cta

Biochimica

Polonica

Vol. 46 No. 1/1999
155-162

QUARTERLY

A human putative Suv3-like RNA helicase is conserved
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We have cloned and sequenced a cDNA of the human homologue of the Saccharo-
myces cerepisiae Suvd putative RNA helicase which is indispensable for mitochon-
drial function in veast. The human Suv-3-like protein has a tvpical mitochondrial
leader sequence. Northern blot data and analysis of ESTs in the data banks indicate
that this human gene {(SUPV3L1) is expressed in practically all tissues, though at dif-
ferent levels. Sequence homology analysis has shown a strong conservation of the
protein in 2 number of eukarvotic organisms — plants, mammals and fungi, but no
close homologues exist in bacteria with the exception of the purple bacterium Rhodo-
baeter sphaeroides. This gene is thus ubiquitously present in all eukarvotic organ-

ISms.

Studying the structure and function of hu-
man genes is a major challenge for molecular
biology. In many cases finding homologues to
a given human gene in other organisms may
offer help in this research. For example the
complete genome of the yeast Saccharomyces
cerevisiae has been sequenced and due to the
ease of performing genetic and molecular
analysis in yeast, it has become increasingly
popular to study the homologues of human

genes in this organism, especially genes asso-
ciated with human diseases [1]. Spectacular
success had been obtained analyzing the Frie-
derich’s ataxia (frataxin) [2] and Werner-
syndrome gene homologues in 5. cerevisiae
[3].

In the last decade diseases affecting mito-
chondrial function have become an increas-
ingly popular area of research [4]. Numerous
mutations in mitochondrial DNA responsible
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for these diseases have been discovered. How-
ever, many diseases which affect mitochon-
drial function are due to mutations in the nu-
clear DNA; and so far very few of them have
been mapped and little is known about the
genes which are involved. On the other hand,
there are literally hundreds of nuclear genes
in baker’'s yeast S. cerevisiae in which muta-
tions affect mitochondria — mainly by causing
respiratory incompetence in these unicellular
organisms. As mitochondrial function is very
similar in all eukaryotes, we were interested
in looking for human homologues of S. cerevi-
siage genes involved in mitochondrial func-
tions.

For some years we have been analyzing a
number of S, cerevisiae genes, essentially in-
volved in the processing and stability of RNA
in mitochondria. The inactivation of one such
gene, SUV3, encoding a putative RNA heli-
case, causes respiratory incompetence in S.
cerevisiae [5]. The product of this gene is part
of a threeprotein complex responsible for
processing and turnover of mitochondrial
RNA. It has been postulated that this com-
plex, called mtExo, has 3'=+5' exoribonucle-
ase activity [6, 7]. A partial human ¢DNA
with homology to SUV? was found during a
systematic analysis of EST sequences [8]. In
the present work we have isolated a ¢DNA
clone of the human SUV3 homologue and ex-
amined its sequence, expression in several hu-
man tissues and also analyzed the homology
of the encoded protein to other similar se-
quences in the data base.

MATERIALS AND METHODS

A cDNA clone derived from EST analysis [8]
was purchased from Genome Systems Inc.
(St. Louis, MO, U.S.A.). A human ¢cDNA k-
brary constructed from HeLa D98-H2 cells in
plasmid pFL61 [9] was kindly provided by Dr.
M. Minet. Northern blots of polyA™ mRNA
were obtained from Clontech (U.S.A.).

All molecular biology methods were stan-
dard, as described in [10]. Sequencing was
performed using a Thermo Sequenase ™ cy-
cle sequencing kit (Amersham) according to
the manufacturer’'s instructions.

The computer programmes used for
sequence analysis were the optimized BLAST
2.0 program suite [11]. The algorithms used
were BLASTP and TBLASTN. The protein se-
quences were aligned with the CLUSTAL W
program [12] using the BLOSUM series scor-
ing matrices [13] and the PAM250 matrix
[14]. The BESTFIT program from the GCG
package (Wisconsin Package Version 9.1, Ge-
netics Computer Group (GCG), Madison, W1,
U.8.A.) has been used for pairwise align-
ments. The Z-scores were calculated from the
BESTFIT alignments as described by Landes
et al. [15].

RESULTS AND DISCUSSION

A ¢DNA clone containing part of the human
SUV3 homologue derived from EST analysis
[B] was sequenced. The encoded protein was
found to correspond to part of the C-terminal
region of Suv3p [5] (Ace. no. P32580) and the
Caenorhabditis elegans ORF COBFB.2 (Acc. no.
1321758), identified through the systematic
sequencing of the C. elegans genome [16] on
the basis of homology to the yeast Suv3p. The
partial sequence was used to design primers
for screening a human HeLa ¢DNA library in
order to find a full length clone. Pools of E.
coli carrying recombinant plasmids were
screened for the presence the ¢cDNA for the
Suv3p homologue by PCR. Initially plasmid
pl7 was isolated, containing a 2.2 kb insert.
The sequence of the human ¢DNA (2136 base
pairs) was established. Comparison with S.
cerevisiae and C. elegans sequences indicated
that at least 200-300 bp of the 5’ end of the
¢DNA were missing, therefore the same li-
brary was analyzed again. Plasmid pKK was
thus obtained, consisting of a 2.5 kb insert
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within the vector pFL61. The sequence of the
5' end of the cDNA was determined revealing
the presence of an AUG codon at the begin-
ning of an open reading frame coding for 786
amino acids. The human SUPV3L1 coding se-
quence has been deposited in GenBank under
accession No. AF042169.

Comparison of the human SUPV3L1 protein
with S. cerevisiae Suv3p revealed (Fig. 1) that
all major blocks of sequences characteristic
for helicases found in the yeast protein [5] are
present in the human sequence. Analysis of
the potential mitochondrial leader sequence
by the method of the helical wheel indicates
that the human SUPV3L1 fits this model bet-
ter than the yeast SUV3 gene product. On the
basis of the PSORT (http://psort.ibb.ac.jp/)
program the mitochondrial location of this
gene product was predicted with the probabil-
ity of 76%, which is high, even higher than for
the yeast Suv3 protein (52%) which is known
to be mitochondrial.

We have analyzed the expression of this
gene by performing hybridization to North-
ern blots of polyA” mRNA using the cloned
pKK cDNA as a probe. As can be seen (Fig. 2)
the SUPV3L1 mRNA is expressed in all ana-
lyzed tissues, and the levels relative to actin
vary several-fold. The lowest observed expres-
sion is in the lung, relatively high expression
in relation to actin is seen in the liver, pan-
creas and kidney. The relative expression of
the gene in skeletal muscle and the heart is
probably underestimated, due to high expres-
sion of the actin standard in these tissues.

The predicted amino-acid sequence of the
human SUPV3L1 protein (Acec. no. 2801555)
has been used screen the public sequence da-
tabases (NCBI site).

Among the sequence homologues identified
we have found as expected, the yeast Suv3
protein with the Z-score of 30, a value that is
considered highly significant, and the C. ele-
gans ORF CO8F8.2. The Z-score for human
and C. elegans SUV3 proteins is 78, making
the C. elegans protein the nearest known
orthologue of human SUV3.

Two other sequences showing significant ho-
mology to the human protein come from
Arabidopsis thaliana and are both derived
from the systematic sequencing of its ge-
nome. The first one is a protein encoded by a
gene located on chromosome IV (Acc. no.
2244836) and is shown in Fig. 1 as A_thali-
ana_1. The sequence is only 442 amino acids
long and lacks the C-terminal portion found in
other Suv3 proteins (analysis of the DNA se-
quence in that region excludes the possibility
of sequence truncation due to sequencing
and/or annotating error). Within the highly
conserved DEIQ box region two insertions, 6
and 4 aa long, are present. The second A.
thaliana sequence is localized in the segment
of DNA sequence of the P1 clone MYH19
from chromosome V (Acc. no. AB010077).
The reading frame coding for the putative
Suv3p orthologue seems to be incomplete, as
no ATG start codon is present. The alignment
(sequence A thaliana 2 in Fig. 1) indicates
that the N-terminal part of the protein is miss-
ing, but the Cterminal portion is similar in
length and sequence to other Suv3 proteins
identified. The whole MYH19 DNA sequence
has already been analyzed [17], but the frame
coding for the Suv3p orthologue has not been
annotated as a potential gene, probably due to
fact that the 5' region of the gene has not yet
been sequenced. The open reading frame
codes for 553 amino acids with a stronger ho-
mology to human Suv3p than that found for
the first A. thaliana sequence (Z-score 47 as
opposed to 39). It is, however, unclear,
whether this sequence is a functional gene, or
a pseudogene. The latter seems more prob-
able, as the sequence contains a continuous
open reading frame, without any introns,
which is uncommon for functional genes.

A maize sequence was also found (X15408)
and it is a classical pseudogene, composed of
several short ORF fragments interrupted by
several frameshifts. It is interesting that it is
localized close to another pseudogene,
namely the glyceraldehyde-3-phosphate dehy-
drogenase 1 (GPA1) pseudogene [18].
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Figure 2. Expression pattern of the human SUPV3L1 gene in adult human tissues.

A multiple tissue blot (Cluntech} containing polyA” mRNAs from the indicated tissues was subjected to a Northern
blot analysis using either the 2p- labelled pKK plasmid probe (suv) or the f-actin ¢cDNA probe (actin). Molecular
size markers are indicated at the right of the blots. The relative intensities of hybridized signals quantitated using

a phosphoimager are shown in the bottom panel.

We have also found numerous short se
quence segments, either sequence tags (EST
and STS sequences) or putative pseudogene
proteins that show significant sequence ho-
mology to the human SUPV3L1. They are pre-
sented in Table 1 and were found for numer-
ous human and mouse tissues, as well as for
some Drosophila melanogaster tissues. The
mammalian EST sequences (human, all ap-
parently derived from the coding sequence

that we have identified, and mouse and rat)
come from a wide variety of tissues and
sources, indicating that the SUPV3L1 gene is
expressed in most cells to some degree. This
is in agreement with our Nothern blots,
showing the presence of the SUPV3L1 mRNA
in almost all tissues analysed.

As can be clearly seen in Fig. 1 the se-
quences of Suv3-like proteins share consider-
able homology among each other, even

Figure 1. Alignment of human, C. elegans, A. thaliana and 8. cerevisiae SuvHike protein sequences.

The alignment has been shaded with the BOXSHADE program. Black denotes amino-acid identity, grey — homol-
ogy. * — sequences characteristic for DEAD box helicases,
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Table 1. List of analvzed EST sequences

Species Acc. no.  Source Length
Homo sapiens AA600836 Dresstt  goq pp
AAD46407 uterus 514 bp
AA837797 RUSIS/ 496 bp
H49424 brain 465 bp
AA910260 kidney 413 bp
AAB54266 prostate 988 bp
H50384 brain 407 bp
R18471 infant brain 439 bp
T68413 liver 516 bp
AABTEE14 liver 340 bp
H40173 brain 297 bp
HE8208 cochlea 420 bp
AA334218 embryo 268 bp
R41323 brain 294 bp
AAZTITT skin tumor 239 bp
AA338026 Sndometrial g7y,
H40108  brain 412 bp
T6B479 liver 272 bp
H88209  cochlea 241 bp
AA056167 uterus 145 bp
AAD03289 soft tissue 160 bp
Mus musculus AA116572 thymus  657bp
AATZ26682 skin 535 bp
AA269371 fetus 526 bp
W63B80  embryo 449 bp
AA986335 kidney 646 bp
AASBO832 kidney 430 bp
AATB3608 gland 268 bp
AA175743 spleen 352 bp
W91752  thymus 292 bp
C80184  blastocyst 511 bp
AA119015 thymus 684 bp
Rattus sp.  AAT99741 heart 553 bp
- _EEE&EE PC12 cells 272 bp
D oph L . AAG96188 ovary 761 bp
AA941012 embryo 674 bp
AAG98735 head 418 bp

though they come from distantly related or-
ganisms. They all contain the ATPase motif A
GXXXXGKT (as GPTNSGKTY), the ATPase
motif B in the form of DEIQ (the DE is always
very highly conserved in RNA helicases and
many other proteins) and a variant of the
YITHRIGRXXR box (QIA/GGRAGR), a puta-
tive RNA binding domain which is unique to
RMNA helicases, and all lack another character-
istic RNA helicase sequence, SAT [19]. Other
long blocks of homology, VAT/SDAI/VGM-
GLNL being the longest, seem to be charac-
teristic for this group of proteins. It should be
underlined that the homology among this
group is obviously much higher than the ho-
mology to other RNA and DNA helicases of
the so-called “DEAD-box” family. The closest
other helicases identified by BLAST (like the
DNA2 helicase, which interestingly localizes
on chromosome 10 in the neighborhood of
SUPV3L1 in the human genome [20, 21] or
the Ski2 helicase of yeast) share only short
stretches of homology in the helicase signa-
ture regions and the Z-scores for their align-
ments with any of the Suv3-like proteins are
close to 0 (data not shown). It seems therefore
that the Suv3-like proteins form a distinct and
highly conserved family, common to all
eukaryotic organisms.

Another sequence which is very interesting
from the evolutionary point of view has been
identified by BLAST in the purple bacterium
Rhodobacter sphaeroides. This gene, mgpS
(Acec. no. Z50182) is involved in the transcrip-
tional regulation of two operons [22] and
shows significant homology to SUPV3L1 over
a portion of its sequence (Fig. 3). The homal-
ogy is limited to a few stretches, but there are
thirteen consecutive identical amino acids in
a domain which appears to be characteristic
for this group of proteins (LVATDAIGMG-
LNL) and eight consecutive identical amino
acids in the GRXXR domain (QIAGRAGR).
The DEIQ variant of the DEAD box which is
found in all Suv3like proteins is also con-
served. mgpS Is the only Suv3p homologue
found in Prokarvotes, as the search of the
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Figure 3. Alignment of partial human SUV3 and a homologous Rhodobacter sphaeroides sequences.
The alignment has been shaded with the BOXSHADE program. Black denotes amino-acid identity, grey — homol-

ogYy.

known bacterial and archaebacterial se
quences, including the fully sequenced ge-
nomes, has given no other potential Suv3-like
protein. DEAD-box helicases are common in
bacteria, but outside the short “signature” se-
quence stretches show no homology to Suv3.
It seems therefore that the Suv3 proteins are
particular to Eukaryotes, and are highly con-
served among all the eukaryotic taxa. It inter-
esting to note that a-purple bacteria, like R.
sphaeroides are believed to be the direct evolu-
tionary ancestors of the mitochondria of mod-
ern Eukaryotes.

A.D. would like to thank Dr. M, Minet for
her encouragement and interest.
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