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mRNAs coding for A1 and A2 isoforms of translation factor
eEF1 demonstrate different half-lives while A1 and A2
proteins are similarly stable in MCF7 cells
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Eukaryotic translation elongation factor 14 (eEF1A4) exists as two 98 % homologous isoforms eEFI1AI and
eEF1A2 that are tissue/development specific and differentially linked to apoptosis/cancerogenesis. A2 is over-
expressed in a number of tumors while unusual expression of Al is observed in injured muscles. To approach a
possible mechanism underlying induced changes in the relative amounts of the isoforms we examined the int-
rinsic stability of the proteins and their mRNAs in human cancer cells. Aim. To estimate half-life of the isoforms
of eEF 14 at mRNA and protein level in human cancer cells. Methods. To measure mRNA stability the transcrip-
tional block technique was applied, with subsequent analysis of the mRNA level by gPCR. To determine the pro-
tein decay rate the translation was blocked by cycloheximide and changes in the protein level were detected by
Western blot. Results. Calculation of the protein stability revealed half-life of 72 for eEF1A1 and 95 hours for
eEF1A2. Half-life of EEF1AI and EEF1A2 mRNAs were 3 and 60 hours respectively. Conclusions. Despite si-
milar protein stability, the isoforms of eEF1A dramatically differ in the half-lives of their mRNAs, suggesting that

the mRNA decay mechanism is one of the main regulators of eEF1A41/42 amount in MCF7 cancer cells.

Keywords: eEF1A1, eEF1A42, eukaryotic translation elongation factor 14, mRNA half-life, protein half-life.

Introduction. eEF1A is one of the main components of
translational apparatus that provides delivery of amino-
acylated tRNA to the A site of ribosome during elonga-
tion step of protein biosynthesis [1]. eEF1A exists as two
isoforms, eEF1A1 and eEF1A2. The reason behind the
appearance of two rather than one isoform of eEF1A in
higher vertebrates is unknown. During embryonic deve-
lopment eEF1A1 is expressed exclusively and ubiqui-
tously. However, throughout postnatal development in
cardiac, muscle and neuronal tissues a switch occurs from
the eEF1A1 to eEF1A2 expression. This change is cru-
cial, as the mice with a partial deletion of the EEF1A2
gene die on the 28" day after birth [2]. eEF1A1 and
eEF1A2 isoforms are 98 % homologous, so is not sur-
prising that their translation activity is similar [3]. How-
ever, these proteins are very different in non-canonical
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functions, for instance, eEF1A1 stimulates apoptosis [4,
5] while eEF1A2 demonstrates anti-apoptotic proper-
ties [6]. Moreover, EEF1A2 is a putative proto-oncoge-
ne [7] over expressed in a variety of tumor tissues [8,
9]. As mentioned before, the expression of Al and A2
in tissues is mutually exclusive. However there are exa-
mples of their induced co-expression under extreme si-
tuation like the muscle injury [10] or tumorigenesis [9,
11] suggesting special need in appearance of Al or A2
isoform, respectively, during the background presence
of a counterpart protein. Specific non-canonical roles
of the isoforms and mechanisms controlling their res-
pective quantities in corresponding tissues are unknown.
First step towards elucidating these mechanisms is to
examine intrinsic stability of the corresponding mRNAs
and proteins. Breast cancer MCF7 cell line is selected
for this purpose as these cells demonstrate relatively
high expression level of eEF1A2.
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Materials and methods. Cell line, cycloheximide
and actinomycin treatment. MCF7 cells were cultured in
DMEM («Sigmay, USA) growth medium with stabili-
zed L-glutamine, contained 10 % FBS («Sigmay) and
1 % Penicillin/Streptomycin («Sigmay). Cells were ma-
intained at 37 °C in a humidified atmosphere containing
5% CO,. To determine mRNAs half-lives, MCF7 cells
were treated with 5 pg/ml actinomycin D («Sigmay).
Cells were harvested at the time points indicated in the
Figures. Amount of EEF1A1/A2 mRNAs were quan-
tified by qPCR. For protein half-life determination,
MCF7 cells were incubated with 100 pg/ml cyclohexi-
mide («Sigmay). Cells were harvested at the time points
indicated in the Figures with consequent Western blot
analyses. The Western blot results were quantified by
the ChemiDoc system («Bio-Rad», USA) Changes in
amount of eEF1A1, eEF1A2 and GAPDH proteins we-
re analysed by Gel Doc software («Bio-Rad»).

qPCR. Total RNA was isolated using TRI Reagent
(«Sigmay). 1 ug of RNA was used for cDNA synthesis
with a RevertAid Premium Reverse Transcriptase («Ther-
mo Scientificy, USA) according to manufacturer recom-
mendations. Each reaction was performed in a mix of
20 pl reaction mixture containing 1 pul cDNA, Maxima
SYBR Green qPCR Master Mix (2x) («Thermo Scien-
tific») and forward/reverse primers 0.3 uM each. The
primers for eEF1A2 qPCR and cycling conditions were
described earlier [10]. Primers for beta-actin were:
forward primer — 5-GCGGGAAATCGTGCGTGAC
ATT-3'; reverse primer — 5'- GATGGAGTTGAAGGT
AGTTTCGTG-3'". QPCR was quantified with MyiQ
real-time PCR system («Bio-Rad»). Data were analy-
zed using qPCR Miner 4.0 software [12].

Western blot. Total cell lysates were prepared in M-
PER buffer («Pierce», USA) supplemented with the pro-
tease inhibitor cocktail («Roche», France). Cells were
incubated at 4 °C for 20 min. Lysates were centrifuged
and supernatant was stored in liquid nitrogen. Proteins
were separated by PAGE 10 % (29:1) («Bio-Rad») and
transferred to PVDF membranes («Millipore», USA).
Membranes were developed using Immobi lon Western
Chemiluminicsent Substrate («Milliporey).

Results and Discussion. As eEF1A?2 is a putative
proto-oncogene and such proteins usually are quickly
degraded [13] we expected the life time of eEF1A2 to
be significantly less than eEF1A1. There were several

390

Comparison of eEF1A42, eEF1A2 and GAPDH proteins half-lives
obtained by different studies

Half-lives of proteins, h

Protein
name

‘ HeLa [16] ‘NIH3T3[15] C2C12[14]

HeLa [14]

¢EFIAl 75 56.9 126 823

cEF1A2  Toohighfor gy 103,16 NA
detection

GAappy 100 highfor g0, 353,55 94.9
detection

datasheets on the eEF1A1 and eEF1A2 half-lives ob-
tained from global proteomic studies examining a vast
majority of cellular proteins at once [14—16]. Unfortu-
nately, these data did not give a definite answer, even in
the case the same cell line was used in different studies
(Table). To clarify the issue we measured half-lives of
eEF1A1 and eEF1A2 directly, using cycloheximi-
de-treated MCF-7 cells and two kinds of antibodies, the
first recognizing both A1 and A2 isoforms and the se-
cond being exclusively specific for A2 [17]. As the
amount of A1 in MCF7 cells is much larger (by orders)
than A2 we consider the former antibodies response re-
flects mostly the A1 amount. Cycloheximide is an anti-
biotic which specifically blocks elongation step of pro-
tein biosynthesis [18]. That is why it is often used for
protein stability measurements [19].

Surprisingly, the eEF1A1 and eEF1A2 isoforms
demonstrated similar decay rates (Fig. 1, 4). Subsequ-
ent calculations revealed that the both isoforms belong
to the class of long lived proteins with estimated half-
lives of 72 for eEF1A1 and 95 hours for eEF1A2 (Fig.
1, B). GAPDH which is a known long-lived protein was
planned to be used as a loading control. However, as
the half-life of GADPH (61 h) was found to be com-
parable with that for eEF1A1 and eEF1A2 (Fig. 1, 4)
we had to use strictly similar amount of cells for prepa-
ring the extract to load per line. Thus, both eEF1A1 and
eEF1A2 isoforms possess comparable half-lives in the
breast cancer MCF-7 cells. We suggest that protein sta-
bilization does not seem to contribute to cancer-related
change in the intracellular eEF1A1/eEF1A2 ratio and
the alterations in relative amount of eEF1 A1 and eEF1A2
in cancer cells are governed by the level and translation
efficacy of their mRNAs.
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Fig. 1. Estimation of eEF1 A1 and eEF1A2 half-lives in MCF7 cells: 4 — total protein biosynthesis was blocked by cycloheximide (at the indicated
time points, 3 - 10° cells were collected and analysed by Western blot with antibodies against A1/A2 and A2 proteins); B — representation of the
data in semi-log plot: 7/ —eEF1A1; 2—eEF1A2; 3— GAPDH (data were fitted by exponential decay first order kinetic function; #,, = In2/k, where k

is the rate constant for protein decay)

We examined the parameter of mRNA stability by
comparing the decay rates of the EEF1A1 and EEF1A2
mRNAs. mRNAs coding for the isoforms are highly
homologous in open reading frames (ORF), however,
they are rather different in the 3' and 5' untranslated
regions (UTRs), which may provide a background for
specific posttranscriptional control. The presence of
such structural elements as CPE (cytoplasmic polyade-
nylation element), ARE (AU-rich element) etc. in the
EEF1A1 rather than in the EEF1A2 mRNA suggests
lower stability of the former. Varieties of methods were
developed to quantify the decay rates of mRNA in dif-
ferent cell lines. The most exploited is «transcriptional
shut off» method to block transcription by RNA poly-
merase inhibitors, with subsequent measurement of the
residual amounts of mMRNAs of the interest by Northern
Blot or qPCR.

Therefore, MCF7 cells were treated with actinomy-
cin D to block RNA polymerase II activity. Cells were
collected after 2, 4, 8, 28, 48 and 80 h of incubation
with consequent analysis of the EEF1A1/1A2 mRNA
level by qPCR. Indeed, mRNA of eEF1A2 was found
to be considerably more stable than eEF1A1 (Fig. 2).
Approximate half-life times were 60 h for eEF1A2 and
3 h for eEEF1A1 mRNASs. In the literature, there is the on-
ly indication of half-life measurement for the eEF1A1
mRNA [15] where Schwanhausser ef al. observed that
half-life of the eEF1A1 mRNA is 17,5 h. However, the
authors measured mRNA decay rates in non-cancerous
mouse fibroblasts (NIH3T3), while our experiments we-

re carried out in MCF7 human cancer cells. Consequ-
ently such divergence in the results can be partly explai-
ned by the difference in 3' UTRs of human and mouse
EEF1A1 mRNAs [20]. 3' UTR of the human EEF1A1
mRNA is much longer and contains several additional in-
stability elements. Besides, rate of the EEF1A1 mRNA
decay in cancer and non-cancerous cells may be different.

It is known that transcription of the EEF1A1 mRNA
occurs very powerfully, the promoter region of eefla
gene is the second most efficient after cytomegalovirus
one [21]. Moreover the EEF1A1 mRNA belongs to the
TOP class of mRNAs [22] and consequently A1 can be
rapidly synthesized in response to the growth stimuli. It
should be mentioned that the EEF1A2 mRNA also con-
tains a non-canonical TOP element [23], however its
functionality is still questionable. We discover now that
to prevent over saturation of a cell with rather stable pro-
tein eEF1A1 a novel mechanism was elaborated which
includes rapid degradation of EEF1A1 mRNA soon af-
ter its synthesis. Thus, repression of transcription of the
eEF1A1 mRNA appears to be though not very fast but
reliable way to decrease the amount of eEF1 A1 protein
with subsequent inhibition of translation elongation. The
proto-oncogenic eEF1A2 protein may be much less cont-
rolled by means of down-regulation of transcription or
translation. Interestingly, eEF1A2 is exclusively expres-
sed in such very important cells as myocytes and neu-
rons [3, 24]. Virtual absence of the possibility to quick-
ly alter its amount may provide additional reliability and
stability of the protein synthesis in these terminally dif-
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Fig. 2. Estimation of EEF1A1 (/) and EEF1A2 (2) mRNAs stability in
MCFT7 cells. Transcription was blocked by actinomycin D. At the time
points indicated, the samples were collected and qPCR analyses of
EEF1A1/A2 mRNAs was carried out. Data were fitted by exponential
decay first order kinetic function; #,, = In2/k, where k is the rate
constant for mRNA decay

ferentiated cells. On the other hand, over expression of
eEF1A2 could be very harmful for cells and lead to on-
cogenesis [8]. To control the amount of eEF1A2, a cell
has elaborated another mechanism, exactly down-regu-
lation of eEF1A2 by microRNA-663 and 744 recently
described by us [25]. The organism seems to keep the
eEF1A2 expression under a tight control, limiting its ap-
pearance in terminally differentiated cells. On the cont-
rary, eEF1A1 is normally found everywhere in the orga-
nism except muscles and neurons. The eEF1A1 mRNA,
opposite to A2, has short, TOP class 5' UTR and long 3'
UTR which opens wide «place d’arme» to the trans-
factors [20, 26]. Consequently, this mRNA has much
shorter half-life, that also contributes to the regulatory
process.

For instance, the neurons respond to electric stimuli
via certain parts of the dendrites rather than via whole
soma [27]. In that case, local protein biosynthesis and/or
cytoskeleton reorganization should be activated to afford
neuronal plasticity [28]. We assume that the eEF1A2
mRNA being stable may provide homeostasis and stabi-
lity of the soma, while the EEF1 A1 mRNA could be res-
ponsible for the fast structural changes via cytoskeleton
reorganization and local protein biosynthesis in distal
compartments of neuron. It is already known that upon
LTP (long term potentiation) formation in such distal
compartments as dendrites, mMTOR-induced translation
of the eEF1A1 mRNA is observed [29-31]. Another
example is muscles, where the isoform eEF1A?2 is the
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only one, while the induction of EEF1A1 expression is
observed during regeneration processes after muscle
injury [10]. After healing is finished the eEF1A1 mRNA
can degrade quickly because of low half-life, permit-
ting to restore the normal functioning. Interestingly,
muscles healing process largely recapitulates embryo-
nic myogenesis where the only eEF1A1 isoform is pre-
sent [32].

Besides, high level of homology and similar cataly-
tic function during protein biosynthesis, the isoforms
of eEF1A are very different in their numerous non-ca-
nonical functions.

Combining our and literature data we put forward a
novel concept stating that the existence of the two high-
ly homologous isoforms of human eEF1 A can be explai-
ned by the necessity of cells to control selectively ex-
pression of the eEF1A1/A2 isoforms at different levels
and by different mechanisms depending on their cano-
nical and non-canonical functions.

eEF1A1 is constitutively expressed in majority of
the organs in the organism providing a basic level of
protein synthesis responsive to different kinds of regula-
tion. Appearance of eEF1A2 in the same tissues seems
not to respond to the same regulatory factors, therefore,
may be very harmful for cells.

Conclusions. The data show that the isoforms of
eEF1A demonstrate very different half-lives of mRNA
but similar stability of corresponding proteins. We assu-
me that the mRNA decay mechanism is one of the main
regulators of eEF1 A1 expression, at least, in the human
breast cancer MCF7 cells.

A. A. Bicnosyx, H. JI. I'panescoka, M. I'. Haymoseys,
b. C. Heepyyvruil, A. B. €nvcvka

MPHK, 1o kogyrots Al 1 A2 i3odopmu dakropa Tpancisuii eEF 1, ma-
I0Th PI3HUN Yac HAMIBXKUTITSA, y TOH yac sk Oinku Al i A2 piBHOIO

Miporo crabinbHi B kiituHax MCE7

Pestome

Esxapiomnuil pakmop enoneayii mpancaayii (eEF1A) icuye y suenaoi
060x 2comonoziunux Ha 98 % isoghopm eEF1A1 i eEF1A2, axi € mxanu-
Hocneyu@iyHUMU, IOPIZHAOMbCS 30 NPEOCMABIEeHICINI 8 OHMO2EeHe3l
ma no-pizHoOMy no8’si3aHi 3 aNONMo30M i KaHyepo2eHe30M. 32I0HO 3
nonepeonimu oanumu, eEFI1A2 mae niosuwenuil pisens excnpecii' y
oesxux nyxaunax, a eEF1Al — y nowkooxcenux m’azax. [LJo6 3po-
3YMIMU MEXAHI3M, 3a SIKUM 3MIHIOEMbCS BIOHOCHA KLIbKICMb 130¢h0pM,
Mu docaiounu cmabireHicms Oinkie ma ixnix MPHK y kiimunax paxy
aoounu. Mema. Oyinumu yac naniexcumms izsogpopm eEF 1A na pieni
MPHK i 6inka 6 knimunax paky nioounu. Memoou. Jns éumiproants
cmabinonocmi MPHK sukopucmano mexuixy 010Ky8anHs mpanckpun-
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yii' 3 nooansuwum ananizom piens MmPHK i3 3acmocysanusm KinbKicHOT
TIJIP. /[ns 6usnayenHs weuokocmi po3nady 6iiKa mpancisyito 610Ky-
BAIU YUKILOLEKCUMIOOM, NOOAIbULL 3MIHU PIGHS OLIKA UABTILIU MEMO-
O0om Becmepn-onomy. Pesynomamu. 3a niopaxynkamu, cmabinbHicms
obinka 36epicanacs npomszom 72 200 y paszi eEF1A1 ma 95 200 —y paszi
eEF1A42. 3nauenna uacy uanieocumms EEFIAl i EEFIA2 wPHK
cmanosusime 8ionosiono 3 i 60 200. Bucnoexku. Heszsagcaiouu na no-
0i6ni 3nauennss cmabinonocmi 6inka, izogopmu eEF 1A 3nauno 6iopis-
naromvces 3a yacom naniexcumms ixuix MmPHK, enacaioox 4o2o mooic-
Ha npunycmumu, wo Konmpons cmabitbnocmi MPHK € o0num 3 oc-
HOBHUX MexaHizmie peeynayii excnpecii eEF1A1/ A2 6 knimunax paxy
monounoi 3anosu MCF7.

Knrouosi cnosa: eEF1A41, eEF1A2, eskapiomuuii pakmop enonea-
yii mpancaayii 1A, uac naniexcummsa mPHK, uac naniexcumms 6i1ka.

A. A. Bucnosyx, H. JI. [ panesckas, M. I'. Haymosey, b. C. Heepyyxuii,
A. B. Envckaa

MPHK, xoqupytome Al u A2 uzopopmsl pakTopa TpaHCISLIHUN
eEF1, umeroT pasnuvnoe BpeMs MOIyXu3HH, a 6ernku Al u A2

B paBHOI1 cTeneHu ctadbuibHel B Kietkax MCF7

Pesrome

Oykapuomuueckuii hakmop snoneayuu mpancisyuu (eEF1A4) cywe-
cmeyem 6 6ude 08yx comonoeuunvix na 98 % uzogpopm eEFIAI u
eEF1A42, asnaowuxcs mranecneyuduueckumu, Omauianuuxcs npeo-
CMABNEHHOCMbIO 6 OHMO2EHE3e U NO-PASHOMY CEA3AHHBIX C ANONMO-
30M u kanyepozernesom. Coenacno nabaooenuim, eEFI1A2 umeem no-
BbIULIEHHDLL YPOBEHb IKCAPECCUU 8 HEKOMOPbIX onyxonsx, a eEF 141 —
6 N0GPeACOeHHBIX Mbluuyax. Imobbl nOHAMb MeXaAHUZM, NO KOMOPOMY
UBMEHACMCs OMHOCUMEIbHOE KOIUYEeCMBO U30POPM, Mbl UCCIE006d-
au cmadunvnocms 6enxog u ux MPHK 6 kiemxax paxa uenosexa. Ilens.
Oyenumu epems noayacuznu uzogpopm eEF1A4 na yposne mPHK u 6en-
Ka 6 knemkax paka uenroseka. Memoowr. /s usmepenus cmabunbho-
cmu MPHK ucnonv306aiu mexuuxy 610KUpo8anus mpanckpunyuu ¢
nocnedyrowum ananuzom yposus mPHK ¢ npumenenuem xonuvecm-
sennou I1L[P. /[na onpedenenus ckopocmu pacnada 6eixa mpaHcis-
Yuio OI0KUPOBANIU YUKIOLEKCUMUOOM, OdNbHeUuUe USMEHEHUS YPOBHS
benka sviasnsAnu memooom Becmepu-6ioma. Pesynomamut. Ilo pac-
yemam, cmabunbHOCme OenKka coxpausanacy 6 meuenue 72 4 6 ciyyae
eEFIAl u 95 u — 6 cnyuae eEF1A2. Bpems nonyocusnu EEFIAI u
EEFI1A2 mPHK cocmasnsano coomeemcmeenno 3 u 60 u. Boreoowt. He-
cMompsi Ha nOO0OHbIe 3HAUEeHUs. cmadulbHOCMU OenKd, u30ghopmol
eEF1A snauumensno omauuaiomes no epemenu noayxcusuu ux mPHK,
6ce0Ccmeue 4e2o MOJICHO NPeonoiodHCUMb, YO KOHMPONb CMAOUlb-
nocmu MPHK saensemcsa 0OHUM U3 OCHOBHBIX MEXAHUZMOG pe2yisayuul
axcnpeccuu eEF1A1/42 6 knemkax paxka monounotul xcenesvt MCF7.

Knroueswie cnosa: eEF1A1, eEF1A2, sykapuomuueckuii ¢hakmop
anoneayuu mpaucaayuu 1A, epems nonyocusnu mPHK, epems nony-
arcuznu benxa.
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