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要旨(日本語)

アドレナリン受容体 (AR)は晴乳類の唾液腺における唾液成分の分泌を調節することに関わ

る。ARには分子クーロンニングにより 3種類のαIARs(，α!a.αIb姐 dα1.0.3種類のα2ARs(α2A'α'2B

組 dα2d及び3種類のsARs(sI' s2姐 ds3)の合計9種類のサプタイプの存在が報告されている。

今までの研究では、ODUラット (SUSとRES)の三大唾液腺におけるARサプタイプ遺伝子mRNA

とHouse-keepinggene-G3PDHの発現を検索した。更に耳下腺における ARサプタイプ遺伝子

mRNAとG3PDHの発現量を詳細に検討してきた。その結果は:

1. RT-PCRにより 5種類の ARサプタイプー α1..<Xlb' nu. sI及び ιと G3PDHの増幅産物が
ODUラット (SUSとRES)の顎下腹、耳下腺及び舌下腺の全てに検出された。なお、 αId.α勘

α2C及びιサプタイプについても RT-PCRを行ったがその増幅産物は三大唾液腺にいずれも ---' 
検出されなかった。

2. SUSとRESラットの耳下腺における ARサプタイプ遺伝子発現量の Compe出向 RT-PCRに

よる比較:

(1) G3PDHに対する相対値 :SUSとRESとで比較すると、 α1..句A及びs1ARサプ

タイプmRNAの発現量はRESより、SUSが顕著に低く、αIbARサプタイプmRNA

の発現量は RESより、 SUSが顕著に高〈、有意差が認められた。 s2ARでは両

者に有意差が認められなかった。

(2) 総 AR(αla+α111+句A+sl+ω に対する相対値:SUSとRESとで比較すると、 α1..

向A及びs1ARサプタイプmRNAの発現量はRESより、 SUSが顕著に低く、 αIb及

び s2ARサプタイプmRNAの発現量はRESより、 SUSが顕著に高く、両者に有

意差が以上の5種類のARサプタイプ遺伝子誠NA全てに認められた。

(3) SUSとRESの総 ARの発現量:総 ARの発現量を両者で比較すると、 RESより

SUSが顕著に低く、有意差が認められた。

(4) SUSとRESのARサブタイプの遺伝子mRNA発現量の順位:SUS; s2>α1α〉 αIb

> sI>句A.R邸 ;αla>s2>sI>αIb>句Aであり， 両者の順位は異なっていた。

以上のことから， ARサプタイプ遺伝子の発現量は SUSとRESとの遺伝子レベルでの鑑別に

重要な役割を果たす可能性が示唆された。

Key words: Adrenergic recept町 subtype.Quantitative competitive reverse transcription-polymerase chain 

reaction (RT-PCR).也reem司orsalivary gl血 ds.ODU plaque-susceptible (SUS) and ・resistant(RES) rats. 
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Abstract 

Adrenergic receptors (ARs)紅einvolved in mediating saliva secretion in mammalian salivary 

gl姐 ds(SGs). Nine AR subtyp民 including伽eeα1・ARS(，α1ραlb-andαld-ARs)，也reeα2・ARs

(α払・， α2B-血 dα2C"必s)組 d也rees-成 S(sl-， s2-姐 dsr.組 s)， have been identified也rough

molecular cloning. The five subtype genes，αla-'αlb-'α2A-' sl-' and s2-ARs， were expressed in也e

面白叫orSGs of ODU Plaque-susceptible (ODUS/OduJSUS) and plaque-resis凶 t(RES) rats. In 

con.位ast，也eother four subtype mRNAs，αld-，α'2S-，α2C-血 ds3・ARs， were not detected by revers巴

位anscrip世on-polymerasechain reaction (RT -PCR). τ'he steady-state mRNA expression for也巴白ve

AR subtypes in也eP紅otidgl岨 ds伊Gs)of也.eODU rats at 12 weeks of age was measured by 

quantitative competitive RT-PCR used syn也eticDNA fragment (subtype-specific DNA competitor) 

as回 exogenousintemal stan也rd. The intensities of the mRNA expression of AR sub旬pes血血e

PGwere si担ifi回nt1ydifferent between SUS and RES groups--the levels of transcripts for α1ρα2A-

and sI-AR subtypes were significant1y lower， whereas也atfor αlb-AR subtype mRNA was 

si伊江lC姐 dyhigher担 SUSgroup in relation to也atfor a housekeeping gene， glyceraldehyde 3・

phosphate dehydrogenase (G3PD町，姐dto也atfor也etotal AR (αla+α1s+α2A+ sl + sz). On the 

o也.erh組 d，也巴levelof transcript for the s2-AR subtype mRNA was not significant between SUS 

組 dRES in relation to也atfor G3PDH， but not to也atfor the total AR. Moreover， tl1e levels of 

仕組scriptsfor ωtal AR subtypes were significantly lower in SUS也姐血RES. And血.erelative 

rank order of AR subtype mRNA expression in SUS姐 dRES was different as:仇・〉α1a・〉αlb-

>sρα弘北阻dα1.-> s2-> s1・〉α1b・〉α2A-AR，respectively. lt is revealed although白也氏e

major SGs of ODU rat contain the five AR subtype mRNAs， distinct subtype-specific expression is 

evident between the SUS and RES group in血ePGs， and also suggested也atsome of the AR 

subtypes in血ePGs might especially be involved in discriroinating both SUS and RES groups. 
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1. Introduction 

Adrenergic receptors (組s)are involved in mediating saliva secretion in mammalian salivary 

gl姐ds(SGs).τbe ARs， as也etwo types of也reeclassical autonomic neurotransmitter recepωrs (αー

拍 energic，α-AR，s-adre町民c，s-AR， muscarinic-cholinergic， mAC出)，are clarified to be a family of G 

protein-linked signaling protei回 andcan be functionally四 dstructurally divided into也reemain 

subfamilies， designatedωα1-'α2・ands必 s，which are generally coupled to evoking a Ca2+ signal (α1・

ARs)， inhibiting adenylylate cyclase (，α2・ARs)阻d回ggeringa G-protein-mediated cAMP signal (s・ARs)，

respectively (Garr出 etal吋 1999). Fぽ也ermore，m'出 plesubtypes have been iden凶 ed也rough

molecular c10ning wi也ineach subf;血ily:血reeα1・ARS(αlρα1b・姐dα1d・ARs)(Voigt et al.， 1990; 

Lomasney et al.， 1991; L但 etal.， 1994)，出reeα2-ARs(αョρα2B・組dα2c-ARs)(Zeng et al.， 1労0;Lanier 

et al.， 1991) and也rees-ARs (s1-' s2・姐ds3-'政 s)但uckl姐det al吋 1990;Machida et al.， 1990; Muzzin 

et al.， 1991). 

The strain of ODU Plaque-susceptible (ODUS/Odu/SUS) rats has been breeding， identifying 

and developing at Osaka Den凶 University(ODU) of Japan since 1972σto et al.， 1タ75a)，which was 

originally derived from Wistar-kyoto strain凶 exhibitedmarkedly heavy plaque formation in恥 lower

incisors and developed bo血periodontalpocket and gingivitis after being fed with commercially available 

powder diet (MF， Oriental Yeast Co.， Tokyo， Jap岨)per day wi也waterad libitum. Whereas those not 

forming plaque and伊，givitisunder the same diet叫 condition悶 knownas ODU plaque-resistant侭ES)

ra臼. lt has been demonstrated that ODU SUS rat is a very suitable and useful experimental model for 

S印刷ngplaque formation， naturallyω叩 ringgingivitis (1to et al吋 1975)姐dexperimen凶 periodon帥

(Ohura et al.， 199勾副thoughtthat plaque formation depended more on the hereditary characteristic of 

也es回inof ODUS rats也組onthe diet (1to et al.， 1976). The some data about the changes of amount 

and PH of saliva， IgA泊 thesaliva， salivary kallikrein， si1alic acid姐dfibrinolytic activities in saliva were 

reported血 ODUSUS rats (Ohura et al吋 1984阻 d1986; Takai et al.， 1985; leiri， 1982; Shinohara et al.， 

1994; Ohura et al.， 1985). The differeIices of al1elic dis回bution-cell surface alloan匂enRTl.A組 d

RT2 between ODU SUS組 dRES rats泊redblood cell were shown and suggested也atforming plaque 

組 dgingivitis in也.elower incisors might account for allelic distribution (Shinohara et al吋 1991). But in 
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也eentities of也eSGs， especially in也atof the由民em司jorSGs， the differences of gene expression 

between SUS and RES凶 shave not been completely elucidated yet， so in也isstudy we decided肱

beginning of our experiment from mRNA expression of AR subtypes in也e也reemajor SGs of ODU rats， 

including ODU SUS姐 dRESrats. 

Therefore， it is very important to study the differences in血egene expression and levels of AR 

subtypes in the SGs of ODU rats to elucidate the mechanisms of AR subtypes' mediating saliva secretion 

inODUrats姐 dwhether也ere紅色 C倒泊ncorrelations or not between也巴geneexpression of AR subtypes 

and each of both denta1 plaque formation in SUS and denta1 plaque inhibition in RES in白 aspectof the 

heredi臼rycharacteristic of the two strains. However， little information is available on血egene 

expression and levels， the distribution and their functions of白eAR subtypes in血eSGs， especially in 

ODU rats' SGs. The present s加dywas也usdesi伊edto deterrnine whether there were some differences 

ln也巴mRNAexpression for AR subtypes in也e也reemajor SGs between ODU SUS and RES rats. 

Fur也.ermore，也esteady-state expression of mRNA for AR subtypes were studied in ODU rat parotid 

gl姐也 σGs)by qu組曲1ivecompetitive RT -PCR， which is a accura飴姐dhi出lysensitive technique for 

qu組討fyingsmall a皿ountsof mRNA (G迎il姐 det al.， 1990; Siebert四 dLarrick， 1993; Nishiura組 dAbe，

1999). 

2. Mater恒lsand methods 

2.1. Total RNA preparation from three major SOs 

h也leODU SUS and RES rats (at least 3 rats/group) at 12 we巴ksof age were killed by 

exs祖伊in柑on姐 dthe PG， subman必凶釘 (SMG)姐 dsublingual (SLG) glands were rapidly巴xcised.

Total cellular RNA was isolated by血巴既往actionwith guanidinium也iocyanate-acidic-phenol-

chloroform according to也eprocedure of Chomczynaski姐 dSacchi (198η After precipi凶 onwith 

isopropanol， the RNA was washed wi也75%巴thanoland也阻resuspendedand dissolved in RNase-free 

water. Subsequently the RNA w出 purifiedfor complete removal of DNA contamination from RNA by 

Messageαean kit (GenHunter Co.， 1N， USA) according ωthe manufacturer's protocol.百巴 yieldsof 

RNA were measured by absorbance at 260 nm. 
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2.2. Design and synthesis ofoligonucleotide primer 

Gene句 ecificoligonucleotide pri血巴rsfor αla-， sz-組 ds3-AR subtypes，姐dglycera1dehyde-3・

phosphate dehydrogenase (G3PD町， were designed from the repo巾 dcDNA sequences using the 

nuc1eotide-sequence姐a1ysissoftware (DNASIS:阻tachiSoftware Engineering Co.， Y okohama， Japim)， 

and syn也esizedby I.ifetech Oriental Co.σokyo， Jap姐)or Amersham Pharmacia Biotechσokyo， 

Japan). A1so， the primers for αIb-姐dαId-ARs，and for α2A-'α'28-姐dα2σARs，姐dsI-AR sub守pe，

which were designed by Scofield et al. (1995)， Gold et al. (1997)姐dEla10uf et al. (1993)， respectively， 

were syn也esizedsimil紅ly姐 dutilized. Me姐 whi1e，a po凶onof the composite primers， relevant to 

gene-specific prim釘s，for the cons出utionof corresponding DNA competitor， were designed to be made 

up of two p釘tsas described in 2.4， syn血.esizedsimil紅ly組 dutilized.τ'he sequences of gene-spec出c

oligonucleotide primers and relevant composite primers are shown in Table 1. 

2.3.RT-PCR 

RT-PCR姐a1ysiswas performed under批 conditionsshowed in Table 2， as well出 described

previously (Nishiura姐 dAbe， 1999). First-s凶 ndcDNA was synthesized in a RT reaction mixture 

containing 50 ng I凶to包1cell叫紅RNA，PCR buffer (10 mM Tris-HCl (pH 8.3)， 50 mM K:α)，5mM 

MgC12， 1 mM of each dNTP (dATP， d<立P，dGTP祖 ddTTP)， 1 unitl凶ribonucleaseinhibitor， 2.5 !-1M 

random9・mers組 dO.25u血Uμlavi姐 myeloblasωsis山田reveぉe位姐scrip凶 e心feScience， FL， USA). 

The reaction was incubated at 30 "c for 10 min and at 42 'c for 30 m血，姐d也ereverse transcriptase 

was inactivated by hea出.gto 99 "c for 5 min. DNA a皿pl江icationwas performed血 aPCR mixture 

con凶ningcDNA，P<ごRbuffer， 4 mM MgC12， 0.2 mM of each dNTP， 0.2凶Ifof each gene叩 ecific

forward or sense祖 dreverse or組出enseprimer姐 d0.025 unitlμ.1 recombinant Taq DNA polymerase 

σakara 池田0，To勾0，Jap血). The Pαfor the AR subtypes姐 dthe G3PDH岨 plificationreactio出

was performed wi也 aProgram Temp Co凶 01System PCヴ00(Astec Co.， Fukuoka， Jap組)with the 

following cycle par岨 .eters:one pre-denaturation cyc1e for 2 min at 94 'C; in succession the every PCR 

cycle included 1 min of denaturatioll at 94 'C， 1 min of annea1ing at 60 'C姐d2 min of extension at 
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72 "C. 

2.4. Constl'uction ofconψetito1' fo1' competitive RT-PCR 

τ'he DNA competi.tors for quantifying也emRNA of AR subtypes姐 dG3PDH by competitive 

RT-PCR were constructed wi也aMIM1C DNA fragment (574 bp， BamHIJEcoRI fragment of the v-e1'bB 

gene) using a PCR J¥.1IMIC Co田町cti.onKit (Clontech， CA， USA) according to the manufacturer's 

protocol or也.eprocedure of Siebert姐 dL氾rick(1993).τ'he illustrati.ve constructi.on of DNA 

competi.tor is shown as Fig. 1. 1n order to construct也eDNA competitors， two rounds of PCR 

amplification were performed. 1n也efirst PCR reaction， two composite primers were utilized， 

仕組scribed回 wellin Table 1. Each of one set of composite pri血ersincluding forw紅d姐 dreverse 

primers， w出 designedto conta血血ecoπesponding t紅getgene-specific primer sequence attached to a 

short，20・nucleoti.destretch of sequence designed to hybridize to opposite strand of也el¥品担CDNA

fragment τ'he desired primer se午lenceswぽe也usincD中oratedduring也efrrst PCR amplificati.on in 

也ereacti.on mixture containing 1 ng J¥.1IMIC DNA fragm巴.ot，0.2μ.Mof each forward and reverse 

composite primer， PCR buffer， 4 mM MgC12， 0.2 mM of each必πPand 0.025 unitlfU recombinant Taq 

polymerase. τ'he products were diluted 1: 100 in DEPC-紅白tedwater and 2μ.1 was added to 98凶 of

pαmixture containing PCR buffer， 4 mM MgCl2' 0.2 mM  of e叫制P，Oω.βOω2お5unitl削凶rお悶reco侃ωc∞O咽mロb凶，ir担na制n副tT百aq

P戸olym巴町ra酎se祖 dO.2μMoぱfeach f orward and rever路s巴t町a紅rg許etge阻n即eか.句e悶cificprimer. Both the first and 也e

second PCR were incubated at 94 "c for 1 min， at 50 "c for 1 min and at 72 "c for 2 min and血e

numbers of the two PCR cycles were 17 and 18， respectively.τ'he amplified DNA competi.tor was也en

passed也roughaαlROl¥仏SPIN+1E・100column (Clontech， CA， USA) to remove primers and reaction 

components姐 dwas sep紅atedon ag紅osegel electrophoresis.τ'he yield of the competi.tor was 

estimated by image analysis as described in the latter 2.6， and diluted to 100 amol (10・18mol) Jμ1 in 10 

問団1glycogen and stored at・20"C for use as a stock solution for the competi.tor diluti.ons. The 

competi.ωrs gained are non-homologous DNA， which remained compl出 targetgene叩 ecificprimer 

sequences.τ'he size of the competitor differed from the target gene product and cou1d range from 425-

606 bp by choosing the appropriate sequence of the l¥心但CDNA fragment for the composite prlmers. 
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2.5. Assay ofamplification kinetics 

On也ebasis of DNA competitor and it target manuscript sh訂也g也巴 sameset of primers and 

containing the same sequence DNA fragment， meanwhi1e also containing the different sequence fragment 

resu1ting in the different size products， it was therefore necess釘Yto achieve the assay of amplification 

kine世田 (a皿pl江Icationefficiency identity) before conducting compe出veRT-PCR， by a target cDNA and 

i臼 competiωrampl江'yingsimultaneously in e伊almolar quantities and under s姐 econditions in 

respective PCR tubes at various cycle numbers from 19ω36. The curves of amplification kinetics were 

drawn in accordance with the band intensities from image analysis after ag紅osegel electrophoresis by 

using the calibration s凶 dardσig.3).τ'heres叫tsof ampl出cationkinetics assay were shown in 3.2. 

and Fig. 5. On1y after passing也rough也e回say，the harvested competitors could be adopted in 

competitive RT -PCR. 

2.6. Competitive RT-PCR 

The competitive RT-PCR experiment was performed by the addition of increasing amount of 

DNA competitor to a fixed amount of cDNA synthesized by reverse transcription侭匂reaction，祖dbo也

a target and i臼 competitorwere co-ampl出edin也epres阻 ceof也esame set of appropriateぽ

corresponding gene-specific prim巴rsas well as RT -PCR as described previously (Nishiura組 dAbe， 

1999). So the competitor competes wi也也.etarget for也esame primers and materials for syn也esizing

respective PCR products in也.esame one PCR reaction system姐 d血.usacted as担保ogenousintemal 

stan白rd. The concise i1lus位ativeinstructions for competing process姐 dquantit油vemethod of target 

manuscript -identifying the amount of凶 get manuscript in PCR s細 plesby也ecompeti句r1: 1 wi也

町getwi也NIH-Image組 da linear regression姐 alysisare shown as Fig. 2.τ'he practical operation of 

competitive RT-PCR techniques was in accordance wi也也.edetailed protocol of PCR :tvJIivlIC™ 

Co回国ctionKit (Oontech Lab. Inc.， USA). The泊itiallevels of血e凶 getmRNA (皿 absolute

amounts) were determined by calcu1a也ghow much of勧 competitorwas requiredωachieve equal 

mol釘 amountsof products (Gillil姐 det al.， 1990). The log of血enumber of molecu1es of DNA 

compe出oradded to the sample before starting ampl出cationwas plotted against the log of也eratio of the 
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molar amounts of也etarget組 diωcompetitor. The lines were drawn from a line釘 regressionanalysis 

and the number of molecu1es of the target manuscript was calculated by extrapola血gfrom the 

intersection of the line，也eequivalence point， i.e.， in which也emolar ratio of target組 dcompetitor was 

1.0 (log = 0).τ'he mRNA levels for AR subtypes姐 dG3PDH in也.esame cDNA sample were 

determined by utilizing competitive RT-PCR.τ'he G3PDH is a housekeeping gene and reflects 

constitutive activity ubiquitous to eukaryotic cells.τ'he amounts of mRNA w巴reexpressed as a 

percentage of仕組scriptrelative to G3PDH or other genes in order to correct the efficiency differences of 

tota1 RNA extraction or/and reverse仕組scriptionfrom RNA to cDNA. 

2.7. Agarose gel electrophoresis and determination ofDNA band intensities by加ageanalysis 

An aliquot of each PCR product， including血atof RT-PCR姐 dcompetitive RT-PCR was 

separated by horizonta1 gel elec町ophoresisat 50 V for 1.2 h on 1.5 % SeaKem GTG agarose gel (FMC 

BioProducts， ME， USA)血 lxTBEbuffer姐 dvisualized under UV light after 尚 i凶ngwi也 0.5mg/ml 

e也idiumbromide但也r)for 30 min as described previously (Nishiura姐 dAbe， 1卯9). In the 

me姐 W凶e，也eDNA molec叫arweight markers (ゆ，X1741HaeID digest， Toyobo， Osaka， Japan) with 

distinct gradient回concen:位ationdilutions wぽesubjected to electrophoresisωutilize as calibration 

stan白地 fordetermination of批 sizeor the intensities of the PCR-product ban也 (Fig.3). The gels 

were photographed using a Polaroid lv1P-4 Land camera with Type 667 fum， scanned and digitized on組

EPSON digi凶 scanner組 dpreserved asτ1FF f:ues. The intensity of PCR products' b血 dsfrom也e

scanned images was analyzed by adopting a gel plotting macro ofNIH-Image prOgram (Vぽsion1.5ηon 

an Apple Macintosh computer and acquired relative data of the produωfromRT-PCR姐 dCompetitive 

RT-PCR. 

2.8‘Stαtistical analysis 

Statistical analyses employed the unpaired Student's t-test with a computerized progr氾n

唱tatView". The significant阻 dremarkably si伊ificantdifferences between白tawぽ巴 evaluated

也roughpく0.05andpく0.01.
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3. Results 

3.1. RT-PCRαnaか'sisof the expressiolt of AR sub砂'Peand G3PDH mRNAs in three major SGs of ODU 

SUS and RES rats (Fig. 4.1-3) 

Figs. 4.1-3 show也epatterns of amplified RT -PCR products after electrophoresis and staining， the 

pat加盟 ofmRNA expression for five AR subtypes，α1ραIb-'α2A・， sI-and sz・ARs，組dG3PDH gene 

were observed in both SUS組 dRES groups of血e也re巴majorSGs， but in the PG of SUS group， sI・AR

subtype mRNA was detected under the condition of 48 PCR cycles.τ'hese resu1ts verified也atevery 

band for也巴日veAR subtype genes，α1ραIb聞，α'2A・， sI・姐ds2-ARs， and G3PDH gene corresponded to 

the size expected from the primer designぐTable1). In contrast，血eo也erthree subtype mRNAs，α泊・，

αzσ 姐 ds3・ARs，were not detected by RT -PCR， whereas αId-AR subtype mRNA wωnot cle釘'ly

observedin both SUS姐 dRES groups of the three major SGs (data not shown). 

3ユAmplificationそがciencyoftarget cDNA and its COl1ψetitol' (Fig. 5) 

τ'he細則icationkinetic叫 ysisindicated脳血凶'getcDNAs (α1ραlb-'α2A-' sI-and sz-AR 

subtypes，姐dG3PDH)姐dits competitor p釦samplified wi也veηsimil紅 efficiencies.

3.3. Expl'ω ion levels of AR sub砂'PemRNAs in the PGsザODUSUS and RES rats 

3.3.1. Relative e中間sionof町ρα'1T-'αμー，srand s2・ARmRNAs to G3PDH (Fig. 6) 

τ'he amounts of阻 scriptsfor， relative ω削 forG3PDH，αla-'α'2A・組dsI・ARsubtypes were 

significantly lower血 SUSgroup， whereas也atfor αIb-AR subtype mRNA was higher. On the 

0也，erh姐 d，也es2・ARsubtype mRNA was not significant between SUS and RES. 

3.3.2. Relative 仰 ressionof句ρα'1b-'α2A-'sr and s2-AR mRNAs to total AR (，α:1，，+α1.8+αμ+ s1 + 

ι) (Fig.刀

τ'he担 ountsof transcripts for， relative to脳 forto凶 AR(αla+α肘<x'2A+sl + s2)'αlρα払ー血d
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s1-AR subtypes w釘 esignificant1y lower in SUS group， whereas也.os巴forα1b-組 ds2-AR subtyp巴S

were higher. 

3.3.3. Comparison oftotal AR mRNA levels between SUS and RES (Fig. 8A) 

τ'hea皿oun包of仕組scriptsfor to凶 ARsubtypes were signific阻 tlylower in SUS th組出RES.

3.3.4. The relative rank 01由rof expression of AR subη'[Je genes (Fig. 8) 

τ'he relative rank. order of AR sub旬pe mRNA expression血 SUS姐 dRES was s2->α1α・〉α1b-

> sl・>u2A-AR凶 α1.-> s2-> sl・〉αlb'・〉α2A-AR，respectiv吻，at b.o也tothe levels of G3PDH and 

total AR mRNA. 

4. Discussion 

Up to date，也巴巴xpressionsfor m組 yAR subtypes， containing也evarious阻a1ysesof gene， 

RNA， protein expression， receptor and second messenger， transactivator and miαoscopy， have been 

investigating姐 didentifying也 manyvarious mamma1ian tissues by adopting various biochemica1， 

parmacologica1 and molecular biologica1 techniques似achida，2∞0). Three dis出，ctα1-AR subtype 

genes [，α1.-(previously a1so given anα1c-nomenclature)，α1b-姐 du1d-(previously a1so given血 α1A-or 

α1a/d-nomenclature) ARs] and corresponding proteins have been identified by molecu1ar c10ning and 

pharmacologica1 studies， respectively. On1y α1A-AR subtype protein has been identified in rat SMG 

membranes by re時 ptorbinding assay (Michel et al咋 1989)，whereas it has been demons回 tedthe 

presence of α1A-組 dα1B-ARsubtype proteins in rat PG acinar cel1 membrances by 12せBEb也ding

experiments for subtype selective α1・ARantago凶sts(porter et al.， 1992). αla-andα1b-AR subtype 

g阻 eswere expressed血凶SGs，but α1d-AR subtype mRNA was not discovered by using Nor也emblot 

姐 alysis姐 dpharmacologica1 profi1es of [3H] prazosin binding σaure et al.， 1994). Moreover， Rokosh 

et al. (1994) mentioned血atα1.-ARsubtype mRNA was abundant in SMG and at lower levels in PG，組d

α1b-AR subtype gene was expressed at lower levels， approximately 1:1， but α1d-AR subtype mRNA was 
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n.ot detected in b.o也 SMG姐dPG .of adult rat by RNase protecti.on assay. 1n也epresent study， we 

sh.owed similarly血at何'.0αla-組 dαlb-ARsubtype genes were expressed am.ong SMGs， PGs and SLGs 

.of ODU SUS and RES ratsσigs.4.1・3)，but Cl1d-AR subtype mRNA was n.ot detected am.ong them by 

using RT-PCR (data n.ot sh.own). F田血erm.ore，in the PGs，也eam.ounts .of transcript f.or α124R subtype 

were significantly l.ower in SUS白血th.osein RES， whereas th.ose f.or αlb-AR subtype were significantly 

higher in SUS也姐也osein RES， at b.o也relativet.o G3PDH and t.o t.otal AR mRNA by competitive RT-

PCRσigs.6姐d7). The levels .of transcript f.or αl.-AR subtype were bighest in也eRES， were second 

.order in也eSUS .of PGs; th.ose f.or αlb-AR subtype were l.ower也姐 th.osef.or αl.-AR subtype， 

respectively f.oぽ也and也ird.order in也巴RES担 dSUSt.o b.o也也elevels .of G3PDH and t.otal AR mRNA. 

Bylund et al. (1982)組 dNisbiura et al. (2001)血dividuallyrep.orted也echanges .of αl-ARpr.o民in阻 d

α1・ARmRNA in the devel.oping SMGs .of Sprague-Dawley rats， respectively. H.ow巴ver，血eexpressi.on 

patt巴rns.of α1・ARpr.otein (Bylund et al. 1982) w巴resimil紅t.oth.ose .of αla-AR mRNA (Nishiura et al吋

2∞1)， different merely泊也.etime .of appr.oacbing adults levels .or reacbing a m鉱imum.
α2-AR畑 n.owbe divided int.o three AR subtypes， Cl2A - (previ.ously出.0given姐 α2D-

n.omenclature)， ~B- 組dα2C-AR subtypes. 1n .our pr回entsωdies，α2A-AR subtype gene was expressed 

(Figs. 4.1・3)，but α2B・組dα2C-ARsubtypes were n.ot detected (血tan.ot sh.own) in b.o也 SUS姐dRES

groups .of three判.orSGs by RT-PCR. The res叫twas ide凶叫t.othat .of mRNA叫，ressi.onf.orα2峠

subtypes in the SMGs .of Sprague-Dawley rats (Nisbiura et al吋 2001). 1n血ePGs，勘 am.ountsof 

transcript f.or α2A-AR subtype were significantly l.ower in SUS也姐th.osein RES. Bylund et al. (1982) 

sh.owed白紙也edensity .of α2・ARpr.otein血SMGswas nearly undetectable by 6 weeks姐dNishiura et al. 

(2001) als.o sh.owed mRNA expression .of α2A-AR subtype in SMGs was a c.onstant l.ow level after 6 

weeks .of age. But in也.ePGs .of SUS血dRES， mRNA expressi.on .of α2A-AR subtype was血al.owest 

level岨 ong血.osef.orα1>-' s2-' sパ凶αlb-ARsubtype in both SUS副阻Sgr.oups. 

s-AR is divided int.o sl-' s2-組 ds3・ARsubtypes， .of which sc組 ds2・ARsubtype mRNAs 

were expressed in bo血SUS姐dRES gr.oups .of也氏emaj.or SGs by RT-PCR (Figs. 4.1-3). 1n the PGs， 

血巴紅n.ounts.of住anscriptf.or sl-AR subt刀)ewere significantly l.ower in SUS也姐 th.ose也RESat b.o也

relative t.o G3PDH姐dt.oωtalARmRNAσigs. 6 and 7); Th.ose f.or s2・ARsubtype were higher in SUS 
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白血血osein RES only relative to total AR mRNA (Fig. 7). not relative to也atfor G3PDH (Fig. 6). 

Moreover.也.elevels of transcript for sz・ARsubtype were higher也血thosefor s)-AR subザperegardless 

ofin SUS or也RES.τ'herank order of s2'孔Rsubtype in也ePGs. was frrst and second也SUSand in 

RES. respectively. Schneyer a凶 Humphreys-Beher(1987) showed that rat SMG had both s)・ands2・

AR protei回.with血epercentages of each being 90 %姐d10 %. respectively. by r同 DHAbinding 

studies. However. Nishiura et al. (2∞1) showed也at也eamounts of住anscriptfor s2-AR subザpein rat 
SMG were about 1.7-3.6 times higher也姐 thosefor s)・ARsubtype from 2 to 12 weeks of age by 

com阿 tiveRT-PCR. 加 d也enwe also found伽 thelev出 ofmRNA expression for s2必 subtype

were higher也組 thosefor s)・ARsubtype血也ePGsofbゅthSUS祖 dRES. Nishiura et al. (2001) 

attributed the expression differences of mRNAs and proteins for s)・血ds2-AR subtypes to the佐山:lation

efficiency. half-life or instabilities of them. 

The relative rank order of AR subtype mRNA expression in SUS and RES was s2->α1α・〉α)b-

〉恥〉α2A-AR姐 dα1.-> s2-> sc>αlb・〉α2A・AR.atbo也to也巴levelsof G3PDH and to凶 ARmRNA.

respectively (Fig. 8). In也erelative rank orders of AR sub旬peexpression. we could find也attwo 

reversion姐 done iden凶叩onbetween SUS副阻S.也atis. the r姐 korder of s2->αla-AR in SUS 

was reversed into制 ofα1.-> s2-AR in阻 S;similarly.削 dα)b・>sl-AR in SUS was reversed into 

也atof sl->αlb-AR也 RES;However.批 levelsof畑町ptforα2A-AR subtype was identica1ly 

u1timate in bo也 SUS姐 dRES groups. Moreover. the relative rank order of AR subザpe mRNA 

侃 pressionin RES:αla-哨-> sραlb->α2A品.is completely identical to that of SD rats of白 same

age (12 weeks of age) from Nishiura et al. (2∞1) except也atrank order:αlb->α2A-AR is reverse. On 
the other hand.也eamounts of tr血 scriptsfor total AR subtypes were significantly lower in SUS than in 

RES. 

Besides.α)d-AR subtype mRNA was not clearly observed in bo也SUS姐 dRES groups of也巴

也氏emajor SGs. not detected血ratliver (data not shown) either by RT・PCR.which co紅白pondedto也6

results of Rokosh et al. (1994) by RNase protl巴ctionassay. Faure et al. (1994) by Northem blot analysis 

姐 dpharmcological profi1es of r悶 prazosinbinding and Scofield et al. (1995) by using Reverse 

Transcription姐 da competitive RT-PCR. Up to now. neither study have been found姐 ydetectable 
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mRNAofthe αld-AR subtype in rat liver， but αld-AR sub守peprotein in rat liver had been discovered也

1-week-old姐 dad叫trats by westem analysis using receptor subtype specific polyclonal姐 tibodies(Shen 

et al.， 2000). Thus也isappearance fl叫lyproved也atthere were certain differences of expressions in 

abun白血cebetween for AR subtype proteins and for corresponding AR subtype mRNAs found previously. 

Rokosh et al. (1994) also put forward the differences of expressions for sl・ands2-AR subtypes，也e

simil紅 asours. On血ebasis of the differences of expressions described as above， we血usdoubt in也e

expression of AR subtypes， whether revel'se・仕組scriptionefficiency is completely identical to 

transcription efficiency or not，也atis， wheth巴rrev巴rse-transcriptionin vitro is precisely reverse to 

仕組scriptionin vivo or not， and whether a spurious回 nslationfrom mRNA to prote血 mightbe contained 

in也eprotein expression of AR subtypes?! Therefore， further researches are needed to elucidate these 

knotty probl巴msand determine the extent組 dlevel of translation of AR subtype mRNA into 

corresponding AR sub旬peproteins in the SGs. 

It is not clear now how much， what proportion and functional組Ierencesin AR subtype 

expressions both the parenchyma (including ac血征組dductal cells) and stroma of血eSGs possess，也山

由ecell叫釘loca1izationof AR subtype mRNAs and corresponding prote也sin也巴 SGsis also a cha1lenge 

for future work. Furthermore， it is not defmite now for each of AR subtypes in SUS姐 dRESr拙 how

to mediate saliva secretion and whether there is a cert泊ncorrelation or not with dental plaque information 

or inhibition. Therefore， it is also very import祖 tto elucidate the mechanisms of AR subtypes' 

mediating sa1iva secretion in ODU rats and the differences of the two strains in也巴 aspectof the 

hereditary characteristic. 

5. Conclusions 

In our present s回dy，the fiv巴 subtypemRNAs，αlραlb-'α2A-' sl-組 ds2-ARs， were 

expressed in也e也氏emajor SGs of both SUS組 dRES groups by RT-Pα. The intensities of the 

mRNA expression of AR subtypes in也ePG were significantly different betw巴enSUS姐 dRES groups 

by compe副 veRT-PCR姐 dNIH・Imageanalysis. It is revealed although the曲目明orSGs of ODU 
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rats contain the five AR subtype mRNAs， distinct subtype-spec出cexpression is evident between the SUS 

組 dRES groups in也ePG，組dalso suggested也atsome of the AR subtypes in也ePG might especially be 

invoh吋 indiscriroina血.gbo血SUSand RES groups. 
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Fig.3 
Calibration standard curve. DNA size 
marker (ゆX174IHae111 digest) was used 
as a calibration standrad. 
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Fig.4.1 
RT -PCR analysis of the expression of α1a'α1b，α2A' s1 and s2 AR 

subtype and G3PDH mRNAs in PGs of ODU SUS and RES rats. 

Cycle numbers of PCR are shown in parentheses on the bottom 
of the electrophoretograms. 
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Fig.4.2 
RT -PCR analysis of the expression of α1a'α1b，α2A' 131 and 132 AR 

subtype and G3PDH mRNAs in SMGs of ODU SUS and RES 

rats. Cycle numbers of PCR are shown in parentheses on the 
bottom of the electrophoretograms. 
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RT-PCR analysis of the expression of α1a，α1b'α2A' s1 and s2 AR 

subtype and G3PDH mRNAs in SLGs of ODU SUS and RES rats. 

Cycle numbers of PCR are shown in parentheses on the bottom 
of the electrophoretograms. 
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