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Abstract

The effect of different water-miscible organic solvents on biocatalytic activities of chloroperoxidase from Caldariomyces
fumago and horseradish peroxidase was determined. A new hydrophobicity parameter for water–organic solvent mixtures
was used to predict the enzyme behavior. This thermodynamic concept of hydrophobicity also describes the catalytic
behavior of three other biocatalysts with peroxidase activity. So far, all reported data of peroxidase activity in increasing
concentrations of water-miscible organic solvents are effectively predicted by the thermodynamic model presented in this
work. q 1998 Elsevier Science B.V.

1. Introduction

Enzymatic catalysis in organic solvents has
opened a new field in the biotechnological ap-

w xplications of proteins 1–3 . Four main advan-
tages could be obtained by using organic sol-

Ž .vents in catalytic systems: a Hydrophobic sub-
strates that have a serious mass transfer limita-
tion in aqueous systems could be biotrans-
formed, such as polycyclic aromatic hydrocar-

w x w x Ž .bons 4 and asphaltenes 5 . b Reactions which
are thermodynamically impossible in aqueous
systems could be performed in organic solvents,

w xsuch as peptide synthesis by proteases 6 , trans-
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w xesterification by lipases 7 , and condensation of
glucose by glucosidase to obtain disaccharides
w x Ž .8 . c In a low water media several enzymes
are more thermostable than in aqueous systems,
allowing the performance of biocatalytic reac-

w x Ž .tions at high temperature 9 . d Finally, from
an industrial point of view, products and en-
zyme recovery after reaction could be easier
from organic solvents than from water, because
of the high vapor-pressure of organic solvents.

During the last decade several studies have
been focused on the use of physical properties
of solvents to predict the catalytic behavior of

w xenzymes in organic solvents 10–14 . The most
common being the logarithm of the partition

Ž .coefficient octanolrwater log P of pure sol-
vent. Nevertheless, this parameter is far from

w xbeing general 8 , and it cannot be applied for
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aqueous mixtures containing water-miscible or-
ganic solvents. In this work, the biocatalytic
behavior of four peroxidases and cytochrome c
is correlated with a new hydrophobicity parame-
ter.

2. Experimental

2.1. Chemicals

Ž .Purified chloroperoxidase R s1.41 fromz

Caldariomyces fumago was a gift from Profes-
Žsor M.A. Pickard University of Alberta,

.Canada . Horseradish peroxidase, pyrene, hy-
drogen peroxide and guaiacol were obtained

Ž .from Sigma Chemical St. Louis, MO . HPLC-
grade solvents, tetrahydrofuran, acetonitrile, iso-
propanol, ethanol, and methanol, were pur-

Ž .chased from Fisher Scientific Springfield, NJ .
Buffer salts were obtained from J.T. Baker
Ž .Phillipsburg, NJ .

2.2. Reaction conditions

Chloroperoxidase activity was estimated in 1
ml reaction mixture containing 20 mM pyrene,
20 mM KCl and different proportions of water-
miscible organic solvents in 60 mM acetate
buffer pH 3.0. The reaction was started by
adding 0.25 mM hydrogen peroxide, and moni-
tored at 335 nm. The specific activity was deter-
mined by using an extinction coefficient of 32.6

y1 y1 w xmM cm for pyrene 4 . Activity of
horseradish peroxidase was estimated as the
absorbance increase at 470 nm in 1 ml reaction
mixture containing 16 mM guaiacol, 1 mM
hydrogen peroxide, and different proportions of
water-miscible organic solvents in a 60 mM

w xphosphate buffer pH 6.1 15 .

3. Results and discussion

Organic solvent concentrations at which half
Ž .of the maximum activity is obtained C were50

determined for chloroperoxidase and horseradish
peroxidase in different aqueous mixtures of wa-

Ž .ter-miscible organic solvents Table 1 . In addi-
Žtion, literature data of four other enzymes lignin

peroxidase, horseradish peroxidase, lactoperoxi-
.dase, and cytochrome c have been used.

In a recent study we have proposed a new
hydrophobicity parameter for water–organic

w xsolvent mixtures 16 . This hydrophobicity con-
Ž .cept H was obtained considering the substrate

partitioning between the active site of the en-
Ž .zyme and the bulk solvent mixture Fig. 1 .
Ž .Increasing the solvent hydrophobicity H , the

substrate is partitioned preferably from the ac-
tive site toward the solvent, reducing the biocat-
alytic activity. Substrate interaction with active
site of the enzyme decreases when hydrophobic-

w xity of the solvent is increased 16 . This new
Ž .hydrophobicity parameter H is directly corre-

lated with the thermodynamic activity of the
Ž .organic solvent a in the mixture, and in-s

versely correlated with the solvent polarity
w Ž .xE 30 :T

as
Hs

E 30Ž .T

We have used thermodynamic activities, for
Ž .different organic solvent concentrations a ,s

determined from isothermal data for vapor–
liquid equilibrium at 258C, and calculated by

w xthe NRTL equations 17 . In contrast to concen-
trations, thermodynamic activities represent the
available amount of organic solvent that partici-
pates in the total hydrophobicity of the system.

Ž w x.Thermodynamic activity of solvent a sg Xs s s

in an aqueous solution of a water-miscible or-
ganic solvent at any concentration can be deter-
mined by the NRTL equation:

2ya Ž A r RT .2A e22ln g sXs w ya Ž A r RT .2ž /RT X qX es w

ya Ž A r RT .1A rRT eŽ .1
q 2ya Ž A r RT .1X qX eŽ .w s
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Table 1
Ž . Ž .Threshold concentration C , organic solvent activity and hydrophobicity of the solvent system at C concentrations H for the50 50 50

peroxidase activity in water–organic solvent media

Ž . Ž .Enzyme Organic solvent C %vrv Ref. a H mmolrcal50 s 50

Chloroperoxidase tetrahydrofuran 17.0 this work 0.52 13.9
acetonitrile 18.5 this work 0.42 9.1
isopropanol 32.5 this work 0.43 8.8
ethanol 22.0 this work 0.25 4.8
methanol 26.0 this work 0.20 3.6

Horseradish peroxidase tetrahydrofuran 18.0 this work 0.55 14.7
w xacetone 35.0 19 0.48 11.4

acetonitrile 20.0 this work 0.44 9.6
w xmethanol 31.0 19 0.15 2.7
w xethylene glycol 34 19 0.13 2.3

w xLignin peroxidase tetrahydrofuran 14.7 16 0.48 12.8
w xacetonitrile 19.1 16 0.43 9.2
w xisopropanol 18.8 16 0.31 6.3
w xethanol 27.9 16 0.31 6.0
w xmethanol 21.7 16 0.17 2.9

w xLactoperoxidase acetone 35.0 19 0.48 11.4
w xmethanol 35.0 19 0.17 3.1
w xethylene glycol 36.0 19 0.14 2.5

w xCytochrome c tetrahydrofuran 19.1 16 0.57 15.1
w xacetonitrile 28.0 16 0.54 11.7
w xisopropanol 27.6 16 0.41 8.4
w xethanol 32.9 16 0.36 6.8
w xmethanol 27.8 16 0.21 3.8

in which g is the activity coefficient of thes

solvent, X and X are the molar fractions ofw s

water and organic solvent, respectively, R is the
gas constant in calrmolPK, T is the tempera-
ture in K, a is the nonrandomness parameter,
and A and A are parameters for the interac-1 2

Žtion between components water and organic
.solvent . The parameters for the NRTL equa-

tion; A , A , and a are available in the litera-1 2
w xture for several aqueous–organic systems 17 .

Organic solvent polarity was estimated by the
w Ž .xDimroth–Reichardt parameter E 30 , whichT

is an empirical parameter for solvent polarity
Ž .and is directly related to the free energy DG

w xof the solvation process 18 . This solva-
tochromic parameter includes the total sum of
the interactions between the solute and the sol-
vent molecules by measuring the change in the
molecular structure of a dye in different sol-
vents. The solvent polarity parameter is ob-

Fig. 1. Substrate partitioning between the active site of the enzyme and bulk solvent.
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tained from the change in the electron transition
Ženergy of a negatively solvatochromic dye Re-

.ichard’s dye , which is a pyridiniophenolate.
w Ž .xThe transition energies E 30 can be usedT

directly as empirical parameters of the solvent
w xpolarity 18 and were calculated with the fol-

lowing equation:

c
E 30 kcalrmol shy Nsh NŽ .T ž /l

in which h is Planck’s constant, y is the light
frequency, c is the velocity of light, l is the
wavelength, and N is Avogadro’s number.

Table 1 shows the values of H , which is50

the hydrophobicity of the solvent system in
which half of the maximum peroxidase activity
is found. In other words, it is the hydrophobicity
of a solvent system at the C concentration.50

Fig. 2 shows that a linear correlation has been
found for all peroxidases and for cytochrome c
between the value of H and the solvent polar-50

w Ž .xity E 30 . This linear correlation has alsoT

been obtained for different substrates, including
pyrene, in the cases of lignin peroxidase and

w xcytochrome c 16 . Our results show that thresh-
old hydrophobicities H of horseradish peroxi-50

dase, chloroperoxidase, and lactoperoxidase can
also be predicted for all solvents and substrates,
as follows:

H sbya E 30Ž .50 T

Thus, this new hydrophobicity parameter, which
is defined by both the thermodynamic activity
of the organic solvent and the solvent polarity,
predicts the biocatalytic behavior of four peroxi-
dases and cytochrome c in systems containing
water-miscible organic solvents. So far, all

Fig. 2. Linear correlation between the hydrophobicity of solvent
Ž .mixture at C concentration H and the polarity parameter of50 50

w Ž .x Ž .the organic solvent E 30 . Pure solvent polarities, E 30 , inT T

kcalrmol are: Tetrahydrofuran, 37.4; acetone, 42.2; acetonitrile,
46.0; isopropanol, 48.6; ethanol, 51.9; methanol, 55.5; and ethy-

Ž w x.lene glycol, 56.3 from Reichardt 18 .
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available data of peroxidase reactions in water-
miscible organic solvents fit the proposed math-
ematical model showing excellent correlation
coefficients.
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