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“We here describe the cloning of un additional gene, called %,- LE, ‘whicly is similar 1o the previousty cloned humun aendrenergic receplor locuted

on chromasame 4. The #,-1.8 gene wax identified by using the pelymerase chain reaction with primers specific for sequences in transmembrane

reglons 2und 3 of the previously isolated human 2,-Cd und 4,-C 10 adrenoeepior genes, which sre localized on ehromasomes 4 und 10, respectively.

The new gene wuk idemiified by wnplifying the 1.8 kb size Tractionated region of Pul restrietion ¢ut human genomic DNA, The previously clened

2 C10 and 2, genes were recovered at their expected locations, 0.96 und 5.9 kb, respectively, Wa have identified 347 buses of the new %18

gene, und its sequence is identical to the previously described 2,-C4 gene, but is distinet lrom the 2,-C10 und 2,-C2 genex. Our results demenstrate
thut the #,-C4 udvenergic receptor exixts in more thun ene ¢opy in the human genome.

x;-Adrenergic receptor; Twa copy gene; Polymerase ¢hiin reaction

1. INTRODUCTION

The diversity of catecholamine effects are mediated
by proliferating a multitude of receptors which all
“"belong to a superfamily of G-protein coupled receptors
(1]. The catecholamine receptors have previously been
classified according to pharmacological criteria into
several types such as ay, «z,°81, 82, D1 and Dz [2-4].
These receptors elicit their responses by coupling to
~ membrane bound G-protein which regulate the activity
of different cellular effectors. For example, a distinct
G-protein links B-adrenoceptors in a stimulatory
fashion to adenylate cyclase so that stimulation of the
B-adrenoceptor will lead to increased formation of
cAMP. Other examples are «j-adrenoceptors which
mediate - breakdown of phospholipids by activating
specific phospholipases via G-protein linked pathways
(5). Recently, gene cloning techniques have revealed
that there exist many more distinct genes coding for
~catecholamine receptors.than were initially assumed
from the pharmacological classifications. For example,
in humans distinct  genes coding for 3 different 8-
adrenoceptors [6-8], 3 different oj-adrenoceptors
[9-11] and 2 dopamine receptors [12,13] have been
identified, The three az-adrenergic receptors have been
named a2-C2, a2-C4 and a2-C10 due to their location
on chromosomes 2, 4 and 10 of the human genome.
These genes may be identified in Southern blot analysis
of ‘Pst] cut DNA as bands at 1.6, 5.9 and 0.95 kb [9,11]
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and their sequences are distinct albeit with ‘great
homologies. , ‘
All adrenergic receptors show amino acid sequence
patterns common to all other G-protein coupled recep-
tors which is consistent with a topology of the receptor
proteins spanning the cell membrane -7 times.

‘Moreover, the membrane spanning regions show the

54321

7 Fig. 1. Ethidium bromide-stained agarose gel showing PCR amplified

products obtained by using’ size fractionated Pstl cut DNA and

primers designed from conserved nucleotide sequences encoding the

2nd and 5th transmembrane regions ‘of human a2-C4 and «3-C10

adrenoceptor genes, -Shown are products. obtained from . DINA

fragments of 0.96 kb (lane 1), 1.8 kb (lane 2), 5.9 kb (lane 3) and 3.5
kb (lane 4), Lane 5 shows ©@x174/Haelll standard fragments.
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greatest sequence similarities which has made it possible 2. MATERIALS AND METHODS
“to clone additional members of the G-pratein coupled ‘

receptor family by using homolegous primers in the 2.1, Oligamiclentisles ‘

PCR [14]. Using PCR we now report the identification The oligonucleotide primers used were apecific for the previewsly
of an additional human az-adrenoceptor gene which is cloned «p €4 and €10 and designed fram tielr membrase span-
simifar to the ax-adrenoceptor gene previously cloned abog segments 3 and 3 and selected fram reglons belng idemicul for

bath receplors. The privers were designed -with restrietion e
donuelease linkers BeaR! and Bamk de the $° endy 1o facilitated

from kidney ¢DNA and found 1o be located on
- «laning of gmplificd fragimens:

chromosome 4 10},

31 ,
Alpha-2 € A A D LovoA T L LI P . A 4 LA N R OL L 6 Y W Y OF R R
Alpha-2 C2 GOC GUC GAL ATC CTU GG GOC AEG €TC ATC ATC COF TTC TC6 €TC GCC ARG GAG €6 €16 GGC TAC T6G TAC 17C.€GE £6C

Alpha=2 1.0 8 A D I-~L ¥ A T L V M B F % L A N E L M A ¥ W ¥ “F ¢ ©
Alpha-2 1.8 TCG GCC GAC ATC CTC CTG GOC ACG CTG GTC ATG CEC TIC TCO T1G 6CC AAC GAG CTC ATC GCE TAC TGG TAC T7¢ GGG CAQG
Alpha=2 8,9 $ AP ! L ¥ A T L V B P F..S L A H E L M A ¥ WY F & @
Alpha=% 5,9  TCG GEC GAC ATC CTG GTG GCC ACG CTG GIC ATG CCC TYC TCG T1C GCC AAC GAG CTC ATG GCC TAC TCE TAC TTC GGG CAG
Mpha-2 6,96 § A © ¥ L V A T L V I ® F 8 L A N E V M 6.-¥Y W Y F 6 R
Alpha-2 0,96 ICG GCC GAC AL CTG GIC GOU ACO CTE GTE ATE €CT TTC TCC CTG GCC AAC GAG GTC ATG GGC TAC TGG TAC TTC GGC AAG
‘Primer 1 ‘
. 11X
Alpha-2 C2 T W' ¢ E V ¥ L A& L B V L F ¢ T 8 $ 1. 'V H L ¢ A 1 s 1L ©

Alpha=~2 C2 ACG TGG TGC GAG GTG TAC CTEC GCG CTC GAC GTG CTC ITC TGC ACC TEG TCC ATC GTG CAC CTG TGE GCC ATC AGE CTG CAC

Alpha-2 1,8 vV W € 6 VvV Y L A L P V L F € T 8 & 1 V¥V H L ¢ A I & L0
Alpha~2 1.8 - GTG TGG TGC GGC GTG TAC CTG GCG CTC GAT CTG CTG TTT TGC ACC TCG TEG ATC GTG CAT CTG TGT GCC ATC AGC CTG GAC
Alpha-2 5.9 vV W ¢ 6 Vv Y L A L DV L F € T § $ I VvV M L ¢ A I S 1L b
Alpha-2 3,9  GIG TGG TGC GGC GTG TAC CTG GLG CTC GAT GTG CIC TTT TGC.ACC TCG TCG ATC GIG CAT CTG TGT GCC ATC AGE CTG GAC
Alpha-2 0.96 W C.,E I ¥ L A L D V L F ¢ T & 8§ 1 V H ¢ A 1T s 1L D
Alpha-2 0.96 GCT TGG TGC GAG ATC TAC CTG GCG CTC GAC GTG CIC TTCTGE ACG TCG TCC ATC GTG CAC €CG TGC GCC ATC AGC CTG GAC
o 1y
Alpha-2 €2 R ¥ w A Vv s R A L E Y N S K R T P R R I K ¢ 1 I L 1 W
Alpha=-2 C2 CGC TAC TGG GCC GTG AGC CGC GCG CTG GAG TAC AAC TCC AAG CGC AGC CCG CGC CGC ATC AAG TGC ATC AIC CTC ACT GTG
Alpha=-2 1.8 R Y Ww s v T Q¢ A V. E ¥ N L K R T P R R 'V K A T I VvV A Vv
Alpha-2 1.8  C€GC TAC TGG TCG GTG ACG CAG GCC GTC GAG TAC MAC CTG AAG CGA ACA CCA CGC.CGC GTC AAG GCC ACC ATC GTG GCC GTG
Alpha-2 5.9 R Y W s Vv T Q /A V E ¥ N L K R T P R-R V K A .T 1 VvV A V
Alpha=2 5.9  CGC TAC TGG TCG GTG ACG CAG GCC GTC GAG TAC ARC CTG AAG CGA ACA CCA CGC CGC GTC AAG GCC ACC ATC GTG GCC GIG6
Alpha=2 0,96 R Y W s I ™ @ A I E ¥ N L K R T ®» R R I XK & I 1 1 1
Alpha=2 0.96 ' CGC TAC TGG TCC ATC ACA CAG GCC ATC GAG. TAC AAC CTG ARG CGC.ACG CCG CGC €GC ATC AAG GCC ATC ATC ATC.ACC GTG
Alpha-2 G2 W L I A A V I 'S5 L P P L.I Y K G D @ G P Q P R G = = =
Alpha-2 C2 TGG-CTC ATC GCC GCC.GTC ATC TCG CTG CCG CCC CTC ATC TAC AAG GGC GAC CAG GGC ccC CAG CCG CGC GGG = - -
Alpha=2 1.6 "% L I S A v I s F P P L V S L Y R Q@ P D 6 A A ¥ = - =
Alpha=-2 1.8 TGG CTC ATC TCG GCC GTC ATC TCC TTC CCG.CCG CTG GTC TCG CTC TAC CGC CAG CCC GAC..GGC GCC GCC TAC =~ - -
Alpha=2 5.9 W L I s:'A VvV I s F ® P L V 5 L Y R Q P D ¢ A& A Y = w =
Alpha=2 5.9  TGG CTC ATC TCG GCC GIC ATC TCC TTC CCG €CG CTG GTC TCG CTC TAC CGC CAG CCC GAC GGC GCC GCC TAC » ~ =
Alpha=2 0.96 W v..r s A Vv I .§ F P P L I s I E K K“6 6 6 6 6-P @ P &
Alpha-2 0.96 TGG GTC ATC TCG GCC GTC ATC.TCC TTC CCG CCG CTC ATC TCC ATC GAG AAG AAG GGC GGC GGG GGC GGC CCG CAG CCG GCC
- -\ .
Mpha=2Cc2. ~ R P @ C K L N @ E A W ¥ I L A S5 5 1 G 5 F F & ? o

Alpha-2 C2 CGC CCC CAG TGC AAG CTC AAC CAG GAG GCC TGG TAC ATC CTG GCC TCC AGC ATC GGA TCT TTC TTT GCT CCT TGC 390 bp

Alpha-2 1.8 - P Q (o G L N D E T w ¥ I L s s C I G S F F A P c
Alpha-2 1.8 —- CCG CAG TGC GGC CTC AAC GAC GAG ACC TGG TAC ATC CTG TCC TCC TGC ATC GGC TCC T1C TTC GCT -CCC TGC 387 bp
Alpha-2 5.9 - P Q C G L N D BE T W Y I L s s ¢ 1 G s F F.. A p [of
Alpha-2 5.9 .~ CCG CAG TGC GGC CTC AAC GAC GAG ACC TGE TAC ATC CTG 1CC TCC TGC ATC GGC TCC TTC TTC GCT CCC TGC 387 bp
Alpha~2 0.96 E P R C E I N D Q K W Y \Y I 5 S c I G 5 F F A P c
Alpha-2 0.96 GAG CCG CGC TGC GAG ATC AAC GAC CAG AAG TGG TAC GTC ATC 1CG TC6 I6C ATC GGC TCC TIC TTC GCT CCC TGE 399 bp

Primer 2

Fig. 2. Alignment of the nucleotide and deduced amino acid sequences for a2-C2.as well as the PCR products obtained from 1.8 (2-1.8), 5.9,

(22-5.9) and 0.96 (x2-0.96) kb DNA, The DNA sequence of «»-5.9 is completely identical to the published sequence of @2-C4 [10). The sequenie

of @2-0.96 is identical to the published sequence of @-C10 [11], except for three amino acids marked with boxes. These differences cannot be at-

tributed to PCR-artifacts as we have observed them in 2 completely different experiments, Sequences representing membyranes spanning membranes

11~V are marked with bars above sequence, The underlined sequences indicate primer ]-and 2 used for the PCR. Gaps, shown as dashes, are inserted
: to maximize homologies,
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Primee H CCUAATTCOOCCOALATECTUOTUGE
CACGCPHmMmer 3 CCGUATCCAGUUAGUUAAGAAGUAGE:
CUATGOA S

2.3, Pl tigestion, vapdification, claning and sequencing
One pg of human genomie DINA wits cul te completion with. Pal
and electrophoresed on V¥ agarowe gel, The bands &1 vhe pasitions
0.96 kb, 1.X kb, L3 kb aned 5.9 kb were cut and extraered uslng
CCienechenn (Bio 101, USAY. The eluted DNA was ent once again with

Parl clectraphoresed as above, and bandy exchicd Trom respective

pasitions wnd the DNA ¢xtracted uring Geneclean, Twe eyeles of Parl
digestion and clectrophoresis were performed In order o ¢nsure the
exact vizg of the DNA. )

Aliguols of the abave prepared slze fracdonated DNA samples
were subjected 1o BOR using the above-mentioned primers, The PCR
was performed with Gene Amp DNA ampliticatian reagent kit from
Perkin Elmer Corp., USA and the thermal profile used was 937¢ - 30
Cox b 9% - 30, 60FC < 205, T27C = 408 % 30; 72°C - S min x
1. Twenly percent of gach PCR sample was analyzed by elee-
trophoresis as shown in Fig, 1. The rest of the material was used for
Hgating into PGEM 72 (+ ) vector and subseguent sequencing using
the dideoxy ¢hain termination method - [18),

3. RESULTS AND DISCUSSION

Oligonucleotides ~ which  represented  conserved
nucleotide sequences encoding the 2nd- and S5th
transmembrane regions of human «:-Cé and «-Cl10
adrenoceptor genes were used as primers in amplifica-
tion of Pstl cut size fractionated human genomic DNA,
Using this approach we amplified 387 bp of the «:-C4
gene from 5.9 kb DNA fragments {«z-5.9), as well as

399 bp of the a2-C10 gene from 0.96 kb DNA fragments

(x2-0.96) (Figs | and 2), These results are fully consis-
tent with previously published sequence and Southern
blof ‘data for az-adrenoceptor genes {10,11]. The new
. ox2-1.8 gene (387 bp) was amplified from 1.8 kb DNA
fragment and its sequence was found to be identical to
the 3-C4 gene (Figs 1 and 2). In order to'ensure that the
new gene was not a product of carryover from the 5.9
kb fragment that had not been fully separated on the
agarose gel, the-Pstl digestion and electrophoresis of
DNA was repeated twice before performing the PCR.
Moreover, the DNA of 3.5 kb fragments, which is ex-
pected to be a non-specific region for az-adrenoceptors,
did not yield any PCR products (Fig. 1), Furthermore,
the whole experiment was repeated twice starting from
“genomic DNA and identical sequencing results were ob-
tained in both experiments. The reason that we in the
present study were unable to identify the «2-C2 gene
that was recently described [9] is-that there is a single
base mismatch at the 3’ end of primer 2 used in this
‘study, as compared to the a2-C2 sequence.

The new «3z-1.8 gene shows distinct sequence dif-..."

ferences with the «2-C10 and o-C2 genes, but has
almost identical sequence to the a2-C4 gene (Fig. 2).
The a2-C4 gene has been previously cloned from-human
kidney cDNA. This gene was said to be localized on
chromosome 4 and a 5.9 kb fragment of Ps¢I cut human
genomic DNA [10]. The a2-1.8 gene is-localized on the
1.8 kb fragments of Pstl cut human DNA and it shows
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sequence identity to the gene that we amplified from 5.9
kb fragments of Psrl cut DNA in the present study. As
the two genes have ldentical xequences, but different
localizations on human genomic DNA, it is concluded
that there are two different -copies of the. same
rey-adrenoceptor gene present in the human genome.
It is not presently understood what the physiological
relevance of the presence of several ag-adrenoceplor
genes in the genome is. The produets of the erC2,
eex-Cd and ex;-C 10 geneg, when expressed in vitro, shiow
differing abilities to bind catecholamines and drugs [9].
It appears that all these genes are expressed in vivo but
with grossly different distributions in the tissues [9=11]).
Moreover, o variety of functional and ligand binding
studies have indicated the presence of several phar-
macological subtypes of aa-adrenoceptors with dif-
ferent distributions in both human and animal tissues
{16-21]. Part of the functional and binding data is con-
sistent with the molecular biology data but there are
also results which indicate that there might possibly ex-
ist still more species of az-adrenoceptors than those
already cloned [9]. Moreover, in a recent study it was
reported that four different mRNAs could be detected
in Northern blot analysis of rat tissues when
ar-adrenoceptor genes were used -as probes, possibly
supporting this contention [22].-Very little is presently
known about the regulation of a-adrenergic gene ex-
pression in vivo. Such information should be of valueto
further the understanding of the functional importance
of different «z-adrenoceptor genes. The elucidation of
the promoter regions for the ap-adrenoceptor genes will
constitute a first step towards the understanding of the
regulation of their expression. The presence of multiple
copies of the same xz-adrenoceptor gene.in the human
genome must be taken into account ir such an analysis.
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