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1. INTRODUCTION

Aminoacyl-tRNA synthetases play an important
role in the biosynthesis of proteins. The majority
of these enzymes has two active centers, and ap-
parently all enzymes are able to bind 2 mol amino
acid [1-5]. The existence and interaction of multi-
ple binding sites leads to coupling of reactions in
the active centers. This interaction, presumably,
enhances the catalytic efficiency of these enzymes
[1,6]. However, the possible contribution of the
dimeric functional structure to the specificity of
these enzymes remains unclear. Here, I discuss this
possible contribution. It is assumed that inter-site
interaction may be involved in correction after
aminoacyl-adenylate formation. The proofreading
mechanism assumed is based on:

(i} Trigger character of enzyme action;

(i} Existence of the active sites interaction;

@iil) Alteration of amino acid position in enzyme
complex in the course of the adenylate for-
mation.

Model schemes for tryptophanyl-tRNA syn-
thetase are given which explain experimental data.

2. INTERACTION OF BINDING SITES AND
INCREASE OF THE ENZYME SPECIFI-
CITY

The formation of enzyme-substrate complex is
the first and probably the main step in discrimina-
tion between specific {correct) and non-specific
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(wrong) substrates. Discrimination only at this step
will be considered supposing that the rate of pro-
duct formation is the same in all enzyme~substrate
complexes. In the case of two competing substrates
{correct (S) and wrong (A)) discrimination at this
step may be characterized by the coefficient o,
which represents the ratio of the sum of the en-
zyme forms containing S to the sum of the enzyme
forms containing A. If the enzyme has only one
binding site:

o= [ES1_K2- B8] 0
[EA] K,-[A]

where K, and K are dissociation constants of ES

and EA, and [S] and [A] concentrations of S and

A, respectively. If the enzyme has two binding sites

{scheme 1):
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where K is the dissociation constant of the cor-
responding stage () in scheme 1.

As compared with the one-cenfer case, o for
scheme 1 contains additional terms, which may
differ from 1. If K5 <K and Ks< Ky, at high con-
centrations of S and A, o may be considerably
greater than that in ratio (1). These conditions are
quite reasonable and correspond to the existence of
an inter-site interaction which impedes the forma-
tion of complexes EAS and EA;, but does not af-
fect the complex ES;. One may imagine such an in-
teraction if one admits closeness of the binding
sites in the enzyme molecule angd the presence of
additional groups in the molecule A as compared
with S. In this case, unstability of the enzyme com-
plexes with A will be a mere consequence of direct
steric contact of ligand molecules residing in the
two binding sites of the enzyme.

Thus, the enzyme with two binding sites may
distinguish the substrate from some of its
analogues more effectively, due to interaction of
the binding sites.

The two-center binding scheme has been analys-
ed previously [1,7,8], where the authors concluded
that no increase of the discrimination factor may
be achieved compared with the one-center scheme,
However, formal thermodynamic analysis applied
to the two-center scheme did not take into account
the possibility of interaction between S and A in
the binding sites in the ternary complex and con-
sidered only interactions of the enzyme with
substrate and its analogue [8].

3. INTER-SITE INTERACTIONS IN AMINO-
ACYL-tRNA SYNTHETASES

Possible participation of the interaction of hind-
ing sites in discrimination between substrates
should be considered in the case of aminoacyl-
{RNA synthetases., The majority of these enzymes
contains two active centers or at least two amino
acid binding sites.

The fidelity of tRNA charging by amino acid is
very high and the error does not exceed 3 x 10~ 4
[9,10]. As follows from analysis [1] aminoacyl-
tRNA synthetases should have a special
mechanism to increase specificity. A number of
such proofreading mechanisms has been proposed
{1,11,12]. However, the possible contribution of
the functional dimerity of these enzymes has not
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been considered.

The presence of multiple binding sites in the
molecule of synthetases leads to coupling of the
reactions in the active centers [1,6]. Trigger
mechanism of enzyme action has been outlined in
order to take into account this circumstance
[6,13,14]. In accordance with this mechanism, ac-
tive centers of the enzyme function in an alter-
native regime; i.e., if amino acid is present in
one center, aminoacyl-adenylate occupies the
other one. The more general case will be con-
sidered further: both the two-center enzymes
and synthetases are able to form only 1 mol
adenylate with subsequent binding of amino acid.
There are 4 possible productive ternary complexes
in which inter-site interactions may take place:
Aa-E-S,Aa-E-A8a-E-A and Sa-E- S, where Sa
and Aa are the correct and the wrong adenylate,
respectively.

The properties of these complexes have been
detailed in the case of tryptophanyl-tRNA syn-
thetase from beef pancreas [15]. This enzyme
forms aminoacyladenylate complexes with 4-,5-,6-
and 7-fluorotryptophans. The stoichiometry of the
complexes is 1:1. They are stable and survive gel-
filtration. However, in the presence of tryp-
tophan(8S) or its fluoro-derivative{A}, aminoacyl-
adenylate complexes with 5-, 6- and 7-fluorotryp-
tophan (E-Aa) become unstable and dissociate
according to the scheme:

E E-Aa

I I

AA ET AA-E-Aa

where AA is either A or S.

However, adenylate complex with tryptophan
{E-Sa) is stable in the presence of both tryptophan
and its fluoro-derivative.

A similar phenomenon was observed with
isoleucyl-tRNA synthetase from E.cofi [16]. This
enzyme forms the wrong aminoacyl-adenylate
complex with valine, which dissociates in the
presence of isoleucine, while isoleucyladenylate
complex is stable in the presence of isoleucine.

Hence, inter-site interactions within synthetases
not only exist, but have a quite definite character:
they lead to dissociation of wrong adenylate
complexes.
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To explain this phenomenon it is nesseasary to
take into account that the formation of adenylate
seems to be accompanied by a change of amino
acid position in the enzyme complex. Analysis of
the creation of inter-site interactions may be car-
ried out using model schemes. The analysis will be
done for tryptophanyl-tRNA synthetase assuming
for simplicity that the active centers are very close
to each other and that interaction of active sites is
a consequence of direct interaction of ligands in
the ternary complex.

Fig. 1 shows tryptophan, 5-fluorotryptophan
and their aminoacyl-adenylates in graphic image.
Fig. 2 demonstrates possible ternary complex in
model schemes: (— — —) border of active centers.
In these schemes, contact of a part of the graphic
image of ligand with (— — —) means the existence
of inter-site interaction leading to dissociation of
the complex. It is seen that interactions are present
only in the case of wrong adenylate complexes.

4. DISCUSSION

These model schemes are certainly speculative,
but all the assumptions are based on experimental
results. Closeness of the active centers of beef pan-
creas tryptophanyl-tRNA synthetase follows from
much indirect evidence [17-20]. This enzyme ex-
hibits negative cooperativity in binding of 2
molecules of tryptophan and in the formation of
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2 mol adenylate [21,22]. Intrinsic fluorescence of
enzyme is changed only after adenylate formation
while interaction of the enzyme with tRNAT™® or
tryptophanyl-tRNA does not alter the intensity of
fluorescence [23,24]. This indicates that the
enzyme undergoes essential conformational re-
arrangement in the course of adenylate formation.,

Scheme of direct interaction of ligand gives a
simple explanation to experimental data in the case
of tryptophanyl-tRNA synthetase. The conforma-
tional rearrangement of the enzyme after adenylate
formation may also create inter-site interactions.
In the latter case interaction of active centers may
be transferred through the enzyme molecule and
there is no nesessity for the closeness of the active
centers. Such a mechanism seems to be the case
with isoleucyl-tRNA synthetase because valine is
smaller than isoleucine, and direct interactions of
ligands are excluded.

Analysis of the scheme shows that this
mechanism may take place only for definite
analogues of substrate. Furthermore, as follows
from fig. 2, substitution in the first position of the
indole ring (in the conditions of the model scheme)
may lead to destabilization of the correct
adenylate. However, it is noteworthy that in vivo
there are only a few amino acid analogues which
both have a free -COOH group and possess a high
affinity to the enzyme. Hence, the mechanism does
not seem to be unrealistic. This mechanism might
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Fig. 1. Graphic images of: (a) tryptophan; (b) S-fluorotryptophan; (c) tryptophanyladenylate; (d) 5-fluorotryptophanyl-
adenvlate.
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Fig. 2. Model schemes of different ternary complexes: (a) Aa-E-S; (b) Aa-E-A; (c) Sa-E-A; (d) Sa-E-S.
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be used to discriminate between tryptophan and
5-hydroxytryptophan in the case of tryptophanyl-
tRNA synthetase, and between isoleucine and
valine in the case of isoleucyl-tRNA synthetase.

The mechanism differs from other proofreading
mechanisms by the absence of wasteful hydrolysis
of ATP. Indeed, once incorrect adenylate complex
has formed, it will dissociate after binding of the
amino acid, and this adenylate may be bound by
specific enzyme. The possibility of such a transfer
is shown in [16].

Hopfield had suggested the kinetic proofreading
mechanism [11]. According to this mechanism, the
amino acid undergoes two steps of discrimination:
binding with the enzyme followed by preferential
destruction of the wrong adenylate. However, it is
well-known that both incorrect and correct
adenylates are stable [25,26] and the significance
of this mechanism remains unclear. Within the
hypothesis outlined above it may be suggested that
at the first step in the course of substrate binding
the enzyme discriminates among correct and all
wrong substrates and then, after adenylate forma-
tion, the mechanism of inter-site interaction is used
to discriminate between correct and wrong
adenylate(s).
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