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Abstract Using the differential display method to detect
tissue-specific genes, we isolated a novel human gene, desig-
nated TSC501, that is expressed in kidney and liver. The
cDNA contained an open reading frame of 681 nucleotides
encoding 227 amino acids. The predicted product showed
homologies in amino acid sequence to three different bacte-
rial acetyltransferases, enzymes that are involved in drug
resistance. Radiation hybrid mapping localized this gene to
human chromosome bands 2p12–p13.1.
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Introduction

Human genome analyses, particulaly large-scale cDNA se-
quencing efforts, have disclosed thousands of novel genes.
Examining the biochemical and physiological functions of
the products of each of these genes has become an impor-
tant issue. Although gene targeting is an excellent method
for investigating physiological function in vivo, producing a
“knock-out” mouse for each new gene is very laborious;
moreover, targeting of certain types of genes, particularly
housekeeping genes, can be expected to result in embryonic
lethality. On the basis of our assumption that it should be
possible to disrupt, without embryonic lethality, genes that
are expressed only in specific adult tissues, we have focused

our efforts on isolating tissue-specific genes that would be
appropriate for gene-targeting experiments.

Aminoglycoside-aminocyclitol antibiotics form a large
family of antimicrobial agents, including streptmycin,
gentamicin, kanamycin, and amikacin, which act principally
against gram-negative bacteria (Davis, 1986). Plasmid-
encoded resistance to these agents is mediated by enzymatic
modification; i. e., by acetylation of amino groups or by
adenylation or phosphorylation of hydroxyl residues (Haas
and Dowding 1975; Mitsuhashi, 1982).

Differential display (Liang and Pardee 1992; Liang et al.
1992; Bauer et al. 1993; Utans et al. 1994; Donohue et al.
1995) is an effective method for isolating genes that are
expressed differentialy among separate tissues. We previ-
ously isolated several human testis-specific genes in this
way, and demonstrated the power of differential display to
do this even when the genes were expressed at levels as low
as 1 in a million molecules of total mRNA (Ozaki et al.
1996).

In the work reported here, this approach permitted us to
isolate a novel kidney- and liver-specific gene homologous
to the bacterial acetyltransferases.

Materials and methods

Differential display

The differential display procedure was performed essen-
tially as described by Liang and Pardee (1992). Subcloning
of amplified cDNA fragments was described previously
(Ozaki et al. 1996). Nucleotide sequences were determined
by means of an ABI 377 auto-sequencer (Applied Bio-
systems, Foster City, CA, USA).

Northern-Blot analysis

Human Multiple-Tissue Northern (MTN) blots I and II
(Clontech, Palo Alto, CA, USA) were probed with a cDNA
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fragment (TSC501), obtained from the differential display,
which had been labeled with α-[32P]deoxycytidine triphos-
phate (dCTP) with a random primed DNA labelling kit
(Boehringer manmheim, Tokyo, Japan). The membranes
were pre-hybridized and then hybridized according to the
manufacturer’s protocol. Washed membranes were autora-
diographed for 16h at 280°C.

Screening of cDNA

A human normal kidney cDNA library was constructed
using oligo(dT)-primed normal human lung cDNA and
Umi-ZAP XR vector (Stratagene, La Jola, CA, USA). In
total, 1 3 106 clones were screened with the α-[32P]dCTP-
labeled cDNA fragment (TSC501). Positive clones
were selected and their insert DNAs were excised in vivo
in pBluescript II SK(2) according to the supplier’s
recommendation.

Radiation-Hybrid mapping

Using polymerase chain reaction (PCR) primers generated
from the 3’-UTR of the TSC501 cDNA, we tested the am-
plified product against the Genbridge-4 whole-genome ra-

diation hybrid panel (Research Genetics, Huntsville, AL,
USA) (Walter et al. 1994). The primer sequences were as
follows: forward,CTT TCT GTG TGT ATT GGT CAG;
reverse,TGG ACA ATA AGC TTT ATT GC. Amplifica-
tion results were submitted to the Radiation Hybrid Map-
per server at the Whitehead Institute/MIT Center for
Genome Research (http://www-genome.wi.mit.edu/cgi-bin/
contig/rhmapper.pl).

Results and discussion

Differential display

To identify human genes expressed in a tissue-specific man-
ner, we compared differential display patterns using
mRNAs isolated from brain, liver, lung, stomach, pancreas,
spleen, heart, skeletal muscle, breast, visceral fat, prostate,
and kidney. With one primer combination we identified a
PCR product that was specifically seen in kidney and liver
(Fig. 1a). This product, TSC501, was cloned and sequenced;
it consisted of 116 nucleotides. Comparison of the nucle-
otide data with DNA sequences in the GenBank and Euro-
pean Molecular Biology Laboratory (Heidelberg) (EMBL)

Fig. 1 a Differential display patterns of various human
tissues. Arrows indicate specific bands (TSC501)
among 12 tissues. b Northern blotting of TSC501 in
various adult human tissues. The expression pattern
was examined using as a probe the cDNA fragment
isolated by differential display. PBL, Peripheral blood
lymphocytes; sk, skeletal; int, intestine
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databases (Releases 102.0 and 51.0, respectively) using
the FASTA program (Person and Lipman 1988), revealed
no significant homology of this PCR product with any
archived DNA sequence. To confirm the expression pattern
observed in the differential-display profile, we examined
the expression of TSC501 cDNA in various human adult
tissues by Northern-blot analysis. As shown in Fig. 1b, a 1-
kb transcript corresponding to TSC501 was observed spe-
cifically in the kidney and liver.

Cloning, sequencing of full-length TSC501 cDNA, and
mapping of the TSC501 gene

A human kidney cDNA library (1 3 106 plaques) was
screened, using the cDNA fragment isolated through the
differential display experiment as the probe. We identified
about 500 positive clones corresponding to TSC501. On the
basis of this result, we estimated the abundance of tran-
scripts among total kidney mRNAs to be 0.05%.

The assembled cDNA sequence contained 960 nucle-
otides (GenBank accession number, AB013094) encoding
227 amino acids with a calculated molecular weight of
25,617 Daltons. The amino acid sequence encoded by
TSC501 contained a possible hydrophobic signal motif near
the N terminus (Leu55-Ala78) and one possible transmem-
brane domain near the C terminus (Gln198-Pro220). A com-
parison with known proteins in the public database, using
the FASTA program, identified 27%, 26%, and 29% iden-
tities, respectively, to Streptomyces lavendulae Sta T
(Horinouchi et al. 1987), Escherichia coli RimI (Yoshikawa
et al. 1987), and E. coli aacC1 (Wohlleben et al. 1989) (Fig.
2). Sta T and aacC1 are enzymes that transfer an acetyl
group from acetyl coenzyme A to the beta amino-group of
the beta-lysine moiety of streptothricin and gentamicin, re-
spectively; RimI acetylates the N-terminus of the ribosomal
S-18 protein. In the human, several acetyltransferases are
implicated in drug metabolism. For example, deficient func-
tion of the enzyme arylamine N-acetyltransferase in the

liver causes impaired metabolism of many therapeutically
useful arylamine and hydrazine drugs (Weber and Hein
1985). These include, among many others, the anti-
tuberculosis drug isoniazid, the chemotherapeutic agent
dapsone, the widely used antiarrhythmic procainamide, and
sulfamethazine, as well as many other sulfonamides (Weber
1987). Important toxicological consequences may arise, be-
cause, in addition to drugs, a number of potential carcino-
gens, including B-naphthylamine, benzidine, and
2-aminofluorene, are substrates of liver arylamine N-
acetyltransferase. Furthermore, a large body of clinical data
suggests associations between acetylator phenotype and
spontaneous or drug-induced disease such as bladder can-
cer (Evans 1984), Gilbert’s disease (Platzer et al. 1987), and
leprosy (Ellard et al. 1972). The structural similarities
suggest that the TSC501 product could function as an
acetyltransferase, and if so, that it might mediate drug me-
tabolism in kidney and liver.

The TSC501 gene was localized to bands p12–p13.1 of
chromosome 2 by radiation hybrid mapping, through link-
age to the MIT framework marker WI-10809 (lod . 3).

Although the function of the TSC501 protein is un-
known, its similarity to acetyltransferase and its specific and
abundant expression in normal kidney and liver suggest that
it plays an important role in the development and mainte-
nance of normal kidney and liver structure and function.
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