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SOME KINETIC FEATURES OF MEMBRANE-BOUND MONOAMINE OXIDASE 
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Initial reaction-velocity versus substrate-concentration curves for serotonin oxi- 
dation catalyzed by monoamine oxidase (MAO) from fragments of rat liver or bovine 
brain mitochondrial membranes have a complex, nonhyperbolic shape; this is regarded 
as a kinetic manifestation of substrate cooperativeness for membrane-bound MAO. The 
possibility of interaction between different types of MAO based on conformational 
changes in the membrane itself is discussed. 

KEY WORDS: monoamine oxidase; biological membranes; substrate cooperativeness; sero- 
tonin. 

In the modern view [ii] membrane-bound monoamine oxidases (MAO) of type A (selectively 
blocked by chlorgyline) specifically oxidize serotonin; however, serotonin binds with the 
active sites of type B MAO which are selectively blocked by Deprenil [8] and which specifi- 
cally oxidize B-phenylethylamine [5]. 

In this investigation the effect of substrate concentration [S] on the initial reaction 
velocity (v) of serotonin oxidation catalyzed by MAO of fragments of mitochondrial membranes 
was studied because information on the kinetics of this reaction is contradictory: The curves 
of v as a function of [S] were either strictly hyperbolic in shape [7, i0] or of a complex, 
biphasic character [14]. 

EXPERIMENTAL METHOD 

Mitochondrial fractions were obtained from rat liver or bovine brain by differential cen- 
trifugation [13], followed by freezing and thawing and sedimentation of the fragments of the 
mitochondrial membranes at 40,000g (i h). The suspension of the residue in 0.01 M phosphate 
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Fig. i. Initial reaction velocity (v) of deamination (pmole ammonia liberated/mg 
protein/min) of serotonin by fragments of rat liver mitochondrial membranes as a 
function of substrate concentrations [S]. Here and in Fig. 2: a) Michaelis-Men- 
ten plot; b) Lineweaver-Burke plot. 

Fig. 2. Initial reaction velocity (v) of deamination (pmole ammonia liberated/rag 
protein/min) of serotonin by fragments of bovine brain mitochondrial membranes 
as a function of substrate concentrations [S]. 

buffer, pH 7.4 (20 mg protein/ml) was kept at --20~ The oxidation~f serotonin creatinine- 
sulfate (Reanal, Hungary) was judged from the amount of ammonia liberated in an atmosphere of 
O~ at 37~ in 0.2 M phosphate buffer, pH 7.4, over a period of 8 min. Accumulation of the re- 
action products took place as a linear function of time, at least for 12 min, with all concen- 
trations of serotonin used. The conditions of fixation of the samples and determination of 
armnonia with the aid of Nessler's reagent were described previously [i]. Isothermic distil- 
lation of ammonia was carried out in the vessels used for keeping penicillin [4]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

During oxidation of serotonln by fragments of mitochondrial membranes of liver or brain, 
substrate inhibition was observed (Figs. la, 2a). The ascending limbs of the corresponding 
kinetic curves were not hyperbolic, as was particularly clear between double-reciprocal coor- 
dinates (ib and 2b); in the experiments with brain mitochondria the curve of v versus [S] had 
an intermediate plateau at low concentrations of serotonin (Fig. 2a). These kinetic curves 
are evidence of the cooperativeness during substrate binding that is characteristic of allo- 
steric enzymes. 

It is considered that these results can be explained on the basis of the following four models. 

First Model. MAO is an oligomer consisting of several identical monomers (polypeptide 
chains), each of which has two active sites A and B (for a discussion of "two-headed" enzymes 
see the survey [2]). On binding with site A serotonin is oxidized, whereas on interaction with 
site B it behaves as an allosteric effector (negative heterotropic cooperativeness, substrate 
inhibition) unable to induce reversible associatiorr-dissociation of the membrane-bound en- 
zyme, in which cooperative interactions between the active sites take place only in accord- 
ance with Koshland's scheme [9]. 

Second Model. MAO is an oligomer of the AnB n type in which each of the monomers contains 
one active site. The B monomers, which bind with the substrate but do not oxidize it, are 
regulatory subunits for the A monomers, on interaction with which serotonin is specifically 
oxidized. 

Third Model. Spatially separate MAO oligomers of types A and B are present in biologi- 
cal membranes. Serotonin, on binding with type B MAO, is not oxidized [I0], but indudes a 
change in the conformation of the adjacent membrane [3], and later a change in the conforma- 
tion of the A oligomer, in accordance with Koshland's scheme [9]. In fact, as would he ex- 
pected from this model, the properties of the membrane-bound and solubilized MAO are differ- 
ent [12]. 

Fourth Model. MAOs of types A and B are monomers separated spatially in the biomembrane. 
Binding of the ligand (serotonin) with the polypeptide chain carrying a type B active site 
leads to a change in the conformation of the A monomer, an effect brought about through re- 
construction of the membrane protein--lipid complex [3]. 
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The third model comes the closest to explaining the kinetic properties of MAO and, in 
particular, the presence of the~intermediate plateau on the v versus [S] plots (Fig. 2) and 
also the observed possibility of separation of mitochondrial MAOs under mild conditions with- 
out the use of detergents [6]. 
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EFFECT OF CHRONIC STIMULATION OF RATS WITH INTACT AND 

DEAFFERENTED HYPLTHALAMI ON LIPID METABOLISM AND THE 

ADRENAL CORTEX 
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Chronic stimulation of rats after a mock operation and rats with deafferented hy- 
pothalami leads to a decrease in the total cholesterol concentration in the blood 
and to the accumulation of triglycerides in the liver. Injection of dexamethasone 
into rats is accompanied by an increase in the blood cholesterol and trlglyceride 
concentrations and accumulation of triglycerides in the liver. The action of dexa- 
methasone is stronger in animals with a deafferented hypothalamus. The rate of 
secretion of ll-hydroxycorticosteroids into the adrenal vein was reduced in the 
latter. 

KEY WORDS: deafferentation of the hypothalamus; cholesterol; triglycerides; 11- 
hydroxycorticos teroids ; dexame thasone . 

Previous investigations have shown that hypophysectomy in rats prevents the increase in 
the nonesterified fatty acid level in the blood plasma in response to administration of cer- 
tain drugs with central action or to short-term immobilization of animals [4, 6]. 

The object of this investigation was to study the effect of prolonged stimulation of 
rats and deafferentation of the hypothalamus on indices of lipid metabolism and on the state 
of the adrenal cortex. 
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