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WFIERc S O MEEE (¥ 30) : A flow-injection microdetermination system armed with an
electrolytic device for trace amount of heavy metal ions was developed. A unique analytical
method based on the apoenzyme activation originally created by the author was applied to
realize microanalysis of heavy metal ions with use of enzymatic methods. Use of
applications of 2 mA direct current across two tubular platinum electrodes set between an
inlet and also outlet of the enzyme column, and also of which pH controlled at the
isoelectric point, showed that removal of heavy metal ions coordinated in the active site of
the enzymes was positively done and then, the enzymes could be converted to the
corresponding apoenzymes. Fabrication of a flow-through reactor armed with an
electrolytic device in combination with a planar type of immobilized enzymes, suffering
from no increase in terminal voltage due to application of direct currents, could be
successfully realized.

TR ER
(@AHEAT - 1)
ERETE SN e & &t
2008 -1 2, 600, 000 780, 000 3, 380, 000
2009 F £ 1, 000, 000 300, 000 1, 300, 000
2010 £ 300, 000 90, 000 390, 000
# &k 3, 900, 000 1,170, 000 5, 070, 000

e 97 . BESE T2

Bt oaf - MB - E51% - otk

F—U—F R kT ot— THEEE, 7o—3Hl,
EEBEA A, BTk

WE Y AT L, SRR, MG,

1. HEBEAEY YOS S
WMOBROEEBA T LOERIT, EE -8
g BEEIZ WV O I RIETREFHIEE DS E I
BWTEFERBEOD—T—~Th D,

JBA A % MR TR S I, R
G ICP R ERIMT D o H—ARm
ThHd, L, ThoOBaRairiEEids
ZOESE iz LT, PRI A 2 KO MBERIBEAYE E 1,



FroatHB OB ELTOBREE S L EEYh
Ele b vy, ThUCH LT, BERSILIC K
DEE, EERAYE S Rt TRRER <,
TRIZFHNTE DRSS, ELEA A
OFHANZ BT R, BRI 5|
ERAF AL AMFEIZEE L, T OMEE
NHERT D FIENEOIEA STV,
RBH GIIMEREONEIZEZ T, FHEL
FEEHIICIRE & T2 HBEZ B LT,

2. WEEOEBY

LEREER EMEEN D ORI, F0iF
PP ZBERA A V3R, EaTa2 b
MBAMEE D BEBIZARA R THDH, ZOiENE
OB ERELEEA T ORIT D
W} 5T AREERR T R M 2 R T & Ae s,
BEBA A AT IHMERREENRT
Wh, DED, TREELNEDESREA &
YOMMBESELTIRA, 2BA A OB
& (H4E) I FEEERKIZER ThE.
P e stk a2 flE2TE 5,

(1) 7 HBEEEEMELIEORM ST

T REERE O SN B L LT, kA
(F L— MEEREER) 2@, flHshs, 7
AR E EEA R - IRE) A %
O BB VST L4 HEEE T, #REE & b
SHEEND, $EHEHWET REEEOLHR
&L EK L7 T AREER A (DA A il +
EL, AU A M) —EfpiliEoE=42 1
T AR RS TS b E LT,

(2) #wELY 77 2—0lE

BERA A &Rl & ORILTEE S
ORI AR KEEETH DD, SR
EEMH ORI ~DOFFFTFPWENEZY, &
BA A OREFEFTH D HELEEE DR
IR TEHE S, F2C, #i-io, Y
FOYELTHBEREREFEMTS 2
LTk, THRERIIERT S HLEZFET
HIZEST=, ZOEEB AT Az Bk
U777 —ORME, HiERBZERT2Z &
&L,

3. DL

(1) BRVT7T7Z—0FM

O HEEN Y R @ AR X
<. ERERMEIC R, B O IR TER s
EIEA T O - filaE b HIH AT RE 2 S RE
WERBHERTCHLTAHIRA Ty Z—F
(HENEER) T A 2L EVEEA F L ¥ —F
(HifER) 2xhEnBEiz, EE/FEHNIC
EElLT 2, 7ol EROBEEHBREE L
THIHA L omILtEy 5 2tk Eic b [
EBlbESDED, 7o,

® WMy 7Tys—LiIBEz, o7
FAF v 7 ”O RN —ERRO B4R
Db, mEROERE L, Z0Ae
ROz, FRICRIE SN EROMeN b

K ABEREE(LE A= — L LTOF
AR ET L THAAALT, OV
FIVT o E—ERHNBL, Lz xy U v—
DEMBIZ > TRIER DB RELTH, B5
IZBRETE AL ETFHIEN, & 610k
(R DT KRR ~DLEWM LS R &h
HEDETHEHLE,

(2) Bt oomRR

@ SRrAEeoEA

TNV RAT 7 Z—EiEHoE=41
YO EHEL T VB b Ve
NeZe B> KBRS Tl s D p= b
37z /=R NA R =LV 405 nm
TRIERCRRH, ERTHLLLE,

@ ERILFMEFBITGEOMEA

T AQNE A L — IS 0B
(21, BEBUS T SN ABTFEEEREZ R
— 7 oRXMPELERTHBIZITAD, 77 AF
v 7 OB E A EE LB ER
F5 Ok Bl

@ HayiARY—miEH

E DOEEFE RGN 6 S0 OBEL ks
5 OC, LA EN - ARG s O
FHRIBZWILE L TER TV S, dilRoiEk
AXAe ) A—F—ZERAL. RISIZHECE
HENDHRAETMEERD, TO70H,
FBRED T AEZRETo—T 2RO -, 7
0 — 5 BCHERT RO IR A D BRI 48 (b 4 187
L7,

(3) T HRERREMAS M OHEST

A EEROWF O 7 7 2 —ERI#EIC
AL, THRMBREREEEZRF L, 374
b, #E{ERZRWD 7 REEA~OEHE T,
O ZoEEICML T, @k, Gpi. @i
REDEREELRAOT, T bizonT
F—MREtEMZ 5, Dit. sHLE % @i L
“TR. METFELTOLBA A2,
SE(LAN O LLAG O fiiiE M 2 BB T X A
WHEIZEIRT D 2 & 203835 = L Sl
Thd,

(4) BEERA A7 0—E
TARBRICER L-WRET, O,
@R R, OBIRMY, @TOHTES
D FEEROFRNE 2 EH L T oo alie s o aH
#ITH b kT3,

4., HFEREE
BIFRTHONT- LR R A EENEICS)

L5,

(1) 200 84

O [EEET AV Al A B AR
BEREZALBIZ A GBS : 202.3 nm, FEF4E : 120-
2004 iz, FHAEFE : 12.8 mIglZT3% R TEE
LT D ENRTE, ZOBE W77 AF v 73N 3
=AFNIFHIL GEER: 03 ml) 7S v



gl A SIS G R T LY
(Tt (D).

2L - Ascorbate + O,

A\

ASOD

Bzt ASOD H3L
FlA

BEREAR

ey —Ee

Bl ArYA R RCESSEHER AT A

@ FRHFEE (O REEE O A
W2 W2, L7 Az B g (0.2
mM, pH5.60, 0.1 mL)ZEATH L, 58
HRBEILE (AT) AREN, 3%
OFAE R A (=10 THHRER < T4
Woker-, BRSNS A ORMETEMEF LI, 10
mM, pH 5.60, 0.1 mLof:CEHIT 5 F
& L7E,

g "
8000 |
5 beste y
= i 2
§ 6000 6o )
- ¢
\ o f
5% 4000 F o hROEE |
i o PHREIRS %
2000 [ °1mMER(DMA @RS
Dy TEETR——

0 10 20 30 40 50/
DDTC iRE [ mM]
2. ASOD {EHEIC FE 4 b i

ELA 2 BT 7 REEE ~ OB A
ZREtL7-# %, 30mM,pH 8.0, 0.5 mL
@» DDTC(NN-S=F AN IPF FH N33
VBRI A EANT A LT, HME R
T 2), 5l&fkE, 8ADA A4 DF
WEIT-2EZA, 0.1 pM~1.0 mM @
P CHIETE =,

(2) 200 9FE

O Fr— LA LD 7 REER~
DEWE B 2T LWy
TXL—LAE M WE7 REE~DE
falz X, 30mM, pH 8.0, 0.5 mL»
DDTCiE#E AT T L v 2 & % e
Blil. BlEfms, ARBRICKS
CHIADA F oD MEITo7mE A,
0.1uM ~ 1.0 mM oD i 3 ¢ E ] fg &
=iz,

@ TrZUABENLRAZERT AL
ZfFEDODTO - AL ERELEFBFR. K
AL LT OREEOEF CHEEER
FEHIMTEAZ LY LE, 270
— 2 BT E @ il (mL/min) T4 &
REHEFBRTEDA L bHER AN,
—FH,. eMOBREBEERN Xy P2 K7
—ENICRYTAZEEANE LT,
ZOFy MIEEZH 11% DI E TH
EETCEDLETEANT-,

FAA Ao

EAvia

M3. RIELEBRV 77 ¥ —-DONEY

(3) 201 0FEs

O HEX7a—EY 77 %—0fE: g
BT 7 UNABEEN O A ERET A1 AfFx
D7a—ENEREL, AL RUTOEE
Th, +oREREZRETESLZ L &HEEL
o, 27—k NTOXy ) 7—DMiE
il oSEE AR L LT, BXY T
g E—OEMEE R L-(H4),

4. R¥E7u—EL

@ MxRFLIER, BHOREICLER
SRRy PTEEERBBEART D2 LT
S, ZAMEOREMHESZEB L, Zhicsg
B A, g, SR TokETAIC
L HBETCEHMBIEHOBEEER Y —
FEGAEICRS L,



(4) Atk o I
S Al & 7o 7 A EE SR o~ o 45 4T
ﬁ&i%wLLﬁfé:&ﬁTﬁmﬂ
<L HEMD BN, Zhizx Lidiefo
MoEmELFEEMLZBETCRLT
Lb, EOMELIZ DR EENG

BRI EREHLNAT, ZhICEL

Tk, #FzicBEERAE L LTV,

Ao R FERMEOC DM BH
THY, ZOMR EICEOER AR &
w., TN h T, S
TATFE FENMLTHEY VNI H %,
ftHEFHELCHSICETElLTE 5
ZEERHBLE.

—FH, 7u—kLORERITL, &
WEFMEIZER, Lah 2.0 mAREOME
MEREZNMLTH, [0 BLE G
BNV EEFERLT.

v ’é*hbl’tt;’ﬁﬂﬁ . RS D S
m@% :ﬁmf%
5. FleaRFimE

(WFef s, o HEE R ONEIERTIEE 1
=y

(MEsEERs0) (Fho )
AR 4E R R

@© Ikuo SATOH, Kenji ONDA, Seiya
MURAKOSHI and Yasuhiro ITDA: “ A
Flow-through Reactor Armed with
Immobilized Metalloenzyme
-Preparations “, Proceedings of the 51
Chemical Sensors, 27, Supplement A,
pp.13 - 15, 2011 (A FEHE).

@ Ikuo SATOH, Seiya MURAKOSHI,
Kenji ONDA and Yasuhiro IIDA :
“Fabrication and Testing of an Enzyme
Reactor Armed with an Electrolytic
Device *, Proceedings of the 50¢h
Chemical Sensors, 26, Supplement B,
pp.7- 9, 2010. (A FE L)

® Daisuke NOJTMA, Ikuo SATOH and
Yasuhiro ITDA: “Development of Cobalt
Responsive Alkaline Phosphatase and
Application of the Enzyme to

Biosensing as a Recognition Element “,

Proceedings of the Chemical Sensors,

26, Supplement A, pp.94 - 96, 2010. (#
we i)

@ Ikuo SATOH , Yoshiki KOBAYASHI

and, Yasuhiro IIDA: “Calorimetric
Biosensing of Copper(II) Ions Using
Immobilized ASOD-Preparations ”,
Proceedings of the Chemical Sensors,
25, Supplement A, pp. 85 - 87, 2009.
(#HE4m)
ERED Thea UA N v o348
Tl T U T T o lesieg 32, 21,
No.05-06, pp.181-186, 2008. (## i)
RN 75
(DIkuo SATOH, Akiko YAGISHITA, and
Shin-ya ARAL :

b as Sensing Materials for Effectors ”,

@

‘Glycogen Phosphorylase

Proceedings of the Chemical Sensors, 25,
Supplement B, pp.10 - 12, 2009. (& #E)
@ Yasuhiro [IDATkuo SATOH Proceedings
of the Chemical Sensors, 25,

Supplement B, pp.22 - 24, 2009. (& ¢
4E)

@ Ikuo SATOH and Akiko YAGISHITA :
“Photometric Biosensing of Effectors
Using a Column Packed with Glycogen
Phosphorylase 5 Immobilized
Preparations ”, Proceedings of the
Chemical Sensors, 26, Supplement A,
pp.187 - 189, 2010. (55 )

@ Tkuo SATOH and Shin-ya ARAI :
“Biosensing of Effectors Using an
Immobhilized-Glycogen Phosphorylase b
Column”, Proceedings of the Chemical
Sensors, 25, Supplement A, pp.97 - 99,
2009. (i)

(F=ER] Gr1344)
O (AP v, BT, fRERE
I R 9% 6 [ 12 (L ¥ & 20 L 7 it = Y



®©

©

72—, BN EES B 51
Mt bR R, 20114, 3 3
29 H, ik
lkuo SATOH : “Microdetermination of
heavy metal ions in flow streams with
use of immobilized apoenzymes
chemically or physically regenerated
from their corresponding
metalloenzymes “, PACIFICHEM 2010
Congress, Analytical, Advances in
Flow-based Analytical Techniques
#207), December 20, 2010 Honolulu,
HAWAII, USA.
PeRg/EY), ArkERd, RS, SRR
5 - TR T /84 A el % 7o 7 0 — Xk
V77 & —ORE], i AR LFES
#5 0EMbF o HIFERESR, 201
0, 9A2H, ERXR,
EREAES, MITHF:[7 ) a—Fr kR
R F—€ bEEMIED T L2
L7207 F—DR AN v T84 F
ks, dMEABERYE B
49 [k F - AR REER, 201 04,
3A31H, Bl
R KA, (EREAES, SHRE (=291
MAGERIT L H Y R AT 7 X —F O{ER
Y ~DIcH ), fEHIEAERLTER
5 49 Bl oY i RS, 201 0
£, 3H30H, &l
Y. IIDA, R. YOSHIMURA, A.
THEPCHAK, K. NAGASHIMA and 1.
SATOH: “ Development of Ammonia

Analysis System for Enzyme Sensor
with use of Pyocyanine as a Coloring
Reagent “, Flow Analysis IX,
September 17, 2009, Pollensa, Mallorca,
SPAIN.

I
L

®

L. SATOH, S. ARAT and A.
YAGISHITA: “ Use of Glycogen
Phosphaolyrase b as a Recognition
Element for an Effector in
Combination with a FIA Technique “,
Flow Analysis IX, September 15, 2009,
Pollensa, Mallorca, SPAIN.

1. SATOH, Y. KOBAYASHI, K. OGAWA
and Y. IIDA: “ Flow Injection

Calorimetric Microdetermination of

Copper(IT) Tons Based on an
Apoenzyme Reactivation Method “,
Flow Analysis IX, September 14, 2009,
Pollensa, Mallorca, SPAIN.

D. NOJIMA, I. SATOH and Y. ITDA:

“Development of Flow Injection

Analysis System for Determination of
Metal Tons with Use of Alkaline
Phosphatase as a Multi Metal
Recognition Element “, Flow Analysis
IX, September 14, 2009, Pollenza,
Mallorca, SPAIN.

SRR, FeieY, nifadhs o TR ek
Frit—E€rRAViETFo v F—¥HE
RlOSeaT Al |, FEAIEAER(LFES #
48 ELt o it sEsE RS, 2 0 0 94,
9H 10 H, HE.

PBRAES, WTHT, #FiHEd : (=7«
TRy THMBLELTDS YO
— S URARY F—E b ), HEIEAE
RALFR  H 48 EbEt R E
2009%, 94 10H, M.
RS, Fh  TRE(L 7 ) 2—4
YIRARY FT—€ bREA T LERA
TT7xf F—DNRAF V7)), tHH
IEAERLFER 547 EesEE o i
Jis#E=, 20094, 38 30 B, 1t4l.

X

1



@ EEESR, M, BIHRIE - TASOD
[ E A D IZ#(ID A F o oh e Y
ARY w2 RAAR LT HREIEA
BRULFE 47 LS o YRR
ke, 20094, 3H29H, L

(] (G2 1)

O (LR HEFORE o4, ER
BofE, AR - JORMIFRHE - PRIy - A
KR - AHREE R TR e oy
K7 7 pp.11-14. E£JAfE, 2008 47 1.

@ AR TS Al o, iRAT

(RWEE, FEbks, RERIE -, dobbdE A, ik

FEFERE 3R, TZ "B o%l], pp. 700

- 702, FHETTE, 2008 47 H.

6. WFTEHH R

(DA EE

i ‘E% (SATOH IKUO)
) TREKRS « T3 - 26%
WrEEF /S © 20148125

(2) BFgE o3

flRA A (IIDAYASUHIRO)

BN TR KRS - ISH A AREE -
%

s &5 - 40329305



