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The non-cat a lytic C-mod ule formed af ter proteolytic cleav age of full-length mam ma lian tyrosyl-tRNA synthetase
dis plays RNA-bind ing abil ity. C-mod ule con tains a unique tryptophan res i due (Trp144), lo cated out of its
RNA-bind ing site, and a con ser va tive ar o matic res i due Phe127 lo cated in side of its RNA-bind ing site, which was
re placed by fluorophore Trp127. Ob tained flu o res cence de cay pa ram e ters of free C-mod ule Trp144 and its com -
plex with tRNA de tect the ab sence of tRNA-in ter ac tion sen si tiv ity. Ob tained flu o res cence de cay pa ram e ters of
Trp144 and Trp127 of C-mod ule and its com plex with tRNA are char ac ter ized by the ad di tional short-lived com po -
nent with out any suf fi cient chang ing of other flu o res cence pa ram e ters in the pres ence of nu cleic acid. It in di cates
the ex is tence of the poly mor phism of Trp127 microsurrounding that is con di tioned by the dy namic pro tein–nu cleic
acid in ter ac tion mech a nism.

Keywords: tyrosyl-tRNA synthetase C-mod ule time-re solved flu o res cence spec tros copy, conformational mo bil ity.

In tro duc tion. Cy to plas mic tyrosyl-tRNA synthetase
(TyrRS) of mam mals con sists of two struc tural mod -
ules as fol lows: NH

2
-ter mi nal cat a lytic mod ule and

cytokine-like COOH-ter mi nal do main, cytokine
EMAP II homologue (en do the lial and monocyte-ac ti -
vat ing polypeptide II) [1, 2]. Non-cat a lyz ing C-do main
of cy to plas mic TyrRS of mam mals has the dou ble func -
tion: i) par tic i pates in bind ing tRNA as cys-fac tor and
(ii) af ter proteolytic cleav age of the cat a lytic core of
synthetase, it re veals its cytokine EMAP II-sim i lar ac -
tiv ity [1, 2]. How ever the struc tural as pects of in ter ac -
tion of iso lated TyrRS C-mod ule with tRNA as well as
the na ture of conformational changes in com plex and

the func tional role of spe cific amino acid res i dues
re main un known. Ear lier we have in ves ti gated self-flu -
o res cence of tryptophan and the conformational mo bil -
ity of iso lated C-mod ule of TyrRS us ing Trp144 as flu -
o res cent probe [3–5].

The pres ence of fast conformational mo bil ity of
C-mod ule in the range of nano sec onds has been shown
[3, 5]. Trp144 flu o res cence is known to be sen si tive to -
wards the conformational changes in pro tein, i.e.
conformational tran si tion of Trp144 microsurrounding
at heat de na tur ation of C-mod ule in the range of
40-50°C has been de ter mined [4, 5]. How ever, the
study of struc tural as pects of in ter ac tion of iso lated
C-mod ule with tRNA and the na ture of conformational
changes in com plex was lim ited by the fact that the
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probe in pro tein struc ture – Trp144 fluorophore – was
shown to be local ised out side of RNA-bind ing cen tre
and low-sen si tive to in ter ac tion with nu cleic acid. Be -
sides, our pre vi ous ex per i ments re vealed the in ter ac tion 
of C-mod ule with tRNA to be ac com pa nied by high ag -
gre ga tion of pro tein in the so lu tion, which is of sig nif i -
cant in flu ence on the ac cu racy of bind ing pa ram e ters
de ter mi na tion [6].

Thus, in or der to study the in ter ac tion of C-mod ule
with RNA, we have sub sti tuted the con ser va tive ar o -
matic res i due Phe127 in RNA-bind ing cen tre for
fluorophore Trp127 us ing the method of site-di rected
mu ta gen e sis [6]. This sub sti tu tion al lowed de ter min ing
pa ram e ters for C-mod ule–tRNA bind ing and pro pos ing 
the hy poth e sis on pos si ble func tional role of Trp127 in
in ter ac tion with nu cleic acid (NA) via stack ing in ter ac -
tion of ar o matic res i due with tRNA ba sis. TyrRS
C-mod ule be longs to the group of tRNA-bind ing fac -
tors [7-9], which also in cludes oligonucleotide-bind ing
fold (OB-fold) [10].

It is note wor thy that all OB-fold pro teins have con -
ser va tive ar o matic res i dues in RNA-bind ing cen tres,
which are func tion ally im por tant dur ing the com plex
for ma tion with tRNA. tRNA-bind ing fac tors are char -
ac ter ized by wide range spec i fic ity to bind ing var i ous
tRNA [7-9], there fore, we used tRNAPhe as model struc -
ture for C-mod ule and EMAP II in ter ac tion with RNA.
There fore, the aim of our work was to study the in ter ac -
tion of C-mod ule TyrRS with tRNA us ing the meth ods
of time-re solved flu o res cence spec tros copy with the
pur pose of study ing conformational changes in pro tein
at in ter ac tion with NA and to de ter mine the func tional
role of res i due Trp127.

Ma te ri als and Meth ods. Re com bi nant pro teins of
TyrRS C-mod ule and C-mod ule TyrRS with
Trp127-for-Phe127 sub sti tu tion were ex pressed in
Esch e richia coli cells and pu ri fied to achieve ho mog e -
nous con di tion (>95%) us ing the meth ods of metal-che -
lat ing chro ma tog ra phy as ear lier de scribed in [4–6]. Af -
ter pu ri fi ca tion, re com bi nant pro teins were chipped off
of His-tag se quence us ing enterokinase (BioLabs,
USA).

Pro tein and tRNAPhe (Sigma, USA) so lu tions ap -
plied to study pro tein-NA com plexes us ing the meth ods 
of fluorescece spec tros copy were pre pared in buffer of

the fol low ing con tent: 20 mM tris-HCl, pH 7.7, con -
tain ing 100 mM NaCl and 5 mM MgCl

2
.

Con cen tra tions of tRNAPhe and pro teins were de ter -
mined us ing the method of spectrophotometry, ex tinc -
tion co ef fi cients were as fol lows: å

280
 = 9650

M-1cm-1(C-mod ule), å
280

 = 15470 M-1cm-1(C-mod ule with 
Phe127 ® Trp mu ta tion), å

260
 = 500000 M-1cm-1(yeast

tRNAPhe). UV-ab sorp tion spec tra were mea sured us ing
Specord UV VIS spectrophotometer (Carl Zeiss, Ger -
many) quartz cuvettes with op ti cal path of 1 cm.

The mea sur ing us ing time-re solved fluorescece
spec tros copy was per formed in the mode of sin gu lar
pho tons cal cu la tion us ing Ti-sap phire la ser (Tsu nami,
Spec tra-Phys ics, USA), pumpud by a con tin u ous wave
ar gon la ser. The ex ci ta tion wave length was set at 295
nm. The emis sion wave length was set at 340 nm, and
de tected af ter the cross ing of po lar izer ori ented at
magic an gle ( 54.7°), to elim i nate any po lar iza tion bias
due to mo lec u lar ro ta tion. The in stru men tal re sponse
func tion, re corded with a pol ished alu minium re flec tor, 
has a full width of half-max i mum of ~40 ps. Data anal y -
sis of the flu o res cence in ten sity de cays was per formed
by the  max i mum en tropy method (MEM) with Pulse5
soft ware [11].
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Fig.1 3D-struc ture of C-mod ule of tyrosyl-tRNA synthetase with sub sti -

tuted Phe127 ®Trp127



Frac tional in ten sity, f
i
, of each life time class was de -

ter mined ac cord ing to the for mula:

f
i

i i

j j
j

=
å

a t

a t ,
where ti – flu o res cence life time, ai – rel a tive pro -

por tion og each life time class [12].
Anal y sis of Trp127 C-mod ule microsurrounding

with Phe127 ® Trp 127 sub sti tu tion was car ried out us -
ing free dis trib uted SwissPDB-Viewer 3.7(b2) soft -
ware, based on spa tial C-mod ule struc ture cm5 [13].
The struc ture of TyrRS C-mod ule (cm5) with tRNAPhe

(crys tal struc ture of yeast tRNAPhe, PDB ID:1EHZ) was
re con structed us ing ZDOCK soft ware. In or der to im -
prove the qual ity of the com plex af ter dock ing, en ergy
mini mi sa tion of the com plex has been per formed, in the 
pro cess tRNA re mained sta ble and struc ture of C-mod -
ule was mini mised in the field of tRNA.

Re sults and Dis cus sion. Our pre vi ous works pre -
sented the anal y sis of TyrRS C-mod ule flu o res cence,
de ter mined by the pres ence of Tpr144 res i due [3-5] and 
the flu o res cence of C-mod ule with Phe127 ® Trp 127
sub sti tu tion (Fig.1), which is de fined by two
fluorophores, namely Trp144 and Trp127 [6]. The val -
ues of quan tum yield of both C-mod ule with only
Trp144 (q=0.09) and C-mod ule with Phe127 sub sti -
tuted for Trp (q=0.298) have been cal cu lated. There -
fore, flu o res cence of mu tant C-mod ule Phe127 ® Trp
is de ter mined pre dom i nantly by emis sion of Trp127
res i due, local ised in RNA-bind ing cen ter. It has been
shown ear lier that Trp144 is screened from sol vent
mol e cules and re mains in hy dro pho bic sur round ing
[3-5], while Trp127 in mu tant pro tein is par tially ex -
posed to wards sol vent mol e cules. As ar o matic res i dues
Trp144 and Trp127 are lo cated in dif fer ent
microsurroundings of pro tein globula, the de cay of
their flu o res cence in ten sity is very likely to be char ac -
ter ised by dif fer ent life times, which may be de ter mined
for each fluorophore.

We have stud ied the flu o res cence in ten sity de cay of 
Trp144 in C-mod ule of TyrRS in free state and in the
pres ence of tRNAPhe at 20 and 37°C. The ob tained ex -
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Ta ble 1
Flu o res cence de cay pa ram e ters of TyrRS C-mod ule  in free state and in the pres ence of tRNAPhe at dif fer ent tem per a tures

Ra di a tion wave 
length, 340 nm

C-module TyrRS C-module TyrRS in the presence of tRNAPhe 

t
i
, ns a

i
f

i t
i, 
ns a

i
f

i

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 0.151±0.080 0.432 1.877±0.243 0.157±0.036 0.412

Note: t
i
, ns – flu o res cence life time;  a

i
 –the rel a tive pro por tion of each life time class; f

i
 – frac tional in ten sity of each life time class.

Fig.2 Flu o res cence de cay of C-mod ule TyrRS (1) and C-mod ule TyrRS in

the pres ence of tRNAPhe (2) at 20°C (N – the num ber of counts; n – No. of
analyser chan nel)



per i men tal curves of flu o res cence de cay are pre sented
in Fig.2 and the cal cu lated val ues of the flu o res cence
de cay pa ram e ters are pre sented in Ta ble 1. As it is seen,
the flu o res cence de cay pa ram e ters of Trp144 C-mod ule 
in free state and in the pres ence of tRNAPhe pres ent no
sig nif i cant dif fer ences and are showed a trimodal dis tri -
bu tion of life time peaks at 20°C and bi modal dis tri bu -
tion at 37°C. The main con tri bu tion in Trp144 flu o res -
cence de cay at 20°C (~65%) is made by com po nent of
t=0.7 ns and at 37°C (~57%) t=0.4 ns (Ta ble 1). At
20°C, short-lived life time (t=0.2 ns) may be con sid ered 

un cer tain as its am pli tude equals to the ac cu racy of the
ex per i ment.

There fore, al most com plete ab sence of changes in
flu o res cence de cay pa ram e ters of Trp144 of C-mod ule
in the precence of tRNAPhe tes ti fies to in sen si tiv ity of
cur rent fluorophore to NA in ter ac tion, which may be
ex plained by its sig nif i cant dis tance from tRNAPhe bind -
ing site (Fig.1).

Our fur ther in ves ti ga tion of C-mod ule in volved the
de vel op ment of the sub sti tu tion of con ser va tive Phe127 
res i due in RNA-bind ing site for Trp127 fluorophore us -
ing the meth ods of site-di rected mu ta gen e sis.

Fig.3 pres ents the C-mod ule flu o res cence de cay
curves with sub sti tuted Phe127 ® Trp and its com plex
with tRNAPhe at 20°C which dif fers sig nif i cantly. Flu o -
res cence de cay pa ram e ters of mu tant C-mod ule with
sub sti tuted Phe127 ® Trp (Ta ble 2) are char ac ter ised
by trimodal dis tri bu tion. Tak ing into ac count the afore -
men tioned flu o res cence life time val ues of Trp144, the
val ues of long-lived flu o res cence life times of C-mod -
ule with sub sti tuted Phe127 ® Trp may be clearly as -
cribed to each of the tryptophan res i dues, i.e. 4.3 ns –
Trp127; 2.5 ns – Trp144 at 20°C and 3.3 ns – Trp127
and 2 ns at 37°C re spec tively. It is note wor thy to men -
tion that be ing in the pres ence of tRNA, the dis tri bu tion
of Trp life times is char ac ter ised by ad di tional
short-lived life time class (t=0.09 ns), which con trib -
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Ta ble 2

Ra di a tion wave 
length, 340 nm

C-module TyrRS C-module TyrRS in the presence of tRNAPhe 

t
i, 
ns a

i
f

i t
i, 
ns a

i
f

i

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 0.431±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

Note: t
i, 
ns – flu o res cence life time; a

i
 –the rel a tive pro por tion of each life time class; f

i
 – frac tional in ten sity of each life time class.

Fig.3 Flu o res cence de cay of TyrRS C-mod ule with sub sti tuted Phe127 ®

Trp in a free state (1) and in the pres ence of tRNAPhe (2) at 20°C (N – the
num ber of counts; n – No. of analyser chan nel)



utes ~20% of the to tal flu o res cence in ten sity (Ta ble 2)
at 20°C and 37°C.

Trp144 has been shown to be lo cated out side of the
tRNAPhe bind ing site and its flu o res cence de cay pa ram e -
ters do not change at the pres ence of tRNAPhe [6], there -
fore the oc cur rence of short-lived life time peak is de ter -
mined by ad di tional res i due of Trp127.

The anal y sis of flu o res cence de cay pa ram e ters of
C-mod ule with sub sti tuted Phe127 ® Trp in the pres -
ence of tRNA in di cates the pres ence of dif fer ent pop u -
la tions of tryptophan, the flu o res cence of ~20% of
tryptophan res i dues are quenched in the pres ence of
tRNA, which ap peared as an ad di tional short-lived life -
time . Sim i lar het er o ge ne ity of tryptophan pop u la tions
may be ex plained by dy namic mech a nism of pro -
tein-NA in ter ac tion and could be as so ci ated with a dif -
fer ent con for ma tions of Trp127 in the pres ence of
tRNA.

The ap pear ance of ultrashort life time peaks of
C-modulw complexed to tRNAPhe could be as so ci ated
with both a stack ing of Trp127 with tRNA bases and
conformational changes in pro tein struc ture , de ter -
mined by in ter ac tion with tRNAPhe.

Nonradiative Trp flu o res cence quench ing is ac -
com pa nied by the ap pear ance of subnanosecond life -
time com po nent. His side chains in the protonate form,
Cys and its disulphide bridges, Glu, and polypeptide

back bone are the main quenchers of tryptophan flu o res -
cence [14-16]. In con nec tion to the men tioned above
we ana lysed the microsurrounding of Trp127 in the
model of 3D-struc ture of C-mod ule cm5 [13] and re -
vealed po ten tial ac cep tors of ex cited-state elec tron,
namely, amino acid res i dues Gln131, Glu128, Cys63,
and Cys81, lo cated at 10A° from CE3 atom of tryptophan 
indole ring. Flu o res cence quench ing of Trp127 C-mod -
ule in com plex with tRNA by the way of the ex cited
state elec tron trans fer from Trp127 to the afore men -
tioned amino ac ids side chains may take place at the
case of ex is tence of Trp127 rotamers, as a re sult of
conformational change at the in ter ac tion with tRNA. 

Hav ing stud ied the struc tures of C-mod ule com plex 
with tRNAPhe, it was shown that ex cited-state elec tron
trans fer may take place from Trp127 of C-mod ule via
al ter na tive way. The po si tion of car boxyl group of
Glu128 of C-mod ule complexed with tRNA is sta bi -
lised by four hy dro gen bonds (Fig.4), which al lows the
ex cited-state elec tron trans fer from Trp127 to C=O
group Glu128, which re sults in nonradiative Trp127
flu o res cence de cay. Wor thy of at ten tion is the fact that
such sta bili sa tion of C=O group Glu128 for C-mod ule
is not ob served with out tRNA.

It should be noted also that [17] shows the de pend -
ence of ef fec tive ness of tryptophan flu o res cence
quench ing by C=O groups on the dis tance be tween
fluorophore and quencher group, which, in its turn, in -
flu ences sig nif i cantly the value of flu o res cence life -
time, i.e. it has been in di cated that at 5Å dis tance be -
tween tryptophan CE3 atom and C=O group, the value
of short-lived life time com po nent of tryptophan flu o -
res cence is 0.09 ns.

Ac cord ing to the model of tRNAPhe with C-mod ule
the dis tance be tween CE3 atom of Trp127 to C=O
Glu128 is ~4.3A°. There fore, the ap pear ance of
short-lived life time (0.09 ns) at the C-mod ule
compexed to tRNA is most likely to be de ter mined by
the ex cited-state elec tron trans fer from Trp127 to C=O
group of Glu128 at the for ma tion of new com plex.

We have stud ied the fluorescece res o nance en ergy
trans fer (FRET) ef fi ciency from Trp144 of C-mod ule
to Y-nucleoside of tRNAPhe, which al lowed eval u ate the
dis tance be tween these fluorophores. It has been de -
fined that the ex ci ta tion and emis sion spec tra of tRNAPhe

did not change in the pres ence of C-mod ule. The lat ter
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Fig.4 Hy dro gen bonds formed by the Glu 128 res i due of the C-mod ule in
com plex with tRNA ac cord ing to three-dimentional model of the com plex



tes ti fies in fa vour of en ergy trans fer from Trp144 pro -
tein to Y-nucleoside, local ised in anticodon loop of
tRNAPhe. As the value of Ferster dis tance for cur rent do -
nor-ac cep tor pair is 1.4 nm, the ab sence of FRET in di -
cates that the Trp144 res i due and Y-base is lo cated at
the dis tance of r>1.4 nm, which is cor re lated well with
the mod elled com plex, ac cord ing to which C-do main of 
TyrRS in ter acts with ac cep tor stem and D-loop of
tRNA.

Con clu sions. The in ves ti ga tion on TyrRS C-mod -
ule and its com plex with tRNAPhe us ing the meth ods of
time-re solved fluorescece spec tros copy al lowed ob -
tain ing new in for ma tion on conformational changes in
Trp144 and Trp127 sur round ings. Thus, con stancy of
the Trp144 flu o res cence de cay pa ram e ters in di cates its
in sen si tiv ity to wards in ter ac tion with NA which is cor -
re lated well with the foot-print ing data and the data of
mo lec u lar mod el ling on lo cal isa tion of cur rent res i due
out side of tRNA bind ing site. Anal y sis of flu o res cence
de cay pa ram e ters of TyrRS C-mod ule with sub sti tuted
Phe127 ® Trp was shown the ex is tence of sev eral
tryptophan pop u la tions at the in ter ac tion with tRNA.
This fact shows the pres ence of poly mor phism in
microsurrounding of Trp127 res i due, which is most
likely con di tioned by dy namic mech a nism of pro -
tein-NA in ter ac tion and conformational changes in
RNA-bind ing site of the pro tein.
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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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