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Two ¢DNA 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 (ANT?2),
respectively. A genomic clone encoding rat ANT1 was also isolated and characterized.

The adenine nucleotide translocator (ANT or
ADP/ ATP 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 [S—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 DNA 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 DNA 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-ug 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 NaCl and 30 mM sodium citrate
(2 X SSC) containing 0.1% SDS for 10 min at room
temperature. This treatment was repeated 3-times and
then the membrane was washed twice with a solution
of 1 x 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 EcoRI and Bg/II were radiolabeled
by the multi-priming method and used as probes.

On screening cDNA libraries of rat heart and liver
with 3?P-labeled human ANT1 cDNA under low-
stringency hybridization conditions, we obtained more
than 50 and 18 positive clones from 1.3 -10° and 6.8 -
103 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 ANT?2, 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
1soforms 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)

GGTGCGGTGCCTGGCCGGGCGTAGGCAAGAGCAAAAGAGCGGCTCCTTGCAGACTGTGCGCGCCCGCGTTTCAGCATGGGGGATCAGGCT
MetGlyAspGlnAla

TTGAGCTTCCTTAAGGACTTCCTGGCAGGTGGCATCGCCGCCGCCGTCTCCAAGACCGCGGTCGCCCCGATCGAGAGGGTCAAACTGCTG
LeuSerPhelLeulysAspPheleuAlaGlyGlylleAlaAlaAlaValSerlLysThrAlavalAlaProlleGluArgVallyslLeuleu

CTGCAGGTCCAGCATGCCAGCAAACAGATCAGTGCAGAGAAACAGTACAAAGGCATCATTGATTGTGTCGTGAGAATCCCCAAGGAGCAG
LeuGlnValGlnHisAlaSerLysGinlleSerAlaGluLysGlnTyrLysGlyllelleAspCysValValArglleProlLysGluGln

GGCTTTCTCTCCTTCTGGAGGGGTAACCTGGCCAACGTGATCCGGTACTTCCCCACCCAAGCTCTCAACTTCGCCTTCAAGGACAAGTAC
GlyPhelLeuSerPheTrpArgGlyAsnLeuAlaAsnVallleArgTyrPheProThrGlnAlaLeuAsnPheAlaPhelysAsplLysTyr

AAGCAGATCTTCCTGGGAGGTGTGGATCGTCATAAGCAGT TCTGGCGCTACTTCGCTGGTAACCTGGCCTCTGGTGGGGCAGCTGGGGCT
LysGlnllePheLeuGlyGlyValAspArgHisLysGlnPheTrpArgTyrPheAlaGlyAsnLeuAlaSerGlyGlyAlaAlaGlyAla

ACCTCCCTCTGCTTCGTCTACCCACTGGACTTTGCTAGGACCAGGCTGGCTGCCGACGTGGGCAAGGGATCTTCCCAGCGTGAGTTCAAT
ThrSerLeuCysPheValTyrProLeuAspPheAlaArgThrArgleuAlaAlaAspValGlylysGlySerSerGlnArgGluPheAsn

GGGCTGGGTGACTGTCTCACCAAGATCTTCAAGTCTGATGGCCTGAAGGGTCTCTACCAGGGTTTCAGTGTCTCTGTGCAGGGCATCATC
GlylLeuGlyAspCysLeuThrLysllePhelLysSerAspGlyleulysGlylLeuTyrGlnGlyPheSerValServValGlnGlyllelle

ATCTACAGAGCTGCCTACTTCGGAGTCTATGACACTGCCAAGGGGATGCTGCCAGACCCCAAGAATGTGCACATTATTGTGAGCTGGATG
IleTyrArgAlaAlaTyrPheGlyValTyrAspThrAlalysGlyMetLeuProAspProlysAsnValHisllelleValSerTrpMet

ATTGCCCAGAGTGTGACAGCCGTGGCGGGGCTGGTGTCCTATCCATTTGACACTGTCCGTCGTAGGATGATGATGCAGTCTGGCCGGAAA
1leAlaGlnSerValThrAlaValAlaGlylLeuValSerTyrProPheAspThrValArgArgArgMetMetMetGlnSerGlyArglys

GGGGCTGATATTATGTACACGGGGACAGTTGACTGCTGGAGGAAGATTGCAAAAGATGAAGGACGCAAAGCTTTCTTCAAAGGTGCTTGG
GlyAlaAsplleMetTyrThrGlyThrValAspCysTrpArglyslleAlalysAspGluGlyArglysAlaPhePhelysGlyAlaTrp

TCCAACGTACTGAGAGGCATGGGGGGTGCTTTTGTATTGGTATTGTATGATGAGATCAAAAAATATGTGTAATGCTCAAGTTCACAGGTT
SerAsnValleuArgGlyMetGlyGlyAlaPheValleuValleuTyrAspGlullelyslysTyrValdokk

CACAGATCCATTGTGTGGTTTAACAGACTATTCTTAAGGAAATAAAAAAAGACAGATCATGGATAAAACCAGACCATAAGGAATACCTCA
GAAAAATGCTTCATTGAGTATTCATTTAACCACAAAAGTATTTTGTATTTATTTTACATTTAGATTCCCACAGCAAACAGAAGATAGCTT
ATCATACTTGTTCAATTAATTAACTG

B)

GAATTCCGGCAGTCCTGTCCTGCAGTCGCCTGCCTCTTCTTTTTTGCTTTCAACATGACAGATGCCGCTGTGTCCTTCGCCAAGGACTTC
MetThrAspAlaAlavValSerPheAlalysAspPhe

TTGGCTGGTGGAGTGGCCGCGGCCATCTCCAAGACGGCGGTAGCACCCATCGAGCGGGTCAAGCTGCTGCTGCAGGTGCAGCACGCCAGC
LeuAlaGlyGlyValAlaAlaAlalleSerLysThrAlavalAlaProlleGluArgVallysleuleuteuGlnvValGlnHisAlaSer

AAGCAAATCACGGCAGATAAGCAATACAAGGGCATCATAGACTGCGTGGTTCGTATCCCCAAGGAACAGGGAGTCCTGTCCTTCTGGCGT
LysGlnlleThrAlaAsplLysGlnTyrLysGlyllelleAspCysValValArglleProlLysGluGlnGlyValleuSerPheTrpArg

GGCAACCTGGCCAATGTCATCAGATACTTCCCCACCCAGGCTCTCAACTTTGCCTTCAAAGATAAATACAAGCAGATCTTTTTGGGTGGT
GlyAsnLeuAlaAsnVallleArgTyrPheProThrGlnAlaLeuAsnPheAlaPhelysAspLysTyrlysGlnllePheleuGlyGly

GTGGACAAGAGGACCCAGTTTTGGCGGTACTTTGCAGGGAACCTGGCATCAGGTGGTGCTGCTGGGGCCACATCCTTGTGCTTTGTGTAC
ValAspLysArgThrGlnPheTrpArgTyrPheAlaGlyAsnLeuAlaSerGlyGlyAlaAlaGlyAlaThrSerLeuCysPheValTyr

CCTCTTGATTTTGCCCGTACCCGTCTAGCAGCTGATGTGGGCAAAGCTGGAGCTGAAAGGGAAT TCAAAGGCCTTGGTGACTGCCTGGTT
ProlLeuAspPheAlaArgThrArgleuAlaAlaAspValGlylysAlaGlyAlaGluArgGluPhelysGlylLeuGlyAspCyslLeuVal

AAGATCTACAAATCTGATGGGATTAAGGGCCTGTACCAAGGCTTTAATGTGTCAGTGCAGGGCATTATCATCTACCGTGCTGCCTACTTC
LysIleTyrLysSerAspGlylleLysGlylLeuTyrGlnGlyPheAsnValSerValGlnGlyllellelleTyrArgAlaAlaTyrPhe

GGTATCTATGACACTGCAAAGGGAATGCTCCCGGATCCCAAGAATACTCACATCTTCATCAGCTGGATGATTGCACAGTCTGTCACTGCT
GlylleTyrAspThrAlaLysGlyMetlLeuProAspProlysAsnThrHisllePhelleSerTrpMetIleAlaGlnSerValThrAla

GTTGCTGGCCTAACTTCTTATCCTTTTGACACGGTTCGCCGTCGTATGATGATGCAGTCTGGACGCAAAGGAACTGATATCATGTATACA
ValAlaGlylLeuThrSerTyrProPheAspThrValArgArgArgMetMetMetGlnSerGlyArgLysGlyThrAsplleMetTyrThr

GGCACGCTTGACTGCTGGCGGAAGATCGCTCGAGACGAAGGAGGCAAGGCCTTTTTCAAGGGTGCATGGTCCAACGTTCTCAGAGGCATG
GlyThrLeuAspCysTrpArglLyslleAlaArgAspGluGlyGlylLysAlaPhePhelysGlyAlaTrpSerAsnValleuArgGlyMet

GGTGGTGCCTTTGTGCTTGTCTTGTATGATGAAATCAAGAAGTACACATAATTATGTCCTAGGTGTTCTCCCCGAGAACAGGCATGTTGT
GlyGlyAlaPheValleuVallLeuTyrAspGlulleLysLysTyrThrkx

ATAATAGACCATATTCTTGAACATTCTGGACAGATTCTCTGGGCTTGTCTGTTTTATCAATGGCAACTATTTACCAGTTGAAAAGTGGAA
GCAATAATATTCATCTGACCAGTTTTCTCTTAAAGCCATTTCCATAATGACAATAATGATGGGACTCAATTATATTTTTTATTTCAGTCA
CTCCTGATAATAAAAAATTGAAGAAATAAAAATATCCCGGAATTC

Fig. 1. Nucleotide sequences and deduced amino-acid sequences of cDNA clones of ANT obtained from a heart library (A) and liver library (B)

of Sprague-Dawley rats.
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Fig. 2. Tissue distributions of rat ANT isoforms. (A), Total RNAs
(5.0 ng) 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
¢DNA fragments of ANT2 (lanes 2 and 3) were separated in native
agarose gel, transferred to a membrane, denatured and hybridized
with probes of ANT1 and ANT2.

was also detected in these samples, for some unknown
reason. When RNA 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 ANTI, 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 Apypra Tat liver genomic library with *2P-labeled rat
ANT1 and ANT2 cDNA fragments, 14 positive clones
were obtained from among 1.2 - 10° recombinants. All
the positive clones analyzed (10 clones) that hybridized
with the c¢cDNA fragment of ANT2 were found to
contain pseudogenes, but one clone (Apy,) that hy-
bridized with the cDNA fragment of the rat ANTI
clone was found to contain the rat ANT1 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-

AATTCCCCGGATCAGCAAACATTTAAAAAGACTGCCTGCTTTGTCAGATGTCCAAACGAAGGTCAGCAACTGTGGGGAAAGAACAGAGTA
AGAGGCTTGAAGTTAGAAAACAAAAACAAAAACAAAACAAAACAAAAAACCAAAAAAAAAAAACAAAAAACGAATTGCCCTCATTCTTGT
GGAAGAGACTGCAGTTTGGAAAATATGCAGTTATATTTGAACTGTCTTTAAAGATGTAAGGGAAACTAAACCTCACATCCATCTACTTTA
AAAAAATTAATTGCAGTTACTTTCCCGGGATTAGATAGCGCCTAGGCTCCCCAACCTCAAGCTGCCTATTCCAGAGGCAGACACAGCCAA
GGATTCGACCTTCCCGAAAGCTAAGGGCTCTGATCCTTAAGAAGCCACCGGAACCATTCTGCACAGAATATGGTTGAGATTCCATTAAGA
GCAGAGTCTTTCAAGCCCTTTAGAGGTCTGTCTACAAGAGAATCCCAGGAGCTGAGAGATAGATGAGGGGCTAATAAAGGAGTGTCTTTT
CTTTAGGAGTCCTCGGCTGTGTCCGTGTTACAGGCTGAGTTAACACATCCACCTAGCCACACATCCACATTCACTGCCAAAACGACTATC
CACTTAGCGTCCTTGCATTCCGCTTTTCCCGTTGATGGCGCAGAGTGCCGGTGCATAAATATTTCCTAACAGATTGAATGGTTCAAGGAT
TGAATGGAGAGAAGTCGGAGACAGGACCTTGCCCAATACTATGAGGCAATAGCGGCATAAAAAGATGTTAGTATGTATTGGGGAGGAGTA
TAATTTATTTGCAGAAACGCAGAACACTGCAGAGGCCCGAATCCAGGCAGCGAGCTCTAGTTGGAAACGCCCTGACAACGGGGAAGGGGT
GGAAGCCTGAAACCTTCTTGGCCAAAAGCACAATGGTCAGGATCGAGGTCAAAGTGCTTCTTTTCTTGAAGCATCGGCCCGCTCTCTGTC
CCCAGGTCGTCCCAGGCTAAACCATCGTGAGC TATAAATACAACGGCCCACATGCAGCAGAGACATAGTGTTCCCTCGGCTCCCTGGGAC
AGATAACATGAATTTGCCCTTTAAACGTCCCAAGCTGCAAGCACAGCCCCCAACCCACCCCAAGCTCCCGGAAGCGTCTTCGCCCCCAAT
GCCCTCTGCAAAGAAGGGGGATGGAGAGGGGCTGTCCAGGGACCGGCCCAGCCAATGCGCGCTGGCACGCCGGGGTCCCTCCTCCTCTCG
CGAGACGCGAGCCGGGGATATAAGGAGGGCTGCGGTCAGGCGGGCGGTCCCTTCGCGTCGTGCAGGGACGGAGACCGGGTGCGGTGCCTG

GCCGGGCGTAGGCAAGAGCAAAAGAGCGGCTCCTTGCAGACTGTGCGCGCCCGCGTTTCAGCATGGGGGATCAGGCTTTGAGCTTCCTTA
MetGlyAspGlnAlaleuSerPheleul

AGGACTTCCTGGCAGGTGGCATCGCCGCCGCCGTCTCCAAGACCGCGGTCGCCCCGATCGAGAGGGTCAAACTGCTGCTGCAGGTAAGGA
ysAspPheLeuAlaGlyGlylleAlaAlaAlaValSerLysThrAlaValAlaProlleGluArgVallysLeulLeuleuGln

CGGCTGGGGGCGCGCGGGGCCGGCAGGGGGGGATGCGGGCGGGGCCCGGCAGGCAGGGATGCGGGCGGGGCCGGGATGCTGTGCACGGCC
CGACGCTGCGGAAAATCTGTGCTAGGCCGCAAGCCCGGGGCCTACACGAAGGAGAAGGTGCCCTCTACGCAGATACAGGTCCAGCGTCAG
TGACAGATTCCTGGTGTCGGGTGGCACCCGCGTTGGGGTGTCTATATATGGAAACCCACCCCGAAGCCGGTCTACCTCGAGCCAGATCCT
GCGCCCGGTACAGCAAGCGGCGTTCCATCCAAGGCCTCTTAGACGGGCCTCACCCTTTGGCCACATCCTTTGCACCTTGTTATCTGGATC
CACCTTTTACAATAGGAGCATCCGATTAATCATTGACTGGGGATCGCTCTGTGTCGCGTGCACTGCGCTGTAACTCGACATTGATTTCAT
TCATCTTTCTATAACCTCTGCGAGATACGAATCAACCTTGGCCTGTATTCACGAATGGAGACACTGAGGCAGAAATTCAGAAACAATATT
CAGGATAAATTCAGATCACCTTAGCCATCTTGTCCCCATGTAATTTTCTCCCTGGTCCTTGAAGGGCCAGTCCTCATCATCTGATCTGTC
CCAAAGGCAAACGCTATTCAGTGGGGGCATAGTCATTTGGGCATTTAAACATCAACACGAGTGCTCCAACAGATTGGCCACAACAGTAGT
AACTCAAAAATCGCTTACCTGAATTACCTGCTTGAAAAATTTCAGACACCTACTGCTAAGACAACCTTGTCTCAAGGGACATTAGAGAGA
AGCAGGGGAATTGTCATCTGATCTCCATGTTAAGAGCCCTTGAGGACTTCCAGAAGCCTACAGGGAATTTCCCTCGAATACCCTCATAAT
GACTAAAAATTGCATTGCTTTTTAGCTTAGCCAAGTAGCTAACATTTACTGGTGTTTTCTTGATAACTGATTTCCTGATACATTAAAAAA

810
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1170
1260
1350
1440

1530

1620
1710
1800
1890
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2070
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2250
2340
2430
2520

Fig. 3. Nucleotide sequence of the rat ANT1 gene. The deduced amino-acid sequence is shown below the nucleotide sequence of each exon.
TATA and CCAAT boxes, Spl binding motifs and putative polyadenylation signals are underlined.



CAATTGGAATTCTCTCTTGTCTCTTGAAAGGGAAAGATGGGGGAGAATCCAGACATGGTAGCGCACATTTGTAATCCCAGCATTTGGGAG
GCTAACACAGGAAGATCTTTGAGTTCCAGACTAGCCTGGGCTACATAGGATGACTGTATTCTTCAAAAACAAGAAAATAAAAAATTGAGG

AAATACAAATCTTTTCCTCCATGTCTTCTCTTCTCCCTGCCTGTCCTACCTCCCCCACCCCCACCCCCAAACTAGGTCCAGCATGCCAGC
ValGlnHisAlaSer

AAACAGATCAGTGCAGAGAAACAGTACAAAGGCATCATTGATTGTGTCGTGAGAATCCCCAAGGAGCAGGGCTTTCTCTCCTTCIGGAGG
LysGlnlleSerAlaGluLysGlnTyrLysGlyllelleAspCysValValArglleProLysGluGlnGlyPheLeuSerPheTrpArg

GGTAACCTGGCCAACGTGATCCGGTACTTCCCCACCCAAGCTCTCAACTTCGCCTTCAAGGACAAGTACAAGCAGATCTTCCTGGGAGGT
GlyAsnLeuAlaAsnVallleArgTyrPheProThrGlnAlaleuAsnPheAlaPhelysAsplysTyrLysGlnllePheleuGlyGly

GTGGATCGTCATAAGCAGTTCTGGCGCTACTTCGCTGGTAACCTGGCCTCTGGTGGGGCAGCTGGGGCTACCTCCCTCTGCTTCGTCTAC
ValAspArgHislLysGlnPheTrpArgTyrPheAlaGlyAsnLeuAlaSerGlyGlyAlaAlaGlyAlaThrSerLeuCysPheValTyr

CCACTGGACTTTGCTAGGACCAGGCTGGCTGCCGACGTGGGCAAGGGATCTTCCCAGCGTGAGTTCAATGGGCTGGGTGACTGTCTCACC
ProLeuAspPheAlaArgThrArgleuAlaAlaAspValGlylysGlySerSerGinArgGluPheAsnGlyleuGlyAspCysLeuThr

AAGATCTTCAAGTCTGATGGCCTGAAGGGTCTCTACCAGGGTTTCAGTGTCTCTGTGCAGGGCATCATCATCTACAGAGCTGCCTACTTC
LysIlePhelLysSerAspGlylLeulysGlylLeuTyrGinGlyPheSerValSerValGlnGlyllellelleTyrArgAlaAlaTyrPhe

GGAGTCTATGACACTGCCAAGGGTGAGAGAGGGTCTTTGGAGTGGAAGGAGAGGGAGGGGGTATGGCGAGAGGATTCTGTGTGGCCTGTC
GlyValTyrAspThrAlalysG

TGTCATTCCACAATGCCTTTGGTCTATTTGCCTTTCCTACCTCTGAGCTAACCTGAGT TCTGAGGAGGCGATGTGATTTGGATAAATCAG
TAAGCCAAAGAGCCTGTGTCCCATACTGGTAAATACTGTGGCTTTGAACTACTCAGAGGACACAAAGCCTCCCTCTAACCCAACAACTGT
TACTCGGTTGAACTGGAAGCGAGCTCTGTGTCAACAAGGGTAGCTTCCTTGGATTAAGGGAAGGTGGCAGCCAACTTTGCTTGGTTACCT
GGTTGCATGTAAGGGATCTTTGGGAGGAGCTTGTGGAAGGACAGGGTATGGAGTTGGGTTGGTAGCCTTGTCTTCCCTTCATTTTACCGT

GCTGCTGAGAGAAGCACCTGATAGCCATTTGCTTCTTGGCTCTGCTCACAGGGATGCTGCCAGACCCCAAGAATGTGCACATTATTGTGA
lyMetlLeuProAspProlLysAsnValHisllelleval$

GCTGGATGATTGCCCAGAGTGTGACAGCCGTGGCGGGGCTGGTGTCCTATCCATTTGACACTGTCCGTCGTAGGATGATGATGCAGTCTG
erTrpMet]leAlaGlnServalThralavalAlaGlyleuValSerTyrProPheAspThrValArgArgArgMetMetMetGlnSerG

?Sg?gﬁAgg?gﬁGTAAGcACGAACTCCCCAAGTGTGAATCTTAGCTTTTATCCCCAGAGAACAACGACTTGGAAGTCGCTAGAGGCCTTG
Y

TGTTTTCCAAGTCGAAAGGCAGAAGTTTCTCTGTAAGGAC TGCAGAAACGGACACTATAATTTCTCCTTTAGCTTTTTTCCTTATGGGAT
TTCTTTCTTCTTATTAAAGAAATTGTAAGAACGTAATGAGGTTTTTTTTTTAGAGCTGGCCCCTAGGTATTTAGCATTAACAGCCTGGGT
GCATAATCAAGGGCAAAGAAGTAGTTGCCTGTACACTTAAAACCCCTGTTCGCCTCTATAGTGACTGGAAGTGTAAGTGAAAAGGATGTT
GGCCTGACCCATCCTGCTTTGTTAGTTTCAGCTTTATAGCTAAAAGCATGAAACTGCCATTCTTAAAGTTAACACACACACACGCACACA
CATGTACCACCCCCATCCCACCCCCCCATGCACATGCACATACCTCAAATGTTGGGATTTTGGATGACCCAAAAGTCAGACCTTTTATTT
TTTGCTCCCTAGTCTTGGGGCCTCATCTGAGACCAGGGCTAGTTTGCTCGCCCATAAAAAGTTATCCAGTGTGACAGATACTCCTTCCTC
ACACTGCCTTCCAGCTTTAGTCTGACCGGCTGTAAGCTGGTTGATCTGAGT TTGAGAATGAAGGGTACTAGAAGGCAGCTTAACAGTTAT

TGGAGGAGGAAAGGAATCCTAACTCGCATTTGTCTCCACAGCTGATATTATGTACACGGGGACAGTTGACTGCTGGAGGAAGATTGCAAA
laAsplleMetTyrThrGlyThrValAspCysTrpArglysileAlaly

AGATGAAGGACGCAAAGCTTTCTTCAAAGGTGCTTGGTCCAACGTACTGAGAGGCATGGGGGGTGCTTTTGTATTGGTATTGTATGATGA
sAspGluGlyArglysAlaPhePhelysGlyAlaTrpSerAsnValleuArgGlyMetGlyGlyAlaPheValleuValleuTyrAspGl

GATCAAAAAATATGTGTAATGCTCAAGTTCACAGGTTCACAGATCCATTGTGTGGTTTAACAGACTATTCTTAAGGAAATAAAAAAAGAC
ullelyslLysTyrValsk«

AGATCATGGATAAAACCAGACCATAAGGAATACCTCAGAAAAATGCTTCATTGAGTATTCATTTAACCACAAAAGTATTTTGTATTTATT

TTACATTTAGATTCCCACAGCAAACAGAAGATAGCTTATCATACTTGTTCAATTAATTAACTGAAGAACTGATGCTGAATAAGTAACTCA
ATGTGACTCATTAATAAAGACTACTCAGTACACTCCATCTCCCTGAACTCATTAACGACTAACAGATTGAATGCATCAATGCATG

Fig. 3 (continued).
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