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Eukaryotic translation termination is triggered by pep-
tide release factors eRF1 and eRF3. eRF1 recognizes
the stop codon and promotes nascent peptide chain
release, while eRF3 facilitates this peptide release in
a GTP-dependent manner. In addition to its role in
termination, eRF3 is involved in normal and nonsense-
mediated mRNA decay. Despite extensive investigation,
the complete understanding of eRF3 function have been
hampered by the lack of specific anti-eRF3 monoclonal
antibodies (Mabs). The purpose of the study was pro-
duction of recombinant eRF3a/GSPT1, development
of anti-eRF3a/GSPT1 Mabs and their utilization for
eRF3a/GSPT1 sub-cellular localization. Plasmid en-
coding C-terminal part of human GSPT1/eRF3a was
constructed. Purified protein, which was predominantly
present in the inclusion bodies, was used for the devel-
opment of Mabs. Characterization of the regions recog-
nized by Mabs using GSPT1/eRF3a mutants and its
visualization in the 3D space suggested that Mabs rec-
ognize different epitopes. Consistent with its function in
translational termination, immunostaining of the cells
with developed Mabs revealed that the endogenous
GSPT1/eRF3a localized in endoplasmic reticulum.
Taking into account the important role of eRF3 for
the fundamental research one can suggests that de-
veloped Mabs have great prospective to be used as a
research reagent in a wide range of applications.
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phosphate buffered saline; PBST, PBS Tween-20
solution; PEG, Polyethylene glycol; PMSF, phenyl-
methylsulfonyl fluoride; PVDF, Polyvinylidene
Fluoride; SDS-PAGE, sodium dodecyl sulfate poly-
acrylamide gel electrophoresis.

Translation termination, the last step of protein syn-
thesis, usually requires ribosome, a stop codon in the
messenger RNA and polypeptide release factors. In
higher eukaryotes, translation termination is governed
by eRF1 and eRF3 factors (1). eRF1, the Class I re-
lease factor that recognizes the stop codon in the A site
of ribosome, triggers the release of the nascent peptide
chain (2). eRF1 is omnipotent for the three stop
codons: UAA, UAG or UGA. The Class II release fac-
tor eRF3 belongs to GTPase superfamily, and it
enhances the termination efficiency by stimulating
the eRF1 activity in a GTP-dependent manner (3, 4).
Complex formation between eRF3 and eRF1 promotes
GTP binding to eRF3 (5�7), with eRF1 functioning as
cofactors that stabilize the GTP conformation (8).
Release factors also play important roles in biological
processes other than the translation termination. eRF3
is involved in normal and Nonsense-mediated mRNA
decay (NMD) via two different pathways: through its
association with cytoplasmic poly(A) binding protein
(PABP) and Upf1 (9�13). It was shown that in vitro
eRF3 inhibits multimeric PABP�PABP interactions
in the poly(A) tail of mRNAs. These may destabilize
the association of PABP with 30-poly(A) tail, suggest-
ing that eRF3 may also play an important role in
the degradation of mRNAs and/or the regulation
of translation efficiency mediated through initiation
factors (10, 14).

On the basis of sequence analysis and functional prop-
erties mammalian eRF3 is divided into the N- and
C-terminal domains (1). The conserved C-terminal
region is homologous to those of elongation factor
eEF1A (15). It is responsible for translation termin-
ation activity and is essential for viability (4, 16). In
contrast, the N-terminal non-homologous domain is
not essential for translation termination, but it is
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important for binding to PABP (4, 15, 17, 18). The
interaction of the N-terminus of eRF3 with the
C-terminal domain of PABP, which is evolutionarily
conserved, seems to link the termination event with the
initiation process in protein biosynthesis (4, 17). The
crystal structure of the C-terminal part of eRF3 of the
yeast Schizosaccharomyces pombe has been described
recently (19).

Two distinct genes encoding eRF3 called GSPT1/
eRF3a and GSPT2/eRF3b were identified in the
human, mouse and rat genomes (20, 21). The eRF3a
gene contains several intronic sequences, whereas the
eRF3b gene has none. At the mRNA level, eRF3a and
eRF3b differ in tissue distribution and in expression
during cell cycle progression (22, 23). The encoded
proteins, eRF3a and eRF3b, share 87% identity with
a striking difference in the amino-terminal region and
highly homology in their carboxy-terminal domains.
All those proteins exhibit GTP binding motifs
(G1�G4) similarly to GTP binding motifs of other G
proteins. GSPT1/eRF3a is the major factor acting in
translation termination in mammals and clearly dem-
onstrates that eRF3b can substitute for eRF3a in this
function (21).

Despite extensive investigation the complete under-
standing of eRF3 function been hampered by the lack
of monoclonal antibodies (Mabs). The availability of
the Mab, which recognizes specific epitopes allow
studying the protein functions. One of the approaches
of the investigation of the protein functions is based on
its cellular localization. The goal of the present study is
production of recombinant human translation termin-
ation factor RF3a/GSPT1, development of the highly
specific Mab against RF3a/GSPT1, characterization of
its binding site and cellular localization of RF3a/
GSPT1 by immunofluorescence using newly developed
antibody.

Materials and Methods

Plasmid constructs coding for the eRF3a mutants were prepared in
Engelhardt Institute of Molecular Biology, Moscow, RF as des-
cribed (24). Plasmid constructs coding for human eRF3a, human
eRF3b and their expression in Escherichia coli were performed in
Engelhardt Institute of Molecular Biology, Moscow, RF as
described (25).

Anti-eRF3 serum (directed against Xenopus laevis eRF3 miss-
ing the first 74 amino acid residues) was kindly provided by
Dr G. Zhouravleva, St Petersburg State University, RF (26).

Rabbit polyclonal anti-S3A ribosomal protein antibody was ob-
tained from Abnova, USA.

Monoclonal anti-b-tubulin antibody and isotype-specific kit for
antibody characterization were purchased from Sigma Aldrich.
Fluorescence labelled secondary antibodies were purchased from
Jackson Immunoresearch Laboratories (PA, USA). RPMI, HAM’s
F12 media, Trypsin/EDTA and fetal calf serum (FCS) were obtained
from Invitrogen.

Vectashield mounting medium containing DAPI was obtained
from Vector Laboratories, Inc., CA, USA. Kit for bicinchoninic
acid-based protein (BCA) assay was purchased from Interchim,
France. Enhanced chemiluminescence (ECL) reagents were obtained
from Amersham Little Chalfont, UK. Unless otherwise specified all
other chemical reagents were purchased from Sigma Aldrich.

Cell culture
The cell lines were purchased from American Type Culture
Collection (ATCC). Human HeLa cells (ATCC CCL-2TM cervical

adenocarcinoma cell line) were grown at 37�C in RPMI1640 medium
supplemented with 10% FCS, streptomycin (100mg/l) and penicillin
(16mg/l), 2mM L-glutamine. A549 cell line (ATCC CCL 185,
human type II pneumocytes) (27) was maintained in Kaighn’s mod-
ified HAM’s F12 medium supplemented with 10% FCS, streptomycin
(100mg/l) and penicillin (16mg/l), 2mM L-glutamine and 1.5 g/l sodium
bicarbonate. Trypsin/EDTA was used for sub-culturing of the cells.

Cell extract preparation
Harvested cells were suspended in buffer containing 20mM
Tris�HCl, pH 7.4, 100mM NaCl, 5mM MgCl2, 0.5% NP40,
1mM DTT, 1mM PMSF supplemented with 50M leupeptine,
50M pepstatin, 50M chymostatin and 50mM NaF. The cell suspen-
sion was disrupted by sonication at 4�C and centrifuged at 15,000 g
(Beckman) for 15min. The protein concentration was measured by
BCA protein assay. The supernatant was used for immunoprecipita-
tion and western blot analysis.

Expression and production of the C-terminal part of
human eRF3a

Plasmid construction. Plasmid pGEX2T/heRF3C encoding
C-terminal part of human GSPT1/eRF3a (from 367 to 637 amino
acid) was constructed by sub-cloning of a BamH1�EcoR1 fragment
of eRF3a cDNA (kindly provided by Dr Jean-Jean O, Curie
University, Paris, France) containing 887 bp from nucleotide 1332
to 2169 (including non-translating region). Human eRF3aC cDNA
was amplified by PCR with Tag polymerase (Promega) using as a
forward primer, 50-ccggatcctggagcaatgagag-30, (BamH1 underlined)
and as a reverse primer, 50-ccgaattctgcagggtcatca-30 (EcoR1 under-
lined). The amplified PCR product was purified by QIAquick PCR
purification kit (Qiagen) and inserted in frame into BamH1�EcoR1
restriction sites of the pGEX2T vector, designed for the expression
of glutathione-S-transferase (GST) fusion. The sequence of the
sub-cloned insert was verified by DNA sequencing (Genset SA).

Expression and purification of the GST-heRF3C protein
BL21(DE3) strain of E. coli was transformed with pGEX2T/
heRF3aC plasmid and grown in 100ml of LB medium in the pres-
ence of 50 g/ml of ampicillin at 37�C until OD600 reached 0.6.
Overexpression of the recombinant GST-heRF3aC protein was
induced using 1mM IPTG at 25�C for 6 h. Purification of GST-
heRF3aC, which was predominantly present in the inclusion
bodies, was performed as described (28). Briefly, cells were harvested
by centrifugation and resuspended in 5ml of a solution containing
50mM Tris 7.5, 1mM EDTA, 100mM NaCl and 2mg of lysozyme
for 20min at 4�C. Afterwards, 5ml of Triton X-100 was added and
the mixture was incubated for 10min, following the addition of 1mg
of DNAse and incubation for 20min at room temperature. After
centrifugation at 12,000 g for 10min at 4�C (Beckman) the pellet
was resuspended in 1.25ml of 0.1M Tris�HCl, pH 8.5, containing
6M urea and the sample was centrifuged for 15min at 10,000 g. The
supernatant was diluted 1 : 10 with 50mM KH2PO4 (pH 10.7), 1mM
EDTA (pH 8.0), 50mM NaCl and incubated at the room tempera-
ture for 30min. During the incubation, the pH of the solution was
maintained at 10.7. For protein renaturation the pH was adjusted to
8.0 and the incubation was continued for 30min. After centrifuga-
tion at 10,000g for 15min GST-heRF3C protein was purified by
affinity chromatography using Glutathione-Sepharose 4B column.
For the expression of GST protein, BL 21 (DE3) strain of E. coli
was transformed with pGEX2T and grown in 100ml of LB medium
in the presence of 50mg/ml of ampicillin at 37�C for 3 h. The protein
was purified using a Glutathione-Sepharose 4B column.

Expression of GSPT1/eRF3a mutants
The preparation of plasmid constructs and the expression of deletion
GSPT1/eRF3a mutants (eRF3a2�478, eRF3a531�637, eRF3a471�617,
eRF3a478�637 and eRF3a139�606) was described in detail in the pre-
vious publication (24). The numbers indicate the remaining amino
acids of full-size GSPT1/eRF3a that were included in the deletion
mutant. The pGADGH/eRF3a plasmid constructs expressing cor-
responding GSPT/eRF3a as a C-terminal part of the fusion protein
with the yeast GAL4 transactivation domain (GAL4AD) have been
described beforehand (24). For the expression of GSPT1/eRF3a mu-
tants the yeast cells were transformed with a construct expressing
GAL4AD fused to one of the deletion mutants of GSPT1/eRF3a.
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Transformants were selected on leucine-deficient medium and grown
for 36 h at 30�C until OD reach 0.6. After centrifugation at 4000 g
(Beckman) for 5min, the pellet was washed twice with 1ml of H2O,
then 50 ml of the buffer containing Tris 20mM pH 7.5, 50mM Nacl,
10mM MgCl, 2mM DTT, 1mM PMSF supplemented with 50M
leupeptine, 50M pepstatin, 50M chymostatin and 50mM NaF was
added and vortexed with washed beads three times for 30 s. After
centrifugation at 4000 g (Beckman) for 10min at 4�C the volume
50 ml of supernatants containing 2mg/ml of proteins were mixed
with 12.5 ml of 3� of Laemmli solution and used for western blot
analysis. The deletion GSPT1/eRF3a mutant proteins consist of the
part of GSPT1/eRF3a fused to Gal4AD.

Development of monoclonal anti-human GSPT1/eRF3a
antibody

Immunization, fusion and selection of Mabs. Animal experiments
were carried according to the ethical standards formulated in the
Declaration of Helsinki. An emulsion of equal volumes of GST-
heRF3aC and Freund’s complete adjuvant was injected twice at
weekly intervals intraperitoneally into Balb/c mice (2mg/mice). At
10, 11 and 12 days mice were boosted with 4mg of GST-heRF3aC in
PBS. At Day 14, the splenocytes were fused with mouse myeloma
X63 Ag8 653 cells as described. The hybridoma clones secreting Mab
were identified by indirect Enzyme Linked Immunosorbent Assay
(ELISA). To exclude the clones producing anti-GST antibody the
hybridoma supernatants were tested as follows: 50 ml of either GST
or GST-heRF3aC solution at 200 ng/ml was incubated in the wells of
a 96-well microtitre plates for 12 h at 4�C. After washing with
PBS—0.05% Tween-20 (PBST) solution, followed by the incubation
with 200 ml PBS�1% BSA for 1 h at 37�C, 50 ml of supernatant was
added and incubated for 1 h at 37�C. After washing, 50 ml of rabbit
peroxidase labelled anti-mouse immunoglobulin were added to the
wells for 1 h at 37�C. The reaction was developed by o-phenylendia-
mine (0.5mg/ml) in citric acid buffer, pH 4.9 in the presence of
0.05% H2O2. Absorbance was recorded at 492 nm using a Titertek
Multiscan. Hybridoma producing supernatants that interact with
GST-heRF3aC protein in the absence of interaction with GST
were cloned twice by the method of serial dilution and screened by
ELISA.

Purification of Mabs. Mabs were purified from culture supernatant
or ascitic fluid (Balb/c mice) by affinity chromatography using
Protein G-Sepharose beads. Briefly, the pH of the culture super-
natant or ascites was adjusted to 8.0 by using 1M Tris�HCl
(pH 8.0) and passed through the column with beads. The beads
were washed with 100mM Tris�HCl (pH 8.0) and then with
10mM Tris�HCl (pH 8.0). Mabs were eluted with 100mM glycine
(pH 3.0) and the pH was neutralized using 1M Tris�HCl, pH 8.0.

Isotype determination. The Mab isotypes were determined by the
radial immunodiffusion method using isotype-specific kit (29).
Briefly, a hot solution of 2% agarose in Tris barbital buffer was
mixed with 6% solution of PEG and poured on a glass plate.
Holes were punched in a circular pattern around a central hole.
The amount of 10 ml of purified Mabs (50mg/ml) was placed in a
round centre well and 5 ml isotype-specific reagents were placed in
surrounding wells. The antigen�antibody reaction was then noted by
the visible immunoprecipitin bands at the point of reactivity. The
isotype specificity was verified by indirect ELISA using isotype-
specific kit (Sigma). Briefly, 100 ml of purified Mabs (50 mg/ml) was
adsorbed in the well of micro plate. The immobilized antibody was
then probed with unlabeled isotype-specific antisera followed by
enzyme-tagged secondary antibody.

Western blot analysis
Western blot analysis was performed as previously described (30).
The cell extracts were prepared as mentioned above. Equal amounts
of protein were mixed with two times of Laemmli sample buffer
(62.5mM Tris�HCl pH 6.8; 8.4% SDS, 5% mercaptoethanol,
8.5% glycerol, 0.25% bromophenol blue) and maintained at 100�C
for 7min before loading 20 mg of cell extract per lane onto 15%
SDS�polyacrylamide gels. The proteins were separated by electro-
phoresis according to Laemmli (31) and then electrophoretically
transferred onto a 0.2 mm Immuno-Blot PVDF membrane. The
rabbit serum or the newly developed anti-eRF3 Mabs were applied

for 4 h followed by incubation for 1 h either with goat anti-rabbit or
rabbit anti-mouse polyclonal antibody (1 : 1000) coupled with per-
oxidase. ECL reagents were used for visualization of the immunor-
eactive protein bands. To verify the quantity of loaded protein, each
membrane was re-blotted with a mouse monoclonal anti-b-tubulin
antibody. Western blot analysis was performed three times using
samples from three different and independent experiments. Only
films representing equal amount of the proteins, as shown by the
anti-b-tubulin antibody, were selected for further analysis.

Immunoprecipitation
One of the developed Mab or normal mouse immunoglobulins
(50 mg/10 ml) were pre-incubated with 20 ml of Protein A-Sepharose
(Invitrogen, CA, USA) for 1 h at 4�C. Following washing with PBS,
the beads were added to 500ml of the cell extract and incubated
overnight at 4�C. Then the beads were washed three times with the
buffer containing 50mM of Tris�HCl, pH 7.4, 100mM NaCl, 0.1%
NP40, 1mM DTT, supplemented with 1mM PMSF, 50M leupep-
tine, 50M pepstatin, 50M chymostatin and 50mM of NaF, centri-
fuged for 5min at 12,000 g and analysed by western blotting. The
other one of developed Mab was used as the primary antibody.

Immunofluorescence and co-localization
Immunofluorescence was performed as previously described (32).
Briefly, either A549 or HeLa cells were placed on glass slides and
were grown overnight. The cells were fixed in a freshly made solution
containing two volumes of formaldehyde, 19 volumes of acetone and
19 volume of MeOH for 20min at �20�C. The slides were then in-
cubated in 3% BSA, followed by a solution of 10% normal goat
serum. After washing, primary monoclonal anti-GSPT1/eRF3a
(1 : 300, 10 mg/ml) were applied for 4 h at room temperature, followed
by incubation with fluorescein isothhiocyanate conjugated rabbit
anti-mouse (Jackson Immunoresearch Laboratories, PA, USA) for
2 h. In some experiments, only the secondary antibody was used as a
negative control. The slides were viewed with a fluorescence micro-
scope using standard fluorescein isothiocyanate and rhodamine filter
sets after staining of the nuclei with 25 ml of Vectashield mounting
medium containing DAPI (Vector Laboratories, Inc, CA, USA).
For co-localization experiments with anti-GSPT1/eRF3a Mab,
rabbit anti-S3A ribosomal protein polyclonal antibody (1 : 300,
Abnova) was used to stain for endoplasmic reticulum. Afterwards,
Texas Red-conjugated goat anti-rabbit antibodies (1 : 400, Jackson
Immunoresearch Laboratories, PA, USA) were applied for 2 h and
then the slides were stained and observed using a fluorescence micro-
scope as described above.

Molecular modelling
The modelling and display of amino acids of interest were realized
using molecular modelling tools. The representations were deduced
from crystallographic data for C-terminal part of S. pombe eRF3
(215�662 amino acid residues), accession code 1R5B in Protein Data
Bank (19) and from crystallographic data for complex of human
eRF1 and C-terminal part of human GSPT1/eRF3a (440�637
amino acid residues), accession code 3E1Y in Protein Data Bank,
using the life science modelling and simulation suite of applications
Discovery Studio 2.1 (Accelrys Inc., San Diego, USA, 2008).

Results

Purification of recombinant GSPT1/eRF3a
A plasmid encoding C-terminal part of human GSPT1/
eRF3a (from 367 to 637 amino acids) (Fig. 1) was con-
structed and used for the expression and purification.
The sequence of the human GSPT1/eRF3a and the
region corresponding to the C-terminal domain from
367 to 637 amino acids (highlighted in grey colour) are
presented on Fig. 1. Electrophoresis of E. coli lysates
with plasmid pGEX2T/heRF3aC, carrying C-terminal
part of the protein revealed a 54 kDa protein band
in the lysates of transfected cells treated with IPTG.
The GST moiety adds �26 kDa to the molecular mass.
The molecular weight of the expressed protein
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corresponded to molecular weight deduced from
amino acid sequence of fusion eRF3aC-GST protein.
The protein band with the same molecular weight was
absent in cell extract from the non-induced or non-
transformed cells (data not shown). Purification of
eRF3aC-GST (shown as eRF3a-GST), which was pre-
dominantly present in the inclusion bodies, was per-
formed as described in ‘Material and Methods’ section.
After purification the 54 kDa eRF3a-GST protein was
more than 95% pure as assessed by SDS�PAGE and
Coomassie blue staining (Fig. 2A).

Hybridoma characterization
The sequences of human and mouse GSPT/eRF3 are
aligned in Fig. 1. Since there is a high homology be-
tween human and mouse C-terminal GSPT1/eRF3a

protein, which consequently renders human eRF3aC
a weak immunogen, the immunogenicity of human
eRF3aC was increased by utilizing fusion GST-
eRF3a protein. From an initial screening of 1000
hybridoma cultures, 5 clones showed immunoreactiv-
ity with GSPT1/eRF3a and absence of the reaction
with GST by ELISA and western blot analysis. The
isotypes of the 4 Mabs (Mabs 14, 16, 81 and 116) cor-
responded to IgG and the fifth Mab (Mab 21) corres-
ponded to IgM as determined by the radial
immunodiffusion method and indirect ELISA. Mabs
81, 116 and 21 with low efficiency in ELISA and west-
ern blot analysis have not been considered for the
further analysis. Mab 14 with IgG2b isotype and
Mab 16 with IgG1 isotype were selected for the present
work.

Fig. 1 Alignment of the amino acid sequences of S. pombe, human and mouse GSPT/eRF3 proteins. The alignment of the amino acid sequences
of S. pombe eRF3 (NP_588225.1), human GSPT1 (NP_002085.2), human GSPT2 (NP_060564.2), mouse GSPT1 (NP_666178.2) and mouse
GSPT2 [NP_ 032205.2 proteins (35)] was optimized by computer analysis (T-coffee Multiple Sequence Alignment Program). Identical amino
acids are shown by dots. The conservative domains of human and mouse G1�G4 involved in GTP binding are indicated by dashed boxes. The
C-terminal part of GSPT1/eRF3a protein (from 367 to 637 amino acid residues) used for the immunization is highlighted in grey colour. The
regions of human GSPT1/eRF3a (from 478 to 531 and 606 to 617 amino acid residues) containing the epitopes recognized by Mabs 14 and 16 are
indicated by the black frame. The regions of S. pombe eRF3 from 507 to 560 and from 634 to 645 amino acid residues corresponding to the
regions from 478 to 531 and from 606 to 617 amino acid residues for human GSPT1/eRF3a are highlighted in black colour. Amino acid residues
of GSPT2/eRF3b, which are different from those of GSPT1/eRF3a in the region from 478 to 531, are underlined.
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Western blot analysis of GST-eRF3a protein using
either Mab 16 or Mab 14 revealed a band with appar-
ent MW of 54 kDa corresponding to the GST-eRF3a
fusion protein. None of the antibodies recognize GST
(Fig. 2A).

Mabs14and16recognizeGSPT1/eRF3a fromthecells
extracts
Western blot analysis of extracts prepared from HeLa
cells using Mabs 14 and 16 showed that both Mabs
recognize a single band with an apparent mo-
lecular weight of 85 kDa corresponding to the human
GSPT1/eRF3a. Molecular weight of detected GSPT1/
eRF3a in western blot analysis is higher than theoretic-
ally calculated one and corresponds to the observation
of others (33). No band was observed when normal

IgG was used as the primary antibody. Replacement
of the antibody by PBS resulted in the disappearance
of the specific band. Pre-incubation of the Mabs with
10-fold excess of recombinant GST-eRF3a abolished
the specific signal (Fig. 2B). Similar results were
obtained with A549 cells (data not shown).

To further characterize the Mabs, we tested if Mabs
14 and 16 could immunoprecipitate GSPT1/eRF3a. As
shown on Fig. 2C, Mab 14 detected the single band
with the apparent molecular weight of 85 kDa band
corresponding to GSPT1/eRF3a in the immunopreci-
pitate from HeLa cells extract incubated with Mab 16.
Mab 16 does not detect any band in the immunopre-
cipitate of the cell extract incubated with Mab 14.
No band was observed in the immunoprecipitate from
HeLa cells extract incubated with normal IgG (Fig. 2C).
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Fig. 2 Preparation of recombinant eRF3a-GST protein and characterization of Mabs 14 and 16. (A) Preparation of recombinant eRF3-GST
protein. Construction of plasmid pGEX2T/heRF3aC, encoding C-terminal part of human GSPT1/eRF3a from 367 to 637 amino acids (shown
in the figure as eRF3a-GST), protein expression and purification from the inclusion bodies was achieved as described in ‘Materials and Methods’
section. Twelve per cent SDS�PAGE of purified eRF3a-GST and GST proteins followed by Coomassie blue staining (A) revealed 54 and 26 kDa
bands, respectively (arrows at the right side). At the left side molecular weight standards are shown. Western blot analysis of purified
eRF3a-GST protein either Mab 16 or Mab 14 identified single 54 kDa band corresponding to eRF3a-GST protein. The arrows at the right side
indicate 54 kDa eRF3a-GST and 26 kDa GST. A representative result from four experiments is shown. (B) Western blot analysis of cell extract
with Mabs. The cell extract was prepared as described in ‘Materials and Methods’ section. Western blot analysis of HeLa cell extract with Mabs
16 and 14 revealed the single 85 kDa band (arrow at the left side). No protein bands were detected when the normal immunoglobulin or PBS were
used instead of Mab. Pre-incubation of the purified Mab with 10-fold excess of recombinant eRF3a resulted in the abolition of 85 kDa band. The
membrane was re-blotted with anti-b-tubulin antibody; the arrow at the left indicates b-tubulin. One representative result from four experiments
is shown. (C) Immunoprecipitation of cellular GSPT1/eRF3a by Mabs. The extract of HeLa cells was pre-incubated either with Mab 16 or Mab
14, or normal mouse immunoglobulin bound to Protein A Sepharose. Resulting immunoprecipitates were examined by western blot analysis
with the help of another anti-eRF3 Mab as described in ‘Materials and Methods’ section. In the control row, the whole-cell extract was loaded.
The arrow at the left side indicated cellular 85 kDa GSPT1/eRF3a. (D) Western blot analysis of recombinant GSPT1/eRF3a and GSPT2/eRF3b
with Mabs. Plasmid constructs coding for human GSPT1/eRF3a, human eGSPT1/RF3b and their expression in E. coli were performed in
Engelhardt Institute of Molecular Biology, Moscow, RF as described (25).Western blot analysis of recombinant proteins GSPT1/eRF3a
and GSPT2/eRF3b with Mabs 14 and 16 was performed as described in ‘Material and Methods’ section. The arrows at the left side indicated
GSPT1/eRF3a and GSPT2/eRF3b.
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Similar results were obtained with A 549 cells (data not
shown).

Analysis of the regions recognized by Mabs 14 and 16
Western blot analysis of full-length recombinant pro-
teins GSPT1/eRF3a and GSPT2/eRF3b using Mabs
show that Mab 16 recognize both GSPT1/eRF3a and
GSPT2/eRF3b, while Mab 14 recognize only GSPT1/
eRF3a but not GSPT2/eRF3b (Fig. 2D).

In order to characterize the regions recognized by
Mabs, a western blot analysis of mutant GSPT1/
eRF3a proteins fused to Gal4AD expressed in yeast
was performed. The construct containing the full-size
GSPT1/eRF3a protein served as the positive control.
As shown in Fig. 3, bothMabs recognize full-size eRF3a,
eRF3a478�637 and eRF3a471�617mutants. These results
clearly show the region recognized by both Mabs is
localized in C-terminal part of GSPT1/eRF3a between
478 and 617 amino acid residues. None of the Mabs
interact with eRF3a2�478 and eRF3a531�637mutants.
The absence of the interaction cannot be due to the
low expression of the protein, since rabbit anti-eRF3
serum recognizes eRF3a2�478 and eRF3a531�637mutant
in western blot analysis (Fig. 3). These results suggest
that Mabs 14 and 16 recognize the C-terminal part of
GSPT1/eRF3a up to 531 amino acid residues. Taking

collectively the results of western blot analysis with
the deletion mutants show that the regions recog-
nized by both Mabs 16 and 14 are localized between
478 and 531 amino acid residues. The difference in
the interaction of two Mabs was observed in the
eRF3a139�606 mutant. In contrast to Mab 16 recogniz-
ing eRF3a139�606 mutant, the interaction between
this eRF3a139�606 mutant and Mab 14 was much
weaker (Fig. 3). The difference in the recognition of
eRF3a139�606 mutant by both Mabs may be explained
by the existence of the functional epitope recognized
by Mab 14, which includes two distant parts localized
within 478�531 and 606�617 amino acid sequences.

Visualization of the epitopes using crystal structure
of human and S. pombe eRF3 C-terminal parts
To verify whether epitope recognized by Mab 14 con-
sists of two distant amino acid sequences, regions from
478 to 531 and from 606 to 617 amino acid residues
were visualized in 3D space. The crystal structure of
human eRF1 in complex with the C-terminal part of
human GSPT1/eRF3a (residues 440�637) has been
reported recently, accession code 3E1Y (34). Using
crystallographic data the molecular modelling
allows visualization of the regions corresponding
to human eRF3a478�637 and eRF3a471�617 deletion

A

B

Western blotWestern blotWestern blot

Schematic presentation of the interaction of eRF3a mutants with antibodies 

Fig. 3 Interaction of GSPT1/eRF3a deletion mutants with Mabs. (A) Western blot analysis of GSPT1/eRF3a deletion mutants with Mabs 16, 14
or anti-eRF3 serum. Expression of GSPT1/eRF3a mutants and western blot analysis with Mabs 16 and 14 were performed as described in
‘Materials and Methods’ section. At the left side molecular weight standards are shown. The names of GSPT1/eRF3a mutants are presented on
the top. The numbers of mutants indicate the remaining amino acids of full-size GSPT1/eRF3a, which were included in the presented mutant.
The arrows indicate immunoreactive bands. (B) Schematic presentation of the interaction of GSPT1/eRF3 mutants with Mabs or anti-eRF3
serum. Graphical images of GSPT1/eRF3a mutants, which were used for the analysis, are shown. Boxes indicate the remaining amino acid
sequences. The ability of the various mutants to interact with Mabs 16, 14 or anti-eRF3 serum, as follows from the results of western blot
analysis, is indicated on the right.

M.-M. Delage et al.

54

 at C
hanghua C

hristian H
ospital on Septem

ber 26, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


mutants recognized by both Mabs (red colour)
[Fig. 4B(a, b)]. The region 139�606 amino acids,
which corresponds to eRF3a139�606 deletion mutant
cannot be visualized since the crystal structure of the

full size eRF3 is not yet solved. The structure of the
C-terminal part of human GSPT1/eRF3a [Fig. 4B(c)]
shows two regions recognized by Mabs (deduced
from the results of immunoblotting with deletion

A

B

C

D

1                 196  237      Domain 1  467   Domain 2  544    Domain 3      662     

1                    255                                                       637           

N-terminal region       M                              C-terminal region

N-terminal region                                C-terminal region

S. pombe

H. sapiens

N478-D637  H.sapiens
T507-D662 S.pombe

V471-L617  H.sapiens
L500-L645 S.pombe

Anti-eRF3  Mab 16 Anti-S3A polyclonal antibody Merge image

HeLa
Immunofluorescence

Visualisation of eRF3 regions recognized by Mabs

N478-F531 H.sapiens
T507-F560 S.pombe

F606-L617  H.sapiens
F634-L645 S.pombe

C-ter N-ter

F606-L617  H.sapiens

N478-F531 H.sapiens

C-ter N-terC-ter N-ter

V471-L617  H.sapiens

C-terN-ter

N478-D637  H.sapiens

C-ter C-ter

N-terN-ter

a b c

a b c

Fig. 4 Visualization of the regions recognized by Mabs in the 3D space. (A) Domain organization of human and S. pombe eRF3 proteins.
Schematic representation of the domain organization of S. pombe and H. sapiens GSPT/eRF3 proteins. S. pombe eRF3 consists of N, M
and C parts and contains 662 amino acid residues. Human GSPT/eRF3 consists of N and C parts and contains 637 amino acid residues.
(B) Visualization of the regions of human GSPT1/eRF3a recognized by Mabs. The representations were deduced from crystallographic data for
complex of human eRF1 and C-terminal part of human GSPT1/eRF3a (440�637 amino acid residues), accession code 3E1Y in Protein Data
Bank. (a, b) Molecular surface of human GSPT1/eRF3a 3D structure show the regions corresponding to human eRF3a478�637 and eRF3a471�617

deletion mutants recognized by both Mabs (red colour). (c) The regions containing the epitopes recognized by Mabs are presented in magenta for
the region from 478 to 531 and in dark blue for the region from 606 to 617 amino acids residues. The panel displays ventral and dorsal views of
surface structure. Amino acid residues of GSPT1/eRF3a, which are different from those of GSPT2/eRF3b in the region from 478 to 531 amino
acid residues, are shown in yellow colour. The positions of N-terminal (440) and C-terminal (637) amino acid residues are indicated by the arrow.
The C-terminal amino acid residue is shown in violet colour; the N-terminal amino acid residue is not visible in proposed orientation of the
molecule. (C) Visualization of S. pombe eRF3 regions, which correspond to human GSPT1/eRF3a regions recognized by Mabs. The repre-
sentations were deduced from crystallographic data for C-terminal part of free protein S. pombe eRF3 (215�662 amino acid residues), accession
code 1R5B in Protein Data Bank. (a, b) Molecular surface of eRF3 3D structure show the regions, which correspond to the regions of human
eRF3a478�637 and eRF3a471�617 deletion mutants recognized by both Mabs (red colour). (c) The regions of S. pombe eRF3 corresponding to the
regions of human GSPT1/eRF3a, which contain the epitopes recognized by Mabs, are presented in magenta for the region from 478 to 531
amino acids and in dark blue for the region from 606 to 617 amino acids. The panel displays ventral and dorsal views of surface structure.
The amino acid numbers of S. pombe eRF3, which corresponds to the amino acid numbers of human GSPT1/eRF3a are indicated. Amino acid
residues of GSPT1/eRF3a, which are different from those of GSPT2/eRF3b in the region from 478 to 531 amino acids, are shown in yellow
colour. The positions of N-terminal (215) and C-terminal (662) amino acid residues (shown in violet colour) are indicated by the arrow.
(D) Intracellular localization of GSPT1/eRF3a using Mabs. HeLa cells were grown to confluence on the glass slides. After fixation in
formaldehyde/acetone/MeOH solution at �20�C, the cells were treated with Mab 16, then polyclonal anti-S3A ribosomal protein antibody,
followed by the incubation with FITC-conjugated rabbit anti-mouse afterwards with Texas Red-conjugated goat anti-rabbit antibodies. The
slides were viewed with a fluorescence microscope with standard fluorescein isothhiocyanate and rhodamine filter sets using 400�magnifications. Merge
image indicated endoplasmic reticulum localization of GSPT1/eRF3a. One representative experiment from four triplicate experiments is shown.
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mutants): from 478 to 531 (magenta colour) and from
606 to 617 amino acid residues (blue colour). It reveals
their adjacent position in 3D space.

Taking into account the interaction of Mab 16 with
recombinant GSPT1/eRF3a and GSPT2/eRF3b, while
the interaction of Mab 14 only with GSPT1/eRF3a,
we have identified three amino acids, which are differ-
ent for both proteins sequences in the region between
478 and 531 amino acid residues. V489 of eRF3a is
replaced by T480 of eRF3b; T493 of eRF3a is replaced
by F484 of eRF3b and N522 of eRF3a is replaced by
S513 of eRF3b. These three amino acids are indicated
by underlined letters in italic on Fig. 1 and marked in
yellow colour on Fig. 4B(c). Nevertheless, it was sug-
gested that GSPT1/eRF3a undergoes conformational
changes upon binding to eRF1, thus we use the crystal
structure of free protein S. pombe C-terminal part of
eRF3, which was solved recently, accession code 1R5B
(19) to confirm our observations of adjacent position
of 478�531 and 606�617 amino acid residues regions
in 3D space. Taking into account the high similarity
between the C-terminal parts of eRF3 from S. pombe
and human, we made a hypothesis that the 3D struc-
tures of these two proteins should be similar. The
knowledge of crystallographic structure of the
C-terminal part of S. pombe GSPT/eRF3 (residues
215�662) and multiple sequence alignment allows to
visualize the regions, which correspond to the regions
of the human GSPT1/eRF3a (478�637, 471�617,
478�531 and 606�617 amino acid residues) recognized
by both Mabs. Taking into account the difference be-
tween the lengths of S. pombe eRF3 (662 amino acids
residues) and the human GSPT1/eRF3a (637 amino
acids residues) in addition to the high homology in
the C-terminal part of the molecules (Fig. 1), multiple
sequence alignment was used to determine the positions
of the amino acids of regions recognized by newly de-
veloped Mabs. Consequently, there is a shift in the
number of S. pombe and corresponding human
amino acids residues (Fig. 1) (19). 3D structure of
the C-terminal part of S. pombe eRF3 [Fig. 4B(a, b)]
show the regions, which correspond to the regions of
human eRF3a478�637 and eRF3a471�617 deletion mu-
tants recognized by both Mabs (red colour). The
region, which corresponds to eRF3a139�606 deletion
mutant cannot be visualized since the crystal structure
of the full size eRF3 is not yet solved. Visual represen-
tation of the regions corresponding to the regions of
human GSPT1/eRF3a recognized by Mabs 14 and 16:
from 478 to 531 (in blue colour) and from 606 to 617
amino acids residues (in magenta colour) is shown in
Fig. 4C(c). It confirms their adjacent position in 3D
space. Amino acid residues of GSPT1/eRF3a, which
are different from those of GSPT2/eRF3b in the region
corresponding to the region of human GSPT1/eRF3
from 478 to 531 amino acid residues, are indicated
by the yellow colour [Fig. 4B(c)].

Sub-cellular immunofluorescence localization of
GSPT1/eRF3a using our newly developed Mabs
To determine the sub-cellular localization of GSPT1/
eRF3a, we stained the cells with the newly developed
Mabs. Immunofluorescence with either Mab 16

(Fig. 4D) or Mab 14 (data not shown) revealed punc-
tuated perinuclear staining of GSPT1/eRF3a in HeLa
cells, characteristic of endoplasmic reticulum localiza-
tion (Fig. 4D). Pre-treatment of the Mab with 10-fold
excess of recombinant eRF3a resulted in abolishing
of the staining; immunofluorescence only with second
antibody did not show any staining (data not shown).
To confirm ER localization of GSPT1/eRF3a with our
developed Mabs, double immunostaining with Mabs
and ER marker anti-S3A ribosomal protein polyclonal
antibody was performed. As shown in Fig. 4D, com-
plete overlap between staining of GSPT1/eRF3a with
Mabs and anti-S3A antibody staining was observed.
Similar results were obtained with A549 cells.

Discussion

The functional C-terminal region of GSPT/eRF3 com-
prises GTP-binding domain (Fig. 1, G1�G4 domains)
(35). The crystal structure of human eRF1 in complex
with the C-terminal part of human GSPT1/eRF3a
(440�637 amino acid residues) and the crystal struc-
ture of the C-terminal part (215�662 amino acid resi-
dues) of free protein eRF3 of the yeast S. pombe has
been described recently (19, 34). The availability of the
crystal structure of the C-terminal part of GSPT1/
eRF3 allowed to obtain the tools for the study of
the molecular mechanisms of this release factor in
translation termination.

The C-terminal part of eRF3 of yeast S. pombe can
be further divided into three domains. Domain 1 (resi-
dues 237�467) represents the GTPase domain that
binds the guanine nucleotide, and in common with
other GTPases. Domain 1 is connected to domain 2
(residues 468�554) by a long stretch of peptide with a
single helical turns in the middle. Domain 2 is con-
nected to domain 3 (residues 555�662) by a short ex-
tended stretch of peptide. We utilized the 3D structure
of human (from the complex with eRF1) and S. pombe
free protein eRF3 for the visualization of the regions
recognized by the newly developed Mabs against
human GSPT1/eRF3a.

One of the aims of this work was to develop Mabs,
which specifically recognize human GSPT1/eRF3a. To
reach this goal we constructed plasmid pGEX2T/
heRF3ac coding for C-terminal part of a human
GSPT1/eRF3a. Expressed in E. coli fusion protein con-
tains GST part linked to C-terminal part of GSPT1/
eRF3a (eRF3a-GST). Since there is a high homology
between human and mouse C terminal GSPT1 (eRF3),
which consequently determined human C-terminal
part of eRF3 as a weak immunogen, its immunogenity
was increased by using purified fusion eRF3a-GST
protein for immunization. Additionally, we used the
method for hyper immunization of mice, which also
augmented the immunogenity of the protein (36). It
was shown that Mab 16 recognized both recombinant
proteins GSPT1/eRF3a and GSPT2/eRF3b, while
Mab 14 recognized only GSPT1/eRF3a, additionally
both Mabs recognized GSPT1/eRF3a in extracts from
human cells. However, we detected the band only in
the cell extracts precipitated by Mab 16. This result is
consistent with the observation of Chauvin et al. (20).
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They reported that endogenous eRF3b could not be
detected by anti-eRF3b antibody in any human cell
lines, because eRF3b protein may be expressed at a
low level in all cell types. The analysis of interaction
of eRF3a mutants with Mabs 14 and 16 allows to char-
acterize the binding sites recognized by these antibody.
It was observed that N-terminal part of GSPT1/
eRF3a, containing up to 478 amino acid residues
(eRF3a4�478 mutant) was not included in the epitope
recognized by both Mabs in contrast to the anti-eRF3
serum, which recognizes eRF3a4�478mutant. This is
in an agreement with the experimental procedure,
since C-terminal part of eRF3a including 360�637
amino acids residues was used for the development
of Mabs. The interaction of Mabs 14 and 16 with
eRF3a478�637mutant and eRF3a471�617mutant indi-
cates that epitopes, recognized by both Mabs, are loca-
lized in C-terminal part of GSPT1/eRF3a between 478
and 617 amino acid residues. Further from N side
eRF3a531�637mutant abrogated the binding of both
Mabs, while interacts with anti-eRF3 serum. The re-
sults suggested that Mabs 14 and 16 recognize the part
of eRF3a localized between 478 and 531 amino acid
residues. According to the alignment of human
GSPT1/eRF3a and GSPT2/eRF3b sequences, there
are three different amino acids in the region between
478 and 531 amino acids (Fig. 1). Taking into account
that Mab 16 recognizes both GSPT1/eRF3a and
GSPT2/eRF3b, while Mab 14 recognizes only
GSPT1/eRF3a, we could speculate that these amino
acids or some of them may play the important role
in the abolishing of the interaction between eRF3b
and Mab 14.

Since Mab 16 reacted strongly with eRF3a139�606

mutant, while the interaction of Mab 14 was very
weak, it suggested that of C-terminal part of eRF3a
up to 606 amino acid residues negatively influenced the
recognition of this mutant by Mab 14. Since Mab 14
recognizes eRF3a478�617 mutant, it appears that the
region including the sequence from 606 to 617 amino
acid residues is essential for the formation of the epi-
tope recognized by Mab 14. The region which is loca-
lized between 478 and 530 amino acid residues may be
situated close in space to the region including amino
acid sequence from 606 to 617, forming one continu-
ous epitope for Mab 14 (19). To verify this hypothesis
both regions were localized in 3D space using the crys-
tallographic data of the complex of human eRF1 with
the C-terminal part (440�637 amino acid residues) of
human GSPT1/eRF3a. Visualization of the two re-
gions (from 478 to 531 and from 606 to 617 amino
acid residues) reveals their adjacent position in 3D
space (Fig. 4B and C). Taking into account the possi-
bility of the conformational alteration of human
GSPT1/eRF3a in the complex with eRF1, the adjacent
position of these two sequences was confirmed using
the crystal structure of free protein S. pombe eRF3.
Thus, the data and visualization appears to support
the possibility that these sequential regions come to-
gether on the surface of the molecule to form one con-
tinuous region, which includes the epitope recognized
by Mab 14. The structural epitope of a protein usually
covers a 5�10 nm2 (500�1000 Å2) surface area

involving 14�20 amino acid side chains. Only few of
these side chains are responsible for the majority of the
binding affinity, and the functional epitope may only
involve 4�14 antigen side chains. Difference in the cap-
acity Mabs 16 and the 14 to precipitate GSPT1/eRF3a
from the cell extract, divergence in the interaction with
GSPT1/eRF3a and GSPT2/eRF3b, additionally to the
discrepancy in the recognition of GSPT1/eRF3a dele-
tion mutants clearly show that Mabs 16 and 14 recog-
nize the two different functional epitopes. Analysis of
the region recognized by Mabs 16 and 14 revealed that
Mabs recognize the C-terminal part of eRF3 outside of
GTP-binding domains that in turn excludes the recog-
nition of the other G proteins.

Knowledge of the sub-cellular location of a protein
reveals the potential role it plays in a variety of cellular
processes. Co-localization of studied protein (detected
by antibody specifically recognized this protein) and
cellular organelle (identified by organelle-specific anti-
body) using immunofluorescence is powerful tool for
protein sub-cellular localization. Consistent with its
function in translational termination and its associ-
ation with ribosomes, immunostaining of the cells
with newly developed Mabs and co-immunostaining
with ER marker anti-S3A ribosomal protein poly-
clonal antibody revealed that the endogenous eRF3/
GSPT1 localized in endoplasmic reticulum. This
result is in agreement with the observation of others,
which have demonstrated ER localization of the en-
dogenous GSPT1/eRF3a as well as ER localization
of a construct encoding C-terminal FLAG-tagged
full-length GSPT1/eRF3a protein (37).

Additionally to its role in translation termination,
normal and NMD, eRF3 is likely involved in cancer
development: overexpression of GSPT1/eRF3a in in-
testinal type gastric tumours was reported (22).
Involvement of GSPT1/eRF3a in tumourigenesis may
be resulted from an increase in the translation effi-
ciency of specific oncogenic transcripts, cell cycle de-
regulation or apoptosis alteration (22, 37, 38). Taking
into account the important role of eRF3 for the fun-
damental research, one can suggests that newly de-
veloped Mabs have great prospective to be used as a
research reagent in a wide range of applications. These
antibodies are also the strong candidates to be investi-
gated for further as potential diagnostic tool in clinic.
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