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1. Introduction 

The presence of myosin-like proteins has been 
reported in several nervous tissues (for review, see 
ref. [l] ). Such a protein from the adrenal medulla 
has recently been characterized [2,3]. Knowledge of 
the localization of these proteins is poor but is of 
potential interest since it would provide information 

basic to evaluation of hypotheses concerning the func- 
tion of actomyosin-like proteins in neurosecretion 
[4], ion transport [5], axoplasmic transport [6] and 
neuronal growth [7] . Myosin from both muscle and 
non-muscle sources is thought to be unique in 
possessing an ATPase (ATP phosphohydrolase, 
EC 3.6.1.3) activity which is exhibited in the presence 
of 0.6 M KC1 and 2 mM EDTA [8]. Purification of 
myosin from various non-muscle tissues including the 
adrenal medulla [2,3] is associated with an increase 
in the specific activity of this (K’, EDTA)-ATPase. 
In the present work, such ATPase activity has been 

used as a biochemical marker for myosin with which 
to follow its distribution in subcellular fractions. The 
work was carried out using bovine adrenal medulla, a 
system well proven as a model for neurosecretion [9] . 
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2. Materials and methods 

2.1. Subcellular fractionation of the adrenal medulla 
Bovine adrenal glands, obtained from the slaughter- 

house, were kept on ice and medullae were dissected 
from cortices. Medullae from 4-5 glands (average 
weight 5-10 g) were homogenized in 0.32 M sucrose 

using a weight-to-volume ratio of 1 : 10, and a motor- 
driven homogenizer (2500 rev./min), with a glass tube 
and teflon pestle (Elvehjem-type Potter-homogenizer). 
The subsequent fractionation is adapted from the 
classical procedure of Smith and Winkler [IO] , as we 
have described in detail elsewhere [ 1 l] . 

2.2. Fractionation of the crude chromaffin granule 
fraction on continuous sucrose density gradients 

This experimental procedure followed that reported 
recently by Wilson and Kirshner [ 121. The crude 
chromaffin granule fraction was obtained by centri- 
fuging the low-speed 800 X g supernatant at 26 000 X g 
for 20 min. The resulting pellet was suspended in 
0.5 M sucrose buffered with 10 mM Tris-HCI at 

pH 7.4 (2.5 ml/g of starting medullae) and containing 
300 units of catalase per ml. (EC 1 .l 1 .1.6, from 
Boehringer, Mannheim, Germany). Five ml of the 
suspension was layered on to 30 ml of a linear 
gradient formed from 15 ml of 1 .O M sucrose and 
2.25 M sucrose each buffered with 10 mM Tris-HCI 
(pH 7.4) and containing 300 units of catalase per ml. 
Gradients were centrifuged at 90 000 X g for 5 h at 
+4”C in a Beckman SW-27 Rotor. Fractions of 1.7 ml 
were collected from the bottom of the tube, analyzed 
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for sucrose density by refractometry, pooled and 
diluted with chilled water. Fractions were centrifuged 
at 100 000 X g for 60 min in a R-40 Rotor. Washings 
of membranes were repeated; membranes were then 
suspended in 1.5 ml of the 10 mM Tris-HCl buffer. 

2.3. Measurement of enzyme activities 
Enzyme activities were assayed using the following 

methods: phenylethanolamine N-methyl transferase 
(EC 2.1.1 .x), Saavedra et al. [ 131 ; dopamine-(3- 
hydroxylase (EC 1.14.17.1), Pisano et al. [14] ; 
monoamine oxidase (EC 1.4.3.4), Goridis, Neff [ 151; 

acetylcholinesterase (EC 3.1.1.7), Ellman et al. [ 161 ; 
guanylate cyclase (EC 4.6.1.2), Goridis and Reutter 

[ 171 ; adenylate cyclase (EC 4.6.1 .l), Rachamandran 
and Lee [ 181 ; 5’-nucleotidase (EC 3.1.3.5), Hortnagl 
[ 191 ; acid phosphatase (EC 3.1.3.2), Lowry [20] ; 
(K’, EDTA)-ATPase was measured by the liberation 

of inorganic phosphate (Pi) following incubation with 
2 mM NazATP in 0.6 M KCl, 2 mM EDTA, 10 mM 

imidazole (pH 7.0). Inorganic phosphate was measured 
by the method of Steward as described by Naylor et al. 

Pll. 

2.4. Measurement of protein 
Protein was assayed using the Folin method of 

Lowry et al. [22] , with bovine serum albumin as 
standard. 

3. Results 

As shown in fig. 1, initial subcellular fractionation 
studies showed that over 60% of the recovered 
(K’, EDTA)-ATPase activity was found in the low- 
speed 800 X g pellet constituted of nuclei, plasma 

membranes and cell debris. The distribution of the 
ATPase activity was paralleled by that of acetyl- 
cholinesterase, 5’-nucleotidase and adenylate cyclase. 
The double localization of acetylcholinesterase in 
plasma membranes and in cytosol, of 5’-nucleotidase 
in plasma membranes and in Golgi apparatus has 
been reported [ 12,231. In contrast, adenylate cyclase 
has been shown to exclusively be associated with 
plasma membranes [ 12,241. Concerning the (K’- 
EDTA)-ATPase activity, 61%, 17%, 14%, 6.5% and 
1.5% of total recovered activity were recovered in 
respectively the low-speed 800 X g pellet, the soluble 

s,- 5’.Nucleotldase 7~ Dopamlne-R-Hydroxylase - 

6 XAdenylate Cyclase x Guanylate Cyclase 

7 
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4 
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Fig.1. Distribution pattern of marker enzymes in subcellular 

fractions of bovine adrenal medulla. Relative specific activity 

is the ratio of percentage of total activity in the considered 

fraction over the percentage of total recovered protein in that 

fraction. Phenylethanolamine N-methyl transferase was con- 

sidered as a marker of cy tosol [ 301 , adenylate cyclase of 

plasma membranes [ 12,241, guanylate cyclase of plasma 

membranes and of cytosol [24], monoamine oxidase of 

mitochondria [30], acetylcholinesterase of plasma membrane! 

and cytosol [ 12,231, 5’-micleotidase of Golgi apparatus and 

plasma membranes [ 12,19,24], dopamine-p-hydroxylase of 
chromaffin granule [ 301. N = low-speed 800 X g pellet 

(Nuclei, plasma membranes, cell debris); Sol = soluble frac- 

tion (cytosol); Mic = microsomal fraction (small chromaffin 

granules, Golgi apparatus, rough endoplasmic reticulum); 
ML = mitochondria and lysosomal fraction (mitochondria, 
lysosomes, chromaffin granule membranes, Golgi apparatus); 

GC = chromaffin granules. Results given are the means from 

3 or more preparations; variations were less than * 10%. 

Recovery of enzyme activities was between 85-110%. 
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fraction, the microsomal fraction, the mitochondria- 
lysosomal fraction and the chromaffin granule frac- 
tion. However, the impure nature of the low-speed 
800 X g pellet made the assumption that (K’, EDTA)- 
ATPase recovered in that fraction could be in plasma 

membranes equivocable. Moreover, the possible pre- 
cipitation of myosin because of the low ionic strength 
of the homogenizing buffer made further examination 
of membrane fractions necessary. Thus, experiments 
were carried out in which the activity of (K’, EDTA)- 
ATPase and certain known membrane marker enzymes 
were studied following separation of a crude chro- 
maftin granule fraction on continuous sucrose density 
gradients [ 12,241. The results of our experiments 
(fig.2) showed the distribution of (K’, EDTA)-ATPase 
activity to follow closely those of membrane-bound 
acetylcholinesterase, guanylate cyclase and adenylate 
cyclase. Some activity trailed throughout the gradients 

fractions. Plasma membrane marker enzymes [ 12,241 
showed the highest specific activity in fraction 4: 
the specific activity of acetylcholinesterase was 

Fig.2. Distribution of marker enzymes in a typical sucrose 
density gradient after centrifugation of crude chromaffin 
granule fraction. (Top): Monoamine oxidase (0); dopamine- 
p-hydroxylase (e); acid phosphatase (0); protein (A). (Bottom): 
Acetylcholinesterase (0); adenylate cyclase (e); guanylate 
cyclase (0); (K+, EDTA)-ATPase (A). At the top of the panel, 
% sucrose in each fraction is given. Enzyme activities were 
checked for linearity towards time and protein concentra- 
tion in assay medium. Experiment has been repeated twice 
with identical results. Recovery was 70.5% for acetylcholin- 
esterase, 85% for guanylate cyclase, 75% for adenylate cyclase, 
60% for membrane-bound dopamine-fi-hydroxylase, 68% 
for acid phosphatase, 97% for monoamine oxidase and 65% 
for (K+, EDTA)-ATPase, 225 mg of protein were deposited 
on the three parallel gradients and 107 mg (47.5%) recovered 
as membrane protein. The highest specific activity of mono- 
amine oxidase was recovered in fraction 9, increasing from 
0.3-0.67 crmol of tyramine deaminated/h/mg protein. 
Specific activity of acid phosphatase was increased from 
9.4-28.5 nmol of p-nitrophenylphosphate hydrolyzed/min/ 
mg protein in fraction 11 in which the specific activity was the 
highest. 5’-Nucleotidase was measured in all fractions, but not 
reported here because of the clarity of the figure: a plateau 
was observed (over fractions 5 to 1 l), and specific activity 
showed a bimodal distribution. Highest specific activities were 
recovered in fractions 4 and 11, suggesting the double loca- 
lization of this enzyme in plasma membranes and Golgi 
apparatus [ 12,19,24]. 
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8.1 pmol of acetylthiocholine hydrolyzed/h/mg of 
protein, an enrichment of 5.75-fold over the activity 
in the crude chromaffin granule fraction. The specific 
activity of adenylate cyclase in fraction 4 was 
enriched 4.4-fold from 30.2 pmol of cyclic AMP 
formed/min/mg protein to 135 and guanylate cyclase 
specific activity was enriched 6.2-fold from 10.0 to 
62.0 pmol of cyclic GMP formed/min/mg protein. 
(K’, EDTA)-ATPase specific activity was increased 
from 0.26 to 1.05 pmol of Pi liberated/h/mg protein, 
i.e., an enrichment of 4.4-fold. 
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Results shown in figs. 1 and 2 suggest that there is 
little ATPase activity associated with the chromaffin 
granule fraction: only 1.5% of the recovered activity 
was found in the purified granule fraction. Moreover, 
the pattern of sedimentation of dopamineQ-hydroxyl- 
ase bound to chromaffin granule membranes appeared 

very different from that of the (K’, EDTA)-ATPase 
activity (fig.%). Some soluble (K’, EDTA)-ATPase 
activity could be detected, representing 17% of the 
total recovered activity. 

4. Discussion 

The association of (K’, EDTA)-ATPase activity 
with myosin from muscle and non-muscle sources 
[8] suggests this enzyme activity to be a valid bio- 
chemical marker for myosin. Thus, the subcellular 
distribution of the (K’, EDTA)-ATPase will reflect 
the distribution of myosin. 

Our initial experiments (fig.1) showed 60% of the 
ATPase activity to be recovered in the crude plasma 
membranes, nuclei and cell debris pellet. Interpre- 
tation of this data was difficult for two reasons. 

Firstly, the impurity of the fraction and secondly 
the possibility that in vivo or under our in vitro con- 
ditions myosin may have been in some lilamentous 
form and so the high recovery of the ATPase activity 
in the crude membrane and nuclear pellet could have 
been due to a sedimentation of myosin rather than 
due to association with subcellular structures. How- 
ever, the parallel distribution of the (K+, EDTA)- 
ATPase activity and of plasma membrane markers 
together with the high relative specific activity value 
for the ATPase and plasma membrane markers in the 
microsomal fraction suggested that some myosin may 
have been associated with plasma membranes. Further 
evidence for this view was obtained from gradient 
experiments (tig.2); the (K’, EDTA)-ATPase activity 
and that of plasma membrane markers showed a 
parallel distribution and enrichment of specific 
activity. Overall, our results suggest there is some 
myosin associated with plasma membranes. The 
possible precipitation of myosin during fractionation 
could have led to an overestimation of the ATPase 
activity recovered in the crude nuclear and plasma 
membrane fraction, so that it is not possible to give 
an estimate of the percentage of activity associated 
with plasma membranes with confidence. It is unlikely 

that the assay for (K’, EDTA)-ATPase measured any 
Na’ plus K’stimulated ATPase activity (a known 
membrane enzyme) since the (K’, EDTA)-ATPase 
activity was not found to be inhibited by ouabain and 
since Mg” necessary for the Na’ plus K’stimulated 
activity was not present in the incubation medium. 

Some (K’, EDTA)-ATPase activity was recovered 
in the soluble fraction although this was somewhat 
variable. Such myosin in the soluble fraction might 
reflect an in vivo pool of soluble myosin or it could 
be an artifact of the homogenization and fractionation 
processes. 

Both subcellular distribution and gradient experi- 
ments showed there to be little (K’, EDTA)-ATPase 
activity associated with chromaffin granules. The little 
activity present was most likely due to contamina- 
tion of the fractions. This paucity of activity in the 
granule fraction suggests that myosin is not a com- 
ponent of the chromaffin granule. This result is of 
interest since it has been suggested that there is 
myosin associated with synaptic vesicles [4] , structures 
homologous to chromaffin granules. Such vesicular 
myosin was suggested to react with actin present in 
the synaptic membrane to bring about the release of 
neurotransmitter. The evidence for this hypothesis 
and for vesicular myosin is weak since the nature and 
purity of the preparations involved have been ques- 
tioned [25,26] . Actin has been found to bind to 
chromaffin granules [27] but this was not shown to 
be due to myosin in the granules. The present results 
do not support the hypothesis of Berl et al. [4] for 
neurosecretion in that myosin does not seem to be 
associated with chromaffin granules. 

In conclusion, our results suggest that in the bovine 
adrenal medulla myosin is associated not with 
chromaffin granules but partly with plasma mem- 

branes. There is immunohistochemical evidence from 
other tissues such as Bbroblasts and chick embryonic 
cells in culture that there is myosin associated with 
the plasma membrane [28,29]. Membrane localiza- 
tion of myosin may also apply to other nervous 
tissues. The presence of myosin in the plasma mem- 
brane or in the soluble form does not exclude it 
playing a role in neurosecretion. 
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