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(Pharmacia) and the 3 *-directed cDNA library was constructed (4),
and transformed into E. coli. The 3 *-directed cDNA inserts wereWhile analyzing active genes in the neonatal mouse
sequenced with randomly selected transformant colonies. Sequenceshippocampus, we observed several novel genes that
thus obtained were compared with each other to examine abundancewere abundantly expressed in this tissue. We report
of gene transcripts, and then sent to GenBank for gene identification.here cloning and sequencing of one of these tran-

Cloning of a full-length cDNA. A full-length mouse neonatal hip-scripts, HiAT1 (Hippocampus Abundant Gene Tran-
pocampus cDNA library was constructed using a ZAP-cDNA synthe-script 1). The mRNA was 2.7 Kb in length, and the de-
sis kit (Stratagene) and screened with a radiolabeled 357bp 3 *-cDNAduced amino acid sequence consisted of 490 amino fragment of GS6410 as a probe. Positive plaques, purified through

acids with characteristics typical of members of the an additional round of screening were subcloned into pBluescript
sugar transporter family. However, its overall se- II (Stratagene), and inserts were sequenced for both strands using
quence homology to known transporter cDNAs was primer-walking method.
only about 30%, suggesting strongly that it represents Northern blotting analysis. Total RNA samples were isolated
a novel sugar transporter gene. Northern hybridiza- from various regions and stages of brain, using the acid guanidium

thiocyanate-phenol-chloroform method. RNA was electrophoresed intion analyses showed this transcript is detected in
1% agarose gels in the presence of formaldehyde, transferred ontoadult and embryonic brains, as well as in other tissues.
Hybond N membranes (Amersham), and hybridized with the HiAT1

q 1997 Academic Press
cDNA (see text) labeled by the random priming method. For analyses
of tissues other than the brain, Mouse Multiple Tissue Northern Blot
filter (CLONTECH) was used. Hybridization was carried out in 61
SSC, 0.5% SDS, 5 1 Denhardt’s solution at 657C, and the filters wereExpression profiling of active genes (1-3) in the neo- washed in 21 SSC, 0.1% SDS at 657C.

natal mouse hippocampus showed that 32% of total
mRNA from this tissue consists of 99 abundantly ex- RESULTS AND DISCUSSIONpressed genes, among which 43 are novel (Matsuo et
al., manuscript in preparation). We have initiated to By analysis of active genes in the 5-day-old mouse
identify these genes in the hope that at least some of hippocampus, several genes were found to be active
them may have important roles either in maturation including those encoding stathmin, ribosomal protein
or in maintaining function of the brain. In this paper L38, GAP-43, beta-tubulin T beta 15, thymosin beta-4,
we report cloning and sequencing of one of such genes, ribosomal protein L41 and cytoskeletal gamma-actin.
HiAT1 (Hippocampus Abundant Gene Transcript 1). Each of these transcripts represented more than 0.2%

of the total mRNA population. Approximately one third
MATERIALS AND METHODS of the total mRNA consisted of these abundantly ex-

pressed transcripts. We observed 99 genes belongingDetection of novel gene transcripts. Total RNA was isolated from
to this category, among which 43 were novel (Matsuohippocampus of 5 day old mouse, strain C57BL/6 (Japan SLC, Inc.)
et al., manuscript in preparation). We initiated cloningusing acid guanidium thiocyanate-phenol-chloroform method. Poly(A)

RNA was purified using QuickPrep Micro mRNA Purification kit and characterization of these active novel genes.
We initiated our work with a gene representing by

the poly(A) proximal sequence, GS6410. This sequence,
1 To whom correspondence should be addressed. Fax: /81-06-877- consisting of 357 bp, was used as a probe to screen a

1922. E-mail: kousaku@imcb.osaka-u.ac.jp. mouse neonatal hippocampus cDNA library in Lambda
Abbreviations: HiAT1, Hippocampus Abundant Gene Transcript ZAP II. Five positive clones were isolated, and the clone1; GS, gene signature.

HiAT1 that had the longest insert was sequenced byThe nucleotide sequence has been deposited in GenBank with the
Accession No. D88315. primer walking. The transcript was 2668 base pairs in
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of 52,973 Da. The nucleotide and deduced amino acid
sequences of the HiAT1 are shown in Fig 1. A homology
search with the deduced amino acid sequence showed
that it shares 31% homology with E. coli tetracycline
resistance protein class C (5, 6), and 29% homology
with mouse glucose transporter type2 (7, 8) and type4
(9). The E. coli tetracycline transporters and facilita-
tive glucose transporters are members of the sugar
transporter family which transport antibiotics, carbox-
ylates and sugars in bacteria and mammals (10-12).
Several characteristic structural motifs in the sugar
transporters have been reported, among which the
twelve transmembrane helices (10-14) are the most
prominent. HiAT1 showed a similar structure (Fig. 2).
The size of the product (490 a.a.) is also in accordance
with the size of sugar transporters. The sugar trans-
porter-specific D-R/K-X-G-R-R/K motif is located be-
tween the second and third putative transmembrane
domains (Figs. 1 and 3A), and a cluster similar to the P-
E-S-P-R motif is present at the end of the sixth putative
membrane spanning region (Fig. 3B). This motif is con-
served in facilitative glucose transporters (10-12),
strengthening the idea that the HiAT1 represents a
new member of the sugar transporter gene family.

The HiAT1 also has a gram-positive cocci surface
proteins anchoring hexapeptide (L-P-X-T-G-X) (see Fig.
1) in the predicted long loop between the eleventh and
twelfth transmembrane domains. This is interesting
since this hexapeptide is also homologous to the pro-
posed site of cleavage and attachment of glycosyl phos-
phatidylinositol in eukaryotic proteins anchored with
compounds involved in cell adhesion (17, 18). No other
sugar transporters carry this motif, suggesting that the
protein is a new type of transporter.

To analyze the tissue distribution of the HiAT1 tran-
script, the cDNA probe was used for northern analysis
with RNA prepared from various mouse tissues. In ad-
dition to the brain, the 2.7 Kb transcript was widely

FIG. 1. Nucleotide sequence of HiAT1 cDNA and its deduced
amino acid sequence. Nucleotide numbers are shown on the right,
and amino acid numbers are shown on the left. Sugar transport
protein signatures (PS00216) and gram-positive cocci surface pro-
teins anchoring hexapeptide (PS00343) searched in the PROSITE
data base are underlined. The complete nucleotide sequence has been
deposited in GenBank with the Accession No. D88315.

length and had one major open reading frame covering FIG. 2. Hydropathy profile of the deduced amino acid sequence
a region from position 73 to 1545, encoding a protein of HiAT1 according to the algorithm of Kyte and Doolittle (15), show-

ing the twelve membrane spanning structures.of 490 amino acids with a calculated molecular weight
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FIG. 3. Multiple sequence alignments around the D-R/K-X-G-R-R/K motif (A) and the P-E-S-P-R motif (B) of HiAT1. Tet C, the E. coli
tetracycline transporter class C (5, 6); Tet-like, the human tetracycline transporter-like protein found in the Huntington’s disease region
of 4p16.3 (16); GLUT2, the mouse glucose transporter type2 (7,8); and GLUT4, the mouse glucose transporter type4 (9). Homologous regions
are shaded, and putative transmembrane domains (TM) are boxed. Amino acid numbers are shown on the left.

expressed in various tissues, with the exception of the evenly distributed throughout the neonatal brain, in-
cluding olfactory bulb, cerebral cortex, brain stem, hip-testis in which an additional hybridization-positive 2.2

Kb transcript was highly expressed (Fig. 4A). Northern pocampus and cerebellum (Fig. 4B). HiAT1 was highly
expressed in the brain at least from embryonic day 13blotting analyses of RNA extracted from various re-

gions of the mouse brain and at different stages of de- (E13) to adulthood (Fig. 4C). Thus, the HiAT1 gene is
likely to be expressed in almost all cells throughoutvelopment showed that the HiAT1 transcripts were

FIG. 4. Northern blotting analyses of the HiAT1 mRNA in various adult mouse tissues (A), in various regions of 5-day-old neonatal
mouse brain (B) and in the developing brain (C). Total RNA (15mg) was electrophoresed in a 1% agarose gel. Commercial poly(A) RNA (2
mg) was used for analyses of mRNA from adult tissues (CLONTECH). The same filters were stripped and rehybridized with a b-actin cDNA
probe (lower panel).
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