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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 (Trpl44), located out of its
RNA-binding site, and a conservative aromatic residue Phel27 located inside of its RNA-binding site, which was
replaced by fluorophore Trpl27. Obtained fluorescence decay parameters of free C-module Trp144 and its com-
plex 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 compo-
nent 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 mod-
ules as follows: NH,-terminal catalytic module and
cytokine-like COOH-terminal domain, cytokine
EMAP II homologue (endothelial and monocyte-acti-
vating polypeptide II) [1, 2]. Non-catalyzing C-domain
of cytoplasmic TyrRS of mammals has the double func-
tion: 1) participates in binding tRNA as cys-factor and
(i1) after proteolytic cleavage of the catalytic core of
synthetase, it reveals its cytokine EMAP Il-similar ac-
tivity [1, 2]. However the structural aspects of interac-
tion 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-flu-
orescence of tryptophan and the conformational mobil-
ity of isolated C-module of TyrRS using Trp144 as flu-
orescent 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 to-
wards 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
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probe in protein structure — Trp144 fluorophore — was
shown to be localised outside of RNA-binding centre
and low-sensitive to interaction with nucleic acid. Be-
sides, our previous experiments revealed the interaction
of C-module with tRNA to be accompanied by high ag-
gregation of protein in the solution, which is of signifi-
cant 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 aro-
matic residue Phel27 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 interac-
tion of aromatic residue with tRNA basis. TyrRS
C-module belongs to the group of tRNA-binding fac-
tors [7-9], which also includes oligonucleotide-binding
fold (OB-fold) [10].

It is noteworthy that all OB-fold proteins have con-
servative aromatic residues in RNA-binding centres,
which are functionally important during the complex
formation with tRNA. tRNA-binding factors are char-
acterized by wide range specificity to binding various
tRNA [7-9], therefore, we used tRNA™ as model struc-
ture for C-module and EMAP Il interaction with RNA.
Therefore, the aim of our work was to study the interac-
tion 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
Trpl127-for-Phel27 substitution were expressed in
Escherichia coli cells and purified to achieve homoge-
nous condition (>95%) using the methods of metal-che-
lating chromatography as earlier described in [4—6]. Af-
ter purification, recombinant proteins were chipped off
of His-tag sequence using enterokinase (BioLabs,
USA).

Protein and tRNA™ (Sigma, USA) solutions ap-
plied 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 substi-
tuted Phel27 —>Trpl27

the following content: 20 mM tris-HCI, pH 7.7, con-
taining 100 mM NaCl and 5 mM MgCl..

Concentrations of tRNA™ and proteins were deter-
mined using the method of spectrophotometry, extinc-
tion coefficients were as follows: e, 9650
M'cm'(C-module), e,,, = 15470 M"'cm"(C-module with
Phel127 — Trp mutation), e,, = 500000 M"'cm”(yeast
tRNA"™). UV-absorption spectra were measured using
Specord UV VIS spectrophotometer (Carl Zeiss, Ger-
many) 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 analy-
sis of the fluorescence intensity decays was performed
by the maximum entropy method (MEM) with Pulse5
software [11].

131



KORDYSH M. O. ET AL.

Table 1

Fluorescence decay parameters of TyrRS C-module in free state and in the presence of tRNAPhe at different temperatures

Radiation wave C-module TyrRS

C-module TyrRS in the presence of tRNA™

length, 340 nm T s a T, ns Q, 1,
20°C 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
37°C 0.437+0.033 0.819+0.074 0.568 0.500+0.047 0.843+0.026 0.588
1.812+0.350 0.15120.080 0.432 1.877+0.243 0.157+0.036 0.412

Note: t, ns — fluorescence lifetime; o, —the relative proportion of each lifetime class; f,— fractional intensity of each lifetime class.
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Fig.2 Fluorescence decay of C-module TyrRS (1) and C-module TyrRS in
the presence of tRNA™ (2) at 20°C (N — the number of counts; n — No. of
analyser channel)

Fractional intensity, f, of each lifetime class was de-
termined according to the formula:

[
) Za i

where'ti — fluorescence lifetime, o — relative pro-
portion og each lifetime class [12].

Analysis of Trpl127 C-module microsurrounding
with Phel27 — Trp 127 substitution was carried out us-
ing free distributed SwissPDB-Viewer 3.7(b2) soft-
ware, based on spatial C-module structure cm5 [13].
The structure of TyrRS C-module (cm5) with tRNA™
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(crystal structure of yeast tRNA™, PDB ID:1EHZ) was
reconstructed using ZDOCK software. In order to im-
prove 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-mod-
ule was minimised in the field of tRNA.

Results and Discussion. Our previous works pre-
sented 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 val-
ues of quantum yield of both C-module with only
Trpl144 (gq=0.09) and C-module with Phel27 substi-
tuted for Trp (q=0.298) have been calculated. There-
fore, fluorescence of mutant C-module Phel27 — 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 ex-
posed towards solvent molecules. As aromatic residues
Trpl44 and Trpl27 are located in different
microsurroundings of protein globula, the decay of
their fluorescence intensity is very likely to be charac-
terised by different lifetimes, which may be determined
for each fluorophore.

We have studied the fluorescence intensity decay of
Trpl144 in C-module of TyrRS in free state and in the
presence of tRNA™ at 20 and 37°C. The obtained ex-
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Table 2

Radiation wave C-module TyrRS

C-module TyrRS in the presence of tRNA™

length, 340 nm Tns a, T, 18 a, A

20°C - 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

37°C - 0.063+0.047 0.206+0.011 0.01
0.429+0.033 0.538+0.074 0.14 0.429+0.234 0.4310.065 0.142
2.027+0.350 0.0830.041 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

Note: 1, ns — fluorescence lifetime; o —the relative proportion of each lifetime class, f,— fractional intensity of each lifetime class.
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Fig.3 Fluorescence decay of TyrRS C-module with substituted Phel27 —

Trp in a free state (1) and in the presence of tRNA™ (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 tRNA™ present no
significant differences and are showed a trimodal distri-
bution of lifetime peaks at 20°C and bimodal distribu-
tion at 37°C. The main contribution in Trp144 fluores-
cence decay at 20°C (~65%) is made by component of
1=0.7 ns and at 37°C (~57%) 1=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 tRNA™ testifies to insensitivity of
current fluorophore to NA interaction, which may be
explained by its significant distance from tRNA™ bind-
ing 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 us-
ing the methods of site-directed mutagenesis.

Fig.3 presents the C-module fluorescence decay
curves with substituted Phe127 — Trp and its complex
with tRNA™ at 20°C which differs significantly. Fluo-
rescence decay parameters of mutant C-module with
substituted Phe127 — Trp (Table 2) are characterised
by trimodal distribution. Taking into account the afore-
mentioned fluorescence lifetime values of Trp144, the
values of long-lived fluorescence lifetimes of C-mod-
ule with substituted Phel127 — Trp may be clearly as-
cribed to each of the tryptophan residues, i.e. 4.3 ns —
Trpl127; 2.5 ns — Trp144 at 20°C and 3.3 ns — Trp127
and 2 ns at 37°C respectively. It is noteworthy to men-
tion that being in the presence of tRNA, the distribution
of Trp lifetimes is characterised by additional
short-lived lifetime class (1=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
tRNA™ binding site and its fluorescence decay parame-
ters do not change at the presence of tRNA™ [6], there-
fore the occurrence of short-lived lifetime peak is deter-
mined by additional residue of Trp127.

The analysis of fluorescence decay parameters of
C-module with substituted Phe127 — Trp in the pres-
ence of tRNA indicates the presence of different popu-
lations of tryptophan, the fluorescence of ~20% of
tryptophan residues are quenched in the presence of
tRNA, which appeared as an additional short-lived life-
time . Similar heterogeneity of tryptophan populations
may be explained by dynamic mechanism of pro-
tein-NA interaction and could be associated with a dif-
ferent conformations of Trpl27 in the presence of
tRNA.

The appearance of ultrashort lifetime peaks of
C-modulw complexed to tRNA™ could be associated
with both a stacking of Trp127 with tRNA bases and
conformational changes in protein structure , deter-
mined by interaction with tRNA™.

Nonradiative Trp fluorescence quenching is ac-
companied by the appearance of subnanosecond life-
time 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 fluores-
cence [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 re-
vealed potential acceptors of excited-state electron,
namely, amino acid residues GIn131, Glul28, Cys63,
and Cys81, located at 10Afrom CE3 atom of tryptophan
indole ring. Fluorescence quenching of Trp127 C-mod-
ule in complex with tRNA by the way of the excited
state electron transfer from Trp127 to the aforemen-
tioned amino acids side chains may take place at the
case of existence of Trpl27 rotamers, as a result of
conformational change at the interaction with tRNA.

Having studied the structures of C-module complex
with tRNA™, 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
Glul28 of C-module complexed with tRNA is stabi-
lised by four hydrogen bonds (Fig.4), which allows the
excited-state electron transfer from Trpl127 to C=0O
group Glul28, which results in nonradiative Trp127
fluorescence decay. Worthy of attention is the fact that
such stabilisation of C=0 group Glul28 for C-module
is not observed without tRNA.

It should be noted also that [17] shows the depend-
ence of effectiveness of tryptophan fluorescence
quenching by C=0O groups on the distance between
fluorophore and quencher group, which, in its turn, in-
fluences significantly the value of fluorescence life-
time, i.e. it has been indicated that at SE distance be-
tween tryptophan CE3 atom and C=0 group, the value
of short-lived lifetime component of tryptophan fluo-
rescence is 0.09 ns.

According to the model of tRNA™ with C-module
the distance between CE3 atom of Trpl127 to C=0
Glul28 is ~4.3A Therefore, the appearance of
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=0
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 tRNA™, which allowed evaluate the
distance between these fluorophores. It has been de-
fined that the excitation and emission spectra of tRNA™
did not change in the presence of C-module. The latter
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testifies in favour of energy transfer from Trp144 pro-
tein to Y-nucleoside, localised in anticodon loop of
tRNA"™. As the value of Ferster distance for current do-
nor-acceptor pair is 1.4 nm, the absence of FRET indi-
cates 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-mod-
ule and its complex with tRNA™ using the methods of
time-resolved fluorescece spectroscopy allowed ob-
taining 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 cor-
related 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
Phel27 — Trp was shown the existence of several
tryptophan populations at the interaction with tRNA.
This fact shows the presence of polymorphism in
microsurrounding of Trpl27 residue, which is most
likely conditioned by dynamic mechanism of pro-
tein-NA interaction and conformational changes in
RNA-binding site of the protein.
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Hccnenosanue KOH(DOPMAIOHHOI TIO/IBHYKHOCTH C-moynst

Tupo3un-TPHK  cunreraset u ero kxommiaekca ¢ TPHK Meromamu

(I1yOpECLEHTHOM CIIEKTPOCKOIIMK C BPEMEHHBIM pa3pellieHueM
Pestome

C-modynv  muposur-mPHK  cunmemasvl  maexonumaiowux nposeisem
080UHYI0 hyHKYUIO.: Yyuacmeyem 6 ceazvieanuu mPHK kax yuc-pakmop u
nocne npomeonumu1ecko20 omuyennenus om N-konyegozo
Kamanumuyeckoeo Kopa cunwmemasvl nposigisiem EMAP II-nodoonyro
YUMOKUHOBYIO AKMUBHOCMb. B e2o cmpykmypy 6xooum npupoomublil

¢noopoop  Trpl44,  xomopwvui,  oonako,  JIOKAIUZ06AH — 6HE
PHK-cssazvigaiowezo catima. Memooom catim-HanpasieHHo20 MymazeHesa
6 PHK-cesazvisaiowuil catim 6bL1 66e0eH OONOIHUMENbHbIN (PI0opodop 3a
cuem 3ameujeHusi KOHCEPBAMUBHO20 apoMamuieckozo ocmamra Phel27
na Trpl127. IIpogedeno ucciredosanue ezaumooeticmeus C-mooyas ¢ mPHK
Memooamu (ryopecyenmnoil  CheKmpoCcKonuu ¢ - BPeMeHHbIM
paspewenuem.  CpagnHumenvuulll  AHAIU3 — NAPAMEMPO8  3aMYXAHUs
@ayopecyenyuu mymanmnozo C-wodyas ¢ samenoti Phel27>Trp u eco
xomnaekca ¢ mPHK  noseonun — obuapyscumv — OONOIHUMETLHYIO
KOPOMKOICUBYWYIO KOMNOHEHNTY MpUnmo@anosoll @ryopecyenyuu 6
npUCYmcmeuy  HyKIeuHo8ou Kuciomsl 0e3 CyuecmeeHHvlX usMeHeHull
opyeux napamempos. Ilonyuennvle Oannvie C6UOEMENbCMEYION O
nonumopguocmu  Mukpookpyoscenuss ocmamxa Trpl27 6 komnnexce,
00yC10671eHHOU OUHAMUYECKUM MEXAHUZMOM 63aumooelicmeus 6eka ¢
HYKIEUHOB0U KUCTOMOU.
Knwouesvle  cnosa:  C-mooyin

@ryopecyenmnas — chekmpockonus ¢
KOHGOPpMAYUOHHAS, NOOBUICHOCHTb.

muposur-mPHK
8DEMEHHbIM

cunmemasvl,
paspeutenuem,
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