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Monoamine Oxidase Activity in Rat Erythrocytes: Evidence for its Localization in Reticulocyte

Mitochondria?
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Zentrum dey Phaymakologie, Klinikum dev Universitit, Theodov-Stevn-Kai 7, D—6000 Frankfurt am Main 70 (German

Federal Republic, BRD), 24 February 1976.

Summary. During growth of young rats, monoamine oxidase activity in erythrocyte membrane preparations decreases
more rapidly than reticulocyte concentrations in the respective blood samples. Since reticulocytes lose their mito-
chondria prior to the substantia reticulo-filamentosa, the non-linear correlation between monoamine oxidase activity
and reticulocyte counts indicates that erythrocyte monoamine oxidase is located in reticulocyte mitochondria.

During the course of studies designed to characterize
the adrenergic B-receptor-effector system of circulating
red blood cells?-4, it was found that rat reticulocytes con-
tain considerable monoamine oxidase activity which is
readily inhibited by the typical monoamine oxidase in-
hibitor, pargylines. This finding, in contrast to earlier in-
vestigations which had not revealed monoamine oxidase
activity in red blood cells from several species ¢.7, was
cbtained in animals in which marked reactive reticulo-
cytosis had been produced by preatreatment with acetyl-
phenylhydrazide.

It is known that hydrazines are in general irreversible
inhibitors of monoamine oxidase activity?®; this is also
true for phenylhydrazine® (which is assumed to be the
‘active moiety’ of acetylphenylhydrazide10-1%), It was of
fundamental interest, therefore, to confirm the finding of
monoamine oxidase activity in reticulocytes by use of a
model reticulocytosis not involving toxic haemolysis.
For this purpose, studies were carried out using young
growing rats with a ‘physiological reticulocytosis’ due to
the normally occurring dilution anaemia!?; this experi-
mental model has previously been used for studies of
adenylate cyclase in red blood cells14,

Methods. 4 groups of male Wistar rats with body
weights of 40-50, 80-100, 150-170 and 230-250 g were
used. Heparinized pooled blood from 20 to 60 animals
was freed from leukocytes and platelets by filtration
throngh cotton wool'® and 4 washings with isotonic
phosphate buffer, and erythrocyte membrane pre-
parations were made, after DobGE et al.’® as described
previously 3% Monoamine .oxidase activity was deter-
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Monoamine oxidase activities (substrate concentration: 2 x10-% M)
in membrane preparations (each point representing the mean of tri-
plicate determinations) and reticulocyte counts in the respective
blood samples pooled from rats grouped according to body weight
(A); correlation between monoamine oxidase activities and reti-
culocyte counts (B).

mined by the method of WurTMAN and AXELROD?Y?
using *4C-tyramine (spec. act. 13 mCi/mmole) as sub-
strate. Reticulocytes were counted in blood smears
stained with brilliant cresyl blue; protein was deter-
mined after REscH et al.18.

Results and discusston. As in previous investiga-
tions% 14, with increasing body weight in young rats a
steady decrease of reticulocyte counts was observed
(see Figure); there was a concomitant, but not parallel,
decrease of monoamine oxidase activity in the respective
membrane preparations. While the physiological reti-
culocyte ‘loss’ can be described by first-order kinetics4,
there was an apparent zero-order decrease of monoamine
oxidase activity (Figure A). Obviously, the enzyme
activity is not — like adenylate cyclase® — present in all
but only in part of the reticulocytes; this is even more
clearly seen when monoamine oxidase activity is plotted
against relative reticulocyte concentrations (Figure B):
extrapolation of the nonlinear correlation function
towards low MAQ activities leads to an intersection on the
abszissa at about 29 reticulocytes.

1 This work was supported by a grant from the Deutsche For-
schungsgemeinschaft.

2 D. PaLm, D. GAaucer, G. Kaiser and K. Quiring, J. int. Res.
Commun. 7, 31 (1973).

3 K. QuiriNg, G. Kaiser and D. GAUGER, Blut 28, 166 (1974).

4 D. GAUGER, G. Karser, K. Quiring and D. Parm, Naunyn-
Schmiedebergs Arch. Pharmak. 289, 379 (1975).

5 K. QuiriNGg, G. Kaiser, D. Gauvcer and D, Parm, Naunyn-
Schmiedebergs Arch. Pharmak. 279, 93 (1973).

8 H. Brascuko, in The Enzymes (Eds. P. D, Bover, H. LArDY and
K. MyrBAECK; Academic Press, New York-London 1963}, vol. §,
p. 337,

7 W. D. Horsrt, P. GATTANELL, S. UrBaNo and H. SuerprarD, Life
Sci. 8, 473 (1969).

8 A. PLETSCHER, K. F. Gev and P. ZELLER, Fortschr. Arzneimittel-
forsch. 2, 417 (1960).

® D. R. Patex and L. HerrerMaN, J. biol. Chem. 249, 2373 (1974).

10 E. A, ZELLER, J. BArRskY, R. Fours and E. J. Lazanas, Biochem.
J. 60, 5 (1955).

W, R. McGratr and A. Horira, Toxic. appl. Pharmac. 4, 178
(1962).

12 K. QuiriNGg and D. Parm, Naunyn-Schmiedebergs Arch. Phar-
mak. 265, 397 (1970).

13 A. M. Ganzont, Kinetik und Regulation dev Evythrozytenproduktion.
(Springer, Heidelberg—New York 1970).

1 K. QuiriNG, D. Gaucer, G. Kaiser and D. PaLm, Experientia
29, 526 (1973).

15 D. Busce and K. Perz, Klin. Wschr. 44, 983 (1966).

16 3. T. DopGe, C, MrrcHerL and-D. Hanawman, Arch. Biochem.

. Biophys. 700, 119 (1963).

17 R. J. WurtMAN and J. AXELROD, Biochem. Pharmac. 72, 1439
(1963).

18 D. RescH, W. ImM, E. FErRBER, D. F. H. WaLLAcH and F. FISCHER,
Naturwissenschaften 58, 220 (1971).



15.9. 1976

The observation that monoamine oxidase activity is
present only in part of the circulating reticulocyte pop-
ulation can be explained by a more rapid rate of decrease
of monoamine oxidase activity than of the substantia
reticulo-filamentosa (which is responsible for the staining
characteristics) during the course of red cell maturation.
In this respect, monoamine oxidase obviously shares
common characteristics with other enzymes, especially
with the mitochondrial marker enzyme, cytochrome
oxidase: it has been shown by RosenTtHAL et al.l® that
there is a similar nonlinear correlation between cyto-
chrome oxidase activity and RNA content in rabbit
reticulocytes. The latter finding is in agreement with the
results of morphologxcal investigations?» 2! which in-
dicate a very rapid loss of mitochondria during the
maturation of reticulocytes.

It may therefore be concluded that reticulocyte mono-
amine oxidase is a mitochondrial enzyme; this conclusion
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has recently been confirmed in preliminary experiments
in which acetyl-phenylhydrazide was used as an inductor
of reticulocytosis?2. With respect to its substrate and
inhibitor specificities?® 22, and also with respect to its
mitochondrial location, the reticulocyte enzyme is clas-
sified as a ‘classical’ ¢ monoamine oxidase.
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Summary. In all earlier studies on «- amylase the influence of different ions were studied in phosphate buffer. The
present report shows the effect of differeht ions individually with T#%is and amino acid. Though it has been claimed
recently that sodium ion is an activator-of x-amylase, this study reconfirms that sodium ion does not activate human

salivary amylase.

The activation of mammalian x-amylases by chloride
ion, and less effectively by certain other monovalent
anions has long been known® 2, whereas microbial and
diastatic a-amylases do not require chloride ion as acti-
vator3. The various aspects of salt activation of x-amy-
lases mostly of pancreatic and salivary origin have been
studied by different workers. MyrBAck ! had pointed out
that the pH optimum of the enzyme shifts from 6.0 to
6.9 on being activated in the presence of Cl-. It is also
reported that the pH optima shift occurs by the addition
of other anions; a few of them activate the enzyme par-
tially. BErNFELD et al.* showed that, after removal of
such activators by exhaustive dialysis of both the en-
zyme and the substrate, the activity is reduced to 15%,
of its original value, which is entirely restored instant-
aneously by the inclusion of 0.01 M NaCl to the reaction
mixture. Using various chlorides and other anions, they
concluded that Cl- is essential to mammalian «- amylases
for full activation and the cation has got no role in the
process. Calcium ion is believed to be firmly bound to the
protein molecule and contributes to the structural sta-
bility against higher pH and proteolytic degradation?. In
contrast to the above findings, recently it has been shown
that sodium ion and not the chloride ion is sole activator
for pancreatic a-amylases’ of toad, reptile, pigeon and rat.
However, the literature fails to provide enough infor-
mation about the role of different activators indepen-
dently, particularly anionic, since all of the earlier ex-
periments were done with phosphate buffer which itself
is likely to activate to some extent.

In order to study the activation by anions independent-
ly and by their influence on the shift of pH dptimum, the
present investigation was carried out using suitable buf-
fers with and without phosphate at two different pH
values viz. 6.0 and 6.9. This report simultaneously throws
light upon certain observed discrepancies in earlier re-
ports.

DCIpH 6.9-70 ]
MpH60
8 10
100L Al 1350
* 5 1300
6 11
6

_ T {250
£ ; 4
R i ! | | R
€ S
5 50t 2
% | Js0 <
15
sl
z 23 4100
5 s
= 50

0 - 0

Phosphate buffer Tris buffer

Fig. 1. Activation of a-amylase by ions (salts). Numbers 1 to 10 all
in phosphate buffer. 1. buffer alone; 2. Na,CO,; 3. CuCl,; 4. NaNOQ,;
5. CH,COONa; 6. NaBr; 7. CsCly; 8. NH,Cl; 9. KCI; 10. NaCL
Numbers 11 to 15 all in Twzs buffer. 11, aspartate; 12, acetate;
13, phosphate; 14, oxalate; 15, chloride.
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