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Identification of the ligand binding domains of the somatostatin (SRIF) receptors may facilitate the rational development of new
SRIF ligands. To identify ligand-binding domains of sst; and sst,, we tested a series of chimeras. Using site-directed
mutagenesis, we found that to bind with high affinity to sst,, the sst; agonists MK678 and SMS-201-995 require a four amino
acid sequence (FDFV) at the border of the third extracellular loop and transmembrane 7. Transference of residue 294 in msst, to
ssty conferred onto sst, the ability to bind SMS-201-995 and other octapeptides. Cyclic peptides with a phenylalanine adjacent
to the p-Trp appear to interact with Phe?®* of sst,, whereas hexapeptides with a tyrosine adjacent to the p-Trp, such as MK 678
and BIM 23027, did not interact with the Phe?%%. We have recently identified a peptide that selectively binds to human (h)sst,
with 100-fold higher affinity than for the other cloned SRIF receptor subtypes. The second extracellular loop of sst; is critical for
this peptide to bind. This contrasts with the sites involved in binding of sst, agonists and indicates that the two receptors have
distinct ligand-binding domains. G proteins couple SRIF receptors to multiple cellular effector systems, including adenylyl
cyclase and ionic conductance channels. A critical cellular action of SRIF is the inhibition of Ca?* influx, which may be
responsible for its blockade of hormone and neurotransmitter release. Various studies suggest that both sst, and ssts
endogenously expressed in AtT-20 cells can couple to L-type Ca2* channels; the coupling was pertussis toxin-sensitive. The
coupling of sst;, to the Ca2* channels was relatively resistant to desensitisation; 5 hours of pretreatment with MK 678 did not
attenuate MK 678 inhibition of the Ca2* current. In contrast, the ssts; receptors were desensitised by 1 hour of pretreatment with
BIM 23052. Thus, the coupling of the two receptors to the Ca2?* channel could be differentially regulated. The SRIF receptor
subtype coupling to the Ca2* channel could also be distinguished by a unique antagonist, the peptide L362,855, which binds

with high affinity to cloned ssts.
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OMATOSTATIN (SRIF) induces its diverse physiologi-
cal actions following interaction with a family of
receptor subtypes. Five SRIF receptors have been cloned.!
They have 40% to 45% amino acid sequence identity. They
all bind SRIF and SRIF-28 with high affinity. Ligands have
been identified that selectively interact with three of the
SRIF receptor subtypes, sst;, ssty, and ssts.>® These com-
pounds have been useful in delineating functions of these
receptors. Recent studies have suggested that sst, may
selectively mediate inhibitory effects of SRIF on growth
hormone and glucagon release, whereas ssts in the rat may
selectively mediate inhibitory effects of SRIF on insulin
secretion.

Development of SRIF receptor subtype-selective drugs
may have important clinical implications in the treatment of
metabolic disorders, cancer and CNS diseases, including
epilepsy and Alzheimer’s disease. Identification of the
ligand-binding domains of the SRIF receptors may facili-
tate the rational development of new SRIF ligands. To
identify ligand-binding domains of sst; and sst;, we tested a
series of chimeras generated by Drs Dan Fitzpatrick and
Richard Vandlen at Genentech (San Francisco, CA) for the
binding of selective sst; and sst; ligands.

LIGAND-BINDING DOMAINS OF SST; AND SST,

Using site-directed mutagenesis, we found that the sst;
agonists MK678 and SMS-201-995 require a four—amino
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acid sequence (FDFV) at the border of the third extracellu-
lar loop and transmembrane 7 to bind with high affinity to
sstz.* The first phenylalanine (residue 294 in msst,) is
especially critical for the binding of SMS-201-995 and other
octapeptides, since transference of this residue to sst;
conferred onto sst; the ability to bind these peptides. In
contrast, this phenylalanine was not essential for the
binding of MK 678 and other hexapeptides such as BIM
23027, indicating that these peptides interact with other
amino acids in the receptor to bind. Comparison of a series
of hexapeptide analogs of MK 678 revealed that those cyclic
peptides with a phenylalanine adjacent to the D-Trp appear
to interact with Phe?® of sst,. In contrast, those hexapep-
tides with a tyrosine adjacent to the D-Trp, such as MK 678
and BIM 23027, did not interact with the Phe?®. These
studies appear to distinguish binding determinants of differ-
ent classes of hexapeptide analogues of SRIF.

In recent studies in collaboration with Dr Jean Rivier at
the Salk Institute (San Diego, CA), we have identified a
peptide that selectively binds to sst;. The peptide exhibits
over 100-fold higher affinity for human sst; than the other
cloned SRIF receptor subtypes. We used this peptide in
binding studies on the sst;/sst; chimeras to identify its
selective binding domain in sst;. Our studies revealed that
the second extracellular loop of sst; is critical for this
peptide to bind. This contrasts with the sites involved in
binding of sst, agonists and indicates that the two receptors
have distinct ligand-binding domains. Modeling studies
using this information may be useful in the further develop-
ment of new sst; and sst; ligands.

G PROTEIN COUPLING OF SRIF RECEPTORS

G proteins couple SRIF receptors to multiple cellular
effector systems, including adenylyl cyclase and ionic con-
ductance channels. In an effort to identify which G proteins
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associate with SRIF receptors, Law et al developed an
immunoprecipitation technique to solubilize SRIF recep-
tor/G protein complexes, and immunoprecipitate the com-
plexes with antisera directed against the o or B subunits of
G proteins.’ SRIF receptors in rat brain and the cell line
AtT-20 that bind the ligand '#I-MK 678 with high affinity
were found to predominantly associate with G;al, G;a3, and
G, as well as the B1 subunit.® The cloned mouse (m)sst;A
expressed in CHO-DG44 cells, which also binds '»I-MK
678 with high affinity, was found to be associated with G;a3
and G,o..” The lack of association of this cloned receptor to
G;al may explain our inability to show efficient coupling of
sst,A to adenylyl cyclase, since Tallent and Reisine showed
that Gyl was critical for coupling SRIF receptors to
adenylyl cyclase.® Furthermore, Law et al’ showed that G;al
was critical for coupling the cloned msst; to adenylyl
cyclase. Biochemical studies have shown that SRIF recep-
tors associate with multiple G proteins and functional
studies have indicated that different G proteins may couple
SRIF receptors to selective cellular effector systems. Thus,
specific G proteins may link SRIF receptors to specific
cellular effector systems, thereby creating the molecular
basis for the diversity of cellular actions of SRIF.

COUPLING OF SRIF RECEPTOR SUBTYPES
TO Ca?+* CHANNELS

A critical cellular action of SRIF is the inhibition of Ca?*
influx, which may be responsible for its blockade of hor-
mone and neurotransmitter release. SRIF reduces Ca?*
influx by diminishing Ca?* conductance. In the cell line
AtT-20, SRIF has been found to inhibit Ca?* conductance
through L-type Ca?*+ channels. Such cells also express sst,
and ssts mMRNA!0 and may therefore express these receptor
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subtypes. As a result, they can be used as a model system to
investigate the coupling of SRIF receptor subtypes to Ca?*
channels.

Tallent et al' used whole-cell patch clamp techniques to
study the effects of SRIF and its analogs on Ca?* currents in
AtT-20 cells. They found that MK 678 and other sst,-
selective agonists could reduce the Ca?* currents. Similarly,
the ssts selective agonist BIM 23052 could also reduce the
Ca?* current. These results suggest that both sst, and ssts
endogenously expressed in AtT-20 cells can couple to
L-type Ca?* channels.

The coupling of the receptors to the Ca?* channels was
pertussis toxin—sensitive. The coupling of sst, to the Ca?*
channels was relatively resistant to desensitisation, since
pretreatment of the cells for up to 5 hours with MK 678 did
not attenuate the ability of MK 678 to inhibit the Ca?*
current. In contrast, the ssts receptors desensitized follow-
ing 1 hour of pretreatment with BIM 23052. Thus, the
coupling of the two receptors to the Ca?* channel could be
differentially regulated.

The SRIF receptor subtype coupling to the Ca?* channel
could also be distinguished by a novel antagonist. The
peptide L362,855 binds with high affinity to cloned ssts.?
When applied to AtT-20 cells, it has minimal effects on the
Ca?* current. However, it blocked the ability of BIM 23052
to reduce the Ca?* current. Its antagonism of the ssts
response was selective, since L362,855 did not alter the
ability of MK 678 to inhibit the Ca?* current. Preliminary
studies have also shown that 1.362,855 blocks the inhibition
of forskolin-stimulated cyclic adenosine monophosphate
accumulation by SRIF in CHO cells expressing rat ssts.
L362,855 is the first antagonist at ssts.
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