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Abstract—The peroxidase-catalyzed oxidation of 3,3,5,5-tetramethylbenzidine (TMB), ortho-
phenylenediamine (PDA), and 5-aminosalicylic acid (5-ASA) is significantly accelerated in the pres-
ence of 2-aminothiazole (AT) and melamine (MA), and an increase in their concentrations is associ-
ated with a parallel increase in the kex and Ky, values for TMB and PDA. The activation of the peroxi-
dase-catalyzed oxidation of TMB and PDA is quantitatively characterized by a coefficient (degree) a
(M™) which significantly depends on pH in the range 6.2-6.4, 6.4-7.4, and 6.0-7.4 for the TMB-AT,
TMB-MA, and PDA—MA pairs, respectively. An increase in the coefficient 6 with increase in pH
confirms nucleophilicity of activation of the peroxidase-catalyzed oxidation of the aromatic aminesin
the presence of AT and MA. Under optimal conditions the coefficients a for the TMB-AT, PDA-AT,
TMB-MA, and PDA-MA pairs vary in the limits of (1.90-3.53) -10° M ™.
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The aromatic amines 3,3,5,5-tetramethylbenzi-dine (TMB), ortho-dianizidine (0-DA), ortho-
phenylenediamine (PDA), and 5-aminosalicylic acid (5-ASA) are widely used as peroxidase (EC
1.11.1.7) substrates in current bioanalytical methods of high sensitivity: enzyme immunoassay
(EL1SA) [1], immunocytochemistry [2], chemiluminescent analysis and chemiluminescent ELISA [3],
and in biosensor devices [4]. The sensitivity of these methods can be, in particular, increased by acti-
vation ("enhancement") of the peroxidase-catalyzed oxidation of the above-mentioned aromatic
amines. Fundamentally different approaches for activation of the peroxidase-catalyzed oxidation of
amines were analyzed in brief in our previous work [5]. First, the peroxidase-catalyzed oxidation of
amines was accelerated by addition into the reaction medium of nitrogen-containing organic bases,
such as ammonia, imidazole and its derivatives, and of pyridine which at pH > 6.5 activated the en-
zyme as nucleophiles by changing pK of functional groups of the peroxidase active site and widening
the pH optimum of their catalytic activity: the kinetics have been studied of the peroxidase-catalyzed
oxidation of o-DA and of para-phenylenediamine activated with pyridine, imidazole [6, 7], and with
various derivatives of the latter [8-10], and also with 1,2 4-triazole, 4-aminopyridine, and with substi-
tuted indoles [11].

We have recently shown a strong activating effect of poly (5-aminodisulfide of salicylic acid) on
the peroxidase-catalyzed oxidation of TMB [5] and a similar effect of melamine (MA) on the oxida-
tion of PDA [12]. This activating effect is quantitatively characterized by an activation coefficient (de-
gree) 6 (M™) determined at various pH values which describes an increase in the kinetic parameters
ke and Ky, in the presence of 1 M activator in the reaction mixtures. under optimal conditions at pH
7.0 the coefficient a for the pair TMB—poly(5-aminodisul-fide of salicylic acid) is 2.44-10°> M™ [5]
and for the pair PDA-melamine at pH 7.4 it is 2.41-10° M™ [12)].

However, the activation mechanism of the peroxidase-catalyzed oxidation of aromatic aminesis
not completely clear [5]. Therefore, systematic studies on activation of the peroxidase-catalyzed oxida-
tion of various amines with the same organic base, on one hand, and on activation of the oxidation of
the same amine with various activators, on the other hand, are ill important.

Abbreviations:A) activator of the peroxidase-catalyzed reaction; AT) 2-aminothiazole; 5-ASA) 5-aminosalicylic
acid; MA) melamine (2,4,6-triamino-1,3,5-triazine); poly(ADST)) poly(2-aminodisulfidethiazole); HP) horse-
radish peroxidase; TMB) 3,3',5,5'-tetramethylbenzidine; PDA) ortho-phenylene-diamine; PCB) phosphate cit-
rate buffer.
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The purpose of this work was to study the activation kinetics of the peroxidase-catalyzed oxida-
tion of TMB, PDA, and 5-ASA with 2-aminothiazole (AT) and those of TMB and 5-ASA oxidation
with melamine (MA) and to compare the resulting quantitative data. The peroxidase substrates (TMB,
PDA, and 5-ASA) were chosen because of their importance in practice [1-4] and because of their
structura differences. 2-Aminothiazole was chosen as an activator because of its aromatic amine fea-
tures and clearly pronounced nucleophilicity at pH > 6 and also because of its easy electrophilic re-
placement in position 5; melamine (2,4,6-triamino-1,3,5-triazine) was chosen because of a strong pH
dependence of its nucleophilicity, of its molecular symmetry, and also because of its previoudly found
strong activating effect on the peroxidase-catalyzed oxidation of PDA [12].

MATERIALSAND METHODS

Reagents. The acidic isoform of horseradish peroxidase (HP; EC 1.11.1.7), type A, with optical
purity index RZ 2.25 or 2.40 was from Biolar (Olaine, Latvia). The enzyme concentration was deter-
mined spectrophotometrically using the molar absorption coefficient ¢ in the Soret band (403 nm)
equal to 102,000 M*.cm™ [13]. Diluted hydrogen peroxide solution was used as an oxidizer, the H20,
concentration being determined spectrophotometrically using ess = 72.1 M .cm™ [14]. TMB (Serva,
Germany), PDA of chemical purity (Kharkov Chemico-Pharmaceutical plant, Ukraine) purified by
sublimation in vacuum, and 5-ASA (Reakhim, Russia) with absorption maxima of the UV spectrum at
240 and 300 nm and the corresponding molar absorption coefficients ¢ equal to 3310 and 3470 M™.cmv
! were used as reducers of HP.

As effectors of the peroxidase-catalyzed oxidation of aromatic amines 2-aminothiazole (AT)
and melamine (MA) (Reakhim) were used. MA of chemical purity had the absorption maxima at 212
nm in distilled water and at 223 nm in 0.015 M phosphate citrate buffer (PCB, pH 6.0). Poly(2-
aminodisulfidethiazole) (poly(ADST)) with the average molecular weight of -1850 daltons which was
synthesized as described in [15] and kindly presented to us by Yu. P. Losev (School of Chemistry, Be-
lorussian State University, Minsk) was also used. The absorption maximum of poly (ADST) in DMSO
at 267 nm has extinction e = 57,400 M™*.cm™, and the comparison with the e 25, value (7000 M™*.cm™)
for AT suggests that poly (ADST) contains about eight monomeric links.

Organic solvents dimethylformamide (DMF) and dimethylsulfoxide (DM SO) were distilled be-
fore use. Initial solutions of phosphate and phosphate citrate buffers, H,O,, HP, and PDA were pre-
pared with distilled water; solutions of TMB, 5-ASA, and 2-aminothiazole were prepared with DMF,
and the solution of poly (ADST) was prepared with DMSO. The final concentrations of the reagentsin
different series of experiments are given in the legends to figures and tables and in the text.

The peroxidase-catalyzed oxidation of TMB, PDA, 5-ASA, and also of the pairs TMB-AT,
TMB-MA, TMB-poly(ADST), PDA-AT, PDA-poly(ADST), 5-ASA—AT, and 5-ASA—MA was per-
formed at 20°C using a Specol-211 spectrophotometer (Carl Zeiss, Germany) equipped with a thermo-
statted cuvette section.

Peroxidase-catalyzed oxidation of TMB and of the TMB-AT, TMB-poly (ADST), and
TMB-MA pairs. To prepare the reaction mixture of 1 ml of the total volume, a tube was supple-
mented with 0.7 ml of distilled water, 0.1 ml of 0.1 M phosphate buffer, 0.05 ml of 0.02 M TMB solu-
tion in DMF, 0.05 ml of DMF in experiments with addition of AT or 0.05 ml of DM SO in experiments
with addition of poly(ADST), 0.05 ml of 20 nM HP, and 0.05 ml of 0.02 M H,O,. Before addition of
H>0, the mixture was kept for 3 min at 20°C. In atypical experiment during the oxidation of TMB and
of the pairs TMB-AT and TMB-poly (ADST) in 0.01 M phosphate buffer (pH prescribed) which con-
tained 10% DMF or 5% DMF and 5% DM SO the final concentrations of the reagents were as follows:
1 nM HP, 1 mM TMB, 1 mM H,0O,. The concentrations of effectors were varied.

The oxidation of the pair TMB—MA was performed in the reaction mixture of 1 ml in total
which contained 0.015 M PCB (pH prescribed), 0.4 nM HP, 1 mM TMB, 1 mM H,0;, 5% DMF, and
the melamine concentrations prescribed. In this case the reaction was initiated by addition of HP solu-
tion.

Reactions of the peroxidase-catalyzed oxidation of TMB in the presence and in the absence of
activators were performed for 1-2 min, the absorption of the TMB oxidation product was recorded at
its maximum of 655 nm (Aess), and the initial rate of the reaction was calculated using the molar ab-
sorption coefficient equal to 39,000 M™-cm™* [13].

Peroxidase-catalyzed oxidation of PDA and of PDA-AT and PDA-poly (AD ST) pairs. The



reaction mixture with a total volume of 1 ml contained 0.7 ml H,O, 0.1 ml 0.15 M PCB, 0.05 ml PDA
(0.04 M), 0.05 ml HP (20 nM), 0.05 ml DMF in experiments with AT; and before the addition of 0.05
ml of 0.04 M H,0O, the mixture was kept for 3 min at 20°C. In atypical experiment the final concentra-
tions of the reagentsin 0.015 M PCB were as follows: 5% DMF, 1 nM HP, 2 mM PDA, 2 mM H;0;,
the 2-aminothiazole concentrations were prescribed. The reaction was performed for 1-2 min and was
recorded by an increase in the absorption band of the PDA oxidation product Asss; the initial rate of the
reaction was calculated using the molar absorption coefficient of the product which a pH 6.4 was
16,400 Mt.cm-* [16].

Peroxidase-catalyzed oxidation of 5-ASA and of 5-ASA-AT and 5-ASA-MA pairs. The reac-
tion mixture with a total volume of 1 ml contained 0.7 ml H>O, 0.1 ml 0.15 M PCB (pH 6.4), 0.05 ml
5-ASA (0.04 M) in DMF, 0.05 ml DM SO, and 0.05 ml HP (20 nM); and before the addition of 0.05 ml
of 0.04 M H,0O, the mixtures were kept for 3 min at 20°C. This was considered to be the reaction start.
The final concentrations of the reagentsin 0.015 M PCB were as follows: 5% DMF, 5% DMSO, 1 nM
HP, 1 mM H0,, 2.5 mM 5-ASA. The concentration of AT was varied.

During the peroxidase-catalyzed oxidation of the 5-ASA—MA pair 1 ml of the reaction mixture
contained in 0.015 M PCB: 1 nM HP, 2 mM 5-ASA, 2 mM H,0,, 0.6 mM MA, and 5% DMF. In this
case the reaction was initiated by addition of HP solution. An increase in the absorption of the reaction
product Asss was recorded spectrophotometrically 1-2 min later, and the initial rates of the oxidation
were calculated using the molar absorption coefficient e 455 = 15,000 M™*.cm™ [13]. The reaction mix-
ture temperature was 20°C.

Note that the absorption bands of the oxidation products of 2-aminothiazole and of melamine
were not overlapping with the absorption bands of the oxidation products of TMB (655 nm), PDA
(455 nm), and 5-ASA (455 nm), i.e., the monitoring of the peroxidase-catalyzed oxidation of the sub-
strates was sufficient for a correct determination of the reaction ratesin all cases. The initial rates vq of
the peroxidase-catalyzed oxidation of TMB, PDA, and 5-ASA were determined only by the strictly
linear initial regions of the kinetic dependences of the Asss and Ayss increase.

RESULTSAND DISCUSSION

Activating effect of 2-aminothiazole on peroxidase-catalyzed oxidation of TM B, PDA, and
5-ASA. Figure 1 presents dependences of the reaction rates expressed in relative units on the increas-
ing concentration of AT during the oxidation of TMB (7), PDA (2), and 5-ASA (3): all dependences
have a saturating type, the oxidation of TMB, PDA, and 5-ASA is activated maximally fourfold, more
than twofold, and 1.4-fold, respectively. The kinetic features were studied in detail during the peroxi-
dase-catalyzed oxidation of the TMB—AT pair at different concentrations of the substrates (TMB and
H,0,) and at pH varied from 6.2 to 7.4. Figure 2a shows in double reciprocal coordinates dependences
of the initial rate of the TMB oxidation on its concentration in the absence of AT (1) and in its pres-
ence (2-6) a concentrations of (0.7-5.0)-10“* M. From the dependences shown in Fig. 2a the kinetic
parameters K and K, were calculated in the absence of AT (1) and the values of K% and K%, were
calculated for datataken in its presence (2-6). The values of both kinetic parameters changed strictly in
parallel (Fig. 2b) and were directly proportional to the AT concentration that suggested a noncompeti-
tive type of the 2-aminothiazole-induced activation of the peroxidase-catalyzed oxidation of TMB.
Based on the data presented in Fig. 2b and in Table 1 the kinetic parameters K% and K%, of the acti-
vated oxidation are expressed by empirical equations (1) and (2):

gar y JE:n:.mr (1 + ulﬁlﬂ} 5'3':"': {]}
Ke = Ky (1 + a[A]p) M, (2)

where [A]o is the initial concentration of the activator AT, and 6 is the activation coefficient
equal to 1.83-10° M™ at pH 6.4. The efficiency of HP expressed as ke /Km does not change in the
presence of activator and is 5.37-10°M™*-sec (Table 1).

Dependences of the initial rate of the peroxidase-catalyzed oxidation of 1 mM TMB on the initial
concentration of H,O- in the range of 0.01-0.60 mM were studied in the absence and in the presence of
AT a increasing concentrations (up to 0.4 mM). These dependences were transformed in
Lineweaver—Burk coordinates and kinetic parameters of the process were calculated (Table 2). Inthis



case the Kz and Ky, values also increased in parallel with the increase in the AT concentration. Table
2 presents the coefficients 6 which are equal to 6.07-10° M™ and 7.25-10° M™* calculated from the kea
dependence on [AT]o and from that of K, on [AT]o, respectively. The resulting values are higher than
those obtained in the experiments with the TMB concentration varied at constant [H>O,] (Table 1), but
this is not unexpected because catalytic constants of the peroxidase-catalyzed oxidation of many sub-
strates determined on varying concentrations of substrates and reducers and of the H,O, concentration
are, as arule, different due to an increase in the nonproductive expense of H,O, for enzyme inactiva-
tion along with the increase in oxidizer concentration [17].
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Fig. 1. Dependences of the oxidation rates of 1 mM TMB { f).
2mM PDA (D), and 2.5 mM 5-A84 () at 20°C in the presence
of | nM peroxidase on the 2-aminothiazole (AT) concentra-
tion: [) 0.01 M phosphate buffer (pH 6.4} containing 10%
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Fig. 1. a) Dependences in double reciprocal esordinates of the
initial rate {v,) of the peroxidese-catalyzed oxidation of TMB
on ils concentratkon in the presence of increasing COnCEnira-
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1% DME | nd HP | md HyO05 b Dependences of &, (1)
and of K, {5 during the peroxidasc-catalyvzed oxidmion of
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The nucleophilic properties of 2-aminothiazole are strongly dependent on pH of the medium.
Therefore, the kinetics of the activated peroxidase-catalyzed oxidation of TMB was studied depending
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Fig. 3. Dependence of the coefficient o during the peroxidase-
catalyzed oxidation of TMB in the presence of AT on pH value
of .01 M phosphate buffer containing 10% DMF (under the
same conditions as in Fig, 2a).

on the substrate concentration in 0.01 M phosphate
buffer at pH varied from 6.2 to 7.4. The AT con-
centration in all cases was 1.3 mM. From the keat
and Kq, dependences on [AT]o for media with
different pH values the coefficients 6 were
calculated, and they are presented in Table 3 along
with other kinetic parameters. The pH dependence
of a during the activated peroxidase-catalyzed
oxidation of TMP is presented in Fig. 3, and it
shows that at pH varied from 6.2 to 6.8 a changed
insignificantly and is-1.87-10° M*; however, at pH
> 6.8 this coefficient sharply decreases that we
think to be associated with a dramatic fall of the
catalytic activity of HP on changing the pH from
6.2 (Kot = 957 seC™) t0 7.4 (ke = 172 seC™) (Table
3).

Figure 4a shows dependences of the initial
rate of the peroxidase-catalyzed oxidation of PDA
in double reciprocal coordinates in the absence of
AT (7) and in its presence (0.1-0.5 mM) (2-4).
Figure 4b shows dependences



Table 1. Kinetic characteristics of the peroxidase-catalyzed ouidation of TMB (0.01-0.60 mM) in the presence of 2-
aminothiazole (AT) and in its absence at 10°C in 0.01 M phosphate buffer (pH 6.4) containing 10% DMF, 1 nM HP,

and | mM H,0,
(AT« 10 M ‘-’m.mt"luxlﬂfl.H'ilhi:,# KoM | ol M7 by K | e/ ) 07 M e
I ] - 147 & 53
0 891 13 165 145 53
10 LN 136 /! |34 530
23 1163 17 215 145 53
4 kil 14 15 17§ 54
5 1525 146 14 |3 53

Table 2. Kinetic characteristics of the perovidase-catalyzed oxidation of TMB (1 mM) i the presence of 2-aminathiazole (AT)
and in it absenice at 20°C in 0.01 M phosphate boffer (pH 6.4) contzining 10% DMF, | oM HE, and H,0, (0.01-0.60 mM)

(AT) M | kg o™ | o 107 M k) | K 10OM | e 107 M ) | Ok /K 108 M g
i LY - 146 - 5.3
07 1095 in 116 685 1)
10 m 8.7 130 A 58
A1 1904 5.Th 400 b.9% L)
40 88 b.09 5N 1% 47

Table 3. Kinetic parameters of the peroxidase-catalyzed oxidation of TMB (0.01-0.60 mM) in the presence of 1.3 mM
J-aminothiazole (AT} () and in its absence {7} &t 20°C in 0.01 M phosphate buffer (pH varied) containing 10% DMF,
| oM HE, and | mM ]'[101

’ kg s ax 107 M by k) KoM | o 0075 M by B | (g B % 1078 BT !
P
| 1 | ) 1 1

b 957 13 |58 1.30 4.54 1.5 13 127
64 75l it .66 1.21 414 156 6.1l .21

b6 51 nn 156 1.11 185 1,50 556 507

6.8 433 1504 |.59 193 325 1.52 468 463
T k| 1053 1.75 093 113 176 3,37 1.3

T4 172 476 1.5 .59 250 1.3% 1.04 1.90

Table 4. Kinetic parameters of the peroxidase-catalvzed oxidation of PDA (0.15-1.0 mM) in the presence of 2-

aminothiazole {AT) az 20°C in 0.015 M PCB, pH 6.2, containing 5% DMF, | nM HF, and 2 mM Hy0,

AT M| dgsee™ | oo 107, M7 oy k) | Ko 108 M| aox 107 M7 Gy Ko | G / Kd 2 1074, M ™
i 328 38 138
14 825 - 596 - 139
30 1054 333 )] 343 LY
i 1462 3 1074 £ 1.36

of kex and of K, on the increasing concentration of AT: these dependences are linear and confirm the
parallel growth of ki and Ky, with an increase in [AT]o and allow us to calculate the coefficient 6
which at pH 6.4 is 3.53-10° M and 3.62-10° NT* (from the dependences of ke and K, respectively).
Kinetic parameters of the peroxidase-catalyzed oxidation of the PDA-AT pair at 20°C in 0.015 M PCB
(pH 6.4) containing 5% DMF are presented in Table 4.

The effect of poly (2-aminodisulfidethiazole) (poly (ADST)) on the peroxidase-catalyzed
oxidation of TMB and PDA was studied under conditions described in the legend to Fig. 5. Polydi-



sulfide is shown to inhibit the peroxidase-catalyzed oxidation of both substrates, i.e., 2-aminothiazole
in the polymer completely loses its activating properties that seems to be due to two causes:. first, the
nucleophilicity of AT is determined by its amino group and is lost during the polycondensation be-
cause of its modification to -NH-S-S-; second, the dimensions of poly (ADST) promote the competi-
tion of the polymer with the TMB and PDA substrates for the binding to HP in the hydrophobic chan-
nel of the enzyme that partially inhibits the oxidation of both substrates. Note that the peroxidase-
catalyzed oxidation of TMB is inhibited by the competitive mechanism with polydisulfides of gallic
acid [18], 2-amino-4-nitrophenol [19], resorcinol, and 2,4-dinitrosoresorcinol [20], i.e., poly (ADST) is
one of the polydisulfide inhibitors, but it has a lower antiradical activity because of the absence in its
molecule of amino and HO-groups responsible for antiradical properties.
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Fig. 4. a) Dependences of the initial rate of the peroxidase-cal-

alyzed oxidation of PDA on its concentration in double reciprocal
coordinates in the absence of AT (J) and with its increasing con-
centrations: 0.1 (2, 0.3 (3, 0.5 mM {4); 0.015 M PCB (pH 6.4)
contained 5% DME 1 nM HPE and 2 mM H,0,. b) Dependences
of kg () and of K, (2} during the peroxidase -catalyzed oxidation
of PDA on the AT concentration (the same conditions).

Fig. 5. Dependences of the initial rate of the peroxidase-cat-
alyzed oxidation of 1 mM TMB (/) and of 2 mM PDA (2) on
the initial concentration of poly(ADST): 1) 0.01 M phosphate
buffer (pH 6.4}, 5% DMF, 5% DMSO, 1 aM HP, 1 mM H,05
20015 M PCB (pH 6.2). 5% DMS0, 1 nM HP 2 mM H,0,.

The activating effect of melamine (MA) on the peroxidase-catalyzed oxidation of TMB and 5-
ASA. Figure 6a presents the dependence of HP activity expressed in conventional units on the increas-
ing concentration of MA during the oxidation of TMB: the oxidation of this substrate (1 mM) is acti-
vated about twofold at equimolar concentration of MA (20°C, 0.015 M PCB (pH 6.4) containing 5%
DMF). Profiles of dependences of the initial rate of the peroxidase-catalyzed oxidation of TMB (7) and
of the TMB-MA pair (2) on the pH value of PCB in the range of 2.6-7.7 are shown in Fig. 6b. In both
cases the maximal values of vq are in the pH range of 3.5-4.5 that corresponds to pl of the acidic iso-
form of HP which is ~5 [21]. The oxidation of 1 mM TMB in the presence of 0.6 MM MA is activated
only at pH > 5.2, i.e., only with the nucleophilicity of melamine.

Figure 7a presents in double reciprocal coordinates dependences of the initial rate of TMB
oxidation on its concentration in the absence of MA (7) and in its presence at concentrations from
0.3to 1.0 mM (2-4). These dependences suggest a noncompetitive activation of the peroxidase-
catalyzed oxidation of TMB with melamine in 0.015 M PCB (pH 6.4) containing 5% DMF. Figure
7b shows linear dependences of k. and Ky, on the in creasing concentration of MA; they are



strictly parallel and allow us to determine the coefficient 6 at pH 6.4, and the coefficient value is
0.86- 10° M in both cases.
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Fig. 7. a) Dependences in double reciprocal coordinates of the
initial rates of the peroxidase-catalyzed oxidation of TMB on

F ! its concentration in the absence of MA () and in the presence
(pH 6.4) with 5% DMF, 0.4 aM HF, | mM H,0q; b) in the of 0.3 (2. 0.6 (3, and LO mM MA (4): 0.0015 M PCB

shsence ( f) and in the presence of 0.6 mM MA (2, (pH 6.4). 5% DMF, 0.4 nM HE, and | mM H,0, b)

Dependences of &, (1) and of K {2} during the peroxidass-
catalyzed oxidatbon of TMB on the concentration of MA
{under the same condilions),

Dependences similar to those presented in Fig. 7 (6 and b) were also obtained in PCB with
pH 6.8, 7.0, and 7.4. Conditions of the peroxidase-catalyzed oxidation of TMB and of the TMB—
MA pair and the resulting kinetic parameters are presented in Table 5.

Figure 8 presents dependences of the coefficients 6 on pH at the melamine-activated peroxi-
dase-catalyzed oxidation of TMB (1) and PDA (2) [12]. In both cases the dependences are linear
and describe an increase in awith increase in pH from 6.0 to 7.4, i.e., the activating effect of MA
on the peroxidase-catalyzed oxidation of two aromatic amines being directly associated with
changes in the nucleophilicity of melamine with an increase in the medium pH. Figure 8 shows
that a all pH values the coefficient 6 for PDA is higher than for TMB, i.e., that the activation effi-
ciency of the peroxidase-catalyzed oxidation with the same nucleophile MA depends on the aro-
matic amine. The profiles of pH dependences of the initial rates of the peroxidase-catalyzed oxida-
tion of 5-ASA (1) and of the 5-ASA—MA pair (2) are compared in Fig. 9. The rate of the 5-ASA
oxidation is maximal a pH 6.0 and it is not shifted in the presence of 0.6 MM MA at the substrate
concentration of 2.0 mM. The oxidation of 5-ASA is activated with melamine at pH > 6. Obvi-
oudly, an increase in the MA concentration will be associated with an increase in the activation of
the 5-ASA oxidation.

The totality of our findings confirms a nucleophilicity of the 2-aminothiazole- and mela-
mine-induced activation of the peroxidase-catalyzed oxidation of TMB, PDA, and 5-ASA: parallel
changes in the kinetic parameters ke and Ky, in all cases are directly proportional to concentra-
tions of the activators (Figs. 2b, 4b, and 7b); the coefficient a which quantitatively characterizes
the activation of the peroxidase-catalyzed oxidation is strongly dependent on pH (Figs. 3 and 8),
this suggesting changes in the activator nucleophilicity with an increase in pH. Table 6 compares
the coefficient a values during the activated peroxidase-catalyzed oxidation of TMB and PDA:
these values are little changed for 2-aminothiazole and melamine and are of the same order: (1.90-
3.53) -10° M™. Thus, at the pH values used AT and MA affect peroxidase as nucleophiles with
similar strength. Notwithstanding numerous studies on the nucleophilic activation of peroxidase-
catalyzed reactions [6-11] its mechanism is still unclear in detail.
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Many nitrogen-containing bases are well known to interact with HP not by the heme [7, 22,
23]: thisis confirmed by the absence of spectral changes in HP and in its acidic isoform during the
interaction with imidazole and pyridine [7]; studies by NMR also show the impossibility of adirect
contact of these compounds with the heme [22], i.e,, the polypeptide chain of HP has a channel
providing the electron transfer from the substrate onto hemin and on the iron atom in the heme.
Most likely, nucleophilic activators interact with this channel and this favors the catalysis.

The authors are grateful to Yu. P. Losev (Belorussian State University) for presenting poly
(2-aminodisulfide-thiazole).
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Table 5. Kinetic characteristics of the peroxidase-catalyzed oxidation of TMB at 20°C in the presence of melamine
iMaA) at different pH values of 0.015 M phosphate citrate buffer containing 5% DMF and 1 mM H,0,

Conditions pH IMA] = 100, M | A5 | @ (ked 2 107, MY | Ko 105, M| o (K) = 1073 M-

[HF], 0.4 nM 0 1158 057

[TMB], 0.07-0.6 mb 6.4 .3 1405 0.86 .71 0.86
06 1713 .5
1.0 2138 1.06

[HF], 0.4 oM 0 588 0.33

[TME], 0.07-0.4 mM 6.8 0.3 776 1.28 0,44 1.52
0.6 1130 (.64 l
1.0 1320 0.75% [

[HP], 0.8 nM 0 336 0.42

[TMB]. 0.07-0.4 mM .0 0.6 1008 1.5 077 |45
1.0 1374 1.05

[HF], 0.8 nM 0 162 0.45

[TMB], ;.06-0.3 mb 7.4 (.6 345 2.12 (154 2.07
1.0 543 L5

Table 6. Activation of the peroxidase-catalvzed oxidation of aromatic amines at 20°C

Activator Substrale pH {max) a M References
Poly(ADSSA)* TME 7.0 2.44 - 107 15]
2-Aminothiazole TME 6,2-6.8 1.90 - 10% present study
2-Aminothiazole PDA 6.4 153107 present study
Melamine PDA T4 212 10% present study
Melamine I TMB 7.4 241100 [12)

* Poly(ADS5A) is poly(3-aminodisulfide of salicylic acid).
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