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·ABSTRACiT 

Somatostatin-14 (5-14) and sbmatostatin-Z8 (5-28) 
exhibit same spectrum of ·bio10gical actions but different 
spectrum of potencies. This is ref1ected in part in their 
different relative affinities for receptor binding between 
t-Ïssues. These data coupled with preferential uptake of 
~abel1ed 5-28 demonstrated in sorne areas of rat brain by 
in vivo and in vitr9 autoradiography, suggest the possible 
existence of distinct receptprs for $-14 and 5-28. In the 
present study, an attempt was made to identify the se , 
receptors b~ investigating the effects of nucleotidès and 
i on s on the b i n di n 9 of [ 1 Z 5 1 - Tyr 11] $ -1 4 (T *' 5 - 1 4 ) and 
[Leu 8.D-Trp 22, 125r-Tyr2"5] 5-28 (LTT* 5-28) ta rat brain 
membraneS'. . 

Res u 1 t s: . ( 1) The b i n di n 9 0 f bot h rad; al i 9 and s wa sin h~ -
bited by adenine and guanine nuc1eotides. (2) This inhibi­
t ; 0 n w a's 'd li e t 0 a d e cre a sei n B m a x. (3) T * $ - 1 4 b; n d i n 9 
sites were inhibited by ATP ta a greater ex~ent than Qy 

- GTP (46.5% vs 33.2%), whi le GTP was more patent than ATP 
Jn reducing LTT* 5-28 binding sites (54.7% vs 28.9%). 
(4) The affinities of the,s'e binding, sites were not a1tered 
by nue 1.eot ide s,. 

(1) Monovalent cations (K+, 'Na+, Li+) inhibited 
the specifie binding of T* 5-14 and LTT* 5-28.; (2) In 
con~ra~t diva1ent cation's (2mM) sti'mu1ated the binding of 
these radialigands:.T* 5-14 binding sites were more 
sen s i t ive t 0 B a 2 +, Mg 2 +, a'n d C 0 2 + corn par e d t a L TT * S - 2 8 
binding sites. (3) Mg 2+ up ta 20 mM caused a sustained 

,-increase in binding of bath ligands whereas Ca2+ (> HrïnM) 
inhibited the binding of LTT* 5-28 without affecting that 

'of T* 5-14. (4) Th~ increased specifie binding ln presence 
of 2 mM Ca 2+ was due to a decrease in non-specifie 
binding. (5) The affinity of 5-14 for LTT* 5-28 but nct . 
for T* 5-14 binding sites was directly proportional ta 
Ca 2+. (6) This increase in affinity was aceompanied by a 
decrease in LTT* 5-28 b;nding sites. 

~ f/I These resl,llts demonstrate that nucleotldes and Ca2+ 
di f fer e nt i al l Y ma du 1 a t eth e r e cep t 0 r b i n di n 9 0 f S - 1 4 ' 
and ~~ in rat brain providing evidence for distinct 
5-14/5-28 receptors. 
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RESUME 

La somatostatine-14 (5-14) et la somatostatine-28 
(S-28) partagen~ un même éventail d'actions biologiques 
mais,dfffèrent de part leur potentiel respectif. Ces faits 
sont appuyés en partie à travers leurs différentes affi­
nités relatives envers leurs récepteurs tissulaires. Ces 

. découvertes auxquelles viennent s'ajouter l'incorporation 
préférentielle de $-28 radioactive démontrée à 11 intérieur 
de certaines régions spécifiques du cerveau du rat par 
l'autoradiographie in vivo et in vitro, suggèrent l'exis­
tence de ~ifférents réc~pteurs pour 5-28 distinct de ceux 
Çippartenant à S-14. La présente étuje se voulai.t une ten­
tative d'identification de tels récepteurs en analysant 
les effets des nucleotides et des ionsasur la liaison de 
[12SI-Tyr 1l ] $-14 (T* $-14) et de [Leu ,D-Trp22,1201-
Tyr 25 ] $-28 (LTt* $-28) au niveau des membranes cervi-
é: ale s che z 1 e rat. '\e ' 

Résu'ltat~: (1) La iYaison des 2 radio1igands fut inh'ibée 
par l-e- s nue 1 e 0 t ide s à a den; n e et à 9 u an i ne. (2) Cet t e 
inhibition était due à une diminution du Bmax. (3) Le 
nombre de sites récepteurs appartenant à T* $-14 fut 
diminué à un plus bas degré par ATP que,~ar GTP (46.5% vs 
~3.2%), tandis que GTP était plus puissant que ATP pour. 
réduire le nombre total de sites récepteurs pour L'TT*I $-28. 
(54.7% vs 28.9%). (4) Les affinités de ces sites récep­
teurs ne furent pas influencées par, les nuc1eo$ides:j. 

(l) Les cations monovalents (K+, Na , li ) 
inhibèrent la li~ison spécifique de T* $-14 et de LTT* 
$-28,. (2) Les cations divalents(2 mM) cependant eurent un 
effet stimulateur sur,la liaison de ces 2 radioligands: 
Les sites récepteurs de

2
T* S-~~ étan~ ~tus sensi~tes que' 

ce u x d e L T T * $ - 28 a u B a +, Mg, ete 0 • (3) r~ g ( jus -
qu'à 20 mM) créa une stimulat~on maintenu~ de la liaison 
des 2 radioligands tand,i~ue les 'ions Ca ~ (> 10 mM) 
inhibèrent la liaison Ll\~S-28 sans affect'er celle de T* 
$ =1 4 • (4) 'l' au 9 m'e n t a t i 0 n\ d ~ 1 a lia i son s p é c i f i que en pré -
sen c e de C a 2 + 2 mM é t ait âiu e à une d 1 min u t ion d e ·1 a 
liaison non-spécifique. (5) L'affinité de 5-14 pour les 
sites récepteurs de LTT* 5~28 mais non pour ceux de,T* 
$-14 fut directement proportionnelle au Ca 2+. (6) Cette 
augmehtation de 1 ~affinité fut accompagnée p~r une 
d i min ut ion d u nom br e des ,i tes ré cep t e urs a p par t e n an t à 
L TT* $-28. il' 

Ces résultats démontrent que les nucleotides et les 
i'ons Ca 2+exercent un effet contrastant sur -la liaison 
$-14 et 5-28 au niveau du cerveau du r~t, appuyant ainsi 
l'hypothêse de différents récept~urs pour 5-14 et 5-28. 
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The tetradecapeptide somatosta~in (S-14) has bèen 
!;). , " 

shawn ta act via specifie receptors (1, 2, 12~ 14, 43-44, 

55. ~9-62, 64-65). The $-14 receptars initially demons· 

trated in pituitary GH
4

Cl tumor cells (55) have now been 

eh a ra ct e riz e d . i n 5 e ver a l t i s 5 u e's s~,.Ç h . as the br a; n (1 4. 

2 

43, 6,0), ,the exocrine pancreas' (54, 70), and the pituitary 

(l, 12,44,62) in the normal rat. 5ubcellu,larly th~se, 

r:-eceptor..s were localised to plasma membranes'(l, 12, 60, 
1 

62). In' the CNS,- synapt'osomal membranes were found to 

contain the highest concentration of 5-14 binding -sites 

(60). In the CNS, 5-14 reeeptor ,concentration was found to 

be maximal in the cerebral cortex, followed by thalamus, 

hypothalamus, striatum, amygdala and hippo~ampus, whi1e ., 
medu11a and pons, cerebellum qnd spinal cord exhibited 

neg1igib'le binding. Outs;'de the CN5, S-14'reèeptors wère 

fou n d t 0 b e ; n 9 r e a ter n u m ber in' the a d r e n a r 'C 0 rte x 

fo11owed by pituitary and pancreatic àcini '(4) . 
. 

Structure activi'ty re1ationship studies us;ng sevt:!ra1 

synth~tic 5-14 analogs have shown that the cyclic ~tr~~~ 

ture of the mo1ecu1e is essentia1 for its bio1ogical 

activity and that aminô acfd, residues 7-11 constitute th'e 

recogffitiO~ site for receptor binding. 

,,~ . " 

( , 
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It i1 now established that in addition to 5~14. 

two related molecules exist in tissues. These are' 

somatostatin-28 ($-28), a 14 afuino aci~ N-termina1 exten­

sfon of 5-14 (F1~ure A) and a 92 amino acid high~r mole-
,-

cular weigbi form (prQsomatostatin) which contajns the 

5-28 sequence at the C-termina1 end of the mo1ecu1e (41). 

Both $-14 and 5-28 act through t~e same a~tive site 10ca­

ted at the C-term'inàl end' of ·the mo1ecu1eô The N-termina1 

f r a 9 men t, 0 f S - 2 8 a p p e ars t 0 b e b i 0 1 p 9 i c a '11 yin a c t ive (4). . . , ~ ,., 

Bot h 5 - 1 4 -and _ 5 - 2 8 s h ,a r'e a n u m? e r 0 f c 0 m mon -a c t ion ~ • 

A 'comparison of sàme or these' ac,tions -show that each 
, ! 

peptide possesses iti own selective specificity. For 

'examp1e,\5-28 1s m~re potent than S~14 in inhibiting GH . , 

and-i~sulin but not glucagon s~cretion (35). It also 
- , 

T.l. 

3 

- appears .that centrally administered 5-28 but not\ $-14-

inhibits pitu~tary ACTH an~ adrenomedullary epinephrine 

'seèretions; (7). These data suggest that 5-14 ~nd 5-28 may 

act as 'i,ndependent hormones subservi ng- speci fi c fu'nct ions • 

.. 

.-
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Figure A: Amino acid strpcture of so.atost~tjn-28. 
The 15-28·se~uence corresponds to 
somatostatin-14 
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In spite oe the fact ~hat 5-14 ~ 5-28 act through 

the same recognit,ion site, 5-14 receptors inter.aet with 

the set w 0 pep t ide s ~ i th di f fer '0 rel a t i vie a f fin i t i e sin 

different tissues. For example, S-~8 is ~ore potent than 
- 1 

5-14 for binding to 5-14 receptors in th~ pituitary, but 

not in the brain and the exocrine pancreJs, while these 

t w 0 pep t ; des b i n d t 0 ad r e n 0 - cor tic a l 5 - 1 r e c e pl 0 r s wi th 

almost equal avidity (59, 65,66) • 

6, 

. The fact that 5-14 receptors in dif er€nt tissues 

;~teract with 5-14 and 5-28 with differe t affinities 

coupled with the observed differences in their biologieal 

potencies strongly suggest the possible xistence of 5-28 

recepfors distjnct from those of 5-14 (5 ). Initial 

studies by Reubi et al. (43) on the binding of a radio-

lOga d e a ed f m S 28 analog ((Le 8,o_ Trp 22,,125 r_ 1 n p r p r ro an 7 -
Tyr 25 ] 5-28) suggested binding parameter _ for rat brain 

receptors different from those of [125 r _ yr 11 ] S-14 . 

. However, detailed binding studies using hese two radio-
\ 

ligands have fai1ed to identify distinct S-28 receptors 

(63-64): In vivo autoradiographie studie however suggest 

that discrete areas such as the median e inence may have 

receptors that bind prefer~ntially [leu8!o_Trp22,125I_ 

Tyr 2 5] 5 - 2 8, but no t [1 2 5 1 -T~ r 11] 5 - 1 4 (3 ). 
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7 

. 
At a post-receptor 1eve1, the actions of somatostatin 

~re known to be mediated via ~ ~AMP depende~t-and-
. - , 

independent (presumably ihv01ving Ca 2+ ions and inosito1 
<> -

triphosphate:, IP3) mechanisms (Figure -B). 5-14 is be1ie~ed 

to ac~ at the leve1 of cA~P formation by inhibiting the 

adeny1ate cyc1ase enzyme. 5-14 receptors are coupled to _ 

the adehylate cyc1ase via a guanine regu1atory inhibi- -

t 0 r y pro t e i n (N i) (27). I, nad dit ion i t h a s b e en s ho w n t h a t 

5-14 receptor bind~ng cou1d inhibtt adeny1ate cyc1ase 

stimulation by a variety of agents (18, 27, '29). t40reover 

'" the, coup1ing of $-14, re~eptors with the adeny1ate cyc1ase 

was demonstrated ,to be GTP-dependent, and b10cked by 
. ' 

non-reducible analogs of GTP such as GMP-PNP (27, 29). 

Therefore, nuc1eotides appear ta be ob1i~atory medi~tors 

of 5-14 actions. 5uch an invo1vement of nuc1eotides in 

" mediating hormone-receptor interactions has a1so been 

demonstrated with binding sites for substance P (3, 58), 

glucagon (31, 46-47), TRH (21), CRF (40), and beta-

adrenergic receptors (34, 50, 67). 
-------

5tudies from Enjalbert et al. (13) inAiçate that 

guanine nuc1eotides inhibtt $-14 r~ceptor binding in rat 

brain and pituitary leading ta a decrea~e in receptor 

number without any a1teration of the affinity whi1e 
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Molecularechanis.s follo~ing so.atostat1n 
receptor bind1ng. {See text for detail s). 
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adenine nucleotides vfere f,?und to have no effect on S-lA ' 

: receptor bi nd; ng. 

\ 
By contrast'i1; was reported that in GH 4C, cells', 

9 u an i ne nue l e o-t ide sin h i bit e d 5 - , 4 r e cep t 0 r b i n d i (1 g b Y 

increas;ng t,he dissociation rate thereby decreasing 'the 

binding- affi~ity ,(56). However, the modulation of, the-
~ 

binding of. 5-28 by these mediators in any of these systems 

ha-s' no t . b e e n i n ve st i 9 a t e d. $ tu die s f rom, $ ri kan tan d 

Heisler (63) in AtT20 pituitary tumor cells have delTlons:­

trated that the cArv1p-dep.en'dent me,chanism is more sensitive 

to $-'4 thari to 5-28 whereas the cAMP-indepen'dent pathway 

is more sensitive to S-28 thàn to 5-14. It is still not 

clear whether the -differentia1 potencies of 5.:.l4 and 5-28 

arise due'to distinct bindlng sites'or if these peptldes, 

acting via the s..ame binding sites are differentia1ly 

1 cou p l e d' t 0 the se. pro ces ses. l n 0 r cl e r t 0 de ter min e i f 

disfinct reoeptors fo'r 5-14 and 5-28 could be identified 

b y pas s ; b 1 e d i f fer e n ces i n t h 'e i r sen s i t i vit Y ton u c 1 e 0 -

tides in direct binding studies .. we investigated the 
\ , 

modulation by guanine and adenine nuc1eot'i~es of the 

b i n d 1 ri g 0 ~ [' 2 5 l -Tyr 1 '] S -', il - and [ Leu 8 ,D - T r p 2 2 , l ? 5 1 - ~ 

Tyr~5] 5-28 .. 

l' 
\ 

....-
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rn addi ti on, many receptor systems coupJ ed o~o Ac 

(adenylat:..cyclas'e) via Ni or Ns (stim~latory re,gulatory 

component of ,the guanine protein) a~e sen'sitive to ions 

( 5, ' 9 .. 1 0, 2 3 , 30 , 3 3, 40, 7 3 ). 0 i val e nt ion s (Wg 2 + \~ 
pa~ticular) have been shawn to mOdify receptors to high 

affinity conformati·on, guanine n~cleotides reverse -this ... 
eff~ct by converting the f~ceptors to low affinitY'fQrms 

,{ 3, 9, 2 3 i. T 0 d ete r min e ifs u cha nef f e c toc C U Yi 5 W i t,h 

11 

, 
somatostatin receptors, we investigated the modulation by 

, 2+ 2+ 2+ 2+ Mg - and 0 the r diva J en t c a t ion s suc h ' a s Ba, Co, ,M n . , 

and Ca 2 + as we 11 as b y m 0 nov ~ 1 en t ca t i on S': Na + , . K + , ,- L i + on 

the binding~of [l2S r _Tyr 11] 5-14 and [Leu8,D~Trv22,~25I-

Tyr 2S ] 5-28. 
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Prepar a t i on of synap tosoma 1 membrane,s:' 

, -

Brains were removed from adult male Sprague-Daw1ey 
; , 

rats (150-160 g) immediate1y f.ollowing decapitation. The 
, 

cerebral cortex was dissected, homogenised with il Oounce , 

homogenizer under isoosmolar conditions in 20 mM Tris Hel 

(pH = 7.5) containing 0.3-2 M'sucrose. $ynaptosomal 

membranes were prepared accarding ta Srikant and Patel 

(60). Briefly, the homagenate was centrifuged at 800 x 9 

for 5 min '. i n 0 rd e r t 0 rem 0 v eth e n u c 1 e a r d e br i s. The 

supernatant obtained was resuspended in 0.32 M sucrose 
, 

'buffer a,nd centrifuged at 10,000 x 9 for 10 min. The 

res~ltin9 pellet containing ~he crude mitochondrial 

f r a c t ion wa s r e sus pen d e d i n O~, 3 2 r~ 's u c ras e , a p pli e d t 0 the 

, -t 0 P of a dis con tin u 0 u s Fic 0 11 9 r a cl i e n t ( 8 - 2 a %) '; nO. 3 2 M 

sucrose, and centrifuged at 63,580 x 9 for 30 min. in ~ 

,', Beckman l5-65 ultracer'ltrifuge: SYl)aptosomal fraction 

sedimenting at the Ficoll (16-12 %) interface, which had 

been shawn to cont~in the highest concentratlon of 5-14 

receptors, was collected and hypoosmotica11y lysed by , 

swelling in 20 mt1 Tris-Hel (pH = Z.5) overnight. This 

procedure removed > 95 % of endogenous somatostat in whi ch 

was a prerequisite for demonstrating optimal binding of 
'. 
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,. 

$-14 rec~ptors. Membraries were eentr1fuged at 10,000 x ~ 
\ 

~he fo110~ing day and the pellets obtained were resus­

'pended in 'f20 mM Tri s-HC1 'and stored in liquid nitrogen for 

no more than 3 months until the day of usa. 

Preparation of'radioiodinated peptides~ 

Radioiodinated derivatives of [125 I _Tyr ll] S~14 and 

[Leu8,D_T~p22,125I_Tyr25] S-28 were prepa"r~d by madifi-' 

cation of the ehlora~ine-T methbd using Na 125 r an~ 

purified 

S -14) or 

( 65) . The 

were 1850 

S-14 and 

by chromatography on Sephadex G-25 ([125 r _Try l1] 

Sephadex G-50 ([leu8,D_Trp22~125r~Tyr25] S-28) 

specifie activ~ties of these two radio1igands 

and 1050 Ci/mmol res~eetively for [125 r _Tyr "] 

~Leu8,D_T~p22,125I_T;r25] S-2Q. 

Equ11ibrium binding studies: 

Som a t 0 s t a tin r e c e"p t or, b i n d i n 9 w a s car r ; e d out a s 

des e r ; b e d b Y Sri kan tan d Pat e l ( 60). B r-i e f 1 y, me m b ra n e s 
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(30 l1g) were i I1cù~ated at 30 0 e for 40- ml n. wi th O. 1 n~t' 

[ 1 2 5 1 - Tyr 1 1] 5 - l '4 u nt il' e qui lib r i u m b i n d i n g. wa sac hie v e d 

in a 50 mN Hepes KOH buffer (pH = 7.5) 'containing BSA (la 
~ -- ~ , 

mg/ml), MgC1 2 (5 mM), Trasylo1 (200 K1U/mf); bacitracin 

(0.02 llg/ml) and phenylmethylsu1fonyl fluoride (0.02 

llg 1 ml) (R RAb u f fer).' Rad i 0 l ; 9 and b 0 und t 0 the me m b r an e s 

was separated by centrifugation (3000 x 9 for 5 min~). 

Subsequently these membranes were ~ashed twice with 1 ml 

of,SO mr~ Hepes' KOH (pH = 7.5) containing_ 1 % a1bumin. The 

radioactivity in the resulting pellet was quantitated in' a 

gamma spectrometer. Sp~c;fic binding was defined as the 

difference in the amount of radio1ig~nd.bound in the 

absence (total binding) and presence (non-spec,ific 

'bi'nding) of 100 nM S-14. Competitive inhibition of the 

radioligand binding was i~vestigated using unlabelled 5-14 

ove-P a con'centration range varying from 10- 10 M ta 5 x 

1 0- 8, M. Cal cul a t ion 0 f the, b i n di n 9 d, a t a a n-d de t e rm i na t ion 

of- bi ndi ng parameters (K d and Bmax) were, performed by 

5catchard analysi 5 wi th the aid of the -computer_ program of 

.Rodbard and Faden (45). 

Binding studies using [leu8,D_Trp22,125r_Tyr25] S~28 

as the radioligan~ were carried out using the exact pro­

çedur~ described for [125 I _Tyr 11] 5-14 bJndjng. 
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Effecf of nuc1eotidés on the binding of [125 I _Tyr ll] $-14 

an~ [leu~.p-Tr~22,125I-TyrZ~J S-~8: 
j 

. 
" 

, . 

To determi~e the effect of nucleotides on iomatos­

ta tin r e'c e p t ô-t sin r' a t br a in, . the , b; n di n 9 0 f [1 251 - Tyr 1.1 ] 
, ~ , .. 

5-14 and [Leu8tD-Trp~2, 125I_Tyr25J S-28 was assess'ed in 

',p4sence a-n'd absence of guanine' or adenine nucleotides. 

The nucleotides tested for their effects on somatostatin 

rèceptors were: GTP~ GDP, GMP-PNP, cGMP, GMP, ànd ATP, 

cAMP, ADP 'at, concentrations varying fr~m 10- 7 M'to 10-3 M. 

To det~rmine the nature of the effects of these nuc1eo-, . . -

tides, competftive st~d~es using S-14 and 5-28 vs [125 1_ 

Ty~llJ 5-14 and [leu8.D-Trp?2,1?51_Tyr25] S-28 were' 

10~4 -M nuc1eo- , carried > out in ;the absence or presence of 
\, 

tides. 
',' 

ij 

Kinetic s·tudi es: 

A - As soc; a t ion ex p,e r ; me ri t s 

Synaptosoma1 membranes were incubated at 300 C with . 

[125 I _Tyr ll] S-14 ~r [Le,u8,D~Trp22, 125I':'Ty~25i·s_28 

" 



o 

o 
o 

l' 

in the presence and absence of GTP or ATP (10-4 M).' 

At differer;tt time' interva1s during the approa.ch to 

e qui 1 i b r i u m b i n d i n 9 , _ the am 0 u n t p f rad i 0 1 i g, and 
, 

'specifica11y bound was determined. The association 

and dissociation rate constants of [12Sr_Tyr11] $-14 
" " 

a~d [LeuB,D_Trp22,125_I_Tyr25] S~28 binding were 
\ 

analysed as pseudo-first order kinetics (24) defined 

by the equation: 

I·n ----------- ;:: ([L] .k an +' kaff ) t- ' 

[Beql-[B] 
. ' 

" 

~ w,h~re [Beq ] = 'Concentration of bOlJnd somat'ostatin at 

equilibrium; [B] = concentrati~n of bounq peptide at 

'a given time t; [L] = èoncentration of ~he 1 igand; 
, 

kon = association rate constant; kaff = dissociation, 

.~ r:ate constant. 

The rate constant for the approach to equilibrium 

( k 0 b s.) wa s de t e.[ min e d b Y plo t tin 9 (1 - [ B ] / [ Be q ]) as 

\ 

J 



o 

o 

.. 

\ 

-, 

1 
\ 

'a function o.f time. In the straight line obtained, 
l ' 

"the half-time for approach to equilibrium corres-

ponded to the as soc i at i on rate const ant - Kobs. 
1 

Moreover, beca~~e of t~e 1inearity of the plot 

(pse'ud-o-first or_de..r kinetics)' the rate to approach ' 

equilibrium was described by.the differential 

equation: , 
". 

d[HR] 

dt 

= kon [Hl [R] ~ koff [HR] 

, . 

where [H) = totailiormone concentration; [R] = 

receptor concentration • 

jJ" 

19 

Under these conditions, integrati'on of t'his equation 

resu1ts in: 

1n2 

k b -,--.-----o S· 

't 1/2 

• e 
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in which t = time at which [HR] eaches one 1'; 2 

half of its equilibrium value 
\ ~ 

B- ~issociation experiments 

Membranes were incubat~d at 30°C wit [12S r_Tyr ll] 

5-14 or [Le~8,D_Trp22,125I_Tyr25] 8 until equili-' 

brium binding'was achieved. After 

,bound radioligand was pelleted by 

ubation, membrane-

trifugation, 

wa s he d t w i ce w i t h 1 ml 5 a m ~1 Hep e s K 0 H bu f fer con ta i -. 

ning la mg/ml BSA, resuspended in a 11arge volume of 

the RRA buffer wit~ the addition of 10- 7 M unlabelled 

pep t ide, G T Par AT P. (1 0 - 4 M); and r e li n c u bat e d a t 

30°C. At specified times, during 120 m,in. incubation, 

duplicate 100 J.l1 aliquots were withdrawn and centri­

fuged and the radioactivity still remaining bound ta 

the m~mbrane·receptors was measured. The dfssociation 

.. \:ate constant (k off ) was derived from the equation: 

. , 

. , 

...... .1 

[ B] 

In ------- = ~~ff.t 
. [B eq] 

'- -

l' 
J 
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plot of [S']/[Beq ] as a function of t~me gives a 

straight 1ine, the slope of which corresponds to a 

dissociation constant "offo 

Therefore the ~s soc i'")ât ion, c?n stant (k on ) was 

cal cul a te d f r om : 

[H] .,. 

o 

21 

.( . From association and dissociation~ constants, we 

determined the af"finity constant (K
O

) by the equa­

ti on: 

, , , 

--_l1li_- .. 

", 

... 

" 

.. 
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Eff~ct of ions on the binding or[125 I _Tyr 11] 5-14 and 

[Leu8,O_Trp22,125r_Tyr25] 5-28: 

J 

To assess the effect of ions on the bind'ing of 
1 1 

[125 I _Tyr 11] $-14 and [Leu8,D-Trp~2,125I_Tyr25] $-28, 

22 

membranes were' incubated w;th these radioligands in the 

RRA buffer from which Mg 2+ ions were om;tted and replaced 

with the various ions to be tested. 

Monovalent ions (Na+,' K+, and Li+). were tested over 

a concentrat'ion varying from a to 160 mf1. Divalent ·ions 

(B 2+, C 2+ M 2+ d C 2+) t t d a , 0 , n , an a -' were ·es e over a concen-

tration range of a to 2{) mfL 

• 
l' 

-- , 

E f f e c t 0 f C a 2 + 0 n b ; n d ; n 9 a f f; n'i t i es 0 f 5 - l 4 and S - 28: ' 

" 

Beca~se high Ca 2+ concentrations inbibited ,on1y the 

binding of [Leu8,o_trp22,125I_Tyr25] 5-28 without affec- , 

tin 9 "t h a t 0 f [1 2 5 1 - ~ y r 11] ~ - 1 4 (~i der e sul t s ), wei n v e s -

tigated th~ effect pf.this diva1ent cation at 2 and 1a,mM 

concentrations on the competi~ive.inhibition by $-14 and 

5-28 of the binding of ~Leu8,O-Trp22, 12~I_Tyr25J 5-28 in 

,. 
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" 

o 

order to'evaluate the nature of this inhibition and t~ 

determine if this would affect the potenci~s 6f S-14 and 
, . 

S"28 to compéte .against this radioligand in relation to 

the ira f fin i t i es for, (1 25 1 - Tyr 11] S - 1 4, b i n d i n g' S ,i tes. 

23 

The binding af~inity of the peptides ~nd the relative 

affinity of 5-28, éompared ta that of S~14 were cal cu­

lated as follows. The data obtained from the dose-

. de pen den tin h ~b i t ion 0 f the rad i 0 l i 9 and b Y 5 - 1 4 and S - 2 8 

were analysed by the computer program of ~odbard and Faden 

(45). The paraTlelism between the inhibition curves of 

-4·14' and 5-~8 was analysed by an F-test for homogenei ty 
e:. 

and lines were checked for parallelism by a t-test u~ing, 

this ëomputer program. The relative affinities were 

cal cul a t e d- f r am th i s pro 9 r a mas we 1 1, à s the ca n ce n t r à ! 

t~on of each peptide required ta effect 50 % inhibition of 

the radioligand binding. 

, , 

" 

", 

" 
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~ The lri-n d i n 9 0 f (1 25 l - T ~ r 1_~ J S - 1 4 and [L e u 8 , D - T r p 2 2 , 

,;125 I _Tyr 25] 5-28 ta rat brain synaptosoma1 membranes 

was specifie and could be inhibited by S-14 in a dose­

dependent manner. Furthermo~e, using these two ligands, 

similar binding parameters wère abserved: B " = 340 + ' 
~ , , max 

25 . 

1 5 f mol / mg pro t .; K D = 1. 2 + O. 3 n 14 for [1 2 5 1 - Tyr 11] S .... 1 4 ' 

and B = 320 +'20 fmo1/mg prot.; KD = 1.6 + 0.3 nM for max -
[Leu8,D_Trp22,125I_Ty~25] S-28~ It has a1sa been'~eparted 

that both 5-14 and S-28 campete against these radio1igands 

for their bind1ng ta rat brain m~mbranes with simi1dr 

relative potencies (,64)., 

. , 

E f f e c t 0 f nue 1 e a J: ide son (1 25 l - T Y r.l ~ J s ~ 1 4 b ; n d i n 9 : 
1 

1 l' 

1 

The b~~di~~ Of'[125 r_Tyr 1l] S-l~ ta rat brain mem-

br a n e S' w a sin h i bit e d b Y 9 u'a n i ne nue 1 e 0 t ide s. As s h a w n l n 

Fig. 1 (t 0 p pan el) G M P, GD P, G T P, ,e G HP, and G r~ p - P N Pin h i -

bit e d the s p e é if; c· b i n d ; n g a f th i s 'r ad i 01 i g and in a dos e - . 

dependent marMier over a concentration ran.ge varying fram 

1 0 ., 7 M t 0 1 0 - 3 H. r~ a x i mal i n h i bit ; 0 n 0 f the b; n d i n 9 
} , 

~ . 
ranging from 40.2.! 2.6 % ta 96.0 + 2.0 % was observed' 

, . 
. ~i~h guanine nucleotides at 10- 3 M. The dose-dependent 

i n h i bit i ô n 0 f the rad i 01 i 9 and 1 b i n d i n 9 b y. GH ~., GD P, G T P " 
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l, 

Fig. 1: Inhibition of the specifie binding' of [125 1_ 

Tyr 11 ] S-14 by guanine nucleotides (top panel) 

and adenine nucleotides (bottom panel) to rat 

~;&in synaptosomal me~branes. Amount of [125 1_ 

Ty;11] 5-14 specifical1y bound expressed as a % 

of' m à x i mu m s pee i fic b i n d i n 9 ob' s e r v e d ; n -t he 

, , 

ab sen ce' OT nue l e 0 t ide sis plo t t e d a s a fun c t i' on' 

of nucleo,tide concentration. V,alues...represent 

me a n + 5. E. (n = 4). 

\ 
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a.nd CG~fP were paral1 el and the order of ~otency was cGMP> . . 

GTP > GDP :> GMP. At low concentr,ations (Ir 10- 7 M), the 

non-reducible .analog of GTP: GMP-PNP was more potent than 
. ' 

the other guanine nuc1eotides in decreas~ng [125 I _Tyr ll] 

S-14,binding. However its inhibitory effect at the highest 

'concentration tested (10- 3 M) was lower tH an that observed 

w i th ,t h e, 0 the r 9 u a ni ne nu c l e 0 t ide s ( 40 • 0 + 2. 6 % i n h i b i -

tion with GMP-PNP compared to ",60 % inhibition with the 

other nucleotides)'. 

A),mongst adenine nuc1eotides ATP 9 cAMP, and ADP 
~ 

[125 I _ Tyr ll] t 
reduced S-14 binding in a dose-:dependent 

fashion (F i g. - "1 ; bottom panel). ATP wa'S the most potent 

adenine nucleotide fol1owed by cAMP and ADP ( 47. 1 + 0.9 

and ' 56 . 0 +' O. 8 %, 57. 3 -+ 1. 2 % i n h i bit ion for. AT P, cAM P 

~d ADP r:spectively co:pared to control) ~ 

Effect of nucleotides on [Leu8,D_!rp22~125I_Tyr~5] 5-28 

binding: 

j, 

% 

The binding of [Leu8,D_Trp22,~25I_Tyr25] $-28 was 

also jnhibited by guanin~ nucleotides (Fig. 2; top panel), 

GTP, GDP, cGMP, GMP, and GMP'-PNP maximally re,duced the 

binding of this radio1igand at 10- 3 M (40.5.:!:. 1.9 % to 

. ' 

1 
r 
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Fi g. 2: 

{ 

'. 

• r 

Inhibition of the speCific'bi~ding Of [Leu8.D­
Trp22.125I_Tyr25] S-28 by guanine nucleotides 
(top panel) and adenine nuc'leotides (bottom 
panel) to rat brain synaptnsomal me~branes. 
Amount of [Leu8,D_Trp22,125I_T~r2J] S-2P 

• Q \ ' 

specifically bound expressed as % of maxi~um 
sp~cific binding observed in ~he absence of 
nucleotides is plotted as a function of nucleo­
tide concentration. Values represent mean. + 

S.E. (n = 4). 

, . 

, ' 

·0 
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65.2 T inhibition). "GMP-PNP was more patent ,th an cGMf > 
-

G T P . wh i 1 e G M P ev' en -atm a x i mu m con c e n t rat ~ 0 n tes t ~ d h ad 

very litt1e effect on the binding of [Leu8,D-Trp22,1251-
1 

Tyr~5J $-28. 

Amongst adenine nuc1eatides ATP,- cAMP, and ATP 
'v 

'r e duc e d [L eu 8 , 0 - T r p 2 2 , 1 25 1 .. Tyr 25 ] 5 - 28- b i ~ d i n gin a d 0 ~ e - ' 

dependenf manner from 10~7 M to 10-~ M (fig. 2; bottom 

pan el). r4 a x i mal i n h i bit ion 0 b se r v e d i n the pre sen c e' of 

th~se nuc1eotides was only 36.8 + 2.0 %. cAMP and ADP were 

a 1 mu ste qui pot e n tin i n h i bit i n 9 [L e u 8 , 0 - T r p 2 2., l 2 5 1 - Tyr 2 5 ] " 

5-28 binding whereas ATP had a1mast no effect on the spe­

cific binâing of this radio1igand, even at the highest _ 

concentration tested (8.2 + 0.9 % inhibition at 10- 3 M). 

'. ' ) Ta determlne the nat~re o~ the inhibition of the J 

binding ai [125 r _Tyr 11] 5-14 and [Leu8,D~Trp2~,125I_ 
~ . 

Tyr 2 5] 5 - 28 b Y ad e n i n e and 9 u an l'n e' n u c' l e 0 t ide s, we 

investigated the competitive inhibition of the binding of 
, " these radio1igands by 5-14 in the absence and presence of 

d 

nuc1eotides. 5catchard analyses of the binding data, in 

presence and absence of GTP and ATP (10- 4 M) (Fig. 3) 

revea1ed that this inhibition was due ta a decre~se in the 
, -

nu m ber 0 f b i n d i n g, s i tes \'1 i t h au tan y con c 011,1 i tan t cha n 9 e 

i n a f fin i t y. AT P e f f e c t e d ,g r e a ter r e<f u c t ion i n B m a x 0 f 

- \ 

./ 
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Ef.fects of GTP and ATP (10- 4M) on the" competitive 
inhibition.of the binding of. [125 I_ryr l1] 5-14 . 
(right panel), and [Leu8 ,D-Trp22, 125 I _Tyr25] 5-28 

(left p'anel r ta rat 'brain' synaptosomal me~brane, 
. . 

" .receptors by unlabelled peptide rS-14). Data , . 
repres.e'nt means of 4 ex,periments, in duplicate'. 

, , -

. , .. 

\ ' 

" 

-0 
/ . 

, , 

, ' 

) 

8 
" 



'0 ..J 10 
,\ ' 0 • 

a: 0 
1- -'1 , Z Ci. C1. 
0 f- lé' • t) CJ V • 

0 

• 0 .. • ,...", 

~ Cl E: 
v t't) ...... -..- • 0 
1 " 0 ~ 

tQ -
r-à Q. 

' .. '-' ..... C\J Cl >. • 
,~ Ç) z - ::> 
ta 0 Ci ',-

U Dl 
T-

• 
0 

0 
ID • 
0 

0 • 
CD 

'." 
al 

lD' .,. 
r; 
J. 

ID 
Ci ,... 

V o. 
0 

"" • Cl 
E 

C'l 
...... -• 0 q E 
Co 
'-' 

rt 0' 

'rt 
a. 
~ 
1 q. 

ID' 

C\J Cl · Z 0 ::> 
O' 
ID 

;:) ,.. 
~ 

• 0 
'-

0 

0 
0 , 

CD C\I ~) ""d-' . 
, ,... ~ 0 

• • • • 
0 0 0 0 

8, 33!:1:1/CNnOa 

1 -, 
''': 



o 

" 

o 

o 

.. ,. - .... ,....,.. ,--

~ " 

[125 I _Tyr l1] 5-14 binding sites tha~ GTP: 183 + 15'and 227 

.!. 18 (p < .001 cand p < .01) r-espeéttve1y cQmpared te 340.!. 

1 5 f m 0 11 mg for con t r 0 1 • __ .Lh e r e duc t ion i n B m a x 0 f [L e u 8 , 0 -

Trp22,125I_Tyr25] 5-28 binding sites was greater in pre-

sence of GTP than with ATP (145 + 10 and 228 ~ 16 (p < 

.001) respective1y"compared to 320 .!. 20 fmol/mg for 

control (p < .001)). As shown in Table 1, all guanine 

nucleotides reduced the number of binding sites interac­

ting with [125 r _Tyr 11] $-1~ and [Leu8,O_Trp22,125r_Tyr25] , 

$-28 the order 'of potency being: GTP> Gt,lP-PNP > Gr~p '" GOP" 

cGMP for [125I~Ty~11] 5-14 binding sites. GMP, GOP, and 

G r~ P - P N P pro duc e d. co m par a b 1 e i n h i bit ion 0 f [L e u 8 , 0 - T r p 2 2 , 

125 I _Tyr 25] 5-28 binding sites but were 1ess potent than 

GTP"and ~GMP. Amongst a~enine nuc1eotides, ATP was more 

potent th an ADP & cAMP for reducing [125 r _Tyr l1] 5-14 

binding'sites and cAMP> ADf> > ATP for reducing [Leu8" 

D_Trp22,125I_Tyr25] $-28 binding·sites respectively (Table 

2). . 

, 
, 

\ 

• 
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. Table 1: 

\ 

NUCLEOTIDE (M) 

NONE 
'~ 

GTP 

GMP-PNP 

GDP 

cGMP 

GMP 

MEAN + SE, n=4 

* , p <.01 

\ 

- .. ,-, 

'-

" f ,., 

o C' 

~ 

~ 

-
EFFECT ,OF GUAN 1 NE NUClEOT 1 DE5 ,ON [23 51 -Tyr 11] ,5-14 AND 

[leu8,D_Trp22,1251_Tyr25] 5-28 BINDING SITES IN, RAT BRAIN 

v 

Bma)Ç (fmo1/mg) 

[125 I _Tyr ll] 5-14 [Leu8~D_Ttp22~1~5I_Tyr25] 5-28 
• 

BINDING SITES BINDING SITES 
~ 

340 + 15 320 + 20 

t 227 + 18* 145 + 10* 

250 + 10* 161 + 10* -
·283 + 10* 156 + 18* 

285 + 11* 140 + 13* 

276 + 20*·-~ 
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.. 
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.. 
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Table 2: 

." 

NÛCLEÔT 1 DE (M) 

NONE 

ATP 

cAMP 

- ADP 

.i3 

Ct 
-' 

\ 

<: 

'EFFECT OF-ADENINE NUClEOTIDÈ$ ON"[125 I _Tyr ll] $-14 ANDo,~ 

. 'll~u8sD_Tr~22:125t~~y~25] S-28 BINOING SITES IN RAT BRAIN 

Bmax (fmo1/mg) 

Cl 

[t25 I_Tyr11] S~14 [leu8,D_Trp22,125I~Tyr25] S-28 

'\ 

BIND.ING SITES 

~40 + 15' 

183 + 15** 

,'258 + 14* 

240 + 15* 

'. 
'>il 

BINDING SITES 

~320 + 20 
-- '7" 

2·28 + 16* 

196 + 2** 

} 

MEAN-+, SE., n = 4 
, 
~ 

* p <.01 

** P <.001 ,J 
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Kin e't ; est ù cl i es: • 
.. _ <l' 

To determine if· adenirfe ~n'd guanine nucTeotides ,alter. 
, 

the a"ssociation al1.d dissociation rates of these receptors, 

kinet-ic studïes were carried out in the absence ~nd pre­

sence of nucleotides. Addition of nucleotides increased 

both assoc; ation and di ssocfation rate's of [125 r _Tyr 11] 

5-14 and [Le,u8,O_Trp'22,125r_Tyr25] 5,-28 binding (~'gs 4 & 
, . , 

. ~ 5 ). Ho W e ver t hl s i, n cre a s e w a s- fou n d t 0 ben 0 n - 5 i 9 nif i c an t . 

Dissociation constants (KO) calculated from these kinetic 

studies werè comparable to thosé derived from,S~atcrard 

analyses:- 1.0 ~ 0.3 vs 1.2.::. 0.3 nM in presence of GTP for 

[125 I _ Tyr ll J. 5-1-4 btn'di'ng' and 1.1 + 0.2 vs 1.6 + 0.3 n~1 'in -. ' 

. presence o·f' GTP fol" [Leu~ ,-O-T'r~22 ;125 r _Tyr 25] 5-28. bi nding 

'_ (T ab l ë 3) • 

.. ~. 1 

',' 

. , 

" 

.. 
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'Fi g. ft: 

'. 

.' 

" 

a 

, -
"",' , 

Rate of ,bi nd i ng of somatosta~ in rece ptors i ri rat 
brain membranes in the absence or presence of 
10-4 t., GT.P. 'Specifie binding of [125 I _Tyr ll] 

5-14 (~op panel) and [Leu8,D~Trp22, 125 I _Tyr 25] 

5-28 (bottom panel) was plotted as a funeti on of 

time .. St = specifie b'inding at time t'; Bmax = ' .. 
specifie biriding at equilibrîum. Data repres~nt··, 

me a'n .':!:: S. E. ' ( n = 4). " 
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Fig. 5: Rate of'dissociation of receptor bound radioli-" 

~ 

, " 

gand from rat brain synaptosomal membranes in the 

absence or presence o{ 10- 4 M GTP. tallowing 

equilibrium binding, the binding medium was 

removed (t = 0) and 2 ml of fresh' buffer 'with or 

without addition of 10-4 M GTP. The amount o'f 
[Leu8,D_Trp2.2,125I_Tyr25] 5-28 (bott'om panel) 

remaining boûnd at different times (B) was 

determined. The ln of the ratio of B/B . was - eq 
plGtt~d -a,s a function of time. Val ues represent 

me ,a n' +. 5 • E. (n = 4). 
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Table 3: 

~ 

[125 1 _ryr ll] .5 ... 14 

CONTROL 

GTP ~, 

.' CI 

" 

EFFECT OF GTP ON RATE AND EQUILIBRIUM CONSTANTS OF 

[125 I _Tyr 11] S-14 AND [Leu 8 ,D_T;p22,125 I_Ty ;25] S-28 

'-----

BINDING TO RAT BRkIN MEMBRANES 

k -on k off kObS k' d· 

(x 1 0 4 t1- l 5 - l ) (x 10 4 5- 1 ) 
. ' 

(x 10 4 5- 1 ) (nM) 

5.1 + .7 5.0 + .6 5.0 + .6 1.0 + .2 (1.2 + .3*) ..... 

6.7 + .5** 6.6 .! .3~* 6.6 + .7** 1.0 .:!: .3 (1.2 T .3) -

[Lèu8,D-Trp22.1251_T;r25] 5-28' 

CONTROL 5.8 + .2 .. 6.5 + .2 6.5 + .5 1.1 + .2 (1.6 + .3) -
\ 

GTP 5.6 + .2** 6.0 + .2** ,6.0 + .5** 1.1 + .2 (1.6 + .3) 

MEAN + SE, .n = 4 

* EQUILIBRIUM DISSOCIATION CONSTANTS SHOWN IN PARENTHESES CALCULATED FRO"M SCATCHARD ANALYSES. 

** II <. l 

~ 
N 



---------------------- - -- -- ---,-------

( 
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Effect of monova'lent catioh~ on [125 1_Tyr ll] $-14 and 
r 

Amongst mo~ova1~nt cations, K+, Na+, and Li+ 

inhibited [125 1_ryr 11] $-14 binding in a dose-dependent 
-

fashion over a concentration range varying from 0 to 

160 mM {Flg. 6; top panel}. :~axima1 inhibition,of [125 1_ 

Tyr ll ] 5-14 specifie binding (from 60 • .: 1.9 % to 84.5 + 

2 • 0 %) wa s '0 b s e r v e d w it h a 1 1 mon 0 v a 1 ~ n t j 0 n s a t 1 6 0 m r~ . 

. L i + and N a + VI e rem 0 r e pot e n t t han ,K + i n r e duc i n 9 [1 25 l -

Tyr 1.1] 5"'14 binding. 
( 

43 

a 1 S 0 de cre a 5 e d b Y mon 0 val e n t ion S ( Fig. 6,; bot tom pan el) . 

At low concentrations, Li+ markedly reduced [Leu 8 ,O-- Trp 22, 

125I_Tyr251 S-28 binding. However, no 'further reduction of 

the binding of this radio1 igand was seen at high concen-
+- + 

trations of Li • In addition, K had. a greater inhibitory 
, -

effect t-han Na+ (75.0 + 0~9 % '/s 60.1 + 1.2 %) on the 
,r 

binding of [Leu8,D_Trp22;125r_Tyr25] 5-28. 
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Fi g. 6: 

1" 

" , " 

, 
" , 

Eff!!ct of 1I0nov.alent cations on the specifie' 
tiinding of E125I~Tyrl1] S-14 (top panel) and of 
tLeu8,O-Trp22,125I~Tyr25]'S-28 (bottom panel) to 

rat brain synaptosQm4l membranes. Amoun~ of the 
radioligands specificalTy bound in presence of 
ions expressed as % of specifie binding observed . ...... . 
in the absence of ,ions is plotted as a.functi.on 
of ionic concentration'. Values represent mean + 

• 1 

S.E. '(n = 4). 
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\ , 

\ 
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. ' 

, , 
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ION [mM] 
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E f f e ct o/f diva 1 en t, ion son [1 2 5 1 - Tyr 1. 1] S - 1 4 and 

[ Leu 8 ,. 0 - T r p 2 2 , 1 25 1 - Tyr 2 5 J S - 28' b i ; ~~/; 

. \ 

. 2+ 2+ 2+ 2+ Amongst d1valent ions Mg ,Co., t~n ,. Ba . , and 

. Ca2~ increased, (125 I _Tyr ll] $-14 bind,;ng (~;~. 7, top 

panel) ; n a do'se dependent manner. At low concentrations 

(::: 2mM) a11 of these ions increased the speci.fic binding 

of this' radioligand by 0.6 ta 1.8 fold (p < ,001); at 

these concentrations~ the order of pétency was Sa 2+ > 

46 

2+ 2+ 2+' 2+ ' Ca > Mg :: Co > Hn . (Fig. 7, t-op panel), However. at 
, 

higner concentrations (up ta 20 nr~) Sa 2+ <decreased .', 

[125 I _Tyr l,1) S-14 binding and C0 2+ .inhibjt-ed tne binding 
'..... , 1 

of this radio1igand be10w the basa] binding (Fig. S; top 

panel). In contrast, stimul·ation of the binding of 

[ 1 2 5 1 _ Tyr 11 ] . S - l 4 b Y Mg 2 +, Ca 2 +, and t4 n 2 + rem a i n e d' sus-
A 

t a i ne d (1. 7, 1. 8 , and O. 7 fol d for Mg 2 +, C a 2 +, and M';2 +. 

r e s pee t i "e l y) a t h i 9 h con c en t rat i ,0 n s (ù P t 0 2 0 m t4 ) • 

T~e binding of [Leu8,~-Trp2?,125I_Tyr25] $-28 was a1so 

, ' 2+ 2+ 2+ 
increased by low concentrations of Mg ,Ca ,and Ba " 

Mn 2 +,. C 0 2 +. The a ~ der 0 f pot en c y wa s: C a 2 +'> 14 n 2 + > Mg 2 + ~ 
'" 

Ba 2+ > Co 2+(P. < .001) (Fig. 7, ,battom panèl). Although 
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.., 
Fig. 7: 

\ 

• 1 

, . . .. 

l, 

r---..... 
Co.pa,ri son of- the stiIBu1 atory effect of; 2 IIM 

concéntration of divalent cations on the .binding 
of [12S1_Tyrll] $-14 (top panel) and .[Leu·8 ,D­

Trp22,125I_Tyr25] S-28 (bottom pane'l) to rat 

,brai n sy~naptosomal m~mbranes. Val ues represent 

-mean+S.E. (n=4). (*:p <.D01}. 
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J 

Fig. 8: Effeet of divalent cations on the specifie 
'binding of [125 I _Tyrll] 5-14 (top p,anel) and 
(Leu8.D_Trp22.125I_Tyr25] S-28 (bottom panel) 

... 

, to rat brain synaptosomal membrJanes. Amount 'of 
. .,/ 't h e rad i 0 1 i ga'n d s s pee if; c a 11 y b 0 und exp r e s s e d a 5 

..,., 
e 

-

, 
% of maximum specifie bind1ng observed in the 
absence of these ions ;5 p10tted as a function 
'fi? ,ion,ie eonc.entration. Values represent mean + 
S.E. (n :i 4)' • 
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, l' 

, 2+ 2+ 2+' 
low concentrations of Mn , Co " and Ba incr-eased 

[' Leu 8 , 0 - T r p 2 2 , l 25 1 - Ty r 25 ] S - 2 8' b i n di n 9 . (] • 0; -0'. l ; 1 and 0'. 5 

fold res~ectively) conc~ntrations of these ions exceeding, 

4 mM reduced the binding of this radioligand. Stimulation 

of [Leu8,D_Trp22,125I_ryr25] 5-28 bih-ding by't.1g 2+ (0:7/ 

fold)' was slJIstained even at maximal concentrations of this 

ion ~ ~20mM), however Ca 2+ at high concentrations inhi­

bited the binding of [Leu8.D-Trp22,~25I-Tyr2~] 5-28 • 

.. 
. ' 

E f f e c t 0 'f Ca 2 + on [1 25 1 - Tyr 11'] S -1 4 and [L e u 8 , 0 - T r p 22" 

125I_ry~25] 5-28 binding: 

'I 

. , 

5ince differences in the binding of, these two radïo-

ligands' were o'bserved only with ta 2+ at high ëonce'ntra:' 

• 
tions, we decid~d ta investjgate the effect 'of this 

divalent ion on total, 'specifie and non-specifie binding 

over a wider range of concentration (from 1 uM ta 20 mM). 

Fig. 9 illustrates that although the total binding of 

[125_ Tyr ll] 5-14 (top panel) remained constant, the non­

specifie binding of this radio1igand decreased at high 

Ca 2+ concentrations. In presence of 20 mM Ca 2+ the non~ 

specifie binding corresponded on1y to 42.5 + 2.9 % of the 

f 

-

, , 

" 
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Fi g. 9: 

,. 
" l " 

, " - '--

Effect 01~' C'a 2+ ions on the binding of 1251_ 

Tyr11 ] 5'-14 (top p'àn'èll (Leu8,O_Trp22,1251_ 

:Ty~25] 5-28.( bottom panel) to rat brai n 

synapt,o sèma l, membr an e rec ep'tor s. Spec i fi e 

. -

b i ndi n 9 .re'p'r e s ents the di ffere nce' betwee n the 
} 

amounts of r~d;oligand bound in the absence 

(total) r an~ presence (non-specifie binding) of 

10-7 M unlabe11ed S-14~ Values represent mean ~ 
S • E. (n ='" 4) • 
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total binding of th.is radioligand., In a similar' way, the ,1 . 
Qon-specific bin~ing of [Leu8~D_Trp22,1~SI_Tyr2S] S-28 

(bottom' p.a"ne.1)' was altered Dy high concent/at,ions of ,ca 2: 

ion s (3 9 . 2 + 2 '. 3 % co m par e d t 0 the t 0 t a 1 b i n d i n 9 ). l n 
, -

addition Ca 2 +' concentr~t'ions -greater than 4 mM had a 
\ 

tendency to reduce the total binding of this radioligand. 
1 

, . 

E f f e c t 0 f C a 2 + 0 n b i n d i n 9 a f fin i t i e s 0 f S - 1 4 and 5 - 2 8 :-

,) 

; Competitive inhibition studies 'in presence of Ca~+ 

,at,~ mr~ and 10 mM demonstrated that the r,elati,ve 'pote,ncy 

- of 5-14 to inhibit [Leu8,D_Trp22,12,Sr_Tyr25'] S-28 binding 
, 1 

was 4 times greater at 10 ml1 C'a 2+ (Fig. 10', top panel )-" 8y 

contrast, the potencies of S-14 to inhib,it [125 r _Tyr l1] 
~ , 

5 - 1 4 b i n d i n 9 wra s n 0, tin f 1 u e n c e d b Y the seC a 2 + con c e n 1:: r a -
, ,~ 

'tlons (Fig. 10, bottom panel). Additionally, the relative 
1 

potency of 5-28 to inhibit [125 r _Tyr ll] 5-14 or [Leu 8 , 

D-Trp22,r-Tyr25j 5-28 was {lot ,altered by change in Ca 2 + 

cO!!.Çen'trQtion '(fig. 1'1). The number of [Leu 8 ,D- Trp 22, 
, ...... , ~ 

f2 5 r -Tyr 2 5 ] S - 2 8 b i n d i n 9 s ; tes cal cul a t e d f rom corn pet ; t ive 
;.\ :1 

, bi ndi ng studi es- us i ng $-1;4 in presence of Ca 2+ was: 158 + 
, 

6 1 and 399 ~ 3 5 f.m 0 1 / mg a t 1 0 m t~ , v s 2 mM r e s p e c t i v é l Y . 

... 
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" 

There. was' no change in ,the concerrtration of. these - .. 
rec.eptors ca1cu1ate-d from ,bi.ndi,ng studies using ,S-28' (300 

! 52 vs ~99 ! 47 fmol/mg at Z mM vs 10 mM Ca 2+ respec-

ti~e1y (Fi 9 • 1 2 ) • Fina11y 

number or the affinity of 

using either S-14 OrS-2B 

, . 

.. 

there'was no 
• 
[ 1 2 5 1 _ Tyr 1 1 ,J 

as un1abel1ed 

, , 
,', 

-
' . 

, t 

.' 

change in the 
Ir 

$-14 binding s,i tes ,\ 

peptide (Fi g • 13) • 

• 

- \ 
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Fig. 10:' Effect of Ca2+ on the inhibition by 5-14 of the 
spécifie binding of [125I~Tyrl1] 5-14 (top panel) 

~nd ['Leu~,D":Trp22,125I-Tyr25] 5-28 (bottom panel). 

, " 

Corn pet i t i v. e i n h i bit ion d a ta, 0 b t a i n e d f rom e qui 1 i br i u m 
binding studles' are expressed as' Logit B/8

0 

( wh e r e Ban d Bore pre sen t the am 0 u nt s 0 f rad; 0 -

ligand specifically bound in the presence and 

absence of unlabelled peptide respectively) as a 
\ 

function of the peptide concentration. Values. 

represent mean + S.E. 

(n = 4). 

.. 

,0 

\ 

-, , 
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Fi g. 11:-

, \ 

" 

• J 

or. 

Effect of Ca2+ bn 'the inhibition" by S-28 of 
specifie binding of [125 I_Tyr11] 5-14 (top 
panel) and (Leu8,D_Trp22,125I_Tyr25] S-28 

the 
l' 

( bot tom pan el). Co m pet i t i. v e i n h ; bit ion da tia 
obtained from equiTibrium binding studies are 
expressed as BIBo (where Band Bo represent the 
amounts of radioligand spetifically bound in the 

-
~resence and absence of unlabelled peptide 
respectively) as a function of the peptide 
conc~ntrat;on. Values represent mean + S.E. 
(n ="4). 
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. 
Fig., 12: 

, . 

, , 

r ., , 

~ 
, . , 

-------------

) 

• 

·c 

" -. Comparaison of Scatchard plots showing the 
• 2+ eff~cts of 2 and. 10 mM'fa . on the competitive 

inhibition by S-14 (left panel) and S~28 (righ~ 

panel) of the binding of iLeu8,o-Trp22,125I­

Tyr25 ] 5-28 to rat' brain- synaptosomal membranes .. 
Values represent means of 4 experiments in 
duplicate. 
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Comparison of 5catçhard plots showing the 
effe~is of 2 and 10 mM Ca~+ on the' competitive 
inhibition of 5-14 (left, panel) and S-28 
_(rt~ht panel) of the binding of [125 I _Tyr l1] 
S--14~to ·~at brain ,syna.:ptosomal membranes. Data 
represent means of 4 exper)ments in duplicate. 
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Effects of nucleotid~s on [12S I _Tyr l1] S-lA~ and-[teu8: 

O_Trp22,125r_Tyr25] 5-28 binping: 

The specifie binding of (125'I_Tyr 11 ] 5-14 to rat 

braln synaptosomal membranes was inhibi~ed by both guanine 

and adenine nucleotides. The inhibition of the binding of 

this radioli~ànd was dependent ,on the nuc1eotide concen-

tration and resulted i n' a reduc t i on in the b~nding capa-

city of the receptors. The affi nit y of [125 r _Tyr 11] S-14 

binding sites was not alte'red by ,the nucleotides. From 

'" kinetic studi es it was seen that neither the association 

nor the dissociat,ion rates were significantly altered by 

the pres,ence of adenine and guanine nucleotides. These' 

da t a pro v i' d e fur the r di r e c tex p e r i men t ale v ide n c e for t,h e ' 

1ack of nucleotide-dependent change in affinity of these 

-' receptors,. This study also provides the...first direct 

evidence 'that nucleotides inhibit the binding of labelled 

5-28 analog to rat brain membrane receptors for somatos· 

tatin. ,Both grou'PS of nucleotides inhibited the binding of 

[Leu8,O_Trp22,125r_Tyr25] $-28 resulting in a reduction of 

the number of bindi ng sites for this 1 igilnd without any 

alteration of the affinity of [leu8,O-Trp22,125I_Tyr25J 

$-28 bind"ing sites. With this radioligand a1so no nucleo­

t ; de - i n duc e d \ c 'h an g e i n as soc i a t ion 0 r dis soc i a t ion 

kinetics of binding was observed. 

1 
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While both adenine and guanine 'ilucleotides reduced 
;v' 

the b i n d i n 9 0 f ( 1 25 1 - Tyr 11] S -14 a n' d [L e u 8 , D - T r p 2 2 , l 2 5 I -

Tyr 25 ] $-28, the extent of inhibition of bindin-g of these' 

radio1igands by these nucleotides revealed striking 

differences. Adenine nuc1eotides .appeared to be 1ess 

... ~ffective than guanine nucleotides in reduc;hg [Leu 8 , 

D_Trp22,125I_Tyr25] 5-28 binding. By contrast, [125 1 _ 
"-

Tyr 11 ] $-14 binding sites were almost equa11y affecoted by 
-

both groups of nuc1eotid'ês. Furthermore, the number of 

r e c e pt 0 r s site 5 for the t w 0 1 i ,g and s wa s d if fer e nt i a '-l~y 

a1tered by guani ne nucleotides. GTP was more potènt than 

GMP-PNP > G~lP = GDP:: cGt4P in decreasing [125 1 :" Tyr 11] S-14 

binding sites'whi1e cGMP was more effective than 'GTP > Gt~P 
, . , 

=GDP:: GMP-PNP in red'ucing [Leu8,D_Trp22,1251_Tyr25] 5-28 

binding' sites. Differences in the' effect of adenjne 

nucleotides on the binding, of these radio1igands were a1so 

evide'nt in that ATP was more potent than ADP and cAMP in 

reducilig [125 I _ Tyr 11] 5':'14 and ADP was about equipotent to' 

cAMP' and 'A~P_ in reducing [Leu8,D_Trp22,125I_Tyr25] 5-28 

b i n d i n 9 5 i tes. The ses t i(d i e s d e mon s t rat eth a t the b i n d i n 9 

of these two radio1igands to rat brain membranes is 
, 

differential1y sensitive to adenine and guanine 
{ 

nucleotides and suggest that the binding of S-14 ... and $-28 

to somatostatin receptors could be differ,ential1y modula­

ted by nucleotides. 
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There are on1y three reports in the literature 

dealing, with the effects of nuc1eotides Qn somatostatin 

receptors. In two,of these studies, the effect of nuc1eo­

tides was assessed on the binding of N-termina11y 1abe1led 

$-14 ligands (125 I _Tyr $-14 and 125I_Tyrl $-14) and co'n-

tradictory conc'usions were reached (13, 28). Enjalbert et 

al.· (13), réported that the modulation of guanine nucleo­

tides on the binding of [125 I _Tyr ] $-14 to adenohypophy-
p 

seal and cerebrocortical membranes r~sulted in a reduction 

in the binding capacity without significantly affecting 

the affinity, which is in agreement with the pr~sent 

findings. It was a1so found by these workers that [125 1_ 

Ty.r 1] $-14 binding sites in rat brain and pituitary were 
{> 

insensitiv~ to adenine nuc1eotides. This is in striking 

contra!j.t to our ,finding that adenine nuc1eotides cause a 

marked reduction in [125 I _Tyr 11] $-14 binding in rat 

brain. The 5-14 receptors in GH 4C1 cells' (28-29) unlike 

,those in normal ~issues were found to respond to guanine 

nucleotides in a different manner. In presence of GTP, the 

specifie binding of [125 I _Tyr l] $-14 in GH 4C1 ce11s de­

creased primarily due to a decrease in affinity. This 
, 

ch ange in affi,n i ty wa s a conseque nce of an ; ne rea sed 

dissociation rate. These authors postulated that guanine 
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nucleotides may regulate the ;nterconvers;on of low and 

h i 9 h a f fin i t Y st a tes 0 f the som a t 0 s tact i n r e cep t 0 r (28). 

Thus the tumor cell $-14 re,ceptors appear to differ sign;-

ficantly frol11 those in normal rat ti ssues. The reasons for 

the observed difference-s in normal tissues compared to 

tumor cells are not clea,r and may,be due to the use of 

different radioliga'nds. It ls'wel1 kn?wn,that N-terminally 
, ' 

labe11ed 5-14 ligands are more suceptible to proteolytic 

de g r a ~ a ~ ion (37) and i t i s l i k e l y th a t, the ex te n t a f s l,I c h 

degradation~ and its sensitivity ta nucleotides may differ 

between tissues. 

The inhibitory effect of guanine nl.\cleotides'on the 

binding of [125 I _Tyr ll] 5-14- to somatostatin' receptors in: 

r a't pan cre a tic a c i n arc e l l s h a s a l s 0 b e e n r e p 0 rte d (6 6 ) . 

In this tissue also a reduction in the number of receptor 

sites with no change in affinity was observed. Additio-
I!, 

nally, a~enine nucleotides were found ta have no in{luence 

on $-14 receptor binding in this tissue (66). Thus, 5-14 
, ~ 

, receptars in the rat brain and exocrine pancreas are 

distinct1y different in their regu1ation by nucleotides. 
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,Nucleotide' inhibition OT receptor bi n~ing has been 

demonstrated for a number of ~other pepti de hormones and 
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neurotransmi tt~rs. In the majority of these cases, guanine 

nue l e 0 t ide 5 a pp e are d . t 0 'f a t il;, ta te dis soc i a t ion 0 f b 0 und 

ligand resulting in reduced equi1ibrium binding as it has 
r 

been shown for CRF (40) and TRH (21). In additi on a direct 

effect of these nuc1eotides in reducing the concentrat.ion 

of high affinity receptors has a1so been d'Ücumerlted with 

beta-adrenergic receptors (25). The somatos'tati n receptor 

in rat brain appear to differ from these receptors in that 

guani ne nucl eotides ,do not al ter their affinity/or 

dissociation rate but only th~ number of receptor sites. 
1 

This is not unique since in the-case of substance P 

r e cep t 0 r s, n u-c l e 0 t ide - i n d lA C e d r·e duc t ion :j. n r e cep t 0 r con -

c en t rat ion 1 fi rat sm a l 1 i nt est i n e h a s b e e n r e p 0 y' t e d (58 ) , 

w h.i 1 e it s hou 1 d J:>_e po; n t e d Q u t t h a tin s u b m a x i 1 1 a r y g,l and s 

nucleotides altered the affinity but not the number of 

substance P bindi ng sites (3). 

1 t h a s b e e n p 0 s t u 1 a t e d t h a t 9 u a n i ne nue l e 0 t ide s, m ()'r e 

precisely GTP, inhibit agonist binding to receptors 

coupl ed to the catalyti c subunit of the adenyl ate .cycl a'se. 
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via ejther Ns or Ni by converting these reçeptors from 

hi gh affi nit y to low affi ni ty forms. Such i nt erconvers ion 

has been demonstrated for a number of receptor'l including 

those for glucagon (31, 46-47), beta-adrenergic agents 

(34, 50,67) as well as muscarinic agonists (5,53). In all 

of these systems it appears that the nature of the effect 

of guanine nucleotides in changing receptor affinities 

r e qui r est hep r e s e,n ce 0 f r~ 9 2 + ion s. W i 1 lia m set al. (73) 

postulated"that addition of ~~g2+ triggered an increase in 

. a g 0 n i s t b i n d i n 9 w-h i let h i sin cre a s e ~I a s a bol i s he d b Y 

guanine nucleo-t:ides. Although somatostatin receptors have 

been shown to be coupled to N. and a GTP:-dependent 
, l 

interconversion of high and low afflnity forms has been 

pOli t u lat e-d for som a t 0 s t a tin r e cep t 0 r sin t u m 0 r cel l s (5 6 ) 

this was not observed in normal rat brain. One cannot 

however rule out the ~nterdependent effects of Mg 2 + and 

nucleotides on somatostatin receptors; nevertheless such 

reciprocal heterotropic effe'cts of aivalent i ons and 
' .... , 

guanine nucleotides'on somatostatin receptors could not be 

e val u a t e d bec a use 0 f l 0 w b i n d i n 9 0 f som a t 0' s t a t i YI r e cep t 0 r s 

-in rat brain in the absence of divalent ions. 
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, 
The effect of nucleotides on labelled 5-28 ligand has· 

been investigated only in rat brain membranes. A number of 

studies have raised the possibility that $-28 binding 

sites distinct from those of 5-14 may exist. The strongest 

evidence for this cornes from autoradiograpl1ic studies (39) 

but has not been confirmed in direct binding studies using 

the labelled 5-14 and $-28 ligands employed in this study. 

We have demonstrated for the first time that the binding 

of [125 r _Tyr ll] 5-14 and [Leu8,D_Trp?2,125I_Tyr25] 5-2.8 

are differentia11y sensitive to nucleotides pro~iding 

support to the concept of distinct $-14 and 5-28 

receptors. The possibi1ity that the changes in local 

concentratibns of nucleotides may determine the extent of 

i nteract i on of these receptors wi th $-14 and 5-28 in 

discrete anatomical regions should also be, considered. 

$imilar differences ;n other tissues may exist and further 

s t u die sus i n 9 the sel i ~ and s a ,r e c 1 e a r l y r e q t,J ire d t 0 

establish the role of nucleotides in regu1ating the 

receptor bindjng of 5-14 and 5-28 in these tissues. 
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Effect of 'monovalent and diva'lent cations on [125I_Tyr"J 

5-14 and [Leu8,D_Trp2l,125r_Tyr25] 5-28 binding: 

~ The binding of [125 I _Tyr ll] $-14 and [Leu 8,D- Trp 22, 

125 I _Tyr 25] 5-28 to ia~~brain membranes was also influen­

ced by the ionic milieu~ Both radioligands exhibited lower 
, 

binding in the presence of monovalent cations. L'i+ and Na+ 

were more potent than K+ in reducing [125 I _Tyr ll] S-14 

binding but in the case of [Leu8,D_Trp22.125r_Tyr25] 5-28, 

Li+ at low concentrations ( < 40 mM) produced greater 

inhibition than other monovalent ions'tested. High concen­

trations of K+ ions inhibited the binding of [Leu 8 ,D­

Trp22,125I_Tyr25] 5-28 to a greater extent than Na++ 

whereas Na+ was more effective than K+ in inhibiting 

[125 I _Tyr l1] 5-14 binding. 

Addition of diva1ent ions (2 mM) increased the 

binding of these radioligands to rat brain membrane recep­

tors; [lZ5 r_Tyr ll] 5-14 bindingobeing "more sensitive to 

B 2+ a , 

5-28 binding whereas'low concentrations of Ca 2+ weré about 

equipotent in increasing the binding of these two ligand~. 

At h1gher concentrations (of up to 20 mM), Mg 2+ caus~d a 

sustained stimulation of [125 I _Tyr l1] 5-14 and [Leu 8 ,D-
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Trp22,125I_Tyr25] 5-28 binding. However, in striking con­

trast to its effect on [125 I _Tyr l1] 5-14 binding, Ca 2+ 

when present at concentrations exceeding 10 mM markedly 

reduced the binding of [Leu8,D~Trp22, I25 I _Tyr 25] 5-28. 

In other systems, such as beta-adrenergic receptors, 

divalent ions have been reported to increase the affinity 

(73). Ion-dependent increase in receptor number without 

any change in affinity as been shown with substance P 

(30). There is a1so evidence that divalent ions increased 

the number of high affinity binding sites for CRF in the 

anterior pituitary (40). Other studies have shown that 

ions such as Mg~+ may a150 alter the equilibrium between 

10w and high affinity states as has been demonstrated in 

the case of muscarinic receptors (33). Evidence 'for an 

ion-dependent conformationa1 change has a1so been observed 

with TRH receptors in Ga4Cl cells (21). 

The differential sensitivity of the binding of 

[125 r _Tyr l1] 5-14 and [Leu 8,D- Trp 22, l25 r _Tyr 25] $-28 to 

h{gh Ca 2+ c~hcentrations led us ta carry out more de­

tai11ed studies on the raIe of Ca 2+ in modu1ating the 

binding of these ligands. It was seen that the increase 
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in binding of [125 r _Tyr 11] 5-14 in presence of Ca 2+ was 

found to result from a decrease in ~on-specific binding 

without the total binding being affected. By contrast, in 

the case of [~eu8,D_Trp~2,125r:Tyr25J 5-28, in addition to 

the observed deciease in non-speclfic binding, high con-

e en t rat i o,n s 0 f . Ca 2 + ion s a 1 sot end e d toi n hi bit the t 0 ta l 

binding. Thus ca~+ at > 10 mM concentrations se1ectively 

reducis the specifie binding of [Leu8,D_Trp22,125i_Tyr25] 

5-28 but not that of [125 r _Ty \11] 5-14. It is w~11 known 

that both endo-and exopeptidases are associated with these 

synaptosoma l membranes (8). 1 n prey; ous- stud i es reported 

from th;s laboratory it was shown ~hat such degradation . 
. , 

can be minimized by proteolytic inhibitors included in the 

receptor assay buffer containing Mg 2+ (60). Récent1y 

Esteve et al. (15) reported that the binding of [125 1_ 
'0 • 

Ty~ll] 5-14 but not [125 I _Tyr T] 5-14 to guinea pig brain 

and panereatic acinar cell membranes was increased in 

presence of low Ca 2+ concentrations. 5imilar increase in 

binding of [125 I _Tyr 11] 5-14 to rat pancreatlc acinar cell 

memb~ane receptors f011~wing additlon of 0.1 mM Ca 2+ has 

also been observed (66). These findings coupled with the 

present data strong1y suggest that Ca 2+ augments the 

efficacy of proteolytic inhibitors, particular1y that of 

endopeptidase, and help minimize the degradation of 

, 
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(125 I _Tyr l1] 5-14 under-experimental conditions. Although 

the 5-28 analog used in this study, was a c,onformati'o.nally 

r est r i ct e ct· and st ab 1 e a na log, i t wa s a l,s 0 se e n t 0 .u n der go 

sorne degradation in the absence of ca 2+,' as evidenc~d by 

the high non-speeif~c binding which decreased when Ca 2+ 

ions 
, 

WaS"i!1clUd\d in the assay buffer. Thus diva1ent 

appe}r' tp p~mote ligand stabi1ity and specifie binding in 
, 1 

,he case ~ ~Leu8,D-Trp22, 125 r _ Tyr 25]5_28 a1so. 
J ' 

The present study has a1so shown that a1teration in 

ion i c mil i e-u, par tic u 1 a r 1 y cha n 9 e sin Ca 2 + con c en t rat ion, 

se1ective1y a1ters the abi1ity of 5-14 to interact with 
~ 

[ Leu 8 , D - T r p 2 2 , l 25 1 - Tyr 25 ] S - 2 8 b i n d i n 9 si tes i n rat br a in. 

It w'as found that the affi.nity of 5-14 for [L.eu 8 ,D- Trp 22, 

125 I _,Tyr 25 ] 5-28 binding sites was directly proportional 

to Ca 2+ concentrations. 5catchard analysis of the dose": 

dependent inhibition by 5-14 of [Leu8,O_Trp22,125r_Tyr25] 

5 - 28 b i n d i n.J>g r e v e ale d t h a t the i n c r'e a spi n a f fin i t Y 0 f 

5-14 was aecompanied by a decrease in ,le capacity of 

[Leu8,D_Trp22,125I_Tyr25] $-28 binding sites. $urpri-

singly, competitive binding studies with $-28 revealed no 

Ca 2+ dependent change in the number of [Leu8,D_Trp22,1251_ 

l , 
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Tyr 25 ]-S-28 bind1ng si~es a~ ~ell as in the affinity of 

th; s pept-i d'e for these sites.' Such èa 2+ -dependent changes 

in the interaction oP 5-14 or 5-28 were not ob~erved with 

[ 1 25.1 _ Tyr 11] S -1 4 b i,~ di n 9 '-.S i, tes. .. . 
In conc1usion~ the present study has provided evi­

dence for the d;fferent;~) se~siqv;ty to adenine and 

9 u ~ n i ~ e .. n u c 1 e 0 t i dés ~ s we 1 1 a s toC a 2 + ion s 0 f the b i n d i n 9 

of\[l25I~Tyrl1] 5-14 and [(eu8~D_Trp22,125I_Tyr25] S-~8 to 

rat b rai n me.m b r an es. The s e d a t a don 0 t h 0 w e ver pro v ide' 

direct evidence for disti'lct 5-1,4/5-28 receptors. If 
. / 

,nd~ed two populations of receptors ex;st~ extension of 

this study shou1d lead ta delineation of the conditions 

for identifying such receptors in direct binding studies. 

It is possible that both $-14 and $-28 act via the same 

receptor sites but may be dif~erentia11y s~nsitive ~o 

nucleotides afld ion~. Further studies should 1ead ta a 

better understanding of the receptar binding and bioio~ 

gica1 potencies of $-14 and $-28. 

- . 
.. 
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D~W. ~~ OF GUANINE AND ADENINE NUCLEOTIDE!> ON [1ZSI_~l1] 5-14 
cd [Liu. D-Trp • 12.SI_Tyr2.S] S-Z8 BnIDING ,s:rn:s m RAX BRAIN. • 

.AL!ERX DAlIAN and C. 11. S1UKANT 
Fr ... r Laboratories, HcGlll University, Royal Victor:1a Boapit:.al., Hontrnai, Canada 

~- -----------~~~------~-----------------~ SOmItO.UCin raceptora in rat brain .yuaptosomal membranes have been quant.1tated us-
inl r.d1oiod1natad derivativ •• of s01IUltostatin-14 ([ 12.5I_tyrll] 5-14. T* S-14) and eo­
uto.tatin-2B ([LauB, D-Trp22, 12SI_Tyr2S1 5-28, Ll'T* 5-28). Ta de.term1n. whether then 
rad1D~1Ia1ld. ara different1&lly .lIllJIiUve ta nuc.leot1du. ve inveu:.1gaeed the effectll of 
;uani.ntÎ and âdanine nucleotidClB on thttir b~dinB. Beth groups Dt nuc:.l.eotidell produced 
cone:enCration-dapandent 1nhib1t1on of the radioliganda. The maximum inhibition (n.. 50%) 
of TIl 8-14 bindina vas cib •• rved vith ~ nucleot1dee at 10-3 H concentration werus 
adan.:f.ne nuc.leotidu vera le .. effective than iUJltÛ.lle nucleot.1deo in inh1biting Ln'" 5-28 
b1nd:l:li (36 and SO% respectivel.y). The ncn-reduc.1ble GTP analog GMP-PNP vas more potent 
than G'IP. The abU1ty of Adenine nucleot1del to inhibit the binding of thue radio­
l1sand. h~ver .hovad marked d.1ffenncea: ATP > ADP :0 cAMP for 'l''' 5-14 Ilnd cAMP > AnP > 
A'!.p tor LTT IIr 5-28. The 1Uhibit1on of the binding resulted .in Il decrean in Bmax Vithout 
any chanse in affinity of thl reeeptore. The decrealé in Bmax of LTT'" 5-28 b.1nding lites 
v .. sreulr 1n ;ha presence of Gl'P chan AIP (10-4 li) (145'" 10 and 228 + 16 (p < 0.001) 
re.pee:tivdy complred to 320 + 20 fmol/mg for control). BY e:onttast ATP effectcd greater 
r.duct1on in Bmax of T* 5-1~ binding aite. than GTP (182 + 1S and 227 + 8 (p < 0.01) re­
epee: t:1.valy c01Dparad ta 340.± 1S fmol/œg for control). W.-conclude tha~ (1) Ln'" 5-28 
bindina lites in rat brain are more lensitive ta auaninl nucleotid.s than .den.1ne nucleo­
tide.. (2) Tbl decreue in Bœax of Ln" 5-28 in preeence Qf GTP 18 greater than chae 1n­
dliced by Al"P. (3) Both GIP and A:rP decrCAJJe 'rit 5-14 binding sitlS eo the lame excene'. 
(4) né aff1ttitia •. of T* S-14 and Ln'" 5-28 bindins ein. rc-e not altered by nucleotidell. 
Tb ••• data indican that t*S-14 and Ln" 5-28 are differant.1ally eensitive ta auanine and 
adeni.ne nuc.lcotidea and suue.t that the potand •• of 5-14 end 5-28 may be nucl.eotide 
dependent. . 
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