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Abstract---(l) Competition experiments have been carried out wrth membrane-bound rat liver mono- 
amine oxidase using tyramine, serotonin. dopamine. tryptamine. phenylethylamine. benzylamine and 
noradrenaline. Simple competitive kinetics were exhibited by most pairs of substrates. (2) Replots of 
the slopes of Lineweaver--Burk plots against inhibiting substrate concentration were linear in most 
cases but were hyperbolic for serotonin and r-methylltryptamine inhibition of tyramine and dopamine 
oxidation, and parabolic for noradrenaline and dopamine inhibition of tryptamine oxidation. (3) Simula- 
tion using an enzyme model having two independent catalytic sites was only partially successful in 
producing non-linear replots of the types obtained experimentally. (4) The nature of the catalytic sites 
of membrane-bound monoamine oxidase is discussed in the light of these results. 

There is evidence from inhibitor studies [l-4] thermal 
stability [5,6] and pH optima [7,8] that membrane- 
bound preparations of monoamine oxidase contain 
more than one form of the enzyme. Most of the avail- 
able information is adequately described by the bi- 
nary enzyme model originally proposed by Johnston 

[Il. 
We have recently reported [9] the characterisation 

of two centres of amine oxidation associated with a 
membrane-bound preparation of rat liver monoamine 
oxidase, which differ in their sensitivities towards 5- 
phenyl-3-(N-cyclopropyl)ethylamine-1,2.4-oxadiazole 
(PCO). One site, designated the A-site, which dea- 
minates serotonin was PC0 sensitive, whereas the 
other, designated the B-site was relatively insensitive 
to the inhibitor and was responsible for benzylamine 
oxidation. Tyramine, tryptamine and dopamine were 
shown to be substrates for both sites. These substrate 
specificities are in agreement with those originally de- 
scribed for clorgyline [l. lo]. In addition serotonin 
was shown to bind relatively weakly to the B-site, 
which was shown to be kinetically similar to the A- 
site with tyramine, tryptamine and dopamine as sub- 
strates [9]. We have referred to the activity of A and 
B-sites, rather than A and B enzymes as originally 
suggested [I], since no convincing separation of the 
two hypothetical enzyme species has been demon- 
strated. In fact there is increasing evidence that the 
binary nature of the membrane-bound enzyme may 
result from the activity of one enzyme in different 
membrane-environments [ 11. 121. 

In view of the uncertainty concerning the hetero- 
geneity of monoamine oxidase it seemed important 
to characterise carefully the kinetic properties of the 

* Present address: Dept of Biochemistry. Tennis Court 
Rd., Cambridge. 

enzyme in the membrane-bound state. For a multi- 
substrate enzyme, substrate competition offered a use- 
ful method to study such properties. 

Although isolated reports have appeared in the 
literature of competition experiments these have 
generally been limited with respect to the substrates 
used [13, 141 and have utilised relatively insensitive 
assay procedures [IS]. As such experiments might be 
expected to provide additional evidence for the postu- 
lated A- and B-sites, we have conducted a series of 
competition experiments with a washed mitochon- 
drial preparation from rat liver, using a sensitive 
radioassay. 

MATERIALS 

[l-‘4C]serotonin creatinine sulphate, [1-i4C]tyra- 
mine hydrochloride, [ 1 -i4C]dopamine hydrochloride 
and [G-3H]tryptamine hydrochloride were obtained 
from the Radiochemical Centre, Amersham, Bucks, 
U.K. Serotonin creatinine sulphate, tyramine hydro- 
chloride. benzylamine and phenylethylamine were 
obtained from B.D.H. Ltd., Poole, Dorset. U.K. 
Dopamine. noradrenaline and tryptamine hydro- 
chlorides were obtained from Sigma. London. Anisole 
was purchased from Koch Light Ltd., Colnbrook, 
Bucks, U.K. All other reagents were of the highest 
purity available. 

METHODS 

Preparation of t/w enzyt~ze. The enzyme suspension 
was prepared as previously described [9], and stored 
in 67mM-sodium potassium phosphate buffer (pH 
7.4) at - 15” at a protein concentration of approx 
20 mg/ml. 

Drtrrminatiorl qf enzyme activity. Monoamine oxi- 
dase activity towards tyramine, serotonin, dopamine 
and tryptamine was determined by the method of 
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Table I. 

Substrate K, (pm) 

K, (PM) data from 
Weetman and Sweetman [20] 

Tyramine 
Dopamine 
Serotonin 
Tryptamine 
Benzylamine 

155 k 13 (8) 45.6 k 4.6 
256 k 23 (5) 171 * 57 
113 * 7(8) 57.2 i 9.5 

12 + 1.6(6) I7.7 * 79 
106 k 16(4) 

K, values were obtained from double reciprocal plots covering the 
substrate concentration range 10 PM-2 mM for tyramine and serotonin. 
5-400 PM for dopamine and tryptamine and 42 PM 3.3 mM for benqla- 
mine at 35’ and at pH 7.4. The values represent the mean and S.E. 
of the mean from the indicated number of experiments. 

Otsuka and Kobayashi [16] and towards benzyl- 
amine by the spectrophotometric method of Tabor et 
ul. 1171. as described previously 193. 

Protein concentration was determined by the 
method of Lowry rt al. [lS] with bovine serum albu- 
min as standard. 

7?c~utmmt of data. Data obtained from double reci- 
procal plots in the presence and absence of different 
levels of inhibiting substrate were analysed by replot- 
ting slopes against inhibiting substrate con- 
centrations. Intercepts of double reciprocal plots were 
not affected by the concentration of inhibiting sub- 
strate (i.e. strictly competitive kinetics were observed 
in all cases). Cleland [ 191 has shown that for competi- 
tion at a single site the slope replot is linear, and 
the intercept on the inhibitor concentration axis is 
equal to - Ki. Following Cleland’s nomenclature 
such plots will be referred to as linear competitive 
whereas non-linear replots will be called hyperbolic 
or parabolic respectively for convex or concave 
upwards curvature. Non-linear slope replots were 
analysed by extrapolating the initial and final slopes 
to the inhibitor concentration axis, thus obtaining 
two apparent Kis. These will be referred to as Kinrrp 
and Kiiapp, for the apparent high and low affinity 
modes of binding. For hyperbolic slope replots Kianp 
is derived at low concentrations of inhibiting sub- 
strate and Kiiapp at high concentrations of inhibiting 
substrate. The converse is the case for parabolic rep- 
lots. 

RESL’LTS 

Competition e.xperiwmts. Linear double-reciprocal 
plots were obtained with serotonin, tyramine, dopa- 
mine, tryptamine and benzylamine as substrates at 
pH 7.4. The apparent K, values. shown in Table 1, 
were consistent from several preparations, and are in 
agreement with results obtained by Weetman and 
Sweetman [20] using the oxygen electrode to measure 
enzyme activity. Reciprocal plots at various levels of 
inhibiting substrate resulted in strictly competitive 
kinetics i.e. slope effect; no intercept effect. Most sub- 
strate interactions showed linear competitive kinetics 
(Table 2). However hyperbolic competitive kinetics 
were exhibited by serotonin inhibition of tyramine 
(Fig. 1) and dopamine deamination, although sero- 
tonin inhibition of tryptamine deamination falls out 
of an apparent series in exhibiting linear competitive 
kinetics (Fig. 2). Parabolic competitive kinetics were 
exhibited by dopamine (Fig. 3) and noradrenaline in- 
hibition of tryptamine deamination. The monoamine 
oxidase inhibitor r-methyl-tryptamine, which is not 
a substrate, exhibited hyperbolic competitive kinetics 
against tyramine deamination (Fig. 4). Also shown in 
Fig. 4 is the simulated slope replot for inhibition bf 
two independent sites as described below. Ki values 
for the interactions showing linear competitive kine- 
tics were calculated from slope replots [19] and from 
Dixon plots [21]. Both methods gave identical results 
which are shown in Table 3. Kiapp and Kiiilpp derived 

Table 2. Inhibition patterns derived from slope replots 

Inhibiting 
substrate Tyramine Serotonin 

Substrate 

Tryptamine Dopamine Benrylamine 

Tyramine 
Serotonin 
Tryptamine 
Dopamine 
Benzylamine 
Phenethylamine 
Noradrenaline 
r-methyl-tryptamine 

HC; 
LCd 
LCd 
LCd 
c 

HC 

LCd 

LC” 
Lc” 
LCd 
C 

LCd 

LC’ 
LC 

PCh 
LCb 

PC? 

LC LCd 
HC’ HC* 
Lc’ 

Nature of inhibition derived from slope replots of double reciprocal plots. Substrate concentration ranges were 2(f 
100pM for tyramine, serotonin and dopamine and S-20 PM for tryptamine. The incubations were carried out in the 
presence of (a) 0, 100, 200, 500, 1000, 2000pM; (b) 0, 100, 200, 500. 1OOOpM; (c) 0, 100. 200, 5OOpM; (d) 0, 100, 
200pM inhibiting substrate at 35’ and at pH 7.4. LC: linear competitive; HC: hyperbolic competitive; PC: parabolic 
competitive: C: competitive, insufficient data for replot; *: data from Sierens and D’Iorio 1131. 
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[Seratonin] , pM 

I/ [Tyramine], mM-’ 

Fig. I. Double-reciprocal plots of serotonin inhibition of 
tyramine deamination. The inhibiting serotonin con- 
centrations used were 100 PM (e), 200~~M (A). 500 pM 
(A), IOOO~M (Cl), 2OOOpM (8) and zero (of. The slope 

replot is shown above the reciprocal plot. 

from non-linear slope replots as described in the text 
are shown in Table 4. 

Sinmlation of the rroersihlr inhibition of two indepen- 
dent sitrs. In the light of previous results [9] it was 
of interest to determine whether the hyperbolic slope 
replots could result from the inhibition of two inde- 
pendent sites, kinetrcally equivalent with tyramine 
and dopamine as substrates, but with different affini- 
ties for serotonin. A one-substrate treatment of the 
competitive inhibition of two independent sites, 
apphcabfe to the present study as the oxygen con- 
centration was constant, results in the equation; 

where K r, VI and K 2r V, are the respective K, and 
maximum velocities for sites 1 and 2, and Ki and 
Kii the respective inhibitor dissociation constants for 
the two sites. While the reciprocal form of this expres- 
sion is not amenable to analysis for iimiting slope 
functions, it can be simulated manually. The pro- 
cedure used was to compute vO, with the aid of a 
digital computer (PDP-lo), by inserting values for 
kinetic constants and substrate and inhibitor con- 
centrations into equation (1). Double reciprocal plots 
were constructed and analysed by replotting slopes 

[Serotonin] mM 

I/ [Tryptomine], mM_’ 

Fig. 2. Double reciprocal plots of serotonin inhibition of 
tryptamine deamination. The inhibiting concentrations of 
serotonin were 50 PM (e), IOO~M (A), 200 PM (A), 
500/~M (0) IOOOyM (H). 20OOpM (5’) and zero (0). The 

slope replot is shown above the reciprocal plot. 

-I50 -100 -50 0 50 loo Do 200 

I/ [Tryptomine]. mM_’ 

Fig. 3. Double reciprocal plots of dopamine inhibition of 
tryptamine deamination. The inhibiting concentrations of 
dopamine were 100 FM (e), 200,~M (A), 5OO~tM (A), 

1000,~M (Cl) and zero (0). The slope replot is inset. 
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Table 3. Ki values (/IM) obtained from the linear competitive data 

Inhibiting 
substrate 

Tyramine 
Serotonin 
Tryptamine 

Dopamine 
Benzylamine 
Phenethylamine 
Noradrenaline 

Tyramine 

1.55 (Km) 

13 

185 
100 
78 

Serotonin 

1:: 
(I‘&) 

5 

100 
115 
135 
450 

Substrate 

Tryptamine 

160 
400 

11 (KIJ 

260 

Dopamine 

160 

13 

256 (K,) 

Benzylamine 

350 

106 (K,) 

against inhibitor concentration. Three general cases 
were considered: 

Case 1. When both sites are kinetically equivalent 
with respect to both the substrate and inhibitor, equa- 
tion (1) reduces to the linear competitive form: 

200 
r 

-05 0 05 IO 

[a-methyltryptamiw], mM 

120 r 

I 
-20 -10 0 IO 20 30 40 50 

I/[Tyromme], mM-’ 

Fig. 4. Double reciprocal plots of r-methyltryptamine inhi- 
bition of tyramine deamination. The concentrations of z- 
methyltryptamine were 100 PM (O), 200 PM (A), 500 HIM 
(A), 1OOOpM (Cl), 2000pM (m) and zero (0). The slope 
replot is shown above the reciprocal plot. The parameters 
used to construct the simulated curve (solid line) according 
to equation 1 were V, = V, = 7.05 a.u.; K, = I30 PM; 
K, = 260pM; Ki = 20 PM; Kii = 900/1M. Experimen- 
tally derived slope values (A) are shown for comparison. 

Case 2. When the two sites are kinetically equival- 
ent with respect to the test substrate (i.e. K, = K,; 
V, = V,), but have different affinities for the inhibitor 
(17~ < K,J simulation revealed hyperbolic competitive 
kinetics (Figs. 5 and 6). However it can be seen that 

16r 

I/[Substrate]. mM-’ 

Fig. 5. Reciprocal plots for the simulation of the competi- 
tive inhibition of two kinetically equivalent sites (with re- 
spcct to the test substrate) by an inhibitor with different 
affinities for the two sites (after equation 1). The para- 
meters used in the simulation were K, = K, = l60~M.; 

v, = v* = 1; K = 150 PM and Kii = 1580 PM. 

160 

r 

//’ 
I’ 

/’ 
/’ 1’ I I I I 

-12 -08 -04 0 04 06 I.2 1.6 

[Inhibitor], mM 

Fig. 6. Slope replot of the data shown in Fig. 5 
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Table 4. Apparent K, values (PM) derived from the non-linear competitive data 

Tyramine Dopamine Tryptamine 

Kiapp Kiiapp (PM) KiW,p Kiiapp (PM) Kiapp K ,zapp (PM) 

Inhibiting 
substrate 
Serotonin 
Dopamine 
Noradrenaline 
a-methyl-tryptamine 

130” 520” 160” 800’ 
140b 700b 
520b I 250b 

35” 890” 

K and Kiiapp derived from extrapolation of the initial and final slopes of slope replots. Substrate concn ranges 
were??LlOO PM for tyramine and dopamine and 5520pM for tryptamine. The incubations were carried out in the 
presence of Cd) 0, 100, 200, 500, 1000, 2OOObM; (b) 0, 100, 200, 500, 1OOOpM; (c) 0, 100, 200, 500pM inhibiting 
substrate at 35” and at pH 7.4. 

Table 5. A comparison of real and apparent K, values 
derived from simulated slope replots 

Real K&M) Apparent K, (PM) 
K, Ki, K&V Kiiapp 

150 700 240 550 
150 1500 270 1200 
150 2300 275 1800 
150 10000 300 5750 

Apparent Ki values (Kiapp. KLiapp) were obtained by 
extrapolation of slope replots derived from double recipro- 
cal plots calculated from equation (1) with the real Ki 
ValuesindicatedandK, = KS = 150pM; V, = V, = l.The 
substrate concentration range was 0.14 k,-0.66 K,, and 

the inhibitor concentration range was 0.66 K,-13.3 Ki. 

at inhibitor concentrations above those required to 
saturate site 1 the strictly competitive nature of the 
inhibition shifts to a partially mixed competitive type 
(i.e. a slight intercept effect is observed). This mixed 
type inhibition was abolished at high substrate con- 
centrations, when the double reciprocal plots became 
non-linear, curving down towards the l/v, intercept 
obtained in the absence of inhibitor. This is not evi- 
dent in Fig. 5 because the substrate concentration 
range simulated (2&lOOpM), covers only the linear 
portion of the curve. The extrapolated lines at sub- 
strate concentrations higher than 100 FM were drawn 
to indicate the apparent type of inhibition that would 
be observed under these conditions. Maintaining the 
same conditions as those simulated in Figs. 5 and 
6, the intercept effect becomes more pronounced as 
the affinity of the second site for the inhibitor is 
reduced to 10 mM-again saturating with substrate 

abolishes the intercept effect. Extrapolating the initial 
and final slopes of the simulated hyperbolic slope re- 
plots, derived from the linear portion of double reci- 
procal plots, to the inhibitor concentration axis (Fig. 
6) resulted in two apparent Ki values, Kiapp and Kiiapp 
for the apparent high and low affinity modes of bind- 
ing. These show a reasonable correlation as over and 
under-estimates of the real values, Ki and Kii, provid- 
ing the inhibitor concentration used is sufficiently 
high to obtain an accurate estimate of the final slope. 
This is illustrated in Table 5 where Kii values up to 
2 mM are reasonably reproduced by Kiiapp values de- 
rived from a maximum inhibitor concentration of 
2 mM, which concentration is obviously insufficient 
for a reliable estimate for a Ki, or 10mM. 

Cnsr 3. When two sites kinetically similur with re- 
spect to the test substrate, but with different affinities 
for the inhibitor, are simulated, hyperbolic competi- 
tive kinetics are also obtained. Since K, was found 
to be greater than K, experimentally as previously 
reported [9], simulation was confined to the case 
where K,IK, < 1. If the ratio K,/K, was 0.2550.5, 
and VI/V, = 2, then inhibition by an inhibitor with 
a K,IK,, ratio of 0.24.5 simulated over the substrate 
concentration range 0.1 K,-2 K, resulted in strictly 
competitive kinetics, although the intercept effect pre- 
viously noted when K, = K, was apparent at a KiJ 
Kii ratio of 0.01. The slope replot was hyperbolic over 
this range. As site 1 was kinetically more significant 
in this instance the estimates of Ki are better (Kiapp/ 
K, = 1.2) than those of Kii, where, over a wide range 
of Kii values a Kiiapp/Kii ratio of 2 was obtained. If 
the VI/V, ratio was 1 the intercept effect was not 
observed at a KJK, ratio of 0.5 and a KJK,, ratio 

Table 6. A comparison of experimentally determined apparent Ki values (PM) with apparent 
Ki values (PM) derived from simulation studies 

Experimental Simulated 
K WP Kiapp Km,, K+p 

(a) 

Ki, 
Simulated Experimental 

Kepp Kiirpp Ku,, Kispp 
(PM) 

(b) 

130 520 190 440 700 210 530 
210 650 1000 220 710 160 800 
230 1500 2300 270 1630 

Apparent Ki values obtained from hyperbolic slope replots of serotonin inhibition of tyra- 
mine (a) and dopamine (b) deamination are taken from the experimental data shown in 
Table 4. Simulated values were obtained from equation (1) using the data described in the 
text. 
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of 0.1. Generally it would appear that in such situ- 
ations providing neither site becomes kinetically 
dominant with respect to the test substrate, slope rep- 
lots can give useful information about the relative Ki 
values of the two sites, providing sufficiently high con- 
centrations of inhibitor are used to estimate Kii. 

Simulation of experimental hyperbolic conlprtitive 
data. Apparent Ki values for both sites, derived from 
experimental slope replots and from simulation 
according to equation (1) are shown in Table 6. For 
the simulation the maximum velocities of both sites 
were taken as equivalent with tyramine and dopamine 
as substrates [9]. The K,, values for sites 1 and 2, 
for tyramine and dopamine domination, were the fc, 
of the untreated and partially inhibited preparations 
reported by Mantle et al. [9]. It was shown to be 
unnecessary to correct the K, observed with un- 
treated preparations for kinetic contributions from 
the B-site (site 2). The K, value obtained with sero- 
tonin as substrate (120pM) was used as K,. Several 
values of K,, were used in the simulation to find the 
best fit. From the literature Kji values of 2+3,OmM 
[9) and 12.5 mM [I 31 appeared to be candidates but 
better fits were obtained with a K,, value of approx 
1 mM. z-methyltryptamine inhibition of tyramine 
deamination was simulated using equation (1). Simu- 
Iated slope values are shown in comparison with 
those determine experimentally in Fig. 4. All simuia- 
tions were conducted over substrate and inhibitor 
concentration ranges used experimentally. 

DISCL'SSION 

Most of the substrate interactions show linear com- 
petitive kinetics with generally good correlation 
between K, and Ki, as would be expected if all the 
substrates are binding to a common site. or kineti- 
cally indistinguishable sites as described for Case 1. 
It is interesting to note that one of the apparent Ki 
values derived from non-linear slope replots also cor- 
responds to the k’, (or K, against serotonin in the 
case of noradrenaline) of the ilillibitjllg substrate. 
Houslay and Tipton [I l] have recently reported com- 
petitive kinetics for tyramine, tryptamine and dopa- 
mine inhibition of benzylamine deamination catalysed 
by a partially purified enzyme from rat liver. Their 
K, and K, values are equivalent and in good agree- 
ment with those reported here. 

However the non-linear slope replots suggest that 
a simple one-site model is too simple to explain the 
observed results. Since there is a great deal of evi- 
dence to suggest that monoamine oxidase is a binary 
system, three two-site models were considered: (1) two 
independent catalytic sites, (2) two interacting sites, 
and (3) two interacting sites only one of which is cata- 
lytic. As models 2 and 3 are extremely complex and 
the resultant rate equations (see e.g. Harper {22]) not 
amenable to analysis, model I was investigated in the 
form of equation (I) to demonstrate whether it could 
accommodate all the experimental results, or whether 
it was necessary to invoke either of the more complex 
models. 

Simulation of the competitive inhibition of two in- 
dependent sites using equation (1) over the substrate 
and inhibitor concentrations used experimentally, and 
with kinetic data derived previously [9], showed that 

the hyperbolic slope replots could be reproduced 
using the independent site model. The simulation also 
raised some interesting points. Thus an examination 
of the experimental and simulated values of Kiapp 
obtained for serotonin inhibition of tyramine and 
dopamine deamination (Table 6) indicated that the 
experimentally determined value was closer to the K, 
for serotonin than would be expected from equation 
(1). Also the simulated slope replots approximated 
most closely to those obtained experimentally when 
Kii values of 0.7-l.OmM were used. These values 
differ somewhat from those obtained previously. 
Mantle et al. [93 estimated a Kii of 24-30 mM from 
kinetic studies with enzyme partially inhibited by an 
A-site selective ilihibitor, whereas Sierens and IYIorio 
[ 131 obtained a value of 125 mM from the serotonin 
inhibition of benzylamine deamination. Sierens and 
D’lorio [ 131 obtained hyperbolic competitive kinetics 
but did not extrapolate their slope replots. Extrapola- 
tion of their data gives a Kiapp of I.5 mM and a Kilapp 
of 8.5 mM. The result is interesting as the experimen- 
tally determined Kiiapp values of 520~1M and 8001~M 
obtained for serotonin inhibition of tyramine and 
dopamine deamination respectively could correspond, 
as underestimates of the real values, to the KiaFr of 
1.5 mM obtained by Sierens and D’Iorio (1970) for 
serotonin illhibitioil of benzylamine deamination, 
which, on the jndependent site model would be an 
overestimate. The simulated lCji of I mM is consistent 
with such an explanation. This suggestion also 
receives support from the low aflinity site (uncor- 
rected K, 7OOpM) calculated from the non-linear 
double reciprocal plot of serotonin oxidation reported 
by Sierens and D’Iorio [13]. This would also be an 
underestimate of the real value, if it was the result 
of serotonin oxidation at two independent sites 1231. 
The second mode of binding that serotonin inhibition 
of benzylamine deamination appears to distinguish 
(Kiiapp 85mM) is then possible another example of 
the apparent binary nature of the clorgyline insensit- 
ive activity, as noted !y.Tipton [24] for the rat liver 
enzyme using the inhIbItor 2-bromo-2-pllenylacetai- 
dehyde. It is conceivable that the value for Icii of 
2.4mM obtained in previous work [9] could have 
resulted from a failure to detect hyperbolic competi- 
tive kinetics because too few inhibitory serotonin con- 
centrations were used. 

Serotonin inhibition of tryptamine deamination 
falls out of an apparent series in that it exhibited 
linear competitive rather than hyperbolic kinetics. 
This result is unexpected as tryptamine, like tyramine 
and dopamine is a substrate for both A- and B-sites 
[lo, 93. The reason for this anomaly is unclear, but 
may arise from serotonin binding enhancing the rate 
of oxidation of tryptamine resulting in a parabolic 
effect on the slope replot as discussed below. As sero- 
tonin binds weakly to the B-site, resulting in hyper- 
bolic slope replots, it is possible that a combination 
of hyperbolic and parabolic slope effects results in 
a pseudo-linear slope replot. That the linear competi- 
tive inhibition of tryptamine deamination by sero- 
tonin is anomalous is suggested by the fact that the 
Ki (400/1M) is not, as in the other linear competitive 
cases, a measure of K, (120 PM). It is interesting in 
this respect that it is the inhibition of tryptamine dea- 
mination by dopamine and noradrenaline that 
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resulted in parabolic competitive kinetics. Whereas 
the hyperbolic competitive kinetics can be partially 
explained in terms of model (l), although interacting 
sites could also account for these observations [19], 
parabolic competitive kinetics cannot result from 
such a model, and are evidence for an interacting site 
model. As the parabolic effect was observed only with 
dopamine and noradrellaline inhibition of tryptamine 
deamination, and not dopamine inhibition of tyra- 
mine or serotonin deamination, or noradrenaline in- 
hibition of serotonin deamination, it is possible that 
it results from an effect on the catalytic capacity of 
the enzyme towards tryptamine. Severina and Shere- 
met’skaya [X] have presented evidence that a 4’-hy- 
droxyl or a 4’-amino group markedly accelerates the 
rate of deamination relative to the unsubstituted 2- 
phenyl-ethylamine at pH 7.5 and Houslay and Tipton 
[25] have concluded that the substrate hydroxyl is 
important in the formation of a catalytically com- 
petent complex at the A-site. It would seem plausible 
that tryptamine, lacking a hydroxyi substituent, un- 
like tyramine, dopamirle and serotonin, cannot attain 
the maximum reaction rate. However it is possible 
that ternary complexes involving catechotamines dea- 
minate tryptamine at an enhanced rate when para- 
bolic kinetics may arise through the following 
scheme : 

which is a potent inhibitor of tyramine, serotonin 
and dopamine deamination, but which is relatively 
ineffective against tryptamine deamination [27]. 

The interaction of two active sites on a single 
enzyme species can offer explanation for a number 
of observations which have been made on MAO. 
Among these are the parabolic kinetics described 
above, the substrate specific inhibitjon observed with 
the compound AB-15 which has already been dis- 
cussed and the anomalous behaviour towards dopa- 
mine oxidation observed with phenylethylhydrazine 
[28]. On the hypothesis that only two distinguishable 
active centres exist for the enzyme these effects would 
be explained by reaction at one site altering the con- 
formation, substrate specificity and catalytic beha- 
viour of the second site. 

Alternative explanations exist for all these observa- 
tions but the existence of A and B sites seems well 
established by the use of several selective MAO inhi- 
bitors. It has proved difficult to separate the hypothe- 
tical A and B enzymes physically with full retention 
of both activities and multiple forms of MAO 
observed in solubilised preparations cannot be easily 
fitted in with the properties shown by the selective 
inhibitors. If the possibility of site interaction is 
allowed then it seems unnecessary at present to in- 
voke the presence in membrane bound MAO of more 
than the two sites clearly distinguished by site specific 
irreversible inhibitors such as clorgyline [ 11, Deprenil 
[4] and PC0 19). 
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where the free enzyme (E) has binding sites A and 
B(Ei); tryptamine = TP; catecholamine = CA; and 
where the catalytic constants k,” and kzX are greater 
than k, and k, respectively, which may be greater 
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tion with tryptamine. While the effect of depressing 
the slope value of the double reciprocal plot would 
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more rapid turnover of the ternary complexes Eg 
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effect would be overcome as the ternary complex Egi 
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