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Introduction

Aim. Mammalian tyrosyl tRNA synthetase (TyrRS) is composed of N-terminal catalytic
miniTyrRS and non-catalytic C-terminal domain. After cleavage both domains of TyrRS reveal
non-canonical cytokine functions. It is important to study the conformational changes of
miniTyrRS in the course of ligands binding in different nanocomposite complexes. Fluorescence
spectroscopy is a very powerful method to detect the local conformational changes of proteins.
The study of single-tryptophan form of the protein can provide important information about
flexibility and local conformational changes of the protein functional sites. Methods. Site-
directed mutagenesis, bacterial expression, fluorescence spectroscopy. Results. Intrinsic fluo-
rescence characteristics of single-tryptophan Trp40-mini TyrRS were measured, a spectral
maximum at 332 nm was revealed, which corresponds to the buried state of Trp40 fluorophore
in protein globule. Fluorescence quenching of Trp40 by acrylamide revealed the existence of
conformational flexibility of mini TyrRS. Conclusions. Fluorescence studies of the single-
tryptophan form of tyrosyl-tRNA synthetase revealed a buried state of Trp40 fluorophore but
high conformational flexibility of the enzyme at the nanosecond time scale.

Keywords: tyrosyl-tRNA synthetase, fluorescence spectroscopy, mutant form of miniTyrRS,
active site, conformational flexibility.

Aminoacyl-tRNA synthetases are the key en-
zymes of protein biosynthesis. These enzymes
catalyze the activation of amino acids and their
covalent attachment to transfer RNAs thus
performing the first stage of the genetic infor-
mation translation into protein structure [1-3].

Tyrosyl tRNA synthetase of Bos taurus
(528 aa, 59.2 kDa) is composed of two struc-
tural modules, N-terminal catalytic mini TyrRS
(342 aa, 39 kDa) and C-terminal cytokine-like
(166 aa, 20 kDa) modules connected by a fle-
xible linker [4, 5]. N-terminal module (mini
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TyrRS) possesses full catalytic function,
whereas C-terminal module corrects and sta-
bilizes the placement of tRNA in the active
center of the enzyme. After cleavage of human
tyrosyl-tRNA synthetase by elastase into mini
TyrRS and C-terminal module, both separate
structural modules revealed different cytokine
activities [6-8].

Fluorescence spectroscopy is one of the
most informative methods for studying the
conformational features and intramolecular
dynamics of proteins [9—11]. The intrinsic
fluorescence of proteins is mainly due to the
emission of tryptophan residues, which are the
local structural probes in 3D structures of pro-
teins [12—13]. These probes provide informa-
tion about the local properties of the microen-
vironment of fluorophores, protein dynamics
in solution and allow monitoring the confor-
mational changes of protein, which may have
functional significance. Earlier, we success-
fully applied fluorescence spectroscopy to
study the structure and dynamics of mamma-
lian leucyl-tRNA synthetase [14] and tyrosyl-
tRNA sytnthetase [15-16].

In the structure of the catalytic module
BtTyrRS there are 3 tryptophan residues, which
are located in the active center of the enzyme
(Trp40), near the dimerization region of mini
BtTyrRS subunits (Trp87) and at the binding
site of cognate tRNADT anticodon triplet
(Trp283). The different arrangements of Trp40,
Trp87 and Trp283 residues in mini TyrRS
make promising the monitoring of the local
conformational changes, provided only 1 Trp
fluorophore at each of these functional sites.
Using site-directed mutagenesis, we have re-
placed the Trp87 and Trp283 codons with ala-
nine codons in the mini BfTyrRS cDNA cloned
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in plasmid pET30a-39KYRS, leaving only one
Trp40 near the active site of the enzyme [17].

The main aim of this study was to investi-
gate the structural characteristics and local
dynamics of a single Trp40 form of the cata-
lytic mini BfTyrRS by fluorescence spectros-

copy.
Materials and Methods

The recombinant protein-producing strain was
obtained on the basis of the BL21 (DE3) pLysE
recipient (Stratagene, USA) transformed with
a suitable construct according to the generally
accepted method [18]. Plasmid construct
pET30a-39KYRSW40 was created on the ba-
sis of the vector pET-30a (+) (Novagen, USA)
and contained cDNA encoding the synthesis
of Trp40-TyrRS under the control of the T7
phage promoter. A selective marker of plasmid
pET30a (+) was the kan gene, which provides
the resistance of transformed cells to the ka-
namycin. Plasmid DNA was isolated using the
Gene JET Plasmid Miniprep Kit from Thermo
Scientific. The concentration of plasmid DNA
was determined on a spectrophotometer
NanoDrop 2000 (“Thermo Scientific”). The
genetically engineered strains of E. coli DH5a
and BL21 (DE3) pLysE were used, respec-
tively, to transform the recombinant plasmid
pET30a-39KYRSW40 into E. coli cells and to
express the cDNA of the Bos taurus Trp40-
TyrRS. Competent E. coli cells were obtained
according to the methods of Nishimura et al.
[18]. All procedures for the transformation of
plasmid DNA encoding the sequence of the
mutant mini BfTyrRS were performed accord-
ing to [19]. Plasmid constructs were analyzed
by electrophoresis in 0.7-1 % agarose gel.
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Fig. 1. Localization of Trp40 residues in the active sites of both subunits of mini-TyrRS mutant form with the replace-

ments of Trp87 and Trp283 by alanine.

Cultivation of E. coli and induction of ex-
pression of recombinant mini BtTyrPC in bac-
terial culture were performed in Luria-Bertani
(LB) medium with 30 pg/ml kanamycin. The
transformed with recombinant plasmid
pET30a-39KYRSW40 competent cells E. coli
BL21 (DE3) pLysE were grown on a shaker
(Environmental Shaker Incubator ES-20) at
37 °C to an optical density Agyy = 0.7. The
synthesis of the target protein was induced by
adding 1M propropyl thiogalactopyranoside
(IPTG) up to 1 mM concentration followed by
incubation at 37 °C for 4 hours. The biomass
collected from 100 ml of culture was resus-
pended in 12 ml of cell lysis buffer (50 mM
sodium phosphate buffer, pH 8.0, 500 mM
NaCl, 10 mM imidazole, 5 mM B-merca-

ptoethanol). Lysis was performed using ultra-
sonic disintegrator with ultrasound (6 cycles
of 20s, intervals of 20s). The lysate was clari-
fied by centrifugation at 13,000 rpm for
30 minutes at 4 °C. The supernatant was ap-
plied on a 1 ml Ni-NTA agarose column equil-
ibrated with the cell lysis buffer, washed with
10 ml of the wash buffer (50 mM sodium
phosphate buffer, pH 8.0, 500 mM NaCl,
20 mM imidazole, 5 mM B-mercaptoethanol).
The recombinant protein was eluted with 5 ml
of the elution buffer (50 mM sodium phosphate
buffer, pH 8.0, 150 mM NaCl, 200 mM imi-
dazole, 5 mM B-mercaptoethanol). All frac-
tions, in which the protein was detected were
pooled and dialyzed against 200 ml of the
dialysis buffer (500 mM sodium phosphate

11



I. O. Blaschak, V. N. Zayets, L. A.Kolomiets ef al.

buffer pH 8.0, 150 mM NacCl) for 20 hours at
+4 °C. Electrophoretic analysis of the recom-
binant protein in 12 % polyacrylamide gel was
performed under denaturing conditions in the
Laemmley buffer system [20]. The gels were
stained with Coomassie blue R250. Concen-
tration of the purified mutant mini TyrRS pro-
tein was determined spectrophotometrically
with BioMate 5 spectrophotometer using an
extinction coefficient of 9970 M-lcm! at a
wavelength of 280 nm. The optical absorption
coefficient was determined from amino acid
analysis using the ProtParam program (http://
expasy.ch/cgibin/protparam).

Fluorescence spectra were recorded on a
Hitachi M850 spectrofluorimeter (Japan),
which was equipped with a thermostated cu-
vette holder. The temperature in the cuvette
was determined with an accuracy of +0.2 °C.
Measurements were performed in a quartz
cuvette with an optical path length of 0.5 cm.
The spectral width of the slits for the mono-
chromator of the exciting light and the recor-
ding system was 5—10 nm. The wavelength of
the excitation light was 296 nm, the wave-
length range for the fluorescence spectra was
300—-400 nm, the fluorescence was recorded at
an angle of 90° to the direction of the excita-
tion light beam.

Results and Discussion

Recombinant single-tryptophan form of mini-
TyrRS was expressed in E. coli strain BL21
(DE3) and retained full tRNA aminoacylating
activity inherent in [the] native enzyme. Since
the final yield of the target recombinant protein
in bacterial systems largely depends on the
culture conditions, the optimal expression pa-
rameters of mini BfTyrRS in E. coli were ex-
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perimentally determined. It was shown that the
highest level of recombinant mini BfTyrRS
expression in E. coli was achieved by adding
IPTG at the second hour of cultivation
(ODggp = 0.7-0.9) and incubation time was
4 hours at 37 °C. We used these conditions in
order to obtain one-tryptophan mutant form of
B. taurus TyrRS in preparative quantities. After
chromatographic purification of mutant mini-
TyrRS on Ni-NTA agarose the yield of recom-
binant protein was about 2.5 mg from 100 ml
of bacterial culture.

The fluorescence spectrum of the mutant
form of the catalytic modulus of Bos taurus
tyrosyl-tRNA synthetase at the 296 nm excita-
tion wavelength is shown in Fig. 2. Intrinsic
fluorescence characteristics, in particular, the
position of the fluorescence maximum, A,,,, and
the half-width of the fluorescence spectra, A\,
are 332 nm and 56 nm, respectively. According
to the three spectral classes model of trypto-
phan residues in protein structure, the trypto-
phan residue at position 40 refers to the spec-
tral class I, which is characterized by emission
of Trp fluorophore localized inside the protein
globule without contact with free water [12].
It should be pointed that the polarity of the
tryptophan residue microenvironment is deter-
mined not only by its accessibility to the sol-
vent molecules, but also by its own polar pro-
tein groups, which are the parts of its micro-
environment [12, 13]. Characteristics of tryp-
tophan fluorescence of Trp40 mini TyrRS
clearly indicate the immobilization of the flu-
orophore inside the synthetase.

When comparing the tryptophan fluores-
cence spectra for the native and denatured by
6M guanidine hydrochloride forms, we ob-
served a significant decrease in the fluores-
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cence intensity and shift of the emission max-
imum to the long-wavelength part of the spec-
trum (Fig. 2). This indicates a significant
change in the microenvironment of the Trp40
residue during unfolding of protein.

The effects of mutant Trp40 form of mini-
TyrRS denaturation were monitored with the
gradient addition of guanidine hydrochloride
(Fig. 3). The shift of fluorescence maximum
and a decrease of the emission intensity at the
increasing of guanidine hydrochloride concen-
tration were observed indicating a gradual
unfolding of the protein structure.

We analyzed the fluorescence intensity and
maximum position of Trp40 mini TyrRS dur-
ing the thermal melting (Fig. 4). It was found
that the temperature dependence of the maxi-
mum position of tryptophan fluorescence re-
veals a sigmoid shape with transition in the
region of about 55 °C. This indicates a sig-
nificant temperature stability of mutant Trp40
mini TyrRS. Although the conformational mo-
bility increases uniformly with increasing tem-
perature, the significant structural changes of
protein were observed only at temperatures
above 50 °C.

At the next step we investigated the external
quenching of protein fluorescence with neutral
acrylamide molecules and charged Cs* ions.
The quenching plots are usually represented
as the dependence of the relative fluorescence
intensity Fo/F on the quencher concentration
(Stern-Volmer plots). The fluorescence intensi-
ties of Trp40 mini TyrRS at different quencher
concentrations were measured. Based on these
data, fluorescence quenching plots were con-
structed in Stern-Volmer coordinates (Fig. 5).

The linear character of tryptophan fluores-
cence quenching plots in Stern-Volmer coor-

dinates with neutral and ionic quenchers indi-
cates the dynamic process of quenching. Stern-
Volmer constants were determined as 5.39 and
0.67 for acrylamide and Cs*, respectively. A
high value of the Stern-Volmer constant for
acrylamide quenching was due to the ability
of this quencher to diffuse through the protein
matrix which reveals its conformational flex-
ibility at the nanosecond time scale. This effect
clearly indicates the existence of conforma-
tional fluctuations of this protein in solution,
as well as the dynamic availability of buried
Trp40 residue to solvent molecules. In turn, a
low efficiency of fluorescence quenching by
Cs* ions can be explained by the presence of
positively charged groups, e.g. Lys37 at the
surface of protein near Trp40 fluorophore.
Earlier, we performed detailed fluorescence
studies of single-tryptophan non-catalytic
C-terminal domain of Bos taurus TyrRS, which
also revealed cytokine activity [21-22].
Fluorescence quenching of Trpl144 by acry-
lamide suggested a rapid conformation dyna-
mics of the C-module in nanosecond time scale
[21]. The temperature-induced conformation-
al changes of the C-module have been moni-
tored by the fluorescence measurements.
Fluorescence emission maximum shift up to
~349 nm and the red-edge shift effect at 37—
52 °C indicated a major conformational transi-
tion of Trpl144 from buried native state into
highly relaxing polar solvent environment [22].
For years, tryptophan fluorescence of proteins
1s widely used as a tool to monitor the changes
in proteins and to make inferences regarding
local structure and dynamics [9-12, 23-24]. The
interpretation of fluorescence data from multi-
Trp proteins is generally complicated due to
complex fluorescence processes and environ-
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ment-sensitive nature of individual Trp residues
[25]. Most effective approach is the use of sin-
gle-tryptophan mutants of proteins in order to
study the structural details, local conformation-
al flexibility and rearrangements, especially at
the protein functional sites [26—29].
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Fig. 2. Fluorescence spectra of the mutant Trp40 form of

B.taurus miniTyrRS in the native and unfolded state in
6M guanidine hydrochloride at the excitation wavelength
0f 296 nm.
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Fig. 3. Changes in fluorescence intensity and emission
maximum of the Trp40 mutant form of B.taurus mini
TyrRS with increasing guanidine hydrochloride concen-
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Hence, in this work we studied in details
some fluorescence characteristics of the single-
tryptophan form of Trp40-mini TyrRS. The
single-tryptophan N-terminal mini TyrRS and
C-terminal domain may be extensively used
in future investigations of cytokine activities
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Fig. 4. Changes in fluorescence intensity and emission
maximum of the Trp40 mutant form of B.taurus mini
TyrRS during the protein melting.
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both as isolated proteins and their nanocom-
posite complexes.

Conclusions

Fluorescence characteristics of the single-tryp-
tophan Trp40 mini TyrRS form revealed a bur-
ied state of the Trp40 fluorophore, which is
located near the enzyme active site. At the same
time, the high level of quenching of Trp40
fluorescence quenching by acrylamide revealed
conformational flexibility of the protein and
dynamic accessibility of the fluorophore to non-
charged quenchers on a nanosecond timescale.
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BaacHa guyopecueHiiisi 0xHOTPUNITO(AHOBOL
¢opmu karajgiTuuHoro moayJis Tupo3ua-TPHK
cuHTeTas3Mm i3 3aminamu Trp 87 Tta Trp 283

Ha aJIaHiH

1. O. bnamak, B. 3aensp, JI. A. Konomielb,
O. 1. Kopnemntox

Merta. Tuposmn-TPHK-cunrerasa ccasmiB (TyrRS) ckima-
naeTbest 3 N-KIHIEBOTO KaTamiTHYHOro Moyt miniTyrRS
Ta HekatamiTHaHoro C-kiHmeBoro nomeny. [licms posrie-
ieHHs obuasa nomeHn TyrRS BHSBISIFOTE HEKaHOHIUHI
IUTOKIHOBI (pyHKIIii. BaxknuBo BUBUMTH KOH(pOpMAITiiiHi
3miau miniTyrRS sk y nporieci posmnisHaBaHHs CyOCTpaTiB,
ocobmBo TPHK, Tak i iHIMX JirasiB y pisHAX HAHOKOM-
MO3UTHUX KOMILIeKcax. DmyopeciieHTHa CIeKTPOCKOITist —
JTy>Ke TIOTY>KHUI METO ] BUSIBIICHHS JIOKaJIbHUX KOH(OpMa-
iitHuX 3MiH ¢epMeHTiB. BupueHHs omHOTpHIITODAHOBOT
hopmu OisTka MOXKe HafaTH BaXIHMBY 1H(OpMALIiIO TIPO
JIOKaJIbHY THYYKICTb Ta KOH(OpMaLlii{Hi 3MiHA aKTHBHOTO
eHTpy Gepmenty. Metoau. CalT-cripsIMOBaHHI MyTare-
He3, OaKTepiaabHa eKCIpecis, (UIyOpPEeCIICHTHA CIIEKTPO-
ckoris. Pe3ynbraTn. XapakTeprcTHKY BIacHOI (iryopec-
neHtii ogHoTpHnTo(hanoBoi ¢opmu Trp-40 miniTyrRS
OyJTM BUMIpSIHI Ta BUSIBUIIN CIIEKTPAIILHUN MaKCUMYyM IIPH
332 HM, 110 BIATIOBITAE€ EKPAaHOBAHOMY CTaHy (iryopodo-
py Trp40. I'acians dmyopecuentii Trp-40 akprmaminom
TMOKa3aJI0 HasiBHICTh BUCOKOI KOH(OPMALIIFHOT pyXJIMBOC-
Ti akTHBHOTO IIeHTPY. BucHoBKkH. diryopecreHTHi nocti-
JOKeHHS oHOTpHTohanoBoi hopmu Tupo3mwi-TPHK cra-
TeTa3u BUSIBWIIM €KpaHOBaHMIi ctaH ¢uryopodopy Trp40,
aJie BUCOKY KOH(OpMAaMiifHy PyXJIMBICTh aKTUBHOTO LIEHTPY
(hepMeHTY B 4aCOBOMY HAHOCEKYHIHOMY iHTEPBaIi.

KawuoBi caosa: tupo3wi-tPHK cunrerasa, ¢oyo-
pecIeHTHA CTIeKTPOCKOMist, MyTaHTHa opma miniTyrRS,
aKTHBHHH IIEHTP, KOH(pOpMaliiiHa PyXJIUBICTb.
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