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A mRNA molecule encoding truncated excitatory amino acid car-
rier 1 (EAAC1) protein (EAAC2) is transcribed from an indepen-
dent promoter but not an alternative splicing event
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ABSTRACT

Glutamate transporter EAAC1 removes excitatory neurotransmitter in central nervous system, and also
absorbs glutamate in epithelia of intestine, kidney, liver and heart for normal cell growth. When a mouse
cDNA was screened using EAAC1 ¢cDNA fragment as probe in our lab, a transcript (GenBank U75214)
encoding an EAAC] protein with 148 residues truncated at N-terminal was cloned and named as EAAC2.
Sequence analysis shows that EAAC2 has it” s own start code and unique 5° TR that is different from that
of EAAC1. A mouse genomic library was screened and a positive clone including EAAC1 CDS was se-
quenced (GenBank AF 322393) and indicates that normal EAACI1 transcript (GenBank U73521) is tran-
scribed from 10 exons in terms of exon I, II, III, IV, V, VI, VII, VIII, IX, X, and EAAC2 transcript is
consisted by exons from IV to IX as same as that of EAAC1 and with its unique exon £ upstream to exon
IV and exon d downstream to IX. EAAC2 transcript has a cluster of transcriptional start sites not overlap-
ping with the transcriptional start sites of EAACL. These results indicate that EAAC2 is transcribed from
an independent promoter but not an alternative splicing event.
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INTRODUCTION protein. EAAC1 ¢cDNA was originally cloned from

Glutamate transporters are able to uptake neu-
rotransmitter glutamate from synaptic cleft and
maintain its concentration at low level ( < 1 uM) thus
to protect neurons from excitotoxicity caused by Glu
[1]. Up to now, five subtypes of glutamate trans-
porter GLAST (EAAT1)[2], GLT-1 (EAAT2)[3],
EAAC1 (EAAT3)[4], EAAT4[5] and EAAT5([6] have
been cloned. Excitatory amino acid carrier 1
(EAAC1) is a high-affinity Na*-dependent L-
glutamate/D, L-aspartate cell-membrane transporter
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rabbit small jejunum([4], followed by finding its coun-
terparts in rat [7-9], mouse[10] and human[11-14].
Human EAAC1 gene was mapped to 9p24, which
was linked to dicarboxylic aminaciduria and
neurodegenerative disorders[15]. Loss of function
studies by means of chronic antisense oligonucle-
otide administration[16] and gene knockout[17] re-
vealed that EAAC1 deficiency did not lead to
neurodegeneration, although EAAC1 was believed
to be a neuronal glutamate transporter. Functional
EAACI1 was assembled as pentamer in EAAC1 ex-
pressed Xenopus oocyte plasma membrane[18].
However, genomic organization of EAAC1 was
not fully understood, only its partial genomic orga-
nization was documented[17]. During the experi-
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ment of screening of mouse EAAC1 ¢cDNA in our lab,
a truncated EAACI] transcript was cloned and named
as EAAC2. In order to address the genomic organi-
zation relationship between EAAC1 and EAAC2
transcripts, we cloned the mouse genomic fragment
for EAAC1, and also identified transcriptional start
sites for EAAC1 and EAAC2 by 5° RACE. We also
detected their expressions at transcriptional level by
RT-PCR.

MATERIALS AND METHODS

Mouse EAAC1 and EAAC2 ¢cDNA cloning

The method for cloning EAAC1 ¢cDNA and EAAC2 ¢cDNA from
the neonatal Balb/C mouse brain cDNA library (Stratagene Cat.
No. 937301) was detailed in literature[19].

Mouse genomic organization analysis

The mouse genomic library (Stratagene Cat. No. 946309) was
screened with EAACI full length cDNA as a probe. The positive
genomic clones were mapped by suitable restriction endonucleases
and subcloned. DNA sequence was analyzed by automatic fluo-
rescent sequencer. The DNA sequence data were aligned and ana-
lyzed by GCG software package.

5' RACE

Poly A+ mRNA was isolated from tissues of neonatal mice and
adult mice by OligotexTM mRNA Mini Kit (Qiagen Cat. No0.70022).
The first-strand cDNA synthesisand 5° RACE PCR amplification
were performed according to manufacturer’s instructions
(Clontech, Cat. No. K1811-1). For 5° RACE of EAAC]1 transcript,
P1 primer (All the primers sequence information were listed in
Tab 1) was used as EAAC1 gene specific primer in the first round
PCR, and P2 primer was used as EAAC1 nest primer in the sec-
ond round PCR. For 5 RACE of EAAC2 transcript, P3 primer
was used as EAAC2 gene specific primer in the first round PCR,
and P4 primer was used as EAAC2 nest primer in the second

round PCR. Sequences of 5' RACE PCR products were analysed
directly or after T-Vector cloning by automatic fluorescent sequencer.

RT-PCR

Total RNA was extracted from mice tissues using Trizol
reagent (Gibcol BRL), then treated with RNase-free DNase I to
eliminate the contaminant of chromosomal DNA. Approximately
5 ug total RNA was converted into the first-strand cDNA using
Oligo dT15 as primer. The E. coli RNase H (TaKaRa) was used to
remove the RNA templet. The cDNA was used as template in PCR
amplification. P5 and P6 primers were used for the specific region
of EAACI1 transcript and P7 and P8 primers for PCR amplifica-
tion of the specific region of EAAC2 transcript. PCR amplifica-
tion of GAPDH was used as reference that generated by P9 and
P10 primers.

RESULTS AND DISCUSSION

Characters of EAACI and EAAC2 transcripts

The EAAC1 cDNA that we cloned in this paper is
totally in length of 3727 bp. The sequence was de-
posited in GenBank (U73521). Its open reading
frame from nucleotide 76 to 1648 encoded a protein
of 523 residues, which was identical to the sequence
of EAACI1 protein reported previously[10], except
amino acid substitution of methinine at site of 141
for isoleucine. Both polyadenylation signal and trans-
lational initiation context of EAAC1 transcript were
consistent with the consensus sequences. During our
cloning EAAC1 ¢cDNA, we obtained a novel cDNA
clone with the insertion sequence of 2176 bp. The
sequence was deposited in GenBank (U75214) and
named as EAAC2. With comparison to EAAC1,
EAAC2 had 288 bp specific sequence in 5’
untranslated region, but its rest sequence was iden-
tical to EAACI except its 3’ untranslated region

Tab 1. PCR primers list

Primer Nucleotide Sequence GenBank and Position
P1 5" AATTCCTAG TACCACGGCGGCCACG3’ EAAC1: U73521: 172-148.
P2 5" CAT GGT GAG CAC TGA CGTTTG 3’ EAAC1: U73521: 79-59.
P3 5 GTT CTG TTT CTC ATC TGG CGT CCG 3’ EAAC2: U75214: 196-173.
P4 5 CAGAAGTCTTCCTCATCAACS’ EAAC2: U75214: 100-81.
P5 5" GCT CGA ATT CAC CAT GGG GAAGCCCAC 3’ EAAC1: U73521: 72-
90.

EcoR 1
P6 5" GGT CCAACA TGG CAT CCATGG 3’ EAAC1: U73521 509-
489.
P7 5" GCA GGA CTT CCC TGA GAACAG 3’ EAAC2: U75214: 27-47.
P8 5 TTG GAGACACGGAAAACAG3’ EAAC2: U75214: 288- 270.
P9 5 ACGACC CCTTCATTGACC3’ GAPDH: M32599: 141-159.
P10 5" AGA CACCAGTAGACT CCACG3’ GAPDH: M32599: 345-325.
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was shortened for 1341 bp. Its open reading frame
from nucleotide 296 to 1423 encoded a protein of
375 residues, which was identical to EAAC1 pro-
tein from residue 149 to 523 with 148 residues trun-
cated at N-terminal. However, both polyadenylation
signal and translational initiation context of EAAC2
transcript were not typical but potential.

The genomic organizations of EAACI and EAAC2
transcripts

To further study whether the EAAC2 is a spliced
variation of EAAC1 or an independent transcript,
we screened the genomic library of mice. Three posi-

tive phage clones were fished out by the probe of
EAAC1 cDNA. With the overlapping insertion ge-
nomic sequence of 18.2 kb, 15.2 kb and 16.2 kb
respectively in these three clones, a physical map of
33 kb was constructed . Approximately 25 kb of ge-
nomic sequence from Sal I to BamH I was sequenced
in order to address the genomic organization rela-
tionship between EAAC1 and EAAC2 transcripts,
the sequence data of 25407 bp was deposited in
Genbank (GenBank AF322393). The genomic or-
ganizations of EAAC1 and EAAC2 transcripts were

showed in Fig 1 and Tab 2.
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Fig 1. The genomic organizations of EAAC1 and EAAC2 transcripts

The upper line showed the physical map of mouse genomic DNA (33 kb) derived from three overlapping
positive clones screened from mice genomic library. Restriction enzymes used: B: BamH I, E: EcoR I, H:
Hind III, S: Sal I and X: Xba I; Solid bar: exon. EAAC1 is transcribed from exon I, II, IIT, IV, V, VI, VII, VIII,
IX, X (the region from nucleotide 1 to nucleotide 308 of EAAC1 transcript is not included in this genomic
sequence). EAAC2 is transcribed from exon 2,1V, V, VI, VII, VIII, IX, ¢ and showed in the line below.

Tab 2.The genomic organizations of EAAC1 and EAAC2 transcripts

Exon Size EAAC1 EAAC2 Genomic Intron 5' Splice 3' Splice
bp U73521 U75214 AF322393 Size bp site site
cagNVGTGT
I 92 309-401 277-369 1531 CTAGVgt cagVGTAT
1I 114 402-516 1896-2010 1517 TCAGVgt cagVGAAC
b 334 1-334 3236-3569 cagNVCTG
111 42 517-559 3527-3569 1380 GCAGV gt cagdTACA
v 95 560-655 335-430 4950-5045 4061 TGAGV gt caglVAACA
A% 184 656-840 431-615 9106-9290 1060 TGTGVgt tagVCTAC
VI 107 841-948 616-723 10351-10458 1827 GCGGVgt cagdGCTT
VII 122 949-1071 724-846 12285-12407 598 CCAGYgt cagVTTCG
VIII 194 1072-1266 847-1041 13005-13199 3907 TCAGVgt tagdCATT
X 134 1267-1401 1042-1176 17106-17240 2100 TCCTVgt cagdGGAC
d 969 1177-2146 19340-20309 AATGAAV
X 2282 1402-3684 19340-21619 AATAAAV
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The region from nucleotide 309 to 3727 of EAAC1
transcript was distributed into 10 exons, in terms of
exon I, IT, ITI, IV, V, VI, VII, VIII, IX, X (Fig 1 and
Tab 2). The corresponding genomic sequence from
nucleotide 1 to 308 of EAAC1 transcript and its
upstream regulation and control sequence were not
included in this genomic sequence. All exon and in-
tron junctions were followed the “GT-AG” rule
(Tab 2)[20]. Two polyadenylation signals were lo-
cated at nucleotide 21614 and nucleotide 21174.

EAAC2 transcript was distributed into 8 exons,
in terms of exon 3, IV, V, VI, VII, VIII, IX, 6(Figl
and Tab 2). Among them, exon IV, V, VI, VII, VIII,
IX were identical to exons for EAAC1 transcript.
Exon 3 contained the 288 bp specific sequence at 5’
untranslated region of EAAC2 transcript and the
sequence overlapped with exon III at the 3' end. Exon
d was identical to exon X but with 1310 bp short-
ened at 3' end. All exon and intron junctions were
consistent with consensus sequence (Tab 2)[20].
There was no TATA box, CAAT box, CpG Island
and octamer consensus sequences upstream from
exon f3. Its polyadenylation signal AATGAA at nucle-
otide 20309 was not typical but potential.

Transcriptional start sites of EAACI and EAAC2
transcripts

We employed 5° RACE method to test whether
the 5' sequences of EAAC1 and EAAC2 transcripts
were complete, and to identify their transcription
start sites. EAACI transcript 5° RACE product
with the length of about 150bp was amplified from

mRNA of 24 to 36 hours postnatal mice (D1) cortex,
D1 kidney, and D1 intestine, of 72 to 96 h postnatal
mice (D3) intestine and of one year old mouse whole
brain tissue (Fig 2). These sequences fully matched
to EAAC1 sequence from nucleotide 1 to 79 and
extended 33 bpin 5’ upstream direction as following:
5% GAATGGCAGC GCTGTACAGC
GGCCGGTGCG CGT 3’ . Since the genomic se-
quence corresponding the region from nucleotidel

M 1 2 3 L 5

EAACI

EAAC2

Fig 2. 5° RACE of EAAC1 and EAAC2 transcripts
5' RACE of EAACI1 transcript was done using P1 as gene
specific primer for the first round PCR amplification and
using P2 as nest primer for the second round PCR. 5' RACE
of EAAC2 transcript was done using P3 as gene specific primer
for the first round PCR amplification and using P4 as nest
primer for the second round PCR. Lane M: DNA Marker
(TaKaRa), 50 ng for each band at sizes of 2000 bp, 1000 bp,
750 bp, 500 bp, 250 bp and 100 bp; Lane 1: D1 cerebral
cortex including hippocampus; Lane 2: D1 kidney; Lane 3:
D1 intestine; Lane 4: D3 intestine; Lane 5: One year old
mouse whole brain.

Tab 3. 5 RACE of EAACland EAAC2 transcripts

Tissue Transcript Additional Genomic 5' Most Nucleotide
Sequence Site Genomic Context

D1 Cortex EAAC1 +33 bp n/a n/a

EAAC2 +89 bp 3147-3236 3147: ttt/NGGG
D1 Kidney EAAC1 +33 bp n/a n/a

EAAC2 +45 bp 3191-3236 3191: gac/NAGA
D3 Intestine EAAC1 +33 bp n/a n/a

EAAC2 +65 bp 3172-3236 3172: act/NGGA
Mature Mouse  EAAC1 +33 bp n/a n/a
Brain EAAC2 +120 bp 3116-3236 3116: aca
CTG

Note: n/a=not available
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to 308 of EAACI1 transcript did not locate in our
genomic sequence, we were not able to analyze the
transcriptional start sites of EAACI transcript. The
fact that both additional sequence and additional
length (Tab 3) were identical in all products from
different source indicated that EAAC1 transcript was
transcribed from a unique transcriptional start site.

The DNA fragments of 5' RACE of EAAC2 tran-
script were in the length of 200 bp to 300 bp from
the mRNA of D1 cerebral cortex, D1 kidney, D3 in-
testine and one year old mouse whole brain (Fig 2).
Sequence analysis showed that they were perfectly
identical to not only nucleotide 1 to 100 of EAAC2
transcript, but also the genomic sequence in
consecutive. The additional length of EAAC2 5'
RACE product in 5' upstream direction was 89 bp
in the mRNA of D1 cerebral cortex, 45 bp in D1
kidney, 65 bp in D3 intestine and 120 bp in one-
year-old mouse whole brain (Tab 3). The genomic
contexts surrounding the 5' first nucleotides in
EAAC2 5' RACE additional sequences were not con-
sistent with splicing consensus sequences [20],
which indicated that EAAC2 transcript was not the
product of alternative splicing and supported that
EAAC2 was initiated at different transcriptional
start sites to that of EAAC1 in tested tissues. Com-
bining of the result of genomic organization analysis,
it does not seem that the transcript of EAAC1 and
EAAC2 are created by the same promoter from dif-
ferent transcriptional start sites. We believe that the
EAAC2 transcription is initiated from an indepen-
dent promoter different from that of EAAC1.

Expressions of EAAC1 and EAAC2 transcripts at
transcriptional level

RT-PCR with EAAC1 and EAAC2 5’ specific
primers indicated that both EAAC1 and EAAC2
were expressed in cerebral cortex, hippocampus,
cerebellum, brain stem, lung and kidney tissues of
D3 neonatal mouse (Fig 3).

In this paper we reported a new cDNA clone
(EAAC2) encoding a N-terminal truncated EAAC1
protein was found. We also proved that EAAC2 tran-
scription was initiated from its own promoter other
than an alternative splicing of EAAC1. The expres-
sion pattern of EAAC2 is nearly identical in spatio-
temporal manner to that of EAAC1. We expressed
EAAC2 cDNA in Xenopus oocyte by infecting cDNA

of EAAC2 to measure if it could be Glu transporter,
the answer was no (data not shown). We also co-
expressed EAAC1 and EAAC2 in oocyte to see if
EAAC2 had effect on the function of EAACI, but
no effect of EAAC2 was found on the function of
EAACI1 (data not shown). To address the question
that what is the biological function of EAAC2 is a
big challenge to our further work.
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Fig 3. RT-PCR detections of EAAC1 and EAAC2
expression

EAAC1 5' specific sequence was amplified by PCR using P5
and P6 as primers. EAAC2 5’ specific sequence was ampli-
fied by PCR using P7 and P8 as primers. House keeping gene
GAPDH was amplified by PCR using P9 and P10 primers as
positive control. The sample was collected from cerebral cor-
tex including hippocampus, cerebellum, brain stem, heart,
liver, lung and kidney of neonatal mice within 72 to 96 hours
after postnatal (D3).
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