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The corn etitive inhibition of Lens culinaris L. copper amine oxidase by amiloride ( K , =  
4.1 x 10- M), p-aminobenzaniidine (K, = 6.0 x lop4 M), clonidine (Ki = 5.0 x M), 4',6- 
diamidino-2-phenylindole (DAPI; Ki = 1.9 x M) and gabexate mesylate ( K ,  = 2.5 x 
10 4 M )  has been investigated, at pH 7.0 and 25°C. The affinity of p-aminobenzamidine, cloni- 
dine and DAPI for plant and mammalian copper amine oxidase is closely similar. However, 
values of K,  for amiloride and gabexate mesylate binding to swine kidney copper amine oxidase 
are lower than those observed for inhibitor binding to Lens culinaris L. copper amine oxidase. 
Thus, amiloride and gabexate mesylate may represent useful model compounds for the develop- 
ment of selective inhibitors of mammalian copper amine oxidase, which may be important in 
view of the potential use of plant copper amine oxidase as drugs. 
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INTRODUCTION 

Copper amine oxidase (E.C. 1.4.3.6) is a heterogeneous group of enzymes 
which catalyse the oxidative deamination of various biogenic amines, includ- 
ing mono-, di- and poly-amines, such as histamine, putrescine and spermi- 
dine, with the production of the corresponding aldehydes, ammonium, and 
hydrogen peroxide.’.2 These enzymes are homodimers of 70-90 kDa sub- 
units, each containing a single copper ion and a covalently bound cofactor 
formed by the post-translational modification of a tyrosine residue to 2,4,5- 
trihydroxyphenylalanine q ~ i n o n e . ” ~  In plants, copper amine oxidase has 
been hypothesised to have a role in the production of hydrogen peroxide 
essential in peroxidase-mediated lignification and cross-linking of extra- 
cellular macromolecules, both during ontogenesis and as a response in 
wound-healing and defence toward  pathogen^.^.' In mammals, copper amine 
oxidase activity is highest in the small intestine and maternal placenta where 
it may have a protective role towards elevated levels of amine present6 

Mammalian copper amine oxidase, administrated in rats with Erlich 
ascite tumours, inhibits tumour cell growth, possibly through the cytotoxic 
effect of its reaction products (i.e. aminoaldehydes and hydrogen peroxide).’ 
Since plant copper amine oxidase shows the highest specific activity, and the 
highest rate of reoxidation of the reduced enzyme,’ it may be more effective 
than the mammalian enzyme. The potential use of plant copper amine oxi- 
dases as drugs raises the requirement for the development of new specific 
inhibitors which should discriminate between the endogenous and exoge- 
nous enzyme in such studies. 

Present results indicate that amiloride, p-aminobenzamidine, clonidine, 
4’,6-diamidino-2-phenylindole (DAPI) and gabexate mesylate are competi- 
tive inhibitors of L. culinaris L. copper amine oxidase. The affinity of 
amiloride and gabexate mesylate for swine kidney copper amine oxidase is 
higher than that observed for inhibitor binding to Lens culinaris L. copper 
amine oxidase. Thus, amiloride and gabexate mesylate may represent useful 
model compounds for the development of selective inhibitors of mammalian 
copper amine oxidase, and may be important in view of the potential use of 
plant copper amine oxidases as drugs. 

MATERIALS AND METHODS 

Lens rulinaris L. copper amine oxidase was purified as detailed elsewhere.’ 
Swine kidney copper amine oxidase was kindly provided by Prof. B. Mondovi 
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(Department of Biochemical Sciences 'A. Rossi Fanelli', University of 
Rome 'La Sapienza', Rome, Italy). 

Agmatine, amiloride, p-aminobenzamidine, clonidine, DAPI, putrescine 
and Hepes were obtained from Sigma Chemical Co. (St. Louis, MO, USA). 
Gabexate mesylate was purchased from Lepetit S.p.A. (Milano, Italy). All 
the other products were obtained from Merck AG (Darmstadt, Germany). 
All chemicals were of analytical grade and were used without further 
purification. 

Oxidation of agmatine and putrescine catalysed by Lens culinaris L. and 
swine kidney copper amine oxidase was investigated in the absence and 
presence of amiloride, p-aminobenzamidine, clonidine, DAPI and gabexate 
mesylate, as previously rep~rted. ' ,~  In the enzyme assay, the copper amine 
oxidase concentration ranged between 2.0 x lop'" and 5.0 x lO-"M, the 
inhibitor concentration between 1.0 x and 8.0 x lOP4M, and the 
substrate concentration between 1.0 x lop5 and 2.0 x IOp4M. In a typical 
experiment: 20pL of a buffered Lens culinuris L. or swine kidney copper 
amine oxidase solution was added to 1 .O mL of a buffered solution contain- 
ing the substrate and/or the inhibitor. The initial velocity for the enzymatic 
oxidation of agmatine and putrescine was then measured. The initial veloc- 
i ty  was unaffected by the enzyme/inhibitor incubation time, preceding sub- 
strate addition. and by the enzyme/substrate incubation time, preceding 
inhibitor addition. In fact, the enzyme/inhibitor/substrate equilibration time 
was very short, being complete in the mixing time (about 5 s). 

Values of K, for Lcws culinuris L. copper amine oxidase competitive inhi- 
bition by amiloride, p-aminobenzamidine, clonidine, DAPI and gabexate 
mesylate were determined from the linear dependence of the KiPP/K: ratio 
on the inhibitor concentration ([I]), according to 

where Ki,PP is the apparent Michaelis constant determined at a fixed inhib- 
itor concentration, and x", is the intrinsic Michaelis constant determined in 
the absence of the inhibitor.'" Values of K ,  for swine kidney amine oxidase 
competitive inhibition by p-aminobenzamidine and DAPI were also deter- 
mined, according to Eq. ( l ) . ' "  Values of K, for swine kidney amine oxidase 
conipetitivc inhibition by amiloride, clonidine and gabexate mesylate were 
obtained from the literature.? Values of K:, and KipP for agmatine and 
putrescine oxidation catalysed by Lens culinuris L. and swine kidney copper 
amine oxidase were determined from the dependence of the initial velocity 
on the substrate concentration, in the absence and presence of the inhibitor, 
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respectively. Kinetics was analysed according to the Michaelis-Menten 
equation." Values of K i  for agmatine and putrescine oxidation catalysed 
by Lens cufinaris L. copper amine oxidase were 1.2 x and 5.0 x lo-' M, 
respectively. Values of K i  for agmatine and putrescine oxidation catalysed 
by swine kidney copper amine oxidase were 1 .O x lo-' and 3.0 x lo-' M, 
respectively. As expected for a simple competitive inhibition system," 
values of V,,, were unaffected by the inhibitor, and values of Ki were inde- 
pendent of the substrate, e.g. agmatine and putrescine, within the experi- 
mental error (k 5.0%). All data were obtained at pH 7.0 (1.0 x lo-' M 
phosphate or Hepes buffer), and 25°C. Values of Ki were unaffected by the 
buffer system used. 

RESULTS AND DISCUSSION 

Chemical structures for amiloride, p-aminobenzamidine, clonidine, DAPI 
and gabexate mesylate are given in Figure 1. 

As shown in Figure 2 and Table I, amiloride, p-aminobenzamidine, cloni- 
dine, DAPI and gabexate mesylate competitively inhibit Lens cufinaris L. 
and swine kidney copper amine oxidase. The value of Ki for swine kidney 
copper amine oxidase inhibition by DAPI given in Table I (= 1.6 x M) 
is close to that reported in the literature (= 1.3 x IO-'M; pH 7.5, 
1.0 x lo-' M phosphate buffer, and 37"C)." Moreover, amiloride inhibits 
human placental copper amine oxidase with Ki=5.1 x 1OP6M (pH 8.2, 
2.0 x lop2 M Tris/HCl buffer, and 37"C).I2 The affinity ofp-aminobenzami- 
dine, clonidine and DAPI for plant and mammalian copper amine oxidase is 
closely similar (see Table I). On the other hand, values of Ki for amiloride 
and gabexate mesylate binding to swine kidney copper amine oxidase, and 
for amiloride binding to human placental copper amine oxidase12 are lower 
than those observed for inhibitor binding to Lens cufinaris L. copper amine 
oxidase (see Table I). Thus, amiloride and gabexate mesylate may represent 
useful model compounds for the development of selective inhibitors of 
mammalian copper amine oxidase. Inspection of the three-dimensional 
structures of homologous copper amine oxidase from E.  ~ o f i ' ~ , ' ~  and from 
Pisum sativum L." suggests a non-covalent reversible electrostatic inter- 
action(s) between the inhibitor and the enzyme 2,4,5-trihydroxyphenyl-ala- 
nine quinone-Asp catalytic diad.2 

Agmatine and clonidine derivatives, amiloride, p-aminobenzamidine, 
DAPI and gabexate mesylate inhibit competitively trypsin-like serine pro- 
teinases. 1 6 -  l 9  Moreover, agmatine, amiloride and p-aminobenzamidine 
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NH 

iH 
E) CH,CHzO <--@- 0 (CHz)# y C \ N H Z  

0 
II 
0 

FIGURE I 
DAPI (D)  and gabexate mesylate (E) .  

Chemical structures of amiloride (A), p-aniinobenzamidine (B), clonidine (C), 

inactivate competitively nitric oxide synthase.” - 2 2  However, these chemi- 
cals are not nitric oxide precursors.” - 2 2  DAPI also inhibits competitively 
S-adenosyl-L-methionine decarboxylase. ’ ’ Moreover, these compounds 
might also affect arginase, L-arginine-glycine transaminase, kyotorphine 
synthase and L-arginine decarboxylase, all using L-arginine as  the 
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0.0 0.2 0.4 0.6 0.8 

FIGURE 2 Effect of amiloride (o), p-aminobenzamidine (a), clonidine (o), DAPI (m) and 
gabexate mesylate (A) concentrations (i.e. [I]) on the KiYl'/K:, ratio for the competitive 
inhibition of the Lens culinuris L. copper amine oxidase catalysed oxidation of agmatine and 
putrescine. Values of K:, for the Lens culinuris L. copper amine oxidase catalysed oxidation of 
agmatine and putrescine are 1.2 x and 5.0 x IO-'M. respectively. The continuous lines 
were calculated according to Eq. ( I )  and the K ,  values are given in Table I .  All data were 
obtained at pH 7.0 (1.0 x lo-'  M phosphate or Hepes buffer), and 25°C. For further details. see 
text. 

TABLE 1 Ki values for amiloride, p-aminobenzamidine, clonidine, DAPl and 
gabexate mesylate binding to  Lens culinuris L. and swine kidney copper amine 
oxidase 

Inhibitor K ,  (M) 

Lens culinuris L. Swine kidney copper 
copper umine o.ridu.se" orviine o.uit1u.w 

Amiloride 4.1 
p-Amino benzamidine 6.0 
Clonidine 5.0 I O - ~  
DAPl 1.9 x 
Gabexate mesylate 2.5 

1.0  
2.5 I O - ~ ; '  
9.0 
1.6 x 
2 . 7 ~ 1 0  5 h  

'pH 7.0 (1.0 x lo - '  M phosphate or Hepes buffer). and 25°C. Present study. 
hpH 7.0 (1.0 x lo-' M phosphate buffer), and 25°C.' 

substrate.23 Thus, the use of amiloride, clonidine and gabexate mesylate as 
drugs should be under careful control. The knowledge of the selective inhi- 
bition mechanisms of these L-arginine related compounds could be a tool 
in designing pharmacologically active recombinant copper amine oxidase. 
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