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Abstract--There are significant discrepancies in the literature concerning the concentration of mono- 
amine oxidase A (MAO A) from a number of tissue sources. Therefore, we compared the two principal 
techniques that have been used for quantitation of MAO A protein concentration: (1) titration of the 
enzyme with the MAO A-selective inhibitor clorgyline, and (2) saturation of the enzyme with [3H]- 
pargyline followed by immunoprecipitation with an MAO A-specific monocional antibody. To determine 
which of the two techniques was likely to yield more reliable values for MAO A, MAO A protein 
concentrations in the same preparations were determined by quantitative immunoblotting. [3H]Pargyline 
binding and quantitative immunoblotting yielded comparable values which were markedly lower than 
those obtained by titration of MAO A with unlabeled clorgyline. Therefore, clorgyline titration can 
seriously overestimate the concentration of MAO A protein in mitochondrial preparations. Since 
many literature values for the molecular activity of MAO A have relied upon enzyme concentrations 
determined by clorgyline binding, we reevaluated the molecular activities of MAO A and B for five 
important substrates. The ratio, MAO A molecular activity:MAO B molecular activity decreased in the 
order: serotonin (35:1) > tryptamine (12:1)> tyramine (3.3:1)> dopamine (2.4:1) > benzylamine 
(1:23). No comparable ratio was determined for fl-phenylethylamine because of its previously described 
substrate inhibition of MAO B, although it is oxidized faster by MAO B over a wide range of 
concentrations. Comparison of molecular activities and K,~ values for MAO A and B showed that with 
the exception of benz'ylamine and fl-phenylethylamine, MAO A oxidizes the other tested substrates 
faster than MAO B over a wide range of concentrations. Therefore, measured ratios of MAO A:MAO 
B activity are generally greater than the ratios of MAO A:MAO B molecules in the preparations. 

Monoamine oxidases (MAO; EC 1.4.3.4) oxidize a 
variety of exogenous and endogenous amines, 
including neurotransmitters such as serotonin, dopa- 
mine and norepinephrine (reviewed in Ref. 1) and 
the potent dopaminergic neurotoxin 1-methyl-4- 
phenyl-l,2,3,6-tetrahydropyridine [2]. MAO A and 
B occur primarily in the outer mitochondrial mem- 
brane [3] and differ in substrate affinity [4, 5], inhibi- 
tor selectivity [6, 7] and immunological reactivity 
[8-10]. The two enzymes are approximately 70% 
identical in amino acid sequence and are coded by 
distinct but closely related genes [11]. 

While literature values for the concentration of 
MAO B molecules in a number of tissues are in 
reasonable agreement, comparable values for MAO 
A vary widely. For example, in homogenates of 
human cerebrum, the MAO B concentration has 
been reported to be approximately 3 pmol/mg pro- 
tein [12, 13], while MAO A concentration has been 
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variously reported to be 0.35 pmol/mg protein [13] 
and 9 pmol/mg [12]. The MAO B concentration in 
rat liver mitochondria is reportedly 12-13 pmol/mg 
protein [13, 14], while MAO A concentration has 
variously been reported to be 1.4 [13] and 11 [14] 
pmol/mg. Although it is conceivable that these dis- 
crepancies in MAO A concentration in the same 
tissue and species reflect biological variability, sys- 
tematic problems in the quantitation technique may 
be at least in part responsible. 

Most literature estimates of MAO A concentration 
in complex samples have relied upon the stoi- 
chiometric, covalent binding of irreversible inibitors 
to the FAD cofactor, which is bound to a single 
cysteine residue in each MAO subunit [15]. In one 
scheme, MAO activity is titered using known quan- 
tities of unlabeled, MAO A- or MAO B-selective, 
irreversible inhibitor, and the concentration of M A O  
A inferred from the quantity of inhibitor required 
to inhibit 100% of MAO activity [12, 14, 16, 17]. 
Alternatively, the substrate binding sites of MAO 
are saturated with radiolabeled, irreversible inhibi- 
tor, and the concentration of MAO inferred from 
the quantity of label bound [12, 13, 18--20]. [3H]Par- 
gyline, at sufficient concentrations, binds to both 
MAO A and MAO B, and is commercially available. 
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For quantitation of MAO A and MAO B in prep- 
arations containing the two enzymes, [3H]pargyline 
can be selectively bound to MAO A or B by 
inhibiting one of the enzymes with an appropriate 
selective inhibitor before labeling [12, 13, 18, 19], or 
[aH]pargylinebound to each enzyme can be dis- 
criminated by immunoprecipitation of the [3H]par- 
gyline-labeled mixture with MAO A- or B-specific 
monoclonal antibodies [20]. 

In two cases where inhibitor titration and radio- 
labeled inhibitor binding were compared, the 
measured MAO A concentration was higher when 
determined by clorgyline titration than when deter- 
mined by [3H]pargyline binding, and it was suggested 
that values obtained using [~H]pargyline binding 
were more likely to be correct [12, 18]. To test this 
conclusion directly, we have compared MAO A con- 
ce/ltrations obtained by clorgyline titration, by [3H]- 
pargyline binding, and by quantitative immuno- 
blotting, which depends upon binding of an MAO 
A-specific monoclonal antibody. The results show 
that [3H]pargyline binding and quantitative immu- 
noblotting yield comparable and markedly lower 
values than does titration of MAO A with unlabeled 
clorgyline. Therefore, the [3H]pargyline binding 
technque is probably the more reliable. Since many 
values in the literature for MAO A molecular activity 
and MAO A:MAO B ratio have relied upon clor- 
gyline titration to quantitate MAO A concentration 
(for example, see Ref. 21), we have reevaluated the 
molecular activities of MAO A and B for several 
commonly used MAO substrates. The results show 
that the ratio ofMAO A:MAO B activity determined 
by radiochemical assays is higher than the ratio of 
MAO A:MAO B molecules in the preparations. 

MATERIALS AND METHODS 

The following were obtained from New England 
Nuclear, Boston, MA: [~4C]serotonin binoxylate 
(60 Ci/mol, [14C]fl-phenylethylamine (PEA; 56 Ci/ 
mol), [14C]tyramine hydrochloride (44Ci/mol), 
[3H]tryptamine hydrochloride (37 Ci/mmol), [3H]- 
dopamine hydrochloride (53 Ci/mmol), and [3H]- 
pargyline hydrochloride (22.5 Ci/mmol). [14C]Ben- 
zylamine hydrochloride (50 Ci/mol) was obtained 
from ICN Radiochemicals, Irvine, CA. Unlabeled 
dopamine, tyramine, tryptamine and serotonin were 
purchased from Research Biochemicals, Inc., 
Natick, MA. Benzylamine and PEA were purchased 
from the Sigma Chemical Co., St. Louis, MO. 

Preparation of mitochondria and platelet mem- 
branes. Mitochondria from placenta and liver were 
isolated as previously described [20]. Term pla- 
centae were obtained from the Labor and Delivery 
Service of the Department of Obstetrics and Gyne- 
cology of the University of Texas Medical Branch, 
Galveston, TX. Human liver was obtained from Dr. 
Paul Bohr, Department of Pathology, University of 
Texas Medical Branch, Galveston, TX, washed in 
ice-cold isotonic buffer, cut into fragments and 
frozen at -80* until used. 

Membranes from purified platelets obtained from 
Dr. Richard R. Fritz, Department of Human Bio- 
logical Chemistry and Genetics, University of Texas 

Medical Branch, Galveston, TX, were isolated as 
previously described [22]. 

Quantitation of MAO A by clorgyline titration. 
Mitochondria from liver (1.46mg) or placenta 
(2.19 mg) were incubated for 3 hr at 30 ° in 0.05 M 
potassium phosphate buffer (pH 7.3) containing 
various concentrations of clorgyline (10-100 nM for 
liver, 0.1-1/~M for placenta). Residual MAO A 
activity was assayed with 100/~M [14C]serotonin in 
0.1 M potassium phosphate buffer (pH 7.3) as pre- 
viously described [20]. Samples were diluted appro- 
priately so that catalytic activities were linear with 
time over the 10-min assay interval. Samples were 
assayed in duplicate and each tissue was titered twice. 
Data are expressed as picomoles MAO A per mil- 
ligram of protein after extrapolation to the picomoles 
of clorgyline necessary for 100% inhibition of MAO 
A. A stoichiometry of one molecule of clorgyline 
per FAD moiety, one FAD moiety per MAO A 
subunit, and two subunits per molecule were 
assumed[15]. 

Quantitation of MAO A and B actioe sites by [3H]- 
pargyline binding. MAO A and B were quantitated 
using [3H]pargyline as described previously [20]. 
Mitochondria (liver, 1.46 mg; placenta, 2.19 mg) or 
platelet membranes (1.6 mg) were incubated for 3 hr 
at 30 ° in 0.05 M potassium phosphate buffer (pH 
7.3) containing 5 ~tM [3H]pargyline HC1 (22.5 Ci/ 
mmol) from which the ethanol solvent had been 
evaporated under a stream of nitrogen gas. The 
preparations were washed by microcentrifugation to 
remove unbound label. Samples were assayed with 
100/~M serotonin or 10/zM PEA to determine 
efficiency of [3H]pargyline inhibition of MAO A and 
MAO B, respectively. 

The quantity of pargyline bound to MAO was 
determined by extracting membranes with 1% Triton 
X-100 and immunoprecipitating MAO using an 
MAO A-specific (MAO A-4D3) or MAO-B-specific 
(MAO B-1C2) monoclonal antibody as previously 
described [20]. Pargyline was assumed to bind to 
MAO A with the same stoichiometry as clorgyline 
(one per subunit), and two subunits per molecule 
were assumed. Values were corrected for efficiency 
of inhibition by pargyline and efficiency of extraction 
of label from the membranes. 

Quantitation of MA O A by immunoblotting. The 
immunoblotting procedure has been described pre- 
viously [20]. Briefly, proteins were electrophoresed 
on sodium dodecyl sulfate (SDS)-polyacrylamide 
gels and electrophoretically transferred to nitro- 
cellulose membranes. After blocking, the mem- 
branes were incubated in Tris-buffered saline (pH 
7.3) containing 0.1% Tween-20 and primary anti- 
body (1/200 dilution of MAO A-4D3 ascites fluid or 
a 1/1000 dilution of rabbit antiserum elicited to 
purified MAO A), Color was developed using an 
Elite ABC kit (Vector Laboratories, Burlingame, 
CA) or peroxidase-conjugated goat anti-rabbit IgG. 
The stained bands were visualized using a Ham- 
mamatsu C-1000 camera and True-Visicon MB 
frame grabber video board and analyzed by com- 
puterized image analysis using JAVA software with 
the "Analyzing" Utility (JandeU). Various quantities 
of liver (20-250 ~g) and placental mitochondrial 
protein (12.5--100/~g) were compared to serially 
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diluted, known quantities of purified placental MAO 
A (0.125-1.0 #g; provided by Drs. Walter Weyler 
and James Salach, Department of Molecular 
Biology, Veterans Administration Medical Center, 
San Francisco, CA) run on the same gel. The subunit 
molecular weight calculated from a published human 
MAO A eDNA clone (59,400; [11]) was used to 
convert immunoblot values from nanograms to pico- 
moles of MAO A, and two subunits per molecule of 
MAO A were assumed. The concentration of the 
MAO A in the purified sample was determined by 
flavin bleaching with dithionite, which detects the 
flavin moiety of MAO hut does not require catalytic 
activity [23]. 

Determination of molecular activities of MA 0 A 
and B. MAO A molecular activity was determined 
in placental and liver mitochondrial preparations 
after preincubation with 1 #M deprenyl to inhibit 
MAO B. MAO B molecular activity was determined 
in liver after preincubation with 0.1 #M clorgyline to 
inhibit MAO A, and in platelet membranes (no 
preincubation). Minor cross-inhibition of MAO A 
by deprenyl and MAO B by clorgyline under these 
conditions was measured by assays with 100 #M sero- 
tonin and 100 #M benzylamine and used to correct 
the molecular activity values. These substrates are 
quite selective for MAO A and B in the preparations 
assayed. 

The Ks values of MAO A and MAO B for each 
substrate were determined by assays over a range of 
concentrations: henzylamine (10-1300 #M), dopa- 
mine (10-1300 #M), PEA (MAO A: 10-1300 #M; 
MAO B, 2-25 #M), serotonin (10-1300 #M, MAO 
A only), tryptamine (1-150 gM) and tyramine (10-- 
1300#M). All assays were done in quadruplicate 
in 0.1 M potassium phosphate buffer (pH 7.3) for 
10 rain at 37 °. Reaction products were extracted with 
water-saturated toluene, except water-saturated 
toluene/ethyl acetate (1:1) was used in the serotonin 
and dopamine assays. Specific activities are 
expressed as nanomoles per hour per milligram of 
protein. Km values were derived from Lineweaver- 
Burk representations of the data. 

Molecular activities of MAO A and B were cal- 
culated by dividing the number of molecules of sub- 
strate oxidized per minute by the number of mol- 
ecules of MAO A or B determined by [3H]pargyline 
binding. Enzyme activities for molecular activity 
measurements were performed at concentrations 
such that the measured velocities corresponded to at 
least 87% of the theoretical maximum molecular 
activities, as determined from the equation 
Vobs[1 + (Kra/S)] --- Vmax, and in all cases except PEA 
and MAO B, values were corrected to the theoretical 
molecular activities at substrate saturation. As noted 
by others, MAO B exhibits substrate inhibition for 
PEA [4, 24, 25], thereby making such a correction 
unreasonable. The molecular activity of MAO B for 
PEA reported in Table 3 was determined at 150 #M, 
and may reflect some substrate inhibition. To mini- 
mize variability, all tissues were assayed with all 
substrates at the same time. Results are expressed 
as means +- range of two experiments. 

RESULTS 

Quantitation of MAD A active sites. The con- 
centrations of catalytically active MAO A molecules 

Table 1. Comparison of MAO A quantitation methods 

Concentration of MAO A 
(pmol/mg protein) 

Quantitation 
method Liver Placenta 

Clorgyline titration 41.5 -+ 0.5* 332 ± 24* 
Immunoblot < 17 108 ± 24 
Pargyline labeling 3.2 ± 0.1 76 ± 2.9 

Washed mitochondrial membranes from liver and pla- 
centa were assayed for MAO A concentration by three 
techniques described in Materials and Methods. Values are 
means +- SEM of three or more replicates, except as noted. 

* Mean -+ range of two independent titrations per tissue. 

in liver and placental mitochondrial membranes were 
estimated by titrating serotonin-oxidizing activity 
with the MAO A-selective inhibitor clorgyline, and 
by saturation with [3H]pargyline followed by immu- 
noprecipitation with the MAO A-specific mono- 
clonal antibody. As an independent measure of the 
concentration of MAO A protein in these prep- 
arations, samples were immunoblotted in parallel 
with serial dilutions of purified placental MAO A of 
known concentrations. 

For quantitation by clorgyline titration, samples 
were incubated with increasing concentrations of the 
inhibitor as described in Materials and Methods. 
Control mitochondria incubated in buffer alone 
retained 90% (liver) to 100% (placenta) of initial 
MAO A activity, indicating that loss of activity was 
primarily or exclusively attributable to specific inhi- 
bition by clorgyline. In two independent experi- 
ments, extrapolation to 100% inhibition yielded val- 
ues of 41.5 -+ 0.5 pmol MAO A/mg protein for liver 
mitochondrial membranes, and 332 + 24 pmol MAO 
A/mg protein for placental mitochondrial mem- 
branes (Table 1). 

MAO A was also quantitated in the same liver 
and placental mitochondrial membrane preparations 
by [3H]pargyline binding, as described in Materials 
and Methods. Assays with serotonin indicated that 
the pargyline labeling inhibited over 98% of sero- 
tonin oxidation, indicating that virtually all MAO A 

3 molecules had bound [ H]pargyline. Triton X-100 
extracted 90% of the [3H]pargyline from the mem- 
brane. Measurement of the amount of [3H]pargyline 
bound yielded MAO A concentrations far lower than 
the values obtained by clorgyline titration (3.2 -+ 0.1 
and 76 +- 2.9 pmol MAO A/mg protein for liver and 
placenta, respectively; Table 1). The discrepancy 
was most marked in the liver preparation (41.5 vs 
3.2 pmol/mg protein by clorgyline titration and [3H]- 
pargyline binding, respectively). 

To determine which inhibitor-based method was 
more reliable, serial dilutions of placental mito- 
chondria were electrophoresed on SDS-polyac- 
rylamide gels in parallel with samples of serially 
diluted, purified MAO A, and transferred to nitro- 
cellulose, and the MAO A was stained with mono- 
clonal or polyclonal antibodies elicited to purified 
placental MAO A. Quantitation of staining intensity 
revealed similar MAO A concentrations with the 
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Table 2. Concentration of MAO A and B in mitochondrial 
preparations from three tissues determined by pargyline 

labeling 

Concentration (pmol/mg) 

Tissue MAO A MAO B 

Liver 3.2 +-- 0.10 10.7 +-- 1.2" 
Placenta 76 -+ 2.9 3.5 --- 0.21 
Platelets NDt 5.4 ± 0.07 

Mitochondrial preparations used for the molecular 
activity determinations were incubated in 0.05 M potassium 
phosphate buffer containing 5 #M [3H]pargyline for 3 hr 
at 30* as described in Materials and Methods. Labeled 
mitochondria were extracted with 1% Triton X-100, immu- 
noprecipitated with 1/100 diluted MAO A-4D3 or MAO 
B-1C2 ascites fluid, and the concentrations of MAO A and 
B determined. Values are means --- SEM of three or four 
replicates, except as noted. 

* Mean -+ range of duplicates. 
"~ Not determined. 

monoclonal and polyclonal antibodies (114 -+ 35 and 
100 ___ 28 pmol/mg protein, respectively). The 
pooled average, 108--+ 24, shown in Table 1, is 
slightly higher than the concentration determined by 
[3H]pargyline binding (76-+ 2.9), but much lower 
than the value obtained from clorgyline titration 
(332-+ 24; Table 1). The concentration of MAO 
A in liver mitochondrial preparations could not be 
determined by immunoblotting, because neither the 
polyclonal nor monoclonal antibody stained MAO A 
in immunoblots of up to 250 #g of liver mitochondrial 
membranes. The low specific activity of MAO A in 
liver compared to placental mitochondrial mem- 
branes (3--4% of that in placental mitochondrial 
membranes) suggests that lack of MAO A immu- 
noblotting in liver mitochondrial preparations results 
from an MAO A concentration below the limit of 
detection under our conditions, which was 17 pmol/  
mg protein, or about 0.2% of applied protein by 
weight. 

Determination of  molecular activities of  MA O A 
and B. Since many molecular activity values in the 
literature have been derived from MAO A con- 
centrations determined by clorgyline titration, we 
reevaluated the molecular activities of MAO A and 
B for the oxidation of six important MAO substrates 
using two tissue sources for each MAO. Estimates 
of MAO A and B concentration were derived from 
[3H]pargyline labeling data in Table 2. [3H]Pargyline 
(5 #M) inhibited greater than 95% of the MAO A 
and B activity in all of the mitochodrial preparations, 
suggesting that the active sites of both enzymes were 
at least 95% saturated. 

To further increase substrate selectivity, we used 
deprenyl to inhibit MAO B in placental and liver 
preparations when the molecular activity of M A O  A 
was measured, and clorgyline to inhibit M A O  A in 
liver when the molecular activity of MAO B was 
measured. Molecular activities were corrected for 
slight cross-inhibition of MAO A by deprenyl and 
MAO B by clorgyline, as described in Materials and 
Methods. 

The molecular activities of liver and placental 
MAO A and liver and platelet MAO B for the six 
substrates tested are shown in Table 3 and the Km 
values in Table 4. Note that the molecular activity 
of MAO B for PEA, determined at 150 #M substrate, 
was not corrected to infinite substrate concentration 
because PEA exhibits substrate inhibition of MAO 
B at high concentrations ([4, 24]; see Discussion). 
Serotonin had the highest molecular activity for 
MAO A (1802 and 1393 min -1 in liver and placenta, 
respectively) and benzylamine, the lowest (14.6 
min -1 in placenta; Table 3). Benzylamine had the 
highest molecular activity for MAO B (446 min -1 
for liver MAO B), only 25-33% of the molecular 
activity of MAO A for serotonin. Serotonin and 
tryptamine exhibited very low molecular activity for 
MAO B (44 and 64min -1, respectively, for liver 
MAO B). 

The molecular activities for substrates which are 
commonly used to assay both MAO A and B (dopa- 
mine, tryptamine and tyramine) were 2.5-fold (dopa- 
mine, liver) to nearly 15-fold (tryptamine, liver) 
higher for MAO A than for MAO B (Table 3). 
Serotonin and benzylamine are the most selective 
substrate pair for assaying MAO A and B, respect- 
ively. The molecular activity of MAO B for ben- 
zylamine was only 25-33% that of MAO A for 
serotonin. 

DISCUSSION 

Quantitation of  MAO A active sites. Data from 
quantitative immunoblotting confirms that [3H]par- 
gyline binding is more reliable than clorgyline 
titration for quantitating MAO A concentration, 
consistent with previous suggestions [12, 18]. Values 
for MAO concentration derived from immuno- 
blotting are slightly higher than those determined 
by [3H]pargyline labeling, perhaps because a small 
proportion of MAO A molecules in the preparations 
studied were catalytically inactive, and therefore 
unable to bind [3H]pargyline. Binding of [3H]par- 
gyline to molecules other than MAO A and B in 
mitochondrial and platelet membranes was appar- 
ently minimal, since nearly 100% of the [3H]par- 
gyline which remained bound to the mitochondrial 
membranes after extensive washing was immu- 
noprecipitable by a combination of MAO A and 
MAO B-selective antibodies. Our values for MAO 
A and B concentration, using MAO A- and B- 
specific antibodies to discriminate pargyline bound 
to each enzyme, agree well with values determined 
by [3H]pargyline binding of selectively inhibited 
enzyme preparations [13, 26], suggesting that these 
approaches are probably interchangeable. 

Revised molecular activities. Since many values 
reported in the literature for the molecular activity 
of MAO A for various substrates (and for MAO 
A:MAO B ratio) have relied upon M A O  A con- 
centrations determined by clorgyline titration, the 
molecular activities of MAO A and B were evaluated 
in placenta (primarily MAO A), platelets (MAO B 
only) and liver (MAO A and B). 

The molecular activities of placental and liver 
MAO A differed by no more than 37% for all sub- 
strates tested (Table 3), suggesting that MAO A 
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Table 3. Molecular activities of MAO A and B from three tissues 

1957 

Molecular activity 
(mol substrate/mol enzyme/min) 

MAO A MAO B 
Substrate Liver Placenta Liver Platelets 

Benzylamine ND* 14.6 ± 1.4 446 + 40.5 242 ± 20.5 
Dopamine 628 ~- 71.5 816 ± 41.5 246 ± 14.5 193 - 56 
PEA 398 ± 43.5 304 ± 24.5 233 --- 22.2t 133 + 17"t 
Serotonin 1802 -*- 105 1393 --- 250 43.5 ± 0.5 132 ± 16 
Tryptamine 898 ± 130 572 -- 67 64.5 --- 3.5 77 ± 7 
Tyramine 668 ± 77 700 -+ 96 202 ± 28.5 174 ± 13.5 

Molecular activities were determined by assaying the molecules of substrate oxidized per 
minute by samples of MAO A and MAO B whose concentrations were determined by [3H]- 
pargyline binding (Table 2). Substrate concentrations used were chosen to yield at least 87% 
of the theoretical maximum activity at substrate saturation, as calculated from the K,, values 
in Table 4. In all cases except MAO B and PEA, values are corrected to the molecular 
activities predicted at infinite substrate concentration. Where necessary, values were also 
corrected for inhibitor cross-inhibition as described in Materials and Methods. Values are 
means + range of two experiments in each of which all substrates and tissues were assayed. 

* Not determined because of very low activity. 
~" Determined at 150 ~M (ten times the measured Kin), and not corrected to infinite 

substrate concentration. 

Table 4. K,. values for several MAO A and B substrates 

Km (~,M) 

Substrate MAO A MAO B 

Benzylamine 138 ± 1 187 ± 93 
Dopamine 408 ± 107" 649 ± 102 
PEA 80 ± 13 15 ± 1"~ 
Serotonin 145 + 2 
Tryptamine 12 ± 0.5 20 -+ 3 
Tyramine 107 ± 8 154 ± 3 

The K,, values for the oxidation of six commonly used 
substrates were determined by radiometric assay of each 
substrate over a wide range of concentrations as described 
in Materials and Methods. Values are means -+ range of 
duplicate experiments, except as noted. 

* Mean +- SEM of three experiments. 
t PEA exhibited substrate inhibition for MAO B above 

10/aM. The apparent K,, was determined by extrapolation 
of the Lineweaver-Burk plot through four points lying on 
a straight line representing 2-10 ~M. 

from these tissues is functionally similar. However,  
the molecular activity of platelet M A O  B for sero- 
tonin appeared to be nearly 3-fold higher than that 
of the liver M A O  B. Because of the high molecular 
activity of M A O  A for serotonin, it would take very 
little M A O  A in the platelet preparation (1/20 of 
the M A O  B active site concentration) to account 
for the excess serotonin oxidation by the platelet 
enzyme. Human platelets are believed to contain 
only M A O  B [27], although the presence of such a 
small quantity of M A O  A might have gone unde- 
tected. Platelets from rabbit,  the only species other 
than human and some primates known to have M A O  
in their platelets [28], contain both M A O  A and 
MAO B [29]. Further work is necessary to determine 

whether platelet MAO B dikers from liver M A O  B 
in its ability to oxidize serotonin. Such a functional 
difference could stem from differences in the mito- 
chondrial membrane environments of the platelet 
and liver enzymes, or conceivably to differences in 
the structures of the proteins themselves. 

The catalytic activities of M A O  A and M A O  B 
are often compared in parallel assays. The K,, values 
and revised molecular activity data provide a way of 
estimating from catalytic activity data the absolute 
concentrations and relative ratios of M A O  A and B 
molecules in the assayed preparations. Our data 
indicate that the ratios of M A O  A : M A O  B activity 
determined by most radiochemical assays are greater 
than the ratios of M A O  A : M A O  B molecules in 
assayed preparations. Ratios of M A O  A : M A O  B 
activity are typically determined by (a) selective 
inhibitor titration of M A O  activity toward a substrate 
oxidized by both enzymes (such as tyramine or tryp- 
tamine), or (b) assay of each enzyme with a different, 
relatively selective substrate (often serotonin for 
MAO A and benzylamine or PEA for M A O  B). 
Concerning titration studies (a, above), our data 
show that the molecular activities of tyramine, tryp- 
tamine and dopamine are 3- (dopamine), 3.3- (tyr- 
amine) and 10-fold (tryptamine) higher for M A O  A 
compared to MAO B. Since the Ks values of each 
of these three substrates for MAO A and B are 
similar, a preparation containing equal concen- 
trations of MAO A and B molecules would exhibit 
more MAO A than B activity at all concentrations 
of these substrates. Similarly, the molecular activity 
of MAO A for serotonin is more than 4-fold greater 
than the molecular activity of M A O  B for ben- 
zylamine (Table 3), and Ks  values of  M A O  A for 
serotonin and MAO B for benzylamine are similar 
(Table 4). Therefore, a preparation of equimolar 
MAO A and B would exibit approximately four 
times more serotonin- than benzylamine-oxidizing 
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activity over a wide range of substrate concen- 
trations. 

Since MAO A and B activities are also commonly 
compared using serotonin (at 100-1000 pM for MAO 
A) and PEA (at 10/tM for MAO B), it is also 
important to consider the relationship between the 
ratio of serotonin:PEA oxidizing activities and the 
concentration of MAO A : M A O  B molecules. PEA 
concentrations are normally kept low because 
although PEA was originally proposed to be a 
specific substrate for MAO B [30], it is oxidized 
rapidly by MAO A at high concentrations [31]. Its 
specificity for MAO B is largely dependent on its 
lower Km for B than MAO A (Table 4). Our 
measured Km values for MAO B are somewhat 
higher than values reported in the literature for the 
human enzyme, although reported values vary 
widely (from 1.3/~M [32] to 7.2 and 12.2 [33] for 
human brain MAO B). The reasons for this varia- 
bility in reported Km values is unclear, but may be 
related to differing reaction conditions, since PEA 
oxidation by MAO B exhibits substrate inhibition, 
and low levels of residual MAO A activity in prep- 
arations containing both enzymes strongly affect the 
apparent Kin. The turnover values of MAO B for 
PEA reported in Table 3, measured at 150/~M, prob- 
ably reflect significant substrate inhibition, since 
other experiments yielded 60% higher PEA-oxi- 
dizing activity by MAO B at 10/~M than at 150/~M 
(our unpublished data; conditions: 10-min assay, 37 °, 
pH 7.5). The degree of substrate inhibition by PEA 
depends upon substrate concentration, pH, protein 
concentration and assay time [34]. Using the mol- 
ecular activity and Km for liver MAO A for serotonin 
(Tables 3 and 4) and the estimated turnover of PEA 
by liver MAO B at 10/~M (167% of the turnovers 
measured at 150/~M; Table 3), we estimate that a 
preparation having an equal concentration of MAO 
A and B molecules oxidizes serotonin (at 1 mM 
concentration) four times faster than PEA (at 
10/~M). Therefore, for this substrate pair, as for the 
other assays discussed above, the ratio of MAO 
A:MAO B activity is considerably greater than the 
ratio of MAO A:MAO B molecules. 

The Km values and revised molecular activities 
for human MAO A and MAO B for a number of 
substrates will be useful in many studies of MAO. 
For example, they may reconcile an apparent dis- 
crepancy between data derived from catalytic assays 
and data from immunocytochemical studies, which 
depend on enzyme quantity rather than enzyme 
activity. Measurements of catalytic activity in the 
presence of various MAO-inhibiting drugs suggest 
that rat serotonergic neurons contain both MAO A 
and B activities [35, 36]. Furthermore, while sero- 
tonin is primarily oxidized by MAO A in vivo, MAO 
B can oxidize serotonin when MAO A has been 
selectively inhibited [37]. Consistent with this, it has 
been reported that 80% of the oxidation of 100/~M 
serotonin in rat serotonergic synaptosomes is by 
MAO A, and 20% by MAO B [36]. Despite strong 
evidence for MAO A in rodent serotonergic neurons, 
immunocytochemical studies readily reveal MAO B 
in serotonergic neurons of monkey and human, but 
no [38, 39] or marginal [40] staining for MAO A. 
Rat serotonergic neurons also stain intensely for 

MAO B but no MAO A antibody reagent is available 
to stain MAO A in rodent brain. While it is possible 
that a species difference might account for the failure 
to detect MAO A by immunocytochemistry in pri- 
mate serotonergic neurons, it can be calculated from 
the molecular activities of liver MAO A and MAO 
B for serotonin, and the K,. values of serotonin for 
MAO A (Table 4) and MAO B (from Tipton et al. 
[4]), that a ratio of MAO A : M A O  B molecules of 
only 1"76 in serotonergic synaptosomes would result 
in 80% oxidation of 1 mM serotonin by MAO A 
(1:186 at 100/*M serotonin). Such a low ratio of 
MAO A:B molecules is certainly consistent with 
intense immunocytochemical staining of MAO B and 
weak or negligible staining of MAO A in primate 
serotonergic neurons. 

In conclusion, we have confirmed that under our 
conditions, [3H]pargyline binding yields a more reli- 
able estimate of MAO A concentration than does 
clorgyline titration, and that discrimination of MAO 
A and B by selective inhibition before labeling or by 
selective immunoprecipitation after labeling yields 
similar results. In addition, we have shown that 
unless substrates and conditions are carefully chosen 
with molecular activities and relative K,~ values in 
mind, radiochemical assays of the ratio of amine 
oxidation by MAO A:MAO B may systematically 
overestimate the ratio of MAO A : M A O  B molecules 
in preparations containing both human enzymes. 
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