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Molecular cloning studies have revealed the existence of three subtypes of ��-adren-
ergic receptor (��-AR), namely ���, ��� and ���. They are encoded by separate genes
and have distinct pharmacological profiles. In rats’ brain, the expression of mRNA for
subtypes of an ��-AR is partially structure-dependent. Our previous studies employing
Northern blot analysis of mRNA have shown that in the hippocampus, where ��� pre-
dominates, the ��� receptor (���-AR) was almost undetectable. The goal of the present
study was to establish the method of reverse transcription and competitive polymerase
chain reaction (RT-cPCR) to quantify a steady state level of ���-AR mRNA in the hippo-
campus, prefrontal cortex and thalamus, and to compare the ���-AR’ pattern of expres-
sion with that revealed by Northern blot analysis. Our results have shown that ���-AR is
similarly represented in the thalamus and prefrontal cortex. In the hippocampus, ten times
lower expression of ��� mRNA has been demonstrated with RT-cPCR, which was below
a detection limit of Northern blot hybridization technique.
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Abbreviations: RT – reverse transcription, PCR –
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The ��-adrenergic receptor (��-AR) family in-
cludes three subtypes, ���, ���, ���, identified by
molecular cloning and characterized pharmacologi-
cally (cf. [10]). All of them are coupled with G&'��

protein and mediate responses induced by nora-
drenaline. However, it has been postulated that they
differ in their role in signal transduction [6], and
Han et al. [5] proposed that ��� subtype is coupled
to dihydropyridine-sensitive voltage-gated calcium
channel. Although all subtypes of ��-AR are ex-
pressed in the rat’s brain [8], the functional differ-
ences between them are not clear [10].

We previously found that classical antidepres-
sant treatments enhanced the expression of mRNA
for ��� subtype in the rat prefrontal cortex [7]. No
change was observed in the ��� adrenergic receptor
(���-AR) as analyzed by Northern blot hybridiza-
tion. However, the latter needs to be confirmed
with more sensitive technique, since ��� receptor
was poorly expressed in the prefrontal cortex and
undetectable in the hippocampus. The goal of the
present study was to establish the method of re-
verse transcription and competitive polymerase
chain reaction (RT-cPCR) to quantify a steady state
expression of mRNA for ���-AR in the rat hippo-
campus, prefrontal cortex and thalamus, and to
compare it with the pattern of expression revealed
by Northern blot analysis.

The experiments were carried out on brain tis-
sues of male Wistar rats (200–250 g). The experi-
mental protocol was approved by the Committee
for Laboratory Animal Welfare and Ethics of the
Institute of Pharmacology, Polish Academy of Sci-
ences, and met the requirements of the European
Council Guide for the Care and Use of Laboratory
Animals (86/609/EEC). Total RNA was isolated
and purified from the prefrontal cortex, hippocam-
pus and thalamus by the method of Chomczynski
[1], utilizing TRIzol reagent (Invitrogen, Carlsbad
CA, USA) and following the manufacturer’s pro-
tocol. RNA quantity and purity were determined
by spectrophotometry (Pharmacia Ultrospec 2000
UV/Vis) and gel electrophoresis.

Northern blot procedure was carried out as de-
scribed previously [7]. Briefely, samples of total
RNAs were denatured (65°C for 15 min) in a RNA
sample buffer containing: 50% formamide, 1× Nor-
thern gel buffer (20 mM MOPS, 3 mM sodium ace-

tate, 1 mM NaEDTA), 0.5× Glycerol Loading Dye

(Amresco, Solon OH, USA) and 20 mM formalde-

hyde (Sigma, St.Louis MO, USA). Each sample of

total RNA was loaded in duplicate (20 �g/slot) and

electrophorezed in 1% HRB Agarose (Amresco,

Solon OH, USA) /2.2 M formaldehyde (Sigma, St.

Louis MO, USA) denaturing gel and 1× Northern

running buffer at 90V for 3.5 h. Then, RNA was

transferred to the Hybond N( membrane (Amersham,

UK) by capillary action (overnight) in 10x saline-

sodium citrate buffer (SSC), the blots were cross-

linked with UV. Filters were prehybridized (20 min

at 65°C) in RapidHyb buffer (Amersham, UK) and

hybridized with the ���-AR cDNA probe genera-

ted from PCR fragment (see RTI-PCR) and cloned

into )*�*TA cloning vector (ca. 6 × 10+ cpm/ml of

buffer) at 65°C for 2.5 h. After completed hybridi-

zation the blots were washed once for 20 min in 2×

SSC/0.1% SDS at room temperature, once for 15

min in 0.5× SSC/0.1% SDS at 65°C and once for

15 min in 0.2× SSC/0.1% SDS at 65°C. Blots were

exposed to autoradiographic film (BIOMAX MS,

Kodak) at –70°C for 36–48 h. The quantitative

analysis of hybridization products was done using

KODAK EDAS and 1D Image Analysis Software.

Ethidium bromide fluorescence of 28S ribosomal

RNA was used as an internal standard to control for

loading errors [3].
For RT-PCR method, primers sequences (sense

primer: 5’-GTA GCC CAG CCA GAA CAC CA-3’;

antisense primer: 5’-GGA AAA GAA AGC AGC

CAA AAC CT-3’) were selected from the sequence

of rat mRNA for the ���-AR (Rattus norvegicus,

Voigt, M.M., 1993; GenBank accession: X51585)

by using OLIGO Primer Analysis Software (ver.

5.0, NBI) to generate the 151 bp segment of ���

cDNA. The amplified region satisfied criteria of

optimal G/C content (60–65%) and minimal ho-

mology (less than 80%) with other known Gen-

Bank eukaryotic sequences. Synthesis of cDNA

from total RNA (RT reaction) of a brain structure

was performed in a 20 �l reaction mixture contain-

ing 1x AMV Reverse Transcriptase Buffer [50 mM

Tris (pH 8.3), 10 mM MgCl�, 50 mM KCl, 0.5 mM

Spermidine, 10 mM DTT], 2 units of RNAse In-

hibitor, 1 mM dNTP, 1 �M antisense primer, 2 �g

RNA and 10 units of AMV Reverse Transcriptase

(Amresco, USA). RT recation was performed with

Biometra Personal Thermal Cycler as follows:

72°C/5 min (denaturation), 4°C/3 min (cooling –
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AMV Reverse Transcriptase added), 25°C/10 min

(pre-heating), 42°C/60 min (reverse transcription).
cDNA for the ���-AR was amplified by PCR in

a 25 �l reaction mixture containing 1x RedTaq

DNA Polymerase Buffer [50 mM KCl, 10 mM

Tris-HCl (pH 8.3), 1.1 mM MgCl2, 0.1% gelatin;

Sigma, St. Louis MO, USA], 200 �M dNTP (Am-

resco, Solon OH, USA) each, 0.4 �M sense and an-

tisense primers (TIB MolBiol, Poland), 2 �l of RT

mix (containing ��� cDNA) and 0.625 units of

RedTaq DNA Polymerase (Sigma, St. Louis MO,

USA). The PCR was performed with Biometra Per-

sonal Thermocycler with the following parameters:

one denaturation cycle at 94°C/5 min, 34 cycles of

1 min at 94°C (denaturation), 1 min annealing at

64°C, 1 min of extention at 72°C and 7 min of final

extention at 72°C.
To produce the internal standard, the amplified

product of 151 bp ���-receptor cDNA was sepa-

rated by horizontal gel electrophoresis in a 3% low

melting agarose (Agarose SFR, Amresco, Solon

OH, USA), excised and purified using QIAquick

Gel Extraction Kit (QIAGene, USA). The fragment

was digested with restriction enzymes BstXI and

MspI (Fermentas, Vilnius, Lithuania) in separate

reactions. BstXI and MspI restriction fragments of

133 bp and 115 bp, respectively, were subsequently

purified by agarose gel electrophoresis, ends were

filled by Klenow enzyme and blunt-end ligated us-

ing DNA T4 Ligase kit (Fermentas, Vilnius, Li-

thuania). Ligation mixture was re-amplified using

the same PCR reagents and conditions as for initial

151 bp cDNA fragment. Product of the reaction,

having expected size of the internal standard (248 bp)

was verified by agarose electrophoresis and cloned

into PCR 2.1 vector (TOPO TA Cloning Kit, Invi-

trogen, Carlsbad CA, USA). Thus, the cloned insert

of 248 bp consisted of duplicated fragments of

���-AR cDNA, flanked by the original PCR primer

sites. Then, plasmid purified by mini-prep (QIA

Gene, USA) was used in serial dilutions for further

amplifications, as a competitive PCR target se-

quence.
For competitive PCR, target cDNA (reverse

transcribed from RNA samples of given brain

structure) was co-amplified with a dilution series of

competitor DNA template (the internal standard

plasmid) of known concentration (0.5–0.002 pg/�l).

The relative fluorescence of cDNA PCR product

versus internal standard fragment were measured in

EtBr stained 3% SFR Agarose gel (Amresco, Solon

OH, USA) with FluoroImager system (Fuji LAS-
1000, Japan). The plasmid concentration which
produced the internal standard product in a balance
with cDNA band was chosen for quantification of
���-AR mRNA of interest.

Our present study shows that the expression of
���-AR mRNA, as assessed by Northern blot ana-
lysis, is similarly and poorly represented in the
thalamus and prefrontal cortex, while it is undetect-
able in the hippocampus (Fig. 1). The latter is in
agreement with our previous observation [7]. Northern
blot hybridization revealed that the cDNA probe
specific for ���-AR detected a single mRNA tran-
script of approximately 2.4 kb. Although this tech-
nique is a standard procedure for identification and
size analysis of RNA transcripts, it can be not
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Fig. 1. Steady-state level of ���-adrenergic receptor (���-AR)
mRNA rat thalamus (thal), prefrontal cortex (cor), hippocam-
pus (hipp) determined by Northern blot analysis. Samples of 20
�g of total RNA were loaded in duplicates. Northern blots were
hybridized with specific cDNA probe prepared by amplification
of plasmid containing cDNA for ���-AR (~2000 bp rat homo-
log of the hamster ���-AR encoding cDNA in SP65 at EcoRI
site, generously provided by Dr. J.W. Lomasney). The probe
was radiolabelled with [���P]dCTP (ICN Pharmaceuticals,
Costa Mesa CA) by a random primer method (RediPrime DNA
Labelling System, Amersham UK) to a specific activity of ap-
prox. 2.4 × 10� dpm/�g. Primer’s design and cDNA probe were
prepared as described previously [7]. Hybridization of Northern
blots was proceeded as described under methods section. Ar-
rows show location of ���-AR (2.4 kb) and of residual 28S and
18S ribosomal RNA visualized by EtBr staining



enough sensitive in detecting of rarer molecules.
Under ideal conditions, a band that contains as little
as 1pg of RNA can be detected with a probe la-
beled to a specific activity of ca. 107 dpm/�g. How-
ever, in practice, the effective detection limit is
often ca. 5 pg RNA. An mRNA is usually consi-

dered to be abundant if it constitutes > 1% of the
mRNA fraction. The amount of 5 pg of an abun-
dant mRNA should be present in ca. 100 ng of total
RNA [2].

Considering the ���-AR as a rare molecule, we
employed the competitive RT-PCR procedure that
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Fig. 2. Competitive RT-PCR analysis of ���-adrenergic receptor mRNA from rat thalamus (A), prefrontal cortex (B) and hippocam-
pus (C). Left column: gel electrophoresis of PCR products. Lanes 1–9 represent different concentrations (0.002–0.5 pg) of competing
cDNA – internal standard (WZ, 248 bp) co-amplified with 2 �l of RT products, i.e. cDNA (151 bp) reverse transcribed from total
RNA of rat brain structures. Right column: Log-log regression of the data shown in the left column. The X axis represents the concen-
trations of WZ. The Y axis represents the ratio of WZ to the 151 bp cDNA (calculated from optical density of electrophoretic
bands).The equivalence point (log Y = 0) indicates the amount of cDNA of interest



allows the precise quantitation of specific mRNA

species. This method can be used to quantitate

much less than 1 pg of target cDNA from 1 ng of

a total mRNA fraction and can distinguish twofold

differences in mRNA concentration [4]. Thus, it

seemed to be more accurate for quantification of

weak expression of ���-AR mRNA. The strategy

of the competitive PCR technique involves co-

amplification of a competitive template that uses

the same primers as those of the target cDNA but

can be distinguished from the target cDNA after

amplification.
Quantification of steady state expression of

���-AR mRNA using the competitive RT-PCR re-

vealed that average amount of reverse transcribed

cDNA in the rats prefrontal cortex and thalamus

was as low as 0.02–0.04 pg (Fig. 2A–2B). Since

the cDNA was reverse transcribed from 2 �g of

total RNA, it can be presumed that ca. 0.3 pg of

mRNA should be present in 20 �g of total RNA,

the amount applied to the Northern blot. The level

as low as 0.3 pg of mRNA is close to a detection

limit of the Northern blot procedure and for ex-

plaining many problems we had in the past using

this technique for an assessment of ���-AR quantity.

In contrast to the current Northern blot analysis and

in situ hybridization as demonstrated by Pieribone

et al. [8], the ���-AR mRNA expression was de-

tected in the hippocampus while using the competi-

tive RT-PCR (Fig. 2C). However, the amount of re-

verse transcribed cDNA was ca. 2 fg demonstrating

at least ten times lower expression of the hippo-

campal ���-AR than those found by us in other two

brain structures.
Similarly to other authors [9], the competitive

RT-PCR has been recognized by us as a useful tech-

nique for the detection of low-abundance mRNA

species. However, this very sensitive technique

may also generate some problems that should be

considered. In contrast to Northern blot, it produces

a considerably higher incidence of standard error

(ca. 20–30%). Thus, small differences in mRNA

expression sometimes remain undetectable. An-

other limitation of the competitive RT-PCR that

should be kept in mind, is its narrow range of line-

arity (a risk of overamplification). Because of those

reservations we propose that the use of competitive
RT-PCR should be in concert with Northern blot
for analyses of abundant mRNA expression, which
will improve the reliability of the obtained results.
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