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Cloning and sequencing of a rat type II activin receptor
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A full-length ¢DNA for a rat type 11 activin receplor was cloned by hybridization from a rat ovary cDNA library. The deduced amino acid sequence

(513 residues) containing a single membrane-spanning domain and an intracellular kinase domain with predicted serine/threonine specificity. The

amino acid sequence is 99.8% and 99.4% identical in the coding region with the previously cloned mouse and human type II activin receptor, and

only 66.7% identical in the coding region with the previously cloned rat type I1B activin receptor. We examined the effect of PMSG-hCG on the

mRNA level of type I activin receptor in immature rat ovaries. Northern blot analysis of ovarian RNA revealed two mRNAs (3.0 kb and 6.0
kb).

QOvary; Activin receptor; mRNA

1. INTRODUCTION

Activins, dimers of the § subunits of inhibin (8, or
B5), which stimulate FSH secretion in the anterior pitu-
itary gland have been isolated from the mammalian
follicular fluids [1,2]. They belong to a member of TGF-
B superfamily which includes TGF-8s, Millerian inhib-
iting substance, bone morphogenetic proteins, the prod-
uct of decapentaplegic gene complex of Drosophila and
Vgl gene product of Xenopus [3]. Activins have an ex-
tensive anatomical distribution and are implicated in
the regulation of many biological processes, including
the proliferation of many cell lines [4-6), control of the
secretion and expression of the anterior pituitary
hormones FSH, GH, and ACTH [1], neurcnal survival
(7.8], hiypothalamic oxytocin secretion [9], erythropoi-
esis [10,11}], and early embryonic development [12-14)].
In the ovary, the LH-stimulated androstenedione pro-
duction was suppressed, and FSH-enhanced aromatase
activity was stimulated by activin [15,16]. A previous
study reported that administration of PMSG led to a
increase in the expression of all three inhibin subunits
(o, Ba, and Bp) whereas injection of hCG cause a de-
creased in the level of the respective mRNA in vivo
system [17]. Therefore, activin has been suggested to
play important local roles in the modulation of gonadal
function. However, an understanding of the molecular
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mechanism of activin action has to be determined. Re-
cently, activin receptors were cloned in several species,
and subtypes were reported [13-22].

We report here the cloning of rat type I activin recep-
tor and the effect of FMSG-hCG on the mRNA levels
of this receptor in immature rat ovaries.

2. MATERIALS AND METHODS

2.1, Isolation and sequence determination af rat activin recepior

A size-selected (1.5-5 kb) randomly primed rat ovarian cDNA was
prepared by reverse transcription of poly(A)” RNA. The end of the
c¢DNA were blunted with T4 DNA polymerase and EcoR1 adaptors
were added. The cDNA was ligated (o the vector Agtl0 and packed
with Stratagene Gigapack Gold. The library contains 1.5 x 10" inde-
pendent recombinants, and was amplified. This library (5 x 10° clones)
was screened with nick translated **P-labeled 1.4-kilobase (kb} Accl
fragment (780-2194) from the mouse type 1l activin receptor clone
[18]. Nylon membranes were hybridized and washed successively in
1 x SSPE (0.18 M NaCl, 0.0]1 M sodium phosphate, | mM EDTA, pH
7.7, 0.19% SDS for 15 min at 42°C and 0.1 x SSPE, 0.1% SDS for 10
min at 65°C. Several clones were identified, and one clone was selected
for sequence analysis. These clones were subcloned into M13mp and
single-stranded DNA templates were prepared for sequence determi-
nation. Sequencing of strands of DNA was done by the dideoxy chain
termination method {23},

2.2. Extraction of RNA and Nortlern blot analysis
Twenty-five-day-old imnature female rats of Wistar stain were
primed with 301U PMSG alone or 301U PMSG plus 201U hCG 60
h later. After each rat was sacrificed at sclecied intervals, ovaries were
removed and immediately stored in liquid nitrogen uniil extracting
RNA for Northern blot analysis. Rat type 1l activin receptor nRNA
probe was prepared using mRNA probe synthesis kit. Tolal RNA (15
ug) extracted from the ovaries by the acid guanidinium thiocyanate/
phenol/chloroform extraction method was fractionated by electropho-
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resis through a 19 agarose/formaldehyde gels [24], The RNAs were
transferred to a nylon membrare (Biodyne, ICN) [25]. Blots were
prehybridized [or 6 h at 68°C and then hybridized overnight at 68°C
with a digoxigenin-labeled RNA probe. Under the standard protocol
of nucleic acid detection kit (Boehringer-Mannheim), autoradiogra-
phic bands were quantitated by densitometric scanning to be siander-
lized against the corresponding amount of f-actin mRNA.

2.3, Synthesis of RNA probe

Rat activin receptor cDNA was subcloned into Bluescript and lin-
earized by BamHI. Digexigenin-labeled activin receptor RNA probe
corresponding to =21 to 2256 was produced by in vitro transeription
with T3 RNA polymerase and RNA labeling kit (Boehringer-
Mannheim). Digoxigenin-labeled f-actin RNA probe was obtained by
the samne methed.
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3. RESULTS AND DISCUSSION

Fig. 1 shows the 2277-nucleotides sequence of the
cloned cDNA and amino acid sequence deduced for the
rat type II activin receptor. The first methionine in the
sequence was considered the initiator codon. This was
followed by a amino acid sequence having the charac-
teristics of a signal peptide with a cleavage site as de-
fined by von Heijne [26]. As in mouse type II activin
receptor, the 19 amino acid stretch at the amino-termi-
nus is assumed to be a single peptide and a single puta-
tive 26 residue membrane-spanning region occurs be-
tween amino acids 136 and 161 [18]. Therefore, the

GCACGAGGGCACCTCRAGAAA

ATGGGAGCTGCTACANAGTTGGCGTTCACCGTCTTTCTTATCTCTTGCTCT TCAGGTGCTATACTTCECAGATCGGAAACT AGCAGTET
HosGlvAlahladlalyaleuhlaPhedlgVa|Phelicul loSerCysBerSardlvAlal leLeuG yArgSerG luThr GInGluCys

CTTTTCTTTAATGCTAATTGOGAAAGAGACAGAACCAATCAGACTGATGTTGAGCCTTACTATGATOATAAAGACAAACGACBACATTGT
LuthcPhuAﬂnAlﬂAanTrpGluArsAﬂpArsThrﬁgnglgIngGlyValG1uProCysTyrGlyAspLysAspLysArsArgHisCys

TTTGCTACCTGUAAGAATATT TCTGGTTCCATTGAAATAGTANAGCAAOGTTGT TGECTGGATGATATCAACTGCTATGACAGOACTGAT
Phe laThrTrplyspan leSer0lySert leGlul tevalLlysGinGlyCysTrpleuAspAsp ] leAsnCysTyrhspArgThrisp

TGTATAGAAAAAAAAGACAGCCCTGAAOTGTACTTTTGTTACTGTAACGGCAATATGTATAATGAARAGTTCTCTTATT TTCCGGACATG
Cyal leGluLysLysAspSerPraGiuva i TyrPheCysCysCysQiul lyAsnietCysAsnG lulysPheSerTyrPheProl lutet

GAAGTCACACAGCCCACATCAAATCCTGTTACCCCGAAACCACCCTACTACAACATCCTGCTGTATTCCTTAGTACCACTTATGT TAATT
GluvalThrGlnProThrSerAsnProYa I ThrProlysProProlycTyrisnl lakoulenTyrSerkouYa | ProleuMetloul Lo

GCOGCGATTGTCATTTGTGCGTTTIGG0TCTACAGACATCACAAGATUBCCTACCCTCCTOTALTTATTCCTACTCACOACCCTGOACCA
AlaGlylleVallleCyadlaPhalTrova ) TyrArgt ist IsLyatetAlaTyrProProYa lLeuYal ProThri InASpPraG | yPro

CCTCCACCTTCCCCATTACTAGGGTTGAAGCCATTGCAGCTATTO0ANGTGAAAGCAAGRGGAAGATTTAGTTATATCTRCAAAGCCCAS
ProProProSerProLeuLeutlyleulysProleulinLeuleudluYalLyshlaArgGl yArgPheGlyCysYalTralysalaGln

TTGCTCAATGAGTATGTGGCTATCAAAATATTTCCGATACAGGACAAACAGTCCTCOCAGAATGAATATCAAQTCTATAGTTTACCTCAG
LeuLeuAsnGluTyr¥alAlallelys] lePheProlleGlnAspLysGinSerTrpGinAsnG luTyrGluvalTyrSerLauProlly

ATGAAGCATGAAAACATACTACAGTTCATTOGTGCAGAGAAAAGAQGCACCAGTGTTGATGTGEACCTGTRGETAATCACOGCTTTTCAT
MetLysHisCluAsn! leLauGlnPhel leGlyAlalluLysArgllyThrSeryal AspYa 1AspleuTrpleul leThra laPhollls

GAMAGGGCTCACTGTCAGACTITCTTAAGOCTAATGTGGTCTCTTACAATGAACTTTATCATATTGCAGAAACCATGOCTAGAGGATTS
G fuLys?!ySerLeuSerAspPhel.aulysAlahsnVaiVa 1SerTrpAsnG lubeuCystlisl leAlaGluThrHetAlaArgGlyLeu

GCATATTTACATGAGGATATACCTGGCTTAAAAGATGGCCACAAGCCTGCAATATCTCACAGGGACATCAAAAGTAAARATGTGCTATTG
AlaTyrleulilsOluAspl leProGlyLeulysAspBlyHisLysProAla! leSerl] sArgAspl lelysSerLysAsnValLeuleu

AMAACAATCTGACAGCTTGCATTGCTGACT TTGGOTTGOCCTTAAAGTTTGACGCTOGCAAGT CTGCAGOTGACACCCATGACCAGGTT
LyshenfgplayThpAlaCys!leAlaAspPhol lyLauslaleulysPholi luhlaClyLysSerAl1aClyAspThrllisG1yGlnVal

GGTACCCGQAQQTATATGOCTCCAGAGGTATTACAGGCTGC TATAAACTTCCAAAGGUACGCAT TTCTGAGGATACATATGTACGCCATG
GlyThrArgArgTyrMotAlaProGiuValleutiuGlyAlal leAsnPhelInArgAspA | aPheleuArg] leAspiet TyrAlaMat

GGATTAGTCCTQTGGOAACTGCCTTCTCATTGTACT CCTGCAGATRCACCTGTAGATAGTACATGTTGCCATTTGAGGAGBAAATTCOC
GlyLeuYalLeuTrpGluLeuAlaSerArgCyaThrAlahlaAspd lyProvalAspQliuTyrietLeuProPhiediubluGiul leGly

CAGCATCCATCTCTTGAAGATATGCAGGAAGTTOTTGTGCATAAAAAAAAGAGOCCCCT T TAAGAGAT TATTCGCAGAAACACGCAGOA
GinlisProSerLeuGluAspietGinGluYalvalYaltisLlysLyslysArgProVa |LeuArgAspTyrTrpl lubyst isAlaGly

ATGGCAATGCTCTOTGAAACGATACAAGAATGCTAGGATCATCATACAGAAGCCAGGTT ATCAGCTGBATGTGTAGGTGARAGAATTACT
MetAlaMetleuCysGluThrileGluGiuCysTrpAsplli sAsphlaCluAlaArgleuSera 1ol lyCysVa 10 1yGluArg T leThr

«
CAGATGCAAAGACTAACAAATATAATTACTACAGAGUACATTCTAACAQTGGTCACAATGGTCACAAATCTTGACTTTCCTCCCAAAGAA
GlinMetGlnArglouThraAsnl el leThrThrGluAspl leYa TheValVal ThrMetValThrAsnya L AspiiheProProLysGlu

TCTAGTCTATGATGGTTGCACCATCTGTCCACACTGAGAAT COCGACTCTGAACTGGAGCTGCTAAGCTAAGGAAACTGCTTAGTTTATT
SerSerkeu

TTCTGTATGAAATCAGTACGOTGCCTCCOGUACACGTATCCAAGCAGCCCCTTGTAGAAAGCATGOATTGGCAGAC TTCCTGCAGLATCT
GCAACACGGATATGAAGGGGGTCTAAGGGGAAACTGCGAACTGTAAAGAACTTCTGAAAACTTACACGAAGAATGTGOCCCTCTCCARAT
CAAUGATCTTTTGOACCTGGCTAATCAAGTATTTGAAAACTGACATCAGAT TTCTTAATGTCTGTCAGAAGACACT AATTCCTTAAATOA
ACTACTGCTATTTITTTTAAATCAAAAACTTTTCATTTCAGATTTTAMAAAGGG TAACTTT TTATTGCATT TUCTATTATTTCTATAAAT
CACTATTGTAATGCCAACATGACACAGCTTQTGAATGTGTAGTATACTACTOTTCTGTGTACATAGTCATCAAAGTCOGOTACAGTAAAG
AGGCTTCCAAGCATTACTT TAACCTCCCTCAACAAGGTATACCTCAOTTCCACGOTTGCTAAAT TATAAAATTGAAAMCACTAACAGAAT
YTCAATAAATCAGTCCATGTTTTATAACAACCTATT ACAAACTCACTOTT TAT TTAAGAA ANAATGOT AAGCTATGCTTAGTGCCAATA
GAAGCT
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Fig. 1. Nucleotide and deduced amino acid sequence of rat type IT activin receptor. The single peptide and transmembrane domain are indicated
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by a single underline. The kinase domain is indicated by arrows. Polential sites of N-glycosylation are indicated by double underlines.
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rActg- g HGAAAKLAFAVFLISCSSOA | LGRSETQECLFFRANNERDRTNQTGYEPCYGDXAKRRHE 60
BACIR-H e e

AetR=I e |

rhciR-0  FATHKNISGSIE IYKQOCHLODINCYDRTDCIERRDSPEVYFOCCEGNMCHERFSYIPEY 120
ahetR-1

BACtR-I Lo | P

rActR-1  EVTQPTSNPVTPKPPYYNILLYSLYELMLIAGIVICAFRYYRIMKMAYEPVLYPTQDPGP 180
prcth-I ...l T
hActR~ I

rActi- 1 PPPSPLLGL!(PLQLLEVKnRGEFGC‘IHKAQLL'\ETVAlKlFPIQDKQSNQI\ETEV'{SLFG 240
BACtR-1 o s e
DAGER-I  4ivriiiiiiisinioninarinnisinsionsenns V ......................

rActR-0  MRHENILQRIGABKRGTSYDYDLNLITAFHEKGSLSDFLKANYVSHNELCH I AETHARGL 300
pActR- U
hActR- O

rActR-U  AYLUEDIPGLKDGHKPAISIKDIKSKNVYLLKNNLTAC] ADFGLALKFEAGKSAGDTIHCQV 360
pActR- I

lidctR- 8

rActB- I GTRRYMAPEVLEGA!NFARDAFLRIDMYAMOLVLYXELASRCTAADGPVDEYMLPFEERIG 420
oActR- Il
hAeth- 1

rActh-1  QUPSLEDMREVYVHKKKRPVLROYRQKHAGMANLCET | EECHDIUABARLSAGCYGERIT 480
BACER- T e s e s e

BACLR-D i e e

rActi-1  QMQRLTNIITTEDIVTVYTHVINYDFPPKESSL 513
ohetR-1 e s T .
hActR=1 i

Fig. 2. Detailed comparison of the amino acid sequence of the rat,
mouse and human type 11 receptors: identical residues are represented
by a dot. The numbering of the amino acids is indicated on the right.

mature rat type I activin receptor is predicted to be a
494 amino acid membrane protein of M, 56,000 with a
116 amino acid N-terminal extracellular ligand binding
domain, and a 352 amino acid intracellular signailing
domain with predicted serine/threonine specificity. The
position of all cysteines, as well as sites of N-linked
glycosylation are conserved., There are two potential
sites of N-linked glycosylation in the N-terminal ex-
tracellular domain.

The amino acid sequence is 99.8% and 99.4% identi-
cal in the coding region with the previously cloned
mouse and human type II activin receptors (Fig. 2), and
is only 66.7% identical in the coding region with the
previously cloned rat type IIB activin receptor (Fig. 3).
The existence of heterogeneity in the activin receptor
population has been suggested by the widespread ac-
tions of activin. In addition, two types of activin recep-
tor were detected on Friend leukemia and embryonal
carcinoma cells [27]. According to our data, this degree
of sequence divergence indicate the difference between
the rat type II and the rat type IIB receptor. However,
the serine/threonine kinase show a high degree of ho-
mology within the two receptors than the ligand binding
or transmembrane domaiz. The availability of a cDNA
for type II activin receptor might allow us to study
structure-function analysis of this receptor. Moreover,
the existence of distinct activin receptors may contribute
significantly to the varied biological effects of activin.

In granulosa cell culture, addition of FSH induced a
7-8-fold rise in the number of activin binding sites with-
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out alternation of the binding affinity [28]. Moreover,
it has been reported that activin increased FSH receptor
content {29] and augmented the FSH stimulation of
progesterone production and LH receptor induction.
Therefore, the specific activin receptors in the granulosa
cells may mediate the observed effects of activin on
granulosa cel! differentiation. On the other hand, ac-
tivin-binding protein was purified from rat ovary [30]
and bovine pituitary [31] and was identical to follistatin.
It was reported that FSH induced the production of
follistatin in granulosa cell culture [32], In order to in~
vestigate the regulation of activin activity, it might be
essential to know the dynamic relationship between pro-
duction of follistatin and activin receptor in the ovary.

- Therefore it is possible that activin may exert local ef-

fects such as the modulation of the production of gona-
dotropin receptor through their own receptor which
might be affected by the existence of follistatin, As
shown in Fig. 4, Northern blot analysis of ovarian RNA
revealed a major mRNA of 6.0 kb nucleotides and a
minor that of 3.0 kb nucleotides. Although the intensity
of 6.0 kb band did not change significantly after PMSG
administration, hCG administration caused an increase
in activin receptor messenger level and S-fold increase
of control level by day 3. Thus, the mRNA levels of
activin receptor in immature rat ovary has been induced
according to the maturation of follicles and even after
ovulation it continued to increase. The physiological
roles of accumulation of activin receptor levels after
PMSG-hCG priming in the female rat are not known,
and we believe that our results are of significance in
ascertaining the existence of a specific receptor in rat
ovary, and contribute further insight into the mecha-
nisin of regulation of ovarian functicn.

rhcth-1  MGAAAKLAFAVFLISCSSCA|LGRSETQECLFFNANWERDRTNQTGYEPCYGDRDKARHC 60
rActR-IB  M-TAPWA. L. LL¥G. LCA. SGR. BA LR, ITY..... LE....S.LREEQ..L. 59

ractR-1 FATNKN1SGSIE I YKQGCHLODINCYDRTDC! EKKDSPEVYFCCCEGNMCNEKFSYFREN 120
rActB-0B VS PS.T. LKoo Fous s QELVATERN. Qv v o FL RV THLLL P 18

rictR-1 EYTQPTSNPVTPKPPYTNILLYSLYPLMLIAGLYV I CAFNYYRIHKMAYPPYLYPTQDRGP 180

rhetR-18  GGPEVTYE. PPTA. TLLTVLA. .. L. 1GGLSL. . Li.. . M. .. . PP, GH, DINE-. ... 178
ractl- 1 PPPSPLLGLKPLQLLEVKARGRFGCVRKAQLLNEYYATK1FPIQDKQSHQNEYEYYSLPG 240
rActR-UB ..., | AT | TP BOR . V...l SRR T 238
rActh-1 MKHENILQFIGAEHRG -TSVDYDLYL I TAFHEKGSLSDFLKANVVSNNELCH] ABTMARG 299
ractB-OB  .....L... Auass CSHLE.E........D.. .. TLY.LG Tl Ye.uuSi. 298
rActR-1 LAYLHED! P-GLKDGIKPA I SHRD] KSKNVLLKNKLTACIADFGLALKFEAGKSAGDTHG 38
ractR-08 .S.....V.WCRGE....S.A...F......0s [ R/ R VR..P..PPR..... 358
rActi-}i QVGTRRYMAPEVLEGAINFQRDAFLRI DY AMGLVLYELASRCTAADGPVDEYMLAFEER 418
PARER-TIB  iviinririnssannisniasnns Verasrssisass L 418
ricti- 0 lGQ‘{PSLED‘QQEWVHKKKRP‘-‘LRDYHGKHAGHMLCETlEECHDHDAEABLSAGC/GER 478
rActR-00  ....au [ X P, HTHH L P L QY 478
racti-B ITQQRLTN] ITTEDIYTYVTMVTNVDFPPKESSL 513
rActR-0B  VSLIR.SV.GS, SDCL, SL..SS....Llu.sss | 513

Fig. 3. Detailed comparison of the amine acid sequence of the rat 1ype
II and the rat type IIB activin receplors: identical residues are repre-
sented by a dot. The numbering of the amino asids is indicated on the

right.
55



Volume 312, number 1

-2-1 0 1 2 3 Day

FEBS LETTERS

rat typel activin receptor mRNA

November 1992

MG hCG

M

B actin mANA

nnl

=2=1 0 1

2 3 Day

Fig. 4. The elfect of PMSG and hCG treatment on rat type IT activin receptor mRINA levels in immature rat ovary. From each point 15 yg of

total RNA was prepared and fractionated through a 1% agarose gel and blotted as described in Materials and Methods. Blots were probed with

digoxigenin-labeled rat type II activin receptor RNA. (A) The filters were exposed to KXodak XRP film. (B) Autoradiographs were quantitated

by densitometric scanning, and the increase in activin receptor mMRNA (6.0 kb band) relative to S-actin is expressed as arbitrary units. The mRNA
level at each time point is expressed as the lold increase over day ~2. The results shown are representative of three experiinents.
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