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SUMMARY
Using a combination of polymerase chain reaction and genomic
library screening we have cloned a human gene for a subtype of
the somatostatin (SST) receptor (SSTR) termed human SSTR5
(hSSTR5), which is located on chromosome 1 6. The predicted
amino acid sequence of hSSTR5 displays 75% sequence identity
with a recently identified rat SSTR [Mo!. Pharmacol. 42:939-946
(1 992)], suggesting that it is the human homologue of this
receptor. hSSTR5 consists of a 363-residue polypeptide exhib-
iting a putative seven-transmembrane domain topology typical
of G protein-coupled receptors. The receptor displays consider-
able sequence identity to hSSTR1 (42%), hSSTR2 (48%),
hSSTR3 (47%), and hSSTR4 (46%). Membranes prepared from
COS-7 cells transiently expressing the hSSTR5 gene bound 125l

� (125l-LTT-SST-28) with high affinity
and in a saturable manner. SST-14, SST-28, and various syn-
thetic SST peptide agonists produced dose-dependent inhibition
of radioligand binding with the following rank order of potency:
LTT-SST-28 > SST-28 > D-Trp8-SST-1 4 > SST-1 4 � AC-i 60
� BIM 23014 > MK-678 > SMS 201-995. hSSTR5 bound SST-
28 with a 12.6-fold greater affinity (!(� = 0.19 nM), compared with
SST-14 (K, = 2.24 nM), indicating that the receptor is SST-28

selective. Addition of GTP, guanosine-5’-O-(3-thio)tnphosphate,
Na� ions, or pertussis toxin greatly reduced 125l-LTT-SST-28
binding, thereby indicating that hSSTR5 is coupled to pertussis
toxin-sensitive G proteins. Both SST-1 4 and SST-28 displayed
dose-dependent inhibition of forskolin-stimulated cAMP accu-
mulation, consistent with functional coupling of the receptor to
adenylyl cyclase inhibition. Northern blot analysis of SSTR5
mRNA revealed a 2.4-kilobase transcript in normal rat pituitary
and GH3 rat pituitary tumor cells and a 4.0-kilobase transcript in
normal human pituitary. Reverse transcnptase polymerase chain
reaction revealed expression of the hSSTR gene in fetal human
pituitary and hypothalamus but not in human cerebral cortex. In
situ hybridization of the rat pituitary showed that SSTR5 mRNA
is selectively localized in the anterior lobe. SSTR5 mRNA was
not expressed in four human pituitary tumors (somatotroph
adenoma, prolactinoma, and chromophobe adenomas) or in a
human insulinoma. Although hSSTR5 displays -�45% sequence
identity with rat SSTR5, the two receptors display significantly
different pharmacological profiles, especially with respect to their
binding affinities for the SST analogue SMS 201 -995.

Mammalian SST consists of two naturally occurring bioac-

tive peptides, SST-14 and SST-28, which are produced in
different proportions in neurons and secretory cells through

differential processing of a common pro-SST precursor (1-3).
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These two peptides have various physiological roles, such as

controlling endocrine and exocrine secretion, functioning as a

neurotransmitter or neuromodulator, and regulating cell prolif-
eration as anti-peptide growth factors (1, 2, 4). The biological
actions of SST-14 and SST-28 overlap virtually completely,

although each peptide displays some selectivity. For instance,

SST-28 is more potent than SST-14 in inhibiting growth hor-
mone, thyroid-stimulating hormone, and insulin secretion,

whereas SST-14 is selective with respect to inhibiting glucagon
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secretion, gastric exocrine secretion, splanchnic blood flow, and
intestinal motility (5). The actions of SST are mediated by

high affinity plasma membrane receptors that are coupled via
G proteins to adenylyl cyclase, K� and Ca2� ion channels, and

protein tyrosine phosphatase (4-11). Pharmacological studies
have suggested that SSTRS are heterogeneous and feature
subtypes selective for SST-14 and SST-28. Receptors that show

preference for SST-14 binding occur in cerebrocortical synap-
tosomal membranes, adrenal cortex, exocrine pancreas, islet a

cells, and GH3/GH4C1 cells, whereas SST-28-selective sites are

found in the normal pituitary, AtT-20 pituitary tumor cells,
and islet �3 cells (5, 6, 8). The recent cloning of the SSTR has
confirmed the existence of molecular subtypes but additionally

revealed a far greater genetic diversity in this receptor family
than was previously suspected (12-23). Five distinct SSTR
subtype genes have already been identified, four of which (with
the exception of SSTR2) appear to be intronless, at least in the

coding segment (12, 20, 21). SSTR2 features two separate
isoforms, i.e., a long (SSTR2A) and a short (SSTR2B) variant

formed through alternate mRNA splicing (24, 25). The protein
products of the five cloned receptors exhibit differing selectiv-
ities for SST-14 and SST-28. Three of the receptors (SSTR1,

SSTR2, and SSTR4) are somewhat selective for SST-14 bind-
ing (12, 17, 21). SSTR3, on the other hand, shows species-
specific binding selectivity for the two SST peptides. rSSTR3
binds SST-28 with 2.6-fold higher potency than SST-28 (16),

whereas the mouse variant of SSTR3 interacts equally with the

two peptides (15). The binding affinity of hSSTR3 is contro-
versial, in that this receptor has been reported to be 8-fold
more selective for SST-28 than SST-14 binding in one study

(18) but 2-fold more potent for SST-14 than SST-28 in another

(20). In contrast, a fifth receptor recently cloned from rat
pituitary by O’Carroll et al. (19) (here referred to as rSSTR5)’

exhibits 30-fold greater affinity for SST-28 than SST-14 and

appears to be the first SSTR subtype that is truly SST-28
selective.

In the present study, we have used a combination of PCR
and genomic library screening to clone a SST-28-specific

hSSTR subtype gene, whose transcript is expressed predomi-
nantly in the anterior pituitary. This gene maps to human
chromosome 16. Based on amino acid sequence identity, the
receptor protein encoded by the gene is the human isoform of

rSSTR5 and is functionally coupled to adenylyl cyclase. Al-
though hSSTR5, like the rat homologue, displays marked se-

lectivity for binding to SST-28, compared with SST-14, it

diverges significantly from the rodent receptor with respect to
its overall pharmacological profile and affinity for other SST

agonists.

Materials and Methods

Peptides. Synthetic SST-14 was obtained from Ayerst Laboratory

Montreal. SST-28, D-Trp8-SST-14, and LT1’-SST-28 were from

Bachem (Marina Del Ray, CA). Other SST analogues were received as
gifts from the following sources: SMS 201-995 (Sandoz Pharmaceuti-
cals, Basel, Switzerland), MK-678 (Merck Frosst, Canada), RC-160 (A.

1 The rSSTR described as SSTR4 by O’Carroll et at. (19) is structurally and

pharmacologically (selectivity for SST-28) distinct from the first rSSTR4 de-
scribed by Bruno et aL (17) and therefore should more appropriately be designated
as another SSTR. To avoid confusion and to be consistent with several recent
publications (21-23, 50), we have retained the term SSTR4 for the receptor
reported by Bruno and co-workers and have referred to the receptor described by
O’Carroll and co-workers as rSSTR5 in this article.

V. Schally, Tulane University, New Orleans, LA), and BIM 23014
(IPSEN Biotech, Paris, France).

Isolation and sequencing of the hSSTR5 gene. Rat anterior
pituitary mRNA was used as a template for first-strand cDNA synthe-

sis. cDNA fragments were generated by PCR amplification using oh-
gonucleotide primers corresponding to highly conserved sequences
found in the first cytoplasmic loop (5’-TATGCCAAGATGAAGAC-3’)
and the seventh transmembrane domain (antisense, 5’-ATAT/GAGG/
AATG/AGGGTTGGCA/GCAGCTGTT-3’) of the recently cloned

hSSTR1, hSSTR2, and hSSTR4 (12, 21). Reverse transcription was

performed as described, with 1 zg of total RNA, 1 mM concentrations

of each deoxynucleoside triphosphate, 0.1 units of RNasin, 100 pmol
of random hexamers, and 200 units of Moloney murine leukemia virus

reverse transcriptase, followed by 25 cycles of PCR with 20 pmol of

oligonucleotide primers and 2.5 units of Thermus aquaticus polymerase

(Cetus) (26, 26a). Products of 0.7 kb were generated, cloned into PCR
vector II (Invitrogen), and sequenced. One PCR product, RP3O, rep-
resented a novel sequence homologous to the SSTR family. It was

radiolabeled and used as a probe to screen a AFIX II human genomic
library (Stratagene). Five hundred thousand independent plaques were

lifted onto Zeta Probe membranes (Bio-Rad) and hybridized at 65’ for
24 hr in 1 mM EDTA, 0.5 M NaH2PO4, pH 7.2, 7% SDS. The membranes

were then washed in 1 mM EDTA, 40 mM NaH2PO4, pH 7.2, 5% SDS,

at 65� twice for 60 mm, followed by two additional washes in the same

solution containing 1% SDS. The filters were then exposed to Kodak
XAR-5 film at -80’ for 3 days, using intensifying screens. Two inde-

pendent clones (ARP1 and XRP2) were amplified and DNA was isolated
by repeated phenol/chloroform extraction (27). The nucleotide se-
quence of both DNA strands was determined using the dideoxy chain
termination method of Sanger et a!. (28), with a T7 Pharmacia sequenc-
ing kit. A variety of restriction sites in or near the SSTR5 coding

region (Fig. 1) were used to subclone various portions of the gene.

These subclones were used as sequencing templates. Nested deletions

generated using a Erase-a-base kit (Pharmacia) were also used as

sequencing templates. In addition, oligonucleotides derived from estab-
hished sequence data were used to complete the sequence. Sequence
analysis and comparisons were performed using DNA Strider and PC

Gene software. DNA probes, for screening as well as for Northern blot
analysis, were radiolabeled with [a-32P)dCTP by random priming using
a Quick Prime kit (Pharmacia).

Expression and radiohigand binding analysis. The mammalian
expression vector pRc/CMV-hSSTR5 (see Results) was constructed by
subcloning a 5.5-kb HindIII fragment, containing the complete open

reading frame of the novel SSTR gene, into the pRc/CMV vector

(Invitrogen). DNA from the resulting construct was used to transfect

COS-7 cells by the calcium phosphate method (29). Cells were cultured

in D-75 flasks in Dulbecco’s modified Eagle medium with 5% fetal

bovine serum and were transfected at n70% confluency with 100 �g of
plasmid DNA. Plasma membrane fractions were prepared 48 hr later
and used in radiohigand binding studies with ‘9-LTT-SST-28 or

Tyr”-SST-14 ligands, as described previously (5, 8). Binding increased
linearly with time up to 20 mm and remained constant up to 60 mm.
Saturation experiments were performed with increasing concentrations
of ‘�I-LTT-SST-28 (2-2000 pM) under equilibrium binding conditions.

Specific binding was defined as the difference between the counts

bound in the absence and in the presence of 100 nM SST-28. Compe-

tition analysis was carried out by incubating membranes with ‘�I-

LTT-SST-28 (�60 pM) and increasing concentrations of SST peptides.

Data were analyzed by nonlinear least square regression analysis using
INPLOT 4.03 (GraphPAD, San Diego, CA). Binding data were ob-
tamed from 10 separate transfections of COS-7 cells in pools of 20

flasks/transfection.

Receptor coupling to G proteins and adenylyl cyclase. To

determine G protein coupling of the expressed receptor, binding exper-
iments were carried out in the presence of GTP or GTP�yS (10� to

iO-� M), in the absence or presence of 100 nM Na� or after pretreatment

of transfected cells with pertussis toxin (100 nM). Coupling of hSSTR5
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,� � Fig. 1. Restriction endonuclease map of the hSSTR5 ge-

(� .E nomic clone. A 5.5-kb BamHl-Sacl human genomic frag-
I ment is shown. Shaded box, location ofthe hSSTR5 coding

sequence; open boxes, pBluescnpt vector sequence. Rel-
evant restriction endonuclease sites used for subcloning
and constructing the expression vector are also depicted.
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to adenylyl cyclase in COS-7 cells was investigated by determining the

effects of SST-14 and SST-28 in inhibiting basal and forskohin-stimu-
hated cAMP accumulation. Transfected cells were preincubated in
medium containing 500 �aM 3-isobutyl-1-methylxanthine, washed, and
subsequently exposed for 30 mm at 37’ to 1 �tM forskohin, with or
without SST-14 or SST-28. Cells were extracted in 0.1 N HC1, lyophi-
lized, and assayed for cAMP by radioimmunoassay using a rabbit
antibody, succinyh-cAMP ‘�I-Tyr-methyl ester, and cAMP standards,

as described previously (30).

Analysis of SSTR5 mRNA by RNA blots and reverse tran-

scriptase PCR. Total RNA was isolated by the acid guanidinium/
thiocyanate phenol/chloroform extraction method from normal rat
tissues, tissues from 16- and 18-week aborted male human fetuses,

postmortem human pituitaries, surgically removed samples of human
cerebral cortex, human pituitary tumors (somatotroph adenoma, pro-

lactinoma, and chromophobe adenoma), and human insuhinoma, and
GH3 pituitary tumor cells (31). Poly(A)� RNA was isolated from

postmortem human pituitaries using the Poly-A Tract mRNA isolation

system (Promega). RNA was denatured in formamide/formaldehyde,
fractionated on a 1.5% agarose-formaldehyde gel, and transfered to
Nytran nylon membranes using the Vacugene blotting system (LKB

Pharmacia). The blots were probed with the 32P-labeled 0.7-kb PCR

product RP3O or a 1.1-kb PstI-BamHI genomic fragment from ARP1,

containing most of the hSSTR5 coding region (Fig. 1). After hybridi-
zation in 50% formamide at 42’, blots were washed at 65* and exposed

to Kodak XAR-5 film at -80’ for 1-4 weeks, with intensifying screens.

Reverse transcriptase PCR was performed on 1-.ag total RNA samples
using the protocol described above for isolating rat pituitary SSTR5

cDNA. Twenty picomoles of ohigonucleotide primers corresponding to

sequences in the amino-terminal segment (5’ -ATGGAGCCCCTGTT

CCCA-3’) and carboxyl-terminal segment (antisense, 5’-GGTCTGCA

TAAGCCCGTTGG-3’) of hSSTR5 were used for the initial 25-cycle
amplification. Ten microliters of the product obtained were subjected

to an additional 25 cycles of PCR using 40 pmol of a different set of
internal primers corresponding to sequences in the first cytoplasmic

loop (5’-CGCCAAGATGAAGACCG-3’) and the sixth transmembrane
domain (antisense, 5’-GCAGCCAACATCCCGC-3’) of hSSTR5. Ten-

microliter aliquots of the PCR mixtures were fractionated by electro-
phoresis on 1.5% agarose gels, stained with ethidium bromide, and
visualized under UV illumination. The specificity of the PCR product
was confirmed by hybridization with a 32P-labeled hSSTR5 genomic
DNA.

In situ hybridization. Pituitaries from male CD rats were rapidly

removed and frozen at -30’ to -50’ on dry ice/isopentane. Sections
(15 zm) were cut on a cryostat (Hacker Instruments), thaw mounted

on polylysine-coated slides, and later fixed for 60 mm in 4% formal-

dehyde in 0.1 M phosphate buffer, pH 7.4. In situ hybridization was

performed according to a previously published protocol (32). Cryosec-
tions were pretreated with proteinase K (1 �g/ml) for 10 mm and

hybridized with �S-labeled probes (3.4 x i0� dpm/�zl) in 30-50 �al of

hybridization buffer (75% formamide, 10% dextran sulfate, 3x standard
saline citrate, 50 mM NaPO4, pH 7.4, lx Denhardt’s solution, 0.1 mg/

ml yeast RNA) at 55’ for 16 hr. Labeled sense and antisense probes

were generated from pRP3O using T7 and SP6 RNA polymerase. After
hybridization, sections were washed, treated with RNase A, dehydrated
in alcohol, dried, dipped in Kodak NTB2 nuclear emulsion, and exposed

in the dark at 4* for 4 weeks. The slides were then developed, counter-

stained with cresyl violet, dehydrated in graded alcohols, dipped in
xylene, and covershipped. Control sections were pretreated with RNase

A or hybridized with labeled sense-strand probe of the same specific
activity.

Chromosomal location of the SSTR5 gene. Amplification of a

193-bp region flanking both the 3’ translated and untranslated nude-

otides was performed to determine the chromosomal location of the
hSSTR5 gene. Ohigonucleotide primer (5’-ACGGGCTTATGCAGAC-
CAGCAAGCTGT-3’), antisense primer (5’-TGTGTGGCAGACGGT-

TACAGGGAT-3’) (300 nM) encompassing nucleotides +1200 and
+1413, and target DNA (250 ng) from panels of hybrid human-hamster

somatic cell lines (Bios, New Haven, CT) were subjected to 25 cycles
of PCR with 2.5 units of T. aquaticus pohymerase and 200 �zM deoxy-

nucleoside triphosphates. Each PCR cycle consisted of denaturation
for 1 mm at 94�, annealing for 1.5 mm at 60’, and extension for 1 mm

at 72’. Aliquots (10 hal) were then subjected to an additional 25 cycles
of PCR under the same conditions. Aliquots of amplified DNA were

electrophoresed in a 2.5% agarose gel containing 0.1% ethidium bro-
mide, to determine the presence of a 190-bp fragment. Only human

genomic DNA was amplified under the conditions used. An ohigonucle-
otide probe, located internally to the amplified fragments, was radio-

labeled with [-y-32P]ATP and Southern blot analysis was performed on

the amplified products.

Results

Cloning and amino acid sequence of hSSTR5. To clone

novel SST-28-selective receptors we used PCR to amplify

mRNA from rat anterior pituitary, using oligonucleotide

primers corresponding to conserved sequences present in

SSTR1, SSTR2, and SSTR4. Three different PCR amplifica-
tion products were identified. Sequence analysis revealed that
two of these corresponded to the previously characterized
rSSTR1 and rSSTR2 sequences, whereas the third represented

a novel clone showing strong sequence identity to the known
SSTRS. It subsequently proved to be a partial cDNA of the

newly cloned rSSTR5 (19). The rSSTR5 PCR product (RP3O)
was used as a probe to screen a AFIX human genomic library
(27). Of 500,000 independent plaques screened, two positive

plaques were identified.2 Restriction mapping revealed identical

15-kb inserts in both clones. A 2.7-kb BamHI fragment and an
overlapping 2.8-kb Sad fragment that hybridized to the

rSSTR5 PCR product were isolated, cloned into pBluescript,

and partially sequenced. This analysis showed that both frag-
ments contain incomplete but overlapping portions of the cod-

ing sequence of the hSSTR5 gene (Fig. 1). The complete
nucleotide sequence of the coding region contains a single open
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reading frame of 1089 bp, which predicts a protein of 363 amino

acids (Mr = 39,128) (Fig. 2). A hydropathy plot of this protein

sequence showed seven hydrophobic membrane-spanning do-

mains separated by stretches of hydrophilic amino acids typical

of G protein-coupled receptors. hSSTR5 showed 75% amino

acid sequence identity to the rSSTR5 sequence. Comparison of

the sequence with those of the other members of the hSSTR

family revealed 42%, 48%, 46%, 47%, and 46% sequence iden-
tity to SSTR1, SSTR2A, SSTR2B, SSTR3, and SSTR4, re-

spectively (Fig. 3). The sequences of the five proteins showed

the greatest similarity in the putative membrane-spanning
domains and diverged most at their amino and carboxyl ter-

mini. There are three putative N-linked glycosylation sites (at

Asn-13 and Asn-26 in the amino-terminal segment and at Asn-

184 in the second extracellular loop), three consensus sequences

for phosphorylation by cAMP-dependent protein kinase A (at
Ser-239 and Thr-244 in the third cytoplasmic loop and at Ser-

322 in the carboxyl-terminal segment), and three sites for

protein kinase C phosphorylation [in the second cytoplasmic

loop (Ser-145), the third cytoplasmic loop (Ser-239), and the

cytoplasmic carboxyl-terminal domain (Thr-357)]. A consensus

sequence identifying a potential site for coupling to G proteins

(33) is located in the 22-residue region of Lys-224 to Arg-245,

within the third cytoplasmic loop, and is made up of two basic

residues at the amino-terminal side (KVR) and the RKVTR
motif at the carboxyl-terminal end of the loop.

Pharmacological characterization of hSSTR5. To char-
acterize the protein product encoded by the cloned SSTR gene,

the expression vector pRc/CMV-hSSTR5 was constructed. The

BamHI and Sad genomic fragments were fused in vitro at a

common BamHI site (Fig. 1). Because of the absence of an

appropriate restriction endonuclease site at the 3 ‘ end of the

reconstituted gene in pBluescript, a HindIII site was created in

the pBluescript polylinker by in vitro mutagenesis using the

method of Kunkel et al (34), with the synthetic ohigonucleotide

5’ -GACGGCCAGTAAGCTTGCGTAATACG-3’ . The result-

ing 5.5-kb HindIII fragment was subcloned into the HindIII

site of pRc/CMV vector. Membranes prepared from COS-7

cells transiently expressing hSSTR5 bound 1251-LTT-SST-28

with high affinity. Analysis of saturation isotherms revealed a

Bma� value of 162 ± 30 fmoh/mg of protein and a Kd value of

0.055 nM (Fig. 4A). No specific binding was observed in non-

transfected or mock-transfected COS-7 cells. Competition ex-

periments revealed that SST-28 bound to hSSTR5 with a 12.6-
fold greater affinity than did SST-14 (Fig. 4B; Table 1). In

addition to the two naturally occuring SST peptides, several
synthetic SST analogues were tested for their affinity for

hSSTR5. These included several compounds, such as SMS
201-995, BIM 23014, and MK-678, that act as selective or
superactive agonists at endogenous SST binding sites and are

currently used clinically for diagnostic and therapeutic pur-
poses (35, 36). These agonists inhibited binding of ‘25I-LTT-

SST-28 in a dose-dependent manner, but the low Hill coeffi-

cients of the inhibition curves for conformationally restricted

SST analogues suggested their interaction with dual affinity

states of the expressed hSSTRS. The K1 values for the high

affinity binding sites showed the following rank order of po-

tency: LTT-SST-28 > SST-28 > D-Trp8-SST-14 > SST-14

RC-160 � BIM 23014 > MK-678 > SMS 201-995. RC-160 and

BIM 23014 appeared to be as potent as SST-28 at low concen-

trations but, surprisingly, failed to completely saturate the
receptor at higher concentrations.

Coupling of hSSTR5 to G proteins was investigated by the
ability of GTP and GTP�yS to inhibit binding of ‘25I-LTT-
SST-28 to hSSTR5 expressed in COS-7 cells. Both GTP and

GTP�yS inhibited 125I-LTT-SST-28 binding in a dose-depen-

dant manner (i0� to 10� M), with maximal inhibition of 44%

and 68%, respectively (Fig. 5). Sodium ions also caused a 40%
inhibition of specific binding. Inclusion of Na� with GTP led

to an additional decrease in binding (70%). Additionally, pre-
treatment of these cells with pertussis toxin resulted in 66%
reduction in radioligand binding. Both SST-14 and SST-28
displayed dose-dependent inhibition of forskolin-stimulated
cAMP accumulation in COS-7 cells transiently expressing

hSSTR5, indicating that the receptor is negatively coupled to
adenylyl cyclase (Fig. 6). Consistent with its higher affinity for
receptor binding, SST-28 was also more potent in its effect on

adenylyl cyclase at each dose tested. SST-28 at i0� M inhibited

forskolin-stimulated cAMP by 65 ± 4%, compared with 48 ±

2.5% inhibition by the same concentration of SST-14. Neither

SST-14 nor SST-28 influenced basal cAMP levels in hSSTR5-

tranfected COS-7 cells. Maximal inhibition of forskolin-stim-
ulated cAMP was observed at i0� M SST-28, compared with

10_6 M for SST-14. The ED� values for inhibition of forskolin-
stimulated cAMP were 0.35 ± 0.06 nM and 4.8 ± 0.7 nM for

SST-28 and SST-14, respectively.

Tissue and cellular expression of SSTR5. The pattern
of expression of SSTR5 mRNA was examined in human and
rat tissues by Northern blot analysis, reverse transcriptase
PCR, and in situ hybridization. A 2.4-kb transcript was ex-
pressed at high levels in the normal rat pituitary, GH3 cells
(Fig. 7A), and the mouse pituitary (data not shown). A weakly
labeled SSTR5 mRNA band of identical size was also seen in

rat cerebral cortex but not in hypothalamus, pancreas, adrenal
gland, stomach, kidney, or muscle (data not shown). A RNA
blot of postmortem human pituitary revealed expression of a
4-kb SSTR5 transcript (Fig. 7B). Of four human pituitary
adenomas analyzed, neither the secretory tumors (one prolac-

tinoma and one somatotroph adenoma) nor the chromophobe

adenomas expressed SSTR5 mRNA. Likewise, a single human

insulinoma examined was devoid of SSTR5 gene expression.

Because of the relatively weak tissue expression of hSSTR5
mRNA detected by Northern analysis, reverse transcriptase
PCR was performed on additional human samples. Specific

hSSTR5 PCR products conforming to the predicted 1.1-kb
(primary PCR) and 0.6-kb (secondary PCR) sizes were detected

in postmortem human pituitary, fetal human pituitary, and

fetal human hypothalamus, but not in human cerebral cortex

(Fig. 7C). Control samples subjected to PCR without reverse
transcriptase showed no detectable SSTR5 product. In situ

hybridization revealed abundant expression of SSTR5 mRNA

in the rat anterior pituitary, with only weak signals in the
intermediate and posterior lobes (Fig. 8). No specific labeling
was detected in control sections probed with sense-strand RNA.

Chromosomal location of hSSTR5. PCR amplification of
hybrid human-hamster somatic lines for the hSSTR5 gene
identified chromosome 16 as being the only chromosome posi-
tive for this gene (Fig. 9).

Discussion

Using degenerate oligonucleotides corresponding to con-

served sequences found in SSTRS, we have synthesized from



1 ACCGGTGATCGGCTCTGGCACCGCCCTGGGCCAGAGAAGGAAT
44

123 GCCGCC ATG GAG CCC CTG TrC CCA --- GCC TCC ACG CCC AGC TOG AAC GCC TCC TCC CCC
Met Glu Pro Leu Phe Pro --- Ala Ser Thr Pro Ser Trp Asn Ala Ser Ser Pro

Ser Leu U. Ala

180 GGG GCT CCC TCT GCA CCC OCT CAC AAC AGC ACG CTC GTC CCC CCC GCC
Gly Ala Ala Ser Gly Gly dy Asp ken Arg Thr Leu Val Gly Pro Ala
------ Ser Asn His #{149}uTrp Ser Ser

237 CCC CCC CCC GTC CTC GTG CCC GTG CTC TAC CTG CTC GTC TCT GCG CCC
Ala Arg Ala Val Leu Val Pro Val Leu Tyr Leu Leu Val Cys Ala Ala

Thr Val

2 97 AAC ACC CTC CTC ATC TAC G� GTG CTC CCC TI’C CCC AAG ATC AAG ACC
Asn Thr Leu Val lie Tyr Val Val Leu Arg Phe Ala Lys Met Lys Thr

His

357 TAC ATI� CTC AAC CTG CCA GTC CCC GAC GTC C’I’C TAC ATC CTG CCC C�

Tyr lie Leu Asn Leu Ala Val Ala Asp Val Leu Tyr Met Leu Gly Leu

Phe

4 17 AcC CAG AAC GCC GCC TCC ‘PlC - - - TOG CCC TI� CCC CCC CTC CTC TCC
Thr Gin Asn Ala Ala Ser Phe Tip Pro Phe dy Pro Val Leu Cys

Val Val Ser Tyr Ser Phe

47 1 ACG crc GAC CCC GTC AAC CAG TI’C ACC AGT GTC TI’C TCC C� ACA GTC
Thr Leu Asp Gly Val Aan Gin Phe Thr Ser Val Phe Cys Leu Thr Val

lie Ile Met

53 1 CCC TAC CrC GCA CTC GTC CAC CCC CrC AGC TCG CCC CCC TGG CCC CCC
Arg Tyr Leu Ala Val Val His Pro Leu 5cr Ser Ala Arg Trp Arg Arg

Arg �

5 9 1 AAG crc GCG AGC GCC GCC CCC TGC GTC CTC TCT C� TGC ATG TCG C�3
Lys Leu Ala Ser Ala Ala Ala Trp Vai Leu Ser Leu Cys Met Ser Leu

Val Phe Leu

648 �I’rC GCG GAC GTC CAG GAG CCC --- GGT ACC TCC AAC CCC AGC TCG CCC
Phe Ala Asp Val Gin Glu Gly --- Giy Thr Cys Asn Ala Ser Trp Pro

Val #{149}I Leu

705 CrC TCC CCC CCC CTC TrC ATC ATC TAC ACC CCC GTC crc CCC �‘1’C TI’C
Lou Tip Ciy Ala Val Phe Ile lie Tyr Thr Ala Val Leu Cly Phe Phe

Ala Thr Ser

765 CTC ATC TGC crc TCC TAC CrC CTC ATC CTC G� AAG GTC AGC GCG GCG
Val Ile Cys Leu Cys Tyr Leu Leu lie Val Val Lys Val Arg Ala Ala

Lys

82 5 CCC TGC GTC CCC CCC CCC - - - TCC GAG CCC AAG GTC ACG CCC ATC GT�
Gly Cys Val Arg Arg Arg - - - Ser Glu Arg Lys Val Thr Arg Met Val

Ser Ser Arg � U Pro U

882 CTG GTC ITI’ CCC GCA TGT TGC CTC CCC TI’C TTC ACC GTC AAC ATC GTC
Leu Val Phe Ala Cly Cys Trp Leu Pro Phe Phe Thr Val Asn lIe Val

Val lie

942 CCC crc CCC CAG GAG CCC CCC TCC GCC CCC CTC TAC T1’C TIC G� GTC
Ala Leu Pro Gin Glu Pro Ala 5cr Ala Gly Leu Tyr Phe Phe Val Val
Thr Glu Thr

1002 GCC AAC AGC TOT CCC AAC CCC GTC CTC TAC CCC T1’C CTC TCG GAC AAC
Ala ken Ser Cys Ala Asn Pro Vai Leu Tyr Gly Phe Leu Ser Asp ken

Leu

17

CCC CCA TCG CCC

Pro Ser Ala Giy 37
5cr Pro Met

Ccc CTC CCC CCC
Cly Leu Cly Giy 57

5cr

GTC ACC AAC ATC
Val Thr Asn lie 77

Va i

CCT TI’C CTC CCC
Pro Phe Leu Ala 97

CCC CTG GTC ATG
Arg Leu Vai Met 116

A� AGC CTC
Met 5cr Val Asp 136

CCC CGT GTG GCC
Pro Arg Vai Ala 156

CCC CTC TrG G�1�
Pro Leu Leu Vai 176

CCC CCC GTG GGG
Glu Pro Val Gly 195

CCC CCC crc c�
Ala Pro Leu Leu 215
Gly

CCC GTC CCC GTG
Giy Val Arg Val 235

Met

TIC G� GTC

Leu Val Vai Vai 254
Vai

AAC C� GCG GTT
Asn Leu Ala Val 274

Phe

ATC CTC TCC TAC

Ile Leu Ser Tyr 294
Va 1

TTC CCC CAC AGC
Phe Arg Gin 5cr 314
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10 62 TrC CAG AAG G�r CTG TOC CTC CCC AAG 0CC TCT OCT CCC AAG GAC GCT GAC GCC ACG GAG
Phe Gin Lys Vai Leu Cys Leu Arg Lys Giy Ser Giy Ala Lys Asp Ala Asp Ala Thr Glu 334

U

Arg Arg Tyr Mec Glu lie

1122 CCG CGT CCA GAC AGG ATC COG CAG CAG CAG GAG - GCC ACG CGC CCG 349
Pro Arg Pro Asp Arg lie Arg Gin Gin Gin Glu - Ala Thr Arg Pro

Lys Ser Gly Arg Pro Ala His Cys Pro His Ala Ala Ala

1167 CGC ACC GCC - GCA CCC AAC GOG CT� ATG CAG 359
Arg Thr Ala - Ala Ala Asn Gly Leu Nec Gin
Met Gly Ser Cys Arg Pro Ala Gly Phe Giu Cys Pro Cys Asn Thr Leu Val Leu

1 1 97 ACC AGC AAG CTG TGA GAG�CAGGCGGGGGGTGGGCGGCCCCG�TCACC 363
Thr Ser Lys Leu OPA

Ala Thr Val Leu Ser Ser Gly lie OPA

Fig. 2. Nucleotide and deduced amino acid sequences of hSSTR5. The nucleotide sequence is numbered on the left; the amino acid sequence is
shown on the right. rSSTR5 amino acid residues that differ from hSSTR5 are shown. - - -, Gaps that exist between the two sequences. Potential
N-glycosylation J U), cAMP-dependent protein kinase (U), and protein kinase C (�) sites are indicated on the sequence.
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Fig. 3. Alignment of the five hSSTR subtypes. The amino acid sequences of the five hSSTRs are aligned, using the single-letter amino acid code.
Amino acid residues conserved within the five sequences are boxed. The putative transmembrane domains are indicated in the sequences. The
amino acid residues are numbered on the right. - - -, Gaps in the sequences that were inserted to achieve maximum alignment.

rat pituitary mRNA a PCR product corresponding to a SSTR.
The full length cDNA corresponding to this receptor subtype

(which we call rSSTR5) has recently been cloned in rats (19).

The rSSTR5 PCR product was used as a probe to isolate a

novel SSTR gene from a human genomic library. The predicted

amino acid sequence of the cloned human gene shows --75%

sequence identity to rSSTR5 (19). Although this represents a

relatively high degree of homology, it is significantly lower than

the 86-99% sequence identity that exists between the human
and rodent forms of the other SSTR subtypes (SSTR1-4) (12-
22, 37). A great deal of the sequence difference that exists

between rSSTR5 and our cloned SSTR is located in the car-
boxyl-terminal domain. In addition, the intracellular carboxyl-

terminal segment of rSSTR5 is significantly longer (70 versus

55 amino acids). Accordingly, we re-examined the nucleotide

sequence encoding the carboxyl-terminal domain of rSSTR5

and found that the published rSSTR5 sequence contains an

error due to the omission of a cytidine residue at position 1034

(Fig. bA). This results in a frame-shift that changes amino

acid residues 351-383 of the carboxyl-terminal segment. The

revised sequence of rSSTR5 results in a significantly smaller

protein (363 residues, compared with 383 residues) whose car-

boxyl-terminal sequence is identical in size to the corresponding

segment of hSSTR5 and displays a high degree of similarity

within this domain (Fig. lOB). Furthermore, the overall se-

quence identity between the rat and human receptors is in-
creased to 80%. Chromosomal localization studies have mapped

the hSSTR5 gene to chromosome 16. Because the other four
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hSSTR genes, SSTR1-4, are located on chromosomes 14, 17,
22, and 20, respectively, this means that each of the hSSTR
genes segregates to a different chromosome (20, 21, 38).

A comparison of the amino acid sequence of hSSTR5 with

that of the four other hSSTR subtypes shows that these recep-
tors are closely related in size and structure (12, 18, 20-22).

The sequences of the five proteins diverge most at their amino

and carboxyl termini and show the greatest similarity within
the putative membrane-spanning domains, where hSSTR5 ex-

hibits 55%, 61%, 69%, and 59% identity with hSSTR1,
hSSTR2, hSSTR3, and hSSTR4, respectively. Of the individ-

ual transmembrane segments, the regions of highest and lowest

identity are within the seventh and fourth transmembrane

domains, respectively. hSSTR5, like hSSTR1, hSSTR2, and
hSSTR4, contains a conserved cysteine residue 12 amino acids
downstream from the seventh transmembrane domain in the

‘C

E

Q

v)
LI,

-J

B
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Fig. 4. A, Saturation isotherm of 125l-LU-SST-28 binding to membranes prepared from COS-7 cells transiently expressing hSSTR5. Membranes
were incubated with increasing concentrations of 125l-LU-SST-28 and assayed for receptor binding activity in the absence or presence of 100 n�
SST-28 to define specific binding. Scatchard analysis of the binding data (inset) indicated the presence of a single dass of high affinity sites, with a
maximum binding capacity (B,,,�,,) of 162 ± 30 fmol/mg of protein and estimated affinity constant (Kd) of 55 ± 10 pM. Data represent the mean of
three separate experiments performed in duplicate. B, Competitive dose-dependent inhibition by SST agonists of 125l-LU-SST-28 binding to
hSSTR5. Membranes were incubated with 60 �M 1251-LU-SST-28 and the indicated concentrations of LU-SST-28 (#{149}),SST-28 (#{149}),SST-1 4 (0), D-

Trp8-SST-1 4 (*) SMS 201 -995 (A), MK-678 (Li), AC-i 60 4, or BIM 2301 4 (0) under equilibrium conditions, as described in the text. These peptides
exhibited the following rank order of potency: LU-SST-28 > SST-28 > D-Trp8-SST-i4 > SST-i 4 � AC-i 60 n BIM 2301 4 > MK-678 > SMS 201-
995. The results are representative of three experiments performed in duplicate.

Fig. 5. hSSTA5 is coupled to a pertussis toxin-sensitive G protein, as
shown by the inhibition of 1251-LU-SST-28 binding by guanine nucleo-
tides as well as by Na� and pertussis toxin. GTP and GTP�yS inhibited
radioligand bindin9 over the concentration range of 1 0� to 1 0� M. Only
the maximal inhibition of specific binding by the nucleotides is shown.
The inhibitory effect of 100 m� NaCI was tested in the absence or
presence of 100 �M GTP. Pretreatment of cells with 100 n�.i pertussis
toxin also decreased specific binding of 1�l-LU-SST-28. Data shown
are the mean ± standard error of three experiments.

cytoplasmic carboxyl-terminal segment, which may serve as a

potential site for a palmitoyl membrane anchor similar to that

described for the human f.�2-athenergic receptor (39). hSSTR5
is comparable to the other SSTRS with respect to potential

sites in the second and third cytoplasmic loops and the car-
boxyl-terminal segment for receptor regulation through phos-
phorylation by protein kinase A and protein kinase C.

The agonist profile of the receptor protein encoded by
hSSTR5 revealed selectivity for SST-28, with a SST-28 to



A

2.4 kb -

AGONIST [N)

iO-� 10-e io� icr6

B

4
4:.

45�

4.0kb

424 Panetta at a!.

Fig. 6. hSSTA5 is negatively coupled to adenylyl cyclase. SST-1 4 (#{149})
and SST-28 (0) inhibited forskolin (Fsk)-stimulated cAMP accumulation
in COS-7 cells expressing hSSTA5. COS-7 cells were plated in six-well
plates at a density of 2 x iO� and were transfected with hSSTA5 cDNA
when the cells reached --70#{176}kconfluency. Inhibition of forskolin (1 ILM)-

stimulated CAMP accumulation by SST-14 and SST-28 was measured
48 hr later, as described in Materials and Methods. Data shown are the
mean ± standard error of four experiments. Basal cAMP content was 7
± 0.6 pmol/well, whereas the maximal forskolin-stimulated level was 43
± 3 pmol/well.

SST-14 potency ratio of 12:1. This contrasts with a SST-28 to

SST-14 potency ratio of 30:1 reported for the rat homologue
(19). This difference cannot be explained by the use of different

radioligands (‘25I-LTT-SST-28 versus ‘251-Tyr”-SST-14) in the
two studies, because the relative affinities of the various SST
analogues for binding to hSSTR5 were found to be the same
with either radioligand (data not shown). A direct comparison
of the inhibitory potencies of SST-28 and SST-14 in these
studies is not feasible, because single IC� values rather than K
values were reported for the rat homologue of hSSTR5 despite
very low Hill coefficients for the competition curves, indicating

multiple affinity states of that receptor (19). Nevertheless, the

selectivity of hSSTR5 and rSSTR5 for SST-28 distinguishes

this subtype from SSTR1, SSTR2, and SSTR4, all of which
bind SST-14 more than SST-28. On the other hand, SSTR3
displays species-dependent selectivity for either SST-28 or

SST-14, suggesting that this receptor may be an intermediate
form between the SST-14- and SST-28-selective receptor
subfamilies. In this respect it is interesting that hSSTR5 shares
69% amino acid identity with hSSTR3 in the seven transmem-

brane domains (18, 20). A second pharmacological difference
between hSSTR5 and rSSTR5 resides in their ligand selectivity

for the conformationally restricted octapeptide and hexapep-
tide SST analogues. Analysis of saturation isotherms indicates
the presence of a single population of high affinity hSSTR5

binding sites. Scatchard analysis of competition experiments
with these analogues, however, suggests their interaction with

a second low affinity form of hSSTR5, with 10-fold lower K1

values. Such dual-affinity behavior is also implied by the Hill
coefficients of 4zl in the case of rSSTR5 (19). Overall, the four
conformationahly restricted analogues show a lower affinity for
hSSTR5 than does SST-28, the putative endogenous ligand for
this receptor. It should be noted, however, that the inhibition

curves obtained with RC-160 and BIM 23014 differ from those

of SMS 201-995 and MK-678. This is the first report describing
a divergent pattern of binding to a cloned SSTR between SMS

Fig. 7. Northern blot analysis of SSTR5 mANA in rodent and human
tissues and tumor cells. A, 50 �zg of total ANA from normal rat pituitary,
GH3 rat pituitary tumor cells, human pituitary tumors (somatotroph
adenoma, prolactinoma, or chromophobe adenoma), or human islet
tumor(insulinoma) were hybridized to a �P-labeled rSSTR5 cDNA(RP3O)
synthesized by PCA. A 2.4-kb transcript is present in normal rat pituitary
and GH3 cells. No transcript is detectable in the human tumors. B, 3 �g
of poly(A)� ANA from human postmortem pituitary were probed with a
VP-labeled hSSTA5 DNA fragment. A weakly labeled 4-kb transcript is
seen. C, 1 �g of total ANA from adult pituitary, adult cerebral cortex,
fetal hypothalamus, or fetal pituitary was subjected to AT-PCA using
hSSTR5-specific primers, as described in Materials and Methods. The
PCR products were separated on an agarose gel, stained with ethidium
bromide, and photographed under UV illumination. A specific band of
578 bp was detected in all tissues examined except adult cerebral cortex.
Left lane, DNA markers, i.e., Haelll-digested 4X1 74 phage DNA (1.35,
1 .08, 0.87, 0.6, and 0.3 kb).

201-995 and MK-678 on one hand and RC-160 and BIM 23014

on the other.
The structural differences underlying the differing pharma-

cological profiles of hSSTR5 and rSSTR5, or indeed those that

confer SST-14 or SST-28 selectivity in a SSTR, remain to be
clarified. Interspecies variation in higand selectivity for a recep-
tor homologue is not uncommon. For instance, the recently
described hSSTR4 features an agonist profile different from

that of rSSTR4, although the two receptors share -‘86% se-
quence identity (21-23). Likewise, a single amino acid differ-
ence between the rodent and human forms of the 5-hydroxy-
tryptamine type lB receptor has been reported to lead to a

dramatic alteration in their ligand-binding properties (40).
Within the seventh transmembrane domain, the sequence
YANSCANPILY is completely conserved in each of the rat,
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Fig. 8. Localization ofSSTR5 mRNA in rat pituitary by in situ hybridization
with �S-labeled sense and antisense ANA probes. A, Dark-field photo-
micrograph showing dense message levels diffusively distributed
throughout the anterior lobes (AL). In contrast, the intermediate lobes
(IL) and posterior lobes (NL) show very low grain densities. B, There is
no specific labeling in a control section probed with sense-strand ANA.

Chromosome 16 + - - + - + - - - + - - -

Fig. 9. Chromosomallocation of the hSSTR5 gene. An ethidium bromide-
stained gel of hybrid hamster-human somatic cell lines (BIOS Corp.) was
analyzed for the presence of hSSTA5 DNA. Oligonucleotide primers
flanking 3’ translated and untranslated sequences of hSSTA5 were used
to generate a 190-bp PCA product.

mouse, and human forms of SSTR1, SSTR2, SSTR3, and

SSTR4 (Fig. 3). This sequence is not present in other seven-

transmembrane domain receptors, although some of the resi-
dues are highly conserved, suggesting that the YANSCANPILY
motif is unique to the SSTR family (41). In the case of SSTR5,

the rat and human receptor sequences differ by a single amino
acid in this region. Whether this substitution in itself is suffi-

cient to explain SST-14 versus SST-28 selectivity remains to

be determined.
hSSTR5, like rSSTR5, was found to be coupled to a pertussis

toxin-sensitive G protein. This receptor subtype is thus com-

parable to three other members of the SSTR family, SSTR2,
SSTR3, and SSTR4, that have been reported also to be coupled

to pertussis toxin-sensitive G proteins (18, 21, 37). A putative
consensus sequence for G protein coupling exists in the third

cytoplasmic loop in each of these receptors (33) but is not

present in SSTR1, the only member of this receptor group
whose G protein interaction thus far remains uncertain (12,

14). Our data demonstrate that hSTTR5, like the rat homo-

logue, is negatively coupled to adenylyl cyclase. Furthermore,

the potencies of SST-28 and SST-14 for inhibition of forskolin-

stimulated cAMP accumulation paralleled their binding affin-
ities, suggesting functional coupling of the receptor to adenylyl

cyclase. In the case ofthe other SSTRs, initial reports suggested
that SSTR1 and SSTR2 (expressed in COS-1 and CHO-DG44
cells) do not signal via adenylyl cyclase (42), but subsequent

studies have shown that both of these receptors (expressed in

CHO-Ki or COS-7 cells), as well as SSTR3 and SSTR4, are
linked to inactivation of adenylyl cyclase (18, 43-45). This

means that all five SSTRs signal through inhibition of adenylyl

cyclase and that there is no selectivity for coupling to adenylyl
cyclase between the SST-14- and SST-28-type receptors.

Whether any of these receptors activates other signaling path-

ways, e.g., ion channels or phosphoprotein tyrosine phospha-

tase, remains to be determined.

The endogenous tissue expression ofthe SSTR5 gene appears
to be relatively selective. RNA blots of rat tissues revealed a
single 2.4-kb transcript in the pituitary, as reported previously

(19), as well as in cerebral cortex. Outside the pituitary and
cerebral cortex, we found no detectable expression of SSTRS

mRNA in rat pancreas, stomach, adrenal gland, kidney, hypo-
thalamus, or muscle. Northern analysis showed a single 4-kb
SSTR5 transcript in human pituitary. Reverse transcriptase

PCR confirmed that, in addition to adult pituitary, this gene is

expressed in fetal pituitary and hypothalamus but not in adult
human cerebral cortex. This is unlike the other cloned SSTRs,

which are more widely expressed in brain and peripheral tissues
(SSTR1, brain, stomach, and intestine; SSTR2, brain, pitui-

tary, adrenal, pancreas, intestine, and kidney; SSTR3, brain,
pituitary, stomach, and intestine; and SSTR4, brain, pituitary,

pancreas, adrenal, stomach, and kidney) (13-22, 37). By in situ

hybridization, the rSSTR5 transcript was diffusely localized to

the anterior lobe of the pituitary. Based on previous pharma-

cological and in vitro autoradiographic studies, at least three of

the normal pituitary cell types, i.e., somatotrophs, lactotrophs,
and thyrotrophs, express functional SSTRs (46). Additional
experiments using dual-labeling in situ hybridization will be

required to determine which of these subsets of pituitary cells

express SSTR5. The finding of mRNA for SSTR5, a SST-28-

selective receptor subtype, in the pituitary correlates with the
known preference of pituitary membrane SSTRs for SST-28

binding. On the other hand, whereas SSTR5 appears to be
relatively selective for the pituitary, the pituitary is not selec-
tive for this receptor, because all of the other four SSTRs are

also expressed in the pituitary, albeit in different amounts

(SSTR2 >> SSTR4 > SSTR1 = SSTR3) (13-21, 37). Analysis

of human and rodent pituitary tumors for SSTR5 gene expres-
sion disclosed a number of unusual findings. SSTR5 mRNA

was highly expressed in GH3 cells, although these cells have
been reported to display a preference for SST-14 binding sites
(47). Because GH3 cells also express large amounts of the SST-

14-selective subtype SSTR2 (25), conceivably the overall SST-

14 selectivity must be determined by a relatively higher pro-

portion of SST-14 binding sites, compared with SST-28 binding

sites. Paradoxically, SSTR5 mRNA was undetectable in a

human insulinoma, although normal islet $ cells and hamster

insulinoma cells are known to exhibit SST-28-selective binding

sites (48, 49). This is similar to AtT-20 mouse pituitary cells,
which also display a preference for SST-28 binding but show

poor expression of SSTR5 mRNA, raising the possibility that

other SST-28-selective SSTR genes may exist (50). In contrast
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GAC AAC ‘I’PC CGC CAG AGC ‘l’l’C COG AAG G� CTG TOC CTA CGT AGA
Asp ken Phe Arg Gin Ser Phe Arg Lye Val Leu Cys Leu Arg Arg

GGA TAC GOT ATG GAG CAT CCC GAC GCC ATA GAG CCA CCC CCA GAC 1014
Gly !Pyr Gly Met Glu Asp Ala Asp Ala lie Glu Pro Arg Pro Asp 338

AAG AGT COG CCC CCT CAG GCC ACA CTG CCC ACA CCC AGC TGC GAG 1059
Lys Ser Gly Arg Pro Gin Ala Thr Leu Pro Thr Arg Ser cys Glu 353

GCC AAT COG CTC ATG CAG ACC ?�GC AGG ATT T�A

Ala ken Gly Leu Met Gin Thr Ser Arg lie -- -

rSSTR5 (published)

rSSTR5 (revised)

hSSTR5

DNFRQSFRKVLCLRRGYGMEDADAIEPRPDKSGRPQAHCPHAAARpMGSCRPAGFEcpcN’rLGVLQASTVz,SSGI

DNFRQSFRKVLCLRRGYGMEDADAIEPRPDKSGRPQATLP’PRSCEANGU4Q’PSRI

DNFRQSFQKVLCLRKGSGAKDADATEPRPDRIRQQQEATRPRTAAANGLMQTSKL

Fig. 10. Revised nucleotide and amino acid sequences of the carboxyl-terminal tail of rSSTA5. A, Corrected nucleotide and amino acid sequences
of the carboxyl-terminal tail of rSSTR5. The nucleotides and amino acid residues are numbered in accordance with the published sequence (19).’,
Position of the cytidine residue missing from the published sequence (nucleotide 1034). Total ANA, isolated from rat pituitaries, was reverse
transcribed into single-stranded cDNA. PCR was used to amplify the 3’ end of rSSTA5 using oligonucleotides based on the published sequence
(nucleotides 547-567, 5’-GGCACCTGCAACCTGAGCTG-3’; nucleotides 1085-1066, 3’-CGAGTACGTCTGGTCGTCC-5’)(19). The PCA products
were subcloned into PCRII (Invitrogen) for sequence analysis. B, Amino acid sequences of the carboxyl-terminal domain of the published (19) and
revised rSSTR5 sequences were aligned manually. ‘, Position of the frame shift in the published rSSTA5 sequence. The revised rSSTR5 sequence
was aligned with the corresponding hSSTA5 sequence using FASTA.

to the finding of normal pituitary expression of SSTR5, four
human pituitary tumors, of both secretory and nonsecretory
types, were devoid of hSSTR5 mRNA. These same tumor
samples have been previously reported to express mRNA for
the SST-14-selective SSTR genes, in particular SSTR2 (25).
Although this is a small sample size, it raises the possibility of
differential expression of SST-14- rather than SST-28-type

receptors in human pituitary tumors. This in turns implies that

the action of analogues such as SMS 201-995, which are

clinically used for treatment of pituitary tumors, is targeted to
SST-14-type receptors such as SSTR2, which not only are

abundantly expressed but also interact with high affinity with

this agonist (13, 35).
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