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The influence of isatin on guanylyl cyclase of rat heart membranes
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Abstract

The influence of indole-2,3 dione (isatin) on particulate guanylyl cyclase (GC) from rat heart membranes was investigated in the
presence of adenylylimidodiphosphate (AMP-PNP). The latter activated GC in a concentration-dependent manner and 100 wM isatin
abolished this effect. The IC5, value, 2 wM, for the inhibition of stimulation of GC induced by 50 .M AMP-PNP, was close to the upper
physiological level of isatin. These results indicate that isatin may interact with GC independently of its regulation by natriuretic peptides.

© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Isatin (indole-2,3 dione) has a wide range of pharmaco-
logical actions (Medvedev et al., 1996; Glover et al.,
1998). It is present in the brain, heart and other tissues at a
concentration (up to 1-10 g/ per gram wet weight) likely
to have physiological effects (Watkins et al., 1990;
Medvedev et al., 1996). We have previoudy demonstrated
that isatin inhibits atrial natriuretic peptide (ANP) receptor
binding and ANP-stimulated guanylyl cyclase (GC) (Glover
et a., 1995; Medvedev et a., 1996, 1998), the IC,, vaue
for the former being 0.4 wM, well within the physiological
range.

The natriuretic peptides are a structuraly related family
containing a 17-amino acid ring, stabilised by a disulphide
bond (Anand-Srivastava and Trachte, 1993; Y andle, 1994).
They all (ANP, brain natriuretic peptide [BNP], C-type
natriuretic peptide [CNP], urodilatin) have amino terminal
and carboxy terminal extensions of different lengths with
the exception of CNP which lacks the carboxy termina
extension (Anand-Srivastava and Trachte, 1993; Yandle,
1994). Several types of natriuretic peptide receptors have
been identified. Natriuretic peptide receptor type A and B,
single transmembrane proteins of 120—130 kDa, includes
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membrane-bound GC, whereas C-type receptor (the clear-
ance receptor) is coupled to adenylyl cyclase inhibition
through the G, regulatory protein (Anand-Srivastava and
Trachte, 1993; Leitman et al., 1994; Savoie et al., 1995).
Both ANP and BNP act at A-type of receptor (ANP,
receptor), whereas CNP interacts relatively selectively with
natriuretic peptide receptor type B (Yandle, 1994). These
three peptides may interact at C-type receptor and inhibit
adenylyl cyclase activity in the presence of guanine nu-
cleotide, GTP or its non-hydrolysable analogue (Anand-
Srivastava, 1997; Anand-Srivastava and Trachte, 1993;
Savoie et al., 1995).

Since isatin abolishes GC stimulation by ANP and
BNP, we have concluded that it can interact with ANP,
receptor (Medvedev et al., 1998). It is now well estab-
lished that activation of ANP, receptor (GC A) by ANP is
potentiated by ATP or its non-hydrolysable analogues such
as adenylylimidodiphosphate (AMP-PNP) (Leitman et al.,
1994; Potter and Hunter, 1998). The latter binds to a
putative site within the cytoplasmic region of ANP, recep-
tor that has a homology with tyrosine kinase, but lacks
tyrosine kinase activity (Leitman et a., 1994). The al-
losteric interaction of ATP with the intracellular kinase-like
domain may activate the catalytic domain (Leitman et 4.,
1994; Wong et al., 1995; Potter and Hunter, 1998). We
have shown previoudy that AMP-PNP potentiates the
effect of submaximal doses of ANP and BNP and attenu-
ates or abolishes senditivity to isatin (Medvedev et al.,
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Fig. 1. (@ The influence of AMP-PNP and isatin on GC activities of rat heart membranes. Data expressed as percentage of basal cyclase activity represent
mean + S.E.M. of 3-10 experiments. Asterisks show statistical significance of isatin inhibition: *p < 0.05; **p < 0.01; ***p < 0.001. The basa GC
activity was 19.5 + 1.8 pmol /10 min/mg of protein. (b) The influence of isatin on GC activation induced by 50 .M AMP-PNP. Stimulation of GC by 50
wM AMP-PNP (+55%) was defined as 100%. Data represent mean + S.E.M. of four experiments.

1998). This finding suggests that the sensitivity of ANP,
receptor (GC A) to isatin can be allosterically regulated
(perhaps at the tyrosine kinase-like domain). If the effect
of isatin on ANPB, receptor were mediated allosterically in
this way, we might expect that, in the absence of ANP, GC
activation by ATP (or its non-hydrolysable analogue) would
be resistant to isatin action. Thus, in the present study, we
have investigated the influence of isatin on GC from rat
heart membranes in the presence of AMP-PNP.

2. Materials and methods

Particulate GC activity was determined in rat heart
membranes obtained by centrifugation at 100,000 X g (4°C,
1 h) of homogenates (10%, w/v) prepared in 50 mM
tris—=HCI buffer, pH 7.6, containing 150 mM NaCl, 1 mM
EDTA, and 0.01% bacitracin. Pellets were resuspended in
50 mM tris—buffer (pH 7.6) containing 0.01% bacitracin
and centrifuged as described above. The final pellets were
resuspended in 50 mM tris—-HCI buffer (pH 7.6) and
10-15 p.g of protein was used for determination of GC
activity (Medvedev et a., 1998). The reaction mixture
(final volume 200 1) contained 50 mM tris—HCI buffer,
pH 7.6, 4 mM MgCl,, 1 mM GTP, 1.0 mM isobutylmeth-
ylxanthine, 0.01% bacitracin and a GTP-regenerating sys-
tem consisting of 15 mM creatine phosphate and 40 g
creatine kinase. Tubes were incubated at 37°C for 10 min
and the reaction was stopped by adding 1.8 ml cold 50
mM sodium acetate, pH 4.8. Samples were boiled for 3
min and then centrifuged at 2000 X g for 30 min. The
amount of cGMP generated was determined by radioim-
munoassay. Under these experimental conditions, accumu-
lation of either cGMP was linear over the first 10 min of

incubation at 37°C. Isatin itself had no effect on basal GC
activity up to 10~* M concentration.

Radioimmunoassay kits for cGMP were obtained from
the Radiochemica Centre (Amersham, UK). Other chemi-
cals were purchased from Sigma (Poole, UK).

Statistical differences were evaluated using the Student’s
t-test.

3. Results

Fig. 1a shows that significant stimulation of particulate
GC was observed at 50 pM AMP-PNP and an increase in
AMP-PNP concentration to 100 wM resulted in only a
small (and statistically insignificant) further increase of
GC activity. This is consistent with previous observations
from other laboratories (Anand-Srivastava and Trachte,
1993). 100 wM isatin inhibited this activation to slightly
below the basal level. Fig. 1b shows a dose-response
curve of the isatin effect on GC activated by 50 pM
AMP-PNP. The ICy, of the AMP-PNP-stimulated GC
inhibition by isatin was 2 wM, which is close to upper
physiologica level (Watkins et al., 1990).

4, Discussion

The present findings show that in the absence of ANP,
isatin can still inhibit the activity of membrane-bound GC
A stimulated by AMP-PNP. We have previously demon-
strated that isatin inhibits ANP-stimulated GC and that low
concentrations of AMP-PNP decrease sensitivity to isatin
(Medvedev et a., 1998). This pointed to the involvement
of alosteric GC regulation by isatin at a tyrosine kinase
domain. If isatin were to interact only with such allosteric
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sites, we would expect AMP-PNP-dependent activation of
GC to be resistant to inhibition by isatin. However, isatin
inhibited AMP-PNP-stimulated GC with similar efficacy
to ANP-stimulated GC (Glover et a., 1995, Medvedev et
al., 1998). The result can be explained if isatin were to
interact with ANP, receptor at two sites, both the natri-
uretic peptide binding site and the tyrosine kinase-like
domain, the ICg, of the former being 0.4 M and the
latter 2 wM. The simultaneous presence of saturating
concentrations of ligands that bind at these sites fully
protects ANP, receptor against isatin, as we have observed
earlier (Medvedev et al., 1998). If one of these sites were
vacant, isatin might exert its effect by inhibiting ANP-re-
ceptor binding or ATP (AMP-PNP)-stimulated GC activ-
ity. Other examples of one ligand, such as cGMP, binding
at two distinct sites (catalytic and allosteric), are known in
the cyclic nucleotide field, as with cGMP-specific phos-
phodiesterase (Corbin et al., 1998).
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