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Two cDNA clones encoding rat mitochondrial adenine nucleotide translocator were isolated from libraries constructed from 
mRNAs of heart and liver. These two clones corresponded to the heart-skeletal muscle type (ANT1) and fibroblast type (ANT2), 
respectively. A genomic clone encoding rat ANTI was also isolated and characterized. 

The adenine nucleotide translocator (ANT or 
A D P / A T P  carrier), present in the inner mitochondrial 
membrane,  catalyzes the exchange of the adenine nu- 
cleotides ADP and ATP between the matrix and cy- 
tosol. There have been extensive studies on its struc- 
ture in relation to its transport  function, especially on 
that of bovine heart  mitochondrial ANT [1-4]. Re- 
cently, genetic analyses have indicated the presence of 
ANT isoforms in yeast [5-7], maize [8], potato [9], 
bovine [10] and human [11-19] tissues. Rat  liver mito- 
chondria are most commonly used in studies on oxida- 
tive phosphorylation. However, little is known about 
rat mitochondrial ANT, such as its primary structure 
and the tissue distribution of its isoforms. Therefore,  
we performed molecular cloning and characterization 
of recombinant clones encoding rat mitochondrial 
ANT. 

Libraries of heart and liver cDNAs of Sprague-Daw- 
ley rats were purchased from Clontech Laboratories 
(Palo Alto, CA, USA). A rat genomic library, which 
was constructed from genomic D N A  extracted from 
the liver of a male Wistar rat, was a gift from Dr. 
Takiguchi (Institute for Medical Genetics, Kumamoto  
University Medical School). pUC19 and pBluescript 
were obtained from the Japanese Cancer Research 
Resources Bank (Tokyo, Japan) and Stratagene (La 
Jolla, CA, USA), respectively. 

* Corresponding author. Fax: +81 886 335195. 
The nucleotide sequence data reported in this paper have been 
submitted to the DDBJ, EMBL and GenBank Nucleotide Sequence 
Databases under the accession numbers D12770, D12771 and 
X61667, respectively. 
Abbreviation: ANT, adenine nucleotide translocator. 

Screening, isolation of clones, restriction mapping 
and sequencing of the cDNA and genomic clones were 
carried out essentially by standard methods [20]. Com- 
plementary D N A  encoding human ANT1 obtained 
from a cDNA library of human heart was radiolabeled 
by the multi-priming method [20] and used as a probe 
for screening rat cDNA libraries. Northern blotting 
was carried out essentially as described previously [21]. 
Briefly, 5.0-/xg samples of total RNAs purified by the 
guanidium thiocyanate method [20] were separated by 
electrophoresis in gel containing formaldehyde and 
transferred to a nitrocellulose membrane.  Hybridiza- 
tion was carried out at 42°C in the presence of 50% 
formamide and then the membrane  was washed with a 
solution of 300 mM NaCI and 30 mM sodium citrate 
(2 × SSC) containing 0.1% SDS for 10 min at room 
temperature.  This t reatment  was repeated 3-times and 
then the membrane  was washed twice with a solution 
of 1 × SSC containing 0.1% SDS at 65°C for 30 min 
(high-stringency condition). The 5'-terminal cDNA 
fragments of each clone (about 350 bp each) obtained 
by digestion with E c o R I  and BglI I  were radiolabeled 
by the multi-priming method and used as probes. 

On screening cDNA libraries of rat heart and liver 
with 32p-labeled human A N T I  cDNA under low- 
stringency hybridization conditions, we obtained more 
than 50 and 18 positive clones from 1.3.106 and 6.8. 
105 recombinants, respectively. We purified and ana- 
lyzed A DNAs from one recombinant clone from each 
of these sources. The nucleotide sequences and de- 
duced amino-acid sequences of these two clone are 
shown in Fig. 1. By comparison of the deduced amino- 
acid sequences of the clones with those of human ANT 
isoforms, we concluded that the cDNA clones obtained 



from the heart and liver cDNA libraries corresponded 
to ANT1 and ANT2, respectively. We found that the 
structural features observed in the ANT isoforms of 
several mammals, such as an unusual amino-acid se- 
quence RRRMMM and four cysteine residues at 56, 
128, 159 and 256, are also conserved in the rat ANT 
isoforms. Because the N-terminal methionine of both 
isoforms of rat ANT is expected to be removed post- 
translationally, we omitted the first methionine residue 
in numbering the amino-acid sequences. 
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Next, we determined the steady-state transcript lev- 
els of the two isoforms in various tissues (Fig. 2A). 
Cross-hybridizations of these two probes were less than 
5% under the present high-stringency conditions (Fig. 
2B). As shown in Fig. 2A, when RNA samples were 
hybridized with the probe of ANT1, a strong band of 
transcript was observed in samples from heart and 
skeletal muscle, and a weak band of transcript in those 
from brain and kidney, but no transcript was detected 
in liver. A faint band of a transcript of lower mobility 

A )  
GGTGCGGTGC•TGGCCGGGCGTAGGCAAGAG•AAAAGAGCGGCTC•TTGCAGACTGTGCGCG•••GCGTTTCAGCATGGGGGATCAGGCT 

MetGlyAspGlnAla 

TTGAGCTTCCTTAAGGACTTCCTGGCAGGTGGCATCGCCGCCGCCGTCTCCAAGACCGCGGTCGCC•CGATCGAGAGGGTCAAACTGCTG 
LeuSerPheLeuLysAspPheLeuAlaGlyGly 1 laAlaAlaAlaValSerLysThrAlaValAlaPro I leGluArgVa I LysLeuLeu 

CTGCAGGTCCAGcATGCcAGCAAAcAGATCAGTGCAGAGAAACAGTACAAAGGCATCATTGATTGTGT•GTGAGAATC•c•AAGGAGCAG 
LeuGlnValGlnHisAlaSerLysGlnI leSerAlaGluLysG[ nTyrLysGt y l  [e l  leAspCysValValArg[ teProLysGt uG 1 n 

GGCTTTCTCTCCTTCTGGAGGGGTAACCTGGCCAACGTGATC•GGTACTTCCCCAcCcAAGCT•TcAA•TTCGCCTT•AAGGACAAGTAC 
GlyPheLeuSerPheTrpArgG lyAsnLeuAlaAsnVal I leArgTyrPheProThrG 1 nAlaLeuAsnPheAlaPheLysAspLysTy r 

AAGCAGATCTTcCTGGGAGGTGTGGATcGTCATAAGCAGTTCTGGCGCTACTTCGCTGGTAACcTGGcCT•TGGTGGGGCAGCTGGGGCT 
LysGl n 1 lePheLeuGlyGlyValAspArgHisLysGl nPheTrpArgTy rPheAlaGl yAsnLeuAlaSerG I YG l yAlaA/aG1 yAIa 

AC•TCCCTCTGCTTCGTCTAC••ACTGGACTTTGCTAGGA••AGGCTGGcTGCCGACGTGGG•AAGGGATCTTCCCAGCGTGAGTTCAAT 
Th rSe r LeuCysPheVa ITy rP roLeuAspP heAlaAr gThrAr gLeuAlaA IaAspVa 1 G 1 yLysG I ySe rSe rG 1 nArgG 1 uPheAsn 

GGGCTGGGTGACTGTCTCACCAAGATCTTCAAGTCTGATGGCcTGAAGGGTCTCTACCAGGGTTTCAGTGTCTCTGTGCAGGGCATCATC 
G 1 y Le uG lyAspC ysLeuTh r Lys | I eP he LysSe rAspG I y Leu LysG l y  LeuTy rG 1 nG lyP heSe rVa 1 Se rVa 1 G 1 nG l y  11 e 1 1 e 

ATCTACAGAGCTGCCTACTTCGGAGTCTATGACACTGCCAAGGGGATGCTGCCAGACCCCAAGAATGTGCACATTATTGTGAGCTGGATG 
1 leTyrArgAlaAlaTyrPheGl yValTyrAspThrAlaLysGl yMet LeuProAspProLysAsnValHis I le [ leValSerTrpMet 

ATTGCCCAGAGTGTGACAGCCGTGGCGGGGCTGGTGTCCTATCCATTTGA•ACTGT•CGTCGTAGGATGATGATGCAGTCTGGCCGGAAA 
11eA1aG•nSerVa1ThrA1aVa•A•aG•yLeuVa•S•rTyrPr•PheAspThrVa1ArgArgArgMetMetMetG•nSerG1yArgLys 

GGGGCTGATATTATGTACA•GGGGACAGTTGACTGCTGGAGGAAGATTGCAAAAGATGAAGGACGCAAAGCTTTCTTCAAAGGTGCTTGG 
GIyAIaAspI leMetTyrThrGlyThrValAspCysTrpArgLysl leAlaLysAspGluGlyArgLysAlaPhePheLysGtyAlaTrp 

TCCAACGTACTGAGAGGCATGGGGGGTGCTTTTGTATTGGTATTGTATGATGAGATCAAAAAATATGTGTAATGCTCAAGTTCACAGGTT 
SerAsnValLeuArgGlyMetGlyGlyAlaPheValLeuValLeuTyrAspGlul l e L y s L y s T y r V a l ~  

CACAGATCCATTGTGTGGTTTAACAGAcTATTCTTAAGGAAATAAAAAAAGACAGATCATGGATAAAACCAGACCATAAGGAATACCTCA 
GAAAAATGCTTCATTGAGTATTCATTTAAcCACAAAAGTATTTTGTATTTATTTTACATTTAGATTCCCACAGCAAACAGAAGATAGCTT 
ATCATACTTGTTCAATTAATTAACTG 

B )  
GAATT•CGGCAGTCCTGTCCTGCAGTCGCCTGCCTCTTCTTTTTTGCTTTCAACATGACAGATGCCGCTGTGTCCTTCGCCAAGGACTTC 

MetThrAspAlaAlaValSerPheAlaLysAspPhe 

TTGGCTGGTGGAGTGGCCGCGGCCATCT•CAAGACGGCGGTAGCAC•CATCGAGCGGGTCAAGCTGCTGCTG•AGGTGCAGCACGCCAGC 
LeuA•aG1yG•yVa•A1aA1aA1a•1eSerLysThrA•aVa1A1aPr••1eG1uArgVa1LysLeuLeuLeuG•nVa•G•nHisA•a•er 

AAGCAAATCACGGcAGATAAG•AATACAAGGGCATCATAGACTGCGTGGTTCGTATCCCCAAGGAACAGGGAGTCCTGTCCTTCTGGCGT 
LysG1n[•eThrA1aAspLysG•nTyrLysG•y|•e]•eAspCysVa•Va•Arg••ePr•LysG•uG1nG1yVa•LeuSerPheTrpArg 

GGCAACCTGGCCAATGTCATCAGATA•TTCCCCACccAGGCT•TCAACTTTGCcTTCAAAGATAAATACAAGCAGATCTTTTTGGGTGGT 
G•yAsnLeuA1aAsnVa•|1eArgTyrPhePr•ThrG•nA1aLeuA•nPheA1aPheLysAspLysTyrLysG1n••ePheLeuG•yG1y 

GTGGACAAGAGGACCCAGTTTTGGCGGTAcTTTGCAGGGAA•CTGGCATCAGGTGGTGCTGCTGGGGCcACATCCTTGTGCTTTGTGTAC 
Va1AspLysArgThrG1nPheTrpArgTyrPheA1aG•yAsnLeuA•aSerG•yG•yA•aA1aG1yA•aThrSerLeuCysPheVa•Tyr 

CCTCTTGATTTTGCCCGTACCCGTCTAGCAGCTGATGTGGGCAAAGCTGGAGCTGAAAGGGAATTCAAAGGCCTTGGTGACTGCCTGGTT 
Pr•LeuAspPheA•aArgThrArgLeuA•aA•aAspVa•G•yLysA•aG1yA1aG•uArgG•uPheLysG1yLeuG•yAspCysLeuVa• 

AAGATCTACAAATCTGATGGGATTAAGGGCCTGTACCAAGGCTTTAATGTGTcAGTGCAGGGCATTATCATCTACcGTGCTGCCTACTTC 
Lys••eTyrLysSerAspG1yI1eLysG1yLeuTyrG1nG1yPheAsnVa•SerVa•G1nG1y•1e•1e••eTyrArgA•aA1aTyrPhe 

GGTATCTATGACACTGCAAAGGGAATGCTCCCGGATCCCAAGAATACTCACATCTTCATCAGCTGGATGATTGCACAGTCTGT•ACTGCT 
G•y•1eTyrAspThrA1aLysG•yMetLeuPr•AspPr•LysAsnThrHis••ePhe••eSerTrpMet]1eA1aG•nSerVa•ThrA•a 

GTTGCTGGC•TAACTTCTTATCCTT•TGACACGGTTCGCCGTCGTATGATGATG•AGTCTGGACGCAAAGGAACTGATATCATGTATACA 
•a1A1a•1yLeuThrSerTyrPr•PheAspThr•a1ArgArgArgMetMetMetG1nSerG1yArgLysG1yThrAsp|1eMetTyrThr 

GGCACGCTTGACTGCTGGCGGAAGATCGCTCGAGACGAAGGAGGCAAGGCCTTTTTCAAGGGTGCATGGTCcAACGTTCTCAGAGGCATG 
G1yThrLeuAspCysTrpArgLys•1eA•aArgAspG|uG•yG•yLysAtaPhePheLysG•yA•aTrpSerAsnVa1LeuArgG1yMet 

GGTGGTGCCTTTGTGCTTGTcTTGTATGATGAAATCAAGAAGTAcAcATAATTATGTCCTAGGTGTTCTCcCCGAGAACAGGCATGTTGT 
GlyGlyAlaPheValLeuValLeuTyrAspGlul leLysLysTyrThr=~ 

ATAATAGACCATATTCTTGAACATTCTGGACAGATTCTCTGGGCTTGTCTGTTTTATCAATGGCAACTATTTACCAGTTGAAAAGTGGAA 
GCAATAATATTCATCTGAccAGTTTTCTCTTAAAGCCATTTCCATAATGACAATAATGATGGGACTCAATTATATTTTTTATTTCAGTCA 
CTCC TGATAATAAAAAATTGAAGAAATAAAAATATCCCGGAATTC 

Fig. 1. Nucleotide sequences and deduced amino-acid sequences of eDNA clones of A N T  obtained from a heart  library (A) and lwer library (B) 
of Sprague-Dawley rats. 
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Fig. 2. Tissue distributions of rat ANT isoforms. (A), Total RNAs 
(5.0 /zg) from brain (lane 1), kidney (lane 2), liver (lane 3), heart 
(lane 4) and skeletal muscle (lane 5) of Wistar rats were analyzed. 
The positions of 28 S and 18 S ribosomal RNAs are shown. (B), 
Cross-hybridizations of probes used for Northern blotting examined 
by Southern analysis. The cDNA of ANT1 (lane 1) and the two 
cDNA fragments of ANT2 (lanes 2 and 3) were separated in native 
agarose gel, transferred to a membrane, denatured and hybridized 

with probes of ANTI and ANT2. 

was also detected in these samples, for some unknown 
reason. When R N A  samples were hybridized with a 
probe of ANT2, a major transcript was observed in all 
tissues analyzed, its intensity in these tissues increasing 
in the order, skeletal muscle, liver, heart, brain, kidney. 
We did not compare the steady-state transcript levels 
of these two isoforms quantitatively. However, to ob- 
tain a similar intensity of transcripts of ANT2 to that 
of ANT1 transcripts after the same exposure time (25 
h), it was necessary to use an intensifying screen, 
indicating that expression of ANT2 was much weaker 
than that of ANT1, as observed with the human ANT 
isoforms [14]. 

To characterize the genes encoding rat ANT iso- 
forms, we tried to isolate genomic clones. On screening 
a /~EMBL4 rat liver genomic library with 32p-labeled rat 
ANT1 and ANT2 cDNA fragments, 14 positive clones 
were obtained from among 1 .2 .10  6 recombinants. All 
the positive clones analyzed (10 clones) that hybridized 
with the cDNA fragment of ANT2 were found to 
contain pseudogenes, but one clone (A~K ~) that hy- 
bridized with the cDNA fragment of the rat ANT1 
clone was found to contain the rat ANTI gene. Thus, 
we determined the restriction map of this clone (not 
shown) and the entire nucleotide sequence (Fig. 3). 
Transcription was found to be initiated at 107 bases 
and 109 bases upstream from the start site of the 
translation initiation codon ATG by the primer exten- 

Fig. 3. Nucleotide 

AATT••ccGGATCAG•AAA•ATTTAAAAAGACTG•CTG•TTTGTCAGATGTCCAAACGAAGGTCAGCAACTGTGGGGAAAGAACAGAGTA 90 
AGAGGCTTGAAGTTAGAAAACAAAAACAAAAACAAAACAAAACAAAAAA•CAAAAAAAAAAAACAAAAAACGAATTGCCCTCATTCTTGT 180 
GGAAGAGACTGCAGTTTGGAAAATATGCAGTTATATTTGAACTGTCTTTAAAGATGTAAGGGAAACTAAA•CTCACATCCATCTACTTTA 270 
AAAAAATTAATTGCAGTTACTTTCCCGGGATTAGATAGCGCCTAGGCT••CCAACCTCAAGCTGCCTATTCCAGAGGCAGACACAGCCAA 360 
GGATTCGACCTTCCCGAAAGCTAAGGGCTCTGATCCTTAAGAAGCCACCGGAACCATTCTGCA•AGAATATGGTTGAGATTCCATTAAGA 450 
GCAGAGTCTTTCAAGCCCTTTAGAGGTCTGT•TACAAGAGAATCCCAGGAGCTGAGAGATAGATGAGGGGCTAATAAAGGAGTGTCTTTT 540 
cTTTAGGAGTCCTCGGCTGTGTCCGTGTTACAGGCTGAGTTAACACAT•CACCTAGCCACACATCCACATTCACTGCCAAAACGACTATC 630 
cACTTAGCGTCCTTGCATTCCG•TTTTCCCGTTGATGGCG•AGAGTGCCGGTGCATAAATATTTCCTAACAGATTGAATGGTTCAAGGAT 720 
TGAATGGAGAGAAGTCGGAGACAGGACCTTGCCCAATACTATGAGG•AATAGCGGCATAAAAAGATGTTAGTATGTATTGGGGAGGAGTA 810 
TAATTTATTTGCAGAAACGCAGAACACTGCAGAGGCCCGAATCCAGGCAGCGAGCTCTAGTTGGAAACGC•CTGACAACGGGGAAGGGGT 900 
GGAAGCCTGAAACCTTCTTGGCCAAAAGCACAATGGTCAGGATCGAGGT•AAAGTGCTTCTTTTCTTGAAGCATCGGCCCGCT•TCTGTC 990 
•CCAGGTCGTCC•AGGCTAAACCATCGTGAGCTATAAATACAACGGCCCACATGCAGCAGAGACATAGTGTTCCCTCGGCTCCCTGGGAC 1080 
AGATAACATGAATTTGCCCTTTAAACGTCCCAAGCTGCAAGCACAGCCCCCAACCCACCCCAAGCTCCCGGAAGCGTCTTCGCCCCCAAT 1170 
GCCCTCTGCAAAGAAGGGGGATGGAGAGGGGCTGTCCAGGGACCGGCCCAGCCAATGCGCGCTGGCACGCCGGGGTCCCTCCTCCTCTCG 1260 
CGAGACGCGAGCCGGGGATATAAGGAGGGCTGCGGTCAGGCGGGCGGTCCCTTCGCGTCGTGCAGGGACGGAGACCGGGTGCGGTGCCTG 1350 
G•CGGGCGTAGGCAAGAGCAAAAGAGCGGCTCCTTGCAGACTGTGCGCGCCCGCGTTTCAGCATGGGGGAT•AGGCTTTGAGCTTCCTTA 1440 

MetGIyAspGtnAlaLeuSerPheLeuL 

AGGACTTCCTGGCAGGTGGCATCGCCG•CGCCGTCTCCAAGACCG•GGTCGCCCCGATCGAGAGGGTCAAACTGCTGCTGCAGGTAAGGA 1530 
ysAspPheLeuA•aG1yG•y••eA1aA•aA•aVa•SerLysThrA•aVa•A•aPr•••eG1uArgVa•LysLeuLeuLeuG•n 

CGGCTGGGGG•GCGCGGGGCCGGCAGGGGGGGATGCGGGCGGGGCCCGGCAGGCAGGGATGCGGGCGGGG•CGGGATGCTGTGCACGGCC 1620 
CGACGCTGCGGAAAATCTGTGCTAGGCCGCAAGCCCGGGGCCTACACGAAGGAGAAGGTGCCCTCTACGCAGATACAGGTCCAGCGTCAG 1710 
TGACAGATTCCTGGTGTCGGGTGGCACCCGCGTTGGGGTGTCTATATATGGAAACCCACCCCGAAGCCGGTCTACCTCGAGCCAGAT•CT 1800 
GCGCCCGGTACAGCAAGCGGCGTTCCATCCAAGGCCTCTTAGACGGGCCTCACCCTTTGGCCACATCCTTTGCACCTTGTTATCTGCATC 1890 
CACCTTTTACAATAGGAGCATCCGATTAATCATTGACTGGGGATCGCTCTGTGTCGCGTGCACTGCGCTGTAACTCGACATTGATTTCAT 1980 
TCATCTTT•TATAACCTCTGCGAGATACGAATCAAC•TTGGCCTGTATTCACGAATGGAGACACTGAGGCAGAAATTCAGAAA•AATATT 2070 
CAGGATAAATTCAGATCACCTTAGCCATCTTGTCCCCATGTAATTTTCT•CCTGGTCCTTGAAGGGCCAGTCCTCATCATCTGATCTGTC 2160 
CCAAAGGCAAACGCTATTCAGTGGGGGCATAGTCATTTGGGCATTTAAACATCAACACGAGTGCTCCAACAGATTGGCCACAACAGTAGT 2250 
AACTCAAAAATCGCTTACCTGAATTACCTGCTTGAAAAATTTCAGACACCTACTGCTAAGACAACCTTGTCTCAAGGGACATTAGAGAGA 2340 
AGCAGGGGAATTGTCATCTGATCTCCATGTTAAGAGCCCTTGAGGACTTCCAGAAGCCTACAGGGAATTTCCCTCGAATACC•TCATAAT 2430 
GACTAAAAATTGCATTGCTTTTTAGCTTAGCCAAGTAGCTAACATTTACTGGTGTTTTCTTGATAACTGATTTCCTGATACATTAAAAAA 2520 

sequence of the rat ANT1 gene. The deduced amino-acid sequence is shown below the nucleotide sequence of each exon. 
T A T A  and CCAAT boxes, Spl binding motifs and putative polyadenylation signals are underlined. 
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•AATTGGAATT•T•TCTTGT•T•TTGAAAGGGAAAGATGGGGGAGAATCCAGACATGGTAGCGCA•ATTTGTAATCCCAGCATTTGGGAG 2610 
GCTAACACAGGAAGATCTTTGAGTTCCAGACTAGCCTGGGCTACATAGGATGACTGTATTCTTCAAAAACAAGAAAATAAAAAATTGAGG 2700 
AAATACAAATCTTTTCCTCCATGTCTTCTCTT•TC•CTGCCTGTCCTACCTCCCCCACCCCCACCCCCAAACTAGGTCCAGCATGCCAGC 2790 

ValGlnHisAIaSer 

AAACAGATCAGTGCAGAGAAACAGTACAAAGG•ATCATTGATTGTGTCGTGAGAATCCCCAAGGAGCAGGGCTTTCTCTCCTTCTGGAGG 2880 
LysG•n]•e•erA•aG•uLysG•nTyrLysG•yI•eI1eAspCysVa•Va1Arg••ePr•LysG•uG1nG•yPheLeu•erPheTrpArg 

GGTAACCTGGCCAACGTGATCCGGTACTTCCCCACCCAAGCTCTCAACTTCGCCTTCAAGGACAAGTACAAGCAGATCTTCCTGGGAGGT 2970 
G•yAsnLeuA•aAsnVa•I•eArgTyrPheP••Th•G•nA|aLeuAsnPheA•aPheLysAspLysTyrLysG•nI•ePheLeuG•yG•y 

GTGGATCGTCATAAGCAGTTCTGGCGCTACTTCGCTGGTAACCTGGCCTCTGGTGGGGCAGCTGGGGCTACCTCCCTCTGCTTCGTCTAC 3060 
Va1AspArgHisLysG•nPheTrpA•gTyrPheA•aG•yAsnLeuA•a•erG1yG•yA•aA•aG1yA1aTh•Se•LeuCysPheVa1Tyr 

CCACTGGACTTTGCTAGGACCAGGCTGGCTGCCGACGTGGGCAAGGGAT•TTCCCAGCGTGAGTTCAATGGGCTGGGTGACTGTCTCACC 3150 
Pr•LeuAspPheA[aArgThrArgLeuAIaA•aAspVa1G•yLysG•ySer•erG|nArgG1uPheAsnG•yLeuG•yAspCysLeuThr 

AAGATCTTCAAGTCTGATGGCCTGAAGGGTCTCTA•CAGGGTTTCAGTGTCTCTGTGCAGGGCAT•ATCATCTACAGAGCTGCCTACTTC 3240 
Lys[•ePheLys•e•AspGIyLeuLysG1yLeuTyrG•nG•yPhe•erVa[•erVa•G1nG•y[1e[IeI•eTyrArgA•aA•aTyrPhe 

GGAGTCTATGACACTGCCAAGGGTGAGAGAGGGTCTTTGGAGTGGAAGGAGAGGGAGGGGGTATGGCGAGAGGATTCTGTGTGGCCTGTC 3330 
GlyValTyrAspThrAIaLysG 

TGTCATTCCACAATGCCTTTGGTCTATTTGCCTTTCCTACCTCTGAGCTAACCTGAGTTCTGAGGAGGCGATGTGATTTGGATAAATCAG 3420 
TAAGCCAAAGAGCCTGTGTCCCATACTGGTAAATACTGTGGCTTTGAACTACTCAGAGGACACAAAG•CTCCCTCTAACCCAACAACTGT 3510 
TACTCGGTTGAACTGGAAGCGAGCTCTGTGTCAACAAGGGTAGCTTCCTTGGATTAAGGGAAGGTGGCAGCCAACTTTGCTTGGTTACCT 3600 
GGTTGCATGTAAGGGATCTTTGGGAGGAGCTTGTGGAAGGACAGGGTATGGAGTTGGGTTGGTAGCCTTGTCTTCCCTTCATTTTACCGT 3690 
GCTGCTGAGAGAAGCACCTGATAGCCATTTGCTTCTTGGCTCTGCTCACAGGGATGCTGCCAGACCcCAAGAATGTGCACATTATTGTGA 3780 

lyMetLeuProAspProLysAsnValHisIlelteValS 

GCTGGATGATTGCCCAGAGTGTGACAGCCGTGGCGGGGCTGGTGTCCTATCCATTTGACACTGTC•GTCGTAGGATGATGATGCAGTCTG 3870 
erTrpMet••eA•aG•nSerVa•ThrA•aVa•A1aG•yLeuVa••erTyrPr•PheAspThrVa•Ar•ArgArgMetMetMetG•n•erG 

GCCGGAAAGGGGGTAAGCACGAACTCCCCAAGTGTGAATCTTAGCTTTTATCCCCAGAGAACAACGACTTGGAAGTCGCTAGAGGCCTTG 3960 
lyArgLysGlyA 

TGTTTTCCAAGTCGAAAGGCAGAAGTTTCTCTGTAAGGACTGCAGAAACGGACACTATAATTTCTCCTTTAGCTTTTTTCCTTATGGGAT 4050 
TTCTTTCTTCTTATTAAAGAAATTGTAAGAACGTAATGAGGTTTTTTTTTTAGAGCTGGCCCCTAGGTATTTAGCATTAACAGCCTGGGT 4140 
GCATAATCAAGGGCAAAGAAGTAGTTGCCTGTACACTTAAAACCCCTGTTCGCCTCTATAGTGACTGGAAGTGTAAGTGAAAAGGATGTT 4230 
GGCCTGACCCATCCTGCTTTGTTAGTTTCAGcTTTATAGCTAAAAGCATGAAACTGCCATTCTTAAAGTTAACACACACACACGCACACA 4320 
CATGTACCACCCCCATCCCACCCCCCCATGCACATGCACATACCTCAAATGTTGGGATTTTGGATGACCCAAAAGTCAGACCTTTTATTT 4410 
TTTGCTCCCTAGTCTTGGGGCCTCATCTGAGACCAGGGCTAGTTTGCTCGCCCATAAAAAGTTATCCAGTGTGACAGATACTCCTTCCTC 4500 
ACACTGCCTTCCAGCTTTAGTCTGACCGGCTGTAAGCTGGTTGATCTGAGTTTGAGAATGAAGGGTACTAGAAGGCAGCTTAACAGTTAT 4590 
TGGAGGAGGAAAGGAATCCTAACTCGCATTTGTCTCCACAGCTGATATTATGTACACGGGGACAGTTGACTGCTGGAGGAAGATTGCAAA 4660 

laAsDIIeMetTyrThrGIyThrVaIAspCysTrpArgLyslIeAlaLy 

AGATGAAGGACGCAAAGCTTTCTTCAAAGGTGCTTGGTCCAACGTACTGAGAGGCATGGGGGGTGCTTTTGTATTGGTATTGTATGATGA 4770 
sAspG1uG•yArgLysA•aPhePheLysG•yA•aT•p•erAsnVa•LeuArgG1yMetG•yG[yA[aPheVa•LeuVa•LeuTyrAspG• 

GATCAAAAAATATGTGTAATGCTCAAGTTCACAGGTTCACAGATCCATTGTGTGGTTTAACAGACTATTCTTAAGGAAATAAAAAAAGAC 4860 
u l leLysLysTyrVal~ 

AGATCATGGATAAAACCAGACCATAAGGAATACCTCAGAAAAATGCTTCATTGAGTATTCATTTAACCACAAAAGTATTTTGTATTTATT 4950 
TTACATTTAGATTCCCACAGCAAACAGAAGATAGCTTATCATACTTGTTCAATTAATTAACTGAAGAACTGATGCTGAATAAGTAACTCA 5040 
ATGTGACTCATTAATAAAGACTACTCAGTACACTC•ATCTCCCTGAACTCATTAACGACTAACAGATTGAATGCATCAATGCATG 

Fig. 3 (continued). 

sion method and S1 nuclease method, respectively (not 
shown). Just upstream of this site, there are T A T A  and 
CCAAT boxes at - 135 bp and - 191 bp, respectively, 
from the translation initiation site of the A T G  codon. 
Moreover, Spl binding motifs (5 '-GGGCGG) were ob- 
served in the 5'-terminus of the first intron, but not in 
the 5'-flanking region of this gene, as in the human 
ANT1 gene [12,19]. Although similarity was observed 
between the nucleotide sequences of the 5'-flanking 
regions of the rat and human ANTI genes, the nu- 
cleotide sequence of the known heart-skeletal muscle 
specific transcriptional element (OXBOX) found in the 
human ANT1 gene [13] was not strictly conserved in 
the rat ANT1 gene. 
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