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Abstract

We have cloned a cDNA encoding rabbit «,, adrenoceptor from the rabbit liver cDNA library. The deduced amino-acid
sequence of this clone encodes a protein of 576 amino acids that shows strong sequence homology to previously cloned
human, rat and mouse «,4 adrenoceptors. The pharmacological radioligand binding properties of this clone expressed in
COS-7 cells were similar to those of rat «,4-adrenoceptors. Competitive RT /PCR assays reveaed wide tissue distribution
of the «,4 adrenoceptor MRNA in rabbit, especially abundant in vas deferens, aorta, prostate and cerebral cortex.
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a,-Adrenoceptors are widely distributed in many
tissues, where they mediate a diversity of sympathetic
adrenergic responses [1,2]. However, the «,-adreno-
ceptors are not homogeneous; there is a great deal of
uncertainty regarding the kind and nature of the
a,-adrenoceptors. Two distinct subtypes («,, and
a,g) were first demonstrated in the radioligand bind-
ing studies [1,3], but the presence of additional sub-
types (a,p, a; and a,) has been proposed in the
following pharmacological studies [2,4-6]. There-
after, three receptors corresponding to the a;,, a5
and «,, subtypes have been cloned in molecular

* Corresponding author. Fax: +81 776 618130, E-mail: mura-
matu@fmsrsa.fukui-med.ac.jp

! The nucleotide sequence reported in this paper has been
submitted to the GenBank under the accession number U64032.

biological studies [2,7,8], and the recombinant sub-
types are designated as «,,, «a,, and a;q with
lowercase subscript letters, in contrast to the native
receptors with uppercase subscript letters mentioned
above[9]. The a,,-adrenoceptor was originally cloned
by Lomasney et a. [10] and Perez et a. [11]. This
receptor shows wide tissue distribution in mouse [12],
rat [10,11] and human [13] but the physiological roles
are still not clear, although predominant involvement
of «a,-adrenoceptor in the contractile response to
noradrenaline was more recently reported in the rat
thoracic aorta [14,15]. In the present study, we first
report the cloning, sequence, pharmacol ogical charac-
teristics and tissue distribution of rabbit «,,-adreno-
ceptor.

We have constructed a rabbit liver cDNA library
in AZAP 1l vector and screened it with a 333 bp

0005-2736,/97 /$17.00 Copyright © 1997 Elsevier Science B.V. All rights reserved.

Pll S0005-2736(96)00229-5



F. Suzuki et al. / Biochimica et Biophysica Acta 1323 (1997) 6-11 7

DNA fragment of bovine «, -adrenoceptor gene la-
beled by nick-trandlation as a probe. The 333 bp
fragment was PCR amplified from bovine cortex
cDNA with a pair of primers, 5-TTC TGC AAT
GTC TGG GCG GCG-3 and 5-GTA GAC CCG
GCA GTA CAT GAC-3 coding for the third to fifth
transmembrane domains [16]. After isolating a posi-

tive plague, the inserted DNA fragment was sub-
cloned into pBluescript according to the manufac-
turer's instruction (Stratagene) and the nucleotide
sequence was determined using overlapping tem-
plates by the dideoxy chain termination method with
the ABI 373A DNA sequencer. Then, the clone was
ligated into a mammalian expression vector pSl (Pro-

10 20 30 40 50 60 70 80 90 100 110 120
ATGACTTTCCGOGACCTCCTGAGCGTCACTTTCGAGGGACCCCGECCERACATCAGCGCOGEGEEECTOREEGCGEEECEECGEEAGCACGEAGCGEEGEEEGEGEECGLGGEGAGACACGGCTTCC
M TFRDLILSVTFEGPRPDTISAGGS GAGGGAGAGAGAGDTAS

130 140 150 160 170 180 190 200 210 220 230 240

S ESPAVGGVPGAAGGGGSG®GSVVGAG S G EDNRSSAGEUZPGGA

250 260 270 280 290 300 310 320 330 340 350 360
GGCGGCEGCEECEAAGTGAACGGCACGGOGGCCETOGEEEECCTEETAGTGAGCGCCCAGAGCETAGGTGTGEECEGTCTTCCTGGCAGCCTTCATCCTCACGGCCGTGGCGEGCAACCTG
GGGGEVNGTAAVGGLVVSAQSVGVGVFLAAFTILTAVAGNTL

™I
370 380 390 400 410 420 430 440 450 460 470 480

CTTGTCATCCTCTOGGTGGCCTGCAACCGCCACCTACAGACCGTCACCAACTACTTCATCGTGAACCTEGCCETEGCOGACCTGCTGCTGAGCGCCACGGTGTTGCCCTTCTCGGCCACC

L VILSVACNRHLQTVTNYV FIVNLAVADLTLILS SATVLZPTFSAT

™ IT

490 500 510 520 530 540 550 560 570 580 590 600
ATGGAGGTTCTGGGECTTCTIGEECETTCEECCGEECCTTCTEOGACGTETEEGCOGCOGTGEACCTGCTGTGCTGCACCGCCTCCATCCTCAGCCTCTGCACCATCTCTGTGGACCGGTAC
MEVLGFWAFGRAFCDVWAAVDVLCCTASTILSLCTTISVDRY

™ I

610 620 630 640 650 660 670 680 690 700 710 720
GIGGGTGTGCGCCACTCGCTCAAATACCCGGCCATCATGACGGAGCGCAAGGCGGECOGCCATCCTEGECECTGCTCTEEECAGTGGCGCTEGTEGTCTCCATGGGGCCGCTGCTGRGECTEG
VGVRHSLI EKYPAIMTERIEKAAAILALILWAVALVYVVSMGPLTLG GHW
™M

730 740 750 760 770 780 790 800 810 820 830 840
AAGGAGCCGGETGCCCCCGRACGAGCGCTTCTECGETATCACCGAGGAGGTEEGECTACGCCGTCTTCTCCTCGCTGTGCTCCTTCTACCTGCCCATEGCGGTCATCGTGGTCATGTACTGC
K EPVPPDERFCGITEEVGYAVFSSLCSFYLPMAVIVVMYSZC

™Y
850 860 870 880 890 900 910 920 930 940 950 960

CGOGTGTACGTGGTCGCGCGCAGCACCACGCGCAGCCTERAGGCEEECGETCAAGCGOGAGCGCGGCAAGGCCTCCGAGGTGETGCTGCGCATCCACTGTCGCGETGCAGCCAGCGGAGCC

RVYVVARSTTRSLEAGVEIKRERGEKASEVVLRTIHCRGAASSGA

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
GACGGGECGCCCEREACGOGCEECECCARAGGECCACACGTTCCCCAGCTCCCTCTCCGTGCGCCTECTCAAGTTCTCCCGOGAGAAGAAGGCOGGCCAAGACCCTECCCATCGTCCTGEEC

DGAPGTRGAKGHT FRSSLSVRLILZ KTFSREIZ KIZKAAKTTLATIVVG ™M

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
GICTTCGTIGCTCIGCTCGTTCCCCTTCTTCTTCGTGCTGCCGCTCGGECTCCCTETTCCCGCAGCTGAAGCCCTCCCAGGGCGTTTTCAAGGTCATCTTCTGGCTGGGCTACTTCARCAGC
VFVLCWPFZPFFFVLPLGSLFPQLI KPS SEGVVFIZ KVYVIFWILGYTFNS

™ ¥I
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320

TGCGTGAACCCACTCATCTACCCCTGCTCCAGCCGOGAGTTCAAGCGCGCCTTCCTCCGCCTECTECGCTECCAGTECCGECGCOGCCGECCECCECCGCCCGCTCTEGOGCGTCTACGEC

CVNPLIVYPCSSREFEKRAFLRLLRCOQCRIRRRRRRPILWRUYVYGG

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
CACCACTGGOEEECCTOGGCOGGAGECGGEC0GCACCCCGACTGOGCCCTCAGCEOGEECEC0GCGCTOCCEEAGCIGOCCTRECCCTCACCGOREOGCOGEECCCCCAGCTO0GCCGAC
HHWRASAGG GPHPDC CALGSAGAALPGAALALTAAPAPSSAA A

1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560

GOGCCCGAGGRGCAGGCTECEGEECECCEECCETCGAAAGCOGCCCTGCGCCTTCCGCGAGTGGOGGCTGCTAGGGCCCCTGCGGCGGCCCACCACGCAGCTGCGGGCCARAGGTCTCCAGC
A PEGOQAAGAGRRIKPPCAFREWRTLILGPLRRPTTO QLU RAIEKUVS S

1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
CTGTCGCACARGATOCGOGCCGEACE0GCECAGOGACOGEAGGCCG0CTECGCTC TECECTOCCAGG TERAGG G TAACCCTRAGCGETOGCCCGCCATG TAGACCAGGACAACACCTGC
L SHKIRAGGAOQRAEAACALRGSEVEAVALSVARDVYAEDNTC

1690 1700 1710 1720 1730 1740
CAGGCCTACGAGTTGGCCGACTACCGCAACCTCOGCGAGACTGACATTTAA
QAYELADYRNTLRETTDTI*

Fig. 1. Nucleotide and deduced amino-acid sequence of rabbit «,4 adrenoceptor. Deduced membrane-spanning segments TM |-TM VI

are underlined.
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mega) and transfected into COS-7 cells (RIKEN Cell
Bank) by the DEAE-dextran method. As contrals,
human «,,, hamster a,, and rat «,, adrenoceptor
clones were aso transfected [17]. Cells were har-
vested 72 h after transfection, homogenized and cen-
trifuged at 80000 X g for 30 min at 4°C. The result-
ing pellet was resuspended in the assay buffer (50
mM TrissHCI, 1 mM EDTA, pH 7.4) and used for
the binding assays, as described previously [18].
[3H]YM617 (tamsulocin, NEN) was used as a radioli-
gand for «,-adrenoceptor binding, and nonspecific
binding was defined under the presence of 0.3 uM
prazosin in the reaction.

Tissue distribution of rabbit «,;,-mRNA was ex-
amined with competitive RT-PCR assays. Briefly,

after extraction of total cellular RNA [19], the RNA
was treated with RNase-free DNase | (Pharmacia) for
30 min at 37°C and was extracted again. The com-
petitor RNA was transcribed with T7 RNA poly-
merase (Gibco BRL) from a template DNA which
was constructed by inserting a 60 bp Smal /Rsal
fragment of pBluescript DNA into Mscl site of rabbit
a,y clone (at 1066 base, see Fig. 1). The sample
RNA (250 ng) was mixed with the competitor RNA
(30 pg) and were reverse transcribed with Tth poly-
merase (Perkin Elmer) using an antisense primer
(5-GGG TAG ATG AGT GGG TTC AC-3, 1223
1204 base) at 70°C for 15 min. The resulting cDNA
was amplified in Programmable Thermal Controller
PTC-100 (MJ Research) with Pwo DNA polymerase

rabbit 1 :MTFRDLLSVTFEGPRPDISAGGSGAGGGAGAGAGAGDTASSESPAVGGVPGAAGGGGGGS 60

human l:......... Seen.. S..... S. -.-.-S..GA.P..G........ G.—..... - 55

rat 1:..... I......... SSS.T. i ieeeesammm == .ZVGP.GG....... -.--T A 50

mouse 1:..... I, ASS.T....oveuum=mm—mm VGP.G........ -.--T..SA 50

rabbit 61 : VVGAGSGEDNRSSAGEPGGAGGGGEVNGTAAVGGLVVSAQSVGVGVFLAAFILTAVAGNL 120
human 5Bt e S..A..D. i L€ I M...... 115
rat 51: T.o..o... T....-.AAS..... S 1 109
mouse 51: T...... Q.. TA.A.-.AAS..... S Gttt e e 109
rabbit 121 :LVILSVACNRHLQTVTNYFIVNLAVADLLLSATVLPFSATMEVLGFWAFGRAFCDVWAAV 180
human 0 T 175
rat T B e T eeen .. 169
mouse 120 e e e e Attt P...T........ 169
rabbit 181 :DVLCCTASILSLCTISVDRYVGVRHSLKYPAIMTERKAAAILALLWAVALVVSMGPLLGW 240
human R Voo V..., 235
rat 0 V...... 229
mouse 0 0 AV 229
rabbit 241 :KEPVPPDERFCGITEEVGYAVFSSLCSFYLPMAVIVVMYCRVYVVARSTTRSLEAGVKRE 300
human 236 e A....... Vo e e e 295
rat 230 . e e R I... 289
mouse 230 . e R I... 289
rabbit 301 : RGKASEVVLRIHCRGAASGADGAPGTRGAKGHTFRSSLSVRLLKFSREKKAAKTLAIVVG 360
human 296 . i T..... 5 S 355
rat 290:P. .. it i TS.K.Y...QSS. L e 349
mouse 290:P. ... i TS.K.N QSS. Lt e e e e e e et e e et et e 349
rabbit 361 :VFVLCWFPFFFVLPLGSLFPQLKPSEGVFKVIFWLGYFNSCVNPLIYPCSSREFKRAFLR 420
human BBt i it e e e e e e e e e e e e e e e e e e e e e e e e 415
rat 3 409
mouse 5 409
rabbit 421:LLRCQCRRRRRRRPLWRVYGHHWRASAGGGPHPDCALSAGAALPGAALALTA—A—PAPSS 478
human S T-S.LRQ...P.S.D.P...P..... LPD.D.EP 474
rat 410:...... e - AL oLl -ST.DARS...P.PRI.P...P...-T-.H.GAG. 464
mouse 410:...... — e eeses PSLRPPLASLDRRPALRL PQP. HRTPR SPSPHCT PR.GL-R 465
rabbit 479 : AAAPEGQAAGAGRRKPPCAFREWRLLGPLRRPTTQLRAKVSSLSHKIRAGGAQRAEAACA 538
human 475:PGT..M..PV.S..... S F oottt e e e e e e 534
rat 465: .DT..T.DSVSSS AS.L......... L S-..R T... 523
mouse 466 :RH.GGAGFGLRPS-.ASLRL......... L F.S R T... 524
rabbit 539 :LRSEVEAVALSVARDVAEDNTCQAYELADYRNLRETDI 576
human 535:Q....... S.G.PHE...GA.......... S....... 572
rat 524:........ S.N.PQ.G..AVI..... PG..S....... 561
mouse 525:........ S.N.PQ.G..AVI..... PG.LS....... 562

Fig. 2. Comparison of amino-acid sequences of the rabbit (U64032), human (L31772), rat (L31771) and mouse [14] «,, adrenoceptors.

Identical amino acids are substituted with dots, and gaps in the sequences are indicated with horizontal bars.
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Table 1
Pharmacological characteristics of rabbit «,4- and other a,-adrenoceptors expressed in COS-7 cells
Drug pK;

rabbit o,y rat aqq human o, hamster ay,
Prazosin 9.15+ 0.03 9.94 + 0.04 9.71+ 0.07 10.32 £ 0.05
WB4101 8.75+ 0.03 9.61 + 0.01 9.74 + 0.02 8.74 + 0.03
5-Methylurapidil 7.33+0.13 7.88 + 0.05 8.78 + 0.03 7.34+0.03
JTH-601 8.39 + 0.05 8.97 + 0.06 9.85 + 0.04 9.17+£0.10
BMY 7378 8.60 + 0.05 9.05 + 0.03 7.01+0.05 7.29 +£0.02
HV723 8.62 + 0.06 8.94 + 0.02 8.97 + 0.01 8.80 + 0.08
Rauwolscine <6 <6 <6 <6
Propranolol <5 <5 <5 <5
Noradrenaline 7.19 + 0.06 7.12 +0.04 5.77 + 0.04 5.90 + 0.02
Oxymetazoline 5.96 + 0.07 6.16 + 0.04 8.03 + 0.01 6.52 + 0.04
correlation coefficient - 0.98 0.60 0.82

Concentrations of [3H]YM®617 used were 200 pM, 100 pM, 70 pM and 500 pM for rabbit a4, rat a,4, human «,, and hamster a,,

adrenoceptors, respectively.
Data shown are mean + standard error of 3-5 experiments.

pK;: negative log of the equilibrium dissociation constant for each drug.
correlation coefficient: correlation between the affinities for tested drugs (except rauwolscine and propranolol) of rabbit «,4 subtype and

the other subtypes.

(Boehringer) employing a primer set of a sense primer
(5-CTC CGT GCG CCT GCT CAA GT-3, 1104-
1033 base) and the antisense primer in the following
condition; initial denaturation at 95°C for 2 min, 35
cycles of denaturation at 95°C for 30 sec, annealing
at 60°C for 30 sec and extension at 72°C for 30 sec
and a final extension at 72°C for 4 min. PCR product
was separated in 6% polyacrylamide gel elec-
trophoresis and was stained with ethidium bromide.
The intensity of the product band was quantified
under UV light using Densitograph System (ATTO).

A single positive clone having a DNA insert of 2.6
kbp was isolated from the analysis of 3 X 10° recom-
binants. The nucleotide sequence of the cDNA clone
(Fig. 1) contained an open reading frame of 1731 bp

encoding a 576-amino-acid peptide. The amino-acid
sequence had 84, 79 and 89% identity with rat [10,11],
mouse [12] and human [13] «,4-adrenoceptors, re-
spectively (Fig. 2). The homologues of «,-adreno-
ceptor including this rabbit clone share high homol-
ogy not only in the membrane spanning region but
also in amino and carboxyl termini including two
asparagine residues (70 and 87 residues) that could
serve as N-glycosylation target. However, the homol-
ogy of the amino-acid sequences between this rabbit
clone and homologues of «,, and «,, subtypes was
recognized only in the membrane spanning region
and was less than 60%. We concluded that this clone
encodes a rabbit «,,adrenoceptor. The result of
sequence comparison suggests that o, -specific char-

1 2 3 4 5 8 /8 9 16111213 14 12 168 17/

aompetitar
[ ]

-
targat

L
- 01271

—_—

i L

Fig. 3. Competitive RT-PCR analysis of «,4-adrenoceptor mRNA from rabbit, various tissues. Total RNA from rabbit tissues were mixed
with competitor RNA and were reverse transcribed, PCR amplified and separated in electrophoresis as described in the text. The product
from tissue RNA (210 bp) and that from competitor RNA (270 bp) are indicated by arrows on the left. Analyzed rabbit tissues are heart,
kidney, liver, lung, spleen, skeletal muscle, aorta, cerebellum, hippocampus, brain stem, cerebral cortex, thalamus, vas deferens, prostate,
submaxillary gland and parotid gland, from lanes 1 to 16, respectively. The ¢ X174 DNA /Haelll marker was run in lane 17.
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Table 2

Distribution of «,4-adrenoceptor mRNA in rabbit tissues
Tissue Relative level
Heart 0.3+0.2
Kidney 0.6+0.0
Liver <01

Lung 25401
Spleen 05400
Skeletal muscle <01
Thoracic aorta 52409
Cerebellum 1
Hippocampus 04+0.1
Brain stem 0.8+0.3
Cerebral cortex 31+07
Thalamus 04+0.1
Vas deferens 56+21
Prostate 42+1.2
Submaxillary gland <01
Parotid gland <01

Relative levels of expression of «q4adrenoceptor mRNA in
various tissues were listed using the level of that in cerebellum as
1

Values in the table represent mean+ standard error of three
independent experiments.

acter depends not only on the membrane spanning
region but on the extracellular as well as the intra-
cellular tails.

Transfection of COS7 cells with the cDNA clones
of rabbit «a,4 and other «,-adrenoceptors resulted in
specific binding of the [*HIYM®617. Analysis of satu-
ration binding data for [*H]YM617 resulted in a
single dissociation constant, pKp = 9.73 + 0.05,
10.17 4+ 0.01, 10.63 + 0.04 and 9.45 + 0.06 for rabbit
oy, rat aqy, human a,, and hamster «,, adrenocep-
tors, respectively. The pharmacological binding pro-
file of rabbit o, -adrenoceptor was characteristic of
that expected for an «,, subtype (Table 1). Espe-
cidly, BMY7378, an «,4selective antagonist [20],
and noradrenaline showed higher affinity for the
a,4-Subtypes than for «,, and «,, subtypes. This
pharmacological analysis also supported our conclu-
sion above based on the peptide sequence.

In the competitive RT /PCR assay used, we con-
firmed linear relationship between the ratios of am-
plified target and competitor signals changing the
competitor doses from 3 pg to 100 pg (data not
shown). This range of linearity is compatible with
other reports [21-23]. The representative results of
competitive RT /PCR for rabbit tissues are shown in

Fig. 3. The a,4-adrenoceptor mMRNA was expressed
most abundantly in the rabbit vas deferens, prostate,
aorta and cerebral cortex (Table 2). This distribution
pattern was consistent with those in rat [10,11,22],
human [13,23] and mouse [12]. Since the physio-
logical roles of «, -adrenoceptor are little known
except the functional involvement in noradrenaline-
induced contraction of rat aorta [14,15], the result
presented here would be an important clue to uncover
its biological functions.
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Kosaka, H. Kosaka, E. Negoro and T. Okuda for
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