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Methionyl-tRNA synthetase (MetRS) be longs to the fam ily of 20 en zymes es sen tial
for proteinbiosynthesis. Itlinks co va lently methionine with its cog nate tRNA. Crys tal
structures solved for bac te rial MetRSs have given a num ber of in ter esting in sights
intoenzymearchitectureand methionylation catalysis. Acomparisonofsequencesof
MetRSs be long ing to all king doms of life, as well as nu mer ous bio chem i cal and ge-
netic stud ies have re vealed the pres ence of var i ous ad di tional do mains ap pended to
the catalytic core of synthetase. They are re sponsi ble for in ter ac tionswith tRNA and
proteins. Ter tiary struc ture of C-terminal tRNA-binding ap pen di ces can be de duced
from those de ter mined for their homo logues: tRNAbind ingprotein111landendothe
lial monocyte-activating polypeptide I1. Con tacts be tween MetRS and other pro teins
could be me di ated not only by noncatalytic pep tides but also by struc tural el e ments
presentinthecatalyticcore, e.g. Arg-Gly-Asp (RGD) mo tifs. Ad di tional ac tivitiesin
volve MetRS in the main te nance of translational fi del ity and in co or di nation of ri bo
some biogenesis with pro tein syn the sis.

Protein synthesis is based on genetic infor-  each codon by a specific tRNA anticodon.
mation transcribed from DNA to mRNA, Translational fidelity depends on specificity
which is then decodedthroughrecognitionof  of codon-anticodon interactionsandontRNA
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aminoacylation. The latter process is cata-
lyzed by a family of 20 aminoacyl-tRNA syn-
the tases (AARSS). They per form atwo step re
action, in which an activated amino acid is
transferred to the 3'-terminal adenosine of
the tRNA. All aminoacyl-tRNA synthetases
have been divided into two classes, each con-
sisting of 10 enzymes [1-4]. Their classifica-
tion is based on structural and biochemical
data: sequence similarity (although very lim-

catalytic

domain

Rossmann
fold

a-helix bundlef
anticodon binding
domain

LeuRsS, CysRS, and ArgRS, re spec tively). The
other mem bers of class I are: glutaminyl- and
glutamyl-tRNA synthetases (GInRS, GIuRS)
belonging to subclass Ib, and tyrosyl-tRNA
synthetase (TyrRS) forming, with trypto-
phanyl-tRNA synthetase (TrpRS), class Ic.
Amongst the en zymes of its class, MetRS is
especially interesting. It recognizes an initia-
tor tRNA as well as the tRNA delivering
methionine for elongation of protein chain.

CP{zinc binding
domain

- "HIGH" _
e

- A\ "KMSKS"
SC fold

Fig ure 1. Struc tural fea tures of MetRSs as ob served in a crys tal of T. thermophilus methionyl-tRNA

synthetase (PDB ID 1A8H) [6].

Catalytic do main is formed by Rossmann fold and SC fold do mains where “HIGH” and “KMSKS” sig na turemotifs,
respectively, are present. Cor rectstruc ture of ac tive site is main tained by zinc fin ger domainpresentincon nective
pep tide (CP) in ser tion. Anticodon bind ing do main forms an a-helixbundle.

ited to short mo tifs), fold of cat a lytic do main,
the way of interaction with and charging of
tRNA. Each class has been additionally di-
vided into subclasses the members of which
show higher sequence and structural
homology. Methionyl-tRNA  synthetase
(MetRS) be longs to sub class Ia, to gether with
isoleucyl-, valyl-, leucyl, cysteinyl- and
arginyl-tRNA synthetases (lleRS, ValRS,

Moreover, unlike most of other AARSs,
MetRS iso lated from a vari ety of sources (spe
cies) shows structural diversity, connected
with the abil ity toin ter actwith other pro teins
to form functional complexes.

All class I AARSs, despite differences in
amino-acid sequence, share a common struc-
tural motif being their catalytic center
(Fig. 1). It is a nucleotidebindingfold(called
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Rossmann fold), consisting of five parallel 5
strands con nected by a helices. Until recently
it has been as sumed that Rossmann fold com
prises both of the so-called class | signature
motifs: “HIGH” and “KMSKS”, located in
close proximity and forming structural ele-
ments crit i cal for aminoacyl-adenylate for ma
tion. Now crystal structures of MetRSs from
Escherichiacoli [5] and Thermus thermophilus
[6] provided new informations concerning
structural organization of their catalytic do-
mainsand re gions re sponsible for sub strates
recognition.

STRUCTURAL FEATURES OF
BACTERIAL MetRSs

The Rossmann fold of T. thermophilus
MetRS is formed by two polypeptide seg-
mentsseparated byaninsertionof117amino
acids, called the “con nec tive polypeptide” do
main (CP domain) [6]. The “HIGH” motif
(HLGH in the case of T. thermophilus MetRS)
is located in a loop between 81 and «al ele-
ments, with the two histidine res i dues stacked
upon each other. The “KMSKS” peptide
(KMSKT) — previously recognized to occur
within the Rossmann fold was fi nally lo cal ized
in a separate B-a-a-f-« structure, named SC
fold (stem contact fold) [6], between the
Rossmann fold and C-terminal a-helix-bundle.
The SC fold is responsible for interactionsof
MetRS with tRNAMet anticodon (Fig. 1). It is
conserved very well in other synthetases of
class la and Ib: 1leRS, ArgRS, GInRS and
GIURS. Study of the GINRS—tRNAC'" com plex
lead to the con clu sion thatitin ter acts with the
ac cep tor, dihydrouridine and anticodon stems
of tRNA [7]. The KMSKS forms a loop, the
conformation of which is conserved in free
form of the mentioned enzymes, but changes
dramatically upon substrate binding. This
change probably affects the structure of
HIGH region [6]. The flexibility of the
KMSKS loop could be a consequence of
aminoacylation complexity, requiring MetRS

sub strates to be bound to the ac tive site at sub
sequent steps of the reaction.

The connective polypeptide domain of
MetRS from T. thermophilus is built mainly of
antiparallelly ar ranged eightg strands (Fig. 1)
[6]. The core of CP do main is a four-strandedf
sheet, con served in all class la and Ib AARSS.
An other four stranded 8 sheet is inserted be-
tween 8 strands of the core. This in ser tion co
ordi natesone Zn?* ion. The zinc fin ger struc
ture is crucial for enzyme activity. It plays a
key role in methionine ac tivationaswell asin
correctpositioning of the 3’ end of tRNA [8].
Re sults of stud ies car ried out on MetRSs from
different bacterial sources suggest that the
zincioncontrib utestothecor rectorientation
of the enzyme active site.

There is a difference in topology of CP do-
main observed between T. thermophilus and
E. coli MetRSs. Namely, the zinc-binding do-
main of E. coli MetRS seems to be a resultof
duplication of the structure found in
T. thermophilus pro tein [5]. More over, a com
parison of sequences of known MetRSs en-
abled to dis tin guish four groups (fam i lies) dif
fering in the number of knuckles and of zinc
fingers in the CP region [5]. Connective pep-
tides of Eukaryota, Archaea and Spirochaetales
probably bind two zinc ions. Two other fami-
lies pos sess ing two knuck les and one zinc ion
or one knuckle coordinating zinc are repre-
sented by E. coli and T. thermophilus MetRSs,
respectively. The fourth group contains en-
zymes structurally similar to T. thermophilus
MetRS, although they do not bind any zinc
ion. MetRS from Mycobacterium tuberculosis
be longs to this group [9].

Superimpositionofthe Rossmann folds ofE.
coli and T. thermophilus MetRSs has revealed
distinct orientations of the CP domains with
re spectto the catalytic cen ter. Thiscan ar gue
for the connective peptide being mobile with
respect to the enzyme active site [5]. The
tryptophan fluorescence of E. coli MetRS
pointed to changes in the enzyme conforma-
tion accompanying methionylation step and
MetRS—tRNAM€ com plexformation[10-12].
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The SC fold of T. thermophilus MetRS is fol-
lowed by an a-helix rich cylindrical domain,
unique for class la syn the tas es (Fig. 1). It has
been shown that amino-acid res i dues in volved
in tRNAMEY anticodon recognition are clus-
tered on one face of this a-helix bundle struc-
ture. The recognition surface of T. ther-
mophilus MetRS contains invariant Asn355,
Arg359 and Trp424 [6]. Mutagenesis per-
formed for MetRS of E. coli has shown that
corresponding Asn391, Arg395 and Trp461
also in ter act with the anticodon [13—16]. The
C-terminal he lix of E. coli MetRS folds back to
wards the KMSKS containing loop, probably
playing a role in productive binding of the
tRNA acceptor stem inside the KMSKS and
CP regions.

Two amino-acid regions surrounding rest
dues 253 and 300 of E. coli MetRS are well
conserved in all known sequences of its
orthologues (Fig. 2). These res i dues are pos sk
bly involved in methionine binding [17-19].
This prediction is reinforced by results of
stud ies on mu ta tions of His301 and Trp305 of
E. coli enzyme [17, 20]. It has been also
pointed out that the two regions mentioned
above face one another forming a hydropho-
bic cleft, sim i lar to that of TyrRS, where L-ty-
rosine binding occurs [21].

Two main domains presentin the major ity of
AARSsS structures — the catalytic center and
the anticodon binding domain — reflect the
L-shaped structure of the tRNA molecule. It
has been shown in the case of E. coli MetRS
that mutations of particular residues located
in the anticodon binding domain and in a he-
lixjoiningittothecatalytic core of theenzyme
break the do main—domain func tional com mu
nication in a synthetase complexed with
tRNAMeL[22]. These resi dues have no con tact
with tRNAMEt hut they contribute to the sta-
bility of the MetRS—tRNAVet com plex and to
the catalytic efficiency of aminoacylation. It
has been pro posed that they can be im por tant
for in duced-fit-directed bind ing of methionine
specific tRNA [22].

MetRSs STRUCTURAL DIVERSITY

Methionyl-tRNA syn the tasesbe long tothose
of AARSs which show struc tural di ver sity de
pending on the source the enzyme was iso-
lated from. On that base MetRSs of different
origin have been divided into five structural
groups (Fig. 3) [23]. Aminimal coreenzymeis
foundinorganismsbelongingtoall kingdoms
of life and in eukaryotic organella. A large
group of eubacterial and some archaeal
MetRSs possess additional C-terminal do-
mains. An early study carried out on E. coli
MetRS proved that this domain was dispens-
able for enzyme activity but was responsible
for its dimerization [24, 25]. Interestingly, it
is highly homologous to eubacterial peptide
Trbp 111, found in E. coli and A. aeolicus
genomes [26, 27]. Trbp 111 binds nonspe-
cifically tRNAs [27]. A similar C-terminal do-
main was iden ti fied in MetRSs from worm C.
elegans, plants O. sativa and A. thaliana and
some eubacteria (Borrelia burgdorferi,
Treponema pallidum) [23]. A functional study
of that do main in monomericO. sativa MetRS
has led to the conclusion that it provides the
enzyme with better catalytic efficiency in
binding the amino acid acceptor arm of
tRNAME and facilitates its aminoacylation
[23]. This kind of C-terminal MetRS pep tide is
sim i lar to amonomeric cytokine EMAP Il (en
dothelial monocyte-activating polypeptide II)
[2-31]. EMAP Il wasoriginally identifiedasa
product of murine methylcholanthrene A
(Met A)-in duced fibrosarcoma cells [28] but it
is expressed also in normal cells upon apo-
ptosis — a physiological process by which
multicellular organisms get rid of injured, in-
fected or developmentally unnecessary cells.
EMAP II is generated after proteolytic cleav-
age of p43, one of the components of multi-
synthetase complex, where it probably facilt
tates tRNA-substrate binding [26]. Interest-
ingly, an EMAP II-like cytokine was also gen-
erated after proteolytic cleavage of human
TyrRS [32]. Its effect encompassesinduction
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Figure 2. Align ment of MetRSs se quences.

Only critical regions of the active site (signature se-
quences) and possible methionine binding sites are
shown. Among the pre sented pri mary struc tures are
MetRSs of eukaryotic or i gin (Hsapc —Homosapiens cy-
to plas mic, Celec — Caenorhabditis eleganscytoplasmic,
Scerc — Saccharomyces cerevisiaecy to plas mic, Spomc—
Schizosaccharomyces pombe cy to plas mic, Osatc—Oryza
sativa cy to plas mic, Athac — Arabidopsis thaliana cyto-
plas mic), archaebacterial en zymes (Mther — Methano-

bacterium thermoautotrophicum, Mjann — Methano-
coccus jannaschii, Phori — Pyrococcus horikoshii, Pabys
— Pyrococcus abysii, Afulg — Archaeoglobus fulgidus,
Apern — Aeropyrum pernix, Ssolf — Sulfolobus sol-
fataricus), eukaryotic organella (Scerm — S. cerevisiae
mitochondrial, Spomm — S. pombe mitochondrial,
Calbm — Candida albicans mi to chon drial, Athao — A.
thaliana chloroplastic/mitochondrial) and their bacte
rial coun ter parts (Nmeni—Neisseria meningitides, Ecoli
—Escherichiacoli, Hinfl —Haemophilus influenzae, Cjeju
— Campylobacter jejuni, Hpylo — Helicobacter pylori,
Rprow — Rickettsia prowazekii, Scoel — Streptomyces
coelicolor, Dradi — Deinococcus radiodurans, Tther —
Thermus thermophilus, Synec —Synechocystis sp., Bburg

— Borrelia burgdorferi, Tpall — Treponema pallidum,
Chmur — Chlamydia muridarum, Chtra — Chlamydia
trachomatis, Chpne — Chlamydophila pneumoniae,

Aaeol — Aquifex aeolicus, Tmari — Thermotoga maritima,
Mgeni — Mycoplasma genitalium, Mpneu — Mycoplasma
pneumoniae, Uurea — Ureaplasma urealyticum, Bstea —
Bacillus stearothermophilus, Bsubt — Bacillus subtilis,
Mtube — Mycobacteriumtuberculosis). Amino-acid res i
dues identical for at least 80% of analyzed sequences
are shad owed. So-called sig nature motifsare markedin
bold.
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of migration of mononuclear phagocytes
(MPs) and polymorphonuclear leukocytes
MetRSs

catalic
domain

Eubactaria
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Figure 3. Struc tural di ver sity of MetRSs.

A minimal core enzyme has been found in organisms
be long ing to all king doms as well as in organella. Most
of Eubacteria possess MetRSs bearing an additional
C-terminal domain responsible for dimerization, ho-
mologoustoA. aeolicus Trbp 111 pep tide, which is also
adimer and is able to bind tRNAs. A sim i lar C-terminal
domain, more related to a cytokine EMAP 11, is ad-
joined to eukaryotic and some bac te rial MetRSs (plant
MetRS be long ing to this group is amono mer). EMAP |1
and Trbp 111 are close se quence and struc ture homo-
logues. Two last structural variants of enzyme have
been found only in eukaryotic cells. MetRS pos sess ing
an N-terminal ex ten sion and short C-terminal ap pen dix
forming another kind of tRNA-binding domain is a
member of multienzymatic complex found in higher
eukaryotes (N-terminal domainmediatesassociationin
the com plex). En zymes pos sess ing only an N-terminal
ex ten sion ex ist in yeast cy to plasm, where they form a
complex with GIuRS and Arclp protein, which is an
EMAP IThomologue, re sponsible fortRNArecognition
anddelivery.

(PMNSs), stimulation of tumor necrosis
factora (TNF«)andtissue factor production,
aswellasactivationofcell surfaceexpression
of P-and E-selectins. It is sur pris ing, that this
same kind of struc ture ap pended to MetRS or

p43 directs tRNA to the active site of
synthetase.

Trbp 111 and EMAP 11 have highly similar
sequences and tertiary structure, called the
OB-fold (oligonucleotide-oligosaccharide-bin-
ding fold) [33, 34]. This kind of g-barrel has
been also found at N-termini of AspRS [35],
LysRS [36] and AsnRS [37], where it is re-
sponsible for specific binding of tRNA
anticodon. The function of OB-fold localized
in another AARS — T. thermophilus PheRS —
is still unknown [38].

Two last structural variants of MetRSs are
found only in eukaryotic cells. The en zyme be
ing a component of multisynthetase complex
found in higher eukaryotes cytoplasm, pos-
sesses a large N-terminal extension, mediat-
ing association with other proteins forming
that par ti cle [39, 40], and a shorter C-terminal
appendix. Its sequence is related to that of
linker domain of GluProRS, which forms an-
other kind of RNA-binding module [41].
MetRSs isolated from yeast cytoplasm pos-
sess only the N-terminal ex ten sion. This ad di
tionaldomainenablesassociationwith Arclp
peptide (aminoacyl-tRNA synthetase cofactor
1 (ARC1) gene product), which is also a
homologue of EMAP 11/Trbp 111 [42, 43].
MetRS to gether with GIuRS and Arclp forma
functional complex, where the latter peptide
plays an important role in tRNA binding and
delivery to the active sites of the two synthe-
tases [43].

The crystal structures of bacterial MetRSs
were deter mined using proteinsbearingcata
lyticand anticodon bind ing do mains, with the
C-terminal extensionremovedbygeneticengt
neering [5, 6]. Sequence similarity suggests
that the missing MetRS do main is of ter tiary
structure similar to that recently determined
for human EMAP Il [34]. This set of
informationsenabled usto proposeapossible
structure for both catalytic and additional
C-terminal domains of plant MetRS (Fig. 4).
Matrixes for modeling the O. sativa enzyme
were E. coli MetRS and human EMAP I, re-
spec tively. The lasta-he lix of the bac te rial en
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Figure 4. Eukaryotic MetRS mod el ing.

F5KS

C-erminal EMAPIHike domain

3D mod els were gen er ated us ing SWISS-MODEL pro gram avail able on EXPASY server (http://www.expasy.ch/
swissmod/SWISS-MODEL.html). An E. coli MetRS (PDB ID 1QQT) [5] and hu man EMAP 11 cytokine (1EUJ) [34]
were takenas matrixesfor structuralalignment. Se quence regionscor re spondingtoob tained mod els are marked in

gray on the top scheme.

zyme anticodon-binding do main folds back to
wards the active site. On the other hand, a
study of EMAP I1-like do main of planten zyme
showed that it could in ter act with tRNAMet ac
cep tor stem [23]. Both facts lead to the con clu
sion that EMAPII-like C-terminal ex ten sion of
planten zyme is lo cated near its ac tive site, so
as to be able to take a part in tRNA delivery
and cor rect posi tion ing for aminoacylation ca
talysis [23].

The OB-fold present in EMAP 11 and Trbp
111 seems to be characteristic for other pep-
tides of simi lar se quence, e.g. C-termini of H.
sapiens TyrRS and E. coli MetRS. They are
represented by model structures shown in
Fig.5,allgenerated using EMAP Il asarefer
ence. Our Trbp 111 model is consistent with
the pub lished struc ture (not shown) [33].

MetRS AND PROTEIN-PROTEIN
INTERACTIONS

As it was men tioned above, in ter ac tions be
tween MetRSs and other proteins are medi-
ated by additional domains appended to the
catalytic core of enzyme. They take a part in
the assembly of multisynthetase complex
[44—46] or interactions with tRNA binding
proteins, enhancing MetRS catalytic effi-
ciency [43]. Complexes isolated from cyto-
plasm of Metazoa containeightsynthetases—
GluProRS, I1leRS, LeuRS, MetRS, GInRS,
ArgRS. LysRS, AspRS, and three nonenzy-
matic peptides of molecular mass of 43 kDa,
38 kDa and 18 kDa. Interactions between all
the components of the multienzymatic com-
plex were studied extensively using genetic



344 M.A. Deniziak and J. Barciszewski

2001

y

EMAP Il H. sapiens

.

/

]

7

TyrRS H. sapiehs
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Trbp111 A. acolicus

%J

MetRS E. coli
C tetminus (5T3-677)

Figure5. Ter tiary struc ture of hu man EMAP Il [34] and mod els made on its base: C-terminal domainof
human TyrRS, Trbp 111 from A. aeolicus and C terminus of E. coli MetRS. Modelling was done by

SWISS-MODEL.

[40, 47] and chemical crosslinking methods
[48]. The ge netic ap proach has re sulted in de
termination of several contacts occurring be-
tween AARSs N- or C-terminal appendices
[40], namely, the N-terminal noncatalytic do-
main of MetRS could make homologous
(MetRS—MetRS) and heterologous (MetRS—
ArgRS, MetRS—GInRS) interactions. On the
other hand, studiesconductedusingchemical
crosslinking have shown that some syn the tas
es are in close proximity in the complex (e.g.
MetRS and AspRS) but they do not interact
through N or C ter mini [48]. This ob ser va tion
suggests that additional contacts involving
core do mains of en zymes are also im por tant.
Looking for possible elements involved in
such interactions we have analyzed MetRSs
amino-acid sequences deposited in EMBL/
GenBank. This search resulted in identifica-
tion of a tripeptide — Arg-Gly-Asp (RGD) —
present in 17 of 40 inspected primary struc-
tures (Table 1). Thismotifisacharac teristic
feature of the proteins involved in cell adhe-
sion events, e.g. fibronectin [49], vitronectin
[50], and fibrinogen [51]. In the structure of

those proteins RGD forms a loop which is di-
rectly engaged in interactions with specific
integrins [52]. We wonder whether the pres-
ence of RGD peptide in MetRSs mostly of
eukaryotic and archaebacterial or i gin (Fig. 6)
can be re lated to pos si ble pro tein—proteinin
teractions, which, for example, could locate
the enzyme in a particular cell compartment
(through binding to membrane proteins) or
linking it with another peptide assisting
MetRS function or being a member of some
multienzyme complex. Such questions need,
of course, further experimentalexplorations,
starting from look ing for pos si ble MetRSs lig
ands.

ADDITIONAL ACTIVITIES OF MetRSs

Aminoacyl-tRNA synthetases are multi-
functional proteins. Apart from tRNAs
aminoacylation they play anim por tant role in
maintaining the translational fidelity, RNA
processing and cellular transport, apoptosis,
synthesis of signal molecules and trans-



Vol. 48

Methionyl-tRNA synthetase 345

Table 1. The pres ence of RGD se quencein

known MetRSs.

From 40 an a lyzed pri mary struc tures 17 con tained at

least one RGD pep tide.

RGD pres ent in MetRSs se quences

lational or transcriptional regulation [53].
MetRS participates in the maintenance of
translational fidelity through editing of
homocysteine (Hcy), a non-protein amino acid
which is an obligatory precursor of methio-
nine [54, 55]. Due to its structural similarity
to methionine Hcy can enter the first step of
pro tein biosynthesis and be ac ti vated form ing
homocysteinyl-adenylate,
which is not trans ferred to tRNA but re jected
in an intramolecular conversion reaction,
leading to production of homocysteine thio-
lactone. This same Hcy editing mechanism
was also confirmed for IleRS, LeuRS, ValRS
and LysRS [56, 57]. However, it has been
shown that in cul tured hu man cells Hcy can be
incorporated into proteins in two ways:
#posttranslationally, through acetylation of
side chain amino groups of lysine residues

®translationally, through incorporation of
S-nitroso-Hey into pro tein [58].
Bothsituationscanoccurincellsfromendo

Organism Sequence
A. pernix (2) 475 YEKARGDQCDEC
267) FIMRRGDPEEWK MetRS-bound

Ch. muridarum 149GFDRARGDECQQC
A. aeolicus Ml CYKRGD IYLGE
A thaliana 164NYDSARGDQCEKC
A fulgidus 143 GALARGD ECDQG
C. elegans 180AYDDARGD QCDGC
Ch. trachomatis 149G FDRARGDECQQC
Ch. pneumoniae 148q FDHARGDECQSC
E. coli 266\ LCDK RGD SVSFD
H.sapiens 4095 YEEARGDQCDKC
M. thermo- 3 RYRRLRGDDVLFV

autotrophicum (3) ' *YHEMIRGDLERCD

147 SEGARGDHCEGC

M. jannaschii 1 CGGEARGD HCEVC by thiolactone
0. sativa 166N YEAARGDQCENC '
P. horikoshii 1476 AENQRGDQCEVC
S cerevisiae 341 YDDARGD QCDKC
S. pombe 367GyDDARGDQCDGC
S solfataricus 147GFEDARGDQCDNC

thelial cell cultures maintained on Hcy in fo-
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Foatitary | Figure 6. Phylogenetictree of MetRS
' sequences.
10 A Saliaua cpte Enzymescontaining RGD tripeptide are
O st marked in red. The tree was ob tained us
ing NEIGHBOR and CONSENSE pro-
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grams from PHYLIP pack age.
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late-limited media. Translational incorpora-
tion of Hcy into proteins abolishes their bio-
logical activity and has significant medical
consequences, contributing to induction of
pathogenesis in atherosclerosis [54, 58].

Multienzyme complexes similar to those lo-
cal ized in the cy to plasm of higher eukaryotes
have been recently found also in the nucleus
[59]. Moreover, an investigation of cellular
distribution of different human AARSs has
led to the dis cov ery, that MetRS was uniquely
localized in nucleolus of proliferative cells
[60]. The MetRS was translocated to nucleo-
lus upon a mitogenic sig nal in duced by dif fer-
ent growth factors (insulin, platelet-derived
growth factor, epidermal growth factor). The
nu cle o lus is that part of nu cleus where rRNA
biogenesis takes place. It has been observed
that the presence of MetRS in nucleolus was
dependent on the integrity of rRNA and the
activity of RNA polymerasel.Immunological
tests have confirmed that MetRS is required
for nucle o lar syn the sis of rRNA [60]. Thisen
zyme can be a part of the cel lu lar sys tem co or-
dinating biogenesis of ribosome and protein
synthesis.

CONCLUSIONS

From the systematically growing body of
data concerning methionyl-tRNA synthetase
an interestingpicture emerges, showing that
the en zyme might be of di verse struc ture, re
lated not only to its func tion but also to cel Iu-
lar organization. This latter point still needs
further exploration, especially in the case of
plant en zymes. Genomics and proteomics, de
veloping dynamically during the last few
years, try to answer general questions con-
cerningtheorganizationofcellularapparatus
as a whole. Taking into account the involve-
ment of many AARSs in different metabolic
pathways, going beyond protein biosynthesis
itself, one can expect new findingsshowinga
complicated networkofrelationsofsynthetas
es to other com po nents of the cell.
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