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strong homology to published sequences for lysyl-RS fromAssignment of Two Human another eukaryote, Saccharomyces cerevisiae (57.6% iden-
tity; 73.0% similarity; GenBank Accession No. A92695; Ref.Autoantigen Genes—Isoleucyl-tRNA
11), and from prokaryotes, T. thermophilus (45.9% identity;Synthetase Locates to 9q21 63.9% similarity; GenBank Accession No. P41255; Ref. 3),
Escherichia coli lysU (45.1% identity; 64.8% similarity;and Lysyl-tRNA Synthetase
GenBank Accession No. JS0400; Ref. 8), E. coli lysS (43.7%Locates to 16q23–q24 identity; 63.2% similarity; GenBank Accession No. JS0401;
Ref. 8), C. jejuni (42.9% identity; 64.4% similarity; Gen-
Bank Accession No. P14825; Ref. 2), and M. hominis (41.0%Ralph C. Nichols,*,1 Joshua Blinder,* Sara I. Pai,*
identity; 63.2% similarity; GenBank Accession No. X74912;Qun Ge,† Ira N. Targoff,† Paul H. Plotz,*
Ref. 15). From this we conclude that the human sequence

and Paul Liu‡ is KARS, and this sequence was used for chromosomal lo-
calization.*Arthritis and Rheumatism Branch, National Institute of Arthritis

To localize the genes encoding IARS and KARS, PCRand Musculoskeletal and Skin Diseases, and ‡Laboratory of
screening was performed with primer pairs (IARS: sense,Gene Transfer, National Center for Human Genome Research,

National Institutes of Health, Bethesda, Maryland 20892; and 5*-tagcatgtacttatcaatgttgttcggtca; antisense, 5*-atatctgag-
†Arthritis/Immunology Section, Oklahoma Medical Research tttgtttattgttctgattt; KARS: sense, 5*-aagacaagaaggagaatg-
Foundation, Oklahoma City, Oklahoma 73106 tagcaaccactga; antisense, 5*-aacaggattaaaaagaaattttta-

attcc) synthesized using 3*-UT nucleotide sequences of theReceived November 7, 1995; accepted May 24, 1996
respective genes. PCR was performed under stringent con-
ditions ((i) 957C, 120 s; (ii) 957C, 30 s, 55–657C, 30 s, 727C,
60 s for 35 cycles; (iii) 727C, 300 s) using a Coriell rodent/
human somatic cell hybrid panel (Mapping Panel 2, CoriellProtein synthesis is initiated by the attachment of amino
Cell Repositories, Camden, NJ). With IARS primers a prod-acids to cognate tRNAs by aminoacyl-tRNA synthetases
uct of the correct size (467 nt) was generated using the(aaRS). Five of twenty human aaRS (histidyl-RS, threonyl-
hybrid containing chromosome 9. With KARS primers aRS, alanyl-RS, glycyl-RS, and isoleucyl-RS) have been
product of the correct size (230 nt) was generated usingidentified as targets of autoantibodies in the autoimmune
the chromosome 16 hybrid. The identity of the PCR prod-disease polymyositis/dermatomyositis (PM/DM; Ref. 18).
ucts was confirmed by Southern hybridization with inter-Autoantibodies to human lysyl-RS, a sixth autoantigenic
nal 32P-radiolabeled oligonucleotide probes (IARS: 5*-cac-aminoacyl-RS, were recently identified (19). The genes for
acatgaacacactgaagatatttcc; KARS: 5*-ctgtctagaaaataataa-histidyl-RS and threonyl-RS have been localized to chromo-
ttgcaagttgta; data not shown). Control experiments weresome 5 (4), and we recently reported that the genes for
conducted by PCR screening and by Southern analysis: hu-alanyl-RS and glycyl-RS localize to chromosomes 16 and 7,
man genomic DNA was positive, and mouse and hamsterrespectively (12). To understand the genesis of autoim-
genomic DNA controls were negative. A BIOS rodent/hu-mune responses to aaRS better, we have used PCR-based
man somatic cell hybrid panel (Polychromosomal PCRablescreening of somatic cell hybrid panels and fluorescence in
DNA Somatic Cell Hybrid Panel, BIOS Laboratories, Newsitu hybridization (FISH) to assign the genes for isoleucyl-
Haven, CT) was used to confirm chromosomal assignmentsRS and lysyl-RS.
(data not shown).Isoleucyl-RS (gene symbol IARS ) and lysyl-RS (gene

Fine chromosomal localization of IARS and KARS bysymbol KARS ) are the only autoantigenic aaRS that are
FISH utilized DNA purified from P1 clones. PCR screeningknown to associate with the aaRS high-molecular-weight
of a P1 library was performed as previously reported (17)complex (HMWC), a 1.1-MDa complex that includes half of
by Genome Systems, Inc. (St. Louis, MO) with primer pairsthe 20 aaRS (7). Recently the cDNA sequence of IARS was
specific for the 3 *-UT regions (see above for sequences).reported (13, 16). Partial sequence determination of human
FISH analysis was performed by hybridizing digoxigenin-KARS (Q. Ge and I. N. Targoff, unpublished data) was used
labeled P1 DNA to normal metaphase chromosomes fromto identify a putative human KARS sequence in the Gen-
PHA-stimulated peripheral blood lymphocytes. The resultsBank database (Accession No. D31890). The predicted
of IARS localization were confirmed by cohybridizing withamino acid sequence from the ORF of the putative human
a previously characterized clone from 9p (Ink4A; Ref. 6).KARS was compared by BESTFIT (GCG; Ref. 5) to other
FISH analysis of KARS was confirmed by cohybridizationsequences identified using BLAST. The human sequence
with a chromosome 16-specific centromere probe. Each lo-was most homologous (94.0% identity; 96.5% similarity) to
cus was measured specifically as the average percentagean unpublished sequence from hamster (Gen Bank Acces-

sion No. P37879). The human sequence also showed very distance from the centromere to the teleomere on 20 chro-
mosomes. The results of FISH analyses are shown in Fig.
1. The IARS locus (Fig. 1A) was assigned to 9q21, and1 To whom correspondence should be addressed at Clinical Center,
KARS (Fig. 1B) was assigned to 16q23–q24.9N244, National Institutes of Health, Bethesda, MD 20892. Tele-

Because another autoantigenic aaRS, alanyl-RS (genephone: (301) 496-1474. Fax: (301) 402-0012. E-mail: nicholsr@arb.
niams.nih.gov. symbol AARS ), has been assigned to 16q22 (12), we de-
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FIGURE 1.
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of histidyl-RS and other autoantigenic aaRS is not known,
the finding that the gene for KARS maps close to the gene
for AARS suggested that the two genes could be directly
linked. We now report that the map site for the KARS gene
is close to but distinct from the map site of AARS. We also
report here that the two HMWC-associated autoantigenic
aaRS genes, IARS and KARS, map to different chromo-
somes.
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The mouse importin-b 5.3-kb cDNA Sal I–BamHI frag-Chromosome 10q32.1 ment, isolated from a murine cDNA library and inserted
into pBluescript II, was labeled by nick-translation with
biotin-16–dUTP (Boehringer Mannheim), following theYoichi Matsuda,* Kiyohiro Hamatani,†
manufacturer’s protocol. The labeled fragment was hybrid-Masahiro Itoh,† Ei-ichi Takahashi,‡ Ryoko Araki,†,§
ized to the denatured chromosomal slide, and then the slideand Masumi Abe†,1

was incubated overnight at 377C.
*Division of Genetics, National Institute of Radiological Sciences, 4-9- The amplification method was used for staining the
1 Anagawa, Chiba, 263 Japan; †Cell Biology Laboratory, Department slides. After the slides were washed, they were incubated
of Radiobiology, Radiation Effects Research Foundation, 8-6 under coverslip with goat anti-biotin antibody (Vector Lab-Nakagawa 1 chome, Nagasaki, 850 Japan; ‡Otsuka GEN Research

oratories) at a 1:500 dilution in 1% BSA/41 SSC for 1 h atInstitute, Otsuka Pharmaceutical Co., Ltd., 463-10 Kagasuno,
377C. The slides were washed with 41 SSC, 0.1% NP-40 inKawauchi-cho, Tokushima, 771-01 Japan; and §Department of

Laboratory Medicine, Nagasaki University School of Medicine, 7-1 41 SSC, 41 SSC for 5 min each and then stained with
Sakamoto 1 chome, Nagasaki, 852 Japan fluorescein-anti-goat IgG (Nordic Immunology) at a 1:500

dilution for 1 h at 377C. After washing following the above-Received November 22, 1995; accepted April 1, 1996
mentioned protocol for 10 min each on the shaker and
draining the excess liquid from the slides, they were
stained with 0.75 mg/ml propidium iodide.

Importin has been identified as among the cytosolic pro- As shown in Fig. 1, the signals were localized to the
teins forming the nuclear pore targeting complex of the proximal end of mouse chromosome 11D and to the q32.1

band of rat chromosome 10 (4–6, 8, 9). This result suggests
Sequence data from this article have been deposited with the that the mouse and rat importin-b genes map to a regionDDBJ/EMBL/GenBank Data Libraries under Accession No. D67015.

with conserved linkage homology (10) and provides addi-The genetic locus was submitted to the MGD under symbol Impnb
tional evidence that mouse chromosome 11 and rat chro-and Accession No. MGD-INEX-19.
mosome 10 evolved from an ancestral mammalian chromo-1 To whom correspondence should be addressed. Telephone: 81-

958-22-5017. Fax: 81-958-25-7202. E-mail: Masumi_Abe@rerf.or.jp. some.
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