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Differential expression of the mouse D, dopamine receptor isoforms
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We have identificd und charaeterized the eDNAs carrespanding to the mouse D, dopamine receptors, We show that in the mouse the D, dapamine

receptar is found in two forms, generated by alternanive splicing af the same gene MRNA disinbution analysis of areus expressing the £, receplors

shows thal the larger form ix the mast abundant, ¢xcept 1n the brain stem where the shorter form i predominant Membraner of mummalian
<ells transiently trunsfected with both farms of D, receptor bind [*Hjspiperone with a high affinity

Muouse D, dapanune receptor; mRNA distnbution, Expression

1. INTRODUCTION

Dopamine receptors ¢an be divided into two classes
D, and D; [l,2}. D, receptors activate the adenylyl
cyclase pathway while Dy receptors act as inhibitors.
The dopamine D2 receptor is highly represented in the
central nervous system, especially in areas hike the
striatum and substantia nigra as well as in the pituitary
gland [3,4]. Abnormal i1egulation of the receptor's
levels seems to be associated with disorders such as
Parkinson’s disease [5]) and schizophrenia in humans
[6]. In the anterior pituitary gland dopamine acts
through a Da type receptor and causes inhibition of pro-
lactin ptoduction and release [7]. Activation of the D;
receptor lowers the intracellular level of cAMP by a
mechanism which appears to involve coupling of the
receptor to an inhibitory G protein (G,) [8]. The gene
for a D2 dopamine receptor has been cloned from rat
brain; 1t encodes a predicted protein of 415 amino acids
(aa) [9] which belongs to the family of G protein-
coupled membrane receptors [10]. Recently a longer
¢DNA 1soform encoding a predicted protein of 444 aa
has been cloned from rat, human and bovine tissues
(11-16].

We have 1solated a cDNA from a mouse pituitary
library encoding the 444 aa form of the Ds receptor,
here referred to as DA This ¢cDNA 1s highly
homologous at the nucleotide and amino acid level to
both forms of the rat D2 receptor. Analysis of mouse
genomic DNA suggests that the two forms originate by
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alternative splicing. We have analyzed the distribution
of the two forms of D3 dopamine receptors in the
mouse brain. The results show that the shorter form,
here referred to as DB, 1s the least abundant in most
CNS areas, with the exception of the brain stem where
it is predominant.

2. MATERIALS AND METHODS

A mouse piuitary ¢<DNA hbrary was constructed in Azapll
(stratagene) starting from 3 48 polyA® RNA from female mice
pitutaries The ¢cDNAs were synthesized with a ¢DNA cloning kit
from Pharmaua, contaimng LecoRI-Norl adaptors ar each site, in-
serted into the EcoRI site of A2apll arms The ibrary (1 10° pfu) was
transferred on Nitrocellulose filters (Schlacher and Schuell) and
sereened with two degenerate **P-labelled oligonucleotides (Spee act
10*/ug) specific 1o conserved sequences present in the

CACCC
VI(5'- TTT Gé\TCTGCTGGCTGCCCTTCTTC 3")
and Vil
T G TT TAG
(5'"'TGGCT GGCTA G CAA 3"
AT c c CTC

transmembrane domains of receptors binding cationic amines [17)

The hybridization conditions were §xSSC, 5x Denhardt’s, 0 1%
sodium pyrophosphate, 1% SDS and salmon sperm DNA (100
#g2 ml™') at 42°C Filters were washed in 2xSSC and 0 1% SDS at
42°C 3 overlapping clones were rescued fromthe A zap vector and se-
quenced on both strands by the Sanger dideoxy chain termination
method using Sequenase (US Biochemical Corporation) [18] To ob-
tain the cDNA corresponding to the shorter form of the mouse D2
Dopamine receptor, DaB, cDNA was synthesized trom 1 zg of total
RNA from mouse brain stem in a 20 z! reacion contaimng 50 mM
Tris-HCl, pH R 3, 150 mM KCI, 10 mM MgCl:, 15 mM DTT, 0 5mM
dNTP, 0.5 ug of amplmer A (5'-GGCCTTTCTGCCCACAG-
CTT-3")complementary to the DA sequence trom nucleotide 1404 to
1423 of the coding sequence and 10 U AMYV reverse transcriptase

After incubating at 42°C for 1 h, reactions were inactivated by
heating at 65°C for 10 min and 4 x| were added to a PCR reaction
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The PCR reastiony were masde in 30 41 comaining 10 mM Tris HC),
pH 1), S0 mM KCL L3 mM Mgl 0 01% gelatin, 0.2 mM dNTPB,
0.3 xg amplimer A and 0.8 4n amplimer B (3 QTCACCTUC T
GTCTAT Y ') complemaviary to the DA wquence from auclewiide
409 1o 828 of The gending vespuence, Reactions were heated at 94" far
2 min, then 3 8 U of Taqg polymerase were Added and the temperature
way gyelet with the follswing profite 94-C, 0.3 mn; 43°¢, | min,
T2*C, 2 min. Afier 40 ¢ycles the PCR reavtion was digested with Hw
11 that liberates & 498 bp long Meagment, A H'ae |1 digestion was aba
pertormed on the DA cDNA. We exchanged the 498 bp ragment
wpeellie ta the DaR form with the S4S bp long frugment of the DyA
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Far eukaryol expression, ¢DNA Fragments venainiag tw emlire
voding region for the mouw Dy and DR receplor were lnverted In
bath orlentation In the pSOA vevlor {30): 1o ¢reated pSYDA" Geme
orieation) or pSYIIA  tanthenae orlentation) sl pSVIRBR™ or
PSVIB  Cun? cells were transfevted with either pSVIAT or
PSVDIH (10 42 DNA: plate) By the calsium phosphate methext (21,
washed after 13 h and hasverted afier YA K Membraney werg prepared
us already dewribed (23], Binding awaye were carrigd aut with 40 4y
proweinsample (23] using [*H]spiperond and Bromecripine at the
conventraton mdicated in Fig + Data were analysed by non-lineas
least sequares regrenslon [AY)

farm Che ¢DNA obiained was segquensed (o ensure the absence of
PCR anefagts,

Quantitative §, nucledse analysle was performed on 10 #x of 1otal 1. RESULTS
RNA, prepared by the LiClurea method {19} The hybridizatien con. .
dlliumpwe':e SO"Jrurmamide. 40 mM Pllnc\'(pl'l 6.4). | mM EDTA 3.1. Cloning of the D; dopamine recepior ¢DNAs
{pH 8.0), 0.4 M NaCl a1 32°C far |2 h. Digesiions were made In 0.2 Two sets of oligonucleotides were generated to sereen
M NaCl 0 05 M sodlumacatate (pH « 8), 4 3 mM Zn304, with 200 U L mouse puuimry ¢DNA library. The sequence of the

[ ] LY . .
i;::g:ﬂf::‘5“S:‘”;’L‘:"l‘,';f;ﬂ'::::;’l)d‘;',jrif‘:f' 2 h. The digestions oligonucleotides was based on a comparison of the

ALCHLTGECC
GACOGULUCCCGTIGIGTGIATGCOCCGAAASTT SAAMGCLTCOAGEALCCASCROCTTCTICTCOCCCCLLGCGLCCTATGCCTTCANGACCCUTAECACLTAGTCGCLTCALTERLCLC) =)

ATG GAY CCA CY6 :&c C1G TCC 1GC TAC GAT CAT GAT CTGC GAG AGG CAG Jc 166 AGC CGG CCC 11¢ D’T GGG TCC GAM GGG MG GLA CAC 9
Met Asp Pro Lav Aan Lau Ser Trp Tyr Asp Asp Asp Leu Glu Arg Gln Asn Trp Ser Arg Pro Phe Asn Gly Sex Glu Gly Lys Ala asp 3

ASGC CCC CAC TAC MC TAC TAT 76 C16 €T T ATC GIC 11T 16 Gt A
Arg Pro Has Tye Aan Tyr Tyc[Ala Met lev Lev Tht L4u Lau Ile Phe Hc lle Val Phe Gl Ash Val Lau Val Cys Met Ala m Sar

CCA GAG AAG GCT 1TG CAG ACC ACC ACC MC TAC F3)
Azq Glu Lys Ala lau Gia Thr the Thr Asn Tyr|Leu lle Val Ser Lau Als vu Ald Asp Leu Lau Val Ala Thr Lau Val Mat Pro o

GAG 1GG A TIC AGC AGG ATT CAC 10T GAC
vu Vsl tyr uu Giu Val val Gly Glu Trp Lys Phe Ser Axg lle His Cys Asp|lle Phe Val Thr Leu Asp Val Met Mat Cys Inr Ala
AGC ATC 1TG AAC ftG 16T EE-E E EE TEIGAC AGG TAC ACA GCT GTG GCC ATG CCT ATG TTG TAT AAC ACA CGC TAC AGC MG C6C

Ser lle lau Asn lau Cys Ala Ile Sar llefAsp Arg Tyr Thr Ala Val Ala Met Pro Met Lau fyr Asn The Arg Tyr Ser Ser lys ArQ

| ARG AAC ACA GAC CAG AAT
Asn Asn Thr Asp Gln Asn

oo

- I W

GAG TGP ATC ATT
Glu Cys Ile lle

MA ATC TAC ATC (2T CTC CGC AAG CGT CGG AAG CGG GIC AMC ALC AAG AGC CGA GCT T9C AGA GCC AAC CTG AAG ACA CCA (IC
Lys Ile Tyr Ile Val lau Azg Lys Arg Acg Lys Arg Val Asn Thr Lys Arg Ser Ser Acg Ala Phe Arg Als Aon Leu Lys Thr Pro lau

AAG GGC AAC TG‘\‘ ACC CAC CCT GAG GAC ATG AAA CIC TGC ACC GTT ATC ATG AAG TCT AAT GGG AGT TTC CCA GTG AAC AGG CGG AGA ATG
Lys Giy_Asn Cys TBE His Fro Glu Asp Mot Lys Leu Cys The VAl 11¢ Met Lys Ser Aun Gly Ses Pha Bro Val Aan Arq Jrg Arg et

His
GAT GCT acc CGC CGA GCT CAG GAG CTG GAN ATG GAG ATG CTG TCA AGC ACC AGC CCC CCA GAG AGG ACC CGG TAT AGC CCC ATC cCT CCC
Asp Ala Adla Azg Arg Ala Gl Glu Leu Glu Met Glu Mat Leu Ser Ser Ths Ser Pro Pro Glu Arg Thr Arg Tyr Ser Pro lle Pro Pro
TC¢

AGT CAC CAC CAG CTC A TC CCC GAT CCA 1CC CAC CAC GGT CTA CAT AGC AAC CCT GAC AGT CCT GCC AAA CCA GAA AAG AAT GGG CAT
Ser His Has Gln Leu Thr Lau Pzo Asp Pro Ser Mis His Gly Leu His Ser Asn Pro Asp Ser Pro Ala Lys Prv Glu Lys Asn Gly Has

GCC AAG ATT GTC AAT CCC AGG ATT GCC AAG TTC TIT GAG ATC CAG ACC ATG CCC AAT GGC AMA ACC CGG ACC TCC CTT AAG ACG ATG AGC
Ala Lys Ile Val Aan Pro Arg Ile Ala Lys ¥he Pha Glu Gin Thr Mat Pro Asn Gly Lya Thr Arg Thr Ser Leu Lys Thr Met Ser
T
£

Ile
CGC AGG AAG CTC 1CC CAG CAG AAG GAG MG AAAM GCC ! CAG TT GCC ATT GIT CIT GGT GIG TIC ATC AIC TGC 1GG CIG CCC TTC
Het Leu Ala Ile Vil Lay Gly val Phe Ile lle Cys Trp Leu Pro Phe
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Arg Arg Lys lLeu Ses Gln Gln Lys Glu lys Lys Ala ?‘h Gln

Wuc 16T GAC TGC AAC ATC CCA cumﬁmm
Phe Ile Thr His lle Leu Asn IlelHis Cys Asp Cys Asn Ile Pro Projval Leu Tyr Sec Ala Phe Thr 7rp Leu Gly Tyr Val Asn Ser
MMAH GAG TIC CGC AAG GCC ITC ATG AAG ATC CTG CAC 1GC IGA GTCTGCCCCTTGCCTGEAC
Ala val Aan Pro lle Ile Tyr Thr Thr Phe Asn]Ile Glu Pha Arg Lys Ala Phe Met Lys Ile Leu His Cys *
AGCAGCTGCTIGCCGCETCCCIGCCTAGGCAGGCCAGACCTCATCCCTGCANGETGTGGGCAGARAGGCCCAGATGOACTCAGECTTCTCTTGACCCTUCAGECTCTGCAGTGTTAGCT 1473
T6GCTCGOTRCCCCTCICTGCCCACACACCET TATCC TG CAGGGTAGGGCCAGGAAGACTGGTATS TTACCAGCTCTGGGOTTGOATCCATGGCTCAGAGCAGCTCACAGRGTGCCCC 1592
TTICAZATGCAGATCCTGTCTCCTTEGCACCAALGAAGCAGCAGCCTTCCTTGACCTTCCTC TCAGGCACGGAAGCTAGC TCAGTAGCGGAGCACACCTTGATTGTTGGCTTGGCCTAE 1711
CCCTTGCTITGCCTATOT TGGATCAGG TGOTAGAAGAGAAGGACAGT TCTTACT I TACAGGGACCACATAGGAARGCAGGGARCATGCCAAGGCCTCCAGGTGACGTTAGTGTCGGIASA 1630
CACACATAAACACCAGG TAGCTCCACGGACCCCAGAGAARC TGAGGCTGARAATC TGTTTTCCACCCCARC TCTAGTGTGARTCCCTACTTTCCATAGCAGTGGG TATTGCTATGITCT 1949
CoACTGTTATAGAATCCCATGGGGTTTCTOTACCT ICGEGGGAARATAAC TC TAATCC TCAAGGGCCCCAAGAGAGAC TG TARAGAGARAAATAGC TGATTICCC TCTACCSTCCARTC 2068
CACTCCGECACTICTIGACATACATIGGACATAGCCATTCCCCACAGCAGAT GCTGGACAGCCTGGGAAGT TEAGCC TTGGACCAGTGTTGGAGC TGAAGTTGGAGETGGTARCTIGEE 2187
GCICTIGGGECGGAGGETGTIGATAT: TTCCCTCTTCCAAGTCTCTITCTCTGCCAGTGCCTCTGIC I TAGAGGAGGCTGTGGATGEGGCTGCTGEGGCTGCTGATACCATIGGGTCTGEE 2306
CCIGAGTGAGGGTGGEGARGS TGCAGC T TGGAGGGGTCTGEGCTCCARCTCTGTAACATCACCATACATGCACCAAACCAATAAAACC TTGACARGAGTCATTCCCACGGARAR 2420
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Fig 1, Sequence analysis of the mouse Dopamine DaA receptor cDNA Nucleotide and predicied amino acid sequences are shown and numbered
inthe right hand margin beginning with the first methionine of the open reading frame Asterisks (*) indicale potential N-linked glycosylation sites
Putative protein hinase A sites are indicated () Trnangles ( A) indicate putative protein kinase C sites, casein kinase 11 sites are designated by
an arrow. The additional 29 aa specific to this 1soform are underlined »ith dashed lines The poly-A adenylation site 1s underlined as well as a
smal| open reading frame in the 5’ untranslated region i frame with the tirst ATG The putative 7 transmembrane domains are boaed
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amino acid sequences af G protein-coupled receptors
binding <catlonic amines (for review wee ref. 173, A
¢DNA was lsolated of 2549 bp with un open reading
frame coding far a 444 aa long protein (Fig. 1). The se-
quence was recognized ax encoding a Dy receptor
because of its high homalogy ta the D receptor ixolared
from rat brain cDNA (9], except for an inscrtion af 87
base pairs in the region corresponding 1o the putative
third intracyroplasmic domain. A similar farm of the
Dy receptor has been charactenized in ather spevies
(11-16].

Southern genomic blot analysis using speeific
oligonueleotides showed the presence of a single band
suggesting that the two eDNAS are products of the same
gene (Fig. 2), and they are likely to be gencrated by
alternative spheing as 1t hax been shown in rat and
humans £12,13,13),

3.2. mRNA distribuition analysis

In order to gain insights into the function of the two
D; dopamine receptor 1soforms, we investigated their
relative distribution in areas in which the D; receptor is
expressed, Therefore we performied a quantitative Si
nuclease mapping on mRNAs from pituitary and dif-
ferent areas of the brain of adult mice (Fig 3). A
75-mer oligonucleotide was synthesized spanning the
region of the putative third intracytoplasmic domain,
where the insertion 15 located. Experiments were per-
formed 1n probe excess, to ensure a correct quantifica-
tion of the data. This analysis shows that in pituitary
and stniatum DA 1s at least 3-fold more abundant than
D:B. Interestingly this ratio is completely inversed in
the brain stem where D:B 15 predominant (see Fig 3;
D:A and D;B). The differential cistribution of the D;
mRNAs in the brainstem obtained by S, nuclease

=4
[<}
[*]
w

Fig 2 Southern blot analysis of mouse genomic DNA 10 ug of

mouse genomic DNA were digested by either Pstl, Pvull or EcoRl as

indicated on each lane After transfer the filter was hybridized with

32p_labelled ohgonuclectides complementary to either D:A (from

nucleotide 724-784) or DA and D.B (from nucleotide 843-903) The

approximative size of the single bands detected by hybridization with
cither probes, 15 as indicated
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analysiv, revéals a difference in the ratio DiA:D:B
which has nat been detected before by Narthern or PCR
analysis. Northern analyvis is nat suitable for @ direct
quantification of the relative prexence of the two forme
of D; receptors, because of the lack of sequences
speeific ta the DB isaform. PCR analysis [13) also fail-
ed to reveal such a difference, probably due to a lack of
quantificatien in the PCR reactions, in which it is likely
that the longer form ix better amplified, ax it always ap-
pears predominant.

3.3, Functional expression

To determine whether DaA and DaB ¢DNAs encoded
functional receptors we introduced the sense or anti-
sense expression veciors by transient transfection in the
Cos7 cells, Membranes from transfested and non-
transfected cells were tested for their ability to bind
(*Hlspiperone [22], a D; specific ligand. Binding of
(*H)spiperone to these membranes was reversible
saturable and with high affinity for both types of recep-
tars (daty not shown). Fig. 4 demonstrates the ability of
a dopaminergic ligand, bromocriptine, to compete with
high affinity for specific [*H]spiperone binding to
transfected Cos? cell membranes (D2A ICx=5-10""
M; D;B ICs = 8:10"*M). Untransfected Cos 7 cells as
well as those transfected with the antisense constructs
were unable to bind [*H]spiperone, ruling out the
possibility that an endogenous dopamine receptor
could be responsible for the observed binding.

E § €
2 & g 2 5
& >3 20
agégggggé
m283885E835
-

..
.

Wi . g et~ ¢full length prode

t ). .t
L N, ¢ b2A
s £
R «D2B

Fig 3 Quanmtative S1 nuclease analysis of mouse brain and patuitary
mRNA 10 u4g of total mMRNA were hybridized to a synthetic 75-mer
oligonucleotide, 32p.end labetled by T4 polynucleotide kinase, com-
plementary to the D; receptors mRNA from nucleotide 79210 860 to
which a 6 nucleotides non-specific tail was added (spec act 10%/ug).
This probe was homologous for 51 nucleotides to both forms
(415-444) of D; receptors while 18 nucleotides were specific to the
DA (444) form The protected fragments were 51 nucleotides long
(D2415) and 69 nucleotides long (D.444) as expected, the 75
nucleotides full-length probe 1s indicated The marker used 1s a *2P-
labelled pBR 322 digested by Mspl, the size of the fragments shown
in the picture are in order 90, 76 and 67 base pawrs The tissue from
where the mRNA was extracted are indicated above each lane The
relative amount of mRNA corresponding to either form of D; recep-
tor was estimated by densitometnc scanimng of the autoradiogram
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Fig. 4. Binding aswsay. Competition upalyus af the dopaminerghe
ligane bromosripuine Foe ['FH)spiperone (0 $ nM) bindng 1 cor 7
cells, Bromoxripting concentrations are ds Indicated In the higure,

4, DISCUSSION

The D; dopamine receptor has been shown 1o
generate the activation of different signal rransduction
pathways upon binding to its ligand [24]. These effects
are mediated through its interactions with at least two G
proteins {25). In this paper we report the isolation of
two forms of the D; dopamine receptors from mouse,
D:A and D;B. These two forms generated by alter-
native splicing differ by an insertion of 29 aa between
position 241 and 27! in the putative third intracy-
toplasmic domain of the D;B receptor. This domain has
been shown to play an important role in the coupling to
G proteins in the case of the &:- and az-adrenergic
receptors [(26]. The finding of two 1soformis for the
dopamine D, receptor, that differ only 1n this domain,
raises the possibility of a differental coupling of these
two receptors to G proteins. The two dopamune D;
receptor amino acid sequences are highly conserved, in-
cluding the 29 residue insertion, 100% from mouse to
rat (97% homology at the nucleotide level, 1n the
translated region) and 95.7% from rodents to human
(90.45% at the nucleotide level, 1n the translated
region), suggesting functional constraints on these se-
guences.

In order to gain 1nsight 1nto their function, we analyz-
ed the RNA distribution of the D: receptor’s isoforms.
The D:A form is the most abundant throughout all the
areas tested with the exception of the brainstem, where
the D;B form 1s predominant. This finding points out
the interesting possibility that the D;B form could
represent the presynaptic D, auto-receptor, able to
regulate dopamine synthesis and release, since the
brainstem contains the nucler (substantia nigra) from
where the dopaminergic fibers arise. We could not
detect the presence of D; receptors in the adult mouse
liver, Like others did in rat [13]. We do not know
whether this is due to the himit of detection of our pro-
be, or whether the other authors used a fetal liver, as it
was not specified in their paper. Concerning their bin-
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ding affinity, classical pharmacolagival studies did nog
permit to dixcriminate between them ax both receptors
s¢¢m to have the same affinity for the ligand tested,
when transfected in con? cells, as well ac in other ¢ell
lines [12,13,14],

It has to be taken Inta account that the cell lines uwd
could be deficient or limiting in one of the specific G
proteins that bind (o these receptors [27]. Alternatively,
the high concentration of DNA transfected into these
célls, necessary to observe binding, could result in high
levels of receprors that wouid out number the available
G proteiny; thus the binding observed would corres-
pond mostly to reveptors that are nol coupled to G pro-
teins. Alternatively the difference between these two
receptors could reside in the activation of several se-
cond messenger pathways in a differential manner. For
instance, it has been shown that the aa-adrenergic
receptors can both activate plospholipase € and inhibit
adenylate cyclase [28].

Further studies will be aimed to detect a functional
difference between the two forms of the dopamine D;
receeptors: measuring the effect of their expression on
the adenylyl cyclase as well as on other signal transduc-
tion pathways in different cell hines.
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