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Abstract

Adrenergic receptors are pharmacologically classified into the receptor &jpes, B1, B2,
andps. Structural differences and varying affinities in radioligand binding studies lead to a further
classification of1- and ap-receptors into subtypes which are termegh (formerly a1c), a1g,
andap (formerly a1ap), andagap, azg, andasc, respectively. mRNA expression of all but one
a-adrenergic receptor subtypes and ofsaidrenergic receptor types was measured quantitatively
in total RNA extracted from mammary tissue of 10 lactating dairy cows by real-time reverse tran-
scription (RT) polymerase chain reaction (PCR). mRNA expression-@drenergic receptors was
highest for thex;a-subtype followed byx1g, whereas thev;p-subtype could not be detected. The
highest mMRNA expression of;-adrenergic receptors was found for tiygp-subtype, followed by
azp andac. Within the g-adrenergic receptors, tige-receptor type was most highly expressed,
followed byp1 andps.

In conclusion, eight of nine adrenergic receptors classified to date were detected and relatively
guantified in the mammary gland of dairy cows.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

The various physiological effects of the adrenergic system in different tissues are mediated
by binding of catecholamines to alph&){ and beta §)-adrenergic receptors. Adrenergic
receptors belong to the family of G-protein-coupled receptors which are located in the cell
membrane. The primary structure of these proteins is remarkably similar; most characteristic
are seven stretches of hydrophobic transmembrane spanning domains which are connected
by alternating intracellular and extracellular loops, with the amino terminus located on the
extracellular side and the carboxy terminus on the intracellular side. The binding sites for
adrenergic ligands are contained in a binding crevice formed by transmembrane spanning
domaing1]. So far,a- andB-adrenergic receptors have been pharmacologically classified
into the receptor types; anday, andB1, B2 andBs, respectively. Between these receptor
types there are functional differences and often antagonistic effects, e.g. vasoconstriction
mediated byx1- anday-receptors and vasodilation mediated@yyreceptorg?].

Structural differences and varying affinities in radioligand binding studies within the
a1- andas-adrenergic receptor type show heterogeneity and lead to a further classification
into receptor subtypel8]. Several molecular cloning studies suggest that there are three
distinct subtypes ofi;-adrenergic receptors, originally classifiedcasp, a1g andaic
[4,5] and four distinct subtypes ef;-adrenergic receptorepa, a2, azc andayp [6,7].
Recentlyaoa- andasp-adrenergic receptors were combined to one receptor subpype
[8,9] as they seem to be variants of the same adrenergic receptor between spegjgasithe
human and porcine and thep in rat, murine and bovine, differing in one amino acid only
[10].

According to a recent classification of adrenergic receptors in human pharmacological
researchxi-adrenergic receptors were subdivided int@, (formerly a1c), @18 andaip
(formerly a1ap), Whereas thex-subclassification remained as described alppldn this
study, we kept to the new classification into thege anday-adrenergic receptor subtypes
each, which are designated A, B, andiQ), and AD, B and C¢y), respectively. The former
nomenclature of thes-adrenergic receptor subtypes is additionally shown in brackets.

So far, expression af;- andas-adrenergic receptor subtypes has been studied mainly in
rat but also in human, rabbit and other species by Northern blot analysis. Diversity of tissue
distribution ofa1- andas-adrenergic receptor subtypes indicate that different species may
express different receptor subtypes in different tis$8ps

Especially vascular adrenergic receptor subtypes play an important role in human phar-
macological researcfll]. In veterinary research, however, functional purposesof
anday-adrenergic receptor subtypes have not been discussed yet whereas pharmacological
functions of the adrenergic receptor typesanday, andB1, B2 andps, respectively, are
well known. In the bovine mammary gland, stimulatiorBefdrenergic receptors facilitates
milk removal[12,13] whereasx-adrenergic receptor stimulation reduces total milk yield
and peak flow ratfl4,15] The presence af1-, ap- andp-adrenergic receptor binding sites
in the bovine mammary gland has been demonstrated previfiight 9] On the level of
MRNA expression, only two adrenergic receptor (sub)typesythg,)- andp,-adrenergic
receptor, were detected in the bovine mammary g[aog

We tested the hypothesis that those @badrenergic receptor subtypesifc), a1B.
Q1D(AD), ®2AD, 028, aioc) and threg3-adrenergic receptor typeRy, B2, B3) are presentin



T. Inderwies et al./ Domestic Animal Endocrinology 24 (2003) 123-135 125

the mammary gland of dairy cows. Therefore, a highly sensitive and quantitative method,
a real-time reverse transcription (RT) polymerase chain reaction (PCR), was developed to
detect and quantify the mRNA expression of these receptors.

2. Materialsand methods
2.1. Total RNA preparation and cDNA synthesis

Mammary tissue samples of the udder of 10 lactating cows were taken immediately
after slaughter, snap frozen in liquid nitrogen, and stored-&®°C. For RNA prepa-
ration, 200 mg of mammary tissue was homogenized with an Ultra-Turrax homogenizer
(T 25, Janke & Kunkel, Staufen, Germany) using 2 ml TriPure Isolation Reagent (Roche
Diagnostics, Mannheim, Germany) followed by 5min of incubation at room tempera-
ture (rt). After addition of 0.4ml chloroform, 10-min incubation at rt, and centrifuga-
tion for 15 min at 13,500« g and 4°C, the RNA being in the upper aqueous phase was
carefully pipetted and precipitated by adding 0.5ied-2-propanol and centrifuged for
10min at 13,500« g at 4°C. RNA pellets were washed with 75% ethanol and again cen-
trifuged at 8000x g for 8 min at 4°C. The supernatant was decanted completely, and
after drying for 10 min at 37C, the remaining pellet was diluted in g0 RNase-free
water.

In order to quantify the extracted total RNA, optical density of the RNA stock solution
was determined at 260 nm. Additionally, optical density of thegdRAn/OD2go nm(nucleic
acid/protein) absorption ratio was measured which lay in an optimum range between 1.8
and 2.0. The stock solution was diluted into a work solution of 10Qhgy RNase-free
water and again optically determined at 260 nm.

Synthesis of first strand complementary DNA (cDNA) was performed with 200 units
reverse transcriptase (MMLV-RT, Promega, Madison, WI, USA) and 100 pmol random
hexamer primers (MBI Fermentas, St. Leon-Rot, Germany). Final concentration of reversely
transcribed total RNA was 25 ngl.

2.2. Oligonucleotide primers

Nine different primer pairs (sense and antisense primer) were designed using published
bovine or human nucleic acid sequen¢@®1-28] To demonstrate the amplification of
only the cDNA but not the genomic DNA (gDNA) the sense and antisense primers of every
target gene were placed in two different exons of the gene. So the length of the PCR products
of cDNA and gDNA differed.

Oligonucleotide primers for each subtype were designed by multiple sequence align-
ments of published nucleotide sequences of different species (HUSAR program, DKFZ,
Heidelberg, Germany). In regions of high homology primers were designed from nucleotide
sequences of about 20 bp long. Another multiple sequence alignment between sequences
of the subtypes within one receptor type (exgap, a2, axc) showed very low homology
and verified that regions of designed oligonucleotide primers were subtype specific.

Primer information, product length, and the EMBL ac. numbers are list&dbie 1
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Table 1
Sequence of PCR primers, position of the primers:(forward; r = reverse) in the coding sequence (CDS), PCR
product length, and EMBL ac. no. (species in brackets) of the used published nucleic acid sequences

Primer Sequence (5>3) CDS Length EMBL ac. no.
aac) f GTGAACATTTCCAAGGCCAT 61-80 310 J05426 (bovine)
a1A©) F GGTCGATGGAGATGATGCAG 351-370

agp f ACTTCACTGGCCCCAACCAG 71-90 388 L31773 (human)
a1l TACTGCAGAGAGTAGCGCAC 439-458

a1paD) f ACCTGCAGACCGTCACCAACTA 392-413 191 D29952 (human)
a1pAD) I GGTGCAGAGGCTGAGGA 566-582

agap f TCATCTCGGCCGTCATCTCCTT 476-497 178 U79030 (bovine)
a2ap T CGCACATAGACCAGGATCATGAT 631-653

aop f TTGCTGGGCTACTGGTACTTC 220-239 296 Y15944 (bovine)
o I TACCAGGCCTCTTGGTTGAGCT 494-515

agcf TGCGCGCCCCGCAGAACCTCTTCCT 245-269 403 NB00683 (human)
acl ATGCAGGAGGACAGGATGTACCA 625-647

By f TCGCCCTTCCGCTACCAGA 566-584 160 AF188187 (bovine)
Bir ACTCGGGGTCGTTGTAGCA 707-725

Bof TCATGTCGCTTATTGTCCTGG 116-136 202 786037 (bovine)
Bar CACCAGAAGTTGCCAAAAGTCC 296-317

Bsf ACCGTGGGAGGCAACCTG 151-168 155 X85961 (bovine)
Bar TGGCCGGTCAGCGCCAA 289-305

UbC f AGATCCAGGATAAGGAAGGCAT 86-107 654 718245 (bovine)
UbCr GCTCCACCTCCAGGGTGAT 721-739

GAPDH f GTCTTCACTACCATGGAGAAGG 265-286 197 U85042 (bovine)
GAPDH r TCATGGATGACCTTGGCCAG 442-461

2.3. Quantification by real-time PCR

Polymerase chain reaction was performed in the LightCycler (Roche Diagnostics) with
25 ng reversely transcribed total RNA (25 pt)/ Further reaction components for the Light-
Cycler reactions were 140 LightCycler FastStart Mastermix (Roche) (containing Taq
DNA Polymerase, reaction buffer, 10 mM MgCIANTP mix, and SYBR Green | dye),

4 mM MgCly, 4 pmol forward primer, 4 pmol reverse primer, and sterile water up to a final
volume of 10ul.

Prior to amplification an initial denaturation step (10 min at@% ensured complete
denaturation of the cDNA. All PCR reactions were performed with a total of 40 ampli-
fication cycles. Product-specific PCR cycle conditions for all receptor (sub)types and the
housekeeping genes are summarizeddble 2 After the last amplification cycle, PCR
products were specified in a melting curve analysis as each product has its specific melting
temperature depending on the GC-contdiat{e 2. In this way it could be demonstrated
that there were no primer dimers or unspecific amplification products.

To verify the specificity of each PCR quantification method the PCR amplicons were
sequenced (MWG BIOTECH, Ebersberg, Germany). For each product three PCR runs
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Table 2
Product-specific LightCycler-PCR conditions of adrenergic receptor (sub)types and housekeeping genes (hkg)
ubiquitin (UbC) and glyceraldehyde-phosphate-dehydrogenase (GAPDH)

Adrenergic receptor Denaturation Primer annealing Elongation Melting temperature
(sub)type and hkg (°C)meantS.E.M.;
0 () (s Q) n=10

Q1A(C) 95 600 60 10 72 20 90:% 0.0

a1B 95 600 60 10 72 20 914 0.1

Q1D(AD) 95 600 60 10 72 10 86.20.1

®2AD 95 600 65 10 72 20 891 0.1

aB 95 600 65 10 72 20 91%0.1

axc 95 600 65 10 72 20 934 0.1

B1 95 600 60 10 72 10 924 0.0

B2 95 600 60 10 72 10 884 0.1

B3 95 600 60 10 72 10 9180.1

UbC 95 600 62 10 72 25 8750.0

GAPDH 95 600 58 10 72 20 8840.1

Total number of cycles: 40.

were performed to gain sufficient amounts of PCR amplicons. Comparison between the
sequenced PCR product and the corresponding published coding sequence resulted in a
nucleotide sequence identity of at least 95-100% (HUSAR program, DKFZ, Heidelberg,
Germany).

Ubiquitin (UbC) and glyceraldehyde-phosphate-dehydrogenase (GAPDH) were chosen
to confirm constant housekeeping gene (hkg) expression levels in the investigated cDNA
sample$29,30] Given the possibility that these genes, too, are regulated to a certain extent,
the mean value of UbC and GAPDH for each sample was chosen to gain an optimum of
constant expression level.

2.4. Mathematical and statistical evaluations

MRNA expression was evaluated by amplification curve analysis of the LightCycler
real-time RT-PCR. After incorporation into double stranded DNA (dsDNA), SYBR Green
| (DNA binding dye) shows fluorescence emission and increases according to target am-
plification with cycle number. The exponential phase of the PCR becomes detectable when
the fluorescence signal from accumulated PCR product is greater than the background flu-
orescence. To eliminate uniformative fluorescence background points, a fixed fluorescence
threshold line is set to the exponential portion of the amplification curve as low as possible
(in this case at a fluorescence level of 3) without including any background points. The
intersection of the threshold line and the amplification curve represents the crossing point
value[31].

Crossing points (CP) for each receptor (sub)type were determined at a constant fluo-
rescence threshold line for all receptor (sub)types (fit points mefBag); CP results are
shown as raw data of the PCR amplification program of the LightCycler for each receptor
(sub)type and for the hkg UbC and GAPDH. The hkg mean value of each sample was used
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for a normalization of the amount of every target gene which results il\tBE value.
The AACP value represents the difference betweemtfi® of the target gene and of the
lowest expressed adrenergic receptor subtype within each recepto=type, 2c, B3)

or within all nine receptor (sub)types-3), respectively. Relative expression levels within
each receptor type are given by the arithmetic formala%cF [32]. The logarithm dualis
(log 2) is based on an optimum efficiendy) (of PCR which iSsE = 2 where the PCR
product is replicated every cycle.

Data are presented as meanS.E.M. For statistical evaluations the SAS program pack-
age[33] was used. Effects of the animal and the adrenergic receptor type were tested for
significance £ < 0.05) by ANOVA using the General Linear Model (GLM) procedure.
Differences between receptor subtype gene expression within each receptatity@g (
andp) were localized with the least significance difference test (LSD).

3. Results
3.1. Confirmation of primer and PCR-product specificity

Specificity of the desired products in bovine mammary gland total RNA was documented
with melting curve analysis and additionally with high resolution gel electrophoresis. De-
rived mean melting temperatures of PCR products were product-specific and are listed in
Table 2

3.2. Bovinaxip-, @1pap)-, andaac-sequences

Three of the nine distinct adrenergic receptor (sub)types were previously not described
as bovine nucleotide sequencess, a1pap), andooc.

The a1pap)-adrenergic receptor subtype was not detectable in the bovine mammary
gland on the level of MRNA expression. There was a definite product peak in the real-time

Table 3
Crossing points (CP), shown as raw data (mg&aBE.M.; n = 10) of the PCR amplification program of the
LightCycler for each adrenergic receptor (sub)type and for the housekeeping genes (hkg) UbC and GAPDH

Adrenergic receptor CP Significance within the receptor
(sub)type and hkg typesai, a2, andp (P < 0.05)
QIA(C) 28.19+ 0.45 a

a1 30.74+0.51 b

OL2AD 27.11+ 0.23 a

azp 31.344+0.17 b

oC 32.39+ 0.12 C

B1 29.94+ 0.25 b

B2 28.51+0.30 a

B3 32.81+0.42 c

ubC 19.80+ 0.29 -

GAPDH 22.96+ 0.21 -

(a—c): means without common letters are significantly differént(0.05).
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PCR but the PCR product length was lower than required. Complete sequencing of this nu-
cleotide fragment was not possible. A 388 bp fragment fontiieadrenergic receptor sub-
type, which is 94.3, 91.0, and 89.6%, respectively, homologue with corresponding regions
of human, rat and mouse nucleotide sequences was idenkfged), and a 403 bp fragment

bovine [ACTTCACTGG CCCCAACCAG ACCTCGAGCA
human 51 ~~~~~mvmnss vovmmmvmmvvn S oo oo oo m oo oo oo
rat Bl ~mwmmmmmamm mmmsms s mmmmmmm o mmmmmmmmmm —mm e —mm oo
mouse 51 ~~~mmsmmss mmsmmmsmmss mmmmmmmmmm o mmmmmm o —o—m o ——— oo
bovine ACTCCACACT GCCTCAGCTG GACATCACCA GGGCCATCTC CGTGGGCCTG
human  ---------- e O T---------
rat = 0 ---------- ---C------ ===G--mmmm mmmmmm - T-----==--
mouse = ---------- ---C------ B € T------ TGT
bovine GTGCTGGGCG CCTTCATCCT CTTTGCCATC GTGGGCAACA TTCTAGTCAT
human =  ---------- —-“------ oo o -C--------
rat === ---------- mmmmemmeom —mmmmmmeem — - - -CT-G-----
MOUSE = —---=-===-- —----———-- ——--———--- —-———--—-- -CT-G-----
bovine CTTGTCTGTG GCCTGCAACC GTCACCTGCG GACGCCCACC AACTACTTCA
human ---------- ---------- B R
rat -C----G--- ---------- i T-
mouse -C----G--- ---------- L A--- —---------
bovine TCGTCAACCT GGCCATTGCC GACCTGCTGC TAAGCTTCAC CGTTCTGCCC
human “T----m e - G--- ==~ T -G-------- ---C------
rat == eeececmeccee cecceeeea- T =cecee==- T -G--T-==--- A--A----=--
mouse e T --------- T -G-------- A-AC------
bovine TTCTCTGCTG CCCTGGAGGT GCTTGGCTAC TGGGTGCTGT TCTGGATCTT
human ----- A--G- ----A----- e O G GGC-------
rat  ----- C---A ----A--A-- --------mm ——m——-— - -GA-TT----
mouse = ----- C---A ------- A-- ---C------ --------- G GGC-C-----
bovine CTGTGACATC TGGGCCGCCG TGGATGTCCT GTGCTGCACA GCCTCCATTC
human =~ ---------- ----- A--mm mmmmm e e --G-------
rat = —memmmmm—mm —-— - A--G- -A-------- ------ T--G -------- C-
mouse = ---------=- ----- A--G- -T-------- ---T----- G -------- C-
bovine TAAGCCTGTG CGCCATCTCC ATCGACCGCT ACATTGG
human L T---- ----C----- ----mmmmm-
rat -G----- A-- T------o-- R T ---A------
mouse -G----- A-- T--------- e ---T------
bovine ~~ 460

human ~ --------~~ 460

rat =0 -~ 460

mouse = --------~~ 460

Fig. 1. Partial nucleotide sequence of boving-adrenergic receptor subtype (new EMBL ac. no. AJ488280) and
its alignment to human (EMBL ac. no. L31773), rat (EMBL ac. no. M60655), and mouse (EMBL ac. no. Y12738)
agg-adrenergic receptor. Primer localisations are framed.
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fortheasc-adrenergic receptor subtype, which is 94.5,93.1, and 92.3%, respectively, homo-
logue with corresponding regions of human, rat and mouse nucleotide sequeigc. (

The new nucleotide fragments have been submitted to the EMBL Nucleotide Sequence

Databases and assigned the accession numbers AJ48828@u(d AJ488281d>c).

bovine W ---------m mmmmmm e oo o ————
human 201 ---------- - — e e e — e m o
rat 201 ---------- S --- o — o m mmmmmmmm o - mmmm-—— -
mouse 201 ---------- S - — e e e m o o —— o
bovine |CCCCGCAGAA CCTCTTCCﬂG GTGTCGCTGG CCTCCGCTGA CATCCTGGTG
human -G--A----- mmmmmmmmmm m e e mmmm - - - ----G--C-- -=---------
rat =00 ——mmmmmmm mmmmmmm s —— - T---- ----A----- —=-------~
mouse = —--------- —-——-——-— - - T---- —=-=--A----- -——-----—--
bovine GCCACACTGG TCATGCCCTT CTCGCTGGCC AACGAGCTCA TGGCCTACTG
human ----- G---- - e
rat =0 meeememmmmmm mmmmmmoo-- T---mmm e - meT e e e e oo
mouse = ---------- ---------- T-T------- —-T------- -
bovine GTACTTCGGG CAGGTGTGGT GCGGCGTGTA CCTGGCGCTA GACGTCCTCT
human - @ ---------- -------"-"-"- - - Cc --T--G--G-
rat 0 0 ------ T--- --A---=---- “T--T-==-=-=- -=--==-- A--G ----- G----
mouse @ 0 ---------- --A------- -T--T--A-- ------ A--G ----- G----
bovine TCTGCACCTC GTCCATCGTG CACCTGTGCG CCATCAGCCT GGACCGCTAC
human -T-------- -==-G------ --T--=-- Te mmmmmmmmmm mmmm o — -
rat =00 cm e mm o s e mmmmmm oo T- - ---T----- -——-—---——-
mouse = —---—- === == —mmmm——m—— — - — - T- ----T--T-- -—=---------
bovine TGGTCCGTGA CCCAGGCCGT CGAGTACAAC CTGAAGCGCA CGCCGCGCCG
human ----- G---- -G---===== —-mmmmmmmm —mm oo -A--A-----
rat 0 ----- G---- -G--A--G-- A--------- ———----—-- -—--A-----
mouse = ----- G---- -G--A--G-- A------m== mmm o mmmm —mm oo
bovine CGTCAAGGCC ACCATCGTGG CCGTGTGGCT CATCTCGGCC GTCATCTCCT
human - ---------- -------- C- -\~ - -
rat i i T ----------
mouse J I C-=-T =---memmm==
bovine TCCCGCCGCT AGTCTCGCTC TACCGCCGGC CCGACGGCGC CGCCTACCCG
human  ---------- G----- G--- ------- A-- —mmmmmmm - m —mmmmm - - -
rat = @0 0 ------- T-- C----- TT-- —----— === ——mmmmm—— = ——— -
mouse = @ ------- T-- C------ Teoo mmmmmmmme e —m oo - - T--- ------ T---
bovine CAGTGTGGCC TCAACGACGA GACCHGGTAC ATCCTGTCCT CCTGCATF——
human ----- O e et 650
rat @ ----- C---- —------ T-- —-----—--- B 650
mouse = ----- C---- - T-- - -~ ———\———- -=-T------ - - - m - 650

Fig. 2. Partial nucleotide sequence of bovine-adrenergic receptor subtype (new EMBL ac. no. AJ488281) and
its alignment to human (EMBL ac. no. NI00683), rat (EMBL ac. no. M58316), and mouse (EMBL ac. no.
NM_007418)a,c-adrenergic receptor. Primer localisations are framed.



Table 4

Relative mRNA expression of -, az- and B-adrenergic receptor (sub)types and hkg (n = 10)

Adrenergic receptor ACP (target — AACP (ACPyyrget — x-fold mRNA AACP (ACPyarget — x-fold mRNA
(sub)type mean hkg) ACPiowest expressed (sub)type) expression (ZiAACP) ACPiowest expressed adr. rec.) expression (27AA(‘P)
QA +6.81 £ 0.37% —2.554+0.37 5.86 (4.53-7.57) —4.62 +0.37 24.59 (19.03-31.78)
1B +9.36 + 0.44° 0.00 + 0.44 1.00 (0.74-1.36) —2.07£0.44 4.20 (3.10-5.70)
Q2AD +5.74 £ 0.18% —5.27+£0.18 38.59 (34.06-43.71) —5.69 £ 0.18 51.63 (45.57-58.49)
B +9.97 £ 0.27° —1.04 £ 0.27 2.06 (1.71-2.48) —1.46 £0.27 2.75(2.28-3.32)
asc +11.01 £ 0.21¢ 0.00 £+ 0.21 1.00 (0.86-1.16) —0.42 +0.21 1.34 (1.16-1.55)
B1 +8.56 + 0.26" —2.87 £0.26 7.31 (6.11-8.75) —2.87 £0.26 7.31 (6.11-8.75)
B2 +7.13£0.17% —4.30 +£0.17 19.70 (17.51-22.16) —4.30 £ 0.17 19.70 (17.51-22.16)
B3 +11.43 £ 0.42°¢ 0.00 + 0.42 1.00 (0.75-1.34) 0.00 +0.42 1.00 (0.75-1.34)

(a—c): corresponding means (within one receptor type) without common superscript letters are significantly different (P < 0.05). Column 2: ACP (CP difference)
presents each receptor (sub)type CP value normalized to an internal reference (mean hkg CP value). Columns 3 and 5: AACP values are evaluated as the normalized
target genes (ACP values) are relative to a calibrator, which is the lowest expressed receptor (sub)type within each of the three receptor types ay, az and § (=a1B, a2c,
B3) (column 3), or within all adrenergic receptor (sub)types (=B3) (column 5). Columns 4 and 6: Relative mRNA expression levels within each of the three receptor
types ay, az and 3 (column 4) and within all nine adrenergic receptor (sub)types (column 6) are given by the arithmetic formula
(E) of the PCR is E = 2 where the PCR product is replicated every cycle (AACP — S.E.M. and AACP + S.E.M. are shown in brackets giving a range for the mRNA

expression).

27AACP

assuming that the efficiency

GeT-£2T (€002) ¥Z ABojounoopul [ewiuy onsswoqd/ e 18 ssimispul L

TET
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Sequence alignments (to verify a subtype specific product amplification) between the
amplified product sequence and sequences already known showed high homology within
one (sub)typediac): 88—100%,a18: 88-95%;azap: 82—-100%,028: 86—100%,00c:
84-95%;B1: 87-100%,32: 87—-100%,B3: 86—99%). Sequence alignments between the
amplified product sequence and sequences of other (sub)types resulted in low homology
(betweenn-adrenergic receptor subtypes: 67—-73%; betweeadrenergic receptor sub-
types: 68—72%; betweddradrenergic receptor types: 55-71%).

3.3. Distribution of mMRNA expression

MRNA of almost all adrenergic receptor types and subtypes classified to date could be
detected. MRNA expression levels of the various receptor (sub)types are shown as uncor-
rected CP values iffables 3 and 4vithin each of the three receptor types, a, and
(column 4), and within all receptor types and subtypes (column 6).

The axap-receptor subtype shows highest expression levels not only amongpthe
receptors, followed bwog andasc, but also in comparison with all adrenergic receptor
(sub)types. Within thex;-receptor type mRNA of theuiac)-Subtype is most frequent,
followed bya1g, and within the3-receptors th@,-receptor type is most highly expressed,
followed byB; andps.

On the level of MRNA expression the receptor (sub)types are distributed as follows:
QA(C) > Q1B, ®2AD > Q2B > apc, andBs, > B > Bs. Expression levels of the adrenergic
receptor subtypes show noticeable differences within each of the receptoatypesand
B (Tables 3 and

4. Discussion

In this study, mRNA expression of almost all established adrenergic receptor types and
subtypes were detected in the mammary gland of dairy cows. Adrenergic receptors are
classified into nine adrenergic receptor types and subtypes. Within thada,-adrenergic
receptor type there are three subtypes eagh), a1, ®1paD), andazap, azB, azc, and
within the B-adrenergic receptor there are three receptor type$2, andps [9,11].

For six of those nine receptor (sub)types, bovine nucleotide sequences had been pub-
lished; for the remaining three factoraig, a1pap), andasc) human sequences were
used for the primer design. The new bovine nucleotide fragmentsandasc) could be
amplified by PCR and sequenced.

For thea1pap)-adrenergic receptor subtype the primer design seemed to be successful
looking atthe real-time PCR results showing a specific product peak which was reproducible
in many different mammary gland and also liver cDNAs. The length of this PCR product,
however, was approximately 80 bp shorter than expected and sequencing of this fragment
was only partially successful. Thus, it can be concluded that the amplified PCR product of
the a1pap)-adrenergic receptor subtype is not the one required and, even more, that the
a1paD)-adrenergic receptor subtype perhaps does not occur in the bovine mammary gland.

Different mMRNA expression levels could be shown by variation of crossing points (CP)
of all receptor (sub)types in the LightCycler RT-PCR. The CP indicates the cycle number
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at which the fluorescence signal of the amplified target reaches a fixed threshold line. The
higher the initial amount of genomic DNA, the sooner accumulated PCR product is detected
in the PCR process, and the lower is the CP value.

The amount of target gene was normalized to an internal reference, which was the mean
of the housekeeping genes UbC and GAPDH. Housekeeping genes are expected to be
unaffected by experimental treatments, i.e. show constant expression levels and thus serve
as control genes. In this study, UbC as well as GAPDH showed similar but not identical
MRNA expression patterns in the investigated samples (L0). Working with the mean
values of both housekeeping genes perhaps mirrors best a constant expression level that can
be used for a normalization of the target genes.

Values of the normalized target genesACP values) were given relative to a calibrator
gene which is an arbitrary constd84]. In this study, the lowest expressed receptor subtype
within each of the three receptor typesd(ig, azc, B3) and on the other hand the lowest
expressed receptor subtype of all adrenergic receptor (sub)tyfes (vere chosen as
calibrators. The resulting values are termedAasCP as the calibrator value itself is a
normalized target gene, i.e 2£CP value.

mRNA expression was evaluated by the formutd* 2P assuming that the efficiency
(E) of the PCRisE = 2, which means that the PCR amplicons were duplicated every cycle.

On the level of MRNA expression, tiRe-receptor was the most abundg@nteceptor type
in the bovine mammary gland. Expression level®of andBs-receptor mRNA were not
surprisingly lower than of th@,-receptor;B3;-adrenergic receptors were described to me-
diate mainly cardiovascular responses to endogenous catecholgbiihd$heps-receptor
type is the most capable adrenergic receptor for inducing lipolysis and thus is present mainly
in fat tissueq35]. In earlier investigations receptor binding sif¢8] as well as receptor
MRNA [20] of theB,-receptor were found in the mammary gland of cows. In receptor bind-
ing studies varying affinities @-specific antagonists indicated a predomirf&iteceptor
population and a small number pf-adrenergic receptors in teat musd#8].

Distribution of ap-adrenergic receptor subtypes-mRNA in the bovine mammary gland
corresponded with earlier studies that describedthag-adrenergic receptor subtype as the
most abundant one located post- as well as presynaptically in different tissues and gpecies
Measuring mRNA-levels by Northern blot—also in different tissues and species—indicated
a higher distribution of thei1a(c)- andagg-receptor subtype than of tha pap)-receptor
subtyp€e[2] which was also matching with our results obtained by RT-PCR.

Mean receptor density found in teat tissue by radioligand binding studies was highest for
ap-receptors, and slightly lower for; -receptor$17,18] Those earlier findings are difficult
to compare with the distribution eof;- andas-adrenergic receptor subtypes on the level of
MRNA expression because the available ligands were not subtype selective.

In conclusion, eight of nine known adrenergic receptor types and subtypes were detected
in the mammary gland of dairy cows on the level of MRNA expression despite their low
abundance. Expression levels of adrenergic receptor subtypes vary considerably.
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