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ABsTRAcr 

The heat of feadion for the process 

H’+oxabceMe2-+NADH + ma.late2-+NAD+ 

has been determined to be -21_4+0_2kcalmol-‘_ The similar reactions qitalyzed 
by Iactate dehydrogenasc (III3 No. 1.1.1.27) and afcohol dehydrogenase @UB 
No. I.l_l_l) are compared with reference to their Gibbs-HeImhoItz thmodynamic 
parameters. 

INTRODUCTION 

There exis?s a wealth of data on the kinetics of datively weWcn0wr.t enzyme 
caMped systems- For a great many of these reactions, the equilibrium coqstants 
(and therefore AG values) are also ki~own. At present there are few data avai!able on 
the erithilpy (au) and entropy (AS) changes foi these processes l. While it is possible 
to obtain the missing A.73 &d-AS values from-heats of formation or combustion, a 
sm~ey of the literature shows that the more interestZng biochemical substmtes, more 
often than not, are not listed. It is ihonghi that the ‘major reason for this is the 
diffidty of obtaining the pure substrates for combustion studies. 

-Solution calorimetry, as described here, takes advantage of enz$mi seIectCty 
and &&for& the pur& of reage& iCniit as critical as above_ The utiIity of solution 
CaIorimetry in enzyme studies has b&n well demon&atcdt6, In this report, the 
thermodyr+nic parameters of three closely relaW& enzyme catalyzed reactions are 
compared 

ExPERIMENrAL 

The met.hodoIogiczd approach it&d theory of the c&or&net& system hai been 
3*4 previously descrii - No changes have been made in the experimental procedure or 

calculation of results_ 
Chemicals used were the purest avaiilabIe_ Phoq&ate buffer (0.5niolar at 
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pH 7.40+0.05) was prepared from reagent _erade NaH,PO, neutral&d with a 50% 
NaOH sohnion to the required PH. All other solutions were -prepared using the 
buffer as the soIvent. MaIate dehydrogenase enzyme (from pig heart), oxalacetic acid 
@O-95% pure) and uicotinamide adenine dinnclcotidc-reduced form (NADH) were 
obtained from Si_gma Chemical Co. (St. Louis). These chemicaIs were used without 
further pnrzcation. 

The reaction of interest (l), cataiyzcci by mafate dehydrogenase, 

H++NADHfoxalacetate2- + malate2-+NAD+ (1) 

has an equilibrium constant of 1.55 x IO’= when oxalacetate is the s~bstrate’.~. 
Assuming that the concentrations of NADH and oxalacetate are 0.01 M and have a 
pH of 7.4, the uztction will be 99.6% complete at equilrbrium. If one of the reactants 
is in excess, the other wii be even more completely utihzed. As a result, no corrections 
for incomplete reaction are necessary, 

Since NADH is readily measurable at 340 nm $a spectrophotometric methods, 
it was used as the limiting reagent. Each experiment involved 6-S m molar NADH 
and 9.2 m molar oxalacetate, along with a large amount of malate dehydrogenase 
(0; 100 units) so that the reaction period would be short. 

Figure I is a tracing of an experimental curve obtained with this system. The 
rate of reaction is constant until more than 80% of the NADH is consumed. This is 
expected since the Michaelis constant is rather small’. 

T&bIc I gives the results of five.replicate determinations. All except one agree 
qui& deli. The one divergent value was rejected statistically and a pipetting error is 
suspec&dasthecauseofthehighresult.Aheatofreactionof-20.5+0.2kcalmo1-’ 
i.s.the best vahre for the AK This v&e includes +0.9 b al mol-’ for the ionization 
of H,po,- to H+ and HPOZ, and the AH of reaction (1) is calculated as 21.4& 
02 iccal mol‘ ‘. 

Since the fiee energy change (AC) may be calculated from the equ&b&m 
constant, tha entropy change (m) for reaction (1) is readily evaluated. This is listed 
in Table 2 along with data for the alcohol dehydrogenase catalyzed reaction (2) and 
the lactate dehydrogenase system (3) 

H+ +acetaldehyde+NADH + ethanol+NAD+ 

H++pyruvate-+NADH + lactate-+NAD* 

Corrected data for the NADH/NAD half reaction (4) are also givengp4. 

(2) 

(3) 

(4) 
Since $he.th.ree s&bates can be considered as a homologous series (each 

differs by a COO’ group) the data wcrc inspected to see if any correlations were 

Present. 
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PIUE 

Fig. 1. Tracing of a typical ~JIVC obtained for the reaction of oxalacctate with NADH. catal- 

by malate dchydrogcnasc- 

TABLE 1 

DATA FOR TkE CALCULATiON OF THE HEAT OF THE REACTION 
H~~~+oxalacdate+NADH~malav+NAD+HPOI’ 

Trial 

1 33.9 9.23 0.688 W-3 
2 33.5 9.23 0.687 W.5 
3 33.9 9.23 0.743 219 rcjeaea 
4 339 9s O-702 w-7 
5 34.3 9.23 0.698 20.4 

Mean 339 9.23 0.694 20.5 Avg. Des 
+ O-14 

* M+zasxed photometricaIIy before and after akzyma tic reaction. b As “18 90% pntity- 
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TABLE 2 

THERMOD YNAMIC VALUES FOR REACXIONS REL%TED TO 
THFZ _&UUXl’E DEHYDROGENASE SYSIEM 

Ranaudjmdby -Eqrdiibrirmr AG bR As 
cmsr: r#caImol-‘) (kadnw1-~ (kcdnloI-’ akg- 1) 

Akillol &hydro$Jlmise 125XIO”b -15.1 - 11.5= +12.1 
Lactateck!bydrogcnasc 3.7x Iox= a - 15.7 - 14.8’ +3.2 

Malatcdehydrofw== 1.55x IO’f r - 16.6 -2X.4 -16.0 

NADE?/ND -5.4 +5.3 +36.1 

LFdmdatdfromfeaslionwrittak in the uxevase” diration (ii similar to equations l-3). b Cal- 
~frnnrrf,11.CCalcPIatedfromrrf-1,p.Un.dCalcnlatedfromrtf.10.tFrom~f.4.iCal- 
c&ted fnnn r&. 7 and 8. ‘IhthalfrractionNADHfH~--tNAI)i_2H+-t_2c- (6 9.4). 

A plot of AH vs. AS for the three reactions in Table 2 gives a &might l&e with 
a slope of 346K This behavior is weill known *d is c+xi ~enthalpy-entropy 
compensation.” An ex=IIent review of the subject is given by Lumry and Rajendq”. 
Inmostoses,thisbeOavioristakentoindicatethatthe~and~~uesforthe 
‘chemical” reactions are similar while the “non-chemical” processes differ. In 
aqueous sohxtion, hydration and dehydration may be considered as “nonchemical.” 

For the systems listed, the “chemical” process is the conversion of a carbonyl to 
a hydroxyl group, while the Lcnon4zmkal” process wocld involve alI other effkcts, 
pknarily hydrogen bon&g. The results are reasonable in that a larger increase in 
hydrogen bonding would be exp&ed in the rnalak system thzk in th~‘et@anol 
system since two fully charged carboxy groups are exposed in the product. Lactate 
wi#l one carboxyl group is at the intermediate position. 

The enthaipy of the reac@op F by malate dehydrogenase has been 
. 

dctemmd as -21.44f0.2 k&l mol- l_ Comparing similar dehydrogenase pr&&s, 
a regkr change in enthalpy and entropy is found although there is ktJe variation in 
the fret energies of reaction. This b&&or, known & &thalpy-entropy compensation; 
indicates that the major reason for the change in the thermodynamic parameters is 
solvatiWckik%s. 

NZKNO- ~ 

Thisw6&wassup&dbyaNIHgraktGM&; 
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