GENE

AN INTERNATIONAL JOURNAL ON
GENES AND GENOMES

el

A5

‘ELS-EIE Gene 215 (1998) 311-318

Cloning and characterization of mitochondrial methionyl-tRNA
synthetase from a pathogenic fungi Candida albicans

Sang Won Lee, Yeong Joon Jo, Sunghoon Kim *
Department of Biology, Sung Kyun Kwan University, 300 Chunchundong, Jangangu, Suwon, Kyunggido 440-746, South Korea
Received 23 March 1998; accepted 18 May 1998; Received by J. Wild

Abstract

A genomic sequence encoding mitochondrial methionyl-tRNA synthetase (MetRS) was determined from a pathogenic fungi
Candida albicans. The gene is distinct from that encoding the cytoplasmic MetRS. The encoded protein consists of 577 amino
acids (aa) and contains the class I defining sequences in the N-terminal domain and the conserved anticodon-binding amino acid,
Trp, in the C-terminal domain. This protein showed the highest similarity with the mitochondrial MetRSs of Saccharomyces
cerevisiae and Shizosaccharomyces pombe. The mitochondrial MetRSs of these fungi were distinguished from their cytoplasmic
forms. The protein lacks the zinc binding motif in the N-terminal domain and the C-terminal dimerization appendix that are
present in MetRSs of several other species. Escherichia coli tRNAM®* was a substrate for the encoded protein as determined by
genetic complementation and in vitro aminoacylation reaction. This cross-species aminoacylation activity suggests the conservation

of interaction mode between tRNAMt and MetRS. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Aminoacyl-tRNA synthetases catalyze the transfer of
specific aa to their cognate tRNAs, and thus are essential
to maintain the fidelity of cellular protein synthesis.
They are ancient enzymes that show a wide range of
sequence and structural diversity (Martinis and
Schimmel, 1996; Shiba et al., 1997). Eukaryotic cells
contain cytoplasmic and mitochondrial forms of tRNA
synthetases. The mitochondrial tRNA synthetases are
encoded by the nuclear genome and transported into
mitochondria (Myers and Tzagoloff, 1985; Pape et al.,
1985; Koerner et al., 1987). Most of the studies on the
eukaryotic tRNA synthetases have focused on the cyto-
plasmic forms and thus information on the mito-
chondrial tRNA synthetases is limited. Among the
known MetRS sequences, only the mitochondrial
enzyme of Saccharomyces cerevisiae has been studied
for its genetic and biochemical characteristics ( Tzagoloff
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et al., 1989). In the cases of yeast histidyl- and valyl-
tRNA synthetases, the cytoplasmic and mitochondrial
enzymes are encoded by a single gene but generated by
differential transcription (Natsoulis et al., 1986; Chatton
et al., 1988). Some of the mitochondrial tRNAs showed
non-canonical structures and thus pose an interesting
question as to how they are recognized by the mito-
chondrial tRNA synthetases (Dirheimer et al., 1995).
We have been interested in the mitochondrial tRNA
synthetases of a pathogenic fungus Candida albicans,
that is taxonomically related to the other well-known
yeast species such as S. cerevisiae and Shizo-
saccharomyces pombe. C. albicans is a commensal fungus
which causes opportunistic infection, especially to immu-
nocompromised patients. In addition, repeated treat-
ment with commonly used antifungal agents such as
fluconazole (Powderly, 1994) has resulted in the emer-
gence of resistant strains. Despite its increasing medical
significance, insufficient genetic and molecular biological
knowledge has been accumulated on C. albicans, and
thus it is difficult to cope with the increasing threat of
this species. Owing to their structural diversity and
functional essentiality, aminoacyl-tRNA synthetases
could be used as a molecular target to develop novel
agents that can specifically control the growth of patho-



312 S.W. Lee et al. | Gene 215 (1998) 311-318

genic cells. As a part of our efforts to isolate and
characterize the tRNA synthetases from pathogenic
organisms, we report the isolation and characterization
of the mitochondrial MetRS from C. albicans.

2. Materials and methods

2.1. Isolation of genomic fragments encoding
mitochondrial and cytoplasmic MetRSs

High molecular weight genomic fragments (> 50 kb)
were isolated by grinding C. albicans (ATCC 36801)
cells in liquid nitrogen. The crushed cells were subse-
quently suspended in 50 mM Tris—HCI buffer (pH 7.4),
10 mM MgCl,, 50 mM NaCl and 1% (w/v) SDS. DNA
fragments were cleaned up by phenol extraction and
precipitated by ethanol. The degenerate PCR primers
for the mitochondrial MetRS gene were designed and
synthesized from the conserved regions identified from
the multiple sequence alignment of MetRS sequences
(Shiba et al., 1994). PCR was conducted using the
isolated genomic DNA as a template with four different
pairs of the degenerate primers. The PCR fragment was
obtained (data not shown) and cloned into pBluescript
SK + (Stratagene, La Jolla, CA) using EcoRI.

To isolate the genomic fragment for the cytoplasmic
MetRS, new primers were designed based on the
sequences of the cytoplasmic MetRSs of S. cerevisiae,
Caenorhabditis elegans and Homo sapiens. They were
used in combination with the previous primers for PCR.
Three PCR products were obtained and cloned into
pGEM-T vector (ProMega, Madison, WI) to determine
the sequences (data not shown). The sequences of the
PCR products obtained were analyzed by homology
search using the BLAST program (Altschul et al., 1990).

2.2. Southern blot analysis of mitochondrial and
cytoplasmic MetRS genes

The DNA fragments that were thought to encode the
mitochondrial and cytoplasmic MetRSs were used to
probe the respective genes in the chromosome. Genomic
DNA isolated from C. albicans was digested with Clal
and separated by agarose gel electrophoresis. The DNA
fragments were subsequently denatured by alkaline
treatment and transferred to Hybond nylon membrane
(Amersham, UK). The DNA probes for the mito-
chondrial and cytoplasmic MetRSs were labeled with
digoxigenin (DIG, Boehringer Mannheim, Mannheim,
Germany) according to the manufacturer’s instructions
and used for Southern blot analysis.

2.3. Cloning and determination of ORF for mitochondrial
MetRS

Two clones were found to contain parts of the mito-
chondrial MetRS of C. albicans by searching the genome
database of C. albicans. They were 1776 and snc3
generated by Dr S. Scherer (Acacia Biosciences, Inc.,
Richmond, USA) and Dr P.T. Magee (University of
Minnesota, St. Paul, USA), respectively, and kindly
provided for further characterization. The sequences of
the Candida genomic fragments in the two clones were
determined and assembled with that of the original PCR
product.

2.4. Expression and purification of recombinant MetRS
protein

Analysis of the assembled sequence revealed an ORF
putatively expressing the mitochondrial MetRS of C.
albicans. To determine whether the gene expresses a
functional MetRS protein, the gene was fused to six His
tag (HIS) of pET-28b (Novagen, Madison, WI) in the
N-terminal end using Sacl and HindlIIl. The resulting
recombinant, pSW2, was introduced into the E. coli
strain BL21(DE3) for expression and activity studies.
The protein synthesis was induced by 0.1 mM IPTG for
3 h and subsequently the cells were harvested. The cells
were then lysed by ultrasonication and the cell debris
was removed by centrifugation. The HIS-MetRS fusion
protein was purified using Ni?* affinity chromatography
(Invitrogen, Carlsbad, CA) according to the manufac-
turer’s protocol.

The active monomeric form of E. coli MetRS
(N547mer) was purified from E. coli MJR strain express-
ing pJB104 (Burbaum and Schimmel, 1991). The har-
vested cells were resuspended in 50 mM potassium
phosphate buffer (pH 7.4), 5% glycerol, 2 mM EDTA,
I mM DTT, 0.24 M NaCl, 1.4 mM f-mercaptoethanol,
0. mM phenylmethylsulfonylfluoride (PMSF) and
lysed by ultrasonication. The MetRS fraction in the
lysate was separated by 30-50% ammonium sulfate
precipitation. The pellet was dissolved into 50 mM
potassium phosphate (pH 7.3), and dialyzed in the same
buffer. The sample was loaded onto a DEAE—Sephadex
column pre-equilibrated in 50 mM potassium phosphate
buffer and eluted by a linear gradient of NaCl from 0
to 0.5 M.

2.5. Invitro aminoacylation assay

The aminoacylation reaction was carried out using .
coli tRNA™®t a5 a substrate. The protein was purified
to test whether it shows aminoacylation activity. The
reaction mixture contained 20 mM Hepes buffer (pH
7.5), 0.1 mM EDTA, 0.15 M NH,CI, 100 pg/ml bovine
serum albumin, 2mM ATP, 4mM MgCl,, 20 uM
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[?°S]Met and 4 mg/ml E. coli tRNA™ (Sigma, St.
Louis, MO). The reaction was initiated at 30°C by the
addition of 5nM of the E. coli and Candida mito-
chondrial MetRS proteins. Aliquots of the reactions
were taken at time intervals and quenched by 10%
trichloroacetic acid containing 1 mM Met on a filter
paper (Whatman, 3MM, Maidston, UK). After washing
the filter paper, the tRNA charged with the radioactive
Met was measured with a liquid scintillation counter
(LKB).

2.6. Genetic complementation

The aminoacylation activity of the protein was further
confirmed by an in vivo genetic complementation test.
The mitochondrial MetRS gene of C. albicans was
transferred to the E. coli vector, pBluescript SK+
(Stratagene) using Sacl and Pst1. The resulting plasmid,
pSWI1, expressing the mitochondrial MetRS of C. albi-
cans, was introduced into the E. coli strain MJR (K12
AIE, metG, recA) in which the chromosomally encoded
MetRS gene was mutated (Starzyk and Schimmel,
1989). This strain encodes a defective MetRS that shows
lower affinity to Met, and thus cannot grow on the
minimal media without Met. If the mitochondrial
MetRS of C. albicans is active to the E. coli tRNAMet
in this strain, it will rescue its auxotrophic phenotype
on the minimal media. The E. coli MIJR cells containing
either the E. coli or Candida MetRS were inoculated on
M9 minimal media containing 2 mM MgSO,, 0.1 mM
CaCl,, 0.2% glucose and 0.1% thiamine.

3. Result and discussion

3.1. Generation of genomic fragments for mitochondrial
and cytoplasmic MetRSs

To isolate a part of the gene encoding mitochondrial
and cytoplasmic MetRSs from C. albicans, two sets (two
forward and two backward) of the degenerate primers
were synthesized from the known MetRS sequences.
One pair of the primers generated the specific PCR
product of 599 bp (data not shown). The determined
sequence showed the highest homology to the mito-
chondrial MetRS gene of S. cerevisiae. This result
suggested that the isolated PCR product could be a part
of the gene encoding the mitochondrial MetRS of C.
albicans. However, the cytoplasmic MetRS of C. albicans
was not isolated using the combinations of these primers,
implying that it should contain sequences different from
those designed from the MetRS alignment. The result
was not entirely unexpected, since the primers were
designed from the sequence alignment that contained
predominantly the bacterial MetRS sequences and thus

would be preferential to the prokaryotic and mito-
chondrial MetRS sequences.

To isolate the genomic fragment of the cytoplasmic
MetRS from C. albicans, new primers were designed
from the sequence alignment of the cytoplasmic MetRSs
of human, nematode and yeast. Combinations of the
newly designed primers with the previously used primers
generated three PCR products of difference sizes (data
not shown). The sequences of these fragments were
determined and assembled to generate 1154 bp encoding
384 aa. The sequence showed the highest homology to
that of the cytoplasmic MetRS of S. cerevisiae.

3.2. Determination and Southern blotting of ORF for
mitochondrial MetRS

The sequences of the three clones containing different
parts of the mitochondrial MetRS were assembled to
determine a complete gene structure. From the assem-
bled sequence, an ORF of 1731 bp encoding 577 aa was
established (Fig. 1). Since the mitochondrial histidyl-
and valyl-tRNA synthetases of yeast are synthesized
from the same gene encoding their cytoplasmic counter-
parts (Natsoulis et al., 1986; Chatton et al., 1988), we
investigated whether the mitochondrial MetRS gene is
different from that of the cytoplasmic MetRS, using
Southern blot analysis. The PCR products that were
thought to express the mitochondrial and cytoplasmic
MetRSs of C. albicans were used to identify the genes
in the chromosome fragments digested with Clal. The
two probes were hybridized to distinct DNA fragments,
suggesting that the two MetRS genes are present in
different genomic locations (Fig. 2).

3.3. Sequence analysis of mitochondrial MetRS

The deduced polypeptide sequence aligned well with
the known MetRS sequences from other species (data
not shown). The protein showed 43.2% and 35.9%
identity with the mitochondrial MetRSs of S. cerevisiae
and Sh. pombe. However, the enzyme showed 17.1%
and 20.1% identity with the cytoplasmic MetRSs of
these species. The N-terminal peptides of the mito-
chondrial MetRSs did not show a consensus sequence
pattern, but positively charged and hydrophobic residues
are relatively abundant (Fig. 1). This observation is
consistent with the previous findings on the presequences
for mitochondrial translocation (Roise and Schatz,
1988).

We generated the groups of the mitochondrial and
cytoplasmic MetRSs of the three fungal species and
compared the conserved sequence regions between them.
The comparison of the sequences in the N-terminal
catalytic domain revealed a few interesting differences
between the two sequence groups. There are the two
class-defining sequence elements, HIGH and KMSKS,
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-301 CGTTTTGAAATTGCACAATGTCAGGCCAATTAATTGCATATCCTTTGTGCATGTTCTACA
-241 CTGTTTTTGCTTTAATGGCCATATTTGTAGAAAATGTAGAGGAAAAGTAAATAGAATTAG
-181 TGTATTATTTTTTTGGTACTTATTACCTTATGGCTTATAGGATAGTGCTTGTATAATTAT
-121 GTGTAAAAAAAAATAGTACATACAGTGAAAAAAAATATTAACCACCAAAAGTAGCTAGTT
-61 CCTATACAACAACAAAGTAGCACAGTCGAACCATTTTAACATATATCTTGATTATTAAAC
+1 ATGAGATTCAAAATCAGGGGACCTTTAATTCAGCTTAGATATAAATCTACAAAGGCGTTC
1 M R F K I RGP VLI QL R Y K S T KA F
+61 TATATAACTACACCTATATTTTATGTCAATGCAGCACCACATATAGGTCATTTGTATTCC
21 Yy 1 T T Pp I F Y V N A A P HI GHL Y S
+121 ATGTTGATAGCAGATACAAGAAACAAATGGGAGAAATTAAATCCACTGAAAGAGTCATTT
41 M L I A D T R N K W E K L N P L K E S _E
+181 ATGTTGACTGGTACAGATGAACATGGTTTGAAAATCCAACTGACGGCGGAAAAGCTTGGG
61 M L T G T D E H @ L K I Q L T A E K L G
+241 TTGGAACCTAAGGTATTGGTTGATAAAGTATCCCAAAACTTTTCCAAATTGGCAGAACAA
81 L E P K V. L VvV D K V 8 Q N F S K L A E Q
+301 TTTGATGTTAATTATGACAGATTCATAAGAACCACAGATAATGATCATATTGAGCTAGTT
101 ¥ D V N Y D R F I R T T D N D H I E L V
+361 CGTTACTTTTGGAACTTGATGATGGAAAAAGGGTTTATTTACACTGATACTCACAGTGGA
121, R Y F W N L. M M E K G F I Y T D T H S G
+421 TGGTATTCCATCAGCGATGAAACATTTTTCCCAGAAACACAAATAGAAGAAGTGGTGAAG
141 w Y s 1 S D E T F F P E T Q I E E V V K
+481 AATGGAAAAGCAGTGAAAATATCCAGTGAAACTAAAAATGAGGTTGTATACCAGGAGGAA
161 N G K A vV K I 8§ S E T K N E V V Y Q E E
+541 ACTAATTATTTTTTTAAGTTGTCGATGTTCCAAGAACAATTGATTCAATTTTTAAAACAG
181 T N Y F F K L s M F Q E Q9 L I Q F L K Q
+601 AATCCTGAATTCATTAAACCAAAACATAGATATCAATTTATTTTGAAAGAACTAGAGGAC
200 N P E F I K P K H R Y Q F I L K E L E D
+661 ACTAAGTTACCTGATTTGTCAATCTCAAGACCATCTTCCCGATTGAAATGGAGTATTGAG
221 T K L P D L 8 I S R P S8 S R L K W S I E
+721 GTACCTAACGACAGCACTCAAAAGATTTACGTTTGGTTCGATGCGTTGTTAAACTATTTG
241 VvV P N D S T Q K I _Y V W F D A L L N Y L
+781 ACGGCCACAAAATTTCCCCACGGTTTTGAGGTTCAAGATTCAAAATTTGTCACTCCTGAA
261 T A T K F P H G F E V Q DS K F V T P E
+841 AATAGTATATGGCCAGCCACTCATGTGATAGGAAAAGACATTATCCGTTTCCATTGCATC
281 N S I W P A T H V I G K D I I R F H C 1I
+901 TATTGGCCAATATTTTTAATGGCAGCTGGTATTGAATTGCCAAAACAAGTGATAGTGCAC
301 Yy w p I F L M AAGTIETLUPIKOQV I V H
+961 TCTCATTGGTTGTGTGATGGGTTCAAAATGAGCAAARAGCTTGGGAAATTTGGTTGATCCA
321, S H W L C D G F KM S K 8 L G N L V D P
+1021 ATGGAAATTAGTGAGTATTATGGTGTCGACCCAGTGCGGTTTTCCCTTGTTGAAAACTCA
341 M E I 8§ E Y Y G V D P V R F F L V E N S
+1081 AACATCGATGACGATTGTAAATTTAGTGAAGAGTTATTACAAAGATCTAGAGATGCTGTT
361 N I D D D C K F S E E L L Q R S R D A V
+1141 TTGGGAAAATATTGTAACTTAATTTCACGAATTGGCGGGAAAAACTTTAGCATTGAAGAA
381 L G K Y C N L I 5SS R I G G K N F S I E E
+1201 GCCGTGAAAAGTTTTGCAAGTGGTGAATTTAATAACATACGTGAAATAATTGAAACCTAC
401 A VvV K S F A S G E F NNTIRETI I E T Y
+1261 ACAATTAATAAGGATTCTGTTGAGGGCCTTTTATCTTCTTTAAACAAATTGACAACAGAT
421 T I N K D $S V E G L L S S L N K L T T D
+1321 TTAAATGATTTATACAATCAGATGGATCATTATTTCACAAATTTTGACTACATTAGAGCT
441 L N D L Y N Q M D H Y F T N F G Y I R A
+1381 ATTCAATGCTGGTGGTCTGTTATTAATCAAGCCAACCAAATCTTCCAGAGTGCAGAGCCA
461 I Q9 C W W s V I N Q A N Q I F Q S A E P
+1441 TGGACATACGTTAAGCTAATCAACTCTCCTGAGACCCCCGCTGAATTAAAGGAAAAGTAC
481 W T Y VvV K L I N S P E T P A E L K E K Y
+1501 AGAATCCTCAATAACTATTTTGTTTACTTATGTGCTGAGACCACGAGAATATCATCAATT
501 R I L N N Y F V Y L C A E T TUR I S s I
+1561 CTCATACAGCCAGTTATGCCTCAGTTGTCAAAGAAAATTCTTGATAGATTAAATGTTTCT
521 L. 1 Q P V M P Q L S K K I L D R L N V 8
+1621 GGACGTACATCAGAGTTTACTACATTAAGTGCAGATTTACAATATGGCTCTGGTGCCAAT
541 G R T s E F T T L S A D L Q Y G S G A N
+1681 TCCAAGTCACATAAAGTCCCTCTAGAAAAAATTGCTCCAAGAGATATTAAATGATTCAAA
561 S K S H K vV P L E K I A P R D I K *
+1741 TTTGTAAATAGTGAATGGACTTTTCTTCTTTCTTAGAATTGTAAATAGATGTAATAGTAA
+1801 CACATAATTAGAGTATATATCCACACTTGGTAAGAAAAACGCGAAAATAAAAACAAGTCGT
+1861 GTACAGGACAATTACTTCAGATTCGGATTCTCGAGTCTAGAATTTGGACTCAAGGGCTTT
+1921 TTTTTTATTAGAAATCCTGCAACCAAAC

Fig. 1. DNA sequence and deduced aa of mitochondrial MetRS isolated from C. albicans. Class I defining sequence elements (HIGH and KMSKS)
and the anticodon-binding Trp (preceded by Pro) are highlighted as bold characters with underline. The arrows indicate the sites from which the
PCR primers were designed. The DDBJ accession number for the sequence is AB006140.
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Mitochondrial Cytoplasmic

M C S

Fig. 2. Southern blotting of the genes for the mitochondrial and cyto-
plasmic MetRSs in C. albicans. Lanes, M, C and S indicate the molecu-
lar markers (4 HindIII and EcoRI cut), Clal digested chromosome
and its Southern blot, respectively. PCR products of 599 and 1154 bp
encoding the mitochondrial and cytoplasmic methionyl-tRNA synthe-
tases, respectively, were labeled by random priming with digoxigenin
and used to detect the corresponding genes.

which are involved in the stabilization of the transition
intermediate for the formation of aminoacyl-adenylate
(Mechulam et al., 1991; First and Fersht, 1993; Schmitt
et al., 1995). In the first conserved sequence motif, the

(A) Signature motif

mitochondrial and cytoplasmic MetRSs contain HLGH
and HLGN, respectively (Fig. 3A). Earlier studies have
suggested that the first His is more important than the
second one for the enzyme activity (Lowe et al., 1985;
Leatherbarrow and Fersht, 1987; Schmitt et al., 1995,
1997). Thus, substitutions at the second His must have
been tolerated during the evolution.

In the second conserved sequences, the mitochondrial
and cytoplasmic MetRSs of the three fungi contain
KMSKSL and KFSKSR, respectively, showing the
differences at the two aa (Fig. 3D). The three basic
residues in this sequence element have been thought to
be critical for the enzyme activity (Mechulam et al.,
1991; Schmitt et al., 1994). Among them, the last basic
residue was substituted for Leu in the mitochondrial
MetRSs. Mutational analysis of these basic residues
using Bacillus MetRS showed that the first two residues
were more important than the last one (Schmitt et al.,
1997), consistent with the sequence comparison.

Differences are also found in other important regions
in the catalytic domain. The cytoplasmic MetRSs con-
tain the Zn binding motif consisting of four Cys, whereas
the mitochondrial MetRSs are devoid of it (Fig. 3B).
The Zn binding motif is known to be involved in the
maintenance of the active conformation of the catalytic
site (Landro and Schimmel, 1993; Nureki et al., 1993;
Schmitt et al., 1997). The absence of this motif in the
mitochondrial MetRS suggests that it is dispensable,
depending on the sequence context. Lastly, the two
groups of MetRS showed difference in the motif that
was shown to be involved in binding to aa (Fig. 3C)
(Fourmy et al., 1991; Ghosh et al., 1991). Among the
three important residues, V, H and W, only His is

(B) Zinc binding motif

Ec LPYANGSIHLGBMLEH FLDPRFVKGTOPKOKS PDQYGDNGEVOGATYSPTELI

26 1 149 167
Cam IFYVN LYsM FFPE........... T..QIEE..... VVKNGKAVKI
Scm IFYPN LYSS FYPE........... S..KVIK..... DPKND . GKYL
Spm IFYVN LYSL FYPE........... SAIQVV...... DPATKQEKRV
Cac LPLC IIGS FLADRFVEGTJPKGD YENATRDQGDK LDTLEMI
Scc LP IIGS YLADRYVEG! HYDDARGDQUDKICGALLDPFELI
Spc LP IVGS YLADRYVEGTOPKOGYDDARGDQUDGOGGLLNAFELT

(C) Methionine-binding site

(D) Signature motif

Ec YW.KKDSTAEL...Y.......... HFIGKDIMYFHSLFWPAMLE VTVNGAKMSKSRGTFIRA

276 324 340
Cam FVT............ PENSIWPAT . HVIGKD LC.DGFR VDP
Scm !snxsuvxsgnup!pxzvgm: w:smﬁ%w%snn LC.P
Spm L................ SAGWPANMHVIGKD ™. KMSK DP
Cac EYTLMVONPENVDLY.......... QFMGKD PASQI QYENG . KFSKSREVGVFG
Scc EWKQWWNNPEHVSLY.......... QFMGKD PGSQL QYENG . KFSKSRGVGVFG
Spc EWEKWWRNPEQVKLY.......... QFMGKD PSSLL NYETG . | GVFG

Fig. 3. Conserved sequence regions in the catalytic N-terminal domain of the mitochondrial and cytoplasmic MetRS of E. coli, C. albicans, S.
cerevisiae and Sh. pombe. The conserved motifs are highlighted by boxes, and the numbers indicate the aa in the mitochondrial MetRS of C.
albicans. Cam, mitochondrial MetRS of C. albicans (this work); Cac, cytoplasmic MetRS of C. albicans; Scm, mitochondrial MetRS of S. cerevisiae

(Tzagoloff et al., 1989); Scc, cytoplasmic MetRS of S. cerevisiae (Walter et al.,
cytoplasmic MetRS of Sh. pombe (D1022268); Ec, E. coli MetRS.

1983); Spm, mitochondrial MetRS of Sh. pombe (Z298978); Scc,
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completely conserved among all the known MetRSs,
implying its functional significance. It was also con-
firmed by the mutational analyses of these residues in
Bacillus MetRS (Schmitt et al., 1997).

3.4. Invitro aminoacylation activity
The mitochondrial MetRS protein of C. albicans was

expressed as HIS tag fusion protein and purified using
Ni?*-affinity chromatography. The estimated molecular

PTG - + + +
T T 1 S

After
purification

97.4 : e
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66.2 — g pre— . |+

55.0 e 'Zﬁ ’
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- = =
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Fig. 4. Expression and purification of the recombinant mitochondrial
MetRS of C. albicans. T, 1 and S indicate the total, insoluble and
soluble fractions of the proteins extracted from the E. coli cells contain-
ing the recombinant mitochondrial MetRS of C. albicans.
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Fig. 5. In vitro aminoacylation of E. coli tRNA™et, The mitochondrial
E. coli and C. albicans MetRSs were subjected to in vitro aminoacyla-
tion reaction.

weight of the recombinant protein was consistent with
the expected size (62.4 kDa) calculated from the deduced
polypeptide (Fig. 4). The protein was found to react
with the E. coli tRNA™¢ for aminoacylation at much
slower rate than the E. coli MetRS (Fig. 5). Although
we believe that the lower activity of Candida MetRS
results from its inefficient reaction with E. coli
tRNAMet we cannot rule out the possibility that the
purified Candida MetRS contains a low proportion of
the active enzyme. The E. coli MetRS contains the Zn
binding motif that is critical for the enzyme activity and
contains the C-terminal appendix that is involved in
tRNA binding (Kim et al., 1993) as well as dimerization
(Cassio and Waller, 1971). The mitochondrial MetRS
of C. albicans lacks both of these motifs. Therefore, the
aminoacylation activity of the mitochondrial MetRS of
C. albicans to the E. coli tRNA™e implies that the Zn
binding and dimerization peptides are not essential for
the enzyme activity. We recently found that the
Mycobacterium tuberculosis MetRS also lacks the Zn
binding motif and dimerization domain, but showed
aminoacylation activity to the E. coli tRNAM' as well
(Kim et al., 1998).

3.5. Genetic complementation

The aminoacylation activity of the mitochondrial
MetRS of C. albicans was further tested by genetic
complementation. The tester E. coli host, MJR, shows
Met auxotrophy because its intrinsic MetRS is defective
in Met binding. The Candida MetRS was expressed in
this strain to test whether it rescues the auxotrophic
phenotype. The cells expressing the mitochondrial
MetRS of C. albicans grew on the minimal media
without Met at both 30°C and 37°C (Fig.6). The
growth of the cells containing the Candida MetRS was

Met auxotroph
Met+ Met- Met-

E. coli & ®

C. albicans

mt . ot

37°C 37°C 30°C

Fig. 6. In vivo genetic complementation. In vivo aminoacylation activ-
ity of Candida mitochondrial MetRS was determined by genetic com-
plementation using the E. coli tester strain. This strain is a Met
auxotroph due to the MetRS defective in Met binding. The growth of
the cells containing the E. coli and Candida MetRSs was tested on M9
minimal media with (Met+) and without (Met—) the supplement of
Met at 30°C and 37°C.
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a little slower than those containing the E. coli MetRS.
This result is consistent with the lower activity of the
Candida enzyme in in vitro aminoacylation assay. E.
coli contains initiator and elongator tRNAs that interact
with the Met codon. The positive complementation
result indicates that the Candida MetRS specifically
recognized both types of the E. coli tRNAM,

3.6. Implications for evolution and tRN A recognition

In the present work, we have cloned the gene encoding
the mitochondrial MetRS of a pathogenic fungi C.
albicans and characterized its sequence and activity. Its
sequence, together with those of the mitochondrial
MetRSs of S. cerevisiae and Sh. pombe, was classified
into the prokaryotic group (data not shown) and distin-
guished from the cytoplasmic tRNA synthetases of the
same species (Fig. 3). Horizontal gene transfer of amino-
acyl tRNA synthetases has been reported between the
prokaryotes and eukaryotes (Shiba et al., 1997). A gene
transfer from the eukaryotic type to prokaryotic type
was observed in the case of a few bacterial MetRSs,
including E. coli, Haemophilus influenza and Neisseria
gonorrhoeae (Kim et al., 1998). However, the phyloge-
netic analysis suggested that a gene transfer did not
appear to have occurred in the mitochondrial MetRS
sequences (data not shown).

The putative sequence for the mitochondrial
tRNAMt of C. albicans (obtained from the Candida
Sequencing Project) showed 43.2% and 50.6% identity
to that of the initiator and elongator tRNA of E. coli,
differing at many locations except for the CAU antico-
don (data not shown). The anticodon of tRNAM¢ js
known to interact with the Trp residue in the C-terminal
domain of E. coli MetRS (Ghosh et al., 1991; Schulman
and Pelka, 1988). The mitochondrial MetRS of C.
albicans contains Trp481 preceded by Pro (Fig. 2) that
is expected to play a same role in the interaction with
the cognate tRNA. Conservation of Trp in the
C-terminal domain of MetRS protein implies that these
proteins would interact with their cognate tRNAs in a
similar molecular mechanism.
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