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22 using the hybrids described above (Fig. 1B) led to the 
assignment of the HIR gene to bin 15, a subregion of 22q13.1. 

The somatic cell hybrid mapping results were indepen- 
dently confirmed by fluorescence in situ hybridization (FISH) 
using a cosmid specific for the HIR locus (Fig. 2). A gridded, 
chromosome 22-only cosmid library (LL22NC03) was 
screened by colony hybridization using the 1.9-kb HIR cDNA 
to obtain HIR-specific cosmids. Twelve positive clones were 
identified in the primary screen, and eight of these were con- 
firmed in a secondary screen using PCR primers specific for 
the HIR gene. Two cosmids used for the FISH studies gave 
similar results, which agreed with FISH studies using the 
1.9-kb cDNA probe. The results shown in Fig. 2A were per- 
formed using cosmid N6 1E 10. 

From physical mapping, bin 15 appears large, with over 
50 markers mapping to this region (Budarf et al., submitted). 
A YAC contig extending from bin 12 into bin 15 has been 
constructed (1). Colony hybridization screening of chromo- 
some 22-specific YACs led to the identification of a CEPH 
mega-YAC, 84931, positive for the HIR gene. This YAC was 
positive for four additional loci: D22S272, D22S292E, 
D22S412E, and D22S792. The latter three markers have also 
been uniquely assigned to bin 15. These results have allowed 
us to map the HIR gene finely and provide physical reagents 
for further molecular studies of the HIR genomic locus. In 
addition, the localization of the HIR gene will facilitate inves- 
tigation of potential candidates for inherited cardiovascular 
and neurological disorders. 
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The human X chromosome contains many disease loci (lo), 
but only a small number of X-linked genes have been cloned 
and characterized. One approach to finding genes in genomic 
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DNA uses partial sequencing of random cDNAs to develop 
“expressed sequence tags” (ESTs) (1). 

Many authors have recently reported chromosomal local- 
ization of such ESTs using hybrid panels (4, 8, 9). Twenty 
ESTs specific for the X chromosome have been localized to 
defined regions with somatic cell hybrids (6, 7), and 12 of 
them have been physically linked to markers that detect poly- 
morphisms (6). One of these ESTs, EST02087 (also known 
as DXS1179E), was physically linked in a 650-kb contig to 
the GLA (cy-galactosidase) gene involved in Fabry disease (2). 
A comparison of this contig with a 7.5Mb YAC contig (13, 
14) indicated that this gene is also within 250 kb of the src- 
like protein-tyrosine kinase BTK (X-linked agammaglobuli- 
nemia protein-tyrosine kinase) gene in Xq21.3 (Fig. 1A). 

Using a PCR-based screening procedure (3) and an STS 
specific for EST02087, three positive pools in a human terato- 
carcinoma cDNA library (12) were identified. A A phage clone 
of about 600 bp was identified from one of the pools and was 
subsequently used as a hybridization probe to identify the 
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-2.4 kb 

- 1.35 kb 

FIG. 1. EST02087 cDNA. (A) Physical distance of EST02087 to 
known X-chromosomal markers and loci in Xq21.3. (B) (Top) North- 
ern analysis of EST02087. A multiple tissue mRNA blot (Clontech) 
was hybridized to the EST02087 cDNA probe. (Bottom) Actin probe. 
The blots were washed twice in 2~ SSC, 0.5% SDS at room tempera- 
ture followed by two washes of 0.2~ SSC, 0.1% SDS at 50°C or, in 
the case of actin, at 65°C. 

clones from the two other pools. EcoRI digests of these two 
cDNA clones showed them to be about 1.75 and 2.3 kb. The 
largest cDNA clone was chosen for subsequent studies. 

Southern analyses of the YACs that were shown to be posi- 
tive for the EST02087 STS (6), using the EST02087 cDNA 
as a probe, all confirm the localization of this cDNA. A single 
band of 7.4 kb was detected by this cDNA probe in the five 
YACs known to contain EST02087 in total human DNA and 
in DNA from a cell line containing five X chromosomes. Non- 
overlapping YACs were negative for the probe, as expected 
(data not shown). 

The complete sequence for EST02087 was deduced from 
overlapping fragments of the cDNA subcloned into pGEM- 
42 vector (Promega Biotech). The nucleotide sequence was 
determined using a fluorescent-labeling modified method of 
the dideoxy chain reaction (ABi sequencing manual) with 
the vector sequencing primers. Sequencing reactions were 
performed according to a cycle-sequencing protocol (ABi se- 
quencing manual) on the 9600 apparatus (Perkin-Elmer). 
All four reactions for each sample were pooled, precipitated 
with ethanol, and electrophoresed in an ABi 373A DNA se- 
quencer. The sequence was assembled using the ABD IN- 
HERIT program. 

The sequence of the EST02087 cDNA was determined to 
be 2261 bp. This sequence has been assigned GenBank Acces- 
sion No. L33881, and the symbol assigned to this gene is 
PRKCI. This cDNA appears to encode a protein of 587 amino 
acids with M, = 67,258. The first ATG is a poor initiation 
codon, whereas the second ATG, which is in the same frame, 
closely matches the consensus (5). N-terminal protein se- 
quencing will be required to confirm the translation start 
site. This sequence is polyadenylated after the G at base 2261 
and contains the putative poly(A) addition signal AATGAA 
35 bases upstream from the site of poly(A) addition. 

A GenBank search revealed that a similar human cDNA 
sequence was recently identified as an iota isoform of protein 
kinase C (11). A comparison of the two sequences shows that 
they are completely identical in coding region, although con- 
siderable differences are seen in the putative 5’ and 3’ un- 
translated region. Both cDNAs are also polyadenylated at 
their 3’ ends. There are eight nucleotide differences in the 
204-bp overlap upstream of the start codon, and the earlier 
sequence contains an additional 62 bp of 5’ untranslated 
DNA. In the 3’ untranslated region, 10 of the last 11 overlap- 
ping bases are different, and an additional 201 bp are seen 
5’ to the poly(A) tail in the sequence reported here. The differ- 
ences probably do not result from a cocloning event, since 
genomic Southern analysis with the entire cDNA as a probe 
detects only a single 7.4-kb band. Rather, the two cDNA se- 
quences may arise from a single gene by differential splicing 
in the different cells of origin (i.e., teratocarcinoma and insu- 
lin-secreting cells). 

The relative expression levels of the cDNA were examined 
in a multiple tissue Northern analysis (Fig. 1B). After stan- 
dardization for the amount of messenger RNA using an actin 
probe, the cDNA detected highly expressed RNA species in 
kidney, muscle, lung, and brain, moderately expressed RNAs 
in pancreas and placenta, and lower expression in heart tis- 
sue. The predominant form of hybridizing mRNA is about 6 
kb; in addition, forms of 2.8 and 2.4 kb are also detected. The 
cDNA sequenced here presumably corresponds to the 2.4-kb 
species observed in placenta and brain. These observations 
suggest that a number of RNA species hybridize to the cDNA 
reported here. It may be an example of duplication and diver- 
gence, since there may be other members of the same isoform. 
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Protein kinases mediate the control of cellular responses 
to external stimuli through the phosphorylation of target pro- 
teins. A defect in the protein-tyrosine kinase BTK gene re- 
sults in the immunodeficient syndrome agammaglobuli- 
nemia. The BTK cDNA and the cDNA reported here have 
some functional regions in common but belong to different 
protein kinase families. Thus, the two gene products may 
have no functional relation, although their relative proximity 
on the X chromosome is intriguing. 
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Transcriptional regulation is exerted through protein fac- 
tors that bind to distinct DNA elements in the vicinity of 
target genes. Many control elements are recognized by differ- 
ent members of families of transcription factors opening com- 
binatorial possibilities of the regulatory interactions. Among 
the most widely distributed control elements are GC boxes 
and related motifs bound by Spl (6). Until recently, Spl was 
thought to be the only factor acting through these motifs. 
The cloning of cDNAs encoding the DNA-binding proteins 
Sp3 (4, 8) and Sp4 (4), however, uncovered the existence of 
a small multigene family. Its members exhibit very similar 
structural features. Like Spl, Sp3 and Sp4 contain DNA- 
binding domains composed of three zinc fingers of the CysJ 
Hi+ type near the C-terminus that recognize the GC box and 
another related motif with identical affinities (4, 5). The N- 
termini of all three proteins are composed of long serinel 
threonine- and glutamine-rich regions that have been identi- 
fied in Spl as transactivation domains (2, 7). Similarity in 
function suggested by the high degree of structural conserva- 
tion was recently shown for Sp4. Sp4 acts as a positive regula- 
tor by stimulating gene expression from Spl-responsive pro- 
moters (5). The frequency of Sp binding sites in the vicinity 
of genes as well as the restricted expression pattern of Sp4 
transcripts in vivo, in contrast to the ubiquitous Spl and Sp3 
mRNA expression (41, prompt the question of the particular 
regulatory roles of these transcription factors that bind to 
the same DNA elements. 
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