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Abstract

We have isolated a cDNA clone of the rabbit o ,,-adrenoceptor which has an open reading frame of 1557 nucleotides encoding a
protein of 518 amino acids. The sequence shows higher identity to those of hamster, human, and rat o ,-adrenoceptors than to those of
rabbit o, and o ,4-adrenoceptors. The pharmacological binding properties of this clone expressed in Cos-7 cells showed a characteristic
profile as «,-adrenoceptor; high affinity for prazosin (pK; = 10.3), relatively high affinity for tamsulosin (9.5) and low affinity for
(—)-(R)-1-(3-hydroxypropyl)-5-[2-[[2-[ 2-(2,2,2-trifluoroethoxy)phenoxy]ethylJamino]propyl Jindoline-7-carboxamide  (KMD3213) (8.5),
2-(2,6-dimethoxy-phenoxyethyl)-aminomethyl-1,4-benzodioxane hydrochloride (WB4101) (8.7), and 8-[2-[4-(2-methoxy-phenyl)-L-
piperazinyl]-8-azaspiro[4,5]decane-7,9-dione dihydrochloride (BMY 7378) (7.3). We have compared the levels of mRNA expression of
three o ;-adrenoceptor subtypes in rabbit tissues using the competitive reverse transcription /polymerase chain reaction (RT /PCR) assay.
In most rabbit tissues except heart, o, -adrenoceptor MRNA was expressed 10 folds more than the other two subtypes. However, binding
experiments with [*Hlprazosin and [*HIKMD3213 in rabhbit tissues revealed a poor relationship between binding density and mRNA level.
Especially, a4, binding sites were exclusively predominant in spleen, whereas the o, subtype was minor at the mRNA level. These
results indicate a high identity of structural and pharmacological profiles of three distinct o ;-adrenoceptor subtypes between rabbit and

other species, but there are species differences in their distribution. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

o ,-Adrenoceptors are a heterogeneous family (Minne-
man and Esbenshade, 1994; Michel et a., 1995; Hieble et
al., 1995; Graham et a., 1996). Presently, at least three
distinct o ,-adrenoceptor subtypes (a4, o qp,, and o4, With
lowercase letters) have been cloned that exhibit pharmaco-
logical equivalence to the native oga-, ogp-, and o -
adrenoceptors (with uppercase letters). Each subtype shows
wide tissue distribution and coexistence at the mRNA level
in humans and rats, but the functional dominance in adren-
ergic responses varies among tissues; for example, a pre-
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dominant involvement of a,; in thoracic aorta (Kenny et
al., 1995; Deng et al., 1996; Muramatsu et al., 1998), o,
in kidney and caudal artery (Eltze et al., 1991; Blue et al.,
1995; O'Malley et a., 1998), and «,z in spleen (Burt et
al., 1995) of rats. The contractile response to noradrenaline
has been demonstrated to be mediated through o ,5-adren-
oceptors in human mesenteric artery (Testa et al., 1996;
Takahashi et a., 1999). In rabbit also, the functional
predominance of the o,z subtype has been demonstrated
in the circulatory system such as thoracic aorta and carotid
artery (Muramatsu 1991; Oshita et al., 1993). However,
the rabbit o,,-adrenoceptor has not yet been cloned al-
though the other o; subtypes (a,;, and «,;4) have been
done (Miyamoto et al., 1997; Suzuki et al., 1997).

In the present study, we cloned the rabbit o, subtype,
and its pharmacological characterization and tissue distri-
bution were compared with those of rabbit o, and a4
subtypes.

0014-2999,/00/$ - see front matter © 2000 Elsevier Science B.V. All rights reserved.
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2. Methods
2.1. cDNA library screening and sequencing

Rabbit brain cDNA library in Agtll (Clontech) was
screened with a 800 bp DNA fragment which was poly-
merase chain reaction (PCR) amplified from rabbit ge-
nomic DNA using a pair of primers designed after the
hamster o, -adrenoceptor sequence; 5-GGACACCGGC-
CACAACACATC-3 and 5-CCCTTGGCCTTG-
GTACTGCTGAG-3. An isolated clone was subcloned
into pCR3 mammalian expression vector (Invitrogen) and
the nucleotide sequence was analyzed using overlapping
templates by the dideoxy chain termination method in an
ABI 373A DNA sequencer.

2.2. Cos-7 cell transfection

The plasmid clone constructed in pCR3 was transfected
into Cos-7 cells with Lipofectamine (GIBCO) and the cells
were harvested 72 h after transfection and stored at —80°C
until the binding experiment.

2.3. Membrane preparation and binding experiment

The harvested cells were resuspended with ice-cold
assay buffer (50 mM Tris=HCl, 1 mM EDTA, pH 7.4),
homogenized by sonication and centrifuged at 3000 X g
for 10 min at 4°C. The supernatants were further cen-
trifuged at 75,000 X g for 30 min at 4°C and the resulting
pellets were resuspended in the assay buffer for binding
experiments. The saturation experiment was done in the
range of 10—2000 pM of [*H]prazosin. The displacement
experiment was done in the presence of 200 pM of
[*Hlprazosin with various concentrations of unlabelled
drugs. Assays were done in duplicate and non-specific
binding was defined in the presence of 0.3 wM tamsulosin.
Membranes were incubated for 45 min at 30°C in afinal 1
ml volume and then filtered onto Whatmann GF/C glass
filters presoaked in 0.3% polyethyleneimine for 15 min.
The filters were washed three times with ice-cold wash
buffer (50 mM Tris—HCI, pH 7.4) and the bound radioac-
tivity was determined in a liquid scintillation counter.
Binding affinities of [*H] ligands and unlabelled drugs
were expressed as the negative logarithm of the equilib-
rium dissociation constant (pK, and pK;, respectively).
Binding data were analyzed in a GraphPAD Prism. When
the slope factor was close to unity, concentrations of
competing agent producing 50% displacement of
[*H]prazosin (ICy,) were converted to K; values with the
Cheng—Prusoff approximation (Cheng and Prusoff, 1973).
Protein was measured with bovine serum abumin as a
standard (Bradford, 1976).

For preparation of native receptors, Japanese white
rabbits were killed under pentobarbital anesthesia, and the

tissues (thalamus, cortex, prostate, liver, spleen, kidney,
aorta, and heart) were isolated immediately thereafter. The
tissues were homogenized in 20 vol of ice-cold buffer
(Tris=HCl 50 mM, NaCl 100 mM, EDTA 2 mM, pH 7.4)
with a Polytron (setting 8, 15 sx 3) and filtered through
four layers of cheesecloth. The supernatants were cen-
trifuged at 80,000 X g for 30 min, and the resulting pellets
were suspended in the ice-cold assay buffer mentioned
above, and then again centrifuged at 80,000 X g for 30
min. All procedures were done at 4°C, and the final pellets
were resuspended in assay buffer. Saturation experiments
were done with various concentrations (30—2000 pM) of
[®H]prazosin or [*H]KMD3213. Non-specific binding was
determined with 0.3 M tamsulosin for [*H]prazosin and
with 0.3 wM prazosin for [*HJKMD3213, respectively.
The other experimental conditions were the same as those
described for recombinant receptor binding.

2.4. Total RNA preparation

Male Japanese white rabbits were anesthetized with
sodium pentobarbital and were killed by exanguination.
Tissues were rapidly removed, dissected, and frozen in
liquid nitrogen and then stored at —80°C. Total cellular
RNA was extracted according to the procedure of Chom-
czynski and Sacchi (1987).

2.5. Construction and RNA synthesis of competitor

Tissue distribution of the three «,-adrenoceptor sub-
types was examined with reverse transcription (RT) /PCR
assays using a competitive interna standard. The competi-
tor was constructed as follows. At first, a 60-bp Sma
| /Rsa | fragment of pBluescript Il was inserted into the
Msc | site of rabbit o,4-adrenoceptor clone. Next, it was
connected with o,, specific sequences and then o, spe-
cific sequences by PCR (Fig. 5A). The resulting competi-
tor DNA fragment was subcloned into the Sma | site of
pBluescript SK*Il and was transcribed with T7 RNA
polymerase (GIBCO BRL). Competitor RNA was isolated
from the transcription reaction by the method of Chom-
czynski and Sacchi (1987).

The following primers were used 5-CATCGTGGTCG-
GCTGCTCGTC-3 as forward primer and 5'-
GGCTGTAGGCAGGCTGATT-3 as reverse primer for
a ,,-adrenoceptor; 5-AGGAGCCGGCACCCAAT-
GATGA-3 as forward and 5-GGCACTGGCACCCGAG-
GAT-3 as reverse for a,,-adrenoceptor; 5-CTC-
CGTGCGCCTGCTCAAGT-3 as forward and 5-GG-
GTAGATGAGTGGGTTCAC-3 as reverse for o, 4-adren-
oceptor.

The size of the resulting PCR products (competitor /
target) was 490:442, 604:549, and 270:210 bp for a,-,
ay-, and a,4-adrenoceptor subtypes, respectively.



H. Piao et al. / European Journal of Pharmacology 396 (2000) 9-17 11

2.6. Competitive RT / PCR assay

To quantify the mRNA level of an adrenoceptor sub-
type in rabbit tissues, a trace of competitor RNA was
co-transcribed and co-amplified in a RT/PCR assay.
Briefly, the tissue RNA (250 ng) was premixed with the
competitor RNA (1 pg) and was reverse transcribed with
Moloney murine leukemia virus reverse transcriptase

(GIBCO BRL) using a random primer (dN6) at 37°C for 1
h. The resulting cDNA was amplified with Pwo poly-
merase (Boehringer Mannheim) using a subtype-specific
pair of primers under the following conditions: one cycle
at 98°C for 3 min; 32 cycles of denaturation at 95°C for 30
s, annealing at 55°C for 10 s, and extension at 72°C for 15
s. PCR products were electrophoresed in 3.5% polyacryl-

10 20 30 40 50 60 70 80 90
ATGAATCCCGACCTGGACACCGGCCACAACACATCAGCACCTGCCCACTGGGGAGAGTTGAAAAATGCCAACTTCACTGGTCCCAACCAG
M NP DL DTGHNT S AUPAHWSGETLIZ KNA ANTFTGUPNQ

100 110 120 130 140 150 160 170 180
ACCTCTAGCAACTCCTCTCTGCCCCAGCTGGACGTCACCAGGGCCATCTCCGTGGGCCTGGTGCTGGGCGCCTTCATCCTCTTCGCCATC
T S S N S S L P QUL DV T RATISVGL VUL GA AT FTIULTFATI

190 200 210 220 230 240 250 260 270
GTGGGCAACATCCTTGTCATTCTGTCTGTGGCCTGCAATCGGCACCTGCGCACGCCCACCAACTACTTCATCGTCAACCTGGCCATCGCG
v NTIULVIUL SVACNI RIHEHLI®RTZ®PTNYT FTIVNTLATIA
____________ TT —— e m e ——————

280 290 300 310 320 330 340 350 360
GACCTGCTGCTGAGCTTCACCGTCCTGCCCTTCTCCGCTGCCCTGGAAGTGCTTGGCTACTGGGTGCTGGGGCGCATCTTCTGCGACATC
bLLL S FTVLPVFSAALUEVLGYWV VUL GRTITFTCTUDTI
——————————————————————————— B e

370 380 390 400 410 420 430 440 450
TGGGCGGCCGTGGACGTCCTGTGCTGCACCGCATCCATCCTGAGCCTGTGTGCCATCTCCATCGATCGCTACATCGGAGTGCGCTACTCT
WAAVDVLCCTASTIILSTULCATISTIDU RYTIGUVURY S

_____________________________________ IV —mmm e

460 470 480 490 500 510 520 530 540
CTCCAGTACCCCGCGCTGGTCACCCGGAGGAAGGCCATCTTGGCGCTCCTCAGTGTCTGGGTGTTGTCCACGGTCATCTCCATTGGGCCT
L QY PALVTI RIRI KATIILALULSV VWV VL STV VIS TIG P

550 560 570 580 590 600 610 620 630
CTGCTTGGCTGGAAGGAGCCGGCACCCAATGATGACAAGGAATGTGGGGTCACTGAAGAACCATTCTATGCCTTCTTCTCCTCTCTGGGC
L L GWIXKEU®PAPNDU DI KETCGVTTETEZPTFY YA ATFTFS S L G

640 650 660 670 680 690 700 710 720
TCCTTCTACATCCCGCTGGCCGTCATTCTGGTCATGTACTGCCGCGTCTACATCGTGGCCAAGAGGACCACCAAGAACCTGGAGGCGGGA
s F Yy I PpPLAV ILVMYCRVYVYTIVAIZ KZ RTTI I KNTILTEAG

730 740 750 760 770 780 790 800 810
GTCATGAAAGAGATGTCCAATTCGAAGGAGCTGACCCTGAGGATCCACTCCAAGAACTTTCATGAGGACACCCTCAGCAGTACCAAGGCC
vV MM K EM SN S XK ELTUL RTIHSI KNTFHETDTTULS S T I K A

820 830 840 850 860 870 880 890 900
AAGGGCCACAACCCCAGGAGTTCCATAGCTGTCAAACTTTTTAAGTTCTCCAGGGAAAAGAAAGCAGCCAAGACCTTGGGCATCGTGGTC
K GH N PR S S I AV KU LT FI KUV FSUREIZ KI KA AATI KTULGTIUVYV

910 920 930 940 950 960 970 980 990
GGTATGTTCATCTTGTGCTGGCTTCCCTTCTTCATCACCCTCCCACTCGGCTCCCTGTTCTCCACCCTGAAGCCCCCCGACGCCGTGTTC
G M F I L CWULPVF F I TLUPULSGS STULU FSTULI K?PUZPUDA AUVTF
—————————————————————— VII -==-----mmmmmmmmm o mm oo

1000 1010 1020 1030 1040 1050 1060 1070 1080
AAGGTGGTCTTCTGGCTGGGCTATTTCAACAGCTGCCTCAACCCTATCATCTACCCGTGCTCCAGCAAGGAGTTCAAGCGCGCCTTCGTG
K VVFWULGYT FNSC CTLNZ®PTITIZYZ PO CSSZ XTETFT KT RATFV

1090 1100 1110 1120 1130 1140 1150 1160 1170
CGCATCCTCGGGTGCCAGTGCCCCGGCCGCCGCCGCCGCCGTCGCCGTCGCCGCCTGGGCGGTTGCGCCTACACCTACCGGCCGTGGACG
R I L GG CQ C P GRRIRIRIRRRIRIRILG G GT CAYTYVYURUPWT

1180 1190 1200 1210 1220 1230 1240 1250 1260
CGCGGCGGCTCGCTGGAGCGCTCGCAGTCGCGCAAGGACTCGCTGGACGACAGCGGCAGCTGCCTGAGCGGCAGCCAGCGGACCCTGCCC
R GG S L ERS QS RZ KUDJSTULDUDS S GS S CL S G S QU RTTUL P

1270 1280 1290 1300 1310 1320 1330 1340 1350
TCGGCCTCGCCGAGCCCGGGCTACCTGGGCCGCGGCGCGCAGCCGCCCGTCGAGCTGTACGCCTTCCCCGAGTGGAAGGCGCCCGGCGLT
S A S P S P GYLGURGA AQ?PZPVETLTYA ATFU?PEWTI KA ATPTGCA

1360 1370 1380 1390 1400 1410 1420 1430 1440
CTGCTGAGCCTGCCCGCGCCCGAGCCCGCCGGCCGCCGCGGCCGCCACGACTCGGGCCAGCTCTTCACCTTCAAGCTCCTGGCAGACCCC
L L S L PAUPEUPAGRI RGRIHD SGOQULFTT FEKULTULA ATUDP

1450 1460 1470 1480 1490 1500 1510 1520 1530
GAGAGCCCCGGGACAGACGGGGGCTCCAGCAACGGCGGCTGCGAGTCTGCGGCCGACGTGGCCAACGGGCAACCGGGCTTCAAAAGCAAC
E S P G TDGG S S NG G CESA AADUVA ANGU QU?PGT FIKX SN

1540 1550 1560
ATGCCCCTGGCGCCCGGGCACTTCTAG
M P L A P G H F *

Fig. 1. Nucleotide and amino acid sequences of rabbit o ,,-adrenoceptor. Dashed lines indicate transmembrane domains |-VI1.

amide gel which was stained with ethidium bromide. The
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intensity of bands was quantitated with the ATTO Densito-
graph System.

To compare the expression levels of mRNA of three
o ,-adrenoceptor subtypes, competitive RT /PCR was done
in cerebellum with a pair of primers specific for each
subtype, using 500 ng of total RNAS premixed with seri-
aly diluted competitor RNA. The ratios of intensity of
competitor band and target band were plotted against the
dose of competitor RNA and the apparent equivalent point
for each subtype was determined as the ratio was estimated
to be one. The equivalence of subtypes mMRNA to competi-
tor RNA was finally calculated, taking band size factors
into account, i.e. multiplying apparent equivalence by size
factor. The size factor is aratio of sizes of competitor band
and target band and was 1.11, 1.10, and 1.29 for o, oy~
and « ,4-adrenoceptor, respectively.

In preliminary experiments, RT /PCR products from the
competitor and tissue RNA were digested with band-
specific restriction endonucleases (EcoR V, Bgl I, BamH
I, and Msc | for competitor and o .-, o 4,-, and o, 4-adren-

oceptors, respectively) to confirm their authenticity (data
not shown).

2.7. Drugs

The drugs used and their sources were the following:
(—)-(R)-1-(3-hydroxypropyD)-5-[2-[[2-(2,2,2- trifluoroetho-
xy) phenoxy] -ethyl Jamino]propyllindoline- 7 - carboxamide
(KMD3213) and tamsulosin HCI (tamsulosin), from Kissel
Pharmaceutical (Matsumoto, Japan); prazosin HCI, (—)-
noradrenaline bitartrate, (—)-adrenaline hydrogen tartrate,
oxymetazoline hydrochloride, and methoxamine hydro-
chloride, from Sigma (St. Louis, USA); 2-(2,6-dimethoxy-
phenoxyethyl)-aminomethyl-1,4-benzodioxane hydrochlo-
ride (WB4101), 8-[2-[4-(2-methoxy-pheny!)-L-piperazinyl]-
8-azaspiro[4,5]decane-7,9-dione dihydrochloride
(BMY7378), rauwolscine hydrochloride, and 5-methyl-
urapidil, from Research Biochemicas (Natick, USA);
(+)-propranolol  hydrochloride, from Nacala (Kyoto,
Japan); [*HIKMD3213 (49-52 Ci mmol 1), from Amer-

___________ I === ————————
rabbit 1 :MNPDLDTGHNTSAPAHWGELKNANFTGPNQTSSNSSLPQLDVTRAI SVGLVLGAFILFAIVGNILVILSVACNRHLRTPTNYFIVNLAIA 90
hamster l:............... Q... Devevveiinenn e et e e e et e e e e e e e e 90
human L e T..... PP M. 90
rat Lo DD...ovvveenn P 90
-- II ---------==  mmmmm————- III ----~=--—- ememe————- IV ----
rabbit 91 :DLLLSFTVLPFSAALEVLGYWVLGRIFCDIWAAVDVLCCTASILSLCAISIDRYIGVRYSLQYPALVTRRKAILALLSVWVLSTVISIGP 180
hamster 91:............. PP PP 180
human 0L s e e e e e e e et e e Tt et et 180
rat 9Ll T 0 PPt 180
_________________ V R
rabbit 181:LLGWKEPAPNDDKECGVTEEPFYAFFSSLGSFYIPLAVILVMYCRVYIVAKRTTKNLEAGVMKEMSNSKELTLRIHSKNFHEDTLSSTKA 270
hamster 181:....... .. ... PP 270
human  181:...... ... i Lt ettt e e e e e e e 270
rat R 1 P 270
—————————— VI --=---=-m- —==mmmmmee VII ----momo-
rabbit 271:KGHNPRSSIAVKLFKFSREKKAAKTLGIVVGMFILCWLPFFITLPLGSLFSTLKPPDAVFKVVFWLGYFNSCLNPIIYPCSSKEFKRAFV 360
hamster 27 L. e e e, 2 M 360
hUmMan 27 Lt e e PP 360
rat PP A e e e e e e e e, M 360

rabbit 361:RILGCQCPG-RRRRRRRRRLGGCAYTYRPWTRGGSLERSQSRKDSLDDSGSCLSGSQRTLPSASPSPGYLGRGAQPPVELYAFPEWKAPG 449

hamster 361:....... R-SG.......... A e Mo L..C.Y....-S. 448
human 361:....... R R e ettt e et e e et e e e e e e e P..... Covvvnnnt. 450
rat 361:....... R-GG.......... A e e M..T. i T...... C...... -.. 448
rabbit 450:ALLSLPAPEPAGRRGRHDSGQLFTFKLLADPESPGTDGGSSNGGCESAADVANGQPGFKSNMPLAPGHF 518
hamster 449:......E. e L...P....... GE...... E.DA.....DATT.L.....ovvrenennnn. 515
human 451:.......... Poovvnnn.. P.o...... TE..vvvvnn. A...... A Q. 519
rat 449:...... E.-.-..... L...P....... G....... E.DT.....DTTT.L.....covvvevnennn. 515

Fig. 2. Comparison of amino acid sequence of o ,-adrenoceptors of rabbit, hamster, human, and rat. Dots are substituted for identical amino acids.
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sham (England); and [*H]prazosin (77.2 Ci mmol ~1), from
NEN (Boston, USA).

3. Results
3.1. Cloning of rabbit «,,-adrenoceptor

A positive clone was isolated from the screening of
5 X 10° recombinants. This had a 2.5 kbp insert containing
an open reading frame of 1557 bp that encodes a 518-
amino-acid peptide as shown in Fig. 1. Comparing the
whole amino-acid sequence of this peptide with those of
a y,-adrenoceptors of hamster (Cotecchia et al., 1988),
human (Ramarao et al., 1992) and rat (Voigt et a., 1990),
the identity was more than 98% (Fig. 2). However the
identity between this peptide sequence and those of o y,-
and o 4-adrenoceptors of rabbit (Miyamoto et al., 1997,
Suzuki et a., 1997) was low (less than 57%, Fig. 3) in
whole length. We concluded that the clone obtained en-
codes the rabbit o, -adrenoceptor. This nucleotide se-
quence was submitted to GenBank with an accession
number, AF156106.

3.2. Comparison of pharmacological profiles of rabbit
a,-adrenoceptor subtypes

Three rabbit o ;-adrenoceptor subtypes were expressed
in Cos-7 cells and their binding characters were investi-
gated by using [*Hlprazosin as a radioligand. Rabbit o -

Table 1

Pharmacological profile of recombinant o-adrenoceptor subtypes of
rabbit

Data are means+S.E. from three experiments. Negative log of the
equilibrium dissociation constant (pK;) for each drug was calculated.

pK;

CFY Q1p Qg
Prazosin 9.4+ 0.05 10.34+0.07 9.24+0.03
KMD3213 9.8+0.25 8.5+0.09 8.1+0.23
WB4101 9.4+0.16 8.7+0.15 8.7+0.07
Tamsulosin 9.7+0.27 9.5+0.17 9.2+0.09
BMY 7378 6.6+0.15 7.3+0.12 85+0.04
5-Methylurapidil 8.4+0.02 6.7+0.80 7.1+£0.29
Rauwolscine <6 <6 <6
Propranolol <5 <5 <5
Noradrenaline 5.8+0.07 5.3+0.18 7.6+0.39
Adrenaline 6.1+0.18 57+0.12 6.6+ 0.45
Oxymetazoline 8.4+0.36 7.3+0.15 6.6+ 0.32
Methoxamine 5.2+0.16 <4 454+0.03

adrenoceptor showed high affinity for prazosin, KMD3213,
WBA4101, tamsulosin, 5-methylurapidil, oxymetazoline and
methoxamine and low affinity for BMY 7378. Rabbit o -
adrenoceptor exhibited high affinity for prazosin and tam-
sulosin and low affinity for KMD3213, BMY 7378, 5-
methylurapidil, oxymetazoline, and methoxamine. Rabbit
a,4-adrenoceptor displayed high affinity for prazosin, tam-
sulosin, BMY 7378, and noradrenaline and low affinity for
KMD3213, 5-methylurapidil, and oxymetazoline. All three
subtypes had low affinity for rauwolscine and propranolol
(specific ligands for o,- and B-adrenoceptors, respec-

[oTRomN )
R

17:
45:
91:

0.0

106:
125:
181:

2.0

196:

[eTRoug Y

271:

280:
302:
361

[eTRoa

368:
392:
449:

[eTRong

a 453:
b 480:
d 538:

215:.

e MVFLSGNASDS-SNCTH
: MN-PD-LD~T~-G-H-N--T--§-A---P-A-H-WGE-L- -KNANFTG-PNQT- -~~~ §----- S---N-SSL--P------- QLDV.R
: MTFRDLLSVTFEGPRPDISAGGSGAGGGAGAGAGAGDTAS SESPAVGGYPGAAGGEGCGSVVGAGSGEDNRSSAGEPG . AGGGGEY. G. A

——————————— I
PPAP-VNISKAILLGVILGGLILFGVLGNILVILSVACHRHLHSVTHYYIVNLAVADLLLTSTVLPFSAIFEILGYWAFGRVFCNIWAAV
A----- I---SVG.-.~..AF...AIV........... N...RTP.N.F..... I..... SF....... AL.V....VL..I..D.....
AVGGL.VSAQSVGV. .F.AAF. . TA.A..L........ N...

-= III =—mmmmmmm== e IV —=mmmmmmem

PLTIILAMYCRVYVVAKRESRGLKSGLKTDKSDSEQVTLRIHRKNA--PAGGSGVA-SAK-N--KTHF SVRLLKF SREKKAAKTLGIVVG
AV I....TTKN.EA.VMKEM.N.KEL..... S.--NFHEDTLSSTK-. .GHNPRSSIA.K.F.................
MAV.VVL L.l RSTT.S.EA.V.RERGKASE.V....CRG.ASG.D.APGTRG. .GHTFRSSL. . .....vvvvuun.n. A....

————— VI mmmmmmmmme- VII
CFVLCWLPFFLVMPIGSFFPDFKPPETVFKIVFWLGYLNSCINPI IYPCSSQEFKKAFQNVLKIQC-L-RRKQSSKHALGYTLHAPSQAL
M.I....... ITL.L..L.STL...DA...V...... 120 PO K...R..VRI.GC..PGR. .RRRRRRLG.CAYTYRPWTR

VoL, F...F.L.L..L..QL..S.G...VI..... F...V..L...... R...R..LRL.RC..RRR. .RRPLWRV--.GH.WRAS.G

EG--QHKDMVRIPV-GSGETFYKISKTD-GVCEWKFFSSMPRGSARITVP-KDQSACTTARVRSKSFLQVCCCVGPSTPNPGENHQVPTI
G.SLERSQSRKDSLDD. . SCLSGSQR . LPSASPSPGYLGRGAQPPVELYAFPEWK . PGALLSLPAPEPAGRRG-RHDSGQLFTFKLLAD-
G.PHPDCALSAGA-ALP .AALALTAAPAPSSAAAPEGQAAGA . RRKPPCAFREWRLLGPL . RPTTQLRAKVSSLSHKIRAG. AQRAEAAC

KTHTISLSENGEEV--========m=m==mm=m = oo
PESPGTDGGSSNGGCESAADVANGQPGFKSNMPLAPGHF
ALRSEVEAVALSVARDVAEDNTCQAYELADYRNLRETDI

16
44
90

105
124

. 180

195
214
270

279
301
360

367
391
448

452
479
537

466
518
576

Fig. 3. Comparison of amino acid sequence among three adrenoceptor subtypes in rabbit. Dots are substituted for identical amino acids.
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12 3 4 5 6

Competitor
Target

8 9 10 11 12 13 14 15 16

Fig. 4. Tissue distribution of «q,-adrenoceptor mRNA in rabbit. Total RNA from each tissue was mixed with competitor RNA and was reverse
transcribed, PCR amplified and separated by electrophoresis as described in Section 2. The products from competitor (604 bp) and from tissue RNA (549
bp) are indicated by arrows on the left. Rabbit tissues anayzed were heart, kidney, liver, lung, spleen, skeletal muscle, thoracic aorta, cerebellum,
hippocampus, brainstem, cerebral cortex, thalamus, vas deferens, prostate, submaxillary gland, and parotid gland from lanes 1 to 16, respectively.

&0bp pBS
A fragment
Forward Reverse

B

®1a Competitor
Target

@ qp Competitor
Target

o 14 Competitor
Target

100

Intensity ratio {competitor / target)

0.01 L 1 L " )
0.01 0,1 1 10 100 1000

Competitor (pg)

Fig. 5. Tissue distribution of mRNA of «;-adrenoceptor subtype in
rabbit. (A) Illustration of competitor in which three o ,-subtype-specific
primer pairs are constructed. Arrows shown as forward and reverse of a,
b and d represent PCR primers for o,-, aq,-, and o,4-adrenoceptor
sequences. (B) A representative result of competitive RT /PCR in rabbit
cerebellum is shown. The total RNA was mixed with seridly diluted
competitor RNA (1, 3, 10, 30, 100, 300, and 1000 pg from the left), and
was co-transcribed with random hexamer. Then, it was PCR-amplified
with subtype-specific pair of primers. (C) amount of mRNA of three
a,-adrenoceptor subtypes in rabbit cerebellum. The ratios of intensity of
competitor band and target band are plotted based on data from three
independent experiments and the apparent equivalent point was defined
as where the ratio is one.

tively). These binding affinities at rabbit «,-adrenoceptor
subtypes are summarized in Table 1. [’HIKMD3213 at 0.6
and 1 nM bound to «,,- but not to «,,- and «4-adrenoc-
eptors (data not shown).

3.3. Competitive RT / PCR analysis

A representative result of competitive RT/PCR for
o y-adrenoceptor in rabbit tissues is shown in Fig. 4.
Relatively high expression of «,,-adrenoceptors was ob-
served in thalamus, thoracic aorta, brain stem, spleen, and
heart. However, while a significant amount of mMRNA
expression of the «, -adrenoceptor was reported in both
human (Faure et al., 1995) and rat (Scofield et d., 1995)
liver, it was not detected in rabbit liver.

Next, in order to compare the levels of mMRNA expres-
sion of three subtypes of the a,-adrenoceptor in various
tissues, the equivalence of each subtype mRNA was evalu-
ated against competitor RNA. As shown in Fig. 5, the
apparent equivalence of mRNA of the subtypes as 52, 4.1,
and 0.43 pg competitor RNA and the final equivalence was
estimated as 57.7, 4.5, and 0.55 pg RNA in rabbit cerebel-
lum, taking size factor into account, for a,,-, a,,-, and
o, 4-adrenoceptors, respectively. Previously, we reported
relative mRNA levels of a,,- (Miyamoto et al., 1997) and

Table 2

Relative level of «;-adrenoceptor subtype mRNA in various rabbit
tissues

Relative mRNA levels in each tissue were normalized, taking the level of
ay, MRNA in cerebellum as one. Data shown are means+ S.E. from
three experiments.

Tissue Relative mRNA Level
Qga QAgp Qg

Heart <01 1.7+0.2 <01
Kidney 25+13 0.1+01 <01
Liver 96.1+62.7 <01 <01
Lung 16.6+5.1 0.8+0.1 04+0.0
Spleen 9.0+25 1.7+0.2 <01
Skeletal muscle <01 <01 <01
Thoracic aorta 57.7+14.1 26+13 0.6+0.1
Cerebellum 12.8 1 0.1+0.0
Hippocampus 193+13 <01 <01
Brain stem 192.0+9.0 19+0.6 0.1+0.0
Cerebral cortex 205+25 1.0+0.1 04+0.1
Thalamus 157.4+21.8 135+20 <01
Vas deferens 19.3+25 <01 0.7+0.2
Prostate 38+13 <01 05+0.1
Submaxillary gland <01 <01 <01
Parotid gland <01 0.3+0.1 <01
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a 4-adrenoceptor (Suzuki et al., 1997) in various rabbit
tissues. In the case of rabbit «,,-adrenoceptor, we now
repeated the competitive RT /PCR because the pair of
primers was distinct from that used in the previous experi-
ments. For the rabbit o,4-adrenoceptor, we used the data
from the previous report because the conditions for
RT /PCR were identica. Based on the equivalence in
rabbit cerebellum (Fig. 5), we normalized the relative
MRNA level of each subtype, taking the level of oy,
MRNA in cerebellum as one (Table 2). Excepting heart,
the a,, subtype was dominant while the o4 subtype was
very minor in most tissues. This is quite unique to rabbit,
since this kind of subtype distribution was reported for
neither human (Hirasawa et a., 1993; Graham et d., 1996)
nor rat (Rokosh et al., 1994; Graham et a., 1996). No-
tably, mRNA of o, -adrenoceptor was not detected in
rabbit heart in contrast to human and rat hearts.

3.4. [*H]prazosin and [*H]KMD3213 binding to rabhbit
native tissue membranes

o ,-Adrenoceptor density at the protein level was evalu-
ated in the binding study with [*H]prazosin (1 and 2 nM)
and [°’HIKMD3213 (0.6 and 1 nM) for total «,- and
a4, -adrenoceptor, respectively. Since the binding affinities

>

250 r
A [3H]Prazosin

[ [3HIKMD3213

Specific binding (fmol/mg protein)

Thalamus Cortex Prostate Liver Spleen Kidney Aorta Heart

@

125 17

=
k:
=4 )
> [}
£
~
©
.g @ [3H]Prazosin
(2]
[=4
5 A [3H]KMD3213
£
L
=
'C
Q
&
A
T T T T 1
0 500 1000 1500 2000 2500
[3H]-Ligand (pM)

Fig. 6. Tissue distribution of binding sites for «,-adrenoceptor subtypes.
(A) shaded columns represent [*H]prazosin binding (total o ,-adrenocep-
tor density) and open columns represent [°HIKMD3213 binding (atqp-
adrenoceptor density). Data are means+ S.E. of three experiments. (B)
saturation binding experiments with [*Hlprazosin and [°HJKMD3213 in
rabbit spleen membranes.

of these drugs are high (see Table 1 and Murata €t al.,
1999), it is possible to estimate the densities as approxima-
tions. As shown in Fig. 6A, the distribution of total ;-
and «,,-adrenoceptors varied among rabbit tissues tested.
Most «o,-adrenoceptors were a,, Subtype in thalamus,
prostate, and liver, whereas o;5 Subtype was detected in
the heart and spleen. BMY 7378 (0.1 wM) did not signifi-
cantly inhibit the binding of [*H]prazosin and
[*HIKMD3213in any of the tissues tested (data not shown),
indicating that the «, subtype is negligible at the protein
level.

Some discrepancy was seen between mRNA level and
binding density of «,-adrenoceptor subtypes in several
tissues including spleen, where the «,,-adrenoceptor is a
major subtype at the mRNA level but the o ,5-subtype is
predominant at the protein level (Table 2 and Fig. 6A).
We, thus ran saturation experiments in spleen (Fig. 6B).
These showed that specific binding was detectable in
[®H]prazosin but not in [°HIKMD3213, confirming that the
a,5-subtype is predominant at the protein level in spleen.
B, Vvaue of [*Hlprazosin was 100.6 + 5.8 fmol /mg
protein (n= 3) which was in good agreement with that
obtained in the two-point assay (106.6 + 12.8 fmol /mg
protein, Fig. 6A).

4. Discussion
4.1. Peptide sequence and binding character

The peptide sequence of the «,, -adrenoceptor of rabbit
had a high identity to those of hamster, human, and rat
(Fig. 2), whereas it showed a lower identity to those of
a,,- and o,g-adrenoceptors of rabbit. Pharmacological
characterization also revealed the expected profile as o -
adrenoceptor, showing high affinity for prazosin and tam-
sulosin and low affinity for KMD3213, BMY 7378, 5-
methylurapidil, and methoxamine. The profiles of three
o ,-adrenoceptor subtypes of rabbit were compatible with
those of humans (Tseng-Crank et al., 1995; Weinberg et
al., 1994; Esbenshade et al., 1995) and of rats (Perez et 4.,
1994). We concluded that rabbit has a similar «,-adrenoc-
eptor system to that of other mammalian species.

4.2. Distribution

Next, we investigated the mRNA distribution of three
o y-adrenoceptor subtypes in rabbit tissues. As shown in
Table 2, the a,,-subtype was a predominant subtype in
most tissues tested. However, the o, -subtype was the
main o,-adrenoceptor in rabbit heart and was relatively
abundant in thalamus, thoracic aorta, and spleen. In the
case of the a,4-subtype, the level of mMRNA expression
was very low compared to that of other subtypes in all
rabbit tissues tested. This pattern of subtype distribution
was distinct from that of rats or humans (Scofield et al.,
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1995; Faure et al., 1995; Lomasney et al., 1991; Graham et
al., 1996). Then, we examined «,-adrenoceptor distribu-
tion at the protein level by using [*Hlprazosin and
[*H]KMD3213. Based on the binding affinity profiles for
both ligands (Table 1 and Murata et al., 1999), specific
binding of [*Hlprazosin and of [*HIKMD3213 was specu-
lated to correspond to tota «,- and o,,-adrenoceptor
densities, respectively. Comparison of mRNA level (Table
2) and binding density (Fig. 6A) shows that these parame-
ters do not aways correlate. For example, o4, binding
sites were not detected in thalamus in spite of significant
expression of a,, MRNA. On the other hand, «,, binding
sites alone were detected in the spleen, where greater
amounts of a,, MRNA than of a,, MRNA were found.
These results suggest that there is a tissue- and subtype-
specific mechanism(s) to regulate expression of mMRNA
and protein of the «,-adrenoceptor in rabbit. The lack of
a4-binding sites we found may be related to the low level
of its MRNA and is also consistent with the reports that the
o 4-adrenoceptor is not detectable in binding experiments
(Yang et al., 1997, Muramatsu et al., 1998).

4.3. Conclusions

In conclusion, the present study showed a high identity
of structural and pharmacological characters of three sub-
types in the o,-adrenoceptor system between rabbit and
other mammalian species. However, there are species dif-
ferences in their tissue distribution, implying that o,-
adrenoceptor subtypes are heterologously involved in
physiological responses among mammals.
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