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Abstract—The concentrations of monoamine oxidase-A and -B have been determined in mitochondria,
mitochondrial outer membranes and microsomes from Sprague-Dawley and Wistar rats by determining
the binding of tritium-labelled pargyline. Although the amounts of each form present depended on the
source and the preparation method, this was paralleled by the specific activity such that the molecular
turnover number was found to remain constant. The catalytic constants, k.,/K,, which represents the
apparent second-order rate constant for the combination of enzyme and substrate, were about 0.13 and
2.1sec™!- uM~! for 5-hydroxytryptamine and 2-phenethylamine, respectively, regardless of the source.
Estimations of the amounts of the two forms by determining the concentrations of the inhibitors
clorgyline, (—)-deprenyl, J-308 or pargyline necessary to give complete inhibition were shown to give
overestimates of the true values because of the non-specific binding of these inhibitors to sites other
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than the monoamine oxidase active site.

The enzyme monoamine oxidase (amine:O,
oxidoreductase (deaminating) (flavin-containing)
EC 1.4.3.4) exists in two forms that differ in their
substrate specificities and inhibitor sensitivities. The
A-form (MAO-A) is sensitive to inhibition by low
concentrations of clorgyline and active towards 5-
hydroxytryptamine (5-HT) whereas the B-form
(MAO-B) is sensitive to inhibition by 1-deprenyl and
active towards benzylamine and 2-phenethylamine
[for reviews see 1-3].

The activities towards these specific substrates
have been used in several studies to provide an
indication of the relative amounts of the two forms
present in different tissues. The results from such an
approach would, however, only reflect the molar
proportions of the two forms present if they had
identical specific activities towards their specific sub-
strates. Furthermore, recent studies have shown that
neither 5-HT nor 2-phenethylamine are entirely
specific substrates for the A- and B-forms respect-
ively [4,5]. An alternative procedure has used a
compound, such as tyramine, that is a substrate for
both forms of the enzyme, in conjunction with a
selective inhibitor such as clorgyline. This approach
would only be valid if the two forms had the same
molecular activities and K, values for the substrate.
With tyramine, however, it has been shown that both
the K, and maximum velocity values for the two
forms differ so that the apparent contributions of the
two forms will depend on the substrate concentration
[6]. The reports that there may be endogenous acti-
vators and inhibitors of monoamine oxidase in the
tissues and body fluids [7-10] also suggest that
attempts to determine the proportions of the two
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forms from activity measurements alone may give
misleading results.

Two more direct methods have been used to deter-
mine the molar amounts of the two forms present
in tissue preparations. The first of these involves
measurement of the binding of the radioactively
labelled enzyme-activated irreversible inhibitor par-
gyline to the active site of the enzyme [11-13]. With
suitable correction for any non-specific binding, this
procedure should give a direct measure of the
amount of enzyme present. The alternative approach
involves determination of the concentration of an
irreversible inhibitor, such as the MAQO-A selective
inhibitor clorgyline or the MAO-B-selective inhibi-
tor J-508, necessary to inhibit the activity completely
[14,15]. The wvalidity of this activity titration
approach depends on the assumptions that the inhibi-
tor reacts stoichiometrically with the enzyme and
that non-specific inhibitor binding does not occur.
The latter assumption has not been rigorously estab-
lished although indirect evidence has been inter-
preted that this is so in some tissue preparations
[14, 15].

This paper reports the development of inhibitor
binding assays for the determination of the absolute
concentration of the monoamine oxidase forms in
rat liver and a comparison with the results from
activity titration experiments which show that non-
specific binding results in substantial overestimates
of the concentrations of the two forms when the
latter method is used.

MATERIALS AND METHODS

Rat liver mitochondria were obtained from either
Wistar or Sprague-Dawley rats that had been fasted
overnight. With the former, the method of Kearney
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et al. [16] was used and the crude mitochondrial
fraction obtained was washed twice, by suspension in
10 mM Tris—HCI buffer, pH 7.2, containing 0.25M
sucrose and centrifugation at 8500 g for 15 min. The
resultant mitochondrial pellet was then either sus-
pended to a protein concentration of 5mg/ml in
0.1 M potassium phosphate buffer pH 7.2, stored at
—20° or used to prepare mitochondrial outer mem-
branes. These were prepared by the shrink-swell-
sonicate method of Sottocasa er al. [17] followed
by ammonium sulphate precipitation of the outer
membrane fraction [18]. The preparation was then
dialysed against 0.1 M potassium phosphate buffer
pH 7.2, and stored at —20°.

The procedure for preparing mitochondria from
the Sprague—Dawley rats was similar [19] except that
8000 g rather than 8500g was used to sediment
the mitochondria. The supernatant from this was
centrifuged at 20,000 g for 10 min and the super-
natant was then centrifuged at 200,000 g for 30 min
in order to sediment the microsomal fraction. Both
the mitochondrial and microsomal fractions were
washed twice, by resuspension and sedimentation,
resuspended in 50 mM potassium phosphate buffer.
pH 7.2, to give final concentrations of 10-15 mg/mi
and stored at —20°.

Monoamine oxidase activity was determined
radiochemically by a modification [6] of the method
of Otsuka and Kobayashi [20] with either 100 uM 5-
hydroxytryptamine or 20 uM 2-phenethylamine as
the substrates. At these concentrations these amines
have been shown to behave as essentially specific
substrates for the A and B-forms of MAO, respect-
ively [S].

Inhibitor binding studies with [*H]-labelled par-
gyline were performed either by filtration or cen-
trifugation. In the latter procedure which is a
modification of the method described by Parkinson
and Callingham [13], samples were incubated in
0.1 M potassium phosphate buffer, pH 7.8, with
[*H]-labelled pargyline (50 mCi/mmot) in amounts
ranging from 25 to 400 pmol for 60 min at 37°. The
total incubation volume was 0.1 ml. The samples
were then cooled on ice and 1.0m] of 0.1 M pot-
assium phosphate was added and the mixtures were
centrifuged at 16,000g for 1.5min. The pellet
obtained was resuspended in 1.0ml of the same
buffer and allowed to stand at room temperature for
60 min before centrifugation as before. The pellet
was then resuspended in 1.0 ml of the same buffer
and transferred to a scintillation vial containing 10 ml
toluene: Triton X-100 (2:1, v/v) containing 0.4%
(w/v) PPO and the radioactivity was determined
by liquid scintillation counting. Non-specific binding
was determined with samples that had been pre-
treated for 60 min at 37° with 2 mM unlabelled par-
gyline. Control experiments with untreated enzyme
preparations showed all activity to be sedimented
under these centrifuge conditions.

In the filtration assay the samples were incubated
with varying amounts of labelled pargyline (3.2 Ci/
mmol) in 50mM potassium phosphate buffer,
pH 7.2, as before. Ice-cold potassium phosphate
buffer (4 ml) was then added and the mixtures were
filtered, under vacuum, through Whatman GF-C
filter papers. The papers were then washed once with
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the same buffer, dried and the radioactivity was
determined by liquid scintillation counting in 4 mi
of toluene: Triton X-100 (2:1 v/v) containing 0.4%
(w/v) PPO.

For determination of the concentration of MAO-
A separately the samples were preincubated at 37°
for 60 min with 0.5 uM (pH 7.8) or 120 min with
0.3 uM (pH 7.2) l-deprenyl before the binding stud-
ies. MAO-B was determined after preincubation at
37° for 120 min (pH 7.2) or 60 min with 0.3 uM clor-
gyline. These concentrations were found to inhibit
the activity of one form of the enzyme completely
without significantly affecting the activity of the other
(seeref. 6). Control samples were then taken through
the same procedure but with the inhibitor replaced
by water. Preincubation of the samples with 1 mM
clorgyline completely inhibited the activity of both
forms of the enzyme and was used as an alternative
method for determining non-specific pargyline
binding.

Activity titrations were carred out essentially as
described by Fowler er al. [14,15]. After pre-
incubation with clorgyline or I-deprenyl! as described
above, to inhibit MAO-A or -B activity respectively.
the enzyme preparation was incubated with inhibitor
at concentrations ranging from 0 to 100nM for
180 min at 37° before the activity remaining was
determined. In an alternative procedure the enzyme
preparation was preincubated for 180 min at 37° with
the appropriate concentrations of clorgyline or
I-deprenyl plus the titration inhibitor and the activity
remaining was determined and expressed as the per-
centage activity remaining with respect to samples
that had been incubated for the same length of time
with either clorgyline or l-deprenyl alone. Similar
results were obtained with both these procedures.
The titration inhibitors used were clorgyline for
MAO-A and pargyline l-deprenyl or J-508 (N-
methyl-n-propargyl-1-aminoindane hydrochloride)
for MAO-B. J-508 is a racaemic compound and only
the l-enantiomer has been shown to be responsible
for the inhibition produced. Thus the concentration
of this compound required to give complete inhi-
bition has to be divided by 2 to give the concentration
of the active enantiomer required [15].

Protein concentration was determined by the
method of Markwell et al. [21] or Hartree [22] with
bovine serum albumin as the standard. 5-Hydr-
oxytryptamine-[side chain-2-'*C} creatinine sulphate
was obtained from Amersham International (Amer-
sham, Bucks., U.K.). Pargyline-{ phenyl-3, benzyl-
*H] hydrochloride was from New England Nuclear
(Boston. MA) and 2-phenethylamine-{ethyl 1-'*C]-
hydrochloride was obtained from both of these
sources.

RESULTS

The effects on the activities towards 5-HT and
2-phenethylamine of preincubation of rat liver mito-
chondria with varying concentrations of pargyline
shown in Fig. 1. The results are consistent with this
compound showing some selectivity as an inhibitor
of the B-form of monoamine oxidase {23, 24]. The
small proportion of MAO-B activity towards 5-HT
and possibly MAO-A activity towards 2-phen-
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Fig. 1. The effects of pargyline on the deamination of
100 uM S-hydroxytryptamine (A) and 20 uM-phenethyl-
amine (O) by monoamine oxidase in rat liver mitochondria.
The enzyme preparation was incubated for 60 min at 37°
with the indicated inhibitor concentrations before addition
of substrate to assay for activity. Results are given as means
+ range of duplicate determinations of the percentage
inhibition, with respect to control samples preincubated for
the same time with an equivalent volume of distilled water,
in three different mitochondrial preparations from Wistar
rats.

ethylamine that can be seen are in agreement with
previous reports that these substrates are not com-
pletely specific for only one form of the enzyme
(4, 5].

When mitochondrial samples were incubated with
2.5 uM pargyline for varying times before the extent
of binding was determined by centrifugation assay,
the binding process was found to be time-dependent
(Fig. 2) reaching a plateau value after 60 min. Similar
results were obtained when the filtration assays was
used.
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Fig. 2. Time courses of [*H]-pargyline binding to rat liver
mitochondrial monoamine oxidase. Mitochondrial homo-
genates (800 ug protein) from Wistar rats were incubated
for 60 min at 37° with either distilled water (O), 0.5 uM I-
deprenyl (A) or 0.3 uM clorgyline (O) before addition of
[*H]-pargyline (2.5 uM, 50 mCi/mmol) and further incu-
bation for periods of up to 90 min before binding was
determined by the centrifugation assay. Each value, which
represents the mean + S.E.M. of triplicate determinations
in three mitochondrial preparations. Non-specific (#) bind-
ing was determined as described in the text.
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Binding curves obtained when the enzyme pre-
parations were preincubated with varying con-
centrations of [*H]-labelled pargyline are shown in
Fig. 3. The total binding observed represents the
sum of specific and non-specific binding and the
broken line shows the difference between these two
quantities.

Table 1 shows the values obtained for the binding
of the labelled pargyline to the mitochondrial, mito-
chondrial outer membrane and microsomal
fractions. Determination of the maximum velocities
for the oxidation of 5-HT and 2-phenethylamine by
MAO-A and -B respectively allowed the turnover
numbers and catalytic constants to be calculated.
These values are shown in Tables 2 and 3. The
differences in the amounts of monoamine oxidase
determined in the mitochondrial preparations from
Wistar and Sprague-Dawley rats can be seen to be
a reflection of differences in the activities of the
two preparations with the values obtained for their
turnover numbers being similar.

Titration of the activities of monoamine oxidase
with the unlabelled inhibitors clorgyline, l-deprenyl
and J-508 gave significantly different results. Figure
4 shows the results of titrations of the activities
in rat liver mitochondria and mitochondrial outer
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Fig. 3. The binding of [*H]-pargyline to rat liver mito-
chondria. Mitochondria from Wistar rats (160 ug protein)
were preincubated with 0.5 uM l-deprenyl (a) or 0.3 uM
clorgyline (b) before the binding of ratioactively labelled
pargyline was determined by the centrifugation assays as
described in the text. Values shown are means = S.E.M.
of triplicate determinations in three different mitochondrial
preparations. Specific binding to rat liver mitochondrial
monoamine oxidase (O) was defined as the difference
between the total binding ([J) and the non-specific binding
(M) curves.
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Table 1. The concentration of the two forms of MAO in rat liver fractions determined by
[*H]-pargyline binding

Concentration ( pmol/mg protein

Fraction MAQO-form Sprague-Dawley Wistar
Mitochondria A plus B 11.3+1.9 55203
A 5.4x08 2.4*0.1
B 5.7+0.9 2.7+0.1
Mitochondrial
outer membranes A plus B 23.0x5.0
A — 11.0x2.0
B — 104 204
Microsomes A plus B 4.4+0.6 —
A 2.0+0.3 —
B 23203 —

Values obtained were corrected for non-specific binding as described in the text.
Values are means = S.E. for determinations in three preparations.

membranes. The apparent enzyme concentrations
determined by this procedure are given in Table 4.

DISCUSSION

The acetylenic inhibitors clorgyline, l-deprenyl,
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Fig. 4. Titration of rat liver mitochondrial (a) and mito-
chondrial outer membrane (b) monoamine oxidase activi-
ties with clorgyline, J-508 and I-deprenyl. The preparations
from Wistar rats and at protein concentrations of 2 mg/ml
were preincubated with 0.5 uM I-deprenyl, to inhibit MAO-
B, or 0.3 uM clorgyline, to inhibit MAO-A, and the indi-
cated concentrations of clorgyline (A), J-508 (@) or I-
deprenyl (O) before the assay for activity with either
100 uM 5-hydroxytyptamine (A) or 20 uM 2-phenethyl-
amine (@, O). Points are mean values = S.E.M. of trip-
licate determinations, each carried out with three pre-
parations, of the percentage activity remaining with respect
to control samples. preincubated with 0.5 uM I-deprenyl or
0.3 uM clorgyline alone.

J-508 and pargyline have been shown to react sto-
ichiometrically with monoamine oxidase to form an
adduct with the covalently-bound flavin group in a
1:1 ratio [16, 24-26]. When the monoamine oxidase
preparations were pretreated with 1 mM clorgyline
or 0.3 uM clorgyline plus 0.3 uM I-deprenyl to inhibit
all the monoamine oxidase activity, the subsequent
binding of radioactively-labelled pargyline was non-
saturable and similar to that observed after pre-
treatment with 2 mM unlabelled pargyline (data not
shown—see Fig. 3), consistent with the specific bind-
ing of these inhibitors being at the same site on the
enzyme.

Although the total amounts of the two forms of
monoamine oxidase in the liver mitochondria from
Wistar and Sprague-Dawley rats were different
(Table 1). Their turnover numbers were similar
(Table 2) indicating that their molecular activities
were the same in the preparations from both sources.
The absolute concentration of monoamine oxidase
will depend on the purity of the mitochondrial pre-
paration. The procedure used in the present work
[16] yields a relatively impure mitochondrial fraction.
In experiments with more highly purified mito-
chondrial preparations from Wistar rats [18] values
for the total monoamine oxidase of up to
21 = 3pmol/mg-protein  could be obtained.
However, there was a parallel increase in the specific
activity so that the turnover numbers remained simi-
lar to those shown in Table 2. Clearly the absolute
concentration of monoamine oxidase and its specific
activity will depend on the nature of the mito-
chondrial preparation used but the ratio of these
values will remain constant.

The higher value for the monoamine oxidase con-
tent would correspond to the two forms of the
enzyme representing about 0.13% of the total mito-
chondrial protein if a minimum molecular weight of
60,000 is assumed for the flavin-containing sub-unit
of the enzyme (27, 28]. This value is somewhat lower
than the value of 0.9% that can be calculated for the
data of Callingham and Parkinson [28] and very
much below that of 2.5% reported by McCauley [29].
Unfortunately these workers did not give sufficient
activity data to allow the turnover numbers to be
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Table 2. Molecular turnover numbers of the two forms of MAQ in rat liver fractions

Turnover number*

Source Fraction MAO-A MAO-B
Sprague-Dawley Mitochondria 1022 = 219 883 + 195
Sprague-Dawley Microsomes 802 + 183 585 = 106
Wistar Mitochondria 810 = 23 852 £35
Wistar Mitochondrial outer membranes 845 + 211 769 + 113

Maximum velocities were determined from studies of the effects of substrate concentration
on the initial velocity using either 5-hydroxytryptamine or 2-phenethylamine for MAO-A or
MAO-B, respectively [4-6], in preparations where the activity of the other form had been
inhibited by preincubation with low concentrations of l-deprenyl or clorgyline as described in
the text. Values are mean = S.E. for determinations carried out with at least three different

preparations.

* mol product formed-mol enzyme form™!-min~".

calculated for their preparations. The enrichment
of monoamine oxidase concentration obtained by
preparing mitochondrial outer membrane fractions
(Table 1) is consistent with the known localisation
of this enzyme (see ref. 30).

The nature of the monoamine oxidase activity
associated with the microsomal fraction is uncertain.
It had been claimed that this might represent a
precursor of the enzyme associated with the mito-
chondria [31] but more recent work has indicated
the enzyme to be synthesised on free, rather than
membrane-bound polysomes [32]. The substrate
specificities and inhibitor sensitivities of the two
forms in the microsomal fraction appear to be rather
similar to those in the mitochondrial outer membrane
[33] but their rates of degradation in vivo are dif-
ferent [31]. The results shown in Table 2 indicate the
molecular turnover numbers of both forms in the
microsomal fractions are simlar to those in the mito-
chondria. Thus in all these fractions, the molecular
turnover of MAO-A towards 5-HT is similar to that
of MAO-B towards 2-phenethylamine (Table 2).

However, the values of k./K,, average
0.13 = 0.05 and 2.10 = 0.76 (S™!-uM™1) for MAO-
A and -B respectively, were considerably higher for
the latter form. The value of k,/K,, corresponds
to the apparent second-order rate constant for the
combination of enzyme and amine at very low con-

centrations of the latter. If the rate limiting step in
the enzyme-catalysed reaction were the binding of
substrate to the enzyme, this would represent the
rate constant for this reaction. Otherwise it will
represent the lower limit (see e.g. ref. 34). The
values shown in Table 3 are considerably lower than
would be expected for a simple diffusion-controlled
reaction (see ref. 34). However, such a simple
relationship might not be expected for an enzyme
catalysing a reaction involving two substrates that
has been shown to obey a double-displacement
mechanism [35, 36]. Furthermore the K, values used
in this calculation were determined from the total
amine concentration whereas it appears that only the
unprotonated amine serves as a substrate for the
enzyme [36, 37]. Although it would be possible to
express this value in terms of the unprotonated
species only, it would not be appropriate to do so
without information on whether the protonated form
was inhibitory.

Attempts to determine the molar quantities of
monoamine oxidase by activity titration gave values
that were considered greater than those determined
by binding methods. In view of the high levels of
non-specific binding shown in Fig. 3, which are not
allowed for in this procedure, this is not surprising
and neither is the observation that markedly different
values were obtained with mitochondrial fractions

Table 3. Kinetic parameters of the two forms of MAO in rat liver fractions

cat Km kCD!/Km
Source Fraction Substrate MAO-form (sec™!) (uM) (sec™!-M™
Sprague-Dawley Mitochondria 5-HT A 17x1.1 84.2+59 2.0 < 10°
Sprague-Dawley Mitochondria PEA B 147 £ 0.1 9.7x0.5 1.5 x 10°
Wistar Mitochondria S-HT A 13.5+1.0 137+ 15 9.8 x 10°
Wistar Mitochondria PEA B 14221 5x2 2.8 x 10°
Sprague-Dawley Microsomes 5-HT A 13.4+1.6 106 = 62 1.3 x10°
Sprague-Dawley Microsomes PEA B 9.8x1.4 7.5=0.1 1.3 x 10°
Wistar Mitochondrial 5-HT A 14132 160 = 31 8.8 x 10*
Wistar Outer membranes PEA B 128=+1.9 6%3 2.6 X 10°

Values, shown as means = S.E. were determined with samples that have been pretreated with low concentrations of
l-deprenyl or clorgyline, for determination of MAO-A or MAO-B activities, respectively, as described in the text.



4472

N. GOMEZ et al.

Table 4. Apparent monoamine oxidase concentrations determined in rat liver fractions by titration of the activity with
irreversible inhibitors

Titration value (pmol MAO/mg protein)

Enzyme
Source Fraction form Clorgyline I-Deprenyl Pargyhne J-508
Sprague-Dawley  Mitochondria A 8.8 0.5 — — —
Sprague-Dawley  Mitochondria B — 31.1 248 42917 —
Sprague-Dawley  Microsomes A 5.7+02 — — —
Sprague-Dawlcy  Microsomes B — 179+ 2.0 248 0.2 —
Wistar Mitochondria A 31.0x2 — — —
Wistar Mitochondria B — 14.4 =07 — 12.7 £ 0.1
Wistar Mitochondrial A 440 =6 — — —
Wistar Outer membranes B — — — 47.0 +3.0

Activities were determined with 5-hydroxytryptamine or 2-phenethylamine for MAO-A and MAO-B. respectively.

prepared in different ways and from different breeds
of rats. These results indicate that the activity
titration method will not yield meaningful values for
the monoamine oxidase content of rat liver mito-
chondria or mitochondrial outer membranes.

Acknowledgemenis—A.M.O’C. and K.F.T. are gratefui to
the Medical Research Council of Ireland for a grant in
support of part of this work. N.G. and M.U. thank CAI-
CYT for a grant (No. 1195/81) in support of part of this
work.

REFERENCES

. C. J. Fowler, B. A. Callingham, T. J. Mantle and K.
F. Tipton, Biochem. Pharmac. 27, 97 (1978).

. N. H. Neff and H. Y. T. Yang. Life Sci. 14. 2061

(1974).

. K. F. Tipton. A. M. O’Carroll and F. Hasan, Proc. 9th
Int. Congr. Pharmacol, Vol. 2 (Eds. W. Patton, J.
Mitchell and P. Turner), pp. 179-185. Macmillan. Lon-
don (1984).

. C.J. Fowler and K. F. Tipton. J. Neurochem. 38. 733
(1981).

. K. F. Tipton, C. J. Fowler and M. D. Houslay, in
Monoamine Oxidase: Basic Clinical Fronteirs (Eds. K.
Kamijo, E. Usdin and T. Nagatsu). pp. 87-99. Excerpta
Medica, Amsterdam (1982).

. C.J. Fowler and K. F. Tipton. Biochem. Pharmac. 30,

3329 (1981).
. T. D. Buckman, S. Eiduson, M. S. Sutphin and R.
Chang. J. biol. Chem. 258, 8670 (1983).

. L. Demisch, P. Gebhart, P. Kaczmarczyk. H. Von

der Mithler and J. H. Bochnik. Biol. Psychiat. 16, 21
(1981).

. J.Saaf. L.-O. Wahlund. S. B. Ross and L. Wetterberg,

L'Encephale 9. Suppl. 1. 26A (1983).

.M. Sandler, V. Glover. S. K. Bhattacharya, L
Armando, S. E. File, H. Petursson and M. A. Reveley.
in Monoamine Oxidase: Basic and Clinical Frontiers
(Eds. K. Kamijo. E. Usdin and T. Nagatsu). pp. 262-
266. Excerpta Medica, Amsterdam (1982).

.E. K. Brown. J. F. Powell and 1. W. Craig, J.
Neurochem. 39. 1266 (1980).

. D.J. Edwards and K. Y. Pak. Biochem. biophys. Res.
Commun. 86. 350 (1979).

. D. Parkinson and B. A. Callingham. J. Pharm. Phar-
mac. 32, 49 (1980).

.C. J. Fowler. L. Oreland. J. Marcusson and B.

16.

17.

18.

29.
30.

.Y. Sagara and A.

Winblad, Naunyn-Schmied. Archs. Pharmac. 311, 263
(1980).

. C.J. Fowler, A, Wiberg, L. Oreland and B. Winblad,

Neurochem. Res. 5, 697 (1980).

E.B. Kearney, J. I. Salach, W. H. Walker, R. L. Seng,
U. Kenny, E. Zeszotek and T. P. Singer, Eur. J.
Biochem. 24, 321 (1971).

G. L. Sottocasa. B. 1. Kuylenstierna, L. Ernster and
A. Bergestrand, J. Cell. Biol. 32, 415 (1967).

M. D. Houslay and K. F. Tipton. Biochem. J. 135. 173
(1973).

. J. J. M. Bergeron, Biochim. biophys. Acta 255, 493

(1979).

. S. Otsuka and Y. Kobayashi, Biochem. Pharmac. 13,

995 (1973).

. M. Markwell, S. M. Haas, L. Bieber and N. Tolbert,

Analyt. Biochem. 87, 206 (1978).
. E. F. Hartree, Analyt. Biochem. 40, 422 (1972).

. R. W.Fuller, B. J. Warren and B. B. Molloy, Biochem.

Pharmac. 19, 2934 (1970).

. C.J. Fowler. T. J. Mantle and K. F. Tipton. Biochem.

Pharmac. 31, 3555 (1982).

. L. Oreland, Archs. Biochem. Biophys. 146, 410 (1971).

. A. L. Maycock, R. H. Abeles. J. I. Salach and T. P.
Singer, Biochemisiry 15, 114 (1976).

. R. M. Cawthon. J. E. Pintar. F. P. Heseltine and X.
O. Breakefield, J. Neurochem. 37. 363 (1981).

. B. A. Callingham and D. Parkinson, in Monoamine
Oxidase: Structure Function and Altered Functions
(Eds. T. P. Singer. R. W. Von Korff and D. L.

Murphy). pp. 81-86. Academic Press. New York
(1979).

R. McCauley, Biochem. Pharmac. 25. 2214 (1976).

K. F. Tipton in Handbook of Physiology (Eds. A. D.

Smith and H. Blaschko), Section 7. Vol. 2. pp. 667~

691. American Physiological Society. Washington. DC

(1975).

. V. G. Erwin and R. J. Simon. J. Pharmac. Sci. 58,

1033 (1969).

Ito, Biochem. Res.
Commun. 109, 1102 (1982).
. M. Unzeta. J. Castro, N. Gomez and K. F. Tipton. Br.

J. Pharmac. 80, 622P (1982).

biophys.

. A. R. Fersht. Enzyme Structure and Mechanism, pp.

129-133. Freeman. London (1977).
. K. F. Tipton, Eur. J. Biochem. 5., 316 (1968).

36. J. A. Roth. in Monoamine Oxidase: Structure, Function

37

and Altered Functions (Eds. T. P. Singer, R. W. Von
Korff and D. L. Murphy). pp. 153-168. Academic
Press. London (1979).

. C. H. Williams, Biochem. Pharmac. 23, 615 (1974).



