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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 

QIAO Li．Ya，DU Yu．cⅫ 
(Shanghai Institute ofBiochemist~，Chinese Academy Sciem'es，Shanghai 200031，Ch／na) 

proteil~； vas(1pfe -m receptors；hi-- us；protein 

kinases；s Wansduetion 

AnI：To 咖由 the s 1al transduction pathway 

induced by argipressin (4—8) (AVP,一8) in rat 

bipf，a：ampus． METHODS： Rat hiplx~aunpi were~ 

sectionedtr~ sversely 300 uJnwith atissue chopper 

and transfelred to fresh incubation solution Cil'Oll~  

with a humidified gasmixture of95％ +5％ 

at 36,4-0．5℃ ． After incubation with valious drugs， 

MAP kinase(MAPK)activity and ／calmodulin． 

de ndeflt protein kinase Ⅱ (0lMKⅡ)autophos． 
phorylalion we measured． RESIⅡ S：1he main 

盘Idings are： (I) The AVP4-8-stimulated MAP／( 

activity and the CaMKII autophosphorylation were 

blecked by丑℃(C)PR，an antagonist of AV 一8， 

and also completely inhibited by pertussis toxin， a 

selective inhibitor of the G-ixotein．con pled receptor 

(GPcR)． But。AVP．induced～ PK activation was 

not sensitiveto丑)c(C)PR oi"P1x． (2)Polymyxin 

B(M )，an inhibitot of protein kinase C(PKC)， 

markedly suppress~ the pep6de—activation of M ． 

but did not affect CaMKII autophosphorylalion． 

Phorbol myrista~ acetate (ⅡIA)， an aotivator of 

P跹 ，elicited an increase of M APK activity，but did 

not fIⅡth盯 influence the level of AVP4
一

R．enhaaeed  

MAPK activity；Nevertheless，the extent of0lMKⅡ 

activation was attenuated by TPA． (3) The 

enhaaceme~t of M activity was not reduced bv 

I丑％ 2，a specmc inhibitot of QIMKI1． (4) 

AVP4一R did ltot show any influence Oil 

prodil~lO1]． CoI 舢 IclN ： AVP4一R stimulated 

si lal uamduction via a Gp( and a braneh~  

pathwaym ratmpf，0ca ． 
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Argipressin(4—8)，as ametabolite ofavgipressin 

(AW )and namelyAVP4一R，has beenfoundin animal 

brain ∞ have a hi affmity receptor in rat 

hippocampus ． 111c distribution patlem of AVP4一 R 

binding sites found in rat brain by autoradiography 

and binding assayL J a distinctfrom that ofAVP and 

AVP4一Bis devoid ofthe peripheral effects ofAvP，bu t 

much more potent than AVP in facifitating the 

acquisitionan dmaintermnce oflearning andmemoryin 

ratsL 
．
in potentiating synaptic transmission  and in 

enhancing the aocumulation  of the second messenger 

Ⅱ in rat ruppo camp~ slices ． Therefore．AVP4
- 8 

isthou to be a new neuropep吐de wi山certain effects 

di brentfrom those ofAVP． 

It has been repo rted 山at AVP．induced activatioN 

0f 42 kDa mitogen-activated protein kinase f p42 

MAPK)wasmediatedthrough proteinldnaseC(PKC) 

in vascular srnoo山 musele cellsL ． In the nervous 

system， AVP enhanced cell growth or other eel1 

response via V1 receptor which coupled ∞ 吼 

protein_l ． In order to an swer 山e question of the 

receptorinvolved in theAVP4—8 signaling pathway，in 

the present work， the changes of MAPK activity 

and Ca2 ／calmodulin．dependent protein k／nase II 

(CaMKII)phosphorylaliont were estimated and the 

relationship between AVP and AVP4一B sig~ ing 

pathway was investigated． 

M A1ERIAI．S AND M珊 I帅 S 

Materials Wistar rats 0 weighing150 gwe[e provided 

by s}IaI1 Institute of Ra~omedicinc， China． Pericles， 

(A ．8) and 

(ZDC(C)PR) 

sym~med with d_口I1ase method and 如 d to >9e％ 

州 ty by呲 【T- PJATP( c activity，110 PBq· 

inor ) was ptwchascd An~ ham (UK j AVP． 

tea'adecanoylphorbol acetate(TPAj，po~myxin B (PIvIB)， 

mye／in basic protein(MBP)，andⅢ 湘 kinas~inhibitor pclXide 

werefromSigma(StLouisMo)． k 咖 and叩∞d血 were 

from F~slrer(FairLawnNJj． Pelvissistoxin(PTX)was from 

Gibco (Grand Island NYj． Cyclic AMP RIA assay kit 
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from Sha兀 lai Second Medical University 岍 a 

~ roos from Prof HIDAKA Hkoyoshi，Nagoya University 

School of Medicine．Japan． AI1 the other chemicals were of 

AR． 

Hippocmnpus slicing and stimulation Rat hm 

rinsed with cold(【m ice)incuba6oa solution A (coJalairting final 

concentration ofNaC[1 ，Ka 3，Nar~PO l 25．Cack 2． 

Mgso,2．Na}【c 26，and gtuc~se l0 mm0【．L ，pH 7 4】 

and diss~ted． Isolated IliP aInPi w∽ sectioned vertically al 
30O “m with a 6ssoe chc~trper and wai ferred to fresit solution A 

g~ssedwith％ ％ ／5 ％ C at 36±O．5℃ ． After pre． 

incubating the slices for 20 —30 rain．fresh solution A pre- 

wan1]~ at 36±0 5 oC was added IncubalJonwas catried out 

for a r25rain befocethe addition of effectors 

Preparafioat of tissue extracts 1k  stimulalion was 

stopped by aspirating the buffer， addition of 0 5 mL-ice一~~old 

lysis buffer(containing sucrose 250，1 s一} d 10．NalP2 l0， 

NaF 100， eOgtic acid 5， egzatic acid 5， Na：~VOI 4， 叮 l， 

PMSF0 5 mmol‘L～ and leupeptin 10，aprotimn 100 r ’L～ ． 

DH 7 4)．followed by irnmedi．,ae freezing with liquid nitrogen 

Aftertha~'ing fm lce．the slices wm  so[11cated for 30 s． The 

cytosolic fraction w obtained by cerafifuga'dc~at 100㈣  g 

for60 min a stored at一70 ℃ for ax~ays ofMAPK activity 

and CaMK 1I autophosplx~lation Pr~eins were detemained 

u r幢 the Bradford micro~ ay口 c。du陀 

”̂ acfivity assay MAPK activity was 

determined by the phosphcrylafio~ of the specific substrate 

MB一 1t acn0I1 as performed at ℃ with 3 r啦 

pro~in in a final voltwne of ∞  L c~mtaining (final 

concentration)PH 7 0，}Ⅱ硼 l0，DTTl，M 210，egtazi,： 

acid 2 H删 ’L～ ，MBPl g’L～ ，'and cAM P—depen~ntIm~ein 

killoy,~il bitot(PKI)0 25 l~mo[·L一 Pro-incubated for J 

rain，reacfi~s initiated by the additic~l of 7．32 PlATP l8．j 

kBa Af~l-10-milljncubatior1．reactionswere halted by adding 

sDs-PAGE sample buffer and subjected to 15％ polyacfflamide 

gel eleclrophoresis jn the eser．ce of0 1％ SDS 

Autophosphorylafion of CaMl~I 11 mI∞D}·0s— 

phofftafion of CaMK丌 wag callle~d OUt as a standard 2一rain 

~．smy(30 L)without all exogenoos sukqrate，and at册 ℃ in 

reaction buffer of(final cor．cer血a on)HEPES 10，MgCI~10． 

CaCI~2 5，D兀 O 5mmol·L～．and[ P]ATPl8．5 kBq 

,~aotlrlt of a and 3 subunils was densitomemcallv determined 

after exposing the 10 ％ SDS-PAGE sampl~ c0 Kodak X—my 

6Im for 24 h 

Esthnatbm ofcA肿 production After stimulated for 

10 raint Ilippoca盯1p sli~eS w∞ chilled on j。e by the addition of 

lA (vol／vo1)perchloric acid (1 mmoJ·L )and spun at 

12 o0(J g for 5 min． Su0erttatams were neutralized to pH 

7．4．then spun at 12 000 g for5 rain cAMP generation 

was quantified． 口l·o拓 of extract we啦 used for the 

detetrau~on of cAMP Ik rH]CAMPRIA assay kit 

Smlistical evaluation Data w compared bv f test 

RESUIJTS 

Acfivadon of MAPK and CaM II by 

AVP4—8 in rat hiprmcamp~d slices Exposure of 

rat hippocampal slices to AVP4一R increased MAPK 

activity and CaM 1I autophosphorylation， as 

measured bv the phosphorylation of the specific 

substrate MBP and in the abSellc~e of．皿 exogcr!ous 

substrate，respectively． 111e concentration of AVP4—8 

required for maximal respoilses was 10 nmol·L_ ，and 

the ntaximal stimulation was 1．93±0．18 times(P( 

O．01 vs contro1)at 5—10 mill for MAPK acUvity， 

2．15±0．14 times(P<0．01 contro1]at 2—5 min 

f0r CaMlKII autophosphorylation．with both returned 

to control vallies bv 3o rain(Fig 1)． 

TIme／mln 

Fig 1． MAPK and CaMKI aIl幻ph憾ph0r了rl咖 in 

rattIipp日c 唧 d slices曲 艘 -mcItb 幽 n m AⅦ ●一8 

10 nm 】·L一1． Relafl~e酬 vi 讲 陀 re1~esented 

by the optical density of印咖 删 射0 砌 after SDS 

PAGE electrophoresis of phosphorytated h皿 P and 

CaMKⅡ a subtmit．and expressed as[]fldl~ orl[old 

abovethelevelsfound ha c0~trol f0mill1． =3 

assays． -e±s． P <0．o1． 

Blocking effects of fC)m  and 

pertussis toxin (耶 () treatments on kinase 

activation M PK activity and CaMlKⅡ 

autophosphoryl~ion kvel we犯 evaluated after 

treatment with丑)c(C)PR，AVP4一a，m (，or their 

combination ZDc(C)PR (5o0 nmo1．L_’)，all 

antagonistwithA印2 replacement ofAVP4
—

8，whil~it 

r has rio effect oil MAPK activity and CaMKlI 

autophospIlory~fion IeⅥelS，neverthetc~s did Ⅱ嵋d 0dIv 

blocked the AVP4一 a．enhanced protein Idlla!~s acfiva— 
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tion(P<O．05 w AVP4-8 group)when presentin the 

hippoc ampal slices culture medium ． In consistent with 

the stimulation of MAPK in vascular smooth muscle 

cellsL ． the co ncentration of AvP required for 

maximal responses in rat hippoc ampal slices was 100 

nmo卜L-。． However．50-fold of ZDC(C)PR (5 

um0l·L_。)had no effec t on 山e AVP．induced MAPK 

activation(Fig 2)． 

MBP A Relative activity of MAPK 

Control 1．00 ±0．17 

AVP4-e 2．09±0．11‘ 

ZDC(C)PR 1．35±0．07 

ZDC(C)PR+AVP·B 1．27±0．26 

Control 1．00±0．17 

AVP̈  2．O9±0．11。 

PTX+AVP●B 1．03±0．11 

B Relative activity of MAPK 

Control 1．00±0．10 

AVP 1．93±0．18。 

ZDC(C)PR 1．31±0．" 

ZDC(C)PR+AVP 1．93±0．1 

PTX 4-AVP 1
．鲫 ±0．06‘ 

a P C Level of CaMKⅡ autophosphoryiation 

ControI 1．00±0．13 

AVP,~ 2．15±O．14。 

ZDC(C)PR 1．22±0．07 

ZDC(C)PR+AvP+| 1．29±O．14 

ConWol 1．00±0．13 

^VP̈  2．15±0．1 4‘ 

PTX +AVP¨ 1．11±0．13 

盹 2． Effects of ZDC{C)PR and 唧 on MAPI( 

酬 viti鹤 (A．B)and ojMKⅡ autophosphorylation(C) 

in hippocarapal slices incubated with AVP fB)or 

AVP4．8 cA，C)．Automdiog~ nof艘 andCaMK~ n 

subunit is illust~ ted in the below pane1． Relative 

activityw鼬 expressee asfold 懈 contro1． n=4 assays． 

雾 ±s． <0．0s．cP <0．o1． 

To see if a subfamily of AVP4一a rece~or was 

involved， the hi肝oc 叩 slices 、vere pre-incubated 

widl PIX 100 g·L (pre．activated at 30 ℃ for 30 

min ii1[玎T 50 nllno1·L-。．NaCl O．O5 m0l·L-。． 

sodium phosphate 0 O1 mol·L一 ．pH 7．O)for 30 min 

beforethe exposuretoAVP4一 R(10I'UTIO1．L )． The 

phosphorylation of m P cFig 2A and 2B)revealed 

that AVP1—8-(but not AVP．)induced MAPK activation 

was SellsitiVC tO treatment．because AVP4
- 8 could 

no longer enhance the protein phosphorylatioJa after 

pre-treatment of slices with PD(． but AVP did． 

Furthermore．PD(also m~ked lyinhibited thelevel of 

CaMK Ⅱ autophosphorylation enhanced by AVP4一a 

(Fig2C)． 

Upstream regulation of M APl( and 

啪 (II To elucidate the role of PKC in the PI 

signaling pathways stimulated by AVP4
一 a( - 

Sensitive·)and bv AvP(PIX．insensitive)，the effects 

ofthe PKC activator IPA and its inhibitor聊皿 on 

M6PK and CaMK Il、vere examined ． As shown in 

Fig 3，there was a threshold in the enhancement of 

MAPK aativity stimulated  by AVP4
— 8． AvP． and 

rPA． Treatment of hip0ocampal slices with rPA (1 

$~mol·L_。)for 5 min eficited an increase of MAPK 

activity． Neveaheless， stimulation by AVP4
— 8 or 

t together with 7 was not statistically different 

from that by each agent alone． treatment with 

PMB 100t~rnol·L一 for 5 minbe fore exposuretO the 

peoddes co mpletely abolished ～IAPK activation b0【h 

byA 一8(Fig 3A)andAvP(Fig 3B)． 

extent of CaMKⅡ autophosphorylation 

induced byAVP4一 awas attenuated  bythe sim ultaneous 

activation of PKC 血 rPA．but did not affected by 

PMBtreatment(Fig 3C) 

Effect of KN．62 on peptide．activation of 

protein klnases KN．62 is a relatively Selective 

inhibitor of CaMKIL ． 1k： experurmlts were 

performed through pre-incu bating }ljp x韧11pal slices 

widl KN—62 O 5 umol·L-。for 5rain．followed bythe 

addition of A、，P4—8101111101．L-。for furtherincubation． 

Densitometry scanmng of the autophospho rylation 

showed that the tOtal density of d and B subunits of 

CaMKII enhanced bv A 4
一

R stimulation w3s 

completely blocked by KN·62 (Fig 4A )． 1he 

sim ultaneous rr asu 日1曲t of MAPK activity indicated 

that theinhibition ofe ~fifity byKN-62did not 

influence the activation of MAPK by A 4—8(Fig 4B) 

主 蹲  
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MBP A Relative activity of MAPK 

Control 1．00±0．'4 

^VP̈  2．01±0．'7c 

TPA '．72±0．19 

TPA+AVP¨ '．92±0．''。 

PM B '．40±0．t 

PMB +AVP4{ 1．02±0．25 

薰 
a P C Level ofCaMKⅡ cut 

l contro·1．00~0．t。 

l 

◆ 
I 

AVP4{ 2．10±0．24 

TPA 1．23±0．10 

TPA +AVP̈  1；1g±0．19 

PMB 2．37±0．29。 

PM B+^VP¨  2．25±0．30b 

Fig 3． Effe~ ofTPA andPMB oftMAPKaL'ti~ty【A， 

B ) and CaMK~ autophusphorylatinn (C ) in 

hipl删 n slices in tim presence of AVP (B)or 

AVP,
一  (A，C)． Autoradiogram of脚 andCaMKⅡ 口 

suburdt is illustraubd in the below pane1． Relative 

acfivitywasexpressedasfold t ~altro1． n=4 assays． 

± s． <0．05．cP <0．01． 

DISCUSSIoN 

In this study we have examined the peptide- 

achvation of APK and CaMK 1I in rat hippocampal 

slices． Our results indicated that AVP4
一

a activated 

mRogenic signaling pathway(via p44 MAPK)and 

Ca‘ⅥK 11 autophosphotykaion thi'ou曲 its specific 

a p A Leve r of CaMKⅡ autophosphorylatlon 

ControI 1．O0±0．10 

^VP̈  2．13±0．13 

KN-62 t．03±0．16 

KN-82+^VP̈ 0．93±0．15 

B Relallve actlvlty of MAPK 

Con~of 1．O0±0．12 

AVP̈  '．89±0．t7。 

KN-62 0．97±0．08 

KN-82+^VP̈  1．84±0．' 

Fig4． E~fectof l -62 onQ【蛐衄 a1帅ph0s ylad衄 

(A)mad MAPK activity 【B)in hlppocmnpe]slices in 

the~ rlce ofAVPd一8． Autoradiogrmn ofMBP and 

o Ⅱ n suinmit is illustrated in the below pane1． 

Relative activity was expressed as fold 掰 contro1． 

=4 assays． ± s． <0．05，cp <0．0l_ 

receptor which was specifically competed by 

2I)C(C)PR，an antagonist of AVP,一8． Moreover， 
AVP,

一

8 signaling pathway could be completely blocked 

by P1 ，a selective inhibitor of G-protein-coupled 

re(qⅡor(GPCR J． It was suggested that AVP4—8 

receptor coupled to G-pratein 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 

pa thways ale activated  in response to P1X-sensitive 

or， which inelude Go—activated  and 

Gi·activated  cyclic AMP pa thways． Since AVP4
一 a 

signaling in rat brain was mediated  by Ⅱ and no 

detectable change ofthe cAMP concenWation couldbe  

found in hippocamp~ slicesin the presence ofAVP,
一 8 

．n this work， whiIe forskolin (1130 “tool·L ) 

sign ificantly increased cyclic AMP generation 

L2．2±0．3，P<0．05。 =3)． Itisbelieved 山a1．n 

rat hippoeampus， the putative G-protein coupled to 

AVP4
— 8 receptor may be Go ，not PTX-sensitive GL nor 

PTX-insensitive Gq． 

Other evidence that Go was involved in AVP4一a 

sign aling pathway comes from the comparison of 

●l 五■■■■1，  I }  
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AVP4
—

8 with AVP signal la~-tsduction． activation 

of MAPK by AVP4—8 occurred via a PKC·dependent 

口atbwav． 11lis was s'unilar to AVP~ ． In n~"ve 

cells．AVP enhancedcel1 growthor othercel1 response 

via Vl receptor which coupled to Ga protein ． 

GTP-bound-subtmit of the Go pratein stimulated 

phosphoinositide  hydrolysis ‘ and consequent PKC 

activityⅥ忸sirresponsivetogrxtizJ
．
Actually．in our 

experiment．AVP-induced M APK activation Ⅵ忸s not 

blocked by ZDC(C)PR and ． 耵 s is in colrllrast 

to AVP4
—

8 Fu删 ㈣ fe， studies on the synapde  

transmission have demonstrated  that AVP4一 R induced 

long-term potentiation (I ) via a IlOn．N Ⅱ)A 

receptor mechanism wi吐l a much lower dose than 

AVP~ ． In rat hippocmnpus．tetanus．induced IJ1P 

wassensitiveto P】X by a presynapticmechanism，this 

G-protein was postulated  to be Go proteill ． 

Therefore， the receptor of AVP4—8 must be  diffe~ t 

from that ofAVP． Itis specificto AVP4—8an d may 

be  coupled  to Go． 

Interestingly． a negative cross-talk ras found 

between PKC and CaMKII during the stimulation of 

the phosphatidylinositol signaling system wi吐l 

AVP4 As a PKc activator， TPA suppressed 

p印tide．sdmu】a 蚰 of CaMKⅡ while PMB．the well 

known PI(C inhibitor facilitated CaM Ⅱ auto． 

phosphorylation． A reasonable explanation  for this 

phenomenais that PKC(MAPK)and CaM II are 

located in two separate b~ ches of AVP4—8 signaling 

padTway． In the X ·sensitive signaling pathway 

induced byAVP4
一

B，activation  ofMAPK is mediated  

bv P and them is a positive regulation  between 

the~a，while AVP4—8 stimulates CaMK 1I autophos· 

phorylation by another independent pa th~ y which is 

negatively regu1a搬l by PI(C． Themfom，AVP4—8 

signaling pathways flora its receptor an d to 

CaM Ⅱ and to M PK thought to be of two 

br~ches reaching two effectors． m  an d gene 

expression． 1t expression  of some genes．such as 

NG l4 andBD1 (刁10u et al，in pmparation)may 

be  regtdated by this mitogenic signa~ g pathway． 

In ， present study demonstrates that all 

unknown GPCR and Go pmtein mediate the branching 

signa~g pathway induced by AVP4—8 in rat 

hi-- tins． 

AC 『01Ⅱ 皿 G 皿  兀 T0 Miss WU Wen-Yu 

an d Mr SHEN Jin—Huan for HPLC purification of 

peptide ． and Dr HUANG Hua-Yu an d Mr ZHOU 

Cheng·W en forhiplxx：ampus slicing ． 
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