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Abstract Rat liver mitochondrial monoaminc oxidasc was inhibited bx dcprcnil (sclcctixc inhibitor 
l\~r the "B form' of monoaminc oxidasc) to ~,tud 5 Ilac "A fol-nl" of the cnzx mc scparatei 5. The actix its 
lowards serolonin (usually classilied as a suhslraie for the A lorm') was cstimatcd in thc presence 
of additional monoamine oxidase substratcs. All of the additional substratcs inxcstigatcd inhibited 
thc activiLx towards scrotonin competitively. In the dcprcnil inhibited prcpanttion all of the residual 
aclivit} towards fi-phenylethylamine {usually classified as a substralc for the "B form'l was shou, ll 
to be sensitive to the "A form' inhibitor clorgyline, indicating lha! the "A form" \vus also able to 
oxidize this subslralc. The K,,, xalucs of the 'A form" for scrotonin, tyraminc and //-phcnylcth_xlaminc 
did not diflk'r signilicantly. 

When the 'B tBrm' of monoamine oxidase was studied after inhibition of lhc 'A form" b_~ clorg>linc. 
all additional substrates investigated were able to inhibil the acti\it\ tov, ards /~-phcnylcthyhuninc m 
a competitive fashion. All of the remaining activity to,a.ards scrotonin in the clorgylinc inhibited prep- 
aration was sensitive to deprenil. Thus the "B form' also appears to bc able to oxidize this substratc. 
The K,,, values for Ihe "B form' diffcred considerably: 4 tIM for fi-phcnylcthylanmlc. I(12 ,uM for l \ f a -  

mine. and 2.5 mM for scrotonm. 

There is much evidence lot the existcncc of two types 
of functional Iorms of monoamine  oxidase tmono- 
amine: O2 oxidoreductasc [deaminating] EC 1.4.3.4) 
in many' ditt"crcnt tissues from several species Eli. The 
two forms, called "A' and 'B' according to their prefer- 
enlial sensitivity to the inhibitors clorgyline [2] and 
deprenil E3]. respectively', have also been shown to 
have different substrate specificities [1]. Serotonin 
and norepinephr ine  are oxidized mainly by' the "A 
form' m, for example, rat and human  liver, while the 
"B form" oxidizes preferentially benzylamine and 
fi-phenylethylamine. Some substrates (e.g. tyramine, 
t ryptamine and dopamine) appear to be substrates 
tot both the "A' and the "B form'. However, it cannol 
be excluded that the "A form ' of the enzyme may itlso 
oxidize tire substrates o1" the "B form' to some extent 
and that the "B form" of the enzyme may also oxidize 
those of the "A tk)rm'. 

P,> using mixed substrate experiments Houslay and 
Tipton E 4. 5] obtained results which indicate that  the 
active sites of the two forms can also bind compounds  
that are substrates for the other  form. In the present 
study the "A form" of monoamine  oxidasc in rat liver 
mi tochondr ia  wits selectively inhibited by clorgyline 
and the "B R)rm' by deprenil in order to investigate 
this phenomenon further. The inhibitory effect of 
various monoamines on the "A form" and on tire "B 
form" was then investigated separately and the cata- 
lytic properties of the two forms towards different 
monoamines  wcre compared. 

3,1ATHIIAI~S A~D MEfHOI)S 
("hcmical,~ 

[ laC]Serotonin,  E laC]tyramme,  and / ; -El*(]-  
phenylethylamine were obtained from New Enghmd 
Nuclear, Boston. Mass., and the corresponding unla- 
belled substrates from Sigma Chemical Co.. St. Louis, 
Mo. 

Deprenil (phcny lisopropylmcthy lpropionyhmmae 
hydrochloride, E-2501 was kindly provided b \  Dr. 
Magyar. Budapest, Hungary, through Dr. Kincmuchi. 
Tokyo, and clorgyline [N-methyI-N-propargyl-3 
(2,4-dichlorophenoxyFpropylamine hydrochloride, M 
& B 9302] from May & Baker Ltd., Dagcnham. Eng- 
hind (Dr. R. A. Robinsonl. 

Me*hods 

Preparation olmirochomlria. Rat lhe r  mitochondria  
were prcpared its described by Hollungcr and Ore- 
land 1-6] for pig livcr mitochondria.  

~l,,/xay o.1 tllOllO~.ltllitlc o.\idase. Monoanl ine  oxidasc 
activity was estimated essentially according to Jain 
et al. [7]. KCI wits, however, omitted. The incubation 
medium contained, when not otherwise stated, 
[~'*C]serotonin (0.5 raM), [1"*(']ty, raminc (0.5 lnM) or 
/]-El'*C]phenylethylaminc (0.05 m M ) i n  a h)tal xolume 
of 275 /d of potassium phosphate  (O.Ol M. pH 7.4i. 
In some experiments addit ional unlabclled substrate 
was present. Usually the reaction \~as started bx the 
addit ion of 25 pl of an appropriate  dihltion of the 
enzyme preparation. The incubation was carried out 
for 20 min at 37 and the rcaction was stopped by 
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the add i t ion  of  0.2 ml of  2 M IL',.drochloric acid. The 
cli/~,l i le react ion ~as found to be l inear dur ing  the 
incub:lt ion time. The medium ~as  extracted b\  e ther  
in the case of  scro lo l l in  al ld ty ramine and \~ilh 
to luene in Ihe case of  f l -phcnyleihylalninc.  S:.lnll-~lcs 
o1 lhc extracts  x~cl-e then taken li)r de te rmina t ion  o f  

radic)clct ivi l \  ill Li Packard T r i - ( ' a r b  L iqu id  Scint i l la- 
l ion Sp,2cllOnlcter \~ilh ,,\qtiascd (New Engl~.illd Ni le-  
lear. BoStOll, MclsS.)as sc int i l la t ion l iquid.  

Pl'fJlCitl. Protein \~tls est imated accord ing to Lo\~rx 
<'~ eL [<~] wi lh  lltlnl'<ln ~,crunl a lbumin  as :.l s landard.  

il tCSI 1.'1 S, 

I~lhihition qt HIc ~dtolonill o.\idizi#lg oclicit y by other 
IllfJllO~llllJllW O.\idd.sd ?,ll/)',I#'dICS. TO i l l v e M i g a l c  ~llcthcl" 
c)r not the "A form" of nlc)llOLllllil]C ox idant  in rat l i~cr 
m i l o c h o n d r i a  could bc inh ib i ted  b }  o ther  monoaminc  
oxidasc stlbstratcs,  the act iv i t \  t owards  [ 1 4 ( ' ] s c r o -  

ton in  was s tudied in lhc presence of increasing con-  
cen t ra t ions  of  o ther  m o n o a m i n e s  (Fig. 1 L In a contro l  
cxpcr imcnl  increasing concen t ra t ions  of unlabcllcd 
,,crolonill was added.  As can bc seen ill Fig. 1 all 
of Ihc unlabcllcd subst ra tcs  added  inhibi ted the acti- 
\ i l '~ lowards  scro ion in app rox ima te l  3 to the same 
ex lcnt  as m the cont ro l  expcrimci~t. At  a conccn- 
I ra l ion  o [  ti le add i l i o i l a l  inonoami i ]o  cqt ial  to the con- 
central iol l  of the [ l a ( ' ] s c r o t o n i n  (0.5 raM) the ac t i \ i t3  
tm~ards [*a( ']scroloilii~ ;,,as reduced to abont  50 per 
¢cnl. When the co i l cen l ia l i on  of the un labc l lcd aMine 
t;as lWci l l \  l imes higher t l la l l  that of  the [~ '~ ( ]sc l -o -  
i o n m  {i.e. 10 m M i  a lmost  all of the ac t ix i t )  l<tlt,~<Lllds 
the [14( ' ] sero ton in  ~\as inhib i ted,  i r rcspoc i i \c  of  
which add i t iona l  an]inc was added. 

lslhihilion qt t/Ic IJ-l,h~'nyh'thYhmlinc o.\idizinH ocli- 
rill' hi  ollk'r nlo~loanlislc o\ida~c ~ul>u'ate.s. /:/-L~-~Cj- 
Phenvlc ih \  laminc, at a conccnlr:.ltion of 0.05 mM \~.ts 
used as a subs t ra tc  l'or the "B I\)rm" of  n~onoaminc 
oxidasc in the m i tochondr ia l  preparat ion.  In the con- 
t ro l  exper i l l lcn i ,  in which illcr,2asing conccntl-cition.s 
of unlabel led f i-phcn_vleth3kuninc were added, the 
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Fig. I. InlHbit ion h\ additional monoanlincs of ral l ixcl 
n l i t ocho i~d r i a l  n l o n o t l n l i l l c  oxidasc acl ivi l \  to,,,<ards ~,mlO 
tonin. The MonOalllill¢ oxidasc clcti~ii\ lowcirds [ ~(]sc.'r< - 
lenin at cl linal conccnlraliol~ of 0.5 mM was cslimalcd 
in the presence o1 increasing concentrations o1" addi l ion- 
a] unlal~cllcd illOl/OLilllin12s. Addi l ior ial  nlOllOLii1]illc..h: 
,, <: >~ : scrotonin: _ , El: norcpincphrinc: 

.~.. /"~' L :  l)ranl ino: • • A: t r)ptaminc: • • l l :  
hcnz~lanlmo: g> © O: lf-phcn)lolh,,lamJnc. 

acf i \  i t \  tm~ards f l - [  1 ~( , ]phen)  Ic ihy lamhlc  ~r ~s i ~1 I1 l - 
bited to about  50 per cellt \,,hen 0.05 mM unlabcllcd 
ll-phenxlcihyl'<nninc \xas present  IFig. 2l. At higher 
conccrJtrat ions o f / / - phcny l c th } l am inc ,  substratc inhi-  
b i l i on  occLlrled. It is also evident tronl Fig. 2 that 
all o1" the add i t iona l  i11onoamiiles tlscd were able lo 
reduce the act i~ i i )  i owards  ff-E'~(']pllcn) lethylaminc. 
btl l  Io a lesser extent than iri lhe cont ro l  cxpmrinlcnl. 
l{xon ~hen the concent ra t ion of  unlabel led nore- 
p incphr in¢ or serotcJnin ~w_is two hundred times 
hig l lcr  fl-ian that of ti le [;-[]4(']phen>:lclh>h.tminc l i .c  
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Fig. 2. Inhil~ition h> additional monoan]mcs of rat Iixcr mitochondrial monoaminc oxidasc m_'ti',it\ 
iOWal-ds fi-phcn>loih)lanfino. The acti~ilx c)l" nlonoanlhlc oxidase tm~arcls /1_[1¢( ]phcn) lc lh) laminc 
al LI lin,'lJ coi]12U'llllXlliOl] o f  0.05 ll]l~'l V~tl~; c~ t ima tcd  in lhc  plC~,CllCC ell" i n c l c a q n g  c o n c c n t r n / i o n , ,  oi 
additional unh//~ollcd lllonoalllinos. The s,+mbols rcprc,;Cllt tho <,tl111c ciddifional nlonoanlhlc>> it-, indicalcct 

in lhc legend Io Fig. I 
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Fig. 3. Clorgyline inhibition of monoaminc oxidase acti- 
vity in uninhibited and deprenil inhibited rat liver mito- 
chondria. The deprenil inhibited mitochondria wcre 
obtained from the experiment described in Table I. 
Samples of the uninhibited and deprenil inhibited rat liver 
mitochondria were then incubated in the presence of 
various concentrations of clorgyline at 25 for 20 min prior 
to the estimation of monoaminc oxidase activity. The acti- 
vity is expressed as per cent of the activity in tile ahscncc 
of clorgyline, x x × : uninhihited mitochondria with 
serotonin as substrate: x x ×:  dcprenil inhi- 
bited mitochondria with serotonin: A A A: uninhihited 
milochondria with tyramine: A A A: deprenil 
mhihited mitochondria with lyraminc: O O O: un- 
inhibited mitochondria with fl-phenylethylaminc: 
O O O: deprenil inhibited mitochondria with 

fi-phenylethylamine. 
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Fig. 4. Inhibition by additional monoamines of serotonin 
oxidation of deprenil inhibited rat liver monoamine oxi- 
dase. Lineweaver Burk plot of initial velocity of serotonin 
oxidation against serotonin concentration in the prescnce 
of fixed concentrations of additional unlabelled mono- 
amines. Rat liver mitochondria were preincubated in the 
presence of deprenil as described in Table 1. The mono- 
amine oxidase activity in samples of the dcprenil inhibited 
mitochondrial preparation was estimated with various con- 
centrations of [14C]serotonin as substrate in the presence 
of additional unlabelled lnonoamines. Additional mono- 
amines: [] ~ D: 75 nmoles of norepinephrinc: 
A A ,~: 75 nmoles of tyramine; • • A: 25 nmoles 
of tryplamine: C~ O O: 75 nmoles of /~-phenyleth,vla- 
mine: O---O---ID: 75 nmoles of benzylaminc: • • • :  

no additional monoaminc. 

I0 mM)  30  35 per cent  of  the activity towards  the 
fi-[~'~C]plaenylethylamine remained.  

Inhibition ol mottoamine oxidaxe acticitv hy clorHy- 
line aml &,prenil. As can be seen in Figs. 3 and 5 
the activity towards  sero tonin  in the mi tochondr ia l  
p repara t ion  was inhibi ted by low concen t ra t ions  of 
clorgyline and only' by high concen t ra t ions  of 
deprenil ,  while the oppos i t e  result was ob ta ined  wilh 
f i -phenyle thylamine  as substrate.  With  ty ramine  as 
subs t ra te  about  half of  the activil3 was scnsitive to 
clorgyline and half to deprenil .  Those  results are in 
full agreement  with previous  f indings [2, 3, 9]. 

Suhxtrate spcc!licity of the "d .lOtto'. To s t u d \  the 
subst ra te  specilicity of  the "A form" separately,  t]ae "B 
form'  of  m o n o a m i n e  oxidase was selectively inhibi ted 
by deprenil  leaving 56 per cent of the actixity towards  
serotonin ,  20 per cent towards  ty ramine  and 4 per 
cent towards  f l -phenyle thylamine {Table I1. When  the 
remain ing  activity was subsequent ly  inhibi ted by in- 
creasing concen t ra t ions  of  the 'A form" inhibi tor  clor- 
gyline, a lmost  all of the activity towards  serotonin.  
13ramine and fl-phenylethylaminc was lound to be in- 
hibi ted by low concen t ra t ions  of clorgyline {Fig. 3L 
indicat ing that  all these subst ra les  now had been oxi- 
dized only by' the "A form" of  the cnzvmc. 

The deprenil  inhibi ted prepara t ion  ~.as also used 
to s tudy the type of inhibi t ion of  the 'A form" of  
m o n o a m i n e  oxidase by' addi t ional  unlabelled m o n o -  
amines  with [~dC]serotonin  as subs t ra te  IFig. 4). The 
K,,, value was found to be higher in thc presence of  
every one  of the addi t ional  monoamines ,  while no 
significant change  in the m a x i m u m  velocity' was 
obta ined,  indicat ing a compet i t ive  type of  inhibi t ion 
by both  the subst ra tes  classified for the "A" and the 
'B form'.  

Suhxn'ate .s'pec(licit) ol the "B form'. When  the "B 
form" of  m o n o a m i n e  oxidase in the mi tochondr i a l  
p repara t ion  was inhibi ted by clorgyline to s t u d \  'A 
form" activity selectively', 94 per cent of  the activity 
towards  f i -phenylethylamine,  55 per cent towards  tyr- 
amine  and 2 per cent of  the activity towards  sero tonin  
remained  (Table l i. The  enzyme prepara t ion  thus in- 
hibi ted by clorgyline was then inhibi ted by increasing 
concen t ra t ions  of deprenil .  As shown in Fig. 5 ahnos t  
all of the activity in this p repara t ion  was highly sensi- 
live to deprenil ,  irrespective of  the subs t ra te  used. in- 

Tablc 1. Per cent of monoammc oxidasc actixi D remain- 
ing after inhihition of rat lixer mitochondria h 3 clorgyline 

and deprenil 

Deprcnil inhibited Clorgylinc inhibited 
Substrate mitochondria* mitochondria* 

Serotonin 56 2 
T~ramine 20 55 
fi-phcn~lethylarninc 4 94 

* Rat liver mitochondria (53 mg protcim wcrc prcincu- 
hated in the presence of 5 nmoles of deprenil and 5 nmoles 
of clorgyline, separately, in a total volume of 1.0 ml at 
25 for 20 rain. After preincubation the morn)amine oxi- 
dase activity was estimated in aliquots. The rest of the 
samples were then chilled and used in the experiment de- 
scribed m Figs. 3 and 5 within 10 rain. At this lime no 
further reduction of the activity was found. 
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dicutin~ oxMution oi  +]'+, l~.~rm' :+tibstlatos b \  the +B 
I't)l+lll" o f  the cnz\n lc .  

The \>pc o f  hHfit->ition h~ add i t i ona l  l]]onoLtFllhlt+'~ 
\~ti>+ al>k~ ~,Itidi0d in the d o r g ) l m 0  inh ib i tod  mitomhtm- 
dl+iul p rupa ra thm wi lh  ff-[~X']t+>h0nxlcth>lamin0 w, 
sl, ibst ratc  ( l- i~. 6). No11¢ o [  the ac id i t ionul  nlonoall l inu'>, 
chan~cd the m a x i m u m  \e loc i t~ .  ~hcl+cas lhc K,,, \ a i uc  
mcrcascct. Thus.  tl~c +B l\~lm" amt i \ i t \  ~\as also inh i -  
b i tcd in u compet i t i ve  17.ishiotL 

I)vldrll l i lhllTtJll o] Km r~ll,u.~. The/<, , ,  ValtlOS fot- un in-  

h i ig tcd  I'A" i l l ld "B [orm') ,  clorg+~lmc-inhil~itcd ( B  

Ior tn ' l  and dmpr0n i l - inh ih i tcd  ('A lb rm' }  m i t o d ~ o n d r i a l  
t l lOl lOt l i l lh lc  ox idasu  \ t o r e  ca lcu la ted [1"0111 Linc\~ca- 
\o r  l~l+lrk i+>tot ,, and ~tlc' ~hov,n in Tab le  2. ( ' o n l p a r c d  
lo  the "B lk/rm" o f  thu cn/\n/u' ,  th0 +A fori11' l ind a 
mud1 lo\,,cr /,,,~ Ibr sc ro ton in ,  cons idcrab l> h igher  K,,  
[or /J-t+fl~ol~>lctl+l>laminc and abou t  ha l l  tl~c K. ,  \cl luc 
Ior i \ r a i n i n0 .  In the un inh ib i lmd pr0t++aration cc)m- 
]~alat i \c l~ Io\~ K,,, \a lu0s \~clo ob ta ined  bo th  lku + s0ro- 
t oMn  a im/J -phcn> lcth> la in inc.  \vhcreas w i ih  t\+ ian~ii~c 
the  K,,, \ a l uc  \\~i'~ found  to bc in bct\~cccn those o f  
the +A' ~tnd the t t  fo rm °. 

1)1~(  I S S l O \  

E \ i d c n c c  h a s  r c c c n t l \  been  p r e s e n t e d  t h a t  the  t\~,o 

Iorl l lS o [  nlOl lO{lnlhlc o \ i dusc  LiD/ ~llSO able to b i l ld  
n lonoanlh~cs whicl+ arc sl.fl+~,'qralt-'s for  the otl~cr lc)li l l  
o l  the c n / \ m c  [4, 5 l. T o  coil lp~tro the al lhai l ies o f  the 
t\~,o [o rms to\ \a i-ds d i l lbrent  substrates, the m o n o -  
uminc  ox idasc  4ct i~ i t \  in rat li~0i + m i t o c h o n d r i a  
lo\~,aid:< sc ro ion in  and /~ -phen> lc f l~ \ lumin0 wa> us\i- 
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Fib'. 5. I)clwcnit inhi lgf ion ol  monoammc o\ idasc acti~it> 
m uninhil~ilcd and ch+r~>lm¢ mhilgtcd rat l i \cr  nmochon- 
driu. I hc clol-+)linc inhibited milc)chondria wcrc obtained 
frt+m the CXl'~crinlcnt dc'~ciil+,od ht Fable I. ~an+lplos {+1" iho 
uninhJl+itcd ~tnd dcl',runil inhibited rcit Iivor n+itochondria 
v, ctc thcll itldtlbatc'ct in Ihc ]-qcscll,.:c +.+1 \utiou,~ COllCCl/- 
t ru l ion ' ,o l 'dcpron i l  at 25 I\+r 20 inin pr ior  to the c,,tima- 
I{<+11 oi  mOllOHtllh/c oxida'<c acti~it>. The clcti\it> is 
c\pru,,,,ud a<+ I'~c_'l cent t+l ti/c acti ' , i l \  hi tile ab',cncc' of  
dcpl-Cltil. ., , , : uninhibi lcd milod~ondrJa \Gth scr- 
o{o11(tl 4g XtibSll'4tc: ' :~ ,. : dot-g) l inc inhibitud 
mi lochondr ia \\ i th ,,clotonJn; /'+ +~ ,L~+; unh~hibitu'd 
n l i lochondr ia v, ith t\ran+lhlc: /~ 7, 2~: c lorg>lmc 
itH+ihitud mitouhondriu \\ i th t \ rammu:  C> O O: tin- 
inhil+,hcd mitochot~chi:t ",\ i lh /~-phcn}loth> Iambic: 
O C, O: ch+l7_tlinc inhihitcd nf i tochondrht with 

/+ phvn\ h:t h> ]amino. 

40 

>. 

:2 

-200 

I / /  

~/I../i/i/- 

, I , I , 
200 400  600  

I / [ f i -  Pheny le fhy lamine] ,  m M  

Flu. 6. Inhibi t ion b\ addit ional m<moaininc~ oI /;-phcn>l- 
clh\hm+mc o\ idat ion of do i~ ) l i nc  inhil+,ilcd rat l i \c l  
tllOtlOalllitlC oxidasc. LillC.'wca',cr Btl lk plol t+l inil)al ~cl 
ocit> o1" IJ-i+hct~>lcth>lammu o\iclat ion uTuin'4 //-i+>hun\ ]ulh 
\ l t i l l l inc coilCclltl+ution in thu rll't_'~,t]llt'C t+{" lixcd Ctll]L'c'll- 
ti+alion<~ of  additJcm'al Lmlabdled nlono~tnlhlc',. Rat I i \c l  
mitochondricl ~\ci-c i+>t-cincubcitc:d in the i+lc',cncc of clor~> 
Lint a<+ ctcscti/+,cct m lclblc I. The mOlloltnlii+c oxi<_la,,u ucti- 
\it ', m ,+amplo,, o[ thu clorg>lh/c inhil~ltcd mitochlmdria/ 
proparatJon \\as t+,:<tin/;ttcd \~ith ",ariotlt c.'tmccnlratil+il<-+ o l  
/7-1 i '~('h+hcn>lcih>humnc a,~ ',uh<,ti+atc in Ihc i++l-c~cncc t!l 
addit ioua] unlul+,cllccl illOtlo~tn/inc-+. , \ddi t ional 111Ol/t) 
HlIlillCh: / > < : 17~ tllllt',ll+",, O1 '~c't'tllt)l/ill: 
15,0 nmolc+ of  norupJi~ephrJnu; L ;{ . : +s hint+It,+ *q 
"~ \ raminc : •  • i : 2 . D n m o l u , . o l  I r>p t : lm inc : •  • l l :  
30 nmcqcs o1" hcn/ \hmlmc:  • • I :  n .  addit io ix l l  

II10110ti111 illC. 

IllLttcd ill the presence o f  \at-iou:, conccntrathm'~ o f  
o the r  monoaiTIh+c<,. As call bc ,,con hi t iLL 1 till ntib- 
strat0s i n \os i i ga tod  Ii.c. scibhtFatcs 1]+1 + I+oth the +V and 
thc "B fo ln l '  o [  n lo l lo { tn lh l¢  oxicta~,ct ~<.rc able it+ in- 
hib i t  the act ivi t> to\'+ard <, :<crotonhl I thc ",\ Iorl+n a d i -  
\it?) t o  abou t  tI+c >kiill+ c. 'xlci l t ,  l h u ' , ,  the +\ lol+nl" 

doc'~ i lo t  ar)[)cai + to ha \ c  tl high I+~rcl'ctcncc l'or the 
~,tlbstF~.ltos wh ich  arc: i nah l l \  o \ i d i / c d  h\ thi <, I\tt-ill 
i so ro ton in  mid norcl+hlc!+dn-hlc). 

Table 2. Ix,, ',altic'~ [or n/onoanl iuc o\Jd4++c it/ tininhibJtcd. 
dcpronil inhibited '<incl u'loro>lhlc mhihi iud lat l l \cr  

Sut+Jsltato 

Scrotonil l  
T )  r4mhlo 
/ l -phcnq- 

cth\ lanlhlo 

mitochondria E: 

l)¢lwunil ( h+r~>lmc 
I. [n[nhibitcd in hit+,itcd jnhihitcd 

I11J{o nlito- n/ittl- 
chondria chondri; i chonclria 

t/~ P'.'I t ( !~ \1  i u + M  

,'+,,<4 >_ ltl +' 
14 ~,2 4 

* Rat li,.cr mit, . ' ,dl\mdria \',ctc prumctLhab+:d hx dcprcni l  
and  t:lorg_~linc as described in l'M-dc ] l h c  mono~nnmc 
oxidusc acti,;it+,, it+ ~.amplc:+, (>i the dcF, rcnil inhil+,ilcd and 
tile c lorg~l ine inhib i ted  proi+atl:itioll \L'as then c~.lhnatcd 
\vJI]I \Ul'iOtt5 COIICCnII'LII+iOI]'4 Of tahcHcd '++Llb'+,tratc',+ The K,,, 
\It]tICS \\<+-'I'C ohi+aitlod frOlll l hluv, ca \ c r  ]+tit+f. l+,hq~ 
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All of the monoamines investigated also inhibited 
the activity towards fi-phenylethylamine, but the 
degree of inhibition differed considerably between the 
monoamincs (Fig. 2). Thus, the substrates which are 
mainly oxidized by the 'A form' of monoamine oxi- 
dase inhibited the activity towards fl-phenylcthyla- 
mine significantly less than those which are sub- 
strafes for the "B form" or for both forms of lhe 
enzyme. Even at two hundred times the concentration 
of fi-phenylethylamine norepinephrine and serotonm 
did not abolish this activity, but it seems likely, with 
respect lo the shape of the curxes, thai the aclixit\ 
would have approached zero if the concentrations of 
these amines were further increased. 

In order to study the kinetics of the "A form' of 
monoamine oxidase separately, the "B form" of lhe 
enzyme was inhibited by deprenil. All of the mono- 
amines investigated inhibited the activity towards ser- 
otonin in this preparation in a competitive fashion 
(Fig. 4). This result contrasts, in part. to the findings 
of Houslay and Tipton [4] who found that benzyl- 
amine inhibited the activity towards serotonin in a 
mixed fashion in uninhibited rat liver mitochondria. 

When the 'B form' of monoaminc oxidase was stud- 
ied after inhibition of the 'A form" by clorgylinc, all 
the monoammes investigated competitively inhibited 
the activity, towards fl-phenylethylamine (Fig. 6). This 
is in agreement with the results of Houslay and Tip- 
lOll [4] when they inhibited the activity towards 
benzylamine by serotonin. 

To investigate whether or not the +A forl-n" of 
monoaminc oxidase also has some catalytic activity 
towards the inhibiting monoamines, the residual acti- 
vity' towards fi-phenylethylamine 14 per cent) and t~r- 
amine (20 per cent) in the deprenil inhibited prep- 
aration was inhibited b3 various concentrations of 
clorgyline (Fig. 3). ( 'ontrary to the finding in the unin- 
hibited preparation, all the residual activily was sensi- 
tive to clorgyline. According to the postulation that  
the "A form" of monoamine oxidase is highly sensitive 
to clorgyline onl~ the "A form" remained. The "A form" 
thus is also able lo oxidize/4-phenylethylamine, which 
is usually classified as a "B form' substrate. It seems 
likely that this oxidation should also occur to somc 
extenl ill uninhibited lnitochondria, but, the p r o p o f  
lion of fl-phenylethylamine oxidized b 3 that form 
seems to be 1oo small to be rccorded. The tinding 
that all of the activit\  towards tvramme was sensitix.e 
to clorgyline in the deprenil inhibited preparation is 
also compatible with file explanation that the "B lotto" 
alone was responsible for the oxidation of tyraminc 
in this preparation. 

When the mitochondrial preparation was pre- 
treated with clorgylinc, ahnost all of the residual acti- 
\ i t \  Iox~ards serotonin (2 per centl and tyramine (55 
pCF cent) was scnsitix.e to dcprenil (Fig. 51. indicating 
that ahnost only the "B lorm' of monoamme oxidase 
remained and that the 'B form" was also able to cata- 
lyze the oxidation of serotonin. 

Thus. it seems probable that both the 'A' and thc 
'B form" of monoamine oxidase is able to oxidize a 
variety of monoamines, but thal some of them are 
predominantly oxidized by one or the other form of 
the enzyme. However. the proportion of a particular 
substrate oxidized by the 'A form" to that oxidized 
b\  the "B form' may vary flom tissue to tissue. Thus. 

in pig liver mitochondria, in contrast 1o most other 
tissues, there is evidence that serotonin is oxidized 
by, both forms of the enzyme to about the same extent 
[10]. This nmy be due 1o differences between the 
ratios of the two forms or 1o different catal3tic activi- 
ties of the enz3me in different tissues. 

The K,,, values for both serotonin and fl-phenylcth- 
ylamine differed considerably between thc t\~o Iorms 
of monoamine oxidase in rat liver mitochondria 
(Table 2). which at least partly explains why serotonin 
and fi-phenylethylamine are mainly oxidized b~ differ- 
ent forms of the enzyme m that tissue. The tinding 
that the K,,, values for both serotonin and fl-phcn)l- 
ethylamine in uninhibited mitochondria are com- 
paratively low is also compatible with the postulation 
that serotonin is mainly oxidized by the "A form" and 
/;-phenylethylamine by the "B form" of monoaminc 
oxidase in uninhibited rat liver mitochondria. It may 
be noted, however, that the activity' towards serotonm 
was estimated at a concentration below the K,,, for 
the "B form" of the enzyme, and it is possible lll:.tt 
the proportion of serotonin oxidized b ) t h e  "B form" 
of the enzyme had been greater, if the acti~il) to\~ards 
serolonin had bccn estimated at a higher concen- 
tration. 

A comparatively small difference between thc K,,, 
values of the two forms was obtained for txraminc 
and the K,,, value in the uninhibitcd preparation was 
in between those of the 'A" and the "B form" ITable 
2). These findings are in agreement with the assump- 
lion Ihat finis substrate is oxidized b~ bolh forms of 
the cnzyn]c to about Ihe same extenl in uninhibited 
ra! liver mitochondria. (Figs. 3 and 5i. 

The finding that the 'A form' of the enzvme has 
about the same affinity for all substrates investigated 
and that the "B form" has a higher aflhnt 5 for the 
substrates without a />hydroxyl group (i.e. fi-phenyl- 
ethylamine benzylamine and tryptamine) may bc 
compatible with the hypothesis of Severina [11], who 
proposed that the actixe site has both a hydrophobic 
and a polar rcgion, that participate to wtrying dcgrccs 
in the binding of different amines. In the binding of 
substrates without a p-hydrozyl group to both the 
%' and the B form' of the enzyme only the hydro- 
phobic region of the active site may be involved. On 
the other hand. in the binding of substratcs with at 
p-hydroxyl group (i.e. serotonin, norepinephrinc and 
tyramine) to the 'B form" of the enzyme repulsive 
forces nlay act on the />hydroxyl group, while these 
lbrces may not be present when these substratcs bind 
1o the "A form' of the enzyme. 
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