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Protein synthesis is initiated by the attachment of amino
acids to cognate tRNAs by aminoacyl-tRNA synthetases
(aaRS). Five of twenty human aaRS (histidyl-RS, threonyl-
RS, alanyl-RS, glycyl-RS, and isoleucyl-RS) have been
identified as targets of autoantibodies in the autoimmune
disease polymyositis/dermatomyositis (PM/DM; Ref. 18).
Autoantibodies to human lysyl-RS, a sixth autoantigenic
aminoacyl-RS, were recently identified (19). The genes for
histidyl-RS and threonyl-RS have been localized to chromo-
some 5 (4), and we recently reported that the genes for
alanyl-RS and glycyl-RS localize to chromosomes 16 and 7,
respectively (12). To understand the genesis of autoim-
mune responses to aaRS better, we have used PCR-based
screening of somatic cell hybrid panels and fluorescence in
situ hybridization (FISH) to assign the genes for isoleucyl-
RS and lysyl-RS.

Isoleucyl-RS (gene symbol IARS) and lysyl-RS (gene
symbol KARS) are the only autoantigenic aaRS that are
known to associate with the aaRS high-molecular-weight
complex (HMWC), a 1.1-MDa complex that includes half of
the 20 aaRS (7). Recently the cDNA sequence of IARS was
reported (13, 16). Partial sequence determination of human
KARS (Q. Ge and I. N. Targoff, unpublished data) was used
to identify a putative human KARS sequence in the Gen-
Bank database (Accession No. D31890). The predicted
amino acid sequence from the ORF of the putative human
KARS was compared by BESTFIT (GCG; Ref. 5) to other
sequences identified using BLAST. The human sequence
was most homologous (94.0% identity; 96.5% similarity) to
an unpublished sequence from hamster (Gen Bank Acces-
sion No. P37879). The human sequence also showed very
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strong homology to published sequences for lysyl-RS from
another eukaryote, Saccharomyces cerevisiae (57.6% iden-
tity; 73.0% similarity; GenBank Accession No. A92695; Ref.
11), and from prokaryotes, T. thermophilus (45.9% identity;
63.9% similarity; GenBank Accession No. P41255; Ref. 3),
Escherichia coli lysU (45.1% identity; 64.8% similarity;
GenBank Accession No. JS0400; Ref. 8), E. coli lysS (43.7%
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%
identity; 63.2% similarity; GenBank Accession No. X74912;
Ref. 15). From this we conclude that the human sequence
is KARS, and this sequence was used for chromosomal lo-
calization.

To localize the genes encoding IARS and KARS, PCR
screening was performed with primer pairs (IARS: sense,
5’-tagcatgtacttatcaatgttgttcggtca; antisense, 5'-atatctgag-
tttgtttattgttctgattt; KARS: sense, 5'-aagacaagaaggagaatg-
tagcaaccactga; antisense, 5'-aacaggattaaaaagaaattttta-
attcc) synthesized using 3'-UT nucleotide sequences of the
respective genes. PCR was performed under stringent con-
ditions ((i) 95°C, 120 s; (ii) 95°C, 30 s, 55-65°C, 30 s, 72°C,
60 s for 35 cycles; (iii) 72°C, 300 s) using a Coriell rodent/
human somatic cell hybrid panel (Mapping Panel 2, Coriell
Cell Repositories, Camden, NJ). With IARS primers a prod-
uct of the correct size (467 nt) was generated using the
hybrid containing chromosome 9. With KARS primers a
product of the correct size (230 nt) was generated using
the chromosome 16 hybrid. The identity of the PCR prod-
ucts was confirmed by Southern hybridization with inter-
nal **P-radiolabeled oligonucleotide probes (IARS: 5’-cac-
acatgaacacactgaagatatttcc; KARS: 5'-ctgtctagaaaataataa-
ttgcaagttgta; data not shown). Control experiments were
conducted by PCR screening and by Southern analysis: hu-
man genomic DNA was positive, and mouse and hamster
genomic DNA controls were negative. A BIOS rodent/hu-
man somatic cell hybrid panel (Polychromosomal PCRable
DNA Somatic Cell Hybrid Panel, BIOS Laboratories, New
Haven, CT) was used to confirm chromosomal assignments
(data not shown).

Fine chromosomal localization of IARS and KARS by
FISH utilized DNA purified from P1 clones. PCR screening
of a P1 library was performed as previously reported (17)
by Genome Systems, Inc. (St. Louis, MO) with primer pairs
specific for the 3'-UT regions (see above for sequences).
FISH analysis was performed by hybridizing digoxigenin-
labeled P1 DNA to normal metaphase chromosomes from
PHA-stimulated peripheral blood lymphocytes. The results
of IARS localization were confirmed by cohybridizing with
a previously characterized clone from 9p (Ink4A; Ref. 6).
FISH analysis of KARS was confirmed by cohybridization
with a chromosome 16-specific centromere probe. Each lo-
cus was measured specifically as the average percentage
distance from the centromere to the teleomere on 20 chro-
mosomes. The results of FISH analyses are shown in Fig.
1. The 1ARS locus (Fig. 1A) was assigned to 9qg21, and
KARS (Fig. 1B) was assigned to 16q23—q24.

Because another autoantigenic aaRS, alanyl-RS (gene
symbol AARS), has been assigned to 16922 (12), we de-

210



BRIEF REPORTS

FIGURE 1.
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FIG. 1. In situ hybridization of human metaphase chromo-

somes and PCR screening of chromosome 16 partial hybrids. (A)
Digoxigenin-conjugated DNA from an IARS-specific P1 clone was
cohybridized with a 9p-specific probe (Ink4A). Fluoresceinated
anti-digoxigenin antibody staining shows the IARS probe on 9q
(arrow) and the Ink4A probe on 9p. (B) Digoxigenin-conjugated
DNA from a KARS-specific P1 clone was cohybridized with a chro-
mosome 16 centromeric probe. Fluoresceinated anti-digoxigenin
antibody staining shows that the KARS probe (arrow) and centro-
mere probe are located on the same chromosomes. (C) An idiogram
of chromosome 16 shows the results of PCR screening (+ or —)
using AARS or KARS primers with chromosome 16-specific hy-
brids.

cided to evaluate the linkage between AARS and KARS on
chromosome 16. By PCR screening with chromosome 16-
specific mouse/human somatic cell hybrids (D. F. Callen
and M. J. Siciliano, unpublished data; Ref. 1, 9), we pre-
viously determined (12) that AARS locates to 16g22. When
these experiments were repeated with AARS primers, no
PCR product was produced when the hybrid lacking the
centromeric portion of 16922 (CY5) was used as template.
This hybrid gave positive results with KARS (Fig. 1C).
Hybrid controls containing 16923-q24 (CY6 and CY7)
were positive by PCR screening with KARS primers, and
hybrid controls specific for chromosome 16 but not con-
taining 16923-g24 (CY2, 92-2, and I-E) were negative. In
addition, dual FISH analysis with KARS and AARS was
performed using metaphase chromosomes. Although quan-
titative distance measurements of the KARS and AARS
loci were not achieved due to diffuse staining of chromo-
some-specific repetitive elements on chromosome 16 with
the AARS P1 DNA probe (see 12), the AARS locus could
be positioned centromeric to the KARS locus. These results
demonstrate that the gene for KARS is not directly linked
to the gene for AARS on chromosome 16.

Autoantigenic aaRS are critical to understanding dis-
ease pathogenesis because autoantibodies to aaRS arise
prior to the onset of disease. Since aaRS have also been
shown to drive the immune response (10), it is important
to understand the regulation of these gene products. Re-
cently O’'Hanlon et al. identified a gene in head-to-head
orientation with human histidyl-RS, and analysis of the
predicted protein sequence strongly suggests that the new
gene is the mitochondrial analogue of histidyl-RS (14). Al-
though the importance of gene structure in the regulation
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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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nuclear localization sequence-mediated (NLS-mediated)
nuclear protein import machinery. The selective import of
proteins into the cell nucleus occurs in two steps, both of
which require the presence of an NLS. The first step is
binding to the cytoplasmic surface of the nuclear pore com-
plex (NPC), which forms channels for diffusion and active
transport across the double membrane bilayer of the nu-
clear envelope (1, 2). This step requires NLS and soluble
factors, namely importin-a (M, 60 kDa), importin-g (M, 90
kDa), and Ran/TC4. The complex consisting of importin-
a, by which the NLS of nuclear proteins is primarily recog-
nized, and importin-g binds the import substrate in the
cytosol, which binds to the NPC. This step does not require
energy. The second step is the energy-dependent translo-
cation through the NPC. The Ran/TC4 molecule mediates
the energy-dependent process. Then, finally, the import
substrates and importin-a are transported into the nu-
cleus. In contrast, importin-g accumulates at the nuclear
envelope, but not in the nucleoplasm. In detailed analyses,
it was revealed that the binding of the nuclear pore tar-
geting complex to NPC is mediated by importin-g (3).

The chromosomal localization of the importin-3 gene to
mouse and rat chromosomes was performed using direct
R-banding fluorescence in situ hybridization (FISH) using
a mouse cDNA fragment as a biotinylated probe. Prepara-
tion of R-banded chromosomes and FISH was performed
as described previously (6, 7). Mitogen-stimulated lympho-
cyte cultures were synchronized by thymidine block, and
differential replication staining was performed using 5-
bromodeoxyuridine incorporation in the late replication
stage and by using UV exposure of chromosomal slides
after staining with Hoechst 33258. The murine importin-
B gene is transcribed at 4.3 or 5.6 kb (manuscript in prepa-
ration).

The mouse importin-g8 5.3-kb cDNA Sal I-BamHI| frag-
ment, isolated from a murine cDNA library and inserted
into pBluescript 11, was labeled by nick-translation with
biotin-16—dUTP (Boehringer Mannheim), following the
manufacturer’s protocol. The labeled fragment was hybrid-
ized to the denatured chromosomal slide, and then the slide
was incubated overnight at 37°C.

The amplification method was used for staining the
slides. After the slides were washed, they were incubated
under coverslip with goat anti-biotin antibody (Vector Lab-
oratories) at a 1:500 dilution in 1% BSA/4x SSC for 1 h at
37°C. The slides were washed with 4x SSC, 0.1% NP-40 in
4x SSC, 4x SSC for 5 min each and then stained with
fluorescein-anti-goat 1gG (Nordic Immunology) at a 1:500
dilution for 1 h at 37°C. After washing following the above-
mentioned protocol for 10 min each on the shaker and
draining the excess liquid from the slides, they were
stained with 0.75 pg/ml propidium iodide.

As shown in Fig. 1, the signals were localized to the
proximal end of mouse chromosome 11D and to the q32.1
band of rat chromosome 10 (4-6, 8, 9). This result suggests
that the mouse and rat importin-S genes map to a region
with conserved linkage homology (10) and provides addi-
tional evidence that mouse chromosome 11 and rat chro-
mosome 10 evolved from an ancestral mammalian chromo-
some.



