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Aminoacyl-tRNA synthetases (AARS) are essential proteins found in all living organ-
isms. They form a diverse group of enzymes that ensure the fidelity of transfer of ge-
netic information from the DNA into the protein. AARS catalyse the attachment of
amino acids to transfer RNAs and thereby establish the rules of the genetic code by
virtue of matching the nucleotide triplet of the anticodon with its cognate amino acid.
Here we summarise the effects of recent studies on this interesting family of

multifunctional enzymes.

The universal genetic code is established in a
single aminoacylation reaction of transfer ri-
bonucleic acids (tRNAs). The reaction is
catalysed by the family of aminoacyl-tRNA
synthetases (AARS) each of which activates
an amino acid by binding to ATP and trans-
fers it to the 3’ end of the cognate tRNA. The
conservation of the genetic code suggests that
AARS evolved early and were probably among
the first protein enzymes to emerge from the
RNA world [1, 2]. Interestingly, AARS are the

only components of the gene expression appa-
ratus that function at the interface between
nucleic acids and proteins. This leads to three
interesting aspects of studies on amino-
acyltRNA synthetases: (1) the mechanism of
amino acid recognition and chemical activa-
tion, (ii) the specificity of tRNA recognition,
and (iii) the origin and evolution of AARS [3].
AARS constitute a family of 20 cellular en-
zymes that are responsible for specific
esterification of tRNAs with their cognate
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amino acids, and thus are essential in main-
taining the fidelity of the protein biosynthesis
process. In Prokaryota their number varies
due to doubling of some aminoacyl-tRNA
synthetase genes, post-aminoacylation re-
charging of aa-tRNA as an alternative decod-
ing mechanism and, finally, presence of
bifunctional AARS. In contrast, in all
eukaryotes a full set of AARS genes has been
found [4-11]. The aminoacyl-tRNA synthetas-
es database Y2K is available at http://
biobases.ibch.poznan.pl. Recent investiga-
tions have shown that AARS are capable of a
broad repertoire of functions that not only af-
fect protein biosynthesis, but also extend to a
number of other cellular activities (Fig. 1).

tRNA AMINOACYLATION

tRNA maturation RNA-DEPENDENT cytokine-like
proofreading AMINO ACID EDITING activity
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Figure 1. The cellular activities of amino-
acyl-tRNA synthetases.

The functions of AARSs are described and discussed in
the text, except for chlorophyll biosynthesis [6], bind-
ing to DNA [76] and aminoacylation of tRNA-like struc-
tures [77-79].

Specific AARS are involved in translational
fidelity, tRNA processing, RNA splicing, RNA
trafficking, apoptosis and transcriptional and
translational regulation [12-14]. The amino-
acylation reaction catalysed by AARS is
achieved in two steps. First, the amino acid is
activated by attacking a molecule of ATP at
the a-phosphate, giving rise to a mixed anhy-
dride intermediate, aminoacyl-adenylate, and
inorganic pyrophosphate. In the second step,
the activated amino acid moiety is transferred
to the 3'-terminal ribose of the cognate tRNA,
yielding the specific aminoacyltRNA and

AMP. The first step takes place in the absence
of tRNA, however, in some cases (GInRS,
GluRS and ArgRS) amino acid activation is
tRNA dependent [6, 7]. tRNA binding to
AARS is thought to proceed through an initial
broad specificity interaction that is followed
by more precise recognition that involves
conformational changes of both AARS and
cognate tRNA. This allows entry into the
translation state of catalysis and provides a
major contribution to tRNA specificity, as
bound noncognate tRNAs normally are not
charged [15, 16].

The fidelity of aminoacylation is controlled
by positive (identity) and negative regulatory
elements in tRNAs and AARS which permit
both recognition and productive binding of
the cognate pairs as well as discrimination
against a non-productive binding of non-cog-
nate pairs. The accuracy of this process is at
least 10000:1, and constitutes one of the fun-
damental phenomena in protein-nucleic acid
molecular recognition [5-9, 12-16]. Identity
residues, properly located in several regions
of the tRNAs, trigger specific recognition and
charging by the cognate AARS [6, 7].

AARS — DIVERSITY OF
STRUCTURES AND FAMILY
CLASSIFICATION

Although aminoacyl-tRNA synthetases

catalyse the same basic reaction and share the
common substrate (ATP) and cofactor (mag-
nesium), they have long been known to differ
in their size, amino-acid sequences and sub-
unit structure. The quaternary structures of
AARS include monomers (), homodimers
and tetramers (a9, a4) and heterotetramers
(a9fs). The peptide size of the subunits in
Escherichia coli varies from 344 aa for TrpRS
to 951 aa for ValRS [6-9]. AlaRS is an a4
tetramer while both PheRS and GIyRS are
a9fy tetramers. PheRS adopts the a9fiy
tetrameric structure in all prokaryotic and
eukaryotic cytoplasmic sources known. A
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crystal structure of PheRS from Thermus
thermophilus indicates that this tetrameric
structure actually behaves as an (¢f3)y struc-
ture, that is a dimer built from two
heterodimers [17]. A different situation is ob-
served for yeast and human mitochondrial
PheRS, which are active in a monomeric form
[18]. They constitute a class of PheRS distinct
from the enzymes found in prokaryotes and
the eukaryotic cytoplasm [18]. The eukaryotic
enzymes are usually larger than their
prokaryotic counterparts. This is due to the
presence of the carboxy- and amino-terminal
extensions that are dispensable for amino-
acylation, but their function is still unclear
[19-21]. However, it has been shown that the
N-terminal appended domain of yeast GInRS
increases the stability as well as concentra-
tion of productive complexes between E. coli
GInRS and yeast tRNAY!™, The fused domains
do not distort or reorient the complexes away
from a productive mode but increase the “on“
rate and decrease the “off* rate for associa-
tion of tRNA with the AARS [22, 23]. Since
amino acids share a common core structure
and tRNAs show the same basic fold,
aminoacyl-tRNAs can be specifically recog-
nised by other components of the protein
biosynthesis pathway, e.g. elongation factors.

The AARS can be divided into two classes (I
and IT) of 10 members each, based on the pres-
ence of mutually exclusive amino-acid se-
quence motifs [20, 21, 24]. This division re-
flects structurally distinct topologies within
the active site and two different structural
frameworks evolved independently to cata-
lyse the aminoacylation reaction. The cata-
Iytic domain of class I enzymes is formed by a
five-handed parallel B-sheet (Rossman fold),
which was already known as a nucleotide
binding element. This group of related en-
zymes was originally assigned by identifica-
tion of two signature sequences: HIGH and
KMSKS. These sequence motifs are critical el-
ements in the structure of the active site for
aminoacyl-adenylate synthesis. The class I
AARS approach the end of tRNA acceptor he-

lix from the minor groove side and catalyse at-
tachment of the amino acid to the 2'-OH at the
end of tRNA chain. On the other hand, class II
enzymes have a seven-stranded [-structure
with three a-helices, that was identified for
the first time in the structure of SerRS, and
three sequence motifs, numbered 1, 2 and 3
[20, 21, 24]. Class II AARS (with one excep-
tion), approach the end of tRNA from the ma-
jor groove, attaching the amino acid to 3'-OH.
The crystallographic studies on amino-
acyl-tRNA synthetases in free and complexed
forms allow getting insight into the specificity
of substrate recognition and the catalysis it-
self [24]. Many idiosyncratic domains are at-
tached to and/or inserted in the class defining
catalytic core and are responsible for binding
and recognition of cognate RNAs.

A Dbroader evolutionary interest in the
AARSs stems from their biological function
being one of the core requirements for pro-
gression from the RNA world to the universal
common ancestor in numerous schemes for
the origin of life [5, 25, 26]. In Methanococcus
jannaschii genome 16 aminoacyl-tRNA
synthetase gene homologues have been identi-
fied. The genes of GInRS, AsnRS, LysRS and
CysRS were missing. In addition, the assign-
ment of an open reading frame encoding
SerRS was based on rather low homology,
while there appeared to be three reasonable
candidates to encode the two subunits of
PheRS. Components of the selenocysteinyl-
tRNA synthesis pathway could not be identi-
fied [27]. Recently it was shown that
cysteinylation in certain Archaea is per-
formed by synthetase of unique structure —
bifunctional ProCysRS [10, 11].

It is generally assumed that an AARS of a
given specificity will always belong to the
same class regardless of its biological origin,
reflecting the ancient evolution of this enzyme
family. The only known exceptions to this rule
are LysRSs, which are composed of two unre-
lated families, class I enzymes in certain
Archaea and bacteria and class II enzymes in
all other organisms. Although the class I and
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class IT LysRS recognise the same sites in
their tRNA substrates, they differ in their ex-
act mechanism of lysine activation [28, 29].
The class I LysRS binds to the minor groove of
the helix, whereas the class II enzyme ap-
proaches from the major groove side. The
class II LysRS of E. coli accommodates major
groove determinants encoded by G-C, but is
blocked by the presence of a G-U pair. In con-
trast, the class I LysRS of Borrelia burgdorferi
accepts the minor groove determinants of
G-C or G-U. In this organism the presence of
blocking determinants for a class II LysRS
could explain its displacement by its class I
counterpart [28, 29].

AMINOACYLATION PROOFREADING

The accurate flow of genetic information
during DNA replication and protein bio-
synthesis cannot be explained in terms of con-
ventional specificity-related mechanisms.
Therefore additional proofreading mecha-
nisms operating at several levels are needed.
Such mechanisms control the fidelity of the
DNA and RNA synthesis and of amino-
acylation as well. A requirement for proof-
reading is evident in the case of AARS that
have isosteric or smaller competing sub-
strates. One of the strongest factors determin-
ing the specificity of aminoacylation is steric
repulsion. A smaller substrate can always rat-
tle around in a larger cavity. On the other
hand, it is energetically unfavourable to cram
a larger substrate into the active site built for
a smaller one. The active site of amino-
acyl-tRNA synthetase acts as a coarse sieve,
allowing activation at a substantial rate of
only those amino acids that are of the same
size as, or smaller than the desired one. The
active site responsible for hydrolysis of the
aminoacyl-adenylate is a fine sieve that de-
stroys the products of activation of amino ac-
ids smaller that the correct ones [15]. The
“double sieve“ mechanism for proofreading
(editing) has been confirmed by solving the

crystal structure of isoleucyl-tRNA synthetase
from Th. thermophilus [30]. In this mechanism
the selectivity is achieved by sterical exclud-
ing at the synthetic active site of amino acids
larger than the correct one, and only smaller
amino acids are sterically allowed to bind at a
hydrophobic editing active site. The two active
sites of IleRS form separated domains and
therefore they have to be brought closer to-
gether by rotation of the editing domain upon
addition of tRNA [30]. Analysis of the crystal
structure of Staphylococcus aureus IleRS sug-
gests the existence of an alternative mecha-
nism involving a tRNA-dependent shuttling of
the incorrect product between the two active
sites [31].

High selectivity of AARS is a prerequisite for
their pivotal role in the implementation and
translation of the genetic code. When differ-
ences in binding energies of amino acids to an
AARS are inadequate, editing is used as a ma-
jor mechanism of the enzyme selectivity. It is
known that AARS belong to the most accurate
group of enzymes. Although numerous non-
cognate amino acids are accepted as sub-
strates by many AARS in the first step of
aminoacylation, in most cases they are not
transferred to tRNA, e.g. homocysteine is
mischarged by IleRS, LeuRS and MetRS at
frequencies exceeding the frequency of trans-
lation errors in vivo but is never transferred to
tRNA. In a few cases where a non-cognate
amino acid is transferred to tRNA, the
misacylation is 103-10% fold less efficient
than the correct charging, e.g. IleRS promotes
one reaction of tRNAT'® with Val per 350 000
correct acylations with Ile; ValRS promotes
one aminoacylation of one molecule of
tRNAV2 with Tle and Thr per 5000 and
350000 cognate chargings with Val, respec-
tively. LysRS catalyses one mis-amino-
acylation of tRNALYS with Arg, Thr, Met, Leu,
Ala, Cys, and Ser per 1600, 16000, 32000,
132000, 265000, 560000 and 750 000 correct
acylations with Lys, respectively [32]. Pu-
vified ArgtRNAMS,  ThrtRNA™S and
MettRNAYS were essentially not deacetyla-
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ted by LysRS. On the other hand, LysRS pos-
sesses an efficient editing mechanism which
prevents misacylation with ornithine. In this
latter reaction ornithine lactam is formed

[33].

SOME ADDITIONAL FUNCTIONS AND
UNEXPECTED FEATURES OF AARS

In addition to aminoacylation some AARS
have been also found to be involved in other
cellular processes. LysRS, SerRS and PheRS
were shown to be responsible for the synthe-
sis and turnover of diadenosine tetraphos-
phate (Ap4A) that plays an important role in
the response of bacterial and eukaryotic cells
to a variety of stress conditions [34-36]. The
diadenosine oligophosphates (Ap,A) includ-
ing ApsA were recently shown to function
within the cell as a new class of signalling mol-
ecules, called alarmones [37, 38]. Mitochon-
drial TyrRS from Neurospora crassa was
shown to be a key component in splicing of
group I intron of pre-rRNA, by substitution of
the missing RNA domain of this otherwise
self-splicing intron [39]. In some instances,
the aminoacyl-tRNA synthetases are involved
in autoregulation of their expression at the
level of translation, by binding the tRNA-like
structures within the mRNA [16].

In E. coli, the biosynthesis of ThrRS (en-
coded by thrS gene) is autoregulated by a feed-
back mechanism at the translational level
[40]. The enzyme binds to the leader of its own
mRNA close to the translation initiation site,
thereby inhibiting ribosome attachment and,
in consequence, translation. The translational
operator of the thrS gene contains two
stem-loop structures that both mimic the
anticodon arm of E. coli tRNAT™ and interact
with the monodimeric ThrRS. As for
tRNAThr, the two last bases of the anticodon-
like triplets are essential determinants for
ThrRS recognition. The fact that tRNATP" and
the mRNA operator share common specificity
determinants argues in favour of structural

analogies between the two recognition modes.
The macromolecular mimicry model predicts
that the two anticodon-like domains of the
thrS operator recognise the anticodon-binding
domain of each monomer of the ThrRS. This
accounts for a competition between the two
RNAs for ThrRS binding and therefore links
aminoacylation and regulation in a coherent
manner [40]. An other example of mimicry
can be identified between E. coli ribosomal
protein L25 and GInRS [41]. Tertiary struc-
ture comparisons indicate that the six-
stranded B-barrels of 125 and the tRNA anti-
codon-binding domain of glutamyl-tRNA
synthetase are similar. A recent model for the
evolution of GInRS family suggests that a sub-
group of the eubacterial kingdom acquired
GInRS via horizontal gene transfer from an
eukaryotic source [3, 42, 43]. Therefore it is
possible that the six-stranded S-barrel, which
constitutes an RNA-binding fold for L.25 and
the anticodon-domain of GInRS, represent a
case of convergent evolution [41].

AARS COMPLEXES AND
HOMOLOGUES OF THEIR
COMPONENTS

AARS do not require additional protein fac-
tors for activity, however, in higher euka-
ryotes, nine AARS are associated together
forming a supramolecular multienzyme com-
plex [44]. The function of the whole complex,
which contains in addition to the AARS three
auxiliary peptides: p43, p38 and p18, remains
unknown. The exact structure and composi-
tion of these complexes is still controversial.
Recently it has been shown that p43 may be a
precursor of a tumour-specific cytokine, endo-
thelial monocyte-activating polypeptide II
(EMAP II), a conclusion based on over 80% se-
quence identity between the two proteins [45].
EMAP II was identified in the culture medium
of murine fibrosarcoma cells treated by
methylchilanthrene A [46]. It triggers an
acute inflammatory response and is involved
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in development-related apoptosis. The precur-
sor of EMAP II is associated with the
N-terminal extension of human ArgRS facili-
tating aminoacylation. It is processed with re-
leasing C-terminal cytokine domain of 23 kDa,
which shares homology with the C-terminal
parts of MetRS of prokaryotes, archaea, nem-
atode and plants [47], and also a yeast
Arclp/G4pl, which interacts with MetRS and
GIluRS [48-51] (Fig. 2).

p43

=

LIKE

Arc1p

H. sapiens
R. norvegicus
D. melanogaster

H. sapiens

C. elegans
E. coli

B. subtilis
O. sativa
A. thaliana
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Figure 2. Different organizations of endothelial
monocyte-activating polypeptide II(EMAP II)-like
domains.

A sequence with strikingly high identity to EMAP II
has been found in C-terminal part of p43 protein (a pre-
cursor of EMAP II [45]), which is present in
multisynthetase complexes isolated from some animals
and humans. Sequences with high homology to EMAP
IT were also found in the C-terminal domains of: human
TyrRS; this domain shows a cytokine activity after be-
ing released from enzyme by specific proteolysis [52,
53]; MetRSs from some bacteria (e.g. E. coli and Bacil-
lus subtilis), nematode Caenorhabditis elegans and
plants (Oryza sativa — rice and Arabidopsis thaliana)
[45, 47], Arclp protein, which forms a complex with
yeast MetRS and GIuRS; it delivers tRNAs to those en-
zymes, increasing the efficiency of aminoacylation [49,
50].

Human TyrRS can be split into two frag-
ments with distinct cytokine activities [52].
The EMAP Il-like carboxy-terminal domain
has potent leukocyte and monocyte chemo-
taxis activity and stimulates production of
myeloperoxidase, tumour necrosis factor-
and MP tissue factor (tissue factor produced
by mononuclear phagocytes — MPs). Its cata-
lytic amino-terminal domain binds to the
interleukin-8 type A receptor and functions as
an interleukin-8-like cytokine [52]. Under
apoptotic conditions, specific proteolysis of
TyrRS leads to two cytokines [52, 53]. p38is a
non-synthetase component of the multi-
enzyme complex and encodes a 320 amino-
acid protein which has no homologue in yeast,
bacteria or archaea. It is a moderately hydro-
phobic protein, displays a putative leucine-
zipper motif and is able to associate with p43
and various AARS [54].

p18 is likely to be involved in association of
the multisynthetase complex with other com-
ponents of the protein biosynthesis pathway.
Overall mass of a multiprotein particle is ap-
proximately 1.1-1.2 MDa. Different forms
have been isolated, depending on the purifica-
tion method. The results of application of
computational microscopy for studying
multisynthetase complexes support a model
of a cup or elongated “U“. The understanding
of the structure of these multienzymatic com-
plexes is important for finding of the func-
tional link between the aminoacylation and
other cellular processes [55].

AARS ARE PRESENT IN THE
NUCLEUS

In 1998 evidence was provided for amino-
acylation of tRNA in the nucleus of Xenopus
laevis, which implies that AARS exist in nu-
cleus [66, 57]. Since these enzymes are too
large to be imported by passive diffusion, they
are thought to use sequence signatures to en-
ter the nucleus specifically. AARS probably
bind through a nuclear localisation signal
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(NLS) to the importins and translocate to nu-
cleus by an energy dependent step [58]. Analy-
sis of the databases identified NLS-like motifs
in 15 cytoplasmic aminoacyl-tRNA synthetas-
es from yeast Saccharomyces cerevisiae [58].
Comparison of those data with AARS se-
quences from Arabidopsis thaliana and
Caenorhabditis elegans shows that potential
NLS sequences and their localisation in pro-
tein have not been conservative through evo-
lution (Table 1). Although uncharged tRNA is
also exported, it seems that nuclear acylation
makes the export more efficient [56]. Intra-

nuclear aminoacylation of tRNA is therefore
suggested to be a proof-reading mechanism
ensuring that only correctly mature and
aminoacylated tRNA will be exported [59].

AARS ROLE IN EMBRYO
DEVELOPMENT

Recent investigations have shown that func-
tions played by aminoacyl-tRNA synthetases
are important for plant and animal
embryogenesis. Embryo formation is the first

Table 1. Nuclear localization signals found in some eukaryotic aminoacyl-tRNA synthetases

AARS Species GenBank AccNo. Potential NLS
S. cerevisiae P40825 "S0pIKEKKL
AlaRS A. thaliana CAA80381 —
C. elegans CAA91396 —
S. cerevisiae Q05506 —
ArgRS A. thaliana CAB38959 —
C. elegans Q19825 —
S. cerevisiae P38707 PKKKAVKQKEQELKKQQK
A. thaliana CAA10906 ;g;RKRKK
RKRRR
AsnRS L ——
T pKPGKKRK
C. elegans Q19722 O KKAVKKYEAEVKKLEK
S. cerevisiae P04802 31KKALKKLQKEQEKQRKK
AspRS
p C. elegans Q03577 pK1,SKKELNKLARKAKK
S. cerevisiae P53852 —_
A. thaliana AAD20662 23R KKH
CysRS C. elegans AAC64633 YRKKP
y
303ppPKKK
828 KKRK
.. 677
S. cerevisiae P13188 KPKKPK
GInRS C. elegans CAB08998 184K KKEKK
S. cerevisiae P46655 SSpRHKK
GIuRS A. thaliana AAC36469 S9PKHKK
C. elegans CAB00060 —
S. cerevisiae P38088 MoK KKRKKK
GIvRS 436pRFRKDA
y A. thaliana 023627 MK KSVNIKKNMVSISKEKKK
C. elegans Q10039 —
.. 26
. S. cerevisiae SYBYHC PKKGKLQ
HisRS C. elegans P34183 —
TleRS S. cerevisiae P09436 BTKKPK
C. elegans Q21926 —
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.. 931
S. cerevisiae P26637 KKKK
958 RKLFSEQTLDDNKKVRE
LeuRS A. thaliana AAD36946 —
C. elegans Q09996 18K KKKP
93TpPKKK
33 KAA
S. cerevisiae P15180 56§§§§§¥QVEAK KK
LysRS A. thaliana AAD17333 43
y C. clogans Q22009 KKEQKMKQKEEEKRRK
S. cerevisiae P00958 oL
A. thaliana CAAT74281 KKPK
MetRS C. elegans Q20970 T3 pKKAKEQKK
STIPKKK
S. cerevisiae (f chain) P15625 163KKRK
PheRS A. thaliana (B chain) CAB43643 163pERKK
C. elegans CAA90360 —
S. cerevisiae P38708 STpyVKGRK
ProRS 4 P KHIHETARSVESRLKK
C. elegans AAA50660 S3KPKK
S. cerevisiae P07284 Y KKFNKLQKDIGLKFKNK
S TKKELTEKEQQEDKDLKK
SerRS S KRRKK
A. thaliana Q39230 —
C. elegans Q18678 —
S. cerevisiae P04801 —
ThrRS A. thaliana 004630 S0pKRIK
C. elegans P52709 —
TrpRS S. cerevisiae Q12109 —
S. cerevisiae P36421 243pRQVKKK
360pOKSKKA
TyrRS STRKPK
A. thaliana AAC69137 3T pPQEKKKP
C. elegans AAB09162 —
S. cerevisiae P07806 KKPKKKK
BKKKAEKLLKFAAKQAKK
ValRS S KKNAAATTGASQKKPKK
A. thaliana P93736 O RKKKKEEKAK
13K RHK

From the eukaryotic AARSs sequences present in computational data bases we have chosen those of Arabidopsis thaliana
and Caenorhabditis elegans to compare them with NLS-like motifs of Saccharomyces cerevisiae (53).

— potential NLS was not found.

patterning process during vegetative plant
growth. To identify “embryonic” genes a nor-
mal embryo development of A. thaliana has
been disrupted by mutation [60]. A trans-
poson element used as insertional mutagen
enabled identification of the mutant edd 1 that
leads to embryo-defective development
(EDD). The insertion mutation was lethal, ar-
resting embryo growth between the globular

and heart stages. Sequences flanking the
transposed element have been isolated and
used to clone a fulllength cDNA representing
the wild-type EDD1 gene. Based on homology
to E. coli, the EDD1 gene has been predicted
to encode a novel glycyltRNA synthetase
(GlyRS), not identified previously in higher
plants. Its N-terminal portion was able to di-
rect a marker protein into the pea chloroplast.
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Thus, the EDD1 gene encodes a GlyRS
homologue, probably a plastidic one [60].

In Drosophila melanogaster expression of the
Sex-lethal (Sxl) gene dictates the choice be-
tween male and female development [61].
Early in embryogenesis the Sex-lethal gene ex-
pression is regulated at the level of transcrip-
tion and then, later in embryogenesis, Sx! reg-
ulation switches to an autoregulatory RNA
splicing. It has been shown that successful ac-
tivation of Sxl requires both maternally and
zigotically provided gene products, many of
which are essential for viability and have
other, non-sex specific functions. One of a
novel maternally expressed genes [(2)49Db
encodes aspartyl-tRNA synthetase [62]. Fur-
thermore, mutations in tryptophanyl-tRNA
synthetase are also gene dosage sensitive ma-
ternal modifiers of Sxl. Those data suggest
that stable activation of Sx/in the embryo may
be particularly sensitive to change in the
translation machinery [62]. It has also been
found that TrpRS is expressed to high levels
in the developing Drosophila salivary gland
[63]. Its expression is dependent on the
homeotic gene Sex combs reduced (Scr) and is
required for embryonic survival.

AARS IN MEDICINE

Several aminoacyltRNA synthetases have
been found to act as autoantigens in a sub-
group of patients with the idiopathic inflam-
matory myopathies, polymyositis and
dermatomyositis [64]. Autoantibodies against
synthetases are found almost exclusively in
these cases, with a patient having usually anti-
bodies against only one synthetase. Most com-
monly, the antibodies are directed against
HisRS, labelled “anti-Jo-1" autoantibodies, but
the antibodies to threonyl-, asparaginyl-,
alanyl- or glycyltRNA synthetases or the
multienzymatic complex have also been found
[64, 65].

Recently, a subset of familial and sporadic
amyotrophic lateral sclerosis cases have been

found to be associated with the mutations in
the gene encoding Cu, Zn superoxide dismu-
tase (SOD1), that binds to lysyl-tRNA
synthetase [66].

AARS have been used as a model for screen-
ing of synthetase-directed drugs [66]; their ad-
vantages are solubility, relative stability, pos-
sibility of expression from recombinant genes
and of purification, easiness of assay by sev-
eral methods as well as a large body of data on
their X-ray structures [67-71] and chemistry
of aminoacylation. However, design of a drug
is limited by its potential toxic effects which
could appear due to insufficient specificity of
a drug for the pathogen as opposed to its hu-
man host. The present efforts are directed at
development of new antibiotics, which would
inhibit the activity of one or more AARS from
such pathogens as Enterococcus faecalis, S.
aureus, Streptococcus pneumoniae, Helico-
bacter pylori, Mycobacterium tuberculosis or
Candida albicans. Vancomycine is now the
drug of choice in treatment of potentially le-
thal infections caused by S. aureus [72], but re-
sistance to this antibiotic has already started
to emerge [73]. As an alternative for vanco-
mycine could serve pseudomonic acid
(mupirocine), synthesized by Pseudomonas
fluorescens [74], which is an inhibitor of
isoleucyl-tRNA synthetases from Gram posi-
tive infectious pathogens, including S. aureus,
Staphylococcus epidermalis, Staphylococcus
saprophyticus, and from Gram-negative organ-
isms such as Haemophilus influenzae,
Neisseria gonorrhoeae and Neisseria meningi-
tidis. Pseudomonic acid has an approximately
8000-fold higher selectivity for pathogen
IleRS vs. mammalian one [75]. However its
use is limited by the lack of systemic bio-
availability, so that the drug can be ordered
only for external applications (in skin infec-
tions). An other promising future drug is a
synthetic adenylate-like inhibitor of patho-
genic IleRSs, called CB432 [67]. It shows a
60-1100-fold higher discrimination of the
pathogen than the human enzyme. It is able to
arrest cell growth of S. aureus, Streptococcus
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pyogenes and E. coli (permeability mutant) in
culture at minimum inhibitory concentrations
(MIC) of 10, 0.5, and 10 ug/ml, respectively
(cited by [67]). On the other hand, high dosage
of CB432 is correlated with its low bio-
availability, due at least in part to binding to
serum albumin. However, these data provide
a starting point for further efforts leading to
design of a fully efficient and available drug.

CONCLUSIONS

Aminoacyl-tRNA synthetases are a fascinat-
ing family of enzymes, playing an essential
role in genetic code deciphering during pro-
tein biosynthesis. Moreover, they act as an im-
portant factor in many other cellular pro-
cesses, which lead e.g. to stress response,
apoptosis and embryo development. However,
some problems related to AARS structure and
functions are still unsolved. This concerns
such questions as the mechanism of synthe-
tases transport into the nucleus, function(s)
played by multisynthetase complexes in
higher eukaryotes, AARS organisation or
selenocysteinylation pathway. The design of
drugs targeted precisely against pathogenic
synthetases provides an important challenge
and raises great hope for efficient therapy of
bacterial infections.
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