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Aminoacyl-tRNA synthetase

1. INTRODUCTION

Aminoacyl-tRNA synthetases catalyse the
aminoacylation of tRNA molecules with their res-
pective amino acids (review, see [1]). In most cases,
including the bacterial tyrosyl-tRNA synthetase
(TyrTS) and methionyl-tRNA synthetase (MetTS),
the amino acid is first activated with ATP to the
aminoacyl adenylate, and is then transferred to its
cognate tRNA [2—4]. The structural constraints on
the binding sites for the three substrates (amino
acid, ATP and tRNA) might be expected to im-
pose extensive common structural features on the
synthetases, especially as all tRNAs probably share
a common tertiary conformation [5] and interact
with the synthetase over a large surface area [6].

Until recently there has been little experimental
evidence to support such expectations. On the con-
trary, the quaternary structures of these enzymes
are extremely diverse, ranging from the dimeric 2
X 37000 dalton tryptophanyl-tRNA synthetase
(TrpTS) to the tetrameric 4 X 95 000 dalton ala-
nyl-tRNA  synthetase (AlaTS) [7,8]. Similarly,
searches for primary sequence homology between
TrpTS (B. stearothermophilusy and TyrTS (B.
stearothermophilus) [9] or between AlaTS (E. coli)
and TyrTS (E. coli) [10] have proved inconclusive.
However, high resolution electron density maps
have now revealed that the structures of TyrTS
from B. stearothermophilus [11] and a proteolytic
fragment of MetTS from E. coli [12] bear certain
topological similarities, in particular an alternating
a/f3 N-terminal domain with a Rossman fold of S-
sheet [13]. In the TyrTS structure, the activated
amino acid (tyrosyl adenylate) binds to a specific
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site at the C-terminal end of the Rossman fold,
thus identifying this region as part of the enzyme’s
active site [14].

Via DNA sequence we have determined the pri-
mary sequences of the MetTS [15] and TyrTS [16]
and have identified a short stretch of homology be-
tween the two sequences, involving a constellation
of a cysteine and two histidine residues. These resi-
dues occupy homologous positions in the three-di-
mensional structures, lying close to the active site,
and we propose that they may be directly involved
in the catalytic mechanism of amino acid activa-
tion and its transfer to cognate tRNA.

2. METHODS

A computer program (DIAGON) was kindly
provided by R. Staden [17] in which all sections of
the TyrTS (B. stearothermophilus) and MetTS (E.
coli) were compared in a manner similar to
McLachian [18]. These analyses were displayed on
a graphics terminal, any matches appearing as
diagonal lines.

3. RESULTS AND DISCUSSION

The computer search for homology located a
match of seven amino acids between the two en-
zymes (fig.1). There are two histidine residues
within this short homologous sequence, and in ad-
dition we find a cysteine residue at a distance of
exactly 10 amino acids before the first of these his-
tidines. The presence of possible cysteine and his-
tidine homologies is interesting because both im-
idazole and thiol groups have been implicated in
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5 10 1 20 25] 30
GlnValAlalLysLysIleLeuValThr|Cys|AlaLeuProTyrAlaAsnGly|SerIleHisLeuGlyHisMet|LeuGluHisIleGlnAla [15)

30 35 40 45 50
TyrTS (B.stearo.) LeuAsnGluGluArgValThxLeuTyr |Cys |GlyPheAspProThrAlaAsp |SexrLeuHisIleGlyHisLeu AlaThrIleLeuThngg {16)

AlaTs (E.coli)

t t
I I
I I

170 175 ! 180 185 ! 190 ! 1%5
PheTrpArgMetGlyGlyThrGlyPro Cys AspProCysThrGlullePhe TyrAspHisGlyASpHisIle TrpGlyG YProProGly (1o}

0 35 4 45 50
TrpTS (B.stearo.) PheValGluLeuGanisGlx’I‘yrAsn Cys TerheCysIleVa?AsxGlx HisAlaIleThrvalTrpGln AspProHisGluLeuAEg [19]

Fig.1. Alignment of the relevant amino acid sequences of E. coli MetTS and B. stearothermophilus TyrTS in order to

show the seven amino acid homologous regions and the conserved cysteine residues (boxed). Short stretches of the

E. coli AlaTS and B. stearothermophilus TrpTS sequences are also included for comparative purposes, as discussed in
the text. The numbering above each sequence indicates the distance from the N-terminus.

the catalytic mechanism of aminoacyl-tRNA syn-
thetases (see below). The identification of Cys35 of
TyrTS (B. stearothermophilus) in this constellation
is particularly satisfying as this is the only cysteine
residue which it has in common with TyrTS of E.
coli [16].

Although the alignment of Ser!—Met25 (MetTS)
with Ser43—Leu4® (TyrTS) seems very clear in the
comparison of the two sequences, the double
matching probability [18] is only about 10-3 and
could easily arise by chance. However, a subse-

to C-terminus

61
A\
N-terminus

Fig.2. Schematic representation of part of the Rossman
fold of the B. stearothermophilus TyrTS (reproduced by
kind permission of Prof. D.M. Blow) showing the single
anti-parallel (A) and five parallel (B—F) -strands and
the first three connecting a-helices. The amino acid
numbering is the same as in fig.1, and the asterisks mark
the approximate locations of the cysteine and histidine
residues.
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quent detailed inspection of the crystal structures
of MetTS (by courtesy of Drs J.L. Risler and C.
Zelwer, and of TyrTS, by courtesy of Prof. D.M.
Blow), has revealed that the constellation of his-
tidine and cysteine residues occupy homologous
positions in the two structures. Residues 3161 of
the TyrTS form part of the Rossman fold struc-
ture, contributing the first central parallel S-strand
and one of the a-helices (shown schematically in
fig.2). Cys35 lies near the middle of the 8-sheet and
His#5 and His® are located near the top of the a-
helix, with Pro3% marking the turn at the top of the
B-strand. Thus the two histidine residues lie close
to the C-terminal end of the S8-sheet and hence to
the tyrosyl adenylate binding site. In the MetTS
structure the residues Cys!!, Prol4, His?! and His24
all occupy homologous positions.

The discovery of this conserved sequence led us
to search for a similar pattern in the amino acid se-
quences of the TrpTS (B. stearothermophilus [19]
and AlaTS (E. coliy |10]. In TrpTS a stretch of se-
quence between residues 31—52 contains both cys-
teine and histidine residues but their relative posi-
tions cannot be directly correlated with the motif
in TyrTS and MetTS. We must therefore await a
comparison of tertiary structures [20]. In the
AlaTS, the spacing of Cys!78, His!8® and Hisl9!
does conform to the motif but the surrounding
amino acids are not homologous to either the
TyrTS or MetTS sequences (fig.1). Thus the TyrTS
and MetTS, in containing a snippet of conserved
primary sequence at the active site, may be more
closely related to each other in evolution than to
either the AlaTS or TrpTS.

Is there any evidence that the histidine and cys-
teine residues are directly involved in catalysis in
TyrTS or MetTS? The modification of (a) cysteine
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residue(s) in MetTS can prevent formation of the
methionyl adenylate and furthermore the amino-
alkyl analogue (methioninol adenylate) is capable
of inhibiting this modification [21]. Also in MetTS,
as in several other synthetases {21—-28], the modi-
fication of thiol groups results in a complete loss of
tRNA acylation activity and it has been proposed
that a thioacyl intermediate is involved in the
transfer of amino acid to tRNA [29]. Histidine resi-
dues have also been proposed as covalent inter-
mediates in both catalytic steps [30] and implicated
experimentally in the enzymatic activities of the
TrpTS (beef pancreas) [31] and the PheTS (E.coli
and yeast) [32,33]. Although comparable experi-
ments have not been described for TyrTS or
MetTS we could expect that the chemical modi-
fication of the conserved histidines (or cysteine)
would destroy enzyme activity if only because
these residues are located near the active site. The
answer as to whether these residues actually form
part of the catalytic mechanism or are involved in
making critical contacts is at present equivocal, but
their chemical repertoire [29,30], location at the ac-
tive site and conservation in two widely different
sequences strongly suggests that they do.
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