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Abstract

The effect of inhibitors of transmethylation reactions, S-adenosylhomocysteine and 5'-methylthioadenosine, on
[*Hiflunitrazepam-specific binding to the rat brain membranes has been investigated. Both S-adenosylhomocysteine and
5-methylthioadenosine are able to inhibit binding with K; values of 7.9 uM and 15.8 uM respectively. These compounds
therefore may be candidate endogenous benzodiazepine-receptor ligands. In light of these and other data possible correlations

between phospholipid methylation and y-aminobutyric acid (GABA) receptor function are discussed.
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1. Introduction

The y-aminobutyric acid (GABA [ )-benzodiazepine
receptor complex is embedded in the plasma mem-
brane lipid bilayer and it has been shown that the
treatment of membranes with phospholipases A, and
C affects the relationship between the benzodiazepine
and the GABA binding sites (Havoundjian et al., 1986;
Ueno and Kuriyama, 1981). The three-step methylation
of phosphatidylethanolamine to phosphatidylcholine
has been implicated in a number of receptor-mediated
events (Hirata and Axelrod, 1980) and in the process of
phospholipid methylation S-adenosylmethionine is
converted to S-adenosylhomocysteine, a competitive
inhibitor for all methylation reactions for which S-
adenosylmethionine is the methyl donor. 5-Methyl-
thioadenosine, which is metabolic derivative of decar-
boxylated S-adenosylmethionine, can also inhibit meth-
ylation.
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A number of reports have suggested a close rela-
tionship between phospholipid methylation and
[*HIGABA and [*Hldiazepam binding in rat brain
membranes. Inhibition of phospholipid methylation by
injection of L-homocysteine (an S-adenosylhomocys-
teine precursor) into rats induced an increase in spe-
cific [*H]muscimol (GABA receptor agonist) binding to
rat brain without affecting [*H]diazepam binding (Be-
nistant et al., 1987). Phospholipid methylation in
synaptic membranes increased the specific binding of
GABA (Vartanyan and Aprikyan, 1991) and decreased
its reuptake. The finding that incubation of brain mem-
branes with S-adenosylmethionine increased both ben-
zodiazepine and GABA binding (Di Perri et al., 1983)
was recently studied in more details by Benistant et al.
(1990). They claimed that the increase in basal benzo-
diazepine binding after S-adenosylmethionine treat-
ment was, in fact, induced by the low residual levels of
endogenous GABA. Nevertheless these different stud-
ies appear to agree on the close relationship between
S-adenosylmethionine and its metabolites and GABA-
benzodiazepine receptor binding. On the basis of these
various studies, we have investigated the effect of S-
adenosylmethionine, S-adenosylhomocysteine and 5'-
methylthioadenosine on [*Hlflunitrazepam binding to
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the benzodiazepine-recognition site of the GABA ,
receptor.

2. Materials and methods

5'-Methylthioadenosine, S-adenosylhomocysteine,
S-adenosylmethionine, diazepam and GABA were pur-
chased from Sigma and [N-methyl-3HIflunitrazepam
(85 Ci/mmol) was obtained from Amersham. All other
chemicals were of analytical grade or better. Water was
of MilliQ quality.

Wistar rats (180-220 g) were killed by CO, intoxica-
tion and the brain was removed. Two rats were used
for each membrane preparation. Crude synaptic mem-
branes were prepared according to the method de-
scribed elsewhere (Enna and Snyder, 1976). The pre-
pared membranes were washed 3 times with 50 mM
Tris-HCI buffer (pH 7.4) and stored at —20°C for at
least 12 h. After being thawed, membranes were resus-
pended in 50 mM Tris-HCI buffer (pH 7.4) and cen-
trifuged at 48000 X g for 20 min. The resultant pellet
was resuspended in 40 ml of 50 mM Tris-HCI buffer
(pH 7.4) to about 10-12 mg protein/ml and used in
the binding assays. S-Adenosyimethionine, S-adeno-
sylhomocysteine and 5-methylthioadenosine stock so-
lutions (10 mM) were made in 0.1 mM HCI to aid
solubilisation.

Membrane preparations (400 pl) were incubated
with 8 nM [*Hlflunitrazepam (which is about 4 times
the K, value for flunitrazepam binding (Squires and
Braestrup, 1977)) together with varying concentrations
of S-adenosylmethionine, S-adenosylhomocysteine or
5-methylthioadenosine (or an equal volume of buffer
for control) in a final volume of 1 mi for 1 h at 4°C.
Incubations were terminated by rapid filtration under
vacuum through Whatmann GF /B filter and the filters
were washed with 3 X 2 ml of ice-cold 50 mM Tris-HCI
buffer (pH 7.4). Radioactivity retained on the filters
was measured by liquid scintillation counting in a
Beckman LS 5000 CE spectrophotometer using Op-
tiPhase scintillation cocktail (ILKB). Specific binding
was calculated by subtracting the amount of non-
specific binding, determined by carrying out parallel
incubations in the presence of 107> M diazepam, from
total binding (Ueno and Kuriyama, 1981). Protein con-
tent was measured by the method of Bradford (1976)
using BSA as a standard.

3. Results

Incubation of cerebral synaptic membranes with
[*H]flunitrazepam resulted in a high level of specific
binding of the radiolabelled ligand. Under our experi-
mental conditions the specific binding was about 6000
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Fig. 1. Inhibition of [*Hlflunitrazepam binding to rat brain mem-
branes by S-adenosylhomocysteine and 5'-methylthioadenosine.
Membranes were incubated with different amount of S-adenosyl-
homocysteine (panel A) or 5-methylthioadenosine (panel B) and 8
nM [*H]flunitrazepam for 1 h at 4°C and the amount of radioactivity
bound to membrane was determined as in text. Total and non-specific
[*Hlflunitrazepam binding was 6000+480 dpm (3170 fmol/g wet
tissue) and 120+ 20 dpm (63.4 fmol /g wet tissue), respectively. The
results are the mean+8.D. of three individual experiments per-
formed in triplicate.

dpm (3170 fmol /g wet tissue) while non-specific values
were around 120 dpm (63.4 fmol/g wet tissue). In
addition, GABA at 107° M significantly enhanced
[*Hlftunitrazepam binding (by over 30%, data not
shown).

To examine the effect of S-adenosylmethionine and
its metabolites on [*Hlflunitrazepam binding, increas-
ing concentrations of either S-adenosylmethionine, S-
adenosylhomocysteine or 5'-methylthioadenosine (from
10~° to 103 M) were added to the membranes incu-
bated with the radiolabelled ligand. Both 5-methyl-
thioadenosine and S-adenosylhomocysteine decreased
[*Hiflunitrazepam binding with K; values of 15.8 uM
and 7.9 uM respectively, and virtually abolished it at 1
mM (Fig. 1). S-Adenosylmethionine in the same con-
centration range had no effect on specific binding (not
shown).
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4. Discussion

As mentioned in the Introduction, S-adeno-
sylmethionine was reported (Di Perri et al., 1983) to
increase the benzodiazepine binding. This effect was
shown later to be mediated by low levels of residual
GABA released from the membranes upon thawing
(Benistant et al., 1990). A step in membrane prepara-
tion involving freeze-thawing and providing an extra
wash was therefore employed in this study. Subsequent
lack of an effect of S-adenosylmethionine on
[*Hlflunitrazepam binding can be taken to support the
Benistant et al. (1990) conclusions.

Several compounds have been proposed to function
as endogenous benzodiazepines (Stephenson, 1989).
The purines inosine and hypoxanthine inhibit di-
azepam binding with IC,, values 400-1300 M and
700-3700 uM, respectively (Asano and Spector, 1979).
S-Adenosylhomocysteine is an established precursor of
and can be rapidly metabolised to adenosine and then
to inosine and hypoxanthine. Adenosine can also in-
hibit benzodiazepine binding and the existence of a
specific interaction between benzodiazepines and
adenosine and its derivatives has been proposed (Phil-
lis and Wu, 1980). However, a role for these com-
pounds cannot be fully accepted or rationalised when
the potency for the inhibition of binding is compared
with the known brain concentrations (Braestrup and
Nielsen, 1983).

Our data show that S-adenosylhomocysteine and
5-methylthioadenosine have the capacity to inhibit
[*Hlflunitrazepam binding more specifically than the
other reported adenosine derivatives. Both S-adeno-
sylhomocysteine and 5-methylthioadenosine are pres-
ent in the brain and their synthetic and degradation
pathways have been also shown to occur in brain
tissue. On the basis of these and the other observations
(Fonteh et al., 1989), 5'-methylthioadenosine and S-
adenosylhomocysteine can be proposed as candidate
endogenous benzodiazepine-receptor ligands.

There is an apparent lack of correlation between
our results and those of Benistant et al. (1987) who
showed that injection of L-homocysteine had no effect
on benzodiazepine binding. This, however, can be ex-
plained, at least in part, by the fact that although
L-homocysteine is a non-direct precursor of S-adeno-
sylhomocysteine, it can also be converted to taurine
and cysteine amino acids (the route being influenced
by S-adenosylmethionine content of the tissue). It is
therefore possible that under some circumstances the
resulting increase in S-adenosylhomocysteine concen-
tration could be small enough so that it does not affect
benzodiazepine binding. The concentration of §-
adenosylhomocysteine in whole rat brain is reported to
be 1 nmol /g wet tissue (Gharib et al., 1982) and since
it is difficult to assess the local concentration of S-

adenosylhomocysteine and 5'-methylthioadenosine
achievable in certain circumstances (such as increased
S-adenosylmethionine metabolism), the biological sig-
nificance of our findings must await further research.
The physiological roles of S-adenosylhomocysteine and
5’-methylthioadenosine in cells are not fully elucidated
although both compounds have been shown to inhibit
methylation (Cantoni, 1975; Kido et al., 1991) including
phospholipid methylation. Interestingly, S-adenosyl-
homocysteine is a sleep-inducing agent and anticonvul-
sant (Gharib et al., 1982). On the other hand, §-
adenosylmethionine has antidepressant activity (mech-
anism unknown) and potentiates barbiturate-induced
sleep (Baldessarini, 1987). But since S-adenosylhomo-
cysteine is a product of phospholipid methylation and
may bind competitively to the benzodiazepine-recogni-
tion site, the possibility exists that other correlations
between phospholipid methylation and GABA recep-
tor exist. Phosphatidylethanolamine and phosphatidyi-
choline are the substrate and product of phospholipid
N-methyltransferase, and phosphatidylethanolamine,
but not phosphatidylcholine, has been shown to com-
pete with the GABA for the GABA site (Johnston and
Kennedy, 1978). These workers also remarked on the
isosteric relationship between the phosphoethanol-
amine head group of phosphatidylethanolamine and
GABA. So one may speculate that the locally in-
creased rate of phospholipid methylation can convert
phosphatidylethanolamine into phosphatidylcholine
thereby increasing GABA binding. Concomitantly, S-
adenosylhomocysteine concentration may achieve the
level where it can bind to the benzodiazepine-recogni-
tion site and uncover high-affinity GABA , receptor
(in the manner that benzodiazepines are proposed to
act). In this way, the opening of the Cl~ ionophore
becomes a more efficient process than in the presence
of GABA alone (Skolnick and Paul, 1981). Ion-
tophoretic application of S-adenosylhomocysteine not
only potentiated the effect of GABA on chloride fluxes
but also the homologous glycine receptor currents. In
the same experiment it had no effect on acetylcholine
receptor currents (Davis and Gibbons, unpublished
data). It seems reasonable therefore that phospholipid
methylation can be coupled to GABA receptor func-
tion by methylating phosphatidylethanolamine associ-
ated with the channel and via S-adenosylhomocysteine
being an endogenous ligand. Besides, since benzodi-
azepines were reported to stimulate phospholipid
methylation (Strittmatter et al., 1979), it is possible that
S-adenosylhomocysteine can provide a feed-back
mechanism.
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