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Abstract-In order to study the possible role of phospholipids in the genesis of different forms (‘A 
and ‘B’) of monoamine oxidase (MAO), rat liver mitochondrial monoamine oxidase was compared 
in mitochondria before and after lipid-depletion by extraction with aqueous methyl ethyl ketone with 
respect to substrate specificity and inhibitor sensitivity. With serotonin (substrate for the ‘A form’ 
of the enzyme) 7 per cent of the activity in the mitochondrial preparation was recovered after extraction, 
while 80 per cent was recovered with /?-phenylethylamine (substrate for the ‘B form’ of the enzyme) 
and 3” per cent with tyramine (which is supposed to be a substrate for both forms). A comparison 
of the sensitivity to the inhibitors clorgyline (‘A form’ inhibiting) and deprenil (‘B form’ inhibiting) 
before and after extraction also showed that the ‘B form’ of the enzyme was almost exclusively recovered 
in the lipid-depleted residue. From extraction experiments performed on mitochondria with either 
the ‘A’ or the ‘B form’ of the enzyme selectively inhibited with clorgyline or deprenil, respectively, 
it could be concluded that no transformation of the ‘A form’ into ‘B form’ occurred as a result of 
the extraction. After extraction of mitochondria in which both forms of monoamine oxidase had been 
labelled with the irreversible inhibitor [‘4C]pargyline most of the radioactivity was found in the lipid- 
depleted residue. This indicates that the ‘A form’ was not liberated from the membranes by the extrac- 
tion, but was still present in the membrane residues in an inactivated state. The results do not support 
the hypothesis that the multiple functional forms of monoamine oxidase are explained by the binding 
of different amounts of membrane material to one single enzyme species. 

Monoamine oxidase (monoamine: O2 oxidoreductase, 
EC 1.4.3.4) has been studied in different tissues from 
several species and results have been obtained which 
have been interpreted as indices for the existence of 
multiple forms of the enzyme in many tissues (for 
reviews see Refs. 1 and 2). The question of multiple 
forms of the enzyme is of great importance for the 
development of new antidepressive drugs of the 
monoamine oxidase inhibitor type with fewer un- 
wanted side-effects due to a greater selectivity in their 
monoamine oxidase inhibiting capacity. The evidence 
for the existence of multiple forms is mainly based 
on differences in substrate specificity, sensitivity to in- 
hibitors and electrophoretic mobility (see Ref. 1). Due 
to the results obtained with the inhibitor clorgyline, 
Johnston [3] suggested that monoamine oxidase 
might exist in an ‘A form’ which is highly sensitive 
and a ‘B form’ which is less sensitive to clorgyline. 
Later Knoll and Magyar [4] introduced deprenil, an 
inhibitor which preferentially inhibits the ‘B form’ of 
the enzyme. The distribution and substrate specifici- 
ties of the two forms have recently been reviewed by 
Neff and Yang [S]. Thus the ‘A form’ metabolizes e.g. 
nor-epinephrine and serotonin and the ‘B form’ fi- 
phenylethylamine and benzylamine, while dopamine, 
tyramine and tryptamine are metabolized by both 
forms. 

Recently, Tipton and coworkers [6,7] have sug- 
gested that the differences between the two forms may 
be explained by different amounts of membrane 
material, i.e. phospholipids, bound to the enzyme. 
They showed that after treatment of monoamine oxi- 
dase from rat liver or human brain with the chaotro- 

pit agent sodium perchlorate the electrophoretic 
mobility and the sensitivity of the enzyme to clorgy- 
line changed as to reveal only one single form of the 
enzyme. These results supported the contention that 
the multiple forms of monoamine oxidase were due 
to the differential binding of membrane material to 
a single enzyme species, conferring allotropic proper- 
ties upon it. 

Our group has developed a method for liberation 
of monoamine oxidase from pig liver mitochondria 
by extraction of phospholipids [S]. In this method the 
phospholipids are effectively removed by extraction 
with aqueous methyl ethyl ketone with most of the 
monoamine oxidase activity retained. In a first step, 
about 90 per cent of the phospholipids are extracted, 
however, without liberation of the enzyme [9]. In the 
present investigation we have used this first step of 
the procedure to study the role of the phospholipids 
for the existence of multiple forms of rat liver mono- 
amine oxidase. We thus have compared the properties 
of monoamine oxidase in the mitochondrial prep- 
aration with those of the enzyme in the lipid-depleted 
residue with regard to substrate specificity and sensi- 
tivity to the inhibitors clorgyline and deprenil. 

MATERIALS 

[i4C]serotonin. [i4C]tyramine and [‘4C]/Sphenyl- 
ethvlamine were ourchased from New England Nuc- 
lea;, Boston, Mass, and the corresponding”unlabelled 
substrates from Sigma Chemical Co., St. Louis, MO. 

Deprenil (phenylisopropylmethylpropionylamine 
hydrochloride, E-250) was a kind gift from Dr. 
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Magyar, Budapest, Hungary through Dr. Kinemuchi. 
Tokyo and clorgyline (N-methyl-N-propargyl-3 (2,4- 
dichlorophenoxy)-propylamine hydrochloride). M & 
B 9302 from May & Baker Ltd., Dagenham, England 
(Dr. R. A. Robinson). CL4C]pargyline was a kind gift 
from Abbot Laboratories, North Chicago. Ill. (Dr. R. 
G. Wiegand and Dr. R. C. Sonders). 

METHODS 

Pwpurutiotl qf’rut liver mitochondria arzd c~f’lipid-de- 

pleted rnitochorldrial rnrrnhrarzc wsidtte. Male Sprague- 
Dawley rats were killed by a blow on the head and 
the livers were quickly removed and chilled. Mito- 
chondria were prepared in 0.25 M sucrose by the 
method of Thompson et u[. [IO]. To prepare lipid- 
depleted mitochondrial membrane residue the mito- 
chondrial preparation (about 50 mg protein/ml) was 
extracted with aqueous methyl ethyl ketone as de- 
scribed earlier for pig liver mitochondria [S]. Briefly. 
8 volumes of methyl ethyl ketone were added slowly 
under rapid stirring to one volume of the mitochon- 
drial preparation. The ketone extract was poured off 
and the residue suspended in four times the original 
volume of 0.1 M potassium phosphate (pH 7.2) con- 
taining OGOl M EDTA and then spun down. The 
residue from this centrifugation was suspended in the 
original volume of 0.01 M potassium phosphate (pH 
7.2). In the following this suspension is referred to 
as the lipid-depleted residue. 

Assay of ~1o~ou~line oxiduse. Monoamine oxidase 
was estimated according to the principles of Wurtman 
and Axelrod [1 1] with [“YY]tyramine, [14C]/Gphenyl- 
ethylamine and [14C]serotonin as substrates at a 
final concentration of 20 ,uM. Since many pitfalls are 
involved in the estimation of monoamine oxidase 
using labelled substrates 112. 131 we routinely con- 
trolled the results obtained by using an oxygen polaro- 
graphic method [14]. In all cases tested there was 
an excellent agreement between the two methods. 

Separation cf phospho/ipids 011 thin Iuycu chrortmto- 

yruphy (t.k.) and drtrrmirlatior~ of’ lipid phosphorus. 
Aliquots of the mitochondrial preparation. the methyl 
ethyl ketone extract, the buffer extract and the lipid- 
depleted residue were extracted with 20 vol chloro- 
form--methanol (2: 1, v/v). The extracts were shaken 
with 0.4 vol O-97; NaCl. After separation the chloro- 
form layer was dried with anhydrous Na,SO, and 
evaporated to a small volume. Samples were then 
taken for determination of phosphorus and for two- 
dimensional t.1.c. separation of phospholipids on silica 
acid H (E. Merck AC. Darmstadt). The mixture for 

the development in the first direction consisted 
0r chloroform~~mcthanol water ammonia (Y,,). 
130: 110:X:0.5 (v,‘v). The plates were dried and then 
developed in the second direction with a mixture 
of chloroform-~acetonc methanols acetic acid water 
(75:35:15: l2:7. v/v). After drying. the spots were 
visualilcd by spraying with iodine vapor and then 
scraped off. The individual phospholipids were identi- 
fied by comparing the R,-values with those of stan- 
dard samples chromatographed on different plates at 
identical conditions. The phospholipids wcrc 
extracted with 3 ml of chloroform methanol acetic 
acid water (50:39: I : 10. v.v) and 2 ml of the extract 
evaporated to dryness. Phosphorus was then esti- 
mated according to Chcn cf rrl. [ 151. The recovery 
of lipid phosphorus after the separation on t.1.c. was 
always more than X5 per cent. 

Protch was estimated according to Lowry c’t 
u/. 1161 with human serum albumin as a standard. 

Radioactil~it_v was estimated in a Packard Tri-Carb 
liquid scintillation spectrometer with Aquasol (New 
England Nuclear. Boston. Mass.) as scintillation 
media. Quenching was. when necessary. corrected for 
by using an internal standard. 

RESl LTS 

The composition of phospholipids in the mitochon- 
drial preparation. the methyl ethyl ketone extract and 
in the lipid-depleted residue is shown in Table I. It 
can be seen that the extraction procedure removed 
about X0 per cent of the lipid phosphorus. thereby 
lowering the ratio phospholipid:protein from 0093 
(3.73 pg lipid P/mg protein) in the mitochondrial 
preparation to 0.029 (1.15 ~l,g lipid Plmg protein) in 
the residue. As regards to individual phospholipids, 
lecithin and phosphatidyl ethanolamine were prefer- 
entially extracted with the ketone, while mainly car- 
diolipin accumulated in the residue to constitute 
about one-third of the total phospholipid content as 
compared to about IO per cent found in the mito- 
chondrial preparation. 

The recovery of the tnonoaminc oxidasc activity 
in the buffer extract and in the lipid-depleted residue 
is shown in Table 2. In the ketone extract it was 
not possible to measure activity. In the residue the 
recovery was dependent upon the substrate used for 
the estimation. Thus. with serotonin as substrate 
about 7 per cent, with tyramine 39 per cent and with 
/?-phenylethylamine 80 per cent of the activity in the 
mitochondrial preparation was recovered. In the 
buffer extract less than I per cent of the activity in 

Table 1. Phospholipids* in the mitochondrial preparation and in the different fractions obtained after extraction 

*All values are expressed as per cent of the total amount of lipid phosphorus in the mitochondrial preparation. 
t 3.73 pg lipid phosphorus/mg protein. 
1 I.1 5 big lipid phosphorus/mg protein. 
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Table 2. Monoamine oxidase activity* remaining after 
extraction+ of rat liver mitochondria with methyl ethyl 

ketone 

Substrate 

Scrotonin Tyramme 
fi-phenylethjl- 

ammc 

preparation 
BuRer extract 
Lipiddepleted 

residue: 

* Expressed as per cent of the activity in the mitochon- 
drial preparation before extraction. The values are the 
mean f S.E.M. of ten experiments. 

t The extraction procedure was carried out as described 
in the text. 

$ Protein content 59.9 + 1.4 of that in the mitochondriai 
preparation 

the mitochondria was found, irrespective of the sub- 
strate used. 

In order to investigate whether the removal of 
phospholipids transformed the ‘A form’ of mono- 
amine oxidase (serotonin-oxidizing activity) into the ‘B 
form’ (~-phenylethylamine-oxidizing activity), mito- 
chondria were inhibited by either clorgyline or 
deprenil and then extracted. When monoamine oxi- 
dase in the mitochondrial preparation was inhibited 
by clorgyline only 2.5 per cent of the activity with 
serotonin as substrate but 84.4 per cent of the p- 
phenylethyl~ine oxidizing activity remained (Table 
3). After the extraction with ketone the recovery of 
the activity against P-phenylethylamine was about 70 
per cent of that in the clorgyline-treated mitochon- 
drial preparation. 

When deprenil was used to inhibit the ‘B form’ acti- 
vity in the mitochondria, essentially no activity with 
~-phenylethylamine as substrate but 45 per cent of 
the activity with serotonin remained {Table 3). When 
this selectively inhibited mitochondrial preparation 
was extracted and the activity against P-phenylethyl- 
amine was estimated still no activity was found in the 
lipiddepleted residue. 

The effect of various concentrations of clorgyline 
on the monoamine oxidase activity in the mitochon- 
drial preparation and in the lipid-depleted residue is 
shown in Fig. 1. With serotonin as substrate both 
the activity in the mitochondrial preparation and the 
remaining activity (779 in the lipid-depleted residue 
were highly sensitive to the inhibitor. The activity 

Concentration of clorgyline, -tog M 

Fig. 1. Inhibition by clorgyline of monoamine oxidase in 
the mitochondrial preparation and in the lipid-depleted 
residue. Samples were preincubated at 25” in the presence 
of clorgyline at the concentrations indicated in a total 
volume of 275 ~111 of 0.5 M potassium phosphate (pH 7.4). 
After 20 min. the assay was started by adding 25 ~1 sub- 
strate and carried out as described in the text. The activity 
is expressed as per cent of the activity in the absence of 
clorgyline. Mitochondria with serotonin as substrate: 
x ~ x ~ x ; residue with serotonin: x - -x --- x ; 
mitochondria with tyramine: A----&--A; residue with 
tyramine: A---A---A; mitochondria with fi-phenylethyl- 
amine: c+---~----O and residue with jl-phenylethyl- 

amine: O---C---O. 

towards fl-phenylethylamine was about loo0 times 
less sensitive both in the mitochondrial preparation 
and in the lipid-depleted residue. When tyramine was 
used as substrate, a plateau-shaped inhibition curve 
was obtained with increasing concentrations of clor- 
gyline. This is in agreement with previous reports that 
tyramine is oxidized both by the clorgyline-sensitive 
‘A form’ and the less sensitive ‘B form’ of the 
enzyme [3]. After the lipid-depletion, however, only 
the less sensitive part of the curve remained. 

The effect of various concentrations of the preferen- 
tially ‘B form’ inhibiting drug, deprenil, is shown in 
Fig. 2. The activity against ~-phenylethylamine was 
highly sensitive to deprenil both in the mitochondrial 
preparation and in the lipid-depleted residue. The 
activity against serotonin, on the other hand, was 
considerably less sensitive in both preparations, and 
when tyramine was used as substrate for the mito- 

Table 3. Monoamine ox&se activity* remaining after extraction of rat liver mitochondria inhibited 
by clorgyline and deprenil, respectively* 

Clorgyline Deprend 

SWX0ll1n Tyramme /i-phenylethylamine Serotomn Tyraminc p-phenylethylamine 

2.5 4 1-o 844 45.3 39-4 13 

preparation 
Lipid-depleted I.4 Zj.0 584 (69.2:) 67 4-x 3.7 

* Expressed as per cent of activity in the mitochondria before inhibition. 
t The mitochondrial preparation (1% mg) was incubated 1 hr at 37” in the presence of I.75 nmoles 

ciorgyline and 3.50 nmoles deprenil, respectively, in a total volume of 3.85 ml of 0.25 M sucrose. 
The inhibited preparations were then extracted as described in the text for uninhibited mitochondria. 

$ Expressed as per cent of the activity of the clorgyline-inhibited mitochondrial preparation. 



a.tojaq t?!~plloq~o~!Lu aq~ 30 li?ql pamxa IOU pfp 3u!u_ir! 

-I,(qlalhaqd-tf ql!~ hi!ny~ pa.Iah0sa.I aq, a3uis 3iqr! 

-qo.~d ssal sulaas s!ql ~nq uoga[dap-p!dq /(q Z~~oJ 8.3~1 

01 pXU.lOJSUl?.l] St?M &Ut.IOJ v. 31~) lt?q) 3q p[tlOM ‘.I&Kl 

-MOq ‘&l!q’SSOd .I3q)OuV ‘pCCI!t?tLIa.I kUI.IOJ 8, 3ql JO 

]t?ql stZa.Iaqnz UO!~3t?.t)Y3 uodn palt?LI!utga SBM @Ay%? 

+WOJ v. aqj Jo $som lsrjj uo!~du~nssr! ay) kq psuydxa 
hl!w!a lsom 3.rr1 slpw.r ~ayJ. ~pau!tmm til!~grtn 
aql JO J[t?q IIlOqr: (W?.I~SqllS ‘UI.IOJ 8, put? ,V.) +_iI 

-t?lA1 qj!M wycw.I~xa .I3lJt? pst.y?Lua.t (/Qh!)3B ,W.IOJ 

V,) U~LIO~OJ~S Sp.It?MOI /0!1\!$31? aq$ JO l.ted .IOLI!W I! 

,@I0 Illq (,$h!JN? +UI.IOJ a.) au!url?l/(qlal,~Ltayd-d Sp.Il?M 

-01 i~!A!lOC Sq$ JO ISOul c “[ql?l U! WaS aq Ut?3 “V 

~~~puo~~~ol!~ .I%![ S!d .IOJ ~tIo~~~~~!lo put? put?~“.~ JO 

asoql q$!m 1uat.u333% u! a-It? sl[nsaI 3s’s3qL ‘( 1 qqn_L) 
anp!sa~ aql u! paltqnrun33t? u!d!lo!p.w~ p!dyoqd 

-soqd XP!X? aql ,&t!t?” St?F3lZ?qM ‘au!wu[out?q~a [/(p!l 
eqdsoqd pue wql!cy sp!dqoqdsoqd s!uo!.tall!m ~11 
iClpguaia3aJd *sp!d!qoqdsoqd JO ~unorut? [t?lol 3ql JO 

lua3 .tad 08 gnoqr! pa;lorua.~ ucym.~xa s!ql ~~ogtm 
-da.td l~!~puoq~o~~ut aql30 uo~?~ld~p-p~d![ 103 auolay 
Iiiqfa liiqlat.u snoanbE q,!“i\ uoyw~xa %ysn iq Lly 
-pas .to1rq!qu! put? ky~y!~~ds nlwlsqns _‘OJ sp!dyoqd 

-soqd JO a[~_’ aql pa]t@~sa~u! at\t?q a~ Jaded s!q~ UI 

-.Ia;\as /cq pasodo.Id SC atudzrra a@u!s 3uo JO at!s an!&w 

2ql jo sa!t!u!g lu31aj~!p qIy suo@31 $ualag!p Jo 

aw~~s!x3 2zp ;iq pau!t?ldxo 3q Lsu.t payelqo siptsa.t aql 
lt?yl ]no pa1tt.I aq louueo i,yq!ssod aqi XILI!S ‘.~a~s~oy 

‘amtqmo~ $0~ ~JF? ?lukzua aql JO uogelt?das .toyd 
lndql!M suI.10~ ald!lInut 10~ sa3Ltap!Aa 3!13u!y 3431 

.s!woqdor$Da[a uo uoy.Igdas aql .IOJ a[q!s 

-uodsaJ a.taM punoq sp!dgoqdsoyd 30 s)unom $LW~J 

-3!P )t?qf paisa88tls iaql ‘Ic@HpJo33’d ‘punoj SBM &!‘A 

-yt? awp!xo ~u!~ut~ouo~ JO pueq au0 diLI0 $uaLU~t?a.I$ 

s!ql mye leql put punoq pldyoqdsoqd JO ~unowr! 

aql paseaJ3ap s!w.Ioqdo.I1cy2 01 .Io!.Id ale.Ioiqn.wd 

uIn!pos lua%e D!doJlot?rln 3ql ql!m uoge.tedaJd 3ql 
30 luaur]t?aJl ~t?ql pmoqs os[t? h[~ ‘spueq pa~,le.tvdas 
L1Im!~a_toydol~3ala mq~ 01 punoq a.tm sp!dgoqd 
-soqd 30 s~unorur! ~uaq!p ieyl pa~oys ,<pua3a.i [g] 
uold!L put? kt:[sno~ awdzua sql30 ~u.103 atdypmt aql 
30 a.tttlw aq] a~epyn[a 01 $durallc LIB ul Q 31qvL) 
laded s!ql u! pa~w~suoutap oslv put? [g] 8ue~ pur! 
JJaN Aq p2M3!A231 SLUlOJ [t?LIO~]3UnJ IUa.IaJ!p aq$ pa~LIaS 

-aJdal Lay1 J! palmdxa aq #@u st? )3u!ls!p se “q 01 

.taadde JOU op spugq asaql uaamlaq sasua.tag!p ay$ 
~r?yl ‘ma.*oq -palou aq ,ieur 11 .s~!l~~~~~ads ~o~~q!qu~ 

pup ale.Iisqns jua.IaJyp ri+~ sprwq 3i\y olu! s!sa~oyd 

-0waIa apyti$tmiC~od uo ast?p!xo auyeouotu .tahq 
]t?.t palemdas wq [IS] uupnon uoywedas cyla.Ioqd 
-0.tl3aIa aql 01 sp.&a.t sv jot pur! 1 3Jaa aas) uoyt: 

-_wdas .to!.td lnoyl!~ el~p ~11au!y uo pue saytadmd 
lua.tag!p qg,ti asapy ~U~LUBOUO~I %t!uyuo3 s~uat.u 
-%y aut~~q~~~ JO uoy.Iedas l~~!l~loqdo~~~~[~ uo 

paseq @~!cur m? SLUKOJ ald!gnw .IOJ sa3!pu! aqL ye 

.I0 aSt?p!xO auyteouom JO sur.10~ aldg[nuI a.It? a.raq$ 

.IaqlaqM Isa.Ia]u! $ua.wio i13,y JO t.ua[qo.td t? s! 11 

‘a)i:$s pa~~?.~!l~i~u! 6.11: u! -.Ianamoy *rroy 

-at?.w’a 3ql Ja~jt: 3npksa.I ayi tr! ~uass.~d ,i[ayg isoru scm 

auriCzua aql JO ‘ULIOJ v. 3q1 IcyI Bu!len!pu! ‘(p S[c$l?L) 

~stwxa nuolay aql u! punql stun lua:, .Iad 01 ucql 

ssal pue anpfscw 2ql ui pa.tano2a.t sei~ L~y~e0~pe.t 
aql 30 $.ted u!t?ut aqL .l?!~puoq~o~~~ pa[laqe[un ~OJ 

paqgsap st? pa$X?.t~xa uaql put? au!~LB~vd[~vI J q$!m 

pa[Iaqt?I SBM uo!wedald [t?!lpuoqgol!ut aql ur autiCzua 
aql .asr?qd auolay aql OIU! awi(zua aq$ 30 UIJOJ s!ql 

JO uoyt3lxa 01 anp sv~ uo!pe.rlxa aql 1(q AyAyv 

.==OJ 7c’, =$l JO uO!l=+~[a aq, lSq1 .@‘q!ssod =f3 

apn13x3 01 .[fj[ ‘8 1 ‘PI] 1: [ JO ogm ?? u! autitzua ayl 

JO G?>!S GtA!l3t? 3l[l O$ iC[q!S.IaAaH! pt_tFq 03 UMOqS U%q 

wq 11 f~ I ‘g] asrp!xo au!mt2ouout 30 iCjg3e ,wo3 g, 
aq1 put? ‘V, aq1 qloq 30 .tol!q!qu! UR S! au@Jrtd 

‘pauy~~.~ icl!@l~? autiCzua aqi JO l.ted ahysuas 
-pua.tdap ic[q8!q aql @IO ‘X3A2MOq ‘uo!~3sllxa .13$Jly’ 

.paqsy%u!)s!p aq pin03 aurdzua aql JO ur.IoJ ahysuas 

ssaI auo pun anysuas auo u~tL% uo~$~~~da~d [e!~puoy~ 



Effect of lipid-depletion on monoamine oxidase 123 

extraction. If the ‘B form’ activity decreased by extrac- 
tion, however, it would still be possible that the ‘A 
form’ was transformed to the ‘B form’. To investigate 
this, the ‘A form’ activity in the mitochondrial prep- 
aration was inhibited by cloryline and then extracted. 
As can be seen in Table 3 this treatment did not 
signifi~ntly change the recovery after extraction; 69 
per cent remained after extraction as compared to 
80 per cent when uninhibited mitochondria were used 
(Table 2). When the ‘B form’ of the enzyme in the 
mitochondrial preparation was inhibited by deprenil, 
no return of the activity towards P-phenylethylamine 
was found after extraction (Table 3). These results 
make it unlikely that the ‘A form’ of the enzyme was 
transformed into the ‘B form’ by the extraction proce- 
dure. 

The almost complete elimination of the ‘A form’ 
activity by the extraction might then be due to the 
presence of inactive ‘A form’ of the enzyme in the 
lipid-depleted residue, or that the ‘A form’ was select- 
ively extracted into the ketone. Since it was not poss- 
ible to estimate monoamine ox&se activity in the 
ketone extract no direct evidence for the latter alter- 
native could be obtained. The experiments performed 
with monoamine ox&se labelled with the irreversible 
inhibitor [‘4C]pargyline, which has affinity for both 
the ‘A’ and the ‘B form’ of the enzyme [5,17] indi- 
cated, however, that the former alternative was more 
likely. Thus only a small portion of the [14C]pargy- 
line-enzyme adduct was found in the extract (Table 
4). These experiments indicate that the ‘A form’ of 
the enzyme is more vulnerable to organic solvents 
than the ‘B form’; it might be dependent on phospho- 
lipids or some other membrane component for its 
activity. 

Beside the differences in substrate specificities the 
two forms of the enzyme have also been reported to 
differ in their sensitivities to inhibitors as exemplified 
by clorgyline which preferentially inhibits the ‘A form’ 
[3) and deprenil which preferentially inhibits the ‘B 
form’ [4]. The results obtained with inhibition of the 
enzyme in the mitochondrial preparation and in the 
lipid-depleted residue by clorgyline (Fig. 1) and 
deprenil (Fig. 2) show that the inhibitor sensitivity 
of the two forms of the enzyme did not change after 
the extraction of phospholipids. The changed inhibi- 
tion curves obtained with both inhibitors when tyra- 
mine was used as substrate are in agreement with 
the finding that the ‘A form’ activity was almost com- 
pletely eliminated upon extraction. 

Houslay and Tipton [6] and Tipton et al. [7] have 
reported that preparations of rat liver and human 
brain monoamine oxidase solubilized by detergent 
and sonication contained both the ‘A’ and ‘B forms’ 
of the enzyme as revealed by inhibition by clorgyline. 
When they treated the enzyme preparation with the 
chaotropic agent sodium perchlorate in order to 
remove phospholipids the sensitivity to clorgyline 
changed to reveal only one form of the enzyme show- 
ing no difference in sensitivity to the inhibitor with 
benzylamine, tyramine or dopamine as substrates. In 
contrast to our results, the substrate specificity did 
not change by this Trident. These results indicate 
that the effect of the treatment with perchlorate differs 
from that of extraction with methyl ethyl ketone. 
Whether these differences depend upon a change in 

the amount of a critical phospholipid remaining can- 
not be established. However, we are using different 
enzyme preparations and no quantitative analysis of 
the phospholipid composition of the preparation after 
the treatment with perchlorate has been performed. 
Furthermore, it cannot be excluded that the detergent 
used in the experiments with chaotropic agent might 
have influenced the results. The enzyme used in these 
experiments [6,7] was solubilized whereas in the 
present experiments the enzyme after the methyl ethyl 
ketone extraction was still membrane-bound. This, 
however, does not seem to be of any importance, 
since in separate experiments monoamine oxidase 
rendered soluble by the complete ketone extraction 
procedure [S] behaved similarly to that in the lipid- 
depleted residue both with respect to substrate speci- 
ficity and to sensitivity to clorgyline and deprenil (un- 
published results). 

One cannot discount the possibility that the present 
results may be explained by the existence of one single 
enzyme species which was changed by the extraction 
as to attract only the ‘B form’ substrates and inhibi- 
tors. If this is true the action of perchlorate might 
have made this change to a lesser degree with the 
effect noticeable only with the inhibitors. 

If the different functional forms of monoamine oxi- 
dase were due to differences in the amount or compo- 
sition of membrane material bound to one singie 
molecular specie, it seems likely, however, that the 
different forms would be transformed to one common 
form by removal of phospholipids. In the present in- 
vestigation we have not been able to demonstrate any 
transformation of the different forms after changing 
the amount and composition of phospholipids in the 
preparation. This was true with respect both to sub- 
strate speci~city and to the sensitivity to clorgyline 
and deprenil. 

Thus, the present experiments do not support the 
hypothesis that the different functional forms of 
monoamine oxidase are due to the binding of differ- 
ent amounts of membrane material to one single 
enzyme species. 
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