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The non-catalytic C-module formed after proteolytic cleavage of full-length mammalian tyrosyl-tRNA synthetase
displays RNA-binding ability. C-module contains a unique tryptophan residue (Trp144), located out of its
RNA-binding site, and a conservative aromatic residue Phe127 located inside of its RNA-binding site, which was
replaced by fluorophore Trp127. Obtained fluorescence decay parameters of free C-module Trp144 and its complex with tRNA detect the absence of tRNA-interaction sensitivity. Obtained fluorescence decay parameters of
Trp144 and Trp127 of C-module and its complex with tRNA are characterized by the additional short-lived component without any sufficient changing of other fluorescence parameters in the presence of nucleic acid. It indicates
the existence of the polymorphism of Trp127 microsurrounding that is conditioned by the dynamic protein–nucleic
acid interaction mechanism.
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Introduction. Cytoplasmic tyrosyl-tRNA synthetase
(TyrRS) of mammals consists of two structural modules as follows: NH2-terminal catalytic module and
cytokine-like COOH-terminal domain, cytokine
EMAP II homologue (endothelial and monocyte-activating polypeptide II) [1, 2]. Non-catalyzing C-domain
of cytoplasmic TyrRS of mammals has the double function: i) participates in binding tRNA as cys-factor and
(ii) after proteolytic cleavage of the catalytic core of
synthetase, it reveals its cytokine EMAP II-similar activity [1, 2]. However the structural aspects of interaction of isolated TyrRS C-module with tRNA as well as
the nature of conformational changes in complex and
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the functional role of specific amino acid residues
remain unknown. Earlier we have investigated self-fluorescence of tryptophan and the conformational mobility of isolated C-module of TyrRS using Trp144 as fluorescent probe [3–5].
The presence of fast conformational mobility of
C-module in the range of nanoseconds has been shown
[3, 5]. Trp144 fluorescence is known to be sensitive towards the conformational changes in protein, i.e.
conformational transition of Trp144 microsurrounding
at heat denaturation of C-module in the range of
40-50°C has been determined [4, 5]. However, the
study of structural aspects of interaction of isolated
C-module with tRNA and the nature of conformational
changes in complex was limited by the fact that the

CONFORMATIONAL MOBILITY INVESTIGATION OF TyrRS Ñ-MODULE

probe in protein structure – Trp144 fluorophore – was
shown to be localised outside of RNA-binding centre
and low-sensitive to interaction with nucleic acid. Besides, our previous experiments revealed the interaction
of C-module with tRNA to be accompanied by high aggregation of protein in the solution, which is of significant influence on the accuracy of binding parameters
determination [6].
Thus, in order to study the interaction of C-module
with RNA, we have substituted the conservative aromatic residue Phe127 in RNA-binding centre for
fluorophore Trp127 using the method of site-directed
mutagenesis [6]. This substitution allowed determining
parameters for C-module–tRNA binding and proposing
the hypothesis on possible functional role of Trp127 in
interaction with nucleic acid (NA) via stacking interaction of aromatic residue with tRNA basis. TyrRS
C-module belongs to the group of tRNA-binding factors [7-9], which also includes oligonucleotide-binding
fold (OB-fold) [10].
It is noteworthy that all OB-fold proteins have conservative aromatic residues in RNA-binding centres,
which are functionally important during the complex
formation with tRNA. tRNA-binding factors are characterized by wide range specificity to binding various
tRNA [7-9], therefore, we used tRNAPhe as model structure for C-module and EMAP II interaction with RNA.
Therefore, the aim of our work was to study the interaction of C-module TyrRS with tRNA using the methods
of time-resolved fluorescence spectroscopy with the
purpose of studying conformational changes in protein
at interaction with NA and to determine the functional
role of residue Trp127.
Materials and Methods. Recombinant proteins of
TyrRS C-module and C-module TyrRS with
Trp127-for-Phe127 substitution were expressed in
Escherichia coli cells and purified to achieve homogenous condition (>95%) using the methods of metal-chelating chromatography as earlier described in [4–6]. After purification, recombinant proteins were chipped off
of His-tag sequence using enterokinase (BioLabs,
USA).
Protein and tRNAPhe (Sigma, USA) solutions applied to study protein-NA complexes using the methods
of fluorescece spectroscopy were prepared in buffer of

Fig.1 3D-structure of C-module of tyrosyl-tRNA synthetase with substituted Phe127 ®Trp127

the following content: 20 mM tris-HCl, pH 7.7, containing 100 mM NaCl and 5 mM MgCl2.
Concentrations of tRNAPhe and proteins were determined using the method of spectrophotometry, extinction coefficients were as follows: å280 = 9650
M-1cm-1(C-module), å280 = 15470 M-1cm-1(C-module with
Phe127 ® Trp mutation), å260 = 500000 M-1cm-1(yeast
tRNAPhe). UV-absorption spectra were measured using
Specord UV VIS spectrophotometer (Carl Zeiss, Germany) quartz cuvettes with optical path of 1 cm.
The measuring using time-resolved fluorescece
spectroscopy was performed in the mode of singular
photons calculation using Ti-sapphire laser (Tsunami,
Spectra-Physics, USA), pumpud by a continuous wave
argon laser. The excitation wavelength was set at 295
nm. The emission wavelength was set at 340 nm, and
detected after the crossing of polarizer oriented at
magic angle ( 54.7°), to eliminate any polarization bias
due to molecular rotation. The instrumental response
function, recorded with a polished aluminium reflector,
has a full width of half-maximum of ~40 ps. Data analysis of the fluorescence intensity decays was performed
by the maximum entropy method (MEM) with Pulse5
software [11].
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Table 1
Fluorescence decay parameters of TyrRS C-module in free state and in the presence of tRNAPhe at different temperatures

Radiation wave
length, 340 nm
20°C

37°C

C-module TyrRS in the presence of tRNA

C-module TyrRS
ti, ns

ai

fi

ti, ns

ai

fi

0.217±0.103

0.052±0.031

0.012

0.178±0.042

0.166±0.102

0.038

0.715±0.021

0.83±0.016

0.650

0.715±0.016

0.737±0.022

0.672

2.61±0.548

0.118±0.019

0.337

2.409±0.392

0.094±0.007

0.290

0.437±0.033

0.819±0.074

0.568

0.500±0.047

0.843±0.026

0.588

1.812±0.350

0.151±0.080

0.432

1.877±0.243

0.157±0.036

0.412

Phe

Note: ti, ns – fluorescence lifetime; ai –the relative proportion of each lifetime class; fi – fractional intensity of each lifetime class.

Fig.2 Fluorescence decay of C-module TyrRS (1) and C-module TyrRS in
the presence of tRNAPhe (2) at 20°C (N – the number of counts; n – No. of
analyser channel)

Fractional intensity, fi, of each lifetime class was determined according to the formula:
a it i
fi =
, åa jt j
j
where ti – fluorescence lifetime, ai – relative proportion og each lifetime class [12].
Analysis of Trp127 C-module microsurrounding
with Phe127 ® Trp 127 substitution was carried out using free distributed SwissPDB-Viewer 3.7(b2) software, based on spatial C-module structure cm5 [13].
The structure of TyrRS C-module (cm5) with tRNAPhe
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(crystal structure of yeast tRNAPhe, PDB ID:1EHZ) was
reconstructed using ZDOCK software. In order to improve the quality of the complex after docking, energy
minimisation of the complex has been performed, in the
process tRNA remained stable and structure of C-module was minimised in the field of tRNA.
Results and Discussion. Our previous works presented the analysis of TyrRS C-module fluorescence,
determined by the presence of Tpr144 residue [3-5] and
the fluorescence of C-module with Phe127 ® Trp 127
substitution (Fig.1), which is defined by two
fluorophores, namely Trp144 and Trp127 [6]. The values of quantum yield of both C-module with only
Trp144 (q=0.09) and C-module with Phe127 substituted for Trp (q=0.298) have been calculated. Therefore, fluorescence of mutant C-module Phe127 ® Trp
is determined predominantly by emission of Trp127
residue, localised in RNA-binding center. It has been
shown earlier that Trp144 is screened from solvent
molecules and remains in hydrophobic surrounding
[3-5], while Trp127 in mutant protein is partially exposed towards solvent molecules. As aromatic residues
Trp144 and Trp127 are located in different
microsurroundings of protein globula, the decay of
their fluorescence intensity is very likely to be characterised by different lifetimes, which may be determined
for each fluorophore.
We have studied the fluorescence intensity decay of
Trp144 in C-module of TyrRS in free state and in the
presence of tRNAPhe at 20 and 37°C. The obtained ex-
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Table 2

Radiation wave
length, 340 nm
20°C

37°C

C-module TyrRS in the presence of tRNA

C-module TyrRS
ti, ns

ai

fi

ti, ns

ai

fi

-

-

-

0.085±0.013

0.218±0.025

0.013

0.573±0.021

0.546±0.017

0.149

0.543±0.056

0.453±0.049

0.173

2.543±0.649

0.092±0.067

0.111

1.799±0.405

0.103±0.043

0.13

4.315±0.222

0.362±0.071

0.74

4.294±0.148

0.226±0.024

0.683

-

-

-

0.063±0.047

0.206±0.011

0.01

0.429±0.033

0.538±0.074

0.14

0.429±0.234

0.431±0.065

0.142

2.027±0.350

0.083±0.041

0.102

1.586±0.201

0.08±0.023

0.097

3.311±0.402

0.379±0.122

0.759

3.449±0.268

0.283±0.073

0.075

Phe

Note: ti, ns – fluorescence lifetime; ai –the relative proportion of each lifetime class; fi – fractional intensity of each lifetime class.

Fig.3 Fluorescence decay of TyrRS C-module with substituted Phe127 ®
Trp in a free state (1) and in the presence of tRNAPhe (2) at 20°C (N – the
number of counts; n – No. of analyser channel)

perimental curves of fluorescence decay are presented
in Fig.2 and the calculated values of the fluorescence
decay parameters are presented in Table 1. As it is seen,
the fluorescence decay parameters of Trp144 C-module
in free state and in the presence of tRNAPhe present no
significant differences and are showed a trimodal distribution of lifetime peaks at 20°C and bimodal distribution at 37°C. The main contribution in Trp144 fluorescence decay at 20°C (~65%) is made by component of
t=0.7 ns and at 37°C (~57%) t=0.4 ns (Table 1). At
20°C, short-lived lifetime (t=0.2 ns) may be considered

uncertain as its amplitude equals to the accuracy of the
experiment.
Therefore, almost complete absence of changes in
fluorescence decay parameters of Trp144 of C-module
in the precence of tRNAPhe testifies to insensitivity of
current fluorophore to NA interaction, which may be
explained by its significant distance from tRNAPhe binding site (Fig.1).
Our further investigation of C-module involved the
development of the substitution of conservative Phe127
residue in RNA-binding site for Trp127 fluorophore using the methods of site-directed mutagenesis.
Fig.3 presents the C-module fluorescence decay
curves with substituted Phe127 ® Trp and its complex
with tRNAPhe at 20°C which differs significantly. Fluorescence decay parameters of mutant C-module with
substituted Phe127 ® Trp (Table 2) are characterised
by trimodal distribution. Taking into account the aforementioned fluorescence lifetime values of Trp144, the
values of long-lived fluorescence lifetimes of C-module with substituted Phe127 ® Trp may be clearly ascribed to each of the tryptophan residues, i.e. 4.3 ns –
Trp127; 2.5 ns – Trp144 at 20°C and 3.3 ns – Trp127
and 2 ns at 37°C respectively. It is noteworthy to mention that being in the presence of tRNA, the distribution
of Trp lifetimes is characterised by additional
short-lived lifetime class (t=0.09 ns), which contrib-
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Fig.4 Hydrogen bonds formed by the Glu 128 residue of the C-module in
complex with tRNA according to three-dimentional model of the complex

utes ~20% of the total fluorescence intensity (Table 2)
at 20°C and 37°C.
Trp144 has been shown to be located outside of the
tRNAPhe binding site and its fluorescence decay parameters do not change at the presence of tRNAPhe [6], therefore the occurrence of short-lived lifetime peak is determined by additional residue of Trp127.
The analysis of fluorescence decay parameters of
C-module with substituted Phe127 ® Trp in the presence of tRNA indicates the presence of different populations of tryptophan, the fluorescence of ~20% of
tryptophan residues are quenched in the presence of
tRNA, which appeared as an additional short-lived lifetime . Similar heterogeneity of tryptophan populations
may be explained by dynamic mechanism of protein-NA interaction and could be associated with a different conformations of Trp127 in the presence of
tRNA.
The appearance of ultrashort lifetime peaks of
C-modulw complexed to tRNAPhe could be associated
with both a stacking of Trp127 with tRNA bases and
conformational changes in protein structure , determined by interaction with tRNAPhe.
Nonradiative Trp fluorescence quenching is accompanied by the appearance of subnanosecond lifetime component. His side chains in the protonate form,
Cys and its disulphide bridges, Glu, and polypeptide
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backbone are the main quenchers of tryptophan fluorescence [14-16]. In connection to the mentioned above
we analysed the microsurrounding of Trp127 in the
model of 3D-structure of C-module cm5 [13] and revealed potential acceptors of excited-state electron,
namely, amino acid residues Gln131, Glu128, Cys63,
° from CE3 atom of tryptophan
and Cys81, located at 10A
indole ring. Fluorescence quenching of Trp127 C-module in complex with tRNA by the way of the excited
state electron transfer from Trp127 to the aforementioned amino acids side chains may take place at the
case of existence of Trp127 rotamers, as a result of
conformational change at the interaction with tRNA.
Having studied the structures of C-module complex
with tRNAPhe, it was shown that excited-state electron
transfer may take place from Trp127 of C-module via
alternative way. The position of carboxyl group of
Glu128 of C-module complexed with tRNA is stabilised by four hydrogen bonds (Fig.4), which allows the
excited-state electron transfer from Trp127 to C=O
group Glu128, which results in nonradiative Trp127
fluorescence decay. Worthy of attention is the fact that
such stabilisation of C=O group Glu128 for C-module
is not observed without tRNA.
It should be noted also that [17] shows the dependence of effectiveness of tryptophan fluorescence
quenching by C=O groups on the distance between
fluorophore and quencher group, which, in its turn, influences significantly the value of fluorescence lifetime, i.e. it has been indicated that at 5Å distance between tryptophan CE3 atom and C=O group, the value
of short-lived lifetime component of tryptophan fluorescence is 0.09 ns.
According to the model of tRNAPhe with C-module
the distance between CE3 atom of Trp127 to C=O
°. Therefore, the appearance of
Glu128 is ~4.3A
short-lived lifetime (0.09 ns) at the C-module
compexed to tRNA is most likely to be determined by
the excited-state electron transfer from Trp127 to C=O
group of Glu128 at the formation of new complex.
We have studied the fluorescece resonance energy
transfer (FRET) efficiency from Trp144 of C-module
to Y-nucleoside of tRNAPhe, which allowed evaluate the
distance between these fluorophores. It has been defined that the excitation and emission spectra of tRNAPhe
did not change in the presence of C-module. The latter
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testifies in favour of energy transfer from Trp144 protein to Y-nucleoside, localised in anticodon loop of
tRNAPhe. As the value of Ferster distance for current donor-acceptor pair is 1.4 nm, the absence of FRET indicates that the Trp144 residue and Y-base is located at
the distance of r>1.4 nm, which is correlated well with
the modelled complex, according to which C-domain of
TyrRS interacts with acceptor stem and D-loop of
tRNA.
Conclusions. The investigation on TyrRS C-module and its complex with tRNAPhe using the methods of
time-resolved fluorescece spectroscopy allowed obtaining new information on conformational changes in
Trp144 and Trp127 surroundings. Thus, constancy of
the Trp144 fluorescence decay parameters indicates its
insensitivity towards interaction with NA which is correlated well with the foot-printing data and the data of
molecular modelling on localisation of current residue
outside of tRNA binding site. Analysis of fluorescence
decay parameters of TyrRS C-module with substituted
Phe127 ® Trp was shown the existence of several
tryptophan populations at the interaction with tRNA.
This fact shows the presence of polymorphism in
microsurrounding of Trp127 residue, which is most
likely conditioned by dynamic mechanism of protein-NA interaction and conformational changes in
RNA-binding site of the protein.
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Ì. À. Êîðäûø, À. Â. Êèðþøêî, I. Ìåëè, À. È. Êîðíåëþê
Èññëåäîâàíèå
êîíôîðìàöèîííîé
ïîäâèæíîñòè
Ñ-ìîäóëÿ
òèðîçèë-òÐÍÊ ñèíòåòàçû è åãî êîìïëåêñà ñ òÐÍÊ ìåòîäàìè
ôëóîðåñöåíòíîé ñïåêòðîñêîïèè ñ âðåìåííûì ðàçðåøåíèåì
Ðåçþìå
Ñ-ìîäóëü òèðîçèë-òÐÍÊ ñèíòåòàçû ìëåêîïèòàþùèõ ïðîÿâëÿåò
äâîéíóþ ôóíêöèþ: ó÷àñòâóåò â ñâÿçûâàíèè òÐÍÊ êàê öèñ-ôàêòîð è
ïîñëå
ïðîòåîëèòè÷åñêîãî
îòùåïëåíèÿ
îò
N-êîíöåâîãî
êàòàëèòè÷åñêîãî êîðà ñèíòåòàçû ïðîÿâëÿåò ÅÌÀÐ II-ïîäîáíóþ
öèòîêèíîâóþ àêòèâíîñòü. Â åãî ñòðóêòóðó âõîäèò ïðèðîäíûé

ôëþîðîôîð
Trp144,
êîòîðûé,
îäíàêî,
ëîêàëèçîâàí
âíå
ÐÍÊ-ñâÿçûâàþùåãî ñàéòà. Ìåòîäîì ñàéò-íàïðàâëåííîãî ìóòàãåíåçà
â ÐÍÊ-ñâÿçûâàþùèé ñàéò áûë ââåäåí äîïîëíèòåëüíûé ôëþîðîôîð çà
ñ÷åò çàìåùåíèÿ êîíñåðâàòèâíîãî àðîìàòè÷åñêîãî îñòàòêà Phe127
íà Trp127. Ïðîâåäåíî èññëåäîâàíèå âçàèìîäåéñòâèÿ Ñ-ìîäóëÿ ñ òÐÍÊ
ìåòîäàìè
ôëóîðåñöåíòíîé ñïåêòðîñêîïèè ñ âðåìåííûì
ðàçðåøåíèåì. Ñðàâíèòåëüíûé àíàëèç ïàðàìåòðîâ çàòóõàíèÿ
ôëóîðåñöåíöèè ìóòàíòíîãî Ñ-ìîäóëÿ ñ çàìåíîé Phe127>Trp è åãî
êîìïëåêñà ñ òÐÍÊ ïîçâîëèë îáíàðóæèòü äîïîëíèòåëüíóþ
êîðîòêîæèâóùóþ êîìïîíåíòó òðèïòîôàíîâîé ôëóîðåñöåíöèè â
ïðèñóòñòâèè íóêëåèíîâîé êèñëîòû áåç ñóùåñòâåííûõ èçìåíåíèé
äðóãèõ ïàðàìåòðîâ. Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î
ïîëèìîðôíîñòè ìèêðîîêðóæåíèÿ îñòàòêà Trp127 â êîìïëåêñå,
îáóñëîâëåííîé äèíàìè÷åñêèì ìåõàíèçìîì âçàèìîäåéñòâèÿ áåëêà ñ
íóêëåèíîâîé êèñëîòîé.
Êëþ÷åâûå ñëîâà: Ñ-ìîäóëü òèðîçèë-òÐÍÊ ñèíòåòàçû,
ôëóîðåñöåíòíàÿ ñïåêòðîñêîïèÿ ñ âðåìåííûì ðàçðåøåíèåì,
êîíôîðìàöèîííàÿ ïîäâèæíîñòü.
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