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Trans la tion elon ga tion fac tor 1A (eEF1A) pro vides bind ing and trans port ing of the ap pro pri ate codon-spec i fied
aminoacyl-tRNA to the aminoacyl site of the ri bo some. Two ac tive tis sue-spe cific isoforms of eEF1A have been iden ti fied in
mam mals. Here with we re port that two isoforms of eEF1A dis in te grate the ag gre gates of phenylalanyl-tRNA synthetase like
mo lec u lar chaperones which are in volved in pro tein fold ing and renaturation af ter stress.
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In tro duc tion. Eukaryotic translational elon ga tion fac tor
(eEF1A) plays an im por tant role in the pro cess of pro tein
syn the sis, cat a lyz ing GTP-de pend ent bind ing of
aminoacyl-tRNAs to the ri bo somal A site. eEF1A is a part
of the eEF1H com plex which also con tains eEF1вгд-sub -
units cat a lyz ing GTP/GDP ex change in eEF1A [1].
eEF1A ex ists in two isoforms – eEF1A1 and eEF1A2. The
first form  is ex pressed in the ma jor ity of tis sues but in the
pro cess of de vel op ment it is re placed by the other form –
eEF1A2 – in neu ral, car diac, and mus cu lar tis sues [2].

eEF1A is one of the most abun dant pro teins in the cell,
af ter actin and tubulin. This fact gave grounds for search ing 
its ad di tional func tions. In fact, the re sults of re cent re -
searches in di cate a great num ber of so called non-canonic
func tions of the fac tor. There are func tions among them,
con nected with the chap eron-like ca pac ity of eEF1A. For

ex am ple, eEF1A binds actin fil a ments and microtubes in
vi tro and in vivo [3] and in flu ences as sem bly and sta bil ity of
cytoskeleton com po nents [3, 4]. It re minds mo lec u lar
chap er ons prop er ties and their abil ity to con trol
multimolecular ag gre ga tion. Sev eral works have shown
that prokaryotic translational elon ga tion fac tor 1A is ca pa -
ble of bind ing and renaturating de na tured and in cor rectly
folded pro teins into their func tion ally ac tive con for ma tion
[6, 7], which in di cates pos si ble par tic i pa tion of EF1A in
pro tein fold ing.

Mo lec u lar chap er ons are a fam ily of
polypeptide-bind ing pro teins, which par tic i pate in nu mer -
ous pro cesses in the cell, among which are pro tein fold ing
de novo, for ma tion of multi-mo lec u lar com plexes, deg ra -
da tion of ir re vers ibly dam aged pro teins [8].

Pos si ble chap eron-like ca pac ity of eEF1A from rab bit
liver was stud ied in our lab o ra tory, namely its abil ity to sta -
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bi lize and re store func tion ally ac tive con for ma tions of
ARSs [9, 10].

 In this study, us ing the method of dy namic light scat -
ter ing we have shown that both isoforms of the eEF1A sim -
i lar to mo lec u lar chap er ons dis in te grate the ag gre gates of
PheRS formed in the pro cess of ther mal de na tur ation.

Ma te ri als and Meth ods. The fol low ing re agents were
used in the work: ATP, GTP, phenylalanyl (Sigma, USA);
tris HEPES (Calbiochem, USA); GDP, DTT (Boehringer
Mannheim, Ger many); в-mercaptoethanol, glyc erin,
MgCl2(Merck, Ger many); PMSF (Serva, Ger many);
SP-Sepharose, Sephacryl S-400, hep a rin-Sepharose
(Pharmacia, Swe den); fil ters GF/C, DEAE-cel lu lose
(Whatman, Great Brit ain); nitrocellulose fil ters (pore di -
am e ter 0.45мm) (Sar to rius GmbH, Ger many);
hydroxyapatite (Bio-Rad, USA); [14C] phenylalanyl
(50Ci/mol, Amersham, Great Brit ain). Other re agents
were of an a lyt i cal and spe cial grade.

Phenylalanyl tRNA-synthetase (PRS) was iso lated
from rab bit liver as de scribed in [11], with the ex cep tion for 
us ing hep a rin-Sepharose in stead of tRNA-Sepharose on
the last step of pu ri fi ca tion.

The ini tial rate of tRNA aminoacylation was mea sured
as ear lier de scribed [11, 12]. The spe cific ac tiv ity of the
aminoacyle-tRNA synthetase was cal cu lated on the ba sis
of the de pend ence of ini tial aminoacylation rate on the en -

zyme con cen tra tion. 
eEF1A1 was iso lated from rab bit liver ac cord ing to the

method, de vel oped in our lab o ra tory [13]. eEF1A2 was
iso lated from rab bit skel e tal mus cles. The scheme of

eEF1A2 iso la tion in cluded all the steps of pu ri fi ca tion, de -
scribed in [13], ex cept gel fil tra tion on Sephacryl S-400.
The ac tiv ity of two isoforms of eEF1A was de ter mined in
the re ac tion of GDP/[3H]GDP ex change, as de scribed in
[13]. 

The dis tri bu tion func tion of PheRS mol e cules ac cord -
ing to the size was stud ied us ing la ser cor re la tion
spectrophotometer ZetaSizer-3 “Malvern In stru ment”,
which was equipped with multi com put ing correlator type
7032ce, he lium-neon la ser LH-111, 25mW, wave-length
633nm and con stant tem per a ture holder. The mea sure -
ments were per formed in glass cuvette, di am e ter 10mm.
The reg is tra tion and sta tis tics were per formed dur ing
60-180sec, the ob tained autocorrelation func tion (ACF)
was pro cessed us ing stan dard com puter programme PCS – 
Size mode v.1.61.

Re sults and Dis cus sion. As it was shown in the pre vi ous
works [9, 10] the PheRS ac tiv ity in the re ac tion of tRNA
aminoacylation re duced sub stan tially af ter 10min in cu ba -
tion at 42°C. The re cov ery of the ac tiv ity was achieved by
the ad di tion of eEF1A to the in ac ti vated en zyme. More -
over, com plete pres er va tion of the en zyme ac tiv ity dur ing
ther mal in ac ti va tion at 42°C was ob served in the pres ence
of eEF1A. Thus, it was shown that eEF1A is ca pa ble of re -
stor ing the ac tiv ity of partly in ac ti vated PheRS and keep -
ing it in func tion ally ac tive con for ma tion at con di tions of

ther mal de na tur ation.
PheRS is a spe cial case among aminoacyl-tRNA syn -

the tas es be cause of its abil ity to as so ci ate with ri bo somes,
high value of isoelectric point (pI=8.45), and com plex sub -
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Ta ble 1. 
Size dis tri bu tion of PheRS mol e cules dur ing ther mal de na tur ation

PheRS
concentration

Rh, nm

0 min, 42?С 5 min, 42?С 10 min, 42?С 15 min, 42?С 20 min, 42?С

0.2 µ PheRS 6.9 ± 0.1 3.4 ±0.08 7.1 ±0.08 10.2 ±0.07 10.2 ± 0.1

Ta ble 2. 
The in flu ence of eEF1A1 and eEF1A2 on de na tured PheRS

Conditions
Rh, nm

0 min, 25?С 5 min, 25?С 10 min, 25?С 15 min, 25?С

0.2 µM PheRS(20 min,42?С)+10 
µМ eEF1A1

12.4 ±0.1 12.5 ±0.06 7.5 ±0.1 7.5 ±0.05

0.2 µМ PheRS(20 min,42?С)+10 
µМ eEF1A2

12 ±0.07 12.2 ±0.05 8 ±0.08 7.9 ±0.1



unit struc ture б2в2-type [14]. It is note wor thy that nei ther
in di vid ual en zyme sub units nor sub unit dimers pos sess en -
zy matic ac tiv ity [15].

To char ac ter ize na tive, de na tured, and renatured
states of PheRS we chose the method of dy namic light
scat ter ing (DLS). This method, which is also called
quasielastic light scat ter ing (QELS) or pho ton-cor re la tion
spec tros copy (PCS), is a noninvasive method of de tect ing
mol e cules in so lu tions or par ti cles in sus pen sions, per mit -
ting the anal y sis of dif fer ent dy namic pro cesses in so lu -
tions. The ad van tage of this method is a pos si bil ity of work -
ing with rel a tively low pro tein con cen tra tion (0.05 –
1mg/ml) as well as in the pres ence of glyc erin which is of
prin ci pal im por tance for per form ing ex per i ments with
PheRS and eEF1A.

The value of the hy dro dy namic ra dius Rh ob -
tained for na tive PheRS cor re sponds to the lit er a ture data.
Rh for hu man PheRS was found to be 6.74nm at 20°C [17]
while Rh for rab bit PheRS ob tained at our ex per i ments is
6.9±0.1nm (Ta ble 1).

To denaturate PheRS the en zyme prep a ra tion was di -
luted to the con cen tra tion of 0.05mg/ml (0.2мM) in the
25mM KPO4 buffer, con tain ing pH7.5, 25mM KCl, 15%
glyc erol, 6mM 2-mercaptoethanol, and then in cu bated at
42EC for 0 – 20min.

Ther mal de na tur ation of pro teins is of ten ac com pa -
nied by the ag gre ga tion of de na tured mol e cules. As shown
in Ta ble 1 the ki net ics of ther mal de na tur ation of PheRS
has a com plex char ac ter. At first the ac cu mu la tion of in ac -
tive mono mers (Rh=3.4±0.08, which cor re sponds to the
size of in di vid ual en zyme sub unit) oc curs dur ing de na tur -
ation, af ter 10min the ag gre gates ac cu mu la tion is ob served. 
The ag gre gates con sist of 3 pro tein mol e cules ac cord ing to
the Rh value. These data cor re late with the re sults pre sented 
in the work [15], where a ten dency to ag gre ga tion was
shown for in di vid ual sub units of PheRS.

The abil ity of eEF1A to re store the na tive con for ma -
tion of de na tured PheRS was checked in the se ries of ex -
per i ments, when the en zyme ac tiv ity was mea sured af ter 10 
min preincubation at 25°C of ther mally de na tured PheRS
with eEF1A. It was shown that af ter such preincubation of
the in ac ti vated en zyme with ei ther isoform of the elon ga -
tion fac tor (mo lar ra tio PheRS/eEF1A1 or eEF1A2=1/50) 
the value of hy dro dy namic ra dius be came close to the
value of the na tive en zyme(Ta ble 2). Some dif fer ence in
the val ues of Rh for na tive and renatured
phenylalanyl-tRNA synthetase may be ex plained by the
for ma tion of the PheRS�eEF1A com plex in the pro cess of
ag gre gates dis rup tion. This re sult along with the fact that
eEF1A re stores the ac tiv ity of PheRS at the same con di -
tions [10] sug gests that the fac tor, sim i lar to the mo lec u lar

chap er ons, is able to re store na tive state of PheRS af ter its
ther mal de na tur ation.

Chap eron-like ac tiv ity of eEF1A ac quires spe cial im -
por tance in the cells of higher eukaryotes, char ac ter ized by
a high level of compartmentalization of the translational
ap pa ra tus. eEF1A seems to sup port  the func tion ally ac tive
con for ma tion of pro tein syn the siz ing ma chine in
translational com part ments dur ing con sec u tive elon ga tion 
cy cles.
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Эукариотический фактор элонгации трансляции 1А разрушает агрегаты
фенилаланил-тРНК синтетазы

Резюме

Фактор элонгации трансляции 1А обеспечивает транспорт и
связывание соответствующей кодон-специфичной аминоацил-тРНК
синтетазы с аминоацильным сайтом рибосомы. В клетках
млекопитающих выявлены две тканеспецифичные изоформы eEF1A.
Показано, что eEF1A1 и eEF1A2 подобно молекулярным шаперонам,
участвующим в фолдинге и ренатурации белка, разрушают агрегаты
фенилаланил-тРНК синтетазы.

Ключевые слова: фактор элонгации трансляции 1А,
фенилаланил-тРНК синтетаза, шаперон, агрегация, термоденатурация
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