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Involvement of a putative G-protein-coupled receptor and a branching
pathway in argipressin (4 - 8) signal transduction in rat hippocampus’
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AIM: To study the signal transduction pathway
induced by argipressin (4 — 8) (AVP, ;) in mt
hippocampus. METHODS: Rat hippocampi were
sectioned transversely at 300 pm with a tissue chopper
and transferred to fresh incubation solution circulated
with a humidified gas mixture of 95 %o Op +5 % COy
at36+0.5 T. After incubation with various drugs,
MAP kinase { MAPK } activity and Ca®* /calmodulin-
dependent protein kinase [I ( CaMKI ) autophos-
phorylation were measured. RESULTS: The main
findings are: (1) The AVP;_g-stimulated MAPK
activity and the CaMKIl autophosphorylation were
blocked by ZDC{C) PR, an antagonist of AVP_j,
and also completely inhibited by pertussis toxim, a
selective inhibitor of the G-protein-coupled receptor
(GPCR). But, AVP-induced MAPK activation was
not sensitive to ZDC(C)PR or PTX. (2) Polymyxin
B (PMB), an inhibitor of protein kinase C { PKC)},
markedly suppressed the peptide-activation of MAPK,
but did not affect CaMKIl aumophosphorylation.
Phorbol myristate acetate { TPA), an activator of
PKC, elicited an increase of MAPK activity, but did
not further influence the level of AVP,_ ;-enhanced
MAPK activity; Nevertheless, the extent of CaMK [l
activation was attenuated by TPA, (3) The
enhancement of MAPK activity was not reduced by
KN-62, a specific inhibitor of CaMKII. (4}
AVP;_5 did not show any influence on cAMP
production. CONCLUSION: AVP,_; stimulated
signal transduction via a GPCR and a branching
pathway in rat hippocampus .
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Argipressin(4 — 8), as a metabolite of argipressin
{ AVP) and namely AVP,_g4. has been found in animal
brain to have a high affinity receptor in rat
hippocampus' . The distribution pattern of AVP, _g
binding sites found in rat brain by autoradiography'!’
and binding assay'?) are distinct from that of AVP and
AVP,_ . is devoid of the peripheral effects of AVP, but
much more poent than AVP in facilitating the
acquisition and maintenance of leamning and memory in
rats'® | in potentiating synaptic transmission'*’ and in
enhancing the accumulation of the second messenger
IP; in rat hippocampal slices'®). Therefore, AVP,_j
is thought to be a new neuropeptide with certain effects
different from those of AVP.

It has been reported that AVP-induced activation
of 42 kDa mitogen-activated protein kinase ( p42
MAPK } was mediated through protein kinase C (PKC)
in vascular smooth muscle cells'®). In the nervous
system, AVP enhanced cell growth or other cell
response via V; receptor which coupled 0 G,
proteinl’ . In order to answer the question of the
receptor involved in the AVP,_g signaling pathway, in
the present work. the changes of MAPK activity
and Ca’* /calmodulin-dependent protein kinase I
(CaMKII ) phosphorylation'?) were estimated and the
relationship between AVP and AVP,_p signaling
pathway was investigated.

MATERIALS AND METHODS

Materials Wistar rats 3 weighing 150 g were provided
by Shanghai Institute of Radiomedicine. China. Pepides.,
pyroglutamylasparaginylcystinylprolylarginine  { AVP,.y ) and
pyroglutamylaspartyleystinylprolylarginine { ZDC {C) PR) were
synthesized with solid-phase method and purified 1©0 >98 %
putity by HPLC., [»-*P]ATP {specific activity, 110 PBg-
mol~!)  was purchased from Amemsham (UK ). AVP,
tetradecanoylphorbol acetate { TPA ). polymyxin B { PMB),
myelin basic protein (MBFP}, and protein kinase inhibitor peptide
were from Sigma (St Louis MO) . Leupeptin and aprotinin were
from Fisher (Fair Lawn NJ) .  Pertussis toxin { PTX) was from
Gibco (Grand Island NY ). Cyclic AMP RIA assay kit was
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from Shanghai Second Medical University. KN-62 was a
generous gift from Prof HIDAKA Hiroyoshi, Nagoya University
School of Medicine, Japan. All the other chemicals were of
AR,

Hippocampus slicing and stimulation Rat brain was
tinsed with oold {on ice) incubation solution A (Contaimng final
concentration of NaCl 124, KCl 3, NaH.PO, 1.25. CaCl, 2,
MgS0, 2. NaHCO, 26, and glucose 10 momol- L™, pH 7.4
and dissected. Isolated hippocampi were sectioned vertically at
300 pm wath a tissue chopper and ransferred to fresh solution A
gassed with 95 % Ou/5 % CO, at 362 0.5 T . After pre-
incubating the slices for 20 — 30 min, fresh solubon A pre-
warmed at 36+ 0.5 T was added. Incubation was carried out
for a further 25 min before the addition of effectors.

Preparation of tissue extracts The stimulation was
stopped by aspirating the buffer, addition of .5 mL-wce-cold
Iysis buffer { containing sucrose 250, Tris-HCI 10, Na,P.O- 10,
MaF 100+, edetic acid 5, egzatic acid 5, Na, VO, 4, DTT 1.
PMSF 0.5 mmol-L.~' and leupeptin 10, aprotinin 10¢ mg<L ™",
pH 7.4). followed by immediate freezing with liquid nitrogen.
After thawing on ice, the slices were sonicated for 30 s.  The
cytosolic fraction was obtained by centrifugation at 1006 00U x g
for 60 min and stored at =70 T for assays of MAPK activity
and CaMKITl autophosphorylation. Proteins were determined
using the Bradford microassay procedure

MAPK activity assay The MAPK acovity was
determined by the phosphorylation of the specific subsirate
MBPY | The reaction was performed at 3) T with 3 g
protemnn in & final volume of 30 gL containing ( final
concenaton) pH 7.6, HEPES 10, DTT 1, MgCl, 10, eptazic
acid 2 mmot L™' . MBP 1 g+ L!, and cAMP-dependent protein
kinase inhibitor ( PKI) 0.25 mmwol+L~!. Pre-incubated for 1
min, reactions were initiated by the addition of [ -*P]ATP 18.3
kBg. After J0-mn incubation, reactions were hahied by adding
SDS-PAGE sample buffer and subjected to 15 % polyacrylamide
gel electrophotesis in the presence of 0.1 % SDS'® |

Autophosphorylation of CaMKI1 The autophos-
phorylation of CaMKI[ was carried out as a standard 2-min
assay (30 uL) without an exogenous substrate, and at 30 T in
reaction buffer of { final concentration) HEPES 16, MgCl, 10,
CaCl; 2.5, DTT 0.5 mmol-L=', and [ y-2PJATP 18.5 kBq.
The amount of ¢ and 3 subunits was densitometrically determined
after exposing the 10 % SDS-PAGE samples to Kodak X-ray
film for 24 h.

Estimation of cAMP production After stimuiared for
10 min, hippocampal slices were chilled on ice by the addition of
11 (vol/vol} perchloric acid (1 mmol - L~ ') and spun at
12000 x g for 5 min.  Supermatants were neutralized to pH
7.4, then spun at 12 D00 % g for 5 min before cAMP generation
was quantified.  Aliquots of exmact were used for the
determination of cAMP by the { *HIcAMP RIA assay kit,

Statistical evaluation Data were compared by r test.

RESULTS

Activaton of MAPK and CaMK] by
AVP,_; in rat hippocampal slices Exposure of
rat hippocampal slices to AVP;_g increased MAPK
activity and CaMKIl autophosphorylation, as
measured by the phosphorylation of the specific
substrate MBP and in the absence of an exogenous
substrate, respectively. The concentration of AVPy_g
required for maximal responses was 10 nmol-L™", and
the maximal stimulation was 1.93 £0.18 times ( P <
0.01 vs control) at 5 — 10 min for MAPK activity,
2.15+0.14 times ( P <0.01 vs control) at 2—5 min
for CaMK I auwtophosphorylation, with both returned
to control values by 30 min (Fig 1).
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Fig 1. MAPK and CaMK [ autophosphorylation in

rat hippocampal slices after incubation with AVP,_,
10 nmol - L.-!. Relative activities were represented
by the optical density of autoradiogram after SDS-
PAGE electrophoresis of phosphorylated MBP and
CaMK{ « subunit, and expressed as induction fold
above the levels found in control (0 min). =n =3
assays, Xt 5. “P<0.01,

Blocking effects of ZDC(C)PR and
pertussis toxin { PTX) treatments on kinase
activation MAPK  activity and CaMKII
awtophosphorylation  level  were  evaluated  afier
treatrnent with ZDC(CJIPR, AVP,_g. PTX. or their
combination. ZDC(C)}PR (5300 nmol- L'}, an
antagonist with Asp2 replacement of AVP,_g, while it
per se has no effect on MAPK activity and CaMK [
awtophosphorylation levels, nevertheless did markedly
blocked the AVP,_g-ephanced protein kinases activa-
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ton { £ <0.05 vs AVP,_; group) when present in the
hippocampal slices culture medium. In consistent with
the stimulation of MAPK in vascular smooth muscle
cells®’, the concentration of AVP required for
maximal responses in rat hippocampal slices was 100
nmol- L™, However, 50-fold of ZDC{C)IPR (5
pmol-L~1} had no effect on the AVP-induced MAPK
activation { Fig 2},

MBP A Reiative activity of MAPK
Controi 1.00£0.17

AVP .4 2.090.11°

ZDC{C}PR 1.35+£0.07

ZDC(CIPR + AVP,yy 1.27£0.26

Controi 1.00+0.17

AVPy, 2.09£0.11°

PTX + AVP 1.03£0.11

MBP B Relative activity of MAPK
Control 1.00£0.10

AVP 1.83£0.18

.5} ZDC(CIPR  1.31:0.19

1 ZDCICIPR+ AVP  1.89£0.10°

* PTX + AVP 1.90 £ 0.06¢

p C Level of CaMK [ autophosphorylation

ix
i Control  1.00£0.13

AVP4, 2.15+0.14°

ZDC(C)PR 1.22£0.07

. ZDCIC)PA+AVP,s  1.20:+0.14

1 Control 1.00£0.13

AVP,, 2.15£0.14°

PTX+AVPy, 1.1120.13

Fig 2. Effects of ZDC (C) PR and PTX on MAPK
activities (A, B) and CaMK] autophosphorylation (C}
in hippocampal slices incubated with AVP {B) or
AVP;_,(A, C). Autoradiogram of MBP and CaMK] o
subumit is illustrated in the below panel. Relative
activity was expressed as fold vs control. n = 4 assays.
Xxs. "P<0.05, ‘P<0,01,

To see if a subfamily of AVP, , receptor was
involved, the hippocampal slices were pre-incubated
with PTX 100 pg- L~ ! (pre-activated at 30 C for 30
min in DTT 50 mmol + L™'-NaCl 0.05 mol - L~*-
sodium phosphate 0.01 mol-L~", pH 7.0} for 30 min
before the exposure to AVP,_z(10 nmol-L.='). The
phosphorylation of MBP (Fig 2A and 2B} revealed
that AVP,_ 5-(but not AVP- Jinduced MAPK activation
was sensitive to PTX treatment, because AVP, _g could
no longer enhance the protein phosphorylation after
pre-treatment of slices with PTX, but AVP did.
Furthermore, PTX also markedly inhibited the level of
CaMK]Il autophosphorylation enhanced by AVP,_4
{Fig 2C).

Upstream regulaton of MAPK and
CaMKI To elucidate the role of PKC in the PI
signaling pathways stimulated by AVP,_4 ( PTX-
sensitive} and by AVP (PTX-insensitive ), the effects
of the PKC activator TPA and its inhibitor PMB on
MAPK and CaMK |l were examined. As shown in
Fig 3, there was a threshold in the enhancement of
MAPK activity stimulated by AVP;_5;, AVP, and
TPA. Treamnent of hippocampal slices with TPA (1
pmol+L™'} for 5 min elicited an increase of MAPK
actvity. Nevertheless, stimulation by AVP,_ or
AVP, together with TPA was not statistically different
from that by each agent alone. The treatment with
PMB 100 pmol*L~! for 5 min before exposure to the
peptides completely abolished MAPK activation both
by AVP,_4(Fig 3A) and AVP (Fig 3B).

The extent of CaMKI[ autophosphorylation
induced by AVP,_g was atteruated by the simultaneous
activation of PKC with TPA, but did not affected by
PMB treatment (Fig 3C) .

Effect of KN-62 on peptide-activation of
protein kinases KN-62 is a relatively selective
inhibitor of CaMK[Y™. The experiments were
performed through pre-incubating  hippocampal — slices
with KN-62 0.5 umol-L~! for 5 min, followed by the
addition of AVP,_y 10 nmol* L ~! for further incubation.
Densitometry  scanning of the antophosphorylation
showed that the total density of « and 3 subunits of
CaMKIl enhanced by AVP,_, stimulation was
completely blocked by KN-62 ( Fig4A ). The
simultaneous measurement of MAPK activity indicated
that the inhibition of CaMK]] activity by KN-62 did not
influence the activation of MAPK by AVP,_5(Fig 4B).
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MBF A Relative activity of MAPK

1.00:£0.14
2.0120.17°

Control

AVP.,

' TPA  {.7220.18"
TPA +AVP,, 1.82:0.1¢°
' PMB  {.40:0.10"

¢

PMB + AVP,, 1.02+0.25

MBP B Relatlve asctivity of MAPK
Control 1.00+£0.14
AVP,, 2.01=:0.17°

AVP 1.8620.13°
TPA 1.72+0.18b

TPA + AVP 1.7320.18°
i PMB + AVP 0.95+0.11
« Pp € Level of CaMK] sutophasphorylation
' Coantrol 1.00:0.10
‘* AVP,, 2.10:0.24°
’ TPA 1.2320.10

'. N TPA + AVP,, 1.19x0.18
’ PMB  2.9720.20°
.“f PMB + AVP,,  2.2520.30°

Fig 3. Effects of TPA and PMB on MAPK activity (A,
B)] and CaMKI auwophosphorylation (C ) in
hippocampal slices in the presence of AVP (B) or
AVP, ,{A, C). Autoradiogram of MBP and CaMK] o
subumil is illustrated in the below panel. Relative
activity was expressed as fold vs control. n = 4 assays,
x+ 35, P<0.05 P<0.01.

DISCUSSION

In this study we have examined the peptide-
actuvation of MAPK and CaMK Il in rat hippocampal
slices.  Our results indicated that AVP,_g activated
mitogenic signaling pathway ( viz pi4 MAPK) and
CaMKIl autophosphorylation through its specific

a § A Level of CaMK] sutaphosphorylation

g contral  1.00:0.10
: AVP,, 2.1320.17"
| kn62  t.09:0.16
KN-82 + AVP,, 0.9320.15
B Retatlve actlvity of MAPK
Contral 1.00x+0.12
AVP,, 1.89:0.17°
KN-62  0.97+0.08
, KN-62+AVP,, 1.8420.19°

Fig 4. Effect of KN-62 on CaMK] autophosphorylation
(A) and MAPK activity {B) in hippocampal slices in
the presence of AVP,_s. Autoradiogram of MBP and
CaMK] o subunit is illustraied in the below panel.
Relative activity was expressed as fold »s control.

n=4 assays, xx 5. P<0.05, P<0.01.

receptor which was  specifically competed by
ZDC{C)PR, an antagonist of AVP,_4. Moreover.
AVP, _; signaling pathway could be completely blocked
by PTX, a selective inhibitor of G-protein-coupled
receptor { GPCR). 1t was suggested that AVP,_,
receptor coupled to G-protein sensitive to PTX but
might not be a known AVP receptor, since AVP-
stimulated MAPK activation was not sensitive to PTX
{ Fig 2B).

It is well known that several second messenger
pathways are activated in response to PTX-sensitive
receptor, which include Gy-activated IP; and
G-activated cyclic AMP pathways. Since AVP,_g
signaling in rat brain was mediated by P and no
detectable change of the cAMP concentration could be
found in hippocampal slices in the presence of AVP;_4
in this work, while forskolin ( 100 yemol = L7')
significantly  increased cyclic AMP  generation
(2.2+0.3, P<0.05, n=3). It is believed that in
rat hippocampus, the putative G-protein coupled to
AVPF, _4 receptor may be G;, not PTX-sensitive G, nor
PTX-insensitive G.

Other evidence that G, was involved in AVP, 4
signaling pathway comes from the comparison of
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AVP;_g with AVP signal transduction. The activation
of MAPK by AVP,_; occurred via a PKC-dependent
pathway. This was similar to AVP®) | In nerve
cells, AVP enhanced cell growth or other cell response
via V; receptor which coupled to G, protein'”’ . The
GTP-bound-subunit of the G, protein stimuolated
phosphoinositide hydrolysis''™) and consequent PKC
activity was irresponsive to PTX!) | Actually, in our
experiment, AVP-induced MAPK activation was not
blocked by ZDC(C)PR and PTX. This is in contrast
to AVP,_ . Funthermore, studies on the synaptic
transmission have demonstrated that AVP;_; induced
long-term  potentiation ( LTP) via a non-NMDA
receptor mechanism with a much lower dose than
AVP?! . In rat hippocampus, tetanus-induced LTP
was sensitive to PTX by a presynaptic mechanism, this
G-protein was postulated to be G, proteint™.
Therefore, the receptor of AVP;_, must be different
from that of AVP. 1t is specific to AVP;_, and may
be coupled to Gy,

Interestingly, 2 nepative cross-talk was found
between PKC and CaMK Il during the stimulation of
the phosphatidylinositol signaling system  with
AVP; 3. As a PKC activator, TPA suppressed
peptide-stimulation of CaMK [I while PMB, the well
known PKC inhibitor facilitated CaMK][ auto-
phosphorylation. A reasonable explanation for this
phenomena is that PKC { MAPK) and CaMK]l are
located in two separate branches of AVP,_g signaling
pathway. In the PTX-sensitive signaling pathway
induced by AVP,_;. activation of MAPK is mediated
by PKC and there is a positive regulation between
them, while AVP,_; stimulates CaMKIl autophos-
phorylation by another independent pathway which is
nepatively regulated by PKC. Therefora, AVP; 4
signaling pathways from its receptor and IP; to
CaMK ]l and to MAPK were thought to be of two
branches reaching two effectors, LTP and gene
expression. The expression of some genes, such as
NGF'*) and BDNF (Zhou et af, in preparation) may
be regulated by this mitogenic signaling pathway .

In general, present study demonstrates that an
unknown GPCR and G, protein mediate the branching
signaling pathway induced by AVP,_; in mat
hippocampus .
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