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OPTIMIZATION OF THE PERFORMANCE OF CAPILLARY GEL AND CAPILLARY
STEP-GRADIENT GEL ELECTROPHORESIS

Yukui Zhang

National Chromatographic Research and Analysis Center, Dalian
Institute of Chemical Physics, Chinese Academy of Sciences,
Dalian 116011, China

A major challenge of the Human Genome Initiative is the develop-
ment of rapid, efficient and high sensitive DNA sequencing tech-
nology. Capillary gel electrophoresis (CGE) demonstrated a prom-
ising technique to separate DNA sequencing reactions at speeds up
to 25 times as great as conventional slab gel electrophoresis.
Electrophoretic optimization in CGE requires a systematic inves-
tigation on the performance of CGE which will facilitate the
understanding of separation mechanism inveolved in CGE. In the
present report, systematic investigation on the optimization of
the performance of CGE and capillary step-gradient gel electro-
phoresis was made. Capillary step-gradient gel electrophoresis is
a kind of step-gradient system where gel concentration is not
constant throughout the capillary column. The strategy for the
method development of step-gradient gel columns for the manipula-
tion of separation and on-column concentration will be presented.
By carefully design of the step-gradient gel column at the injec-
tion end, on-column concentration can be realized by using this
gradient gel system. The comparative study on CGE and capillary
step-gradient gel electrophoresis was also made.

In CGE, it is important to consider how quickly the resolution
(Rs) is generated under the experimental conditions. Shorter
analysis times are particularly attractive for method develop-
ment of DNA sequencing. Therefore, resolution per unit time was
proposed in CGE and capillary step-gradient gel electrophoresis
systems, and the resolution per unit time (Rs / tm ) can be
optimized with respect to migration, gel concentration and ap-
plied voltage. The pattern of these plots can be exploited to
study the separation mechanism in CGE.



A parameter measuring the sieving power of the gel network was
proposed and evaluated as the function of gel concentration,
applied voltage. The performance of CGE and capillary step-gradi-
ent gel electrophoresis was examined and optimized in terms of
peak spacing, peak width at half height and resolution per unit
time. The rule of peak width at half height in CGE was derived
and found to be generally observed in CGE. The performance of

capillary gel columns was also exploited by different capillary
coatings.

In the last part of the report, we will demonstrate that the
whole process involved in the preparation of CGE column including
capillary coating, gel packing can be quantitatively controlled
and fully automatic. Gel-filled capillary columns prepared by
this approach show higher stability and reproducibility.
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SIMULATION OF THE GENERATION PROCESS OF ELECTROOSMOTIC FLOW IN A CAPILLARY.

Hideo Sakamoto¥, Toshiaki QOosugax*, Taira Fujimurax, Toshio Takagi*x%

k%Hyogo Prefectural Institute of Industrial Research, %%Department of Phy-
sics, Chiba University, ¥xkInstitute for Protein Research, Osaka University.

Total process of genaration of electroosmotic flow in a capillary could be
simulated using Navier-Stokes equation, starting from the moment of applica-
tion of electrical field to the final formation of plug flow.

Difficulty in setting the initial value was overcome by introduction of the
ioplicit method.
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USE OF COATED CAPILLARIES IN
MICELLAR ELECTROKINETIC CHROMATOGRAPHY
Koji Otsuka, Mitsuo Higashimori, and Shigeru Terabe'
Department of Industrial Chemistry, Osaka Prefectural College of Technology
Saiwai-cho, Neyagawa, Osaka 572 (Japan)
*Department of Material Science, Faculty of Science
Himeji Institute of Technology, Kamigori, Hyogo 678-12 (Japan)

ABSTRACT

Capillary electrophoresis is usually performed with an untreated fused-silica capillary and
hence, the electroosmotic flow can occur, except at the low pH. In micellar electrokinetic
chromatography (MEKC), the same situation is observed: the migration velocity of the micelle
is represented by the sum of the electrophoretic velocity of the micelle and the electroosmotic
velocity. Recently, various coated capillaries has been developed to manipulate the
electroosmosis as well as to suppress the interaction between the solutes and the inner wall
of the capillary. In this study, two types of coated capillaries were used in MEKC to
investigate the behavior of the electroosmotic flow and migration of the micelle.
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Fig. 1. MEKC separation of some test solutes with a (a)coated and (b)untreated capillaries: 1 = phenol,
2 = methyl p-hydroxybenzoate, 3 = ethyl p-hydroxybenzoate, 4 = propyl p-hydroxybenzoate, S = butyl
p-hydroxybenzoate. Micellar solution, 50 mM SDS, pH 7.0; separation capillary, (a) eCAP neutral, 50
um id. x 200 mm, (b) untreated, 52 pm id. x 300 mm; applied voltage, 20 kV; detection wavelength,
200 nm; temperature, 30 "C.

[1] Otsuka, K.; Terabe, S. J. Microcol. Sep., 1989, 1, 150-154.
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STARBURST DENDRIMERS AS SUPPORT OF PSEUDOSTATIONARY PHASE IN EKC
Nobuo Tanaka, Takeshi Fukutome, Kazuhiro Kimata, Ken Hosoya and Takeo Araki
Department of Polymer Science, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606.
Zaiyou Liu, Donald G. Patterson
Centers for Disease Control, Toxicology Branch, 4770 Buford Hwy, NE, Atlanta, GA 30341, US.A.

Starburst dendrimers (SBDs) were used as a pscudostationary phase in electrokinetic
chromatography (EKC). The selectivity of SBD-mediated EKC (SBD-EKC) was different from those in
micellar EKC (MEKC) systems, in spite of the apparent structural resemblance between micelles and
SBDs. The SBDs provided similar selectivity as polymer gel packing materials in reversed-phase liquid
chromatography (RPLC), showing little sclectivity for alkyl groups and clear preference for aromatic
compounds, especially for rigid, planar polynuclcar aromatic hydrocarbons.

The alkylation of SBDs resulted in the increased retention and hydrophobic selectivity while
maintaining the preference toward rigid, planar compounds. These SBDs can be used in a full range of
methanol-water mixtures, showing the retention decrease with the increase in methanol content as in
RPLC. The results suggest that SBDs can make a support for various pscudostationary phases for EKC.

#E ItrMBEBIOMISS7 14— MEKO)IX, BEAWEAMEEZE>ESESEIE
hiTdhd. MEKCIZuRILBAWBKMMDENLAYMENRETEH, BVdikits
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I NVEHMULEMEERE DRI —N—X FF 2 K) 2 — (SBD)id EKC D BN E

ML LTHIET S, SBDIIZCOERE2ZEEL, ZhorEBMlTacrictb s
BHNGPEILICERZNZISDOLMEIN 2, SEIEZSBDEHEEKL LTEELE
EKC HIRPEEHO 2 @F T >VWTHRET 3,
ZEBR p-FONLIITIY BRBITELT. POUVNBAFVERWESAY
VMR ELTFLYOTIVEAVWET I FERIEOEDELICED SBDX) 24
ML, G5BT n-AIV7FATIVERIGER, RHICHKERBEEZHA L
o BEKRWMIAFNEEZANAFL L —PLLE®, EKCICBIT2BLUBEEHE L
LCoBREREL =,



R EEMpHIC BT B SDS. SBDX)-Cs. SBD(X) % B\ 7= Alkyl phenyl ketone O 5
BERE FgllilmRd, SDSIELRICBVWTRAFL CEOHMMIC EWRFHEDS
Mmds5, BAEOBVWLAYORHBEMIE I VOB HREMIICINEK T 3 MM %R
. —AHSBDX) L HHE LT SBDX)Celd BiF AR AfEL L. ZAFNVRICHT
AHMEKMMLUEIEZRT, SBDX)Caid. SBDX)D & DHIED»E < Flimy &
EREBFRRICKEEBENIIRRETIL WS RPLCIZBITZHRIVT—FIVEEMEL
BOULEBREZT7TLINVIEBELHFEL, E—VEPDREZOMOEREIIONVT D
MEZERUE. —HAIC SBDX)-C ek SBDX) & SDS I £ F% & O I 2 2 8 Fr ik
EFRL., BRELAKICERIBUTIIELNTE S, /= SBDX)-CRIZBWVWTH,
SDS 3NV RALHVDBAERBHEED NI SBDX)-CsDAHKRMPERWZO., Bkt
LAEWMICHTI2HHEREED SDS T LV RICHERTEW,

SDS I NVNHRICBWTHASYEO OO BEHBMGEHEI RWIES. FRBE2ZE
MTBILBECEI>THENROSND, MEKCRICBITZ2EHBROTMIZEE
HREEOHD, PERFBHOZL, E5CF+ V7 —HEOELRLEDBELL, £h
CLBZDENRI—COELIRHTROVBEDH 2. ChiZHt LT SBDX)C o F i B
BFFrYVT7—ORBEE LT, FHRBERZENMLEBECIF Y VT —BEITET
Hh, FrERRBREEOELDIBNRI—VICEXDHNREPNENDT. AHIE
RoOFRMHRIFIC/BBEROZLERD, BROEBLERHFFEICIBVWTRLCH
WOBWHAETHIRLYORBEETIVNDEEALNS,

SDS SBD(X)-Cg SBD(X)
4
3 @'C CnHzns1 (n=1-5)
1 1
2 2
1
{3
4
1 1
0 4 8
Retention time (mm) Retentlon time (min) Retentlon tlme (min)
L= 48 cm, =33 cm, UV 210 nm, =48 cm, =33 cm, UV 254 nm, L= 48 cm, = 33 cm, UV 254 nm,
300 v/cm (9.6 nA), 30 mM SDS, 300 vicm (44.8 pA), 5 mM SBD(X)-Cs, 300 vicm (54.4 pA), 5 mM SBD(X),
20 mM borate bufter, pH 9.4. 20 mM borate buffer, pH 10.1. 20 mM borate buffer, pH 10.3.

Fig.1. Scparation of alkyl phenyl ketone with SDS, SBD(X)-C s and SBD(X).
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SEPARATION OF OPTICAL ISOMERS BY MEKC USING
CHIRAL SURFACTANTS

Akira SANO, Kumiko WATANABE and Hiroshi NAKAMURA
Faculty of Pharmaceutical Sciences, Science
University of Tokyo

Spiculisporic acid (S-acid), an optically active biosurfactant produced by
Penicillium species, was examined as a chiral selector for the optical reso-
lution of enantiomeric compounds by capillary MEKC. W¥hen sulpiride was
tested as a model drug, its racemate vas resolved with 100 mM S-acid in bo-
rate buffers at pH 5.4-9.1, indicating the potential of S-acid MEKC in
chiral separation.

(#E) F+yESVY-BXREKH (CE) RLB3FINA4BERIHICSHHMEIHhT
W3, ¥FINEI NV EROCIEMEKCE—-FRIZA/EOREINATHIN, 48
HEPE—- 7 ERUBONLDHDIIAMFA (SDSPHBEMR) *XHEE LLh, AT
5P HBEHMNHIANB, IV BUEIELERHIRDOATVS, XHR
CRARBMRONSIAY—~T 775V rO—HBTHE, ACIYRR—LE (S —
B, Fig. 1) PRAFBUEZFTICLRFAL. ThEhHEAYMLAEI vV ER LM
EKCRIIAFRUHGKIBOTEEERT L 22,

Chy Cha
(CHa2)g (CHa)g
*QHCOOH *CHCOOH

HOOC- *¢ HOOC-*C-OH D
C;;1 CHz goNuc,” N
éHi_? éHz OCHy CHs

]
éO COCH H,NO,S
S-acid 0-acid
Fig. 1. Chemical structures of S-acid Fig. 2. Chemical structure
and its open-ring acid (0-acid). of sulpiride.
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BAKT (CHC: 3.9 mM) . RWT 2 Na 5 (CHC: 61 oM) &7shH, S-BPDF7 b
BROHBRLULAO -8 3 Na 3§ (Fig. 1 . CHC: 170 oM) TRHIPUDFBI &ASH
T3, FHWRETR, FSINVABEZEHNEULEEMEKCAINVELTODS - BOFH
HUELEHERTID. BUHIKANEY FOSI|EZETNETIERERS L,
S—BRHK 100 oM, pH 5.4-10.4 (KkoP-NaOl) O BEHEZBTHROhLHR
%Fig. 3 KR ULk AFXATRH S pll 5.4, 8.9, 9.1 OB RYTRIBIHERT
. S-MARFRREEF O EMNTENL, LS -BIREISEHEHRD pl
ZHETTHERATRTHII LR, EFRAELEDRASENZS, BHIOVTRRAREZ S
BEPTH 5,

pPH 5.4
PH 9.1
PH 8.9
PH 10.4
_/qv L‘/\ -~
n_A__-AT(:—-J PN
| | l |
b » 10 ,IO 10 20

(min) (min) (min) (min)

Fig. 3. Chiral separation of sulpiride by MEKC with 100 mM S-acid. Applied
potential: 13 kV (pH 10.4) or 15 kV (pH 5.4-9.1).
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SEPARATION OF ENANTIOMERS BY ELECTROKINETIC
CHROMATOGRAPHY USING ANIONIC CYCLODEXTRIN
DERIVATIVES

Yoshihide Tanaka!), Mayumi Yanagawa?) and Sigeru Terabe?)
1) Nippon Boehringer Ingelheim Co. Ltd.

2) Faculty of Science, Himeji Institute of Technology

In order to separate cationic enantiomers, commercially available anionic cyclodextrin
(CD) derivatives, B-CD phosphate sodium salt and §-CD sulfobutyl ether (IV) sodium salt,
were employed as chiral selectors. High enantioselectivity was obtained with low
concentrations of these CDs because the CDs had a strong electrostatic attraction to the
cationic analytes besides hydrophobic and hydrogen bonding interactions. Since a coated
capillary was used, the migration direction of the analytes depended on the relative velocity of
the analytes and the CD-analyte complexes and on the binding constant to the CD. Therefore,
some of analytes migrated toward the anode. In this paper, many successful separations of
basic racemic drugs are listed.

1. #
HE, EZFOLSHFTIIAEREAREFESNTII EOBHOTEELGHEL->THD,
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(Budapest, Hungary) " SBEA U,  B-CD sulfobutyl ether (IV) sodium salt {Z The University
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Table 1 Separation of basic racemic drugs by electrokinetic chromatography
using anionic CD derivatives

‘Enantiomers Anionic CD* [CD}/mM Buffer (pH) Migration
direction®
=C=:lorprena1ine, Imazalil B-CD phos 0.5 50mM phosphate (5.0) +
Pindolol
Azelastine, Verapamil B-CD phos 1 50mM phosphate (7.0) +
Bunitrolol B-CD phos 5 50mM phosphate (5.0) +
Primaquine B-CD phos 5 50mM phosphate (5.0) -
Terbutaline, Trimetoquinol §-CD SBE-IV 0.5 50mM phosphate (5.0) +
Clorprenaline, Denopamine p-CD SBE-IV 1 50mM phosphate (5.0) +

Phenylefrine, Sulpiride

Etilefrine B-CD SBE-IV 1 50mM phosphate (7.0) +
Mexiletine g-CD SBE-IV 2 50mM phosphate (5.0) +
Eperisone, Fenoterol g-CD SBE-IV 5 50mM phosphate (5.0) -
Imazalil, Sulconazole

Oxyphencyclimine

Promethazine, Meclizine
Trimipramine, Verapamil
Thioridazine

3 §-CD phos = B-CD phosphate sodium salt; f-CD SBE-IV = B-CD sulfobuty! ether (IV)
sodium salt . ® +, toward the cathode; -, toward the anode.
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Low Molecular Weight-Solution Capillary Electrophoresis: SDS-Protein Complexes ¥
Mohammad Rezaul Karim, Toshio Takagi (Institute for Protein Research, Osaka University)

Capillary electrophoresis using a polymer solution as the sieving medium is attaracting interest. At
least for size-dependent separation of proteins in the presence of sodium dodecyl sulfate, an alternative
was found to exist under a condition of exterme opposite. Namely a concentrated solution of a dextran
preparation with molecular weight a little higher than thousand can be used as a practical medium for
size-dependent separation.

1. Introduction: In the field of capillary electrophoresis, polymer solutions with higher molecular weight
are often used for size-dependent separation of proteins. We have been engaged in the use of dextran for
separation of proteins.Our study features the use of several dextran preparations with defined molecular
weights and very narrow molecular weight distributions. We also used commercial ordinary dextrans as
references. It was found that a 10% solution of such a dextran with weight-average molecular weight of
only 1,270 is efficient as a medium for size-dependent separation. The performance of the solution was
so efficient as to make us confident that the approach is of practical use.

2. Materials and methods: All electrophoreses were carried out using a CAPI-3000 capillary
electrophoresis system (Otsuka Electronics, Hirakata, Japan). Fused-silica capillaries (Polymicro
Technologies, Phoenix, AZ) were 100 or 50 4 m in i.d. and 375 , m in o.d. They were about 50 cm in
total length and about 38 cm in effective length. Internal surface of the capillary was coated with
polyacrylamide.

All proteins analyzed in this study were purchased from Sigma Chemical Co.( St. Louis, MO, USA).
The dextrans of average molecular weight 70,000, 500,000, and 2,000,000 designated as T70, T500, and
T2000 were obtained from Pharmacia (Uppsala, Sweden). This group of dextrans have wide molecular
weight distribution. Another group of dextrans were obtained from Pharmacosmos (Viby Sj., Denmark)
designated as Dextran 1 (MW 1,270), Dextran 5 (MW 5,220), Dextran 25 (MW 23,800), Dextran 410
(MW 409,800) , and Dextran 670 (MW 667,800) each having weight-average molecular weight in the
parentheses. The dextrans of the latter group featured very narrow molecular weight distribution, and
included those with rather low molecular weight down to nearly 1,000 which may be categorized not as a
polymers but an oligomers.

A 10% (w/v) solution of dextran for each was made in 100 mM Tris-2(cyclohexylamino)ethanesulfo-
nic acid (CHES), pH 8.8, containing 0.1% SDS. The buffer of protein samples contained 50 mM Tris-
HCI, pH 6.6, together with SDS and dithiothreitol. The samples were injected electrophoretically into the
capillary from the cathodic end by applying 10 kV for 5-10 sec. The capillary was maintained at 30 C.
The separations were monitored at 214 nm.

3. Results and discussion: The separation of proteins attained using Pharmacia dextran of different
. molecular weights are compared in Fig.1. Full separation of the four proteins was achieved within 23 min
. using dextran of MW 2,000,00 (Fig.1A). Base line separation was not observed for bovine serim albumin
and Phosphorylase b in the case of dextran of MW 500,000 (Fig.1B). However, for the dextran of MW
70,000, the two proteins bovine serum albumin and Phosphorylase b failed to be separated (Fig.1C).

The results of capillary electrophoresis runs of proteins using Pharmacosmos dextrans of different
molecular weights are shown in Fig.2. As was expected, full separation was also achieved within 30 min
using the dextran of MW 667,800 (Fig 2A). Separation of bovine serum albumin and phosphorylase b

* The content of this presentation will be publishied in a recent issue of "Electrophoresis”.



was not good when the dextran of MW 409,800 was used. In this case the peak of phosphorylase b is
overlapped with the tail of that of bovine serum albumin (Fig.2B). The two proteins comigrated when the
dextran of MW 23,800 was used (Fig.2C). The higher molecular weight dextran polymer may form a
network that acts as a molecular sieve. The results with higher molecular weight dextrans of both groups
clearly indicate that the efficiency of separation decrease with lowering in their molecular weight. Thus it
was studied further wheather the presence of the dextran preparations in lower molecular weight could
have any effect on the mode of separation. We only expected that the lower molecular weight dextrans
must failed to separate proteins and, therefore, the test mixture of proteins will be appear as a broad
single peak. Unexpectedly, we found that a 10% concentrated solution of dextran with a molecular
weight of only 5,220 and 1,270 gave a good separation within 19 min and 16 min, respectively, as shown
in Fig.2D and 2E. The dextran in MW 5,220 was found less efficient in resulting the separation
comparable to that observed for dextran in MW 1,270. Apparently peak tailing for phosphorylase b was
more significant in the case of dextran in MW 5,270 than 1,270.

We wish to emphasize the finding of the separation efficiency in presence of the oligomeric dextran
with a molecular weight of only 1,270, since 10% solutions of such dextrans are not so viscous to make
introduction into a capillary quite easy. The mechanism of separation must be quite different from that
for a concentrated solutions of higher molecular weight dextrans. Ferguson plot for oligomer dextran
failed to give straight lines. It is also hard to imagine the presence of any network structure in an
oligomer solution. Electrophoretic behavior of proteins denatured and complexed with SDS is
interpretable interms of the free-drainage model, namely their mobilities are insensitive to their molecular
weights in a non-sieving medium. Presence of the oligomeric dextran in a high concentration seems to
shake the basic premise on which size-dependent separation of proteins in the presence of SDS stands and
to open an entirely new mode of separation. We are now making efforts to to make clear the basic

mechanism play a role of separation in the oligomer dextran. o]
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Figure 1. Separation of proteins using 10% (w/v) dextrans ns n time (min)

with different average molecular weight from Pharmacia Figure 2. Separation of proteins using 10% (w/v) dextrans with
Weight-average molecular weights: A, 2,600,000; B, 500,000; different average molecular weight obtained from Pharmacosmos.
C, 70,000. Peaks: 1, myoglobin (MW 17,800); 2, carbonic Weight-average molecular weights: A, 667,800; B, 409,800;
anhydrase (MW 30,000); 3, bovine serum albumin (MW 66,250); C. 23,800; D, 5,220; E, 1,270. Conditions: electric field, 300V/cm;
4, phosphorylase b (MW 97,400). Orange G (OG) was added to current, 28-31 y A for 100 4 mi.d. capillary (Fig. 2A,B,C, and E)
the samples as an intemnal standard. Conditions: capillary and 9-10 4 A for 50 p mi.d. capillary (Fig.2D). Other conditions
100 4 mid,; electric field, 400 V/cm; current 48-50 p A. as well as designation of the peaks are the same as in Fig.1.
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ELECTROCHROMATOGRAPHY AND ELECTRO-MANIPULATION

Takao TSUDA, Hirokazu WATANABE, Masakuni NAKASHIMA,Shinya KITAGAWA
Nagoya Institute of Technology, Department of Applied Chemistry
and

Kazuhiro KIUCHI, Osamu HASHIMOTO

Inst. of Phy. & Chem. Res., Bio-mimetic Control Reserch Center

Electrochromatography Electrochromatography with pressurized flow is
demonstrated using 50um i.d. capillary coluans packed anion exchange resins.
The separations of cations are performed mostly by the difference of their
electrophoretic mobilities, and the seperation of anions both electro-
phoretic mobilities and partitions with anion exchange resins. The typical
exanples of electrochromatography are demonstrated by using the mixtures of
alkali cations and inorganic acids.

Electro-Manipulation of & Single Cell We develop a very unique method for
manipulation by using a narow capillary tubing and an electric field. Under
leading out a controlled electroosmotic flow into a vial, a single cell is
forced to migrate into the capillary against the flow, and is trapped in the
capillary. Then, by the application of a reverse electro voltage, the cell
can lead into the other vial. Namely a single cell can be transfered without
any contamination of an original medium.
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Figure 1. A)100Kgf/cm? B)70Kgf/cm?
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COMPUTER SIMULATION OF CAPILLARY ELECTROPHORETIC SEPARATION(I)
Takeshi Hirokawa and Yoshiyuki Kiso
Hiroshima Univ., Hijiyama Womens" College.

Factors affecting effective mobilities were discussed and a simulation program
developed for separation optimization was briefly introduced. The program used a
database of absolute mobilities and dissociation constants compiling 500 samples.
Separation optimization utilizing computer simulation method was described for lan-
thanide ions.

1. #8 $+b65 ) -SHBIAKBES LT+ +ES5 ) —V— vBIAKYECH 3259812
HIcHMOBHEHBERTH Y, PREXET IEUBNESEBENESICY 1av—}+T
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h3, EREBBIBIIEFTH205, BRI <EEFIEIMTHY. COmOIERLFE
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OHEMI LI LY EBERT 2. BRAKYHARETR I H o> TRRG 1 4 ¥ OEYBHEE
BRE2ES, AVRSBABREEBNTICENROBBEL 5, BUBHE R4+ v
BEOREBCI O BIBEBYELD/NSBMECREM, o HBRBONSIREF O
PrZird. BRI A v OmiB 244 vBlOWTHEERSERLEME L 3,

V- v BIARBETRIBFBREOp HP A 4 VHE, BUAR:*—EEARLTLIVWOT,
Pa—-VROREBPBARBROMBELRIFEIBESO THMUBAXBDZTH S, A. B4+ v
ORUBYEZEmMO>m&T5E, t DROKHIEREOEA AR (ma—m:) Et &8/ —
YEBERULTHISRAI TSR T L LS Nd, —HSEBIAKDETRE- 1+ i3y
—F4 Y VBREE - FVBRBCRINWAARECKB LA SN S, V— v BIUXKY &
B> THEOEWBUE., ME. pH, 14 VBERERY—74 v /BRIBECEPWEL S
RH/—VHBIRRE-TED, LV HELFRTEERIRBHRGEERETIL 500 LT
HEET S5 WIFNEE IBYHEPpK a MEANCHBUF— 9 TH 0. EUBYELHL
SRBLHHORABRZRD D, Re i1 0OFEMELLITH D7 — 2 OMBEFT > TE A,
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ROBZEHBEZ W,
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COMPLEXING REACTION AND DETECTION OF ULTRAMICRO
AMOUNTS IN SOLUTION USING CAPILLARY ELECTROPHORESIS
Hiroaki KAWANISHI, Takehiko KITAMORI and Tsuguo SAWADA
Faculty of Engineering, The University of Tokyo

We succeeded 10 react, separate and detect sub-femto mole chelating reaction of Cu® ion and porphyrin
using capillary zone electrophoresis. The reaction scheme was as follows; Tetraphenylporphyrin Tetrasulfonic
Acid ( TPPS) solution was introduced, and then, Cu® ion solution was introduced. Because the electrophoretic
mobility of Cu® ion is larger than that of TPPS, reaction was occured when the Cu® ion band passed the TPPS
band. The mixed components of reagant, analyte and reactant in the overlapping band were separated and detected
individually. We fried to apply this scheme of on-colume reaction for the basis of capillary flow injection
analysis. We could determine femto mole amounts of Cu* ion, and discussed on particular characteristics of
reaction in ultrasmall volume, affected by local pH value and wall effect.

(81 Trid. F+ESVY -/ —B&kIEE. FRITFERELUTEIITEL.
9 5 YV —AOE+nLE EOR/NEMIZ 1513 5 fmolLl T OB EMAELFERICHED K
JCHBICAVA Z EERRELLY, kBHRICRIEYEEI LT —BOA VAS ARG
EISEND. C ORIGIE. RICBA UG FEEDSHBA U/ KTIEED & D H3FH4E
WRSBIZBITHTH D o COHHEIL. BHBORIE - 2 - BRILEA V75 LTH
IFPEFV—T70—A TV arsiahr (CFA) NDOIGHNFE NS, ChET
Cu** & Tetraphenylporphyrin Tetrasulfonic Acid (TPPS) O $&AJEBRIGA - DRIGHRIZHEH U
sub-fmol LX)V TOA A5 ARG &8 - RIBARER Uz, 40, HAA4 2 ORBRY
mLUANVOBBTIT DOMEDO NNV RIGELB UL ¥+ ES5 Y —-NOMDNER &S 855k
REBNEZ B RIGANDHBIZOWTRIY L,

(L8] Y UBEGEERE (pH=11) THAL¥+EF Y — (HFX100cm X PYES0 1z m)
ICTPPS Y U ERB I (5X10°M) %38fmolBKAYICHA L. RIS, & O BkEhEEE DL
Cu*(SO VKiEH (5% 10°~5%10°M, pH=5~6) ZiREAE X TB.6nLEA Uiz, 20kVDE
EZEMUA 75 LTRIG » 28 EE. BEAmOXETHREBE Ulco LAV EEZ
7oCu* (CI, OCOCHy) sKiguiicx UCRIRMIEREIT o0 Foy 2SI RIGE LT
TPPS Y  ERAR B M (5% 10°M) 10ml& J3F 22t ¥/ O™* (SO PKisH (5%10°~5x
10°M) 20ml% 3 FMRICX . ZORABHEL V715 LEERZHTHE - BRIBL, 1
R EEREEICL D ARZ PVELD SSEERRICEHEE LI, .

[BREER) FAUH5LRCTHOSNIBRRIIREFig LiZRd, COHARICH



TEH3E—-7DHBIOEANS, 20D -7
3N EFhERRIGTPPSE Cu-TPPS§{A D ¥ —
JICRETE, & v ASLRIGESH - RIY
APEBE T, Cu-TPPSDLE iRz, Q¥
ARICH U LAMFEER L, TPPSEBO R
EAE1x10°M, QuSO KM DBRE%:
8x10*M& L. HHHERKCmD ¥+ ¥5Y —%
A€ h2.6fmol, 3.2pmolfA URIEE &
% & 630amolD Cu-TPPSHi43 i - el &h .
h & DB IMRR(S/N=2){3:250amol T3 - 72,
Fio, M A %EC, OCOCH 12X & 2
ASO LRI HRERUI. BRI
SOX T 9.1x 10°mol*dm’], CIT 2.1x 10°
[mol’dm’], OCOCH,T2.2x10%mol’dm’| T b
F~Dxt4 4+ v ORBHR oI, Fig2il,

A oA I ARIGICBIFACHARICHTEERR

JGTPPSR U Cu-TPPS DR L RO EL AR T,
Cu-TPPSH{S 8 - B T hig W OB A BHR
HBTTPPSOFA RN —ETHEDIZHHdD
53, TPPSO RN/ Lico ThoDF
Biowd ARIGETFE LTI, JSHT- 8¢
PETH DO D RISHRNEN ORI NV F
MTRISHICLS. RICHBEORMINIE
PHATRPARERBH OB ENEZL SN 5,
Wiz, AURIGELT SV RIGE Bl
12443, TPPS®517am, Cu-TPPS®540nmT

Cu-TPPS
TPPS
N ¥/

S min
p——
w_
(B)~

() L

\

Fig.l Electropherograms of TPPS and Cu-TPPS reacted
in a capillary (S0cm length) : TPPS was injected by 80

frol constaatly; and then Cu?* jon was done by (A)
10.4pmol, (B)15.6pmol, (C)20.8pmol.

—~ 40 r v

s -o Cu-TPPS —°

8 -6-Uareacted TPPS

A4 w | J

] ]
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8 20

8 /

-

[

g 10} d
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Injected amounts of Cu?* jons (fmol)
Fig.2 Relationship between detected

and Injected amounts of Qu?* jons
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'g 60} o o 0 000 Q:».. ®
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2 30

2 )

e 2} o ® e ®
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Injected amounts of Cu®* jons (u mol)
Fig.3 Photometric titration of TPPS and
Cu-TPPS reacted in bulk phase reaction

OXDOEAEFIM Ut EREE DR EFgIIRT . A VA 5 LARIGEFAMITRIE L
ICHEOTC-TPPSOBR AR S M, o, Z OBEER Ubkiif# cBAkI) =€ 7
. BIGHRI > T 3iIcbdhdhvbod, FOCEARICHLT HE-I713—DDH T
TPPS&Cu-TPPSD 43 8% - I IR I hidh o7, T SIS, 7NV 7 RIGD EpRE #T
2.3x10° [mol'dm'J T, A A FLRICEDFI 2K EDh oo COERD G, AT
LRIGICIE. 2OV RIGIKEWRIGERTF (BE XY FROPHAT) 55 LEZA S5N5,
UEORED, & H S5 LRIGEFM UICAANDRBIME T E 5, 4%, #
ZHRAERLED & DFRBRELIIICL S, XSKMBORIMRUA A 5 LRIGORETE

PEic LTI NI R LD B,

1) /MRE S : BARMTLESM2AEXNME §#p33 (1993)
3 ) T.Odake, et al.: Anal Chem., 64, 2870 (1992)

Chim.Acla., 74, 53 (1975)

2) lIioh, et al.: Anal
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MEKC USING HIGH-MOLECULAR SURFACTANTS: STUDY OF THE PARTIALLY
FILLING OF THE PSEUDO-STATIONARY PHASE .

Hiroto Ozaki!, Sigeru Terabe?, Noritaka Ito?, Yasuaki Takada®, Minoru Sakairi® and Hideaki
Koizumi®

!Kaneka Techno Research Co.Ltd., 2Faculty of Science, Himeji Insntute of Technology and
3Central Research Laboratory, Hitachi, Ltd.

Partially filling of the pscudo-stationary phase in micellar electrokinetic chromatography
(MEKC) was studied with a high-molecular surfactant, butyl acrylate/butyl methacrylate/meth-
acrylic acid copolymer (BBMA).  Six naphthalene derivatives were separated successfully with
5% BBMA (pH 7) introduced at S0 mbar for 30 s before the pseudo-stationary phase zone
passed through the detector. Their capacity factors increased with an increase in the pressurization
time of BBMA. Another high-molecular surfactant with strong UV absorbance was utilized in
MEKC with UV detection. The partially filling method was applied to MEKC-MS.

1) RLBE

MEK C2ZH) 7t BIovt ) 374-Tid. 1t 7)-2FICBLEEAZH - L. BB
KIREICHRUEEHENEET IIRBTHTE21T). COBAREBRISEOVENEST
AHEUBEERIZEATER D, Ht°5)-0—BicoABUEA TR — 2 ERESETSH
BEITD Z & TENET, REBICEUBEHAZANMTICRHBOA ERBCEIERICE
HAEEZbNS, HPER. Y X BERUEEHE UTHER U774274-ByB)ovb)”
IN-TZDFEIDOOTHRELTHE Y , BA 4V REBEEREER L. H4 7
ZRHOCTEBXKMICHPHELRE EMEK CAld 5254 28N ICFig.1iIiRd, CDiE
&\ BUBEEH/ — Y OENDDBRRICKESBETEILEEZI oM, BOFOREN 3
VI EERTIEAFFREEER 2 OREIELTH 3, ZRE T, BAI VES
FREEWERITH B 7087 0,/ 2))IVERT #v,/ 29V InEktEAHAK (BBMA) 3BT
ERHRITEZTUO 51T, BON ) 3V RIREF T 3175V k@i iS4 i
PEEARICHNTOU VRIBADIEH. 3L UBBMAROM SBRIEADIGH AR A7,

2) ;eihEHBIR
MEKCiZ, &BICHP-3DCE (tavyi'ai-t") ZEAL, WES Oum, HEE
40 cm®D71-2"b ¥het* Y-, EBE2 0 k V. $+t°7)-25 3 0°C. #HREHE210nm



DOERGTRIE LT, SEERMHIZI00mMFYEHE—50mM Y EREEER%AOTRBL
oo WHRFRIHEIEDFEATable-1{I2R3. MEKC -MSHZEIX. BHILHMI0005
LC/APUMSIZ BYEDIV) baR7° v-47)-7:-2 %35 U, 83 LR#ICT -7 BBMA
EE— T, 175V V/BRW BRA WISt R L EREER L. BBMADFK
HBRZEZAICBAOEERN O EFigIR T, RETOER. 5%BBMAZER
5 Ombar T3 0 PMFAEHT S Lickh. BBMAY— U iiiEBicB#d 5 = COl
AT, 179v/ES4k 6 BA TR/ TE ., BREKHABKREE BITWTHhO
B b BRIEOHRIZD Shice CHhITBEOMEKC &R, I wIVHAROHX
KLB3bDLEI OGNS, BOUBAEHKTHRIENETHBSAKIEETHAETH -,
RRDOFEERNT. 179v/nd/BR) /a2 RUBEMICAWIMEKC, XU
BBMAZRAWKEMEKC-MSIZEWT, Ny 7V ZERIEH I ENTE,

1) @, ¥, B5 SEFFALEHNREMHEER. p. 399 (1994).

2) H. Ozaki, S. Terabe and A. Ichihara, J. Chromatogr., 680(1994)117.

3) B, . F5, BA. KA. MR, BEGHEFER 4 JELBRESHE. p. 20 (1994)

Solute

( : Ly : 1 1= 1-naphthalenemethano;
Lo WEOF 1@ L1 21 sdnydroxynaphthalens:
MEOF ] 3 3= 1-naphthylamine;
G 80 5 4= {-naphthaleneethanoi;
- . ot ] 5= 2-naphthol;
solute: non-ionic surfactant: anionic 60 6= 1-naphthol,
40 -
] 6
- 2] r
0 _.: B —
+ - 2 4 & _  mn
A DETECTOR
Fig. 1 Schematic illustration of partially filling In
MEKC. 5
Table 1 Partially ﬁlllng method. 6
NO Condition
1 flush: 1IN NaOH 2 min
2 flush: water 2 min T U —
3 flush: buffer 2 min 2 4 & ‘ o
4 | injection: 5% BBMA, 50 mbar 305 Fig. 2 Separation with partially filling of BBMA.
— Capillary, 50 um L.d. 48 cm (40 cm to the detector);
5 injection: solute, 50 mbar 25 Separation solution, 5% BBMA Introduced by
6 injection: buffer, SOmbar 2 s pressurization at 50 mbar 10 s (A) and 30 s (B) from
the inlet side of the caplliary; running buffer, 50 mM
7 start run phosphate-100 mM borate buffer (pH 7.0); applied

voltage, 20kV; detection wavelength, 210nm.



11 BRAYYzsys VEOEMRERD
1Y 920y 3 VEOBRIZDNT 2

(AExY 2 —%—X-1) 357y F)
Of4k FHE, AAR &, &Kk HEH. BiF F17

The relationship of Linearity and Total Amount

Introduced by Electromigration

HIDEKI SASAKI , JUN YONEKUBO ,MASAAKI SUZUKI, YOSIYUKI TAKAHASI
(Nihon Waters LTD.)

There are two type of methods that introduce sample into capillary in performing Capillary
Electropheresis.One is Hydrostatic method , and another is the Electromigrative method.In this
report , the influence of coexisting ion to objecting ion was observed.To eliminate this influence
it is effective to add same materials that increase equivalent conductance , and take standard
adding method .

HHRUER :
¥YESY-—BKEKHOA V2o a v, KELSTT. EHERIAYT

gﬁ&t\@ﬁm&ﬂ%ﬂmiéﬁE\WB%ﬁ4yvxavay&t®200ﬁ
¥hb,

BRA VP20 vavEEACGE8,. TOEABYTLIEENTA—-FEL
T, BE - BEARME -y I VOEEEL LD 5,

BIE, BFFAA L OFHERRELT, Tho6DNTA—-5 L, EBIZEBLH
BUVARVALEDHEBIIOWTHE LA, 40, FETEAFVPBLIAE R
BTEB I OVWTIREF L0 THET 5,

L

(v 7-#$3F]CIA Analyzer (¥ ¥ 5" —BXRIKI Y X 7 4 ; Waters) . Millennium
2010 (57— ¥ ALH ; Waters)

(A EEIF ¥ €T Y — 754 mX60cm, R © Inirect UV at 254nm, ZEE ; 20KV,
Negative Polarity, #k#)/¥v 7 7 — . 5SmM-Sodium Chromate , 2.5%-OFM anion BT
(Waters), JREE . 25C

ERILESEHTC. A1+ bPERAS V¥ —F (C,S0,2,NO,"F) %
EHFERL., 20HBLEEXTONMET o0 T2 VTN, BRA VP2 s
¥ a VT 1KV, 15sec. 5 i 5KV, 30sec. DIEAELT o 720
0 UZE .

Fig. 1.iXCI' % 1ppm{CEE L. NO; DRELZILEE, EDVARY ZADELER
bDTHD, MPLHLDE LI, NOyDREELERICA DV AR AHE
fes s edmRens, TREK (1) ¢ (2) KIRMVT, g gumpicing P ¥



IVEEDE VEREIRUPILMETHE EIRERT DO LER 6N,
Q=(x Sampleing T # g 7T 2VitiCGi/La s+« + o - - (1)
# Sampleing ™ A/ (AeqF) .......... (2)

F 720 NOy O VARV ZAHHRICE DR, u Sampleingwfcwﬁﬁﬁa&(mq:zci Ai)
KhoTwahHtELIOND, — /., COMBEBREMNTHABCRE S L, 5
DOEBTEPTER LT B, ChiEAi (RUAe) HKohlrauschDIEERR, (H 5
v {$OnsagerDBRRR) i o TRET A LICHRT I bDEELLND, 12751,
ZDRIT0.00ImoIASEATRE L LB L S TE D, Figl.ILBIT2BEBEMNTRE

O{EEEFRIThTBY, CORZBERHTLI LIHELZ Y,
A=A®—A/C- + - -« - - - (Kohlrausch D #EER,)

B3 1250, %100ppm TEE L. CI DREEZ LI LN TH B, TOHET

. Ai/ AqDERTFIPAE VD, CTOBRELLIED 2i (RUAg) DOEAL
PEDOTAHLwiD, BRERTELTESbOLL S,

PDEnER»S, BREA vV vavEERWTOMETIBA L, REE
BOENBERLAEHESCH L TTHHCEL T2 L) 2WEE2LBECBETHMA,
BRERNELAVWTEERTILEND L LEZ LN,
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Fig.1 Influence of coexisting ion

Fig.2 Zoom up Fig.1.
.il""“' Fig.3.Calibration curve of Chloride
1 in 100ppm Sulphate
- e wle '.“ wde  mee (p9))
SE AR

1)H.SASAKIetal 130 ¥ ¥ €5 ) —BRIKD > v RI 7 ABEHEE R p17
2)D.J.Rose and J.W.Jorgenson,Anal.Chem.60,642(1988)
3)X.Huang,M.J.Gordon,and R.N.Zare,Anal.Chem.60,377(1988)

4)L.Onsager,Phys.Z.,28,277(1927)
5)T.Shedlovesky,A.S.Brown,D.A.MacInnes, Trans.Electrochem.Soc.,66,165(1934)
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Uncertainty Structure and Object-Oriented Optimization (000P) of
Capillary Electrophoresis

[. Mathematical Relationship between Measurement Prec1sxon and
1/f Fluctuation of Baseline Drift
Yuzuru Havashi, Russell B. Poe, Rieko Matsuda

This presentation briefly explains a mathematical method for
predicting the relative standard deviation of measurements in CE from the
signal shape and stochastic properties of baseline drift. The direct
applications of this method include the determination of LOD (limit of
detection), optimal integration domain, etc. The optimization of CE
analysis is also feasible based on the predicted RSD of measurements instead
of separation degree which has been a commonly used criterion. This
optimization is termed object-oriented optimization, because it is evaluated
with the analytical purpose (precision or RSD) as a criterion.

AR7 FPoRaE—-TR, AEEBOFM. RALBBORIHAS Nkt KX
HKLULTHTIDHK—RNTH 5, FRFLHLREMBERIOOKBZ 70 bS5 4
PRLESY—BRADTR. TOAFNEREEERIS, SBLERBELOL N
IKTBIENBL, LIL,. BED]I SOPGMP CRREBOSWHOEH A R
MIZL T, AMEOFBEET->TWE, Jhiz, 2TOANREEHBOEETHEM
THENIEURTHB, TIT, FrESY—BAKkDICHIANEMOETRE I
BUWAR—XAS5A VORELEOXEERHY LI, BHRkEVIBESICIT. HAE (A
ODENrSDTH) EHRHEE (XNSYFORBRE) XSFThadN, CICREFEOH
ZRI) COREDRNLSVHES/ NEEIDVEVWERTERTEIETH S,

HMEEZROIELAELSOBONIBEBMORSDTEENS, Chixv 710
BER—ZRFGA V) A XDOEERNUEBHICKREEKET S, B2 20220 ERD
HFEFNHRELS, EBICEVELAZEZTOTICERNELX TN TIRAEREIL =,
COoBRERACHhE. HELVOAWEN (FT V27 b)) 2XHBIIBBILTES,
CORBILER. EREROABAINTTOLNTVWEIRBOREIERIRBEIZDT, &7
T2l MmO BBEIL (Object-Oriented Optimization) EWERZ &2 3,
(VRO EELEZRBE] Fig. [ITR—XAS5 4 VvD—8EFRT, SD/ST—IART U
MFig.2TH B, Fig. IOR—-X5 4 VI KEBFB CAPIRO00AZ M L., HEIWIZ25



OmTHELN, T—FOMHVABMBIEISOms &L, 72814 —FOR
HBORETRULIYH, KEFHEEDI VR AARINVOBFEREBCLRULE
BDNRT—ZARIMNWEBERD, COR5 -1/ HEoFIRE{BUTVWS, &
DINE = 3ERTA )4 X ENarkovB BORMDEFNVTCRELNTE. BRMN2 1
TROCTHarkov B BOBEEEM ERER o, BLIUKIAI M/ A XOBEEEWE
KODBIENHUES, ChLDNRFA—FZRANT. R—XS54 v BT HEEE
Se2HBETAIENMEES,

(7927 b2EMULRELX] PEIFEZHRTIBSCS VTR, 282 %
BIILTZOAMAEERG. RELTI30B3METHS, LHL. 2EIWFUSND
FEEHRBETILEZR., 2RI BOXEBERZIL SN, AIZIE. CEEFI A%
HBTEIEZEATANE, WoITHB, T2 T, BHEKE (RSD) iz L
BTN REILLENLETH S,

Baseline Variation
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Uncertainty Structure and Object-Oriented Optimization (00O0P)
of Capillary Electrophoresis

I, Linit of detection
Rieko Matsuda, Yuzuru Havashi, Russell B. Poe, Kumiko Sasaki and
Yukio Saito

The limit of detection (LOD) of capillary electorophoresis was determined
based on the 1/f fluctuation of the baseline. The standard deviation of
blank signal, o s. was estimated with use of 1/f fluctuation parameters,
and LOD was defined as 30 s. The RSD of measurements was predicted from the
peak area of an analyte and o s and predicted RSDs of measurement agreed
with the measured values over the wide range of wavelength.

NEEBORBBRETAEICERT A LR, 30 M3 EHWHE
OBRHBBRABEARDI-DOBEXTHS, CORBBRABRELZTHBEILED
Bl HEMNBEALSOHKBWEIITRAL, PHFHBBOMEHED
AVRILEDEORBREARETILONEBHULUMBOBRIIFVTHHE
BThH5,

IUPACTIRBREBSR (LOD. linit of detection) # LOD =k 0 :& &
BLTWHWE, o3 MEVWHEIEELAWVWEE, D2ED TSV /708808
RETHS. LODHNEDEBSOBERBEN o LHFELWWERETHE., Y
k=3TRI7S5V/Z2UENBRDEORBSLALTHRDEY, F1I1HEOAR
a® 0.13%¢, 37352 &ici3, #roRhE. LODTHALhIEBHEDOMN
SEMEEINBNELE, CORBRBHEBICHBTRHIAN, T o:0DKE
SERBLALENDS, LML, 2707 bS53 T74H303F+EFY —
BRAKBOLINHMETR. RELHEL.OERNLEZ ochLZ ¥,
CHELEBHIIRDE2IELBHTHS, 22T Ko lTXEDODRETTRLL
R=Z254 V) A XOBBEERB LT o2 EHKTELELEDI. R—=RAF51 VY
ORI S o2 HETAIEERS L. COHBRBRIIBSITHWTHBEKIOD= MY
574 TOLODIKDVWTHRIFLAEEREEREOSMILELSTHREL L. 40
3. COHEEX2F+ESY-BRAKWIZKEMTEIELEDII, 74+ b5 A4 -



F7UVARUEBERAOCRLEEDORBLEBEROBRIEISDVLT, HEIZESWT
ERT B,

(8] kB M. 50n¥SDSE & L pH8. 11T 5 B & (50mM) & B >, B E 20kV
THkE L 2,

HEIIAXKEETFH CAPISOOZ M A L. 220-310nmO R E % 10nnd M B THE L
e T—7OMDASLMABIRS Oms &L, THHOBRBERE!L-1000ux g/nl
PHHEmOBRMAETHhENSHBMELR SD 2R K.

[ FE] Table l iCFEBETRDI. 5 A —Fm (HarkovBRBOHFEREE) .

p (RERB) . w (RKI4 M/ A XOFEHEXE) RU:DE%ETRT, 0:FHE
TIhoODNRS A= RERLLTED, BEEKLX>TosMRU-TWWE I L
bbb, 72+ F20ug/nlBROEHETOY—-7@EBE, HXHEE

BZO0FUMERCEMNMBAFig . LILRT. FHEEMI LI —HLAL, Fig .
2iICi3LODItAYTB Y- %RLA,

Thousands
=3
Table 1 Effet of wavelength on m, o, W, ot A
and o s
wavelength m ) w o s(150) P 5T
220 nm 0.8487 0.99825 12.786 837 & |
230 0.1687 0.99994 8.25 206
240 0.5614 0.99805 6.231 544 5-
250 1.0349 0.99887 7.274 1227 N
260 1.204 0.99915 7.274 1335 JJ0_TO_ 20 B0 20 20 20 20 30
270 1.3787 0.99833 7.558 1345 B
280 1.1129 0.99830 8.590 1086 ost
300 0.8601 0.99862 7.928 856
310 0.8816 0.99831 7.547 862 o °7]
7]
muz_
0.1
]

L I I R B B A ]
20 230 240 X0 2260 270 W0 290 N0

wavelength({nm)

Figure 1 Area, predicted and

observed RSD of phenacetin peak
Figure 2 Peak at LOD
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Uncertainty Structure and Object-Oriented Optimization (OOOP) of Capillary
Electrophoresis

III. The Optimization of Bandwidth in Capillary Electrophoresis Diode Array Analysis
Based on the Stochastic Properties of the Baseline Drift

Russell B. Poe, Reiko Matsuda, and Yuzuru Hayashi

FrESY-—BAKPHAREI T, BEERACTIRALMERBEIEEBRT S
FERLDOTRHE LK, F1 37— FT LI REBOR—RS5A VOB EA2BRAKD
K74 P/ AXEBERBEDONarkoviBBOMELTES L, K74 b/ A XOBERRwW
Blarkov@BOBMBEBEZm LD b RE( L7, L L. EBEmMEE~AKSCE
BIB30T. S/NUEBRAKTIARRZEZTFAT 3L DIEEnNEETH 3,

LOBEERBICOR > TREBEEEEZMRIEI L, REABENASHB ER
KwiRENHIZKRIL. mE#MLi, CO&ERMS. REKBEAMMEI & &
K, EBAR—ASA VBENBSBERALBI ENTENE,

This work describes the selection of the optimal bandwidth to maximize the
precision of the CE analysis. The baseline noise is approximated by a combination of
white noise and of the Markov Process. The white noise is characteristic of the high
frequency noise in the baseline and the Markov process is related to the low frequency
noise in the baseline. For UV diode array detection in CE, the standard deviation of white
noise is higher than the standard deviation of the Markov process. However, white noise
has little effect on the precision of integration due to the likelihood that the high frequency
noise will cancel out. The noise associated with the Markov process (low frequency

noise) affects the precision of integration the most. Therefore, the quantitative



understanding of the low frequency noise is critical in predicting which wavelengths have
the maximum signal to noise ratio over the integration domain.

With the quantitative understanding of the low frequency noise, the wavelengths
with the higher signal to noise ratios can be determined by using the absorption spectrum
and the integration domain. This information is used to determine the single best optimal
wavelength. The optimal bandwidth is calculated with an iterative approach of
determining the noise parameters for varying size bandwidths over different wavelengths.
As the bandwidths become larger, the standard deviation of the white noise becomes
smaller (relatively) and the standard deviation of the Markov process becomes larger.

This suggests that accurate baseline correction methods become more important as the

bandwidth increases.
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THE S/N RATIO IMPROVEMENT OF CAPILLARY ELECTROPHORESIS IN THE VISIBLE REGION
WITH A HIGH-SENSITIVITY CAPILLARY CELL AND A DIFFERENT ELECTROPHEROGRAM
Kiyonori KATSURAGI(=*1), Moritoshi KINOSHITA(x1), Hiromi YAMADA(*2), Tsutomu
MIZUGUCHI(#*2), Masumi ONO(=*2), Satoshi NITTA(=*2), & Keiko KITAGISHI(=*2)

(1) Otsuka Pharmaceutical Co.,Ltd. (x2) Otsuka Electronics Co.,Ltd.

Instrumental and analytical modifications enabled us to improve the S/N ratio
of the capillary electropherogram in visible region, i.e., (1)high-sensitivi-
ty capillary cell with an extended light path, (2)different electropherogram
between two wavelengths, (3)optimization of sample injection, and (4)accumu-
lation of data points both for the time interval and for the wavelength reso-
lution.

[ZLoic]
RTZFE.FVNRIE, B, HBERLOEAEHFOARTIR, THRREET 268
BTOSRNTHIIEDBELITDAT VWS, ¥+ EZ Y —-ERKREKBIHVWTR, BESD
REEPFVOT, BVWKRHEHBEOBOWIUVEORBRTHRETZZIEMNEL. IH
BIREETSXNWVLTARLESIE VRV, BLE7I/VBOIRNVALLTH SN S
dabsyl (4-(dimethylamino)azobenzene-4'-sulfonyl) ZHWT. ¥+ 51 —EKRik
HLEBOARBOS /NEZEITFR:0HEC, W< O2PDKAEITO,

(#7&)

Frbs)—EIKHEF L L T, KEBEFFCAPI-3000 A v, #FHE LTIV,
Wonay sy 7EEHG LR, TREOAREZEENT 5728, light balanc-
ing 749 —%@L 7.

XrESY—lF, EHMEENUAESunDF+ ES Y —DORE £ Hjerten ' DA
EHhHRYZOYVNNTZIRTI=—F 4oL ¥+ EFSU—DLEE500mm, MEFE
TOHEHREI8anTH 3.

By 7k, dabsyl TS <N LEANTIOLAF FDIng/ul (1.4uM) Oiki%
Bivwi=. 0.1M Tris-borateffiifiiti pH8.5 (2mM EDTAZ S &) EikMidik & LT, -20kV
DJEEZEEGML, 450nm~650nmD & BRI THRE L=,
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B 1icdabsylD . H2CHIARY bV ETRT. E3ik, dabsyl DIRIRERTH

2480 TRHELERBO 720754 TCH 3. S/NEALEEZEHIC, UTOR
WMET- =,

(1) ¥+ S5 —OREBOXBEEHIBELEATREFTES YU -tV EHET
3. >V FIINOMM

(2) 480nm& dabsylHBPR £ &7~ 2 1W60mEDE7 20T L%L B, >/ 1 XDH
iy

(3) FAEEBSEPONMEBRCEAT,. BRMEDIVWREEAZEZRT. > 7
FIvoiEm,

(4) ALEBMAREDRBICSVWT, ¥ 7V V94020 (XBEOHAER
EL{T3)., @B 2L T. >S/NOHM

(5) HESBRELEL LTHEFATORANREHZ. >SS /NOHMN

(1) ~(5) DRAICEL»T, Ma4DLSk7za¥S5ub@Bodh. S/NM3. 6
>152FELLBALLE,
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‘%  Fig.3. Electropherogran of dabsyl- Fig.4. Different electropherogran
| oligonmer at 480unam. of dabsyl-oligomer between 480na
N . ~ s Hydrostatic injection of Ah=25am and 600na.
p : ) L. for 130s. Hydrodynaaic injection with 0.03kgf
# f : I 1 8 (=50cn,ID=75un capillary. /em? X, for 10s.
o o saopling tige: 30as L=50co, ID=75u0 with 3xextended
Fig.2. Absorption spectrun accunulation: Stimes pathlength detection cell.
of dabsy! oligonucleotide. . - . . .
wavelength resolution: Sne sampling time: 21ms

accumnlation: 12times
wavelength resolution: 20nm

[x#) (1)S. Hjerten; J. Chromatogr., 347, 191-198(1985)
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High Resolution Full-Range Isoelectric Focusing
in Capillary Electrophoresis

Yoshimitsu Obata, Hideki Hiranuma, Hiroshi Tanaka, Yoshiharu Sirane
(Perkin-Elmer Japan Co.,Ltd.)
Shiaw-Min Chen, John Wiktorowicz
(Perkin-Elmer Applied Biosystems Division)

ABSTRACT

A Capillary isoelectric focusing method with good reproducibility, wide linear range and high resolution was
developed for the analysis of proteins and peptides. This was accomplished by applying accurately controlled
vacuum and high voltage simultaneously during the mobilization step of the IEF procedure. Characterization of
various acidic (pI=2.9) and alkaline(pI=9.0)proteins was achieved from a single analysis; linearity was obtained
over the entire range of pH 2.5-10.0. Base-line resolution of proteins with a 0.2pH unit difference was
achieved,even at the extreme limits of the pH gradient. The reproducibility of the pI determination was found to be
<3% RSD.

[irrwic]
RIVT7INTIFFNVEDDVIEROEBEIBAKEE R, 5 Vs H0%E
HAEDCESCTHEL LTUACERL TS, LALEHS S OFEICE., EiEn
PHTHR S YRS BEPRTE LI bR, R0 TREZLEL THEVERR, 2
LTRTF FORLREBLFICERANHEELZWS LR WL 2P DRFEEH 2, 4
EE 4 B4 OSRNERHET 5 Lt ) BRERVERKOB VSRS BLIXD
EEEILE N ® Y €T ) —BRIKDER L L) HELERL 7
RBHICED &) e REERF LREER> >, $/pHAROY =7 V5 4 —
KoOWTHRF LD THRET 5,

[£8%)

FB/IZ/ N —F )= —3 Model 270A-HT % vV 7z,

¥ v €5 ) —SBEAERIKE(CEIEPRPESOUMADB-10—F 4 Y 7%y ¥ 5 Y —
(J&W Scientific®l) hTiT% o 72,

ED L B BECCEIEF21T% o 12 h %Fig 112 R T,

BB, 7AWV YT N BB I TBBHS I ATy T (HhoRk
TR) T, BYHOBONY FHEBEH CLOSBEXEML- 3. HELXBE
rEAL .
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SHEEHERF L2 5, BB & L T20mM NaOH, REiBAlH L L <
100mM H3PO4sZ W IGE ISR S RIF L RER L 720 22 T, HFAEHDRNase & ,
carbonic anhydrase, B-lactoglobulin A, CCK-flanking peptide % f \» T L2 D44 CCE-
[EF 24Tk 272 & T A, pH2.75% HLpH.SNMEFHTCHEBH 2pHY 5 Y L v b H5EE
S, ThHDFUNIE, RTF FHFABIHTEETDH o 72(Fig.2)o
F7-. 02pH unit DENWT Y VNI BER-AST A VFHTREC L VBRI N,

I
7 I Load samples
. sem——— Hydrodynamic flow I
NaOH B s 5 ' R el Ampholyte | "Insulate” sample

s Elocirical fleld |
232 R TR B 02 H3PO4® | Focus

G)NaOH ot P TSR HSPO4®J Mobilize
______ Fig.1 E!?-Ili??’r?éd—ur; ST E
(3
1
3.
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5 7358 _
: s = 531 SOl
C - El3s =
£ a3 % < 0 ﬁ s gg 3
S 3E i3 jlis
i 5 1 2 g 3
5 Q
dE 2 E § 4
1 | | | | ] 1 1 ] | ] ) | | | | ] ] [l | ] ]
2 [ ] 8 " 14 17 20 23
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Fig.2 CE-IEF electropherogram of proteins and peptides
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One-Step Capillary Isoelectric Focusing
Hiroshi Takai, Ayako Anjyo, Etsuo Arai

(BECKMAN INSTRUMENTS (JAPAN) LTD.)

Thomas J. Pritchett

(BECKMAN INSTRUMENTS INC.)

One-step capillary isoelectric focusing was performed using a capillary where the inner wall is coated
with a neutral polymer. Nearly the entire capillary was filled with a protein sample, which was focused
into a small zone after applying voltage. The focused proteins migrated past the detector due to the
residual electroosmotic flow remaining in the coated capillary and were detected in 20 min. The
migration time reproducibility of this technique was better than 0.5 % RSD, and differences in pl value
of less than 0.1 could be resolved. One-step capillary isoelectric focusing offers direct on-line detection,
and is easily automated which provides significant advantages over traditional slab gel methods,

ITL®I

Fr ¥ ) —BRKBIZBITA2EAT - XRTFFOMFICBWTIZ, V=T7TRY<2HAn
TOHA XNV —ari28&), BAOFEVFHVOATWVS, SHOHIZHATEDICH
DI N T HFEICEEABRIXKBEND 5, TRIFKL T, BETH>ERBREK®:
KBV HIFYET)—D5BHBRICHIS LI hHERY 2 Ca—F 1 v V&Nl x ¥
V=RV TD, 7V A7y 7HRBLGEARBICOVTRIT Lz, COFEETIE, FH&
BDXKEY /Sy 7 7 RBRRX Y ET )= ~DOIMESICE VRN FEBEEE 2L E»E L,
FEIFXYET)—NED oK N LBBLEVOERBE 7T+ — AT T8N, 20OFTRE
éﬂfCo

EBRFE

%l Fr ) —BRKBERBIINY 72/ HOPACE VA7 45010 kv, ¥v ¥
) —idRy 2 HBEBICE ZHNESO pm. BT cm ORELAB L 2 X FI ) A
Fv¥E5Y— (MG :.eCAP —a2— b X v EF) =) HWE, BREBIZBEN
FYET)-mED TecmONBEICHRBL., F—yRBIEIRy 72/ #OT—-V kY
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R BMBARIE Y /i), $BA— ST RE(LFERMLLIVEALL, 770~
54+ 3~10) . e FOFY 7OV AFLEVT-A (HPMC) RUTEMED (
N,N,N',N'-tetramethylethylenediamine) X3 7 <# X DA L7z,

EE  BRBEARIIRA & VKICERL, PgLL, B tEEROFEIT -SRI T
WHTz A+ kS0l EMATHERL/Ae HPMC RU'TEMED 228 10% wW 7 7
VIS4 VEHERBERE ] I CRELEHESpsi DBEF AL AMETHF Y E
) —AICTE L. HEEHATILI10mM ) VB, FREEEFTI 20 mM KEET MY
T ABHERAW L, KBBEIZ74 KV —ETITo 72, RiHIL280 nm TITo 720

BRRUEZE

T77NMTI A MERICETNS TEMED (2L VB X+ ¥ 5 ) — ORI 3 & BENR
D TEBE I+ —H v 7EE, I BRARBHTBRHS LI LITLD pl H45.1
~9.4 DEMBEREH 20 FLAICKRBTEL (Figure 1) o

CHODEMBHBRNDIIV—Yar 54 A0BERMIZ05 BRSDUTTC, pl& 3L —
Savy 4 LADHEMFRKIZ0984 2oz, pl DAEEEIZOWVTIE, 5.1~7.1 OFEEIC 13 &
ORGEFOEBE—AI2E ), ZOEHEAT 0.1 Dpl EVHEICTHENL I EIREN
1o COT—ADEY— 7 ERMEROBRMIIS3 SRSDUT TCholz, APMELE -
EROMMIL, 20~300 x gml DFEETHS2ERENE LN,

PEDZEDE, ZFHEICELEF Y ET) —SBABRIKHIUERD S VERVTOHE
¥BEIRZ DS, BRERURTF FOFRMICBWTHEDLFETH S Z LATRRENIL,

00§ r
4
004 | 2 1 : Cytochrome C (pI 9.1)
2 : Myoglobin (p1 7.2
003 | s yog ' (p )
8 3 : Myoglobin (pl 6.8)
-g 0.02 | | 4 : Carbonic Anhydrase II (pI 5.9)
2 3 5 : B-Lactoglobulin A (pI 5.1)
< o0 _\J\_‘.
0.0 | LLJ
001 b
5 10 15 20

Time (min)

Figure 1 : Separation of standard proteins
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CAPILLARY ELECTROPHORESIS/ATMOSPHERIC PRESSURE CHEMICAL
IONTZATION MASS SPECTROMETRY

Yasuaki Takada, Minoru Sakairi, Hideaki Koizunmi,

Central Research Laboratory, Hitachi, Ltd.

. Abstract: Capillary electrophoresis/atomospheric pressure chemical ionization
nmass spectrometry (CE/APCI-MS) has been developed. The interface between CE
and MS consists of an electrospray-type nebulizer, a vaporizer, and an
atmospheric pressure chemical ionization source using a needle electrode. In
this system, the solution is nebulized by electrospray, and vaporized samples
are ionized by corona discharge followed by ion/molecule reactions. This
CE/APCI-MS is a very promising technique because the APCI process is not
heavily affected by salts in CE buffers, allowing the use of a variety of CE
buffers in CE/MS analysis.

#eE
CEDORHUBLLUTHEDHEE (MS) 2AVW3CE/MSIREBREESREOHE
ARMCRIERBITZDOLPEIN TV, BEFORP 2 IBTICELHATFD
ATV ERHTEIMSLEFIVFAVTRETILDCR, ATV HEEGDEL VAT
T=ARFOMRBHFBEZ2REL 23, hETi, TLZ2 bOAFL—(ES1) &
HEN TR (FAB) 28R—RLLEA VA 7z —AHHEBELE', BICESI T
B R7FRECH Lamol LRV OBENBREIATWS, LHILA2NS, CEDRH
HREBBIETOHHREYRBLI ATV TEZHERERL. CE/MSOREHEE»
BRTDIEDICRML AT VEBBBIREIKA VAT 2z —AOHBNFTRTH 3,
RAETREAFVEE2WBISZKRKEAF6E (APL) ik, Beof 4 be—
REBQUALERBRBBCIYVEETEZ LGB NTWAE?, 22T, APIO®—
RO—D2THIAKENEAFT L (APCI) #AVWECE/MSOTREEIZDOWT
RELE, $E. FFEORBCOVWT,. BROES I LOkBEhLicBET S,

RRRE

MSREHUM-1000H 2B HICHBLERALE, 1372 —2ADMBMIE£Fig.
1CRY, LCADQAPCIAFVHETRBBELMBBRBT IN., ABOBLRND 20N
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Wk, BREMBEGER]L1 OkVE LE, RBTHRONEBRIRBRIICEAZHL,

ftxhs, A FVRICRHERBEIBRITIOATSY, TORBCRBEE2AMT S =
ditEVaorRBERESES, BEPFREABTCEBOAEAT Y (—RMF V) &
RIEL, RE2FCHITIROIFAL U NERENZ, 1 F38EA, ZDHARE
BLTHHERICEAZh, BRIFESHh3, ZHEABTR,. AR+ VO RY
JMNEEEAMU. A¥FT—CIDIRIVERMISAZA—A TV ORBREFT> 2,

HRBLIUVER

N7 7BBBLY—A70—-FEFE2L 27 x—AICHAL, ESILAPCITH
HENBENRIISSOVROBBARIMNERELE, ESITRAY T 7HDEIIC
HBETBIZ7VEZOLAATUNBLBHZNI N, APCITRECIYVERKDEVWE
BREBR (AX )=V 7Eb=bUN) OO0 b RANBEURLSTFA BB EHhE,
$rh, EECREEABICTHBELRBELAMSR, CaffeineBES I XYL BENER
WIEMNELSMERE, RPEICBWT, HICHRKT IS TV ORENBHEHIZEH
S5HATRLZ2VWYN, Tho0YERIBRMBIIZTTHARDA T VICEREhTLE
OT, HBRBEAMINIBELIVREEHITONASALT VBAMAETHATER
WhH, EBR7OVv I TRRINIBBREZCHBINI2DLEHFTFAILONS,
DEOBRED?S, SEMRELEAPCI#R—2L LECE/MSiE, #KOESI
KR, 1) Ry 770 BHOBEEZITICSWILIRBREN, CE/MSiItBIH3
N7 7BBUOHBEBUNTCEITHEENDI LD, 2) GEICIVESI VLN
WERENBOIhI L HEOME 2D E,

Needle electrode Drift voltage

N ,E ;E

-
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Vaporizer

MS

st aperture
2nd aperture
Figure 1. Schematic diagram of the CE/APCI-MS interface.

1) W. M. A. Niessen et al., J. Chromatogr., 636, 3 (1993).
2 ) M. Sakairi et al., Rapid Commun. Mass Spectrom., 5, 354 (1991).

3) Y. Takada et al., Anal. Sci., in press.
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HIGH SENSITIVE ANALYSIS OF PEPTIDES AND SUGARS BY MASS SPECTROMETRY
CONECTED TO CAPILLARY ELECTROPHORESIS (CE/MS)

Katsuhito Hashizume , Masaru Miyagi , Susumu Tsunasawa

Takara Shuzou CO., LTD. Bioproducts Development Center

CE/MS , which is coupling of capillary electrophoresis (CE) with mass spectrometry
(MS) has been expected to be efficient method for structural analysis of proteins,
peptides, sugars, drugs and so on. Using CE/MS, frgmental peptides of cytochrome ¢
obtaind by digestion with lysylendopeptidase were detected with high resolution at
1.5 pmol. In the analysis of PA(pyridylamino)-sugar chain mixture, each PA-sugar
chain is separated and detected successfully by CE/MS at 225 fmol with selected ion
monitoring mode. Our results present that CE/MS is a useful method in structural
analysis for a very small quantity sample.

BROUBE

Fr ESU—BTKE (CE) (3. BHBROEM CENFE. ERHBSRLSTEEL &
5. EDSRAEAERBEEVGFICEN>TNS, RE. CEDRBB[LLTIIUVIRESHS
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(Fig.1)e £, BE—IDIAARS PIVIDS, BFRHILIRREZIRB T EMNTE,
4 O PALIERASMDIGETH. BIRA A EZS—ITL Y. 225fmol &1V EH
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Fig.1 CE/MS Chromatogram of Lys-C Digest of Cytochrome ¢
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ENVIRONMENTAL ANALYSIS OF AMINE IN WASTE WATER USING CAPILLARY ELECTROPHORESIS
Yuki Tomioka*, Akira Okada
Environmental Engineering Laboratory, Research and Development Center, Toshiba Corporation, 8,

Shinsugita, Isogo, Yokohama, Kanagawa 235 (Japan)

ABSTRACT
In waste water analysis, development of rapid analysis methods is needed. In this paper, we
examined the rapid analysis of amine in waste water using capillary electrophoresis (CE) and ion
chromatography (IC).

The IC method was not used to directly measure samples of waste water, because direct measurement
results in column deterioration and reduced capacity. The samples, therefore, required a lot of pre-
treatment. The CE method, however, could be used to measure amine directly, because the CE
method provides highly sensitive separation. These results suggest that CE is a useful method for the
analysis of amine in waste water due to its speed.

1) XL HIC

Y7 ) —EXKE (LLTCE LB X, #HEICHVOHELE LTV 5 2 LMK
THDN, ZOMIZCHFEBRE~ Y v 7 XDOMBEDZ O HTHE L 72 D JTLEERIED
BRI L H5BELSTEOCRABAOLER LHHOVL oL LTHETONRS, —F, T,
o OFEAITLEIEIZ SN THAABRARRELBRAORARD Y BHESOFR, <+
Yy 7 ADRKBHEL 2> TL B, B, RPOIAFAT IV RMAFAT IV
BOBRT I IKBEPTAAVEBLTWAEDS A Ia= 57 40— BT
CIELEE) ICL>THAWHITOhTEE, LOLKEY (R hY v 7 R) BHTLDHS
Vy$—DFH LI 8 LHESITIRETH-7-, £ CSET I VEOHFIZOW
TCEE%#HEAL, | CELUBRMNETo-0TRET S,

2) BE
CERIEEBEIICES — I (Dionex), F—#NBIERITA | —4 5 0 (Dionex) A 1=,



3)

X €T Y —IZNET5 e mX2E60cn, HEAIZENETI00mm X 30sec, RHITUVRHT
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ELTHEMLBEL, MESICKBBIRORBRETT-,

| CRIEIZIZ4545i (Dionex) . WRGEIEMRHIER1CA-3030(TOA) Z AV =, DD T Az
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CEH L ICKTOT IVE, BAA 2o LB« DR %EFig |, Fig. 2ICRT,
Fig. DERIC I CEETRIUAFATIVEAVIAL, YV ,TF hIAFATUE=ZY LD
SEBRR+FTHoA, CEETRTAAMETS LA TE, ERICEEERTAN
LRI ONT AN EITo2 L 2AREERERICHBIKE L THY RS KEEET b
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Fig.1 Electrophoregram: Fig.2 lon chromatogram:
(1)NH4, (2)methyamine, (3)Ca, (4)dimethyamine, (5)Na, (1)Li, (2)Na, (3)methyvamine, (4)NH4, (5)dimethyamine, (6)K,
(6)Mg, (7)trimethyamine, (8)tetramethvammonium, (9)choline, (7)trimethyamine, (8)choline, (9)tetramethyammonium,
(10)triethvamine. (10)Mg, (11)triethvamine, (12)Ca.
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SIMULTANEOUS DETERMINATION OF BROMIDE AND IODIDE IONS BY
CAPILLARY ISOTACHOPHORESIS USING QUATERNARY AMMONIUM
SALTS

KEICHI FUKUSHI

Research Institute for Marine Cargo Transportation, Kobe University of Mercantile
Marine

and

Kazuo HIIRO

Kobe Women's Junior College

The effects of quaternary ammonium salts on the PU values of bromide and iodide ions in capillary
isotachophoresis were studied. The PU values of these anions increased by the addition of some quaternary
ammonium salts to a leading eclectrolyte. The most suitable quatemary ammonium salt was
tetradecyldimethylbenzylammonium chloride for the simultaneous determination of bromide and iodide ions.
The optimum concentration of the tetradecyldimethylbenzylammonium chloride was 1.5mM and the most
appropriate pH of the leading electrolyte was 5.0. Calibration graphs of bromide and iodide ions were linear
up to 5.0 and 50mM, respectively. Low concentrations (0.050-0.25mM) of these anions could be
determined by injecting 75 £ 1 of sample solutions. The error was less than *+6.0%. The relative standard
deviations of the zone length for both anions were 0.9% when the mixture of 0.15mM bromide ion and
0.15mM iodide ion was analysed. Those of the PU values for bromide and iodide ions were 7.8 and 3.9%,
respectively.

1. #
By, REPREITEDAA VEBBHENECICEELTHEL0, BFEOK
BUERBREERAVCCATASHABIRDERL LI hoAMA V22T A LURA
BTHD. REZDOAFVOREBICR, AFIVALA L EDHERRPASY /=N
FRBEMAVCSOSATE . B, Kaiansky5"RBERORYE=-NED Y FU 2R
W, ChoA A 0BHEXBPTAIIEERLTNWS. —F, FHSDRPROE
ARTVEZVLEZRZY-TAVTHREBMTAIER LD, EVTTFUO®, V7
ATFVBRUNF IV VBAA VOBBENEYTLIEERLE. BRSO LIS
BBROBBEICHTI2F4RT V2L EORBIODLVTRHFLTWHWS., £2T



VW=FA T A4A 28 FAEL, FBRT BV LEEZRA L, HIEASHE
BIRKBEILIZRMDRUEIVAEDAA VOREEREEXRZNLOTHETS.

2. £ B

BERBEASEBARDAINERP2ARE2EALAL. kBERIAELOmm B 1S
HB5VIE20cmDPPTFER F 2 — 7, NEOSmm, BX 15cmDFEPR F 2 - 72 FEH LI
bOTH3. RHBRBUABRBREBLEAVE. V-TFT4 V78I, —EREOE4R
TvEZYAEL00%E FOoF vy oM AF D — X (HPMC) ¢ %8 L 5mM
BBIKELAFIVEMApHZRAEB LA LOTHS. 74— I FVEIE, 10mMANF Y
MFPYYLTHE. RBHBHKEZ, HTD10~157H200uAE LU, S0ARYI DR Z ).

3. % B

FART VEYLAEOHBRUBE, V-T4+ /7 BOpHE ERK DWW THRE L.
FOHRERFIFSTFTIYNWNIAFAMRVINT VEZY L (Zeph-Cl) % 1.5mMBE M L,
pHESOR BB LYV -Fa v 7HERAVOE, RGP A 3BT &N
Bttt 1 A o hoRBEha3l tdbdslhk. FLBEAAYE20TEEROD
VBREHIMIBOoN, 1.0~50mMOD &

1 EEE DL R PR Y 18.0
MBAATCaLEABMESW L L
CAHh, I DREZBHATHEE
BTE/h. SOoKEBE (0.05~0.
25mM) D hoAA Y ORBERE
Mgl T 3D, RHBBARKS
WTRHLEL., TOERFiglitRT
I, R RUIIELHAA
O/ -VERuIETHE AR LG
LT#HmUZs., 1000ITRBBED R
D, REKRBEHITIEHVEE
THo1:. ABPFARET511ETH 0 25 50 75
H, ChoBREDA 4 V2 £6.0% Injection volume, ul
ODREBENTARERTISC L Fig. 1. Effect of injection volume on

Xbhoil. zone length for bromide and iodide
ions. O, 010mM Br; @, 0.10mM I
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g
(=)

o
o

Zone length, mm

X

1) V. Madajov4, E. Turcelovd and D. Kaniansky, J. Chromatogr., 589, 329 (1992).

2) H. Yoshida, M. Hida and M. Taga, J. Chromatogr., 325, 179 (1985).

NBR B, AKX FX BFLUAF+ESV-RBIAKBY U RIIVLBHAEER, psS
(1991).
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CONTINUOUS ELECTROPHORETIC SEPARATION OF
MIXED RARE-EARTH METAL IONS

Yushi Hirata,Yoshio Konishi and Tohru Sakamoto
Department of Chemical Engineering, Osaka University

The principle of electrophoretic zone separation of rare-earth metal ions is described by
combining the ion transport equation with the equilibrium relation- of EDTA complexing
reactions. Experiments for continuous separation of mixed ions of La3+,Ce3+,Pr3+ and Nd3+
were conducted using an electrophoretic cell of two dimensional thin packed bed. It has been
confirmed theoretically and experimentally that high-level separation of mixed rare-earth
metal ions can be attained under the condition of a relatively short residnece time and a
moderate strength of the applied electric field .

(=)
FLHMEBAA 1L BRIFMOAA > THY (baewy

MR B> TL B BIC. ZORES M 5 IHH 1
BEERT 55, RFRTIE. WEARGENALT - ,  Na
BEWAA L OBENBHLLMI LI LNTEZIERE . W
ABEVCHAL. ZopEiLLsRARIAOREE 3 | 10 § %
GAROThELE £ BAL RROTAH SREFLE, | 13 Im
(kBB DRESH ) Y L
BLHESEA A > LED TAOBWERRISILARD & 5 (28 ‘ ol 3
bEhd, Fig.1 Variations of mobilties of the rare-earth
M* + LY = ML (1) ions with pH (Cpy=5X 104mol/dm?,
RiSEENE VRAITIE, B4 74> L itk 4 (12— Cwmo=5X 10-4mol/dm3)
SORLMA AL LTHE, MBI BLEABR R
MFOBBE Ul R TRbENS, (X.0) X
U/ @F=(3Cy5~Cy )/ (Coag+ Cos)

=(3-KyCL) (1+KyCy) (2)

BEREU, QEBRUFRECLLESGICELT S, . EM
DHEIVEBA A U HHEL . BRBEBM O B2 3
BAICIX, Fig 1ILRT £S5 ICHERBRICHEC TR 44>
OBEREDRIZHERENE U BE RN TR E 23, z
Fig 2[R9 & 5 (TikBhA A2 I — B v, Tl Fig.2 Migration trajectories of rare-earth
ZENEEADOXARIC—EDOBAU DR & /de AREIATL ions fed at the point (x=x,2=0)
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ANALYS!S OF RARE EARTH IONS BY CAPILLARY ELECTROPHORESIS
Takeshi Hirokawa, Takayuki Shibayama and Yoshiyuki Kiso
Hiroshima Univ., Kagawa Pref. Police H.Q., Hijiyama Womens' College.

Analysis of rare earth ions was studied by using capillary electrophoresis. The
electrophoretic modes used were isotachophoresis and capillary zone electrophoresis.
The separability of Dy and Y was improved by the addition of tartaric acid to the
conventional operational electrolyte system containing a-hydroxyisobutyric acid as
the complex-forming agent. The electrolyte system developed was applied to the sepa-
ration of a rare earth ore sample containing Y as one of major components.

1. $#58 HLExHKOFH. GLEFLF =LY o 7 2HOUBAF LB OBHELRSRRE ED
XIB/REEFALLELTHEETRAEVL, PRI 4ABOS 9= FBLXTA 2 FY Y
LESURFLBRENOMBRSENTT 2BE. AVLFERRORS (FILILAES TR
SXFes. MS TREMEOFH. XBARTR<M Y » 2 RBBEE) Tk o BHERSN
BHBEHIEHBV, COBBEBICH L TRIESITNEHTE2H5,. AhCdbF+ ES
) —BRKkEE (CE&E) 383 MERHETH 3,

HLEEA A Y RENBHESBULTWE0 T, flAida-t Fo+s 4 VEEE (HI B) %
BHERAE L THEAL. RERXEHOERCI VEYBHEICELE L S ESBERRT 2,
LA LFIE (53 VI=FRHEI48, RHAYP9LBLUS v P Y OL) ORBERIFER
3¢, BDytYonrRBECHIIMBHMOohTEY, BIEFTLEBLHR4 4 v 2 —FFic
BRADFBAELBRERRASHATVRE L, R2 B0 LS NBREROBERERKSLTW
2, BEH I BRICBAEMERMT 2L Dy LYBHHTEIWER VWL Lk, ABETIR
CEERBUAFLBM 4 v OL/REMB LUFLIBEUTOSIT~OEHIc WTHE T 3,

2. ER FHALALCEHRR. SHEBKAKYE (1TP) BLUV/— vyBRKBE (CZE)
THdo FEBIKHEFORMUE IBERFEEMBHERMIBC. LABECO (Ru/,%
7)DZKI-00 1 NGHBAKHERONBE2= FEHISDETHALE. -3+
V- RHUFCOBERI TS Y7k T0.27CThHotco BBERBEE LTRBIRI P-
2ADLD%RERALE. CZERBRABEBFCAPI-31007.,. SEBRARTS M
HHES0OcmDI72—XFYYHhBETH3, EEMNEBEEIR2 5°CIKBREL . STic{tif
LABRBERRIRICELEDTRLEA, 1 3+ VRENEEXNERBAER» S AF LIRS
BERHCHERLTHRLE (2g/1) - FEVESEHREB/LLY» SFRL 1,

3. #RELEE HIBBUEBERRICBIBZY LDy OESMIIIH I B4 + v ol
BEBIUCEEEERSBLUL TV IRDTH 2, R->TIhSDA 4+ Y ORBNIZMIL,
FBIERFAIE LTHI BOB2@RALTWARD ROETH S, HI BII—{iA+ v A E v
THH5HL BRIBEREREMB LT _HOBEREFRMULUABRIEREZR L. *
NRBEEAELTO. SoMOEARBLUSIMOHI BESEL2 0mMO7 vE=T7KT. K
BEFRMLTpH4. 8 IR LALDOTEHSS (HIB-Tar®) o

1l 5fBBL[A A OB NVBEYOAI VI a7 207508525 Lk HEDBESH
RESICHEREOBRIMC LD YDy " OSBORDDIZ, Eut s Gd OB RTN
iCii>fco HIBRTREb -5y = 4 yOlfjonptkit—F TR, BN 4
DORBBYTINV—TEFHEL (FL5FHB) . 27nmo 1 /C (Eu-Gdxf) 53
09nmol /C (Gd-Tbx}) F°HK{T3 [1] o« BEGROBMIIDBICES 9= F
43 VvORMEEZHIBROW2 /3IKETEEACEBNHOMICH > WBEELICHOW



TREGROBMIC L 2 2EIEOETRESHEM - 2,
CZETHHAMOBMBYBEN LR chid, B2 bicRLicL I, YEDyiexL
TR—R54 YBIBKTCERDotio COWMBRBED Y/~ VYDpHBIU4 & VHIENC
ZETCRELTH 3 BZHEBIAKY TR/ —vBRBU>TWARLEERLMRENS S EER
DB, BBE U EGdBAaMLES WEAELBLWTRITPERLTH» Ao

B L ABRIKELEGECHALLL LA, FEENY A —F—FE TORSIEPVWTRE
FEARERNB oI ENbhotto 214 A VYBRERSEEOI TP, ITP-PIXE
(HFEBIA kT8 - FEIR XBOFE) ORREEBLTRLE. ITPAHICR3 05
BEOEBEASNBTHIHMN, B/ EVEFORKH LIRA 3D ME&ETH5, CZESH
FOREERFEST RETHIH, =MbY 97 RPOHBRSOFTICIBRT R EMBEN S
3, T, PHOFELITP-PIXESIORM., ERLAEMBHELOENLAE
FEEHZIROWTRBETHEY 3,

fourteen lanthanido lons and Y>*

Table 1 Operational electrolyte system
ITP

Leading electrolyte : 20mM ammonia soln.
Complexing agent
(1)8.0mM a-hydroxyisobutyric acid

(2)0. 5nM Tartaric acid
pH buffer acetic acid. pli=4.80
Additive 0.1% Hydroxypropylcellulose

Specitic resiswance

Terminating 10mM Carnitine hydrochloride

CZE
31?1mM Creatinine T MR TR
pH=4. 80(acetic acid buffer) Migration Emefsac

Fig.1. Isotachophoretic separation

Table 2 Analytical result of of fifteen rare earth ions
jon-adsorption type ore

0.04 T Y T

[ a) Tar=omM
ITP ITP-PIXE ook REE
HIB-Tar HiB
REE 101 141
ng % ne %
La 5.539 36.68 7.425 35.96 3
Ce 0.300 1.98 0.431 2.09 |
Pr 1.211  8.02 1.747 8.46 £
Nd 4,725 31.29 6.465 31.31 3
So 0.710 4.70 1.001 4.85 I
Eu - 0.145 0.70
Gd 0.649 4.30 0.674  3.26
Tb - 0.104 0.50
Dy 0.302 2.00 0.405 1.96
Ho 0.052 Q.34 0.073 0.35
Er 0.134 0.89 0.164 0.79
Tn - 0.040 0.19 ) - - ) )
IY.B 0'.1.31 0.87 8: 6%‘;’ g: ?8 150 200 250 300 aso 400 450
Y 1.347 8.92 1.820 8.81 Migration Time / sec
Total 15.100 g 20.650u g Fig. 2. CZE separation of fifteen

- . rare earth io
1) J.Hu, T.lirokawa, F.Nishiyama and Y.Kiso, J.Chromatogr., 589, 339—345 (1992).
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SEPARATION BEHAVIOR OF IRON IONS IN CAPILLARY ELECTROPHORESIS

Kazuhiro Nishimoto, Fumitaka Nishiyama and Takeshi Hirokawa
Applied Physics and Chemistry, Faculty of Engineering, Hiroshima Univ.

An operational electrolyte system suitable for the simultaneaous analysis of
Fe(D) and Fe(m) ions vas developed by using 1,10-Phenanthroline as a chelating
agent. The separation behavior of these chelates was studied by using capillary
isotachophoresis (CITP) and capillary zone electrophoresis (CZE) .

The isotachophoretic separation behavior was analyzed in detail by the result of
ITP-PIXE (Particle Induced X-ray Emission) .

1. BUBHK HKAAVRKBETTRKBILOBEEELR LS (. BREABHIFICRF
BEHBEBMLEEA OGN TS, L L, BrBEREKAAVICHLFL— MeAE LTI
10-7 =2 bFo) yERCIE., MEASHBIRAKIE (CITP) ok > TKEILY
BUOEREMATERKDILBICLEHR U, BicFe(M)M 4 v b BIHRES
AKX ERBU, Fe(IDAA L ERBTETHB EEW ST L1,
FHRTRINSDKDEHESSIKFULRBTELDIII TPERIZE » THEH.
SV EABMUTHBEANETHSP I XERTERET -7 (ITP-PI XE) .
ERABEBOF v BT Y -/ - VBAKYE (CZE) RL3ABRAERTE TS 3 .
TEOREAZTELIARET>OTHETHET S,

2. IR FERTORELLT, THREIN T ISR ECHEME—BT V=Y A
(Mohr's salt)[Fe(N)], BBk (Fe(m) X ZhZhBL . BEHFMULTpHZ 2.0
ELl%o LI-7zF 2 boY YEREICIEALI-7 2+ bo Y=g A—kWE B
BEREICTREL L. RICKREE £ Table iz, A L-BRA A Table 2R3,

Table 1 Apparatus

CITP § CZE

Compartment : ZKI-001 (LABECO, Slovakia) Main part : CAPI1-31 0 0(0tsuka)
Detector : HFCCD + Detector : PDA 512ch

Separation tube : PT FE 0.25mml.D. Separation tube : F S C 75« nX700mm
Pover supply : I P-2 A(Shimadzu) : Injection : Gravity
Migration current : 50~125u4 i Migration voltage : 10kV




Table 2 Electrolyte System

CITP CZE
Leading : 20mM ammonia solution Acetic acid/sodium acetate buffer 20mM
pi=4.8(acetic acid) : (@pH=4.4
Terminating : 20m) HCI i @pl=4.8
pH=3.6( 8 -alanine) ®pH=5.2
3. BB LELER Fe(ll)2nM, Fe( I )2mM, phenl6mM
(L:1:)ZRELEEABEZIRLTRON g
A4V%a7 a3 L%Fig lic, /-8 -g
MEDERHBRAEFig. 2ITRT, g , 3
ZOHR. HAA L ORHIEEFe(H), Fe(D), § L
phenT. TN FhOBRMUKIZFe(I)NSBELT 100sec.
HAEDICKH U TFe(M I IWMAUKRMTH - 720

FhFl— b=V EEFe()D HHFe(l)
KHRTHERITHD, PIXERLBZERT
iFFe(M)/ —OBET 07 4 —HFe(D )&

Migration Time

Fig.] Isotachopherogram of a test mixture
1 .Fe(@)-phen 2 .Fe(I)-phen 3.phen

DLW . S5BBOI LRSI -7, UL ©

OFEREFe(IF L— FORHBHHFe(I )L Fe(ll)
DHMENTEERLTN G, SNOOMMSE £ 1~ I
WaKAAvET x> ho) v OREEIN § [ ;q“VX )
BLTWBEEZSN B, | | 1
RicPe(1)EFe(INBETEERBADE N SR WO

AZEZRBUTFe(MOBAMTHSE FoF ¥
NV7IVOBRMPBRIZHOVTRILE, 208
B, Fe(DF V- b 22 TRENFe(D)F L —
MEZXBIENTEERICERATHS I &N

Fracton Number

Fig.2 Result of ITP-PIXE

bt

FRLIEORBABLEAHHTL OFBRAR
Lb0#%CZE (XHBBEOpH=4.8) 8
2d > THWTBEFIEUITTILY bOT 2 §oo
BYSARBON, EAICLBELKT2E <
OE¥—7 ULIRKT. I TPOLSicFe(n),

002 |-

pH=4.8

Fe(ll),phenZ 4835 LIBARTEETH » 2o

BBEZOERICSDVWTRAERHFPTHY,
V= rOKBER EBRMITH>WTIRB/BTHRS
E T

Time /sec.

Fig.3 Electropherogram of a test mixture

(1] BFX, Bl % BXSFAEESB43ELMBEER 1409(1994)
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Analysis of Nitrate and Nitrite in Food by
Capillary Electrophoresis

Masaaki Suzuki, Jun Yonekubo, Sasaki Hideki
Nihon Waters LTD.

Abstract

A method for the determination of nitrite and nitrate in pickles,processed foods by capillary
electrophoresis (CE) was developed. In the case of determination of nitrite and nitrate in food
containing more than 3% sodium chloride by ion Chromatography (IC),the salt was eliminated
from the extracts by using an On Guard-Ag cartridge. On the one hand,the present method is
simple,and enable directly determination without solid phase extraction.

[iIzrwic]
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CAPILLARY ION ANALYSIS APPLIED FOR
FOREST CHEMISTRY ()
— Analysis of Antiseptics —

(Nihon Waters Ltd. Applied Technology) Jun Yonekubo, Hideki Sasaki, Masaaki Suzuki
(Hokkaido Forest Products Research Institute) Mitunori Mori
(Faculty of Agriculture, Hokkaido University) Minoru Terazawa

Many kind of Antiseptics and Preservatives are injected or impregnated into the wood materials
to improve their characteristics. Titration and Spectroscopy have acquired for the quantitative
and qualitative analysis of these reagents. However, a lot of compounds used for these reagents
has high Watersolubility and Toxicity, although QC level test for the amount of these compounds
dosen't perform completely for these data from that methods indicate instable reproductivity.

Optimum electrolyte condition for the separation and quantitative analysis of Short Chain
Quaternary Ammonium salts is established by CIA™.

The USP tailing factor from both Wall Coated and Non Coated Capillary were measured for the
evaluation of peak shapes. Wall Coated Capillary is better separation than Non Coated one under
the electrolyte system containing organic solvents. Real Antiseptics reagents and Extractives
from Wood are analyzed by the same CIA method.
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ANALYSIS OF METAL BINDING ACTIVITIES OF GINSENG POLYPEPTIDE BY
CAPILLARY ELECTROPHORESIS .
Hideyuki kajiwara', Andrew M. Hemmings®, Akira Ookubo’, Sunao Yamasaki’, Setsuko
Komatsu', Hisashi Hirano'

1; National Institute of Agrobiological Resources, 2; University of East Anglia, 3; University of
Tokyo

A tetradecapeptide from ginseng (Panax ginseng) root showing anti-lipolytic activity in an
isolated rat fat cell assay was chemically synthesized for analysis of metal binding activities in
vitro. Binding activities against several metal ions were analyzed by measuring mobility shifts
during capillary zone electrophoresis (CZE) experiments. The ginseng polypeptide (GPP)
showed greatest increase in effective electrophoretic mobility in the presence of Mg*. Mobility
was also effected in the presence of La*, Mn*, Ca™, and Zn* ions. Analysis with the dye
Stains-all revealed that GPP possesses a cation binding site similar to those in Ca®-binding
proteins. GPP thus appears to be a metal binding peptide. The results of this analysis
suggested that GPP may perform its anti- hpolyuc activities through an ability to modulate the
level of free cellular Mg™ and Mn™ ions.
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Analysis of Elcatonin by Capillary Electrophoresis

Satoshi Nitta!,Hideo Sasagawa!,Chikako Yomota2,Satoshi OkadaZ
I0tsuka Electronics Co., LTD, 2National Institute of Hygienic Sciences, Osaka

Elcatonin, a derivative of Calcitonin, has a diethylene bond instead of a
disulfide bond of Calcitonine to chemically stabilize the peptide chain. This
peptide hormone consisting of 31 amino acids, is used as an effective remedy
in the treatment of osteoporosis, hypercalcemia, etc. As Elcatonin is highly
adsorptive, the standard product for bioassay contains so much of BSA and
other stabilizer that it is liable to deteriorate columns in HPLC.

The present study deals with the analytical optimization, the quantitative
determination and the identification test of Elcatonin carried out by the
capillary electrophoresis method.
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SEPARATION OF SOME BENZODIAZEPINE ANTIEPILEPTICS AND THEIR
DESMETHYLATED ACTIVE METABOLITES BY MICELLAR ELECTROKINETIC
CAPILLARY CHROMATOGRAPHY WITH ORGANIC MODIFIERS

Masaoki Imazawa
National Institute of Neuroscience, NCNP

Clobazam, diazepam (benzodiazepine antiepileptics) and their desmethylated active
metabolites, were separated by micellarelectrokinetic capillary chromatography with
organic modifiers. The addition of acetonitrile or ethylene glycol diethyl etherto the
mobile phase containing lithium dodecylsulfate (LDS) and a buffer, was shown to extend
the elution range and thus enabled complete separationof these compounds. CHAPS
(zwitterionic detergent) and y -cyclodextrin(y -CD) were also found to be useful
additives to the mobile phase. The separation of four benzodiazepine antiepileptics,
including nitrazepam and clonazepam, and two desmethylated metabolites was achieved
with aqueous-organic micellar solutions containing CHAPS or y -CD.
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Fig. 1. Separation of benzodiazepine antiepileptics
and their desmethylated metabolites: (1)clobazam,
(2)desmethyliclobazam, (3)diazepam, (4)desmethyl-
diazepam. Micellar solutions: (A)18 mM LDS in
borate buffer (pH 9.5) with no organic modifier; (B)
with 12% acetonitrile (v/v); (C)with 14% ethylene
glycol diethyl ether (v/v).
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CAPILLARY-ZONE ELECTROPHORETIC DETERMINATION OF URIC ACID IN CEREBROSPINAL
FLUID PROM PATIENTS WITH NEUROPSYCHIATRIC DISORDERS

Atsushi Hiraoka, Mami Kobayashi, Takanori Takabuchi, Junichiro Akai, Teruyo
Arato* and Itaru Tominaga%®

Kyorin University School of Health Sciences, Hachioji, Tokyo 192, Japan,
*Department of Biochemistry, School of Medicine, Kyorin University
*%Department of Neuropshiatry, Chiba National Hospital

Capillary-zone electrophoresis (CZE) was applied to detection and deternmi-
nation of uric acid (UA) in cerebrospinal fluid (CSF) from patients with
various neuropsychiatric disorders. Under the conditions employed, UA in
ultrafiltrated CSF and the concurrent sera was detected as a single peak on
the electropherograms, and the UA concentration in every sample could be cal
culated from the peak area ratios against the standard sample. No signifi-
cant correlation was observed as a whole between the CSF UA levels (general-
ly 0.5-5ug/nl) and serun free UA levels (20-50 ug/ml) so far examined.
The results also suggested that the CSF UA levels were elevated in acute-
phased cerebral infarction and reduced in Parkinson’s disease and depressive
illness. The present CZE system seemed to be useful as an aid in examining
pathological changes in purine metabolism in brain using CSF.
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LTHEST, L UTHERERABICHARLTWEILEZ X oh:, -3V E S
Tk, BEErPVTRICZOSEMItEW AL, X, N=-F VY VRRTS ORI
BOTEWNMERRLE. R HBROABEIIVTIRBI A -OBEBEMIEEOLENR
(MEEAEONM) RUHBEORRAES R, BERERBLANVOLALBRETOWT
Wizhoit:,

REXORLEBE BT IHBATRBOAMZ, EOARIISITII8H2ATPL2R
DERTHAS>SeEX O (Chi, BRABVERC IV R L Y1 2
Yy 2? AMPOERIX->TEMISRE) . X, R—-FVVYUVRRESOHETOD
HERBRBREOETIR, #BLET S VWTVWEZ7Y-SYhIERETIERBTHR
Xhi-TRENDSD (FY-STHLRR-FU Y URORBEIEELTWBEZ LR
HMOhTED, X, SOBLBBROBOHEATS/PIV A3V - B7 V-5
ANVOHLLTHEBMILABEREXED) .

DEXY, BEORBL NIV, HEHERABOBLOMBERBL TEMHL
T8y, LROCZEDRE ThE2RUETHILTHALERDR S,
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ENANTIOSELECTIVE PROTEIN BINDING STUDY OF A CHIRAL
DRUG BY USING CAPILLARY ELECTROPHORESIS
Toshio Ohara, Akimasa Shibukawa, Terumichi Nakagawa
Faculty of Pharmaceutical Sciences, Kyoto University

A simple HPCE method using a chiral selector was developed for the
determination of unbound concentration of verapamil enantiomers in the protein
binding equilibrium. Electrokinetic injection of the sample solution allowed
only unbound verapamil bearing positive charge to enter the capillary, while
neither negatively charged albumin nor bound verapamil was introduced. Verapamil
was eluted as two zonal peaks with plateau, and enantiomeric ratio of the
unbound verapamil concentration was determined by the ratio of the peak heights
due to respective enantiomers. The unbound concentration of each verapaml
enantiomer was calculated by deviding the total unbound verapamil concentration
determined by a achiral HPCE/FA method in this enantiomeric ratio.

(RE) FEWIMIEPTTNT I Po-BEMES 3 BEOMESY 3 B E4ES
U. SHeREY LERAREMIITFHERBICH 3, FEAREYIIIMEREABZD L.
BRSALICBETE 50T, MPOBREMRE L D LIS ANEMBEDHH KBRS
AWER & BUOBIBEER T Z &SN TN B, #- Ty B ORLTEWORETRE
EERGERDIHIZIR S /37 A DHRIATRTH D EDIHICITFEELDEYIBE
DREIMNETH S, i, BEMAINTOIEYOVREBIISEFRPOEE T B0
ZTOHYN T IhE UTRIAZIh TV 3, REERLEY T LFREAEM Cmigs o
7B EDIHBEAERPRIEZIBEDHZDT. LERMAT & iCIE SR EYRELAE
TALEND S,

—Ji\ M8E% 37 B EOEERAFOPISITHETAFEEL LONBL ., Fim.
2 RAEOER/N D SN 2B MKRIIVRTH S Z LT LHDOT. BES
BHI L A MHTEOBRBIENTH 5, Beldd v ¥5 ) —BLRIKEEEA MO TS
ZATD T EICE D, Y 0 A EDREOBMENEZ(IPCE/FARR) AR Uiz, D
A OFEERBIET, ¥V I ¥ —28M U RESBIPCEEA B TR
REUEEWOD 5 73 A MEBIRMICHET 5 2R L.

(RW%fE) HPCEZE. AIFBFHBICAPI-3000, kEGTH. Y o EGEH (pH 2. 5.



40md MY LAFII-B-Y7aTFFR MY L(TH-B-CD)EET) o FIMBE. +15kV, HRH.
200nm, RBE, 25°Co BEL NXF/°3I0 (VR ANV T LF v 2 RNVTOwH—) LED
mE7NVT Iy (BSA) %Y /EGGEH (pH 7.4, A4 /58EE0. 17) ICEBBLULTERLA,

(BEREBR) St IRDVER (300pM, 200uM) EHSA (550puM) DIEAHEBIABLKMSH
& (415kY, 30sec) itk D ¥+ E5)— (NEDSu. FEIEA0cn, £K53cn. RE) A
AUl BB (pH 7.4) TIIEISARAICHBL TN BHF+ ES5 Y —RIZHA
Eh?| EICHEBULIEESRVERDAOBA I NIz, EZAH HERTDY /304
ATROFT DI DICTISREIR M LB HTH A0HT. AR OLBEHH Y. —H. &
WA EZ 2B RGO 5TH 5, - T REEHEEZE DB WKER
BERIC I8 CABFEIMRETECLD, ELLWAIENMB s -7z, £C
T, HEHEBOBAICKAL > T, BEEHER UplZH >V BRD/ Ny 7 7 —Z3BHHER5]
EA%. BKUIICESOBAZIBMTI &Ik ) CORBERR L, ¥+ ESY—
PICBA SIS BIVERIS. BARERPICFINEL I 7L LTEERTNHS
TH-8-CDIC & DS Eh, 22075 b—E—-2 ¢ LTHRIEhKE (TR , ZOE—
I B ENSNFERMEE T L OIERARNEYREDOAELRAIH. BRIFSTEREIR N
8 -7 CV%>30% n=3 )o L L. RiEEEKMOE—- 7 HEOHIIRFIEREESA
7o( CV%<2%, n=3 ), & T. BHROIFFEEDISVIPCE/FARIC & » THRATIEE
YOLBEEIIERE L. SEAE UREEBO -/ BEZACTHARS TS L
L&D HEREAT L O ABENRELIE L. hoOMIREERALShTH
AN A%, KFSBMIPLCOHT 2T T EiIc X D HIGRIE Ui E BIFIC—8 L. U
MU ODOERETIE, AEOREEAR (#9100nL) O#10005ROFESIMNET
Hotze Uk D, AEIZ K O AFBEHEEWOIUABIREG I IR TENREOBRE
SHTHE[REEL L o 7,

Xt 1) Akimasa Sibukawa et.al., J. Pharm. Sci. 1994, 83, 616-619

(A) 200uM VER (B) 2004M VER in 550uM HSA
(R)-VER  (S)-VER
(S)-VER

(R)-VER
’/\/—\\\——
1 ] | ! ] ]
15.5 16 16.5 15.5 16 16.5
Time (min) Time (min)

Electropherogram of (A} 200uM VER and (8) 200uM VER - §50uM HSA ]
Running buffer, 50mM sodium phosphate (pH2.5 adjusted by phosphoric acid) contain-
ing 20mM TM-B-CD. Capillary, 40 + 13cm, 75um I.D.. +15kV, 25C. Uuv200nm.
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FUNDAMENTAL STUDIES ON THE ANALYSIS OF FREE AND CONJUGATED STEROIDS
BY CAPILLARY ELECTROPHORESIS, AND ITS CLINICAL APPLICATION

Jun Matsui, Yoshiharu Kobayashi, Fukuko Watanabe

Kobe Pharmaceutical University, Clinical Chemistry Laboratory

We have developed a method for the simultaneous analysis of free and conjugated steroids by
capillary electrophoresis (Micellar electrokinetic capillary chromatography). Free steroids (cortisol,
dehydroepiandrosterone (DHEA), 16a-OH-DHEA, pregnenolone, 16a-OH-pregnenolone, 17-OH-
pregnenolone) and conjugated steroids (DHEA 3-glucronide, DHEA 3-sulfate, pregnenolone 3-
glucronide, pregnenolone 3-sulfate) were separated successfully under the following conditions:
Equipment, Ohtsuka Electronic Model CAPI-3000 with photodiode array detector; Capillary, fused
silica 75um LD. (375mm to the detector); Running mode, constant current 60uA, 25°C; Running buffer,
20mM NaH,PQs, 20mM NazB.zO'], 50mM SDS, 16% CH,;CN.

Clinical application of the present method was also reported.

[T C®Hiz]
KBRPEBEHERMPICREEN TS FItMEI TR, 0RABIFOL FH
FELTVWS. B2id, ChoDRX7Foq FEBERHHPIS Lo b5 T74—12&D
o0 UHHERBLBESBICHE L%, HPLC®GC /MSHEZICXDAHL,
HFERBMOZToA4 FOESRRBMICOVLWTHRHEITF->-TETWAS. 20, R~ui
HROBRHELFEIIRATF»ESY -BRAUBE (S VBB /oS
T4=) KB ERVEIVHRAMXTFOL FO—FANDO-DOEBEBRIT LT,
I HICERICHERAI:.

[EBRAE] .

¥y ES Y —BRAKBEEILZ, KEBFHE CAPI-30002Hi vz, F 9 ES5Y -3,
N&E 75um, &% 500mm, RYUBE TOHME 37SmmDbOE A, REBEIL,
25CTITL, BEIT 200~3000m% X F + » L1z, B&KEEKIE 20mM Na,B,0,,
20mM NaH,PO,, 50mM SDS, 16% CH,CN, pH 8.8iCHM L THW-. ¥ 7Nt
EHETEAL, RBIZEBE 600ATIT-o /. H¥XF o4 Fid, SIGMA# B LU
STERALOIDSH A S HIRIN T2 bDEAE. MEMSDRXF oA FOoMmbiL,
M&S# DASPEC pak#7 5 4 (tC18, 300mg) 2B THr - 7=.



(HRBLIUTER]

9, X704 FOGHERBERETIDICERBRFET, ZOERE D LIC,
LROKUERE L. BEIFOA F 12 HIRAWEBIKBIAEICERL, LERHEFIC
HoTHAW U 12HOZRFoA Fi3Fig l(AKRTRT LS ICBRIFICHET 5 2 &0 TETE.
RICEHRBHERICTRAToA N7 ) —MFEEERL, ChICBBEXTOo4 F128E
AYEBB UIctk, ASPEC pak A5 LERAVWTHH UL R F o4 N2 BAKBIAHEIC
BREULA L. BRIEFig lB)RRT LI KMBORBERITSZ LU RFK
SMTEENTEXL.
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Fig.1. MEKC profiles of free and conjugated steroids in running buffer (A) and free serum (B).

Peak identification: 1. EOF, 2. DHEA 3-G, 3. DHEA 3-S, 4. Pregnenolone 3-G, 5. Cortisol, 6. 16a-OH-DHEA,
7. Pregnenolone 3-S, 8. 16a-OH-Pregnenolone, 9. 19-Nortestosterone, 10. DHEA, 11. 17-OH-Progesterone,
12. 17-OH-Pregnenolone, 13. Pregnenolone

Fi, BEKIEANORAELT, MFINF/—VBEOEHRLTWEI7v VT
EREBOBREOME (RIA T s0ug/dl YL L) 2ANT, INF/—NVOFHZET- .
BEMBN S ASPEC pak # 5 LEAWTHEB UARTF o4 FEERKBBHEICHERL
A Ui, ZOER, Fig2 KRTLIHIRAINF/—NVERRTEIENTE, EBROD
BEFICETh3 X704 NRMBEOHB LRI LLCMETES I LRI NL.
4%, SOKRAENBRELITERICHANOIRELZRINT S.

Absorbance (240 nm)

0 5 10 18 20
Migration time (min)
Fig. 2. Analysis of serum from patient with Cushing syndrome by MEKC.

Peak identification: 1. EOF; 2. Unknown; 3. Cortisol
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Capillary Electrophoretic Real-Time Monitoring of

Enzymatic Digestion for Internal Sequencing

Hidenori Hiranuma, Yoshimitu Obata, Hiroshi Tanaka, Youji Sengoku, Yoshiharu Sirane
( Perkin-Elmer Japan Co.,Ltd.)

Sample consumption in optimizing digestion is a limiting factor for internal sequencing at low
pico-mole level. This report proved the effectiveness of automatic and real-time monitoring
of enzymatic digestion with capillary electrophoresis for this purpose.

[iUwic]
FYNIBEODRRDT I VBB EGHT IR N B AL LBET
HILL. HPLC THHSM T 2 L X UETH 5,

BETRT7 I /VRENOST s h 2R A4#R L 2 ), BEEBLoLM:
REZTOICELEBEL ZoTWE,

LBl FHICHWSE Y Y82 BT L o TRIELICERS PP o 72 0, IERAESD 5
1Y TBEBEFH), BEWHLOETEE= IV /TR LREETH 3,

¥Y U7 ) —BRIKEEEBRCOITICAV RSN /Y v PV EREDEENIEE
KA %L, HEOGITITELTWS,

S, BBLELTe =T 7NTI Y, BEELTI VN2 BDY V> D CREH
TUMTHYV VY FRTF5—EE A, v E5 Y —BEKDERO 4 — F
WY 77 -T2 BOBFHILEZITV20, ZEHD 2 BRI 24T,
YTWVIALTHIEDE=S Y vV 7% 55210
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FEIEIN—F V< —H8Model 270A-HTZ b b\, F— Y 75 —-H%237CIC
REEL 7

ABRELTa—F 27 F7NVT IV 2 pg#h SmM Tri- Hol B (pH 8.6) 100 x ICiERE
L. BERLLTY YNNIV FRTFF—¥ (100 gmiDW.) %141 (EBE . BEL
T20: DR 720

BAHEFYET ) —BREHFEED 3 TCRBRHELEA- TS5k v b L,
¥ Ry AOBRFELEITV OO, EHN 05T L) 2 OoBWMCSITET,
YTFNVI AL LTHLDE=%") Y 7 %T o712,

TV bu7z077a800HELORTEHELE. F+ET ) —BRIKGHEEB,
S Y L., HPLC THOEESIZ4T - 720

BoNT7I 57 A VRTUFA VY-S HTOT I JBEFISHICEL 720
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Fig. 1 KH{ELORTF F=v v 7 %KY,

1/1000 LT ORFHEKR T, HEREOBRFZHL L EHOIC, FERFTEH £2°
BRILs Ntz STOFEICEL D, Intemnal Sequencing NDERFE/LIIELT DL
Zxbhb,

! |
!
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| L
w L, \EJMJM_“
migration time (min) migration time (min) migration time (min)

Fig. 1 The Capillary Electrophoresis Mapping of Lysyl-Endpeptidase-digested a -Lactoalbmin.
The CE carrier was 40 mM Sodium Borate/Phosphate Buffer(pH 8.0)-10% ethylene
Giycol .
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SEPARATION OF NATURAL PIGMENTS FOR FOOD
BY CAPILLARY ELECTROPHORESIS

Toshiro Watanabe ' , Naoki Kotokawa ' , Akira Yamamoto ' , Shigeru Terabe >
' Yaegaki Zymotechnics, Inc.
% Faculty of Science, Himeji Institute of Technology

Capillary electrophoresis methods have been developed for the
analysis of natural pigments for food. Carthamus yellow pigments
were separated by capillary zone electrophoresis (CZE) as borate
complexes. Gardenia and Monascus yellow pigments were separated by

micellar electrokinetic chromatography (MEKC) with sodium dodecyl
sulfate.

1. ECHIC

HEFE, RASRERCRDOYRRACRIRLLBRLLT. TOREIELIH
LTHws, LML, TRHEXARERIL, XRFRIOME - YBLAbO2DT
MR2LOTI 2 AR LONELALTH S,

FHREEBNTRX r 7)) —BAKE (CE) #BOTIhSXABERS
K2WToHr - BRE L ADOTHRET 5,

2. ¥R

RENXTFTREBEIT OV TIIKEIKIZ300 oMk EIESEH (pHI. 00 %, V2 F+
VREBEBIUET AN ARBEEIOVTIE, 20 o BEENF I VF R
A (SDS) @50 nM") v EBEBEH (PHT.0)-7 b= P VIV (20% V/V)BESE#E
AW, CEZRBICIZIAASERICE-800 (BRIHEBIZCE-IT0%2H) RUIA X
Z v F8DBioFocus 3000 CE System, ¥+ S5y —i3)84 AT v FH—FY »
J (AB50um, &X50cn, I2—F ¢+ ¥%L) AW, BEIZEhEhOaE
DR ARIBEFERTHF - .
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REINTREBCEOEM Sy OREIL. Fig LIRTEBH T, #E LR BiEE
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Fig.1 Electropherogram of Carthamus yellow pigment
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SEPARATION OF ORGANOPHOSPHORUS PESTICIDES BY CAPILLARY ZONE ELECTROPHORESIS

YITH O/W MICROEMULSIONS
Takao FUKUMOTO and Hitoshi WATARAI
Department of Chemistry, Faculty of Science, 0Osaka University

It was tried to separate some organophosphorus pesticides by the capillary
zone electrophoresis with o/w microemulsions(gE-CZE). This technique was
more effective for the separation of these species than the micellar elec-
trokinetic chromatography(MEKC), and for each species a linear relationship
was found between the concentration of the species and its relative peak
intensity. In addition, to examine the separation mechanism in ¢E-CZE
"1P-NNR measurement was carried out. A good relationship was obtained be-
tween the elution order of species and the solubility into the organic phase
in the microemulsion droplets. Thus, the partition of these pesticides was
suggested as a primary factor governing the separation mechanism.

BB BADNENICKET. BENC LEALEBIBRBTCH3< 1702
TNy a VBT, I ENVBBICHRTEY K& LA BRLiEL RTHENARE —BR]
ThH2, 20LDH, I LIBBEEAVEIEVBBZ/o< 7574 (MEKC) &
HBLT. M 702V a v 25 ET3F+ 05 Y —BRKkME: (,E-CZ
E) BMEKCERBRUE-LEDHEBBERT LN MHEII S, iR hE TR
FlELTHBEOY Py 2AWT, b E-CZEIC& 298 - kBIBBcRIZdT<17
ooy gy OEE. MBS EDRBLEDLVTHRHEEIT-1", 4BHESIR. «
E-CZERL2FHY VA FlorERSs 3 LHtic. 98 - kBB Eo/v B
A0 Ny g ~ORBREBBEOMBRERARILDIC, EBKIKDPWVWT?'P -
NMRBE%24T» =,
EB FrE7Y-—BAKBBRBER. SEEEMBE. UVRHS. Bs@H vy
FrEF7Y— (HESOm,. AE200um. 2E42cm. K24 cm) %
AWTHALT, RER222 n mTCORAEBOREIR L DT>, o/vw A 7O
TN avid., FFIEIBFMNYTA (SDS) 1 -7% )= ANTH .,
R MY O LAGEEARERAEMRLTHBL .,
MP-NMRAERZREABFRINM-GSX400%2BAL. BEAEMIL6
1. TOMHzIcHBE LA, YIANY 7 bOKEXSHBT 20, NPk e L

L 2 V]
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ERRUER SERbAIRHBERO L L
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BHEEFRUCKBERIZIZEALEELRLEDI-
ko COEBTRBVWT, ERBE 2048 ¢
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2. utE-CZELHRTHMOEW=LL 7 4)1BP 5) Ethion
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25V . MEP., 2 F D=2 Fic grams of (a) MEKC and
SWT, ik, A7 022NV ay, B (b) pE-CZE
BR(1-7%7-NV+~T5 VRABEK) % gE soln.: Na,C0,(5.08x10 °¥)
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WHTRCTERBMIC S 7 b Lk, £/, BRBRELVRDAEEBBE~OEREL LK
+2&, kBBRHOEVWLIORE I ENCHT IBBENAE . BicHFRBEB
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1) H.Vatarai, Chem.Lett., 1991, 391.

2) M.C.Bowman and M.Beroza, J.Assoc.0ffic.Anal.Chem., 1970, 53, 499.
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The behavior of Amino Acids

by Chemical Derivatization in I.P. and CE

Toshie Tsuda, Tazuko Watanabe and Tomoko Hasumi
Kyouritsu Women's University

Analysis without derivatization is simple and easy. In food samples, they have not
only amino acids but vitamins ,minerals and organic acids. Chemical derivatization
is useful method for specified amino acids in food sample. We studied about
comparison of applicability of I.P. and CE systems in analysis of free principal amino
acids and phenyithiohydantoin (PTH) derivative of amino acids. The qualitative
index (Re) in LP. system and migration time in CE system were influenced by
modifying the composition of the buffer and pH in both methods. In |.P. free Leu, lleu
and Pro did not separate at pHL 8.9 leading electrolyte, PTH-Leu, PTH-lleu and
PTH-Pro could separate at the same condition. In CE the pH9.38 of electrolyte
varied migration time of PTH-Leu, PTH-lleu and PTH-Pro. The results suggest that
CE can be applied expectation in PTH derivative of amino acids.

(8T) MEROFOLSRMENZINT ORI, NERBERNRICSIIHENAENE
BRI TS ORENDD, RBESPEEXARVBMERANTI 7/ /—T by KEERL. 0
RO, Bht, BEEZEAOERERFL TEL, TORRERT IR DHEORNNT
ICUEL, BELAME<S BB SEMAShERSR, JATUINERITKIEMIMIET S LIcL
YINERFORARTUT P/ EINTU PEEBRENIBROBVIRTHS. CORRINS
INTYORBEIVHRBTE L1/t ORBICHEL L BN, SRETIRIINT O
REMB—FRELTINTVOT7 S/ BIERLOBFREREIL TS,

RBERBETHRE. RRPICRESI, X5/, FRBRLEET S /BUNORSHSRIC
FELTLS, ML TASHALDZEESHICALWSZLRBHLS, Bdhkr—oe—Ril
BOHTARTHRETI /RERETHLHARTIBSHH S,

TI/RERBELART S LRVECICHYIEFREZEAS>NS, 7S/ BO7z=NFHE
I b2 (PTHRBULRIBEAROMEERAT IOICE LSAVShTELAZTHS, RE
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hY—-DRETITo /. 774 /8—=T7 Ly FI3—RTAMMES.SoBMZ BRICREEREN SEF
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SR ; (1) AFIGERTKE) (BRIUERR) . Capillarytube 0.5 mm®, 20cm,
FkihFRtt(30.01NHCI- Balanine(pHL3.6). 0.02NHistidine-HCI(pHL4.1). 0.01NHistidine-HCI(pHL6.2).
0.01NHistidine-HCl(pHL8.9). 0.005MBa(OH)2(pHL9.9). I ITITUV254nmEsd B HIAAS £ Rl Vs,

(2) 242 94000E++ ES Y —-BIKR S AT A (DF—49—X1L) . Fused Silica Capillary
50umx60cm . 5 ¥l i¥ A Hydrostatic 10cmx10sec . R E 7KV, Buffer 0.25mM Sodium
phosphate(pH7.0. 8.1). 0.1mMSodium tetraborate(pH9.38). #&iH(ZUV254nmE LV,

(&R)

LP.2 A\ TFree7? X /B&EPTHT S |
/RERRULAERREADY —F« hed
» ¥ #B(pHL3.6) ClLFreeDGlu. Asp
DRe(#IPTH-AspL Y KEL X Te,
E£/=7IH VYA (pHB.9)TCliLleu, lleu, *]
Prodik&h/t 9 — /3B Shizipo s
PTH-Leu. PTH-lleu. PTH-Pro®Ref#

BB EMTEL, ¥

CEQ®RIIButlerZpH7.0/M58.11C
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Fig.1 Influence of pH for migration time of
PTH-amino acids
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Determination of Acetoacetate and g-Hydroxybutyrate in the
Perfusate of Rat Liver by the Capillary Electrophoresis.
Kazuhiko Suzuki, Hiromi Yamashita, Takao Kaneyuki,
Toshihiko Maruyama* and Kunio Tagawa .

Acetoacetate(AA) and g-hydroxybutyrate(3-OHB) in the perfusate
of rat liver were determined by the capillary electrophoresis.
Electrolyte was SmM borax, pH9.3. Capillary column was 75 ¢ X6 0
cm or 70 cm. The calibration curve showed a linear relationship for
AA or 3-OHB concentration from 8 to 800 4 M (r=0.999). After the
peak of nonion, 3-OHB, AA and acetate peaks were detected in the
pherogram of the perfusate within 15 min.
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M5 b AAEDOHATIRERBEREIC L iTbhTE& . LA LTy MiHEsrC
7#EN5 g-hydroxybutyrate (3-OHB) *Pacetoacetate(AA)RiZMME+ D
V10T CHEREOWERFMNEL 25, T THREIVHETL VNEREDR
Wy ¥ 7Y —BRKEE(CEE) CORMRR YT v MEREDO 7 + 402 - &
RIZOWTHARE 21T 20720 THET 2,

(Hi]
9+ —5—ADY + Y5 4000CEY A5 L&A, F¥¥ T —it75 4 X60cm 3
7eix70cm %/ L20KV (Positive) Cik@i L, 185nmd ¥4 L2 FUVRHTIFo
7o REbbufferit XIS MV Y A2V 2 0 FMEKE2Fo 72 ZBERKD
8-hydroxybutyrateN afit, # %44k, acetoacetate®LilEix> Y<=HDbD
TRV, 7y MNHBEFRIEY VS 7Y —C3,CL (BRI VHETH) F-kvn b
779 -G (BRI VETH) THRONE LZOREEMTIZA VT,
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BEFTTMAIENTCES, 7 2Ty ) — VR HERHPICIRINT 5 E AADZWDE
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1)Willamson, D.H., Mellanby, J., Krebs, H.A.: Enzymatic
determination of D[-] g-hydroxybutyric acid and acetoacetic
acid in blood. Biochem. ]J., 82, 90, 1962.
2)/NEATE, HB  BUBRELHR, F EEERE, pp417~427,(1993),
ZESURE ¥ -, HHK.
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SEPARATION OF SUBSTITUTED AND UNSUBSTITUTED BENZOIC ACIDS IN
CAPILLARY ELECTROPHORESIS USING POLYMERS AS MATRICE WITH
HYDROGEN-BONDING ACTIVITY

Esaka, Yukihiro'; Kano, Kenji*; Kiumura, Hiroyuki'; Goto, Masashi' and Haraguchi, Hiroki®
(Gifu Pharmaceutical University', Faculty of Agriculture, Kyoto University* and Faculty of
Engineering, Nagoya University®)

Addition of poly(ethylene glycol) (PEG) as a free matrix was found to be a nobel separation
parameter in capillary zone electrophoresis. In the separation of substituted and unsubstituted
benzoic acids used as model analytes, attractive interaction with PEG was observed for the
analytes with hydroxyl, amide or amine groups. This interaction is attributable to hydrogen
bond formation. The concentration and the polymer length of PEG can control the net strength
of interaction and then the observed separation. The temperature during the separtation and
addition of organic modifiers also had effects on the interaction. A NMR study suggested
hydrogen-bond formation between hydroxy groups of analytes and PEG.

(8] FILWR R 2B D72 D0—20OMBITHEY R L 2 BEARIzB - 3
HEFEREZRWE L, ATz L2535, RVz—F1 (RYFLLFY a
—/N. PEG) 8F< MY v 7 AB TORBRATRH OB KDL BIZR KL DK
REF—EERMLIESDTH oM, RYZ—FNBEE LEERUSEREDOLE,
HBBHEORIMEHR. NMRIEIZ XD EEAORBS2WET S, k. RV =
NTNA—=NE MY v I R T BEEPEGEAIWIBA L LT 3,

[£B®] R0 KRBT RS I pacetamidobenzoic acid(AA), p-acetoxybenzoic
acid(AO), p-hydroxybenzoic acid(HO), p-toluic acid(TO), p-aminobenzoic acid(AM),
terephthalaldehydic acid(TP), o-phthalaldehydic acid(OP) salicylic acid(SA), benzoic
acid(BA)D 9 fi # w7z, % 7. Jl W PEGIX ¥ ¥ 4 F fit 400(PEG400),
4000(PEG4000), 20000(PEG20000) D =fii CT& - 1=,
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KYEEDOBNE LTHEING., BRAUHTOHEEADOK S DIHIZAAX
HO>SA>TO>AM >AO>TP>BA>OPTCdholz. K. 7I K. 7I /% 1o
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EDORNWTOR DWW TH BRI AE REABBD L Z 2L, ZoRICBH/KEHERER
WX BFHERA D BNTNDZ EBTHENS,

PEGOZEMEIFRIL. PEGRERVHEOHMMITHNYAT S, £, F¥EFY
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53 1-8520000) 13ZOHE» b,
k#RF—., 727 E -
ExTHZLhifeshs, #R.
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Fig.1 NMR Spectra of Phenol with PEG
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ANALYSIS OF OXYHALIDES AND METAL OXOACIDS BY
CAPILLARY ELECTROPHORESIS

Tomoyoshi Soga, Yoshinori Inoue
Yokogawa Analytical Systems Inc., Customer Support Center.

A rapid and simple method for simultanéous determination of oxyhalides and metal oxoacids by
capillary electrophoresis was developed. Electroosmotic flow was suppressed more than 40 times and
the separation of inorganic anions was accomplished by using polyethyleneglycol coated capillary.
Anion elution was dependent only on their mobility and detection was directly carried out with a
diode-array detector. The R.S.D. values were better than 0.6 % for migration time and between 1.0 %
and 3.4 % for peak area. The minimum detectable level for anions ranged from 0.5 to 11 mg I,
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34% Tholco ERLRBROEBRU LB TH 7o BRETRIZ 0SS 11 mg"TH»
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¥illiam E. Verner?’ - John E. VWiktorowicz?’
RAPID DETECTION OF ANIONS BY CAPILLARY ELECTROPHORESIS.

Eiji Sato!’, Yoshiharu Shirane!’, Nobuhiko Onda!’, Kunitatu Izumi!’,
Yoshimitu Obata'’, William E. Werner®’, John E. Wiktorwicz?
(Perkin-Elmer Japan!’)
(Perkin-Elmer Corp. 2’)

The wide range of mobilities displayed by anions has made their analysis
by a general method problematic. Some inorganic anions possess mobilities
great enough to allow them to overcome the endosmotic flow typically
observed in naked capillaries. In order to develop general methods for
the analysis of a wide class of anions, the endosmotic flow in the
capillary must be abolished (through the use of coatings) or reversed with
dynamic coating agents. In this study anion separations were investigated
employing a capillary coated with a cationic polymer that reversed the
charge on the capillary surface. This reagent was used for the separation
of inorganic anions and organic acids. Examples from both drinking water
and wine will be presented.
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APPLICATION OF CAPILLARY ELECTROPHORESIS TO PHARMACEUTICAL
ANALYSIS (XIV)
STUDY OF SEPARATION MODE ON OHRENGEDOKU-THO ANALYSIS.

Nobuyuki ISHII, Mari KUROGI and Yoshinobu AKADA

Fuculty of Pharmaccutical Sciences, Tokushima Bunri University, 180, Nishihamabouji,
Yamashiro-cho, Tokushima-shi, Tokushima 770

Free zone capillary elcctrophoresis (FZCE) and micellcr clectrokinetic chromatography
(MEKC) were compared for the determination of berberine, palmatine, coptisine, baicalin and
geniposide in the oriental pharmaceutical preparation Ohrengedoku-Tho. Optimum electrolyte
conditions for FZCE use 100mM phosphate buffer at pH 8.5, and for MEKC usc 20mM
phosphate buffer at pH 6.0 containing SOmM sodium dodesyl sulfate (SDS). Berberine,
palmatine and coptisine were scparated respectively by FZCE, but not scparated by MEKC.
Geniposide and baicalin were separated completely with other compounds in the Ohrengedoku-
tho by MEKC, but not separated with other constituents by FZCE.

1. %8

BHED LI NRRRBROEERIZ, BEBREBFESLEM M) v X
FocY, RO WA ORIAHMEEO—DTH 5. #-T, 208
LIS R E T ET 5 fodic i3, BUTIEERS O ME IS T, LEmE ot
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& UTIIHPLCED S 5. Tiol, ke, #REOMITX, 5=/ a2 bORE
BELBENIGEANEELTHF+» S5 —BRk ks G fde k% %1 F, £#x
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Fig. 1 Electropherograms of Ohrengedoku-tho decoction by FZCE and MEKC
Peaks : 1 = coptisine; 2 = berberine; 3 = palmatine; 4 = geniposide; 5 = baicalin.(A) : FZCE condition, 100 mM
phosphate buffer at pH 8.5; (B) : MEKC condition, 20 mM phosphate buffer at pH 6.0, contaning 50 mM SDS.
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STUDIES ON MOLECULAR RECOGNITION BY OLIGOSACCHARIDES USING CZE
KOJI KANO, MASAHITO KODERA, KAZUMI HORIGUCHI, YOSHIHITO MATSUI,

AND TAKASHI MAKI
Department of Molecular Science and Technology, Doshisha University

The enantiomers of the binaphthyl derivatives such as 1,1'-bi-2-naphthol (BN),
1,1'-binaphthyl-2,2'-diyl hydrogen phosphate (BNP), 1,1'-binaphthyl-2,2'-dicarboxylic acid
(BNC), and 2,2'-dihydroxy-1,1'-binaphthyl-3,3"-dicarboxylic acid (HBNC) are separated by
CZE using permethylated B-cyclodextrin as a separating agent.  Although CZE using
cyclodextrins is powerful tool for chiral separation of the binaphthyls having an axial chirality, it
is hardly used to separate the enantiomers of the compounds having chiral center such as amino
acids and mandelic acid. CZE have revealed for the first time that noncyclic oligosaccharides (
maltose, maltotriose, maltoheptaose, etc) can also discriminate the chiralities of some binaphthyl
derivatives.

HBE BRABRIHEITHRRAVIETHEY 7 07F R MY ACDX)DSTTRHAHE,
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Pole REKHOLEDLCOxOFRFRBBLED MBS LITE 3,

RIE, FLFTIVF4—2BTEIVPAVRICOWTHRE Lo Cramer
Dietsche (Chem. Ber., 92, 378 (1959)#k, = V FIVNBIZAF VB LU+ 0 Hil k%
B-COXBIMIKIEHITINE 5 & LIS & BHBRERIC & D BARZSECEIIL TV 2,
LELTY FVBREDS DOXERUAECZEC LY ST 2 L iR cRETH -
7o TMe-a-COXZAFTHER & L, BREBEHOpH £3.3-3.4:8 1B, BREL L
TE5IC0.01MONaClZ I L . ENIBE£25kVE L7z & ZITREFENTERTH o
oo CORBEDOHND I DTHELECE LPBTERL L o2 BB OBE S
5D-7 ¥ FIVERDPLAFRICH T L ) BIREICTMe-0-CDx L 5 2T T2 b DL R
bhad, BEOGTHETRIDL) 2b I LLRHBRERRNTE 2V,

Lipokowitz® (J. Am. Chem. Soc., 114, 1554 (1992))i%, 1LZEE1E L NMRO&E >
5, a-CDxIC &% FY T P77 ¥ (Try) DAFBBIC OV THRE L, D-Tryd Lk &
DM BESN D EMEL T2, L La-CDx% 58RI & T 5CZET B Tryd %
FRUGOSEITE LD ol TEFMEERETyIZOVWTIRIFERRON-S
BTFTRBYWTEZF Vv FAT—DHTAICENTE T,

RIS, FHERBBRITBIBFRA FFFICOWTORE 2470 720 Bt FEBLA Y
THEOAFTBRICOVTIRIBLALHRER TRV, 2T, BNCEHSHER K
EL, TV bF—=R (G2) LIV IAFTF—R (G7) FTOIFBEKAY THIc
b CIER T2 720 ZDRER, BED B T LIZG2-G4F CORIZR)-BNCE & 1 BIREY
KEEER L. G6,GTORILMIZ(S)-BNCE W EETAZ Litbh ot LA
LN DAFRBERCZELHWTRLOTHLM koo b Th Y, BEOTHR
FHFETCRFREIATIRETHS S,

DEDFETR, EFERENBHLEHEOLEND o720 £ TCDxD—BKE
ENETENHKEX7T7 I /{bCOx2 ERH %2 b 2T & T 2CZELX RA T 7
IVEO—RBHBETO b MEERT I EBfEBCT, 2EXFF 7P - VOMER
BEBEhWCSGETE T,

SEE, CThIETCBONLER (—HEHR) T LHTHRET 2,



43 M-y ) BHEERAOMKEREICKITS
EHOTE

(K- %)  OEHEL. BINRAE, MEREER. PIIRE

EFFECT OF OLIGOSACCHARIDE CHAINS ON THE STEREOSELECTIVITY
OF DRUG - GLYCOPROTEIN INTERACTION
Hiromitsu Shiono, Akimasa Shibukawa, Toshio Ohara, Terumichi Nakagawa
Faculty of Pharmaceutical Sciences, Kyoto University

The effect of the sialic acid residues of human ai-acid glycoprotein (AGP) on the
enantioselective interaction between AGP and a basic drug has been investigated using frontal
analysis (FA) method achieved in high-performance capillary electrophoresis(HPCE). A 30 u M
portion of racemic verapamil (VER), a calcium channel blocker, in 40 uM native or asialo AGP
solution (pH7.4) was analyzed by HPCE/FA, and the unbound concentration of each VER
enantiomer was determined using a small sample volume (ca. 100nL). R-VER was bound to
native AGP more strongly than S-VER. The bindability and the enantioselectivity remained
almost unchanged even after the enzymatic elimination of the sialic acid residues from AGP. This
suggests that the elimination of sialic acid residues may not play an important role in the
enantioselective binding of AGP with VER. ’

(] XEWOY /) #HERERHGEPCRERAORR., AABRBICREBEEZ 5, ¥t
Y URIBASVRFSNVIERAFTHEOT. REBHLEENOD Y /37 et FERMERM
TRILBZEHNBU, Ko T BULORELEYORRBLERERD /DTS /786
DUAEBIREOHRNRARTH S, al-BiEbES /37 (APHIEEMEND & /37 A
BT 3MmiEy NV ETH D, AP (FFRA. 47) OEERIIFIN%TH D, BHOXK
SICIX VT IVBBRELGET 5, ACPORSHMLEIIEAP T 7 0iR—HERT I &S
hTED. PO Y /37 41K B ABWHEGEDHBEANRS Z LITTHER, LI LIEH S,
AGPD & /7§41 BT MO BIZIEALFASK TR, —H, B2 3eEoiTE%:
¥ ¢ €5 ) —BRIKEITHHAAIHPCEFALZHR LT, BYD Y 3/ 4= BBEBATT
B EIETILIY) o BT, #3508V & — %5 USRS BIPCEE MR U TLFRE:
HREWOD & 730 §54 % RBIRMI M 2 BRBMTEEMARL2) , 4EIZ. Z OHPCE
EE AV TACP SiEE MK Yverapanil (VER, ANV D LF v Y RIVEREE) DY /3744
ISk AMEKRSE & 7 VBB DR B LR BRI D BRI,

[EZEREH]) ©FNakEE e LT30 1N racenic VERE40 uNDRMIEMDAGP (native ACP) X
37 INVEBRBREELI UICAGP (asialo AGP) BEBHK (pHT.4) 2RV, ¥ TUBEREDY)



#iiz /) 45 3 =4 —+ (Clostridiun perfringensti3¥. Sigmath) ZROTEERMICIT -7
HPCEZ:{ IS ABI £LBY270A% AL v/, #HI13200nm, REEIZ25°CTIT - 72,

(4553 - 238 HPCE/FAZEIC & B IR A TIVERBE DB EFNVEEOBEE & R—HKRD Y
ABSER (pHT. 4. 1=0.17) ZXEBIASEHICERA L. YV=7RYT77YN7 I FTAHE
MBUIE2—XFPYAF+ ESY)— (AR un. £E4lon, HEE22cn) ICESBERER
Blk (38) Ik VALK, BE (45kV) Z2E0MLI. BRBBEHRHRLE LTV OTHREE
VERZZIFHUR AN kBI X N T, 75 882 E T3 RE—-7 M8 ohis, SRlesa T ORE
IKESNT, 2075 MBI SIEEARVEROLBE (RikE SHEDFN) &R,
VERE#AMOIERATBEHOAE FI50EL275—-ELTUMD MY AFINBY 7D v
FZ MY v EALYABGER (pH2.5) ZXBAGERICA W, HEEBRMHE (415kV,
40) IV AERRBOE 2—XFY Y AF+ESY — (RET5 0. £K59cn. FRE
40cm) PRICHA Utso FEICHEB UL RVEROADBA SN, = O, BREEHR & kiR
EROMBARIT B 7-0IT, EBNIEGORHERZH iDL kB RGERIC I 5
L EGHURTIEL LD, ELLAHEIME Ol -1, I T, HEHEROBAIICK
LT RIHEHER UpiA VRO ABGER (pH7.4. 1:0.17) ZI5SBHEBSIEAR.
BEICRHNBAERT S EIC& D COMEERR L. ¥+ ESY—RICHASIIIERS
RVERIZFESEINT 250 E— 7 & LThRIEhis, ZOE—7HXDHh SHEREER
DIFEARRBILE KD,

AEE SRR E TRICR U Cu(RIS)HHPCE/FAZEIZ & O sRD IS TIVERDL2E
EE. Cu(S)/CulR)IZVEREEREAMOIEEARBEL (S REK) 27T, /o, HHEH
VERDAEE AL REMAMOBERTHARA T8 Z LItk D, BEPREKIT L OHELT
EMECu(R). Cu(S)E KWz, native ACPIESREPDOVERD 7 787 ¥4 BITR KA 08. 3% S
#51. 0% TH D« native AGPIL Stk b & REKDVERE L #54 Lz, —F. asialo AGPEEH
HDVERD ¥ 77 ¥4 ITREDG6. 4%, SHHYT. 6% THH . BERLE & IHTFH UkiRbt
Bohi, SO EXD. AGPHEHD Y 7IVEBEIIVERD ¥ /37 AR TN Z DILEER
ICBB LS EHUEE Utz ASHTEORHEARIT. EEETHIRNAB-HPLCE
k0 b SHBEENI0LTH B, EEFICHE UNMFELEWELY ORY /0BEEPLD
HEAERICH T 2 SO BIRIICRANT 5 LT RERARLEMEL VWA S,

[3z#k) 1) J. Pharm Sci., 83, 616-619(1994). 2) AR URIU LAEEHR, HEEHES 3,

Table. Unbound VER concentration and its enantiomeric ratio.

Cu(R+S) Cu(S)/Cu(R) Cu(R) Cu(S)
native AGP 12.1 £ 0.04u«M ' 1.55 * 0.021 4.75uM 7.35uM
asialo AGP 129 = 0.38uM 1.56 + 0.116 504 uM 7.86uM

Mean * S.D. (n=3)
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SIZB-BXCLUSION CAPILLARY ELECTROPHORESIS OF OLIGOSACCHARIDES
IN POLYSACCHARIDE MATIRICES
Susumu Honda, Yuka Kaneko, Yukiko Minamino and Atsushi Taga
Paculty of Pharmaceutical Sciences, Kinki University

SUMMARY Basic observations and discussions are presented for the separation of
carbohydrates by size exclusion mode of capillary electrophoresis. Use of linear
and branched polysaccharides as size exclusion matrices are explored, using
pullulan and agarose, respectively, as models. Both polymers showed enhanced
separation due to size exclusion.
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BE 1v=abty T (BAKE~20) BEYW%E Jackson DEE2 1T D 8-amino-
naphthalene-1, 3, §-trisulfonate (ANTS) TCEITHICT I /{55, £/ i Honda 5D
A #:3i2 &k D 1-phenyl-3-methyl-5-pyrazolone (PMP) LEESRTAV =N Y T8
FUEOREWE LB EH VT,

[(£R) HA#SROMEH Pullulan 271, L. ChOBAAWERALLY 1 XHR
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FT++ €5 V-—NE2BEBABET 5, Pullulan BBREO LR EEBILEBRLERISV. B
HRETY 1 XHBRURERT 0L Mshic, RHESEOL Y ITHO PP EREOR
J[ABBBE (reo) =7 0BREY (V) BIUCBELL 2204 ) THEEZL KOS
BERF (Rs) O ZA{b% pullulan BMERYLTT oy PLAET A, sep I pullulan IREF
EEHIMBLAHB. N & Rs BREWITIEROBRIEBONT. Leor DETRF+VT
—OREROHMICLE2bDEEI SN, N P Rs OWMIRY 41 XEBRHEBHWT
WHAHEHEE M R T B, B, pullulan BEEH 4.5% R2HE R 2 LiSHEBBRICER
D, BIIARNTR*F+ E5 YV —~OFMBEETH - %20

DEEBROERH HEBEOE ANV E LTI agarose 2V COoBBONEEEoD
CRAABSBL. BUREBBVWT Y I XHBRBECZ DEEIZON B, LI L,
agarose i 1.0% METOHHUERIEC., FLBFCLIEBROBSHE LWL, B
BMESFRTCTHEBLE, £, COBHYLVET2—X P Y ARBIRERLABES IR,
BEAMBCBIABERPBELTCCOX VvEREBL OHIHTAD, F+E5 Y —NEE
7)o — VTHEL,. BIARBMREASILALE A, YriiloBRERN i,
Fig. la €4 V2NV —RD ANTS BHEBSULHSBLARAZRT, 7THo—- 22K
LBWBESIKRBAV =03 T ANTS BEERBE~FIERIABHLBRARSB
KO- THEEODEHWLDOISIAICBEB~BYH T 8, NEEMWF + €5 Y —iC agarose
2RBVLABEBRRAMRBREALRATEIBETHD, 1 V=n i) T8O
ANTS BEEREEBEISBATI LR LACBRADOA L -THAFOBEWIOHL S
JHCRBA~BIH4 3, LB/ PFig. 1b it agarose XFHEME Fh b v icpolyvinyl-
pyrrolidone ZHRML TBIARBRERZNH L A BE0oBIAKYBRERT. COBELED
FiEl. BYIEFE b agarose 2XRMLABASLERTH 5, BRI HBHLEBVE S S,
agarose ZRW|iIc X 2HIP B Y 1 BB ROFELBH SN B, Agarose i+ + S Y
— Tk N, Rs fHE bIcHAKEE L bicimMT 2Bl %2R L %o

—~— ¢ Apalytical conclitions:
Sample: g S wih/
Capdlary: S0 umid., 70cm
Apptida vaitage: 15 kV
a Detscucn UV abs at 260 nm
1.0% agarcse in R:‘;::m
1% Duterlph.T 2% dolyvinyipyrolidane in
phoaghate bufledpH.?.0) 23 mid phoephate ultenz.7.0}
’..--——
| | \ 1 | L l
L - rr 0 2] [ 20

Migration time(min)

Fig. 1. Separation of ANTS derivatives of isomaltooligosaccharides having dif-
ferent d.p.s in anagarose-packed capillary (a) and a capillary filled with a
phosphate bufer containing polyvinylpyrrolidone (b).

Xk

1) S. Honda, J. Chromatogr., in press.
2) P. Jackson, Biochem. J., 270 (1990) 705.
3) S. Honda et al., Anal. Biochem., 180 (1989) 851.
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SEPARATION OF THE EPIMERS OF MONOSACCHARIDE PMP DERIVATIVES BY USE OF
OPTICALLY ACTIVE N-DODECOXYCARBONYLVALINE

Akira Miyoshi, Masumi Kotani and Susumu Honda
Faculty of Pharmaceutical Sciences, Kinki University
Bward R. Grover
Chemical Product Division, Waters Corportion

Summary Additon of (R)- or (§)-N-dodecoxycarbonylvaline (DCV), a detergent having
an opitically active group, in a neutral carrier allowed baseline separation of the
1-phenyl-3-methyl-5-pyrazolone (PMP) derivatives of D- and L-glucoses, presumably
due to interaction of the two CO-NH groups in DCV and the PMP moiety of the sugar
derivatives. The epimeric pairs of the C-2 and C-3 positions in pentose showed ab-
-normally high separation, but this was found to be based on the different magnitude
of solubilization to the hydrophobic alkyl portions.

[(BLoic] BREI—RCBIACDETHY, ++ €5 ) -BRAKBOMRLE T DI
fAIohoRELED A+ Y EEBRESTIHBRD 2, HEBEORCOEDTLVF S Y—-% 1K
BAVF 2+ €3 Y —FEEZEEELE LAV 2DOFEERBLTER ELTEA SO
THAKEOKEWHFYEKICTERTIHERBVWTR, 1 VB /7o b /574 —bFHI
DUEEHSXDIET—FTHBILEEHOHPICLE, LHL, COE— FREAXMIGERELPHERE
HOBVWHEE—FTHY, BEOLICHEOHRLU L ARGEPERGELZIUYBRR LS
HRETIHEGIR, UBBREOHVWIBE—FOHUTHILEEL SN S,
AMRICBOWTIREERBH7 2 VBBEZEEZ 7TV VHicoFh R)- £72id (5)-N-
dodecoxycarbonylvaline (DCV., Fig. 1) ZE=FA¥EHE LT, Cholnick 2 ESE~D

MBIz >R L ABREB~ B
H [+]
° ,/4\ H

o
H
W\/\N\/o N
T % -
o H

(R)-N-dodecoxycarbonylvaline (S)-N-dodecoxycarbonylvaline
Fig. 1. Structures of DCV enatiomers.

[ER]) F+E5Y— ; Waters Quanta 4000 EEEX*H W, HE 50 un D7 a—X
FyYABBEEHAVWTT > 7o BRHIZ 245 nm B 3RINIcL o7, (R) - BLY (S)-DCV

Waters i SHRYtEhA b EHEA L. BEOELE( BxHIEY P17 3 24k (PA 1b)
i3 Hase S'' DA H., 1-phenyl-3-methyl-5-pyrazolone & DKES (PMP 1t) it Honda>2' D F
b2 3 el RPN

[(£R)] FEEOBHBENE IOV 288 50 oMY YERBEHEKEAHWT D-B LU L-glucose
OLIETEELBEOSBIC>WTRILALEC S, PA BHETIRIESE S 575 - fo b, PMP
AYBCRBRIFLSEMNREINIBANE 1o (hoBBIc> W T HRIBTEENB N,




SO ph kEFHE DOV icBiT 3 valine RO T I 7 HRHINE=AELEAS LSV /E
ANVBERE>TOEH, #AE$F A BRESCHESEFERREILS 2, LAXK-TH i
F+Y7—hTik DOV R L TEVWBHEEX5 X, BERAOBHRMIEE N3, —4.
DOVEBFABELOHEMEAOKREXRFELLT DIV O7 3 FESOREICI--TREEL S
bDEEIOSNBEHN, D- BLU L-glucose ® PHP FREDOSBIR-WTRI LA EC A,
pH OLERLELEBIEHBMERETETT 2HRMBI SN, BRiEF+ YV 7—d1 T3 DOV O
HEBBEWEWIHEBENS - oo

PMP FHBE LTORBz E=— DB Fig. la i3 BBERHET D-BLU L-glucose PHP
BEGEOREGVESIT LIEEZERERLTVWS, CORETHIE2—R<—-2X54 Y53&h
T3, LhL,. ChoDxEv—i3 DOV 28T R VWR TR DEEThT—FOoMAEEY -7
253%7% (Fig. 1b) o £/, oA ® DV oRb D ic SDS %2[FE—BE (50 oM) THEML
& A, AR DOV BEMOBELERICE(EBISADb»t (RITEHBE) o LT
OHBEMN DV DT M+ VHLA OA EOEBEERICL-TRERIAIERHEZTH 5, HESE
FAOBHBHIIRSERORTELEL T 20, REEHET { /VBREFLGEOo—-—BHERILSEX
T7 3 FESHMELTVWATEHEREREV, —A.. XEflicoWwWTid, PA BHEO LI RO
BUGTRABESSOhRb 2 &P o, PP B, 579 AEBEKED-TWE b
DLEREINS, LROERIEETE Pig. 1la ORET, RV F—2HOTRTOREF (8
) 2RicLT, BiBozv¥e—DHlE&¥ic>% PW FHEOSBEELBELLLELI A, 2
fiBUsfIoz-—MTRFELVSE (Rs 15~33) BHEBEhiM, 4iiox=—TR
DEMIEDHTEDL - (Rs~1) o LOLUAKS, 2BIUIz=—DF L WSEER.,
DCV b bic SIS 2FEMLARRBVWTHHMEIWACEL S, ChoOBAEREELT
I ENVADT VEVE~DTR{LOBEORVICL > TIERIENALLDTHY. DIV O7F
I/ BRALOHEERAOEERSIICLTHEIRNTLOBRVWI EHHL»TH > o T,
ARV —RDSHTET—Td 5 D-B&LU L-glucose TIRIET L+ VEHERSZ & OHEEBEIEA I
ARV ORBIBHEINAEDIEHLTRY P—2D4 Iz e —CoBBA M-
&R, COLIRHEEEHCERSOKBEIEELTVWEILERTHOTSH %,

%

L-Glc-PHP
D-Glc-PMP

0 15 o 6 i}

Migration time (min)

Fig. 2. Separation of the PMP derivatives of D- and L-glucoses in the presence (a)
and absence (b) of (R)-DCV. Capillary, fused silica 50 gm i.d., 75 cm): carrier,
50 mM phosphate buffer, pH 7.0 (b), the same buffer containing (R)-DCV (50 nM) (a):
applied voltage, 20 kV; detection, UV absorption at 245 nm.

Xk
1) S. Hase, et al., J. Biochem. (Tokyo), 85 (1979) 217.
2) S. Honda et al., Anal. Biochem., 180 (1989) 351.
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STUDY OF CARBOHYDRATE—PROTEIN INTERACTION USING
CARBOHYDRATE SAMPLES AND PROTEIN—CONTAINING CARRIERS

Atsusi Taga, Sachiko Yabusako, and Susumu Honda
Faculty of Pharmaceutical Sciences, Kinki University

SUMMARY Protein-carbohydrate interaction was observed in a reverse
system (carbohydrate as sample - protein in carrier). The ANTS derivatives
of carbohydrates showed appropriate lengths of migration time in a linear
polyacrylamide-coated capillary tube with a considerable magnitude of
reproducibility, hence proved appropriate for the estimation of binding
constant. The PMP derivatives were useful for mutual separation of
carbohydratesratherthanbinding constant estimation.

[EUHIC]

HHESCOMRETIE, WH—5 V7 EMOKEERESHERF v 5 ) —BEKEICE
BETAHELCODVTHLORHZToTELY, CHITOLEIAHSE L LTELDO XKD
BUHESRY T FRBEML S N BRRE M TERICEBbDTH o7, Thit72—X
F)AEEEMORBIED S 237 BR KRB LIRSSy NI B R v S5
—ABEH SN TERAREROTAMIE L (b, I EREZXENLELZ 0D THo
oo FTTHENT, WMERH LA T2—-XF)HIBEHV, F U 2B%GLF YY) 7—
WCHEE ST A RICOVWTERRHT 217572,

[ EBRFHE

BSHOBLENL WHEEFVELTTIZ P —R%Hw, Th%873/:1,3.6F7%L>F
JANVK BB (ANTS) BEU 1- 7220V -3- AF)V-5- 50 (PMP? I2 & DEEEE L7,
Y ETY—BRARKE 7754 N4 AT AF AL 270A BEBEEHV, ¥vES5Y—i2id
V=T--BY)F77YNVNTI FCHEGERLA 72 -XFL Y AF Y ESY ¥ (HE 50 pm, &
K50 cm HBHVIE 72 em) BMAI L7z FKEIEE | 50 mM Y EEBEN (pH 6.8) BL U T RIS
0.2 mg/ml ~ 1.0 mg/ml OWETL 7 F 2B LB ERH V.

[ BREEE]

ANTS BHAEDOHHE RCA, 2ELXKEHBTT 2 F - ADANTSTHEEAE (Lac- ANTS) % EH K
WEEBEF NI EEEETRVHAICHTDOE»TCiid 2 4 BEEN O RENFHE S,

— 95 —



Lac-ANTS DBEEN () 2 & /X2 BB LT Oy FLA-EZ A, KBIBEPICETINS
RCAq DB L T IIREL D RATT T F—ICB LA, HBELITTIIHOMCL
22EHEN FUNIAEE TRV TEAKD X E- L E0BmMElE , L L. F o
JHEBEOFFIIHLT /(- 270y PLTHORAEMR (Fig 1) DEE% A, Y 5N
¥BETHE, -7 NI BMOBAER (Ka) 12, TOBEN 1 HTHEHE (1) RTH
z bh 5,

Ka=(B-t+1)/A-t,  “=-----=-==--c---co--- “-ee-- (1)

AFEBRICBVTIE1,=964, A=6.69 x10°, B=5.85 &% D, LacANTS—RCA,, HDOEET
B Ka & LT889x10°(MY)(30°C) L)% BAZ LI TEL, ZDflilE MES-Lac 2 &Ll
DFHT RCA,, T KE) GBSO N (245 x 10° M) LIZ8IME - TW At IRE DBV
ERTNERY L ELIONRS,

DMP B DFIA RCA, 2ok T Lac-PMP 2 BRIk S-¢7- 854, 1L TId
¥ YN BOBRBEAKT L TIERICKEWBEIRNOBELR S /2D BRI TR
(A MBMEIBON 2oz, BpH ¥4 ) 7P TCHESERITE 2RAICIIBEIRFN D
HAh, SAEEBNEDBEMIMESLELLNDN, BHBOMAEIRILESNEVEN
ML H B, — . PMPBEEKTCIILIF VLD LBE -7 DOBENFKEVLZDHT
hEHATDERONESEIAS Th b, Fig. 2 & RCA,, FAET Lac-PMP & Mal-PMP %

HASELAFATHD, ST T 74274 —-F v €5 ) - B2 84 L7-#
ELTIHMTE %,

Mal-PMP Lac-PMP
a
]
a ~ T T T
- 0 5 10 15
D Lac-PMP
“— Mal-PMP
- y = 5.8458 + 6.6949¢-5x
~ R =0.997
00 1 1 2 1 s 4 LN 1 ] L) J ¥ | )
[RCAGO]' (M1, x109) 0 5 10 15 20 25 30 35
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Separation of DNA on Free Flow Electrophoresis.

5. Electrophoresis on SPACE SHUTTLE STS65/COLOMBIA.
Hidesaburo Kobayashi”, Kengo Yamamoto?, Kayo Yasuda®, Naoaki Ishii” and Syuniji Nagaoka®
1) Facuflty of Science, JOSAI Universily, Keyakidai, SAKADO-SHI 350-02

2) School of Medicine, TOKA! University, Bohseidai, ISEHARA-SHI 259-11
3) NASDA, 1-1,Sengen 2-chome, TSUKUBA-SHI 305

Abstract: An electrophoresis experiment of nematode C.elegans DNA by using FFEU (Free flow
electrophoresis unit) has been done on the spacelab of space shuttle STS65/Colombia. The time for
experiments on space were reduced to one third of the planned experiments because IFM (in flight
maintenance) were cartied out to remove the bubbles which had stayed inside of FFEU's cooling
water system. Furthermore the bubbles had also stayed inside of the separation chamber of FFEU so
big in size that the effective electrophoretic area of chamber was limited to 20 % in width.

Real ime down link data from space shuttle of the experiment , nevertheless, showed a good
electrophoretic result compared to the case on the ground. The 3DEP (three dimensional electro=
pherogram) of the markers, NADP and adenosine which were used for judging separation tendency of
DNA, on the experiment provide stable moving of samples without thermal convection which are easily

caused under one gravity. The study of separation profile of C.elegans DNA has been undergoing
with PCR and hybridization of the recovered electrophoresis sample after landing of space shuttle

Colombia.
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Prediction of the performance of capillary electrophoresis in DNA
sequencing employing linear polyacrylamide as a sieving matrix

Takashi Manabe?, Nong Chen?, Shigeru Terabe®, Masafumi Yohda?, Isao Endo?

Faculty of Science, Ehime University, ?Dalian Institute of Chemical Physics, ®Faculty of Science, Himeji
Institute of Technology, “The Institute of Physical and Chemical Research, Riken

Oligonucleotides and DNA sequencing fragments have been separated by capillary electrophoresis
employing linear polyacrylamide (LPA) as a sieving matrix. The performance of the separation has been
examined by changing LPA concentration, capillary length, and-electric field strength. It was found that,
for large DNA fragments, the migration interval between bands linearly decreases as DNA fragment size
increases. Based on this finding, simple experimental equations have been proposed to predict resolution
and migration times of DNA fragments separated in our system at given electrophoretic conditions.
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Fig. 1. Separation of FITC-M13mpl0 sequencingfragments by capillary electrophoresis.
Support: 9%T, 0%C polyacrylamide; Capillary: 40 cm effective length; Field: 100V/cm.
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Dynamics oF LARGE DNA DURING NON-STEADY FIELD GEL ELECTROPHORESIS
Yuichi Masubuchi, Hidehiro Oana, Mitsuhiro Matsumoto, Masao Doi and *Kenichi Yoshikawa
School of Engineering and *Graduate School of Human Informatics,
Nagoya University, Nagoya 464-01, Japan
Phone: 81-52-789-3720 FAX: 81-52-789-3719 E-Mail: gd4391a@nucc.cc.nagoya-u.ac.jp

In order to expose the mechanism of the anti-resonance phenomenon, direct and real time observation
of DNA molecule using fluorescence microscopy was carried out near the anti-resonance condition in
this study. The results show that DNA migrates with shrink-elongation motion and that the average
velocity is closely related to this motion. Under the anti-resonance condition, this shrink-elongation
motion is reduced due to some coupling with the field fluctuation and causes the velocity reduction.
To explain these results, we contrive the 'hernias’ mechanism.
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Fig.1 A series of fluorescence images Fig.2 Dynamics of a DNA molecule during
of a DNA molecule during steady field biased sinusoidal field gel electrophorests.
gel electrophoresis.
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(1)T. Shikata and T. Kotaka: Macromolecules Vol. 24 (1991) 4868.
(2)Y.Masubuchi, H. Oana, K. Ono, M. Matsumoto, M. Doi, K. Minaga, Y. Matsuzawa
and K. Yoshikawa: Macromolecules Vol, 26 (1993) 5269.
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CAPILLARY ELECTROPHORESIS IN THE PRESENCE OF OLIGOMER: DNA FRAGMENTS AND
POLYSTYRENE SULFONATE

Kim Jyungio *, Tasanee Srichario **, Stellan Hjertén **, Toshio Takagi * ( * Institute for Protein
Research, Osaka University; * * Institute of Biochemistry, Uppsala University)

Separation efficiency of concentrated solution of dextran preparations with molecular weight of the order of
thousand was studied for DNA fragments and polystyrene sulfonates with defined molecular weight and
narrow distribution. Separation was observed for a DNA fragment mixture giving 10 bps ladder, but was not
for that giving 1 kbps ladder. For polystyrene sulfonate, separation was again observed only for samples
with small molecular weight such as 2K and 4K. The separation is thus not specific to proteins in the
presence of SDS, but not so practical for the samples studied here. The mechanism of separation must be
figured out taking care of such gencrality of the phenomenon.
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Mobility of DNA fragments in capillary gel electrophoresis
Masao Kamahori
Central Research Laboratoty, Hitachi Ltd.

Summary

The mobility of DNA fragments in capillary gel electrophoresis was studied
experimentally and theoretically. Effects of etidium bromide in the gel and the cross-linker
concentration (0.5-5.0%C) on the mobility were investigated. The experimental results
were analyzed with the high-field biased reptation model. The predicted mobility by the
theoretical equation fitted the experimental one quite well. According to the analysis, it
was found that the intercalation of etidium bromide to DNA fragments resulted in 35%
elongation of DNA fragments, which led to the decrease of the effective charge per pore.
The decrease of %C led to the increment of the elongation effect.
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DGR LTEEIC 2> TE T3, LA L, CGEICIIT ADNANTH D438 2 7
ZXARBALPTIEEV, FTARETR, v T Y-S A ERKEIEICBT 2
DNAMTR OBEEZL 754 a Vv EF VP LB W-BERLHCWTERL, £
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Fig.1 Mobility of DNA fragments
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Human Genome Analysis Using Capillary Electrophoresis
Equipped with Laser-Induced Fluorescence Detector

B;y_o_’l‘_qmmjg Yoshmobu Baba', Mnsulomo Tsuhako', Kousaku Okubo®, Kemchl Matsubara’,
Masahlra Hattori®, Yoshiyuki Sakaki’, Satoshi Takahashi’, and Hideki Kambara®

' Department of Chemistry, Kobe Pharmaceutzcal University, Kobe 658, Japan and *Institute for
Molecular and Cellular Biology, Osaka University, Yamada-oka, Suita, Osaka 565, Japan and
Human Genome Center, Institute of Medical Science, The University of Tokyo, Shirogane-dai,
Minato-ku, Tokyo 108, Japan and *Central Research Laboratory, Hitachi Ltd.,
Higashi-Koigakubo, Kokubunji, Tokyo 185, Japan

The present DNA sequencing technology is insufficient to permit sequencing on the human
genome, consisting of about 3 billion bases, at a reasonable speed. The Human Genome Project
therefore requires the development of DNA sequencing methodologies with higher throuputs.
Capillary electrophores(CE) is becoming an important tool for DNA sequencing with high speed
and high resolution. In this study, we studied the optimization of separation conditions for high
speed DNA sequencing using capillary electrophoresis equipped with laser-induced fluorescence
detector.
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PLETHL, FYET ) —BRKEIZ, TOELVYSITEES L URBKEEDOB X H
G, b -7 ABINICBIIAEEDNAY =2 LY vV UADIBESHEShATY

A0, *v ¥ —BRKBICE o TDNAY— 2 VS Y 7OBELEERT 270
K Y=V VYV IRICEBMDEETEE ER T AL ENH LM, ThITItH
HE3N P TROIBECLAGATLIONTIEREELEIT L VWA EBEY. B
Kk b5 ADNADEIEEERF 2 RET 3R+ TH 5, RFFETIE, Fee DB
RLAFYET) —BRKE- L —F—-HAERBERLHVC, V-2V Vv 7RE
ERPOBETHELERT 57 DDLREDDWTREL 239,

K&

DNAY =7 7Y v RICERWIIMI3mpISDNA%L 7 » 7L — b & L, HEEDDye
Primer Cycle Sequencing kitic &L D &ER L7=db D%y /) — Vit L. B4 A hRIVATS
FIZEDL L THW/. DNADSFBEIIE, RYTZUNT I FHVH BV IZFEEERY
TZUNVTIFE2FHRLAFYES ) -2 B, #RIZHEWLETT PACKARDSY
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HPPCEB I UHEL AR LAY S5 ) —BRiKE)- L —F—#RE B 2 FEAL.
T INVIROT 25 MBAEN 21T o /0%, BRIKESISEALZ,

BREER

HEDNAY =L/ OV T RBRTA-0I12, YIVIREG~6%T), 2A&HE0~5%C).
BiB(200~414V/iem), ¥ v €T ") —HHE(15.3~36.3ecmE FNEFNELSETDNAY —
PXVYVYRICERYOREEITV., SAAODREMNTEHICRIZT REIZOVWTRE
L7zo Fig. XD MO—BIERT, Shid, ¥ ViRE3IRT, RIEFES%C. BiH414 Viem,
Fr U —AHRISImORGTIEEATRE LIV -2 202 Y TRICERY DO
BEToTEDOLDOTH B, . 1S0MEHET THADNAT T/ A LV M RIZIZELIHTHEL.
L2 5300 ERENBITITFUATHRT Lz CRIZERDRF TS/ VEKKENIC L
BY—2xvI v ENI5~30lE. AFTICHERINFAES) —BREKMCLE Y-
IV VTEDERBTHS~I10EOBELEERL TV A0, &b C bR
L7=#5R. FYVIRENNSWIIEBELIERTE S48, TEREREBTLL, 4. 7
EEEERBIBICHAIL, ¥+ ET)—FAHRICRAFILANM, Ch6n/T X -7l
EOBBEATHBEICIIEALHEYRIZES b oo CRULDORFIZE D, FHEER
BEFTEXETIIDNAY =27 Ly o v 7 %@L T 51213, HBEMUBW I VREEZRAW,. &
BETEVWFYEIT)V—2HAVWALENDL Ebh T,

LEDEI3 iz, SlELREOBNILIZEYDNAY — 2 20 Y v YO KRB BE{LE ER
LfCo

Hagt
( oo
AN 162
il 1 16)
nn / z(’zw
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1) BByE, 1L T, 47, 148 (1994).

2) BIBWR. Dojin News, 71, 8 (1994).

3) Y. Babaet al., Trends Anal. Chem., 11, 280 (1992).
4) Y. Baba et al., Anal. Chem., 64, 1221 (1992).

5) R. Tomisaki et al., Anal. Sci., 10, in press (1994).
6) BWFE{ . SHTILE, 44, in press (1995).
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ANALYSIS OF PCR PRODUCTS BY CAPILLARY ELECTROPHORESIS
AND ITS APPLICATION TO DNA DIAGNOSIS.

Hidetoshi Arakawa, Masako Maeda, Akio Tsuji
School of Pharmaceutical Sciences, Showa University, Shinagawa-ku, Tokyo 142, Japan

Capillary electrophoresis (CE) was studied for the analysis of PCR amplified sample. A low-
cross linked polyacrylamide gel was used for CE. Laser induced fluorescence (LIF) detection was performed
using Thiazole orange as the fluorescent intercalating dye. The highly sensitive LIF-CE was applied to
detection of allele specific PCR for medium-chain acyl-CoA dehydrogenase (MCAD) deficiency. Analysis
of single strand conformation polymorphism (SSCP) by CE was also developed. The conformational
change of the single strand DNA is causedby a mutation in DNA fragment. The change is detected as
mobility shift on CE. The effects of acrylamide gel concentration, running-temperature and fragment size
amplified by PCR were studied to develop the separation of SSCP. The results obtained in this report
showed that CE is well suited for clinical DNA analysis using PCR.

[ixC i)

PCR (Polymerase chain reaction) #Ffl T 2 {ZF D HRRERBRIIE 751 7 — D3 kKB O
RELFIA T HAllele specific PCR. HIRBERDOLIMFOAEIC X Y HE S HPCR-RFLP, DNA-7
1-7 & Dhybridization % A V> 7z Allele specific hybridizationtiAt$ 5, Zh b HEOBRMITER T
5 2KHDNART DK E ENHHESH, BRHICEREXTHETHEIIENTE2, —H, 1
REDNADHRMES B L 5 BA KB OS5 BEDE S HET 5SSCP(single strand
conformation polymorphism ) {IPCREEMPORREZ LRI T A LA CE 20, BERE
FOAI) ==V THEE LTHWOLRTWS, RFRATIRTNWLPCREFIA T2 Hiknlkiizk &
LT, AETHNSHEELETAXI YT Y —BRRKOBE LRI L,

(] ¥+ ¥ 7)) —BRKRER  ABI4E5Y270A K U'Beckman 13! P/ACE2100 & Laser Module
488 % A iz,

Allele specific PCR: FEIFBMUMRFEEDOV L OTH 5D 7 ¥ VCoABIKEREERIRE
(MCAD)IZ 2\ TS} L 720 MCADREFhO—132: R A5 10 G985 it—on 754 v—+
v MOPCRIZEVHIE SN B, EEBIEFICFETE 7T 47 —i2M31 (7 2f]) EM34 (7
YR OMAEDE (022pDEEY) . ERAEFICNTET T4 —IIM32E MDA
AberAwvi: (175opDEEY) o« —2OFBICH L ERPHRER RUZERBETFROS 514
T2 HWTPCREIT) o RWTHE LN/ ZODPCREBW XS HLEYCENRE LT 5, CEIL 7
2=XFY) A Y47 37m x 100pum ID(F — T4 A4 Ty ZHDF v ES5 Y — % Hwn, Ll
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BE3%T.0.5%C. kEj¥5#0.1ug/ml Thiazole Orenge % &¢r0.1M Tris-Borate-2mM EDTA(pH 8.3) % fi
WT, 7.4kV.30°CTHREI 1T o 720 BRI L — 9 — HEHR 2B (Ex 488nm.Em 530nm) % A2 72,

CEIC X BSSCPORRHI . —HEZER*H TS5 EFIVDNAL LT, dvER2RZEF LBV,
PCR | —HEEREFL LIS ITA v —2%%E LPCREIT V. 59bp& 359bpD A B % AL
2o SSCP: PCREEAIZ99T T6 7 MI#. K\ Txhp T MBI L 7218, KRDCEICL h iR
3%, FIVBRESHT. 0%C. KM 0.1M Tris-Borate-2mM EDTA(pH 8.3)% V>, 10kv, 25
CTHRKE 24T o720 BRHIZ2600nmTDOENTRINTT 2720

[BFREEH] PCRIZERMICHOMROICHEODNAY BAE T CHET 5 LT TH
5o WE S N ERPIZEIC24EDNA 60bp~1000bp TH 5 723, T FCEICBIT 524KEDNAD
SBERA, FBELLTEFYESY—IZRYTIYNTI FPAVEFEHTE FECTo 7
C DFEIC & H5REII2AREDNATE O b p DZ DBV bR EET, »OHBER.S.D)H0.55
% (n=10) LBFTHo7:. BRHIZKBIEHEICA VI —H L= avRELHW L —-F—H0E
BHTHT 27, COFEIRBRNADBRNORBRE X b Hloot5m< . ot F B RBOPCRFHT
BURETH o7, DLEOFEIIMCADDBEFROKRHICIGAL 72, Fig 1ZREZTHE~
FOESTOREIOCORRTHS, EFQRbp)E ERBIETFAISp)EBEHICEFNTE . K
2. SSCPORBUTICOVWTHRE L:s —SHEEROKRMIBICE T2 7 VIRE, KEHRE, 51
PCRIZ L ) B3 ADNAY A X2k 2B OWTRE L7z, FORKRIIF VIEBESY . B
B20C %V L25C, £ERPO¥ 1 XS9%p THRIBEEIZF D o7z, Fig.21CdivEA2 gene (59bp) D IEH
(Wild: w- o, w- 8) L ZERE (Mutant: m-y, m-8) OFHERAERT, TOHKRI—EEERE DT
PG THRIETE /2, TORICCEIR LAPCREBY ORUTIX, fERB OBMANKE X h RETH
BHUD B LI OBFBETH o7, HICSSCPD &S L HEREAETRVWHHEZLEL T35
Wik, CEFXLDWERATHAI LI o7

Fig. 1 Fig. 2
1759
(11.53min)
2029
M9t
1 ' » " .s ;o lls 20 ;5 (entn)
Thoe (min)
Electropherogram of allele specific PCR product Electropherogram of SSCP (59 base)
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Gene Diagnosis of Common Disease (Alzheimer's Disease) Using
Capillary Electrophoresis Equipped with Laser-Induced
Fluorescence Detector

nggxg_s_gm_m_, Yoshinobu Baba' Mnsutomo Tsuhako', Tetsuro Miki’, Toshio Oglhara Michio
Tsu_|10 Satoshi Nitta’, and Hideo Sasagawa

' Department of Chemzstry, Kobe Pharmaceutical University, Motoyama, Kitamachi, Higashinada,
Kobe 658, Japan , *Department of Genatnc Medicine, Osaka University Medical School,
Yamadaoka, Suita, Osaka 565, Japan and *Otsuka Electronics Co. Ltd., Shodaitajika, Hirakata,
Osaka 573, Japan

Capillary electrophores(CE) in entangled polymer solution have been investigated as an efficient
technology for DNA analysis. In this study, we apply CE with laser-induced fluorescence detector
to gene diagnosis of Alzheimer's disease through human apolipoprotein E (ApoE) genotyping.
Since in general the human genetic samples are very low concentration even if it's amplified by
PCR, it's necessary to improve the sensitivity of gene. We, therefore, developed multicolor
detectable laser-induced fluoresence detector for capillary electrophoretic gene diagnosis.

E LI

b 7/ LABITHBEOERICHEVIEL 2RBDERBEFFRREINTETWS,
CNODFERBEFEENT 2 LiE. RBOZKRE T TL {RADTFHRL RO TEE
BERECLTEODLED, £ THHEIZE V> THRFLPE (restriction fragment
length polymorphism){Z & BBATR (TN INA < —BRIERE) OBRIZFZHErEME L
TR ERE T o0 TWVIN T —BHEREORRBEF L LTIREE. 7THY R
ZHE (ApoE) BIZFANEB S hTwd, TDApEIZA VEHE LT, E2, E3, E4 505
NTBYRICEAZ R TR EFETNVINA T —BEREOREDRBRENEL 2B >
EHFESI N, FTTIDApE BETFEREEINT 52 L & W EHREODHATH
BBL%b, PMABELELTEFYT—BHREZREL-F Y5 —BREKHE %,
F7-DNARRHIE & L TIRENBRINEL 7V L—F— % Bvi: L —¥F —FREki
WD 2 % B L 7=

iR

¥y ¥7) —BRKEIEE IS, ABIBR270AL B4 PR L% v V5 ) —BLRIKE) —
V-8R AT AR L, ¥+ E5 ) —13I&WHODB-1712 )V O — R 5
BEBED LIV ESIZEEI VAL — A2 MA-BRETHE L THV, ¥
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YTWIETHRDODNAY —H —B LUk b7/ ARKDApoER(EF % PCREE % FV TR
3¢, BIRBEFEMHa DT LA bDEER Lo 4+ 7 VIZBRMISEALL, B
R PV RA—FRBRBHREBV

BREER

ApoER{ET % HIFREEFE Hha 1 (GCGC) THIHT 3~ 5 & ApoE2, E3, E4 IR FH WS EhEh
19 ~BEEMDEIDTF 7 A Y PEEKT 505, E4 DA IIFIC19L 28 HAF D4
REEESYERT 5. EBRICIE, 100EEX T TODNAT7 I 7 A 7 b2, 1221055
HOETCHETERTREL L2V, TOLRGREATADIC, ¥+ E¥T) —HICTHE
THBBHIPIA—FRIBNAY 77 —1207%DFETAF N LN O —RA L BREIE
BWERERIZESIZZF VA 70<A F, TOTO-1, YOPRO- 12 EDEHEA >V ¥ —
HV— A EMATREERB W SNODL V¥ —HL— LI MEEE LTS
Pk L —F— BT & BRI R TR T B 2SI L 72,

RIZF W T B DBERESSVT TR, TLAFELY Y TVOBRBYFERSN, B
HEBREOMLEMSLEL 25, £ THHR
DDNAR —H—%H TN ELT, &
1T o T & 7-DNADFEHEBRIPUS X BEH
EE V- BB EO B E 1T 70
FDRFE. AV —HAL—FF4ELT
IFVoATOTA FEFRALLBER
SERIRIUR I E & ) L —F — @R O
FHRH2EHFRMLAY IV THRE
MOEETH D, YOPRO-1 %R L&
ENSRIUC B 7TEE T TN
EPHERLCOREDS TR THo 720 £
Tk M/ LAHRDApoEH{EF DRFLP
B 2 YOPRO-1Z W TITo kT A

RS OREET IO TETH o 7
N . . . CDApEREFNEEBFICEL Y, T
| I N4 7 —BEREDBIZFLZWHEE
Eholzs

1078
\

Time ( min )

Fig.l CE separation of $X174 DNA - Haelll digest
(1 ng / pL) with laser-induced fluorescence
detector

Xk

1) BBWAE . EERILEE, 22, 209 (1993).

2) Y. Baba, J. Chromatogr., 618, 41 (1993).

) BBRE. BOAW - KB - BE, 38,2243 (1993).
4) Y. Babaetal.,J. Lig. Chromatogr., 16, 955 (1993).
5) C. Sumita et al., J. Chromatogr., 661, 297 (1994).
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Direct Detection of Point Mutation on Tumor Suppressor Gene
Using Capillary Affinity Gel Electrophoresis

Hideko Inoue', Yoshinobu Baba' , Mitsutomo Tsuhako', and Mitsuru Akashi®

'Department of Chemistry, Kobe Pharmaceutical University, Kobe 658, Japan and
’Department of Applied Chemistry and Chemical Engineering, Faculty of Engineering ,
Kagoshima University, Korimoto, Kagoshima 890, Japan

We developed capillary affinity gel electrophoresis (CAGE) by the combination of the
high resolving power of CGE and high specificity of bioaffinity ligand. Biospecific separation
in CAGE is based on a change in electrophoretic mobility of the analyte caused by some
biospecific interaction between the analyte and the affinity ligands. In this study, we
demonstrate that CAGE is effective for the direct detection of point mutation on the tumor
suppressor gene with high efficiencies, as a new technology for the gene diagnosis.

EU I

DAMFBEFOREERBADA B = X ABRIKICEBR L 72, 51p53 & I
N2 AHREFIIREEAZII LD, 3L A LOFAMBIIC BV TERNT
DONTWVD, 2F D BEFDNALD 2 0 e —DDHENBRT 22 L 12 & ) %A
WEFBEFHBRELL, ALIBIEREENE, O 2 EREBRMT 2L
RMADRHRR, DROLZBBREVIECEERBMN L Lo TETWE, SR
ZRDNADKRI & L TIXSSCP(single strand conformation polymorphism)EEASH Vs &
T3, YHFREICBVTIIH L {DNADEEEFN + BB CTEX 2 Y F>Y FEFE
LAFY¥TY) =774 =74 - VEBRKEICAGE) X BIR L720 FHRTIZCD
CAGEIZ & ) —3EEDH VW THEEDEREE D oV AMSBREFOLERELRE
L 5B BBz oW T bR L7,

KER

Fry¥7Y) -ERRKEBOERIE. 7+ —% — XBQuanta 4000E, v &7 R
P/ACE2050% M L7z ¥ ¥ EF Y =0k, 774 =F4—=YHFYFELTHRY Y
SNT T2 HBRERY T 7 UNT I FICEM LB e T Lo ¥ ¥ 7L,
EBRAVTIFAFVRIVAFF, 77V TREERY X2 LAF FEHW,
FYETY) —hIIBRMICEA L, BFHRE, MY AR BEREV,
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BREER
T74=T4—BREKEBELIZ, FVhD) FY FEBEREKBXhAY Y TNED
M@ B Dbiospecific R MEIEAIEL B & ) 2 H#HiTh 5, tE-o T OMEER
PRI EL > TR H1-DFHIERENE, LAWY F Y FIZSREBET
FO—=TDRYEZNT 7T=V(PVAD)TH 5, PVAdIZRY 7 7 = )V E(polyA) & 5
POBEEZETHIO. FITVVBREAETEIF)IFAF VR LFF FERREYW
CHEERTAI LB ELIOND, ZRELZETAHADNADEFIVELT, &
MR U CHEERTNOAYRL2EY - TV AT 4 V< —(TTTATT, TTTTAT,
TTTTTA, TITITD 2 A\, CAGETCH X To7- & CA NS MUEHEDOT A vV~ —
RPRECTETHIILNTELD, DD L5 X, BANHBETFTHSpS53
BEFOEFRE248FNOIF VB L U49F I FU P —ERD I VI THERBESR X
N =R OZERBORTEFNEET 515EEDODNAR SR L . EDEIFT LA,
Fig. WCEER B L U249FHDa ¥
P—EEBERIN-ERBOSHYTRT, cc cce
PVAd%® iV /-CAGEIZ & ) 7z o /- —iEH )
DENTHAES N, FRECHETS
AFELTERFYESY)—H T LADEE
O BERORERE, 774 =54 AC CGG AGT C
VAV FORBEMWEXLONS, £Z°T /,
FHEEEGEREILI-LCA, REBRER
02M, BEI2SC. VAV FOoBERE T
01 %BLUTHRINnT Edbhol, T/,
T74=F4—=YHTFEF)TTFE X
YR VAT FEOMORENMTORERE Fig. 1 Detection of point mutation on tumor
BeatB L. HEERAOBS LEFMEL suppressor gene by capillary affinity
72 ZOERFIVNVBDESEL gel electrophoresis.
DDDEHRKENWT EhbhoTz,
CHDTERLTAI=Y FHPVAL-F) TX I L F FESEKROEENIZKE(CER
TAHIEERERBELTWS,

10 20 30 40 min

ik

1) BHEE. BAEE,1993(11), 861.

2) Y. Baba, et al., Anal. Chem., 64, 1920(1992).
3) Y. Babaetal., J. Chromatogr., 632, 137(1993).
4) Y. Babaetal., J. Chromatogr., 652, 93 (1993).
5) Y. Babaetal., Anal. Sci., 11, in press (1995).
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Analysis of Genetic Instability using Capillary Electrophoresis

and the Application to DNA Diagnosis of Cancer

O Michiei Oto'?, Takeshi Suehiro®, Yoshimitu Akiyama®, Yasuhito Yuasa®

('Dept. of Biotechnology, Tokyo Technical College, Dept of Hygiene and Oncology,
Tokyo Medical and Dental University School of Medicine, *Nippon Bio-Rad
Laboratories)

For easy and rapid analysis of genetic instability for the diagnosis of cancer, we
have developed a means of DNA diagnosis invoiving a modified rapid cycle PCR
and non-gel sieving capillary electrophoresis (CE), and applied it to the analysis of

genetic instability of cololectal cancer. The optimal running voltage and temprature
for CE were determined to be 222V/cm and 30°C. By using a lower concentration
of dNTP, PCR products could be subjected to CE without further purification,
immidiately after amplification. This technique allowed the determination of the
genetic instability of colorectal cancer tissue derived from surgical specimens. This
method is useful for rapid and automated DNA diagnosis.

B

EFRBERICSHBFETIIROBRYVELRITHSII/0YF7S51 FDNAORE
. ATy FHBERRBOEELLTHATE, AGHOBP—SORERDT
—h—-ERUSHIEMMONTELE, —A, F+ESY-BIXKEKEL. ¥YNVES
JKEhE ELER L, SKENESE ASIE<. SREEDLE<HDABLTEAINEANSH D, B
£ (&, REGEIER EAEEXBRHNPCC)DRERY— H—THB(CAN IH/OHFS
1 FDNADRE %2, BBt hiF v ES Y -BRABDEBRBZHV\TRIATEIHT
MEPSHICL, BRIEADTTEESERFT L=,
HiREER
Fr PSS U —BRkE B : BioFocus 3000 (Bio-Rad Laboratories, Co. Ltd.)
AO—EIZERND JEICIUESL TI0REE, 15-40°CORBICTHKEITES,
KBFRHOIRE : BHRT YN T I RTREBEID —F 1 > L7=$50mmx36cmdD
FrESU—ZAL, KBEERE L TRY T —%2&80.267M Tris/Borate pH8.3%
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Rtv/zNon-gel sievingikICDWTIRFIL /=& 23, BIE : 222Vicm. BE : 30°CT

DKENFEY BHTHo. COXRMET. NEARABRMEE, ARLETS CVEIEL.

LOXLIRERFTH o=

BRFRPCRiE & RIBRIENDKE) : HEEF 1 — T £ BV ERMPCR% T /=,

PCRRIGHERL 5T DANTPOREZ20pMICTIE L =EME. RIEBOEE. 0.267M

Tris/BorateiZMARIC TKENT D &M TE. FEICKY. PCRRGIL, 1.5FFRISEE,

FvESU—BRKENL, 100 IBETRIETE,

(CA)n repeatsDAR4R : BIGMEIER IEEMKIBR(HNPCC) Tld. EFMHEEIN). &8

8T, E-ie1kD2S 123413 TH(CA)N repeatsDZE{LH H DIRE 1% B (Fig. 1),

FEERAL, BRBRECOVWTRFLAELEZA, YNVBRKENICT (CA)N repeats

(CREVHDIZHUCONT, EFEARN) SEER(T) TkB/S— 2 DBVDIRDH S

hi=, (Fig.2), £/=. Case AlCD\\TIZ, IEEEE(N). EEL(T)OPCREMZE.

iR & L7 Double injection Z17(\, MHEDB\EERL =,

EReEn

1. ¥+ ESU—-DIBEELTHINDORDYICRY T—%F /= Non-gel sievingik(C
&Y. (CA)nrepeatsDZE(L ERITTEDIREEI L/,

2. ARRIPCREZAWVSZLICKY., HENSF Y ES ) —BRIKEHCKDRRIAE
TH2RREEETRETE /=,

3. PCRRIGEEDINTPRE£20uMICT S22 &IC&Y . PCREWIE. RFEIOEE
FrESY-BRABICTHRETE =,

4, Xix(E., HNPCCERKRIREDFTMEICFIBREETH o =

Case A Case B
Primor design 0.0018 ey r r
025123-U:  5'-GGATGCCTGCCTTTAACAGT-3’ _ _
D25123-L: 5'-GACTTTCCACCTATGGGACT-3" émm § ,
Increase or decrease of (CA) repetillve numbers %mm i S
H H
5 [D25123-U]-(CAINCACACACACACACACA--=-~=-~==- 3’ ’ . v
; LR (6TINGTGTGTGTGTGTGTGT - [025123-L]5" nration s (mint eoreton tone (i)
0.0015 T T 0.0015r T
5°[D25123-U]-(CAINCACACACA----=~--- 3* - T _ T
E
3 e (GTINGTGTGTGT-[D25123]5" §mo C § ooot0 ]
Fig. 1 (CA)n repeats alteration §,_m_ §m, ]
g 3036p 2 2226p 2036p
\J ! ]
0 I;.D 1;.5 1.0 ° ';,ﬂ 1;.5 119
Migratisn time (min} Migrsiton time (min)

Fig. 2 Detection of (CA)n repeats alteration
with capillary electrophoresis
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