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Some properties of particle-bound monoamine oxidase from human whole blood 

(Received 21 October 1976; accepted 26 January 1977) 

Numerous reports have appeared concerning possible cor- 
relations between changes in the activity of blood platelet 
MAO (EC 1.4.3.4) and various pathological states such as 
schizophrenia Cl-33 and depression [4,5]. 

However, the characterization of the enzyme is still in- 
complete and it was therefore of interest to determine its 
apparent pH optima, K, and V,,, as well as responses 
to clorgyline (a selective inhibitor of MAO-A) and 
l-deprenyl (a selective inhibitor of MAO-B) using benzyl- 
amine (BA), tyramine (TYR), phenethylamine (PEA), 
tryptamine (TRYP) and dopamine (DA) as substrates. 

The work on the characterization of human blood plate- 
let MAO which has been done so far and reviewed by 
Murphy and Donelly in 1974 [6] seems to establish that 
the enzyme is homogenous and has the inhibitor character- 
istics of MAO-B. 

Methods. We have used total particle-bound (presum- 
ably mitochondrial) MAO from frozen haemolized human 
blood in the present investigation, to avoid the more labor- 
ious isolation of platelets with accompanying loss of ac- 
tivity. This enzyme preparation apparently consists of a 
single enzyme, with characteristics similar to, if not identi- 
cal with, those of the platelet enzyme. 

Three portions of human blood, stabilized with citrate 
and dextrose, were obtained from a blood bank, where 
they had been stored for up to 1 month at 5” and subse- 
quently stored frozen at -20” until the day of enzyme 
preparation. The donors differed with respect to age, sex 
and blood type. Freezing did not reduce MAO activity 
measurably. 

After thawing, the blood was centrifuged four times at 
24,000 9 for 1Omin (4”). After each centrifugation the 
supernatant was discarded and the pellet homogenized in 
25 ml sodium-phosphate buffer (0.25 mM, pH 7.0 contain- 
ing 0.1 mM EDTA). The final mitochondrial suspensions 
were stored for up to 3 months at -20” until use. 

MAO activity was measured by a modification of the 
method described bv Robinson et af. [71 and Goridis and 
Neff [S]. In generai: 200~1 of particle-bound MAO sus- 
nension was oreincubated 15 min at 37”. Then 200~1 of r------- s 

substrate-buffer solution (37”) was added, and the reaction 
mixture was incubated at 37’ for lO-60min., depending 

on substrate (10 min for TYR and DA, 30 min for BA and 
60min for TRYP and BA) to give maximum enzyme ac- 
tivity while at the same time maintaining activity as a 
linear function of time. The reaction mixture contained 

i4C-labelled substrate (about 200,000 dpm per tube), unla- 
belled substrate (usually 10m4 M), EDTA (SOpM), and 
sodium-phosphate buffer (125 mM). With DA as substrate 
ascorbic acid was also added as an antioxydant (1 mM). 
The reaction was stopped by adding 500 ~1 1 M perchloric 
acid. 

After cooling on ice for 10min the tubes were centri- 
fuged 10min at 2,500g. 500~1 portions of the supernatant 
were placed on Dowex-50 columns (5 x 35 mm) to bind 
the remaining amine, and the deaminated products eluted 
with 2ml 75% ethanol directly into scintillation vials, 
which contained 1Oml of an Instagel@-ethanol mixture 
(9:l). Radioactivity was then measured in a scintillation 
counter. Less than one percent of the substrate added was 
converted to product during the incubation time. 

Blanks were carried out by pre-incubating the enzyme 
with deprenyl + clorgyline (0.1 mM, each) or adding 
perchloric acid before substrate. Assays were performed 
in duplo. 

Results and discussion. Apparent K, and V,,, values 
were determined for all five substrates, at their pH optima, 
using two portions of blood (Table 1). K, and V,,, values 
were calculated from double reciprocal plots by means of 
linear regression analysis (mean regression coefficient: 
0.997). With PEA as substrate enzyme activity was mark- 
edly inhibited at substrate concentrations above 70nM, 

and therefore only measurements below this concentration 
were included in the kinetic analysis. Our K, and V,,, 
values agree well with those of Robinson et al. [7]. 

The response to clorgyline and deprenyl was determined 
for all five substrates, at their pH optima, using three por- 
tions of blood. The enzyme is inhibited by low concen- 
trations of I-deprenyl (a selective inhibitor of MAO-B), 
wtth an average lcsO of 6 x 1O-8 M and more than 90 
per cent inhibition at 4 x lo-’ M with all substrates used. 
The enzyme is far less sensitive to clorgyline: at a concen- 
tration of about 4 x 10m6 M. it is only inhibited 40-70 
per cent. The combination of clorgyline and I-deprenyl 
(within the same concentration range) had the same inhibi- 
tory effect as I-deprenyl alone. Our results are in agree- 
ment with those of Murohv and Donellv f61 and of 
Edwards and Chang [9]. . - 

_ __ 

pH Optima were determined for BA, TYR, TRYP and 
PEA using three portions of blood. The pHs were adjusted 
using the following buffers: acetate (pH 4.0-6.0), citrate- 
phosphate (pH 4.5-7.0). pyrophosphate (pH 5.5-8.5). phos- 

Table 1. pH Optima, K, and V,,, values for particle-bound MAO from human blood 

Substrate 

Particle-bound MAOt Blood platelet MAOI 

PH K, V mdx Kill V 

PK.* optimum M x 10’ (relative) M x lo5 m”” (relative) 

Benzylamine 9.4 8.8 24 100 15 100 
Tyramine 9.4 8.2 6 55 5 45 
Dopamine 8.9 ~ 3 37 - 

Phenethylamine 9.8 6.0 4 19$ 
Tryptamine 10.2 7.0 3 7 1.8 11 

*Taken from [lo]. 
t The mean of two (serotonin only one) separate determinations, which differed less than 

40 per cent. 
$ Results of Robinson et al. [7]. Determined at pH 7.5. 
# Extrapolated from linear part of double reciprocal plot. 
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phate (pH 6.5-8.5), borate (pH 8.0-9.5). carbonate 
(pH 10.0-10.5) and phosphate (pH 12). all sodium salts. In 
one series of experiments overlapping buffers were used 
to detect any possible specific effects of the buffer species. 
Twenty different buffers with 10-12 different pHs were 
used in such an experiment for each substrate. No consis- 
tent effects of the buffers on MAO activity was observed. 

For a given substrate the pH curves were very similar 
for all three enzyme preparations. The pH optima found 
for BA, TYR, TRYP, and PEA were near 8.8, 8.2, 7.0 and 
6.0, respectively (Table 1). The difference between the pH 
optima for PEA and BA (6.0 and 8.8, respectively) was 
quite dramatic and clear-cut: at pH 6.0 MAO activity 
using BA as substrate was about 5 per cent of maximum 
activity at pH 8.8. Conversely, at pH 8.8 MAO activity 
using PEA as substrate was only about 15 per cent of 
the maximum activity at pH 6.0. Apart from two reports 
giving the pH optima for serotonin [il] and kynuramine 
[163, respectively, we have not found any studies concern- 
ing the effect of pH on the activity of human blood platelet 
MAO. However, apparent pH optima for MAO from other 
species and tissues have been reported by several investiga- 
tors. Of interest in this context are Alles’ [12] results on 
rabbit liver, which contains almost exclusively MAO-B 
[I3]. He determined pH optima for a series of homologous 
substrates, and found the same unexpected difference 
between the pH optima for BA and PEA as we have: pH 
8.5 for BA and pH 6.0 for PEA. 

Substrate ionization probably cannot explain the differ- 
ence in pH optima for BA and PEA. since the pK, values 
for these two amines differ by less than 0.5 pH units. How- 
ever, ionization of the enzyme might change the conforma- 
tion of its active site (or sites), such that substrate prefer- 
ence would be quite different at lower and higher pHs, 
respectively. 

There has been some controversy as to whether the pro- 
tonated or the unprotonated species of the amines are sub- 
strates for MAO in general. McEwen and coworkers con- 
cluded from their extensive kinetic studies on MAO from 
human liver [14, IS], that the unprotonated amine is the 
substrate for this enzyme. This seems unlikely. in the case 
of particle-bound MAO from human blood acting on PEA, 
since the apparent pH optimum for this substrate is more 
than three pH units below its plc, value. 

Taken together, the facts that the double reciprocal 
plots, used to calculate I(, and V,,,, are highly linear and 
inhibition by the selective MAO inhibitor l-deprenyl 
occurs in a single step, make it probable that particle-’ 
bound MAO from human blood is a single, homogeneous 
enzyme and identical to human blood platelet MAO. It 

cannot be excluded, however, that the particle-bound 
MAO preparation contains a mixture of iso-enzymes (sub- 
types of MAO-B) with similar properties. 
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