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1. Introduction

Guanyl cyclase, the enzyme which catalyzes the for-
mation of guanosine cyclic 3°,5"-monophosphate {cy-
ciic GMP) from TP, has been detected in all mam-
mlian issues siudied. Guanyl cyclase activities are
high in lung [1-3] and especially high in purified bo-
vine retinal onter segmenis [4] . Brain has alesser, but
nevertheless appreciable, guanyl cyclase activity. We
have determined the guanyl cyclase activity im puri-
fied fractions of defined meuronal or synapiosomal
origin, in order to throw some light upon possible
roles for guanyl cyclase and cyclic GMP in brain.

2. Methods

Subcellular fractions were prepared from adult rat
brain by methods described previously [$1. The post-
mitochondrial supematant was centrifuged at 78 000
22X 120 min to give the primary soluble and the mi-
crosomai fractions. Synaptosomes were sub-fraction-
ated after osmotic shock to give synapiosormal plasma
menbranes 5], synapiic vesieles [6) and synaproso-
mal soluble proteins. The Iatter soluble fraction was
only slightly contaminated with non-gynaptosomal soi-
uble proteins since three washes of the crunde mito-

" chondrial fraction have been shown 1o sliminate all
the non-occluded lactate dehydrogenase (LDH) [5].
Due to the low protein concentrations the synaptoso- -
mal soluble fraction had to be concentrated (8—10-
fold) by ultrafiltration on PM10 Amicon filters.

Guanyl cyclase activity was determined using

[32P]-GTP as substrate {0.185 mM, 0.5—1 X 106

‘epm) exactly as previously described [4] . Preliminary
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Table 1
Guanyl cyclase and lactate dehydrogenase activiiies ir rat
brain sabcelinlar fractions.

rraction Guanyi cyclase Laciate dehydrogenass

Emnrich- Ensich-
Activity® ment?  Activity®  ment?

Homogen-~

aie 31z 3.3 1 42 1

Primary

soluble 692169 2.2 145 3.5

Synapioso-

mal solebls 2392 358 7.9 &3 2.1

Synaptoso-

mal plasma

memnbranes 33z 7.6 1.3 0.2 0.007

Synaptic

vesicles 12:x 29 04 0.8 0.01

Microsomes 24= 3.9 0.8 21 0.5

2 Guanyl cyclase activity: pmol min/mg protein expreszed as
the mean = S.E.M. for five rFAperiments.

b Enzichment: specific aci ity of fraction/specific activity of
homogsnute.

€ Lagtate dehydrograse sctivity: srnolefhy/mg protein.

8p <001 i comp ared with synaptosomsl scluble fraction.

experiments sh.owed that the Mn2* concentration

- wsed {7.7 =M, was at, or near, the optimum congen-

tration for all f:actions. Cyclic GMP (5.75 mM) was
added 1o the int ubation mixture to reduce degrada-’
tion of {32P]cy.Jic GMP by phosphodiesterasss, and
the extert of th: degradation was checked routinaly
by addition of {'Hlcyclic GMP. All fractions wers ap-
propriately diluied to keep hvdrolysis of cycte GMP
during the incobation period below 10%.
LDH *was assayed by following the oxidation of

NADH in the presence of pyruvate ai 340 nm [7] and
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Table 2
‘Guanyl cyclase activity in rat brain solnble fractions prepared
under isotonic o1 hypetonic conditions.

Activity

{pmol/min/myg protein)
Isotonic &0
Hypotonic &R

Two rat brains were homogenized in either sucrose (320 mM)—
phosphate {1 mM)—-EDTA {1 mM) or in phosphate {1 mM)—
EDTA {1 mM). The crude homogenates were centrifuged
1000 g X 15 min, the pellet obiained washed once with the
buffer nsed for homogenization and the combined superna-
tants centrifnged 78 D00 g X 120 min io give the solble frac-
tions,

proteins were estimated by the technigue of Lowry
et al. 8] after precipitation with 1M HCIO,.

3. Results

In accord with previous studies on the subeellular
distribution of guanyl cyclase activity in lung and liver
[1,2] the highe :t specific activities were found in the
soluble fractions. But, whereas the specific activity of
LDH was highest in the primary soluble fraction {ia-
ble 1), guanyl cyclase was.over three times more ac-
tive in the synaptosomal soluble fraction than in the
primary soluble fraction. Since the higher guanyl cy-
clase activity in the synaptosemal scluble fraction
could have been due to the liberation of membrane-
bound guanyl cyclase by the osmotic shogk applied to
the synaptosomes, primary soluble fractions were pre-
pared under kypotonic and isotonic cor ditions (table
2). There was a slight increase in the specific activity
of the fraction prepared under hypotonic conditions,
probably due to the release of synaptosomal guanyl
cyclase-rich soluble proteins. However since LDH ac-
tivity was almost undetectable in the synaptosomal
plasma membranes, whereas the puanyl cyclase activi-
ty was equal 1o that of the startinghomogenate, we
cannot exclude the possibility of a specifically synapto-
somal, membrane-bound, guanyl cyclase.
~ Since the synaptosomal soluble fraction had to be
concentrated by ultrafiltration, the influence of this
treatment on two other. fractions, the primary soluble

fraction and the synaptic vesicles, was studied. No dif-
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_ferences of the guanyl cyclase specific aciivities were

observed before and after concentration.

4. Discussion

‘The results reported here show that rat brain guan-
vyl ¢cyclase is concentrated in soluble fractions, as is the
case in lung and liver [1,2]. But in brain tissne, two
soluble compartments can be resolved: the primary
soluble fraction, i.e. a posimicrosomal supernatant de-
rived In an analogous manner to the soluble fraction
of other tissues, and the soluble compartment of the
synapiosomes. The synaptosomal componenis sedi-
ment first with the crude mitochondrial pellet and
then with the synapiosomes, but can be released into
the supernatant by osmotic shogk of these particles
19, 101. The synapiosomal solubie fraction had the
highest geanyl cyclase activity of the fractions studied.
By contrast, LD had a highe: activity in the primary
soluble fractiou. The distribution of guanvl cyclase
thus differed from that of general soluble markers
such as LDH, and that reported for free amino acids
[11] and S-hydroxytryptophan decarboxylase [9]. It
also differed from the distribution of two glial soluble
markers, S-100 protein and buotyryl cholinesterase
[12], but resembled ihe distribution of neuronal solu-
ble markers, glutamate decarboxylase [13] and tyro-
sine hydroxylase [14]. Guauny] cyclase would thus
seem to be enriched in the cytoplasm sequestered with-
in the synapiosomes as are these two enzymes in-
volved in neurotransmitier metabolism.

Two explanations could be given for the enrich-
ment of a soluble component within the synaptosomes.
Either this componznt occurs predominantly in neu-
rous and is therefore diluted in the primary soluble
fraction by the cyioplasm derived from glial cells, or
it is concentrated within the neuron at the level of the
presynaptic nerve terminal. We tend to favour the for-
mer possibility in the case of guanyl cyclase based on
a study of the development of guaryl cyclase in cul-
tures of cortical cells, where guanyl cyclase activities
are higher in neurcmvennched than in gha] cell-en-
riched cultures [15].

Guanyl cyclase shows comlderanly hlghex relative
specific activities than L.DH not oxly in the synaptoso-
mal soluble fraction, but also in the synaptosomal plas-
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ma membranes. Considering the possible role of ¢y-
clic GMP in synaptic transmission [16], such a local-
ization could be of copsiderable importance. Work is
now in progress to investigate whether the guanyl cy-
¢lase found associated with the synaptosomal plasma
membranes represents soluble enzyme adsorbed to or -
sequestered within these membranes, or whether it
represents an intrinsic synapiosomal plasma mem-
brane activity.
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