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Abstract

A pH stability analysis was made, in the presenceeof-butyl hydroperoxide, of both immobilized and native chloroperoxidase obtained
from Caldariomyces fumago and the inactivation constants)(evaluated. The native enzyme displays a uni-exponential decay, whereas for the
immobilized enzyme a three exponential equation describes the time dependent enzyme inactivation.

For immobilized enzyme, three-exponential equation describes the enzyme time-course inactivation. The obtained inactivatiorygandtants (
K3) showed an increase in the stability of a fraction of the immobilized enzyme. This is probably due to a decrease of the affinity of the enzyr
for the oxidant and not to a decreasgiwalues.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction a reactive intermediate to either the heme- or the apo-protein
to render the enzyme inactijé]. So, in several works there

Chloroperoxidase fronCaldariomyces fumago is a versa- are cytochrome P450 time- and concentration-dependent inac-
tile and unusual heme-peroxidase. In vitro, chloroperoxidasévation studies that reflect the suicide nature of several P450
shows halogenase-, peroxidase-, catalase-activity, and in paubstrates.
ticular some chloroperoxidase-catalyzed reactions appear to The progress curve for the irreversible product accumulation
be mediated by cytochrome P450-like mechanisms in whiclwill be described by integrated Michaelis—Menten equaftidn
the oxygen of the ferryl (H¥% =0) species, which derives in which the dependence of [S] on time is implicit. If the sub-
from HoOy, is transferred to the substrdf§. The mammalian strate is a suicide one, the enzyme suffers aloss of activity during
cytochrome P450 monooxygenases catalyze the metabolism offae incubation. Waley6,7] proposed implicit integrated equa-
wide variety of endogenous and exogenous compounds, includions which describe either the consumption of substrate or the
ing steroids, therapeutic drugs, and carcinog@jsin some loss of enzyme activity. From mechanism discussed by Waley
cases, the formation of a reactive intermediate by P450 maly was successively derivel@] explicit time-course equations
also lead to the inactivation of the enzyme. P450 substrate$pr the accumulation of the product assuming that the substrate
which are metabolized to reactive intermediates that inactieoncentration remains approximately constant during the period
vate the enzyme, are classified as mechanism-based inactivateansidered. That condition can be achieved experimentally using
[3]. Mechanism-based inactivation of P450 enzymes involves suitable value of the enzyme concentration. The experimental
metabolic activation of the substrate followed by binding ofdesign has been applied to the kinetic study of the inactivation

of tyrosinase by various suicide substrg&40].
Duggleby has made an important theoretical contribution

. _ _ _ _ to the problem of enzyme systems in which one or more of
* Corresponding author at: Department of Physiology and Biochemistry, B|o-the enzvme forms are unstak{l]el] The approach is based
chemistry Unit, University of Pisa, via S. Maria 55, 1-56126 Pisa, Italy. y ’ PP

Tel.: +39 0502213173; fax: +39 0502213170. upon measurement of progress curves of the substrate utilisa-
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determination of the inactivation rate constants from the finateported[16]. Four milliliters of 0.05M potassium phosphate
substrate concentration. buffer solution, pH 6, containing ammonium sulphate 2 M and

Kinetic analysis has been made for the case in which the free50ul of CPO suspension (12.6 mg/ml) were added to 0.59g
enzyme, or the enzyme—substrate complex, or both, are unstabtd, functionalised silica gel. The mixture was stirred at room
either spontaneously or as a result of the addition of a suicideemperature for 2h. The solid with the immobilized enzyme
substrate. The explicit time-course equations of all of the speciesas then recovered through centrifugation and the UV spec-
involved have been derivdi2—14]assuming that the substrate trum of the supernatant was recorded at 400 nm. The recovered
concentration remains approximately constant during the periosolid was washed with the same buffer (0.05M, pH 6) until
considered. That condition can be achieved experimentally usintpe disappearing of the maximum at 400 nm in the UV spec-
a suitable value of the enzyme concentration. However, itis wellrum (c400=91 mM-1cm™1). The amount of enzyme bound
known that when an enzyme able to catalyse an irreversible twin the support (2.71 mg CPO/g of silica gel) was calculated
substrates/two products reaction is incubated with only one sulfrom the UV absorbance by subtracting the absorbance of the
strate, the total concentration of the substrate can be considersdpernatant plus washings from the initial absorbance of the
as a constant. In our case the only substrate used is the oxidarizyme solution. The experiment was carried out in dupli-
whose concentration will be constant and we study the enzymeate. The Si@-CPO preparations were stored-s20°C until
inactivation. use.

Interest in these systems stems not only from their obvi-
ous biological importance but also from a desire to hammess ; >  1r.imods

thei_r Synth_etic_ pOtenFial' Beca‘_lse a”fane hy_droxylati(_)n an%.l.ll. Native chloroperoxidase stability studies. The stability
olefin epoxidation are important industrial reactions, eng'neeregfchloroperoxidase in the presence or the absence of the oxidant,
immobilized enzymes that could efficiently activate and trans;,,. BLOOH. was investigated. Ten microlitres of Fluka com-
fer oxygen would be of considerable economic va[li8].  ercial enzyme were pre-incubated in 10 mi of 0.1 M potassium
In comparison with their native form, immobilized eNZymes ynsphate buffers of five different pH values (pH 2.75-7). The
offer several advantages, such as enhanced stability, easigf, jncubations were performed in triplicates. Ten microlitres
product recovery and purification, the possibility of contin- o Fjyka commercial enzyme were pre-incubated with differ-
uous processes and repetitive enzyme use. However, in th&y concentrations of the oxidant (0.1~7.3mM) in 10ml of

covalgnt immobilisation, an enzyme su_ffers a loss of h_omoo_l M potassium phosphate buffer (pH 6). The pre-incubations
geneity: each appeared enzyme population type shows differejfa e performed in duplicates with three data point per
half-life after incubation in a simple pH buffer solution. More- .., centration.

over, a suicide substrate is present, the problems enormously During all pre-incubations, the tubes were shaken at 200 rpm

increase. _ _ _ _ by using an orbital shaker.
The aim of this paper is to derive the time-course equation of

the oxidant inactivated species under assumptions mentioned in . ) » ) )
theory and by using these kinetic analyses to study the inactiv&-'l .2-2-. Slllca.—.chlorOperoxzdase ;tabzlzty studies. The stabil-
tion of the silica-immobilized chloroperoxidase in the presencd® ©f immobilized-chloroperoxidase in the presence or the

of the oxidanters-butyl hydroperoxide. absence of the oxidamtr-BuOOH was investigated. Ten mil-
ligrams of immobilized enzyme were pre-incubated in 10 ml of
2. Materials and methods potassium phosphate buffers (0.1 M) at five different pH values

(pH 2.75-7). The pre-incubations were performed in triplicates.
Ten milligrams of immobilized enzyme were pre-incubated
with different concentrations of the oxidant (0.1-7 mM) in
2.1.1. Materials _10 ml of 0.1 M potassium pho_sphate_ buffer (pH 6.00). The pre-
incubations were performed in duplicates with three data point

2.1. Experimental

2.1.1.1. Reagents. Silica gel (5um, specific surface of g

340n?/g) was from Alltech. (3-Glycidyloxypropyl)tri- PEr concentration. _

methoxysilane was supplied by Fluka. Chloroperoxidase Puring all pre-incubations, the tubes were shaken at

(CPO) fromC. fumago (chloride hydrogen-peroxide oxidore- 200 rev/min by using an orbital shaker.

ductase [EC 1.11.1.10]) angrr-butyl hydroperoxide were

supplied by Fluka and were used without further purification.2.1.2.3. Spectrophotometric assay. A fixed amount (20Gul)

Monochlorodimedone was a Sigma Chemical Co. producof pre-incubation solutions (native, 2.2 U/ml; immobilized,

and was used without further purification. All other reagents2 mg/ml) was taken (from 0 to $&) and added to a standard

were commercial products of analytical grade. UV and vis-reaction mixture, consisting of potassium chloride (0.11 mmol),

ible spectrophotometric measurements were performed atrr-butyl hydroperoxide (0.2 mmol), monochlorodimedone

room temperature on Varian CARY 04-E spectrophotomete(MCD, 0.27umol) in 0.1 M potassium phosphate buffer (pH

interfaced to a personal computer. 2.75) in a total volume of 5.4 ml. The reaction was followed
by monitoring the decrease in absorbance at 278 nm due to

2.1.1.2. Preparation of immobilized chloroperoxidase. Epox-  the conversion of monochlorodimedone#=1.22x 10%) to

ide derivatized silica gel was prepared according to the methodsichlorodimedone (DCDg27g= 1.6x 107) [17].
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Scheme 1. Inactivation scheme of an enzyme in the presence of suicide substrate.

3. Theory In Scheme 2E, is thenth free enzyme species, S the substrate,

ESy, and ES,, thenth intermediate species ang,FF,, and F3,
3.1. Kinetic analysis are thenth inactive species into which the species ES;,, and
ES,, respectively, are transformed.

Garrido-del Solo et a[12] and Toti et al[18] have presented The equations describing the kinetics of the species in

a kinetic analysis of a Michaelis—Menten mechanism in whichScheme are

the enzyme is unstable. We considered the case in which enzymd(-fE

E binds to a molecule S forming a first intermediate {E8en 7”]

complex Eg is transformed in complex ESThe case in which dr

the enzyme specifically binds to S (oxidant), and either the fregj[ES,, ] .

enzyme E or the enzyme-substrate complexesé#E®l ES are g = K1alEal[S] — (k-1 + jon + k24)[ESp] @)

unstable, can be described Bgheme 1Note that we use a two

intermediate scheme because we have verified that for nativélES2:] — kou[ES1] — (ian + k3n)[ESon] 3)

form at least two intermediates appeal®8]; the simplification dr

by using a single intermediate scheme leads to equations MOGF, 1

simple but not close to experimental system. Moreover, the timeT = juwlEx] (4)

course solutions could be used, by an algebraic artifice with the

use ofy functions (see Eq¢18)—(20), also in the cases of two  d[F2,] . ES 5

or three exponential behaviour. dr Jon[ESu] ®)
In this contribution we analyze the kinetics af enzyme d[Fa]

t

= _(kln[s] + jln)[En] + k—]}z[Esln] + k3n[ESQn] (1)

reactions evolving according ®cheme 2where S is a suicide
substrate, assuming that (fron= 1 tom) j3, inactivation con-
stant is much higher than tltg, catalytic constant and that the d[P,]

substrate concentration remains approximately constant duringgy, — k3n[ESzn] )
the assay time considered. The latter assumption can be achieved

experimentally using an initial value of the enzyme concentra9(S] — k1 [E,[S] + (k—1,0)[ES1] 8)
tion that is small enough compared with the initial substrate df " -

concentration. Suicide substrates may be defined in terms gf,4 the two mass balance are

their dual role as compounds that interact with enzymes by a
mechanism with a branched pathway, the branches represe
ing turnover of the substrate and inactivation of the enzym

= jan[ES2] (6)

Jo= > _([Enl + [ESw] + [ESen] + [F1] + [Fau] + [Fau])
n=1

[18—20] )
We extend now this scheme and its solutions on a m
non-homogeneous enzyme population system, in which g}, = [S]"'Z([ES]J’] + [ESp] + [Pa]) (10)
enzyme populations are independent each otBehéme 2 1
kln an k%n
S + En - ES In > ES 2n sl Pn + En
k-]n kln
j]n j2n j}n
F]n Fln F37'1

Scheme 2. Inactivation schementh enzyme in the presence of suicide substrate.
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The set of differential equatior(d)—(8) is non-linear and has, For the calculus of; we impose inScheme Zhat there is
therefore, no analytical solution. However, under assumptionso substrate; the set of analytical solutions becomes foitthe
(11) and (12extended forn populations: population:

[Enlo < [Slo (11) [Exl =[Exloe /™ (21)
kan < Jjan 12) [Ful=[Eilo1—e ") (22)

For thenth species the enzyme activity units (Ef are pro-

Eq. (10) simplifies to . . ) .
portional to the activath enzyme concentration; so at zero time

[Slo ~ [S] (13) there are maximal enzyme activity units (§®) in relation with
[En]O:

Assumptiorn(12)is consistent with the extremely low utilisation, EA

by native CPO, of the substratBuOOH [21]; this assumption [E,] = [E,]o (n) (23)

was verified by us in the free enzyme stydg] in which the EAmo

enzyme inactivation was a perfect uni-exponential type. Theror thenth species, it is possible to express thle free active
product formation could be lead an eviden distortion in the expoenzyme concentration as a function of thle total enzyme con-
nential behaviour. centration, the Ef at ¢ time and the Ef,o. Extending the

Upon insertion of relation(13) into Egs.(1)—(7) the set summation to the: species we obtain E¢R4):
becomes linear. The solution fogFspecies ig14):

m m
EAw) = > (EAppe /! 24
jankoakta[Enlo[Slo | o jankznk1a[EnlolSlo ‘ 2 BAw = )_(EAgoe ™) (24
[Fa] = 22 T+ Y Ll =T
3
! "y T Gpn = vm) in which 3" ; EA(,) is the enzyme activity units number (EA)
—1 detectable in the inactivation experiments. For ite species

either thejy, rate constant or the 4 number can be obtained
p#h by fitting the results of the enzyme incubation in different pH
(14) " puffer solutions on a multiexponential fitting methj@2,23]

The native enzyme (not bound to silica gel) is a homogeneous
population san = 1; we obtain from Eq(24) a simple first order
decay. We fit this equation on a semi-logarithmic piat].

G1n = k1a[Slo + jin + Jon + Jjan + k—1n + kon + kap (15) By dividing Eq.(24)for the total enzyme activity units num-
ber (EAp), we obtain

wherey1,, y2, andys, are thenth roots of thenth polynomial
¥3 + G112 + Goyy + Ga, relatives tonth specie in which

—(; - . . . EA m ‘
Gon = (Jon + k—1n + k2n)(jan + kan) + k1u[Slo(j2n + Jjan oA — Z(f(n) eijlnf) (25)
+ k2n + k3n) + ]1n (]211 + j3n + k—ln + k2n + kSn) 0 n=1
(16) in which fi,) is thenth fraction of total enzyme activity units
number:
EAmo
o ) fy = & X’) (26)
G3n = k1a[Slo(j2n.j3n + Jjonkan + k2u j3n) 0
+ j1n(2n + k—11 + k21)(jan + k3n) (17)  Forthe calculus of; andKs [see text] values fom populations

it is necessary the presence of the suicide substrate; that is, the
Note thaty1,, y2, andys, are all negative terms, and that the study of the general analytical solutions is very difficult. But
following relations exist between the roots: for the nth species in many cases of practical interest (mono-
exponential behaviour):

Yin+ Vo + V3 = =G (18)

—Yin, —¥2n > —Van (27)
Vin¥en + Yon¥an + Yin¥an = Gn (19) Eq.(27)becomes true if relatior(@8) [20]and(29) are verified:
Pz = =G B0 i 2 Jan < knalSTos K-tz (28)
3.2. Stability studies Jan > Jin, jons kan (29)

Inasingle experimental procedure itis very hard to obtain f0|Jt follows that

all them populations botfi; andjs values. So itis necessaryto ;. + y,, = —Gy, (30)
find separately the two inactivation rate constants. We projected
two incubation studies, with or without substrate. YinY2n = G2n (31)
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G3 At zero time:
Y3n = — = (32) .
Gan Ym0 = f(n)]3n[S]0 (41)
and soys, is "0 = [S]o + Kaa
Jin(zn + k—1n + k2ua)(Jan + k—30) + k1a(j2n jan + J2nksn + k21 j3)[Slo
—¥Y3n = (33)

Jin(zn + k-1 + koy + jan + k3n) + (k3n + jan)(J2n + k—10 + k2n) + k14 (j2n + Jjan + k2n + k34)[Slo

from Eq.(33)and with condition€28), (29) and (12)ve obtain
(34)that is an extension of Eq. (57) Hf8]:

Extending the summation to theespecies we obtain E¢42):

m m .
J3n [S]O Vo = . ( f(n)]3n [S]O )
—VY3n = 0 0= VU(n)0 = P aa— (42)
V3n W + [S]O (34) ngl (Yl) ; [S]O + KSn
if we express a new constant &3, = (ji, +ja.)(k_1n +ko,)/  inWhich we define_"_; v()o, the ratio of the summation of all
(k1nk2,), we obtain(35): initial reaction rate (either of formation of alkf-species or of
. consumption of all the species, FES),, and ES,) to [E]o, as
_ Jja[Slo .

—Va = o (35) o _ _ -

K3, + [Slo We can obtairnyg measuring the initial slope of the plot EA

Note thatK3, represents the half rate reaction concentratiorY€rsus time; we assume that this not single exponential function
value and sq35) we had obtained a Michaelis—Menten simi- at Zero time is a straight line.

lar equation. Using relation€8) and (29)allow one to neglect For them species either thgs rate constants or thie; values
the terms involving & and &2 in the analytical solutions, can be calculated by a non-linear fitting. Note that, forsitie
and with Eqs(14), (17) and (35)ve obtain Eq(36). species, only by using th, value we can obtain the tryg,
ST /(K4S value. For the native enzyme, from Hg2) by imposingn =1
[Fau] = [Enlo(1 — &~ (alSlo)/ (KaFiSho))ry (36)  (and sofn)=1) we obtain a simple rectangular hyperbola; we

. L . ! can fit this equation by using a double reciprocal [5].
and its derivative equatiof®7) If we determine three enzyme population types=3), and

d[F3,] — [E.]o J3n[Slo o (U [Sl0)/(Ka+1So)r (37) two of the bound enzymes' types present hgve Sinkijaaindjs
dr K3, +[S]o values K31~ K32 andjsz1 & j32); we can obtain Eq43):

Note that for theith species the [f;] and [F2i] values are always (foy + f@)Jjs1lSlo | fi3)J33lSlo
negligible with respect to all other concentration values. [S]o + K31 [S]o + K33
From the above-discussed limitations and deriving mass bal- . . .
: ; where f(1) + f(2)) is the fraction of total enzyme present in the
ance for the enzyme species, Kf), we obtain Eq(38). Eq. lation tvpen =1 and 2
(38) represents a sort of pseudo steady state between differeRgPu'ation typen = '
enzyme forms and the inactive enzymg Folecule:

d[FSn] _ _d[En] _ d[ESELn] B d[ESZn]
dr dr dr dr The first step in the analysis is to discriminate the amounts

The enzyme activity units of theth species, Ey), are propor-  Of €ach enzyme population type. The second step is to test
tional to the sum of theth enzyme active species concentrationsth® behaviour of the silica-immobilized chloroperoxidase in the
(free and bound); at zero time there are maximal enzyme actiRrésence of inactivating suicide substrate by measuring:(for

ity units, EAo, in relation with [E,]o. So the first derivative of POPUlations) either enzyme population type inactivation con-

(43)

4. Results and discussion

(38)

[F3,] species is stantgiz, or enzyme population typEs, constants.
The denaturation constants can be measured with a method
d[Fs.] _E] g ( EA@) ) (39) based on the loss of enzyme activity, using the standard assay
dd 104 EA(m)0 involving the monochlorodimedone, chloride and an oxidant

By using Eqs(26), (38) and (39and multiplying all the terms at pH 2.75[22] (Scheme } Ter-butyl hydroperoxide #rr-

by f(»), we obtain

' a a
oy = _d (EA(H)> _ JwJzlSlo —((a[S10)/(Slo+Kan) o o o o
dr \ EAg [Slo + K3n
(40) +K"+Cl+oxidant —»
For thenth species we had to defing,), expressed in terms
of time™1, as ratio of the reaction rate (either of formation of Me Me Me Me
F3, species or of consumption of the three specigHs;,, and MCD DCD

ESy) to [Elo; v, is obviously related to the different peroxide scheme 3. Conversion of monochlorodimedone to dichlorodimedone catalyzed
concentrations and time. by chloroperoxidase.
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Table 2
Inactivation constants of immobilized chloroperoxidase at various pH values
Type pH7
jin (571 1 8.08(-2.22)x 1078
2 4.666:0.52)x 1076
3 4.25¢0.11)x10~*
ECumo (Ms™h) 1 1.19¢-0.03)x 102
< 2 1.066-0.09)x 102
2 3 1.27¢0.04)x 102
fw 1 0.338(£0.018)
2 0.301¢:0.017)
3 0.360¢:0.001)
Type pH 2.75
jn 571 lor2 1.026-0.09)x 107
L L 3 3.39¢:1.08)x10°®
0 02 04 06 08 1 ECuo (Ms™) 1+2 2.35¢0.47)x102
time (s) x 10 3 1.25(-0.16)x 102
Fig. 1. (a) Native enzyme activity first order decay in buffer potassium phosphatén) 1+2 0.645¢-0.076)
0.1M: pH2.75 @), pH 4 (O), pH5 @), pH 6 (A) and pH 7 @). Data were 3 0.354(-0.076)

fitted by using the MATLAB programs pocket (polifit.m).

Table 1

Inactivation constants of native chloroperoxidase at various pH values leads to a first order decay of the enzyme activity relative to

time. Thej; values obtained from these experimental data and

PH G expressed ins are reported iable 1

2.75 1.084:-0.04)x 106 In contrast to the native enzyme, the incubation of the immo-
4 4.46¢-0.08)x 10:; bilized chloroperoxidase, under the same experimental condi-
2 g'i‘z‘gg'éggi 18_7 tions, does not lead to a first order decay of activEjg( 2).

7 3:61&0:19)X 10-6 As can be observed iRig. 2 there is a non-first order decay of

the enzyme activity at pH 2.75 and 7. At the intermediate pH
values, however, the immobilized enzyme system shows a high
BuOOH) was chosen because with this oxidant the enzyme hagapility and the evaluation of the constants is not possible.
low catalase activity21]. We remember at this point that the binding of the enzyme
As is shown inFig. 1the incubation of native chloroperox- to derivatized silica is of covalent type and it can account for
idase with potassium phosphate buffers of different pH Valueﬁossible activity variatiofil6,26]
By using the experimental data at pH 2.75 and 7, it was
! ol 12, possible to distinguish three enzyme population types. This non-
@. homogeneity could reflect the non-homogeneity of the enzyme
sample, but it is not so because the decay of native enzyme sam-
08 ple is mono-exponential. Thg constants and the fractions of
total enzyme activity unitg1), fi2) andf(s) for these enzyme
populations are reported rable 2 The loss of enzyme activity
(ca. 5%) observed at pH 4—6, nevertheless it could represent a
tendency line, seems to be due rather to experimental error.
Thus, from these data it is clear that immobilized enzyme is
more stable, under our experimental conditions, than the native
enzyme. Only the population 3 type shows a large decrease in
activity at pH 7 (100-fold). The population 3 type at pH 2.75
and population 2 type at pH 7 show a very little decrease.

=1

oop

a
A

EA/EA,

L o N Table 3
0 0.2 0.4 0.6 0.8 1 J3 andK3 values of native chloroperoxidase (pH 6)
time (5) x 10° CPO native
Fig. 2. (a) Silica—enzyme gel activity non-first order decay in buffer potassiurr}-3 (x 10457} 451¢:0.21)
phosphate 0.1 M: pH 2.79), pH 4 (O), pH5 ), pH6 (A) and pH 7 @). K3 (x 1073 M) 6.02(+£0.24)

Data were fitted by using the MATLAB programs pocket (mexpfit.m).
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Table 4

finy» J3 corrected an&3 values of immobilized chloroperoxidase (pH 6)

Silica—CPO fin) finpjan (x 1074s7h) Corrected, (x 1074s71) Ka,

Type 1+2 0.643£0.09) 6.22¢0.45) 9.67¢1.52) 4.05¢-0.29)x 102
Type 3 0.35740.07) 2.59£0.24) 7.251.57) 4.594-0.41)x 1073

In addition, we evaluated the effect of different concentra-(k;; as 4.59¢0.41)x 10~3M) or of the native chloroperoxi-
tions of the oxidantters-butyl hydroperoxide, on the stability dase.
at pH 6 either of the native enzyme or of the immobilized
chloroperoxidase. Using the double reciprocal plot (Lineweaveg. (onclusions
and Burk) [25] the values ofj3 and theK3 obtained were

4.51¢:0.21)x 10*s* and 6.02¢0.24)x 10~°M, respec- By using generabcheme 2a kinetic analysis and an exper-
tively (Table 3. _ . imental procedure for theth population kinetic parameters
In Fig. 3we can show the relationship betweeyversus the  eyajuation have been presented. It is based upon the enzyme

oxidantzert-butyl hydroperoxide for the immobilized enzyme jnactivation with or without suicide substrate undercondi-
as a sum of 1-3 population type. tions:

Table 4reports the corrected andK3 values, obtained from _
immobilized enzyme. The correction afvalues consists inthe [Exlo < [Slo (withn =1,2,....m)

use of the mean gfvalues obtained froriiable 2 Further, we  pepending on relative values of théh rate constants or sub-

assume thajs1 andjs, are equal. The correction is necessarygrate concentration, the time course of tité population
because we studied the initial inactivation rate and not directlyénzyme type inactivation is a tri-, bi-, uni-exponential equa-

the exponential terms. This is for the problem in maintainingy; Overall anon-homogeneous enzyme systemitifierent
constant the oxidant concentration in the experimental SySter@nzyme population types that lead to a multi-exponential equa-

we built up. tion (so the maximum number of exponential terms was given

Itis concluded that, in terms g4, the absolute stability of by 3m). It was proposed an experimental procedure to obtain for
the immobilized CPO is similar to that of the native enzye (  oachuth population thg,, ja. andKs,; no other microscopic
andjs3 were 9.6741.52)x 10~* and 7.25¢1.57)x 1074s7!, . <tots can be evaluated.

respectively), whereas its relative stability in the presence of |y, have immobilized chloroperoxidase to silica gel in order

the oxidant was probably increased due to loss of affinity ofg jncrease its stability either in buffer solution or in the presence
the enzyme for the oxidant, as suggested by the Kighialue ¢ the oxidantrers-butyl hydroperoxide. The binding between
(Table 4. Thek value for two enzyme population typE€ or - gnzyme and silica gel resulted in a non-homogeneous enzyme

Ksz is almost equal to 4.08(0.29)x 10~2M) was found to be population. By studying the loss of the silica—enzyme gel activity
ten times higher than those either of the third population type;; pH 2.75 and 7, it was found the values of three differ-

ent enzyme populations. Two populations of the immobilized
8 enzyme showed an apparent increase in the stability both to the
pH or to the presence of the oxidant, but the latter seems to be
due to a decrease of enzyme affinity for the oxidant rather than a
decrease gt values, those remained close to the native enzyme
value. This non-homogeneity of the enzyme after binding in not
due to non-homogeneity of the native enzyme sample, because
its decay was found to be mono-exponential.

This strategy to bind enzyme to silica gel, in order to sim-
plify the enzyme recovery after a reaction use, produced two
enzyme type populations extremely resistant to pH and to oxi-
dantzersBuOOH inactivation.

type 142
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