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Abstract--The subcellular localization of the A and B forms of MAO in rat brain was exammed. 
Although both enzymatic forms were found to be present in synaptosomal fractions. the B:A ratio 
m the synaptosomal fraction was one-half that in the extrasynaptosomal mitochondrial fraction 
obtamed from whole brain. The synaptic mitochondria. isolated following lysis of the synaptosomes, 
had the same B:A ratio as the nonlysed synaptosomes, suggesting that (1) MAO-B activity is, indeed, 
associated with synaptosomes and (2) that this activity is located in the mitocl~ondrla. The relative 
activities of the A and B enzymes in synaptosomal fractions were found to be greatly different among 
discrete brain regions, even though only small variations are evident in the whole homogenates. We 
conclude from these data that the activity of MAO-B may be nonuniformly located among different 
populations of synaptic endings 

Monoamine oxidase (MAO: EC. 1.4.3.4.) is a mito- 
chondrial enzyme responsible for the oxidative dea- 
mination of a variety of biogenic amines [l]. Recent 
evidence points to the existence of multiple forms of 
MAO having different substrate specificities. Studies 
originally reported by Johnston [2] demonstrated 
that two forms of MAO could be differentiated on 
the basis of their sensitivity to inhibition by clorgy- 
line. The form which was inhibited by low concen- 
trations of clorgyline was designated as type A MAO, 
and the form which was relatively insensitive to inhi- 
bition by low concentrations of ciorgyline was desig- 
nated as type B MAO. It was subsequently found 
that type B MAO was selectively inhibited by low 
concentrations of deprenyl [3]. The putative neuro- 
transmitters, serotonin (5HT) [2] and norepinephrine 
[4], are preferred substrates for MAO-A. On the 
other hand. benzylamine (Bz) [S] and phenylethyl- 
amine (PE) [6] are preferred substrates for MAO-B. 
whereas dopamine. tryptamine (Trypt) and tyramine 
serve as substrates for both forms of MAO 171. The 
two forms of MAO could also be demonstrated ill 
cI’t:o following intravenous injection of low doses of 
clorgyline or deprenyl 181. 

There is evidence to suggest that types A and B 
MAO are associated with specific cell types. Goridis 
and Neff 143 reported that denervation of the rat 
pineal gland by superior cervical g~nglionectomy 
resulted in a marked decrease in type A but not type 
B MAO activity. The relative content of types A and 
B MAO activity in the same cell type may also vary 
among species. Human blood platelets contain only 
type B MAO activity. whereas rabbit platelets contain 
both types A and B MAO [9]. These data suggest 

* Presented in part at the Fifth Annual Meeting of the 
Society for Neurosciences, New York. NY. November. 
1975 and in Neuroscicncu Ahstrclcts 1. 360 (1975). 

‘f Present address: Department of Physiological Chemis- 
try. Johns Hopkins University. School of Medicine, Balti- 
more, MD 21205. 

that the presence or absence of a particular type of 
MAO in a certain type of cells may be importantly 
related to the physiological function of that cell and 
its disposition of particular biogenic amines. 

Little is known. however. concerning the cellular 
localization of multiple forms of MAO in brain, In 
both rat and human brain homogenates. very little 
variation in the relative activities of types A and B 

MAO have been detected [lo. Ill. Nevertheless. the 
ratio of MAO-B:MAO-A was slightly. but signifi- 
cantly, higher in the cerebellum and olfactory bulb 
than in other regions of the rat brain 1121. Hirano 
et ul. [13] have reported that the ratio of MAO activi- 
ties measured with the substrates serotonin and tyra- 
mine varied 4.4-fold among several hypothalamic nu- 
clei. but, unfortunately. no B-specific substrate was 
used. Yang and Neff [6] found that brain mitochon- 
dria sedimenting at different buoyant densities on a 
continuous sucrose gradient displayed different 
MAO-B: MAO-A enzymatic activities, but, since 

whole brain homogenates had been used, it was not 
possible to determine the cellular origin of either the 
MAO-A or MAO-B-rich mitochondria. Bourne et al. 
[I41 have reported that two populations of mitochon- 
dria derived from rat brain synaptosomes are dis- 
tinguished from free mitochondria on the basis of 
their MAO-A:MAO-B ratio. In the present studies. 
we have found that the ratio of MAO-B:MAO-A in 
the synaptosomal fraction is one-half that in the free 
mitochondria isolated from whole rat brain, and that 
this ratio varies among discrete brain regions. From 
these studies, it is apparent that the relative activities 
of MAO-A and MAO-B in brain homogenates do 
not necessarily reflect these activities at specific sub- 
cellular locations. 

MATERIALS AUD XIETHODS 

Suhcrlluhr ,f~ltctiottittion. Male Sprague-Dawley 

rats (Zivic-Miller Labs. Pittsburgh. PA). 39-45 days 
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old. weighing 150-200 g were used, From six to twelve 
animals were decapitated and the brains were 
removed and placed on ice within 30 sec. The brains 
were homogenized in 9 vol cold 0.32 M sucrose. using 
10 vertical strokes in a teflon-glass tissue grinder 
(0.025 cm clearance) at a speed of 600 rpm. 

When experiments were performed on the brain 
regions. cerebellum. striatum and cerebral cortex were 
removed according to the method of Glowinski and 
Iversen [ 151. 

The method(~logy used for sLibcellul~r fr~~ct~onation 
and subsynaptosom~~l fracti~~nation was adapted from 
Autilio et (11. [ 161. Morgan et trf [I 71. and Cotman 
and Matthews 1181. A crude nuclear fraction (P,) was 
obtained by centrifugation at IOOOy for 1Omm. The 
resulting supernatant (S,) was centrifuged at 14.OOOg 
for I5 mm to yield the crude mitochondrial pellet (PI) 
and the supernatant. S2. Centrifugati~~n of S, at 
7O.oc)o<g for 1 hr gave a microsomal fraction (P,) and 
a cell soluble fraction (S,). 

The crude mitochondrial pellet (PZ) was washed 3 
times (14.000 y 15 min) by resuspending in 0.32 M 
sucrose. and. after centrifugation, the final pellet (P>) 
was resuspended in isoosmotic sucrose. 3 ml g of ori- 
ginal tissue. Volumes of 2 4mI were then layered on 
Ficoll-sucrose discontinuous gradients. (These were 
previously prepared by layering 7 ml each of solutions 
containing 5, 7.5, IO and 13”” Ficoll in 0.32 M sucrose 
and then allowing_ them to equilibrate I --2 hr at room 
temperature and fmally at 4 for another I- 2 hr.) The 
gradients were centrifuged in a Spinco SW 25.1 rotor 
at 33.ooO rev min (for R = R,,: IY.~~) for 75 min. 
The two layers containing myeiin (My) (on top of 
the S”,, layer and at the S-7.5”,, interface) were col- 
lectcd and pooled. by pipetting off all maternal from 
the top of the gradient through half of the 7.5”(, 
Ficoll-sucrose layer. The synaptosomal (S) fractions 
were collected and pooled by pipettmg off all material 
from the middle of the 7.5”,, layer to the middle of 
the I?‘,, layer. The mitochondrial pellet (M) was sus- 
pended in the remaining 13”,, Ficoll-sucrose solution. 
Since Ficoll was found to Interfere with the Lowry 
protein determinations. the myelin. synaptosomal. 
and mitochondrial fractions were diluted with 0.32 M 
sucrose and centrifuged at 29.000 rpm for 15 min. The 
resulting pellets were then suspended in 0.32 M 
sucrose. 

Suhs!ntrprosomtrl ,~Lac~tion~rior~. The synaptosomal 
fraction which was obtained as described above was 

suspended in 2@ 25 ml of 0.32 M sucrose and pelleted 
in a Spinco No. 30 rotor at 25,OCOrpm (for 
R = R,, :54.45Og) for 30 min. The washed synapto- 
somes (S’) were subjected to osmotic shock in 6mM 
TrisHCI. pH 8.4. for 6&90 mm at 4 . according to 
the procedure of Cotman and Matthews 1181. 

The lysed synaptosomes were then centrifuged at 
14.CMK3 y for I5 min. Only material not sedimenting 
under these conditions was considered synaptic 
plasma membranes (PM), in order to avoid contami- 
nation by subcellular particles whose sedimentation 
properties were not changed by the shocking pro- 
cedure 1171. The pellet was resuspended in 0.32 M 
sucrose to a tinal volume of 2 ml. of which 1.X ml 
was layered on a discontinuous sucrose gradient. 
which was composed of I4ml each of 3.5’,, and 38”,, 
sucrose and which had been equilibrated as described 

above. The gradient was centrifuged 90min X.50() 
rpm (for R = R,,:44,1OOg). 

The pellet obtained from this centrifugation con- 
tained synaptic mitochondria (SM) which were 
separated from synaptic plasma membranes and from 
unbroken synaptosomes. After pipetting off the 
sucrose solutions. the synaptic mitochondrial fraction 
was resuspended in 20 25 ml of 0.32 M SLIC~OXL'. 

Finally. the synaptic mitochondrtal suspension. and 
the suspension of the synaptic plaslma membrane frac- 
tion (PM) were centrifuged 12 hr at 25.OOOy and the 
resulting pellets were resuspended in 0.32 M sucro~. 

All samples were stored at - 70 ;md assays were 
carried out within 4 days. 

A.s.su~~~. MAO was assayed by a modification 01 thi 
radiochemical procedure of Wurtman and Plsclrod 
f19]* according to Edwards and Burns [20]. using 
the substrates 14C tryp~mine (6.17 x IO-’ M). 
t 4C PE (4.88 x 10eh M). and “C henzylamine 
(2.19 x lo-* M). For the substrate ‘“C 5HT 
(IO. ‘M). MAO was assayed by a modthcatton 01 the 
procedure of McCaman er trl. 1211, ,A11 reactions wcrc 
carried out 111 a volume of 2 ml for I hr at 37 , durtng 
which time the assay was linear as iong a\ not more 
than lo”,, of the substrate was converted to product. 
After stopping the reactions by the adduion of 0.2 ml 
of 2 N HCI. the deaminated products were ~eparatcd 
from the remaining substrate by solvtent extractlc>n 
and determined by liquid-scintillation counting. 

Rotenone-insensitive NADH : cytochrome c reduc- 
tase was assayed spectrophotometricaiiy at 30 in a 
Gilford model No. 240 specti-ophotometcr. by follow- 
ing the reduction of added cytochromc u at 55Onm 
[22]. 

Protein was estimated by the method of Lowry VI 
izl. [23], which was automated using a Technicon 
Auto Analyzer. 

Drug j~~~b~f~or~ studies. In order to characterize 
further the MAO activity in the subcellu~ar fractions, 
studies were carried out with clorgyline and deprenyl. 
For in vitro studies, clorgyline was added to the assay 
mixture to a final concentration of 10. ‘“--lo-’ M. 
The assay was carried out with either PE or 5HT 
as substrate and was initiated by the addition of 
enzyme. For in ciao studies, animals were given an 
i.v. injectton of either clorgyline (1 mgjkg) or deprenyl 
(1 mg/kg) 2 hr before they were killed. Subcellular 
fractions of the brains were then obtained as de- 
scribed above and assayed for MAO activity. 

ElVcrrorl 1?2iUO~<‘O1),r. Pellets were tixcd 111 I”,, 
osmium tetroxide in phosphate buffer. pH 7.2. Phi: 
fractions were dehydrated in ethanol and embedded 
in Epon and Araldtte. Sections from various locations 
in the pellet were cut usrng a Porter Blum Microtome 
MT-I and stalned with uranyl acetate and po\t- 
stained with lead citrate-Reynolds. Several represcnta- 
tive sections of each pellet w’crr examined with ;I Phil- 
lips 300 electron microscope. 

~~f~r~~~~~~,~. Density gradient grade sucrose (Sch- 
warz.~Mann) was used t~lrol~ghoL~t. Ficoli 1 Pharmacta I 
was dialyzed for I2 hr against two changes of’ glass- 
distilled vvatcr and stored I2 hr at 4 until u<e. 
NADH, NADPH. cytochrome C’ and serolonln crca- 
tininc sulfate were obtained from Sigma Chemical CO. 
Phenylethylamine-HCI and benlylamine-HCI wcr~‘ 
purchased from K and K Laboratories. Tryptnmin~- 
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HCI was obtained from Aldrich Chemical CO. The 
substrates [side chain-2-‘4C]tryptamine, [ethyl- 
1-r4C]phenylethylamine%nd [side chain-2-‘4C]sero- 
tonin were purchased from New England Nuclear. 
[7-‘4C]Benzylamine was obtained from Mallinck- 
rodt. 

Clorgyline (N-methyl-N-propargyl-3(2,4-dichloro- 
phenoxy)propylamine hydrochloride) was a gift from 
May and Baker, Ltd. England. Deprenyl was kindly 
provided by Dr. Knoll, Budapest. 

RESULTS 

Ekrron microscopy. Electron micrographs of the 
synaptosomal and mttochondrial fractions were de- 
rived from a gradient layered with an unwashed crude 
mitochondrial fraction. In both cases, there was a 
large number of the intact representative particles. 
The electron micrographs of the synaptic mitochon- 
dria show a dense population of particles which look 
very different from the extrasynaptosomal mitochon- 
dria (i.e.. they are smaller and have a larger number 
of cristae-like structures). This difference may be due 
to alterations occurring after exposure to 6mM 
Tris-HCI at pH 8.4. 

Subcehkzr fractionation 01‘ whole rat brain. Table 
I includes data combined from two experiments. The 
large amcunt of protein (69 per cent) and MAO ac- 
tivity (55-57 per cent) that sedimented in the first cen- 
trifugation step (P,) was a result of the mild ho* 
$genizing conditions used in order to isolate intact 
synaptosomes. The pellet PI presumably contains 
many unbroken cells. reducing the apparent recovery 
of enzymatic activity in other subcellular fractions, 

The crude mitochondrial fraction (PZ) contained 
16.5 and 14 per cent of the total activities of MAO-A 
and MAO-B. respectively. in the whole homogenate 
(Table I). Although I4 per cent of the total brain 
protein appeared in the P, fraction. it should be 
noted that the amount of MAO activity which could 
be accounted for through this step of the procedure 

(i.e., %P, + u/‘P2 + “;SJ was 74.5 and 71.1 per cent 
for the A and B forms, respectively, whereas 99.4 per 
cent of the total protein could be accounted for. The 
lower recovery of MAO activity than of total protein 
may be due to a partial denaturation of active enzyme 
or to a selective loss of enzymic protein. However. 
the activities of the A and B enzymes show similar 
losses of activity. The specific enzymatic activities for 
MAO in the crude mitochondrial fraction were only 
slightly or not at all higher than that for the whole 
homogenate. This is probably due to the combination 
of a loss of recovered activity during the preparation 
of P, in addition to a large degree of contamination 
of this fraction by other cellular components. 

When the crude mitochondrial pellet (PJ was frac- 
tionated on a Ficoll-sucrose gradient, 21-26 per cent 
of the total MAO activity, determined with either A- 
or B-specific substrates, was recovered in the myelin 
fraction of the gradient. This would appear to be due 
to a contaminant rather than to any intrinsic MAO 
activity associated with myelin. First, when the crude 
mitochondrial pellet was washed three times (to 
obtain Pi) before being fractionated on a Ficoll-suc- 
rose gradient, only 5-9 per cent of the MAO activity 
was recovered in the myelin fraction (Table I). 
Secondly, based on the activity of rotenone-insensitive 
NADH :cytochrome c reductase. an enzymatic 
marker for outer mitochondrial membranes. we esti- 
mate that about 7 per cent of the protein in the mye- 
lin fraction is contained in outer mitochondrial mem- 
branes. assuming that the outer mitochondrial mem- 
brane contains IO per cent of the total mitochondrial 
protein [17]. These results suggest. therefore. that the 
MAO activity in the myelin fraction could be 
accounted for by contamination by sheared off outer 
mitochondrial membranes [ 171. 

The distributions of the A and B forms of MAO 
in the synaptosomal and mitochondrial fractions were 
found to be significantly different (Table I). For 
MAO-A, 37 per cent of the total activity recovered 
from the gradient was in the synaptosomal fraction 

Table 1. Subcellular fractionation of whole rat brain* 

FrElCtlOll 

Specific r”l)matlc 
actlvlt) 

Per cent recovered Inmales hr mg protein) 

n Pr0te1n MAO-A MAO-B MAO-A MAO-B MAO-B MAO-A 

Homogenate 

P, 
St 
S, 

P, 
S, P* 
P2’ 

Myelm 

Synaptosomes IS) 

Maochondria IMI 

Washed ts’) synaptosomes 
Synapk mnochondna 
@Ml 

Synaptic plasma membranes 
(PM1 

3 loo IO0 I(x) I36 i_ 4 i?2?,2 0 21x OOIU 

6 

i 

6’) I 550 56 6 iox I? + 24x 04 ? 0 230 
6 

f OOil 
38 3 25 I ?? 5 YU2+54 0214 192+11 * 0004 

6 163 30 35 XII*62 x4* IX 027x 
6 

f 0012 
37 23 25 964 176 i x4*44 0 266 i 0 00X 

6 96 0 20 0 35 401 IO (1 4 I3 IY 106 0 ,146 6 14.0 5 165 140 I59 6 
* 3?2* I4 n ‘04 2 0 u I3 3 II 7 155 I?.? 180 5 
* 33Yi_‘? 0 I Y 

1 
0 04 I 6 0 932 -’ 0 59x 0 294 

951 + I43 II 0 + I5 0 I?0 + 0 006 
6 I x5 2 5x I 50 1x7 * 17 217+.lo 0 14x _t 0 02 I 
6 2 20 4x2 4 34 734 2, + 631 244 0 271 + 
3 

0 021) 
I 59 2 56 I17 218 17 * 233+41 
07 

(1 IO5 _i ou,,, 
1.5 06 309 1, 2 0 IO? 

2 05 0 I1 016 81 Y II0 0 23x 

* Data are combined from two experiments. In each experiment, 6 animals were used and two whole brains were 
pooled for each tissue sample carried separately through the fractionation procedure. Values are the means + S.E.M. 
for the total number of tissue samples indicated. Recovery of total protein and enzymatic activity is given-relatrve 
to the whole homogenate. The specific enzymatic activities are expressed as nmoles product formedlhrimg protein. 
MAO-A and MAO-B were assayed with the substrates SHT and phenylethylamine. respectively. Each SM and PM 
was obtained by pooling 3 S’ fractions. 
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Table 2. Rattos of the specific activities of monoamine oxidase with four substrates 
in subcellular fractions of rat brain regions* 

MAO-BE 
MAO-Xi7 

MAO-PE 
M.AO-Br 

* Mean 1 SE. of data pooled from five experiments. 
Substrates used were PE. 5HT. benzylamine (Bz) and tryptamine (Trypt) 

and 54 per cent was in the mitochondrial fraction. 
On the other hand. only 25 per cent of the MAO-B 
activity was found in the synaptosomal fraction and 
71 per cent in the mitochondrial fraction. The ratio 
of MAO-B activity to the MAO-A activity was 

l.Wold higher in the mitochoildrial (0.274) than in 
synaptosomal (0.148) fractions (P < 0.005). 

As can be seen from Table I. the relative specific 
enzymatic activities compared to the homogenate for 
MAO-A and MAO-B were 1.71 and 1.96. respecttvely. 
in the mitochondrial fraction and 1.38 and 0.86, re- 
spectively, in the synaptosomal fraction. These results 
are comparable to results observed by other investiga- 
tors using similar techniques for subcellular fraction- 
ation of brain tissue. For example. Jones er ul. [24] 
found that the specific activities of MAO (substrate 
not specified) were 2.8- and 1.4fold higher tn mito- 
chondrial and synaptosomal fractions. respectively. 
than in the whole homogenate. 

brain regions. Table 2 demonstrates that the ratio 
MAO-B:MAO-A varies as much as %fold in synapto- 
somal fractions obtained from different brain regions, 
Of the three brain regions examined, the cerebellar 
synaptosome fraction was found to have the highest 
MAO-B:MAO-A (0.271), whereas the synaptosomal 
fraction of the cerebral cortex was found to have the 
lowest ratio (0.068). In striking contrast. relatively 
small variations in this ratio were observed for the 
whole homogenates of these brain regions. For com- 
parison, Table 2 also shows that the ratios, MAO- 
PE: MAO-Bz and MAO-Trypt : MAO-SHT. i.e. the 
ratio of MAO activities determined with the sub- 
strates PE and benzytamine (both specific substratcs 

After the synaptos(~m~ll fractions were lysrd by 
osmotic shock, the isolated synaptic mitochondria 
contained 58 and 55 per cent of the activities 
of MAO-A and MAO-B. respectively. and 44 per cent 
of the protein (as compared with the washed synapto- 
somal fraction. S’). The ratio of MAO-B:MAO-A ac- 
tivity of this fraction (0.102) was similar to that 
observed for the intact synaptosomes (S’) (0.105). The 
synaptic plasma membrane fractions, on the other 

hand, contained 6 per cent and I4 per cent of the 
MAO-A and MAO-B activities. respectively. and 29 
per cent of the protem. Thus. there appears to be 
no selective localization of either type of MAO in 
synaptic plasma membranes to account for the rela- 
tively low MAO-B:MAO-A ratio in syn~ptosomal 
fractions. 

The specific activity of rotenone-insensitive 
NADH: cytochrome c reductase was actually higher 
in the synaptic plasma membrane fraction 
(34.7 & 7.8~moles/hr:g protein) than in either the 
nonsynaptosomal mitochondria1 (M) (17.6 4 2.3 
~moles/hr~g protein) or the synaptic mitochond~al 
fractions (SM (23.0 & I 1.0 pmolesjhrjg protein)). This 
suggests that the small amount of MAO acttvity 
present in the synaptic plasma membrane fraction 
may be due to contamination by outer mitochondrial 
membrane fragments. 

-tog [clorqyi~neJ 

Fig. 1. Per cent inhrbitron of monoamine oxidase activity 
m the synaptosomal fraction of rat brain vs the clorgyline 
concentration with WT. 0, or phenylethylamine, O. as 

substrate. Data presented are the means of duplicate deter- 
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for MAO-B) or with tryptamine (which is primarily 
deaminated by MAO-A) and 5HT (a specific substrate 
for MAO-A) have little variation among different 
brain regions, for either whole homogenates or for 
subcellular fractions. 

Sensitivity to MAO inhibitors. Synaptosomal 
MAO-A activity was inhibited in vitro 84 per cent 
by 10e8 M clorgyline, while the MAO-B activity was 
inhibited less than 8 per cent (Fig. 1). 

When clorgyline was administered in riuo (1 mg/kg), 
only 2 per cent of the MAO-A activity was retained 
in the isolated synaptosomal fraction, while 81 per 
cent of the MAO-B activity remained (Table 3). On 
the other hand, deprenyl injected in ho (1 mg/kg) 
resulted in retention of 75 per cent of the MAO-A 
activity and only 7 per cent of the MAO-B activity 
in the synaptosomal fraction. 

DISCUSSION 

Our results indicate that MAO activities which 
have the substrate preferences characteristic of the A 
and B forms may be distinguished by their subcellular 
distribution in rat brain. We have found approxi- 
mately 2-fold differences between synaptosomal and 
mitochondrial fractions in the ratio of MAO activity 
determined with the A- and B-specific substrates, 5HT 
and PE, respectively (Table 1). This difference is con- 
sistent with previous reports that MAO in distinct 
populations of rat brain mitochondria differ in their 
relative activity towards multiple substrates. For 
example. the pattern of MAO activity of rat brain 
mitochondria centrifuged on a continuous sucrose 
density gradient varied depending on the substrate 
used [25]. Yang and Neff [6] in using the preferred 
substrates for MAO-A and B. reported that the 
enzyme in mitochondria having a higher buoyant 
density had a greater ratio of PE to 5HT deamina- 
tion. However. in most previous studies, the condi- 
tions used for homogenization of the tissue did not 
permit the isolation of intact synaptosomes. so that 
it was not possible to directly relate differences in 
substrate preferences of the enzyme to a particular 
anatomical site (e.g. synaptosomal vs. extrasynapto- 
somal mitochondria) and hence to a possible func- 
tional significance. Although one recent report did in- 
dicate that. in cat brain. MAO in synaptosomes vs 
free mitochondria had different substrate preferences, 
no specific substrate for MAO-B was used [26]. 

In addition. although synaptosomes have a lower 
ratio of MAO-B:MAO-A than do free mitochondria. 
they. nevertheless. have a significant amount of the 
B enzyme. However. since the synaptosomal MAO 
activity measured with the substrate PE was only 1.5 
per cent of the total activity in the original homo- 
genate (Table 1). it was necessary to confirm that this 
activity was representative of MAO-B in the whole 
homogenate. Indeed. this enzymatic activity showed 
the expected insensitivity to inhibition by clorgyline 
irl cirro (Fig. 1) and in cite (Table 3). 

Although the procedure for subcellular fraction- 
ation was designed to obtain synaptosomes free of 
contamination by other cellular particles, it is difficult 
to quantitate the purity of a synaptosomal prep- 
aration. Marker enzymes are of little value for esti- 

Table 3. In ciw effects of clorgyline and deprenyl (1 mg/kg, 
i.v.) on MAO activity in subcellular fractions of rat bratn 

MAO ac,,v,ty 
Per CC”, 01 c0ntrol 

+Clargylme + Deprcnyl 

MAO-A MAO-8 MAO-4 MAO-R 

Myehll 28 96 7 x0 6 Xl 

Synaptosamer 18 xi 3 75 7 76 

Mltochondrla 36 99 6 ‘3 I 67 

MAO-A and MAO-B were assayed with the substrates 
5HT and PE, respectively. All activities are expressed as 
per cent of activity in the corresponding subcellular frac- 
tion obtained from the control animals. 

mating contamination of the synaptosomal prep- 
aration by extrasynaptosomal mitochondria as there 
are no known enzymes unique to extiasynaptosomal 
mitochondria. In spite of the difficulties involved in 
isolating synaptosomes free from contamination by 
other cellular componants, such contamination would 
not appear to account for the MAO-B activity in our 
synaptosomal fraction. The specific activity of 
MAO-B in the washed synaptosomal fraction (S’) was 
23.3 nmoles/hr/mg, while the specific activity in the 
extrasynaptosomal mitochondria (M) was 63.1 nmoles/ 
hr/mg. If the MAO-B activity in the synaptosomal 
fraction is due to contamination by extrasynaptoso- 
mal mitochondria, then 37 per cent of the synaptoso- 
mal fraction would be extrasynaptosomal mitochon- 
dria. This number of free mitochondria are not evi- 
dent in electron micrographs of the synaptosomal 
fraction. Moreover. some of the free mitochondria in 
the synaptosomal fraction are likely a result of synap- 
tosomal lysis and are. therefore, synaptosomal in ori- 
gin 

The data also suggest that the MAO-B activity in 
the synaptosomal fraction is not due to contaminat- 
ing outer mitochondrial membranes derived from 
extrasynaptosomal mitochondria. Contaminating 
outer mitochondrial membranes in the synaptosomal 
fraction would not be expected to pellet through the 
35 and 38 per cent sucrose gradient designed to separ- 
ate synaptic plasma membranes from synaptic mito- 
chondria. One would expect a disappearance or a 
large decrease in specific activity of MAO-B in the 
isolated synaptosomal mitochondria as compared 
with the intact synaptosomes. if this activity were due 
entirely to contaminating outer mitochondrial mem- 
branes. Instead, the values in Table 1 for the specific 
activity of MAO-B increases from washed synapto- 
somes (23.3 nmoles,‘hr/mg) to synaptic mitochondria 
(31.2 nmoles/hr/mg). 

Thus, while one cannot eliminate entirely the possi- 
bility that the MAO-B activity in the synaptosomal 
fraction is due to contammation by other cellular 
fractions, the data suggest that at least a large propor- 
tion of the MAO-B activity is. indeed. contained by 
synaptosomes. 

Our results would appear to rule out any selective 
extramitochondrial localization of either MAO-A or 
MAO-B. Although we observed the microsomal frac- 
tion (PJ to contain a small amount of MAO activjity. 

about 2 per cent of the total homogenate acttvitv. 
the ratio of MAO-B to MAO-A acti& was similar 

to that found for the free mitochondrial fraction 
(Table I). We believe that based on the marker 
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enzymes that this activity is due to contamination 
by shearing of outer mitochondrial membranes. as 
suggested by Jarrott and lversen [27]. Lowe ct u/. 
[38] reached a similar conclusion that, based on his- 
tochemical localization. the apparent activity of MAO 
in rat heart microsomes 1291 may also be due to a 
shearing of outer mitochondrial membranes during 
homogenization. 

The small amount of MAO activity in the synaptic 
plasma membrane fraction also appeared to be due 
to contamination by outer mitochondrial membrane 
fragments. based on the specific activity of the outer 
mitochondrial membrane marker. rotenone-insensit- 
ive NADH: cytochrome (’ reductase. Although Mor- 
gan tit ~1. [I 71 and Tabakoff rt (I/. [30] previously 
observed MAO activity in their synaptic plasma mem- 
brane fractions. Tabakoff er ~1. 1301 could also 
account for this activity by contaminating outer mito- 
chondrial membranes. 

The more than 2-fold lower ratio of MAO-B to 
MAO-A in synaptosomes (0.105) and synaptic mito- 
chondria (0.102) as compared with free mitochondria 
(0.274) could be accounted for by assuming that all 
synaptic mitochondria have this low B.‘A ratio and 
thus are enzymatically distinct from other brain cell 
mitochondria. Alternatively, this low ratio of MAO- 
B/MAO-A could also be due to synaptic mitochon- 
dria in certain populations of nerve endings having 
either a lack or relatively low amounts of MAO-B. 
such that the resulting overall MAO-B to MAO-A 
ratio in the synaptic mitochondrial fraction is rcla- 
tively low. Since it has been reported that there is 
a complete absence of MAO in rat brain cholinergic 
nerve endings [3l]. it is conceivable that synapto- 
somes from other nerve ending populations may lack 
only the type B enzyme. 

The latter notion that the ratio of MAO-B/MAO-A 
varies among different synaptic endings is supported 
by our results obtained for discrete brain regions. 
Although the ratio of MAO activity determined with 
the substrates PE and 5HT is slightly but significantly 
higher in the cerebellum than in either the striatum 
or cortex. in confirmation of our previous findings 
[12], the differences in this ratio among different 
brain regions become even more dramatic when sub- 
cellular fractions are examined. For example, the B/A 
ratio was only 1.3-fold higher in the whole hom- 
ogenates of cerebellum as compared to cerebral cortex, 
but this ratio was 4.0-fold higher in the cerebellum 
than in the cerebral cortex when the synaptosomal 
fractions were compared (Table 2). Intermediate dif- 
ferences which were found in the B: A ratios in these 
brain regions for the free mitochondrial fractions (e.g., 
2.4-fold for cerebellum vs cerebral cortex) may be a 
result of some of the free mitochondria in the frac- 
tions originating from broken synaptosomes. 

Clearly, these results demonstrate that the activity 
of MAO in homogenates of brain tissue may give 
a poor reflection of the enzymatic activity in synaptic 
endings or in particular types of synaptic endings. 
Thus, a substantial reduction of activity at one par- 
ticular cellular location (e.g. in the synaptic endings) 
or in spgcific cell types may be obscured by measure- 
ment of the activity in tissue homogenates. 
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