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ABSTRACT

The cDNA clones encoding ARE (Na,K-ATPase al
subunit gene regulatory element) binding protein
AREC3 were isolated from myoblast C2C12 cells and
mouse skeletal muscle cDNA library. At least four
alternatively spliced forms of AREC3 cDNA were
identified. Sequence analysis indicates that AREC3
has an extensive homology with the  Drosophila sine
oculis gene product required for development of the
entire visual system [Cheyette et al. (1994) Neuron 12,
977-996]. The homologous region including a homeo-
domain is required for specific DNA binding to ARE. A
transactivation domain was identified in the C-terminal
part of the AREC3 by reporter gene assays using
GAL4—-ARECS fusion protein constructs. Immunohisto-
chemistry revealed that AREC3 localized to the nu-
cleus and cytoplasm of myoblast C2C12 cells, and the
production of AREC3 is augmented during muscle
differentiation. Western blot analysis indicated that the

115 kDa form of AREC3 protein is increased in the
cytoplasmic extract, and the 67 kDa form is increased
both in nuclear and cytoplasmic extracts of C2C12
cells during muscle differentiation.

INTRODUCTION

GenBank accession nos D50416-D50418 (incl.)

systems?,8). ARE was identified as a positive regulatory region
common to various cell lines and tissues. More than seven ARE
binding proteins are known, some of which are ubiquitous, and
others tissue-specifi?,0). ARECS3 protein was first identified as

a cell-type specific ARE binding factaf) (In this study, we have
isolated alternatively spliced forms of AREC3 cDNA from
myoblast C2C12 cells and mouse skeletal muscle. We also
identified the specific DNA-binding and transactivation domains,
and analyzed the expression of the gene product in cultured cells
and murine tissues. The implications for a developmental role of
ARECS3 are discussed.

MATERIALS AND METHODS
Screening and sequencing of cDNA

A partial cDNA clone encoding AREC3 was obtained from
partial amino acid sequences of the purified AREC3 protein
(Suzukiet al, unpublished). Thélindlll(547)-BsEll (1580)
fragment of human AREC3 cDNA (Suzuwtial, unpublished)

was used as a probe for screening the C2C12 cDNA library.
About 1x 10° plaques were screened, and 13 positive clones
obtained. One of the longest clones (M18) and one of the shorter
clones (M8), which has a different restriction map from that of

Na,K-ATPase is the enzyme responsible for maintaining the N&118, were subcloned into pSVSPORT (named pSVSPORTM18
and K gradients across the cell membrane. The enzyme amd pSVSPORTMS, respectively) and sequenced. To obtain the
composed of two subunits nantedndp (1,2). Thea subunitis  full-length clone, we screened another library from mouse
the catalytic subunit in which ATP, cation and ouabain bindingkeletal muscle (obtained from Clontech) using probes contain-
sites reside. At least three isoform gank®i2 anda3 have been ing nt 1 to 869 of M18 and 154 to 322 of M8. We obtained five
identified @). They are expressed in different tissues and amones (f1, f2, f3, f4 and f14) that harbor the skeletal muscle-spe-
regulated under different developmental conditichs Each  cific sequence fused to position 54 of M18 sequence frofr02
gene product exhibits different NaK* and ouabain affinity plaques. The two overlapping clones of the mostxtended
(5,6). The Na,K-ATPasail subunit gene is expressed in allclone f2 and the most-8xtended clone f39 were sequenced.
tissues and is most important for cellular homeostasis. We haSequence homology was searched by FASTA (DDBJ). The
analyzed the regulatory region of the gene in various cell lines aadcession numbers for cDNA sequences are D50416 (M18),
tissues using transient transfection or cell-free transcriptidd50417 (M8) and D50418 (SM).

* To whom correspondence should be addressed
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RT-PCR follows: for SMNT, SMNTM\1, SMNTNA2 and SMNTM3,

cDNA clone f14 was digested wiBal31, blunt-ended, coupled

Skeletal muscle RNA was isolated from BALB/c mice (7 week$ith aBanHI linker di e

) e gested withdindlll (1096) and subcloned
old) using ISOGEN (Wako). Purification of polyRNAWas by iyt BanHI/Hindlll-cut pKS. cDNAs harboring positions 64,
oligo dT‘.CeO'I'“'Ose C.O'“T;-STS‘R?\;:{'/F’“O” of polyRNA (2 “9()8 24,172 and 310 to 1096 were excised BihHI andHincll,
was carried out using 12. reverse transcriptase (Boefiay  sypcloned into  blunt-endeBarHI/EccRI  digested
ringer) with a primer of ATGCGCCTGAAAGTGGATGAGGA- (fGEX-?;X. GST fusion proteins were induced by adding IPTG,

GACA (KK9411) in the presence of 26 U RNase inhibitor andyen nyrified on a gluthathione-Sepharose column (Pharmacia
1 mM of each dNTP. PCR was performed in the presence IIow?ng the manu?acturer’s protoc%l. ( )

0.2 mM dNTP and 0.@M of each primer. Thirty cycles of 9€
45s,60C 45 s and 72C 2 min 30 s were performed using a Perki
Elmer thermal cycler. PCR primers used wefeAGTG-
GAGTTGTACCTGATCTGCCGCTC (KK9407),'55CAGCT-  Gel retardation assays were performed as desciilopdANRE
ATCCGTTTACACTACTTTGCTC (KK9410), SCAATACAC-  fragment Pvul-Mlul fragment ofAtplal (7) was labeled with
CGTCTCCTCGCCGTCCC (KK9412) and BGCGAGGGAG- 32P-dCTP and used as a probe. For competitors, C3WT:

"Gel retardation assays

TGAGGGAGGGAGGAA (KK9415). 5-TCGAGCCGGTGTCAGGTTGCTCC and-5CGAGGAG-
CAACCTGACACCGGC were annealed and C3MUTTEG-
Northern hybridization AGCCGGTGTGAGGTTGCTCC and 5TCGAGGAGCAAC-

CTCACACCGGC were annealed.
Mouse MTN blot was obtained from Clontecthd—HindllI
(318-869) fragment of pPSVSPORTM18 was labeled by Megaonstruction of GAL4 fusion protein and reporter gene
prime (Amersham) and used as a probe. Hybridization was dogésays

using QuikHylhl (Stratagene) according to the manufacturer’s
protocol. For GAL4AF, GALANT@4 and GALACT, theSal-Dral

(-17-2486), Sal-Bsd#dll (-17-402) and Hindlll-Dral

GST fusion proteins (869-2486) fragments from pSVSPORTM18 were blunt-ended

P and ligated into th8ma site of pPCM\VAGal4, which contains the
Various deletion proteins of the GST-AREC3 fusion weré>AL4 DNA-binding domain (1-147). For GALANTM, the
constructed as follows. For MB th®al-Dral (-17-2486) Bsdll-Hindlll (402-869) fragment from pSVSPORTM18 was
fragment of pSVSPORTM18, containing the whole codindlunt-ended, coupled Wlmba_llnker_ and ligated mth_ba site
region, was blunt-ended with Klenow and ligated intostd ~ of PCMVAGal4. For further dissection of the C fcermlnal portion
site of pGEX-3X. For MBNT, the MB construct was digested® AREC3, GALACT1 and GALACT2, thédindlll-Pvul
with Hindlll (869) andEcaRl, blunt-ended and self-ligated. For (869-1332) andPvul-Apal1 (1332-1576) fragments from
MBCT, the Hindlll-Dral (869-2486) fragment of PSVSPORTM18 were blunt-ended and ligated intcSthd site

pSVSPORTM18 was blunt-ended and then ligated intSre ~ of PCMVAGal4, while for GALACT3, theApa.l-Dral

site of pGEX-3X. N-terminal deletions derived from MBNT (1576-2486) fragment from pSVSPORTM18 was blunt-ended
were constructed as follows: for MBNTW, pSVSPORTM18 and ligated into the blunt-endeba site of pCM\AGal4.

was cut withEcod7! (214), coupled with 8anHI linker then ~ Reporter plasmid £ UAS/CAT, which contains a GAL4 binding
digested withSad (531) and subcloned intBanHI/Sad-cut ~ Site in front of the HTLV-1 LTR promoter, was supplied by Dr
MBNT. For MBNTNA2, pSVSPORTM18 was cut wilicod 711l Okuda. Transient transfe(_:tion into C2C12 cells and CAT assays
(269-1948), coupled with BamHI linker, then cut withSad ~ Were performed as described)

(531) and subcloned inBanHI/Sad-cut MBNT. For MBNTN-

A3, theXhd—-Hindlll (318-869) fragment was blunt-ended andAntibody preparation

subcloned into the blunt-end&tcR| site of pGEX-3X. FOI - theppq| pral (1427-1918) anBvul (1007-1563) fragments
MBNTNA4, the Bssll-Hindlll (402-869) fragment of ¢ man AREC3 cDNA, for anti-AREC3 sera, nos 5 and 6
PSVSPORTM18 was blunt-ended, then subcloned into thags e tively, were fused to tReaRl (blunt-ended) anmal
blunt-endedEccRl site of pGEX-3X. C-term|.nal deletions gjeg of pGEX-3X, respectively. Fusion proteins were purified
derived from MBNT were constructed as follows: for MBNYIC i 5 glutathione-Sepharose column (Pharmacia). The purified
and MBNTQ\2, theSad-PmeCl (531-792) fragment and the . yain was mixed with Freund’s complete adjuvant and injected

Sad—Madll  (531-643) (blunt-ended) fragment of ; | its th ; ; ks i Is. Th :
pSVSPORTM18, respectively, were subcloned into cut, bIun&é?emsbiéfggétmtgegﬁJgﬁ?olset\g?t\r’;iif;’rgstgvaS' e antisera

endedEcdRI- andSad-digested MB. For MBNT@G3, MBNT
was cut withMsd (580) and blunt-ended, then digested with
BanHI and subcloned intBarrHI-EcaRl, blunt-ended digested
pPpGEX-3X. For MBNT@4, theSal-Hinll (-17-420) fragment Cells of C2C12 were grown in a 24-well culture dish in DMEM
of pSVSPORTM18 was blunt-ended and subclonedSm@  with 10% fetal bovine serum (FBS) or in DMEM with 2% horse
digested pGEX-3X. For MBHD1, thesd (434-697) fragment serum as a differentiation medium. For immunostaining with the
of pSVSPORTM18 was ligated into the blunt-enBedR| site  anti AREC3 antibody, cultures were rinsed with 1% FBS, washed
of pGEX-3X. For MBHD2, theHinll (420-765) fragment of with PBS, fixed with 2% paraformaldehyde in PBS for 60 min at
pSVSPORTM18 was blunt-ended, coupled wiBeaHlI linker  room temperature and then permeabilized with PBS containing
and subcloned into thBanHI site of pGEX-3X. GST-fusion 0.2% Triton X-100 for 15 min at room temperature. Blocking was
constructs of skeletal muscle type cDNA were constructed dsne using a labeled streptavidin biotin (LSAB) kit from DAKO

Immunohistochemistry
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Figure 1. Structural feature of cDNA clones of AREC3. Homeodomain (HD) and specific exons A, B and C are indicated. Asterisks indicate the position of frar
shift in M8 sequence. Open arrowhead shows the position of diverged sequence in M8. Closed arrowhead indicates the position of f12 to which the same seg
as for M18 is fused. The positions of oligonucleotides used for RT-PCR are indicated by arrows. The region of cDNA clones from skeletal muscle library are indice

and incubating with the absorbed rabbit anti-AREC3 serum 6 ebdes a totally different amino acid sequence from amino acid
1:500 dilution and with anti-Sp1 antibody (Santa Cruz Biotechposition 196 alanine. Among 18 clones from plaques of mouse
at 1:.50 dilution for 30 min. Visualization of AREC3 was skeletal muscle cDNA library that hybridize with therd portion

accomplished with the LSAB kit. of M18, five (f1, f2, f3, f4 and f14) extended beyond position 54
of M18, nested and contained the muscle-specific sequence
Western blot analysis (indicated as C in Fig.). The ATG codon is found at position 62,

) ) . .after the termination codon at the position 32 in frame. The other
Nuclear extracts from C2C12 cells in growing medium and igyelve clones overlap with M18. The structure of the combined

differe_ntiat_ion medium were prepare_q according to the meth%cleotide sequence of two overlapping skeletal muscle clones (f2
described in Kawakaret al (12), modified by adding aprotinin  gnd 39, which covers from 1 to 1042 and from 819 to 5566,
(14 ug/ml), pepstatin A (0.Jug/ml), leupeptin (0.1ug/ml),  regpectively) is shown as SM in Figdré/Ve found no sequence
antipain (0.1ug/ml) and soybean trypsin inhibitor (&/ml) in  gitterence from that of the M18 except two T residues missing at
buffer B. The cytopla_smlc supernatants of the nuclear pellet WEHBsition 3267 in SM (corresponding to 3040 in M18) in the 3
pooled as cytoplasmic extracts. Proteiny@pfrom the nuclear on.coding sequence. One of the 18 clones (12, fourth alternative-

and_cytoplasmic extracts was resolved by 9% polyacrylamidgrgpjiced form) is different in that this type contains A and B exons
SDS gel electrophoresis. Proteins were transferred to Hybonghy extends to nt 8 of M18. The homeodomain is found in the
ECL membrane (Amersham) and analyzed with anti-ARECgentra| portion of M18 and SM (Fit).

serum 5 at 1:3000 dilution using the ECL Western blotting 14 confirm that these alternatively spliced forms are relé@vant

analysis system (Amersham). vivo, we tried to identify these molecules by RT-PCR using
mouse skeletal muscle poly RNA (Fig. 2). For this purpose,
RESULTS we made a set of PCR primers flanking the alternatively spliced
: exons A and B (KK9410 and KK9412). Control PCR using
Cloning of mouse AREC3 cDNA cDNA clones of pSVSPORTM18 (lane 1), pSVSPORTMS (lane
To understand the structure and function of the ARE binding) and pSVSPORTf12 (lane 3) as templates indicates the
factor AREC3, we obtained three alternatively spliced cDNAexpected position of PCR products. We detected PCR product
clones: M8 and M18 from the cDNA library of C2C12 cells, incorresponding to M18 by RT-PCR (lane 6). After we increased
which AREC3 was known to be produced by gel retardation asste PCR cycles, the products corresponding to M18 and f12 were
(unpublished result), and SM from mouse skeletal muscle. Adbserved (lane 7). To confirm the presence of skeletal muscle type
shown in Figuré,, M8 contains the specific exon A which doesmRNA, we tested another set of primers in skeletal muscle-
not appear in M18, while M18 contains the specific exon B. M8pecific sequence corresponding to nt 22 to 46 of SM (KK9415)
has no exon B (resulting in the frame shift at position 588) arahd in the exon A (KK9407). PCR product corresponding to the
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- E included in the C-terminal portion of this region. The overall
£ E T homology of the region is 68%. The minimal essential region
Tk = = required for specific binding is included in this extensively
= g o -E‘ i E ‘ﬁ homologous region (see below). This finding raised the possibil-
Tomplais: &g L & ity that AREC3 is involved not only in muscle differentiation but
. also in visual system development.
-'Liil -] f—
- . — Tissue distribution of AREC3 mRNA
- — The tissue distribution of AREC3 mRNA was analyzed by
ey e Northern blot analysis using a probextid—Hindlll (318—869)
1 2 a458T7TE68 fragment of pSVSPORTM18. Figudeshows that AREC3 is

expressed mainly in skeletal muscle (lane 6) and weakly in heart
(lane 1) The size of the mMRNAF.0 kb. Faint signals of the
Figure 2. Reverse transcriptase PCR analysis of mouse skeletal musclé polyAsame size were observed in lung and kidney with longer exposure

RNA. Control PCR reactions using cDNA clones of pSVSPORTM18 (lane 1),
pSVSPORTMS (lane 2), pSVSPORTf12 (lane 3) and pSVSPORT f2 (lane 4)(data not shown). In brain, mRNA GB.0 kb in length was

as templates. POIYARNA was reverse transcribed with a primer of KK9411 observed (lane 2).

and used for PCR templated reactions (lanes 5—7). PCR primers were KK9410

and KK9412 (lanes 1-3, 6 and 7), KK9407 and KK9415 (lane 4 and 5). Thirty|dentification of spec|f|c DNA- bmdmg domain

thermo-cycles were performed except for lane 7 in which 40 cycles were done.

DNA size markers¢(X174 Hadll digest) are shown (lane 8). To identify the DNA-binding domain of the AREC3 molecule,

we made GST-fusion proteins harboring various portions of the

ARECS3 (Fig.5A). Proteins were purified by glutathione-Sepha-
muscle-specific type cDNA was observed (lane 5) at the samese column chromatography and analyzed by gel retardation
mobility as the control PCR using PSVSPORT{2 as templai@ssays using the ARE fragment as probe.
(lane 4). Omission of one of the primers or template cDNA gave First, MBNT and MBCT, which contain the N-terminal half of
no PCR product in any PCR reaction (data not shown). ThestB protein (encoded by M18 cDNA) and the C-terminal half of
results indicate that the M8 type mRNA does not exist in muscl®|B protein, respectively, were tested for DNA-binding activity
while muscle-specific type mRNA (containing A, B and C exonsh the gel retardation assay. As shown in FiggBea retarded
and M18 type mRNA (containing B exon only) are the majocomplex was observed for MBNT (lane 2) but not for MBCT
species in muscle. However, the other type (f12), containing @ane 3). This indicates that the DNA-binding activity of AREC3
and B but not C exons, also exists as a minor species. resides in the N-terminal portion of AREC3. Skeletal muscle type
SMNT also retains the DNA-binding activity (F&gD, lane 1).
To map precisely the DNA-binding domain in the MBNT, we
made a series of N- and C-terminal deletion mutations and tested
By searching the DDBJ data library, the nucleotide sequencetbkir binding activity. Retarded complexes were observed for
AREC3 cDNA was revealed to have extensive homology witMBNTNAL to 4 (Fig5B, lanes 4-7) and MBNTAL to 3 (lanes
the cDNA ofsine oculiggene product frordrosophilarequired  8-10), but notin MBNT@4 (lane 11). These results indicate that
for the development of the entire visual systégil{). Figure3  the DNA-binding domain of ARECS resides in the region from
shows the alignment of the amino acid sequence of skeletabinine 135 to leucine 193 (position for M18), which contains
muscle type AREC3 and that Birosophilasine oculisgene the homeodomain. This was confirmed by demonstrating that the
product. The extensively homologous region spans from valireher two constructs of MBHD1 and MBHD2 showed DNA
106 to arginine 273 of the skeletal muscle type AREC3. Thainding activity (Fig5B, lanes 12,13). To verify that the observed
homeodomain (aspartic acid 216 to alanine 275) is almolinding activity is specific to the AREC3 binding sequence, we

Homology with Drosophila sine oculigrotein
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Figure 3. Sequence homology and alignment of AREC3dophilasine oculigprotein. Skeletal muscle-type AREC3 amino acid sequence (upper row) and that
of Drosophilasine oculigorotein (lower row) are aligned. Conserved amino acids are shown by asterisks, while conservative changes are indicated by dots. Sequ:
from 319 of AREC3 and that from 321 Bfosophila sine oculigprotein to C-terminal are omitted.
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vated the promoter 9.3- or 21.1- fold compared with the GAL4
DNA-binding domain. This indicates that AREC3 has a transac-
tivation domain in the C-terminal region. For precise mapping of
the domain, we further dissected the C-terminal portion into three
parts as shown in Figufe GAL4ACT1 and GAL4CT2 showed
little activation (2.0- and 0.7-fold), while GALACT3 exhibited the
activation of 16.6-fold. From these results, we concluded that
AREC3 has a transactivation domain in its C-terminal portion
(526 alanine to 719 leucine).

Skeletal Muscie

Sploeen
Luirg
Liver
Kidrey
Tastis

Brain

Heaart

kb
8.5 —

L - Antibody production and specificity
44 —
To analyze the ARECS3 protein distribution in various cells and

2.4 — tissues, we prepared rabbit polyclonal antibodies to human
AREC3. GST-fusion protein from valine 477 to leucine 611
(serum 5) and leucine 337 to threonine 521 (serum 6) was used
as antigen, corresponding to valine 585 to leucine 719 and leucine
445 to threonine 629 in mouse SM type ARECS3, respectively.
The resulting serum was tested for specificity in gel retardation
123456T7TE8 assays. Formation of the typical C3 complex in HelLa nuclear
extract was abolished and a slower migrating complex appeared
in the presence of anti AREC3 serum 5, while preimmune serum
Figure 4. Northern hybridization of RNA from mouse tissues. PSIRNAs gave no effect. The anti AREC3 serum 6 showed essentially the
from mouse heart (lane 1), brain (lane 2), spleen (lane 3), lung (lane 4), livesame results (data not shown). This confirms that our human
gzgﬁeg?’%kgtlgﬁls r(?fuéchi g;gemeg;kgingé g?]gsvg) and testis (lane 8) Werg )\ A clone cor_responds to the HelLa C3 factor. The ar_1ti AREC3
sera also abolished the formation of C3 complex in nuclear
extracts from mouse BALB/c-3T3 cells (data not shown),

i , ) indicating the cross reactivity of this serum with the mouse
examined the effect of the competitor C3WT, which covers thergecs.

C3 binding sequence. As a control, we also tested C3MUT which
contains one point mutation of the C3WT oligonucleotide. Th At ;

competition experiment indicated that C3WT competed WitEocahzaﬂon of AREC3 in cultured cells

MBNT complex formation (Fig. 5C, lanes 4-6), MBNAN To obtain insight into the involvement of AREC3 in muscle
(lanes 7-9), MBNTM2 (lanes 10-12), MBNTE&L (lanes differentiation, we performed immunostaining of C2C12 myo-
19-21) and MBNT@2 (lanes 22—24), using ARE probe as C3blast cells with the anti AREC3 serum. As shown in Figine
formation in HelLa nuclear extract (lanes 1-3), but did nagpecific staining was observed both in the nucleus and the
compete with MBNTM3 (lanes 13-15), MBNTM4 (lanes cytoplasm of growing C2C12 cells. The distribution of AREC3
16-18), MBNT@3 (lanes 25-27), MBHD1 (lanes 28-30) andin the cytoplasm looks particulate. The control experiment using
MBHD?2 (lanes 31-33). These results suggest that the minin@inti-Sp1 antibody showed no particulate distribution in the
essential region for the sequence-specific binding of AREC3 @ytoplasm (Fig.7D). After 8 or 12 days in differentiation
from leucine 91 to aspartic acid 215, and that the homeodomairedium, muscle differentiated multi-nucleated cells were strong-
has a non-specific binding activity or one of other sequendg stained with the serum, indicating that AREC3 is induced
specificity. during muscle differentiation (FigB and C).

To know whether the region encoded by the SM type cDNA The cytoplasmic distribution and the induction of AREC3
(exons C and A) has any effect on the activity or specificity of tnduring muscle differentiation were confirmed by Western blot
DNA binding, we made a series of N-terminal deletionsinalysis (Fig7E). Bands (4-5) were identified both in the nuclear
SMNTNA1, SMNTNA2 and SMNTM3. All the constructs (lanes 1,2) and cytoplasmic extracts (lanes 3,4). The 67 kDa form
showed complex formation and the formations were competed bj the protein was increased in both nuclear and cytoplasmic
the C3WT and not by the C3MUT (F&D). The results indicate extracts from cells in the differentiation medium (lanes 2,4) . In
that these exons have no effect on the activity or specificity ébntrast, the 115 kDa form of the protein was increased only in
DNA binding. the cytoplasmic extract from cells in the differentiation medium

(lane 4).

138 —

Identification of transcriptional activation domain DISCUSSION

To know whether AREC3 has a transactivation domain, we ma e

GALA4 fusion proteins containing the whole coding region of M1 entification of AREC3 CDNA clones

(GAL4F), N-terminal (GALANT@4), central (GALANTM4)  We identified one of the tissue-specific ARE binding factor
and C-terminal (GAL4CT) portions of AREC3, and tested thé\REC3. The specific antiserum against bacterially expressed
effect on HTLV1 LTR promoter containing a GAL4 binding sitthuman AREC3 recognized the Hela cell C3 factor in gel
in the upstream region. As shown in Figiirthe fusion construct retardation assays. Thena fideAREC3 cDNA (Suzukgt al
containing the whole coding region (GAL4F) activated theinpublished) was used for obtaining the murine homologue of
promoter 3.7-fold and the C-terminal portion (GALACT) acti-ARECS3.
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ng MBNTCAL (lanes 19-21); 13 ng MBNTQ2 (lanes 22-24); 9.2 ng MBNTG (lanes 25-27); 150 ng MBHD1 (lanes 28-30); 26 ng MBHD2 (lanes 31-33).
Competitors, 1 pmol, C3WT (lanes 2,5,8,11,14,17,20,23,26,29 and 32) and C3MUT (lanes 3,6,9,12,15,18,21,24,27 (@) &ah{Ritition assays of skeletal
muscle type AREC3 protein. SMNT,4.0 ng (lanes 1-3); 4.5 ng SMNIBnes 4-6); 6.9 ng SMMP (lanes 7-9); 10.1 ng SMMB (lanes 10-12) were added.

Competitors, 1 pmolB0-fold molar excess to the probe) of C3WT (lanes 2, 5, 8 and 11) and C3MUT (lanes 3, 6, 9 and 12) were added.
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0 0 80 40 M0 om0 oo TokdAdksd AREBSG, which binds to the regulatory region ARE of Na,K-AT-

. k . Pase, also contains a homeodomain between the two zinc-finger
GaLF iﬂ ] a= clusters 9,15). The observations that the AREC3 is produced in
(TR T e | i restricted regions and at a specific time point during development
Sk . v (see below) suggest that AREC3 functions at a certain develop-
A | ' ma as mental_ stage, WherA\tplal_ is regulated. The repertoire of

transcription factors regulatidgplalchanges among cell types

ALY ' ] " and tissues, and during the cell cyd!® (AREC3 might regulate
BALET2 —1 or the gene mainly in the early developmental stagévo.
GUALECTI A
AALAPIE nzoEs Domain structure

AREC3 contains not only a homeodomain but also a newly
Figure 6. Transactivation domain of AREC3. The region in each construct of identified motif of a region highly homologouddmsophila sine
GAL4-ARECS3 fusion proteins and the transactivation activities (comparedqgyjis protein. Part of this region is involved in the specific
‘;Vr']tgv\fﬂ.eTSVAOTS:;g‘;geOJe?SA;tEg‘eAﬂrggggg%vgfem;é?f)ofgnzth construct are binding activity of AREC3. Gel retardation analyses of various
deletion proteins of AREC3 revealed that the minimal essential
region for specific binding exists between leucine 91 and aspatrtic
Four types of alternatively spliced mRNA forms were obacid 215. The homeodomain itself shows DNA binding activity
tained. At least three of them were confirmed to exist in adultith different specificity. This situation is similar to the POU
skeletal muscle by RT-PCR. Furthermore, we also determinedmeodomain protein in which both the POU-specific domain
each of the alternatively spliced exon (A, B and C) in the mousend the homeodomain are necessary for the specific binding
genomic sequences (Kawakami, unpublished observation), elifd-6,17). The AREC3 binding sequence GGNGNCNGGTTGC
inating the possibility of cloning artifacts. Skeletal muscle-typ€7) is not homologous to other homeodomain proteins. The
MRNA encodes a characteristic protein in its N-terminal portiohinding sequences of many homeodomain proteins include
which contains an alanine tract. A similar structural feature is alS®AAT core motif (L8). Other binding sequences such as
observed ibrosophila sine oculiprotein in that a homoglycine GNNCACTCAAG of thyroid nuclear factor 119 or
tract is observed in the N-terminal portion. TCACGCNTGA of Pax paired domain recognition sequence
Homeodomain-containing protein is known to be involved iff20) do not fit the AREC3 binding sequence.
many developmental processéfplalis known to be regulated ARECS3 also contains the transactivation domain in the region
during development in various tissué$. One of the factors, from alanine 526 to the C-terminus leucine 719 although we did

Aﬁn\l"-‘l' e ‘, - . E NE CE
X - \

Figure 7.Immunohistochemistry of C2C12 cells and Western blot anlaysis of nuclear and cytoplasmic extracts with anti-AREQ3sémuhe@rowing medium.

(B) 8 days after in the differentiation mediu@) 12 days after in the differentiation mediyi®) Stained with anti-Sp1 in the growing medium. Scale bapuf©0

(E) Western blot analysis with anti-AREC3 serum 5. Nuclear extracts from C2C12 cells in growth (lane 1) and in differentiation (lane 2) medium; cytoplasmic extre
from cells in growth (lane 3) and in differentiation (lane 4) medium were analyzed. Positions of size markers are shown.



310 Nucleic Acids Research, 1996, Vol. 24, No. 2

not find any typical structure of the activation domain, such dglakoto Kobayashi for discussions and Mss Yuko Watanabe and
Gln-rich, Pro-rich or acidic, in the region. These two featureKuniko Takase for technical assistance.

(specific DNA-binding and transactivation activity) strongly

suggest that AREC3 functions as a transcription factor.
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