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ABSTRACT

MITOP (http:/Aww.mips.biochem.mpg.de/proj/medgen/
mitop/ ) is a comprehensive database for genetic and
functional information on both nuclear- and mito-
chondrial-encoded proteins and their genes. The five
species files— Saccharomyces cerevisiae , Mus
musculus , Caenorhabditis elegans , Neurospora
crassa and Homo sapiens— include annotated data
derived from a variety of online resources and the
literature. A wide spectrum of search facilities is
given in the overlapping sections ‘Gene catalogues’,
‘Protein catalogues’, ‘Homologies’, ‘Pathways and
metabolism’ and ‘Human disease -catalogue’
including extensive references and hyperlinks to
other databases. Central features are the results of
various homology searches, which should facilitate
the investigations into interspecies relationships.
Precomputed FASTA searches using all the MITOP
yeast protein entries and a list of the best human EST
hits with graphical cluster alignments related to the
yeast reference sequence are presented. The orthologue
tables with cross-listings to all the protein entries for
each species in MITOP have been expanded by
adding the genomes of Rickettsia prowazeckii and
Escherichia coli . To find new mitochondrial proteins
the complete yeast genome has been analyzed using
the MITOPROT program which identifies mitochondrial
targeting sequences. The ‘Human disease catalogue’
contains tables with a total of 110 human diseases
related to mitochondrial protein abnormalities,
sorted by clinical criteria and age of onset. MITOP
should contribute to the systematic genetic charac-
terization of the mitochondrial proteome in relation

to human disease.

INTRODUCTION

Mitochondria are essential cell organelles of eukaryotes under
the control of both their own and the nuclear genome. They
fulfill most of the energy requirements of aerobic cells and are
essential for the metabolism of a number of important biological
compounds (1). Except for 13 mtDNA encoded proteins in
human, all proteins involved in function and structural
organization are encoded by the nucleus and imported into
mitochondria. Mutations in the mitochondrial genome occur in
a wide variety of degenerative diseases, aging and cancer (2).
More than 50 different mtDNA base substitution mutations
and hundreds of mtDNA deletions and insertions associated
with mitochondriopathies have been collected to date (3).
Recent discoveries in the field of mitochondrial diseases have
demonstrated the enormous ‘nuclear power’ in the aetiology of
Mendelian inherited disease (4). The MITOP database aims at
the comprehensive identification and characterization of the
mitochondrial proteome with a special focus on proteins relevant
for human mitochondrial disease (5). MITOP presents data
from online resources and the literature annotated by the editors:
http://mwww.mips.biochem.mpg.de/cgi-bin/proj/medgen/editors
Information on both nuclear- and mitochondrial-encoded
genes and their proteins are combined in one location
including cross references to formerly unlinked databases.

GENE AND PROTEIN CATALOGUES

Presently, more than 1150 mitochondria-related genes and
corresponding proteins are listed (see Table 1 for breakdown).
MITOP includes detailed descriptions of protein structure and
function including references. Search facilities for subcellular
localization divided into mitochondrial matrix, outer-, inner- or
inter-membrane space are offered (http://vms.mips.biochem.mpg.
de/htbin/z_filter_subcel/a ). All protein catalogue sections like
‘functional catalogue’ (http://vms.mips.biochem.mpg.de/htbin/
z_filter_cat/a&fun ), ‘protein classes’ (http://vms.mips.biochem.
mpg.de/htbin/z_filter_cat/a&cla ), ‘protein complexes’ (http://ivms.
mips.biochem.mpg.de/htbin/z_filter_cat/a&com ), EC number
(http://vms.mips.biochem.mpg.de/htbin/z_filter_enzyme/a )
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and PROSITE-maotifs (http://vms.mips.biochem.mpg.de/htbin/ No. of
z_filter_prosite/a ) are listed in Table 2. In the ‘gene catalogues’, o proteins
users may search chromosomes for information about mapped
genes (for 219 human genes) and related diseases (http://vms.
mips.biochem.mpg.de/htbin/z_{filter_chromo/h ), browse lists
of genes with related human mitochondriopathies (http://vms.
mips.biochem.mpg.de/htbin/z_list_gene/h ) and obtain mito-
chondrial rRNA and tRNA entries (http://vms.mips.biochem.
mpg.de/htbin/z_filter_notorf/h ). MITOP extensively cross
references its objects with those in other genetic and molecular
databases.

Table 1. Overview of mitochondria-related genes and proteins in the five

MITOP species files species

yeast hl,mn

: _ F Al total number of mitechondria-related proteing (estimation)
Species Nuclear-coded Mitochondrial-coded B pretein ertries in the MITOP database

candidate mitochondrial yeast prefeing;

Homo sapiens 303 37 using Mitoprot and bacterial homolgues
Mus musculus 138 37 candicate mitochondrial human protéing; homologue to MITOP yeast
Saccharomyces cerevisiae 380 58
Caenormandiis clegans 62 a4
Neurospora crassa 59 45
Table 2. Current entries in the protein and disease catalogues scores, amino acid a”gnments of Over|apping regions and
hyperlinks to EMBL and Unigene are presented. For example,
MITOP catalogues Number of protein entries for the mitochondrial yeast protein YLR168c (http://vms.mips.
Functional categories 2400 biochem.mpg.de/htbin/z_get_entry/y&YLR168c ), MITOP
Protein classes 149 Ipresler:cts 12 hulman ESTs yvith anh titde.z/r;tity >?n00/(; 8% Cpr:g;[ﬁin
Protein complexes 458 r%eg.dec/)<r:gi?gﬁ\r/sgﬁ?/l&ged;ee%:?ensst_rgwaiﬁémgéslcp ). Tre link
EC number catalogue 676 to Unigene leads to mapping information on chromosome 20.
PROSITE motifs catalogue 703 For each protein entry in MITOP, a list of homologous proteins
Disease catalogue 110 is provided using the FASTA database at MIPS (http://vms.

mips.biochem.mpg.de/htbin/z_pir_fasta/S57749 ). Homology
Please note that proteins can occur more than once in the same catalogue. to bather'al pro}elns has been po$tUIated for m'tQChond_”al
proteins according to the hypothesis of endosymbiotic mito-
chondrial evolution. Therefore, we searched the yeast genome
for homologies to theEscherichia coli and Rickettsia
HOMOLOGIES prowazeckiigenomes (9). The orthologue tables with cross
Physiological mechanisms in mitochondria are highly conservelistings to all MITOP entries for each species generated using
in evolution among eukaryotes. Therefore, cross-specighe FASTA program were expanded by adding these two
homology searches are particularly powerful to identify newspecies (http:/www.mips.biochem.mpg.de/cgi-bin/proj/medgen/
mitochondria-related human proteins (6). The dataset fodrthologs?y). A program (MITOPROT) is available to identify
Saccharomyces cerevisja¢he most completely-described mitochondrial targeting sequences (10) under MITOP-Tools
eukaryotic genome (7), currently consists of 438 entries (http:(http://www.mips.biochem.mpg.de/cgi-bin/proj/medgen/mito-
vms.mips.biochem.mpg.de/htbin/z_list_genely ), representinfjter ). The complete set of yeast open reading frames (ORFs)
11.8% of the yeast genes with known function. So far, >36% ohas been analyzed using this program (http:/Awww.mips.biochem.
the MITOP yeast proteins share significant homologies wittmpg.de/cgi-bin/proj/medgen/mitoprot_yeast ). We identified
human mitochondrial proteins. Current estimates (Fig. 1) o300 highly significant ORFs (scores > 0.9) potentially coding
the total number of mitochondrial proteins range between 708r mitochondrial proteins.

and 1000 for yeast and humans, respectively (4). To identify
new human mitochondrial genes, we ran FASTA (8) searche|§ THWAYS AND METABOLISM
using all MITOP yeast protein entries as query sequences an

dbEST as the target database. We detected human EShe graphical depiction of selected mitochondrial processes
matches with significant scores [expect() <0.001] for 243includes the respiratory chain (http://www.mips.biochem.
MITOP yeast sequences. A link to a list of best EST hits (pagenpg.de/cgi-bin/proj/medgen/rescha?h ), mitochondrial membrane
cut-off 30 ESTs) and graphical alignments of EST clusters taransporters (http://www.mips.biochem.mpg.de/cgi-bin/proj/
the related yeast reference sequence are included. EST matoledgen/meta?h/transport ) and an overview of mitochondrial
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metabolic pathways (http://www.mips.biochem.mpg.de/cgi-bin’ P

proj/medgen/meta?h/overview ). Cross-links to individual mito- O g

chondria-related protein entries are provided. £ ,,, i e &gkl
Ly r milth:l.lm.!:driﬂ.l _P cyberscreening

protein

HUMAN MITOCHONDRIAL DISEASE CATALOGUE T l

In addition to the individual disease descriptions included ir eumio of cete Ty

the protein files, a table of human diseases related to mitochondr MITOP:YGRI12w EST

protein abnormalities was created (http://vms.mips.biochen T ziiﬂf.,

mpg.de/htbin/z_table_disease ). A total of 110 human diseas: j’

are associated with mutations in 85 MITOP-human protein: 19 i ¢

and 11 mtDNA tRNAs are presently listed. The table is sortec i1 It .

by clinical criteria and age of onset (neonatal, infantile, juvenile N - T <« han

and adult), with short descriptions, causally-related mitochondri el Ik Lot clane

or nuclear-encoded gene products, links to the relevant MITO nz z

protein entries and hyperlinks to OMIM. In addition, a hyperlink 3 2 ¢

. . . Leigh-Syndrome, 32

to a table with yeast homologues of human-disease associat Infantile subacute | 342 ML .

genes is given in the yeast section of MITOP (http:/www.mips "«zins coccphalo i e P e | ek

biochem.mpg.de/projlyeast/reviews/human_diseases.html . i MITGP: 857749 protein

Recently discovered examples for mitochondriopathie:

include Friedreich’s ataxia and X-linked sideroblastic anemi: Mutation vl

and ataxia (XLSA/A) with mutated proteins, frataxin and o .

ABCY7, involved in mitochondrial iron homeostasis (11,12). mﬂﬁfn‘]aﬁf;ﬁfzn chliaRondrial

Spastic paraplegia has been shown to be caused by defects i MITOP: Basogd protcin

mitochondrial metalloprotease, SPG7 (13). The protein

mutated in Wilson's disease, a copper tranSporFing l:)_typeigure 2.In silico approach for identification of nuclear gene defects in human
AT_PaS_e (ATP7B)_ and _the de_afness—dyston|a-_pept|de (DDPf)itochondriopathies. The human SURF1 protein is highly homologous to thie yeas
which is mutated in patients with Mohr—Tranebjaerg syndromesHy1 protein which is necessary for the maintenance of cytochrome-c-oxidase
could be localized to the mitochondrial inner membraneactivity and respiration.
(14,15).

Identification of human proteins homologous to yeast mito-
chondrial proteins is a method to find new candidates involve%
in human mitochondriopathies. An example is presented i CKNOWLEDGEMENTS
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A description of MITOP's features is provided at the main 10- Claros.M.G. and Vincens,P. (199B)r. J. Biochem 241, 779-786.
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