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By using a serial analysis of gene expression (SAGE),
e have identified a novel full-length cDNA that is
referentially expressed in human cord blood-derived
ast cells. The predicted protein showed unique pri-
ary structure with a nuclear localization signal

NLS), a sterile a motif (SAM), and a Src homology 3
omain (SH3) (termed Nash1). Nash1 was mapped to
uman chromosome 21q11.1 and highly expressed in
pleen, liver, peripheral blood, and mast cell lines. In
onsistent with the presence of NLS, Nash1 was local-
zed in the nucleus. Interestingly, screening gene da-
abases for Nash1-related sequences revealed the ex-
stence of a Nash1-related gene termed SLY that was
referentially detected in lymphoid cells. We also
ound at least two additional candidates for this gene
amily in the database. These findings suggested that
ash1 and Nash1-related proteins consisted of a novel

amily of signaling/adaptor proteins, and Nash1 might
unction as a signaling component of mast cells, pos-
ibly in the nucleus. © 2001 Academic Press

Key Words: NLS; SAM; SH3; mast cells; SAGE.

We have previously reported gene expression profile
referentially detected in human cord blood-derived
ast cells by using a serial analysis of gene expression

SAGE) (1). SAGE was performed on poly(A)1 RNA
urified from human cord blood-derived mast cells and
total of 22914 tags, representing 9181 unique tran-

cripts, were collected and sequenced. By selecting tags
hat were detected more frequently in the human cord
lood-derived mast cells than in other tissues including
rain, colon, mammary gland, ovary, kidney, prostate,

1 To whom correspondence should be addressed at Atopy (Allergy)
esearch Center, Juntendo University School of Medicine, 2-1-1,
ongo, Bunkyo-ku, Tokyo, 113-8421, Japan. Fax: 181-3-3813-5512.
-mail: anakao@med.juntendo.ac.jp.
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f mast cells. Importantly, the study revealed that
bout 70% of the selected genes were previously un-
haracterized, suggesting that some of the uncharac-
erized genes were important for mast cell functions.

In this study, we characterized one of the novel genes
hat were found to be preferentially expressed in hu-
an cord blood-derived mast cells by our SAGE
ethod. The predicted protein of the novel gene con-

ains a nuclear localization signal (NLS) (2), a sterile a
otif (SAM) (3), and a Src homology 3 domain (SH3) (4,

) (termed Nash1), suggesting that Nash1 functions as
signaling component of mast cells. Interestingly, we

ound some Nash1-related sequences in the database.
hus, Nash1 and its related proteins may consist of a
ovel family of possible signaling/adaptor proteins.

ATERIALS AND METHODS

cDNA cloning. Human Nash1 cDNA was identified as an insert
equence of expressed sequence tag (EST) clone (purchased from
enome Systems Inc.; AA741162) in an attempt to search for genes
referentially expressed in human cord blood-derived mast cells
sing SAGE (1). Briefly, SAGE was performed according to the Serial
ene Analysis of Gene Expression Detailed Protocol version 1.0c and
nalyzed using SAGE analysis software 3.04b generously provided
y K. W. Kinzler (Johns Hopkins University, Baltimore, MD) with
inor modification by us as reported (1). The SAGE data obtained

rom human cord blood-derived mast cells were compared with 15
ther SAGE libraries from various tissues or cells. The SAGE librar-
es we used were NC1, NC2, BB542, NHA (fifth), normal pool (sixth),
ormal cerebellum, Duke thalamus, mammary epithelium, Br N,
OSE4, ISOSE29-11, 293-CTRL, Chen Normal Pr, Duke HMVEC

rom NCBI SAGE Library Browser (www.ncbi.nlm.nih.gov/SAGE/
agelb.cgi) and skeletal muscle (6) from Rochester Muscle Database
eb site (www.urmc.roshester.edu/smd/CRC/Swindex.html). We

ound that the tag sequence of the uncharacterized gene (human
ash1) (EST; AA741162) was expressed in human cord blood-
erived mast cells about fivefold greater than any other tissues (1).
ouse Nash1 cDNA was cloned in the screening of mouse liver cDNA

ibraries using human cDNA as a probe. Rat Nash1 cDNA was
dentified by RT-PCR from rat RBL-2H3 cells using a sense primer,
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
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9-AATGCTAAAGAGGAAGCCATCCAATG-39, and an anti-sense
rimer, 59-GGGTGTGGACATGAGAGTGTGTGTTCAGTCACT-39,
hat were chosen based on regions of sequences conserved between
uman and mouse Nash1 cDNAs.

Northern blotting. RNA samples from Ramos, KU-812, Jurkat,
937, THP-1, HMC-1, NIH3T3, and HEK293 cell lines were prepared
sing Isogen solution (Nippon Gene) according to the manufacturer’s
ecommendation. Northern blot analysis was performed as described
efore (1). A human multiple tissue membrane for Northern blot was
urchased from Clontech. The cDNA restriction fragment encoding
omplete coding region of human Nash1 was used as a probe.

Subcellular localization of Nash1. The full-length of human
ash1 cDNA was subcloned into the pEGFP-C1 expression vector

Clontech), which placed the green fluorescent protein (GFP) at the
-terminus of the translated protein. COS7 cells were transiently

ransfected with the GFP-Nash1 expression vector using lipofectin
ethod (Fugene6, Boehringer Mannheim) according to the manufac-

urer’s recommendation. After 24 h of the transfection, cells were
ashed with PBS twice and then fixed in 4% paraformaldehyde for
0 min. Cells were then washed with PBS and treated with 100
g/ml of RNase A for 30 min at 37°C. Cells were then mounted in
ounted media containing propidium ionide (1.5 mg/ml). The cells
ere examined with a confocal imaging system (LM510; Carl Zeiss).

FIG. 1. Structural characteristics and alignment of human, mo
etween human, mouse, and rat Nash1. Nuclear localization signal i
nderlined. Sequence matches are highlighted. (B) Diagrammatic rep
H3 and SAM domain of human Nash1 (AA74162) with human hom
138
The nucleotide accession number. The nucleotide sequence data
eported in this paper appeared in the DDBJ/EMBL/GenBank with
ccession No. of AB067679 (rat Nash1).

ESULTS AND DISCUSSION

We identified an EST clone, AA741162, as a gene
referentially expressed in human cord blood-derived
ast cells using SAGE (1). The tag sequence of the
ST clone AA741162 was expressed in human cord
lood-derived mast cells about fivefold greater than
ny other tissues (1). The open reading frame of
A741162 predicted a protein of 373 amino acids in

ength with a candidate molecular mass of 42 kD. Com-
arison of the deduced amino acid sequences of this
rotein with protein sequences in the Swiss Protein
ata Bank and SMART (7) predicted that the protein

ontained an NH2-terminal putative bisplit nuclear
ocalization signal K(K/R)K motifs (residue 68–84) (2),

SH3 domain (residue 159–223) (4, 5), and a COOH-

, and rat Nash1. (A) Deduced amino acid sequences and homology
dicated by a dotted line, SH3 domain is boxed, and SAM domain is
entation of the genomic locus encoding Nash1. (C) Alignment of the
gue of SLY, SAMSN1 (AF218085), and KIAA0790 (XM044017).
use
s in
res
olo



terminal SAM domain (residue 236–300) (3), but
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acked any known catalytic domain (Fig. 1A). Due to its
nique primary structure, we termed the protein as
ash1 (a NLS, SAM, and SH3 containing protein1)
nd decided to further characterize the gene. We also
loned mouse Nash1 full-length cDNA and rat Nash1
ull-length cDNA using human cDNA as a probe for
creening mouse liver cDNA library or by RT-PCR
sing RBH-2H3 cell mRNA with two primers of which
equences were conserved between mouse and human
DNAs, respectively. The homology in amino acids be-
ween human and mouse Nash1 or mouse and rat
ash1 was 80.5 and 90.4%, respectively (Fig. 1A).
Human Nash1 cDNA sequence was compared with

he Human Genome Project Data Base and the chro-
osomal localization of Nash1 gene was mapped to the

hromosome 21q11.1 (Fig. 1B). Nash1 gene was found
o comprise eight exons.

Searching the database (BLAST) for Nash1-related
equences revealed the existence of Nash1-related pro-
ein termed SLY that was recently reported by Beer et
l. (8). SLY was cloned based on an expression cloning
creen of a murine T cell lymphoma cDNA library and
he human homologue was mapped to chromosome
q25-26.3. Human homologue of SLY has 41.8% iden-

ity with human Nash1 in amino acid sequence. SLY
lso contains the unique structure with a COOH-
erminal SAM domain and a SH3 domain in the middle
ortion (Fig. 1C).
Interestingly, additional Nash1-related sequences,

AMSN1 (AF218085) and KIAA0790 (XM044017)
ere found in the database, both of which had a
OOH-terminal SAM domain and a SH3 domain in the
iddle portion (Fig. 1C), although the 59 region of
IAA0790 were not identified yet. Amino acid se-
uence of SAMSN1 was identical to the amino acid
esidue 19 to 343 of human Nash1. SAMSN1 is thus
ikely to be an alternative splicing variant form of
ash1.
The distribution of Nash1 in human tissues was

etermined by Northern blot analysis of mRNA (Fig.
A). Nash1 transcript of approximately 4.3 kb was
ighly detected in spleen, liver, and peripheral blood

ymphocytes. We also examined expression of Nash1 in
everal human cell lines of hematopoietic cell origin
nd found that Nash1 was highly expressed in KU812
nd HMC1 human mast cell/basophil cell lines (Fig.
B), which was consistent with the fact that Nash1 was
dentified as a gene preferentially expressed in human
ord-blood derived mast cells by SAGE. A Nash1-
elated gene, SLY, was reported to be highly expressed
n lymphoid tissues such as spleen, thymus, lymph
ode, and bone marrow and also in lung, but not in

iver (8). Different expression pattern observed be-
ween Nash1 and SLY may suggest distinct role of the
wo related proteins.
139
To gain insight for possible function of Nash1, sub-
ellular organization of Nash1 was analyzed by immu-
ofluorescence study. As shown in Fig. 3A, the GFP-

FIG. 2. Northern blot analysis of human Nash1 mRNA from
uman tissues and cell lines. (A) Human multiple tissue Northern
lot membrane or (B) Northern blot containing total RNA of various
ell lines (lane 1, Ramos; lane 2, RPMI8866; lane 3, KU812; lane 4,
urkat; lane 5, U937; lane 6, THP-1; lane 7, HMC1; lane 8, NIH3T3;
ane 9, HEK293) were hybridized with a full-length human Nash1
DNA probe. Reprobing of the blot with a b-actin demonstrated
quivalent RNA loading (data not shown).
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ash1 fusion construct was localized in the nucleus
fter transfection of the construct into COS7 cells,
hich was in agreement with the presence of NLS

equence in Nash1. Interestingly, the nuclear staining
attern was ‘granular’. In contrast, fluorescence was
een throughout the cytoplasm and nucleus in COS7
ells transfected with a control GFP construct (Fig.
B). We observed similar results in HEK293 or Hela
ells (data not shown), suggesting that nuclear local-
zation of Nash1 was a general phenomenon. Muta-
ional studies in the NLS sequence or identification of
LS binding proteins will be required for further char-
cterization of the NLS sequence of Nash1 (9).
SH3 domains are present in a large number of intra-

ellular proteins such as non-receptor type tyrosine
inases, signaling adaptor molecules, transcriptional
actors and suggested to plays a critical role in the
ormation of signaling complexes through the binding
o prolin-rich sequences of proteins with the consensus
XXP (4, 5). SAM domain is also a novel protein mod-
le of around 70 amino acids that is found in a variety
f signaling molecules (3). The presence of these mod-
les in Nash1 thus suggested that Nash1 functioned as
signaling/adaptor component. Taken together with

FIG. 3. Subcellular localization of Nash1. GFP was placed in f
lasmid, GFP-Nash1 (A), or a control GFP plasmid (B) was express
icroscopy (left panels) and the nuclei was counterstained by propid

taining. Colocalization was indicated by yellow.
140
referential expression of Nash1 in mast cells, future
tudy will be directed to clarify the role of Nash1 in the
ignal transduction of mast cells.
It is reported that the SAM domain can potentially

unction as a protein interaction module through the
bility to homo- and heterooligomerize with other SAM
omains (3, 10). Therefore, the existence of Nash1-
elated proteins, SLY, SAMSN1, and KIAA0790, sug-
est that Nash1 might function as a homodimer or
eterooligomer with other Nash1-related proteins
hrough their SAM domains. This possibility is under
nvestigation.

In summary, we identified Nash1 as a novel gene
hat was preferentially expressed in mast cells and was
apped to the chromosome 21q11.1. Nash1 has unique

rimary structure with an NH2-terminal NLS, a SH3
omain in the middle portion, and a COOH-terminal
AM domain. In consistent with the presence of NLS,
ash1 was localized in the nucleus. Interestingly, we

ound additional Nash1-related genes with similar pri-
ary structure in the database. These findings sug-

ested that Nash1 and Nash1-related proteins con-
isted of a novel family of signaling/adaptor proteins

e with the NH2-terminus of human Nash1 cDNA and the fusion
in COS7 cells. The GFP fluorescence was visualized using confocal

iodide (middle panels). Right panels were the merging of the two
ram
ed
ium



and Nash1 might function as a signaling component of
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ast cells, possibly in the nucleus.
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