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receptors controls many physiol ogi cal functions. These receptors nedi ate

transmenbrane signaling fromexternal stinuli 5 (vision, taste and

~snell), endocrine function (pitui- tary and adrenal), exocrine function

(pancreas), heart rate, Ilipolysis, and carbohydrate netabolism The

nol ecul ar cloning of only a fraction of the genes for this famly has

reveal ed many s{i{gséupgl and genetic 10 simlarities including seven

menbr ane spanni ng donai ns, conserved am no acids critical for function,
sites for glycosylation and phosphorylation. In many cases, the genes for
these receptors lack introns, a rarity anong eukaryotic genes. The G

and

protein-1linked receptor 15 superfam |y can be subclassified into five
di stinct groups: (i) am ne receptors (serotonin, adrenergic, etc.);
(i1i1) small peptide hornone (somatostatin, TRH, etc.); (iii) large peptide

hornone (LH-CG FSH, etc.);
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RECEPTOR ID IFICATIO oD

The superfamily of G protein-linked receptors
controls many physiological functions. These receptors
mediate transmembrane signaling from external stimuli
(vision, taste and smell), endocrine function (pitui-
tary and adrenal), expcrine function (pancreas), heart
rate, 1lipolysis, and carbohydrate metabolism. The

" molecular cloning of only a fraction of the genes for

this family has revealed many structural and genetic
similarities including seven membrane spanning domains,
conserved amino acids critical for function, and sites
for ‘glycosylation and phosphorylation. In many cases,
the genes for these receptors lack introns, a rarity
among eukaryotic genes. The G protein-linked receptor
superfamily can be subclassified into five distinct
groups: (i) amine receptors (serotonin, adrenergic,
etc.):; (ii) small peptide hormone (somatostatin, TRH,
etc.): (iii) large peptide hormone (LH-cé, FSH, etc.):;
(iv) secretin family; and (v) odorant receptors (2).
The isolation of as yet uncloned receptors that are
associated with important physiological functions or
disease states, or which are critical for enhancement
of animal performance [e.g., receptors for growth
hormone release factor, corticotropin release factor,
cholecystokinin, vasocactive intestinal peptide (high
affinity subtype)] would be highly beneficial.

Current strategies for cloning members of this
receptor superfamily are diverse and fraught"with

(iv) secretin famly; and (v) odorant receptors



20 « The isolation of as yet uncloned receptors that are associated with
| nportant physiological functions or disease states, or which are critical
for enhancenent of animal perfornmance [e.g., receptors for growh hornone
rel ease factor, corticotropin rel ease fact 25 chol ecyst oki ni n,
vasoactive intestinal peptide (high affi |ty subtype)] woul d be highly
beneficial. Current strategies for cloning nenbers of this receptor

superfam |y are diverse and fraught with -2- difficulties. These
| techniques requaieribgitsakati hede atééhhihﬁagt fkéﬂ%&rtﬁénﬁéﬂé@icﬁ{ m ne
- whet her a partlcularﬂproteln |s act ual %%the receptor [nter- est. For
exanpl e, expr@&sfortuld olength SPHG hEFE?oFEbdﬂ%t%§§%%ﬁ1@?&@Heﬁé

Xenopus oocyt espareifjculag proteir hisi ackanildy dhed heefeptorendt hitaA-
(15).  The use 9Ly PCR k4D dedanfiidl © Olah@ouieiedl | d&sofidng?! SQshhgn used
heterologous system (such as Xenopus oocytes) requires
5 - the isolation of the full-length cDNA (15). The use of
PCR with degenerate oligonucleotides has also been used
to clone G protein-linked receptors. However, this
approach has been largely applied only to amine recep-
tors, and not to peptide hormone receptors (9). A
major drawback to that methodology is the generation of
"orphan" receptors where the identification of the
receptor, wvia identification of the hormone that
activates it, may remain unknown for years. Finally,
protein purification is difficult because these recep-

10

15 tors are, in general, very low in abundance. Obtaining

peptide sequence data is, therefore, an arduous and
time-consuming task. In contrast, the present applica-
tion describes a system that does not require isolation
of'a,full-length cDNA until a PCR fragment has already
been identified as originating from that géne. Addi-
tionally, utilization of the highly processive PCR
technique, in combination with other steps, circumvents
any difficulties due to low abundance.

20

25 s Y OF THE I TION

The present invention relates to a method for

isclation and identification of novel receptor DNA.

The method comprises steps of (a) contacting a template

20 nucleic acid, in a polymerase chain reaction, with at
least one target receptor-specific oligonucleotide
primer, and isolating a nucleic acid fragment resulting
from the reaction: (b) providing an antisense
oligonucleotide based on a nucleotide sequence from the
isolated fragment to a cell capable of expressing a
partlcular receptor, and (c) observing the presence or

35



t;0 clone G protein-linked receptors. However, this approach has been

| argely applied only to am ne recep- tors, and not to peptide hornone
receptors (9). A 10 maj or drawback to that nethodol ogy is the
generation of "orphan" receptors where the identification of the receptor,
via identification of the hornobne that acti¥ates it, may remai n unknown for
years. Finally, protein purification is difficult because these recep- 15
tors are, in general, very |low in abundance. Obtaining peptide sequence
data is, therefore, an arduous and tine-consunm ng task. In contrast, the

present appl i ca®PEeBFedeS& | FBE PRYSLENI AR At TRGERTAY! Sy cGXPFESFLORat PN of
a full-length cBdActiton, a ifCRthegnerelhas dtheadybLénce beenrédeﬁtbi': ed
as originating f t..ge . ot | ut il | o] | y

pr ocesgi ve PCgR teé‘%?rﬁé%g,ngi nr}'%cdolr%d%aﬁ i oénﬂv?t h%?.heéﬁg%%%é,ggci Ir%%gn?ent‘ggany
difficulties dublwhe&mﬁ%meptes's exXpressuonRY Wrerply | SRELFrmANghe

present inventi ¢he Sl@RIMS Y o N Otkditdd il &ic 2a€id dephihbAtt LBBNOf
novel regeptar |v:.)wszi'ch the antisense oligo was based as encoding all or
a portion of the receptor whose expression has just
been measured.

The present method is wuseful for identifying
receptors from virtually any class, but is particularly
useful in identification and isolation of
G protein-linked receptor. For use in identification
of this receptor type, the invention also provides a
series of several novel oligonucleotides useful as
primers in the first step polymerase chain reaction.
The method has also resulted in the identification of a
heretofore “unknown somatostatin receptor subtype,
herein designated as SSTR3; the invention therefore
also provides a nucleic acid sequence encoding that
receptor, as well as vectors and host cells _capable of
expressing the sequence.
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The present invention provides significant advan-
tages over known methods of receptor sequence isolation
and cloning. It provides an alternative to the process
of isolating receptor protein in order to obtain
sequence information, a task which 'is -necessarily
arduous because of the frequently small amounts of
expressed receptor in most cells; the use of PCR in the
present method overcomes this problem. The ease of
identification of the present method also avoids the
20 classic problem of "orphan receptors", i.e., isolated

nucleic acid fragments presumed to encode a receptor

25

protein, but the identity of which remains unknown for
lack of a reliable assay and/or a complete sequence.
The claimed method provides a means for immediately
35 identifying the 1ligand specificity of the isolated
fragment by quick assay of its activity in wild-type



The net hod conpri ses steps of (a) contacting a tenplate 20 nucl ei c

aci (Thlsshpeeﬂ ® chain reaction, with at |east one target
recep Ilgonucleotlde prinmer, and isolating a nucleic acid
frag from t he reaction_. 4 (b) providing an anti sense

ol i gonucl eot | de based on a nucl eoti de sequence fromthe 35 I sol at ed
fragment to a cell capable of expressing a particular receptor, and (c)
observing the presence or - 3A- cells and further avoids the necessity

for having a- feéllsenrgidh chiheromvdids heher alewgsssi X PESES|Hdv iy aahost

cell. Accordin e p f e here_is provided an
ol i gonucl eot i dgﬂgﬂ" %Hé\t:{:} éDﬁ? SES?%uf)&golﬁé?é?o%agngt ﬁ?—fpgfaﬁagﬁﬂc 8o des
depicted in Fi qiest 22elk. According to a further aspect of the invention
there is provided an oligonucl eotide selected fromthe group

5 BRIEF SCRIPTION O IGURES

Figure 1. Procedure Summary. In this example,
four orphan G protein-linked receptor gene fragments
are isolated. Vehicle, sense (+:; as a negative con-
trol) and antisense oligos (-) derived from each clone
are tested in a cAMP accumulation assay to determine if
one attenuates the response td a ligand known to
activate adenylyl cyclase. In this case, an antisense
oligo to orphan #3 represses the response, thereby
identifying that sequence as a portion of the gene

10

15 encoding the assayed receptor.

Figure 2. Description of oligonucleotides used as
PCR primers. Lines with boxes represent genes encoding
G protein-linked receptors. Each box indicates a
transmembrane domain. ArrX¥ows correspond to binding
sites for the described oligos. Nucleotide seguences
use the IUPAC-IUB nomenclature for incompletely speci-
fied bases. A. Oligonucleotides directed toward the
general class of peptide ligand receptors.
B. Oligonucleotides directed toward the secretin
receptor-like subclass.

20

25

Figure 3. Nucleotide sequences of orphan receptor

DNA fragments. Underlined sequences indicate PCR

primers. Both fragments contain oligo #8 at the 5!
terminus and oligo #10 at the 3' terminus.

20 Figure 4. Hydropathy plots of peptides encoded by

novel PCR fragments. The peptide product of each PCR

fragment is analyzed by the Kyte-Doolittle hydropathy

index. Each sequence begins within the second

transmembrane domain and ends in the sixth

transmembrane domain. Hydrophobic transmembrane

domains 3, 4, and 5 are readily apparent. The plot

35



consisting of the oligonucleotides depicted in Figure 2B. According to a
further aspect of the invention there is 10 provided an antisense
ol i gonucl eoti de having the sequence GGGICGCCTCCATTTCGG According to a
further aspect of the invention there is provided an antisense
ol i gonucl eoti de having the sequence 15 CCACCECT COGCCT TGAGG. According to a
further aspect of the invention there is provided a nucleic acid fragnent
encodi ng a somatostatin receptor, conprising the amno acid sequence of
SSTRS 20 depi Ct gdriGeld OpffmS e CbHpATak2e? ddiidie oBSPECal Lffiato-
invention there 1S provided a nuclerc” acl ragnent encoding a somatostatin
receptor, the fEigkdm (SREF FARPRUIRT S RIRWN Q¥ FRBPRARLSONF| gure 7.
AC_cgr]gi ng tota fu”d h@rigaﬁ@@.t Of?hh;ishﬂééntd'tapfgébemdcﬂc_ péﬁ%shu:égéi_anm@f_eidc
aci ragment encoding.a.,somatostatin recep .~ CONPIi_Si NQg e.ani,no aci
sequence of SSTRS °%§ﬁtc1tnedrﬁﬁeﬁi¥§55e an A%Emcl:xii %lt‘]f'a f BPPREF LSS REt of
t he invegtion t raddoldigand binding. GH,C, cells are treated with
vehicle (CONTROL), an antisense DNA or the correspond-

ing sense strand for 24 hours as described in the text.
The cells are harvested, crude plasma membranes are
prepared and 'radioligand. binding is performed using
[1251]somatostatin (50 fmol/tube, 250 pMol final).
Non-specific binding is determined in the presence of
1 M somatostatin. The results displayed are the
average of two separate experiments, performed in

10

triplicate.

Figure 6. Antisense oligonucleotide inhibition of
somatostatin receptor function in AtT20 corticotrophs.
AtT20 corcitotrophs are treated with vehicle (control),
a sense oligo '(5 uM), or an antisense oligo (5 uM)
directed against the orphan G-protein-linked receptor
PCR11 for 24 hours. The cells are harvested and
somatostatin-mediated inhibition of cyclic AMP response
curve performed three times with equivalent results.
The lower panel is the average of three separate
experiments.

_ Figure 7. Nucleotide sequence of mouse SSTR3 DNA
fragment. Underlined sequences indicate PCR primers.
Oligo #8 anchors the 5' terminus and oligo #12 is the
3' terminus.
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Figure 8. Alignment of somatostatin receptor

peptides. Amino acid sequences of SSTR1 and SSTR2 are

20 aligned to SSTR3. Lines above the sequences indicate
hydrophobic transmembrane domains. Only sequences from
transmembrane region 2 to transmembrane region 7 are

shown. Small case letters indicate conservative amino

acid substitutions; wupper case 1letters indicate

35 nonconservative changes. To maximize the alignments,

three residues near the C-terminus of transmembrane



provi ded a nucleic acid fragment conprising the sequence of BRI EF
DESCRI PTION OF THE FI GURES Figure 1. Procedure Summary. In this exanple,
four orphan G protein-linked receptor gene fragnents are isol ated.
Vehi cl e, sense (+; as a negative con- trol) and anti sense oligos (-)
derived fromeach clone 10 are tested Tn a cAMP accunul ati on assay to
determne if one attenuates the response to a |igand known to
activate adenylyl cyclase. 1In this case, an antisense oligo to orphan #3

- represses the r&SpONge, of NSEFRY ARErdstis ngrahaalaeauencadaataom&twon of
t he gene 15 encodi ng the assayed, recepto gure 2. scri ption of

" ol i gonucl eot i deSSTREDNIE PEFeWer gesidue; h’éstmﬁt ﬂnﬂo§e§ef”€|5'r éBet7genes
encoding G protein-linked receptors. . Each box indicates a
transmenbr ane dQ esh t ale 20 sites for the
described ol i gdeils e’ £ oft?

5 ' The present method can be employed to isolate and
' clone nucleotide sequences encoding proteins from any
family of proteins for which (1) a consensus sequence
or sequences can be identified; (2) a cell line ex-
pressing the protein is available; and (3) a functional
10 assay exists. However, ‘the method is particularly
useful in isclation of the nucleotide sequences encod-
ing various types of receptors. Although the specific
examples provided in this application relate to isola-
tion and identification of a nucleic acid fragment
15 encoding a G protein-linked receptor for a small
peptide hormone, those skilled in the art will readily
recognize how the techniques described herein can be
applied to other receptors as well.

, - The first step of the method employs the poly-
20 merase chain reaction (hereinafter "PCR") to amplify
the amount of receptor nucleic acid available for
study. The nucleic acid used in the PCR is not re-
stricted to any particular source, but the source cells
will preferably be obtained from tissue which is known
25 to express a particular receptor or receptors of
interest. Tissue sources for various receptors are
well known in the art, as seen, for example in Trends
in Pharmacological Sciences, Receptor Supplement, Jan.
1992 (24). Once an appropriate target cell or tissue
20 type is identifiéd, genomic DNA, cDNA, either from a
library or synthesized from RNA, or RNA itself is
isolated therefrom by standard methods (20), in prepa-

ration for use as a template for PCR.
The technique of PCR is described in U.S. Patent
35 Nos. 4,683,202; 4,683,195; and 4,965,188; the contents
of these patents are incorporated herein by reference.



use the | UPAC- 1 UB nonencl ature for inconpletely speci- fied bases. A

A igonucl eotides directed toward the general cl ass of pepti de

| i gand receptors. B. digonucleotides directed t oward t he secretin
25 receptor-like subclass. Figure 3. Nugleotide sequences of orphan
receptor DNA fragnents. Underlined sequences indicate PCR priners.
Both fragnents contain oligo #8 at the 5 term nus and oligo #10 at the 3'
term nus. 20 _ Figure 4. Hydropathy plots of peptides encoded by

novel PCR fragnai seriég, pepR des Piselifel ©h aamﬁe}aﬁg",ag:fmmq anaysaﬁed
DY e Kt DOl e I PR 6% o aaEh 13 EETEEnobE0) 05, il
transnenbrane Typigtailly, H}drnprmmec dupkexn shEAb s&mandonks ndeBaturednd 5
are readily appgfinat TRePifliividudl strands separate. The separate
strands each constitute a template which is contacted

5 * with primers, which are usually oligonucleotides
designed to be able to anneal with a portion of the
target sequence contained on the template. The primers
of each strand are then extended by the use of DNA
polymerase, thereby providing two new copiés of the

10 target sequence. The entire process is repeated
numerous times, thus potentially 'resulting in millions
of copies of the targeted sequence, making detection of
a gene expressed at very low levels considerably
easier.

15 As applied to the present method, the template
nucleic acid is derived from a cell known or expected
to carry nucleic acid encoding one or more receptors of
interest. The nucleic acid is then contacted with
primers (oligos) specifically designed to anneal with

20 sequences characteristic of the receptor or receptors
of interest. For example, in the examples provided
herein, comparison of the known nucleotide sequences
(see generally 19), particularly of somatostatin (25),
substance X (23), substance P (23, 6, 26, 4, 21),

25 neuromedin K (22), thyrotropin (8, 9, 17, . 19), LH/hCG
(12, 14, 16), and other receptors designated mas (27),
mrg and rta indicates from regions exhibiting a signif-
icant degree of conservation. From this observation,
five oligonucleotide primers are designed; with 4- to

20 - 64-fold degeneracy plus 5-23% inosines. (See Fig-
ure 2A.) These oligos are capable of recognizing
virtually any receptor for a peptide ligand in the PCR
procedure, and indeed, as shown below, are used to
isolate the sequence encoding a novel somatostatin

35 receptor. Other heretofore unisolated receptor genes
which may be cloned using these oligos include, but are



derived fromthe conparable region of a rat somato- statin (SR F)
I's shown for conparison. Figure 5. Antisense oligos bl ock expression of
somatostatin receptors in [err] cells: anal ysis by 5 radi ol i gand

receptor

bi ndi ng. GHCL cells are treated with gehicle (CONTROL), an antisense

DNA or the correspond-

. text. The cells are harvested, crude plasma nenbranes are prepared and
- radioligand binding.is perforned using 10 somatostatin (50 fnol/tube,

pMol  final). Nesespeimiteabi 8di,ngthe deecemitoed,i N ORFE qrcmamﬁaﬁfopln{ err]

sonmat ost ati n.

Ing sense strand for 24 hours as described in the

250

re di splaye ar t he .avera g of rate
experi nents, pe??i;ﬁﬁ% %Léct%‘rpral'l C ?@ %gonapaotropﬂ ﬁ? eg=e k?ﬂ
ol i gonucl eot i deféhhibropdn @blaaagchoambne;e@mawﬁhthrmbna|nebnaslhg

corticotrophs. lﬁSE}ZQn Or Cidctidiindy © E;Ea%h‘i?x wi th&ﬁB!sEh& ( e y[%és a
sense oligo (5 or ,an ant| sense ol gﬁ;r] |rected agal ns
or phan G prot ei $+% siBcefLd) PERbE nasyte ¥agc Qﬂ?&

harveséed and
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protein-1, and vasopressin subtypes.

If a different type of receptor is sought, alter-
nate oligos can readily be constructed. For example,
to identify genes encoding the secretin type of recep-
tor (which are structurally similar to the peptide
hormone receptors, but have quite distinct amino acid
sequences), a comparison of the secretin, calcitonin
and parathyroid receptor gene sequences provide the
information for design of four novel oliges which can
be used in recognition of receptors of this subclass

- (Figure 2B). This group of receptors potentially

includes secretin, calcitonin, parathyroid hormone,
growth hormone releasing factor (GRF) and glucagon.

For the identification of amine receptors, a
number of oligos have already been described (8).
Similarly, appropriate sequences for odorant receptors
have also been described (2). In.each case, these can
be used in the same manner as the oligos described
above.

The foregoing 1lists relate to G protein-linked
receptors, but oligos for use in this method can also
be made for other types of receptors, e.g., non
G protein-linked peptide hormone receptors and steroid
hormone receptors. The appropriate oligonucleotides
can be designed by comparison of several known related
genes of that receptor type to determine regions of
homology among them, then creating degenerate oligos
based on one or more of these consensus sequences.

In the PCR procedure, the number of primers used
is not critical and, to some extent, will be governed
by the number of useful oligos available for this
purpose. Generally, optimal primer number is



20 somatostatin-nediated inhibition of cyclic AMP response curve perforned
three tines with equivalent results. The | ower panel is the average of
t hree separate experinents. 25 Figure 7. Nucleotide sequence of
nouse SSTR3 DNA fragnent. Underlined sequepces indicate PCR primers. digo
#8 anchors the 5 termnus and oligo #12 is the 3 termnus. Figure 8.
Alignnent of sonmatostatin receptor peptides. Am no acid sequences of
SSTR1 and SSTR2 are aligned to SSTR3. Lines above the sequences indicate
hydr ophobi ¢ tragsterized dosmpivicdrly, Se@é@&ﬁ:‘er{ﬁ OMbhl aRENDFesa1£€gi on
2 to transnenbra region.7.are shown. Small_case letters inqtcate
conservative am°g’§aé&%& "s‘&&ﬁ t -s\gggalr Lﬁﬁ)e?r’-’&%@% usedt er Ypf"ﬁ?ﬂ‘%&t e
nonconser vat i veachalgese T nstaruck ebeteeehi ghee munberhrat okijolupsinsar
the Ctermnus @he! rARANBEP'GFC homologous sequences present in each
receptor subclass to which oligos may be directed, and
the facilities available to analyze the products.

The conditions for PCR reactions are well known in

the art. The resulting clones are then isolated and

5

the nucleotide sequénce determined for all or part of
the clone. At this point, the clone still represents
an "orphan", the identity of which remains to be
determined. However, it can be determined at this time
whether the peptide encoded by the clone has the
general hallmarks of.a receptor molecule, particularly
of the receptor type originally selected for. For

10

15 example, membrane bound receptors are arranged in a

pattern of intracellular (IC), external and
transmembrane (TM) domains, though the types of these
domains are specific to each group of receptors. The
presence of the characteristic domains can be deter-
mined from the predicted amino acid sequencé by analy-
sis by the Kyte-Doolittle hydropathy index (7; See also
Figure 4). Once the protein has been confirmed as
likely being a receptor, its subclass identity can be
somewhat further refined before proceeding to the next
stage of the process. A relatively short (i.e., 8-23
amino acids) third intracellular loop (IC3), for
example, is characteristic of G protein-linked peptide
ligand receptors; in contrast, the IC3 of amine recep-

20

25

- tors generally has about 47-155 residues, and contain a
20 conserved Asp residue in their <third transmembrane
domain. Although this determination is not essential
to the success of the method, it will help to screen
out clones which are not likely to have been derived
from receptor DNA, and to select for those that are

35 likely to be receptor-derived.



-6 domain 4 of SSTR1 and SSTR2 are deleted. Additionally, SSTRL has 1 fewer
residue in tnt and 3 fewer in tn7. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5
The present nethod can be enpl oyed to isolate and cl one nucl eoti de
sequences encodi ng proteins from any faniiﬁ of proteins for which (1) a

t

consensus sequence or sequences can be TdehtTfied; (2) a cell line ex-
pressing the protein is available; and (3) a functional 10 assay
exi sts. However, the nmethod is particularly useful in isolation of the

nucl eoti de sequencesrenCggetnd¥al nfdte t V&ssc Pf 1ELLEP! OhdtefhliRaUIREE
specific exanples provided in this agﬁglcatlon relate to 1sola- tion and

i denti fication ientHae| ofc Bhe *PFRENLRr 1Bhe segHepgenPbtaigd from
protein-linked sepsepédrclénes bs thahl ugeat tdedesignnantibensesllilged i n

e v b L datFAREr “Rndouin A UGS Ui I50eis o 0
t he pol y- critical, but it is preferable to use the largest oligo
5 . that can be taken up by cells to provide the greatest
sequence specificity. Typically oligos comprise 15 to
21 nucleotides. Generally, at least two complementary
oligonucleotides are made, one in the sense orientation
and one in the antisense orientation. Preferably the
10 antisense oligos are designed to correspond to regions
of mRNA that display the least amount of predicted
secondary structure. Each oligo preferably contains
50-70% cytosines plus guanines to maximize hybridiza-
tion to mRNA. The antisense oligo is used to evaluate
15 whether any receptor function can be blocked in a
wild-type cell. If the orphan clone from which the
antisense sequence is derived does represent all or
part of a receptor gene, then the antisense oligo (but
not .the sense oligo), when provided to a cell normally
20 capable of expressing that same receptor, should block
expression of that receptor.

Since the desired subclass of receptor is de-
termined at the start of the procedure, the type of
cell used to evaluate the effect of the antisense oligo

25 will be selected from among cells known to normally
express receptors of the type and subclass initially
sought. Whole cells or cell membranes from the select-
ed cell type are treated with either an antisense
oligo, its complementary sense oligo, or vehicle (as a

20 control). The treated preparations are then observed
to determine the presence or absence of receptor
function in the presence of a ligand which normally
binds to the receptor. In a typical situation, a
variety of ligands are tested; the ligands selected for

35 testing are those which are known to bind to receptors
within the subclass sought.



20 « merase chain reaction (hereinafter "PCR') to anplify the anount of
receptor nucleic acid available for study. The nucleic acid used in the PCR
is not re- stricted to any particular source, but the source cells wll
preferably be obtained fromtissue which is known 25 to express a
particular receptor or receptors of”i Fj'er'est. Ti ssue sources for
various receptors are well known in the art, as seen, for exanple in Trends
i n Phar macol ogi cal Sci ences, Receptor Supplenent, Jan. 1992 (24). Once an

appropriate target : | e ##gcs I §i NP G A
cBﬂA, Ioei ther f rg_m acﬁ%r§%§agiégyr?t%ﬁ§sirzee . rofm Wérgkﬁ%ept%ge%? icls
i sol at ed t hereflt@2Rg S¥3IhdBed dREFOMLNERONN [ gratker r ofi ovaysr usthess a

tenplate for PCRigdh& &afihbieddRteictREly Sferrddede]d. V. @itRaetadio-
Nos. 4,683, 202;,4,683,195; and.4,965, 188; the contents of these paott nts are

i ncorporated hetEPHOB§/ r oFRERIJYminescent molecule,  or any er
detectable label commonly used in the art. The 1la-

belled ligand is then contacted with the treated cells,

5 or preferably cell membranes from treated cells, and
the presence or absence of binding of the ligand to the

cell or cell membranes determined. The observation of

ligand binding in an antisense-treated cell indicates

that the antisense oligo liad no effect on expression of

10 that 1ligand's receptor, thereby eliminating that
receptor from consideration as being the one encoded by

the orphan clone. On the other hand, the absence or
reduction of bound ligand to cell membranes from
antisense treated cells, combined with the observation

15 of ligand binding in the sense-treated cell membranes,
indicates that the original orphan clone represents all

or a portion of the gene encoding the receptor for that

particular ligand. )

Alternately, assuming that the receptors sought

20 are of the type whose action is mediated by a second
messenger,' then recéptor function can be evaluated by
measurihg accumulation of <the secbnd nessenger. For
example, many peptide hormones mediate their ultimate
effects by way of the action of cyclic AMP (cAMP).

25 Thus, the binding of a particulér ligand to a receptor
can be evaluated by measuring the accumulation of caAMP

within antisense-treated intact cells. If there is no
stimulation or inhibition (depending on the receptor)

of cAMP accumulation in an antisense-treated cell in

20 the presence of a particular ligand, then it can be
assumed that the receptor for that 1ligand was not
expressed, and that the orphan sequence shares identity
with the receptor for that ligand. Cyclic cAMP accumu-

lation assays are well known in the art (3, 5).

35 However, the practice of the invention is not limited



-7- In brief, PCRis useful in anplifying, cloning and/or detecting a
target sequence in a sanple of DNA. Typically, the native duplex DNA strand
is denatured, so that the individual strands separate. The separate strands
each constitute a tenplate which is contacted 5 with prinmers, which
are usually oligonucleotides designed‘tbzbé able to anneal with a portion
of the target sequence contained on the tenplate. The priners of each
strand are then extended by the use of DNA pol ynerase, thereby providing

oo new copi es f Wenlleicadiliche SPOUSDESE Al VIR REASRES 1S

repeated nunerous frmes, thus poten _ urting i ons Of Ccopi es
of the target eWhaxfieRetividkt ngdsdemediiakedof by geAMPexpr 05bey asegend | ow

llevel s consi deplisekpst ekystams are alfe a¥wEd bOgthe f¥EseRhnABYBOd,
the tenplate nuclelﬁi aci d i.s .derive fr%ma cel |l 'known or expected to carry

d
nucl ei ¢ aci d eR&&di AgEEREedr B¥brBakeReR rof apgd; dnegitol TRRORRRAELE acid

I S then cont actaedl vdrdchidonic acid can be assayed using commercially
5 - available kits (New England Nuclear). In the case in
which second messenger accumulation is used as the
central indication of receptor blockage, 1labelled
ligand bindingl can be used as a further confirmation of

receptor identity. -

10 If it should be the case that the original clone
represents only a fragment of the receptor, further
screening. is necessary to isolate the entire gene.
This can be easily achieved at this stage, however,
because the fragment has already been conclusively

15 demonstrated to be receptor-derived, and therefore can
be reliably utilized as a probe to screen genomic or
cDNA libraries for the entire receptor sequence.
Alternately, a method for rapid amplification of cDNa
ends (RACE; 11) permits cloning of a complete gene

20 sequence without 1library screening. Sequencing and
subsequent cloning of the entire sequence can be
achieved using standard techniques available in the art
(20). Utilizing the foregoing method, a novel
somatostatin receptor is identified.

25 It will be understood by those skilled in the art
that the present method is applicable to a wide variety
of receptors. Among the receptors of particular
interest are the receptors for GRF, VIP, galanin,
glucagon, p-endorphin, CCKB, GHRH, GNRH, follitropin

20 releasing hormone, CRF, octopamine, adenosine subtypes,
angiotensin II subtypes, monocyte chemoattractant
protein-1, ‘and vasopressin isoforms. There are also
convenient, publicly available host cell lines for use
in the antisense assay: for example, Rin cells provide

35 a source of expressed glucagon and galanin receptors;
RC~-4B cells are a useful cell line for GRF, GHRH, GNRH,



primerss (oligos) specifically designed to anneal with 20 sequences

characteristic
t he exanpl es pr

(see generally 19), particularly of somat §tQ1in (25), substance K (23),
substance P (23, 6, 26, 4, 21), 25 neuronedin K (22), thyrotropin (8,

of the receptor or receptors of interest. For exanpl e,

in

ovi ded herein, conparison of the known nucl eoti de sequences

9, 17, .19), LH hCG (12, 14, 16), and other receptors designated mas (27),
ntrg and rta indicates fromregions exhibiting a signif- icant degree of

conservati on. Féﬁ&”hbﬁlﬂ’é%égl‘ilﬁ;iQ&le‘ais\i@igm IfaRAGH eHddtpturdEr S NEFos

designed; with

4-

0 20 ol d degengrac l.us 5-23%, i nosines.
(See Fig- ure 2‘73?#5 TR e 2 ofPYESE an i’aﬁfﬁ%‘?&h’cﬂ ReGeRIRE ng ART2Qal |y
any receptor focehlpeptdardebe gaaddi nin hediteqrimredwieh aCRFi ntashtas.

shown bel ow, ar
35 recept or

eretorore uni sol at receptor genes

cl oned using these ofRgaddieiene tputhpse receptors and cell lines
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noted above, variations of the claimed method will also
be apparent to those skilled in the art.

The invention 1is further illustrated in the
following non-limiting examples.

EXAMPLES

1. gGeneral Methods

Unless otherwise specified, the following methods
are utilized in the procedures described below:

Polymerase Chain Reaction. Oligonucleotides are
synthesized on an Applied Biosystems Model DNA synthe-
sizer. PCR reactions are done with the Perkin-Elmer
Cetus GeneAmp® PCR kit if using DNA as the template or
with the same manufacturer's GeneAmp® rTth RNA PCR kit
if using RNA as the template. Reactions are'performed,
but not limited to, the manufacturer's recommendations
with a 39% annealing temperature for degenerate
oligonucleotides or 60°c for specific primers. Each
reaction contains 1 ug DNA ‘or total cellular RNA plus
1 pg of each primer (ca. 1 uM final concentration).

Seguence Analysis. PCR products are separated in
a 1l.2% agarose slab gel containing 1 pg/ml ethidium
bromide. DNA fragments of the expected length are cut
out and purified with GeneClean® (BIO10l1l). The termini
are polished with T4 DNA polymerase in the presence of
0.25 mM dNTPs and ligated into pGEM3Z (Promega Corp.)
cleaved with SmaI. Selected clones are sequenced using
the Applied Biosystems dye primer DNA sequencing kit

-and the Applied Biosystems Model 373A automated

35

sequencer. Protocols are as recommended by Applied

ﬁeH%?ﬂé%QﬁbﬁQl @Filghgxﬁeg]u%gﬁem%%ﬂ ’é%xﬁ-éhovfévﬁﬂ 2 ostatin

nay be



-8- not limted to, the receptors, .  CRF (corticotropin release
factor), GNRH (gonadotropin release hornone), follitropin rel ease hornone,
growt h hornone rel easing hornone, oct opam ne, gal anin, adenosine

subt ypes, angiotensin (I1) subtypes, nonocyte chenvattractant 5

protein-1, and vasopressin subtypes. 1 £~ a2 Hi Tferent type of receptor is
sought, alter- nate oligos can readily be constructed. For exanple, to

i dentify genes encoding the secretin type of recep- tor (which are

structural I'y S'ﬂéﬁgsggql; he ﬁ&@ié&é %ueneégvaﬁer sgﬁasr%a with Rage

quite distinct am sequences arison of e“secretin,

cal citonin amjHﬁﬁ¥$¢@@tﬁcF@ék%ﬁﬁ%wP@ﬁ#ﬁg%equences provi de the |nfornat|on
for design of four novel oligos which can be used in recognition of
receptors of this s bc ass 15 i : : This group of
receptors pot et i aFEg-2REPR4QL RBece BPCrtotti N, parathyroid hornone,
grow h hornone rel edBongatgeto rpéﬁﬁe andcgpuoagon consensus sequences

are identified from nine rat genes. These sequences

5 : are then utilized to design probes for the isolation of
new genes of the peptide receptor class. The receptors
used are those for somatostatin, substanée K, substance
P, neuromedin K, thyrotropin, ILH/CG and others desig-
nated mas, mrg, and rta.- Four regions of nucleotide

10 sequence are found to exhibit a degree of conservation
significant enough to design degenerate oligonucleotide
primers for PCR. Five oligos are designed with 4- to
64~-fold direct degeneracy plus 5% to 23% inosines‘-
(Figure 2A). Additional probes are developed for the

15 class of G protein-linked receptors characterized by
the rat secretin receptor. This class currently has
only four known members (recognizing secretin,
calcitonin, parathyroid hormone and vasoactive intesti-
nal peptide). The sequences for these 'genes are

20 aligned and four oligonucleotides are subsequently
designed to potentially recognize this subtype (Fig-
ure 2B). Neither set of oligos would be predicted to
amplify amine receptor sequences.

The five oligos described in Figure 2A are de-

25 ~ signed to anneal sequences in G protein-linked peptide -
receptor genes. Oligos are synthesized on an Applied
Biosystems Model DNA synthesizer. The oligos are used
as six different primer pairs for PCR. PCR reactions
are conducted as described above. Using rat genomic
20 "DNA as the template, all six reactions produce DNA
. fragments of the expected size (ranging from ca. 420 bp
for a tm3 to tmé fragment to ca. 700 bp for a tm2 to
tm7 fragment), DNA fragments are cloned and two sam-
ples, designated PCR9 and PCR1l1l, are found to contain
35 sequences characteristic of G protein~linked receptors



For the identification of am ne receptors, a nunber of oligos have al ready
been described (8). 20 Simlarly, appropriate sequences for odorant
receptors have al so been described (2). In each case, these can be used in
t he sane manner as the oligos described ahgve. The foregoing lists relate
to G protein-linked 25 receptors, bat igos for use in this nethod can
al so be nade for other types of receptors, e.g., non G protein-Ilinked
peptide hornone receptors and steroid hornone receptors. The appropriate

ol i gonucl eot'deﬁu%af},&e?%é{:?%&g;éﬂésco&@ér £3QRa0T 1 eﬁ@hﬁ%nh”"{gfrhoﬁfé )ed 20

genes of that receptor termne regions o
t hen creating d¥ye éP&@@QﬂS%ﬂﬁ?ﬂﬁﬁﬁxPﬁntbﬁéebﬁ“ﬁbrﬁrégmﬁﬁ §eaG@n§§M§ﬂ@

sequences. In thg Pﬁ&ﬁfecsdurezaéﬂﬂe mpf d&&ﬂtﬁ&h% uaedsiﬁgﬂet &pén i cal
and, to sone extent, wll _be gove of useful ol igos

avail abl e for tﬁﬁgdﬁﬁﬂboggam . ﬂgFal?9mpar6ﬁ¥PnéY1ghpr? TREFRTOT s

sequences shows a considerable similarity between a rat
somatostatin receptor and PCR 11, suggesting that PCR11
5 : is a novel somatostatin receptor subtype. Both frag-
ments exhibit not only primary sequence similarity to
other receptors but also the hydropathy pattern charac-
teristic of G protein-linked receptors (Figure 4).
Interestingly, the predicted third intracellular loop
10 ..(IC3) of each new sequence is comparatively short, a
hallmark of peptide receptors which have IC3s of 8 to
23 amino acids long (PCR #9 has an IC3 of 13 residues
and PCR #11 has one of 23 amino acids). In contrast,
the IC3s of amine receptors range from 47 to 155
15 residues in length. These observations suggest that
the novel G protein-linked receptors represented by the

PCR products are of the peptide ligand subclass.

20

25

20

35



-9- determ ned
first pair of priners used. Typically, a balance is struck between the
nunber of oligo pairs, the nunber of honol ogous sequences present in each
receptor subclass to which oligos nay he f§rected, and 5 t he
facilities available to anal yze the products. The conditions for PCR
reactions are well known in the art. The resulting clones are then isolated
and the nucl eotide sequence determned for all or part of the clone. At

, the clone stil lraBE esents 10 an "orphan", the identity

this point

of which

rema

ti me whether t

a receptor
for. For
pattern

5
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15
of

enpirically, dependent on the results obtained with a

s binked Recepedxsior type originally selected
exanpl e, menbrane bound receptors are arranged in a

' s e ] c%$#b%? L can be determned at this
#é é:pe[%ln gsseﬂﬁﬁé‘%}%@ e %%eg%és t he general hall marks of
. G -2 3 20 R (

I-ntracel | ul ar (19, = external and
Gene
Receptor Class Qesignatiogb PCR $#9° PCR #11°
Peptide Ligand srif 37 57
neuk 24 30
subkK 22 25
subP 20 26
mas 23 16
mrg ' 15 18
thy 19 18
lhcg 16 13
Amine Ligand alb 21 27
g2 24 20
a2 . .. 10 : 22

Notes:

2 Each PCR fragment (designated #9 or #11{ is translated
and compared to G protein-linked receptors available in
GenBank.

b All sequences are from rat. Designations are: srif,
somatostatin receptor; neuk, neuromedin K receptor; subkK
or P, substance K or P receptor; mas, mas oncogene; mrg,
mas related gene; thy, thyrotropin receptor; 1lhcg,
luteinizing hormone and chorionic gonadotropin receptor:;
alb, alb—adrenergic receptor; g2, ﬁz-adrenergic receptor;
daz, D2 dopamine receptor.

€ Numbers represent the percent identical or  conserved
amino acids over the length of the translated PCR frag-
ment. Any percentage greater than 15 is considered
highly significant.

3. Blockade of Somatostatin Receptor and Expression

Expression Function with Antisense Oligos



transmenbrane (TM donmai ns, though the types of these domains are specific
to each group of receptors. The presence of the characteristic domains can
be deter- 20 m ned fromthe predicted am no acid sequence by analy- sis
by the Kyte-Doolittle hydropathy index (737See also Figure 4). Once the
protein has been confirnmed as likely being a receptor, its subclass

I dentity can be sonewhat further refined before proceeding to the next 25
stage of the process. A relatively short (i.e., 8-23 amno acids) third

intracel lular |aop Li&é3hd BéndéwgnAksayi s characteristic of G

PLOLEL T K PEE) OB, Y AL ek PCaThed et A Sl 1
conserved Asp $@%i qanfluenae int Riodd febaknbeyinee SeFaRn. DNY 'S his
el Sl oo cfeMriab st ndtin ticar palidieter Shinbar 07 el
receptor5 DINA, a%lgzgo %fecf:gﬁgr tl%%ee ?%Flar%% %%ﬁ |Eé?§ tgxcougmt':ed
recept or-deri vedith vehicle (HZO) (control), with an antisense oligo

(18 mer, GGGTCGCCTCCATTTCGG, 5 pgM), or the complementa-

ry sense strand (18 mer, GCCAAATGGAGGCGACCC, 5 uM) for

4 hours at 37°c (95:5, air co,) in Dulbecco's modified

Eagles medium without serum. At the end of the 4-hour
10 time period, heat-inactivated fetal bovine serum is
added to 10% (final concentration). The cells are
grown for an additional 20 hours. The cells are
harvested, crude membranes are prepared as described by
Eppler et al. (28). Radioligand binding is performed
-with [12511tyr-somatostatin, S-14 (50 fmol/tube,
250 pMol final), using standard binding assay methods
as follows: binding assays are done in a binding
buffer containing 50 mM HEPES (pH 7.4), 0.5% BSA and
5 mM MgC12. The standard filtration assay for
20 [1zsI]SRIF analog binding to GH4C1 membranes is carried
out as follows: 1. Radioligand is diluted in binding
buffer + PMSF/Baci to the desired cpm per vol. of 10 ul
and then 180 pl aliquots are added to the table. For
non-specific binding samples, 10 gl of 20 uM cold S14
is also added per well of membrane diluted to the
desired concentration (10-30 ug membrane protein/well)
in binding buffer + PMSF/Baci. Binding is stopped by
rapid filtration of samples through Whatman GF/C
filters presoaked with 0.3% polyethyleneimine. Binding
is allowed to proceed at 30°c for 1-2 hours. Binding
is stopped by rapid filtration of samples through
Whatman GF/C filters presoaked with 0.3%
polyethyleneimine. Each sample is washed three times
with ice-cold binding buffer '(5 ml). Finally the
individual wells are placed in 12 x 75 mm tubes and

15

25

20

35

counted in an LKB Gammamaster counter (78% efficiency).



-, 10 - In order to nore specifically determne the identity of the
receptor, the sequence obtained fromselected clones is then used to design
anti sense oligo- nucleotides. The specific length of the oligo is not
critical, but it is preferable to use thejgargest oligo 5 that can be
taken up by cells to provide the greatest sequence specificity. Typically
oligos conprise 15 to 21 nucleotides. Generally, at |east two conpl enentary
ol i gonucl eoti des are nade, one in the sense orientation and one in the

anti sense ori erThkei vesuPtsfedisplayled ih FigureiSensreothgoaveragteRfned

to correspond tewéeakﬁa%@%ne‘@,'\“\efaw TﬁH rved NEn! 828p136RLAL OfrePr&gl cted

secondary structure. olirgo prefeerably cqgntains 50-70% cytosi nes plus
guani nes to nmaxP®i B8Ry Ak Menkbrane 1 STRRNESL I LERrtedn ¥dth iR i fised
to evaluate 15 and whkéhesensg retegbor displalyon eepyivial ditocKiaslreéls a of

wi | d-type Ce"'biﬁéiﬁge[mzﬁ??ﬂynggﬁaLBQQEWQLpQ4b%ev 350 fmol/mg). In

5 membranes challenged with the antisense oligo for

24 hours, a 60% decline in [125

I]tyr-somatostatin
binding is observed (166 mol/mg). Thus blockade of
receptor expression with antisense, but not the sense
oligos shows a‘specific means by which loss of function

10 can be used to characterize and identify orphan recep-

tors.

B. ¢cAMP Assay
AtT20 cells are grown to 50% confluence in 10%

15 fetal bovine serum, Dulbecco's modified Eagles medium
| in a humidified chamber (37°c, 90:10, air:Co,). The
AtT20 cells are then incubated with vehicle (control),
with an antisense oligo directed against the orphan G
protein-linked receptor PCR11 (20 mer,
20 CGAGCGCCTCCGCCTTGAGG, 5 yM), or the sense strand
(20 mer, ACGCAGAACGCCGTCTCCTA, 5 uM) for 4 hours at
37% (90:10, air:coz) in Dulbecco's modified Eagles
medium without serum. The mRNA encoding this orphan
receptor is detected in AtT-20 mouse pituitary cells by
25 PCR Northern analysis. At the end of the four-hour
time period, heat-inactivated fetal bovine serum is
added to 10% (final concentration). The cells are
harvested and bovine serum is added to 10% (final
concentration). The cells are harvested and
20 resuspended in Kreb's Ringer phosphate buffer contain-
ing 2 mM Cac12, 100 yM isobutyl-methylxanthine (to
inhibit cyclic AMP-dependent phosphodiesterase activi-
ty). Somatostatin-mediated inhibition of
forskolin-stimulated cyclic AMP accumulation is per-
35 formed in intact cells. Cyclic AMP is measured using a
kit purchaséd from Amersham. Cells are washed two



anti sense sequence is derived does represent all or part of a receptor
gene, then the antisense oligo (but not the sense oligo), when provided to-
a cell normally 20 capabl e of expressing that sanme receptor, should

bl ock expression of that receptor. Since titbe-desired subclass of receptor
Is de- termned at the start of the procedure, the type of cell used to
eval uate the effect of the antisense oligo 25 wll be selected from
among cells known to normal |y, express receptors of the type and subcl ass
initially soughtimg®omdtéel KxéblscRingamnbPapsphatem (RP)sdpefferefanst |

type are treategayphifgeist i eBcanti sefge QUd1ax i(58-886PbOEBHNt hNe SETSE
ol igo, or vehicl eiﬁ()as a 20 co trolg. The treated repar_ag ons ,are then
observed to detBFHPhicRhe) paF&ntachatedefor o5 &t Vake:t idFE%RT he

presence of a |tgesd ahdgbrnoimsibitbredsof 0 ddenykyrkptayclasé n im t JHRR Al

LSO, CBEERY EARIRE, & SobeRAS ool bR daos e hagut g 0,

sought. 5 . methylxanthine. The reaction is terminated by addition

of 10 gl of 0.1 N HCl. The samples are boiled for 5

minutes and then neutralized with 0.1 N NaOH containing

100 mM Tris, pH 7.5. To each tube [ H] cyclic AMP is

added (~15,000 cpm) and 10 gl of adrenal binding

10 protein. The samples are- incubated on ice for 90 min-

utes with standards, activated charcoal (100 pl) is

added, and centrifuged (4°c, 2000 x. g for 5 minutes).

The samples are compared against standards of known

concentrations and quantified by liquid scintillation

15 spectrometry. Results are depicted in Figure 6. The

figure shows that the efficacy of somatostatin mediated

inhibition of cAMP accumulation is attenuated. Also,

the ED50 for the somatostatin medicated response is

shifted to the right. In control and sense treated

20 cells, the EDS50s for somatostatin receptor are calcu-

lated to be 1 and 1.2 nM, respectively. In the cells

treated with antisense oligos, the ED50 response to

somatostatin is 9 nM, a 9-fold shift in potency. These

data indicate that both the efficacy and potency of

25 somatostatin are altered by treatment of cells with

antisense oligos. Thus, the PCR11l fragment appears to

identify a novel somatostatin receptor subtype. The

fragment is compared with known receptor subtypes SSTR1

and SSTR2 (25). Over the region currently available

(representing greater than 50% of the coding sequence),

the SSTR3 receptor is 57% identical to SSTR2, and is

74% homologous if conservative amino acid substitutions

are considered (Figure 8); SSTR3 is only slightly less

homologous to SSTR1l: 49% identical and 70% identical or
conserved residues.

20

35



The activity of a receptor in the presence of its |ligand can be determ ned
in a nunber of ways. The ligand can be detectably labelled, e.g., with a
radi o- isotope, chem |um nescent nolecule, or any other detectable

| abel commonly used in the art. The laz pglled ligand is then contacted
with the treated cells, 5 or preferably cell nenbranes fromtreated
cells, and the presence or absence of binding of the ligand to the cell or
cell menbranes determ ned. The observation of ligand binding in an

anti sense-treated cdad ithei cebassbhabftmmmsemaﬁ:imﬁsa,d a0 mbfiset on
expressi on of ce i
t hat receptor ;h (r%onqlco rc},?éraﬂ%%ai;%o etl:%g E%ﬂ%n%uéggéggge Fﬁ%ﬂgrgp
clone. On the && ﬂﬁﬁﬁﬂeﬂﬁmi%biéﬁ%% bn ?k@%%@lbn of bound ligand to ceH
menbranes from anti sense treated cells, conbined with the observation 15
of ligand bindin '§1 he_sense- trea ed fﬁﬁl menbr anes,

OF BIO
5 * * ]
The following materials have been deposited on
June 4, 1992, under the terms of the Budapest Treaty,
at the American Type Culture Collection, and given the
indicated accession numbers.
10 .
Description Accession No.
E. coli K=12, 0Z9 (PCR9) ' 69005
E. coli K-12, 0Z1ll1 (PCR1ll) 69006
15
20
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i.,ndi cates that the original orphan clone represents all or a portion of the
gene encoding the receptor for that particular ligand. Alternately,
assum ng that the receptors sought 20 are of the type whose action is
medi at ed by a second nessenger, then regepjoL function can be eval uated by
measuring accunul ati on of the second nessenger. For exanple, many peptide
hornones nediate their ultinate effects by way of the action of cyclic AW
(cAMP). 25 Thus, the binding of a particular ligand to a receptor can
be sagdgrageed by neasuring the accunul ation of cAMP within antisense-treated

intact cells. If therenuig@ﬁgiéﬁgﬁggtlon or inhibition (depending on the
receptor) of CcCAMP accu anti sense-treated cell in 20 t he
presence of a particular | igand, then it can be assuned that the receptor

for that |igand was fydn £XP! epsegde a01d, t?ﬁhstbsforabaesseag%%ae SRaoeS

identity with the receptor for that T1gand. Cyclic cAW accunmu-’ I'ation
assays are well known in the art (3, 5). 35 However, the practice of the
invention is nagf, | i ek, L. and Axel, R., Cell, 65:175-187, 1991.

3. Czech, J. et al., J. Clin. Invest., 66:574-582, 1980.

4. Gerald, N.P., J. Biol. Chem., 265:20455-20462, 1990.

5. Hadcock, J.H. et al., J. Biél. Chem., 264:13956-19361,
1989.

6. Hershey, A.D., and Krause, J.E., Science, 247:950-962,
1990.

7. Kyte, J. and Doolittle, R.F., J. Mol. Biol., 157:105-
132, 1%82.

8. Libert et al., Science,.244:569-572, 1989.
9. Libert, F. et al., BBRC, 165:1250-1255, 1989.

10. Libert, F. et al., Mol. Cell Endocrinol., 68:1215-1217,
1990. '

1l1. ILohman, M.A. et al., PNAS USA, 85:8998-9002, 1988.
12. Loosfelt, H. et al., Science, 245:525-528, 1989.
13. Masu, Y. et al., Nature, 329:836-838, 1987.

14. McFarland, K.C. et al., Science, 245:494-499, 1989.

15. Meyerhof, W. and Richter, D., FEBS Lett. 266:192-194,
1990.



= 12+« to identification of receptors for peptide ho

I s nedi at ed u}ntﬁlﬁr second nessenger syst
e.g., ion c“mmmﬁml “ f ‘* ted by patch clanp, and
arachi doni ¢ &ci 8 can 'be assayed using commercially 5
(New Engl and Nuclear). In the case in WA%H second

Is used as the central indication of receptor blocka
bi ndi ng can be used as a further confirmation of rec

I[f it should b Gcgse that the original clone rep
of the receptor, rther screening i s necessary to
This can be easily achieved at this stage, however,
has al ready begma%oRfd WSiassd Yislo denonstrated to

and therefore can

rnmones where activity
ens are al so known,
i nosi tol phosphates and
avail able kits
messenger accunul ation
ge, labelled Iigand
eptor identity. 10
resents only a fragment
solate the entire gene.
because the fragnent
be receptor-derived,

1.

A method for isolation and identification of
nucleic acid fragments encoding a receptor com-
prising: (a) contacting a template nucleic acid,
in a polymerase chain reaction, with at least one
target receptor-specific oligonucleotide primer,
and isolating a nucleic acid fragment resulting
from +the reaction; (b) providing an antisense
oligonucleotide based on a nucleotide sequence
from- the isolated fragment to a cell capable of
expressing a particular ' receptor; and
(c) observing the presence or absence of the
particular receptor's expression in that cell.

An oligonucleotide selected from the group con-
sisting of the oligonucleotides depicted in

- Figure 2A.

An oligonucleotide selected from the group con-
sisting of the oligonucleotides depicted in
Figure 2B.

An antisense oligonucleotide having the sequence
GGGTCGCCTCCATTTCGG.

An antisense oligonucleotide having the sequence
CGAGCGCCTCCGCCTTGAGG.

A nucleic acid fragment encoding a somatostatin
receptor, comprising the amino acid sequence of
SSTR3 depicted in Figure 3.



be retiably utilized as a probe to screen genonic or cDNA libraries for the

entire rece ernately, a nethod for rapid anplification of
cDNA ends (mmﬂ “ﬂmﬂul rcl oni ng of a conplete gene 20 sequence -
hout |ibrary screening.* -Sequencing__and subsequent cloning of the

ent| re sequence can be achi eved using $t&ddard techni ques available in the
art (20). Uilizing the foregoing nethod, a novel somatostatin
receptor is identified. 25 It wll be understood by t hose skilled
in the art tha% theApr&fgfélémta%% | $ 9&9&\? é(ﬂ?iﬁg%%a@:{n
receptors. the Teceptors or |cu eres are

receptors for GRF vapepgap-’am Bheg| ﬁEé@Eﬁnt[ ethn]\prm@g GHRel, sempgnce
follitropin 20 Hebaateds i FIRe GRF, octopam ne, adenosine subtypes,
angiotensin 11 subtypes, nonocyte chenoattractant protein-1, and
vasopressin isoforns. There are al so convenient, publicly avail abl e host
cell lines forsguse an mielaiti aeise fsagyentoreraiiricee, aR sonatodstatini de

35 a source of %@e‘ﬁiﬁﬁ'd, gég&ggpggiﬁad_&aé aQﬁTnBecftP{Qr%equence of

SSTR3 depicted in Figure 8.

9. A nucleic acid fragment comprising the sequence of
PCR9, depicted in Figure 3.

L



RC-4B ¢ells are a useful cell line for GRF, GHRH, GNRH, - 13 - and

follitropin releasing factor receptors. NGL08 cells are a source of

rr] rece At T20 cells gan be used in tipon with CRF receptor.
ré@gl%llast ﬁc&cl prehainagy,¢BAraFcrization Pg B&B.fgﬂgmﬁ ion to those
receptors and cell lines noted above, variations of the clainmed nethod wll

al so 5 arent t killed | th art..The inve i
fur<BER-il | ust igfegtin iﬂﬁ f&] @ Un | i m ?anp?‘%?e'%bg E@Nﬁl
Gener al Met hods~Unl f pecHied, téh e tareBhv PIMest K8s ar e

utilized in thel pro@dur®s descri$ed Bel ow. Pol ynerase Chai n Reaction.

A igonucl eotides are é

-DNA analysis- Clone PCR products
Determine nucleotide seguence :
Compare to GenBank - identify G protein-linked receptor sequences
' - eliminate previously cloned genes -

Result: Pool of unidentified G protein-linked receptor gene fragments
derived from a known tissue (e.g., pituitary or adipose)

slusinun ORI IONNRAA TR NEE AT EALOU LS e R AL L IO RO ROSTR LT ANNARIEULTRRAIRNTRIRR IR BtSLORORERIRELUIOANANITORITRRRTTERIOURTOTIIRctantisasteusieauttneatsteaststtssnnnsstasnsisattanume

Stage 2. Antisense oligonucleotide synthesis and effector assays.

-synthesize oligos- Synthesize sense and antisense oligos derived from each orphan
PCR fragment

tube

-effector assays- U U U U U U U U Responswe cells
_ Hormone
’ 1 " 2 3 4 5 6 7
orphan #1 #1 #2 #2 #3 #3 #4 #4

oligo sense 4+ - + - + - + -

camp A A A A A o A A
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15° " synthesized on an Applied Biosystens Mddel DNA synthe- sizer. PCR
reactions are done with the Perkin-El nmer Cetus [err] PCR kit if using DNA
as the tenplate or with the sane manufacturer's [err] rTth RNA PCR kit if
using RNA as the tenplate. Reactions are perfornmed, 20 but not
limted to, the manufacturer's reconmmendations with a J[err] annealing
tenperature for degenerate oligonucleotides or [err] for specific
primers. Each reaction contains 1 [err] DNA or total cellular RNA plus 1
[err] of each primer (ca. 1 [err] final concentration). 25

Sequgnce Anal ysis. PCR products are separated in a 1.2% agarose slab ge
containing 1 [err] ethidiumbrom de. DNA fragnents of the expected |ength

are puri i ed|
T4 DNA polynerase | € presence o
pGEMBZ ( Pronega @) cl eaved with Snal.

Igated 1nto
=s™ are sequenced
systens dye priner DNA sequenci ngtmtg and the Applied

%autonay sequencer . Protocol s aéae recor@ed

using the Applie
Bi osyst ens Model

by Applied
tm3 i 7
Designation Location Length Degeneracy Nucleotide Sequence
#8 tm2 26 16X; 23% 1 TWCITISTIMACCTGGYCIIGCTGA
#9 tm3 25 4X; 12% 1 TGTTYICCAGCATCTACTIMIGAC
#10 tm6 26 64X; 19% 1 ~ ATGRTGATSITKGTNGTGIKKROTT
#11 tm6 20 4X: 5%1 TTYGYCATCIGCTGGITGCC
#12 tm?7 17 8X; 6%1 AAYAGCIGYGCCAASCC
- | H 1, - ] |

B :
> <

tm3 N tm7
Designation Location Length Degeneracy Nucleotide Sequence
#13 5' 21 8X;24% 1 TGGGAIRICATKIITGYTGG
#14 tm3 19 4X: 16% 1 GAIGGISTCTAICTTCAYA
#15 tm6 19 16X; 21% 1 ASTGIAYICCIARIAGSGG
#16 tm7 22 2X; 23% 1 MCICWTGHGWQWA
This Sheet Has Been Rep FIGm 2
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35 14 -

sof t war e package. 2.

receptors,
_sequences 5

new genes of the peptide receptor class.
somat ost ati n,

and ot hers desi g-

Bi osystens. Nucl eoti de sequences are analyzed with the [err]

| sol ati on of Receptor

Fragnments To target peptide
consensus sequences are identified fromnine rat genes.

These

are then utilized to design probes for the isolation of
The receptors used are those for

subst ance K,

nat ed mas,

subst ance P,
nT g,

neur onedi n K,
and rta.

Four

t hyrotropin,
regi ons of nucleotide 10

LH CG

sequence are found to exhibit a degree of conservation significant enough

to desi gn degenerate oligonucleotide priners for

deSIP

(Fi gure%g)

Addi t i onal

th 4- to 64-fold direct degeneracy plus
probes are devel oped for the

23%

PCR. Five oligos are

5% to I nosi nes

TTCGTGGTGA

ACCTGGTCGG GGCTGACTTT

GACAACTATG
TTCATGTTGG
AGGTACTTCA
GCCATCATCT
ACGGACATGA
ACTTTCAGGT
CTGTTéTGCT
AAGATCAAGA

CTGCC

PCR11l
TTCGTGCTGC

TCCAGAACTG GGACTGGAGG
CCATGAACCG ACAGGGCAGC
GGGTGGTCCA CCCGCACCAC
CTTGCTTCCT GTGGGGCATC
TGACCCGAAA CGGCGATGCA
GGCACGATGC AATGTTCCTC
CTGGCAGGAT CATTTGGAGC
GGGCCATCAA CTTCATCATG

ACCTGGTCGG GGCTGACGTA

ACGCAGAACG CCGTCTCCTA
CTGGATGGCA TCAACCAGTT
TACCTGGCCG TGGTCCACCC
ATGGCCAGCG CGGCCGTCTG
GCGGATGTCC AGGAGGGCTG
TGGGGTGGAG CCTTCATCAC,
ATCTGCTTGT .GCTACCTGCT
TCCTCAAGGC GGAGACGCTC
GTGTTCGCCA TCTGCTGGCT

CTGGCCCTTC
CACCAGTATC

TCTCCGCTCA.

CTCCTGATCA
TTCGGGAGCA
ATCATCTTCC
TTCCTGAACA
ACCATCGGCC
AACCTGTGCA
TTGGAATTCT
CTAAGGCAGA
GTGGTTGCCA

TTATTTATGT
GGCTCCTTCT
TTCTGCCTGA
GCCCGGTGGC

GGTCTTTTCG
GGGCACCTGC, ARCCTGAGCT
CTACACGTCT GTGTTGGGCT
CATTGTGGTC AAGGTGAAGG
GGAGCGCAAG GTGACTCGCA
GCC

This Sheet Has Been Re,
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CTGCTCATGT

TTTGCTTGCC GTTCTTGACG

60

TCCCCTGCCG CGTGATGCTC120
TCACGGTGGT GGCTGTGGACl80
AGATCTCCAA CCGGACGGCG240
TGACAGTCCA CCTCCTCTAC300

GCAGTTTTAG CATCTGCTAC

360

420
TCCTGCCCCT GGGCATCATC

480
GACAGATGGA CAGGCACGTC

540
TTGTGTTTGC CATCTGCTGG

TGGGACTTCC TTTCCTGGCC
TGTGCCGCCT GGTCATGACA
TGGTCATGAG TGTTGACCGC
GTCGCCCACG GGTAGCCAAG
CTCTGCCGCT CTTGGTCTTC
GGCCAGAGCC, TGTGGGGCTG
TCTTTGGGCC CCTGCTGGTC

60

120

™

360

%480
CTGCAGGCAT GCGCGTAGGC

TGGTGGTGGT CGTGGTGCTG

40



15 . class of G protein-linked receptors characterized by the rat
secretin receptor. This class currently has only four known nenbers
(recogni zi ng secretin, calcitonin, parathyroid hornmone and vasoactive
intesti- nal peptide). The sequences for these genes are 20
aligned and four oligonucleotides are subsequently designed to

potential ly.recognize this subtype (Fig- ure 2B). Neither set of oligos

woul d be predicted to anplify am ne receptor sequences. The five oligos
described in Figure 2A are de- 25 signed to anneal sequences in G
protein-1linked peptide receptor genes. digos are synthesized on an
Appl i ed Bi osystens Moddel DNA synt hesizer. The oligos are used as six

different priner pairs for PCR PCR reactions are conducted as described

above. Using rat genom c 20 DNA as the tenplate, all six reactions
produce DNA gr&gnents of the expected size (ranging fromca. 420 bp for

tn8 to tnb figagsent-toica. 200 bp for . a.trR. b0 tini-fragnenty DNA-fix
are cl oned aadomub S a5y dcsigﬁa&edprRemaﬁ PER ar-etf

a

; forrg-it-o
contain 2.00
1.00 Y Y ¢

PCR9 oto-

-1.00
=2.00 -~
-3.00
-4.00

~5.00

20 40 60 " 80 100 120 140 160

.00

180

.00

.00

.00

S
4
3.00
2
1
o]

100 - LY

~-1.00 S
=2.00
=3.00
-4.00

'PCRII

i
-3.00 ' |

20 40 60 80 100 120 140 160 180

SRIF

FIGURE 4
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35 . sequences characteristic of G protein-linked receptors
no exact matches are found in GenBank (Table 1).
- these two fragnents are shown in Figure 3.
open reading frane.

- 15 - but
Nucl eot i de sequences of
Each fragnent contains a single
The conparison with other receptor sequences shows
a considerable simlarity between a rat somatostatin receptor and PCR 11,
suggesting that PCR11 5 Is a novel somatostatin receptor subtype.
Both f rag- nments exhibit not only primary sequence simlarity to other
receptors but also the hydropathy pattern charac- teristic of G
protein-linked receptors (Figure 4). Interestingly, the predicted third

i ntracellular |oop 10 (1C3) of each new sequence is conparatively
short, a hall mark of peptide receptors. which have 1C3s of 8 to 23 am no

acids long (PCR #9 has an I C3 of 13 residues and PCR #11 has one of 23
am no acids). In contrast,

450 W-
400 -
350
oo
g
}% 300
: 3
8 9 250
=3 & .
S -
8 ¥ 200
S S
g o
S & 150
"._"‘ ot
"
<~
= 100
50
0 -
CONTROL ANTISENSE SENSE
I
' 5
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thé 1C3s of amine receptors range from47 to 155 15 residues in
| ength. These observations suggest that the novel G protein-Ilinked
receptors represented by the PCR products are of the peptide,kligand

subcl ass. 20 25 20 35 - 16 - TABLE 1 Rel atedness of Novel PCR Fragnents
to G Protein-Linked [err] CGene 5 Receptor C ass [err]
[err] Peptide Ligand . srif 37 57 neuK
24 30 subK 22 25
m CONTROL
0O SENSE

a ANTISENSE
1008

CYCLIC AMP
(% FORSKOLIN-STIM CYCLIC AMP)

n
o
T

0 %}1 . : 1 1 !
O =10 -9 -8 -7 -6 -5 -4
LOG,o [SOMATOSTATIN] -

TREATMENT EDsq_(nM)

CONTROL -0.9
SENSE 11

ANTISENSE 7.2

FIGURE 6
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subP - 20 26 10 mas
23 16 nmrg 15 18 thy 19

18 | hcg 16 13 15 Am ne Ligand al b
21 27 [err] 24 20 d2 10

22 Notes: 20 a Each PCR fragnent (designated #9 or #11) is translated

- and conpared to G protein-linked receptors available in GenBank. b Al

. sequences are fromrat. Designations are: srif, somnatostatin receptor

- neuK, neuronedin K receptor; subK 25 or P, substance Kor P

. receptor; nmas, mas oncogene; nrg, mas related gene; thy, thyrotropin
receptor; |hcg, luteinizing hornone and chorioni c gonadotropin receptor;

alb, [err] receptor; [err] [err] receptor; d2, D2 dopam ne receptor. 20
C Nunbers represent the percent identical or conserved

TTCGTGCTGA

ACCTGGCCGG

GGCTGACGTG

ACGCAGAATG
CTGGACGGCA
TACCTGGCCG
CTGGCTAGTG
GCGGATGTCC
+GGGGTGCAG
ATCTGCATGT
TCCTCACGGC
CTGTTCGTGG
CTACCCGAGG
AATAGCCGCG

CTGTCTCCTA
TCAACCAGTT
TGGTCCACCC
CTGCCGTCTG
AGGAGGGCTG
CCTTCATCAC
GCTATTTGCT
GGAGGCGCTC
GCTGCTGGCT
AGCCCACCTC

CCAAGCCC

This Sheet Has Been Replaced
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CTGGCCCTTT
CACCAGTATC
TCTCCGCTCA
GGTCTTCTCG
GGGCAACTGC
TTACACGTCT
CATCGTAGTG
AGAACCCAAG
GCCTTTCTTC
TGCCGGCCTC

TTGTTTATGT
GGCTCCTTCT
TTCTGCCTGA
GCCCGGTGGC
CTGCTCATGT
AACCTGAGCT
GTGCTGGGCT
AAGGTGAAGG
GTGACTCGCA
ATCGTCAACA
TACTTCTTTG

FIGURE 7

TGGGGCTTCC
TGTGCCGCCT
TGGTCATGAG
GTCGCCCACG
CTCTGCCGCT
GGCCAGAGCC
TCTTTGGGCC
CTGCAGGTAT
TGGTGGTGGT
TCGTCAACCT
TGGTGGTCCT

TTTCCTGGCA
1
CGTCATGACG

e 11
TGTCGACCGC

GGTAGCCAAG
CTTGGTCTTT
TGTGGGAATG3
CCTGCTGRTC
GCGTGTGGGC .

5
AGTGGTGCGG

6
GGCCTTCACG

&
GTCTTATGCC

60

20

40

00

60

20

80

40

00
60



am no-aci ds over the length of the translated PCR frag- nment. Any
percentage greater than 15 is considered highly significant. 35 3.
Bl ockade of Somatostatin Receptor and Expression Expression Function with
Anti sense A i gos - 17 - A Ligand Binding Assay [err] (a pituitary ceII
line) cells are grown to 50% confluence in 10% fetal bovine serum

Dul becco's nodified Eagles nediumin a humdified chanber [err] 95:5, air
[err] The [errR cells are then incubated-with vehicle [errd (control),

h
comBSTRA AL/ MHaGh BT T QHAVE Y WD PGS FLCRIAMTLLGINOFTS!

hours atg[gL.]_(.QB_‘S,._aJ.L.L JVJ%EQJD&CSQ dif{ed_ £Ls pediun .

We;[]olutn tlﬁatje g@ e‘ggv eé.i@r' L2

i 10_ay i peqiot asr o
SSTR3 TFCLMVMSVDRYLAVVHPLRSARWRRPRVA KLASAAVWVF

SR, A ik--k-~---- T--MINV--~CV
1 —y--T=l--ee—y=e—ee—ikA--¥~—=T-—-VVUNLG---1
4
L -3

SSTR3 SLLMSLPLLVFADVQEGWGNCNLSWPEPVGMWGAAFITYT
2 ---vI--imiy-GlRNQ--S-TiN--GES-A-YTG--I-A
1 ---vI--iv---ANSA-TVA--mLM---AQR-LVG-vL--
5. . ..
“

SSTR3 ' SVLGFFGPLLVICMCYLLIVVKVKAAGMRVGSSRRRRSEP
2" Fi---1V+=-Ti--l---f-iji---SS-i-----k-kk--K

1 Flm--1L-vGA--l--v--iA-mrMVAlkA-WQQ-k---R

-

L ’ ]
SSTR3 RVITRMVVVVVRLFVGCWLPFFIVNIVNLAFTLPEEPTSAG
2 —em——— Si--Av-iF-----y-F-vSSVSVAiSPT-ALK-

1 -i-L--mm--Mv--I--m--yv-Ql--v -AEQddA-VSQ
7

L

SSTR3 LYFFVVVLSYA
2 mfD~—-i-T--
1 -  §-i-G--

FIGURE 8
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3 UWei43%5-2 Pes
@ddéd'to.109@ (fi.nal concentration). The cells are grown for an

- addi ti omal ~20 hours. The <cells are harvested, crude nenbranes are
prepared as descri bed by Eppler et al. (28) Radi ol i gand binding is
perforned 15 with [ert]--814 (50~ fnok-+tube;—250 pMl final),

- using standard bindi hg.assay. fdrfbmé “ﬁlnd ng assays are done
in a binding buffer contaun“ EPES (- F??%K? 5% BSA and 5 nmM
[err] The standard filitf; ﬁf r“?ﬁﬁﬁd-;-[nrr] [err] anal og
bi nding to GH4Cl nenbr anes I‘é FEEH ¢ . wopessds® 1. Radioligand is
diluted in binding buffer i+ NBFlBaCI P@;ﬂh@ tepigedd. Tcpm per vol. of 10
‘[err] and then 180 [err] aliquots are added to the tablp. For non-specific
bi ndi ng sanpl es,- 10 [err] jof; 20 [er drcbg SBH®5 .. ip al so added per
wel | of membrane diluted to the ﬁégrréﬁ‘UUﬂCEﬂrrarrUn“tlo-BO ug nenbrane
protein/well) in binding buffer + PMSF/ Baci. Binding is stopped by rapid
filtration of sanples through VMatnan SF/C filters presoaked with 0.3%

pol yet hyl enei mi ne. Bi ndi ng 4 - '

RECEPTOR IDENTIFICATION METHOD
) ABSTRACT

The present invention relates to a method for
isolating and cloning recéptor—'DNA sequences. The
invention also provides novel DNA sequences encoding a
novel somatostatin receptor subtype. '

Fig. 1
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20 |s -allowed to proceed at [err] for 1-2 hours. Binding is stopped by
rapi d filtration of sanpl es t hrough What man G-/C filters pr esoaked
W th 0. 3% pol yet hyl enei m ne. Each sanple is washed three tines with
ice-cold binding buffer (5 m). Finally the 35 i ndi vidual wells
‘are placed in 12 x 75 mm tubes and counted in an LKB Ganmanast er counter
(78% efficiency). - 18 - The results, displayed in Figure 5 ‘are the
average of two experinents, each perfornmed Jrﬂ’ triplicate. It can be seen
‘that nmenbrane fromcells treated with vehicl’e and the sense oligo display

equi val ent $wegel k. oPCR ri&li prplimsinaty chlfacterdbdiohnof DNA. flagmignts.  nenbr anes
challenged with the antisense oligo for 125 24 hours, a 60% decline

n lerr] tyggomt Ost@ti rUbi "Ui nSUi SU’bsﬂ Ved felifud (il specidd Hna

6 different primer sets
4

-DNA analysis- Clone PCR products
Determine nucleotide sequence -
Compare to GenBank - identify G protein-linked receptor sequences
- eliminate previously cloned genes -

Result: Pool of unidentified G protein-linked receptor gene fragments
derived from a known tissue (e.g., pituitary or adipose)

i Stage 2. Antisense oligonucleotide synthesis and effector assays.

-synthesize oligos- Synthesize sense and antisense oligos derived from each orphan
' PCR fragment

'

-effector assgys- ' Responsive cells
\ Hormone '
. tube 1 "2 3 4 S 6 1

orphan #1 #1 #2 #2 #3 #3 #4 #4

oligo semse 4+ - + - + - 4+ -

caMp A A A A A 0o A A

FIGURE 1




receptor expression with antisense, but not the sense oligos shows a

speci fic'neans by which | oss of function 10 can be used to characterize
and identify orphan recep- tors. B. cAVMP Assay At T20 cells are grown to 50%
confluence in 10% 15 fetal bovine serum Dul becco's nodified Eagl es

‘mediumin a humdified chanber (37 C, 90:10, [err] The AtT20 cells are
t hen i ncubated with vehicle (control), with an antisense oligo directed

agai nst the prphan G protein-I|inked ?&ept or PCRI| - (20
imer, 20 GCGCCTCCCCCTTGAGG, 5 [err] er the sense strand (20 ner,
AT i, RS dah Lt st o
Dul becco's nodrire ag nedl u 0 Ser um e encodr ng RS
or phan receptor is det in At T-20 nouse pituitary by 25 PCR
Northern analysis. At ffiezend of the four-hour time petim
heat -i nactivated fetal bovine s Is added to 10% (fi :
concentration). The cells are thagvested and bovine serumis adde 0_10%
(final - : tm7
Designation Location Length Degeneracy Nucleotide Sequence
#8 tm2 26 16X; 23% 1  TWCITISTIMACCTGGYCIGCTGA
#9 tm3 25 = 4X:12%1 TGTTYICCAGCATCTACTIMIGAC
£10 tm6 26 64X; 19% 1  ATGRTGATSITKGTNGTGIKKROTT
#11 tmé6 20 4X; 5%1  TTYGYCATCTGCIGGITGCC
#12 tm7 17 8X; 6%1 AAYAGCIGYGCCAASCC
B.
S o i, M N ol o o

tm3 - tm7

Designation - Location Length Degeneracy Nucleotide Sequence

#13 5 21 8X;24% 1 TGGGAIRICATKIITGYTGG

#14 tm3 19 4X;16% 1 GAIGGISTCTAICTTCAYA

#15 tm6 19 16X; 21% 1 ASTGIAYICCIARIAGSGG

#16 ' tm7 22 2X; 23% 1 CYTCICCITTGIOGAAICAGTA

FIGURE 2
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concénti@bion).
Kreb's Ri nger
i sobut yl
activi- ty).
cel | s.

Cells are washed two
buf f er

con- ing 1 mM[err]
are incubat%é%g 15 mnutes with activa-
CXﬁ%dE%%c&BA“XEL
B

adenyl yl

The
phosphat e buffer contain-
- met hyl xant hi ne

cells

- 19 -

huf
L Ly

har vest ed
ing 2 nmM

are

and 20
[err]

r chased
reb's Ri nger

i nhi bition

of

from Anersham

Phosphat-e (KRP)

resuspended in
_ 100 [err]
(to inhibit cyclic AVP-dependent phosphodi esterase
Somat ost at i n- nedi at ed
‘forskolin-stinulated cyclic AMP accunul ation is per- 35
Cyclic AWP is neasured using a kitsg
times with

fornmed in intact

The cells (50-100,000/ tube in triplicate)

I sobut yl -
10 [err]

metliry

UL v

reactti on IS

neutrali zedpppllorial BEARACOS Al ace arcatcrree

AGGTACTTCA
GCCATCATCT
ACGGACATGA
ACTTTCAGGT
CTGTTCTGCT
AAGATCAAGA
crece

PCR1l1l
TTCGTGCTGC

GGGTGGTCCA
CTTGCTTCCT
TGACCCGAAA
GGCACGATGC
CTGGCAGGAT
GGGCCATCAA

ACCTGGTCGG

CCCGCACCAC TTCCTGAACA
GTGGGGCATC ACCATCGGCC
CGGCGATGCA AACCTGTGCA
AATGTTCCTC TTGGAATTCT
CATTTGGAGC CTAAGGCAGA
CTTCATCATG GTGGTTGCCA

GGCTGACGTA TTATTTATGT

ACGCAGAACG
CTGGATGGCA
TACCTGGCCG
ATGGCCAGCG
GCGGATGTCC

CCGTCTCCTA
TCAACCAGTT
TGGTCCACCC
CGGCCGTCTG
AGGAGGGCTG

TGGGGTGCAG _CCTTCATCAC,
ATCTGCT&GT_GCTACCTGCT
TCCTCAAGGC GGAGACGCTC
GTGTTCGCCA TCTGCTGGCT

CTGGCCCTTC GGCTCCTTCT
CACCAGTATC TTCTGCCTGA

tors and/or

& (édcﬂ;ﬁéc’f‘i“r Ok A @R

erm na

TCACGGTGGET
AGATCTCCAA
TGACAGTCCA
GCAGTTTTAG
TCCTGCCCCT
GACAGATGGA

‘i nhi bitors of

FRE el

OfGATARCRAHG] TCCWWTGGAGBOTT@GBGAQCA’S TRCAATEECa HZG'IIGHGCTC

]60

1§U

180
CGCTGTGGAC

CCGGACGGT

300
CCTCCTCTAC

360
CATCTGCTAC

GGGCATCATC

420

480
CAGGCACGTC

540

CATCTGCTGG

TTGTGTTTGC

TGGGACTTCC
TGTGCCGCCT
TGGTCATGAG

TTTCCTGGCC
GGTCATCACA
TGTTCACCGC

TCTCCGCTCA GCCCGGTGGC GTCGCCCACG GGTAGCCAAG
GGTCTTTTCG CTGCTCATGT CTCTGCCGCT CTTGGTCTTC
GGGCACCTGC, AACCTGAGCT GGCCAGAGCC TGTGGGGCTG

CTACACGTCT GTGTTGGGCT
CATTGTGGTC AAGGTGAAGG

GGAGCGCAAG GTGACTCGCA
GCC

FIGURE 3

TCTTTGGGCC CCTGCTGGTC
CTGCAGGCAT GCGCGTAGGC
TGGTGGETGGT CGTGGTGCTG

60

120

|~

360



100 MM Tris, pH 7.5. To each tube [err] cyclic AMP is added (-15,000 cpm
and 10 ferr]*of adrenal binding 10 protein. The sanples are incubated
on ice for 90 mn- utes with standards, activated charcoal (100 [err] is
added, and centrifuged (4 C, 2000 x g for 5 mnutes). The sanples are
conpar ed agai nst standards of known concentrations and quantified by liquid
scintillation 15 spectronetry. Results4?5e depicted in Figure 6. The

figure shows that the efficacy of somatostattn nmediated inhibition of cAMP
~accumul ation is attenuated.” Also, the ED50 f-or the sonmatostatin nedicated
response is shifted to the right. 1In control and sense treated. 20
cells, the ED50s for somatostatin receptor are calcu- lated to be 1 and 1.2
nM respectively. |In % bereeH-s—t+eated—wth—antisenrsge—et-gos he—=H50

o] e A4

response to sonmat osteg-ggl oM -t otid - shi it T i poT ene Y.~ THes e ~tatra ,j]|
i ndi cate that both thggsghiicac _pot.ericy.0fi.25 soRet-0st-ai-i < ]

altered by nt PO det-+s—fhlF—irg- -fot-gos A tre
fragment aﬁgggﬁgy?o fﬁg& toség i ; i
~2.00 -+ - -
-3.00 3 - -
-4.00
-5.00

a F—'c
—+ 0

20 40 60. 80 100 120 140 160 - 180

.00
.00
.00
.00
.00

PCR11T :;E‘%cg’- ﬁ‘j':- Ty A

-3.00
-4.00
=5.00

O=NWALU

20 40 60 80 100 120 140 160 180

8
|

<RIF '0.00 -

60 80 100 120 140 160 180 200 220 -

tm 3 tm 4 _ mS

FIGURE 4
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fragment is conpared with known receptor subtypes SSTR1 and SSTR2 (25).

Over the'regi‘on currently avail able 20 (representing greater than 50%
of the coding sequence), the SSTR3 receptor is 57% i dentical to SSTR2, and
S 74@6h6hnlogous i f conservative amno acid substitutions are consi dered
. (Firgure 8); SSTR3 is only slightly | ess honol ogous to SSTR1: 49% i denti cal
and 70% identical or 35 - conserved residues. - 20 - In the course of
~further experinents, a nouse honol ogue is also isolated. The nucl eoti de

. sequence of this fragnent is given in Figzée 7. DEPCSI T OF Bl OLOd CAL

en deposited on June 4, 1992,
at the Anerican Type Culture

MATERI ALS 5 The follow ng material s have

under the ternms of the Budapest Treaty,
Col l ection, and given the

450 -
400
350
300

. 250
200

150

(1251 }somatostatin binding
fmol/mg protein

100

50

CONTROL ANTISENSE SENSE

FIGURE 5




indfcatedxacqession nunbers. 10 Description
Accession Not E. coli K-12, QZ9 (PCR9) 69005 E. coli K-12,
Qz11 (PCR 1) 69006 ,15 20 25 20 35 - 21 - 31829-00

. BI BLI OGRAPHY 1. Akam za, T. et al., PNAS USA, 87:5677-5681, 1990. 2.

""Buck, L. and Axel, R, Cell, 65:175-187, 1991. 3. Czech, J. et al., J.
Cin. Invest., 66:574-582, 1980. 4. Cerald, N.P., J. Biol. Chem,

. 265: 20455- 20462, 1990. '
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_ 60
TTCGTGCTGA ACCTCGCCGG GGCTGACGTG TTGTTTATGT TGGGGCTTCC TTTCCTGGCA
120
ACGCAGAATG CTGTCTCCTA CTGGCCCTTT GGCTCCTTCT TGTGCCGCCT CGTCATGACG
CTGGACGGCA TCAACCAGTT CACCAGTATC TTCTGCCTGA TGGTCATGAG TGTCGACCGC
y 240
TACCTGGCCG TGGTCCACCC TCTCCGCTCA GCCCGGTGGC GTCGCCCACG C-GTAGCCAAG“
0
CTGGCTAGTG CTGCCGTCTG GGTCTTCTCG CTGCTCATGT CTCTGCCGCT CTTGGTCTT;‘BGO
GCGGATGTCC AGGAGGGCTG GGGCAACTGC AACCTGAGCT GGCCAGAGCC TGTGGGAATG
_ 420
+GGGGTGCAG CCTTCATCAC TTACACGTCT GTGCTGGGCT TCTTTGGGCC CCTGCTGGchso
ATCTGCATGT GCTATTTGCT CATCGTAGTG AAGGTGAAGG CTGCAGGTAT GCGTGTGGGCE“
. TCCTCACGGC GGAGGCGCTC AGAACCCAAG GTGACTCGCA TGGTGGTGGT AGTGG‘I‘GCGGs
I - 00
i  CTGTTCGTGG GCTGCTGGCT GCCTTTCTTC ATCGTCAACA TCGTCAACCT GGCCT'.[‘C‘.A.CGE’o
: CTACCCGAGG AGCCCACCTC TGCCGGCCTC TACTTCTTTG TGGTGGTCCT GTCTTATGCC
AATAGCCGCG CCAAGCCC '
FIGURE 7 .
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31829-00 . What we claimis: 1. A nmethod for isolation and
identifrcation- of nucleic acid fragnments encoding a receptor com prising:
(a) contacting a tenplate nucleic acid, in a polynerase chain reaction,
with at | east one target receptor-specific oligonucleotide primer, and

I solating a nucleic acid fragnent resulting fromthe reaction; (b)

provi ding an anti sense ol i gonucl eoti de based 8 a nucleotide sequence from

the isol ated fragnent o a cell capable of ef ressing articul ar
- receptor; and e presence or

receptor's esmsmpm grﬁp qub g? go‘-:m
t he group con- g 0 Le_ N Figure 2A7 3.~
An ollgonucleotlde ect frony?ﬁg

con |ng of
ol i gonucl eot i des! d ”‘"“ ----- Ep -AV-M~—~

' SSTR3 IFCLMVMSVDRYLAVVHPLRSARWRRPRVAKLASAAVWVFE
SR, Y. PR ike-ke=--m T——-MINV---CV
1 ~y=--T-l--eeeymee— i kA--¥Y=~=T=-—VVNLG-~--1

4

e -

SSTR3 ~SLLMSLPLLVFADVQEGWGNCNLSWPEPVGMWGAAFITYT
2 =--vI--imiy-GLRNQ--S-TiN--GES-A-YTG--I-A
1 ---vI--—1V-—-ANSd—TVA--mLM—--AQR-—LVG—VL--

. .
m

SSTR3 SVLGFFGPLLVICMCYLLIVVKV’KAAGMRVGSSRRRRSEP |
2" Fi---1Vs-Ti--1l-=—f-ii---8S~i---—-k-kk--K

1 Flm--1L-vGA--1--v--iA-mrMVAlkA-WQQ-k---R

-

-

. 6 .
m ]
SSTR3  KVTRMVVVVVRLFVGCWLPFFIVNIVNLAFTLPEEPTSAG
2 ————— Si--Av-iF~-----y-F-vSSvSVAiSPT-ALK-

1 - :L-L— -mm--Mv--I--m--yv-Ql--v -AEQJJdA-VSQ
7

L ]

SSTR3 LYFFVVVLSYA
2 mfD---i-T--
1 - S-i-G--
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4‘-' An anti sense ol i gonucl eoti de having the sequenge- GEEWCECCTCCA;ITCGG

5. An antisense ollgonucleotlde havi ng t he sequence . CGAGCGCCTCCGCCTT@A'
6. A nucleic acid fragnent encodi ng a somatostati.n receptor COj '
the am no acid sequence of SSTR3 depicted ignFigure 3. | F2B s
nucl ei ¢ acid fragnent encoding a somatostatin receptor; the fragnent
conprising the sequence depicted |n Flgure 7. 8.

encodi ng a somatostatin_receptor, ng the am no_- aCIQ_Se%génCﬁkﬂﬁ

SSTR3 depi cted FRLEFgARE Burgher %V% ?e?%@eﬂﬁ?F??%ﬁﬁnﬁﬂ

gthé“

sequence of PCRBulllepesyeH tDNEIgnoﬁeSfor heterologous expression
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in a host cell.

According to a further aspect of the invention there is
provided an oligonucleotide selected from the group
consisting of the oligonucleotides depicted in Figure. 2A.

According to a further aspect of the invention there is
provided an oligonucleotide selected from the group
consisting of the oligonucleotides depicted in Figure 2B.

According to a further aspect of the invention there is
provided an antisense oligonucleotide having the sequence
GGGTCGCCTCCATTTCGG.

According to a further aspect of the invention there is
provided an antisense oligonucleotide having the sequence
CCGAGCGECCTCCGCCTTGAGG. '

According to a further aspect of the invention there is
provided a nucleic acid fragment encoding a somatostatin
receptor, comprising the amino acid sequence of SSTR3
depicted in Figure 3.

According to a further aspect of the invention there is
provided a nucleic acid fragment encoding a somatostatin
receptor, the fragment comprising the sequence depicted in
Figure 7.

According to a further aspect of the invention there is
provided a nucleic acid fragment encoding a somatostatin
receptor, comprising the amino acid sequence of SSTR3
depicted in Figure 8.

According to a further aspect of the invention there is
provided a nucleic acid fragment comprising the sequence of

PCR9, depicted in Figure 3. REPLACEMENT SHEET|
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Procedure Summary. In this example,
four orphan G protein-linked receptér’ gene fragments
are isolated. Vehicle, sense (+; as a negative con-
trol) and antisense oligos (-) derived from each clone
are tested in a cAMP accumulation assay to determine if
one attenuates the response to a 1ligand known to
activate adenylyl cyclase. In this case, an antisense
oligo to orphan #3 represses the response, thereby
identifying that sequence as a portion of the gene
encoding the assayed receptor.

. Figure 2. Description of oligonucleotides used as
PCR primers. Lines with boxes represent genes encoding
G protein-linked receptors. Each box indicates a
transmembrane domain. Arrows correspond to binding
sites for the described oligos. Nucleotide sequences
use the IUPAC-IUB nomenclature for incompletely speci-
fied bases. A. Oligonucleotides directed toward the
general class of peptide ligand receptors.
B. Oligonucleotides directed toward the secretin
receptor-like subclass. '

Figure 3. Nucleotide sequences of orphan receptor
DNA fragments. Underlined sequences indicate PCR
primers. Both fragments contain oligo #8 at the S!'
terminus and oligo #10 at the 3' terminus.

Figure 4. Hydropathy plots of peptides encoded by
novel PCR fragments. The peptide product of each PCR
fragment is analyzed by the Kyte-Doolittle hydropathy
index. Each sequence begins within the second
transmembrane domain and ends in the sixth

transmembrane domain. Hydrophobic transmembrane

domains 3, 4, and 5 are readily apparent. The plot



