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Galanin reduces PDBu-induced protein phosphorylation in rat
ventral hippocampus
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The elbet o ;nlunin (GAL) on busal and phorbol12, 1 3dibutyrate (PDBu) induced protein phosphorylation in rat ventral hippocampal miniprisms

was Investigated, GAL (0.5, 1 and 2 uM) inhibited PDBu stimulation In o concentration-dependent mannct without altering basal protein

phosphorylition, This inhibitory elfect wax prevented by the GAL antugonist galantide. GAL did not ailect cither the activity of protein kinase

C (PKC) trom tut brain or basal phosphorylution in ventral hippocampal hippogenates, suggesting that it did aot directly modulate PRC activity.

Depolurizution of miniprisms from ventral hippocampl by 18 mM K* prevented the effoct of GAL on PDBu-induced phosphorylation. The results
indicute that GAL Indirectly regulates neuronal protein phosphorylation by u GAL receptor-mediated action,

Proteln Kinase € Neuropeptide; Second messenger; Galanin antagonist

. INTRODUCTION

Since its discovery [1), galanin (GAL) a 29-amino-
ucid long C-terminal-amidated peptide, has been shown
to have numetous physiological and pharmucological
actions in consonance with its widespread distribution
in the endocrine, peripheral and central nervous systems
[2-5). In rats and monkeys, GAL-like immunoreactivity
has been located, among other brain regions, in the
septal arca where GAL coexists with acetylcholine
(ACh) in a subpopulation of cholinergic cell bodies pro-
jecting to the hippocampus and in their teeminals in the
ventral hippocampus [6-8]. In addition, autoradio-
graphic and cquilibrium binding studies with -
labeled GAL show a kigh density of putative kigh-atfin-
ity GAL receptors in the ventral hippocampus [9)

As a functional correlate of the coexistence of ACh
and GAL, it was demonstrated that GAL acted as an
inhibitory modulator of ACh function specifically in the
ventral hippocampus: presynaptically, GAL prevented
acetylcholine release both in vivo and in vitro [10), and
postsynaptically it inhibited the effect of the muscarinic
agonist carbachol on turnover of inositol phosphates
(PI) [11]. The inhibitory cffect of GAL on signal
transduction appears to be specific, since GAL did not
affect either basal and torskolin-stimulated cyclic AMP
accumulation [9], or K* depolarization-induced cGMP
accumulation in the ventral hippocampus [12).

Because stimulation of PI turnover is associated with
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activation of Ca®* and phospholipid-dependent protein
kinuse € (PKC), modulation of Pl turnover in the
ventral hippocampus by GAL might be expected to
alfect the phosphorylation of cndogenous protein sub-
strates. Therefore we investigated the effect of GAL on
basal and phorbol-12.13-dibutyrate (PDBukinduced
PRC activity [13] in tat ventral hippocampus. The
results suggest a possible vole for GAL in controlling
protein phosphorylation.

2. MATERIALS AND METHODS

21 Phosphorviation of endogenesss protein i ventral hippocangal
NERIPYESINS

Vertra! hippocampi from male CD-OORBS rats (Charles River. 150
200 g body weight), were chopped into 358 x 350 g#m miniprisms on
a Mellwain chopper and preinconuid inox, cenzied Xode Momsclelt
bicarbonate buller (KHB) (LN Ml NoC,, 7wt ROL L2 aaM
KHLPO,, 1.2 M MgSO,, 25 mM NatCO,, 11.7 glucese, pH 7.4) for
45 min at 37°C. Free Ca® concentration in the incubation bulfer was
adjusted o 1 uM by addition of 0.9 mM eatcivm EGTAN,2 mM
EGTA [14]: 50 1 of gently packed tissue preparation (corresponding
to 0.8-1 mg of tissuc) were added 1o flat-bottomed plastic vials con-
taining 2 #Ci inorganic ¥P (YR (10 mCiml, [CPIH:PO,, Amersham)
in 310 ul of KHAB. The vials were incubated in a shaking water bath
at 37°C for 1 h. When indicated, drugs were added and the reaction
was stopped atter 1 min by addition of { ml ice-cold 25 mM Tris-HCl
(pH 7.4). The miniprisms were washed thiee times with 1 mlof 25 mM
Tris-HCl (pH 7.4) and homogenized in 400 pl of buffer A (25 mM
Tris-HCL, pH 7.4, | mM EGTA, 10 ug/mi leupeptin and 10 ug/ml
aprotinin) with 0.2% sodium dodecytsulfate (SDS), final concentra-
tion. An aliquot was taken and protein was measured by the method
of Lowry et al. [15}. One ml of 20% trichloroacetic acid (TCA) and
50 up BSA were added to 100 gl of iromogenate. The proteins wers:
coliected onto Millipore membrane filters (€ 0.45 ym) and the filter=
were washed cight times with 1 ml 20% TCA. Radioactivity was
measured by liquid scintlation spectrometry. The results are ex-
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pressed as nmoles 2P, incorporated/min/mg protein or us the per-
centage of phosphorylation above basal vatucs,

2.2, Phosphorvlation of endogenaus proteins in ventral hippocampal
homogenate
Ventral hippocampl were homogenited in bulfer A and the protein
concentration wis measured, Phosphorylution was carried out for |
min at 37°C in S04t of u reaction mixture contiining {fnul concentra-
tion): 0,05% Triton X-100,  mM dithiothreltol (DTT), 1.mM MgCl,
and 10 M [2PJATP (2uCl) in 38 M Tris buller, pH 7.4 und 40 ug
ol protein, with or without GAL (1 4M). This mixturecontained | uM
free Cu'™* in u caleium EGTA/EQTA bufler [14). The reaction was
stopped by nddition of 1 mi 20% TCA. The protein were collected an
deseribad In soction 2.1, 2P, incorporation was expressed as nmoley/
min/mg protein,

2.3, PXC activity

PRC wis purdicd (rom rit beain exsentlully as described by Murais
et al, [16), PKC netivity wan evatuated as the incorporation of’ MNP into
histone type 11 {40 p/tube) using n (inw) ATP concentrution of 30 uM
{17]. The enzyme was incubated at 30°C in the ussiy mixtute (35 mM
TrieHC, pH 7.5, 10 mM 22ME, 0.2 mM phenylmethylsutionyl-
fluoride, 0.05% Triton X-100, 0.4 M EQTA, 10 mM MgCl,, 0.6 mM
CiCly 20 ap/mi phosphatidylserine, 6 ug/mi diolein) und the reaction
was stopped after 20 min by the addition of 1 ml 28% TCA. The
Pm:iplmu:s wete collerted und processed as deseribed [n section 2.1,
P, incorporation wns expressed ax pmol/min,

24, Statistics
Statistieal unalysis wos  performed by aualysis of  vavianee
{ANOVA), 2 x 2 theroriat anulysls and Tukey's test,

3. RESULTS

In ventrai hippocampal miniprisms PDBu (1 uM)
stimulated protein phosphorylation by 120% at | uM
free {Cu™] in the extracellutar medium. GAL reduced
in a4 concentration-dependent manner the PDBu
stimulation of protein phosphorylation (Fig. 1). The
concentration curve of the inhibitory offcet was steep,
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Fig. 1. Dosc-dependent inhibition by GAL on 1 uM PDBu-induced
NP, incorporation in miniprisms of venteal hippocampus. Miniprisms
were preincubated for 45 min and labeled for 1 b in the presence of
%P, and then incubated with 1 #M PDBu and/or GAL for | min. GAL
did not alter basal ¥P, incorporation. Results are expressed as poer-
centage above the basal value. Data are the mean +S.E. of three
experiments carried out in duplicate. The significance of the interac-
tion was as follows: **P < 0.01 vs. PDBu, by two-way ANOVQA (2
x 2) and Tukey's test for unconfounded n..ans.
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Fig. 2. Effect of galantide on inhibition by GAL's efect on PDBu- . -
induced ¥P, incorporation in miniprisms from ventral hippocampus.
Miniprisms were. labeled for 1 b with VP, und then exposed 1o PDBa -
and/or GAL for | min. Qalantide (10 #M) added 10 min before 1 uM.
PDBu and GAL (1 #M), did not alter the basal value. Results are.
exprossod as peroeintage above the basal value. The data are the mean
+S.E. of three experiments done in Juplicate. The significance of
interaction was a follows: **P < 0,00 vs. PDBY, by two-way ANOVA
(2 % 2 and Tukey's 10u Gor unconlounded means.

with no cffect at 0.5 #M and a platcau at | and 2 M
with 40 and $0% of inhibition, respectively. GAL by
itsell’ did not alter basul phosphorylation, the “P, in-
corporation in GAL-treated ventral hippocampal mini-
prisms and control ones being 5.941 and 3.4:0.9 nmol/
min/mg protein, respectively,

Galantide, the recently described GAL receptor-an-
tagonist {18,19), at the concentration of 10 #M, did not
affect cither basal (5.4:09 and 4911 nmol/min'mg
protein for control and galuntide, respectively) or
PDBu-induced protein phosphorylation (Fig. 2). How-
ever, when galantide was added 10 min before GAL and
PDBu, it completely reversed GAL's inhibition of
PDBu stimulation (Fig. 2).

The in vitro eftect of GAL on protein phosphoryla-
tion in homogenates from ventral hippocampus and on
rat brain purified proteie Kiuase C activit: (PRCY was
investigated. GAL (1 #M) did not atter basal phosphor-
viation of ventral hippecampa! hon-~genate incubated
in the presence of 1 uM free {Ca™ [ 727405 and
14.0£0.7 nmol/min/mg protein for controt and GAL.
respectively). Similarly, GAL at concentrations upto 10
4M did not affect the enzyme's ability to phosphorylate
a saturating concentration of histone type I, the “P,
incorporation being 14.5:0.7 and 14.4%1.3 pmol/min
for control and GAL (10 4M), respectively.

The possibility that GAL inhibits PDBu-induced
phosphorylation by lowering Ca™ influx was inves-
tigated after K* depolarization. Tissue miniprisms from
ventral hippocampus were depolarized by raising the
K" concentration from 6 to 18 mM. In the medium with
higher K.* concentration, basal protein phosphoryiation
rose from 5.4+0.9 to 12.011.2 nmol/min/mg protein: i.e.
222%. PDBu stimulation at 6 and 18 mM was 24.3+2.7
and 22.0+2.0 nmol/min/mg protein after subtraction of
respective basal values. Addition of 1| uM GAL to the
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6 mM K* medium caused the usunl 60% reduction of
protein phosphorylation (P < 0.01 vs. PDBu), but w!wn
GAL was added to 18 mM K* medium it had no effect.

4. DISCUSSION

- Fhe present study sh
caused u concentrati
stimulated protein
pocampus minip
itory effect when

ows that the neuropeptide GAL
«dependent reduction of PDBu-
worylation in rat ventral ‘hip-
id not exert this inhib-

ided to homogenates of ventral hip-
pocumpus ot to purified rat brain PKC, suggesting that
the peptide effect requires the integrity. of the neuronal
cells or network: importantly, GAL did not act by di-
rectly mudulating PKC netivity, The effect of GAL on
protein phosphorylation was * presumably mediated
through binding to specific GAL-receptors since it was
completely prevented by the GAL-receptor antugonist,
galantide, n chimeric peptide composed if the N-ter-
minal part:ol GAL and Csterminal part of substance P
[GAL (1-12)-Pro-Substance P (5-11)) [18,19]. Gu-
lantide binds with high affinity (1C4,=0.1 nM) to GAL
binding sites in membranes from ventral hippocumpus,
midbrain and rat_spinal cord [18] and antagonizes
several effects of GAL. such as the inhibition ol evoked
release of ACh from the hippocampus in vivo and the
hyperpoluatization of locus coeruleus neurons in tissue
slices [19).

The mechanism underlying the inhibitory cffect of
GAL on PDBu-induced protein phosphorylation is still
uncertain, However, previous results suggest an in-
volvement ol intracellular second messengers which in
warn regulate the activity of PKC. In fact GAL inhibited
muscarinic agonist-induced phospholipase C (PLC)
activation by lowering Ca**influx through voltage-de-
pendent Ca®* channels (VSCC) [20). Pl-speciic PLC
activation is closely releted to PKC activity since one off
the products of the PLC reaction, DAG. is an activator
of the PRC.

Thus, under physiological conditions, GAL might in-
hibit PRC activity by blocking Ca™ entry through
plasma membrane channels. This would lcad to a de-
crease of DAG formation and, as a consequence, to
inhibition of PKC activity. Indeed this theory was
supported by the finding that a rise in cytosolic Ca™
concentration by K* depolarization, which increases
Ca** influx through VSCC channcls, abolished the in-
hibitory effect of GAL on protein phosphorylation in-
duced by PDBu, which binds and activates PKC by
mimicking DAG [13}. The partial inhibition of protein
phsophorylation by GAL could be explained by the
finding that DAG (and PDBu) increase the affinity of
the enzyme for Ca™, by lowering the Ca®* requirement
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and allowing cnzyme activation at a suboptimal Ca**
concentration [21).

In conclusion it thus appears that GAL, by indirectly
inhibiting PKC activity, might exert an important
physiological regulation on ncuronal function. The
cxact identity of the proteins whose phosphorylation is
affected by GAL is to be determined..
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