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Claim

1. An isolated and purified nucleotide sequence,
which comprises the cDNA coding for the bovine B,-
adrenergic receptor, comprising the nucleotide sequence SEQ
ID No. 1.

9. A nucleotide probe, which hybridizes with
nucleotide sequences according to any one of Claims 1 to 10
or the complementary seguence under conditions of
hybridization such that it does not hybridize with the
genes or messengexr RNA coding for the f,- and f,-adrenergic
receptors, hybridizes with the nucleic acid according to
Claim 1 or the complementary sequence under conditions of
hybridization such that it does not hybridize with the
genes or messenger RNA of the f1 or P2 adrenergic
receptors, wherein said probe is selected from the group of
nucleotide probes consisting of:

the nucleic acid seguence which corresponds to
nucleotides 332-403 of the sequence 1ID No. 1,

the nucleic acid sequence which corresponds to
oo /2



(11) AU-B-65730/94 -2-
(10) 688317

nucleotides 572-640 of the sequence ID No. 1,

the nucleic acid sequence which corresponds to
nucleotides 983-1048 of the sequence ID No. 1, and

the nucleic acid seguence which corresponds to
;:ucleotidesl()?o-1147 of the sequence ID No. 1.
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(57) Abstract

Nucleotide sequences coding for the bovine 33-adrenergic receptor (RA33), use of said sequences as probes and for the expression of
peptides and/or fragments thereof having a bovine RAS3 activity, vector useful for said expression as well as cellular hosts containing said
vectors. Method for screening a substance having an agonist or antagonist action with respect to peptides having a 33-adrenergic receptor
activity, particularly selective with respect to the bovine receptor.

(57) Abrigé

Séquences nucléotidiques codant pour le récepteur 33-adrénergique (RA33) bovin, utilisation desdites séquences comme sondes et
pour |"expression de peptides etou de fragments de ceux-ci ayant une activité de RAG3 bovin, vecteur utile pour ladite expression ainsi que
les hdtes cellulaires contenant ledit vécteur, Procédé de criblage d'une substance, A action agoniste ou antagoniste vis-2-vis des peptides
ayant une action de récepteur G3-adrénergiques, particuliérement sélective vis-d-vis du récepteur bovin,
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WO 94/24162 -1~ PCT/FR94/00447
NUCLEOTIDE SEQUENCES CODING FOR THE BOVINE [B3-
ADRENERGIC RECEPTOR (ARB3) AND THEIR APPLICATIONS

The present invention relates to nucleotide
sequences coding for the bovine B3-adrenergic receptor
(ARB3), to the use of the said sequences as probes and
for the expression of peptides and/or of fragments of
the latter having bovine ARB3 activity, to the vector
which is useful for the said expression and also to
host cells containing the said vector.

The present invention also relates to a method
for the screening of substances possessing an agonist
or antagonist action with respect to peptides of bovine
origin having fi-adrenergic receptor activity.

Catecholamines such as adrenaline and
noradrenaline, synthetic agonists of these
catecholamines which mimic their biological functions
and antagonists which block these biological functions
are known to exert their effects by binding to specific
recognition sites (membrane receptors) located on the
cell membranes.

Two main classes of adrenergic receptors have
been defined, a~adrenergic receptors and B-adrenergic
receptors.

In the set of these two classes, five subtypes
of catecholamine receptors are now distinguished (aji-,
az-, PBi-, B2- and PB3-AR). Their genes have recently
been isolated and identified (S. COTECCHIA et al.,
1988, Proc. Natl. BAcad. Sci. USA, 85, 7159~-7163;
B.K. KOBILKA et al., 1987, Science, 238, 650-656;
T. FRIELLE et al., 1987, Proc. Natl. Acad. Sci. USA 84,
7920-7924; L.J. EMORINE et al., 1987, Proc. Natl. Acad.
Sci., USA, 84, 6995-6999; L.J. EMORINE et al., 1989,
Science, 245, 1118-1121). Analysis of these genes has
enabled them to be recognized as belonging to a family
of integral membrane receptors displaying certain
homologies (R.A.F. DIXON et al., 1988, Annual Reports
in Medicinal Chemistry, 221-233; L.J. EMORINE et al.,
1988, Proc. NATO Adv. Res. Workshop), in particular in
respect of 7 transmembrane regions which are coupled to
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regulatory proteins, known as G proteins, capable of
binding guanosine triphosphate (GTP) molecules.

These membrane receptors, when they have bound.
the appropriate ligand (agonist or antagonist), undergo
a change in conformation, which induces an intra-
cellular signal which modifies the behaviour of the
target cell.

In the case of p-adrenergic receptors, when
they bind to catecholamine agonists, they catalyse the
activation of a class of G proteins, which in turn
stimulates adenylate cyclase activity, while ARp
antagonists act in competition with the agonists for
binding to the receptor and prevent activation of
adenylate cyclase.

When adenylate cyclase is activated, it
catalyses the production of an intracellular mediator
or second messenger, in particular cyclic AMP.

The inventors have recently demonstrated new -
adrenergic receptors in man, designated Hu-ARBS3, and in
the mouse (International Application WO 92/12,246),
designated Mu~ARB3, and characterized by properties
different from those of the B; and B receptors, in
particular in that they behave differently with respect
to substances which are, respectively, p3- and B~
receptor antagonists and agonists (International
Application WO 90/08,775).

In particular, the Hu-ARB3 receptor consists,
more especially, of a sequence of 408 amino acids, and
is considered to contain seven hydrophobic trans-
membrane regions separated by intra- and extracellular
hydrophilic loops, and the Mu-ARB3 receptor consists of
a sequence of 400 amino acids and also contains 7
transmembrane regions.

The previous studies relating to Bu-ARB3 .and
Mu-ARB3 showed, in particular, that the B3-adrenergic
receptor participates in disorders such as diabetes
and/or obesity, in as much as it is expressed in
tissues which play an important part in metabolism
(adipose tissues, skeletal muscles in particular).
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Continuing his studies along these lines, one
of the inventors sought to demonstrate such a g3~
adrenergic receptor in cattle (Bo~ARB83), so as to be
able to have available a tool for regulating the amount

5 of fats in these animals, in particular with the object
of improving the quality of the meat.

The subject of the present invention is a
nucleotide sequence, characterized in that it
corresponds to the c¢DNA of the bovine gene coding for

10 the bovine Sj-adrenergic receptor.

According to an advantageous embodiment of the
said nucleotide sequence, it comprises the nucleotide
sequence and the deduced amino acid sequence (SEQ 1ID
No. 1) of the following formula (I):

15
CCCAGGCCAG GGAAATCGCT CCCACCCCCC GATGCCCCCG CCGCTGAGCA GGGTGAGCTG 60

GGAGACCCTT TCCCTCATTC CTTCLCGCCC CACGCGCGAC GCGGGS ATC GCT CCG 115
Met Ala Pro
1

TGG CCT CCT GGG AAC AGC TCT CTG ACC CCGG TGG CCA GAT ATC CCC ACC 163
20 Trp Pro Pro Gly Asn Ser Ser Leu Thr Preo Trp Pro Asp Ile Pro Thr
5 10 15

CTG GCA CCCZ AAT ACT GCC AAC GCG AGT GGG CTG CCA GGG GTG CCC TGG 211
Leu Ala Pro Asn Thr Ala Asn Ala Ser Gly Leu Pro Gly Val Proc Trp
20 Z5 30 35

GCG GTC GGE CTG GCG GGG GCC CTG TTC GCG CTA GCG GTG CTG GCC ACC 259
Ala Val Ala Leu Ala Gly Ala Leu Leu Ala Leu Ala Val Leu Ala Thr
40 45 50
25
GTG GGA GGC AAC CTG CTG GTA ATC GTG GCC ATC GCC CGG ACG CCG AGA 307
val Gly Gly Asn Leu Leu Val Ile val ala lle Ala Arg Thr Pro Arg
58 60 65

CTC CAG ACC ATG ACC AAC GTG TTC GTG ACT TCG CTG GCC ACA GCC GAC 385
Leu Gln Thr Met Thr Asn Val Phe Val Thr Ser Leu Ala Thr Ala Asp
70 7% 80

30 1g aTG GTC GGa CTC CTC GTC GTS CCC CCG GGG GCC ACG TTG GCG CTGC 403

Leu Val Val Gly Leu Leu Val vVal Pro Pro Gly Aég Thr Leu Ala Leu
8s 30

ACC GGC CAC TGG ¢CC CTG GGC CTC ACC GST TGC GAG CTG TGS ACC TCA 451
Thr Gly His Trp Pro Leu Gly Val Thr Gly Cys Glu Leu Trp Thr Ser
100 105 110 115

38 GTC GAC GTGC CTG TGT GTG ACC $CC AGC ATC GAA ACC CTG TGC GCC CTG 499
Val Asp Val Leu Cys val Thr Ala Ser Iég Glu Thr Leu Cys ?ga ey
120 1

G GTG GAC CGC TAC TG GEC GTG ACC AAC £CG CTG COC TAC GGC GCG 547
Val Asp Arg Tyr Leu Ala Val ng Asn Pro Leu Arg {xg Gly Ala
i3 1




CTG
Leu

ey gl
vVal

ATC
Ile
180

TGC
Cys

TCG
Ser

TTC
Phe

cGC
Arg

CCT
Pro
260
GGC
Gly

cGC

TTC
Phe

TCC
Ser

Gee
Ala
340

TTC
Phe

cce
Ala

cce
Pre

oyl
Leu

GTC
val

TCC
Ser
165

Gly

ACC
Thr

TTC
Phe

GTG
val

TTC
Phe
245

GGC
Gly

CGG
Arg

ACC
Thr

Phe

GSC
Gly
325

TTC
Phe

‘cae

Arg

TCC <
Ser ¢

ceT
Ala

T
Ser
405

ACC
Thr
150

GCC
Ala

GCC
Ala

TTC
Phe

TAT
Tyr

GTG
val
230
ccae
Pro

CcTG

Leu

CGG
Arg

TG
Leu

GTG
Val
310
cce
Pro

AAC
Asn

cee
Arg

GGe
Gly
aso

AAA
Lys

GCG
Ala

GAT
Asp

GCC
Ala

Leu
218

fe{o(es
Ala

CCA
Pro

GCG

Ala

cCe
Pro

Gly
295

GTC
val

ACT

Thr

folare]
Pro

TS
Leu

cee
Pro
378
cce
Pro

cGe

GTG
val

GCC
Ala

TCC
Ser
200

CCG
Pro

ACG
Thr

GAG
Glu

GGG
Gly

GCG
Ala
280

CTC
Leu

AAC
Asn

TTC
Ph

cTe
Leu

cTe
Ley
360

CGA
Arg

ATG
Met.

alein
Arg

TCG
Ser

GAG
Glu
185

AAC
Asn

CTC
Leu

CGC
Arg

GAG
Glu

cco
Pro
2685

cGe
Arg

ATC
Ile

GTG
Val

cre
Leu

ATC
Ile
348

TGT
Cys

GCC
Ala

CAG
Gln

GcC
Ala

TTT
Phe
170

GCG
Ala

ATG
Met

CTG
Leu

CAC ¢

Gln

TCT
Ser
250

TGC
Cys

CcTT
Leu

ATG
Met

GTG
Val

GCC
Ala
330

TAC
Tyr

cGe
Arg

cee
Pro

cee
Pro

-4

CTA
Leu
155

GCG
Ala

CAG
Gln

cce
Pro

GTG
val

~
-

Leu
235

CCo
Pro

GCce
Ala

CTG
Leu

GGA
Gly

CGC
Arg
318

CTT
Leu

TGS
Cys

TGC
Cys

TCC
Ser

CCxa
Pro
388

GCA
Ala

cee
Pro

ceT
Arg

TAC
Tyr

ATG
Met
220

cGe
Arg

CCG
Pro

TCG
Ser

cér
Pro

ACC
Thr
300

GCC

‘Ala

AAC
Asn

cGe
Arg

ces
Arg

GGC
Gly
380

GAG
Glu

GCC
Ala

ATC
Ile

TGC
Cys

GCG

Ala
208

cTC
Leu

TG
Leu

GCT
Ala

cce
Pro

CTG
Leu
285

TTC
Phe

cTC
Leu

TGG
Trp

AGC
Ser

CCe
Pro
365

GCC
Ala

eTe
Leu

GTG
val

ATG
Met

CAC
His
150

CTG
Leu

TrC
Phe

CTG
Leu

cCcT
Pro

GCG
Ala
270

(alele]
‘Arg

ACT
Thr

GGG
Gly

CcTG
Leu

olele]
Pro
350
GAG
Glu

cee
Pro

GAC
Asp

GTC
val

AGC .

Ser
17%

TCC
Ser

CcTC
Leu

GTC
val

cGe
\rg

TCT
Ser
25%

&GG

Cly
GAA

Glu

cTC
Leu

GGC
Gly

GGC
Gly
33%

GAC
Asp

GAG
Glu

ACG
Thr

e e e
Gly

CcTG
Leu
160

Lys

AAC
AsSn

TCC
Ser

TAC
Tyr

CGG
Arg
240

CGC
Arg

GTG
Val

CAC
His

TGC
Cys

ccC
pro
320

TAT
Tyr

TTT

‘Phe

CAC
His

(el alo
Ala

GeT
Ala
400

GTG
val

TGG
Trp

cce
Pro

TCC
Ser

GCA
Ala
22%

GAG
Glu

TCC
Ser

ccec
Pro

CGC
Arg

TGG
Trp
305

TCT
Ser

GCC
Ala

atele;
Arg

cTC
Leu

cTS
Leuy
ags

T™®E
Ser

TGG
Trp

TGG
Trp

cGC

TCG
Ser
210

CGA
Arg

CTG
Leu

GGA
Gly

TCC
Ser

GcC
Ala
290

TG
Leu

CTG
Leu

AAC
Asn

AGC
Ser

(<l ale
Ala
370

ACC
Thr

™=e
Cys

GTG
Val

csc
Arg

TGC

Cys
195

GTC
val

‘al

Gly

TCC
Ser

TAC
Tyr
275

CTG
Leu

cCcT
Pro

G7TG
Val

TCT
Ser

Gee
Ala
355

GCT
Ala

AGC
Ser

GGA
Gly

TAGSCCTTGA AGAAACAACT CCATTGATCC GGAACCTTTG GAAAGCCICT

595
643
€91
73;
787
83%
883
831
979
1027
1075

1123

un
1219
1267
1315

139,
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GGCCGGTCTC
CCAGCCTGAC

GGTTCAGAAT
GACTGGGTCC

TACCAAGTGS
CACCGCTGCC
TGGGCTGLIGT
CAAGGCGGGC
TGCTGGAGGT
CTGGCTTCCT
TTGGGGTGES
CCCTTTTCCT
AAAAAADLARD

GTTTTCGLTC

TCAGCAGCTC
TTAGCCCCSEG

GAGCCCCCTS
TGGGAGGAGS
TCTTTCTGAG
CCGCGTCTGG
GACCCGCACT

ACCTTCATTC
CCAGGCTGAS
CACTGTAGAC
SGTGGGGEGEESE
TTTGAAATCA
AAAAAAAAAA

TGTTCCTTCT
AAGAGGAAGG
ACACCTACCT
CSTTCCTSGT
AATTAATAAS
AAAMAM‘ X A’

GAGTTTCCCA
CSCGGERGET
AGAAGTTTTC
TTTCCCATGC
TGTCCCACTC
GCCGCCCAGA
TGGGSAAGST
CACAGCATTT
TTZITGESS

TGTTACTGAA

GCTGGAAAAC
GACTGGGGAG
TACACCCCAGC
CCAGGTGCCC
GGGTGCTCTG
éCCTGAGGAA
CACGGTTTGG
TCAGGACTTT
GGTGAACCAT
TGCAGTTTAA

TCTGCCCTCC
GGGAAATCCT
CCCTGAACTT
GGGCAGGAGC
TGCGCAGGGG:
CCCACCGGGG
GCTTCTGTCC
ACTTTAGCCT
TAGAATGGGT
AAARMAADRAR

(I)

1431
1491
1551
1611
1671
1731
1791
1851
1911
1971

2000

In this the underlined ATG which
occurs at position 107 probably corresponds to the
initiation codon for protein synthesis.

There is 85 % homology between the bovine and
human nucleotide sequences coding for the Bj~adrenergic
receptor, and there is 76 % homology between the bovine
and murine nucleotide sequences coding for the fB3-
adrenergic receptor.

The said sequence comprises, in particular, the

sequence,

following single restriction sites:

Bpullo2 I, Fok I, EcoR V, Beqg I,
BspM I, Afl III, Age I, BstE 1I, BspH I, Bsg I,
Nap7524 I, NspC I, Sap I, BamHd I, BstY I, Asc I,
Hinc II, Apa I, Bspl20 I, Bbe I, Ehe I, Kas I,
Ecl136 I, Sac I, Stu I, Fse I, Drd I, Tthlll I,
Bsu36 I, Sfc I, BstX I, Ase I, Bsm I, Dra I.

The subject of the invention is the
fragments of the said sequence which are useful for
expression of the corresponding peptide and/or
detection of the bovine gene coding for the bovine fB3-
adrenergic receptor.

also
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Among the said fragments, there may be
mentioned:

- the 78-base pair fragment which corresponds
to nucleotides 218-295 of the sequence of formula I and
which codes for the transmembrane region TM1,

- the 72-base pair fragment which correéponda
to nucleotides 332-403 of the sequence of formula I and
which codes for the transmembrane region TM2,

- the 66-base pair fragment which corresponds
to nucleotides 434-499 of the sequence of formula I and -
which codes for the transmembrane region TM3,

- the 69~base pair fragment which corresponds
to nucleotides 572~-640 of the sequence of formula I and
which codes for the transmembrane region TM4,

- the 72-base pair fragment which corresponds
to nucleotides 713-784 of the sequence of formula I and
which codes for the transmembrane region TMS5,

- the 66-base pair fragment which corresponds
to nucleotides 983-1048 of the sequence of formula I
and which codes for the transmembrane region TM6,

- the 78-base pair fragment which corresponds
to nucleotides 1070-1147 of the sequence of formula I
and which codes for the transmembrane region TM7.

The subject of the present invention is also
cDNA clones, characterized in that they comprise a
sequence fragment coding for the bovine 3 receptor
(Bo~ARB3) .

According to the  invention, the clone
designated M13-6.6 comprises 2979 base pairs, includes
the sequence of formula I and comprises the following
gsingle restriction sites: EcoR V, Beg I, Nhe I,
BstE II, BspH I, Bsg I, Sap I, BamH I, Asc I, Stu I,
Fse I, Drd 1, Srf I, Sfc 1, Ase I, Bsm I, Dra I,
Bspl407 I, Csp6 I, Rsa I, Ssp I, Dra III, Bgl II,
Afl II, Spe I, Tfi 1, Hpa I, Nde I, EcoN I, BsaB I,
Pvu I.

The subject of the present invention is also
nucleotide probes, characterized in that they consist
of a nucleotide sequence as is defined above, or a
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fragment of the latter, labelled using a label such as
a radioactive isotope, a suitable enzyme or a
fluorochrome.

The said nucleotide probes are characterized in
that they hybridize with the nucleotide sequences as
are defined above but do not hybridize with the genes
coding for the B;- and Bj-adrenergic receptors, or with
the messenger RNA of the said B3- and Bp-adrenergic
receptors.

According to an advantageous embodiment of the
said probe, its sequence is homologous with or
complementary to that of a segment of at least 10 bp of
the sequence I.

For the purpose of the present invention,
"homologous sequence" encompasses not only sequences
identical to the sequence I, or to a fragment of the
latter, but also those which differ therefrom only by
the substitution, deletion or addition of a small
number of nucleotides, provided that the sequences thus
modified have a specificity of hybridization equivalent
to that of the sequence (I) or of the unmodified
segment in question.

Likewise, ‘"complemeritary sequence" 1is under-
stood to mean not only sequences which are strictly
complementary to the sequence (I) or to its segments,
but also modified sequences, as indicated above,
possessing a specificity of hybridization equivalent to
that of the said strictly complementary sequences.

The hybridization conditions are defined as
follows:

For the shortest probes, that is to say of

approximately 10 to approximately 100 nucleotides,
suitable hybridization conditions are as follows:
750 mM NaCl, 75 mM Tris-sodium citrate, 50 pg/ml salmon
sperm DNA, 50 mM sodium phosphate, 1 mM sodium
pyrophosphate, 100 uM ATP, 10 to 25 % formamide, 1 %
Ficoll ("PHARMACIA", average molecular weight 400.00),
1 & polyvinylpyrreclidone, 1 % bovine serum albumin, for
14 to 16 h at 42°C.
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For the longest probes, that is to say
possessing more than approximately 1C0 nucleotides,
suitable hybridization conditions are those stated
above for the shortest probes, but in which the medium
defined above contains 40 % of formamide instead of 10
to 25 % of formamide.

According to an advantageous arrangement of
this embodiment, the said probe can be advantageously
defined by any one of the above nucleotide segquences,
and in particular by the 2-kbase fragment which
corresponds to the whole of the sequence of formula I.

The subject of the present invention is also a
peptide and/or a peptide fragment, characterized 1in
that it is encoded by a nucleotide sequence as is
defined above, and in that it displays B3-adrenergic
receptor activity.

Bj-Adrenergic receptor activity is that defined
in French Patent Application No. 89/00,918, namely
that, when the fragment is exposed at the surface of a
cell, it is capable of participating in' the activation
of adenylate cyclase in the presense of one of the
following agonists: BRL 28410, BRL 37344, CGP 12177a,
(1)-isoproterenol and carazolol; or, it is capable of
being recognized by antibodies which do not recognize
either the Bj~adrenergic receptor or the Bjy-adrenergic
receptor; or, it is capable of generating antibodies
which do not recognize either the B; receptor or the g3
receptor.

According to an advantageous embodiment of the
said peptide, it comprises 405 amino acids and
possesses the amino acid sequence (SEQ ID No. 2) of the
following formula II:




Leu

Thr
65

Ala

Pro

Pro

Ala

50

Pro

Ala

Ala

Pro
5

Pre Trp

Thr Leu Ala

Trp kla Val

35

T™The Val Gly

Arg Leu Gln

Val
as

Asp Lasu

Leu Thr Gly

™2 « 10¢

The

Ala
130

Gly

Sar Val Asf
119

Leu Ala Val
TM3 e

Ala Leu Val

Val Val Ser
165

Pro Gly Asn

Pro Asn Thr

ala Jeu Ala

- TMY

Gly Asn lau
€S

Thy Met Thr

70

Val Gly Leu

His Trp Pro

Val Leu Cys

120

Asp Arg Tvr
135

Thr Lvs Arg -

150
Ala Ala Val

40

Ser

Ala 2
5

(s
n
e )

Gly Ala

Ley Val
Tal

isn

Val
80

Leu
Leu Gly
105

Val

2la

Leu

Ala

Ile
Phe

75
Val

val

Yal

Leu
185

Ala

Thr Preo

Ser Gly

Ley Ala

45

Val Ala
60

Val Thr
- TM2

Pro Pro

Thr Gly

Thr Ala Ser Ile

125

Thr Asn
140

Ala Ala
- TM4

Pro lle

Trp Pro Asp
15
Leu Pro Gly
30
Leu Ala Val
Ile Alas Arg

™1 «

Ala
80

Ser lLeu

Gly Ala Thr

EL]
cys Glu Leu
110
- TM3
Glu Thr Leu

Pro Leu Arg

Leu
160

Val Val

Met Ser Lys
175



zp

Trp Arg

T™e «

Pro
Ser
Ala
225
Glu

Ser

Pre

Arg Cvs
19%

Ser Val
210

Arg Val
TS

Leu Gly

Gly Ser

Ser Tyr
278

- Ala Leu

<30

Izp Leu Pro

Arg

Leu Val
~->TH7

Asn Ser

Ser Ala
355

- 10 -~

Ile Gly &la Asp Ala
180

Cys Thr Phe Ala 3Ser
200

Ser Phe TyTr Leu Pro

(Y]
ey
.

Phe Val Val Ala Thr
230

Arg Phe Pro Pro Glu <

245%

Pro Gly Leu Ala Gly
c60

Gly Arg Arg Pro ila
280

Arg Thr lLeu Gly Leu
—TM6 29°%

Phe Phe Val Val Aasn
310

Ser Gly Pro Thr Phe
325

Ala Phe Asn Preo Leu
340

Phe Arg Arg Leu Leu
360

Glu
1
-

-
-
-

(1}

Asn

Leu

Ile

Val

Ala Gln Arg Cys His Ser Asn
180

Het Pro Tyr Ala Leu Leu Sexr
-»TMS 2058

Leu Val Met Leu Phe Val Tyr
<20

Gln Leu Arg Leu Leu Arg Arg

238 240

Ser Pro Pro Ala Pro Ser Arg
250 255

Cvs Ala Ser Pro Ala Gly Val

&IV

Leu Leu Pro Leu Arg Glu His
285

Het Gly Thr Phe Thr Leu Cys
300

Val Arg Ala Leu Gly Gly Pro

T™M6e- 315 320

Leu Ala Leu Asn Trp Leu Gly Tyr

330 338

Iie Tyr Cys Arg Ser Pro Asp Phe

345

™7 ¢~ 350

Cys &rg Cys Arg Pro Glu Glu His

3¢€5
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Leu Ala Ala Ala Ser Pro Pro Arg Al Pro Ser Gly Ala Pro Thr Ala
370 375 380

Leu Thr Ser Pro Ala Gly Pro Met Gln Pro Pro Glu Leu Asp Gly Ala
388 390 395 400

Ser Cys Gly Leu Ser
405

(IT)

This peptide is designated hereinafter bovine
B3-adrenergic receptor (Bo-ARB3).

The invention also comprises the peptides which
are variants of those defined above, which contain
certain mutations, without the peptides losing the B3~
adrenergic receptor properties.

Among these variants, there may be mentioned
those which are recognized by antibodies that recognize
the transmembrane regions, as well as those which are
recognized by antibodies that recognize the regions
other than the transmembrane regions.

The subject of the present invention is also
fragments or combinations of fragments of Bo-ARSj3,
according to the invention, and in particular:

- a fragment of 26 amino acids corresponding to
the segment 38-63 of the formula II and constituting
the transmembrane region TM1,

- a fragment of 24 amino acids corresponding to
the segment 76-99 of the formula II and constituting
the transmembrane region TM2,

« a fragment of 22 amino acids corresponding to
the segment 110-131 of the formula II and constituting
the transmembrane region TM3,

-~ a fragment of 23 amino acids corresponding to
the segment 156~178 of the formula II and constituting
the transmembrane region T™M4,

« a fragment of 24 amino acids corresponding to
the segment 203-226 of the formula II and constituting
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the transmembrane region TM5,

- a fragment of 22 amino acids corresponding to
the segment 293-314 of the formula II and constituting
the transmembrane region TM6,

- a fragment of 26 amino acids corresponding to
the segment 322-347 of the formula II and constituting
the transmembrane region TM7.

The said fragments may advantageously be
obtained by synthesis, in particular by the Merrifield
method.

The subject of the present invention is also a
recombinant cloning and/or expression vector,
characterized in that it comprises a nucleotide
sequence according to the invention.

For the purpose of the present invention,
recombinant vector is understood to mean either a
plasmid, a cosmid or a phage.

According to an advantageous embodiment of the
said vector, it consists of a suitable recombinant
vector comprising, in particular, an origin of
replication in a suitable host miecroorganism, in
particnlar a bacterium or a eukaryotic cell, at least
one gene whose expression permits selection either of
the bacteria or of the eukaryotic cells which have
received the said vector, and a suitable regulatory
sequence, in particular a promoter permitting
expression of the genes in the said bacteria or
eukaryotic cells, into which vector is inserted a
nucleotide sequence or a sequence fragment as are
defined above, which vector is a vector for the
expression of a peptide, of a peptide fragment or of a
combination of peptide fragments having bovine 83~
adrenergic receptor activity.

According to an advantageous arrangement . of
this embodiment, the said vector consists of an
expression vector pRc/CMV into which is inserted, in
the multisite linker, at least the fragment coding for
the bovine Bj-adrenergic receptor; such a plasmid has
been designated pRe/CMV-BoB3<ADR, and has been
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deposited with the Collection Nationale de Cultures de
Microorganismes [National Collection of Microorganism
Cultures] (CNCM) held by the PASTEUR INSTITUTE, dated
15th April 1993, under No. I-1297.

The subject of the present invention is also a
suitable host cell obtained by genetic transformation,
characterized in that it is transformed with an
expression vector according to the invention.

Such a cell is capable of expressing a peptide
of bovine origin having B3-adrenergic receptor
acitivity.

According to an advantageous embodiment, the
host cell consists, in particular, of cells of the CHO
(Chinese Hamster Ovary) line.

Another of the microorganisms used can consist
of a bacterium, in particular Escherichia coli.

It was not obvious that cattle have 8A3-
adrenergic receptors whose activation unexpectedly
enables the amount and quality of the fats to be
requlated, thereby enabling the quality of bovine meat
to be improved.

Advantageously, the bovine f3-adrenergic
receptors according to the invention constitute a tool
for the selection of ligands participating in the
activation of these receptors, and make it possible to
identify and seiect B-adrenergic ligands which are
specific for the f3-adrenergic receptors, and
especially ligands having more affinity and which are
more selective for the bovine fA3-adrenergic receptor
than for the human Bj-adrenergic receptor.

Becording to the invention, the method for the
selection and identification of substances capable of
behaving as a specific ligand with respe&t to a peptide
(bovine Bj-adrenergic receptor)} according to the
invention comprises:

- bringing the said substance into contact with
& host cell previously transformed with an expression
vector as defined above, which host cell expresses the
said bovine peptide (bovine fSj-adrenergic receptor), if
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necessary  after suitable physical or chemieal
induction, and which contacting is carried out under
conditions permitting the formation of a bond between
at least one of the specific sites and the said
substance if circumstances are appropriate, and

- detecting the possible formation of a complex
of the ligand-peptide type.

Such a process makes it possible to select
either ligands specific for the B3-adrenergic receptor,
or ligands specific for the bovine B3-adrenergic
receptor exclusively.

Besides the foregoing arrangements, the
invention also comprises other arrangements which will
become apparent from the description which £follows,
reference being made to the attached drawings wherein:

- Fiqure la shows the restriction map of the
2,000 bp coding fragment which corresponds to the
formula I;

- Fiqure 1b shows the restriction map of the

clone 6.6 which contains the bovine 83-adrenergic gene

and comprises 3 kb in all;

- Figure 2 is a comparison of the human, murine
(mouse and rat) and bovine 83 receptors;

- Figure 3 shows a comparison of the coding
sequences for Hu-ARS83 and bovine ARS3;

- Fiqure 4 shows the expression vector pRc/CMV-
Bofi3-ADR;

- Figure 5 shows the expression vector pRc/CMV
including a multisite linker comprising the following
single restriction sites; Hind IIXI, BstX I, Not I,
Xba I and Apa I.

It should, however, be clearly understood that
these examples are given only by way of illustration of
the subject of the invention, and in no way constitute
a limitation thereof.

Example 1¢ Isolation and identification of the
bovine Bj~adrenergic gene
~ Preparatjon of RNA:

The bovine Bj~adrenergic gene was isolated from
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a cDNA library of calf brown adipose tissue,
constructed in bacteriaphage igtll.

To this end, the total RNA is extracted from
calf brown adipose tissue by the gquanidinium
thiocyanate method, and the poly(A)* messenger RNA is
then purified using oligo(dT) columns (Pharmacia Ref.:
27-9258-01).

The total RNA and messenger RNA were analysed
by Northern blotting to verify the presence and size of
the messengers of the desired gene. After
electrophoresis, the RNA was transferred onto a
positively charged nylon membrane (Amersham Hybond®-N+
ref. RPN 203B). This membrane is then hybridized with a
radiolabelled probe (radiolabelling: see screening of
recombinant phages, below), consisting of a 2900-base
pair DNA fragment containing the whole of the murine
Bi-adrenergic gene  previously isolated in the
laboratory (NAHMIAS et al., 1991, EMBO J., 10, 3721-
3727; International Application WO 92/12,246). After
hybridization with the radiolabelled probe, the filters
are washed and exposed for several days to
autoradiography film (KODAK X-OMAT AR); an
approximately 2.0-kilobase fragment is observed, both
in the total RNA fraction and in the purified messenger
RNA fraction. This confirms that the gene corresponding
to the Bj-adrenergic receptor is expressed in calf
brown adipose tissue, and that the cDNA library can be
constructed from this purified poly(A)+ messenger RNA.

To verify that the RNA source is indeed brown
adipose tissue, the Northern blot obtained above was
hybridized with a radiolabelled probe corresponding to
the gene for human uncoupling protein (hUCP). This
protein is only present in this type of adipose tissue,
and may be regarded as a kind of "marker" for brown
adipose tissue. With this probe, a strongly positive
gignal is detected.

- Synthesis of cDNA:
The corresponding c¢DNA is then synthesized,
aking as template the purified poly(a)% messenger RNA
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and as primer for the synthesis of the first strand an
oligo(dT))s primer originating from the “RiboClone cDNA
synthesis system" kit (Promega ref. C 2100). The
synthesis of the first cDNA strand takes place in the
presence of AMV reverse transcriptase, and the
synthesis of the second strand is carried out using two
enzymes acting simultaneously (E. coli polymerase I and
E. coli RNase H). The double-stranded cDNA is then
treated with T4 DNA polymerase so as to obtain blunt
ends. The Promega C 2100 kit is used for all of these
reactions.

Next, adaptors containing EcoR I sites are
added so as to be able to insert the cDNA obtained into
bacteriaphage Agtll under the following conditions,
described in the EcoR I Adaptor Ligation System I kit
(Promega ref. C 1900):

the c¢DNA is centrifuged through a Sephacryl® S-
400 matrix (kit) to remove small molecules; the
adaptors are then added to the cDNA by ligation imn the
presence of T4 DNA ligase, the mixture is left
overnight and a second centrifugation is performed
through a Sephacryl® S-400 column so as to remove
unbound adaptors.

Before inserting the c¢DNA thus treated into the
agtll vector, the adaptors are phosphorylated in the
presence of T4 polynucleotide kinase.

Ingsertion of the cDNA into bacteriaphage igtll

The bacteriaphage igtll used as vector
originates from the "Protoclone Lambda gtll System" kit
Promega ref. T 301/0-2). The DNA of the phage is
digested with EcoR I and dephosphorylated.
Dephosphorylation prevents the vector from closing up
again.

Several ligations are performed with variable
amounts of the cDNA obtained, with 0.5 ug of vector
DNA, under the following conditions, for each ligation:
for 3 hours at room temperature in the presence of T4

« DNA ligase (Promega kit C1900).

An in vitro encapsidation is then performed
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using the "Packagene" extracts present in Promega kit
T301/0-2.

After incubation at 22°C for 2 hours, the
reconstituted phage particles are used to infect
bacteria, in particular the strain Y1090(r-) (Genotype:
A(lacUl69), proA+, a(lon), araDl39, stra, supF,
(trpC22::Tnlo0), (pMC9), hsd(r-, wmt+)), under the
following conditions: the encapsidated phages are very
greatly diluted (1/1,000 or 1/10,000); each dilution of
phages is incubated with Y1090(r-) cells at 37°C for
30 minutes, and these infected bacteria are then plated
out on a nutrient medium (LB agar) contained in Petri
dishes. The dishes arelincubated overnight at 37°C, and
the next day lytic plaques are observed; each plaque
corresponds to a recombinant phage. By counting the
number of 1lytic plagues and multiplying by the given
dilution factor, the titer of the cDNA library is
determined, and is approximately 4 million recombinant
phages. The background of the vector alone without
insert is 3.5 %, which is entirely acceptable.

~ Screening of recombinant phages

On the basis of the results obtained,
approximately 200,000 phages were plated out on Petri
dishes (LB agar medium) so as to be able to screen them
with a radiolabelled probe under the following
conditions:

~ bacterial strain used: LE 392 (Genotype: F~,
hsdR 574 (r-, m+), supE44, supF58, lacYl or a(laclZY)6,
galk2, galT22, metBl, trpR55, i-);

~ probe: 2900-base pair DNA fragment (murine
B3-adrenergic gene), as specified above for Northern
blotting, radiolabelled by random priming (Boehringer
kit ref. 1004 760), incorporating 50 uCi of [a-S2P)dATP
and 50 uCi of [a~3zp]dCTP (Amersham references PB 10204
and PB 10205).

After transfer of +the DNA from the lytic
plaques onto Hybond®-N+ membranes (Amersham ref. RPN
132B), the latter are hybridized with the radiolabelled
probe, then washed and exposed overnight to
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autoradiography £ilm.

17 hybridization signals were cbserved, 11 of
which subsequently proved to be false positives. The 6
remaining clones (1, 3, 5, 6, 8 and 9) were purified by
four successive isolations, followed by a hybridization
with the murine fi3~adrenergic probe described above.

- Analysis of positive clones:

To identify the clone(s) containing the entire
bovine Bj-adrenergic gene, that is to say the cDRNA
corresponding to the coding region for the whole-
protein, 2 methods were used: amplification by PCR and
cleavage with a restriction endonuclease, with the
object of finding among the positive clones the one
which contains the largest insert.

1) Amplification by PCR was carried out in
lysate of phages (encapsidated phage particles) using
the following two primers:

1218: 24-mer igtll primer (sense strand) of
formula: 5’ d(GGTGGCGACGACTCCTGGAGCCCG)3’, and

1222: igtll primer (antisense strand), also 24-
mer, of formula: 5’ d(TTGACACCAGACCAACTGGTAATG)3’ (New
England Biolabs).

In view of the fact that these primers
hybridize on both sides of the insertion site of the
cDNA into the phage, it was possible in this way to
find out the size of the fragments inserted into the
different positive clones.

2) The DNA of the 6 phages of interest was
prepared and cut with the restriction enzyme EcoR I so
as to verify the size of the inserts; hybridization
with the murine B3-adrenergic probe enabled the clone
containing the largest positive insert to be detected.

The outcome of these two approaches was that
clone No. 6 was chosen for a more exhaustive analysis
in view of the fact that it contains the largest insert
of desired cDNA (3 kilobases).

After cleavage of the phage 1 with the
restriction enzyme EcoR I, the fragment containing cDHA
was inserted into bacteriophage M13tgl3l so as to be
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able to sequence the gene.
EXAMPLE 2: Sequencing of the bovine BA3-adrenergic
gene

The approximately 3-~kb DNA fragment bounded by
the EcoR I enzyme sites was sequenced.

This DNA fragment was purified from the DNA of
clone 6 and subcloned into the EcoR I site of the
vector M13tgl3l. The M13 clones which had integrated
the DNA fragment in the 2 opposing orientations (6.3
and 6.6) were identified and sequenced.

To perform the sequencing reactions, the USB
Sequenase Version 2.0 kit (United States Biochemical
ref. 70770) wa:-:x used.

The sequence was produced using specific
primers, which hybridize with the sense strand (clone
M13-6.6) or with the antisense strand (clone M13-6.3)
according to the method of Sanger (MANIATIS et al.,
Molecular Cloning, 2nd edition, pages 13.3-13.10).

The results obtained from the sequence of the
3-kilobase EcoR I fragment show the nucleotide sequence
of bovine ARB3 (1215 bp) and non-coding regqions (106 bp
at the 5’ end and 638 bp at the 3’ end) {(formula I).
The restriction sites contained in the 2,000~bp
fragment are positioned on Fiqure la (bov 6.6 short
(PA)).

Figure 1lb shows the single restriction sites
contained in the 3-kb fragment which was sequenced.

Comparison of the coding regions of the human
and bovine B3 genes (Fiqgure 3) shows a strong homology
(85 % in respect of the nucleotide sequences between
bovine and human AR; comparison of the coding regions
of the bovine and murine 3 genes also shows strong
homology (76 % in respect of the nucleotide sequences
between bovine AR and murine AR).

The bov. se B3 gene codea for the peptide of 405
amino acids which displays a very large homology with
the human 83 peptide or the murine B3 peptide
(Figure 2), as indicated above.

EXAMPLR 3¢ Construction of a vector for the
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expression of bovine ARB3

The restriction map of the 2-kb fragment which
was sequenced (Figure la) shows the presence of a site
of cleavage by the enzyme Srf I at position 1598, that
is to say 270 nucleotides upstream of the coding region
of the bovine B3 gene. DNA of the clone M13-6.6 was
digested with the enzymes EcoR I and Srf I to liberate
the 1598-base pair fragment containing the coding
region of the bovine 3 gene and a portion of the
untranslated 3’ region. This DNA fragment was purified
and then inserted into the expression vector pRc/CMV at
the Hind III and Xba I cleavage sites (Figure 5).

Since the ends generated by the enzymes
Hind III and Xba I on the one hand, and EcoR I and Srf
I on the other hand, are not compatible, care was taken
to treat the EcoR I and Srf I ends of the insert on the
one hand with the Klenow fragment of polymerase I, and
the Bind III and Xba I ends of the vector on the other
hand with the Klenow fragment of polymerase I, so as to
obtain blunt ends (MANIATIS et al., Molecular Cloning,
2nd edition, pages 5.40-5.42).

The recombinant plasmid pRc/CMV-Bofi3-ADR shown
in Figure 4 was thereby obtained.

EXAMPLE 4: Pharmacological properties of the
expression product of the bovine B3 gene

a) Transfection of CHO-K1l cells

To characterize better the bovine B3-adrenergic
receptor, the bovine B3 gene is expressed at the
surface of eukaryotic cells, which possess all the
elements needed for transduction of the signal.

The recombinant plasmid pRc/CMV of Example 3
was transfected into CHO-K1 cells by a lypofectin
transfection method; the transfected cells are selected
with G418 (neomycin derivative).

More specifically, the said transfection method
is carried out as follows:

CHO-K1 cells (ATCC CCL 61) are cultured to
confluence in a culture medium containing; 45 % DMEM
medium, 45 % Fl2-Ham medium, 10 % heat«inactivated
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foetal calf serum, 2 mM glutamine, 100 U/ml penicillin
and 100 pg/ml streptomycin.

1 ug of DNA of bovine 83 plasmid pRc/CMV is
mixed with 5 ul of lipofectin (Gibco) and 1,000 ul of
the abovementioned culture medium without serum.

This mixture is added to cells in culture,
which are left to incubate at 37°C for 5 hours.

The medium is replaced with a culture medium,
mentioned above, containing serum, and the cells are
incubated again at 37°C for 48 hours. The cells are
then distributed in 96 wells according to variable
dilutions and incubated in the presence of geneticin
(G418, Gibco) at a concentration of 400 pug/ml in
complete medium for approximately 10 days, the medium
being changed every cther day.

The different colonies obtained are then
subcloned, first in 48 wells and then in 6 wells,
before screening.

Stable colonies are screened for their capacity
to bind specifically to [1251]cyan0pindolol and also
for their capacity to stimulate adenylate cyclase in
the presence of isoproterenol, in accordance with
protocol described in TATE et al., Eur. J. Biochem.,
191, 196, 357-361.

Transfected cells stably expressing ARf3 bind
[IZSI]cyanopindcloL with an affinity equivalent to that
of the corresponding ARB3 in man or in mouse and also
obtained by cloning.

A set of subclones were selected from the
stable clones; one of them, designated 62-26, was used
for the pharmacological evaluation of bovine ARS3.

b) Pharmacological characteristics of the
bovine ARB3 receptor

Pharmacological characterization of the bovine
ARB3 receptor was carried out using the stable clones
62-26. The pharmacological properties of 10 83~
adrenergic ligands were determined by studies of
stimulation of adenylate cyclase and of binding of
lestjcyanépiﬁdolel.
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Adenylate cyclase activation experiments were
carried out according to the protocol detailed in BLIN
et al., Mol. Pharmacol., 1991, 44, 1094-1104.

Briefly, preconfluent cells in six-well plates
(0.6 x 10° cells/well) are placed in contact or
otherwise with increasing doses of ligands for
30 minutes at 37°C. Reaction is stopped by washing in
PBS at 4°C and adding 500 ul of 1N NaOH. After
centrifugation and neutralization with 1N acetic acid,
the cell lysates are recovered and the total amount of
cAMP accumulated is determined using a commercial assay
kit.

Study of the competitive binding of ligands was
carried out on intact cells according to the protocol
detailed in BLIN et al., Mol. Pharmacol., 1991, 44,
1094~1104. Briefly, 105 cells are incubated with 0.5 nM
[1251]cyanopindolol in the presence or absence of
increasing concentrations of competitors for 30 minutes
at 37°C. Reaction is stopped by dilution with ice-cold
PBS, the cells are filtered off and the radioactivity
is measured in a gamma counter. The results were
analysed using Graph-Pad® software.

Among the ligands tested, four are described as
By-, Bp- and B3-AR-receptor agonists: (-)-iso~
proterenol, (-)-epinephrine, (-)-norepinephrine, BRL
37344; three are described as specific for the ARBj
receptor (B1~-, Bo-AR antagonists): CGP121774,
ICI201651, bucindolol. Bupranolcl was also tested since
it is described as an antagonist of the three subtypes
of receptor (BLIN et al., Br. J. Pharmacol., 1994, in
press). Lastly, (~-)-propranolol, described as a partial
agonist of the human ARB3 receptor and antagonist of
the mouse ARfA3 receptor (NAHMIAS et al., EMBO J., 1991,
10, 3721-3727), was tested.

The values of the adenylate cyclase activation
constants (Kaet), of the inhibition constants (Kj) and
of the intrinsic activity (IA} corresponding to the
tatio of the effect of the ligand at 1074 M to the
effect of isoproterenol at 10°% M, which are obtained
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for the different ligands, are presented in the table
below. The four ligands which are agonists of the three
subtypes of receptors (B3-, B3-, B3-AR) have Kact and
Kj values close to those obtained for the human ARBj3
receptor (BLIN et al., Br. J. Pharmacol., 1994, in
press), mouse ARB3 receptor (NAHMIAS et al., EMBO J.,
1991, 10, 3721-3727) and rat ARB3 receptor (GRANNEMAN
et al., J. Pharmacol. Exp. Therap., 1991, 40, 895-899;
MUZZIN et al., J. Biol. Chem., 1991, 266, 24053-24058).

The specific ligands for the ARB3 receptor all
have a smaller K.t value for the bovine ARB3 receptor
compared to the human and mouse ARB3 receptors, and
hence improved efficacy in stimulating adenylate
cyclase. (-)-Propranolol is a partial agonist at bovine
ARfA3, as for the human ARB3 receptor. In contrast,
bupranolol, which is described as a potent antagonist
for human and murine ARS3 receptors, is a partial
agonist at the bovine ARBj3 receptor.




LIGANDS

Mouse RAB3-THO
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1241

Binding Accumua} . CAMP Binding accumul . CAMD Binding accumul . CAMP
Ki (n¥) Kact (nM) 1A Ki (nM) Kact (nM) IA Ki (nM) Kact (nM) A
| agonists
L g1/82/83
{-) isoproterennl - 99244 1.420.1 620 4 0.9 84401 1412 0.910.1
{- } epinephrine . Q’GQOzI’QSO 2330.3 0.9120.03 20’55022.9‘3;0 4915 1.00£0.04 11,.\05:7.345 50.723.7 0.840.3
(-) norepinephrine 1,8403600 1324 1.0620.06 475275 6€.32320.7 1.00 4232255 5£414.2 1.0040.5
| BRL 317344, 2902136 ©.420.1 1.07:0.08 287492 1583 1.1120.12 2.1321.4 '0.340.07 0.84320.1
£5/82 sntegenists/
£3 sgonists .
CGR :2177A 153119 419 0.75¢0.08 28122 139144 0.68£0.02 2182161 1.4120.5 0.9320 .20
ICI 201651 23932104 1521 1.0220.02 85212 20%9 1.1410.14 27.7124 1.340.9 0.85£0.3
Bucindolol 21¢5 40214 1.1120.0% 23310 7.021.2 1.0110.10 73242 12.825.0 0.9940.10
partial jdgonist/
antagonist
, (- ) propranclol 150222 antagonist - 14548 1. 48045850 0.81:2.12 589374 661378 0.71:0.08
406498
aptagonists
81/82/83
{-) bupranclol 42219 antagonisc - 50214 auntagonist - 85540 507275 0.34:0.01
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As emerges from the foregoing, the invention is

in no way limited to those of its embodiments and modes

of implementation and application which have just been

described more explicitly; it encompasses, on the

contrary, all variants which may occur to the

specialist in the field, without departure from the
scope or range of the present invention.
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SEQUENCE LISTING

(1) GENERAL INFORMATION
(i) APPLICANT:

5 (A) NAME: VETIGEN
(B) STREET: 66 rue de Javel
(C) CITY: PARIS
(E) COUNTRY: FRANCE
(F) POSTA' CODE: 75015

10
(3) NAME: VIRBAC
(B) STREET: lere Avenue - 2065 M - L.I.D.
(C) CITY: CARROS
(E) COUNTRY: FRANCE

15 (F) POSTAL CODE: 06516

(ii) TITLE OF INVENTION: NUCLEOTIDE SEQUENCES
CODING FOR THE BOVINE BETA3-
ADRENERGIC RECEPTOR AND THEIR APPLICATIONS.
20
(iii) NUMBER OF SEQUENCES: 2

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
25 (B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS~DOS
(D) SOFTWARE: Patent Release #1.0,
Version #1.25 (EPO)

30 (vi) DATA OF THE PREVIOUS APPLICATION
(A) NUMBER OF THE FILING: FR 93 04670
(B) DATE OF FILING: 21 APR 1993

(2) INFORMATION FOR SEQ ID NO: 1:

35

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 2000 base pairs
(B} TYPE: nucleic acid
(C}) STRANDEDNESS: single

R OUD . SN O
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(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE
(A) NAME/KEY: CDS
(B} LOCATION: 107..1324
(D) OTHER INFORMATION:/function = Bovine
beta-3 receptor"/products =
*Adrenergic, Beta Receptor"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1

CCCAGGCCAG GGAAATCGCT CCCACGCCCC GATGCCCCCG CCGCTGAGCA GGOTGAGCTS

GGAGACCCTT TCCETCATTC CTTCCCGCCS CACGCGCGAC GCGGGS ATG GCT €CC
Met Ala Pro
1

peee gc!““ CCT GGG AAC AGC TCT CTG ACC CCG TGG CCA GAT ATC CCC ACC
Trp Prg Preo \Gly Asn Ser Ser Leu Thr Pro Trp Pro Asp lle Pro Thr
10 15
£T6 GCA CCC AAT ACT GCC AAC GCG AGT GGG CTG CCA GGG GTG CCC TGG
Leu Ala Pro Asn Thr Alg Asn Ala Ser Gly Leu Pro Gly Val Pre ’!‘;‘g
20 2 30 ;

GCGGTGGCGCTGGCGGGGGCGCTGT"TGGCGCX‘AGCGGTGQGGCCACC
Ala Val Ala Leu Ala Gly Ala Lsu Ley Ala Leu Ala Val Leu Ala Thr

Replacement sheet

60
115

163

211

259



40 .45 50
GTG GGA GGC AAC CIG CTG GTA ATC GTG GCC ATC GCC CGG ACG CCG AGA 307
Val Gly Gly Asn Leu Leu Val Ile Val Ala Ile Ala Arg Thr Pro Arg
ss 60 65
CTC CAG ACC ATG ACC AAC GTG TTC GTG ACT TCG CTG GCC ACA GCC GaAC 385
Leu Gln Thr Met Thr Asn Val Phe Val Thr Ser Leu Ala Thr Ala Asp
70 75 80
CTG GTG GTG GGG CTC CTG GTC GTG €CC CCG GGG GCC ACG TTG GCG CTG 403
Leu Val Val Gly Leu Leu Val Val Pro Pro Gly Ala Thr Leu Ala Leu
8s 90 95
ACC GGC CAC TGG CCC CTG GGC GTC ACC GOT TGC GAG CTC TGS ACC TCA 451
Thr Gly His Trp Pro Leu Gly Val Thr Gly Cys Glu Leu Trp Thr Ser
100 105 110 11§
CTG GAC CTG CT2 TST GTC ACC GCC AGC ATC GAA ACC CTG TGC GCC CTG 499
Val Asp Val Leu Cys Val Thr Ala Ser Ile Glu Thr Leu Cys Ala Leu
120 128 _ 130
GoG GTG GAC CGC TAC C7TG GCT GTG ACT AAC CI5 CT5 CGC TAC GGC GCG 547
Ala Val Asp Arg Tyr Leu Ala Val Thr Asn Pro Leu Arg Tyr Gly Ala
138 140 145
G GTC ACC AAA CGC €GC GCC CTA GCA GCC GTG GTC CTG GTG TGS GTG 595
Leu Val Thr Lvs Arg Arg Ala Leu Ala Ala Val Val Leu Val Trp Val .
150 185 160
376 T2C G2C GCG’GTC,?is TTT GI3 CIT ATC ATG AGC AAA TGC TGS CGC 643
Val Ser Ala Ala Val Ser Phe :la Fr2 Ile Met Ser Lys Trp Trp Arg
165 170 178
ATC GBG GCC GAT GCC 3AG 300 CAS C3T TGC CAC TCZ AAC CCG CGC TGT €91
Ile Gly Ala Asp Ala Glu Ala Gim arg Cvs His Ser Asn Pro Arg Cys
180 135 190 198
c22 =aC 305 CTS ITT TOC Te¢ TCG GTC 739

TIL ACC TTC
Zys Thr Phe

Co TCL AAC ATS CTT TALC 338G CTS T TS
a Ser Asn Met Pyz Iyr ila Leu Leu Ser Ser Ser Val
200 <05 210

>0
e

T¢% TTC TAT CTIT €IS CT2 CTC GTS ATG CTC TTC GTC TAC GCA CGA GTT 787
Ser Phe Tyr Leu Pro Lau Leu Val Met Leu Fhe Vai Tyr Ala Arg Val
Z1s 229 b3

-

Replacement sheet



caC
Arg

TT¢C
Phe

TCC
Ser

GCC
Ala
340

TTC
Phe

GCe
Ala

e

Pro

Leu

o
i3

Val

~
-

- Phe

245

Gae
Gly

CGS
Arg

AcC
Thr

oot
&

Phe

Gly
32§

TTC
Phe

cce
Arg

TCC
Ser

GCT
Ala

TCT
Ser
408

TG
“fal
230
Ccs
Pro

CTC
Leu

CGG
Arg

by yel
Leu

GTC
Val
210

AAC
Asn

Arg

cce
Pro

GGC

Gly
390

~o
Ad v -
-3

a3

CCA
Pro

GCG
Ala

ladaie]
Pro

cﬂh
Gly
295

CTC
Val

ACT
Thr

cCcG
Pro

oy ce]
Leu

¢CccC
Pro
375

cce
Pro

ACS

Thr &

GAG
Glu

GGG
Gly

GG
Ala
280

cTC
Leu

AAC

Phe

CcTC
Leu

CTG
Leu
360

CGA
Arg

ATG
Met

mtale]
Pro
2ES

cGC
Arg

ATC
Ile

o~
-~

val

cTC
Leu

ATC
Ile
345

TGT
Cys

leloio
Ala

CAG
Gin

~ e

oD
Ser
250

TGC
Cys

CTT
Leu

ATG

Met

GTG
val

GCC
Ala
330

TAC
Tyr

cGC
Arg

ccc

Pro

cce

Pro

- e
Lau
puli
238
~—
-

Pr>

GCC

ala

CTG
Leu

o)
M

Gly

oielo)
Arg
31s

crr
Leu

TSC
Cys

e
Cys

TCC
Ser

cex
Pro
395

- 29 -

~~
b

Ary

~~
-t

Pro

TCGS
Ser

ccT
Pro

ACC

Thr

300

GCC
Ala

AAC
Asn

(el
Arg

CGG
Arg

Gae
Gly
380

GAG
Glu

o

- aw
Leu

GCT
Ala

cce

Pro

CTG
Leu
288

-~

-

Phe

cTe
Leu

TGS
Tre

AGC -

Ser

[Sed]
Pro
365

cce
Ala

cTe
Leu

s

o~ o~

-
o

Arg

e
TCT

Ser
255

GSG
Gly

GAA
Glu

CcTC
Leu

GGC

s~ o~
. S

Arg
240

sleln
Arg

GTG
val

CAC
His

TGC
Cys

ccc

Gly Gly Preo

eer
Pro

GAC
Asp

GGC
Gly
335

GAC
Asp

GAG
Glu

ACG
Thr

GGG
Gly

320

TAT
Tyr

TTT
Phe

CAC
His

GCC
Ala

GCT
Ala
400

TAGGCCTTGA AGAAACAACT CTATTGATCC GSAACCTTTS

Replacement sheet

GAG
Glu

TCC
Ser

ccc
Preo

o(e o)
Arg

TGG

Trp
308

TCT
Ser

Ala

CGG

cTc
Leu

CTG
Le
385

T™CC
Ser

CTG
Leu

GGA
Gly

TCC
Ser

GCC
Ala
290
™6
Leu

CcTG
Leu

Asn

Ser

Gee
Ala
370
ACC
Thr

T™<C
Cys

Gly

TCC
Ser

TAC
Tyr
278
CTG
Leu

cCcT
Pro

GTG
val

Ser

GCC
Ala
355
GCT
Ala

Ser

GGA
Gly

GAAAGCCTCT

835

883

931

979

1027

1078

1123

1171

1219

1267

1318

1371
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25

GGCCGGRCTT
CCAGCCTGAC
TACCAAGTGG
CACCGCTGCC
TGEGCTGCGT

GGTTCAGAAT
GACTGGGTCC

- 30 -

GAGCCCCGTG
TGGGAGGAGG

GAGTTTCCCA
CGLGGGGGCT

GTTTTCGCTC TCTTTCTGAG AGAAGTTTTC

TCAGCAGCTC
TTAGCCCCGS

CCGCETCTGS
GACCCTCACC

CAAGGCGCGR

TECTGGAGST
CTGGCTTCCT

ACCTTCATTC
CCAGGCTGAG
CACTGTAGAC

jygele ceyie e

CCCTTTTCCT

AAAAAAAAAA

(2)

(i)

(ii) MOLECULE TYPE:

GGTGGGGGGS
TTTGAAATCA

TSTTCCTTCT
AAGAGGAAGS
ACACCTACCT

CGCTCCTGTT

AATTAATAAA
AAAMALAAA

TTTCCCATGC
TGTCCCACTC
GCCSCCCAGA
TGGGGAAGST
CACAGCATTT
TTCCTGGGAA
TGTTACTGAA

INFORMATIONR FOR SEQ 1D NO: 2:

SEQUENCE CHARACTERISTICS

(A
(B)
(D)

protein

GCTGGAAAAC
GACTGGGGAG
TACACCCCAG
CCAGGTGCCC
GGGTGCTCTG
CCCTGAGGAA
CACGCTTTGG
TCAGGACTTT
GGTGAACCAT
TGCAGTTTAA

LENCTH: 405 amino acids
TYPE: amino acid
TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2

10

TCTGCCCTCC
GGGAAATCCT
CCCTGAACTT
GGGCAGGAGC
TGCGCAGGSG
CCCACCGGGG
GCTTCTGTCC
ACTTTAGCCT
TAGAATGGGT
ARAARAMAAL

Met Ala Pro Trp Ptg Pro Gly Asn Ser Ser Leu Thr Pro Trp Prg Asp
1 1

Ile Pro Thr Leu Ala Pro Asn Thr Ala Asn Ala Ser Gly L;: Pro Gly
28

20

val Pro Trg Ala Val Ala Leu Als Gly Ala Leu Leu A}; Leu Ala Val
3% 4

Leur Ala Thr Val Gly Gly Agg Leu Leu Val Ile

Replacement sheet

60

Val Ala Ile Ala Arg

1431
1491
1551
1611
ien

1731

1791

' 1851

1911
1871
2000



Thr Pro

€5
Thr

Leu

Trp

Tyr
145

val

Pro

Aarg Al

Tre

Arg

Leau

Ser

Ala
Ala
Thr
Ala
130
Gly
Tre
Trp

Arg

> Ser

<10
Arg

Leu

Ala
370

Thr

Cys

Arg
Asp
Leu
Ser
118
Leu
Ala
Val
Arg
Cvs
195
val

val

Gly

Tvyr
275

' Pro

val
Ser
Ala
38s
Ala

Ser

Gly

Leu
Leu
Thr
100
val
Ala
Leu
Val
Ile
180
Cvs
Ser
Phe
Arg
Pro

280

Gly

Gln
vVal

85
Gly
Asp
val
Val
Ser
165
Gly

Thr

Phe

Ty |

arg Thr

Phe

Ser

Ala
340

Phe A

Ala

Pro

Leu

Ser

Ala

Ser
405

Thr

70
val
His
val
Asp
Thr
150
Ala
Ala

Phe

Mec

Gly

Trp
Leu
Arg
135
Lys

Ala

Asp

Ala

¥r Leu

val
230

Pro

! U 3

Va i 7

310

Freo

Asn

21s
Ala

Pro

Pro

Leu

Pro ¢

37%

Pro

- 31 -

Thr Asn Val

Leu
Pro
Cys
120
Tyr
Arg
Val

Ala

Ser

200

Pro

Thr

Glu

Leu
Leu
108
Val
Leu
Arg
Ser
Glu
188

Asn

Leu

val

90

Gly

Thr

Ala

ala

Phe

170

Met

Leu

Ala

339

Arg

Pro

Pro

Phe

15

Val

val

Ala

val

Leu

155

Ala

Gln

Pro

val

Leu
23S

r Pro

~la

Leu

Arg
31
Leu
Cys
Cys

Ser

Pro
388

Replacement sheet

val
Pro
Thr
Ser
Thr
140
Ala
Pro
Arg
Tyr
Met
220
Arg
Pro

Ser

Pro

v Thr

300
Ala

Asn
Arg
Arg
Gly

380
Glu

Thr
Pro
Gly
Ile
125
Asn
Ala
Ile
Cys
Ala
208
Leu
Leu
Ala
Pro
Leu
285
Phe
Leu
Trp
Ser
Pro
368

Ala

Leu

Ser
Gly
Cys
110
Glu
Pro
Val

Met

His
190

‘Leu

Phe
Leu
Pro
Ala
270
Arg
Thr
Gly
Leu
Pro
3%0
Glu

Pro

Asp

Ala

95
Glu
Thr
Leu
Val
Ser

175

Ser

Leu

val
Arg
Ser
2585
Gly
Glu
Leu
Gly
Gly
33¢
Asp
Glu

Thr

Gly

Ala

80
Thr
Leu
Leu
Arg
Leu
160
Lys
Asn
Ser
Tyr
Arg
240
Arg

Val

His
Cvs
Pro
320
Tyr
Phe
His

Ala

Ala
400
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International Application No: PCT/ /
MICROORGANISMS
Optionai Sheet in connectien with the microerganism referred to on page 12 . Hine. 12-13 of the description &

A. IDENTIFICATION OF DEPOSIT?
" Further deposits are identified on an addhionsl .MD'

Name of depositary institution ¢

Collection Nationale ce Cul:oures de Microorganismes

Address of depositary institudion (including postal code and country) ¢

28 rue éu 2ccreur ROuX, 3724 PARIS CIDEX 15

Date of deposit ¢ ] | Accession Number ¢
o 15 April 1993 , I-1297

B. ADDITIONAL INDICATIONS ? (leave biank if not applicable). This information is continued on a separate attached sheet D

A8 regards the designations in which an application is made for a Buropean patent,
a sample of the microorganism deposited shall, until the publication of the mention
of the grant of the Ruropean patent or until the date on which the application has
baen refused or withdrawn or is deemed to be withdrawn, be made available only by
the issue of a sample to an expert nominatéd by the requester (Rule 28 (4) of the

ZPC).

C. DESISNATED STATES FOR WHICH INDICATIONS ARS MADE * (f the lndications are Aot for all designated Sisiss)

Australia
Canada
UsSA

Europe
Japan
New Zealand

D. SEPARATE FURNISHING OF INDICATIONS ¢ {lsave blank If not apphicable)

i mmmsmmwuwumlwndlumhmwmmmmn.\oomlmuum'm
- Accession Number of Depesit ™)

| M C]Tmmwmmuwmmummmmnmuhmm.

(Autherized Offcsn)

(C] The ¢ate of receint (trom the applicant) by the inteenationsl Burses ¢

(Authortzed Oficer)




L}
[ X T ]

ees a8
. .
. .
* e .
e e e
4

.o :naj csen s
siv eaee

. .

. e L )
e oo

-
L3
-

10

15

20

25

- 33 =

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :

1. An isolated and purified nucleotide sequence,
which comprises the cDNA coding for the bovine f3,-
adrenergic receptor, comprising the nucleotide seguence SEQ
ID No. 1.

2. Sequence according to Claim 1, characterized in

compriging the following single restriction sites:

Bpull02 I, Fok I, EcoR V, Beg I, Nhe I,
BspM I, Afl III, Age I, BstE II, BspH I, Bsg I, Nsp I,
Nsp7524 I, NspC I, Sap I, BamH I, BstY I, Asc I, Sty I,
Hinc II, Apa I, Bspl20 I, Bbe I, Ehe I, Kas I, Har I,
Ecl1136 I, Sac I, Stu I, Fse I, Drd I, Tthlll I, Srf I,
Bsu36 I, Sfc I, BstX I, Ase I, Bsm I, Dra I.

3. Fragment of the sequence according to Claim 1 or
claim 2, consisting of a 72-base pair segment which
corresponds to nucleotides 332-403 of sequence ID No. 1,
which fragment codes for the transmembrane region TM2.

4. F;agment of the sequence according to any one of
Claim 1 or Claim 2, consisting of a 69-base pair segment
which corresponds to nucleotides 572-640 of sequence ID No.
1, which fragment codes for the transmembrane region TM4.
5. Fragment of the sequence according to any one of
Claim 1 or Claim 2, consisting of a 66-base pair segment
which corresponds to nucleotides 983-1048 of sequence ID
No. 1, which fragment codes for the transmembrane region
TMG .

6. Fragment of the sequence according to any one of
Claim 1 or Claim 2, congisting of a 78-base pair segment
which corresponds to nucleotides 1070-1147 of sequence ID
No. 1, which fragment codes for the transmembrane region
T™7.

7. An isolated and purified c¢DNA clone, comprising a
sequence coding for the bovine [,-adrenergic receptor (BO-
ARf,) according to any one of Claims 1 to 6.

8. A clone according to Claim 7, comprising 2979

stafffhron/keep/specy65730 94 VET.VIB 4.4
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base pairs, including sequence ID No. 1 according to Claim
2 and comprising the following single restriction sites:

EcoR V, Becg I,

Nhe I, BstE II, BspH I, Bsg I, Sap I, BamH I, Asc I,
Stu I, Fse I, Drd I, Srf I, Sfc I, Ase I, Bsm I, Dra I,
Bspl407 I, Csp6 I, Rsa I, Ssp I, Dra I1I1, Bgl II, Afl
II, Spe I, Tfi I, Hpa I, Nde I, EcoN I, BsaB I, Pvu I.

9. A nucleotide probe, which hybridizes with a
nucleotide sequence according to any one of Claims 1 to 6
or with the complementary sequence under conditions of
hybridization such that it does not hybridize with the
genes or messenger RNA coding for the P;- or P;-adrenergic
receptors, wherein said probe is selected from the group of
nucleotide probes consisting of:

the nucleic acid sequence which corresponds to
nucleotides 332-403 of the sequence ID No. 1,

the nucleic acid sequence which corresponds to
nucleotides 572-640 of the sequence ID No. 1,

the nucleic acid sequence which corresponds to
nucleotides 983-1048 of the sequence ID No. 1, and

the nucleic acid sequence which corresponds to
nucleotidesl070-1147 of the sequence ID No. 1.
10. An isolated and purified protein which is encoded
by a nucleotide sequence according to Claim 1, wherein said
protein displays fB3-adrenergic receptor activity and
comprises the sequence of 405 amino acids of SEQ ID No. 2.
11. A peptide comprising a fragment of 24 amino acids
corresponding to the segment 76-99 of sequence ID No. 2 and
constituting the transmembrane region TM2.
12, A peptide comprising a fragment of 23 amino acids
corresponding to the segment 156-178 of sequence Id No. 2
and constituting the transmembrane region TM4.
13. A peptide comprising a fragment of 22 amino acids
corresponding to the segment 293-314 of sgequernice Id No. 2

X\HELBO1\howe$\Luiss\Keep\ speci¥\§5730-94 .doc B/01/98
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and congtituting the transmembrane region TM6.

14. A peptide comprising a fragment of 26 amino acids
corresponding to the segment 322-347 of sequence ID No. 2
and constituting the transmembrane region TM7.

15. A recombinant plasmid comprising a nucleotide
sequence according to any one of Claims 1 to 6.
16. A recombinant plasmid according to Claim 15,

comprising an origin of replication in a host cell at least
one gene whose expression permits selection of said host
cell which has received the said plasmid and a regulatory
sequence, including a promoter permitting expression of a
protein having bovine B;-adrenergic receptor activity in
said host cell.

17. A recombinant plasmid according to Claim 16,
wherein said plasmid is pRc/CMV into which is inserted, in
the poly-linker, at least a sequence coding for the bovine
B.-adrenergic receptor, and has been deposited with the
collection National de Cultures de Microorganismes
[National Collection of Microorganism Cultures] (CNCM) held
by the PASTEUR INSTITUTE, dated 15 April 1993, under No. I-
1297.

18. A host cell transformed by an recombinant plasmid
according to any one of claims 15 to 17, comprising
regulatory elements allowing expression of the nuclectide
sequence coding for the protein having bovine B,;-adrenergic

receptor activity.

19, A host cell according to Claim 18, wherein said
host cell is a CHO cell.
20. A host cell according to Claim 18, wherein said

host cell is Escherichia coli.

21. A method for detecting the binding of an agonist
or antagonist to a protein according to Claim 10,
comprising the steps of :

- placing the said agonist or antagonist in
contact with a host cell previously transformed by a wvector
as derfinad in any one of Claimg 15 to 17;

\\MELBO1\home§\Luisa\Keep\specis\65730-94 .doc 8/01/98
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- detecting the formation of a complex of
formed between said agonist or antagonist and said protein.

Dated this 8th day of January 1998

5 VETIGEN AND VIRBAC
By their Patent Attorneys

GRIFFITH HACK
Fellows Institute of Patent

Attorneys of Australia

esse

[ ]
st

-
*
-
*
]

*
-
L]
e

LA XL X T'Y Y9
“de ose

*

.0
A 4

[
.
.

se0e
* , @

H:\Luisa\Keep\specis\65730-34 .doc 8/01/98




1323 Stul
1292 Sacl
878 Bsty | 1292 Ecli361
324 AR 766 Sapl 1244 Nar |
270 BspM1i 708 NspC | 1060 Bspi201 1442 Tthitt | 1957 Dral
241 Nhel 708 Nsp7524 | 1060 Apa i 1439 Drd | 1949 Bsml
186 Begl 708 Nsp | 1037 Hincl 1372 Fsel 1933 Asel
152 ‘EcoR V 624 Bspiil 984 Styi 1244 Kas | 1804 Sici
105 Fok} 550 Bsit i 878 Bamiil 1244 kEhel 1713 Bsul6 !
43 Bpult02! 428 Age | 691 Bsgl 943 Ascl 1244 Bbe | 1598 Sifl 1898 BstX |
[lLlLll | i I 111 1 LI i i | lJL_l
BOV 6.6 COURT(pA) 20000b Sites uniques
FIGURE 1la

gL/l

IPTIP6 OM

Lr00/v6dd/LOd



2318 Spe |
2236 Aflll
2204 Bgl il
2178 Ssp |
2130 Rsal
: 2130 Cspb |
878 Bamtii 1957 Dral 2823 Pvul
766 Sap! 1598 ‘Sel | 2129 Bspt407 | 2818 BsaB |
241 Nhe f 691 Bsgl 1439 Drd! 1949 Bsm | 2516 Hpal
186 Bcegl 550 BstE Ul 943 Asc | 1372 Fso'l 1933 Asel 2357 Tii 2772 EcoN1
152 EcoRV 624 Bspiil 1323 Stut 1804 Slcl 2195 Dra il 2715 Ndel
1 N S W N . | . 1 1 B P Bt 11 | 111 I
B6.6 2979 pb Sites uniques
FIGURE 1b

oL/¢

9IYTY6 OM

Lyp00/p6ud/ LOd



BETA3
BETA3
BETAl
BETA3

BETA3
BETA3
BETA3
BETA3

BETA3
BETA3
BETA3
BETA3

BETA3

BOV
HU
RA
MO

BOV

HU
RA
MO

BOV
HU
RA
MQ

BOV

BETA3 HU

BETA3
BETA3

RA
MO

TM1

LAGALLALAVLATVGGNLLVIV
LAGALLALAVLATVGGNLLVIV

MAPWPPGNSSLTPWPDIPTLAPNTANASGLPGVPWAV
MAPWPHENSSLAPWPDLPTLAPNTANTSGLPGVPWE
MAPWPHKNGSLAFWSDAPTLDPSAANTSGLPGVPWAARLAGALLALA~ - -TVGGNLLVIT
MAPWPHRNGSLALWSDAPTLDPSAANTSGLPGVPWAARLAGALLALA - -~TVGGNLLVII
* ok %k %k *«**; *.* e de b *..*'*,.*****‘***' EXXE XXX [ XEEXXEEE]
TM2 ___TM3 -
ARTPRLOTMTNVEVTSLATADLVVGLLVVPPGATLALTGHWPLGVTGCELWTSVDVLC
TPRLQTMTNVFVTSLAAADLVMGLLVVPPAATLAL{TGHWPLGATGCELWTSVDVLC
RTPRLQTITNVFVTSLATADLVVGLLYVMP PGATLALTGHWPLGATECELWTSVDVLC
AIARTPRLQTITNVFVTSLAAADLVVGLLVMPPGATLALTGHWPLGETGCELWTSVDVLC
ok v & .‘i**.***i******'***‘****'*’***-**'1***,********* L X E X XXX XXX T
TM4
VTASIETLCALAVDRYLAVTNPLRYGALVTKRRALPAVVLVWVVSAAVSFAPIMSKWWNRI
VTASIETLCALAVDRYLAVTNPLRYGALVTKRCARTAVVLVWVVSAAVSFAPIMSQWWRY
VTASIETLCALAVDRYLAVTNPLRYGTLVTKRE VVLVWIVSATVSFAPIMSQWWRY
VTASIETLCALAVDRYLAVTNPLRYGTLVTKRR2 YPAVVLVWIVSAAVSFAPIMSQWWRY

*'ﬁ****i‘***;i**************.***** * ‘*'f*if*}***.**i***** * %k
TM5

GADAEAQRCHSNPRCCTFAS] YALLSSSVSFYLPLLVMLFVYARVFVVATRQLRLLRR
GADAEAQRCHSNPRCCAFAS YVLLSSSVSFYLPLLVMLFVYARNFVVATRQLRLLRG
GADAEAQECHSNPRCCSFASNMPYALLSSSVSFYLPLLVMLFVYARVFVVAKRQRRLLRR
GADAEAQECHSNPRCCSFASNMPYALLSSSVSFYLPLLVMLEVYARVFVVAKRQRHLLRR

KRR AKIN Kk TAAEAN AAAAREr FAFERANA NN EEZEEEEEAREEE BEE ] LRk

FIGURE 2.1
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BETA3
BETA3
BETA3
BETA3

BETA3
BETA3
BETA3
BETA3

N73

BETA3
BETA3
BETA3

BOV
HU

MO

BOV
HU
RA
MO

BOV
HU
RA
MO

TM6
ELGRFPPEESPPAPSRSGS PGLAGPCASPAGVPSYGRRPARLLPLREHRAL TLGLIMGT
ELGRFPPEESPPAPSRSLAPAPVGTCAPPEGVPACGRRPARLLPLREHRALCIILGLIMGT
ELGRFPPEESPRSPSRSPSPATVGTPTASDGVPSCGRRPARLLPLGEHRALRILGLIMGI

ELGRFSPEESPPSPSRSPSPATGGTPAAPDGVPPCGRRPARLLPLREHRALR LGLIMGI

***** ik Wk **** * *** Ak hhkhhhhkdhk *hhkw *******

TM7 _
FTLCWLPFF VSGPTFLALNWLGYANSAFNPLIY SPDFRSAFRRLL
FTLCWLPFFLANVIRALGGPSLVPGPAFLALNWLGYANSAFNPLIY(QRSPDFRSAFRRLL
FSLCWLPFFLANVIRALVGPSLVPSGVFIALNWLGYANSAFNPLIYQRSPDFRDAFRRLL
FSLCWLPFFLANVLIRALAGPSLVPSGVF IALNWLGYANSAFNPVIYORSPDFRDAFRRLL

* ******* ** *** ***** % ************** ********* % % d & % ok

CRCR---~PEEHLAAASPPRAPSGAPTALTSPAGPMQPPELDGASCGLS
CRCGRRLPPEPCAAARPALFPSGVPAARSSPAQPRLCQRLDGASWGVS
CSYGGRGPEEP---~-RVVTFPASPVASRQNSPLNRF -DGYEGERPFPT
CSYGGRGPEEP-~--RAVTFPASPVEARQSPPLNRF -DGYEGARPFPT
* * * *
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ADN HuB3 épissé (en haut); ADN g3 hov : cadre de lecture ouvert (en bas)

10 20 30 30 50 60 70 80
| I | b | n | |
ATGGCTCCGTGGCCTCACGAGAACAGCTCTCTTGCCCCATGGCCGGACCTCCCCACCCTGGCGCCCAATACCGCCAACAC
reePrERSIOROSOEENS ¢ evenvecvscse teese soeee oy P P00 00RO IIE SOOPORESY SOPOOS &
ATGGCTCCETGGCCTCCTGGGAACAGCTC TCTGACCCCGTGGCCAGATATCCCCACCCTGGCACCCAATACTGCCAACGC
I | i { | | | i

16 20 30 40 50 60 70 80

20 100 110 120 130 140 150 160

| | | 1 | ! ! I
CAGTGGGCTGCCAGGGGTTCCGTGRGAGGCGGCCCTAGCCGGGGCCCTGCTGGCGCTGGCGGTGCTGGCCACCGTGGGAG
GAGTGGGCTGCCAGGGGTGCCCTGGGCGGTGGCGCTGGCGGGGGCGCTGTTGGCGCT&GCGGTGCTGGCCACCGTGGGAC

| i | | f | | |
90 100 110 120 130 140 150 160
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