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Disorders of mitochondrial oxidative phosphory-
lation (OXPHOS) are now recognized as major
causes of human metabolic diseases and several
mutations of mitochondrial and nuclear genes en-
coding respiratory chain components have been re-
ported. Interestingly, mutations of nuclear genes
involved in mitochondrial respiratory chain assem-
bly, protein trafficking, and iron metabolism are
also known to alter oxidative phosphorylation.
While several hundred of these genes have been
described in yeast, only a few nuclear genes have
been hitherto identified in humans. Yeast gene da-
tabases present therefore an invaluable tool for
identification of human homologues that should be
regarded as candidate genes in OXPHOS diseases.
In an attempt to identify the human counterparts of
yeast genes, we developed a systematic comparison
of yeast protein sequences to the GenBank dbEST
database. Starting from 340 yeast protein sequences
as templates, we searched the human dbEST coun-
terparts using the BLAST similarity searching pro-
gram and identified 102 groups of human EST likely
to represent orthologues of yeast genes because of
significant homology. This collection of human
genes possibly related to mitochondrial OXPHOS
may help identify nuclear genes responsible of mi-
tochondrial disorders. © 2000 Academic Press
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Mitochondrial oxidative phosphorylation (OX-
PHOS) disorders represent an increasingly impor-
tant group of metabolic diseases in humans. Muta-
tions were originally reported in mitochondrial
DNA (Mitomap, http:/Mmww.gen.emory.edu/mitomap.
html) but nuclear gene mutations have been re-
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cently shown to account for mitochondrial disorders
as well. Indeed, mutations have been described in
nuclear genes encoding respiratory chain complex
subunits (1-5) and occasionally mitochondrial chap-
eron proteins (paraplegin, 6), respiratory chain as-
sembly (SURF1, 7,8), traffic proteins (Tim8, 9), and
iron metabolism (frataxin, 10-12). It appears there-
fore that a broad variety of genes and functions can
be involved in mitochondrial respiratory chain dys-
function. To date however, only a few human genes
involved in respiratory chain assembly, protein traf-
ficking, or mtDNA maintenance have been identi-
fied.

The search for the molecular bases of human OX-
PHOS diseases can theoretically take advantage of
the vast resource represented by yeast genetics. In-
deed, a large number of yeast nuclear genes have
been reported to cause a petite phenotype when mu-
tated, demonstrating their roles in mitochondrial
functions. In addition, the systematic sequencing of
the yeast genome has helped to identify a large
number of ORFs, products of which are predictably
targeted to the mitochondria. Homologies of protein
sequences and protein functions, between yeast and
human have been used to identify and to clone sev-
eral human genes (13,14). In addition, yeast mu-
tants represent a valuable tool to understand the
pathogenicity of gene mutations, as recently shown
in Friedreich ataxia (10,11).

Similarly, identification and mapping of human
genes by cross-species comparisons have been suc-
cessfully achieved by using sequence homology be-
tween Drosophila genes and human ESTs (15).
Combining data derived from yeast mitochondrial
genetics and the screening of human EST databases,
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we report here 102 new candidate genes for human
OXPHOS diseases.

METHODS

We searched yeast mitochondria-related protein
sequences using a “text-string” option (e.g., mito-
chondri*) in the yeast protein database (YPD, http://
www.proteome.com/databases/YPD/index.html), the
MitBASE pilot database (http://www3.ebi.ac.uk/
Research/mitbase/mitbiog.pl), and the MITOP
database (http://websvr.mips.biochem.mpg.de/proj/
medgen/mitop/). All these yeast protein sequences
were then systematically tested as templates to
screen the human GenBank dbEST database
using the BLAST similarity searching program
(TBLASTN option: protein sequence versus SiX
frames nucleotide translated database sequences).
The human ESTs identified were then linked to
their Unigene entries (http://www.ncbi.nlm.nih.gov/
UniGene/index.html), allowing us to define their po-
sition with respect to genetic markers. The chromo-
somal mapping was then established by consulting
the OMIM database (http://www3.ncbi.nlm.nih.gov:
80/0Omim) or the Genatlas database (http:/
www.Citi2.fr/GENATLAS/). Only ESTs with a signif-
icant homology (e value <e-5) were considered. As
for orphan ESTs, i.e., ESTs not recorded in Unigene
database, only those with an even higher homology
(e values <e-10) were retained, so as to eliminate
chimeric and unspecific sequences. Prediction of mi-
tochondrial targeting sequences in proteins was per-
formed using the MitoProt v 1.0.1 (available in the
MITOP database) software program.

RESULTS

Selection of Yeast Mitochondrial Proteins

We selected 340 yeast protein sequences as
“probes” to identify human orthologue genes. These
yeast protein sequences originating from YPD, Mit-
BASE, and/or MITOP databases are nuclearly en-
coded proteins currently known to be involved in
biogenesis or assembly of respiratory chain or in
mitochondrial genome expression. We also used as
yeast protein probes the amino acid sequences de-
duced from ORFs identified during the systematic
yeast genome sequencing and presenting striking
similarities with known mitochondrial proteins or
with a characteristic mitochondrial targeting se-
quence. We did not retain, however, (i) structural

340 yeast mitochondrial proteins
(YPD, MitBASE)
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FIG. 1. Schematic diagram of the method used for human
sequences retrieval through homology with yeast proteins.

proteins of the respiratory chain, as their human
counterparts are already known and the correspond-
ing genes are mapped; and (ii) proteins for which
human orthologues are known to be involved in mi-
tochondrial disorders, namely, YFH1, Tim8, and
SHY1 (frataxin, DDP1, SURF1 in human) in Fried-
reich ataxia, dystonia—deafness syndrome, and
Leigh syndrome, respectively.

Putative Human Homologues to Yeast
Mitochondrial Proteins

The BLAST similarity searching program allowed
us to identify human homologues for 144 of the 340
selected yeast proteins or 42.3% (Fig. 1). Some of the
genes identified by this approach are the known
human counterparts of yeast proteins. For example,
BLAST searching using yeast adenylate kinase
(ADK2, Table 3) gave the maximum score for the
human adenylate kinase (AK) gene. The same is
true for a number of other genes as yeast NUC1 and
human endoG or yeast SUV3 and human mtRNA
helicase. Taken together, 127 of the selected human
sequences corresponded to known genes and their
homology with the yeast counterparts reflected ei-
ther functional similarity or specificity relative to
mitochondrial functions. For example, the human
homologues of yeast mitochondrial tRNA synthases
are cytoplasmic and mitochondrial human tRNA
synthases but BLAST searching using yeast mito-



TABLE 1

Human Genes and ESTs Retrieved by BLAST Homology with Yeast Carrier Proteins

YEAST Human homolog genes Human homolog ESTs
Prot name Gene Genbank Chromosomal e value Genbank Unigene Chromosomal e value
symbol accession mapping accession entry mapping
number number
AACL ANT2 M57424 Xq24-q26 5e-33 AI184139 Hs.129968 4e-24
ANT1 J04982 4935 2e-31 ATI148032 Hs.143579 le-19
ANT3 J03592 Xp22.32 2e-29 AR632137 Hs.181767 le-17
ARC2 ANT2 M57424 Xq24-q26 le-41 AI184139 Hs.129968 2e-24
ANT3 Jo35%2 Xp22.32 8e-34 AI148032 Hs.143579 9e-22
ANT1 J04982 4935 le-28
ARC3 ANT3 Jo3592 Xp22.32 2e-41 AT184139 Hs.129968 2e-24
ANT2 M57424 Xqg24-q26 4e-40 AT148032 Hs.143579 6e-21
ANT1 J0o4982 4435 2e-32
ACR1 CTP U25147 22qll.2-pter 2e-27 AR632137 Hs.181767 9e-11
Aralar 1 Y14494 Se-08 AL049246 Hs.42484 3q23-924 le-09
ucCp2 U94592 1ig13 8e-08 AA312705 Hs.30835 3pl4.3-3pl2.3 6e-08
AI377665 Hs.183374 5e-07
ARG11 Aralar 1 Y14494 le-05 AIT792160 le-10
DIC1 UCP2 Us2819 11ql3 3e-19 AI081980 Hs.232240 2e-11
oxoglu carr X66114 17p13 5e~-17 AI372504 Hs.237924 17921-q22 le-08
BMCP1 AF078544 Xg22.3-926 2e-0%
FLX1 AI431745 Hs.42484 3923-q24 6e-12
AI200893 Hs.183047 1p36.32-1p36.31 8e-10
AT792141 Hs.143560 3e-08
MIR1 PHC X60036 12922-q23 le-35
CTP U25147 22gqll.2-pter le-09
MRS3 AI310713 Hs.34401 8p22-p21.2 4e-22
1p22.1-g21
ARA31276 Hs.7481 3e-21
AR312705 Hs.30835 3pl4.3-3pl2.3 2e-09
AR632137 Hs.181767 7e-03
MRS4 AR234031 Hs.7481 10924-10g23.3 2e-24
AI310713 Hs.34401 8p22-8p21.2 4e-20
1p22.1-g21
PET8 AT123566 Hs.30835 3pl4.3-pl2.3 5e-24
POR1 VDAC3 U90943 2e~19
VDAC1 L06132 Xgl3.1-Xg21l.2 2e-08
VDAC2 L06328 4e-06
POR2 VDAC3 U90943 2e-12
RIM2 CTP U25147 22qll.2-pter 6e-09 AI431745 Hs.42484 3923-q24 9e-30
Aralar 1 Y14494 Te-08 AR757281 Hs.183047 1p36.32-1p36.31 9e-21
ANT2 M57424 Xg24-g26 Te-08
PHC X60036 4e-07
YBR291C CTP U25147 22qll.2-pter 6e-35 AT241147 Hs.181767 2e-08
UCP2 Ug2819 11913 3e-10 H77579 Hs.7994 3p22.2-pl4.2 8e-07
YDL119C T07400 Hs.7994 3p22.2-p14.2 2e-16
YELOO6W ANT2 M57424 Xq24~-q26 3e-11 AL049246 Hs.42484 3923-9g24 le-16
ANT3 J03592 Xp22.32 4e-10 AI200833 Hs.183047 1p36.32-36.31 3e-14
YER0S3C PHC X60036 12922-923 le-38
YFRO45W cTP U25147 22qll.2-pter 4e-08 AI241147 Hs.181767 2e-07
Ucp2 U94592 11913 6e-08
YGRO96W AI272900 Hs.181767 4e-14
AA397670 Hs.16786 2e-11
YGR257C carrier prot AC003083 6e-10 AA315826 Hs.237924 17g21.1 3e-12
AA312705 Hs.30835 3pl4.3-pi2.3 2e-07
YHROO2W ANT3 J03592 Xp22.32 2e-10 AAG32137 Hs.181767 3e-25
HS20X0C M31659 10g22.1-9g22.2 3e-10 AA80327S Hs.172544 2e-13
YILOOGW Ucp2 Ugz28l19 11qi3 le-09 AL049246 Hs.42484 3q23-gq24 4e-20
AT200893 Hs.183047 1p36.3 6e-12
YKL120W BMCP1 AF078544 le-12 R27834 Hs.118918 17p13.3-17p13 6e-12
UCPp2 U82819 11ql3 Te-12
oxoglu carr X66114 17pl3 1le-09
TMC1 Carnitine Y10319 3p21.31 5e-09 AI377665 Hs.183374 2e-09
carrier
YMC2 uce2 Ug2s8l9 11913 6e-09 AI377665 Hs.183374 2e-08
Carnitine Y10319 3p21.31 8e-09
carrier
YMR166C uce2 Ug2s19 11913 3e-09 AA312705 Hs.30835 3pl4.3-12.3 2e-13
Aralar 1 Y14494 8e-08 AR234031 Hs.7481 10923.3-g24.1 8e-12
T07400 Hs.7994 3p22.2-pld.2 6e-10
AR315826 Hs.237924 17g21.1 2e-09
YNLOS3W AW023500 5e-37
YOR100C Aralar 1 Y14494 Te-07 AI377665 Hs.183374 2e-09
AA315826 Hs.237924 17921.1 S5e-07
YOR222W CTP U25147 22gll.2-pter Se-14 AW167726 le-15
ANT2 J03591 Xq24-g26 2e-10
ANT3 J03592 Xp22.32 le-7
Aralar 1 Y14494 2e-08
YPL134C CcTP U25147 22qll.2-pter 3e-14 AR632137 Hs.181767 4e-11
Aralar 1 Y14494 Te-09
YPRO11C ANT2 L78810 Xq24-q26 3e-15 AAB32137 Hs.181767 2e-22
ANT3 J03592 Xp22.32 4e-14
YPRO21C Aralar 1 Y14494 6e-36 H29831 Hs.32508 1lpl5.5-pter 2e-13
ACQ002540 AC002540 Tq21-q22 S5e-18 AI989992 Hs.170834 Te-13
CTP U25147 22qll.2-pter Be-14
YPR128G AR918972 Hs.164280 Xp22.32 5e-~06

Note. Unigene entries according to 12/29/99 update.




226

ROTIG ET AL.

TABLE 2
Human Genes and ESTs Retrieved by BLAST Homology with Yeast Proteins
Involved in Mitochondrial Translation

Ribosomal proteins
YEAST Human homolog genes Human homolog ESTs
Prot name Protein Genbank Chromosomal e value Genbank Unigene Chromosomal e value
symbol accession mapping accession entry napping
nunber number
DEG1 AW020963 le-68
AA127469 4e-24
IFM1 MTIF2 134600 3e-19
MEF1 AI659020 Hs.41066 3925.1-q25.2 Te-29
AA010761 Hs.149489 6e-28
KIAAQ031 Hs.151787 °* 4e-13
MRF1 MRF1 AF072934 le-23 AR405163 Hs.97950 6g25.1-925.2 6e-22
MRP17 MRP17 X79865 17¢g25.1-9g25.3
MRPL1O W00599 Hs.18349 8¢11.22-8gql1.23 5e-09
MRPL17 ATS571752 Hs.14018 15925-15g26.1 le-07
MRPL19 AT188527 Hs.19077 11913.3-gl3.5 2e-26
MRPL2 W69555 Hs.7736 179g21.1-17q23 2e-11
MRP20 Ribosomal U26596 11pl5.5 8e-06
prot L23-like
MRPL23 AR430750 Hs.43946 8g22.3-8g24.13 7e-19
MRPLS AAR010799 Hs.10026 11pl15.5-pl5.2 S5e-08
MRPLY 605 ribosomal X06323 39g21.2-q23 2e-25
protein L3
MRPS5 N69846 Hs.7807 2pll.2-pll.1 4e-11
QSR1 Ribosomal M73791 Xg28-gter Te-68
protein L10
RML2 ribosomal 728407 8g24.3-gter Te-15 AI185677 Hs.55041 Te-17
protein L8
TUF1 mt elongation | L38935 2e-45
factor Tu
YCRO24C aspartyl-tRNA Jos032 2q21-2922.3 le-09 AIG97717 Hs.15502 11ql4.3-qg21 Se-18
synthetase
alpha-2
YHRO75C AR234494 Hs.63304 11gl13-g21 Se-14
YPLO13C AR456261 Hs.180312 10922.2-10g22.3 le-08
£RNA synthetase
YEAST Human homolog genes Human homolog ESTs
Prot name Protein Genbank Chromosomal e value genbank Unigene Chromosomal e value
symbol accession | mapping accession entry mapping
number number
IsM1 IARS D28473 9q21 le-11 AR258087 Hs.7558 1q4l-1qg42 4e-21
AR987767 Hs.55609 2e-18
MSD1 KARS D32053 16g23-q24 2e-10 AI829784 Hs.247086 9e-30
MSF1 AI338405 Hs.57969 6p25-p22 3e-33
MSK1 KARS D32053 16923-q24 le-26
MSR1 Arginyl-tRNA S80343 le-14 AI016336 Hs.15395 6gl3 Te-41
synthetase
MSS1 R1302%5 3e-10
MST1 W90183 Hs.210733 le-29
AI766284 Hs.181426 6e-18
AI609524 Hs.184012 2e-17
MSY1 PGP 9.5 X04741 4pld 2e-25 AIO989806 Hs.50441 3e~-11
MSW1 AA227572 2e-13
AAS579040 Hs.168487 1g21 2e-09
MTO1 AAR121349 Hs.33979 6pll.2-6ql2 4e-17
VAS1 valyl-tRNA M98326 6p21.3 6e-67
synthetase

Note. Unigene entries according to 12/29/99 update.

chondrial transport proteins identified human mito-
chondrial transport proteins. Mitochondrial pro-
teins could be distinguished from their nuclear
counterparts by using the location site prediction
program (Mitoprot). However, one should be aware
that the identification of a mitochondrial targeting
sequence could be overlooked occasionally by such
programs, as was the case for frataxin (16,17).

BLAST searching also identified a large number of
EST clusters. These ESTs corresponded to hitherto
unknown human genes, homology being based on ei-
ther functional identity or specificity with respect to
mitochondrial functions. Tables 1 to 7 present these
ESTs as Unigene entries, bringing together ESTs as
clusters. The 102 EST clusters identified here repre-
sent putative human counterparts of yeast genes.



EST DATABASE SCREENING FOR MITOCHONDRIAL DISEASE GENES

227

TABLE 3
Human Genes and ESTs Retrieved by BLAST Homology with Yeast Proteins
Involved in mtDNA and mtRNA Metabolism

YEAST Human homolog genes Human _homolog ESTs
Prot name Protein Genbank Chromosomal e value Genbank Unigene Chromosomal e value
symbol accession mapping accession entry mapping
number number
ADK2 adenylate Us4371 1p34 5e-37 AA007279 Hs.43436 9e-20
kinase 2A
adenylate X60673 9p24-pl3 6e-22
kinase 3
albo TRPC1 X89066 3q22-q24 6e-73
AZF1 znfpl195 AF003540 11pl5 6e-23 AI637719 Hs.241523 18pll 2e-24
Zn FINGER U69645 10cen-qgll.2 2e-22 AA291928 Hs.22934 3g25.1-q27 9e-24
PROTEIN 42 AIO041519 Hs.132130 2e-23
Zinc finger 550223 2e-22
protein
QZF X70394 199qi3 2e-22
CPF1 USF2 X90824 19q13 4e-06
HAP2 CCAAT-binding | M59079 6p21.3 Se-12
protein
HAP3 NFYB L06145 12922-g23 S5e-28 AW136187 Hs.247228 Te-10
DR1 M97388 1p22.1 2e-09
HAPS H1TF2A S74703 1p36.1-32 6e-27 AT188727 Hs.19980 2pl3 le-09
14g32-gter
HIS1 AB021179 17g21.1 9e-09
MGM1 KIAA0820 AB020627 1g24 Te-21
dynamin-~like AF061795 12pll.2-gl13.3 3e-18
dynamin 1 107807 9g34 2e-10
MMD1 pl4d.5 X95384 8g22 4e-17
MODS AA356092 Se-11
MSH1 hMSH2 U03911 2p22-p21 5e-30
MSH6 U73737 2plé 3e-22
MSH5 AF048986 6p21.3 le-13
MsS11ié KIAAO801 AB018344 5q23-g31 le-30 AI452653 Hs.244638 5e-17
EIF4Al D13748 17pi3 2e-18
RNA helicase X98743 2 Te-17
NFS1 Nifs AF097025 20gll-gl2 4e-55 AA911739 Hs.21421 2q37.1-2g37.3 de-15
NTG1 NTH1 U81285 16pl3.2-pl13.3 Te-36
NUC1 endo G X79444 9g34.1 8e-30
PIF1 AI652391 Hs.112160 15921 3e~14
PUS4 AR282195 Hs.B88678 4e-14
RIM2 CTp 025147 22qll.2~pter 6e-09 AT431745 Hs.42484 3q23-q24 9e-30
Aralar 1 Y14494 Te-08 ART57281 Hs.183047 1p36.32-1p36.31 9e-21
ANT2 M57424 Xq24-¢26 7e-08
PHC X60036 4e-07
RPO41 RNA pol U75370 17g21.1-g23 3e~66
SUV3 SUV3 AF042169 10g22 2e-16
TRM1 tRNA AC005546 19p13 le-14
methyltransf
UNG1 UNG X15653 12923.3-g24.2 6e-47

Note. Unigene entries according to 12/29/99 update.

For one-half of the yeast proteins (196/340), no
human homologous sequences could be identified.
As most ESTs have been obtained by sequencing the
3’ portion of MRNASs, the 5’ portions of large mMRNAs
are often lacking. Consequently, our identification
strategy may be inefficient if the C-terminal regions
of yeast and human counterparts were presenting
low levels of homology. This feature could also be
ascribed to either interspecies specificities or loss of
particular mitochondrial functions during evolution.
In keeping with this, disappearance of introns from
human mitochondrial DNA (mtDNA) has presum-
ably led to the loss of genes involved in mRNA splic-
ing. Itis therefore not surprising that no yeast genes
involved in mitochondrial intron splicing (CBP2,
MRS1, MRS2, or PET54) had human orthologues. A

third explanation may stem from a low degree of
sequence conservation between species. This feature
is known for mitochondrial ribosomal proteins pre-
viously shown to be highly divergent between Esch-
erichia coli, Saccharomyces cerevisiae, Caenorhabdi-
tis elegans, and human (18). This feature probably
accounts also for the low rate (31/70) of human ho-
mologues for yeast mitochondrial translation pro-
teins (Table 2). The absence of human orthologues of
yeast proteins in the EST database may also be due
to the low transcription levels of the corresponding
genes, as an EST database is qualitatively but also
quantitatively representative of genome transcrip-
tion.

While systematic database screening represents a
powerful tool for identifying putative human mito-
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TABLE 4
Human Genes and ESTs Retrieved by BLAST Homology with Yeast Proteins
Involved in Protein Import

YEAST Human homolog genes Human homolog ESTs
Prot name Protein Genbank Chromosomal e value Genbank Unigene Chromosomal e value
symbol accession mapping accession entry napping
number number
CPR3 cyclophilin A | Y00052 Tpl3 le-55
cyclophilin D | D63861 4931.3 2e-50
cyclophilin F | M80254 10g22.3 3e~45
HSP10 HSPE1 U07550 14g23.1 3e-16
MASS HSJ2 L08069 9pl3-pl2 le-30 AR639658 Hs.247662 3g25.1-q28 2e-18
DNJ3 Y13350 4e-24
hsp40 X62421 19p13 4e-23
hspd0-3 AF088982 3e-19
DNJ3/CPR3 AF011793 Je-13
MDJ1 hsp40-3 AF088982 2e-09
TID1 AF061749 16pl13.3 7e-09
hspd0 X62421 19p13 le-08
MGE1 ARB887226 Hs.151903 4p16.3-pl6.1 le-18
ATI431866 Hs.164198 8e-13
MSP1 PSMC1 L02426 19p13.3 4e-27 ATI796091 Hs.100861 10q923-q24 2e-34
Nuclear VCP- U68140 1g4l1-q42.2 le-24 AR418426 Hs.234839 16g22.1 4e-22
like AA976246 Hs.79387 17923-q25 2e-18
PSMC2 D1109%94 7q21-q22 le-22 AA743793 Hs.88276 2e-18
PSMC4 AF020736 18ql13.1-ql3.4 Te-19 T35813 Hs.5555 15915-15g21.2 Te-17
PSMC6 D78275 12q15 le-18 AIB809648 Hs.131972 3e-16
p60 katanin AF056022 6q24925.2 3e-18
SSsC1 mortalin-2 L15189 5g31.1 2e-68 AI191499 Hs.169668 3e-25
2q36
HSPAS M19645 9q33-q34.1 Je-51
HSHSCT0 Y00371 11923.3-g24.2 2e-52
HSP70-1 M59828 6p22-p21.1 le-33
TIM10O AT309333 Hs.108571 11pl11.2-13.3 le-12
TIM17 TIM17 X97544 1931.3-9q32 le-31
Timl7b AF034790 le-23
TIM22 AT4228%4 Hs.87595 17p13.3 8e-10
TIM23 TIM23 AF030162 l0cen-gll.2 2e-07
TIMS ATI743840 Hs.32456 le-10
TIM13 AR449553 Hs.76086 3e-10
TOM20 TOM20 homoleg D13641 1q42 5e-09
TOM70 IEF SSPp 3521 M86752 11pll1.2~-11gl3 2e-07
KIAAO0719 AB018262 3cen-gl3.1 le-06
hTOM34p U58970 20g12-g13.11 le-06
TOM72 IEF SSP 3521 M86752 11p11.2-114g13 le-11 AAB43594 Hs.99134 4e-07
YDJ1 DNAJ-like 2 L8069 9pl3-pi2 le-30 AR599885 Hs.257313 3g25.1-g28 le-18
2qll.2 T78510 Hs.154662 2e-13
DNJ3/CPR3 Y13350 de-24 C17028 Hs.6790 2e-13
MSJ-1 AB014888 de-24
HSDNAJ X62421 19p13.2-19p13.1 4e-23
hspd0-3 AF088982 9 2e-18
YLR168C AR442417 Hs.3945 20q13 2e-21
AI052748 Hs.8601 5935.3 5e-13

Note. Unigene entries according to 12/29/99 update.

chondrial cDNAs, it has its own limitation. Indeed,
the large number of yeast mitochondrial proteins
originally selected (340) required strict criteria (e
value) for reliable retrieval of human ESTs. As a
result, ESTs with moderate score homologies and
not belonging to an Unigene EST cluster may have
been overlooked, even though it might represent the
true human counterpart of a yeast protein.

Retrieving Novel Mitochondrial Protein Encoding
Human Genes

The putative human genes and the EST clusters
identified by BLAST searching are presented ac-
cording to their mitochondrial functions: carrier pro-
tein (Table 1), translation (Table 2), mtDNA and
MtRNA metabolism (Table 3), protein import (Table

4), protein processing (Table 5), respiratory chain
biogenesis (Table 6), and various OXPHOS related
functions (Table 7). These tables also present the
chromosomal mapping of the genes or EST clusters
when available in Unigene database.

Comparison of the e value for a human gene or
EST cluster homologous to a given yeast protein
indicates that some EST clusters may present
higher scores than genes. This may suggest that the
EST clusters indeed represent the true human or-
thologue of the yeast protein used as probe while the
retrieved gene(s) might correspond to the member(s)
of the same family. Thus, RIM2, a member of the
mitochondrial carrier family which is essential for
mtDNA metabolism presents a significant homology
(Tables 1 and 3) with known human genes encoding
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TABLE 5
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YEAST Human homolog genes Human homolog ESTs
Protein Genbank Chromosomal e value Genbank Unigene Chromosomal .e value
symbol accession mapping accession entry mapping
number number
AAP1 aminopeptidase | YO07701 17qg21.1 2e-41 AR747425 Hs.167544 5e-29
HMT1 HMT1 Y10807 19q13 2e-37 AA213882 Hs.191486 8e-25
PRMT2 U80213 21g22.3 l1e-23
IMP1 AA977197 Hs.62669 9e-16
IMP2 T67154 Hs.13058 7422.3-9q31.1 6e-23
ARA977187 Hs.62669 2e-14
MAS1 core 1 D26485 3p21 2e-36 D21064 Hs.75353 9g34.1 4e-08
peptidase B AF054182 7q21.3-g22.1 5e-32
MAS2 core 1 D26485 3p2l 2e-12 D21064 Hs.75353 9q34.1 Se-15
peptidase B AF054182 7921.3-q22.1 9e-11
core I1 J04973 3p22.1-p21.33 2e~-10
MASS HSJ2 L08069 9pl3-pl2 le-30 AR639658 Hs.247662 3g25.1-q28 2e-18
2ql1.2
DNJ3 Y13350 4e-24
hspd0 X62421 19p13 4e-23
hspd0-3 AF088982 3e-19
OCT1 MIPEP Ug80034 13gl2 AT952756 Hs.224836 le-20
PIM1 Lon-like U02389 8922.2-9q22.3 2e-52 AA683395 Hs.200461 le-38
AR195153 Hs.47305 2e-20
SEC11 signal AF0920315 8pli.l-gqll.21 le-23 AR9B9369 Hs.68644 4e-31
peptidase
SsQ1 GRP78 M19645 9933-g34.1 Te-51 AIl91499 Hs.169668 9e-23
hsp 70 M11717 6p22-p21.3 9e-51
mortalin-2 L15189 5¢g31.1 5e-45
2q36
HSPAZ L26336 14924.1 4e-42
hsc70 Y00371 11g23.3-q24.2 2e-43
YME1 AR418426 Hs.234839 16g22.1 le-20
AI791698 Hs.131823 3e-18
ART743793 Hs.88276 2e-14
YTALO paraplegin- Y18314 18pll 5e-38
like
paraplegin Y16610 16924.3 9e-31
YTAL2 paraplegin-~ Y18314 18pll 5e-38
like
paraplegin Y16610 16924.3 9e-31

Note. Unigene entries according to 12/29/99 update.

mitochondrial carriers, i.e., citrate carrier (e value =
6e-09) or adenylate transporter ANT2 (e value =
7e-08). However, two EST clusters present a much
higher homology (Hs.42484, e value = 9e-30 and
Hs.183047, e value = 9e-21) suggesting that these
two EST clusters are more likely to represent parts
of the human orthologue of yeast RIM2. The signif-
icance of high scores is also illustrated by the exam-
ple of RNA polymerase or endonuclease G (Table 3),
which shows a high homology between yeast and
human (e values 3e-66 and 8e-30, respectively).
Conversely, a given EST cluster may well corre-
spond to different yeast proteins belonging to the
same family. The Unigene entry Hs.42484 shows
significant homology with three different yeast mi-
tochondrial carrier proteins but only one of them
shows a high homology score, namely, RIM2 (9e-30),
again suggesting that this EST cluster may be the
human counterpart of yeast RIM2. Thus, while fam-
ilies of genes or proteins can be retrieved using this

approach, a careful examination of the homology
scores is required to determine which of these genes
or EST clusters is more likely expected to be the
human counterpart. In other cases, the BLAST
searching only allowed us to retrieve human se-
guences with a moderate, although significant, ho-
mology. In such cases, only additional experimental
approaches will permit identification of which se-
quence is the actual human counterpart of the con-
sidered protein.

Yeast mtDNA and mtRNA metabolism involves
30 known proteins. Among them, 20 present at least
one highly homologous sequence in human with e
values between 6e-73 and le-14 (Table 3) suggesting
that these are the actual human orthologues of the
yeast proteins. Some of them are known to encode
mitochondrial proteins, namely, endonuclease G
(endoG), mitochondrial tRNA polymerase (RNA pol),
mitochondrial RNA helicase (SUV3), and uracil-
DNA glycosylase (UNG). Interestingly, two of them,
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TABLE 6
Human Genes and ESTs Retrieved by BLAST Homology with Yeast Proteins
Involved in Respiratory Chain Biogenesis

YEAST Human homolog genes Human homolog ESTs
Prot name Protein Genbank Chromoscmal e value Genbank Unigene Chromosomal e value
symbol accession [ mapping accession entry mapping
number number
ABC1 BAT3 M33521 6p21.3 S5e-36 AF052122 Hs.130712 3e-12
BCS1 h-besl AF026849 2933 le-29
Cox11 COX11 AF044321 17921.31-17g23 9e-41
COX15 COX15 AF044323 10924 le-21
COox17 CoX17 L77701 13g14.3 0.060
CYT2 holocytc- u36787 Xp22.2-22.3 3e-29
synthetase
FAD1 U79241 Hs.118666 1q21-1g23 2e-21
ISAl AF038186 Hs.177776 de-26
AI146474 Hs.63913 3e-08
AI474489 Hs.129544 €e-06
ISUl Nifu-like U47101 12923-g24 Je-47
ISU2 NifU-like U47101 12g23~-q24 5e-48
JACL AI796137 Hs.130430 le-12
MSS116 KIAAO8B01 AB018344 5q23-q31 le-30 AI452653 Hs.244638 S5e-17
EIF4A1 D13748 17pl3 2e-18
RNA helicase X98743 2 Je-17
MSS1 R13025 Hs.130712 3e-10
NEUL HIRIPS AJ132584 3p24.2-p21.33 3e-23
2p13
OXAl OXAlHs X8069S5 149l11.2 4e-14
PET112 PET112 AF026851 4927-928 9e-23
SCOlL SCO2 homolog AL021683 22q13 2e-33
SCO1 homolog AF026852 17pl2-pl13 2e-27
SCO2 SCO2 homolog AL021683 22913 2e-33
,,,,, SCO1 homolog | AF026852 17p12-p13 2e-28
YAH1 ferredoxin M34788 11g22 le-14
Note. Unigene entries according to 12/29/99 update.
namely, p14.5 (homologous to yeast MMD1) and CONCLUSION

NTH1 endonuclease Il (homologous to yeast
NTG1), were not known to have a mitochondrial
function. However, their high scores for mitochon-
drial targeting (0.88 and 0.95 determined by Mito-
prot) suggest that both genes may actually encode
mitochondrial proteins.

Experimental cloning of human genes based on
cross-species comparisons has proved to be a tedious
approach largely due to nucleotide sequence diver-
gences between species. The continuously expand-
ing EST databases and the powerful computer pro-

TABLE 7

Human Genes and ESTs Retrieved by BLAST Homology with Yeast Proteins
Involved in Various OXPHOS-Related Functions

Heme biosynthesis
YEAST Human homolog genes Human homolog EST
Prot name Protein Genbank Chromosomal e value Genbank Unigene Chromoscmal e value
symbol accession mapping accession entry mapping
number number
HEM1 ALAS1 X56351 3p2l.1 2e-53
ALAS2 X56352 Xpil.21 5 le-39
GCAT 297630 22ql12-13 Te-16
HEM14 PPO U26446 1922 le-05
HEM1S ferrochelat D00726 18g21.2-g21.3 3e-63
HEM4 UROS J03824 10g25.2-g26.3 Te-04
YEAST Human homolog genes Human homolog EST
Prot name Protein Genbank Chromosomal e value Genbank Unigene Chromosomal e value
symbol accession mapping accession entry mapping
number number
CcoT1 AI467909 Hs.188417 3e-15
AR625460 Hs.55610 9e~-08
AI332677 Hs.129445 5gql1l1.2-gl2 9e-08
NHX1 NHE-6 AF030408 Xg25-g26 2e-12 AR279477 Hs.154353 Xpll.3-pl1.23 2e-13
PHB1 Prohibitin 585655 17q21 8e-55 AI936946 Hs.121973 9e-31
hBAP U72511 12p13 7e-50
PHB2 hBAP U72511 12pl3 6e-53
Prohibitin 385655 17g21 4e-49

Note. Unigene entries according to 12/29/99 update.
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grams now available represent a useful tool for rapid
identification of new genes using sequence homolo-
gies between species. We have combined the consid-
erable knowledge on yeast genetics and human EST
database to rapidly search for nuclear genes in-
volved in mitochondrial function. This allowed us to
identify 102 human EST clusters corresponding to
hitherto unknown genes likely to encode mitochon-
drial proteins. Future experimental approaches are
required to describe the complete sequences of these
genes and to determine the exact functions of the
encoded proteins.

To our knowledge, none of the chromosomal local-
izations of the ESTs presented here correspond to
loci previously linked to mitochondrial disorders. As
far as autosomal dominant mtDNA deletions are
concerned, three loci have been mapped to chromo-
somes 10q, 3p, and 4q respectively (19-21). Unfor-
tunately, none of the genes or EST clusters retrieved
here can be regarded as candidate genes for these
conditions. Yet the present list will hopefully help
gene identification in mitochondrial disorders by
pinpointing candidate genes at a given locus linked
to a specific disease.
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