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Abstract

Thea-chymotrypsin-catalyzed hydrolysis of thenitrophenyl acetate in the solvent mixtures containing from 1.6 up to 10% (v/v) acetonitrile
in the presence of aqueous Tris buffer at pH 8.0 was investigated at 298 K by use of an isoperibolic batch calorimeter. A special experimental
arrangement of the reaction components for the investigation of the hydrolytically instable substrate was used. Furthermore, the release of
p-nitrophenol was recorded with an UV-vis-spectrophotometer under comparable conditions. The calorimetric curves consist of two parts.
The first part is strongly rising and finished by a break point inAffe(time) curve. This first step is dominated by the enzyme-catalyzed
reaction. After the break point a slow non-enzymatic process determines the course of the calorimetric curve. The molar enthalpy changes of
overall reaction (ester hydrolysis and buffer protonation)- @00+ 8, —106+ 5 and—102 + 5 kJ/mol were evaluated by a combination of
the results from the spectrophotometric and calorimetric data for 1.6, 4.0 and 10.0% acetonitrile mixtures, respectively. The obtained results
indicate that the enzyme-catalyzed hydrolysis is suitable for quantitative determination of the hydropholpenéstghenyl acetate in
water—acetonitrile mixtures using calorimetric detection.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Since practically all chemical reactions have a nonzero
enthalpy change, the heat power accompanying the enzyme-
The use of enzyme-catalyzed reactions in water—organic catalyzed reactions in various water—organic mixtures might
mixtures is highly promising for basic research and biotech- be a very informative property of the intermolecular pro-
nology [1-4]. The application of enzymes in biosensors in cesses influencing the activity of enzymes at such unusual
organic media is also a topic of continuing interfs6]. conditions. Calorimetry is a reliable method to determine
Such systems have a number of advantages compared to emguantitatively this thermokinetic property of a reaction and
zymes in aqueous solutions. The most important advantagego obtain information about the reaction rgtd—13]. There
are the higher solubility of hydrophobic substances (fats, are a number of reports on the enthalpy of enzyme-catalyzed
oils, steroids, esters), and the solvent effect on the enzyme-hydrolytic reactions in water at different pH value and buffer
catalyzed reactiorf§—10]. Hence the analysis of the thermo- system[11,14—19]. However, information on the enzymatic
dynamic and kinetic aspects of biocatalysis in water—organic reaction enthalpy in the presence of significant concentra-
mixtures appears important. tions of organic solvents is rather limited. For example, at
presenttime there are only two reports on calorimetric studies
+ Corresponding author. of the reactions catalyzed by the archetypical hydrolase
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o—Chymotrypsin
pH 8-0

NOz@O—ﬂ—CH3 + Hy0
0
—>N024@709 + H® + CHC00® + 1@

Scheme 1.

reactions in the presence of significant amounts of hydrogen

Table 1
Arrangement of the reactants

Type of Ampoule Calorimetric cell

experiment

Blank Solid Tris Solution of Tris—=HCl in

water—acetonitrile mixtures

Reaction Solid Tris and Solution ofp-nitrophenyl
a-chymotrypsin acetate and Tris—HCl in
powders water—acetonitrile mixtures

Dissolution Solid Solution of Tris and Tris—HCI

p-nitrophenol in water—acetonitrile mixtures

bond accepting organic solvents are not known from publi- 2.2. Calorimetric measurements

cations.
The «-chymotrypsin-catalyzed hydrolysis gb-nitro-

Calorimetric measurements were performed at 298 K us-

phenyl acetate is a well-documented model reaction for the ing a modified isoperibolic LKB 8700 calorimetg5]. The

investigation of the molecular mechanism of enzyme catal- calorimeter was calibrated using the Joule effect and tested
ysis [20-23]. The use op-nitrophenyl acetate as substrate Wwith dissolution of potassium chloride in water according to
gives the possibility for the study of both the acylation of the the recommendatiorf&6,27].

enzyme and the deacylation of the acyl-enzyme. However, no

attempts have been undertaken to study the thermal effects ap 3. Arrangement of reactants

the enzymatic hydrolysis g@f-nitrophenyl acetate. One of the
possible reasons for that is the low solubility of hydrophobic
substrate in water.

The aim of the present work is the thermochemical in-
terpretation of thex-chymotrypsin-catalyzed hydrolysis of
the hydrophobic substragenitrophenyl acetate in the sol-
vent mixtures containing from 1.6 up to 10% (v/v) hy-

Solutions of different composition (Table 1), consist-
ing mixtures of water—acetonitrile with trisfhydroxyme-
thyllaminomethane hydrochloride (Tris—HCI) angb-
nitrophenyl acetate, were prepared directly in the calori-
metric cell. The volume in the calorimetric cell was 67 ml.
The pH value of solution in the calorimetric cell before the

drogen bond accepting acetonitrile in the presence of Tris start of the reaction was 4.5 and was measured outside the
buffer. The investigated reaction is characterized by the chem-calorimeter. The stability gf-nitrophenyl acetate with regard

ical scheme 1. The used Tris buffer provided the con-

to hydrolysis was controlled by UV-vis spectrophotometry

stant pH value and caused an amplifying of the measur- at 400 nm. No noticeable variation in absorbance at 400 nm
able heat exchange by the protonation reaction enthalpy. Thewas observed for at least 24 h. Acetonitrile concentration in

buffer protonation reaction: Tris buffer-NH+ H* — Tris
buffer-NHz* occurs to the hydrolysip-nitrophenyl acetate
concurrently.

the calorimetric cell was varied from 1.6 to 10.0 % (v/v).
The reaction in the calorimetric cell was initiated by break-
ing a glass ampoule. In the glass ampoule was a mixture

The non-specific nature of heat measurements makes itof solid tris[hydroxymethylJaminomethane (Tris) and chy-

often difficult to interpret results from calorimetric inves-
tigations of complex reaction systeri3]. Therefore, the

motrypsin powders. With such an arrangement (Table 1) the
chymotrypsin and Tris buffer concentrations in the cell were

second aim of the study was to estimate the progress of the1 .8 x 10~> mol/l and 0.033 mol/l, respectively. The resulting

hydrolytic reaction using UV—-vis-spectrophotometry and to
compare these results with the calorimetric data.

2. Experimental
2.1. Materials

Bovine pancreatiax-chymotrypsin (C-4129, essentially
salt free; EC 3.4.21.1, specific activity of 52 units/mg of
solid) purchased from Sigma. Acetonitrile (HPLC grade, pu-
rity 99.9+%, water < 0.02%}p-nitrophenyl acetate (N-8130),
acetic acid (A-0808), trisfhydroxymethyllJaminomethane (T-
1503), tris[hydroxymethyllJaminomethane hydrochloride (T-
6666), p-nitrophenol (S250583) were also obtained from
Sigma. Water used was doubly distilled.

pH value of reaction solution was 8.0. This arrangement was
necessary because of the instability of the ester in a solution
of pH 8.0. The enthalpy change for the calorimetric blank
experiment (Table 1) was 1738 0.5kJ/mol. This value is

in close agreement with the enthalpy change on dissolution
of Tris in 0.05M NaOH at 298 K determined [@8]. Heat
evolution for the blank experiment was completed for 1 min
and was taken into account for the calculation of the reaction
enthalpy.

2.4. Spectrophotometric measurements

The solutions for the reaction were prepared similar as
described for the calorimetric experiments. The releage of
nitrophenol in dependence of time was measured at 400 nm.
An aliquot of 0.2 ml of reaction solution (Ghstrate 1.5 x
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Table 2 0,08

Molar absorptivity ofp-nitrophenol in Tris buffer, pH 7.0, at 298 K 0.07 1

Added organic solvent Concentration, % (v/v) e400(M~1cm™1) ]

Acetonitrile 16 10048 0,06

Acetonitrile 4 9515 0,05

Acetonitrile 10 8650 - 1

None[21] 0 9890 £ 0,04+

Propanol-421] 1 9830 L= 1

Propanol-Z21] 10 9080 0’03__

D?oxane[Zl] 1 9790 0,02

Dioxane[21] 10 8980 |

Molar absorptivity ofp-nitrophenol was determined in 0.4 M Tris buffer, pH 0,01+

7.0, at 298 K. In the present work Tris buffer concentration was 0.033 M. 0.00 )

L) T T T T T T T T T T T T T
0,0 0,5 1,0 1,5 2,0 25 3,0 3,5

103 mol/l and Cenzyme= 0.45 mg/ml) was diluted to 3 ml C.psvard/ (MMOV)

with an a(.:etommle_T”S butffer mIth.Jre (the .resu"'”g pH Fig. 2. Correlations between th&T values at break point and the initial
value of mixture was 7.0.) and the optical density determined substrate concentration in water—acetonitrile mixtures. (+) 1.6% acetonitrile.
in a Unicam 8625 UV-vis-spectrophotometer. Caubstraterange is 0.5-1.5 103 M. (O) 4.0% acetonitrileCsupstraiefange
Itwas expected that the absorbancp-wiitrophenol could is 0.25x1073M to 2.8 x 10~ M. (A) 10.0% acetonitrileCsupstraterange
be markedly affected by addition of organic solvent largely, is0.5x10°Mto2.8x 10-3M.
because of the decrease in the dielectric constant. Therefore
it was necessary to determine the molar absorptivityp-of
nitrophenol at pH 7.0 in various solvent mixtures employed.
The measured absoptivity values are giveiable 2. Molar
absorptivity ofp-nitrophenol determineff1] are also pre-
sented inTable 2. As can be seen, our results are in close
agreement with the literature data.

(Fig. 1) is a break point in the calorimetric curve, splitting the
course of reactions in the cell into two parts. The break at the
end of the strongly rising part in th&T(t) curves indicates
the end of a rapid reaction. The second process is much more
slower. The second process was not completed for several
hours

Atequal substrate concentration, th& value at the break
point does not depend essentially on the content of acetoni-
trile in the solution. Asitis seen fromtliég. 1, theAT values
at break point for 1.5< 10~2 mol/l of p-nitrophenyl acetate
are 0.0353, 0.0358 and 0.035K (curves A, B, and C) at 1.6,

Typical AT(t) curves obtained from the galorlmetrlc mea- 4 0and 10.0% (v/v) acetonitrile, respectively. For a constant
surements of the enzyme-catalyzed reaction are given in the

X . substrate concentration the break occurs at a conafant
Fig. 1. The curves are corrected for the heat flow using a cool- :
. . . oo . On the other hand, th&T value at break point depends on
ing constant determined in separate calibration experiments.

The rise in theAT(t) curves is proportional to the heat power the concentration OfSUb$tr£§“bs”atémearly’ asis sh_own In
. . . ; . . Fig. 2. The slope of the linear dependence can be interpreted
in the calorimetric cell. Typical for the investigated systems

as the analytical sensitivity of the method. The numerical val-
ues for the sensitivity expressed in KI/mol are presented in
Table 3. As it is seen from thEable 3, the values of the sen-
0,044 ] sitivity do not depend on the acetonitrile content essentially.
The determination of reaction course of the hydrolysis
0,03 e of p-nitrophenyl acetate was the next step of our inves-
- tigation. The reaction course was quantitatively character-
~>\ A ized by the release gb-nitrophenol, one of the products
- of the p-nitrophenyl acetate hydrolysis. The release of

3. Results and discussion

0,02

AT/(K)

C Table 3
Thermochemical parameters of the hydrolysigaiitrophenyl acetate in
water —acetonitrile mixtures

0,014

0,00 T . : . : Acetonitrile Slope (Fig. 2) AHR (kJ/mol) p-Nitrophenol
o 50 100 150 200 250 300 content %(v/v)  (Kl/mol) yield (%)

Time/(min) 1.6 D+1 —~100+8 87.5
4.0 D+1 —106+5 86.0

Fig. 1. AT(t) curves for a-chymotypsin-catalyzed hydrolysis of- 10.0 B+1 —102+5 82.5

nitrophenyl acetate in various water—acetonitrile mixtures (A) 1.6% acetoni- Molar reaction enthalpy was calculated using the equatidifz = slopex
trile, (B) 4.0% acetonitrile, (C) 10.0% acetonitrile, concentration of enzyme: C x 100%/yieldx V; C, heat capacity of calorimeter from calibration:
0.45 mg/ml.Csupstrates 1.5x 1073 M. 300.6 J/K:V, volume: 67 ml.
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1.0 of p-nitrophenol is 87.5, 86.0 and 82.5% at acetonitrile con-
g ] +ttod 4 to % centration of 1.6, 4.0 and 10.0% (v/v), respectively.
S 0s8- + o A AT AT A Further we attempted to select the contribution of the first
% ] + o A rapid reaction from the second process one. The following
§ 064 + O A calculation can be performed:
g ] to A AT = ATy + AT (1)
§ 0,4 + A AT corresponds taT of the enzymatic process.
§ 0 2 0,04
PR L —
00 | | . . . 0,03
0 50 100 150 200 250 300 ]
Time/(min) §, 0,02
|_
Fig. 3. Progress curves of thenitrophenol release fax-chymotypsin- <
catalyzed hydrolysis op-nitrophenyl acetate (Gostrate= 1.5 x 10~3 M) 0,01
in various water—acetonitrile mixtures, (+): 1.6% acetonitrite))(4.0%
acetonitrile, (A): 10.0% acetonitrile, concentration of enzyme, 0.45 mg/ml.
0,00 : , ; 1 ;
0 50 100 150 200 250 300
p-nitrophenol was determined spectrophotometrically at 4, Time/(min)
400 nm. Absorbance at 400 nm in the reaction solution was
normalized on the absorbance of txitrophenol solution 0 50 100 150 200 250 300
under similar conditions. The values of relative absorbance ] ' ' ' ‘ ‘ 10 -
at é_lOO nm correspond to the progress of the hydrolysis of 005 % % ® 2
p-nitrophenyl acetate. = F08 =
Typical progress curves of thenitrophenol release are o
given inFig. 3. The curves obtained can be subdivided into S ol & L 06 g
two parts. Rapid release pfnitrophenol occurs first. A break S % g
in the strongly rising part indicates the end of the hydrolytic I o4 §
reaction. No release gd-nitrophenol is observed after the 0.014 = 18
break point. The shape gfnitrophenol release curve is in | = 0,2 §
a qualitative agreement with analytical solution of this situ- ] 3
ation that was described previougR0]. It was shown that o,oog - lop
the release gb-nitrophenol is linear with time after an initial 0 50 100 150 200 250 300
exponential phase. There is also a good agreement between g, Time/(min)
the times of the break point for calorimetric and spectropho-
tometric data. This result indicates that the break points on
calorimetric curves (Fig. 1) correspond to the end ofdhe
chymotrypsin-catalyzed hydrolysis pfnitrophenyl acetate. 0,031
In separate calorimetric and spectrophotometric experiments
itwas observed that non-enzymatic hydrolysis is a minor con- o0
tribution to the first part oA T(t) andp-nitrophenol progress X ’
curves. —_
Itis well known that organic solvents can produce some <, |
structural changes in-chymotrypsin, which alter the cat-
alytic properties drasticallf3,29]. They may also influence
the active site of enzymes by disrupting the water structure in 0,001% ,

the vicinity [21]. The end of thex-chymotrypsin-catalyzed 0.0 05 1,0 1,8

hydrolysis depends strongly on the acetonitrile concentra- /(mmol/l)

tion (Figs. 1 and 3). This fact reflects the inhibitory effect

of organic solvent on the rate of enzymatic hydrolysigpof  Fig. 4. Csubstrate= 1.5 x 10~*M,. acetonitrile concentration: 4.0%. (A)
nitrophenyl acetate. Scheme describing the procedure for selection of the first rapid reaction

Th | it h I vield d td d sianif contribution to the totah T(t) curve from the second slow reaction one. (B)
e value Ofp-nl ropnhenotyie 0€s hot depena signit- AT(t) curve and progress curve)) of p-nitrophenol release (X). (C) Cor-

icantly on t_he co_ntent of acetonitrile in the _Concentraﬁon iN- relation between calorimetric and spectroscopic dati:1.6% acetonitrile;
terval studied (Fig. 3). One can see from Hig. 3, the yield (O): 4.0% acetonitrile; (X): 10.0% acetonitrile.

p-Nitrophenol
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0,006

0,004

0,000 -yene f —————————————————————————————————

0 50

T T
100 150

Time/(min)

Fig. 5. AT(t) curve observed on the dissolution of sgdidhitrophenol in 4%
acetonitrile mixtures at pH 8.0 (0.033 M Tris buffer) and 298 K.

AT, corresponds ta\ T of the non-enzymatic process.

)

a can be estimated from the linear slope of the calorimetric
curves (Fig. 1) after 200 min.

Schema of the selection is presented in fig. 4A for
4.0% acetonitrile. Selected contribution of the first reaction
(AT1 = AT — AT) was compared with the progress curve
of release op-nitrophenol in thé=ig. 4B. Good agreement is

AT, =axt,

for ester (N-acetyl-L-tyrosine ethyl ester) hydrolysis with Tris
buffer protonation correction is onky1.1 kJ/mol[17].

4. Conclusions

The combination of calorimetric data for the enzyme-
catalyzed hydrolysis op-nitrophenyl acetate with spec-
trophotometric results on the release of one of the final prod-
ucts of this reaction provides a useful tool for investigating
the hydrolysis op-nitrophenyl acetate in water—acetonitrile
mixtures. The observed break pointin the calorimetric curves
can be considered as a result of two parallel reactions. The
first process is determined by the enzyme-catalyzed ester hy-
drolysis. The second slow process is expected to be a re-
sult of the instability ofp-nitrophenol in water—organic mix-
tures. The molar enthalpies of overall reaction (ester hydrol-
ysis and buffer protonation) in water—acetonitrile mixtures
can be evaluated from the combination of spectrophotomet-
ric and calorimetric data. A main contribution to the molar
enthalpy change of the overall reaction is given by the proto-
nation of primary amine tris[hydroxymethyllaminomethane.
There is no detectable influence of the organic solvent on
the overall reaction enthalpy. The organic solvent influences
only the rate of the enzymatic hydrolysis. The obtained re-
sults indicate that the-chymotrypsin-catalyzed hydrolysis
is suitable for quantitative determination of hydrophobic es-

observed between calorimetric and spectrophotometric datater p-nitrophenyl acetate in water—acetonitrile mixtures by

The AT; values for the first reaction contribution are in good
linear correlation with the release pitrophenol (Fig. 4C).

use of calorimetric detection.

The slow second process may be interpreted as a result

of the instability ofp-nitrophenol probably due to polymer-
ization reactiong30,31]. As proof we carried out a spe-

cial calorimetric experiment. The arrangement of compounds

for this experiment is given ifable 1.Fig. 5 shows the
AT(t) curve for the dissolution of solig-nitrophenol in Tris
buffer (pH 8.0). Slow exothermic process was observed for
several hours after fast endothermic dissolution of splid
nitrophenol.

It is well known that the overall reaction enthalpy
change for ester hydrolysisAHR) is dominated by the
enthalpy change corresponding to the buffer protona-
tion [12,16,17,19]. The hydrolysis gd-nitrophenyl acetate
gives two acidic products: acetic acid apenhitrophenol
(Scheme 1). Therefore, we expecte®4.6 kJ/mol for the
reaction enthalpy change in comparison with the value of
protonation enthalpy of Tris with HCI (—47.3 kJ/m[@2]).

If we compare this value with thAHRg values presented in
Table 3, we can conclude that a main contribution to the
measured molar enthalpy change of tehymotrypsin-
catalyzed hydrolytic reaction is the protonation of primary
amine trisfhydroxymethyllJaminomethane.

The obtained results illustrate that ester hydrolysis in the
presence of Tris buffer is a good example for demonstrat-
ing the possibilities of chemical amplification by protonation

processes in calorimetry. For example, the reaction enthalpy
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