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Horseradish peroxidase inhibition by thiouracils 
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Abstract In this paper, the activity of horseradish peroxidase 
was further determined in the presence of several uracil deriva- 
tives. The rate of guaiacol peroxidation decreases in presence of 
2-thiouracil and of 6-n-propyl-2-thiouracil, but is not changed by 
6-n-propyluracil nor uracil. Thus, thiouracils inhibit horseradish 
peroxidase in a noncompetitive form. The binding of 6-n-propyl- 
2-thiouracil, 2-thiouracil, 6-n-propyluracil and uracil with horse- 
radish peroxidase shows difference spectra due to changes in the 
environment of heme group in peroxidase. Then, the binding sites 
for these uracil derivatives are in an hydrophobic pocket at the 
heme periphery of peroxidase. The lesser binding rates were for 
uracil and propyluracil, which did not inhibit the peroxidase activ- 
ity. These results point to the thiol group in uracils as responsible 
for the inhibition of peroxidase activity through interaction with 
an allosteric binding site, in peroxidase heme environment. 
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I. Introduction 

Horserad ish  peroxidase,  HRP,  a 42-kDa  glycoprotein con- 
ta ining a single p ro tohemin ,  is a typical m e m b e r  of  the p lant  
peroxidases tha t  serve as bactericides [1,2]. In c o m m o n  with 
many  o ther  heme peroxidases,  it is oxidized by two equivalents  
by peroxides, and  it carries ou t  one-electron oxidat ion on a 
n u m b e r  of  a romat i c  substrates.  H R P  can also carry out  a two- 
electron oxidat ion of  some inorganic  ions such as l -  and  SCN-  
which bind to H R P  only at  very acidic pH [3-5]. In addi t ion  
to the nat ive substrates,  phenols  and  a romat ic  amines,  H R P  
can b ind  a range of  s t ructural ly  related substrates  or subs t ra te  
analogs  [1,3,6 8]. Elegant  suicide inhib i tor  studies using phen-  
ylhydrazine have revealed tha t  the phenyl  group is incorpo-  
rated into the c h r o m o p h o r e  solely at  the 8-meso posi t ion [9], 
suppor t ing  a b inding  pocket  at  (and direct electron t ransfer  via) 
the heine per iphery between pyrroles A and  D [10]. The  b inding  
of  these d o n o r  molecules and  compet i t ive inhibi tors  occurs in 
the vicinity of  the heme per ipheral  8-methyl  group,  with hydro-  
phobic  interact ions  p robab ly  with Tyr-185 and  with hydrogen  
b o n d  with adjacent  amino  acid residues such as Arg-183 [11]. 

The  6-propyl-2- thiouraci l  (PTU),  an  an t i thyro id  drug, de- 
creases the activity of  thyroid  iodide peroxidase [12], myeloper-  
oxidase and  eosinophi l  peroxidase [13]. The  P T U  t rea tmen t  
reduced the electron d o n o r  specificity of  the lat ter  peroxidases.  
A l though  P T U  leads to a change  in the s t ructure  su r round ing  
the heme i ron of  myeloperoxidase  and  eosinophil  peroxidase 
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[l 3] and  a s t ructural  a l tera t ion of  H R P  [14], its mechan ism of  
inhib i t ion  still remains  to be elucidated. The purpose  of  the 
present  paper  is the de te rmina t ion  of  the inhibi t ion mechanism 
of  H R P  by this thiouracil .  

2. Materials and methods 

2. I. Products 
Horseradish peroxidase (EC 1.11.1.7, donor U202 oxidoreductase), 

uracil, 2-thiouracil, 6-n-propyl-2-thiouracil and guaiacol were pur- 
chased from Sigma Chemical Co. (St. Louis, USA). Ethylenglycol 
(ethanodiol), ethanol and hydrogen peroxide were purchased from 
Merck. 6-n-Propyluracil was synthesized according to the method of 
Lindsay et al. [15]. Proteins and uracils were dissolved in 66.7 mM 
phosphate buffer pH 7.4. The HRP concentration was determined 
optically at 403 nm using the molar absorptivity coefficient (e ~)  
1.02 x 105 cm -I-M -l [16]. 

2.2. Equipment 
A double beam UV-VIS spectrophotometer model 3600 from Beck- 

man was used. This spectrophotometer was completed with a ther- 
mostatic bath from Selecta (Spain), which has been used to maintain 
a constant temperature of 20°C during the experiments. Double com- 
partment quartz cuvettes, with a 0.4375 x 2 cm lightpath, from Hellma 
(Germany), permitted us to perform directly the difference spectra. 
Equilibrium dialyses were carried out with a Dianorm dialyzer (Dia- 
chema AG, Zfirich), spinning at 8 rpm. Data analysis was performed 
with the Enzfitter iterative program from Biosoft (UK) at a Tandon 
computer. 

2.3. Measurements o f  peroxidase activity ( Guaiacol assay) 
Assay of HRP activity was carried out by the measurement of 

guaiacol peroxidation [12]. The assay system contained 0.9 ml of 
guaiacol in 66.7 mM phosphate buffer, pH 7.4, and 0.025 ml of 10 8 M 
enzyme solution. The reaction was started by the addition of 0.05 ml 
of 12 mM hydrogen peroxide. The concentration of synthesized tetra- 
gnaiacol was determined by the absorbancy changes at 470 nm using 
a molar absorptivity coefficient, e, of 2.66 x 104 cm <- M -~. Guaiacol 
concentrations between 0.3 and 30 mM were used. The peroxidase 
activity was also measured in the presence of the inhibitor (uracil). The 
inhibitor concentration was between 2.7 x 10 -l° and 10 9 M. HRP was 
preincubated with the inhibitor for 15 min. 

2.4. Measurement o f  binding (difference absorbance) 
The binding measures were made by the difference absorbance tech- 

nique, previously described [17]. In one of the compartments of the 
reference cuvette we placed the HRP and in the other compartment the 
uracil. The sample cuvette was filled with the HRP-uracil blend in one 
compartment and the buffer solution in the other. From the increase 
in absorbance, AA, at the wavelength of the maximum absorbance in 
the difference spectra, )~max = 410 nm, we calculated the concentration 
of chromophore binding (C0: 

C b = AAI(Eb -- gr) × 1 

Starting from the spectra of every uracil, the molar extinction coeffi- 
cients, el, were calculated. HRP concentrations of 2.5 x 10 -5 M mix with 
the uracil concentrations between 0 and 1.00 x 10 -5 M were used in the 
8b estimation. The light path was that in the difference spectra 
(1 = 0.4375 cm). 

On the other hand, in order to characterize the nature of the differ- 
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ence spectra obtained, spectra of the uracils dissolved in ethanol at 50% 
and at several pHs were carried out. 

3. Results and discussion 

Uraci l  and  6-n-propyluraci l  do no t  affect the peroxidase ac- 
tivity. However,  the rate of  guaiacol  peroxida t ion  decreases in 
presence of  2-thiouraci l  (TU)  and  o f  6-n-propyl-2-thiouraci l  
(PTU).  As can be seen in the L ineweaver -Burk  plots  for  H R P  
activity (Fig. 1), the T U  and  P T U  inhibi t  the peroxidase activity 
at  several d o n o r  molecule (guaiacol) concent ra t ions .  The  cata-  
lytic cons tant ,  Kca t (5 X 105 min- ' ) ,  is reduced to the ha l f  
(K'~at : 2.5 × 105 min  - ' )  in the presence o f  s toichiometr ic  con-  
cen t ra t ions  of  T U  or  of  PTU.  KM (7 × 10 -3 M) is no t  affected 
by the presence o f  these thiouracils .  These results show tha t  the 
thiouraci ls  assayed inhibi t  the H R P  activity in a noncompet i -  
tive form with the d o n o r  molecule.  Thus,  a t  s toichiometr ic  
concen t ra t ions  of  H R P  and  inhibi tor ,  this inact ivates ha l f  of  the 
H R P  molecules. This  effect m ay  be explained by an  equ imola r  
equi l ibr ium between the inhib i tor  free and  b o u n d  on HRP. 

Since difference spectroscopy permits  the detect ion of  small  
changes  in the env i r onm en t  of  a c h r o m o p h o r e  and  the s tudy 
of  l igand b inding  to prote ins  [17], we have used this technique 
to quant i fy  the thiouraci l  b inding  and  detect  the c h r o m o p h o r e s  
in teract ing in the H R P - u r a c i l  binding.  

In te rac t ions  of  PTU,  TU,  6-n-propyluraci l  and  uracil  wi th  
H R P  lead to fo rmat ion  of  complexes tha t  exhibi t  an  absorp t ion  
b a n d  with the m a x i m u m  at 408 nm. This band  is shifted abou t  
5 n m  towards  the red region in compar i son  to the spec t rum of  
H R P  0 ~ m a x  - -  403 nm).  As a result  of  this, difference absorp t ion  
spectra  appea r  which are character ized by a posit ive extreme 
at 410 nm,  a negat ive extreme at 400 n m  and  an isosbestic poin t  
at  404 nm.  Dissolving H R P  in ethylenglycol p roduced  a similar 
difference spect rum (Fig. 2). Since ethylenglycol decreases the 
polar i ty  of  the solvent,  the spectra result  f rom the m o v e m e n t  
of  the H R P  molecule f rom an  aqueous  to a more  hydrophob ic  
env i ronment .  The  H R P  c h r o m o p h o r e  at  403 nm is the heme 
group.  Then,  all these uracils in teract  hydrophobica l ly  with the 
heme g roup  of  the peroxidase.  

F r o m  the spectra  of  the HRP,  ext inct ion coefficients at  410 
n m  of  e l :  87600 c m - l . M  - '  and  OCb----90600 c m - l ' M  ' were 
obta ined.  These values were used in the calcula t ion o f  the heme 
b o u n d  in the H R P - u r a c i l s  complexes. The  m a x i m u m  binding  
rate ob ta ined  for  the thiouraci ls  ( P T U  and  TU)  are 0.336 mol 
of  heme b o u n d  per  mol  of  protein,  whereas a m a x i m u m  binding  
rate of  0.1 mol  of  heme b o u n d  per  mol  of  H R P  was found  for  
6-n-propyluraci l  and  uracil  (molar  rat io  of  the uracil/  
H R P  = 20). Then,  H R P  binds  all the studied uracils, wi th  lesser 

Table 1 
Heine bound to PTU, TU, PU and U when the HRP concentration was 
5.00 x 10 -5 M 

Uracil/HRP [Heme] bound (M) 

PTU TU PU U 

0.5 5.54 x 10 6 4.35 x 10 6 3.95 x 10 6 2.37 x 10 -6 
1.0 6.72 × 10 -6 5.54 x 10 -6 4.35 × 10 -6 3.16 × 10 -6 
2.0 7.91 x 10 -6 6.72 × 1 0  -6 4.75 × 1 0  -6 3.95 X 1 0  -6 

3.0 9.01 x 10 6 7.91 x 10 -6 5.14 x 10 -6 4.74 x 10 -6 
4.0 1.03 x 10 -s 9.49 X 1 0  -6 5.54 x 1 0  -6 5.14 x 10  -6 

5.0 1.15 x 10 -5 1.15 x 10 -s 5.73 × 1 0  -6 5.54 × 10  -6 
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Fig 1 Lineweaver-Burk plots for the peroxidase activity of'HRP (e); 
and of HRP in the presence of stoichiometric concentrations of PTU 
(o) or of TU (z~). The concentration of HRP was 2.6 x 10 -l° M. 
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Fig. 2. Difference absorption spectra of HRP in 2.5 x 10 s M PTU 
( - - )  and in 20% ethylenglycol (-.-). The concentration of HRP was 
2.5 x 10 -5 M. 
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Fig. 3. Ratios of HRP bound to PTU (o), TU (c3), 6-n-propyluracil (at) 
and uracil (v). The total HRP concentrations were 1.25 x 10 -5 M (o,D) 
and 5.00 x 10 5 M (at,v). 

b inding  capaci ty for 6-n-propyluraci l  and  uracil (Table 1 and  
Fig. 3). The  H R P  sa tu ra t ion  could be over taken  (Fig. 3). 

The H R P  activity measurement s  show tha t  only the uracil  
derivatives with  a thiol  g roup  inhibi t  the peroxidase activity. 
Uraci l  and  6-n-propyluraci l  do  not  affect the peroxidase activ- 
ity. However,  all uracils b ind  on  the heme group  of  HRP. Since 
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the lesser ability to bind T U - H R P  and PTU-HRP,  the interac- 
tions of uracils with the environment  of the heme group could 
be responsible for the peroxidase inhibition by thiouracils. But 
also, the thiol group interacting with the apoprotein would alter 
the spectrum of the heme by perturbing its environment  with- 
out directly interacting with the heme. This latter is in accord- 
ance with the structural change in HRP  previously observed by 
dilatometry and viscometry [18] and can explain the noncom- 
petitive inhibit ion by an allosteric effect of  thiouracils on HRP. 

In summary, HRP  binds all the uracils but  is inhibited only 
by thiouracils (non-competitively). The non-competitive inhibi- 
tion occurs by the binding of uracils on the heme group in HR P  
at the non-catalytic site of the enzyme. The thiol group in 
thiouracils causes the structural change, previously observed. 
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