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Two tissue-specific isoforms of mammalian translation elongation factor 14, eEF1A41 and eEF1A42, 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 eEF 1A 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
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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 eEF1A4. eEF1 Al was isolated from
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Fig.1 Temperature dependence of excessive heat capacity for
eEF1A in 30 mM tris-HCI, pH 7.5, containing 20% glycerol, 6 mM
B-mercaptoethanol, 1 mM MgCl, and 150 mM KCI:/ — melting
curve of eEF1A1; 2 — melting curve of eEF1A2

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/['H]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 K 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
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(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:

[0] = [6],,, M, /(LC),

where C — concentration of protein (mg/ml), L —
optical path length of cuvette (mm), [0],,, — measured
ellipticity (degrees) and M, — 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 eEFIA 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.

Temperature dependences of the excessive partial
heat capacity are presented in Fig. 1. Almost two-fold
difference of denaturation heat of two isoforms is ob-
served. For eEF1A1 AH, ,, is 580.0 Kj\mol, while for
eEF1A2 AH,, is 910.0 Kj/mol. Comparison of the
melting curves also shows that melting of the eEF1A1
molecule starts earlier than that of eEF1A2. The max-
ima of transition are 55.5°C for eEF1A1 and 62.7°C for
eEF1A2. Half-width temperature of the transition (A7)
equals 11.0°C for eEF1AI1, and 8.1°C for eEF1A2.
Thus, eEF1A isoforms possess different spatial struc-
ture. Significant increase in enthalpy of denaturation
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Fig.2 CD spectra of
eEF1A isoforms in near
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and decrease in half-width transition at eEF1A2 melt-
ing testify to a more compact conformation of eEF1A2,
which has been earlier assumed using the data of mo-
lecular dynamics [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 spectra of eEF1A1 and eEF1A2 are
shown in Fig.2. The difference in CD signals was ob-
served in the entire spectrum of near UV region. We
could not exclude the fact that alterations in the Phe-spe-

. UV  region: [ -

T T
360 310 eEF1Al; 2 —eEF1A2

Wavelengths, nm

cific region of CD spectrum might result partially from
the difference in 393" position of primary structures of
the isoforms (Phe393 in eEF1A1 or Ser393 substitution
in eEF1A2). However, the difference in the rest of the
spectrum is the direct consequence of changes in the ter-
tiary structure of these proteins. Therefore, the data of
near UV CD testify in favour of evident differences in
tertiary structures of the isoforms.

“Far” UV CD. It proved to be important to deter-
mine whether local differences of spatial structures of
eEF1A isoforms are accompanied by changes in the sec-
ondary structure of these proteins. The latter can be in-
vestigated using CD spectroscopy in far UV region
(190-250 nm). Peptide bonds become chromophores at
these wavelengths, and signal appears if the bonds are in
regularly folded surrounding. The specific form and size
of CD spectrum are mainly conditioned by a-helical
structures in protein molecule [18].

Far UV CD spectra of eEF1A1 and eEF1A2 are
shown in Fig.3. The increase in the molar ellipticity
peak at 210 nm was observed for eEF1A2 as compared
to eEF1AL1. Since this wavelength is specific for a-heli-
cal structures, the increment of CD signal evidences to
partial loss of a-helical structures in the secondary
structure of eEF1A2. These data correlate with the re-
sults of our molecular dynamics simulation on partial
unwinding of a-helix Lys36-Glu48 of eEF1A2[9, 10].
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Fig.3 CD spectra of eEF1 A isoforms in far UV region: / —eEF1A1;
2—-eEF1A2

Therefore, the comparative analysis of spatial struc-
tures of two tissue-specific eEF 1A isoforms, using bio-
physical methods, has been carried out for the first time.
One of the isoforms is involved in ovarian cancer and
cancer of lungs in humans [4, 5, 7, 8]. The structure of
eEF1A2 has been shown as more compact and charac-
terized by partial unwinding of a-helix Lys36-Glu48.
Some differences have been also discovered in the ter-
tiary structures of protein isoforms. These specificities
of spatial organization may result in the exposure of
functional sites in eEF1A2, capable of binding signal
molecules, 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.

The authors are grateful to the Fund of fundamental
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
for the measurements of CD spectra.
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Xapaktepuctuka (pi3MYHUX BIACTUBOCTEI 1BOX 130popM pakTopa
enonrauii tpancsinii eEF1A

Pesrome

Jsi mxkanurnocneyughiuni izogpopmu haxmopa enoneayii 14 ccasyis
(eEF1Al i eEF1A42) ioenmuuni na 98 %. Ane deski ixui ¢ynxyii @
OpeaHi3Mi 3HAYHO PI3ZHAMbCA, WO 8 OKPEMUX BUNAOKAX Modice Oymu
nos’szano 3 iHOyKyiclo kanyepocenesy. Mu npunycmuiu, wo ne-
3HAYHA PIZHUYSL Y NEPEUHHUX NOCTIO0BHOCMAX MOJICE NPU3BOOUMU
00 cymmesux 8iOMIiHHOCMEN Y NPOCMOPOSItl CMPYKmMypi i30¢popm
eEF1A. []e, 6 ceo1o uepey, modxce eniueamu Ha 30amuicme miei uu
inwoi i3oghopmu 63aemodismu 3 Oiikamu-napmuepamu. B oanii po-
6omi memooamu Oudepenyitunoi CKaHy8aibHoi MIKPOKAIOPU-
Mempii i Kpy208020 OUXPOI3MY HA OINAHKAX OANEK020 1 ONUNCHLO2O
Y® ecmanosneno, wo nomenyiiino onkocenna izogpopma eEFI1A2
MA€ KOMNAKMHIWY nPOCcmoposy cmpykmypy, Hisc eEF1A1, npuvo-
MY 6IOMIHHOCMI NPOABAAIOMbCA HA PIGHI AK 8MOPUHHOT, MaK i mpe-
MUuHHOI cmpyKkmypu 6i1Kig.

Kuntouosi cnosa: pakmop enoneayii mpanciayii eEF1A4, 6iocun-
me3 Oinka, Ooughghepenyilina CKAHY8AIbHA MIKPOKAIOPUMEMPIs,
Kpy2osuil Ouxpoizm.
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