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ABSTRACT

eIF3j is one of the eukaryotic translation factors orig-
inally reported as the labile subunit of the eukaryotic
translation initiation factor eIF3. The yeast homolog
of this protein, Hcr1, has been implicated in stringent
AUG recognition as well as in controlling translation
termination and stop codon readthrough. Using a re-
constituted mammalian in vitro translation system,
we showed that the human protein eIF3j is also im-
portant for translation termination. We showed that
eIF3j stimulates peptidyl-tRNA hydrolysis induced by
a complex of eukaryotic release factors, eRF1-eRF3.
Moreover, in combination with the initiation factor
eIF3, which also stimulates peptide release, eIF3j ac-
tivity in translation termination increases. We found
that eIF3j interacts with the pre-termination riboso-
mal complex, and eRF3 destabilises this interaction.
In the solution, these proteins bind to each other
and to other participants of translation termination,
eRF1 and PABP, in the presence of GTP. Using a
toe-printing assay, we determined the stage at which
eIF3j functions – binding of release factors to the A-
site of the ribosome before GTP hydrolysis. Based
on these data, we assumed that human eIF3j is in-
volved in the regulation of translation termination by
loading release factors into the ribosome.

INTRODUCTION

Eukaryotic translation termination requires two release fac-
tors: eRF1 and eRF3 (1,2). The termination process be-
gins when a stop codon enters the ribosomal A-site. The
complex of the release factors eRF1-eRF3 binds to the ri-
bosomal A-site and eRF1 recognises the stop codon on
mRNA, triggering eRF3-mediated GTP hydrolysis (1,3–7).
Although it remains unclear whether eRF3 changes con-
formation or dissociates from the ribosome after GTP hy-

drolysis (8–10), eRF3 is known to induce a conformational
rearrangement in eRF1 and promote accommodation of
the GGQ motif of eRF1 in the peptidyl transferase centre
(PTC) of the ribosome. In the PTC, eRF1 induces peptidyl
tRNA hydrolysis and nascent polypeptide release. During
the next stage of translation, called ribosome recycling,
ribosomal complexes are disassembled into their compo-
nents. Ribosome recycling begins with the binding of AT-
Pase ABCE1 (Rli1 in yeast) to eRF1 to catalyse the dissoci-
ation of the 60S subunit from the 40S subunit, which is still
bound to mRNA and deacylated tRNA (8,9,11,12). Ad-
ditionally, it has been demonstrated that yeast Rli1 stimu-
lates translation termination independently of ATP hydrol-
ysis (8,13). In the next step, mediated by the eIF2D, MCT-
1 and DENR proteins (Tma64, Tma20 and Tma22 in yeast),
the mRNA and tRNA are released from the 40S subunit
(14–16). While the functional activities of most of the par-
ticipants in the final stages of translation are well studied,
there are additional factors involved in this process. One of
these factors is eIF3j.

eIF3j is a eukaryotic initiation factor originally reported
as a loosely associated subunit of human eIF3 (17–19). Hu-
man eIF3j was shown to associate with 40S ribosomal sub-
units independently of the eIF3 holocomplex and critically
improves the binding of the eIF3bgi subcomplex as well as
that of the purified eIF3 (lacking eIF3j) to the 40S subunit in
vitro (20). Likewise, 40S ribosomal subunit-binding of eIF3j
was not affected in the individual knockdown of all 12 eIF3
subunits (21,22). It has been suggested that the yeast ho-
molog of eIF3j, Hcr1, is an independent initiation factor
that associates and closely cooperates with eIF3, without
being an integral part of it (23). Moreover, Hcr1 is the only
non-essential subunit in yeast (24).

eIF3j is involved in the initiation of translation. Directed
hydroxyl radical probing and recent structural studies re-
vealed that human and yeast eIF3j bind to the A-site of the
ribosome and the mRNA entry channel of the 40S subunit,
leading to the placement of eIF3j directly in the ribosomal
decoding centre (25–27). However, the knockdown of eIF3j
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in HeLa and HEK293 cells had no effect on cell prolifer-
ation, only slightly reduced the initiation rates, and most
importantly, showed no effect on eIF3 association with pre-
initiation complexes in vivo (21). In yeast, it was shown that
the deletion of HCR1 leads to slow growth (Slg−) pheno-
type and results in a severe leaky scanning phenotype indi-
cating a defect in stringent AUG selection (28). Hcr1 was
found to stimulate both the binding of eIF3 to the 40S sub-
unit (28,29) and biogenesis of the 40S subunit (30). Hcr1
binds below the beak of the 40S subunit across the surfaces
of eS30 and uS12 in the yeast 40S-eIF1-eIF1A-eIF3-eIF3j
complex (31).

It was proposed that the major role of Hcr1 in yeast is
the regulation of translation termination (23). In vivo ex-
periments showed that the deletion of HCR1 increases stop
codon readthrough and results in the accumulation of eRF3
in fractions containing heavy polysomes that are enriched
with termination complexes (23). However, other studies
have suggested the involvement of eIF3j in ribosomal re-
cycling. The role of Hcr1 in translation termination and
recycling has also been investigated by ribosome profiling
in yeast (32). It was shown that hcr1Δ cells have increased
ribosome footprint occupancy in 3’ untranslated regions
(UTRs) and the level of translation reinitiation in 3′ UTRs,
probably suppressing the function of the 60S recycling fac-
tor Rli1. Indeed, it was found that in hcr1Δ cells, the ex-
pression level of RLI1 increased, which suppressed reiniti-
ation induced by HCR1 deletion. It was also demonstrated
that Hcr1 is not involved in the recycling of the 40S subunit,
as the overexpression of HCR1 cannot compensate for the
loss of the 40S subunit recycling factors Tma64 and Tma20
(32). Mammalian eIF3j is also involved in ribosomal recy-
cling. It was demonstrated that the addition of the initia-
tion factor eIF3 promotes splitting of the 60S subunit from
the 40S subunit, and the initiation factors eIF3j, eIF1, and
eIF1A enhance its activity in vitro. eIF1 mediates the release
of tRNA from the P site, and eIF3j facilitates subsequent
dissociation of mRNA from the 40S subunit (12,33). It was
also demonstrated that eIF3j interacts with eIF1A and re-
duces the affinity of the 40S subunit for mRNA (25). Re-
cently, it was shown that in the presence of the purified split-
ting factors Dom34, Hbs1, ABCE1, and eIF6, the reaction
of splitting of the 80S ribosome is stimulated by eIF3j (26).
Moreover, the N-terminal region of eIF3j in the 43S com-
plex extends toward the GTPase binding region of the 40S
subunit and ATP-binding domain of ABCE1 (26,27). This
interaction probably prevents ATP hydrolysis and ABCE1
dissociation from the 40S subunit of the ribosome.

Thus, eIF3j is probably able to function independently
in eukaryotic translation, and there is evidence supporting
its involvement in initiation, termination, and ribosome re-
cycling. However, there are no reported studies that clearly
elucidate the mechanisms of eIF3j activity in translation ter-
mination and identify the molecules with which eIF3j inter-
acts. To decipher the role of eIF3j in translation termina-
tion, we performed a functional study on human eIF3j us-
ing a reconstituted mammalian translation system (1). We
showed that human eIF3j stimulates translation termina-
tion and determines the stage at which it functions. Exper-
iments on the binding of eIF3j with the release factors and

ribosomal complexes confirmed its direct involvement in
translation termination. We concluded that eIF3j ensures
the binding of the eRF1-eRF3-GTP complex to the A-site
of the ribosome.

MATERIALS AND METHODS

Cloning and purification of eIF3j and its mutant forms

Human eIF3j cDNA (corresponding to isoform 1 mRNA)
was cloned into the pET-28b(+) vector (Novagen) between
the NdeI/XhoI sites. Based on the construct pET-28b-
eIF3j, mutant W52A with single amino acid substitution
was obtained using the QuikChange Site-Directed Mutage-
nesis Kit (Agilent, CA, USA), isoforms 2 and 3 of eIF3j
and shortened variants �1–15 and �243–258 were ob-
tained using the Gibson Assembly assay (NEB, MA, USA).
The resulting His-tagged proteins were expressed in Es-
cherichia coli BL21 cells after induction with 1 mM IPTG at
25◦C overnight, followed by purification using a His-Select
Nickel Affinity Gel (Sigma-Aldrich, MO, USA) and elution
with 300 mM imidazole in buffer containing 20 mM Tris–
HCl (pH 7.5), 100 mM KCl, 2 mM DTT and 10% glycerol.
After dialysis, the eluted protein was applied to a HiTrapQ
column (GE Healthcare, IL, USA). The N-terminal His-
tag was cleaved with thrombin using a Thrombin Cleavage
Capture Kit (Novagen).

In vitro pull-down assay using purified proteins

To study protein–protein interactions, in vitro pull-down
assays were performed using purified proteins as described
in (34) with modifications. All experiments were performed
with 5 �M His-containing protein (eRF3a-His or eRF1-
His) and 1 �M of the tested proteins (eRF1, eIF3j and
PABP) and 0.2 mM nucleoside triphosphate (GTP, GDP,
or GDPCP) in a final reaction volume of 20 �l in buffer P
(20 mM Tris–HCl pH 7.5, 100 mM KCl, 10% (v/v) glyc-
erol, 0.05% (v/v) Tween-20, 10 mM imidazole pH 7.5, 1
mM DTT). The protein mixtures were incubated for 1 h
on ice; subsequently, 20 �l of His-Select® Nickel Affinity
Gel (Sigma-Aldrich, MO, USA) was added to the mixture
and incubated for 1 h on ice. The reaction mixtures were
washed six times with 200 �l of buffer P, and the proteins
were eluted using buffer P supplemented with 200 mM imi-
dazole. SDS loading dye (7 �l) was mixed with 20 �l of the
eluted complexes. Then, 10 �l of the resulting samples and
the samples of input proteins (deluted 20 times) were loaded
onto a 10% or 12.5% SDS–PAGE gel. Proteins were de-
tected by western blot analysis using the following antibod-
ies: anti-eIF3j (Abcam, 71416), anti-eRF3 (Cell Signalling
Technology, 14980S), anti-eRF1 (Abcam, 153731) and anti-
PABP (Abcam, 21060). The intensity of the bands was mea-
sured using Image Lab program (BioRad, version 6.0.1). All
experiments were performed in three replicates. Histogram
data are presented as mean relative intensity ± standard
error of the mean. A two-tailed t-test was used to com-
pare the mean values between the two groups. The differ-
ence was considered significant when the P-value was less
than 0.05.
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Pre-termination complex on MVHL mRNA
(preTC(MVHL)) assembly

The 40S and 60S ribosomal subunits as well as eukaryotic
translation factors eIF2, eIF3, eEF1H, and eEF2, were pu-
rified from a rabbit reticulocyte lysate, as previously de-
scribed (1). The human translation factors eIF1, eIF1A,
eIF4A, eIF4B, �eIF4G, �eIF5B, eIF5, eRF1 and eRF3c
were produced as recombinant proteins in E. coli strain
BL21 with subsequent protein purification on Ni-NTA
agarose and ion-exchange chromatography columns (1).
Human eRF3a was expressed in insect cells Sf21 from the
pFastBac-Htb-GSPT1 vector (35) and purified by affinity
chromatography using a HisTrap HP column (GE Health-
care, IL, USA) followed by anion-exchange chromatogra-
phy using a MonoQ column (GE Healthcare, IL, USA)
(35).

MVHL-UAA mRNA was transcribed using T7 RNA
polymerase from the pET28-MVHL-UAA plasmid. The
pET28-MVHL-UAA plasmid contains a T7 promoter, four
CAA repeats, the �-globin 5’ UTR, an open reading frame
(encoding the peptide MVHL), followed by the stop codon
UAA and a 3’ UTR comprising the rest of the natural �-
globin coding sequence. To perform run-off transcription
the mRNA plasmid was linearized using XhoI.

Either [35S]-labelled or unlabelled eukaryotic preTCs on
MVHL-UAA mRNA were assembled and purified as pre-
viously described (36). Briefly, initiation complexes were as-
sembled in a 500-�l solution containing 37 pmol MVHL-
UAA mRNA, 200 pmol Met-tRNAiMet or [35S]-labelled
Met-tRNAiMet, 90 pmol 40S and 60S ribosomal subunits,
200 pmol eIF2, 90 pmol eIF3, and 125 pmol of eIF4A,
�eIF4G, eIF4B, eIF1, eIF1A, eIF5, �eIF5B supplemented
with buffer A (25 mM Tris–HCl (pH 7.5), 50 mM KOAc, 2.5
mM MgCl2, 2 mM DTT, 0.3 U/�l RNase inhibitor, 1 mM
ATP, 0.25 mM spermidine, and 0.2 mM GTP). The reac-
tion mixture was maintained at 37◦C for 15 min to allow the
ribosomal-mRNA complex formation. Peptide elongation
was performed by adding 200 pmol total tRNA (acylated
with all or individual amino acids), 200 pmol eEF1H, and
50 pmol eEF2 to the initiation complex, followed by incuba-
tion for another 15 min at 37◦C. The ribosomal complexes
were centrifuged in a Beckman SW55 rotor for 95 min at
4◦C and 50 000 rpm in a linear sucrose density gradient (10–
30%, w/w) prepared in buffer A containing 5 mM MgCl2.
After centrifugation, 13 lower gradient fractions of 150 �l
were collected, and fractions corresponding to preTC com-
plexes were detected by a toe-printing assay and by the
presence of [35S]-Met. Additionally, 8 �l of each fraction
was analysed by western blotting using antibodies against
eIF3j (Abcam, 71416), eIF3a (Abcam 86146), rpL9 (Abcam
182556) and rpS15 (Abcam 157193). The preTC fractions
were combined and diluted 3-fold with buffer A containing
1.25 mM MgCl2 (to a final concentration of 2.5 mM Mg2+)
and used in the peptide-release assay, for conformation-
rearrangement analysis (toe-printing) or preTC binding as-
say.

Peptide-release assay

Radiolabelled preTCs (0.5 pmol), assembled on MVHL
mRNA, were preincubated in 150 �l of the reaction mix-

ture with 100 pmol eIF3j or GST at 37◦C for 3 min, followed
by the addition of 2.5 pmol eRF1 and incubation at 37◦C
for 15 min. Otherwise 150 �l aliquots containing 0.5 pmol
preTCs were incubated with 50 pmol eIF3j or GST at 37◦C
for 3 min, followed by addition of 1.25 pmol eRF1 and 1.25
pmol eRF3a with 0.2 mM GTP and 0.2 mM MgCl2 and in-
cubation at 37◦C for 3 min. In experiments on the influence
of the initiation factor eIF3 on eIF3j in peptide-release as-
say, we preincubated 30 �l of the reaction mixture with 0.25
pmol eIF3 or 0.25 pmol eIF3 and 10 pmol eIF3j at 37◦C for
3 min, followed by addition of 0.25 pmol eRF1 and 0.25
pmol eRF3a with 0.2 mM GTP and 0.2 mM MgCl2 and
incubation at 37◦C for 3 min. Ribosomes and tRNA were
pelleted with ice-cold 5% trichloroacetic acid (TCA) and
centrifuged at 14 000 g at 4◦C for 15 min. The amount of
released [35S]-MVHL tetrapeptide was determined by scin-
tillation counting supernatants using an Intertechnique SL-
30 liquid scintillation spectrometer (36).

Toe-printing assay

For conformational rearrangement (or toe-printing) analy-
sis 10 �l aliquots containing 0.03 pmol preTCs were incu-
bated at 37◦C for 15 min with 0.25 pmol of eRF1 or 0.25
pmol eRF1(AGQ) mutant and 7 pmol of eIF3j or GST.
Otherwise, 10 �l aliquots containing 0.03 pmol preTCs were
incubated at 37◦C for 15 min with 0.045 pmol of eRF1 and
0.015 eRF3a with 0.2 mM GTP or 0.045 pmol of eRF1 and
0.015 eRF3a with 0.2 mM GDPCP or with 0.045 pmol of
eRF1(AGQ) mutant and 0.015 eRF3a with 0.2 mM GTP
and 7 pmol of eIF3j or GST. Nucleotides were supple-
mented with equimolar amounts of MgCl2.

The samples were analysed using a primer extension pro-
tocol. Toe-printing analysis was performed with AMV re-
verse transcriptase and a 5’-FAM-labelled primer comple-
mentary to the 3’ UTR sequence. cDNAs were separated
by electrophoresis using standard GeneScan® conditions
on an ABI Prism® Genetic Analyser 3100 (Applera).

Conformational rearrangements corresponding to the
TC or postTC formation were detected as a +2 nt shift
of toe-print peaks, as previously described (35–38). Ri-
bosomal shift efficiency was calculated using the formula
TC/(TC + preTC).

Termi-Luc peptide release assay

A peptide release with nanoluciferase (NLuc) was per-
formed as previously described (39) with modifications. The
assay allows the measurement of NLuc release from TCs
assembled on NLuc mRNA in the RRL. NLuc folds into
the catalytically active form only after its release from the
ribosome, which leads to luminescence in the presence of
the substrate. NanoLuc mRNA was transcribed in vitro (T7
RiboMAX Express Large Scale RNA Production System,
Promega, WI, USA) from a template containing �-globin 5’
UTR, NLuc CDS, 3’ UTR derived from pNL1.1[Nluc] vec-
tor (Promega, WI, USA), and 50 nt poly(A) tail. RRL lysate
(1 ml; Green Hectares, USA) was preincubated in a mixture
containing 1.5 u/�l Micrococcal nuclease (Thermo Fisher
Scientific, MA, USA) and 1 mM CaCl2 at 30◦C for 10 min,
followed by the addition of EGTA to a final concentra-
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tion of 2 mM. A reaction mixture containing 70% nuclease-
treated RRL was supplemented with 20 mM HEPES–KOH
(pH 7.5), 80 mM KOAc, 0.5 mM Mg(OAc)2, 0.36 mM ATP,
0.2 GTP, 0.05 mM each of 20 amino acids (Promega, WI,
USA), 0.5 mM spermidine, 5 ng/�l total rabbit tRNAs, 10
mM creatine phosphate, 0.003 u/�l creatine kinase (Sigma-
Aldrich, MO, USA), 2 mM DTT, and 0.2 U/�l Ribolock
(Thermo Fisher Scientific, MA, USA) in a volume of 1 ml.
The mixture was preincubated with 1 �M eRF1(AGQ) at
30◦C for 10 min, followed by the addition of NLuc mRNA
to a final concentration of 8 �g/ml, resulting in the forma-
tion of TCs. Next, the concentration of KOAc was adjusted
to 300 mM and the mixture was layered on a 10–35% lin-
ear sucrose gradient in a buffer containing 50 mM HEPES–
KOH, pH 7.5, 7.5 mM Mg(OAc)2, 300 mM KOAc and 2
mM DTT. The gradients were centrifuged in a SW-41 Ti
(Beckman Coulter) rotor at 18 000 rpm for 14 h. Fractions
enriched with preTCs were collected. PreTC was aliquoted,
flash-frozen in liquid nitrogen, and stored at − 80◦C. Pep-
tide release was performed in a solution containing 8 nM
preTC, 50 mM HEPES–KOH, pH 7.5, 0.25 mM spermi-
dine, 2 mM DTT, 0.2 mM GTP, and 1% NLuc substrate
(Nano-Glo, Promega, WI, USA) in the presence of 8 nM
eRF1, 8–20 nM eRF3a/c, 8 nM eIF3 and 160 nM eIF3j or
its mutants/isoforms or GST as a negative control. Lumi-
nescence was measured for 1 h at 30◦C using a Tecan Infinite
200Pro (Tecan, Männedorf, Switzerland). Peptide release
kinetic curves were generated, and the standard deviation
was calculated.

GTPase assay

Ribosomal 40S and 60S subunits (1 pmol each) were incu-
bated at 37◦C for 10 min. Then, GTPase buffer (10 mM
Tris–HCl pH 7.5, 35 mM NH4Cl, 18 mM MgCl2, and 0.5
mM GTP), 1 pmol of eRF1, 3 pmol of eRF3a and 0, 5, 10 or
20 pmol of eIF3j were added. The final reaction volume was
10 �l. After incubation for 15 min at 37◦C, the amount of re-
leased phosphate was estimated using the Malachite Green
Phosphate Assay (Sigma-Aldrich, MO, USA), according to
the manufacturer’s protocol.

PreTC binding assay

A sample of 1.5 pmol of purified preTC(MVHL), 1.35 pmol
of purified preTC(NL), or 1.5 pmol of 80S ribosomes was
incubated with 15 pmol eRF3a, 15 pmol eIF3j, and 15 pmol
eRF1 in the buffer containing 0.2 mM GTP/GDPCP/GDP
supplemented with 0.2 mM MgCl2 at 37◦C for 10 min. The
reaction volume was 500 �l. Subsequently, TCs were incu-
bated with 1% formaldehyde at 4◦C for 1 h (40). Glycine
was added up to 0.1 M to stop the cross-linking reac-
tion. The preTCs were centrifuged in a 10–30% (w/w)
linear SDG, as described above. The whole gradient was
fractionated into 14 equal fractions (360 �l), followed by
precipitation in 10% TCA. The protein pellets were dried
and analysed by western blotting using antibodies against
eIF3j (Abcam, 71416), eRF3 (Cell Signalling Technol-
ogy, 14980S), eRF1 (Abcam, 153731) and rpL9 (Abcam
182556).

RESULTS

eIF3j enhances the peptidyl-tRNA hydrolysis induced by re-
lease factors eRF1 and eRF3

To study the activity of human eIF3j in translation ter-
mination, we assembled a pre-termination complex on the
model MVHL-UAA mRNA, the preTC(MVHL), in the
mammalian reconstituted translation system by sequen-
tially carrying out the translation initiation and elongation
stages. The preTC(MVHL) was purified by SDG centrifu-
gation. The addition of human recombinant eIF3j and re-
lease factors to this complex allowed us to study the effect of
eIF3j on translation termination in vitro. The efficiency of
peptidyl–tRNA hydrolysis was determined by quantifying
the radioactive MVHL peptide released from the ribosomal
complexes into solution. We found that the tetrapeptide re-
lease efficiency was not significantly changed after the addi-
tion of eIF3j to the reaction mixture in the presence of eRF1
(Figure 1A). In contrast, when both release factors eRF1
and eRF3a were present, eIF3j slightly stimulated peptide
release (Figure 1B).

To study the effect of eIF3j on peptide release by another
approach, we obtained the preTC on the nanoluciferase
mRNA, the preTC(NL), using the Termi-luc method (39).
The preTC(NL) contains long polypeptide–nanoluciferase
(19.1 kDa, 171 amino acids). Nluc release from the ribo-
some during translation termination causes luminescence
of the substrate. We revealed that in the presence of eRF1
alone, the efficiency of polypeptide release was slightly stim-
ulated by eIF3j (Figure 1A), but in the presence of both
eRF1 and eRF3a, eIF3j significantly increased polypeptide
release (Figure 1B). eIF3j alone did not induce peptide re-
lease. To show that the effect of eIF3j on peptide release is
not associated with the stabilisation of release factors or the
nonspecific prevention of their sorption in test tubes due to
low eRFs concentrations, we used glutathione S-transferase
(GST) as a negative control (Figure 1A, B). The addition of
the same amount of GST as eIF3j did not affect the activity
of the release factors. Thus, the effect of eIF3j on peptide
release is specific and reflects its functional activity in cells.
We also tested the activity of lower concentrations of eIF3j
in peptide release (Supplementary Figure S1A) and demon-
strated that eIF3j can function under such conditions, con-
firming its specificity for peptide release.

To study the participation of eRF3 in multiple rounds of
peptide release in the presence of eIF3j, we determined the
activity of eIF3j at higher concentrations of eRF3a (Fig-
ure 1C). We demonstrated that excess of eRF3a reduced the
positive effect of eIF3j on translation termination. There-
fore, eIF3j increases the activity of eRF3 or its working con-
centration.

Furthermore, we compared eIF3j activity in the pres-
ence of different eRF3 variants, full-size eRF3a, and an N-
terminally truncated form eRF3c that lacked the first 138
amino acids (Supplementary Figure S1B). We revealed that
the presence of the N-terminal domain of eRF3a is impor-
tant for the stimulation of translation termination by eIF3j.

Since eIF3j strongly activates peptidyl-tRNA hydrolysis
in the presence of eRF3, we suggest that eIF3j can affect
the GTPase activity of eRF3. eRF3 is known to exhibit
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Figure 1. eIF3j increases the efficiency of peptidyl–tRNA hydrolysis induced by release factors eRF1 and eRF3. (A) Hydrolysis of peptidyl-tRNA on
the preTC(MVHL) and preTC(NL) induced by the addition of eRF1 in the presence/absence of eIF3j (n = 3). (B) Hydrolysis of peptidyl-tRNA on the
preTC(MVHL) and preTC(NL) induced by the addition of eRF1 and eRF3a-GTP in the presence/absence of eIF3j (n = 3). (C) Hydrolysis of peptidyl–
tRNA on the preTC(NL) induced by the addition of eRF1 and 2-fold or 5-fold excess of eRF3a-GTP in the presence/absence of eIF3j (n = 3). The error
bars represent the standard deviation; RLU, relative luminescence units.
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GTPase activity in the presence of the 80S ribosome and
eRF1. The addition of eIF3j to the GTPase reaction did not
affect the ability of human eRF3a to hydrolyse GTP (Sup-
plementary Figure S1C). Thus, we have shown that eIF3j
stimulates peptidyl-tRNA hydrolysis induced by release fac-
tors and does not affect the GTPase activity of eRF3, which
is consistent with the data obtained for the yeast homolog
(23).

Both eIF3j and eIF3 stimulate peptide release in a co-
operative way

Since eIF3j works differently on different preTCs, we com-
pared their composition by western blotting. We did not
find eIF3j in the fractions corresponding to both preTCs
(Figure 2A). We hypothesised that during SDG centrifu-
gation, the labile subunit eIF3j dissociated from the ri-
bosome, since proteins in the complexes were not immo-
bilised with formaldehyde before centrifugation. However,
we revealed that eIF3 remains bound to the formed on the
short coding sequence preTC(MVHL) even after purifica-
tion of the complex by ultracentrifugation in an SDG (Fig-
ure 2A). Therefore, the preTC(MVHL) is free of eIF3j but
contains the eIF3 holocomplex. The presence of eIF3 in
the preTC(MVHL) is consistent with its role in termination
and stop codon readthrough (41). We also determined the
amount of eIF3 in the preTC(NL) (Figure 2A). We detected
only a small amount of eIF3 bound to the preTC formed on
the long coding sequence. Therefore, we obtained preTCs
containing different amounts of eIF3.

We then determined the effect of eIF3 on the activ-
ity of eIF3j in both preTCs. The addition of eIF3 to the
preTC(NL) significantly promoted peptide release from this
complex and slightly increased the activity of eIF3j. In
contrast, the addition of extra eIF3 to the preTC(MVHL)
slightly stimulated peptide release and did not significantly
influence the activity of eIF3j, because the preTC compo-
sition did not change (Figure 2B). Therefore, we revealed
that both eIF3j and eIF3 stimulate peptide release. More-
over, when combined, these proteins slightly enhance the
individual activity of each other during translation termi-
nation. This fact explains the weak effect of eIF3j on pep-
tide release on the preTC(MVHL) and strong stimulation
on the preTC(NL) (Figures 1B, 2B). Comparing these data
with the activities of eIF3j on different complexes (Figure
1A, B), we concluded that the presence of the eIF3 holo-
complex in the preTC masks the activity of eIF3j in transla-
tion termination and that eIF3j can function in translation
termination in the absence of eIF3.

eIF3j binds to eRF3a and the eRF1-eRF3a complex in the
presence of GTP

Since the activity of eIF3j in translation termination is di-
rectly related to the presence of eRF3, we tested their ability
to interact with each other in the solution. For this, we per-
formed a pull-down assay using His-tagged eRF3a bound
to Ni-NTA agarose (Figure 3A). We revealed that in the
presence of GTP, eIF3j binds to eRF3a alone as well as
when eRF3a is in the complex with eRF1 (Figure 3A). We
also observed that in the presence of a non-hydrolysable

analogue of GTP, GDPCP, eIF3j interacts only with the
complex of release factors eRF3a-eRF1 and does not bind
to eRF3a alone (Figure 3A). Probably GDPCP locks eRF3
in a specific conformation that prevents its binding to eIF3j
and eRF1 overcomes it. In the presence of GDP, no com-
plex of release factors with eIF3j was detected. The analysis
of the amount of eRF1 in such complexes showed that eIF3j
did not affect the interaction of eRF1 and eRF3a with each
other (Figure 3A).

Similar experiments were performed to study the inter-
action between eRF1 and eIF3j in the solution. Using
His-tagged eRF1 bound to Ni-NTA agarose in the pull-
down assay, we showed that eIF3j was unable to bind to
eRF1 (Figure 3B). Considering this, we speculated that
in the triple complex, eIF3j interacts with eRF1 through
eRF3.

Therefore, pull-down analysis indicated that eIF3j could
interact with eRF3a in the solution in a nucleotide-
dependent manner (Figure 3C), which is consistent with
previously obtained results and published data. In yeast, in
vivo pull-down experiments demonstrated that Hcr1 was co-
purified with selected eIF3 subunits, Rli1, eRF3 (about 9%),
and eRF1 (about 2%). However, when in vitro GST pull-
down assays for Hcr1 were performed, the authors could
not see any binding with release factors, possibly because
the GST-tag prevented binding (23).

Binding of eIF3j and release factors to the termination com-
plexes

Previous studies involving SDG centrifugation and im-
munoblotting of formaldehyde cross-linked whole-cell ex-
tracts reported the detection of Hcr1, along with the release
factors Sup35 (eRF3) and Sup45 (eRF1) in the polysome
fraction (23).

Since the binding of eIF3j to the eIF3 holocomplex is not
required for the activity of eIF3j in translation termination
(Figure 1B), we proposed that the initiation factor eIF3,
when associated with the preTC, can attract eIF3j to the
complex. This binding is likely to be labile since it was not
observed after purification of the preTCs with SDG (Figure
2A). To check the ability of eIF3j to bind purified preTCs,
formaldehyde was added in the binding reaction of eIF3j
with the preTC, by analogy with the study performed on
yeast (23), and then the complexes and free proteins were
separated by SDG centrifugation. eIF3j was detected in the
gradient fractions by western blotting. The preTC(MVHL)
was detected in fractions 7–13 and the preTC(NL) in frac-
tions 10–12 by the presence of 60S ribosomal subunits. As
expected, recombinant eIF3j was detected in the same frac-
tions (Figure 4). It should be noted that eIF3j binds di-
rectly to the ribosome in the pretermination ribosomal com-
plex because the preTC(NL) contains very small amounts
of eIF3 to bind eIF3j (Figure 2A). To be sure that after
the second round of SDG performed during the binding
experiments with the preTC, eIF3 did not dissociate from
the preTC(MVHL), we determined eIF3 in the fractions
by western blot analysis after repeated SDG (Supplemen-
tary Figure S2A). Indeed, we observed a large amount of
eIF3 in the preTC(MVHL) and very few traces of eIF3 in
the preTC(NL). Thus, we confirmed that eIF3 remained
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Figure 2. eIF3j does not require binding to eIF3 during translation termination. (A) Western blot analysis of the preTC gradient after SDG. Antibodies
raised against eIF3j, eIF3a, rpL9 and rpS15 were used for detection. The fractions of the SDG are indicated above the western blots; fraction 1 corresponds
to the top of the gradient and 13 to the bottom of the gradient. Boxes indicate the fractions that contain ribosomal complexes according to the toe-printing.
(B) Hydrolysis of peptidyl-tRNA on the preTC(MVHL) and preTC(NL) induced by the addition of eRF1 and eRF3a in the presence of eIF3 and eIF3j
(n = 3). For preTC(MVHL), the background was subtracted, and each mean value was normalized to the value of eRF1 activity. The error bars represent
the standard deviation, ** represents a significant difference from the respective control P < 0.01, * represents P < 0.05, t-test. r.u., relative units; RLU,
relative luminescence units.

bound to the preTC(MVHL) during the purification of the
binding mixture. Therefore, we can confidently assert that
eIF3j directly binds to the ribosomes in the preTC(NL)
and eRF3a indirectly interacts with eIF3 via eIF3j in the
preTC(MVHL). To exclude the aggregation of eIF3j, we
tested the distribution of this protein in SDG in the ab-
sence of the ribosomal complexes. eIF3j alone can be de-
tected only in the top fractions of the gradient (fractions
1-3) (Supplementary Figure S2B).

Since we demonstrated the interaction between eIF3j and
eRF3a (Figure 3A), we determined the pattern of eIF3j
binding to the ribosomes in the presence of eRF3a-GTP
and formaldehyde. A small amount of eRF3a was detected
in the preTC(MVHL), and we did not observe any eRF3a
in the preTC(NL) (Figure 4). However, when the preTCs
were incubated simultaneously with eIF3j and eRF3a-GTP,
in the case of the preTC(MVHL) complex, we detected very
good binding of eIF3j which promotes binding of eRF3a to
the preTC (Figure 4A). In the case of the preTC(NL), only
a small fraction of eRF3a and no eIF3j were associated with
the preTC (Figure 4B).

In addition, we performed control experiments with
empty 80S ribosomes (Supplementary Figure S2C). We ob-
served binding of eIF3j and lack of binding of eRF3a-
GTP with the 80S ribosomes and 40S ribosomal subunits.
Moreover, the presence of eIF3j did not promote binding
of eRF3a to the 80S ribosome. Consequently, joint binding
of eRF3a and eIF3j to the preTC(MVHL) is specific to the
preTC.

To study the binding of both release factors to the preTC
in the presence of eIF3j, we performed similar experiments
with the binding of eIF3j and eRF1-eRF3a complex to the
preTC(MVHL) in the presence of GTP, GDPCP, and GDP
(Supplementary Figure S2D). We found that all three pro-
teins bind to the preTC, regardless of the nucleotide type. It
is likely that eIF3j and release factors could remain bound
to the ribosome, interacting with the A-site or eIF3, depend-
ing on whether a ternary protein complex is formed in the
presence of GTP or a double protein complex is formed in
the presence of GDP (Figure 3C).

Thus, we found that eRF3a-GTP destabilises the binding
of eIF3j to the preTC in the absence of eIF3 and remains
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Figure 3. eIF3j interacts with eRF3a-GTP in the pull-down assay. (A) eIF3j binding with His-eRF3a and His-eRF3a + eRF1 in the presence of GTP,
GDPCP and GDP. (B) eIF3j binding with His-eRF1 in the presence of GTP, GDPCP and GDP. Protein samples before loading onto the resin (input)
or after elution (elution) were analysed by western-blot. For detection, antibodies raised against eRF1, eRF3 and eIF3j were used. All experiments were
carried out in three replicates. The intensity of each band was normalized to the intensity of the control band. Histogram data are presented as mean relative
intensity ± standard error of the mean. The difference was considered significant when P value (two-tailed t-test) was less than 0.05 (*). (C) Schematic
representation of interactions of eIF3j with release factors as revealed by pull-down assay.
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Figure 4. Binding of eIF3j and eRF3a to the preTCs. Western blot analyses of binding of eIF3j and eRF3a in the presence of GTP to purified (A)
preTC(MVHL) and (B) preTC(NL), separated via SDG centrifugation. Antibodies raised against eIF3j, eRF3a and ribosomal protein L9 were used for
detection. The fractions of the SDG are indicated; fraction 1 corresponds to the top of the gradient and 14 to the bottom of the gradient. Boxes indicate the
fractions that contain ribosomal complexes. All experiments were carried out in three replicates. The intensity of each band was normalized to the intensity
of the corresponding rpL9 band. Histogram data are presented as mean relative intensity ± standard error of the mean. The difference was considered
significant when P value (two-tailed t-test) was less than 0.01 (**).
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bound to the preTC in the presence of eIF3, probably as
part of the complex eIF3–eIF3j–eRF3a–GTP. Joint disso-
ciation of eRF3a and eIF3j from the preTC in the presence
of GTP is consistent with the data obtained for HCR1, the
deletion of which causes accumulation of Sup35 (eRF3) in
the polysomes (23).

eIF3j affects termination complexes formation

To determine the stage of the translation termination in
which eIF3j works, we used a fluorescence toe-printing as-
say that allows the determination of the position of the ri-
bosomal complex on mRNA (37,38).

It should be noted that translation termination occurs
in several consecutive steps (Figure 5A). First, the bind-
ing of release factors to the ribosome and recognition of
the stop codon by eRF1 occurs, resulting in the formation
of termination complex 1 (TC1). Next, GTP is hydrolysed
by eRF3; however, it is not completely clear what happens
next, eRF3-GDP either dissociates spontaneously from the
ribosome or changes its conformation so that the M domain
of eRF1 is accommodated in the PTC, forming termination
complex 2 (TC2). As soon as the GGQ motif in the M do-
main of eRF1 enters the PTC, peptidyl-tRNA is hydrolysed
and the newly synthesized peptide is released from the ribo-
some. Post-termination complex 1 (postTC1) is formed, in
which eRF1 is still associated with the ribosome. As a result
of eRF1 dissociation from the ribosome after the termina-
tion of translation, post-termination complex 2 (postTC2)
is formed. The addition of various modified translation ter-
mination components stabilises certain termination com-
plexes. To freeze TC1, we used the non-hydrolysable GTP
analogue (GDPCP). To stabilise TC2, we used a mutant
form of eRF1, eRF1(AGQ), which can bind to the stop
codon and accommodate the M domain in the PTC after
GTP hydrolysis but cannot induce peptidyl-tRNA hydroly-
sis. Using of eRF1 + eRF3 + GTP allowed us to obtain a
mixture of postTS1 and postTS2.

During stop codon recognition by eRF1, the ribosome
protects additional nucleotides on mRNA, which is de-
tectable in the toe-printing assay as a one- or two-nucleotide
shift of the ribosomal complex (1,3,42). As a result, depend-
ing on the components added to the reaction, either TS1/2
or postTS1 could be detected at the same mRNA position.
The postTS2 in the toe-printing assay could be detected at
the same position as the preTC because after the dissocia-
tion of eRF1 from the ribosome, the mRNA conformation
returned to its original state (Figure 5A).

For the toe-printing assay, preTC(MVHL) was used. The
raw data for fluorescent toe-printing are shown in Supple-
mentary Figure S3. Toe-printing revealed that the addition
of eIF3j to the translation termination reaction with eRF1
or eRF1(AGQ) alone did not have a significant effect on
TC and postTC formation (Figure 5B, Supplementary Fig-
ure S3B), which is consistent with the results obtained in
the peptidyl-tRNA hydrolysis assay (Figure 1A). The ef-
fect of eIF3j on TC formation in the presence of both re-
lease factors was determined at a 3-fold lower eRF3a con-
centration relative to eRF1. This allowed us to activate
termination in the deficiency of eRF3a and to investigate
the stimulatory activity of eIF3j. We observed that eIF3j

significantly stimulated the formation of TC1 in the pres-
ence of GDPCP (Figure 5C, Supplementary Figure S3C)
and slightly stimulated the formation of TC2 in the pres-
ence of eRF1(AGQ) (Figure 5C, Supplementary Figure
S3C). These experiments indicate that the stimulation of
translation termination by eIF3j occurs before or indepen-
dently of GTP hydrolysis by eRF3a. Our results showed
that eIF3j exerted no stimulatory effect on postTC1 for-
mation in the presence of eRF1, eRF3a, and GTP (Figure
5C, Supplementary Figure S3C). This can be explained by
the dissociation of eRF1 from the ribosome after peptidyl-
tRNA hydrolysis and the transition of postTC1 to postTC2.
PostTC2 cannot be distinguished from the preTC by the
toe-printing assay. GST was used as a negative control for
the action of eIF3j in termination complex formation, simi-
lar to the peptide release experiments. PreTC(MVHL) con-
tains significant amounts of eIF3 (Figure 2A), and to distin-
guish between the effects of eIF3j and eIF3 on TC forma-
tion, we used the preTC(MVHL)-HS. The preTC(MVHL)-
HS was obtained using SDG containing potassium acetate
in high concentration. Western blot analysis of this com-
plex showed the absence of eIF3 and eIF3j in the samples
(Supplementary Figure S4A). The toe-printing assay on
the preTC(MVHL)-HS in the presence of GDPCP demon-
strated similar stimulatory activity of eIF3j on TC1 forma-
tion as for the preTC (MVHL) (Supplementary Figure S4B,
C). Therefore, we assumed that eIF3j promotes binding of
the eRF1–eRF3–GTP complex to the preTC before GTP
hydrolysis.

Activities of the mutant forms of human eIF3j in translation
termination

We investigated the translation termination activity of hu-
man eIF3j isoforms resulting from alternative splicing and
eIF3j mutants (Figure 6A). The main isoform of eIF3j in
human cells is isoform 1 (iso 1), which consists of 258 amino
acids. The sequence of isoform 2 (iso 2) differs from iso1 in
the replacement of aa 137-191 by a single Val. Compared
with iso1, isoform 3 (iso 3) lacks aa 50–98. Additionally, we
obtained the C-terminally truncated form of eIF3j-� (243–
258). The C-terminus was identified as a target of cleavage
by caspase 3 between residues 242 and 243, resulting in a
protein lacking 16 amino acid residues (20). This form of
eIF3j binds poorly to the 40S subunit, which in turn wors-
ens the binding of the holocomplex eIF3 to the 40S subunit.
We also obtained an N-terminal truncated form of eIF3j-
�(1–15) to reveal the role of terminal amino acid residues
in translation termination. In addition, we tested the activ-
ity of the W52A mutant of eIF3j, a form of eIF3j with a
mutation that greatly reduces its ability to bind to the eIF3b
subunit (28).

In peptidyl-tRNA hydrolysis experiments using the
preTC(NL), it was found that both isoforms of eIF3j and
the N-terminal deletion variant of eIF3j-�(1–15) were com-
pletely inactive (Figure 6B). The C-terminal deleted vari-
ant �(243–258) demonstrated ∼30% of eIF3j activity and
W52A demonstrated approximately 15% of eIF3j activ-
ity. Thus, all tested mutant variants of eIF3j are impor-
tant for its activity in translation termination, although the
residues responsible for binding with eIF3 (W52A) and the
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Figure 5. Effect of eIF3j on the termination and post-termination complexes formation. (A) Outline of the termination process related to the toe-printing
assay (see Results). (B) Effect of eIF3j on TC and postTC formation in the presence of eRF1(AGQ) or eRF1 (n = 3). The background was sub-
tracted and each mean value was normalized to the value of eRF1 activity. (C) Effect of eIF3j on TC1, TC2 and postTC formation in the presence of
eRF1 + eRF3a + GDPCP, eRF1(AGQ) + eRF3a + GTP, or eRF1 + eRF3a + GTP, respectively (n = 3). The background was subtracted and each mean
value was normalized to the value of eRF1 + eRF3a + GTP activity. The error bars represent the standard deviation, ** represents a significant difference
from the respective control P < 0.01, t-test. n, number of repeats; r.u., relative units.

mRNA entry channel of the 40S subunit (�(243–258)) have
a smaller contribution to the termination activity of eIF3j
than others. It should be noted that residues that are more
important are located in the structured core region of eIF3j;
however, the deletion of the unstructured N-terminal region
completely inactivated its activity in translation termination
(Figure 6C). This indicates the direct involvement of this re-
gion in the termination process.

eIF3j can function in termination in the presence of PABP

Since the activity of eIF3j was significantly increased in the
presence of the N domain of eRF3a (Supplementary Figure

S1B), we assumed that eRF3a interacts with eIF3j in this
domain. It is known that eRF3a binds to poly(A)-binding
protein (PABP) via the N domain. Therefore, it became
necessary to determine whether eIF3j and PABP are an-
tagonists in translation termination. We performed peptide
release experiments using the preTC(NL) and determined
that simultaneously added eIF3j and PABP worked inde-
pendently and did not suppress each other (Supplementary
Figure S5A). We detected even a slight co-stimulation of
these proteins during peptide release. Moreover, pull-down
experiments showed that eRF1, eRF3a, eIF3j and PABP
form a quadruple complex in the presence of GTP (Sup-
plementary Figure S5B). Thus, eIF3j and PABP probably
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Figure 6. eIF3j isoforms and mutants activity in peptide release. (A) Schematic representation of the eIF3j mutants used in this study. (B) Peptide release
on the preTC(NL) induced by the addition of eRF1 and eRF3a in the presence of eIF3j, eIF3j isoforms, or eIF3j mutants (n = 3). The error bars represent
the standard deviation; RLU, Relative Luminescence Units. (C) Motifs of eIF3j important for peptide release represented on the structure of eIF3j ((27);
PDB 6YBW chain z, lacking 43 residues at the N-terminus, 23 residues at the C-terminus, and residues (97–112) and (136–152)).

interact with different regions of the N domain of eRF3a
and can be involved in translation termination at the same
stage.

DISCUSSION

In this study, we revealed the role in translation termination
of the human translation factor eIF3j, originally reported as
the labile subunit of eIF3. We showed that eIF3j increases
the efficiency of peptidyl-tRNA hydrolysis in the presence
of release factors eRF1 and eRF3 (Figure 1), and that the

N-terminal domain of eRF3a is important for this reaction
(Supplementary Figure S1B). Weak peptide release stimu-
lation in the presence of eRF1 alone is possibly caused by
the effect of eIF3j on the A-site of the ribosome, since it
cannot interact with eRF1 in the solution (Figure 3B), but
binds to the preTC (Figure 4). Thus, we found that human
eIF3j, like its yeast homolog Hcr1, is involved in transla-
tion termination. In yeast, the deletion of the non-essential
HCR1 encoding eIF3j causes a significant increase in stop
codon readthrough and accumulation of eRF3 in the frac-
tions containing heavy polysomes that are enriched with ter-
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mination complexes, without affecting the levels of eRF1
and eRF3 in the cells (23).

Furthermore, using a pull-down assay, we showed that
human eIF3j can bind to eRF3a alone or in combination
with eRF1 only in the presence of GTP (Figure 3). Pre-
viously, in vivo co-immunoprecipitation experiments using
formaldehyde pre-treated cells showed that its yeast ho-
molog, Hcr1, was associated with eRF3 (about 9%) and
eRF1 (about 2%), but it was not clear whether they bind as a
single complex, or whether these proteins can interact indi-
vidually (23). The authors also attempted to perform in vitro
pull-down of GST-tagged Hcr1 with radioactively labelled
eRF1 and eRF3 but could not detect binding of the yeast
proteins; therefore, they suggested that the binding of eIF3j
and eRF3 occurs only in the postTC (23). However, our re-
sults indicate that human eIF3j binds to eRF3 in the solu-
tion, and this binding does not interfere with the interaction
between eRF1 and eRF3. Since the N-terminal domain of
eRF3a significantly stimulates eIF3j activity during trans-
lation termination (Supplementary Figure S1B), we suggest
that this is the region of eRF3a that is involved in the inter-
action of eRF3a with eIF3j.

The influence of eIF3j on translation termination was
found not only in peptidyl–tRNA hydrolysis, but also in
the toe-printing assay of termination and post-termination
complexes (Figure 5). Using this method, we accurately de-
termined the step at which eIF3j functions - that is, bind-
ing to the A-site of the ribosome before GTP hydrolysis by
eRF3. We also demonstrated that the function of human
eIF3j in translation termination does not require its inter-
action with eIF3, since eIF3j significantly stimulates pep-
tide release in the preTC(NL), lacking eIF3 (Figure 2). This
conclusion is supported by the fact that the W52A muta-
tion of eIF3j, which weakens the interaction of eIF3j with
eIF3, does not completely reduce protein activity (Figure
6B). This is also consistent with previously published data
for the yeast homologue of this protein, which indicated that
mutations disrupting the interaction of Hcr1 with eIF3 did
not affect the stop codon readthrough (23), and with the re-
sults of ribosomal profiling of yeast cells (32). In agreement
with this, eIF3j is loosely associated with the other eIF3 sub-
units, and when the eIF3 complex is purified, eIF3j is often
missing from the pool of 12 co-purifying subunits (17–19).
Hcr1 was also shown to interact independently with both
sides of the 40S subunit mRNA entry channel (28).

On the other hand, we have also demonstrated that eu-
karyotic initiation factor 3, irrespective of eIF3j, signifi-
cantly stimulates peptide release (Figure 2B) and that the
j subunit together with this protein enhance individual ac-
tivities of each other during translation termination (Figure
2B). Thus, eIF3j activity in translation termination does not
require the presence of eIF3, but can be regulated by this
protein.

To study the activity of eIF3j in translation termi-
nation, we used two types of preTCs assembled on
the different model mRNAs, coding short tetrapeptide
MVHL, preTC(MVHL), and long polypeptide nanolu-
ciferase, preTC(NL). These complexes simulate various ter-
mination processes occurring on mRNA during the transla-
tion of long coding sequences and short uORFs. We deter-
mined the composition of these complexes and showed that

preTC(MVHL) contains a large amount of initiation factor
eIF3 (Figure 2A), which does not dissociate after initiation
during the synthesis of a short peptide and remains bound
to the ribosome. At the same time, preTC(NL) contains
only traces of eIF3 (Figure 2A). The presence of eIF3 signif-
icantly affects the activity of eIF3j in the translation termi-
nation - the preTC(NL) is strongly activated by eIF3j during
peptide release, in contrast to the preTC(MVHL) (Figure
2B). Moreover, the presence of eIF3 affected the binding of
the eIF3j-eRF3a-GTP complex with the preTC (Figure 4).
eIF3j binds to both types of preTCs in the absence of release
factors. While eRF3a does not bind to preTCs or poorly
binds to them, the eIF3j–eRF3a–GTP complex binds only
with the preTC(MVHL), containing eIF3, and does not in-
teract with the preTC(NL). We proposed that in the pres-
ence of eIF3, eIF3j attracts eRF3a into the preTC, probably
via binding with the initiation factor 3 (Figure 4). The joint
dissociation of the eRF3 and eIF3j from the ribosome is
determined by the low ability of eRF3a to bind to the ribo-
some in the absence of eRF1 (Figure 4, Supplementary Fig-
ure S2), which causes dissociation of the eIF3j–eRF3–GTP
complex. The interaction between eRF3-GTP and eIF3j
probably prevents eRF3 binding to the A-site of the ribo-
some in the absence of eRF1, to ensure accurate translation
termination. The binding of the eIF3j–eRF3a–GTP com-
plex to eIF3 on the 40S subunit can additionally position
release factors near stop codons of uORFs to enhance the
efficiency of translation termination. uORFs can be located
at a great distance from the poly(A) tail of mRNA associ-
ated with PABP if the closed-loop structure is not formed.
Thus, eIF3, together with eIF3j, can serve as an additional
depot for release factors inducing peptide release during the
translation termination of uORFs.

As we showed earlier, PABP is necessary for loading
eRF3a into the ribosome during translation termination
(35). Our data showed that PABP did not suppress eIF3j ac-
tivity during peptide release (Supplementary Figure S5A).
Consequently, these proteins can function in translation ter-
mination simultaneously, facilitating the loading of eRF3a
to the ribosome.

Summarising the obtained results, we concluded that
eIF3j is regulating protein, promoting the loading of the
eRF1-eRF3-GTP complex to the ribosome. We propose
the following model for eIF3j in translation termination on
the long CDS (Figure 7A): (I) eIF3j binds to the A-site of
the preTC before the release factors, bound with PABP on
poly(A) tail; (II) then eIF3j attracts the eRF1-eRF3-GTP-
PABP complex to the A-site of the ribosome; (III) after
stop codon recognition by eRF1 and GTP hydrolysis by
eRF3, which promotes the accommodation of the M do-
main of eRF1 in the peptidyl-transferase centre and peptide
release, eIF3j dissociates from the eRF1-eRF3-GDP com-
plex. The attraction of eRFs and PABP to the preTC by
eIF3j enhances translation termination. On the third step,
eIF3j probably remains bound near the A-site of the ribo-
some to be involved in the next stage of ribosomal recycling.
An alternative model for eIF3j activity in translation termi-
nation, occurring at the uORFs, involves the participation
of eIF3 and the absence of PABP due to a significant dis-
tance to the poly(A) tail (Figure 7B): (I) eIF3j binds to the
A-site of the preTC before the release factors and probably
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Figure 7. Model for eIF3j-stimulated translation termination. (A) Translation termination on the long CDS. (I) eIF3j binds to the preTC before release
factors; (II) the eRF1-eRF3a-GTP-PABP complex binds to eIF3j to the A-site of the preTC; (III) after the stop codon recognition, GTP hydrolysis, and
peptide release, eIF3j dissociates from eRF3-GDP. (B) Translation termination on the uORFs. (I) eIF3j binds to the preTC and possibly to eIF3; (II) the
eRF1-eRF3a-GTP complex binds to eIF3j to the A-site of the preTC; (III) after the stop codon recognition, GTP hydrolysis, and peptide release, eIF3j
dissociates from eRF3-GDP and remains associated with eIF3 on the 40S subunit.

with eIF3, bound with the 40S subunit; (II) then eIF3j at-
tracts the eRF1–eRF3–GTP complex to the A-site of the
ribosome; (III) after stop codon recognition, GTP hydrol-
ysis, and peptide release, eIF3j dissociates from the eRF1–
eRF3–GDP complex, but remains bound to eIF3 near the
A-site of the ribosome. Two proteins, eIF3j and eIF3, bind
with each other and together enhance translation termina-
tion in the absence of PABP.

The function of eIF3j as an eRF3 recycling factor was
proposed earlier in the study of the yeast homolog Hcr1
(23). The authors suggested that after recognition of the
stop codon and GTP hydrolysis, Hcr1 stimulates the release
of eRF3-GDP, but from the postTC, allowing Rli1 to bind
eRF1 since eRF3 and Rli1 bind at the same postTC site.
The obtained results do not confirm the assumption that
eIF3j alone acts as a recycling factor for eRF3. eIF3j does
not induce dissociation of eRF3-GDP from the terminat-
ing ribosome after GTP hydrolysis, since eIF3j cannot bind

to eRF1-eRF3a or eRF3a in the presence of GDP (Figure
3A, C). Experiments on the binding of the release factors
to the preTC in the presence of different nucleotides clearly
demonstrate the stability of the eRF1-eRF3a-GDP com-
plex in the TC, regardless of the presence of eIF3j (Supple-
mentary Figure S2D). However, how to explain the accumu-
lation of eRF3 in the fractions containing heavy polysomes
that are enriched with the termination complexes after dele-
tion of HCR1 in yeast (23)? One possible explanation is that
eIF3j may be involved in the recycling of eRF3 as a partner
of another protein, for example ABCE1.

Overexpression of RLI1 restored the normal distribution
of eRF3 during polysome profiling in cells with a deletion
of HCR1. In addition, an increase in RLI1 expression elim-
inated hcr1-Δ cell growth defects (23). Thus, Rli1 can com-
pensate for the lack of Hcr1 during translation termination.
Recently, ribosomal profiling of yeast cells with hcr1-Δ was
published, in which RLI1 expression increased in the ab-
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sence of HCR1, that is, the yeast cells respond to the ab-
sence of Hcr1, and the effects of its absence can be offset
by an increase in the amount of Rli1 in the cells (32). It
should also be noted that in the recently obtained structures
of the 43S and 48S initiation complexes, the interaction of
eIF3j and ABCE1 on the 40S subunit was found, which sup-
pressed ATP hydrolysis and the release of ABCE1 from the
ribosome (26,27). At the same time, there are data on the
stimulation by eIF3j of 80S ribosome splitting performed
by ABCE1, Dom34, Hbs1 and eIF6, after which eIF3j and
ABCE1 remain associated with the 40S subunit (26). These
data indicate an active participation of eIF3j in the recruit-
ment and retention of ABCE1 on the ribosome. ABCE1
binds to the same regions as eRF3 on the ribosome (GTPase
binding region) and eRF1 (5), and this can facilitate the dis-
sociation of eRF3 from the termination complex. This hy-
pothesis was also confirmed by the peptide release stimulat-
ing activity of ABCE1 (8). Thus, the deletion of the eIF3j
gene from the cells, presumably attracting ABCE1 to the
termination complex, would inevitably lead to a decrease in
the ABCE1 binding to the complex of release factors. This,
in turn, suppresses the dissociation of eRF3-GDP from the
ribosome and its accumulation in polysome fractions, and
also causes a significant suppression of ribosome recycling.
Increasing the concentration of Rli1 in the cell shifts the
equilibrium toward the effective competition of Rli1 with
eRF3-GDP for binding to eRF1 and the ribosome.
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23. Beznosková,P., Cuchalová,L., Wagner,S., Shoemaker,C.J.,
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