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Flow-Injection Calorimetry of Heavy Metal

Ions Using Apoenzyme-Reactors
Tkuo Satoh
(Received December 3, 1990)
A novel calorimetric flow-injection analysis for cofactors with use of immobilized metalloen-

zymes and thermistors was proposed. The biosensing system was assembled with a combination

of the enzyme-reactor and the thermistor probe for monitoring the enzymatic activity. Heavy

metal ions ranging from micromolar to millimolar levels were calorimetrically determined

through its activation of the immobilized metal-free enzyme (apoenzyme) reactor. The over-

view of the apoenzyme reactivation microassay for heavy metal ions was described.
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Schematic diagram of the biosensing sys-
tem based on flow injection microcalor-
imetry. 1 : Carrier reservoir (buffer solu-
tion). 2 : Peristaltic pump (1.0 cm® min
3 : Pulse damper, 4 : Rotary injection valve,
5 : Thermostatted aluminum cylinder (80X
250mm ; 30+0.001°C) .6 Heat exchanger
‘thin-walled acid-proof steel tubing ; {.
8mm, i. d. 1, 7 : Reactor packed with im-
mobilized enzymes, 8 : Thermistor attached
to a gold capillary placed in a polymer
tube, 9 : DC-type Wheatstone bridge with a
chopper-stabilized operational amplifier,
0 : Recorder.

Fig. 1

- 90 —

[# £+ — 3 25— (Enzyme Ther-

it

mistor) ] &L 721, Z ol ARG ER RO (
s T7TR— Y 7L A l?&T( i
NDTHY, @B OSBRI I = FNT 7,
iz — 3 2y —7a—7% i Lot
7r s vy, AR OMBESIEEA20h T, 0.1mC &
V) D IR R L RORIETRINT XA 2 8
YAEETAE, AT O—AL 27 1T

oA el A b j— (Flow Injection Microcalor-

imetry) 2913 A HIEL v, ZOFHOEERET
W, Fig. TIORTHERE2 20 - DO/IIZILS

REEH B INRORBRE LT T L =7 LD
RO (AT 7)) S BRSPS L R —
=7 LU A 297 2 —F 2 Lund A7
ok o F - HPE bR 5 & O Thermometric
o AT TEL L7 ik d - Thermal
Assay Probe; o, A3EM $5 L OCHlE LD g0 4
VLGRS BIL T3 nEk A BRI E LY

LT e—A4 Y arivahnl) Lk
W= TF DRI A HE T 58N 4 2 L 2
HHIEERFREL TH 0 B AH L2 Em
WD IT L e =g ThHY, Uy iy 7
O OBELETE, T4 H

Zl)“ 7", f,

(SR

FC
iTh A

3. EBEBAA DL F LY

3.1 HMENREBILHE

TIBREE 7 7 & L RER T, %ukﬂ/\lgf/ Ep
R T AF a7 7 - L TRER Y T
BRI Z A, A TS

TLlI{TL 77\}(?‘? ‘ha ¥
T %‘b [ T Y

Bl R o B LB S - »u@mu“wumm

s

2

/);:‘ Zis, o

SR e b DRTER A NUUE Fig. 212t
T I T 7= LN R U7 ERRLE
WM (ol 200 L0 SIsAR I L 5 DR (K,
DG, GlEiEE (K, <10*M E”ﬂ,@v%tm}
(K = 1078~ 107900 S 12X 20595 iy, KBk
LA Sl PP/ ol i} ¥ SHBIN ’ﬁiu“*mf;‘m
BL, A TEEEA A D YSIMET 2207 R
LA, Jaml sy, UL, Sk 4> D
S *}T\m e xi A

?TA&W;Ttx DiTin, FLe— A
2O TEIBFEL Oy L e L s RSy
AU Jov HUAESIUr U T R RER WA O e
A AT ANy, W b s e A s A

BEMOIZE Y A 4. #iGT A Lo o TiuE,

Netsu Sokutei 18(2) 1991



THER)T 75— LG ES E%T/m7o—4//L7/3/ﬁuuxpu~

g .

(<]

g > i
g g -
g1 — g
o * 3
<°~ Cofactor Ky T

Cofactor-bound enzyme

Cofactor-free enzyme (catalytically active)

(catalytically inactive)

Fig. 2 The binding of cofactors to the apoenzyme.
* : cofactors(heavy metal ions, nucleotides
etc), ® * : substrate-binding site, * * % :

catalytic site.
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Table 1 Characteristics of the Flow-Injection

Microcalorimetry of Heavy Metal Ions
Using Apoenzyme-Reactors

Mild assay conditions

High sensitivity

High selectivity

Reusability of the enzymes due to the
immobilization

Low-priced assay

Continuous flow use

Compact assay system

Feasibility of handling

Feasibility of field works

Separability of metal-trapping and activity-
sensing process

Versatility due to the interchangeability of the
reactor

Thlgmed, THsEILEEE, (70— 02 70 5
PE7EATN AR =] b ¥

LIS oAz, #n2ns éﬂf&‘m?f“
DS LD YIS (Table D), BRI
At Yl 7 IELT Y, Yoz £
DN TE B HEEIC L), SREEC . 8
YA, LC G Al AY I 1245 bt T %Z)

3.2 HEE%5

i!if};}jfiéf’}f'ii‘i-"':'.”’vt*n ., Fig. 3127 0—2 — |} 2%
ey ) =R A LT A L T Rt
/filllﬁﬂ‘fm’tt&’v‘éub ST, \/T?).&’_f;ﬂ'ﬂ“/fﬁi g
B 2GR X BRI 2 s
TR 3 M, Fig. 1 DR HAGA L 77 x

A TTARSERYL R L R T 7 -
MR R OREL UGN B 4 TR R LT
CLAREE DM £ TR AL BT e A
fo =7, Wi - Fig 4 208 A8~
DU 05 7

FILD. CRID R E D XL -~ - BRI
TLI 2T TRILL T 7 v KA Bl 1
A TR A RN T 5 U, M A A
f’;;'i/: HREMALZ 3 A FE sy it 2 i
Lo TR L TE G 7oA «f)«&\uwt Hx
i {s S AP R I A L O R R fig
SkaE D RS A S 5

R ‘%—rf)f‘{’?‘f"v?‘h—’, 7 Y-

L A L N ) R

J— 91 J—



22
uy

Phenomena
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Fig. 3 The assay procedure based on the flow
-injection analysis using the apoenzyme

-reactor.
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Fig. 4 Schematic presentation of a reaction cycle
in the proposed flow-microcalorimetric
biosensing system using the reactor packed
with the immobilized metalloenzymes. The
arrows indicate changes in the perfusing
medium (flow rate 1.0 cm® min™). ® -
substrate, © : chelating agent for regenera-
tion of the apoenzymes, ® : trace amount
of heavy metal ions, @: Sufficient amount
of heavy metal ions for complete reactiva-
tion of the once metals-exposed enzymes.

Table 2 Heavy Metal lons Analyzed with the
Proposed Colorimetry

Metal  Recognition element Chelating agent Range / mM™ Ref.

Zn (1) Alkaline phosphatase pRC**
7Zn (1) Bovine carbonic anhydrase PDC o
DOTC ™™
DDTC
Co{(ll) Bovine carbonic anhydrase PDC x

0.010 ~ 1.0 10)
0.025 ~ 0.25 1
0.0001 ~ 0.050 2)
50 ~ 200 8)
0.050 ~ 0.20 4)

Cu(ll) Ascorbate oxidase

Cu(ll) Galactose oxidase e

* Sample volume 0.5 cm® ; A1 moldm™ ;

ok LRk ,
2,6-pyridine dicarboxylate ; N, N-diethyldithiocarbamate.
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Calibration curve for zinc (II' ions using
the reactor (bovine carbonic anhydrase, 3.0
cm? . Carrier : (.1mol dm 2 Tris-HCl(pH
0, Sample volume : 0.5cm?® Substrate :
3.0mmol dm * p-nitropheny! acatate (pHS.0},
Chelating agent 10mmol dm=2 2, 6
-pyridine dicarboxylate (pH5.0).
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