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During the course of a large-scale sequencing proj-
ectin Xg28, a human creatine transporter (CRTR) gene
was discovered. The gene is located approximately 36
kb centromeric to ALD. The gene contains 13 exons
and spans about 8.5 kb of genomic DNA. Since the cre-
atine transporter has a prominent function in muscu-
lar physiology, it is a candidate gene for Barth syn-
drome and infantile cardiomyopathy mapped to Xq28.
© 1996 Academic Press, Inc.

Large-scale genomic sequencing is a fast and efficient
approach to identify genes in chromosomal regions be-
tween several hundred kb and 1-2 Mb. With this aim,
we are currently sequencing a 360-kb region of Xq28
around the locus of the neural cell adhesion molecule
L1CAM (15). This region is contained in a cosmid contig
comprising 15 overlapping cosmids (11; Kioschis et al.,
in preparation). By sequencing, we have shown that
this region contains a number of genes including ALD,
L1CAM, AVPR2, and MeCP2 (Platzer et al., in prepara-
tion). Cosmid 8B7 is the most centromeric of the cosmid
contig, and it contains the entire creatine transporter
(CRTR) gene.

The CRTR has a prominent role in muscle physiol-
ogy, as it is required for the uptake of creatine. Inter-
conversion between creatine and phosphocreatine,
catalyzed by creatine kinase, provides a dynamic res-
ervoir of high-energy phosphate in muscle and brain
(3). It has been shown that inhibition of creatine
transport in experimental animals causes muscle
weakness (14). Due to its importance in muscular
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physiology, the CRTR gene can be considered a candi-
date gene for neuromuscular disorders mapped to
Xq28.

In the course of sequencing the Xg28-specific cos-
mid 8B7, an 11-kb finished sequence containing the
CRTR gene was obtained and submitted to the EMBL
database (Accession No. Z66539). A homology search
against the EMBL database revealed two major hits,
both representing human CRTR cDNAs (Accession
Nos. L31409 and S74039). Alignment analysis to-
gether with gene prediction identified a human CRTR
gene composed of 13 exons (Fig. 1). With the excep-
tion of exons 1 and 13, they range from 100 to 250
bp, with an average of 137 bp (Table 1). The introns
vary in size, from 76 to 1538 bp. The consensus dinu-
cleotides GT and AG were found at the donor and
acceptor splice sites of all introns. The first methio-
nine of the open reading frame is located in exon 1
at position 2675 of the database entry, and the stop
codon is located in exon 13 at position 9312. Thus, the
first exon contains a 5’-untranslated region (UTR) of
at least 472 bp, the last exon a 3’ UTR of 1511 bp.
In the translated region, the genomic sequence is
identical to cDNA L31409 isolated from human kid-
ney library (12) with the exception of one base at
position 7215. In contrast, the homology of the geno-
mic sequence to cDNA S74039 isolated from human
brainstem/spinal cord (16) is much lower. A 94%
identity on the nucleic acid level and a 98% identity
on the amino acid level was found. The UTRs differ
significantly. These differences cannot be explained
through sequencing errors or polymorphisms but in-
stead indicate different origins of the cDNAs. cDNA
L31409 appears to be a transcript of the Xq28 CRTR
gene reported here. cDNA S74039 is obviously ex-
pressed from another locus. A second CRTR is located
on chromosome 16 (8), but it is not yet established
whether this second locus is expressed.
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FIG. 1.

Genomic map of the human creatine transporter located on Xq28-specific cosmid 8B7 showing the positions of exons and

introns. The shaded areas are 5’- and 3’-untranslated regions, and the solid areas are the regions of the exons containing the open
reading frame. Cosmid 8B7 DNA was prepared and sequenced as previously described by Craxton (6). In brief, after sonication of the
DNA, a 0.8- to 1.4-kb fraction was subcloned into the Smal site of M13mp18. M13 templates were prepared through magnetic bead
technology and sequenced using dye-primer chemistry. The raw data were collected using ABI 373 A automated sequencers and
assembled with the XBAP program (7). Gaps were closed using custom-made primers on M13 templates, PCR products, or cosmid DNA
in combination with Taq dye terminator chemistry (Perkin—Elmer) or internal labeling (Pharmacia). Homology searches against the
EMBL database were performed using BLAST (Version 1.4) (1) and FASTA (Version 2.0) (13). Gene prediction programs GRAIL (18)
and XPOUND (17) were used. Sequence alignments were performed by “Global Alignment Program” (GAP) (10). The computer program
“Transcription Start Site” using both Ghosh/Prestridge (TSSG) motif data and the Wingender (TSSW) motif database (V. V. Solovyev,
A. A. Salamov, and C. B. Lawrence, in preparation) was applied for promoter prediction.

Promoter prediction indicated a TATA box at posi-
tion 1996 and a transcription start site at position
2032. Numerous transcription factor binding sites were
predicted using TSSG and TSSW. These included four
GC boxes, putative binding sites for the transcription
factor Spl (GGGCGG), which were present at positions
1781, 1820, 1889, and 1908. Ten putative binding sites
for AP-2 (CCCMNSSS) are found in the same region
(1776, 1783, 1934, 1940, 1946, 1963, 1964, 1969, 1970,
and 2020).

A CpG island spans positions 1751 to 3136, entirely
covering exon 1. The GC content of the CpG island
upstream of the putative transcription initiation site
is 75%. In the downstream region, the GC portion rises
to 81%. CpG islands are known to be a marked feature
of housekeeping genes (4).

Mapping and sequencing data obtained in the

course of our large-scale effort around the L1CAM
locus have shown that the CRTR gene is located 36
kb centromeric to ALD and is transcribed from cen-
tromere to telomere (Platzer et al., in preparation).
This finding is contradictory to an earlier published
report localizing CRTR distal to G6PD (9). There are
no indications available that there is a second CRTR
locus in Xg28.

Since the CRTR plays a major role in muscular
physiology, it is appropriate to consider the CRTR
as a candidate gene for Barth syndrome (2, 5) and
infantile cardiomyopathy (19)—neuromuscular disor-
ders that have been mapped to Xg28. Barth syndrome
is characterized by cardioskeletal myopathy with
short stature, neutropenia, and abnormal mitochon-
dria. It has been speculated that infantile cardiomy-
opathy is a more severe allelic form of Barth syn-

TABLE 1

Exon-Intron Organization of the Human Creatine Transporter Gene.

Exon Intron
length length
No. (bp) Position?® Splice acceptor Splice donor (bp)
1 734 2202-2936 GCGGAGgt gagt t cccececgeecgecg 1538
2 132 4475-4606 cgct gt gcct ccacccccagGTGIGT TCAAAGgt gagcagccct t ggccage 797
3 250 5404-5653 caaggact t cccggccccagGCCTGG CTGGGAgt gagt ccggcacct ct ggg 421
4 133 6075-6207 gacct ccct ccct cccct agGAACAA GGAAACgt accact agaggcat gcag 933
5 135 7141-7275 t gagcagcct ggccccccagATCGIG CCTCAGgt gaggt ggaggt ggagagg 87
6 104 7363-7466 gctctccggcececttct ct agGrGrGG CTACAAgt aagcaccgccgccct gce 95
7 125 7562-7686 ctggcccct ccaccecct cagGGACGC AGTCAGgt agggccct acccccagec 318
8 113 8005-8117 agcct gcaccttt cccacagGECCGG AGCCAGgt t t gcat ggggct ct ggga 112
9 138 8230-8367 ct gagct gccct ggccacagTTTGTA ACTGATgt gagt ggggt ggggggt ct 76
10 103 8444-8546 gact gggct ct gt cccccagGECaEGEG TGTACGgt aggt cat ggct gagggct 86
11 101 8633-8733 cccgcect cacct cgeccgagGACGCTG TGCATGgt aagggct gggggaggt gg 85
12 171 8819-8989 cgcagcatt ct ggt ccgt agGGCATC GCTGAGgt aaggct cccgeccggecce 184
13 1511 9174-10684 catgtcctcctctcct gcagCCCTGG

Note. The capital letters represent coding sequences and lower case letters represent intron sequences.
# Refers to database entry Z66539.
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drome (19). We are currently performing mutation
analysis in Barth syndrome families.
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Note added in proof. While the manuscript was in publication, a
paper was published by Bione et al. (1996, Nature Genet. 12: 385—
389) linking Barth Syndrome to the novel gene G4.5.
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