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ABSTRACT 

The enthalpy of the reaction 
enzyme 

CH,CONHCHCOOCH, + H,O 4 (1) 

AH, 

buff. S&I. 
CH,CONHCHCOO- +CH,OH+H+ 

AH, 

&H5 A H 6 5 

is found to be AH, = -4.81 _tO.lO kJ mol-i (0.05 M phosphate buffer, pH 7.0, 298.15 K). 
Using values of the enthalpies of ionization of the buffer solution (A Hkurrer = - 3.98 + 0.20 kJ 
mol- ‘) and iV-acetylphenylalanine (A H&hen = - 2.46 f 0.09 kJ mol- ‘), found experimen- 
tally, the enthalpy of the following hydrolysis reaction has been calculated 

CH,CONHCHCOOCH, + H,O + CH,CONH CHCOOH + CH,OH (2) 

CIH, AH, 

A6H5 A6H5 

AH, = AH, - A HAUI, - A H&,hen = + 1.63 +0.25 kJ mol- ‘, as applied to the reaction of 
undissociated compounds in aqueous solution. The enthalpy of reaction (2) is compared to 
the enthalpies of other hydrolysis reactions in compounds with ester bonds. 

INTRODUCTION 

The hydrolysis reaction under investigation belongs, according to the IUB 
international nomenclature, to the third class of enzymatic reactions [l]. 

Earlier, a principle for developing a system of key thermodynamic data 
for enzymology was proposed [2]. According to this principle the system of 
data and nomenclature of enzymes will correspond to the IUB classification, 
all enzymes being classified into six large groups: (1) oxidoreductases; (2) 
transferases; (3) hydrolases; (4) liases; (5) isomerases; (6) ligases. Earlier, 
the key thermodynamic values for the first class of reactions catalyzed by 
oxidoreductases were determined [3]. 
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Calculations for determining thermodynamic parameters for the third 
class of reactions catalyzed by hydrolases can be facilitated by using mean 
values AH, and AC, for the hydrolysis of compounds with the same type of 
hydrolyte bond, e.g., ester bond [2]. 

In this paper, the enthalpy of the hydrolysis reaction of N-acetylphenyl- 
alanine methyl ester catalyzed by a-chymotrypsin in a phosphate buffer 
solution (the hydrolysis of the ester bond) is determined. The results of work 
are compared to literature data pertinent to the enthalpy of the hydrolysis 
reaction with the ester bond as it takes place in other compounds. 

EXPERIMENTAL 

The enthalpy of the hydrolysis reaction was determined using an LKB- 
2107-batch microcalorimeter (LKB-2107-111) and a flow-type micro- 
calorimeter (LKB-2107-121). 

The substrate, iV-acetylphenylalanine methyl ester, was synthesized and 
rectified by previously described methods [4]. Two chromatographically pure 
specimens of substrate were taken for thermochemical analysis: tmelt = 
90-91°C [a]25 + 19” (2% methanol). 

The hydrolysis reaction was conducted in 0.05 M phosphate buffer 
solution (pH 7, 298.15 K). The original concentration of substrate was 2-6 
pm01 g-l, and the enzyme (a-chymotrypsin) was within 0.06-2.2 mg g-‘. 
Under the foregoing conditions the hydrolysis reaction proceeds, both in 
character and quantitatively [5], as described by eqn. (1) 

CH,CONH CHCOOCH, + H,O 

eTme CH,CONH CHCOO- + CH,OH + H+ 
buff. soIn. 

CH, 

0) 

When carrying out the experiments in a batch microcalorimeter, one part 
of the reaction cell was charged with 2 g of buffer solution containing 0.1 mg 

g -’ cr-chymotrypsin, while the other part of the reaction cell was charged 
with 4 g of the same buffer solution plus 2-6 pmol g-’ N-acetylphenyl- 
alanine methyl ester. After having reached thermal equilibrium, the solutions 
were mixed and the hydrolysis reaction occurred (1). The measured thermal 
effect was corrected for the frictional heat of the solution of the reaction cell. 

The experiments on a flow-type microcalorimeter were conducted as 
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follows. A buffer solution, containing 4-5 pmol gg’ N-acetylphenylalanine 
methyl ester, was fed into the flow cell for mixing by the LKB-10200 pump 
at a flow rate of 5.5 g h-‘. Another pump, at the same flow rate, feeds a 
similar buffer solution containing 0.06-2.2 mg g-’ cY-chymotrypsin. The 
higher the concentration of enzyme in the buffer solution after mixing, the 
greater the rate at which the reaction under consideration runs and, conse- 
quently, the larger the percentage of substrate that manages to react before 
the solution leaves the cell. After the concentration had reached a certain 
level, any further rise in concentration had no heat effect; in this case it was 
concluded that the hydrolysis of substrate had run completely. 

The enthalpy of the ionization of N-acetylphenylalanine was assessed with 
the assistance of a flow-type microcalorimeter, in which a 0.03-0.06 M 
solution of N-acetylphenylalanine at pH 4.9 was mixed with a 0.003-0.008 N 
solution of HCl. Methods for assessing the enthalpy of ionization of the 
phosphate buffer solution were described earlier [6]. 

RESULTS AND DISCUSSION 

Table 1 contains the results of experiments made to assess the enthalpy of 
the enzymatic hydrolysis reaction of N-acetylphenylalanine methyl ester in a 
batch-type microcalorimeter. 

The table lists the results of the electric calibration, Qc, of the micro- 
calorimeter in arbitrary units (integral records on the LKB-2066 potentio- 
metric recorder) and in J; heat released during the experiments, Qexp, was 
also recorded in arbitrary units and in J; a correction for the frictional heat 
of the solution inside the reaction cell, given in arbitrary units, was de- 
termined separately. The table also specifies (for each experiment) the 
original concentration of substrate (pm01 g-‘), the mass of substrate solu- 
tion in the reaction cell (g) and the amount of substrate that has managed to 
react (,umol); the last column of Table 1 gives the enthalpy values (kJ 
mol-‘) for each experiment of the reaction under analysis. 

The enthalpy of the hydrolysis reaction of N-acetylphenylalanine methyl 
ester was found with the assistance of a batch-type microcalorimeter to be 
-4.80 k 0.10 kJ mol-’ (Table 1). 

Table 2 contains the results of the electric calibration of a flow-type 
microcalorimeter, Q,, which are given in arbitrary units’ (integral records on 
the LKB-2066 recorder) and in pW; heat release values, Qexp, are given in 
arbitrary units, in PW and in J h-‘. Table 2 also specifies (for each 
experiment) the original concentration of enzyme (mg g-l); the flow rate of 
enzymatic solution through the reaction microcalorimetric cell (g h-l); the 
original concentration of substrate (pm01 gg’); the flow rate of the substrate 
solution (g h-r); and the number of moles of substrate running through the 
cell per hour. The last column of the table gives the enthalpies (kJ mol-‘) for 
each experiment of the reaction under analysis. 
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For better clarity the data in Table 2 are plotted graphically in Fig. 1 
demonstrating the relationship between the heat release in the microcalori- 
metric cell (correlated with substrate mol) and the original concentration of 

enzyme. 
Heat release was found to increase with increasing enzyme concentration 

(0.06-0.35 mg gg’). An enzyme concentration of -C 0.4 mg g-i is not 
sufficient (Fig. 1) for a complete hydrolysis of the substrate within the time 
the solution remains inside the cell (ca 2.5 min). At an enzyme concentration 
of 0.4-2.2 mg g-l the relationship of heat release versus enzyme concentra- 
tion is absent. In this case the reaction runs to the end. To calculate the 
enthalpy of reaction (1) use was made of the results of experiments in which 
enzyme concentration exceeded 0.4 mg g-l. 

The parameters of the hydrolysis reaction of N-acetylphenylalanine methyl 
ester, determined with the assistance of a batch microcalorimeter (- 4.80 + 
0.10 kJ mall’) and a flow-type microcalorimeter (-4.83 f 0.13 kJ mol-‘), 
correlate well with each other. This is why the average value AH, = - 4.81 + 
0.10 kJ mol-’ has been taken for the reaction (1) running in buffer solution 
(pH 7, 298.15 K). This value is suitable for use in biochemistry. For 
calculating the standard value of the enthalpy of the hydrolysis reaction it 
was also necessary to assess the ionization enthalpy of N-acetylphenylalanine 

t 

5 

I 
X X 

X x x 
x x X 

x x 
X 

4 

X 

7 
5 
E x 
‘) 3- 
r 

I” x 
Q 

2-x 

0 0.5 1 1.5 2 

Concentrotlon of enzyme (mg mC’) 

Fig. 1. Heat release in microcalorimetric cell (related to moles of substrate) versus original 
conccntratinn of enzyme. 
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TABLE 3 

Enthalpies of the hydrolysis reaction in compounds with ester bonds 

Compound A HP (kJ mol-‘) Ref. 

CH,COOCH,CH,NHCOCH, 
CH,COOCH&H, 
CH,CONH CHCOOCH, 

1.97f0.30 7 
1.80+0.25 7 

1.63 + 0.25 This work 

and buffer solution reactions. The enthalpy value of buffer solution ioniza- 

tion was found to equal AH;,,, = - 3.98 + 0.20 kJ mol-‘. The enthalpy of 
ionization of N-acetylphenylalanine was determined experimentally to be 

AH&hen = - 2.46 k 0.09 kJ mol-‘. 
Thus, the enthalpy of the hydrolysis reaction of N-acetylphenylalanine 

methyl ester 

CH,CONHCHCOOCH, + H,O = CH,CONHCHCOOH + CH,OH (2) 
I 
CH* LH, 

I 

b-b &HS 
equals AH, = AH, - AH;,,, - A H.jcphen = + 1.63 + 0.25 kJ mol-’ for the 
reaction of undissociated molecules in an aqueous solution. 

Table 3 contains the enthalpies of the hydrolysis reaction in compounds 
with ester bonds. The values clearly correlate well, within the error admitted. 
The average value of the enthalpy of ester bond hydrolysis is, according to 
Table 3, AHp = + 1.80 4 0.25 kJ mol-‘. 

CONCLUSIONS 

The enthalpy of the hydrolysis reaction of N-acetylphenylalanine methyl 
ester is found to be AH, = 1.63 f 0.25 kJ mol- ’ as applied to the reaction of 
undissociated molecules in aqueous solution. 

The enthalpy values obtained for certain reactions are compared with the 
literature data for the enthalpies of hydrolysis reactions in compounds with 
an ester bond. The average value of the enthalpy of ester bond hydrolysis 
was found to be 1.80 f 0.25 kJ mol-‘. 
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