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Biochemical and Solution Chemical Studies by Using a Flow Microcalorimeter

Satoshi Morimoto

(Received March 23,1993)

A highly sensitive liquid flow reaction-solution microcalorimetry system based on the heat

conduction principle with multi-thermomodules, applicable to suspended solutions was developed. This

calorimetry system was well suited for measurements on the biochemical and solution chemical studies.

Two concrete examples; binding and reaction studies in Na', K*-ATPase- ATP system by using

suspended Jgrgensen’s sample, and studies on the interactions of the oxyethylene moiety of poly

(oxyethylene) glycole alkylether with benzene, by means of this microcalorimetry were introduced and

explained.
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Fig.1 Conceptional figure of this flow microcalorimeter.
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Fig.3 Outline of reaction scheme on the Na pump-ATP
in Na*, K* and Mg?* aqueous media.
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Fig4 Examples of thermal response I; dilution of Na’, of reaction.

K*-ATPase(1), and interactions of that with
150mM NaCl(2), 15mM KCI(3), 3mM MgCl,(4)
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dilution, Q,; heat of binding.
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ADP; m=3.8203x107%,  Q,=-6.77x107"J/sec
(AH=-10.2J/mol),
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(AsH=+670]/mol).

NBMADENIY I ME M7 BELOBRRYE,

XL FOHFERTI Yy MCHRTEHERE 2D
A REREEDINE R U, MgP A 3 Y & DR
DA S P ICERERICR R v RS £

—122— Netsu Sokutei 20(3) 1993



TU—=327040) A—85—12L5EERIES & CBRILZEORE

AH/KI-mol™

N
-
E
£ ;
0 TX 10 F
3 9
=20} Z 0 ; :
0 2 4 6
[ADP]'x10™/kg - mol™!
-40+
-60 ¢
0 1 2

[ADP]x10°/mol - kg™

Fig.8 Molar heat of binding of Na*, K*-ATPase with
ADP as a function of ADP concentration, and
double reciprocal plot of the data.

Pr conc. 0.939mg/ml, S.A. 925.2umol Pi/mg h.
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Fig9 Molar heats of biding of Na*, K*-ATPase with
ATP-y-s as a function of ATP-y-S concentration,
and double reciprocal plot of the data.

Pr conc. and S.A.; the same as those in Fig. 7.

Table 1 Evaluated thermodynamic quatities of ligand bindings, at

298.15K.
-AG® -AH® -AS’
System (kJ-mol™) (kJ-mol™y  (Jrmol™-K™h)
ADP - Mg? 8.6 13.3 74
ATP - Mg* 8.5 18.7 91
Na*K*-ATPase-ADP 23.4 1 78.1 2 187 #5
Na*,K*-ATPase-ATP-y-S 182 #2 109 #3 305 17
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Table 2 Evaluated values of heat of reaction in Na*, K*-ATPase- ATP
systcm, at 298.15K.

Medium: 150mM NaCl, 15mM KCl, 3mM MgCl,, 0.5mM
EDTA in 20mM Imidazole-HC1 Buffer, at pH 7.40.

[1] ATpase: Pr.conc. 0.821mg/ml, S.A. 259.0pmol Pi/mg h.
Flow rate:  1.6673x107ml/sec,  Q (ATPase):
-5.3x107%)/sec.

-AH
No, ATP conc.” ~Qux107 -Qx10° .
(mol/kg) (Ifsec) (J/sec) (J/g Pr)  (ki/mol ac.Pr)
1 1.195x107° 0.00 0.411 0.301 5.81x10%
2 1.327x107° 0.23 0.530 0.388 7.49%10?
3 1.722%107° 0.27 2.24 1.64 3.16x10°
4 2.512x107° 0.80 3.15 2.30 4.44x10°
5 4.739%1073 1.10 3.67 2.68 5.18x10°
6 2.001x107* 1.34 4.94 3.61 6.97x10°
7 4.001x107* 1.49 5.70 417 8.05x10%
{II] ATPase: Pr.conc. 0.510mg/ml, S.A. 149.0pmol Pi/mg h.
Fiow rate: 1.6554x10 >ml/sec,
Q,(ATPase): -5.3%x107% J/sec.
8 5.001x107* 1.92 6.89 8.12 2.72x10%
1.002x1073 4.17 14.2 17.2 5.76x10*
10 2.007x102 219 19.7 25.8 8.66x10%
11 3.001x10~°  42.1 21.1 29.9 1.00x10°

* Final concentration.
** Net values of heat of reaction for enzymatic active
Na* K*-ATPase based on S.A. and M.W 131,000.

m(ATP)x103/mol kg™

or o v 4 o1 i in 6
R - m(ATP)x10"/mol -kg o
L 0 1 2 3 4 5 =
20 v - L
¢ 3
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- < o
T | * T2 ’
24|« T 3
X s I
< -10} -30F 0 ) )
0 2 4 6
[ADP]'x10™*/kg/mol™!
Fig.10  Evaluated values of the heat of reaction in Na*,
K*-ATPase-ATP system, at 298.15K. Detailes of Fig.11 Substratc kinetics in Na*, K™-ATPase-ATP
measured media and numerical values are shown system: data are presented in double reciprocal

in Table 2. Lineweaver-Burk form.
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Fig.12 Reaction heats (velocity of generated heat) in

Na* K*-ATPase-ATP system as a function of
298.15K;
values are shown as dotted lines; 1. AG’
=31kJ/mol, 2. 21kJ.mol.

ATP concentration, at theoretical
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(b) Interaction scheme.
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