








positioned towards the N-terminus, a selection of these are
shown in figure 4B.

DISCUSSION
DCMA syndrome is a novel autosomal recessive disorder that
shares some clinical similarity with the X linked Barth
syndrome and the other 3-methylglutaconic acidurias. The
three defined classes of 3-methylglutaconic aciduria—3-
methylglutaconyl-CoA hydratase deficiency (type I), Barth
syndrome (type II), and Costeff optic atrophy syndrome (type
III)—are all caused by defects in known or predicted
mitochondrial proteins.2–5 In addition, raised 3-methylgluta-
conic acid is a common finding in respiratory chain disorders.
The major clinical and biochemical features of DCMA
syndrome are consistent with a mitochondrial cytopathy;
however, this degree of testicular dysgenesis has to our
knowledge never been reported in a mitochondrial disorder.
The autosomal recessive pattern of inheritance, and the
unique combination of clinical features in DCMA syndrome,
distinguishes it from the other 3-methylglutaconic acidurias
and suggests that DCMA syndrome is a fifth type of 3-
methylglutaconic aciduria.

To date, DCMA syndrome has only been seen in patients
from the Dariusleut Hutterite population. It is possible that
additional DCMA patients may exist outside this population,

potentially in European ancestral populations from which the
Hutterites descended. If this is the case, these patients may
have been misclassified within the type IV 3-methylgluta-
conic aciduria category for lack of a better diagnosis, as cases
of dilated cardiomyopathy not attributed to Barth syndrome
have been included in this category.

Using a homozygosity mapping approach,6 we identified an
ancestral haplotype on chromosome 3q26.2–3q27.3 segregat-
ing with DCMA syndrome. Mutation analysis of positional
candidate genes identified a splice site mutation in a
previously uncharacterised gene, DNAJC19, which encodes a
mitochondrial DNAJ domain-containing protein.8 This muta-
tion was predicted to cause aberrant splicing and result in the
loss of the full length DNAJC19 transcript. RT-PCR analysis
confirmed the splice defect (Dex4), and in affected patients
homozygous for the IVS3-1GR C mutation splicing is
completely abnormal and a full length DNAJC19 transcript
is not produced. The presence of the Dex4 transcript in wild
type tissues in addition to the full length transcript may
indicate that alternative splicing is common at this site.

Proteins containing the DNAJ domain are typically
involved in molecular chaperone systems of the Hsp70/
Hsp40 type. These chaperone systems aid in folding and
assembly of newly synthesised proteins, as well as preventing
abnormal folding and aggregation of proteins during stress

Figure 2 The DNAJC19 IVS3-1GR C
mutation is associated with a dilated
cardiomyopathy syndrome in
consanguineous Hutterite families. (A)
Patients and families included in this
study show an extended common
haplotype from D3S1282 to D3S1262;
alleles included in this haplotype are
highlighted in grey with the core
disease associated region highlighted
in dark grey. The genotypes for the
DNAJC19 IVS3-1GR C mutation are
also shown. Patient numbers
correspond with numbers in table 1.
DNA was unavailable for patients 6
and 22; however, these patients were
included in the study cohort, based on
their clinical phenotypes. DNA for
patient 25 was unavailable for
haplotyping, but the clinical diagnosis
was confirmed by genotyping for the
DNAJC19 IVS3-1GR C mutation at a
later date. (B) Electropherograms
showing DNAJC19 IVS3-1GR C
genotypes from an affected patient (C/
C), an obligate carrier (G/C), and a
wild type individual (G/G). These bases
are reversed on the reverse sequence,
as indicated below the figure.
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conditions. The Hsp70 protein binds unfolded hydrophobic
domains of the substrate protein, while the Hsp40 co-
chaperone aids in loading the substrate protein onto Hsp70

and stimulates Hsp70 binding activity through the DNAJ
domain.9 The domain architecture of the DNAJC19 protein is
unusual among members of the DNAJ protein family, in that

Figure 3 Expression analysis of DNAJC19. (A) Reverse transcriptase polymerase chain reaction (RT-PCR) analysis of DNAJC19 using gene specific
primers and RNA extracted from cultured fibroblasts from an affected patient and a non-Hutterite normal control. Two bands were amplified from the
normal control, one of 525 base pairs (bp) corresponding to the full length cDNA, and a second less abundant band of 445 bp. In the affected patient,
only the 445 bp band was detected. The predicted size of the product from a DNAJC19 transcript missing the exon 4 coding sequence is 445 bp. (B)
Expression analysis of DNAJC19 was undertaken using gene specific primers and various normalised first strand cDNA preparations from fetal and
adult tissues. Both cDNAs were found expressed in all tissues, with the full length cDNA more abundant in all tissues tested except for adult leucocytes.
Tissue types tested: bn, adult brain; co, adult colon; fb, fetal brain; fh, fetal heart; fk, fetal kidney; fl, fetal lung; flv, fetal liver; fsk, fetal skeletal muscle;
fsp, fetal spleen; ft, fetal thymus; h, adult heart; k, adult kidney; l, adult lung; lk, adult leucocytes; lv, adult liver; ov, adult ovary; p, adult prostate; pa,
adult pancreas; pl, placenta; si, adult small intestine; sk, adult skeletal muscle; sp, adult spleen; ts, adult testis; ty, adult thymus. Each set was run with
G3PDH, glyceraldehyde-3-phosphate dehydrogenase control; C, positive control; b, water blank. (C) To determine the identity of the cDNA products,
the 445 bp cDNA from the affected patient, the 445 bp and 525 bp bands from adult leucocytes were sequenced. Both the cDNA from the affected
individual, and the 445 bp band from leucocytes were found to have exons 3 and 5 spliced together and the absence of exon 4 coding sequence
(Dex4). The 525 bp band corresponded to the full coding sequence of DNAJC19. The Dex4 cDNA detected in normal tissues and control are thought to
be a normal splice variant.
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the DNAJ domain is positioned at the C-terminus of the
protein following a single transmembrane domain (fig 4A).10

This is in contrast with E coli DNAJ, the classical example of a
DNAJ co-chaperone, where the DNAJ domain is located at
the N-terminus, and is followed by other conserved domains
involved in its other functions (fig 4A).9 10 In addition, the
classical DNAJ proteins are soluble, whereas the predicted
transmembrane domain of DNAJC19 suggests that it may be
membrane bound. Similarity searches based on this domain
architecture indicate that proteins similar to DNAJC19 are
present in various species having a highly conserved C-
terminal DNAJ domain and an upstream transmembrane
domain (fig 4B). Two of these—the yeast Tim14 and Mdj2p
proteins—are components of the mitochondrial inner mem-
brane.11–14

The role of Tim14 has recently been elucidated in yeast,
where it is a component of the TIM23 inner membrane
translocase complex and is an essential protein required for
cell viability.12–14 The TIM23 complex facilitates the import of
mitochondrial presequence containing proteins through the
inner membrane. Tim14 is an essential subunit of the TIM23
complex, functioning with mitochondrial Hsp70, and the
Tim1615 16 and Zim1717 18 proteins as a component of the
import motor subcomplex. This import motor is an adapta-
tion of the Hsp70/Hsp40 chaperone system using a mem-
brane bound DNAJ domain to stimulate binding of
mitochondrial Hsp70 (mtHsp70) to the incoming peptide
chain at its point of entry. This is thought to aid in import
through the TIM23 translocase in two ways: first, ATP driven
conformational changes in mtHsp70 upon substrate binding
are thought to pull the incoming peptide into the matrix; and

second, binding of mtHsp70 to the unfolded chain prevents
backsliding through the Tim23 import pore.19 This system
couples the chaperone function of mtHsp70 with import,
aiding in proper folding and assembly of newly imported
matrix proteins.

The functions of the other DNAJC19-like proteins are as
yet unknown, and it is unclear whether DNAJC19 is in fact
the human orthologue of yeast Tim14. The yeast Mdj2p
protein is a known component of the inner mitochondrial
matrix; however, a defined function has yet to be identified
for it. What is known is that Mdj2p is not an essential protein
for viability, and it can partially compensate for the loss of
Mdj1p, the major mitochondrial hsp40 homologue in yeast.11

A second human protein, methylation controlled J protein
(MCJ), is also included within this group.20 A differential
pattern of expression has been noted for MCJ in wild type cell
lines dependent on the methylation status of a CpG island in
the first intron of the MCJ gene.21 22 Differences in expression
of MCJ have been noted in ovarian cancers and may be
associated with the cellular response to chemotherapeutic
drugs.20 22 A proteomic screen of the mitochondria of human
cardiac myocytes identified DNAJC19 as a component of the
mitochondrial proteome; however, MCJ was not identified in
this screen.8 Like DNAJC19, MCJ shares sequence similarity
with the yeast Tim14 and Mdj2p proteins. The differential
pattern of expression of MCJ, however, argues against a
housekeeping-type role as would be expected for a Tim14
orthologue. The identification of DNAJC19 in the mitochon-
drial proteome, along with its role in the DCMA syndrome
phenotype, are congruent with the DNAJC19 protein being
orthologous with the yeast Tim14 or Mdj2 proteins.
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Figure 4 DNAJC19 has an unusual domain architecture with respect to other DNAJ proteins and similar proteins are found in various species. (A)
Graphical representation of the domain structure of H sapiens DNAJC19 v the E coli DNAJ/HSP40 protein. The DNAJC19 protein contains only the
DNAJ domain (pfam00226.11), which is located at the C-terminus following a predicted transmembrane domain. This is in contrast with the E coli
DNAJ/HSP40 protein which is the classical example of a DNAJ protein. The DNAJ domain (pfam00226.11) is located at the N-terminus of the protein
followed by a glycine/phenylalanine-rich linker domain, a cysteine-rich domain (pfam00684.11) containing four copies of a zinc-finger-like motif
(CXXCXGXG), and a C-terminal domain (pfam01556.11) of unknown function. (B) ClustalW multiple sequence alignment of DNAJC19 homologues
(see Electronic-Database Information section for GenBank identification numbers). The conserved helix structures of the DNAJ domain are underlined;
the DNAJ domains of these proteins only contain three of the helices that make up the classical tetrahelical DNAJ domain. They all also contain the
absolutely conserved HPD motif which is indicated by (***). Highlighted regions indicate conserved blocks of sequence. Residues highlighted in black
indicate positions with highest degree of conservation and those highlighted in grey indicate less highly conserved positions. Gaps introduced to
optimise the alignment are indicated by dashes (–). Alignment was adjusted in Genedoc based on previously published alignments.
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The similarity of DNAJC19 with the yeast Tim14 protein
suggests that the phenotype of DCMA syndrome might result
from the defective import and assembly of presequence
containing mitochondrial proteins through the TIM23 trans-
locase pathway. Defects in mitochondrial import have been
reported previously to cause a progressive neurodegenerative
condition, Mohr-Tranebjaerg syndrome, which includes
sensorineural deafness, vision loss, mental retardation, and
a movement disorder.23 Mohr-Tranebjaerg syndrome is
caused by mutations in DDP1,24 the orthologue of yeast
Tim8, which appears to be important in facilitating the
transfer of Tim23, the core component of the TIM23 inner
membrane translocase complex, from the translocase of the
outer membrane (TOM) through the intermembrane space to
the TIM22 translocase.19 25 The phenotype of Mohr-
Tranebjaerg syndrome is therefore thought to result from
abnormal assembly of the TIM23 transporter. Mohr-
Tranebjaerg syndrome is the only known genetic disorder
involving a defect in the mitochondrial protein import
system.

Over 99% of mitochondrial proteins in humans are nuclear
encoded.19 Thus the mechanisms for transfer and assembly of
the cytoplasmically synthesised precursor proteins into or
across both mitochondrial membranes are of critical impor-
tance. The potential association of DCMA syndrome with
mitochondrial protein import defects suggests that this may
be an important cause of mitochondrial cytopathies.
Mechanisms for protein transport and assembly in the
mitochondria continue to be elucidated, largely on the basis
of work in the yeast S cerevisiae. The relevance of these studies
to our understanding of the pathogenic mechanisms under-
lying human mitochondrial diseases, however, remains
poorly understood and further development of this area will
benefit not only from the identification of additional human
diseases but also from the development of mammalian model
systems based on the studies already completed in simple
eukaryotes. The present discovery of the association of DCMA
syndrome with a mutation in the DNAJC19 gene will help to
expand our insight into the role of mitochondrial import and
trafficking in human cytopathies.

ELECTRONIC DATABASE INFORMATION
Entrez Genome Map Viewer, cytogenetic, physical and
genetic maps of human chromosome 3 (http://www.
ncbi.nlm.nih.gov/mapview/maps.cgi?taxid = 9606&chr = 3)

Oligo 6 primer design software (http://www.oligo.net)
Entrez UniSTS entries for markers making up ancestral

DCMA syndrome haplotype (http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?db = unists): D3S1282 [68930], D3S3523
[57600], D3S3725 [73565], D3S3520 [17983], D3S1565
[63165], D3S2425 [82628], D3S2421 [13287], D3S2427
[37149], D3S3676 [30955], D3S3715 [74051], D3S1754
[9710], D3S3699 [43474], D3S3603 [30527], D3S3662
[78965], D3S2314 [15487], D3S1618 [72781], D3S1571
[8133], D3S2399 [10726], D3S1617 [39046], D3S1262
[53008]).

Entrez gene entries for positional candidates in the region
D3S3603 to D3S2314 (http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?db = gene): LOC131054 similar to RalA binding
protein 1 (RalBP1) [131054], TTC14 tetratricopeptide repeat
domain 14 [151613], hypothetical protein DKFZp434A128
[339829], LOC389178 similar to RING finger protein 13
[389178], LOC402151 similar to b-actin [402151], FLYWCH-
type zinc finger 1-like [391594], LOC391595 similar to 60S
ribosomal protein L32 [391595], fragile X mental retardation,
autosomal homologue 1 [8087], DNAJ (Hsp40) homologue,
subfamily D, member 2 [131118], SOX2 overlapping
transcript (non-coding RNA) [347689], SOX2 SRY(sex

determining region Y)-box 2 [6657], LOC401102 similar to
zinc finger, CCHC domain containing 10 [401102].
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BOOK REVIEW

Oxford desk reference: clinical
genetics

Authored by H V Firth, J A Hurst. Oxford:
Oxford University Press, 2005, pp 708. ISBN
0-19-262896-8

If there was a Booker Prize for new texts on
clinical genetics, then the winner this year
would be a foregone conclusion. No one else
could possibly come up with an entry as good
as this. Somehow, squeezed in between busy
careers and presumably equally demanding
family lives, Helen Firth and Jane Hurst have
found the time to compile the definitive
hands-on guide to clinical genetics.

The authors have chosen to divide their
working manual into seven sections, begin-
ning with an introduction covering the basic
principles of Mendelian inheritance and tools
of genetic counselling, and concluding with
an extremely comprehensive review of preg-
nancy/fertility related genetic problems. This

will prove to be particularly valuable as
clinical geneticists increasingly find them-
selves invited to interpret and counsel for
abnormal prenatal ultrasound findings.
The bulk of the text, consisting of over 500
closely typed pages, is subdivided into four
sections entitled Clinical Approach, Common
Consultations, Cancer, and Chromosomes.
These provide coverage of several hundred
clinical scenarios and diagnostic challenges,
comprising almost every situation that a
clinical geneticist is likely to encounter in
day to day practice. Each entry has been
meticulously prepared, so that if we open the
book randomly at, say, microcephaly or
autism or breast cancer, each condition is
defined, a practical clinical approach (history,
examination, and investigations) is outlined,
there is an apt and succinct discussion of
possible differential diagnoses, and the topic
is rounded off with guidelines for counselling
on recurrence risks, carrier detection, and
prenatal diagnosis. The small print at the end
of each entry provides useful references with
details of the relevant support group and an
acknowledged authority who acted as an
‘‘expert adviser’’. It says much for the
persuasive powers of the authors that they
succeeded in ensuring that every entry—
remember there are several hundred—was

reviewed by a colleague with recognised
expertise. The book is completed by an
extremely useful appendix consisting of 55
pages of charts and tables.

This ‘‘desk reference’’ will rapidly become
as indispensable as OMIM and the London
Dysmorphology Database. The breadth and
depth of information provided is remarkable.

All the entries have been chosen carefully
and the information provided is always
comprehensive, relevant, and up to date. As
a practical guide to the specialty of clinical
genetics this book has no match, and overall
it represents an awesome achievement. How
did the authors manage to acquire and collate
all this knowledge? Where did they find all
this information? Clearly they have little
consideration for their peers who slave away
over the word processor writing text books
that they have now rendered obsolete! And
how are we all going to find a pocket big
enough to conceal this treasure trove when
we visit the ward or a peripheral clinic? If
your department can only afford one book
this year, make it this one. Better still, buy
your own copy and keep it hidden because it
is going to be much in demand.

Ian Young
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