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Six different clones of Arabidopsis thaliana expressed sequence tags (ESTs) were sequenced, among
which ATTS1488 clone appeared to code a putative membrane transporter of purines. Comparison of
the nucleotide sequence of ATTS1488 with that of a genomic putative membrane transporter gene
showed that one nucleotide (A) was missing in the EST clone and another nucleotide (T) of the genomic
sequences was missing in the ATTS1488 sequences. These changes caused three amino acid differences
between genomic DNA and cDNA. Deduced amino acid sequence of the cDNA has a 99.4% identity
with that of the membrane transporter genomic DNA, and a 51% amino acid identity with those of rice
(Oryza sativa) permease 1 and another putative membrane transporter of Arabidopsis. Prediction of
membrane protein structure indicates that the EST clone has 13 trans-membrane domains in the

deduced amino acid sequences.
K

Bases of nucleic acids such as, adenosine, guanosine,
cytidine, thymidine, and uridine, are essential for a wide
spectrum of metabolic processes, including nucleic acid
synthesis.” Derivatives of nucleic acid bases and nucleotides
play important roles in organization, cell division, senescence,
and defence reactions.” Although several examples of nucleic
acid base and nucleotide uptake in plants have been reported,
their respective transporter genes have not yet been
identified.” Adenosine, guanosine, cytidine, and uridine are
taken up against a concentration gradient into petunia pollen.”
In contrast, uptake of thymidine in the same system occurs by
facilliated diffusion at much lower rates.”

Recent study revealed purine permeasel gene (lpel) of
maize is necessary for chloroplast development based on the
observation of the leaf permease1-mutablel (/pel-mI) mutant
maize and the analysis of revertant sectors generated by
activator excision.” When Lpel was expressed in a purine
transport-deficient Aspergillus nidulans strain, the capacity for
uric acid and xanthine transports was acquired. Therefore, the
function of Ipel was characterized as a maize purine
transporter.”’ In addition to the maize purine permease gene,
Arabidopsis thaliana purine permeasel gene (AtPUPJ) was
identified in a large gene family and a gene product, AtPUP]1,
was found to transport adenine and cytosine with high
affinity.”
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The genome of the model plant A. thaliana has been
sequenced.”""" Chromosome 1 represents 25% of the genome
and contains about 6,850 open reading frames.” Chromosome
2 represents 15% of the genome and encodes 4,307 genes,
49% of which have no predicted function.” Chromosome 3
encodes 5,220 of the roughly 25,500 predicted protein-coding
genes in the genome.'” Chromosome 4 represents 17% of the
genome and reveals 3,744 protein coding genes.”
Chromosome 5 represents 21% of the sequenced regions of
the genome and encodes 5,874 genes.'” Of the 25470
predicted protein sequences, 4,589 (18%) were identified as
containing two or more membrane spanning domains. The
membrane protein sequences clusted into 628 distinct families
containing 3,208 sequences,'” among which 211 families
(1,764 sequences) either contained proteins of known function
or showed homolgy to proteins of known function in other
species. However, 417 families (1,444 sequences) contained
only sequences with no known function and no homolgy to
proteins of known function.'”

In this report, several expressed sequence tag (EST) clones
for the membrane permease were sequenced in order to verify
that the specific clone have a known function.

Materials and Methods

Arabidopsis EST collections obtained from the DNA Stock
Center of Arabidopsis thaliana Biological Resource Center
(ABRC) were searched for clones that was identical to the A.
thaliana putative transporter or permease. Six clones,
149M2T7, 185H22T7, ATTS1488, ATTS2472, ATTS1009,
and ATTS1219, were kindly supplied by the ABRC DNA
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Fig. 1. Nucleotide sequence and deduced amino acid sequence of EST clone ATTS1488 of A. thaliana. Coding sequence is noted
in capital letters, and deduced amino acid sequence is shown in one letter abbreviation with number. Number of amino acids are also
shown below the specific amino acid. The GenBank accession number is AF515778. Putative trans-membrane domains are underlined

based on the TopPrad2 analysis.'”

stock center. E. coli XL1 Blue were transformed with these
clones, and plasmids were isolated and sequenced with
appropriate primers according to the published methods.'”
Sequencing reactions were performed using the Applied
Biosystems Prism Dye-deoxy Cycle Sequencing Kit. The
reactions were run on an Applied Biosystems Prism 377 DNA
sequencer (Perkin-Elmer Corp.). Sequencing of the inserts
was initiated from known vector sequences. Based on these

sequencing runs, additional sequencing primers were
designed to extend new sequences. Sequencing was continued
until the gene was completely sequenced, and the entire
sequence was independently confirmed on the opposite
strand. DNA sequences were performed in duplicate or
triplicate for each run. Sequence homology searches were
performed on BLAST programs through National Center for
Biotechnology  Information (Bethesda, MD) (http:/
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Fig. 2. Alignment of nucleotide sequences between A. thaliana putative membrane transporter genomic DNA sequence (Gen-
Bank accession number AC002505) and A. thaliana EST clone (AF515778). Numbers are from AC002505. Circled nucleotides, @
of AC002505 and ® of AF515778, are missing at the indicated position in the AFS515778 and AC002505, respectively. Deduced
amino acid sequence are shown in three-letter abbreviations.

www.ncbi.nil.nih.gov.)." Membrane protein structure was
predicted using TopPred'® (http://bioweb.pasteur.fr/seqanal/
interfaces/toppred.htmt).

Results and Discussion

Sequence analysis of EST clones and comparison with
other sequences.
ATTS1448 contained a full-length putative purine transporter,
which has been identified in Arabidopsis chromosome 2

sequences.” In particular, clone T9J22 of the chromosome 2
contained a putative membrane transporter protein gene
registered as AC002505 in GenBank. Figure 1 shows a

nucleotide sequence of 1,950, which encodes a putative

membrane transporter of 551 deduced amino acids. This
sequence has been registered in GenBank as AF515778.
Comparison of the nucleotide sequence of ATTS1488 with

Among the EST clones examined, that of a membrane transporter genomic sequence (GenBank

accession No. AC002505) indicates that one nucleotide (A) of
the ATTS1488 (referred to as cDNA below) is missing at the



156 Sanggyu Park and Robert W. Thomburg

Table 1. Nucleotide sequence identity of the A. thaliana EST clone ATTS1488 to those of putative permeases or membrane

transporters of other plants.

% identity to A. thaliana EST clone

Species GenBank accesion No ATTS1488

A. thaliana EST clone ATTS1488 AFS515778 this work

A. thaliana putative membrane transporter (genomic) AC002505 95.4

O. sativa putative permease 1 (genomic) AP03256 51

A. thaliana putative membrane transporter (genomic) NM_128970 51

A. thaliana xanthine/uracil permease (genomic) AAF76447 46

M. crystallinum permease | T12309 45

Z. mays permease 1 (cDNA) U43034 44
61018" of the genomic sequences and another nucleotide (T) 3 . T T T T

. O R N
of the genomic sequences at the 61024" is missing in the
2r 4

cDNA sequences. Thus, these changes caused only three
deduced amino acid differences between cDNA and genomic
sequences. Threonine, serine, and leucine of the genomic
DNA were changed into asparagine, isoleucine, and
isoleucine of the cDNA (Fig. 2). However, whether these
changes were caused by incorrect sequencing of genomic
clone T9J22 of chromosome 2 is still not certain.
Nevertheless, they occurred in the middle of the 4th trans-
membrane domain (Fig. 1). The effect of these changes can be
revealed through oligonucleotide-directed mutagenesis and
expression of the mutagenized clone in plant cell.

Deduced amino acid sequence of the cDNA has 99.4 and
51% identities with those of the membrane transporter genomic
DNA (Table 1), and rice (Oryza sativa) permease 1 and another
putative membrane transporter of Arabidopsis, respectively. In
addition, the cDNA has 44~46% deduced amino acid sequence
identities with those of A. thaliana xanthine/uracil permease
(genomic), ice plant (Mesembryanthemum crystallinum)
permease 1, and maize (Zea mays) permease 1 (cDNA). In the
case of maize permease 1 (Ipel), the capacity of vric acid and
xanthine transports was acquired when the Ipel was expressed
in a purine transport-deficient Aspergillus nidulans strain.”
Based on the above results, the sequenced cDNA clone appears
to be a membrane transporter of purines.

Prediction of the membrane protein structure. The
protein predicted by the membrane transporter cDNA consists
of 551 amino acids with a predicted molecular mass of 60,131
daltons. The predicted protein is extremely hydrophobic, and
consists of 52.4% hydrophobic amino acids, leucine,
isoleucine, alanine, glycine, and valine (Fig. 3). Protein
structure algolithms predicted 11 to 13 membrane-spanning
segments.

Based on the TopPred™ prediction of the membrane protein
structure, 13 trans-membrane regions in deduced amino acid
sequence of cDNA can be predicted. Other predictions for the
membrane proteins, TMHMM (http://www.cbs.dtu.dk/services/
TMHMM-2.0/), TMpred (http://www.ch.embnet.org /software/
TMPRED_form.html), and SOSUI (http://sosui. proteome.bio.
tuat.ac.jp/sosuiframe0.html), also showed similar trans-
membrane regions for this putative tansporter of purines.
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Fig. 3. Hydropathy plot of the putative membrane trans-
porter. Numbers along the bottom border of the plot indicate
the amino acid position in the transporter.

SOSUI predicted almost equal trans-membrane regions to those
of TopPred, whereas TMpred and TMHMM predicted 12 and
11 trans-membrane domains in similar positions of amino acid,
respectively. The predicted trans-membrane domains are shown
in Fig. 4. This predicted model of the putative membrane
transporter is very similar to that of the E. coli mannitol
permease.'®

In order to verify the function of membrane transporter for
purines, cyanobacterium Synechocystis expression vector,
pSTK3 (a gift from Dr. Parag R. Chitnis of the Iowa State
University), was utilized. p5TK is in the size of 6,076 bp and
contains kanamycin-resistant gene as a selectable marker and
plastocyanin promoter as well as terminator in pBlueScript.
Firstly, Ndel/BamHI fragment of the cDNA, 1.11 kb and 3'
domain of the membrane transporter, was linked to Ndel/
BamHI-digested pSTK3 to produce pRT482. Subsequently,
Ndel fragment of the cDNA, 0.95 kb and 5' domain of the
membrane transporter, was linked to Ndel-digested pRT482 to
make pRT483. The linked regions were sequenced to confirm
the correct direction of the Ndel fragment in pRT483.
Expression of the membrane transporter cDNA in
cyanobacterium is in progress.
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Fig. 4. Predicted model of the putative membrane transporter showing residue location. Residues are arranged in membrane-
spanning regions in o-helical arrays. In and out indicate the inside and outside of the membrane, respectively.
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