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Preparation of vitamin B12 modified elecrodes and their electrochemical properties

Hisashi Shimakoshi, Aki Nakazato, Mami Tokunaga and Yoshio Hisaeda

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

Abstract

Two types of vitamin B12 modified electrodes were prepared by a sol-gel method and a chemical
reaction on the surface of the electrode. A hydrophobic vitamin B12, [Cob(II)7C3ester]C104, was
readily trapped on ITO electrode by a sol-gel reaction to form a noncovalent-type B12 modified
electrode. On the other hand, a hydrophobic vitamin B12 (1), which has a trimethoxysilyl group,
was covalently immobilized onto Pt electrode. Both vitamin B12 modified electrodes have high
reactivity for organic halides to form dehalogenated products under the electrochemical reductive

conditions.
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Fig. 1 Two types of vitamin B, modified electrodes.
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1EEREABAD fEEL : Si(OEt)4:EtOH:0.1N-HCl=1:8:4 DIATR & L . HiR T24RFHEHEA L
VIVIBIREERIL 7=, T OB WRIZ[Cob(1l)7Cester|CIO4E5 A Z EtOHIZIAN L TMA, 5
WEIRTIREER LU 2%, ITOEIRK EICT 4y 7a—F 4 D UHEICKVEREIL (ER
5l & LW #1003 L N50mm/min). 80°C TI2BML— > 7 L )L L 7. BRIBRICERE
BIMAE0AIM-KCUKBBIZEARB L., B4 3 VBuEE IV IVEMEMRE Lz, /ERL &
EMEMIT. SEMBLUXPSICEVREL &, BRIEFNEEEY A2 v I RIVYES
FLEIT X OFHE L 72 CofR:Pt, B EM:Ag/AgCl, B H.0, X FFEMME:0.1M-KCl),

EEEEBDESEL . A& ETZ0SMIEET+1.9 V vs. Ag/AgCITELL., 125 D8R b
VI H(SmMIZ300R L2, WElEYZ VIO R/ 00OAY > THRET 5 Z
EICE DR -, EHLZEMEMIL. XPSICXBEREON R RCVEIE (HE:Pt, 28
EIR:Ag/AgCLYA S DMF, X Fr & ##H :0.1M-n-BusNCIONHIZ K D FF-ff L 7z,

3. HRBIUER

EMEBA T v S a—T 4 2 JETIE, EROFIE ET#EEICLOBRENERT S
EMHSNTHO[6]. SEMIZELAHEMEEHZOMEFR. BREIT5&E L EE H100mm/min
DH DO THI30nm. 50mm/min® H D THI170nm TH o /= (Fig. 3)e FZXPSEIEIC L D Cok
SR FOHMREEZRD D E, WTNHCo:Si=KI1:20TH > &, BEHN330nmDEAHERED
AUy IRV ET T LERELZET A, -042V vs. Ag/AgClIZ. Co(ID)/Co(I)iZ
BENHBLETCENEBIEIN, BENMT0mmOE DS, 1FIEF UEMICEILE TN
HRplENz, BWEMS RED o220 MEKOBEE(LEIZ., EEMN330mmDH DT
6.2x10"mol/cm’, 170nm®D 6 D T3.0x10 " mol/em* TH o=, L EDZ EX D, VIV )&
fiEIC LD, BRER LICESY 2 VBRETIIEAZBSICFEEEZREELEEEY—C
BFETED ZENHS NI 72,

(b)

sol-gel film sol-gel film
ITO fi
[ mo fim Ofiim
' glass plate
011717 glass plate
—
500 nm
film thickness = 330 nm film thickness = 170 nm
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trapped with vitamin B,, derivative. (a) 100 mm min™, (b) 50 mm min™".
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Table 1 Product analyses for the controlled-potential electrolyses of benzyl bromide using

the modified electrode (A)?

Elec tI'OlYSCS condition Product ratio
Dopant in Conversion Total T. N.¢
zcl)é(':%g e hVW Charge®/ Time /h (%) Toluene Bibenzyl
F mol!
[CobID)7Cester]* O 01 2 8.5 6 94 2260
[Cob(ID7Csester]” X 0.015 2 0 0 0 -
None O 0.019 2 0 0 0 .

* Controlled-potential electrolyses were carried out at —1.20 V vs. Ag-AgCl under an argon

atmosphere. Initial concentration: benzyl bromide, 1.0x102 M; KCI, 0.1 M.
® Under iradiation by a 500 W tungsten lamp at a distance of 30 cm.
¢ Electrical charge passed per mol of the substrate.

4 Total turnover number was estimated from the total amount of B, complex in the sol-gel

electrode, 3.7x10°° mol/cm.
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Synthesis and Reaction of N-confused Porphyrinatoantimony(V)

Hiroyuki Furuta, Kensuke Nagata, Jia-Cheng Liu

Department of Chemistry and Biochemistry, Graduate School of Engineering,
Kyushu University

Abstract

A new type of porphyrin, N-confused porphyrin has unique property of formation of several
metal complexes. N-confused tetraphenylporphyrinatoantimony(V) derivatives were
synthesized and their X-ray structure and absorption spectra were studied. The axial ligands

were easily exchanged to a variety of nucleophiles.
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Abstract

A convenient and continuous method for the assay of a-glucosidase (AGH) inhibitory activity
was developed using a continuous-flow/stopped-flow system combined with biosensors. The
amount of glucose liberated from maltose by the action of AGH was quantified by immobilized
glucose oxidase (GOD) reactor with a Clark oxygen sensor in the downstream. The immobilized
AGH reactor was set in the flow line. When an inhibitor containing 10 mM maltose substrate was
injected and arrived at the center of the immobilized AGH reactor, the working solution (synthetic
intestinal fluid) was stopped for a certain period. After the reaction of inhibitor and/or substrate
with AGH, the working solution was propelled again, and the glucose liberated was passed through
the immobilized GOD reactor. The inhibition ratios (%) were calculated as the percent inhibition,
which were the quotients of the glucose concentrations in the presence of maltose and inhibitor
divided with those with maltose alone. The multi-channel stopped flow (MCSF) system was also
developed, in which a seven-port, six-positioned rotary valve was inserted and six immobilized
AGH reactors were set in a parallel configuration. The proposed MCFS system offers a useful

method to evaluate the inhibitory activity for AGH.

1. Introduction

Today, diabetes has become a major disease affecting more than 150 million people
in the world and according to the world health organization’s reports, this number is
likely to increase to 300 million or more by the year 2025 due to increase in sedentary
life style, consumption of energy rich diet and obesity. Diabetes is a metabolic disorder
which inability to transport glucose from the bloodstream into cells. There are two types
of diabetes, namely type 1 and type 2. Type 1 is usually diagnosed in childhood and
body makes little or no insulin. In the case of Type 2 diabetes, it afflicts approximately



90% of all diabetes and usually an insulin resistance condition occurs in adulthood. The
most beneficial therapy for Type 2 is said to one that achieves optimal blood glucose

control after a meal (1).

Carbohydrates are the major constituents of our meal and the main components in
carbohydrates are starch and sucrose. Starch in meals is first decomposed to
oligosaccharides by enzyme a—amylase of saliva and pancreatic juice. a-Glucosidase
(AGH, EC 3.2.1.20), that is a membrane bound enzyme located at the epithelium of the
small intestine, catalyzes the cleavage of glucose from disaccharides and
oligosaccharides. Subsequently these monosaccharides are absorbed and as a result
postprandial blood glucose level is increased. It has found that inhibition of a-amylase
and AGH can delay carbohydrate digestion and thereby significantly reduce the rate of
glucose absorption. As a result the postprandial rise in blood glucose is decreased. AGH
inhibitors can retard digestion both of sucrose and starch therefore, AGH inhibitors have
received considerable attention in the past two decades (2, 3). To date certain synthetic
inhibitors of AGH (4) have been developed and used for the therapeutic treatment of
NIIDM (5).

In addition, from the ancient time, plants and other natural resources have been used
in the treatment of diabetes, thus, evaluation of their active natural compounds can be a
fertile source for new antidiabetic agents including AGH inhibitors. There fore, in the
field of food chemistry, much attention is devoted to search food materials with AGH
inhibitory activity from natural resources (6,7). As a consequence, there is a demand for
the rapid and continuous assay method of AGH inhibitory activity. A
spectrophotometric method using pseudo-substrate, p-nitrophenyl-a-D-glucopyranoside,
and free AGH from baker’s yeast has been widely used for in vitro assay (8, 9). How
ever, Chiba et al has pointed out that on the basis of the difference in primary structure,
AGH may be largely divided into two families, types I (bakers yeast), and II (mammals)
(4). On that assumption, Oki et al has clarified that the AGH inhibitory effect varied
greatly according to origin; the hydrolyzate and its isolated bio active peptides that
showed inhibitory action against baker’s yeast AGH did not retard the action of rat
intestinal AGH indicating that the use of mammalian or rat intestinal AGH might be
essential for evaluation of inhibitory activity of natural or synthetic compounds (10). In
addition, Odaka et al. pointed out that the evaluated in vivo inhibitory effects of
pharmaceuticals did not match with those obtained by in vifro experiment (11). The
reason of this discordance comes from in vitro estimation of AGH activity. According
to Hunziker ef al., AGH in mammalian intestine is anchored in the membrane by the



polypeptide chain spanning the bilayer only once in an N (in)/C (out) orientation (12).
This indicates that AGH inhibition studies should be performed with membrane bound
or immobilized AGH assay system and not with free AGH. Oki et al previously
reported a pseudo-in vivo assay system using immobilized rat intestinal AGH on
Sepharose which mimic the environment of mammalian small intestine [10]. According
to the further studies, it has proved that the validity of the in vitro results from pseudo in
vivo assay system (JAGH). In the case of luteolion on the inhibition of AGH, Kim et al.
(13) reported the potent in vitro effectiveness of luteolin on the inhibition of AGH
rather acarbose, the drug which is used as a therapeutic drug. However, it was found
that the inhibitory activity of luteolin (IC50; 2.3 mM) was poorer than acarbose (ICs0;
430 nM) according to the result of /AGH assay of luteoline. In addition, as a result of a
single oral administration of maltose or sucrose (2 g/kg) in SD rats no significant
change in blood glucose level with the doses of 100 and 200 mg/kg of luteolin was
observed (14) supporting the validity of the in vitro results from proposed /AGH assay
system.

Biosensors are new analytical system. It offers a great potential as the next
revolution in analysis and unique solutions to food related analytical demands that other
analytical tools cannot accomplish. The high sensitivity of enzymes coupled with the
electrochemical signal transducer should ideally result in an enzyme electrode capable
of measuring the concentration of the substrate in a medium containing a diverse
mixture of other compounds (15). Thus, we developed a rapid and simple method for
batch-type pseudo-in vivo assay system by using a multi-channel flow injection analysis
system combined with biosensor composed of plural immobilized AGH reactors, an
immobilized glucose oxidase reactor, and an oxygen sensor. The principle of this

method was based on the following reactions.

AGH
maltose — 2 a-D-glucose (1)
MUT
o-D-glucose > B-D-glucose )
GOD
B-p-glucose + O; + HHO ————— gluconic acid + H,0, 3)

Maltose substrate was allowed to react with AGH and produced o-D-glucose as shown
in eq. (1). The a-D-glucose produced was converted to gluconic acid and at the same
time hydrogen peroxide was produced in the sequential reaction shown in egs. (2) and
(3) by the action of mutarotase (MUT) and glucose oxidase (GOD). The level of the



consumed oxygen was monitored by an oxygen sensor. When inhibitors were present
in a sample, the reaction of AGH shown in eq. (1) would be inhibited decreasing the
production of «-D-glucose, consequently, decreasing the oxygen consumption.
Inhibitory activity could be estimated by the difference in the oxygen consumption with
or without inhibitor.

2, Experimental

2.1. Reagents and apparatus

Glucose oxidase (GOD, EC 1.1.3.4, from Aspergillus niger, 268 U/mg-solid) and
mutarotase (MUT, EC 5.1.3.3, from porcine kidney, 2250 U/mg-solid) were purchased
from Funakosi (Tokyo, supplied by Biozyme Laboratories, Ltd.). Rat intestinal
acetone powder, aminopropyl-controlled pore glass (APCPG, 80-120 mesh, mean pore
diameter 70 nm) and isothiocyanate-controlled pore glass (DITC-CPG, 80-120 mesh,
mean pore diameter 70 nm) were purchased from Sigma (St. Louis, MO). Papain (EC
3.4.22.2, from papaya latex, 14 U/mg-solid) and CNBr-activated Sepharose 4B were
from Nacalai Tesque (Kyoto) and Pharmacia (Upsala, Sweden), respectively.
Acarbose (Glucobay, 100 mg/tablet), a medicinal inhibitor for AGH, was from Bayer
Medical Co. (Leverkusen, Germany). 1-Deoxynojirimycin and Glucose CII-Test Wako
were purchased from Wako Chemical Co. (Osaka). All other chemicals were of
analytical reagent grade and were used without further purification.

The oxygen sensor (DO sensor, type 7621L) and the flow cell (type FLC-42) were
purchased from Denki Kagaku Keiki Co. (present TOA Co., Tokyo). The flow cell
was revised a little to have a cell volume of approximately 10 ul. The potentiostat
used was a laboratory made which was reported previously (16). The male-to-male
lures and the valve-to-female lures (material: polypropylene) were from Japan Bio Rad
Lab. (Tokyo). End-caped ASSIST Mini-columns (CC-07, 5 ml) were from ASSIST
(Tokyo). The recorder was from Rikadenki Kogyo (type DB-101, Tokyo). A HPLC
pump (LC-10AD), a system controller (SCL-10A), a seven-port, six positioned rotary
valve (FCV-1AH) and sample injectors (rtheodyne 7725i and 5194) were supplied from
Shimadzu (Kyoto).

2.2. Preparation of immobilized GOD reactor

GOD and MUT (appropriate units) were co-immobilized on glutaraldehyde
activated APCPG (GA-APCPG, 100 mg-dry weight) as reported previously (17). The
GOD-MUT-immobilized CPG was packed in a male-to-male lure(24 mm X 3 mm i.d.)



and the reactor was filled with 0.1 M phosphate buffer (pH 6.0) and stored at 4 C.

2.3. Partial purification of AGH

AGH was purified from rat intestinal acetone powder according to our previous
report [10] originated by Cogoli et al. (18). In brief, the acetone powder (2.5 g) was
treated with papain (1% w/v in 125 ml buffer, 37 °C, 1 h), followed by centrifugation.
The supernatant was fractionated with 40-60% satd. (NH4)2SOy, then the precipitate was
resuspended, ultrafiltrated (M.W. <200,000) and finally lyophilized. The specific
activity of the partially purified AGH was approx. 60 mU/mg-solid.

2.4. Immobilization of AGH on various supports

The preparation of AGH-immobilized supports was performed according to our
previous report [10]. To each kind of supports (CNBr-activated Sepharose,
GA-APCPG and DITC-CPG, 50 mg as original dry weight), 1 ml of partially purified
AGH (2 mg) in the coupling buffer (0.1 M borate buffer containing 0.5 M NaCl, pH
7.5) was added and incubated for 2 h at 20 “C. After the incubation each support was
washed with the coupling buffer, followed by the addition of 1 ml of 0.1 M B-alanine
solution in order to block the remaining functional groups and introduce carboxyl
(-COOH) groups on the supports. After the blocking, the supports were rinsed
thoroughly with 0.1 M citrate buffer (pH 4.0) containing 0.5 M NaCl and then with the
coupling buffer. Prepared supports were packed in the male-to-male lures (24 mm X 3
mm i.d.), and the reactors were filled with a model intestinal fluid (0.1 M phosphate
buffer, pH 6.8) advanced in the Japanese Pharmacopoeia (JP XIII) and stored at 4 “C.
The coupling efficiencies (%) of AGH on various supports were estimated by the
difference between the applied enzyme protein and the remaining enzyme protein in the
rinsed solution after coupling reaction. The coupling efficiency, therefore, was apparent
values for the enzyme immobilization. The protein assay was performed by using the
Bio-Rad DC protein assay kit (Japan Bio-Rad, Tokyo).

2.5. Batch assay for AGH inhibitory activity using AGH-immobilized supports
(Pseudo-in vivo assay)

Pseudo-in vivo assay was performed by our previous report (10). In brief, 10 ul
of inhibitor and 990 pl of substrate (10 mM maltose) were added to an end-capped
ASSIST Mini-column containing AGH-immobilized Sepharose (10 mg-wet gel). The
assay was started after adding 1.0 ml of the model intestinal fluid containing 10 mM
maltose. After incubation at 37 “C for 30 min, the liberated glucose was measured by



Glucose ClI-Test Wako. Inhibitory activity was estimated by the difference in the
amount of glucose in the filtrate with or without inhibitor. The concentration of AGH
inhibitor required to inhibit 50% of the AGH activity under the assayed condition was
defined as the ICsg value.

2.6. Flow system

A schematic diagram of the single channel continuous-flow/stopped flow system is
shown in Fig. 1 (A). The working solution (a model intestinal fluid) was propelled by
a HPLC pump through an air-damper, a sample injector to an immobilized AGH reactor
and an immobilized GOD*MUT reactor. Then, it was transported to a flow cell
equipped with an oxygen sensor and finally to a waste tank. The sample loop of the
injector was 20 ul. The potential imposed on the working electrode (Au) was set at
—0.7 V vs. Ag/AgCl by two electrodes system.
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Fig 1. Schematic diagram of FIA system: (A) single channel continuous-flow system; (B) multi
channel stopped-flow (MCSF) system; B, buffer solution (synthetic intestinal fluid, pH (6.8); P,
HPLC pump; AD, air damper; CON, controller; V, valve; DO, oxygen sensor; POT, potentiostat;
REC, recorder; AGH, a-glucosidase-immobilized reactor; GOD-MUT, glucose oxidase and

mutarotase-immobilized reactor; W, waste.
When a sample was injected and arrived just at the center of the immobilized AGH

reactor, the working solution was stopped for a certain period. Then, the flow was
started again and the sample was transported to the immobilized GOD*MUT reactor.



The multi-channel stopped flow (MCSF) system with 6 channels is shown in Fig. 1
(B). In this system, a seven-port, six-position rotary valve was inserted and six
immobilized AGH reactors were set in a parallel configuration. The rotary valve was
controlled with an HPLC system controller. Others were the same as Fig. 1 (A).

3. Results and Discussion

3.1. Optimization of the glucose detection system

As the preliminary test, the glucose detection system was optimized. In this case,
the immobilized AGH reactor in Fig. 1 (A) was omitted. The optimal amounts of
GOD and MUT were 600 U and 250 U for 100 mg APCPG (dry weight), respectively.
The linear calibration curve (flow rate=1.0 ml min™') was obtained in the range of 0.05 —
6.0 mM with a correlation coefficient of 0.997, and the RSD (n=10) was 1.1% at 2.0
mM glucose level. The baseline reversion time was about 2 min. The possible
interference substances in food samples were investigated under the presence of 2 mM
glucose. As shown in Table 1, no severe interference was observed even 5- to 50-fold
of concentration, because of the protection of the PTFE membrane on the Clark-type
oxygen sensor together with the high specificity of the enzymes immobilized.

Table 1. Examination of the possible interference of various compounds in the

quantification of 2 mM glucose

Compounds Concentration (mM) Response (%)
Sodium sulfite 100 116
L-Ascorbic acid 100 109
Chlorogenic acid 100 104
Gallic acid 100 104
Catechin 10 100
Sucrose 100 107
Lactose 100 108
Maltose 10 102
Galactose 10 105
Fructose 100 101

Response data (%) were shown as mean values by three trials.



3.2. Selection of support for AGH immobilization

To select the support for AGH immobilization the coupling efficiency (%) was
estimated from protein concentrations before and after the immobilization. The
coupling efficiencies (%) were 92% for DITC-CPG, 80% for CNBr-Sepharose, and
51% for GA-APCPG, respectively. The stabilities of each immobilized AGH supports
were examined by four times repeated reactions (37 “C, 30 min) for immobilized
supports (each 10 mg wet-gel) adding 1 ml of 10 mM maltose, and the glucose
produced was measured by Glucose CII Test Wako. The highest glucose production
and the best stability were also obtained in the case of DITC-CPG supports (Fig. 2).
Although the diffusive characteristics of the inhibitors into the supports would affect the
interaction of the inhibitors with the three activated supports, the inhibition ratios (%) of
5 uM acarbose for three AGH immobilized supports were almost the same values.
The larger dynamic range using DITC-CPG supports was favorable for the calculation
of inhibition ratio. The DITC-CPG was thus selected as AGH immobilization
supports.
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Fig. 2. Effect of various supports on stability of immobilized AGH: (A) DITC-CPG; (@)
CNBr-Sepharose; () GA-APCPG . Four repeated reactions were performed for each immobilized
AGH support. Each 10 mg wet gel was reacted with 10 mM maltose (1 mL) at 37°C for 30 min. The
produced glucose was measured by glucose determination kit. The vertical lines show the range of

the measured values (#=2)



3.3. Residence time for reaction of inhibitor and/or substrate maltose with AGH

Acarbose was used to estimate the inhibitory activity with a continuous flow system
shown in Fig. 1 (A) as a preliminary experiment. As the result, the reasonable
inhibition for AGH was not observed in the order of concentration compared with that
of pseudo-in vivo assay system, but observed with high concentration. The reason of
this phenomenon was supposed to be caused by short reaction time of inhibitor with
AGH in the continuous flow system. We supposed that AGH inhibitors such as acarbose
and voglibose for medicinal use were competitive inhibitors but they required relatively
long reaction time to bind with AGH. Once it binds with AGH the binding is
relatively tight, like so called a slow-and-tight binding mode (19, 20). In the present
case, we concluded to extend reaction time between inhibitor and immobilized AGH.
Thus we adopted a continuous-flow/stopped-flow system. The effect of reaction time
on the binding of inhibitor with the immobilized AGH supports was investigated
changing the reaction time in the range of 1 to 60 min. For each 10 mg wet-gel of
immobilized AGH supports in an end-capped ASSIST Mini-column, 10 mM maltose
was reacted with AGH support for definite time and the glucose in the resulting mixture
was measured.
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Fig. 3. Effect of reaction time on inhibition ratio (%), and glucose production in the presence and
absence of inhibitor (acarbose): (A) inhibition ratio (%); (@) glucose produced with 10 mM
maltose alone; (M) glucose produced with 10 mM maltose and 0.5 uM acarbose. Three trials were

performed. The vertical lines show the range of the measured values.



After the reaction mixture was sucked out and the immobilized AGH supports were
rinsed, 10 mM maltose containing 0.5 pM acarbose was reacted again with AGH
supports, and glucose was measured in the same manner. From the two series of
experiment, inhibition ratios were calculated as the percent inhibition, which were the
quotients of the glucose concentrations in the presence of maltose plus inhibitor divided
with those in the presence of maltose alone. Figure 3 shows the change of inhibition
ratio (%) with reaction time, together with the concentration of glucose produced in the
presence of maltose plus inhibitor and maltose alone. As shown in Fig. 3, the
inhibition ratios (%) showed a tendency to converge a constant value when the reaction
time became longer. We decided the reaction time of 30 min in consideration of the
measuring time, because it was the level off point of the curve though it was not yet a
constant value.

3.4. Amount of AGH on DITC-CPG supports

The amount of AGH on DITC-CPG supports was investigated in the range 120 —
480 pU for each reactor. When the ICso value obtained by the batch pseudo-in vivo
assay system was set as a standard value, 240 uU of AGH was the suitable amount. To
verify this amount, the ICs values for acarbose and 1-deoxynojirimycin, widely known
as AGH inhibitors, were estimated by the MCSF system, and compared with those
obtained by the batch pseudo-in vivo assay system. In this investigation, 10 mM
maltose was firstly injected to an immobilized AGH reactor of each channel. After 30
min reaction in each reactor, the resulting product (glucose) was propelled to the GOD*
MUT reactor and measured. Those values were control values for each channel.
Secondly, a series of diluted inhibitor containing 10 mM maltose was sequentially
injected to the different channel (channel 1 to channel 6). After 30 min reaction in

each reactor, the resulting product (glucose) in each channel was measured as before.

Table 2 Comparison of the estimated IC50 values of acarbose and 1-deoxynojirimycin by MCSF

system with those by pseudo-in vivo method

System Acarbose 1-Deoxynojirimycin
(LM =£SD) (UM=£SD)

MCSF 0.4610.062 0.23+0.031

Pseudo-in vivo  0.59X0.163 0.22£0.059




The ICsp value was calculated by a series of inhibition ratios. Three trials were done
for both inhibitors. The results are shown in Table 2, indicating that both methods give

relatively good coincidence.

3.5. Modified MCSF system

In the above measuring system, the control values for each channel were required,
resulting relatively poor ability of sample treatment (frequency). This was caused by
the uncertainty of the activity of immobilized AGH in the reactor. To overcome this
defect, the AGH activities in all reactors were uniformed by precise weigh of the
supports. By this treatment, only the first channel (channel 1) was allocated to get the
control value and the other 5 channels were for sample measurements. The adequacy
was verified by using acarbose, and the I1Csy value of 0.44+0.053 uM was obtained
indicating relatively good agreement with the value of 0.46 =0.062 uM.

The time course of the flow-line switching protocol used in this 6-channel system
is illustrated in Fig. 4. When 10 mM maltose was injected (0.5 min) and propelled to
the first AGH-immobilized column (as control), the valve was switched to the second
channel and the first sample (10 mM maltose containing inhibitor) was injected to the
second AGH-immobilized column (2 min). This procedure was repeated to the fifth
channel. When the fifth sample (containing inhibitor) was injected to the fifth
AGH-immobilized column, the valve was switched to the sixth channel and the carrier
flow was continued until almost 30 min from the start time. Just before 30 min, the
sixth sample (containing inhibitor) was injected to the sixth AGH-immobilized column
and the valve was switched to the first channel as shown by an arrow in Fig. 4.
Glucose produced in the first column was, then, propelled to the GOD*MUT reactor
and the DO detector, and new sample was injected (2 min). After the glucose was
detected, the valve was switched to the second channel. This procedure was repeated
to the end of one cycle at 64.5 min. The reaction time of maltose with AGH was 30
min as known from Fig.4. The time to assay the inhibitory activity of one unknown

sample was estimated to be 11 min by this system.

3.6. Regeneration of used immobilized AGH reactor

Since inhibitors generally bound to AGH tightly, it was difficult to regenerate the
once used immobilized AGH reactor by the usual way. Takesure et al. (21, 22)
purified AGH by affinity chromatography by using Sephadex G-200. They used the
Sephadex as an inhibitor of AGH, and let bind AGH on Sephadex at 2 °C and eluted at



30 °C with 1% Triton X-100, 0.1 M NaCl, 10 mM phoshate (pH 7.2). We tried to
regenerate the used AGH supports with the 50 mM maltose solution for 30 min at
37 °C by a competitive way. Even though the activities of AGH themselves, thus the
response of glucose, became week, the treated AGH supports gave significantly no
different inhibition ratios. The limit of reusability was three times. Two sets of
immobilized AGH supports were used for usual measurements, and when one set was
under measurement the other one was operated for regeneration.
Time (min)
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Fig. 4. Time course of valve switching protocol for optimized MCSF system: the protocol was
described in the text.

In conclusion, the proposed MCSF system can be considered as a useful method to
evaluate the inhibitory activity for AGH. Therefore, it will be convenient for survey of
food components having an ability to inhibit AGH from many natural foods.
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Quantitative analysis of CF, produced in the SiO, etching process using c-C4Fg, C;Fs,
and C,Fg plasmas by in situ mass spectrometry
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Abstract

The use of CF5** as a specific product ion to selectively quantify CF4 produced in the SiO; etching
process using plasmas of perfluorocompounds (PFCs), such as c-C4Fg, C3Fs, and C;Fg, has been
proposed and investigated in the present experiments by measuring mass spectra inside and outside
the plasmas. It is known that the CF5>* ion does not appear in the mass spectra of any stable PFCs,
except for CF4. It is confirmed in the present experiments that the quantity of CFs** originating
from the CF; radical in the mass spectra measured in situ is negligible. Other unstable chemical
species in the plasmas are too small in quantity to explain the intensity of CF5>* appearing in the
mass spectra measured in sifu, even if they could produce stable CF3** by ionization. It is
therefore concluded that CF3** can be used as a fingerprint of CF4 in mass spectrometry.
Application of this new method for the quantitative analysis of CF4 produced in the SiO; etching
process using PFC plasmas results in CF4 production advancing significantly not only in the etching

region of SiO; but also in the downstream region of the plasmas.

1. Fim
CFy ° CoFs DE572/3~=T 1A {b &Y Table 1. GWPs and lifetimes of some PFCs [1].
(PFC) i3, M (KFEZICBITART Ay F Gas _ 100-yr GWP  Lifetime (years)
‘ : CF4 5,700 >50,000
VI TaE AR TS AT =D I — = CoFs 11,900 10,000
: CsF 8,600 2,600
VIRBARIRSN TS, TROOH A op 36000 3200
RERE ST IcAY  BiRgEys G 12000 £
CO, 1 50~200

TEIERRVA, HERIE IR {LAR 2 (GWP) 23 3E
EIZAREV (Table 1), FIl, 1994 4E 12 BB S - HIBRIRBE (L Bh Ik FERE 3% (COP3) 12



BT, ZNHDH ATHIEA R E IR ESL, L LRDI5, Si R Si0, 2RI/ a AT
AR BIRY, PFC V"I R <% AWVE D% BR VOB THY | & [E T PFC FEHAIB A IEDE
EBEDLNTND,
PFC JRHEA BT 25 EEL T, —RRENZIXR D 4 BOFIEBZRFENTWS (2],
(1) 7t ADOR#EL
(2) & PFC OfER
(3) Bl EF
(4) S FRILEE
J:%B(l)&i\ Lol F 2 N — DI )= TIZK LTI RBED N TS, Ty F 77 atk
TIET =N DBEEV R A LD DRBELAMERINDT-9, PFC HEELHIET 57
DOBITITEALED BTV, EFRQ)ELT, &Y GWP /&L, Ao, KEFEADE
VN PFC DfE FABRETSNTEY, ~FH 704 n7 20T (CFs) [3]%° CRil & CF, DIRE
[4V2EMBEBLEREIN TS, LInLAaRL, REPFCAERL THL 7/ 2 EAF =2 /3 —H T CF,
CoFs DEEMINTLEILVOFT-RBEER LU TS, FREQMER TCEXILUTELENTHS
FES . BAEOEM CIEBENIZI A& bRV, EER@AIZONWTE, A F = N — {25
BINTWDOEZER T T COMAELITIO THIUL, 7ot AR ELY 52RO THER
BTHY, BINFREN TS, L, FTX=7 0 ATHEHESNA LR E ER PFC 2455 fE
RERTDT-DIZE, REDT AT —%2NELTDH, U LTI RInEELDE, B—DFIET
PFC % RIBIZHIR T DZEITRETHY B2 DFEZHH GO ELILITLI o T REH
PO REYZ PRC HIE G 1EZ R L TODRITIUT AR B0,
FRQOBEEAILONTEID L BEHARFRRLTEIY, & o-CF/ArO, = 11/400/8
sccm CTITRAwEZREEIR T Si Vet ryF 7L, FOHEH T A% FT-IR 73 ETHTLZ
FER%A Table 2 (TR T, Fxl N~ ALTZ ¢-C4Fs D 50%I RGO EEHEH S, 2,
CF4 X CoFs D &572 PFC 28, A LTz c-CaFg {2/ U THRFELL T 10% LA EHEH SN T AT ED b
D,
Table 2. Emission components in an Si etching process of a c-C4Fg/Ar/O, plasma [5]
Output Input

C2F4 C2F6 C3F8 C-C4F8 CF4 CHF3 CO COz COF2 HF OFZ SiF4 C-C4F8
Emission (cc) 5 7 1 59 8 22 189 7 17 10 0 51 117

RFR PFC 7' X~ v R|ZEI1T5 CF, R0 CFs DARMEA AL, 7utxFo N
—PHIBWTEFNLDAEREZIE T2 LW FEE REEA058 LRV, ZO7-80120%



F9 CRRX° CF A 7 0B RAF 2 N—NTEESTTOLENHD, BESIMETEHRETH
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R CFs DRAAVIFZRIZHEBELTLE D FNODOE EATNUWZEHAA T8 RIE s
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PIRNDRBHDBL ., Fi=, BIEITFER DD 5, TRINRIN 53 HIEITFE 4 D PFC DFEESHTIZIAS
FIASHTWS [6,7], LLAND, ZOFETIR T BEAT 2o NN—% R FRO—HEL CEE
LT idesd . F 2o N —HNOBEHOME TEEIZITO /0 I3 EE THD,

ZOETIL, CFy OHBAIMUVIZBEIEND CERY A4V, 7R T2t 7
FRCHIZRNTH, CFy OEBSIICFIA TEDIEERT, CR A AL, CFy IS DL ER
PFC DA AL TIIELAERLRNZER LN TS [8,9], 2D 2 flif A NIEEAIMV E
IZBVT 34.5 amu SV EBEE O EIZHET 5720, T IRX VRO INTE 4« OILFRIRE
LTOWTHLESIZHBECES, CFy ODEEBEAITNUZBWTIE CRAZ VI Rbil<Eizng
D, CRZ A7 1% CR* A A DF 1%DEEEF L TNDOT [9], FOBRIIES Thd, 77
R HZIZHFHET U ILRAT B IFEL TS, TN T T X CH AN E &R
BT CRY A4 DEEICR L TEDIHIREEL RIF T OV TRMLZ, &bIZ,
ZOFEEZRAVT, PFCTIAYHDLRGT | FOTRIZEBN TS CF DA EITL TVDHZ
EERBAGNTLTE,

RB, CF2 A4 1% CF L EFLO—EDERTERL [9], T, UTIRTEEA I ML
TERSN TS CRZ A4 VT BEBAMEHIROSAA TEFz CFy 23, SRt CETE R A
FACENTERLIZDOTH-T, TIRX=H CRYAF U NEEL TOAD TIIRNI 258
AL TEL

2. EE&

EREEOEENE Fig. 11077, BBIZTIXYREMTF 2L —LEF = =N OHEAL
SN TEY., ENbIEE 4220 1/s & 550 U/s DY —R 3 TR T THERINTND, c-CyF (A 757
g a7 2) CFy (A2 27N Fa7rasiy)  CFs(~FH7tuxs) CF (U7
{LERFE) . CHF; (Z7{bAZ L) DF 2 Tew AT n—ar o —S5 CRELXEIEL 77X~ %L
WF = N—ZBA LT, AT ADOFHEIT, NEIC, 3.2, 5.1, 8.4, 104 scem (ZBRELTZ, NEE 50
mm O FFE O FFIZE -2/ 13.56 MHz, 100 W OFE B (RF) EHZ AL, FEE
BT TR ESET, TORFTENENTSIAZIZEIN T L TINb, 77X TRTD
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BIFEIZBWTIL, QMS DEFTR/LFX  Fig. 1. Schematic view of the experimental setup.
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Fig. 2. Mass spectra of ¢-CsFg measured in the main chamber (a) at the RF power = 0 and (b)
at RF power = 100 W.
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Table 3. Ratio of CF5** intensity in the mass
spectra measured outside the plasmas of

‘—.'Z ol several perfluorocompounds and CHF; to that
= inside the plasmas.
g, e Gas Ratio
3 of 0% c-C4Fg 1.25 + 0.04
Q , | (—k cg;{ CaFy’ LLIJ C;Fg 1.43 £0.06
| CaFs 1.52 +0.04
of . , 5 M 1 CF4 1.69 £0.03
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Fig. 3. Mass spectrum of the c-C4Fg

plasma measured in the plasma source
chamber at RF power = 100 W.
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A Chemistry of Ruthenium Complexes Having Tris(2-pyridylmethyl)amine derivatives as
Ligands: An Overlook

Takahiko Kojima
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Abstract

Ruthenium complexes having tris(2-pyridylmethyl)amine (TPA) derivatives have been
prepared and characterized by spectroscopies, electrochemical measurements, and X-ray
crystallography. Main concepts in this chemistry are “regulation of structures”, “redox
control”, “proton-coupled electron transfer”, and “non-covalent interactions”. Based on
those concepts, their structural features, properties, and reaction behaviour are described.
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