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Summary: We have cloned and sequenced 2.8 kilobases of cDMA encoding ihe mouse androgen
recepior by ENA amplification with transcript sequencing. Sequence analysis predicis thal this
cVNA contnins an open reading frame of 2697 noclectiles encoding a polypeptide of B9 amino
acids, Amdropen recepior cDNA probes of dog, puines pig. and frog were also isolated pnd
sequenced using consensus primees desived from human and ral androgen receptor cDNA 8.
Morthern blot unnl!.:i.: with the :pu:iﬂ.-rpuci!'u: pmbn reveabed similarities in size between
amphibian and mammalian mBMA s These results demonstrate the wility of this technigqus in
whtaining nucleic acid probes and sequence mformaiion of sterold receprors from dillerent
spﬁ:iﬂ.. The sequEnce data and the Mortherm Bt :lrl.ll:,':i: of the receptors in different :pﬁ:iﬂ.
demonstrate  that the andregen receptor has besn well-conserved during evolution. 180
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Androgen sction has been studied widely in different species due to its important role in
male physiclogy and patholopy. Species-specific molecular probes for AR are requlred 1o addiess
biological questions m & particalar specics al the modecular level Since cDNA probes for both
the human and rat AR are available (1,2,3.4,56) molecular probes for AR in diffesent species can
be obtained by comentional cloming methods. However, solation of cDMNA clones for a rare
mEMA, such as that of AR, has proven 1o be both time consuming and tedious. The general wse
of PCR technology to amplify a particular DNA sequence from different species has been

+'l'l1nmhn number for the mouse AR sequence in the EMBL/Gen Bank Datsbases is
XTI

".‘-n whionm correspondance and reprint regquests should be addressed.
Abbreviations; (m}AR: (mowe) androgen receptor; RAWTS: RNA amplification with
transeript sequencing: kb: kilobases; PCR: polymernse chain reaction,
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suggested (7). Recently, the utility of the PCR technique in analyzing mitochoadrial and other
DNA soquences in different species has been reported (81 In this report, the complete mowse
AR coding region cDNA and partial cDNA probes for dog, guines pig, and frog have been
Bolated and sequenced directly with EAWTS (%), which involves PCR amplification of ¢DMNA
with primers containing a phage promoter and generation of RNA from the promoter for direct
sequencing. By using this technique, we have demonstrated that both DNA and RNA probes,
ogether with ouckeic acid sequence information for AR, can be obtained from different species
without comventional cloning. Thus, species-specific probes can be wsed to address biological
questions in dilferent species, and the sequence information can facilitate the analysis of
evolutionary changes of functional domains of the receptor,

MATERIALS AND METHODS

Restriction enzymes, avian mycloblasiosls virus reverse iranscriptase, klenow DNA
polymerase, Ty RNA polymerase, T, DNA ligase, plasmid pGEM-4Z, pGEM-11Zf +), Erase-a-
base system, Riboprobe Gemini System, TagTrack Sequencing Systems and a Ag111 mouse kidney
eDNA library were obtained from Promega Corporation. [a™5] dATP (400 Cifmmol), [a™2F]
dCTP (3000 Cifmmal), [y*F] dATP (S000Cifmmol), Multiprime DNA Labeling Sysiems were
obtained from Amersham International. Mouse EMBLI genomic library, mouse testia poly(A)
RNA, dog kidney poly(A) RNA, puinca pig testis poly(A) BNA were oblained from Clontech
Laboratorics, Inc. Reagents for PCR were obained from Perkin Elmer Cetus. Gene Clean kits
were obtained from Biol0l. Zeta-Probe membrancs for Southern and Morthern blot analysis
were obisined from Bio-Rad  All other chemicals were obtained from Sigma chemical company.
Ofligonuclentide primers were synthesized with the Applied Biosystems 380A DNA synthesizer.
The sequences of primers wed in this report are: mAR (1-15) U
[(S'GAATTCOOTGGAAGCTY'), mAR (943959) T7 D (STAATACGACTCACTATAGGOAG
AGTAACCTOCCTTGAAAG) for the amplification of fragment mARpa, mAR (787-802) U
(5'AA CATCTGAGTOCAGGE), mAR (1577-1592) T7 D (STAATACGACTCACTATAGGGA
GACATGTCCCCATAAGGT) for mARph, mAR (1409-1424) U (STATGGCTACACTOG
GC3), mAR (2761-2777) T7 D (S TAATACGACTCACTATAGOGAGAAAAGGGAACAAG
T3") for mARpe (Figure 1), UniAR U 5P6 (SGATTTA GGTGACACTATAGAACTGCAGTGT
GGCAGCTGCAAAGTCTTST), UNIAR D T7 (5T AATACGACTCACTATAGGGAGACTCG
AGTTCCTTGATGTAGTTCATI") for the amplification of UniAR fragment (Figure 3). The
numbers used in the names of the primers represent the position of primer on the mAR cDNA,
sequence. Ty (or 5Py) represents the primer which contains T, (or Sp) promotor sequence. [
{or ) represents the primer which is downstream (or upstream) for PCR amplification. Internal
sequencing primers are 15-20 oligonucleotides derived from the mouse AR cDNA sequence,

Synthesis of cDNA, amplification of the eDMNA with PCR and direct sequence analysis of the
PCR amplified product was carried out as described (9). A Balbie mouse kidney Lpi1l cDNA
library was screcned with 8 Hindlll and EcoRT rat AR cDNA probe containing part of the DNA
and steroid binding domains with standard techniques (10). The probe was labeled with the
Multiprime DNA Labelling System at a specific activity of > 1x10” dpm/ug. Hybridization was
carried out with 5X TEN (30X TEN: 0L3M Tris-HC pHS.0, 0.02M EDTA and 3M NaCl), 5X
Dznhn'd;‘. 0.5% Sodium pyrophosphate, (L1% SDS, 02mgiml heat denatured salmon sperm DNA
and 1X10° cpm/ml of [**P|-labeled rat AR probe at 55°C for 12 bours. The fillers were washed
m 05X TEN at room temperature for 20-30 min, then at 55*C for 15 min, and finally at room
temperature fisr 10 min, The flters were dried and autoradiographed at -70° C using Kodak
XAR-5 film with two intensifying screens. The positive clones were plague-purified, and the
inserts were subcloned into pGEM-11Zf{+). The genomic clones were obiained in the same
manner as described above, except that the EMBL3 mouse penomic library from Clontech was
sereened with a human AR N-terminus EcoRI-Baml fragment {Figure 11 The positive genomic
clones were mapped with EcoRI and BamHI, A 1.7 kb EcoR1 fragment recognized by the
human androgen receptor N-terminus probe on a southern biot was subcloned into pGEM-AT,
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The 1.7 kb genomic fragment in pGEM-4Z and the 1.2 kb cDNA fragment in pGEM-
TERN +]) were sequenced with the double sirand dideoxy sequencing method with Sequenase (11),
Mested deletions were construcied to sequence the 1.9 kb fragment with the Erasc-a-base Sysiem
from Promega according to the manufacturer's protocol. Ambiguous regions observed with
reverse transcriptase and Sequenase were sequenced with Tag polymerase with the TagTrack
Eysiem.

Southern blot analysis of FCR products was carried out with approximately 300ng of Gene
clean purificd UniAR DNA, amplified from cDNA of different species.  Afler electrophoresis on
a 1.5% agarcse gel, Southern blot analysis was carried oul as described (12) with minor
modifications. Beielly, the aylon filter blois were hybridized in 0.5 M NaHPO,, pH7.2, 1 mM
EDTA, 7% sodium dodecyl sulfate and 1X10° cpmiml [**P]-labeled mAR Hine 11-EcoR |
fragment st 55°C for 12 hours. Filiers were washed in 40 mM NaHPO,, 1 mM EDTA and 1%
SDS at 55°C five times for 30 minutes each before autoradiography at -70°C with Kodak XAR-5
film fior 12 hours,

Total RMA was solated from human LNCaP cells, adult make South African clawed frog
herg, biver, kidoey, tests, thigh and juvesile lanmx by the method of Chirgwin (13 The transfer
of BEMA and hybridization were carried out as described (10,

RESULTS

Amplification, Cloning and Sequencing of the Mouse Androgen Heceptor cDNA. The siralegy o
amplify and directly sequence the mAR full-length cDMNA by the RAWTS technique is illustrated
in Figure 1. The putative mAR cDNA was divided into three segments for the convenience of
PCR amplification.  For each segment tao oligonucleotide primers were designed from
homolegous regions of the human and rat ARs. The downstream primer of each pair contained
& phage Ty promotor sequence. Total RMNA was isolated from the kidoeys of Balb'c mice and
wsed to synthesize & first strand cDNA. Three anticipated segments (mARpa, mARpb and
mARpc in Figure 1) were amplificd with the primers, These frogments were purified, iranscribed
into BMNA with Ty ENA polymersse and sequenced directly with the upstream primer &nd internnl
primers using reverse transeriptase (9). Repions which were difficult to read by this method were
sequenced with Tag polymerase.
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Figl. Resiriction Map of the Mouse Androgen Recepior clXNA snd Genomic DNA.

mARpa, mARph and mARpe denote PCR prodects smplified fros mouse kidney cDNA
with primens derived from ral and buman sequences. mARg denoars an FooR1 fragment of a
mouse androgen receplor genomic clone solated from n mouse EMBL 3 Bheary. mARg containg
the first exon-iglron bowndary and the dotbed bne stands for intron sequences. mAR 1 denoies a
cD¥A clone isolated from a lambda gi-11 momse kdney cDNA library. The predicied imitistion
methioning (Met), the in-lrame stop cotdon (sop), and the DNA-binding domain == are
irdicaied,
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In order to test the Gdclity of the DNA sequences obtained by the PCR technique, both
genomic and cDNA clones were isolaied and sequenced. A 1.7 kb EcoR1 fragment [mARg,
Figure 1) from one of the clones isoloted from & Balyc mouse EMBL3 genomic libeary and a 1.2
kb cDNA clone {mAR 1, Figure 1) solated from o mouse kidoey cDNA library were subcloned
and sequenced with the didensy termination method by constructing nested-deletions of the
mserts. The sequences obtained by conventional choning techniques wene found o be identical 1o
those obtained by direct sequencing of the PCR amplificd mouse AR cDNA products.

The complete nucleic acid sequence of the mAR obtained by both PCR technigues and
conventional cloning techniques & shown in Figure 2. The mouse sequence containg a predicted
eranslation initiation codon at nucleotide 33, which would initinie an open reading frame of 899
amino acids. The predicted molecular weight of the mAR prodein is 98,000, The mouwse AR kas
97% and B6% overall amino acid sequence similaritics with the rot and human AR, respectively,
The putative DNA and steroad binding domains of the mAR are identical to thet of ihe human
and rat AR.

Amplification und Sequence Comparison of Androges Recepior €NA in other Species. In
order o oblain probes o study androgen action in more divergent specics, RAWTS was used 1o
amplify and sequence directly several AR cDNA probes. Two oligonucleoiide primers were
designed from regions of the human, rat and mouse AR which hed high sequence similarities.
The upstream primer wis derived from the Grst zinc-finger region, which was predicied to be well-
conserved among all the species. The downstream primer was degived from a region in the
sierodd binding domain, where the corresponding region in the estrogen receptor had been shown
o be conserved in different species (14). The upsiream and downsiream primers were linked io
bacierial 5P, and T, promoders, respeciively; so that the amplified preducts would contain both
5P and Ty promoters at cither end.  These two comsersus primen (UnlAR primers) were used to
amplify cDNA from dog, guines pig, and frog. A predicted band of 800 nuclectides was present
in all the species amplified. Socuthemn blod anelyeie revealed that each of these céDMA'S was
recognized by the mouse androgen recepior probe (Figure 3). However, the intensity of the
signal on the frog DNA was significantly less than the other species, even though the same
amount of DMNA was loaded on the agarose gel. This supgests that the frop AR has less sequence
similarity with the mowse AR than either the dog or the guinen pig AR’

The amplified products of the AR fragments from different species were Iramscribed into
RNA with T; RNA polymerase, and the transcribed RNA's were wed as templates for direct
sequencing with an 5Py promodor as primer. The sequences obtained from dog, guines pig, and
frog were compared with that of human, rat and mouse AR (Figure 4], Al the DNA level, the
scquence similaritics with the human are the following: rat (91%), mouse (95%:), dog [(95%),
guinea pig (93%) and frog (36%). However, the deduced amino acid sequences of this region
were found to be identical in oll six species, with the excepiion of Use third amino acid, pheine,
which is an alaning in the frog, Most of the mecleotide changes were found in the thind
nuclectide base and did nol change the aming acid.
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Fig.2. Nacleotide Sequence Analysls and the Deduced Amiso Acid Sequende of the cINA
Encoding the Mouse Andragen Recepior,

The nambers in the righi-hasd column refer 1o the nucleatide sequence, and the nambes in
ihe lefi-hapd column refier to (be aming acil sequesse.

Morthern Blot Analysis of the Androgen Receptors In Different Species. The [P)-labeled 0.8-kb
frog AR fragment was used as a hybridization probe 10 examine the tssoe distribution of AR
mRNA in the frog. A 9.5-kb mRNA was found as a predominant band in the total RNA solated
from frog larynx, liver, kidney and testis (Figure 5). The size of this mRNA is similar to that
shown previously for both the human and rat AR (2,15} Low levels of AR mRNA were detected
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Figd. Amplification of Androgen Becepior eliNA from Dilferemi Species,

Sowthern blot analysis of the PCR products amplified from dog, gainea pq; and frog cDIMA
wilh the UiniAR primers. The lane marked *mouse” comaing purified mARpe producis. The
lagees marked “dog”, “puinea pig® and *frog” contain purified UslAR products amplified from
different species. A Stu I-EcoR 1 fragment of the mouse androgen receptor DA was wsed s

probe.

Mucleic Acid Sequences from Part of the DMNA-binding Domain of the Androgen Recepiors

DiMerent Species.

The dog, guinen pig and frog sequences were obtained by sequencing the PCR products
direclly, The number pefen bo the aming seid pequencs position of the mouse androgen Pecepior.
The Iast beo cys residees in the first zine finger are indicated by bold letiening,

. Morthern Analysks of Heman sed Frog Androgen Recepbor RMNA.

ty ug of 1ots] RNA from the human LNCap cell line (lene 1), ond 10 up of toial RMA
from made (rog leneo lang, liver, kidney, festis, thigh (lanes 3-7, respectively) were
elecirophoresed, transferred io mylon membrane, and bybridized with 8 human androgen receplor
cDNA probe (o tbe human RNA and the frog uniAR probe [or the [rog RMA. The RNA
modecalar markers 9.4% and 746 Kb are shown on the lefi-hand side,
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in the iotal RMA from frog lung and thigh. OF all the tissues examined in the frog, AR mRNA
levels were highest in the lanme In Figure 3, lanes 2-7 were hybridized on one membrane;
horeever, lane 2 was exposed for only 2 days while lanes 3-7 were exposed for 15 days, A smaller
sized band of about B0-kb was also observed in [rog larynx under high hybridization stringency
conditions. A similar B0-kb band was detected with a |nF]-Iﬂr=brl human AR Hind [11-EcoRI
fragment in the human LNCaP cell line, which also contains higher amounts of AR than normal
imsues (Figure 5, Lane 1), We ako examined AR mENA expression m mouse and rat tissues. A
major band of .5 kb was observes] in all the species examined, and the results agreed with those
published previously (2,515

DMISCUSSION

By wing consensus primers for the AR, species-specific DNA probes were obiained casily by
amplification with the PCR technique. This approach, which has been wed to amplify
mitochondrial DMNA from different species (B), has great potential for sterokd receptor studies.
Since steroid action is widely studied in different species, this approach will enable ope to obtain &
species-specific probe in order to address unique biological questions in a particular animal model.
For example, certain muscles such as the frog lanmx and specific groups of newrons in the frog
brain have been shown to be target areas for androgens and io pariicipate in determining
differential sexual behavior in the frog (18,19,200, The regulation of AR in these androgen tanget
areas is poorly studied due (o the lack of appropriate molecular probes. Using the approach
described in this report, frog AR DNA and RMNA probes can be obiained using consensus primers
and PCR amplification. The PCR products containing SP, and the T promaoter sequence serve
most of the funclions of a plasmid, such as the pGEM plasmid. EMNA probes can be made easily
from the PCR products for lsbeling and sequencing, and i an appropriaste translational signal is
incheded in the primer, protein producis can be made from the RNA using an in vitro transkation
system, Therefore, DMA and RMA probes, together with profein products and sequence
information, can be obtained without time-consuming conventional cloning.

The sequences obtained in this report suggest that the AR is highly conserved among
divergent specics.  Interestingly, a8 comparieon of [rog and heman AR identified 12 sident (or
synonymous) nuecleotide substitutions within 32 amino acids, which implies that this domain i
under very high evolutionary pressure and that changes, which would alter the amino acid
sequence in this domain, are unscceplable o the sundval of the species. Tt has been found
recently that the “knuckle region® of the first zinc-finger and the amino acids immediately
following this region are extremely important for the DNA binding specificity of the
glucocorticoid and estrogen receptors (16), In Figure 4, this region can be observed as amino
acids 557 o 570, The amino acid sequences in this “knuckie” region of the AR were identical in
all the specics cxamined. This suggests thet this domain is also important for the DA binding
specificity of the AR. Therefore, by comparing the sequences obained with the PCR. technigue,



Vol. 171, No. 2, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

functional domains of the receptors can be analyzed at both the nucleic acid and amino acid levels
in different species 1o elucidate the evolutionary importance of a particular siructure,
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