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Abbreviations used

2-APB, 2-aminoethoxydiphenylborane; BRET, Biolunsoence Resonance Energy
Transfer; [C4"]. cytosolic calcium concentratiom-CgTx GVIA, o-conotoxin GVIA;
DBI, diazepam-binding inhibitor; DMEM, Dulbecco'sdified Eagle's medium;
EGTA, ethylene glycol-bis(2-aminoethylethéd)N,N',N'-tetraacetic acid; ET-1,
endothelin-1; FBS, fetal bovine serum; GPCR, Ggimtoupled receptor; IL,
interleukin-13; ODN, octadecaneuropeptide; PAR, protease-activaeeptor; PBS,
phosphate buffered saline; PIP, polyphosphoin@sti® 13K, polyphosphioinositide
kinase 3; PLC, phospholipase C; PKB, protein kirisBTX, pertussis toxin; Rluc,
Renilla reniformis luciferaserhr, Thrombin; Ull, urotensin Il; URP, urctendin
related peptide; UT, Ull receptor.
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Synopsis

Urotensin 1l (Ull) and its paralog urotensin llated peptide (URP) are two
vasoactive neuropeptides whose respective centtadna are currently unknown.
Here, we have compared the mechanism of action RP land Ull on cultured
astrocytes. Competition experiments performed {ith]Ull showed the presence of
very high- and high-affinity binding sites for Uland a single high-affinity site for
URP. Both Ull and URP provoked a membrane dep@tam accompanied by a
decrease of input resistance, stimulated the reledsendozepines, neuropeptides
specifically produced by astroglial cells, and geted an increase in cytosolic
calcium concentration ([¢§.). The UII/JURP-induced [Cd]. elevation was pertussis
toxin (PTX)-insensitive, and was blocked by the Pilnfiibitor U73122 or the 1P
channel blocker 2-APB. The addition of ahelator EGTA reduced the peak and
abolished the plateau phase whereas the T-typ@ucaichannel blocker mibefradil
totally inhibited the calcium response evoked byhbpeptides. However, URP and
Ull induced a mono- and biphasic dose-dependemease in [C&]. and provoked
short- and long-lasting Gamobilization, respectively. Similar mono- and tagfc
dose-dependent increase iHJinositol incorporation into polyphosphoinositid@2P)
in astrocytes was obtained but sole the effectlbiMds significantly reduced by PTX,
although BRET experiments revealed that both Ud &RP recruited @ protein.
Finally, Ull exerted a dose-dependent mitogenievagton astrocytes, but not URP.
Therefore, we described that URP and Ull exertardy similar but also divergent
actions on astrocyte activity, Ull exhibiting a hder range of activities at

physiological peptide concentrations.

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

Introduction

Urotensin il (Ull) is a cyclic neuropeptide thashbeen initially isolated from the
urophysis, a neurosecretory organ located in thelataportion of the spinal cord of
teleost fish [1]. Orthologs of Ull have been suhssdly characterized in the brain and
spinal cord of various species of tetrapods indgdrog, mouse, rat, pig and human [2] .

A paralog of Ull called Ull-related peptide (URPyshbeen recently identified in rat and
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human [3]. Ull and URP share a fully conserved @iieal cyclic hexapeptide
CFWKYC core that plays a major role for the biotmdiactivity of the peptides [4]. The
cyclic region of Ull and URP exhibits some struatwsimilarities to that of somatostatin
(Fig. 1) and it has recently been found that theegeencoding these three neuropeptides
originate from a common ancestor [5].

The mRNAs encoding the Ull and URP precursors Haeen localized both in
the brain and in peripheral organs [3]. In theaatl mouse central nervous system
(CNS), the Ull and URP genes are primarily exprésse subpopulations of
motoneurons located in discrete brainstem nucldiiarthe ventral horn of the spinal
cord [6, 7]. In the human brain, high levels URP Mi#Rare also present in the
hippocampus and thalamus [3]. It has recently lsbemvn that a mature form of Ull in
the rat brain could only imply atypical clivageestin prepro-Ull, and that URP might
be the sole Ull-immunoreactive substance presethiamodent brain [8].

The biological action of Ull and URP are mediatiddough activation of a
common G protein-coupled receptor originally ca@8R14 [3, 9] and now renamed
UT [2]. In UT-transfected CHO and HEK293 cells, Wtimulates the phospholipase C
pathway and causes an increase in cytosolic calcbmaentration ([CH].) [10]. Ul
also exerts mitogenic activity in UT-transfectedlscand in vascular smooth muscle
cells expressing native UT [10, 11].

In the CNS, UT mRNA has been detected in motomeuad the spinal cord in
mouse [12] and rat [13] as well as in the thalarauperior occipital gyrus and substantia
nigra in human [9]. Previous studies have showr temtral administration of Ull
modulates cardiovascular, locomotor, behavioral andocrine functions [14, 15].
Although URP has been proposed as the sole endegdiygand for urotensinergic

receptors in the brain [3], little is known regaglthe central activities of URP.

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

It is now clearly established that astroglial selklease various neuroactive
compounds [16] including the gliopeptides endozepirEndozepines were originally
characterized as endogenous ligands for benzodrezepeceptors [17]. All
endozepines characterized so far derive from aran@@o-acid precursor called
diazepam-binding inhibitor (DBI) which generatesvesal biologically active

fragments, notably the octadecaneuropeptide (ODRI:{39 [18]. The release of
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endozepines from astrocytes is regulated by severatopeptides such as pituitary
adenylate cyclase-activating polypeptide (PACAR) somatostatin [19, 20].

The expression of Ull and its receptor has beewipusly reported in a human
glioblastoma cell line [21] and the presence ofctional UT has been demonstrated in
astrocytes [22, 23]. In astroglial cells, Ull sg@ally binds two affinity sites,
stimulates polyphosphoinositides (PIP) metabolistd aauses a robust increase in
[Ca’] [22, 24]. Up to now, nothing is known regardirfeetmechanism of action of
URP on native cells, and the relevance for thetemee of a redundant peptide for a
unique UT receptor remains unexplored. In the pesteidy, we have characterized
functional binding sites for URP on rat corticatrasytes and compared the effects of
URP with those of Ull on electrophysiological adjy endozepine release, €aPIP

turn-over and cell proliferation.

Experimental
Reagents

URP (ACEFWKYCQV), rat Ull (Ull, pQHGTAPECFWKYQ) and rat
octadecaneuropeptide ODN (diazepam-binding inhibi88-50, DBkss) were
synthesized by the solid phase methodology on aeeio PerSeptive Biosystem
peptide synthesizer (Applera France, Courtaboeugnde) using the standard
manufacturer’s procedures as previously descriB&fl All peptides were purified (>
98%) on a 2.2 X 25-cm Vydaci£column (Alltech, France) and characterized by
MALDI-TOF MS on a Voyager DE-PRO mass spectromef@pplera-France).
Glutamine, N-2 hydroxyethylpiperazine-N’'-2-ethanalfenic acid (HEPES), the
antibiotic-antimycotic solution and boviygglobulins were purchased from Invitrogen
(Cergy-Pontoise, France). Dulbecco’s modified Eagheedium (DMEM), Ham-F12
culture medium, insulinp(+)-glucose, mibefradil, nifedipinep-conotoxine GVIA,
pertussis toxin (PTX), endothelin-1 (ET-1), boviserum albumin (BSA) were
obtained from Sigma-Aldrich (St-Quentin Fallavidfrance). Fetal bovine serum
(FBS) and interleukin{i (IL-13) were from Eurobio (Les Ulis, France). Fluo-4 AM

and Fura-2 AM were from Molecular Probes (Leiderth¢rlands). Somatostatin-14
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and [TyP,D-Trp¥|somatostatin-14 were purchased from NeoMPs (Strasp France).
Pituitary adenylate cyclase-activating polypep{iBACAP) was generously provided
by Pr Alain Fournier (INRS, Pointe-Claire, Canada).

Astrocyte culture

Purified cultures of astrocytes were prepared evipusly described [26].
Briefly, cerebral hemispheres from newborn Wistatsr were collected in
DMEM/Ham-F12 (2:1, v/v) culture medium supplementeith 2 mM glutamine, 1%
insulin, 5 mM HEPES, 0.4% glucose and 1% of thebaotic-antimycotic solution.
The tissues were disaggregated mechanically wiakrimgue equipped with a 1-mm
gauge needle, and filtered through a 100-um pare siesh filter (Falcon, Becton
Dickinson, Grenoble, France). Dissociated cellsen@suspended in culture medium
supplemented with 10% heat-inactivated FBS andesk@d 150-cm? culture flasks
(Falcon) at the density of 2 X 16ells per flask. The cells were incubated at 3iF°&
humidified atmosphere (5% GOand the medium was changed twice a week. When
cultures were confluent, the flasks were gentlyjkehaon an orbital shaker at 250 rpm
for 2 h. Dislodged cells were discarded and a s#cstep of purification was
performed at 250 rpm for 14-16 h. Remaining adleesiells were collected by
trypsination, centrifuged (109, 10 min) and plated in 150-cm? flasks. Suspended
astrocytes were harvested and seeded in 96-wedlsp(éor calcium studies), 24-well
plates (for binding studies), 14-mm glass covesslifor electrophysiological
experiments and [GH. measurements), 35-mm dishes (for measurement Bf PI
turnover) and in 60-mm dishes (for measuremenndbeepine release). The purity of
the cultures was assessed by GFAP immunostaininghwshowed that enriched

cultures contained > 98% astrocytes [22].

Binding studies

Three pg of Ull or [TY},D-Trp’]somatostatin-14, in phosphate buffer (0.375
mM, pH 7.4), were labeled with 0.5 mCi N3 (Amersham Biosciences) by the
lactoperoxidase method as previously described. [Rfjno-iodinated JUIl or

[*#1-Tyr’ D-Trp’]somatostatin-14 used for the radioligand bindingsags were
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purified by reversed-phase HPLC on an Adsorbospliggecolumn (0.46 X 25-cm,
Alltech) using a linear gradient (25-65% over 4)ymof acetonitrile/trifluoro acetic
acid (99.9 : 0.1, v/v) at a flow rate of 1 mL/miand stored at 4°C. The specific
radioactivity of each radioiodinated peptide wapragimately 2000 Ci/mmol.

Cultured astrocytes were rinsed three times witbhsphate buffered saline (PBS),
dried under a cold air stream and stored&1°C until binding experiments. Frozen
cells were washed twice with assay buffer (50 mh4 Buffer, 1 mM MnCj and 0.5%
BSA) and incubated at 22°C in the same buffer énpgtesence of radiolabeled peptide.
At the end of the incubation, cells were washededahtimes with assay buffer,
solubilized with 1% SDS and the radioactivity wasicted in-a gamma counter (LKB
Wallac, Evry, France). For competition experimentdis were incubated for 3 h with
[*#]Ull (0.2 nM) or [**A-Tyr° D-Trp’Jsomatostatin-14 (0.4 nM) in the presence of
graded concentrations of unlabeled Ull, URP or gosiatin-14. Non-specific binding

was determined by addition of 1 uM unlabeled UI[©yr’,D-Trp¥|somatostatin-14.

Measurement of cytosolic €aconcentration

Purified astrocytes were plated into 96-well plaae$80,000 cells/well or in 14-
mm glass coverslips in complete medium added wBls £10%). After 2 days in
culture, astrocytes were rinsed twice with a medifHank's balanced salt solution
(HBSS) containing (in mM): 135 NaCl; 5 KCI; 1 Mg€ll CaC); 10 HEPES, 3
glucose; 2.5 probenicid (pH 7.4). Cells were in¢atdaat 37 °C with 4QL of 2 uM
fluo-4 AM or Fura-2‘AM dye containing 20% plurorécid for 40 min in a 5% CO
atmosphere. Cells were washed twice with modifi&®58, and the effects of graded
concentrations of URP and Ull on [€R were measured with a fluorometric imaging
plate reader FlexStation Il (Molecular Devices, ®uprale, CA). Agonist-induced
changes in [Cd]. were also measured (fluorescence at 510 nm fallgwkicitation at
340/380 nm from a 300 W xenon lamp) in individualls from a single visual field
using an integrating CCD camera coupled to a L&GALFSA microscope. Cell
calcium imaging and fluorescence quantificationevearried-out using the Metafluor

Imaging System (Molecular Devices, Sunnyvale, CA).
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Measurement of polyphosphoinositide metabolism

Two to five-day-old (2-5 DIV) cultured astrocytegre incubated at 37°C with
10 pCi/mL myo-fH]inositol in glucose-, insulin- and serum-free e, for 80 to
120 minutes. The incubation was stopped by remotliegmedium and adding ice-
cold 10% trichloroacetic acid. The cells were hosraged and centrifuged (15,000
rpm, 4°C, 10 min). The pellet was washed with 50chilled water and*H]PIP were
extracted with 500 pL of chloroform/ethanol (2:1v)v The radioactivity was counted
in a beta counter (LKB 1217 Rack Beta, EG and GlataEvry, France).

Electrophysiological experiments

Electrophysiological recordings were performedoaiti temperature (22°C) on
2-4 DIV cultured astrocytes seeded on glass cdpersusing the standard
amphotericin B-perforated configuration of the pattamp technique. The patch
pipettes were fabricated from 1.5-um (outer diameteft glass tubes on a two-step
vertical pipette puller (List-Medical, L/M-3P-A, Dastadt, Germany). Patch
electrodes had a final resistance of 5-Q.MI'he internal pipette solution contained
130 mM KMeSQ; 20 mM KCI; 5 mM MgC}; 1 mM EGTA; 10 mM HEPES
(adjusted at pH 7.4 with KOH). Before each expentée medium was replaced by
a bath solution: 145 mM NaCl; 5.4 mM KCI; 1.8 mM@g 0.8 mM MgC}; 10 mM
HEPES; 10 mM glucose (pH 7.4 adjusted with NaOEHlIs were transferred to the
stage of an upright microscope (DMLFSA, Leica, Hd#drg, Germany). Voltage
signals were recorded from an Axopatch 200A anwlifiAxon Instruments, Foster
City, CA, USA) and filtered at 2 kHz (3 db, fouripp Low-pass Bessel filter). Cell
input resistance was monitored by applying hypempohg pulses (2 pA, 10 ms,

0.125 Hz) to the cell under study. Data acquisitaord analysis were performed

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

through a digidata 1200 interface using the pClagpsuite programs (Axon
Instruments) and the Origin 4.1 analysis softwaiéciocal Software, Northampton,
MA, USA).
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Measurement of endozepine release

5-DIV astrocytes were incubated for 60 min at 3AZh fresh serum-free
medium in the absence or presence of test substaReptides contained in culture
media were concentrated on Sep-Palg Cartridges (Waters, Saint-Quentin en
Yvelines, France). Bound material was eluted withPo5 (v/v) acetonitrile/water
containing 0.1% TFA (v/v) and dried by vacuum ceagation (Speed Vac
concentrator, Savant, Hicksville, NY, USA) untiblraimmunoassay (RIA).

The concentrations of ODN-like immunoreactivityN-Li) in the Sep-Pak-
prepurified samples were quantified by RIA using amtiserum raised against
synthetic rat ODN [20]. The analog [FJHxODN was iodinated using the chloramine-T
procedure and purified on a Sep—Pak Cartridge. The final dilution of the ODN
antiserum was 1:30,000 and the total amount ofetrazas 6,000 cpm/tube. The
antibody-bound ODN fraction was precipitated by iadd of 100 pL boviney-
globulins (1%, w/w) and 2 mL polyethylene glycol 080 (20%, wi/v). After
centrifugation, the pellet containing the boundcfiean was counted in a gamma
counter (LKB Wallac, Rockville, Ml; USA).

Plasmid construction, HEK transfection and BRETagss

Human UT receptor (hUT) and protease-activated ptecel (PAR-1) in
PCDNAS3.1 were purchased from cDNA Ressources CqiRella, MO, USA). The
ability of receptors to activate ;& proteins was controlled by measuring BRET
between G protein subunits. Thus, we usgdRG&ic fusioned proteins, thRenilla
reniformis luciferase(Rluc) fusioned to the G proteia subunit G, in the loop
between heliceaA andaB in the ha domain [28], and the Venus taggeg &ubunit

generously provided by Dr C. Galés (Inserm U858jldwse, France).

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

HEK-cells (HEK293) were grown in complete mediumMBEM supplemented
with 10% (v/v) FBS, 4.5 g/L glucose, 100 U/mL paeitic, 0.1 mg/mL streptomycin,
and 1 mM glutamine (Invitrogen). Transient transfets were performed with the
indicated plasmids using lipofectamine 2000 follogvithe manufacturer’s protocol
(Invitrogen). All constructs were verified by seguoeg, and their expression in

HEK?293 cells was confirmed by BRET signals.
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For BRET experiments, 48 h after transfection, HEK2ells were washed with
PBS, and coelenterazimesubstrate (Promega, Charbonnieres, France) wasl adch
final concentration of 5 uM in the total volume 3® pL/well at 37 °C. For kinetic
analysis, BRET readings were then performed imnieliaafter coelenterazine
addition. After BRET signal stabilization=100 sec), the different ligands were
injected by the Mithras LB 940 plate reader (BeldhBiotechnologies, Bad Wildbad,
Germany). BRET signals were expressed in milliBR&dits of BRET ratio as

previously described [29].

Cell proliferation

To determine cell survival and proliferation, 2¥Dtuitured astrocytes were
grown in the complete culture medium supplementeld ¥9% FBS. Cells were either
incubated in the absence or presence of URP, WiHotkelin-1, PACAP or
interleukin-B (IL-1p) for 24 h in the same complete medium (WST-1 as2ay) or
rinsed in FBS-free medium and incubated after #the absence or presence of URP
or Ull for 48 h (cell counting). Astrocytes werased three times in PBS (37°C) and
cell proliferation was quantified by fluorescenceeasurement with a FL600
microplate reader (450/750 nm) or by counting thk mumber with an electronic cell

counter (Z2, Beckman Coulter, Roissy, France).

Data analysis

To calculate the Hill coefficienin), competition curves were first fitted to the
Hill equationvia a nornlinear regression using the computerizedec:titimg package
GraphPad Prism version 4 for Windows (GraphPadwzoé, San Diego, CA, USA).
The data were then re-fitted using equation fompldisement of radioligand by
competitors to one or two binding sites. A two-siteve-fitting model was retained
when this model fitted the data significantly betthan a one-site model, as
determined by d&-test at a significance level @f < 0.05. IGy values derived from
these latter fits were converted to apparent commpefreceptor dissociation
equilibrium constant&; for the very high affinity and, for the high-affinity binding

sites. For biological activities, values presentedhe figures are means + S.E.M.
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Statistical significance of differences was detaedi by using the one-way ANOVA

followed by a Dunnett’s post hoc test or the norapeetric Friedman'’s test.

Results
Binding characteristics of URP on cultured rat@sttes

Competition experiments performed witf[JUIl (0.2 nM) as a tracer and
unlabelled Ull (1 m-1 uM) generated a biphasic curve with a Hill coeffi¢ief
0.81 £ 0.06 (Fig. 2A). In contrast, graded concamins of unlabeled URP (1 pM-1
HM) generated a monophasic displacement curve avihll coefficient close to 1.
Statistical analysis of the competition experimemdsg theF-test showed that data
best fitted with a two-site modep € 0.05) and the calculated dissociation constants
for the high-K;) and low-affinity K,) sites were 0.31 + 0.12 and 32.9 + 18w for
Ull and with a one-site modep (< 0.05) yielding a dissociation constant for ahhig
affinity (K) site of 1.62 £ 0.74 nM, for URP (Fig. 2A, inséfye thus tested the ability
of URP and Ull, which exhibit sequence similaritiegh somatostatin in their cyclic
portion, to displace the binding of the somatostatanalog f*3-Tyr°D-
Trp’]somatostatin-14 (0.4 nM). Graded concentrationsirdabeled URP (10 pM-10
KLM) showed a biphasic competition curve with a Hill féiceent of 0.32 + 0.09 (inset)
and dissociation constants for higky - and low K)-affinity sites of 9.16 + 5.32 nM
and 4.42 + 1.72 pM, respectively. In contrast, (BInM-30 uM) failed to displace

[*#1-Tyr® D-Trp’]somatostatin-14 below micromolar concentratiorig.(EB).

Similar effects of URP and Ull on resting membraa¢ential and endozepine

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

release from cultured rat astrocytes

To investigate the action of URP and Ull on thecgical activity of cultured
astrocytes, amphotericin-perforated patch-clammproBogs were performed. Under
current-clamp conditions (holding potential €62.12 + 3.08 mV; n = 32), focal
application of URP (Fig. 3Aupper, 100 nM; 2 min) or Ull (Fig. 3Alower; 100 nM; 2

min) elicited a membrane depolarization in 69% sif@cytes (20/29) accompanied by
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a decrease of the input resistance. The majoritggionding astrocytes remained in a
depolarized state during the washout period (F&). 3he amplitudes of membrane
depolarization induced by URP at concentration$®hM (9.6 + 2.6 mV, n = 5) and
100 nM (16.6 + 4.3 mV, n = 8) were very similar tbose evoked by Ull
(10nM, 94 mV,n=3; 100 nM, 15.5 +2.8 mV, 12, Fig. 3B).

Graded concentrations of URP (1 pM-10 uM, 1 h)ugetl a dose-related
increase in the release of ODN-LI with an F®@alue of 3.95 + 1.52 nM and a
maximum effect at a concentration of 1 pda{a not shown Incubation of cells with
0.1 nM, 10 nM and 1 uM URP or Ull provoked a corication-dependent increase in
ODN-LI release, non sigificantly different betwedRP and Ull (Fig. 3C).

Similar mechanism of URP and Ull on [€a mobilization in cultured rat
astrocytes

URP and Ull (0.1 pM, each) induced a rapid {Gancreasdpeak) followed by
a sustained response (plateau) [22]. Preincubaticastrocytes with the i protein
inhibitor pertussis toxin (PTX, 0.2 pg/mL, 18 h)ddnot affect the Ca responses
induced by both peptides (Fig. 4A). In contrase #HHRP- and Ull-induced G
mobilizations were completely blocked by the PL@Giloitor U73122 (10 uM, 20 min)
and were strongly reduced by the-IRduced C4& release and store-operated*Ca
channels blocker 2-APB (50 M, 20 min), by 83 afdod respectively (Fig. 4B, C).
In order to gain insight into the &apools recruited by Ull and URP, [€& were
measured in the absence or presence of the exmacel&* chelator EGTA (1 mM,
20 min). Peak responses were partially attenuayebli3Bo (URP) and 58% (Ull) and
plateau phases were totally blocked in the presendmth peptides (Fig. 4D). The

[Ca’]. increase evoked by Ull and URP was also suppresséte presence of the

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

voltage-dependent T-type €achannel blocker mibefradil (1 pM, Fig. 4E, 20 min)
whereas the specific L- and N-type?’Cahannel blockers, nifedipine angconotoxin
GVIA (1 uM, each, 20 min), respectively, did nogrsficantly affect the peptide-
evoked elevation of [G4. in astrocytes (Fig. 4F, G).
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Divergent actions of URP and Ull on [€R mobilization and PIP turnover in
cultured rat astrocytes
As shown in Fig. 5A, exposure of astrocytes tar@asing concentrations of

URP and Ull (1 pM-10 uM, each) provoked a robust smstained increase in [€R,
followed by a plateau phase. The dose-responsg sfutie effects of URP and Ull on
[Ca’*]. mobilization revealed that URP and Ull induced ano and biphasic dose-
dependent [Cd]. increase (Fig. 5A). The maximum stimulations (URB7%; UII,
151%) were obtained at 1 pM for both peptides. peptide-induced G4 response
were also investigated at a single astrocyte lesehg a digital imaging system.
Application of 0.1 pM URP resulted in a rapid anahsient increase in [E3 levels
(136.9 + 3.5%), in a subset of 59% astrocytes @6F2y. 5B). Surprisingly, the Ull-
evoked [C&] response was characterized by a rapid increaevisd by a sustained
or developing increase of the [€R level, reaching 137.1 + 5.2% stimulation after
400 sec of recording, in 70% of cell (21/26, Fi§)5

As observed on Galevels, exposure of astrocytes to graded condémeaof
URP (1 pM-1 pM) induced a dose-dependent incremagéH]inositol incorporation
into PIP with an Eg value of 2.19 + 1.42 nM (Fig. 6A). In contrast,|1 pM-1
M) evoked a biphasic dose-dependent stimulatioRIBfturnover yielding an Eg
of 9.1 + 4.6 pM and an Eg of 11.0 + 4.6 nM (Fig. 6A). The amplitude of the
stimulatory effect of URP (10 nM; 141.5 + 8.6% afnt¢rol) on PIP metabolism was
not significantly different from that obtained witdll (10 nM; 154.4 + 12.8% of
control). Co-application of URP (10 nM) with a satiing concentration of Ull (10
nM) induced an increase ifH]inositol incorporation into PIP (160 + 12.8%) thtid
not significantly exceed the effect of each peptdninistered alone (Fig. 6B
same sets of experiment, PTX (0.2 pg/mL; 18 h) iBaggmtly decreased the
incorporation of {H]inositol into PIP induced by Ull (100 nM;45%) but failed to

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

significantly affect the stimulatory effect of URPO0 nM,-26%) (Fig. 6C).
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Specific activation of G protein by Ull and URP in cells expressing
recombinant hUT

To control whether UT might be coupled tg,@roteins in the presence of Ull,
but also URP, we used the BRET approach to direntipitor G,, protein activation
in living cells[30, 31] This assay is based on the G protein complexceortional
change and the dissociation of thg fBised with the energy donnor:Rluc, from thg G
fused with the energy acceptor YFP upon receptovamn. ‘These fusioned G
protein subunits were shown to be correctly exmesand to allow an efficient
coupling of receptors to their effectorglaia not shown In HEK293 cells
coexpressingGqe-Rluc, Go-YFP and either recombinant hUT (HEK293-hUT) or
PAR-1 (HEK293-PAR-1)a significant BRET signal was detected comparedelts
expressing only 3. When HEK293-hUT cells were treated with PBS orohhbin
(Thr, 50 U/mL), the BRET signal is not modified @¢Fi7A). In contrast, kinetic
analysis showed that Ull and URP (10 pM, each)ciiga provoked BRET signal
decrease between,£&andGy, subunits, which occurred rapidly and persistedifiore
than one minute (Fig. 7B). In order to control gpecificity of the UT-G coupling,
BRET signal was measured on HEK293-PAR-1 in thegmee of Thr, Ull and URP.
In these cells, Thr induced BRET decrease wherddi3 &hd Ull failed to activate G

protein dissociation (Fig. 7C).

Effect of URP and Ull.on cell viability/proliferatn in cultured rat astrocytes
2-DIV cells (non synchronized) were cultured imgaete medium additionned
with FBS and then incubated in a FBS-free mediumtaiaing URP or Ull (10 nM,
each). Cell viability was measured 24 h later byngisWST-1 assay, allowing
detection of mitochondrial activity related to thember of viable cells. Fig. 8A
showed that URP failed to affect the cell viabikyrereas Ull stimulated by 132.7%
the astrocyte growth. PACAP (10 nM), interleukin{lL-13, 10 ng/mL) and

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

endothelin-1 (ET-1, 10 nM) were also tested as tpesicontrols and gave rise
respectively to 126.3, 169.3 and 171.1% increage @A). The dose-response effects
of URP and Ull on cell growth were also investighte non-synchronized (WST-1,

Fig. 8B) and synchronized (18 h of harvesting, ¢imgn Fig. 8C) astrocytes. A 24 h
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(Fig. 8B) or 48 h-treatment (Fig. 8C) with grademhcentrations of URP failed to
significantly modify the rate of cell growth. Inmiast, Ull induced a dose-dependent
cell growth, yielding an E£ value of 2.37 £ 0.02 nM, and a maximum stimulatory
effect of 132.9+ 7.0% at 1 uM (Fig. 8B) in non-synchronized culgjrand evoked a

significant cell number increase (12&12.9%) at 0.1 uM in synchronized conditions
(Fig. 8C).

Discussion

Although the cardiovascular effects of the urotesgjic system are now well
characterized, little is known concerning the rotdsUll and URP in the CNS.
Immunohistochemical studies have shown the presendhe rat brain, of UT-like
immunoreactivity in GFAP-positive cells within therainstem, hypothalamus and
thalamus [23]. In agreement with these observatiagshave recently demonstrated
that rat cortical astrocytes express UT mRNA, cortfae UT protein, and exhibit very
high- and high-affinity Ull binding sites [22]. linese cells, Ull specifically activates
a PLC/PIP/C& transduction pathwayia both PTX-sensitive and -insensitive G
proteins [22]. The identification of a Ull paralddRP, which apparently exhibits the
same pharmacological characteristics as Ull [3$esathe question as to whether URP
functions as a Ull backup in the brain. In the prgsstudy, we have looked for the
existence of URP binding sites in cultured ratasttes and we have compared the
mechanisms of action of URP and Ull on astrogll activity.

Competition -experiments revealed that URP couldpldce }1]UIl at
nanomolar concentrationk & 1.62 nM) with a Hill coefficient close to 1, syepting
the existence of an homogeneous population of URMEing sites in astrocytes.
However, the occurrence of two affinity bindingesitfor Ull has been previously
described in CHO cells expressing recombinant huk@n[27] and in rat cortical
astrocytes [22]. In our model, URP is five folddgsotent in competing for the very
high affinity Ull binding site and twenty fold moigotent in displacing Ull from the
high-affinity site, indicating that Ull and URP ekt different binding characteristics
in astrocytes. Interestingly, URP and the C-terinicéapeptide of human Ull, Uik,
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9]Ull at recombinant

were 10 times more potent than human Ull in conmgetvith [*
UT [3, 32], suggesting that the N-terminal segnaritll decreases the affinity of the
peptide for its receptor. It has previously beeowan that cultured rat astrocytes
express UT mRNA and that UT-like immunoreactivity located at the plasma
membrane of astroglial cells [22, 23]. Thus, thespnt study suggests that the high
affinity site bound by URP actually correspond td. JThe cyclic hexapeptide core of
Ull and URP exhibits substantial similarities withe biologically active region of
somatostatin-14 ([33, 34]; Fig. 1) and UT sharagusace identity with somatostatin
receptors (sst) [35]. In spite of these relativieigh degree of sequence homologies,
Ull exhibits very low affinity for somatostatin reptors (sstl, sst2 and sst4) either
transfected in cell lines [36] or naturally expexsn astrocytes [20, 22, 37]. The
present data show that URP could displdéa-Tyr,b-Trp’|somatostatin-14 binding
to both high- and low-affinity sites. This obserwatindicates that, unlike rat Ull that
selectively binds to UT, URP can interact with b&tfi and somatostatin receptors
expressed in rat cortical astrocytes. In agreemvéhtthese data, a recent comparative
genomic study has established the existence ofosecevolutionary relationship
between urotensinergic and somatostatinergic gamdiés, particularly between URP
and somatostatin-14 peptides [5]. Moreover, it teently been demonstrated that
high concentration of URP stimulates fJalevels and proliferation of recombinant
sst-2 expressing CHO cells [38]. Together, it iggasted that shorter urotensinergic
peptides in their N-terminal sequence (Fig. 1; hurdd and URP) were more potent
than longer Ull (rat Ull) in competing for the higtifinity Ull binding site UT, and
also acquired the ability to bind sst.

Astrocytes have long been considered as non-&keitapport of neuronal cells
in the brain. It is now well established that agliad cells express functional channels
and receptors enable to sense synaptic transmig8@jn In addition, astrocytes
participate in neuronal functioning not ondya feeding and structural support, but also
through release of gliotransmitters such as glutaymaserine, ATP, cytokines or
endozepines [16]. Application of URP or Ull in thinity of astrocytes in culture
induced a slow in onset membrane depolarizatiomrapanied by a decrease of the

input resistance. It has also been demonstatedUthadepolarizes nervous cells on
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brainstem cholinergic neurons and evokes a memlrameuctance decrease [40, 41].
Astrocytes in culture or acutely dissociated froiffiedent brain regions, may express
various ion channels including both T- and L-type*Cchannels, different K
channels and also store-operated*@hannels [42]. Thus, URP as well as Ull may
inhibit K* channel activity and/or stimulate voltage-actigat@£* channel opening
either directly or upon depolarizing stimulus. Astytes are able to synthesize, store
and release endozepinga C&*-dependent and/or cAMP/PKA-dependent ways [19].
It is likely that depolarization of glial cells eked by both peptides subserves
neurotransmitter secretion, transcription or peshtion.

It is now clearly established that activation df t&ceptor expressed in native
cells or in transfected-cell lines, is associatéith \&n increase in PIP turnover causing
mobilization of C&" from intracellular stores [43, 44]. Exposure off@sytes to URP
and Ull was associated with [Eamobilization;i.e. a rapid peak response followed
by a plateau phase. Peptide-induced?{fcdncrease was PLC-dependent (U73122
sensitive) and resulted from activation of+receptor pools (2-APB sensitive). These
data are in a good agreement with previous obsensimade in sartorius muscle,
vascular tissues, or in rabdomyosarcoma cell I[4ds46]. Since PLC-inducing Ga
mobilization is typically mediategtia G, and/or G, protein, and Ull receptor sites
might be linked to ¢ protein types [3, 22, 46], the ability of URRrsusUIl was
tested in PTX-pretreated astrocytes. PTX, whiclalgaés ADP-ribosylation of
type G proteins and consequently inactivates tinairsduction mechanisms [47], did
not affect the Cd response evoked by both peptides, indicating tHaP and Ul
tested at micromolar range activate a receptorledup a PLC/IRC&"* pathway in a
Gy, independent manner. The involvement of the exiitdae C&* pool was also
tested by means of experiments in the presenceGifAE and voltage-gated &a
channel blockers. It is thus demonstrated thagegttular chelation of G4 attenuated
the peak, and totally blocked the plateau resporisdiating that the transient €a
peak is partially attributable to Earelease from the sarcoplasmic reticulum, whereas
the sustained plateau phase is due 3 @&ux. Surprisingly, [C&]. increase induced
by both peptides was completely abolished by thexifip inhibition of the T-type

calcium channel (mibefradil) and appeared inseresitd both blockage of L- and N-
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type channels by nifedipine angiconotoxine GVIA, respectively. These observations
suggest that high level of UT activation leadshe tecruitement of both extra- and
intracellular C&" pools and to a cross-talk between t€ceptors and at least voltage-
dependent T-type channels. T-type channels aresepted by three different €a
channels,.e. alG or Cav3.1,01H or Cav3.2 andill or Cav3.3 [48] and mRNA
transcripts encoding the functiom@l G T-type subunit channels have been found in
cultured astrocytes [49]. An interesting properftfrdype C&* channels is their ability
to sustain a continuous €anflux in glia at rest by a window current mectami[50].
Interestingly, changes in membrane potential armchdellular C&" may affect Gg-
protein coupled IPproduction itself [51, 52]. The components of basic GPCR/IR
production pathway would be located in or assodiatih the plasma membrane,
making them potentially susceptible to changes emiane potential lipid in the
inner leaflet of the plasma membrane [53]. Thessenlations may unveil a similar
UT-G, associated mechanism in astrocytes, where blocghdetype C&' channels
may hyperpolarize astrocytes and inhibii-ifduced C& release.

The dose-response curves of URP and Ull oif'j¢show mono- and bi-phasic
profiles, respectively. The agonist potency of U5, [10.7 nM) is similar to that
one of the two sites of Ull (Eg[10.7 nM), and in close agreement with the binding
characteristic at the common high affinity sitedJ&P and Ull, positively coupled to
a PLC-G, protein pathway. It thus appears that the very fffinity binding site of
Ull, is not activated by URP and is functionallyupted to [C&"].. Single-cell digital
imaging techniques demonstratred that a majorityetls responded to URP and UllI,
even if the cell-cell variations in shape and atode can be observed. More
surprisingly, URP (0.1 pM) evoked a transient aesersible increase in [€3.
whereas a single Ull (0.1 pM) infusion induced &'@aponse that remained stable
during more than 400 sec of recording. This lafgaéfmay be attributable to the slow
dissociation rate of Ull, as already describedr&arand human Ull on UT-transfected
cells, skeletal muscle myoblasts and astrocytes P22 46, 54]. Thus, the slow
dissociation might be specific of Ull and woulddlix accounts for the sustained and
washout-resistant contractile responses inducedibgn primate arteries and [€%

increase in rat cortical astrocytes.
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As observed for Ca responses  H]inositol incorporation in PIP shows mono-
and biphasic profiles for URP and Ull, respectivelfnus, URP and Ull produced a
concentration-dependent increase of’[aconsistent with a UT-gGcoupling to PLC
and IR formation-inducing C& release from intracellular stores. The percentage
increase of PIP metabolism produced by a concotra@ministration of URP and UlI
at their maximum effective concentrations was righificantly different from the
effects of both peptides individually tested, irading that this pathway might be
common to the both peptides.

Here, we observed that the binding and the stimnyjaeffect of URP on the
PIP metabolism were not significantly affected bgra-treatment with PTX whereas
half of the Ull-induced PIP formation was blocked®TX. This observation indicates
that URP would not be promiscuously linked to thg BT X-sensitive binding site in
astrocytes. In order to clarify a possible URP &httiinduced UT coupling to ¢z
proteins, kinetic BRET signal changes were measurtedEK293 cells transiently
cotransfected with G-Rluc and G,-YFP, and with either hUT or the control receptor
PAR-1. In these conditions, Ull but also URP prostka fast decrease of BRET
exclusively in cells expressing hUT, resulting franT-G, activation and G-G,,
dissociation. These data indicate that in a recoantiisystem, both Ull and URP are
able to activate a UT-PTX sensitive coupling system.

In astrocytes, PTX partially inhibited the effedtlll, and in a very less extent
of URP, on PIP whereas it failed to block the URB-evoked C# response,
suggesting the existence of a specific PTX-insEmsitUT-@-PLC-IP3-Ca2+
preferential coupling, and a PTX-sensitive U}s®IP pathway more specific to Ull.
These two coincident cascades likely converge tdnarease of theH]inositol
incorporation into the PIP. Indeed, the stimulateffect of Ull and URP on the PIP
turnover can be ascribed ifjothe activation of the P}hydrolysis into diacylglycerol
and IR by PLC, culminating in the release of calcium fromternal stores, anid) the
production of PIP, PW and PIR upon the activation of Pl-kinases in a’Ca
independent manner. In particular, PIP synthesiaeghhosphatidylinositol-3 kinase
(PI13K), are known to play a critical role in cellrgival by membrane recruitment and
activation of Akt/PKB kinase [55]. Since the PI3kashrecently been shown to be
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involved in the Ull-induced natriuretic peptide gate from rat atria [56] and the
MAPK pathway appeared clearly implicated in seveltHl processes including
vascular and airway smooth muscle cell proliferatiand migration, fibroblast
proliferation or cardiomyocyte hypertrophy [57], \Wepothesize that a UT6PI3K-
PTX sensitive pathway mainly activated by Ull, anda less extent by URP, might
thus be involved in C&independent astrocyte activities.

Pathological processes in the brain are usualkbprapagnied by a significant
astrocyte proliferation referred as to astrogliokisre, we demonstrated that Ull, but
not URP, significantly stimulated rat cortical astyte proliferation. Numerous studies
have demonstrated that vasoactive peptides orlentens play important roles in
astrogliosis [58]. Thus, we demonstrated that endhme set of experiments, PACAP
and ET-1 tested at the same concentration than &®PUIl, as well as ILP, also
markedly increase cell growth. Moreover, gradedceoirations of URP and Ull were
tested on either non synchronized or synchronistid,and the data demonstrate the
existence of a Ull-specific dose-dependent incredsell viability. A similar activity
for Ull has already been observed on rat vascuhemosh muscle cells [11], on human
endothelial cells [59], and on UT transfected CHgllsc[10]. Considering that URP
has been shown to activate porcine sst2 [36], wapqweed that the absence of
mitogenic role of URP would be linked to its abjilito bind sst expressed by
astrocytes, as sst2 [37, 20]. It is conceivable tmncomitant UT-G@ and sst2-(
recuitements by URP md) also lead to [CH]. increase and/di) antagonize some
specific very high-affinity Ull/UT-mediating tranadtion pathways involved in cell
proliferation.

In conclusion, the present study has demonstfatetthe first time that URP and
Ull activate functional receptors in native rattamal astrocytes, exhibiting similar and
distinct ways of action. URP and Ull bind a highirafy site that exhibits the
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pharmacological characteristics of UT, mediatindl ckepolarization, endozepine
release ‘and PLC-dependent “Canobilization through intra-(I receptor) and
extracellular (T-type CA channels) pools (Fig. 9). €aentry though T-type channels
appears essential for Hhduced C& increase whereas €arelease from intra-

cellular stores induces Eaelease. In addition, Ull, and in a less extenPURre able
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to activate a higher affinity site coupled to a R3eéfqsitive G protein, that would
mediate an hypothetical PI3K activation, relayimgimportant physiological astrocyte
behavior,i.e. cell proliferation (Fig. 9). Finally, URP, but nafll, may bind sst
expressed in rat astrocytes whose activation wanilthick the UT-C&" coupling
and/or counteract the mitogenic role of UT (Fig. Yhese data provide the first
understanding of the involvement of the two vaswaqgbeptides Ull and URP in nerve

cell activity, stressing the specific role of Ul the (patho)physiology of astrocytes.
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Figurelegends

Figure 1 Comparison of the primary structures of rat and human urotensin ||
(UIl), urotensin I1-related peptide (URP) and somatostatin-14.
Common residues are indicated in bold characters.

Figure 2 Displacement curves and binding parameter tables comparing
competition of [**°1]UIl and [**I-Tyr°D-Trp®|somatostatin-14 binding by UlI,
URP and somatostatin-14 on cultured rat astrocytes.

(a) Cells were incubated for 3 h at 22°C with 0.2 ©§M[**1]UIl in the absence or
presence of graded concentrations (1 pM to 1 uMYRP @) or Ull (=). (b) Cells
were incubated for 3 h at 22°C with 0.4 nM G Tyr® D-Trp®|somatostatin-14 in the
absence or presence of graded concentrations of WRPLO pM to 10 puM),
Ull (e, 3nM to 30 pM) or somatostatin-14,(10 pM to 0.3 uM). Data are mean of
three to five independent experiments performetmipticate. K, dissociation constant;

ny, Hill coefficient.

Figure 3 Effects of URP and Uil on the resting membrane potential and on the
release of octadecaneuropeptide immunoreactivity (ODN-LI) from cultured rat
astrocytes.

(a) Typical voltage responses to URP and Ull (100 2Mnin, each) obtained in the

amphotericin = B-perforated configuration with the rremt-clamp mode.

THIS IS NOT THE VERSION OF RECORD - see d0i:10.1042/BJ20090867

Hyperpolarizing pulses (2 pA, 10 ms, 0.125 Hz) wegelied to monitor the cell input
resistance. (b) Quantitative analysis of URP- and Ull-induced nheame
depolarizations.d) Cells were incubated for 1 h in the absence esgmce of graded
concentrations (0.1 nM, 10 nM, 1 uM) of URP or Ullata are meas S.E.M. of
three to twelve independent experiments ¥ 0.05; **, p < 0.01; one way ANOVA

followed by a Dunnett'post-hoctest.
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Figure 4 Mechanisms of URP- or Ull-induced increase of [Ca®"]. in cultured rat
astrocytes.

Cells were loaded with fluo-4 AM (40 min) and expdsto PTX (0.2 pug/mLa),
U73122 (10 pM,b), 2-APB (50 uM,c), EGTA (3 mM,d), mibefradil (1 uM,e),
nifedipine (1 uM,f) or w-conotoxin GVIA (1 uM,q) (white histograms) and/or to
URP or Ull (0.3 pM, each, dashed/colored histoglani¥ata are expressed as
percentages of the corresponding control valueshen absence of blockers and
peptides. Data are mean + S.E.M. of at least 7pexdent experiments. *, p < 0.05;
** p < 0.01; ** p < 0.001; NS, non-significangne way ANOVA followed by a

Dunnett’'spost-hoctest.

Figure 5 Divergent effects of URP and UlI on [Ca?"]. in cultured rat astrocytes.

(a) Cells were loaded with fluo-4 AM (40 min) and esed to graded concentrations
of Ull or URP (1 pM, 1 nM, 10 nM, 0.1 pM and 1 puMach). Representative
recordings of cells exposed to URP (left) and Wilddle). Dose response curve of the
mean of maximum amplitude of [E transient induced by URP or Ul of at least 10
independent experiments (right). The results arpressed as percentages of the
corresponding control values in the absence ofigept  andc) Cells were loaded
with fura-2 AM (30 min) and perfused (~ 100 sechwRP (0.1 pMp) or Ull (0.1
UM, c). Galeries of images illustrate the time coursange of fluorescence before
perfusion (control), at the maximum amplitude (peak 300 sec and at 400 sec of
recording. Bar graphs represent means of respdngea&, at 300 and at 400 sec of
recording. Curves show typical recordings of sirggé&rocytes responding to URP) (
and Ull ©). The results are expressed as percentages afotihesponding control
values in the absence of peptide (controlll. or URP vs control, *p < 0.05; **p <
0.01; ***: p < 0.001; one way ANOVA followed by audnett'spost-hoctest. Mean
values at 300 or 400 ses peak,”™ p < 0.01; NS, non-significant; non-parametric

Friedman's test.
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Figure 6 Distinct activities of URP and Ull on PIP metabolism in cultured rat
astrocytes.

Cells were incubated with’Hi]inositol in the absence or presence of test sulosts.
(a) Effects of graded concentrations of URP and WIpM to 1 pM, each).h(
Comparison of the effect of URP (10 nM), Ull (10 petr URP+UII (10 nM, each).
(c) Effect of PTX (0.2 pg/mL, 18 h) on URP- and U[t00 nM, each) induced
[*H]inositol incorporation. Data are mean *+ S.E.M.fofir independent experiments
performed in triplicate. PTX, URP or UWNs control, *p < 0.05; *p < 0.01;
***n < 0.001; NS, not statistically different fronthe control; Ull vs URP,
*p < 0.05;" < 0.001; UIl or URPvs UII+PTX or URP+PTX,'p < 0.05; one way
ANOVA followed by a Dunnett'post-hoctest.

Figure 7 BRET kinetic analysis of the effect of Ull and URP on G, protein
activation.

Cells transiently coexpressing,&RIuc, y,-YFP with hUT @ andb) or PAR-1 €)
were used for BRET experiment. Repetitive signaésemecorded during 200 sec
immediately before and after injection (arrow) &3or Thrombin (Thr, 50 U/mL) on
hUT expressing HEK293 (HEK293-hU®B), Ull (0.1 puM) or URP (0.1 uM) on
HEK293-hUT ) and Thr, Ull or URP on HEK293 expressing PAR-1K203-PAR-
1,0).

Figure 8 Effectsof Ull and URP on cultured rat astrocyte viability.

(&) Non-synchronized cells were incubated for 24 thaabsence or presence of URP
(10 nM), Ull (10 nM), PACAP (10 nM), ILf (10 ng/mL) or ET-1 (10 nM).) Non-
synchronized cells were incubated for 24 h in theeace or presence of graded
concentrations of URP or Ull (10 pM to 1 pMg) Synchronized cells were incubated
for 24 h in the absence or presence of graded otrati®ns of URP or Ull (0.1 pM to
0.1 puM). Fora and b, viability was determine with WST-1; far, the mitogenic
activity was determined by counting cell number.eTtesults are expressed as

percentages of control values. Data are mean +MS.&f three independent
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experiments performed in quintuplicate. *p < 0.0% < 0.01; ***p < 0.001; NS, not
statistically different from the control; one wayN®VA followed by a Dunnett's

post-hoctest.

Figure 9 Proposed model depicting distinct and common transduction pathways
activated by URP and Ul on cultured rat astrocytes.

At low concentrations, Ull binds a very high affinsite and activates a PTX-sensitive
Gi/o protein-coupled UT signaling pathway involved i® Rurnover, likely through IP
kinases as PI3K, which would be involved in astteqyroliferation. This specific UT
coupling may be also, but in a very less extentjvaied by URP. At higher
concentrations, URP and Ull recruit a high affirstie also attributable to UT that can
be both associated to @/BLC/IPJC&2+ pathway and T-type voltage-dependent’Ca
channels. These extra- and intracellulaf*@mols appear cross-dependent, and would
be involved in astrocyte depolarization and endomeprelease. At high
concentrations, URP may in addition bind sst exg@dsby astrocytes, such as sst2.
This URP specific activation of sst could synergize [C&"]. increase evoked by UT,

and/or counteract the UT-associated proliferation.
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Peptides Sequences
rat Ull QHGTAPEC FWKY C
human Ul ETPDC FWKY CV
human Ull,_;; DC FWKY CcV
URP AC FWKY CV

Somatostatin-14

AGCKNFFWKT FTSC
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K;= 9.16 £5.32 nM
URP Ky= 4.42+1.72 yM
n,= 0.32+0.09
Somatostatin-14| K = 36.7 £10.9 nM
n,= 0.97 £0.07
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