-2,1,3-benzoxadiazole-4-fluoride (NBD-F)® 1= & b 81¢IE# L 1=,

2.2. Reverse system : ¥ v ¥ 5 U —I{Z{ polyacrylamide I—5 4 > 7/ Lk 7 2—X
FUAE (SOumi.d,39.5cm) 2FALE. H57 b—ZABBL I/ F o THBERE
L7 F > (soybean agglutinin, SBA) Z¥&HN L 7= 50 mM V) > ERAEEM (pH 6.8) % ikl
HELTHW, BIMEE 15 kV., ¥vE5 ) —BE 25°CCBRKB 2175/, i
KA JEF—R (melibiose, Mel) B L F 7 b — 2R (lactose, Lac) D 6-
aminofluorescein (6AF)*Y FH&E &%=,

3. BRLER

3. 1. Nommal system : ¥ YNV BHEFBERLETEZORIEBNWTEHBEREDEA
CEDORBEEIELTILIBEI LD, HS 7 b —X2EBMTBILiICL
hEEYM P E2FRELEBELY A MEERTO T EHHAL 2T o 2IBED NBD-
PNA @D MerES-Lac KNI 2GR EE2HBLEL T A, BIFRSOERI B,
NBD-ZWV¥ = 2 BBIEDOY—A—L LTHEAL, 250 nM, 25 nM BXVT 2.5 nM
@ NBD-PNA %&l#t& UTH MerES-Lac EAEHZRELEZLI A, WTFhbiEIX
CET01 b= 1% (b

3. 2. Reverse system : MESDIN—TIBNVTAFIVF7 I /{tEAMNL T NBD-F
LEITICLCLDEERET LIF MHTE2FBEMFCEEBICBER LD 9 B
-NBD FHHGDEHELFL I NIV ELOBSIKBFEEDEIS /NI W=, K%
KBWTHBIE7ZI /Mbick b 6AF L L7z Mel 3L Lac 23 LTHWE, £
DFER. 25 nM EHED 6AF-Mel 3 &L U 6AF-Lac 23kl & U T SBA SHEWKBMPTE
SKBIZTOCLiIcL b, FhEhoX SBA BEAERE—FRETHLHTEL,

4. Eam
LIF-CE ZHWa Z Lic & b uv kit & AW 256k 3EIC R T normal system B XU
reverse system ORICBNTH 4 FFOMBRIEHAIEETH o 7=o

1) A. Taga et al.,J. Chromatogr. A, 839, 157-166 (1999).
2) A. Taga et al.,J. Chromatogr. A, 837, 221-229 (1999).
3) H. Kanazawa et al., J. Chromatogr. A, 763, 23-29(1997).
4) C. G. Glabe et al., Anal. Biochem., 130, 287-294 (1983).
5) G. Okafo et al., Anal. Chem., 69, 4985-4993 (1997).

6) S. Honda et al., Anal. Biochem., in press.
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Analysis of Milk Oligosaccharides by Capillary Electrophoresis
Shigeo Suzuki, Saeko Okuda, Miwa Kurosaki, Naoko Matsuura, Atsushi Taga, Susumu Honda
Faculty of Pharmaceutical Sciences, Kinki University, Kowakae, Higash-iosaka 577-8502

A convenient method was developed for the analysis of free oligosaccharides in bovine milk.
The oligosaccharides were freed from proteins and greater part of lactose was removed by
treating 500 pL of milk with ethanol, followed by size exclusion chromatography on a Sephdex
G-25  column. The oligosaccharides thus obtained were labeled with
1-phenyl-3-methyl-5-pyrazolone and the derivatives analyzed by capillary electrophoresis.
Excellent separation was obtained by using 150 mM borate, pH 9.7.

[EL®HIZ

LI OFLH PICIdkR 4 oA ) TENTFEEL. £ 61 Bifidus factor & L TIHBRNTY
O—7DHBIZHFEGL TR EXRMOENTWS, BEIZE FOILHITHOWT IR
ICREAY TEOHEPREINTEY, AKBEDRR L LOBEEIAEINL TV S,
LAaL, &t FORBREFBICEBEOFENY VOHIHICHOVWTIEHEVHENEATE LT,
) IR —ESHL-RELRL-OR, £ THRA4IE. SETFEROEL L S U
O UNILPICTFEET DA IEE ST H - OfELFiEE RN L,

EE

R FLEFRREZEOTEAY, VOMLIZAERNZMP # (ARFEREE) H»
LitE SN bDEHAWE,  LHNLDAY TEDOHEN  RESDFE "HEL . 49,
500 uL % 70°C T 30 ZyMIINZA L. W%, 5000 rpm T 10 . B LHBEET-o THOLR
=B 250pL iz / —/A 500 uL 2%, 4°C T—RIKE L1z, &KV>T 5000 rpm T
20 min iE-LOBER TV, EWEZIRAEECE L. BEK 500 L iIZ7AfZ L7 5, Millipore
Ultrafree (cut-off: 5 000) CA18 L, SephadexG25 # 7 A2 ua~ NI T 7 4 —iZ &k » TEHE
eI h—RA%BRFEL, 1-Phenyl-3-methyl-5-pyrazolone(PMPUZ L 5 A4 Y iD=
B2 REHZ 03IMKBHEF FY U ABLUO0SMPMP A4 ) —AERIRE & SuL Nz,
70°C T30 fME L, KIE% 03 M BB SuL 2MxTPFol, BE L=, KWVT, K
0L icEfE L, BRIOREL 20uL D7 ook A ATIEHH Lz, KBEZEEL., K
100 L ICIER L= b2 oFARENE L, Xy 7 ) —EKRIKkE) : EEIZIT
Hewlett-Packard *°CE B 2##FEHA L7, ¥+ T Y —IZIZHNR 50 um, HEHE 60cm D7
2a— X R ) ARV, KEHRIZIE 150 mM R U BEBETR (pH9.7) Z{EMAL, 20kV
ZEIMLUTHOH L=, BREIZ 245 m IZBITARIRERETHZ LIZL VIToT-,
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BRLER

AV TREOHE : FILITITEBIECIEAN S ETND £, HEHEA ) THED 0% L% 5
J b—ANREHB EBMONT VWD, £ T, ko LR BEL BRI LI-ER.
SHEFELDHTREL, TLa—ATH LUV ALEHTEEXYE, @ROF 2 F—2
IX Sephadex G-25 4 7 LA E FAWTRETH HEN K@ Th > 7o, NEMEHEIZ A Y =L b
VEF—RRF = B ERVWTERMEEZRFLIZEZARSDIZIBLE 5% TH T,
HEINTNIBELKIZ SHBREIZLD L OICBEREL, RBROBIEIZLVIEHE, # 3
JEBLVOZ 7 b—RERELT, SEREORE: AV IBEISWNTIERHFLLT
SENBE/u~ b ST T 4 —F— FORUVBEEKE— NREEZRFFLIZLEZ A, pH
9.7 ® 150 mM K 7 EMRER & AW BRICE L BIFRABES B ON T, HREFLICOWT
BoNEERL Fig. 1 II77, BHELRLEOEEK, RNz 7Y arF—EiHbo
HRIY —IDIi3LAENRAY TERERTHY., FHLPIZHE M ERKRIIEEZLSD
WREA Y TERFEETH I ENTRENE, PRI OVWTHRERICAITR21TTo12 & 25,
Fig. | IZIZFELL L=k ¥ — o B ohi, FALB I OPLI DWW T ORI D E—7
DHBEIZSWTIHRAEL2GEITPTH B,

&g X
3 - g3
1]
] 3
25 “ z
g
8
20 g
£
g
2

15+

Absorbance at 245 nm ( x 103 )

1 N

T v 1 N ) T T ' LI ' 1

5 10 15 20 25 30 35
Migration time (min)
Fig. 1. Separation of oligosaccharides in bovine milk as their PMP derivatives. Capillary, fused silica (50

pm i.d., 60 cm); running buffer, 150 mM borate, pH 9.7; applied voltage, 20 kV; detection, UV absorbance at
245 nm.

Sk

1. A. Kobata, K. Yamashita and Y. Tachibana, Methods Enzymol. 50 (1978) 216.

2.S. Honda, E. Akao, S. Suzuki, M. Okuda, K. Kakehi, J. Nakamura, Anal. Biochem., 180 (1989)
351.

— 219 —



20"* Symposium on Capillary
Electrophoresis, SCE2000

|3222 FyrbEo) —BEEKkBICLEBFVI-F 0D
R 3 B 55
GRS AE) O, B|E, BRMSAE. AR

Study of Glycogen Structure by Capillary Electrophoresis
OAtsushi Nishikawa, Atsushi Taga, Shigeo Suzuki,

and Susumu Honda

Faculty of Pharmaceutical Sciences., Kinki University

3-4-1 Kowakae, Higashi-osaka

ELC®HIZ] FvED) BRI (CE) ROBEFEN X W/HBE O & 5 &S
DEVNVYEHOLICIRED B TWBHEEZSNS, LML, —RITEHEIZIZA A
A<, ERLRAHCREAFANZV -DEEMTIIR#ETH O, FEEENHLEL
725, fix OFEECENBEINTEEY, IhsiCidEitt. S 7IVBEOEM R
B, RIBZEORANSOBMENRH DD, Y7 — T TIIHE 1-phenyl-3-methyl-5-
pyrazolone Z 5 Jiik (PMP i) ZHAEL. IhEN—F 1 k& U TIE M
LIBT3 DM REEHIT TN S,

LR DOWENRDZTO—HETH D, FEEICBW T, flix OFFR TKFELBE S N3
Bk, 4) TBE% PMP AL LT CE T A LICKDENIBERBER.
NEHZLTT) T D OMEICETAER 2T /=
[958 )5 #:] CE: Waters Quanta 2,000 G Z W TIT> /2. F+ £ 5 —IiZid Polymicro
Technologics fLBD T 2 — X R U BE (NESOumKEI 58cm) ZHW. BKitlid 254
nm (ZBTFBENBRIICE DT>/, BE¥# © a—amylase (Bacillus subtilis), isoamylase
(Klesbrella pnewmoniae), 3 & U pullulanase (Pseudomonas amyloderamosa) 13T H-F ¥
#iIR, Sigma BLUICN KLV AFLE. )22 —%4" 213 rabbit liver (RL). oyster (OY)$
LW mussel MUNSEEL72HDZENTNS Shigma L O AFLTEDOEEFHL -,
FHEMAAL : BE$R(Honda, et al., Anal. Biochem., 180, 351, 1989)IZHfVy, PMP I2 & 0 Fiifk
kL 7.

(- %3] Y- 2hRal6 MiEESDal-d4 BRIV THBI EIIHS»
S5HENTWAMN, BUORIITNA L THETARADHMMENEESESRK -1
WX RO HREBHFICLIDZRTHALIIZ. VAT NIBVTHNHDO TR
ARG AR PR R IC K > TEVICRARS LB TFHINS, TITIDLIR
HAME DBV ERAND DI, EERFREORLSHi4 OKFEFEFREZHVWTS Y 21—
FUoEMEEL. ERL-EERA) OE PMP S8 E LT CEMIT A HEREX,
DGR D ol L Z2 1T 72, 7

IR DHTE NS OBERICEDERTAEREIIVWITNS /I A—-—ATHBH,
F) RIS E. Bl SARFIZLoZRIZhbiE3, REOBRINS DA
) TR BB IR UBEERLE L TOYV - BRKMNR O A HEE—RTHB
EMREN, —RICT VAV HOFRUBRBRIRIC K7 2 IVEEEE T Y ™7 L (SDS) & #R I
LEBbOEKBHIKICTSE, KNGS, COLDIREHTRERRERIIE
B SEREANEWEETHEN, BEOEWA) TRIZEBH Y1 XN ET W
LORBBAZIZERINBZESVINISENSORBRELS BN,

ik OREHIZ LD KMY D BHOVINNIIIME 4 OKBEREESISNTBD, £
NSIRMAOEBERFRAEEZ B - TVS, HlZIT a—amylase (EC 3.2.1.1)03 w14 58 %%
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REZOH L CTRiXOESEEZH DA THEAWEEM L. iscamylase (EC 3.2.1.9)l3
al-6 BEZYKMLTY I O—ARKAY I8/ EHEADEERT S LEbh TS,
£ 7z, pullulanase (EC 3.2.1.42){3 iscamylase & [F4§ o 1-6 F5&ZKMRT BH, CEk LTI
VA= VIR RERTHI LTS,
ENTNORBEHEZERL. HoNAKHETHY -5 ER (MU) % a-amylase,
iscamylase, 34X pullulanase TH{LL, R L BB I OA ) THE% PMP FHk s
LTatHL=&IZAFg 1), TNTNOBENEWICRRIHERE2EX /-,

- —~

a b c

Is ' Is
—_ \ lﬂl ‘, ' Al 1s
! vl , .

) 1 ¥ 1
[} 10 0 10
Migration time (min)

T
0 10

Fig.1. Comparison of the oligosaccharide patterns among hydrolases. Capillary, fused silica (50 £ m i.d., 58
cm); running builer, 200 mM borate builer (pH 8.2) contg. SDS (200 mM); applied voltage, 15 kV; detection,
UV absorption at 245 nm; sample, glycogen (MU). a: & —amylase, b: isoamylase, c: pullulanase.

TROLEIDOS ) I— U ERIZH L T a—amylase IH{LMIT LB BEM/Z /Ny — > &R L,
SHEASED) THIIESELRL DN o7 (a) AL, iscamylase 12K B AERMIIREREIZ
SESEFY IEELERIZERL T (b). F£7-. pullulanase 2K B ERMICIIEESE
DAY TENZRICEEN, BICHESEDF ) THIIBHEOR DL 7 ().

Hx07) a7 > s OERYOLE Fig2 3fficoREMNSEHESN-F) -4
EMmZR—4 4 T iscamylase TIHILLERBRMESF LR ZRL TS, &EMIT
REBSINI—2ERL, —REEOBVWEREL TS,

a
M ls
) ol
0 10 0

1A 0 10
Migration time (min)
Fig. 2. Comparison of the oligosaccharide pattems among glycogen samples. Running buffer, 200 mM borate

buffer (pH. 9.6) containing SDS (50 mM). The other conditions as in Fig. 1. a: RL, b: OY, ¢ MU, [S:
internal standard (cinnamic acid)

COESIZTY -5 OMBREEROMADL S ICE—RDOTIRAL, BRI
KO BHEDBNADH B Z EARI NI, €L TENS OEGEMITICTIE E1R DK ARE
FREXZIDERTIHEHONFHENTH D, PMP FEE L L TD CE HMERNTH
BIENHASNIR STz, BENBZSOISITHFAMBRITNET I TH 5.
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Separation and Detection of microorganisms by Capillary Electrophoresis with Laser-Induced
Fluorescence Detection

Tomoyoshi Shintani ! Kazutaka Yamada 23 and Masaki Torimura 2

!Industrial Researech Center of Ehime Prefecture

*dpplied Microbiology Division, National Institute of Bioscience and Human-Technology, AIST.

?Research and Development Laboratory, Kankyo Enginnering Co., LTD,

A rapid, specific, and inexpensive method of detecting Salmonellae infection in poultry is necessary to
reduce human outbreaks. In recent years some more rapid methods of detecting Salmonellae have been
developed. However, these methods are not directly detectable in low quantities Salmonellae. On the other
hand, capillary zone electrophoresis (CE) has gained increasing potential not only in the separation of charged
molecules but also in the separation of particles and biological cells. We have developed a CE with
laser-induced florescence immuno-detection (CE-LIF-1D) system using a polyclonal antibody for the detection
of Salmonellae. 10 cell level per injection (10° cells/mL) of Salmonella Enteritidis for pure cultures was
successfully detected with the CE-LIF-ID. The CE-LIF-ID is conveniently used as a highly sensitive bacterial
counter in clinical, environmental, and industrial microbiology.

LIS

1999 £ I AP LELBDIFTD 111,00 N)HBHNVEFTEFFEIZLZODTEOHEULEL
MmEmizH n, FEF 7 EPHEOREIOFROLES L UREEOBILIZIEIHVERFOERE
YHWMTELMBLFEOMBILEEIND, HEROERFIE STV ELTBRBERIRG S
W& 4~6 HEOWMErLEE SNE, —HTiEHoBRERBYEHELL, =172 7L —FEH
W/-ELISA i DNA 70— 7k, 70—H 4 b A bY =L EHEAREIN TS50, BHER - &
fE- ZAFPETHRICHHIETEI TS EEIFVE#YV. BEF v €5 ) —ERKINIZ X 24D 05
BTN D L Y% o 7oh8, EAERELIC T CRE TR 5 RIEAE O N3 B O R4 Pkt Hoi
Lvy 153, REFETIE, Bm - EHFTHEH 4 OREPOBIEY VE 4 5 RE 2 RE1 o RMICK
ST 2FEOMBEEMNE L, MEDEERTI2ELREFELTEALLF v €T — BB LR
BB 2WTHE L -0 THET 5,
ER

WHEF v ¥ 7)) —WaikEht P/ACE system MDQ (Beckman Coulter) # AV THT o7 F¥EF Y
—i3Beckmantt® 7 — X F ) HE ; NET un. BE 31.2 cm, AHE 21 cnZ v, BEYO
U488 mT N T 4 4 ¥ L—H I L highie & &, By MDQL — W el KT 1 7 7 7 (530
nm) i2 & D EHME L 7o HFEAIEIILIVE/DEAD BacLight Bacterial Viability Kits®SYT09i% it
(Molecular Probes) & UFITCiZ#Ant i-Salmonel lapitk (Kirkegaard & Perry Lab. Inc.)®#H w7z,

M #k(X Brucelllasp. strainKYM-1, Stenotrophomonas sp. strain KYM2, Acinetobacter sp. strain
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KYM3, Comanonas sp. strain KYM4, Aureobacteriumsp. strain KYM6, Cellulomonas sp. strain KYM7,
Agrobacteriumsp. strain KYM8, Escherichiacoli 3 #, SalmonellaEnteritidis & S. Eyphimurium
DE 12 BRE AV 7o,
HBRLER

HEF + T Y —BKRikEh % Hv> TSalmonellaf§ T % S. Enteritidis, S. Typhimurium® 2 #:{2
DWTHEERI % KA 78, BacLight SYTO9T A MM % BiRAICH AR L /o a2tRia T h &
Ny —TRE-ZELTHHRETE S Z LR TEL (K1), —F . FITCH#Anti-Salmonella
JifbiZ & ) Salmonella B D MM KRG £ 45 RANZEBEM L 2H4E . S EnteritidistIE1 & [ U ik&h#
BEELOE—2 L LTHRBEN: (H2). SO¥—2 25H LEXEHBICL VBB LI AH
KRBT HIEMROFELEIEL SN, ZDHE. 7Y —DFITCHL{EIXS. Enteritidis & k& 842 CBF
pEEN, 512 APAEDSalmonella/BiF R4tz & 1 10D IESalmonella BARELFET T F0iR
Wit AGEERRO R d o7 (H2), FITCHE#iAnti-Salmonellafiifd % 45 £ 19{2S. Enteritidis
EEASEARILIZEYD, HEFY YT —BRKBIC L 58 EnteritidisO ik (1081821 ~
W, IRIETI10% cells/mL) HATREE % o 720

100

STyphimurium

S.Esteritidie

cnl
3
3

S.Enteritidis

°J * ‘t B2 FITC MM Anti-Salmoneila i1 & AL = S.Enteritidis

0 s 0 ORRAF v U5 ) —-REARIC Xk DM

Minutes

B 1 BacLigth(SYTO9) £RIL 1= SEnteritidis R U
STyphimuriom® ¥ & £S5 ) —RMABI< & St

AP R LAERAAEAALAXY S ) BRI, B4oREBOVIVERATHE
BH LR LE L3RR LICEMMISRINTE 20, Y ILER T RABHOHIERUMK
BWTHRALHRERILTE R EEZ LN S,
pa
1. J.M. Schneiderheinze, D.W. Armétrong, G. Schulte and D.J. Westenberg,
FEMS. Microbio. Lett., 189(2000)39.

2. D.W. Armstrong, G. Schulte, J.M. Schneiderheinze and D.J. Westenberg,
Anal. Chem.,71(1999)5465.

3. R.C.Ebersole and R.M. McCormick, Biotech., 11(1993)1278.
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Use of a magnetic material for an aid of analysis and separation technique applicable
to red blood cell

Yuji KATO', Shinya KITAGAWA, Takashi OKUDA?, Takao TSUDA'

'Department of Applied Chemistry, Nagoya Institute of Technology, Gokiso, Showa,
Nagoya 466-8555

Department of Materials Science and Engineering, Division of Inorganic Materials,
Nagoya Institute of Technology, Gokiso, Showa, Nagoya 466-8555

Magnetic field is not common in separation process in general. However, it is relative easy to
handle, and has a unique character to be able to pass through glass wall. We tried to use
magnetic field as an additional tool in separation and/or for manipulation of red blood cells.

A very small magnetic particles, of which size were several tens square micrometers, were set
in capillary tube and manipulated from outside by magnetic field generated by an electromagnet.
When red blood cells was set inside the capillary, it came to possible to push or expel a red blood
cell by operating the small magnetic particles.

As red blood cell contains a lot of hemoglobin in its inside, they are sensitive to magnetic field
in some extent. Therefore it is possible to force to move them by magnetic field which was applied
from outside of capillary column.

This presentation is rather initial stage of experiment, it is certain that magnetic field would be

valuable and possible to use as additional tool for separation.
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Concurrent Observation of Red Blood Cells at Single Cell Level
with UV Detection and Microscope
Norihiro Yamauchi ', Shinya Kitagawa :, Takao Tsuda ,

'Department of Applied Chemistry, Nagoya Institute of Technology
Venture Business Laboratory, Nagoya Institute of Technology

By using capillary electrophoresis, human red blood cells were separated at the single cell level.
In the study of cell biology, it is important to make sure the cell properties in each level. To achieve
this, we tried to use concurrently two methods of detection: direct microscopic observation and UV
detection. Red blood cells migrated toward the positive electrode under an electric field because of
negative surface charges. The injection of diluted blood sample gave an electropherogram in which all
of peaks were almost equal height, The peak position in the electropherogram from UV detection
corresponds to the one from direct microscopic observation. Our finding is the first report to present

the fine separation of red blood cells at the single cell level.
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Figure 1 Electropherogram of RBC by monitor
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bovine serum albumin
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sample: whole blood diluted to 50
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Figure 2 Electropherogram of RBC by UV detector
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Changes of Free Amino Acid in Cheese during Heat Processing
Toshie Tsuda, Shiho Takeuchi, Masako Yamada, Yuji Nakazawa

Kyoritsu women's Junior College

We eat not only Natural cheese but also heat processed cheese. The flavor is created
unique from natural cheese during heat processing. This study compared the
quantitative determination of amino acids in natural and heat processed cheese. The
CZE and HPLC were applied for this determination. The cheese examined was
Mozzarella cheese.

CZE analysis of amino acids was performed with CZE Quanta 4000 (Waters) with the
following conditions : run buffer; 50mM borate(pH 5.0) plus 75M SDS plus 1M Urea,
37.5cm X 75 pm L.D. fused-silica capillary, detection; UV absorbance detector at 254
nm, applied voltage; 6.5 kv.

These results indicated that heat processing at 150~200°C was related to the
improvement of the cheese flavor.
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Fig.1 CZE Chromatograms of the Free Amino Acids
extracted from Mozzarella Cheese
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Analysis of saccharides in foods
Takako Kawahashi, Katsushi Sasa
Otsuka Electronics Co., Ltd.

Capillary electrophoresis was applied to determination of saccharides in foods. Derivatization
procedures were used since saccharides do not absorb in UV. These requires many preteactments.
Three saccharides were separated and detected with indirect UV detection under strongly basic

condition. This method provided good reproducibility.

TLDHIC
BHEIIREAZFL VO MK PMP(1-7 2 Z)V-3-2 FV-5-¥ 50 )% AP2-
TIJEYTYY) LI AFUEEERAVEINASLITbATE, LALIR
O OFFBARILIIMEES OB ZLEL TS, FIVBAL Y LORBIZLBEA 4
USSR ERE L EEREED LT HE SN TV A, BEL 60CIZ LT
X T TEEX/LONEVW L L HHERENIBAISHm)TRE L T3 202 E
BORE TRREWOVEL R ATREENEVE V) MEEHH S,
EOBBIIEHERL VD, BTUA ) ETIIKEEEVBETLDOTERAA >
ELTOEMET T, EDIDA A HERELXBATLIILELLL 7~V —VER
KINETHHT B ENMREIL 25, SE. BTV A IBUEGHETTI ¥4 7 b UV
ERERATAILICELY, HMAMLELT) CLL ARTORET I THIL
NTELDOTHET S,

E5
¥r 7Y —BRKBIERIZ, KEETFHE CAPI-3200Q ZHWV:, FvEF 1) —
[ZP1E 75um. £F 80cm. HHIE 68.5cm DSV ) AROLDEFERA L 7o REHEA
(3% ZEQ5mm, 60sec) TIT o 7o KB IZHEAF ST A kB I = AV, FIINEER
I0kV, mEEIL 20CTHITE L 720 BRIMIERIE 2400m T, v ¥4 L 7 MEHZITo 72



RS
3HBEOM LM LHERT Fig | R T, ZRABEKICERLALZITNELT
WAHA, BB 10 FUPICKREEShTB Y, BRIFL S8 B SNz, Fig2 (213
HRHKDGMRERER L, MABIEGKILIFROATH S, T, Mk
EDFEREM0=10)3BEHFHT 0.08~0.14%., ¥'— 7 HET 032~1.37%TH o7, &
FOrRaIhsX B ATH-oTH, 71 V5 —TAHATATTNETETH 5,

0.10

0.08

0.06

0.04

0.02

Absorbance/AU

0.00

-0.02

Fig.1 Electropherogram of three sacchrides

3CHK

Absorbance/AU

2
- <)
Q
3 E
- 3] Q
8 2
_ 2
i
W4
1 L L
5.0 5.5 6.0 6.5 7.0

Migration time/min

0.10

0.08

0.06

0.04

0.02

0.00

-0.02

20 Symposium on Capillary
Electrophoresis, SCE2000

2
= H 2
o
o E
- 8
o
=
&l
- (8]
S
o
g 2
*Hr] e VP
5.0 5.5 6.0 6.5 7.0

Migration time/min

Fig.2 Electrophrogram of saccharides in drink

1. S. Honda, E. Akao, S. Suzuki, M. Okuda, K. Kakehi, J. Nakamura, Anal. Biochem.,

180(1989)351.
2. S. Hoffstetter-Kuhn, A. Paulus, E. Gassmann, H. M. Widmer, Anal. Chem., 63(1991)1541.
3. P. Cancalon, LC-GC, 11(1993)748.



20" Symposium on Capillary
Electrophoresis, SCE2000

P228

SEPARATION, QUANTIFICATION AND DETERMINATION OF
PHARMACOKINETICS OF CLENBUTEROL IN THE HORSE

CE Uboh'% LR Soma?, F Guan®; EK Birks?, D Telgisz, JA Rudy', DS Tsangz' AO Watson' and
TD Teel

'PA Equine Toxicology and Research Center, Department of Chemistry, West Chester
University, West Chester, PA 19382
and
? University of Pennsylvania School of Veterinary Medicine, Department of Clinical Studies,
New Bolton Center Campus, Kennett Square, PA 19483

Summary

Following intravenous administration of clenbuterol (1.6 pg/kg) to horses, the
concentration of clenbuterol in urine was about 100 x greater than that in plasma. The median
elimination half-life (t 25) was 8.3 h (7.9-9.4), area under the time concentration curve (AUC)
was 15.0 h*ng/mL (6.9-16.3), and a zero time concentration (C,’) of 1.31 ng/mL (0.54-1.38).

The result shows that clenbuterol is slowly cleared from the horse.

1. Intreduction

Clenbuterol is a bronchodilator. It is widely used in horses for the treatment of chronic

obstructive pulmonary disease (COPD) [1]. Intra-tracheal (IT) administration of clenbuterol
to COPD horses is as effective as saline. Clenbuterol does not help non-COPD horses during
strenuous exercise because their lungs are maximally dilated by circulating catecholamines.
The problem encountered with this medication in racehorses is that post-race urine and
plasma samples from these horses test positive for clenbuterol long after the drug had been
withdrawn from the horse. Such positive test results may lead to loss of purse or suspension
of the trainer regardless of the concentration of clenbuterol confirmed. Information on the
withdrawal time for clenbuterol prior to race time is lacking. For this reason, this study was
undertaken to determine the pharmacokinetics and disposition of clenbuterol following iv
and oral administrations, and to determine the relationship between plasma and urinary
concentrations of clenbuterol in horses.

2. Experimental
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Horses were iv treated with 1.6 pg/kg twice/day. Plasma & urine were collected for up to
96 h. Orally, 3.2 ng/kg, BID, was administered for 5 days and samples collected for 7 days post
last dose. All chemicals and reagents used were of HPLC-grade. Clenbuterol was detected by
ELISA (Neogen) and extracted by liquid-liquid extraction using petroleum ether. Analysis was

accomplished by LC/MS/MS. HPLC separation was on a CN column. Transition of clenbuterol

(m/z 277203 and mabuterol (IS, m/z 311-237) was monitored in positive ion mode.

3. Results and discussion

o
o
o

Clenbuterol 1.6 ug/kg, iv

1.00

=©- Observed
— Predicted

Plasma concentration (ng/ml)

0 5 10 15 20 25 30 35 40
Time post administration (hours)

About 65 % of clenbuterol administered by iv was accounted for in urine during
the 36 h of sample collection post administration. The estimated concentration of clenbuterol
in urine was ~100 x > in plasma- The slow clearance of clenbuterol from the horse suggests
that clenbuterol is sequestered into, an as yet unidentified, area from where it is slowly
released into the circulation and eliminated in urine for a prolonged period of time.
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