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Two tissue-specific isoforms of mammalian translation elongation factor 1A, eEF1A1 and eEF1A2, are 98% 
similar. However, some of their functions in the organism are different which in some cases could lead to the 
induction of carcinogenesis. We supposed that slight difference of primary sequences may cause significant
differences of spatial structures of eEF1A isoforms affecting, in its turn, the ability of one or another isoform 
to interact with protein partners. The differential scanning microcalorimetry and circular dichroism in
“near” and “far” UV regions were used to determine that potentially oncogenic eEF1A2 isoform possesses
a more compact spatial organization than eEF1A1, and the differences are revealed at the levels of both
secondary and tertiary structure of proteins.
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Introduction. eEF1A is believed to be a
multifunctional protein, the canonical functions of
which are to promote efficient binding of
aminoacyl-tRNA to 80S ribosome and to provide
correct codon-anticodon interaction in ribosomal A site 
[1]. Two tissue-specific isoforms of eEF1A have been
identified, namely, eEF1A2, expressed only in neural
and muscular tissues, and eEF1A1, discovered in all
the other tissues [2, 3]. The reason of two isoforms
presence is not yet understood. The appearance of
eEF1A2 in non-specific tissue has been found to relate
to the induction of carcinogenesis [4-8]. It remains
unknown in what way eEF1A2, 98% similar to
eEF1A1, which is specific for this kind of tissue, may

be related to the formation of tumours in the latter. We
supposed that even slight aminoacid substitutions in
eEF1A2 are capable of causing some divergence in
spatial structures of this protein globule, which may
result in the modification of its known functions and
appearance of some new ones. To check our
assumption we have performed the comparative
analysis of molecular dynamics of both isoforms, and
found out the possibility of differences in the
secondary structure and dynamics of these protein
globules [9, 10]. Current work presents experimental
data on the comparison of eEF1A1 and eEF1A2 using
differential scanning microcalorimetry and circular
dichroism (CD) in “near” and “far” UV regions.

Materials and Methods. Isolation and
characterization of eEF1A. eEF1A1 was isolated from
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rabbit liver using the combination of ion-exchange
chromatography and gel-filtration, as described in [11], 
with slight modifications.

eEF1A2 was isolated from rabbit muscles using the
same scheme, but for the first stage of purification –
chromatography on Sephacril S-400, which did not
effect the preparation purity.

The activity of eEF1A was determined in the
reaction of GDP/[3H]GDP exchange [12].

Differential scanning microcalorimetry.
Calorimetric measurements were conducted in
precision scanning microcalorimeter  SCAL-1 (SCAL
Co. Ltd., Pushchino, Russia) in glass cells (0.3 ml) with
the rate of 1.0 Ê per 1 min under excessive pressure of
two atmospheres [13]. The dialysis of all protein
samples against corresponding buffer was conducted
before measurements. Concentrations of proteins used
were in the range of 2.3-2.5 mg/ml. Thermodynamic
analysis of the profile of the excess of heat capacity was 
carried out according to [14].

CD in “far” and “near” UV regions. The
secondary structure of proteins was investigated by CD
spectroscopy using spectropolarimeter JASCO-600

(Japan) at wavelengths of 190-250 nm (“far” UV range) 
and 250-310 nm (“near” UV range). Molar ellipticity
was calculated using the following equation:

[q] = [q]exp Ìres/(LC),

where Ñ – concentration of protein (mg/ml), L –
optical path length of cuvette (mm), [q]exp – measured
ellipticity (degrees) and Ìres – mean molecular mass of
peptide residue (Da), calculated from its aminoacid
sequence. Measurement of “far” UV was carried out in
0.1 mm cuvette, and measurement of near CD was
conducted in 1 mm cuvette. Concentration of proteins
was 1 mg/ml.

Results and Discussion. Differential scanning
microcalorimetry. Differential scanning
microcalorimetry allows obtaining and comparing
thermodynamic parameters, characteristic for
heat-induced conformational changes of proteins [14,
15].

Computer analysis of molecular dynamics of
eEF1A isoforms testified to the possibility of
conformational changes in eEF1A1 molecule due to
interdomain interactions, while eEF1A2 is specific for
a more closed conformation [9, 10]. Therefore, one can
expect the comparison of the thermodynamic
parameters of the two isoforms of eEF1A to be
informative to reveal the difference in thermal stability
and enthalpy of denaturation. Since the stability of
protein molecule is associated with its structure, the
analysis of thermodynamic characteristics of the
isoforms may evidence either to structural similarity or
difference in their structures, and characterize relative
compactness of these proteins. 

Tem per a ture dependences of the ex ces sive par tial
heat ca pac ity are pre sented in Fig. 1. Al most two-fold
dif fer ence of de na tur ation heat of two isoforms is ob -
served. For eEF1A1 DHto tal is 580.0 Kj\mol, while for
eEF1A2 DHto tal is 910.0 Kj/mol. Com par i son of the
melt ing curves also shows that melt ing of the eEF1A1
mol e cule starts ear lier than that of eEF1A2. The max -
ima of tran si tion are 55.5°C for eEF1A1 and 62.7°C for
eEF1A2. Half-width tem per a ture of the tran si tion (DT)
equals 11.0°Ñ for eEF1A1, and 8.1°Ñ for eEF1A2.
Thus, eEF1A isoforms pos sess dif fer ent spa tial struc -
ture. Sig nif i cant in crease in enthalpy of de na tur ation
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Fig.1 Temperature dependence of excessive heat capacity for
eEF1A in 30 mM tris-HCl, pH 7.5, containing 20% glycerol, 6 mM
â-mercaptoethanol, 1 mM MgCl, and 150 mM KCl:1 – melting
curve of eEF1A1; 2 – melting curve of eEF1A2
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and de crease in half-width tran si tion at eEF1A2 melt -
ing tes tify to a more com pact con for ma tion of eEF1A2,
which has been ear lier as sumed us ing the data of mo -
lec u lar dy nam ics [9, 10].

“Near” UV CD. CD spectrum in near UV region
(250-350 nm), presenting signals of such
chromophores as aromatic amino acids and disulphide
bonds, may provide useful information about the
tertiary structure of a protein.

Signals in 250-270 nm region are specific for
phenylalanine residues, 270-290 nm region – for
tyrosine, and the ones in 280-300 nm region are
inherent to tryptophan. Disulphide bonds provide weak
signals along the entire near UV spectrum [16, 17].

Taking into account that both eEF1A1 and eEF1A2
are 98% similar, have the same positions in the primary
structures, and contain almost equal amount of
aromatic amino acids (there is only one substitution of
Phe for Ser in eEF1A2; overall amount of amino acids
in eEF1A1 (eEF1A2) is Trp – 5(5), Tyr – 12(12), Phe
–14(13)), the mentioned method could be useful to test
the identity or difference of tertiary structures of the
isoforms. 

Near UV CD spec tra of eEF1A1 and eEF1A2 are
shown in Fig.2. The dif fer ence in CD sig nals was ob -
served in the en tire spec trum of near UV re gion. We
could not ex clude the fact that al ter ations in the Phe-spe -

cific re gion of CD spec trum might re sult par tially from
the dif fer ence in 393rd po si tion of pri mary struc tures of
the isoforms (Phe393 in eEF1A1 or Ser393 sub sti tu tion
in eEF1A2). How ever, the dif fer ence in the rest of the
spec trum is the di rect con se quence of changes in the ter -
tiary struc ture of these pro teins. There fore, the data of
near UV CD tes tify in fa vour of ev i dent dif fer ences in
ter tiary struc tures of the isoforms.

“Far” UV CD. It proved to be im por tant to de ter -
mine whether lo cal dif fer ences of spa tial struc tures of
eEF1A isoforms are ac com pa nied by changes in the sec -
ond ary struc ture of these pro teins. The lat ter can be in -
ves ti gated us ing CD spec tros copy in far UV re gion
(190-250 nm). Pep tide bonds be come chromo phores at
these wave lengths, and sig nal ap pears if the bonds are in
reg u larly folded sur round ing. The spe cific form and size
of CD spec trum are mainly con di tioned by a-he li cal
struc tures in pro tein mol e cule [18].

Far UV CD spec tra of eEF1A1 and eEF1A2 are
shown in Fig.3. The in crease in the mo lar el lip tici ty
peak at 210 nm was ob served for eEF1A2 as com pared
to eEF1A1. Since this wave length is spe cific for a-he li -
cal struc tures, the in cre ment of CD sig nal ev i dences to
par tial loss of a-he li cal struc tures in the sec ond ary
struc ture of eEF1A2. These data cor re late with the re -
sults of our mo lec u lar dy nam ics sim u la tion on par tial
un wind ing of a-he lix Lys36-Glu48 of eEF1A2 [9, 10].
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Fig.2 CD spectra of
eEF1A isoforms in near 
UV region: 1 –
eEF1A1; 2 – eEF1A2
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There fore, the com par a tive anal y sis of spa tial struc -
tures of two tis sue-spe cific eEF1A isoforms, us ing bio -
phys i cal meth ods, has been car ried out for the first time. 
One of the isoforms is in volved in ovar ian can cer and
can cer of lungs in hu mans [4, 5, 7, 8]. The struc ture of
eEF1A2 has been shown as more com pact and char ac -
ter ized by par tial un wind ing of a-he lix Lys36-Glu48.
Some dif fer ences have been also discovered in the ter -
tiary struc tures of pro tein isoforms. These specificities
of spa tial or ga ni za tion may re sult in the ex po sure of
func tional sites in eEF1A2, ca pa ble of bind ing sig nal
mol e cules, which may serve as one of the reasons for
oncogenicity of this isoform.

Current work is among the first studies, proving
that 98% similar isoforms of homologous proteins may
have different spatial conformations. Thus, not only the 
changes in the primary structure, revealed e.g. in the
appearance of new domains, or in elimination or
appearance of new sites of post-translational
modifications, but also the changes in their spatial
conformation are important for the functional
divergence of the protein isoforms. These data will
allow extending the direction of searching for multiple
families of various isoproteins.
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researches of the Ministry of Science and Education of
Ukraine, INTAS and Wellcome Trust for their financial 
support. The authors are also grateful to B. S. Melnyk
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Õà ðàê òå ðèñ òè êà ô³çè÷ íèõ âëàñ òè âîñ òåé äâîõ ³çî ôîðì ôàê òî ðà 

åëîí ãàö³¿ òðàíñ ëÿö³¿ eEF1A

Ðå çþ ìå

Äâ³ òêà íè íîñ ïå öèô³÷í³ ³çî ôîð ìè ôàê òî ðà åëîí ãàö³¿ 1À ññàâö³â
(eEF1A1 ³ eEF1A2) ³äåí òè÷í³ íà 98 %. Àëå äåÿê³ ¿õí³ ôóíêö³¿ â
îðãàí³çì³ çíà÷ íî ð³çíÿòü ñÿ, ùî â îêðå ìèõ âè ïàä êàõ ìîæå áóòè
ïî â’ÿ çà íî ç ³íäóêö³ºþ êàí öå ðî ãå íå çó. Ìè ïðè ïóñ òè ëè, ùî íå -
çíà÷ íà ð³çíè öÿ ó ïåð âèí íèõ ïîñë³äîâ íîñ òÿõ ìîæå ïðè çâî äè òè
äî ñóòòºâèõ â³äì³ííîñ òåé ó ïðî ñòî ðîâ³é ñòðóê òóð³ ³çî ôîðì
eEF1A. Öå, â ñâîþ ÷åð ãó, ìîæå âïëè âà òè íà çäàòí³ñòü ò³º¿ ÷è
³íøî¿ ³çî ôîð ìè âçàºìîä³ÿòè ç á³ëêà ìè-ïàð òíå ðà ìè. Â äàí³é ðî -
áîò³ ìå òî äà ìè äè ôå ðåíö³éíî¿ ñêà íó âàëü íî¿ ì³êðî êà ëîðè -
ìåòð³¿ ³ êðó ãî âî ãî äèõ ðî¿ çìó íà ä³ëÿí êàõ äà ëå êî ãî ³ áëèæ íüî ãî
ÓÔ âñòà íîâ ëå íî, ùî ïî òåíö³éíî îíêî ãåí íà ³çî ôîð ìà eEF1A2
ìàº êîì ïàêòí³øó ïðî ñòî ðî âó ñòðóê òó ðó, í³æ eEF1A1, ïðè ÷î -
ìó â³äì³ííîñò³ ïðî ÿâ ëÿ þòü ñÿ íà ð³âí³ ÿê âòî ðèí íî¿, òàê ³ òðå -
òèí íî¿ ñòðóê òó ðè á³ëê³â.

Êëþ ÷îâ³ ñëî âà: ôàê òîð åëîí ãàö³¿ òðàíñ ëÿö³¿ eEF1A, á³îñèí -
òåç á³ëêà, äèô ôå ðåíö³éíà ñêà íó âàëü íà ì³êðî êà ëî ðè ìåòð³ÿ,
êðó ãî âèé äèõ ðî¿çì.
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Fig.3 CD spectra of eEF1A isoforms in far UV region: 1 – eEF1A1;
2 – eEF1A2
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