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We have used Far Western blot technique to identify several proteins of 60S ribosomal subunit from rabbit
liver which are capable of interacting with homologous translation elongation factor 14. They belong to
phosphoprotein P0.P1/P2 complex situated near A site region of 80S ribosome. It was also shown that
eEF 14 interacts with several proteins of small subunit of 8§0S ribosomes. It is important since none of 30S
subunit proteins binds elongation factor EF-Tu. Identification of the above-mentioned proteins is the aim of

future investigations.
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Introduction. Systematic investigation of
prokaryotic ribosomes in the course of recent de-
cades resulted in the accumulation of an enormous
massive of knowledge on the structure and functions
of such molecular conveying machines. Particularly,
the mechanisms of decoding [1] and peptidyl
transferase reaction [2—4] were studied for 70S ribo-
somes, including the detailed study on the atomic
level.

The main efforts in regards of eukaryotic 80S ri-
bosome are directed to the investigation of transla-
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tion initiation —a more complex process, compared to
similar stage of biosynthesis of protein in bacteria
(over 30 polypeptides participating in eukaryotic ini-
tiation vs. 3 bacterial factors have been discovered).
Unlike the case of initiation, general scheme of trans-
lation elongation cycle is very similar in pro- and
eukaryotes. The existence of three tRNA binding
sites was proven for ribosomes of Escherichia coli
[5], yeasts [6], and rabbit liver [7]. Besides, allosteric
link between A and E ribosomal sites, initially dis-
covered in bacterial system [5], was discovered in
yeast ribosomes as well [6]. Noteworthy is the fact
that our ideas on structure and functions of
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Fig.1 Scheme of eukaryotic 60S ribosomal subunit with marked
basic structural elements: L1 and central protuberance, GTP
associated centre, which includes phosphor-proteins P0O.P1/P2,
protein eL12 and sarcin/ricin rRNA loop. Figure also shows the
places of localisation of three tRNA-binding sites — A, P, and E.

eukaryotic ribosome are mainly founded on the ex-
perimental data on bacterial and archaea ribosomes.
At the same time eukaryotic ribosome is 50% larger
than its bacterial analogue, it contains additional pro-
teins and numerous insertions into rRNA sequence.
Preliminary results of investigation on the structure
of 80S ribosome by the method of cryo-electron mi-
croscopy [8] reveal differential conformational dy-
namics of pro- and eukaryotic ribosomes. Also, the
conformational changes in 80S ribosome during
translation elongation are distinct, unlike the case of
70S ribosome. The study on the location of matrix
inside human placenta ribosome, carried out using
the method of chemical cross-linking [9], revealed
the content of mRNA-containing channel to differ in
human and bacterial ribosomes (in the former case
mRNA-containing channel consisted of proteins and
rRNA, in the latter one — of rRNA only).

Along with functions, connected with association
of ribosome and translation of mRNA, many ribo-
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somal proteins are specific for functions not associ-
ated with ribosomes. Being outside of ribosome,
they take part in various cell processes, for instance,
splicing regulation of its own pre-mRNA (L30 of
Saccharomyces cerevisiae, human S13 and S26) [10]
or the development of viral infection (proteins L18
and L24 bound with transactivator of cauliflower
mosaic virus, i.e. protein, regulating translation
re-initiation on IRES of polycistronic mRNA) [11].

Tumour cells are known for the changed level of
gene expression of various ribosomal proteins, e.g.
large intestine cancer cells are specific for the in-
creased gene expression of a number of ribosomal
proteins, namely S3, S6, S8, S12, S19, PO, L5, L18,
L31, and L37; during liver cancer the similar picture
is observed for gene of ribosomal protein PO; in lym-
phoid tissue tumours these are S3a, S4, S17, L41;
during prostate cancer — genes encoding proteins L7a
and L37[12]. The exact reasons as well as cell mech-
anisms in the basis of increased gene expression in ri-
bosomal proteins in the course of carcinogenesis
have not been determined.

Eukaryotic translation elongation factor 1A
(eEF1A) belongs to a large family of GTP-binding
proteins, the representatives of which take part in the
regulation of crucial cell processes and are specific
for high conservatism of primary amino acid se-
quences [13]. eEF1A catalyses GTP-binding of
aminoacyl-tRNA (aa-tRNA) to ribosomal acceptor
(A) site.

Ternary complex of eEF1A*GTP*aa-tRNA
binds to GTPase associated centre of ribosome,
which includes pentameric complex of L10.L7/L12
(eukaryotic homologues — phosphorylated proteins
P0.P1/P2), L11 (eukaryotic homologue — eL12), and
conservative sarcin/ricin TRNA loop [14] (Fig.1).
Productive codon-anticodon recognition accelerates
GTP hydrolysis by eEF1A molecule and dissociation
of eEF1A in GDP-bound form leads to accommoda-
tion of tRNA in A site. The views on the sequence of
events in the course of aa-tRNA binding as a part of
ternary complex with eEF1A*GTP as well as on the
list of participants of this process are rather confine at
the absence of structural data on eukaryotic decoding
complex as these ideas reside on the similarities on
decoding complex of E. coli [15]. Therefore, the lack
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of information on the organisation and functioning of
eukaryotic apparatus of translation elongation is evi-
dent.

Due to the fact that obtaining of information on
structural organisation of 80S ribosome of higher
eukaryotes remains the hardest experimental task,
the central role in the study on eukaryotic ribosomes
is given to biochemical methods of investigation.
The latter supply to the bulk of data, coming to be
helpful later for interpretation of results, obtained us-
ing structural methods. The aim of current work is to
identify eukaryotic ribosomal proteins, capable of in-
teracting with homologous translation elongation
factor eEF1 A using Far Western blot technique. The
data of this method presuppose that the main 60S pro-
teins of ribosomal subunits, interacting with eEF1A,
are phosphoproteins P.OP1/P2, comprising GTPase
associated centre of ribosome. Moreover, our data
testify that 4 proteins of minor subunit are capable of
participating with eEF1A.

Further identification of 40S subunit proteins by
mass-spectrometry may possibly allow determining
the role of these interactions during translation or
other cell processes, involving both eEF1A [16] and
ribosomal proteins.

Materials and Methods. Isolation of ribosomal
subunits and eEF1A4. Adult rabbit livers were used as
the source of preparations of 60S and 40S subunits.
The method of obtaining ribosomal subunits, free
from endogenous tRNA and mRNA, is based on
scheme [17] with some modifications. In particular,
to eliminate endogenic RNAses from the polysomal
preparations at the early stage of purification,
post-mitochondrial supernatant was centrifuged
through 1 M sucrose cushion, containing 0.5 M of
KCIl. Concentrations of subunits were determined on
the basis of the following correlations: 60 pM/1 optic
unit of Aygo for 40S and 30 pM/1 optic unit of Ay for
60 S. eEF1A preparation was obtained combining
gel-filtration and ion-exchange chromatography, as
earlier described in [18]. Protein concentration was
determined according to Bradford’s method [19].

Far Western blot technique. The method is based
on the ability of protein partners to interact on the
surface of nitrocellulose membrane [20]. After elec-
trophoresis at the denaturating conditions, gel was in-
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cubated in re-naturating buffer (50 mM tris-HCI, pH
7.4, 20% glycerol) for 1 hour at room temperature to
eliminate SDS and consequently for partial
re-naturation of ribosomal proteins [21].
Electrotransfer of proteins from gel to nitrocellulose
membrane was carried out in carbonate buffer (10
mM NaHCO;, 7 mM Na,COs, pH 9.9, 20% ethanol)
at 30—40 Wt in a cold room (4°C) in the course of a
night. Coomassie brilliant blue and Ponceau S were
applied on gel and membrane respectively in order to
control the transfer. The next stage was the incuba-
tion of membrane with eEF1A in the concentration of
25-50 nM in PBS buffer (1.7 mM KH,POy, 5.2 mM
Na,HPO,4, 150 mM NacCl), 3% BSA or 5% of dried
milk, 15-20% of glycerol at room temperature for 1
hour constantly stirring. The use of high ionic force
buffer solution allowed avoiding possible non-spe-
cific electrostatic protein contacts on membrane.
Proteins, capable of interacting with eEF1A, were
determined by monoclonal anti-eEF1A antibodies
(Upstate Group Inc.) (1:1000).

For second time hybridisation with antibodies
against C-terminal domain of yeast ribosomal pro-
teins PO.P1/P2 (kindly presented by Professor J.
Ballesta, Spain) the membrane was additionally puri-
fied from earlier bound antibodies by 30 min incuba-
tion at 60°C in the buffer (2% SDS, 100 mM
B-mercaptoethanol, 62.5 mM tris-HCI, pH 6.8).
Then the membrane was treated with primary
anti-P0.P1/P2 antibodies (1:3 dilution) and exposed
with secondary anti-mouse HRP conjugate.

Results and Discussion. Determination of ribo-
somal subunit 60S proteins, capable of interacting
with eEF1A. Far Western blot was mentioned above
to be based on observation of protein partners inter-
acting with each other on the surface of nitrocellulose
membrane after electrophoresis of protein mixture at
denaturating conditions, renaturation of proteins in
gel and electrotransfer (see Materials and Methods).
Thus, we performed SDS-PAAG electrophoresis of
60S subunit proteins (Fig.2, @). Then the proteins
were partially renaturated and transferred to the
membrane, incubated with eEF1 A mixture, in order
to allow this protein to form a complex with ribo-
somal proteins. Next the membrane was thoroughly
washed from unbound eEF1A. eEF1A molecules,
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Fig.2 Analysis of large subunit proteins, interacting with rabbit
liver eEF1A: a — stained with Coomassie brilliant blue; » — Far
Western blot (exposition by antibodies against eEF1A); ¢ —
Western blot with antibodies against phospho-proteins PO.P1/P2.

which formed complexes with ribosomal proteins
and thus remained on membrane, were localised us-
ing anti-eEF1 A antibodies. Positive signal was re-
ceived for 3 proteins (Fig. 2, ). On the basis of liter-
ature data it is possible to suppose that P0.P1/P2
complex proteins — eukaryotic homologues of
prokaryotic proteins L10.L7/L12, associated with
GTP associated centre on 50S subunit — are the pri-
mary candidates for the role of proteins partners for
eEF1A. The mentioned centre is specific for the
binding of ternary complex with ribosome during de-
coding [15].

A series of Toshio Uchiumi’s works [14,22] on in
vitro reconstruction of a part of GTP associated cen-

tre, performed on bacterial ribosome, revealed the
change of bacterial L7/L12 stem for homologous
structure of rat liver to result in the loss of capability
to recognise prokaryotic EF-Tu (bacterial
homologue of eEF1A) and EF-G (bacterial
homologue of eEF2) by chimeric 70S ribosomes, and
their GTPase and translational activity could be com-
pared with activity of native eukaryotic 80S ribo-
somes [22].

The data of cross-linking method [23], along with
direct visualisation of bacterial decoding complex by
cryo-electron microscopy [15] show that proteins
L10 and L7/L12 are the primary and, most likely, the
only proteins of major subunit, interacting with
EF-Tu. In regards of eukaryotic eEF1A, cross-link-
ing method, applied to eukaryotic system ribo-
some-factor, did not reveal any definite results com-
pared to the case of EF-Tu [24]. The authors identi-
fied 3 proteins of 60S subunit (L12, L23, and L39) as
those interacting with eEF1A. However, it is worth
mentioning that all these proteins are localised on the
internal side of major subunit, directed towards mi-
nor subunit, which is supposed to result in significant
steric obstacles for interactions with eEF1A.

Thus, the reliability of results obtained is rather
questionable. It is hard to comprehend why similar
method using the same bi-functional cross-linking
agent 2-iminotiolane in the case of 70S ribosomes
and EF-Tu provided definite result, correlated with
the data, obtained using other methods [23], whereas
in the case of 80S/eEF1A the conclusion published
[24] is most likely to be an artifact. It is possible that
the same cross-linking agent can not be used for pro-
and eukaryotic ribosomes due to different nature of
available cross-links of 70S and 80S ribosomes and
elongation factors.

It was possible that the protein eEF1A partners,
discovered by us on the major subunit of eukaryotic
ribosomes (Fig.2, b) could be the analogues of
prokaryotic ribosomal proteins L10.L7/L12, inter-
acting with EF-Tu. Eukaryotic analogues of these
proteins are acidic phosphorylated proteins
PO.P1/P2. Itis important to mention also that molec-
ular weights of eEF1 A protein partners correspond to
the weights of these proteins (34, 12, and 11 kDa).
C-terminal domain of mentioned 3 proteins is known
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to be highly conservative and the use of antibodies
against this domain makes it possible to identify all
three proteins. The use of these antibodies in West-
ern blot technique confirmed that the signal obtained
was indeed referred to PO.P1/P2 proteins (Fig. 2, ¢).
One and the same nitrocellulose membrane was used
for identification of eEF1A and P0.P1/P2, which is
the clear evidence of the interaction of the same pro-
teins with both antibodies against eEF1A and (upon
washing out of the latter) antibodies against
P0.P1/P2.

Thus, the possibility of direct contact between ri-
bosomal proteins P0.P1/P2 with eEF1A has been de-
termined. As PO.P1/P2 and L10.L7/L12 proteins are
known to be functional analogues, the interaction de-
scribed in the current paper testifies to the conserva-
tism of decoding in pro- and eukaryotes.

Intriguing is the fact of the presence of several
minor signals on the membrane, which may suggest
the presence of additional eEF1A binding sites on
80S ribosome, e.g. in the region of E site [16].

Determination of 40S subunit proteins, capable
of interacting with eEF1A. The procedure, analogous
to the aforementioned, was also used to obtain small
subunit proteins, capable of contacting with eEF1A
(Fig.3). This kind of interactions was not shown for
bacterial ribosomes. Regarding eukaryotic ribo-
somes, the authors of already mentioned work [24]
used 2-iminotiolane as a bi-functional cross-linking
agent and proposed proteins S23/S24, as well as S26,
for eEF1A partners. However, as it has been men-
tioned before, it is possible that these interactions are
the artifacts of the procedure of chemical cross-link-
ing in the eukaryotic system. Recently, eEF1A,
bound with small subunit, was discovered to play the
role of association factor of yeast ribosomes [25].
Unfortunately, the data on where exactly the site of
eEF1A binding on the surface of 40S subunit is and
which ribosomal protein may participate in such in-
teraction have not been provided.

We have demonstrated the interaction of eEF1A
with four proteins of small ribosomal subunit using
the method of Far Western blot technique (Fig.3).
Molecular weight of these proteins was shown to be
in the range of 37-25 and 20-15 kDa. As protein
partners of EF-Tu on small subunit of bacterial ribo-
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Fig.3 Analysis of small subunit proteins, interacting with rabbit
liver eEF1A: a — stained with Coomassie brilliant blue; » — Far
Western blot (exposition by antibodies against eEF1A).

some remain unknown, and moreover, it is quite pos-
sible that contacts between EF-Tu and 30S subunit
are completely absent, the method of analogies, used
for identification of large subunit proteins, can not be
applied. Our further investigation will be aimed at
identification of discovered proteins using the meth-
ods of mass-spectrometry. It is possible to suppose
that the interactions, observed between eEF1A and
40S subunit proteins reflect the capability of these
proteins to interact while performing functions, not
directly connected with synthesis of proteins.
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T. B. Byokesuu, b. C. Heepyykuii, A. B Exvcrasn

Ucnons3zoBanue wmerona Far Western rubpuaumsanum [is
omnpeaelieHiss PUOOCOMHBIX OEJIKOB, B3aUMOJCHCTBYIOIIHX C

(haxTOpoM FMOHTAIUK TPaHCHIUK 1A

Pesrome

Memooom Far Western eubpuousayuu onpeoenensvt 6eiku 60S

pubocomnoi cybuacmuyul us nevenu KpoauKa,
63aumMoOelicmeyowue ¢ 20MOIOSULHBIM PAKMOPOM ITOHSAYUU
Mmpancaayuu eEF14. Omo Gocgobenku P0O.P1/P2,

pacnonodxcennvie 6 paiione A cauuma 80S pubocomsi. I[lokazano,
umo eEF 14 e3aumooeticmeyem makoice ¢ HeCKOIbKUMU OeaKamu
manou cybouacmuyer 80S pubocom. Dmom paxkm sensemcs
6eCbMd  BAXCHBIM, MNOCKOAbKY HU OOUH U3 0elKo8 Maunoil
cybuacmuysl 6AKMepuUaIbHbLIX pUOOCOM He 83AUMOOeUCm8yen ¢
¢daxkmopom  snoneayuu  EF-Tu. Tounmas uoenmugurayus
BLIUUEYNOMAHYMBIX OENK08 ABNAEMC NPeOMemOoM OANbHeUUUX
uccnedoganuil.

Knwuesvie cnosa: pubocomnvie benku, ¢axmop sroneayuu
1A, sykapuomnas mpaucasayus.

T. B. byokesuu, b. C. Heepyyvkuil, I'. B. €nvcoka

Bukopucranus merony Far Western ribpuauzanii 11 BU3Ha4YCHHS
puboCOMHUX OiNKiB, sIKi B3a€MOAIIOTH 3 (AKTOPOM eJOHTramil

Tpancisanii 1A
Pesrome

Memooom Far Western ciopuousayii eusHaueno Oinku 60S
pubocomnoi cybuyacmunku 3 newinku Kpoas, AKi 63a€mMo0iloms 3
2omon02iyHUM akmopom enoneayii mpaucasayii eEFI1A. Ile
¢docpobirku PO.P1/P2, posmawosani nenodanik A caiuma 80S
pubocomu. Ilokazano, wo eEF1A 63aemo0ie maxoic 3 Oexitbkoma
6inkamu manoi cybuacmunxu 80S pubocom. Leit ¢pakxm e dyace
BAJCIUBUM, OCKINbKU JicoOen 3  OLIKie Mmanoi cybuacmunxu
b6axkmepianoHux pubocom He 63ae€mMo0i€ 3 gakmopom enoneayii
EF-Tu. Touna ioenmugirayis euwe3eadanux OIIKi6 € Memoio
nooanbUux 00CIiONHCEeHb.

Knwouosi cnoea: pubocomui 6inku, ¢paxmop enoneayii 14,
eyKkapiomna mpanciiayis.
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