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ABSTRACT
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Somatostatin-14 (S-14) and somatostatin-28 (S-28)
exhibit same spectrum of ‘biological actions but different
spectrum of potencies. This is reflected in part in their
different relative affinities for receptor binding between
tissues. These data coupled with preferential uptake of
Jabelled $-28 demonstrated in some areas of rat brain by
in vivo and in vitro autoradiography, suggest the possible
existence of distinct receptors for S-14 and $-28. In the
present study, an attempt was made to identify these .
receptors by investigating the effects of nucleotides and
ions on the binding of %1 51-Tyrl1] s-14 (T* 5-14) and
[Leu8,D-Trp 22, 1251 =Tyr25] $-28 (LTT* S-28) to rat brain
membranes. ’ ,

Results: (1) The binding of both radioligands was inh{-
bited by adenine and guanine nucleotides. (2) This inhibi-
tion was due to a decrease in Bpmax. (3) T* S-14 binding
sites were inhibited by ATP to a greater extent than by
GTP (46.5% vs 33.2%), while GTP was more potent than ATP
in reducing LTT* $S-28 binding sites (54.7% vs 28.9%).

(4) The affinities of these binding. sites were not altered
by nucleotides.

(1) Monovalent cations (K+, ‘Na+t, Li+) inhibited
the specific binding of T* $-14 and LTT* S-28., (2) In
confirast divalent cations (2mM) stimulated the binding of
these radioligands:.T* S-14 binding sites were more
sensitive to Bal+, Mgl*+, and Col* compared to LTT* $-28
binding sites. (3) Mg2* up to 20 mM caused a sustained

increase in binding of both ligands whereas Ca2*+ (> 10 hM)
inhibited the binding of LTT* S-28 without affecting that
of T* S-14, (4) The increased specific binding 1n presence

of 2 mM Calt was due to a decrease in non-specific
binding. (5) The affinity of S-14 for LTT* S-28 but not
for T* S-14 binding sites was directly proportional to
Cal*. (6) This increase in affinity was accompanied by a
decrease in LTT* 5-28 binding sites.

These resylts demonstrate that nucleotides and Cal+
differentially modulate the receptor binding of S-14°
and $~28 in rat brain providing evidence for distinct
S-14/5-28 receptors.

-



ii

RESUME

La somatostatine-14 (S-14) et la somatostatine-28
(S-28) partagent. un méme éventail d'actions biologiques
mais, différent de part leur potentiel respectif. Ces faits
sont appuyés en partie a travers leurs différentes affi-
nités relatives envers leurs récepteurs tissulaires. Ces
_ découvertes auxquelles viennent s'ajouter 1'incorporation

préférentielle de S-28 radioactive démontrée a 1‘'intérieur
de certaines régions spécifiques du cerveau du rat par
" 1'autoradiographie in vivo et in vitro, suggérent 1'exis-
tence de différents récepteurs pour $-28 distinct de ceux
appartenant da S-14. La présente étude se voulait une ten-
tative d'identification de tels recepteurs en ana]ysant
leg effet? des nucleotides et des ions sur Ta } ?}gon de

51-Tyr S-14 (T* S-14) et de [Leud,D-Trp2¢,

Tyr 25] s5-28 (LTT* $-28) au niveau des membranes cervi-

ca]es chez le rat. N 4

Résultats: (1) La liaison des 2 radioligands fut inhibée
par 1&s nucleotides a adenine et a guanine. (2) Cette
inhibition était due & une diminution du Bmax. (3) Le
nombre de sites récepteurs appartenant a T* S-14 fut
diminué & un plus bas degré par ATP que,par GTP (46.5% vs’
33.2%), tandis que GTP était plus puissant que ATP pour
réduire le nombre total de sites récepteurs pour LTT*!S5-28,
(54.7% vs 28.9%). (4) Les affinités de ces sites récep-
teurs ne furent pas influencées par les nuc]eopdesjr

(1) Les cations monovalents (K*, Na )
inhibérent la ligison spécifique de T* 5-14 et de LTT*
S-28. (2) Les cations divalents(2 mM) cependant eurent un
effet stimulateur sur-la liaison de ces 2 radioligands:
Les sites récepteurs de T* S %i étant Qlus sens131es que’
ceux de LTT* $-28 au Ba? , et Co¢". (3) Mg (jus-
qu'a 20 mM) créa une st1mu1at1on ma1ntenu3 de la liaison
des 2 radioligands tandis que les ions Ca (> 10 mM)
inhibérent la liaison LRT* $-28 sans affecter celle de T*
S=14. (4) L! augmentat1oﬁ'db la liaison spécifique en pré-
sence de Ca2* 2 mM était due a une diminution de 1la
liaison non-spécifique. (5) L'affinité de S-14 pour les
sites récepteurs de LTT* S-28 mais non pour, ceux de T*
S-14 fut directement proportionnelle au Ca’* . (6) Cette
augmentation de 1'affinité fut accompagnée par une
diminution du nombre de sites récepteurs appartenant 2
LTT* S-28. o

Ces résultats démontrent que 1es nucleotides et les
jons Ca 2*exercent un effet contrastant sur ‘la liaison
S-14 et 5-28 au niveau du cerveau du rat, appuyant ainsi
1! hypothése de d1fférents récepteurs pour S-14 et S-28.
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The fetradecépeptide somatostatin (5-145 has been
ghdwn'to act via specific receptors (1, 2, 12, i4,-43-44}
55, 59-62, 64-65). The S-14 receptars initially demons-
trated in pituitary GH4C] tumor cells (55) have now been
characterized in several tissues such as the brain (14,

43, 60), the exocrine pancreas (54, 70), and the pituitary
(1; 12, 44, 62) in the normal_rat. Subcellularly these.
receptors were localised to plasma membraneé'gl, 12, 60,
62). In' the CNS, synaptosomal membranes were found to
contain the highest concentration of S-14 binding~sites‘
(60). In the CNS, S-14 receptor concentration was }ound to’
be maximal in the cerebral cortex, foilowedﬁby thaiaﬁﬁs,
hypothalamus, striatum, amygdala and hippocampus, while
medulla and pons, cerebellum and spinal cord exhibi{éd
negligible binding. Outside the CNS, S-14 ‘receptors were
found to be in greater number in the adrenal cortex |
followed by pituitary and pancreatic acjn1\(4).

Structure activity re]atjohship stud}es using several
synthétjé S-14 analogs have shown that the cyclic struc-
ture of the molecule is essential for its biological ﬂ
“activity and that amino ;cfd.residues 7-11 constitute the

recogkition site for receptor binding.
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It s now established that in addition to S-14,
two related molecules exist in tissues. These are
somatostatin-28 (S-28), a 14 aﬁino acid N-terminal exten-
sfon of S-14 (Figure A) and a 92 amino acid higher mole-
cular weight form (p;Qsomatostaéin) which contains the
$-28 sequence at the C-terminal end of the molecule (41).

—

Both S-14 and S-28 act through the same'a¢tive site loca-

ted at the C-terminal end' of .the molecule: The N-terminal

i ffagment~of S-28 appears to be biologically inactive (4).

Both $5-14 .and_ 5-28 share a number of common:actioni.
A'comparison of some of these actions -show that each

peptide possesses its own selective specificity. For

‘example,i $-28 is more potent than S-14 in inhibiting GH

and-insulin but not glucagon secretion (35). It also
r ‘ »

-appears that centrally administered $-28 but noth-1¢

inhibits pitujtary.ACTH and adrenomedultary epinephrine

"sécretions. (7). These data suggest that S-14 and S-28 may

act as independent hormones subserving- specific functions.

,

. , _

i . - .
)
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Figure A: Amino acid structure,of somatostatin-28.
The 15-28 sequence corresponds to

somatostatin-14 - o
- .« . .
» v L B
. .
" ¥ v
N \‘ - .
vz L4
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
SER-ALA-ASN-SER-ASN-PRO-ALA-MET-ALA-PRO-ARG-GLU-ARG-LYS"

15 16 17 18 1"9 20 21 22 23 24 25 26 27 28
ALA-GLY-CYS-LYS=ASN-PHE-PHE-TRP-LYS-THR-PHE-THR-SER-CYS

-



_However, detailed binding studies using ¢t

e -

x -

In spite oﬁ the fact that S-14 and §

the same recognition site, S-14 receptofrs

-28 act through

interact with

these two peptides with different relativie affinities in

different tissues. For example, $-28 is m

S-14 for binding to S-14 receptors in the

' pituitary, but

ore potent than

not in the brain and the exocrine pancreas, while these

two peptides bind to adreno-cortical S-14 receptors with

almost equal avidity (59, 65, 66).

The fact that S-14 receptors in difflerént tissues

interact with S-14 and $-28 with different affinities

cbupled with the observed differences in

their biological

potencies strongly suggest the possible existence of 5-28

receptors distinct from those of S-14 (54). Initial .

studies by Reubi et al. (43) on the bindi
ligand prepared from an,§-28 analog ([Leu
Tyr25] S-28) suggested binding parametersg

receptors different from those of []ZSI-T

lig;nds have failed to identify distinct
(63-64). In vivo autoradiographic studies
that discrete areas such as the median en
receptors that bind preferentially [Leus,

Tyfzs] S-28 but not []ZSI-Tyr]]] S-14 (39

ng of a radio-
8,0-Trp22,]251-
. for rat bréin
_yr‘”] S-14.
hése two radio-
$-28 receptors
however suggest
inence may have

p-Trp22 125

—

.
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At a post-receptor level, the actions of Eomatostgtin

°

are known to be mediated via a cAMP dependent-and-
2+ ﬂ

independent (presumably involving Ca ions and inositol
triphosphate: IP,) mechanisms (Figure ‘B). S-14 is be]iev;d
to act at the\level of cAMP formation by inhibiting the~
adenylate cyclase enzyme. S-14 receptors.are coupled to .
the adehyiate cyclase via a guanine regulatory inhibi-
tory protein (N,) (27). Ln addition it has been shown that
S-14 receptor binding could inhibit adenylate cyclase
stimulation by a variety of agents (]83 27, 29). Moreover
the coupling of S-14 receptors with the adenylate cyclgse
was demonstrated to be GTP-dependent, and blocked by ‘
non-reducible anaiogs of GTP such as GMP-PNP (27, 29).
Therefore, nucleotides appear to be obligatory mediators
6f S-14;actions. Such an involvement of nuc]eotidés in
mediating hormone-receptor interactions has also been
demonstrated with binding sites for substance P (3, 58),
glucagon (31, 46-47), TRH (?1). CRF (40), and beta- |
adrenerdic receptors (34, 50, 67).

S P

Studies from Enjalbert et al. (13) indicate that
guanine nucleotides inhibit S-14 receptor binding in rat
brain and pituitary leading to a decrease in receptor

number without any alteration of the affinity while

4

4

~



Figure B:.

[l

Molecular mechanisms following sgnétostatiﬁ
receptor binding. (See text for details).
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adenine nucleotides were found to have no effect on $-14 "

- -

-receptor binding.

. By contrast'it was r?ported that in GH4C] cells{
guanfne nucleotides 1nhibited S-14 receptbr bindiné by

increasing the dissociation rate thereby decreasing the T
binding- affinity (56]). However, the modu]ation'of,the‘

binding of $-28 by these mediators in any of thesé systems —
has not been investigated Stud1es from Srikant and

Heisler (63) in AtT20 pituitary tumor cells have demons-

trated that the cAMP-dependent mechanism is more sensitive

to S-14 than to $-28 whereas the cAMP-independent pathway

is more seqsitive to S-28 than to S5-14. It is still not

clear whether thé‘diffe(ential potencies of 5314 and S-28

"arise due'to distinct binding sites or if these peptides,

acting via the same binding sites are\differentially
coupled to these processes. In order to determine if
distinct receptors for 5-14 and $-28 could be identified
by ﬁossible differénces in their sensitivity to nuéleo-

tides in direct binding studies, we investigated the .

)

modulat1on by gquanine and adenmne hucleotides of the

[]25 8 .D- Trp22 125, )

binding of - Tyr“] 5-14 and [Leu

N

Tyr2%] s-28..
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In addition, many receptor sysfems coupled .to Ac
(édenylate cycla§e) via‘ﬁf o} N (stimu]ato%y regu]atory
component of the guanine protein) are sensitive to ions
(5,-9-10, 23, 30, 33, 40, 73). Divalent ions (Mg2 \
panticulari have been shown to modify receptors to high
affinity codformat?on, guanine nucleotides reverse th?s
effect by converting the receptors to low affinity: forms
(3, 9, 23). To determine if such an effect occuns with
somatostatin receptors, we 1nVest1gated the modulation by
Mgz+ and other divalent cat1ons such as Ba2+, CoZ+, ‘Mn 2?,
and Ca2+ as well as by monova]ent cations: Na+,' * 'Li+ on

the binding of []251 Tyr'1] s-14 and [LeuB,D-Trp22, 1251

Tyr?51 s-28. S '

o
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Preparation of synaptosomal membranes:

AN

o

Brains were removed from adult male Sprague-Dawley
rats (150-160 g) immediately f0110w1ng decap1tat1on. The
cerebral cortex was dissected, homogenjsed with a Dounce
homogenizer under isoosmolar conditions in 20 mM Tr#s HCI
(pH = 7.5) containing 0.32 M sucrose. Synaptosomal
membranes were prepared accor@ing to Srikant and Patel
(60). Briefly, the homogenate was centrifuged'at 800 x g
for 5 min, in order to remove the nuclear debris. The
supernatant obtained was resuspended (n 0.32 M sucrose
buffer and\centrifuged at 10,000 x g for 10 min. The
resulting pellet containing the crude mitochondrial
fraction was‘resuspended in 0,32 M sucrose, apﬁ?ied to the
- top of a discontinuous Ficoll gradient (8-20 %) in Q.32 M
sucrose, and centrifuged at 63,580 x g for 30 min. in é
Beckman L5-65 u]tfacentrifugei Synaptosomal fraction
sedimenting at the Ficoll (16-12 %) interface, which h§d
been shown to contain the highest concentration of S-14
‘ }eceptor§, was collected apd hypoosmotically Iyéed by
swelling in 20 mM Tris-HC1 (pH = 1.5) évernight. This
procedure removed > 95 % of endogenous somatostatin which

was a prerequisite for demonstrating optimal binding of
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’

S-14 receptors. Membranes were centrifuged at 10,000 x g

the follo&ing day and the pellets obtained were resus-

‘pended in 20 mM Tris-HC1 ‘and stored in"fiquid nitrogen for

no more than 3 months until the day of use.

s &

Preparation of 'radioiodinated peptides:

‘" cation of the chloramine-T method using Na

Radioiodinated derivatives of [ '2°1-Tyr''] s~14 and

[LeuB,D-Trpzz,]251-Tyr25] 5-28 were prepared by medifi- -

]251 and

[]25 11]

purified by chromatography on Sephadex G-25 ( [-Try

S-14) or Sephadex G-50 ([Leu8,D-Trp22,]25I*Tyrzs] $-28)

(65). The specific activities of these two radioligands

[125 11]

were 1850 and 1050 Ci/mmol respectively for I-Tyr

$-14 and [Leu®,0-Trp?2,1251.7yr 257 5-28.

Equilibrium binding studies:

Somatostatin receptor binding was carried out as

described by Srikant and Patel (60). Briefly, membranes
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N - )
(30’;9) were incub;ted at 30°C for 40 min. with 0.1 nM"
('251-7yr117 5-14 unti1 equilibrium binding was achieved
in a 50 mM Hepes KOH buffer (pH = 7.5)’contéjning BSA (10
mg/mi), MgCl2 (5 mM), Trasylol (200 KLU/m1); bacitrﬁcin
(0.02 wug/ml1) and phenylmethylsulfonyl fluoride (0.02
ug/m1) (RRA buffer). Radioligand bound io the membranes
Qas separated by centrifugation (3000 x g %ér 5 min.).
Supsequently these membranes were washed twice with ] ml
of .50 mM Hepes KOH (pH = 7.5) containing 1 % albumin. The
radioactivity in the resulting pg]]et was quantitated in a
gamma spectroﬁeter. Specific binding was defined as\the
differen;e in the amount of radio]igénd.Qound in‘the
absence (total bindiﬁg) and presence (nop-specific
'binding) of 100 nM $-14. Competitive inhibition of the '
radioligand binding was questigated using unlabelled 5-14

over a concentration rahge varying from 10']0

M to 5 x
1078 M. Calculation of the binding data and determination
of binding parameters (Kd and Bmak) were performed by

Scatchard analysis with the aid of the computer program of

.Rodbard and Faden (45).

Binding studies using [Leud,0-Trp22,12%1-7yr25] 528
as the radioligand were carried out using the exact pro-

cedure described for [12%1-Tyr!'] s-14 binding.

AR
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Effect of nucleotides on the binding of []ZSI-Tyr]]] $5-14

and [Leug.D-Trpzztqzsl-Tyrsz §-28:

ot

To determine the effect of nucleotides on somatos-

tatin receptors in rat brain,'the,bindjngtpf EIZSI'TYFI]J

$-14 and [Leu8,D-Trp22,IzsI-Tyrzs] $-28 was assessed in

adﬁasence and absence of guanine or adenine nucleotides.

The nucleotides tested for their gffects on somatostatin
receptors were: GTP, GDP, GMP-PNP, cGMP, GMP, and ATP,

7 M'to 1073

cAMP, ADP -at concentrations varying érqm 10~ M.

To determine the nature of the effects of these nucleo-
tides, competitive studies using S-14 and S-28 vs []251-
Tyr]]] S-14 and [Leu8,b-Trpgz,]gsl-Tyrzs] $-28 were -

carried out in the absence or presence of 1074-M nucleo- .

N

tides,

4

. Kinetic studies: ) “ ' R ' :

+

A- Association experiments

Synaptosomal membranes were incubated at 30°C with

['251-1yr 117 s-14 or CLeu®,D-Trp?2, 12517y r257 5228

e



i

CNA

| 18
in the presence and absence of GTP or ATP (10'4 M),
At different time intervals during the approach to
equilibrium binding, the amount pf radioligand
-specifically bound was determined. The association‘

and dissociation rate constants of []25

8 22 125

I-Tyr 1] $-14
,0-Trp22 125 1_7yr257 5.28 binding were

and [Leu \

analyséd as pseudo-first order kinetics (24) defined

by the equation:

“where [Beq] = concentration of bound somatostatin at
equilibrium; [B] = concentration of bound beptide at
a given time t; [L] = concentration of the ligand;
kon = association rate constant; kOff = dissociation,
rate constant. v : *

The rate constani for the approach to equilibrium

(kobs.) was determined by plotting (l-tB]/[Beq]) as
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'

|
a function of time. In.the Etraight 1ine obtained,

- the half-time for approacﬁ to edui]ibrium corres-
ponded to the association rate constant‘- Kobs.
Moreover, becég;e of the linearity of the plot
(pseudo-first orgg; kinetics) the rate to appv'oau:h.~
equiIibrium was described by the differential

»

equation:

---‘t-'-“- = kOﬂ [H] [R] " kOff [HR]
dt

y

’~

where [H] = totaT hormone concentration; [R] =

receptor concentration.

Under these conditions, integration of this equation

results in: _ ) ' -

4

Kops = =7""""" > kon * Ko




-

B- Dissociation experiments

in which t 12 = time at which [HR]

half of its equilibrium value
\

Membranes were incubateq at 30°C wit
$S-14 or [Leﬁa,D-Trpzz,IZSI-TyrZSJ S-
brium binding was achieved. After in
.bound radioligand was pelleted by ce
washed twice with 1 m1 50 mM Hepes K
ning 10 mg/ml BSA, resuspended in a
the RRA buffer with the addition'of
peptide, GTP or ATP (10™% M); and re
30°C. At specified times, during 120
duplicate 100 ul aliquots were with
fuged and the radioactivity still re

the membrane-receptors was measured.

, ‘rate constant (koff) was derived fro

20

reaches one

™

A

h [125 1l]

[-Tyr
28 until equili-
cubation,

ntrifugation,

QH buffer contai-

large volume of

7

10" M unlabelled

incubated at

min. incubation,
drawn and centri-
maining bound to

The di'ssociation

m the equation:

I

membrane-

~



plot of [E]/[Beq] as a function of time gives a
stra&ght line, the slope of which corresponds to a

disso?1ation constant koff’ .

Therefore ﬁhqussocfﬁtion.cqnstant (kon) was _

calculated from: <

-~ .( 3 ' - : -G\_e
. - From association and dissociation ra constants, we

determined the affinity constant (Kp) by the equa- = _°

tion:
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Effect of jons on the binding of [1251- Tyr]]] $S-14 and
8 22 125

[Leu I-Tyr2%] s-28:

,D-Trp

]

To assess the effect of ions on'the‘bindﬁng of
[1251 Tyr]]] S-14 and [Leu8 D- Tr'p22 ]251 Tyrzs] S-28,
membranes were incubated with these radioligands in the

2* jons were omitted and replaced

RRA buffer from which Mg
with the various ions to be tested.

Monovalent ions (Na+,~K+, and Li*) were tested over
a concentrafion varying from 0 to 160 mM. Divalent .ions
(Ba2+; C02+, Mn2+, and Ca- -) were tested over a concen--~

tration range of 0 to 20 mM.

Effect of Ca2+ on b{nding affinities of S-14 and S$-28:-

-

2+

Because high Ca concentrations inhibited only the

b1nd1ng of [Leu®,D- Trpz2 125, Tyr25] S-28 without affec- -

[125

ting that of I-Tyr]]] $-14 (vide results), we inves-

tigated the effect of this divalent cation at 2 and 10. mM
concentrations on the competitive inhibition by S-14 and
8 22 125; 1,.25] 5-28 in

S-28 of the binding of [Leu®,D-Trp



a - -
~ order t0‘eva1ua£e the nature of this inhibition and to
determine if this would affect the potenci%s of 5-14~énd
S~2§ to compete against this radiotigand in relation to
o their affinities for ['2°1-Tyr''] $-14 binding sites.
- The binding affinity of the peptides and the relative
affinity o% 5-28, ¢bmpared to that of S=14—were calcu-
: lated as follows. The data obtained from the dose-
dependent inhibition of the radioligand by S-]§ and S-28
were analysed by the computer program of Rodbard ané Fad;n
(45). The pafaT]elism between the inhipition cu;ves of
f«;%44¥ﬂﬂd S-28 was analysed by an F-tést for homogeneity
and lines were checked for parallelism by a t-test using .

. this computer program. The relative affinities were
calculated from this program as well as the concentra- ;_
tion of each peptide required to effect 50 % inhibition of

‘

the rédiotigand binding.
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+

* " The binding of ['®°1-Tyr!'"] s-14 and [Leu®, D-Trp?2,

-;1251-Tyr25] S-28 to rat brain synaptosomal membranes
was specific and could be inhibited by S-14 in a dose-
dependent manner. Furthérmofe, using these two ligands,
similar binding paiameters wére obsgrveg: BmEx = 340 +

15 fmol/mg prot.; Ky = 1.2 + 0.3 a for ['221-Tyr!'] s-04
and B .. =320 + 20 fmol/mg prot.; Ky = 1.6 + 0.3 nM for

[Leu8,D—Trp22 125I-Tyrj25] S-28.. It has also been'ﬁeported

that both $S-14 and S$-28 compéte against these radioligands

- ' for their binding to rat brain membranes with similar

relative potencies (64)..

\
Effect of nué]eo}ides on []251-Ter1] S=14 binding:
. ‘ / . .

i

’ A -
’ - The b4ndin§ ofVEIZSI-Tyr]]] S-14 to rat brain mem-
O ,’branes was inhibitea by guanine nucleotides. As shown ‘in
" Fig. 1 (top panel) GMP, GDP, GTP, .cGMP, and GMP-PNP inhi-
b%ted the specific- binding of this radioligand in a dose-’
dependent mandier over a concentration range varying from

3 M. Maximal inhibition of the binding

Fa

A 1077 M to 10°

; rénging from 40.2 + 2.6 % to 66.0 + ZfO‘% was observed

Q= ) With guanine nucleotides at 10'3 M. The dose-dependent
fnhibitibn qf_the radio]igand'binding by~GM¢, GDP, GTP,

t

25 -
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4

Inhibition of the specific binding of []251-

Tyr1]] S-14 by guanine nucleotides (top panel)
and adenine nucleotides (bottom panel) to rat

\brgin synaptosomal membranes. Amount of []251-

Tyr]]] S-14 specifically bound expressed as a %
of maximum specific binding observed in the

absence '0F nucleotides is plotted as a function

of nucleotide concentration. Values. represent
mean + S.E. (n = 4). )
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and CGMP were parallel and the order of potenéy was CcGMP »

-7

GTP > GDP > GMP. At low concentrations f{(« 10~/ M), the

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

[125 11]

the other guanine nucleotides in decreasing [-Tyr

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

‘concentration tested (10‘3 M) was lower than that observed

with the other guanine nucleotides (40.0 + 2.6 % inhibi-
tion with GMP-PNP compared to =60 % inhibition with the
other nucleotides). ‘

AY
. L

Almongst adenine nucleotides ATP, CcAMP, gnd ADP
reduced t]ZSI-Tyr]]J S-14 b%nding in a dosewdépendent
fashion (Fig. 'T; bottom panel). ATP was the mogﬁ potent
adenine nucleotide followed by cAMP and ADP (47.1 + 0.9 %
and '56.0 + 0.8 % 57 3+ 1.2 % inhibition for ATP, CcAMP

\pd ADP reSpect1ve1y compared to control).

éffect of nucleotides on [Leu8,D-Irp22L]251-Tyr?5] S-28

binding:

A%

The binding of [Leu®,D-Trp%?,125;. Tyr25] 5-28 was
also inhibited by guanine nucleotides (Fig. 2; top panel).
GTP, GDP, cGMP, GMP, and GMP-PNP maximally reduced the

binding of thfs radioligand at 10’3 M (40.5 + 1.9 % to
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Fig. 2:

‘ .

R

Inhibition of the specific-binding of [Leu®,D-
Trpzz,IZSI—Tyrzsl S-28 by guanine nucleotides
(top panel) and adenine nucleotides (bottom
panel) to rat brain synaptosomal membranes.
Amount of [LeuB,D-Trpzz,]ZSI—T}rzﬁl S-28
specifically bound expré%sed as %\of maximum
specific binding observed in the absence of
nucleotides is plotted as a function of nucleo-
tide concentration. Values represent mean, +

S.E. (n = 4).
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‘ ! . .
4

65.2 + inhibition). GMP-PNP was more potent than cGMP >

GTP 'whi1e GMP even at maximum concentration zested had /

very 11tt1e effect on the binding of [LeuB,D Trp22 ]251 r<

25] 5-28.

il

Amongst adenine nucleotides ATP, EAMP, and ATP

reduced [Leu8,D Tr'p22 ]251 Tyr25] S-28*bihding in a dose-"

-3

dependent manner from 107/ M to 1073 (fig. 2; bottom

panel). Maximal inhibition observed in the presence of

these nucleotides was only 36.8 + 2.0 %. cAMP and ADP were

8 22 125 25]

almost equ1potent in inhibiting [Leu”,D-Trp I-Tyr

S-28 binding whereas ATP had almost no effect on the spe-
cific binding of this radioligand, even at the highest -
concentration tested (8.2 + 0.9 % inhibition at 1073 M).

2

To determine the nature of the inhibition of the .-
22 ]25

binding of ['221-Tyr'1] 5-14 and [Leu®,D- Trp
Ty 25] S-28 by adenine and guanine nuc]eot1des, we
investigated the competitive inhibition of the binding of
these radioligands by S-14 in thé absence and presené@ of
nucleotides. Scatchard analyses of the @inding data, in _
presence and absence of GTP and ATP (10'4 M) (Fig. 3)
revealed Fhat this inhibition was due to a decrease in the

number of binding sites without any concomitant change

in affinity. ATP effected greater reduction %n Bmax of

14
1

4

S S
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69’)

w
\

Effects of GTP and ATP (10- M) on the'competitfve
inhibition .of the binding of . []251 Tyr]]] S-14
(right panel). and [Leu »D- Trp22 ]251 Tyr25] 5-28

T (left panel) ;o rat brain synaptosohal membrane.
" .receptors by unlabelled peptide (S-14). Data
represent means of 4 experiments. in duplicate:
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[1257-7yr'1] 5-14 binding sites than GTP: 183 + 15-and 227

+ 18 (p < .001 and p < .01) respettively compared to 340 +

8

15 fmol/mg for control. The reduction in Bhax ©f (Leu”,D-

X
Tﬁpzz,]ZSI-Tyrzsl $S-28 binding sites was greater in pre-

sence of GTP than with ATP (145 + 10 and 228 + 16 (p <
.001) respectively compared to 320 + 20 fmol/mg for

control (p < .001)). As shown in Table 1, all guanine T\\
nucleotides reduced the number of binding sites interac-

8 22 125 25] F

ting with []251-Tyr]]] S-14 and [Leu”,D-Trp©®, I-Tyr

S-28 the order -of potency being: GTP > GMP-PNP > GMP = GDP =

cGMP for []25I—Tyn]]] S-14 binding sites. GMP, GDP, and

8 22

GMP-PNP produced comparable inhibition of [Leu”,D-Trp®",

IZSI-Tyrzs] $S-28 binding sites but were less potent than
GTP and c¢GMP. Amongst aﬁeﬁine nucleotides, ATP was more

potent than ADP & cAMP for reducing []251~Tyr]]] S-14

binding 'sites and cAMP > ADP > ATP  for reducing [Leu®,.
D-Trp22,1251.1yr2%] 5-28 binding’sites respectively (Table
2).
, a
\ ’ ?
5' -
L
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" Table 1:
EFFECT OF GUANINE NUCLEOTIDES.ON ['Z91-Tyr!!1 s-14 And
. [reu®,p-Trp?2,1251-7yr%%7 5-28 BINDING SITES IN RAT BRAIN
k s
Bmax (fmol/mg) )
NUCLEOTIDE (M) - [1251-1yr1h s-14 [Leu®,D-Trp22,1251 1yr25] s-28
' BINDING SITES BINDING SITES

NONE ‘ 340 + 15 320 + 20
GTP ﬁ p o227 + 18* ' , | 145 + 10%
GMP-PNP _ 250 + 10* | C . 161 + 10%
6P 283 + 10% : 156 + 18+ |
CGMP S 285 + 17% 140 + 13+
GMP © 2767+ 20% -7
MEAN + SE, n=4 o I R
*.p <.01 , R . s A j“ TR L

S€



Table 2: | K
EFFECT OF ADENINE NUCLEOTIDES ON t]zsl Tyr'11 s-14 AND ~
”[Leua,o-Trp?Z,'ZSIaTyrzs] 5-28 BINDING SITES IN RAT BRAIN ‘
~ o - . : Bmax (fmol/mg)

"NUCLEOTIDE (M) (1251797179 5214 | [Leu®,D- Trpzz 125, Tyr25] 5-28
S " BINDING SITES * ' " BINDING SITES

NONE . SRER 1T IR S © 7320 + 20

ATR . 183 4 15%x 228 + 164
Coeawp - 258 + 14% ' - 196 + 2%%
AP . 240 + 15% |

. IR - 3

MEAN': SE, n = 4 . - . |

. p<.01 .- = - .

* p<.00l - o f - '

9¢
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Kinetic studies:.

'.(Tablé 3).

To determine if-adenide and guanine nucleotides alter
the association and dissociation rates of these receptors,
kinetic studies were carried out in the absence and pre-

P

sence of nucleotides. Addition of nucleotides increased

both association and dissociation rates of []ZSI-Tyr]]]

s-14 and [Leu®,0-Trp22,1251-1yr25] 528 binding (Figs 4
5). However this increase was found to be non-significant‘
Dissociation constants (KD) éa]cufated from these kinetic
studies were comparable to thesé derived from Scatchard

analyses:-1.0 + 0.3 95 1.2 + 0.3 nM ih presence of GTP for

EIZSI-Tyr]1],S-14 binding'and 1.1 + 0.2 vs 1.6 + 0. 3 nM in

. presence QF GTP fonr [Leu8 D- TrR22 ]251 Tyrzs] S-28 b1nd1ng

fm'—" .
|
"3
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Fig. 4:

Rate of.bin&ing of somatostatin receptors in rat
brain membranes in the absence or presence of
107% M 6Tp. ‘Specific binding of ['221-Tyr!']

S-14 (top panel) and [LeuB,D;Trpzz,]ZSI-Tyrzs]

S-28 (bottom panel) was plotted as a function of

time. Bt = specific binding at time t; Bmax =
specific binding at equilibrium. Data represent:
mean +- S.E. - (n=4). - -
/

———— - —
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Rate of dissociation of receptor bound radioli-:’ .
gand from rat brain synaptosomal membranes in the

absence or presence of 10°% M 6TP. Following
equilibrium binding, the binding medium was
removed (t = 0) and 2 ml of fresh buffer -with or
without addition of 10°% M GTP. The amount of
[Leu8,D-frp2?,]251-Tyr25] S-28 (bottbm panel)
remaining bound at different times (B) was
determined. The 1n of the ratio of B/Beé was
plotted "as a function of time. Values represent
mean + S.E. (n = 4). _ A
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Table 3: .
EFFECT OF GTP ON RATE AND EQUILIBRIUM CONSTANTS OF
121 7y0 117 s-14 AND [Lewd,D-Trp22,125] 1,257 5.08
BINDING TO RAT BRAIN MEMBRANES
Kon Koff kobs
[1251 7yr11y 5214 (x 106%™ s 1) (x 10%s™ 1y (x 10%s77)
CONTROL 5.1 + .7 5.0+ .6 5.0+ .6 1.0+
GTP — 6.7 + .5%% 6.6 + .3%* 6.6 + 7% 1.0 +
[Leu®,p-Trp22, 1251 7,257 <_pg
CONTROL © 5.8+ .2 . 6.5+ .2 6.5 + .5 1.1 +
6 + 2%+ 6.0 + .2%* 6.0 + .5** 1.1 &

GTP | - s,

MEAN + SE, n = 4: . :

* EQUILIBRIUM DISSOCIATION CONSTANTS SHOWN IN
o p o< -

PARENTHESES CALCULATED FROM

+ .2 (1.6

kd|

(nM)

2 (1.2 + .3%)
.3 (1.2 + .3)

I+

.3)
.3)

| +

.2 (1.6

| +

SCATCHARD ANALYSES.

1A

-
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Effect of monovalent cations on []ZSI-Tyr{]J S-14 and

CLeud,D-7rp?2, 1291791257 5-28 binding:

!

Amongst monovalent cations; K+, Na+, and Li”
inhibited ['2°1-Tyr'1] 5-14 binding in a dose-dependent
fashion over a concentration raﬁge varying from 0 to
160 mM (Fig. 6; top panel). Maximal inhibition of []251-
Tyr1'] $-14 specific binding (from 60. + 1,9 % to 84.5 +
2.0 %) was.observed with a]l'monova]ént ions at 160 mM.

,Li+ and Na® were more potent than K+ in reducing [1251-

Tyr'11 s-14 binding.

\ » «
The binding of [Leu®,D-Trp22,'251-7yr257 .28 was

also decreased by monovalent ions (Fig. 6; bottom panel).
At low concentrations, Li_ markedly reduced [LeuB,D;TFpZZ,
]251-Tyr251 S-28 binding. However, no further reduction of
the binding of this radieligand was seen at high concen-
trations of Li*. In addition, k* had. a greater inhibitory
effect than Na+/j75.0 i 0.9 % vs 60.1 + 1.2 %) on the

binding of [Leu®,0-Trp22 1251 1,257 s_23.
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Effect of monovalent cations on the specific
binding of []251 Tyr]1] S-14 (top panel) and bf
[Leu8 D- Trp22 125, Tyr25] S-28 (bottom panel) to
rat brain synaptosomal membranes. Amount of the
radioligands specifically bound in presence of
ions expressed as %_gf specific bipding observed
in the absence of ions is plotted as a.function
of ionic concentratiqd. Values represent mean +
S.E.(n = 4). J



['251-Tyr' ]S~ 14

L
- O
1

3
O
T
-
Z
-8
o 20-
o -
8
a 0
2 o
100 :
C . o ' [Leu®D-Trp??, 12°1-Tyr*°]s~28
o .
< 80-
0
6! .
a 60
<
o
' - 40-
" 20
_ ‘ -~ 0 { T T T T ] T 1
% | | 0 40 80 120 160
x ION [mM]



Effect of divalent. ions on [1251 Tyr ] S-14 and .

e

[Leug,D Trp22 ]251 Tyrzsl S- 28 b1nd1ng

)

Amongst divalent ions Mg2t, CoZ¥, mn*, Bal', and

"ca?* increased ['2%1-Tyr'11 5-14 binding (Fig. 7, top.

panel) in a dose dependent manner. At low concentrations
(= 2mM) all of these ions increased the specific binding

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

these concentrations; the order of potency was Ba2+>
Ca2+> Mg2+ = C02+ > Mn2+»(Fig. 7, top panel). However at
higher concentrations fup to 20 nM) Ba2+ decreased

['2%-1yr!1] 5-14 binding and Co?* inhibited the binding

of this radioligand below the basal binding (Fig. 8; top

panel). In contrast, stimulation of the binding of

[]251~Tyr]]]'é—14 by HgZ+, ca’t 2* remained sus;

2+

, and Mn

tained (1.7,_1.8,‘aﬁd 0.7 fold for MgZ+, Ca

-

, and MJZt

respectively) at high concentrations (up to 20 mM).

8 22 125

I- Tyrzsl 5-28 was also

increased by low concentrations of M92+, Ca2+, and Ba2+,

2+ 245 wn2* > wg2t,

The b1nd1ng of [Leu ,D-Trp

an*, Co® . The o}der of potency was: Ca

Ba* > co?*(p < .001) (Fig. 7, bottom panél). Although
> ¢ | _ nous

\

&
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v

. S~
Fig. 7: Comparison of the stimulatory effect of "2 mM
conceéntration of divalent cations on the bindi ng
of [1251\-Tyr”] S-14 (top panel) and .[LEU‘a,D‘

22 125 25 \
Trp©©, ““I-Tyr©”] 5-28 (bottom panel) to rat
brain synaptosomal membranes. Valués represent

-mean + S.E. (n = 4). (*: p <.001). '

)
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Fig. 8: Effect of divalent cations on the specific
‘binding of [lZSI-Tyrlll S-14 (top panel) and
(LeuB,D-Trpzz,lzsl-Tyrzsl S-28 (Bottom panel)

~ 'to rat brain synaptosomal membrfanes. Amount of
o e "Fhe radioligands specifically bound expressed as
B ‘ % of maximum specific binding observed in the
' absence of these ions is plotted as a function

Yes . . ~ ‘
6f donic concentration. Values represent mean +

e S.E. {n d 4).
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s

low concentrations of Mn2+, Co

8 0-1rp22,1231-1yr2%] 5-28 binding (1.0;-0.1; and 0.5

2+k and Ba2+‘increa§ed_

fLeu
fold respectively) concentrations of these ions exceeding.
4 mM reduced the binding of this radioligand. Stimulation
of [Leu® 22 1251 71,0257 5.28 binding by Mg2* (0.7

fold) was sustained even at maximal concentrations of this

»D-Trp

ion { =20mM), however ca?t at high concentrations inhi-

bited the binding of [Leu®.D- Trp22 125, Tyr25] 5-28.

8 22

,D- Trp

Effect of Ca2+ on ['251 Tyr'17 s-14 and [Leu
125 Tyrzsl 5-28 binding: |

"
- ‘
. 3

Since differences in the binding of these two radio- ,
2+

ligands were Ubserved.only with Ca at high éoncehtra:
tfone, we deeided to investjgafe the effect‘qf thi§
divalent ion on total, -specific and non-specificlbinding
over a wider range of concentration (feom 1 uM to 20 mM).'
Fig. 9 illustrates that although the total b1nd1ng of
[]25 ]]] S-14 (top panel) remained constant, the non-
specific binding of this radioligand decreased at high

2+

Caz+ concentrations. In presence of 20 mM Ca“ the non-

specific binding corresponded only to 42.5 + 2.9 % of the
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%

Effect of Ca2+ ions on'the binding of ]251-
Tyr]]] S-14 (top panel) (Leus,D-Trpzz,lzsl_

Tyfzsl S-28 .(bottom panel) to rat brain

synaptosbma{ membrane recepforé. Specific
binding represents the difference between the
amounts of radioligand bound in the absence
(total) and p}esence (non-specific binding) of
1077 M unlabelled S-14, Values represent mean *
S.E. (n = 4). '
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total binding of this radioligand..In a similar way, the »

non-specific binding of [Leu8 D- Trp22 ]251 Tyr25] 5-28

(bottom panel) was altered by high concentfations of Cazf

ions (39.2 + 2.3 % compared to the total binding). In
2+ '

’

addition Ca concentrat#ons-greater than 4 mM had a

tendency to reduce the total biﬁding of this radioligand.

4

2%on binding affinities of S-14 and $-28:

Effect of Ca

<}

g Competitive inhibition studies 'in presence of Ca2+

at.2 mM and 10 mM demonstrated that the relative potency

8 22 125

“of S-14 to inhibit [Leud,D-Trp I-Tyr25] 5-28 binding

was 4 times greater at 10 mH Ca (F1g 10, top panel). By
1])

1

.,

" contrast, the potencies of $-14 to inhibjt‘[]ZSI-Tyr

2+

S-]A binding was not influenced by these Ca concentra-

‘tions (Fig. 10, bottom panel). ﬁdditionaf]y, the relative
potency of S-28 to inhibit []ZSI-Tyr]]] S-14 or [Leu8,

22 2+

,I-Tyr2%] 5-28 was oot -altered by change in Ca
22

D-Trp

concentrat1on (F1g 11). The number of [Leu8 D-Trp

]251 Tyr25] S-28 binding sites ca]cu]ated from compet1t1ve

’b1nd1ng studies-using S- 14 in presence of Ca2+ was: 158 +

61 and 399 + 35 fmol/mg at 10 mM vs 2 mM respectively.
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w4

There.was no change in the concemtration of these - .

/

recebtors calculated from binding studies using §-28’(300

+ 55 vs 299 + 47 fmol/mg at 2 mM vs 10 mM Ca2+ respec-

-

ti@ely (Fig. 12). Finally there’'was no change in the

number or the affinity of ['2°I1-Tyr''] S-14 binding sites
B

using either S-14 oF 5-28 as unlabelled peptide (Fig. 13).

¥



56

Fig. 10:' Effect of Ca’’ on the inhibition by $-14 of the
| specific binding of []251;Tyr]]] S-14 {top panel)
and ['Leu®,D-Trp22,12%1-1yr2%1 5-28 (bottom panel).
Competitive inhibition data obtained from equilibrium
binding studies: are expressed as Logit B/B,
(where B and B, represent the amounts of radioc-
ligand specifically bound in the presence and
absence of un]abglled peptide respectively) as a

function of the peptide concentration. Values. '
represent mean + S.E.
(n = 4).

x i
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Fig. 11

-

Effect of Ca’* on the inhibition by S-28 of the
specific binding of [125;- Tyr]]] S-14 (top
panel) and (Leu8,D Trp22 ]251 TyrZS] S-28
(bottom panel). Competitive inhibition data
obtained from equilibrium binding studies are

&

expressed as'B/B0 (where B and B, represent the -

amounts of radioligand specifically bound in the
sresence and absence of unlabelled peptide
réspective]y) as a function of the peptide
concentration. Values represent mean + S.E.

(n =-4). ‘
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Fig. 12:

7
’ e
* \‘,/—w

‘Combarajson of Scatchard plots showing the

effects of 2 and. 10 uH‘§a2+,on the competitive

inhibition by S-14 (left panel) and $S-28 (right

panel) of the binding of (Leus,D-Trpzz,lzsl-

Tyr25] $-28 to rat braim synaptosomal membranes..

Values represent means of 4 experiments in
duplicate.
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Fig. 13: Comparison of Scatchard piots showing the

" effects of 2 and 10 mM Ca’* on the competitive
inhibition of S-14 (left panel) and S-28 '
_(rféht panel) of the binding of []251-Tyr]]]
S-14"to rat brain synaptosomal membranes. Data
represent means of 4 experiments in duplicate.
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Effects

of nucleotides on []251-Tyr]]] S-L&;and~[teu82

0-Trp22 1851 1yr257 5-28 binding:

5

The specific binding of ['2°1-Tyr11] s-14 to rat

brain synaptosomal membranes was inhibited by both guanine'

65

and adenine nucleotides. The inhibition of the binding of

this radioligand was dependent on the nucleotide concen-

tration

city of

binding

kinetic

nor the

data provide further direct experimental evidence for the

lack of

and resulted in a reduction in the binding capa-
the receptors. The affinity of [1221-Tyr!1] s-14
sites was not altered by the nucleotides. From

studies it was seen that neither the association

diséociatjon rates were significantly altered by

the presence of adenine and guanine nucleotides. These

nucleotide-dependent éhange in affinity of these

receptors. This study also provides the first direct

evidence that nucleotides inhibit the binding of labelled

S-28 analog to rat brain membrane receptors for somatos-

tatin. Both groups of nucleotides inhibited the binding

[Leud,D-

Trp22 ]ZSI-Tyrgs] S-28 resulting in a réduction

the number of binding sites for this ligand without any

alteration of the affinity of [Leu

22 125

8 p-Trp22,1251 1y,

25]

of
of

S-28 binding sites. With this radibligand also no nucleo-

tide-induce&\change in association or dissociation

kinetics of binding was observed.

i

|
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b ..

While both adenine and guan1ne nuc1e0t1des reduced

8,D Trp22 ]251

the binding of [12%- Tyr]]] S- 14 and [Leu
Tyr29] s-28, the extent of inhibition of binding of these.
radioligands by these nucleotides revealed striking

differences. Adenine nucleotides appeared to Se less

~effective than guanine nucleotides in reducing [Leu8,

D- Trp22 125, Tyr25] S-28 binding. By contrast, (1251
Tyr' 17 5-14 binding sites were a]most\equally affected by
both groups of nuc]eotiqés: Furthermore, the number of
receptors sites'for the two ligands was différentia]\w
altered by guanine nucleotides. GTP was more potent than

GMP-PNP > GMP = GDP = CcGMP in decreasing ['221-Tyr''] s-14

0

binding sites while cGMP was more effective than GTP > GMP

8 p-1rp22,12511y¢25) 5-28

=GDP = GMP-PNP in reducing [Leu
binding sites. Differences in the effect o?\adenjne
~nucleotides on the binding of these radioligands were also
evident in that ATP was more potent than ADP and cAMP in
reducinhg []251~Tyr]]] S:14 and ADP was about equipotent to

8 22 125I Tyrzs] s-28

cAMP and ATP in reducing [Leu ,D-Trp
binding sites. These studies demonstrate that the binding
of these two radio]igand§'to rat brain membranes is ,
differentially sensitive to adenine and guanine
nucleotides and suggest that the bindigg of 5-14 and 5-28
to somatostatin receptors could be differentially modula-

ted by nucleotides.
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‘_There are only three reports in the literature
dealing with the effects of nucleotides ¢n somatostatin
receptors. In two of these studies, the effect of nucleo-
tides was assessed on the binding of N-terminally labelled

(125 125

I-Tyr S-14 and I-Tyr1 $-14) and con-

S-14 ligands
tradictory conclusions were reached (13, 28). Enjalbert et
al.-(13), réported that the modulation of guanine nuc]eo;
tides on the binding of ['251-Tyr] s-14 to adenohypophy-
seal and cerebrocortifa1 membranes fésu]ted in a reduction
in éhe binding capacity without significantly affecting
the éffinity, which is in agreement with the present
findings. It was also fo&nd by‘these workers that [1251-
Txrlg S-14 binding sites in rat brain and pituitary were
insensitive to adenine nucleotides. This is in sfriking
contrast to our finding that adenine nucleotides cause a

marked reduction in []ZSI-Tyr]]] S-14 bindfng in rat

brain. The $-14 receptors in GH,C, cells (28-29) unlike

those in normal C(issues were found to respond to guanine
}

nucleotides in a different manner. In presence of GTP, the
specific binding of []251~Tyr]] S-14 in GH4C] cells de-
creased primarily due to a decrease in affinity. This
change in affinity was a consequencé of an increased

dissociation rate. These authors postulated that guanine
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nucleotides may regulate the interconversion of low and
high affinity states of the somatostatin receptor (28).
Thus the tumor cell $S-14 receptors appear to differ signi-

1

ficaﬁt]y from those in normal rat tissues. The reasons for
the observed dif;erences in normal tissues compared to
tumor cells are not clear and may be due to the use of
different radio]igaﬁds. It is well kngwn,that N-terminally
labelled S-14 ligands are hore sucgptib]e to proteolytic
degradation (37) and it is likely that the extent of such

degradation_ and its sensitivity to nucleotides may differ

between tissues.

The inhibitory effect of guanine nucleotides on the

[]ZSI-Tyr]]] S-14 to somatostatin receptors in "

binding of
rat pancreatic acinar cells has also been reported (66).
In this ti;sQe also a reduction in the number of receptor
sites with no change in affinity was observed. Additio-

()“
nally, adenine nucleotides were found to have no inf]uence

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

' receptors in the rat brain and exocrine pancreas are

distinctly different in their regulation by nucleotides.
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-Nucleotide'inhibition of receptor binding has been
demonstrated for a numbe; of ,other peptide hormones and
neurotransmitters. In the majority of these cases, guanine
nucleotides appeared ' to -facilitate dissogiation of bound
ligand resulting 1in reduced equilibrium binding as it has
been shown for CRF (40) and TRH (21). In addition a direct
effect of these nucleotides in reducing the concentrat.ion
of high affinity receptors has also been documen}ed with
beta-adrenergic recepfors (25). The somatostatin receptor
in rat brain épﬁear to differ from these receptors in that
guanine nucleotides do not alter their’affinity/or
dissociation rate but only the number of recéptor sites.
This 1is not unique since in the,casg of substance P
recepfors, nucleotide-induced reduction in receptor con-
centration in rat smﬁl] intestine has been reported (58),

while it should:-be pointed out that in submaxillary glands

nucleotides altered the affinity but not the number of

substance P binding sites (3).

It has been postulated that guanine nucleotides, more
precisely GTP, inhibit agonist binding to receptors

coupled to the catalytic subunit of the adenylate .cyclase.
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via either NS or N. by converting these regeptors from

3
high affinity to low affinity forms. Such interconversion

has been demonstrated for a number of receptors including
those for glucagon (31, 46-47), beta-adrenergic agents

(34, 50, 67) as well as muscarinic agonists (5,63). In all

!

of these systems it appears that the nature of the effect

of gquanine nucleotides in changing receptor affinities

2* ions. Williams et al. (73)

2+

requires the presence of Mg

postulatedrthat addition of Mg triggered an increase in

-agonist binding while this increase was abolished by

guanine nucleotides. Although somatostatin receptors have
been shown to pe coupled to Ni and a GTP-dependent
interconversioﬁ of high and low aff1hity forms hés been
postulated for §omatostafin receptors in tumor cells (56)
this was not observed in normal rat brain. One cannot
however rule out the interdependent effects of Mgz+ and
nuc]eot{des on somatostatin receptors; nevertheless such

reciprocal heterotropic effects of divalent ions and
LR

- guanine nucleotides on somatostatin receptors could not be

evaluated because of low binding of somatostatin receptors

‘in rat brain in the absence of divalent ions.
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The effect of nucleotides on labelled S-28 ligand has.

_been investigated only in rat brain membranes. A number of

studies have raised the possibility fhat $-28 binding
sites distinct from those of S-14 may exist. The strongest
evidence for this comes from autoradiographic studies {(39)
but ha; not been confirmed in direct binding studies using
the labelled $-14 and S-28 ligands employed in this study.
We have demonstrated %or the first time that the binding
of ['2%1-Tyr'17 5214 and [Leu®,0-Trp?2,1251-7yr25] 5-28

are differentially sensitive to nucleotides providing

support to the concept of distinct S-14 and S-28

receptors. The possibility that the changes in local

concentratibns of nucleotides may determine the extent of

“interaction of these receptors with S-14 and S-28 in

discrete anatomical regions should also be,coﬁside?ed.
Similar differences in other tissues may exist End further
studies using these ligands are clearly required to
establish the role of nucleotides in regulating the

receptor binding of S-14 and $S-28 in these tissues.
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‘ { '
]251-Tyr25] S-28 to raﬁkbrain membranes was also influen-
u

‘sustained stimulation of []ZSI—Tyr]]] S-14 and [Leu

Effect of monovalent and divalent cations on []ZSI-Tyrll)
'5-14 and [Leu®,0-Trp?2,1251-7yr2%] 5-28 binding:
" The binding of []ZSI-Tyr]]] S-14 and [Leua,D-Trpzz.

-

ced by the ionic milieu) Both radioligands exhibited lower
binding in the presence of monovalent cations. Li* and Na¥

(125 1yr!1y 5-14
22 125

were more potent than k¥ in reducing

binding but in the case of [Leu8,D Trp I- Tyr25] S$-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 [Leu8 D-

Tr p22 ]251 Tyr25] S-28 to a greater extent than Na+'
whereas Na® was more effective than K’ in inhibiting
[1251-1yr'1] 5214 binding.

Addition of divalent ions (2 mM) increased the
binding of these radioligands to rat brain membrane recep-

tors; []ZSI-Tyr]]] S-14 binding-being~more sensitive to

2+ 2+ 2+ 8 22 125

Ba“", Mg“", and Co 25y

compared to [Leu ,D-Trp I-Tyr

2+

S-28 binding whereas low concentrations of Ca were about

equipotent in increasing the binding of these two ligands.

+ )
2 caused a

8

At higher concentrations (of up to 20 mM}, Mg
» D=
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’

Trpzz,]ZSI-Tyrzsl S-28 binding. However, in striking con-
trast to its effect on []ZSI-Tyr]]] S-14 binding, Ca2+
when present ét concentrations exceeding 10 mM markedly

reduced the binding of [Leu8,D-Trp22,]ZSI-Tyrzs] 5-28.

In other systems, such as beta-adrenergic receptors,
divalent ions have been reported to increase the affinity
(73). lon-dependent increase in receptor number without
any change in affinity as been shown with substance P
(30). There is also 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 Mgg+ may also alter the equilibrium between
low and high affinity states as has been demonstrated in
the case of muscarinic receptors (33). Evidence for an
ion-dependgnt conformational change has also been observed

with TRH receptors in GH4C] cells (21).

The differential sensitivity of the binding of
(1251 1yr'1] 5-14 and [Leud,0-Trp22,12571 71,1257 528 to
h%gh cal® concentrations led us to carry out more de-

2+

tailled studies on the role of Ca in modulating the

binding of these ligands. It was seen that the increase

e
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in binding of []251-Tyr]]] S-14 in presence of cal® was

found to result from a decrease in .non-specific binding

without the total binding being affected. By contrast, in

8 22 125

the case of [Leu”,D-Trp~%, I-TyrZSJ $-28, in addition to

the observed decrease in non-specific binding, high con-

2+

centrations of Ca ions also tended to inhibit the total

2+

at > 10 mM concentrations selectively
8 ' 25]

binding. Thus Ca

22 125

reduces the specific binding of [Leu",D-Trp“®, I-Tyr

[125

$-28 but not that of I-Tyr 111 S-14. It is well known

that both endo-and exopeptidéses are associated with these
synaptosomal membranes (8). In previous-studies reported
from this laboratory it was shown that such degradation 3
can be m{nimized by proteolytic inhibitors included in the

receptor assay buffer containing Mng (60). Récently

Esteve et al. (15) reported that the bindihg of [12°I-

[125

Tyr' 17 s-14 but not I-Tyr'] 5-14 to guinea pig brain

and pancreatic acinar cell membranes was increased in

2+

presence of low Ca concentrations. Similar increase in

——a

binding of []251-Tyr]]] S-14 to rat pancreatic acinar cell

2+

membrane receptors following addition of 0.1 mM Ca has

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

present data strongly suggest that Ca2+

augments the
efficacy of proteolytic inhibitors, particularly that of

endopeptidase, and help minimize the degradation of



" some degradation in the absence of Ca

kionic milieu, particularly changes in Ca
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-

£1251-Tyr]]] S-14 under experimental conditions. Although
the S-28 analog used in this study, was a conformationally

restricted and stable analog, it was also seen to uﬁdergo

2+, as evidencéd by

the high non-specific binding which decreased when Ca2+

was 1nc1ud§f in the assay buffer. Thus divalent ions

&

appéér to phgmote ligand stability and specific b1nd1ng 1n

the case o{ ﬁLeu ,D- Trp22 ]251 Tyr25]5-28 also.

«

The present study has also shown that alteration in

+ .
2 concentration,

selectively alters the ability of S-14 to interact with

? )
[Leu ,D- Trp‘2 125 Tyrzs] S-28 binding sites in rat brain.

8 22

It was found that the affinity of S-14 for [Leu ,D-Trp

]ZsltTyrzs] S-28 binding sites was directly proportional

2+ concentrations, Scatchard analysis of the dose4

8 22 125 25]

to Ca

dependent inhibition by S-14 of [Leu~,D-Trp I-Tyr

S$-28 bindin'y revealed that the increase in affinity of

S-14 was accompanied by a decrease in .1e capacity of

8 22 125

[(Leu”,D-Trp I- Tyr25] S-28 binding sites. Surpri-

singly, competitive binding studies with $-28 revealed no

2+ 8 22 125

Ca dependent change in the number of [Leu”,D-Trp©", I-

f
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Tyr29] 5-28 binding sites as well as in the affinity of
this peptide for these sites. Such Ca2+-dependent changes
in the interaction of S-14 or S-28 were not observed with

[1251-7yr 117 5-14 bindingusites.

L)

In conclusion, the present study has provided evi-

dence for the differential sensitjvity to adenine and

2+

guanine nucleotides as well as to Ca“’ ions of the binding

of\ lZSI-Tyr]]] S-14 and [[eus,D-Trpzz,]251—Tyr25] S-28 to

rat brain membranes. These data do not however provide

direct evidence for distinct S-14/5-28 receptors. If

indeed two pogu]ations of receptors exist, extension of
this stﬁdy should lead to delineation of the condition;
for identifying such receptors in direct binding studies.
It is possible that both S-14 and S-28 act via the same
receptor sites but may be differentially sg&ﬁitive tlo
nucleotides and jons. Further studies should lead to a
better understanding of the receptor binding and biolo-

. . -
gical potencies of $S-14 and $-28. P
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' D IAL EFFECTS OF GUANINE AND ADENINE NUCLEOTIDES' ON (1B 1-ryrll] s-14
. _ and [Lau®, D-Trp**, 1251-1yr25] 5-28 BINDING SITES IN RAT BRAIN.

ALBERT DAHAN and C. B. SRIRANT
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.

Sbmatostacin receptors in rat brain synaprosomal membranes have been quantitared us-
ing radioiodinated derivativas of scmatostatin-146 ([ 1251-Tyrll] s~14, T* 5-14) and mo-
matostatin-28 ((Leud, D-Trp22, 1251.1yr25] s-26, LIT* §-28). To determine whether these
radioligands are differentially sensitive to nucleotides, va investigated the effects of
guaninn' and adenine gucleotides on thair b'i.nding. Both groups of nucleotidas produced
concentration-dependant inhibition of the radicligands. The maximum inhibition (v 50Z)
of T11 §-14 binding wvas cbserved with all nucleotides at 10~3 H concentration whereas
adenine nucleotidas wara less effective than guanine nucleotides {n inhibiting LIT* S-28
binding (36 and 50 respectively). The non-reducible GIP? analog GMP-FPNP was more potent
than GIP, The abiliry of adenine nucleotides to inhibit the binding of these radio-
ligands howover shovad marked dfffarencas: ATP » ADP = cAMP for T* S~14 and cAMP > ADP >
ATP for LTT” 5-28. The inhibitiom of the binding resulted in a decrease in Bmax without
any change in affinity of the receptors. Tha decreage in Bmax of LTT* 5-28 binding sites
vas greater in the presenca of GIP than ATP (10~% M) (145 4 10 and 228 + 16 (p < 0,001)
respectively compared to 320 + 20 fmol/mg for control). By contrast AIP effected greater
reduction in Bumax of T* S-14 binding sites than GTP (182 4 15 and 227 + 8 (p < 0.01) re-
spactively compared to 340 + 15 fwmol/mg for control). We conclude that (1) LTT* S-28
binding sites in rat brain are wore sensitive to guanine nucleotides than adenine nucleo~
tides. (2) The decresse In Bmax of LIT* S~28 in presence af GIF is greater than that in-
duced by ATP. (3) Both GIP and ATP decreasa T" S-14 binding sites to the same extent.
(4) The affinities.of T* 814 and LTT* $-28 binding sitas avre not altered by nucleotidas.
These dara indicate that T"5-14 and LTT* S~28 are differsncially sengsitive to guanine and
adenine nucleotides and suggest that the potencies of S-14 and 5-28 may be nucleotide
dapandaent. ' .
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