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Effect of Pressure and Solvent Dielectric Constant on the Kinetic Constants of Trypsin-Catalyzed Reac-
tion. Park, Hyun, and Young-Min Chi*. Department of Agricultural Chemistry, College of Natural Resources,
Korea University, Seoul 136-701, Korea — Electrostatic forces contribute to the high degree of enzyme transition
state complementarity in enzyme catalyzed reaction and such forces are modified by the solvent through its dielec-
tric constant and polar properties. The contributions of electrostatic interaction to the formation of ES complex and
the stabilization of transition state of the trypsin catalyzed reaction were probed by kinetic studies with high-
pressure and solvent dielectric constant. A good correlation has been observed between the increase of catalytic
efficiency of trypsin and the decrease of solvent dielectric constant. Activation volume linearly decreased as the
dielectric constant of solvent decreased, which means the increase in the reaction rate. Moreover, the decrease of
activation volume by lowering the solvent dielectric constant implies a solvent penetration of the active site and a
reduction of electrostatic energy for the formation of dipole of the active site oxyanion hole. When the dielectric
constant of the solvents was lowered to 4.7 unit, the loss of activation energy and that of free energy of activation
were 2.262 KJ/mol and 3.169 KJ/mol, respectively. The results of this study indicate that the high pressure kinetics
combined with solvent effects can provide unique information on enzyme reaction mechanisms, and the controlling
the solvent dielectric constant can stabilize the transition state of the trypsin-catalyzed reaction.
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Bovine pancreatic trypsin[EC 3.4.21.4}2 Sigma*HUSA)
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Sigmarh(USA) AEFE AFE-3tgch. =3 Acetonitrile
(Malinkrodt Co., USA)#} Methanol(J. T. Baker Co., USA)
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Fig. 1. Schematic diagram of high pressure reactor for enzymatic catalysis.
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ARREle] EAMsledc) Asl4.] A aqueous phosphoric
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Table 1. The effect of ionic strength on trypsin-catalyzed reac-~
tion of N®-Cbz-L-lysine-p-nitrophenyl ester in 30% methanol

mixed acetate buffer at 0°C, pH 5.5 [E]o=0.05 mM, [S]=0.1-
0.5 mM

Salt Concentration(M) Kea(/min) Km(uM)
Control - 473 27.6
NaySO,4 0.5 46.5 27.2

1.0 48.0 28.1
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Fig. 2. Effect of the solvent dielectric constant on the
catalytic parameters for trypsin-catalyzed reaction of N®-Cbz
L-lysine-p-nitrophenyl ester.

The reaction was carried out at 0°C and pH 5.5. The dielectric
constant of solvents were controlled with isopropyl alcohol and
formamide. [E],=0.05 M, [S]=0.1-0.5 mM.
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Fig. 3. Catalytic efficiency of trypsin-catalyzed N%-Chz-L-
lysine-p-nitrophenyl ester as a function of pressure in 30%

methanol mixed solvents at 0°C and pH=5.5.
Activation volumes are obtained from the slope of the plots.
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Fig. 4. Solvent dielectric constant effect on activation vol-
umes for k.,/Kn of trypsin-catalyzed reaction.

All the experiments were performed at 0°C and pH=5.5 in the
pressure range of 1-800 atm. The dielectric constant of solvents
were controlled by adding isopropyl alcohol 0%, 2.5%, 5% and
7.5%(v/v).
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Fig. 5. Activation energy for trypsin-catalyzed reaction as a
function of solvent dielectric constant.

All the experiments were performed at 273-303K and pH=5.5.
Activation energy was determined from an Arrhenius plot of rate
constants versus I/T, where T is the absolute temperature. From
the slope, we calculated the Ea values(slope = -Ea/2.303R, where
R is the gas constant). No deviation from linearity was observed
over the experimental temperature range.
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Fig. 6. Free energy of activation as a function of solvent
dielectric constant in 0°C and pH=5.5.

The free energy of activation was estimated from AG*=AH -
TAS®. Activation enthalpy(AH™) and activation entropy(AS ™) of
the activated state were calculated from a modification of the linear
Arrhenius equation; Log(kcm/KM)=—[(AH*/2.303R)(1/T)]+10g(Kb/
h)+(AS*/2.303R), where &; is Boltzman constant and 4 is Planks
constant.
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Fig. 7. Schematic free energy diagram for trypsin catalyzed
reaction.

The subscripts 1 and 2 correspond to the values 69.504(indicated
by straight line) and 64.815(indicated by dashed line) of solvents
dielectric constant.
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