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The eukaryotic translation initiation factor
3f (eIF3f) interacts physically with the alpha
1B-adrenergic receptor and stimulates
adrenoceptor activity
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Abstract

Background: eIF3f is a multifunctional protein capable of interacting with proteins involved in different cellular
processes, such as protein synthesis, DNA repair, and viral mRNA edition. In human cells, eIF3f is related to cell cycle
and proliferation, and its deregulation compromises cell viability.

Results: We here report that, in native conditions, eIF3f physically interacts with the alpha 1B-adrenergic receptor, a
plasma membrane protein considered as a proto-oncogene, and involved in vasoconstriction and cell proliferation.
The complex formed by eIF3f and alpha 1B-ADR was found in human and mouse cell lines. Upon catecholamine
stimulation, eIF3f promotes adrenoceptor activity in vitro, independently of the eIF3f proline- and alanine-rich
N-terminal region.

Conclusions: The eIF3f/alpha adrenergic receptor interaction opens new insights regarding adrenoceptor-related
transduction pathways and proliferation control in human cells. The eIf3f/alpha 1B-ADR complex is found in
mammals and is not tissue specific.
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Background
The eukaryotic translation initiation factor 3f (eIF3f ) is
an ancient and conserved gene reported to be present in
most eukaryotic organisms studied so far [1]. It was ori-
ginally identified as a subunit of the protein synthesis-
related eIF3 complex [2], where it is suggested to func-
tion as a protein synthesis inhibitor [3, 4]. In contrast,
eIF3f acts as a translational enhancer by increasing pro-
tein synthesis efficiency in muscle hypertrophy [5]. Shut-
off experiments in Schizosaccharomyces pombe showed
that in a long-term period, eIF3f is essential for viability,
and that depleting the expression of this gene markedly
decreases global protein synthesis [6]. In accordance to
this, cell viability was also compromised when eIF3f

expression was decreased in proliferating human A549
cells [7].
The eIF3f protein is a member of the Mov-34 family.

Members of this family contain an MPN (Mpr1/Pad N-
terminal) motif, which is found in subunits of other
macromolecular complexes such as the proteasome and
the COP9 signalosome; it has been related to complex
assembly promotion and to mediating protein-protein
interactions [8–10]. The MPN domain of human eIF3f
protein is flanked by a proline- and alanine-rich N-
terminal region and by the C-terminal region.
During terminal muscle differentiation, eIF3f interacts

with hypophosphorylated S6K1 through its MPN do-
main and with the mTOR/Raptor complex (mTORC1)
by interacting with a TOS site contained in its C-
terminal region [11]. As a consequence of this inter-
action, mTOR/Raptor phosphorylates S6K1, and thus
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regulates downstream effectors of mTOR and cap-
dependent translation initiation [5, 11].
eIF3f shows a remarkable ability to interact with many

other proteins involved in a variety of cellular functions
which are not directly involved in protein synthesis. For
instance, it has been reported that eIF3f participates in
the deubiquitination and activation of the development-
related transmembrane protein Notch 1 [12]. In
addition, it has been shown that HIV-1 replication is
inhibited by eIF3f, through its proline- and alanine-rich
N-terminal region [13, 14]. This inhibition was observed
with the full-length eIF3f protein and with the 91 amino
acid N-terminal region of the protein. In both cases,
HIV-1 mRNA levels were reduced as a result of eIF3f
interfering with the HIV-1 mRNA 3’-end processing
[13, 14]. Furthermore, a recent report indicates that
eIF3f is capable of interacting with the DNA repair-
related protein hMSH4, facilitating hMSH4 stabilization
[15]. These authors demonstrate that the eIF3f-hMSH4
interaction is through the N-terminal regions of both
proteins.
Considering the ubiquitous nature of eIF3f, the aim of

this work was to investigate other stable eIF3f - protein
interactions in native cellular conditions. In this study,
we found a novel physical interaction between human
eIF3f and the alpha 1B-adrenergic receptor (alpha 1B-
ADR) and that eIF3f stimulates adrenoceptor activity.

Materials and methods
Chemicals and materials
All chemicals were purchased from Sigma Aldrich [St.
Louis, MO, USA], unless otherwise noted. Materials
were mainly purchased from Corning [Corning, NY,
USA], Bio-Rad [Hercules, CA, USA], EMD Millipore
[Billerica, MA, USA], and Eppendorf [Hauppauge, NY,
USA], unless otherwise noted.

Cell cultures
All cell lines were purchased from the American Type
Culture Collection [ATCC, Manassas, VA, USA]. Human
lung carcinoma A549 cells (ATCC CCL185), human he-
patocellular carcinoma HepG2 cells (ATCC HB-8065),
Burkitt’s Lymphoma Ramos cells (ATCC CRL-1596),
and murine pre-osteoblast MC3T3-E1 Subclone 4 cells
(ATCC CRL-2593) were thawed every month and rou-
tinely passaged twice per week into 75 cm2 flasks (Corn-
ing, Corning, NY, USA) to maintain them in a
logarithmic growth phase at 37 °C in a humidified at-
mosphere with 5 % CO2 (NuAire, Plymouth, MN, USA).
A549, HepG2, and Ramos were cultured in MEM
medium supplemented with 10 % heat-inactivated FBS
(Invitrogen, Carlsbad, CA, USA), 2 mM glutamine,
10 mM HEPES, and 1.5 g/L sodium bicarbonate.
MC3T3-E1 cells were cultured in MEMalpha medium

(Invitrogen) without ascorbic acid, supplemented with
10 % heat-inactivated FBS. At 85 % confluence, cells
were harvested using 0.25 % Trypsin-EDTA solution and
were sub-cultured or collected for subsequent experi-
mental analysis. Since this study does not involve
humans, human data or animals, an ethics committee
approval was not required.

Native western blot analysis
Cells were lysed with ProteoJET Mammalian Cell Lysis
Reagent (Fermentas, Hanover, MD, USA), following the
manufacturer’s protocol, to obtain total native conform-
ation proteins. Protein concentrations were determined
using a Bio-Rad Protein Assay Kit. A molecular weight
(kDa) standard (NativeMark - Novex, Life Technologies,
Grand Island, NY, USA) and equal amounts of protein
extracts (50 μg) were subjected to electrophoresis on a
8 % SDS-free polyacrylamide gel (PAGE) and electro-
phoretically transferred to a polyvinylidene difluoride
(PVDF) membrane following the manufacturer’s instruc-
tions (Bio-Rad, Hercules, CA, USA). After blocking non-
specific binding sites with 5 % skimmed milk, blots were
incubated with primary rabbit polyclonal antibody spe-
cific to eIF3f (Biolegend, San Diego, CA, USA) or pri-
mary goat antibody specific to alpha 1B-ADR (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), and horse-
radish peroxidase-conjugated goat anti-rabbit (Biole-
gend) or rabbit anti-goat secondary antibody (Santa
Cruz Biotechnology). The bound antibody was detected
by enhanced chemiluminescence (ECL) on an X-ray film
(GE Healthcare Life Sciences, Piscataway, NJ, USA).

Complex member identification
After native electrophoresis, the 120 kDa region of the
gel was excised and eluted overnight at 4 °C in 1 mL of
ProteoJet Mammalian Cell Lysis Reagent. For non-
specific bound protein removal, the elution was incu-
bated 1 h at 4 °C with a non-specific IgG and 100 μL of
50 % Protein A-Sepharose 4B beads (Invitrogen). After
centrifugation, the supernatant was incubated at 4 °C
with the antibody against eIF3f and 100 μL of 50 % Pro-
tein A-Sepharose 4B beads, washed 4 times with lysis
buffer, resuspended in sample buffer (2 % SDS, 20 % gly-
cerol, and 0.5 % bromophenol blue in 62 mM Tris HCl
buffer, pH 6.8), boiled for 5 min, and subjected to elec-
trophoresis on a 10 % SDS-polyacrylamide gel (10 %
SDS-PAGE). A PageRuler Plus Prestained Protein Lad-
der (Thermo Scientific, Rockford, IL, USA) was included
in all SDS-PAGEs. The resolved proteins were detected
by Coomassie blue R250 staining (Bio-Rad); the un-
known protein bands were excised and sent for N-
terminal protein/peptide sequencing (Iowa State Univer-
sity of Science and Technology, Ames, IA, USA). After
sequencing service, the partial amino acid sequences
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were subjected to a NCBI Blastp search to identify pos-
sible protein partners of eIF3f.

Immunoprecipitate western blot analyses
As describe above, after a native electrophoresis, the
120 kDa region of the gel was excised, eluted, cleared
with a non-specific IgG and Protein A-Sepharose 4B
beads and centrifuged. The supernatant was incubated
with the corresponding primary antibody (anti-eIF3f
or anti-alpha 1B-ADR) and Protein A-Sepharose 4B
beads, washed, resuspended in sample buffer, boiled,
and subjected to electrophoresis (10 % SDS-PAGE).
Proteins from the gel were electrophoretically trans-
ferred to a PVDF membrane and blotted with anti-
eIF3f or anti-alpha 1B-ADR antibodies, and the corre-
sponding secondary horseradish peroxidase-conjugated
antibodies. The bound antibody was detected by ECL
on an X-ray film.

Plasmids
To express human eIF3f, we used the previously de-
scribed pSK11F plasmid [7]. To express alpha 1B-ADR,
we used plasmid AR0A1B0000 (Missouri S&T cDNA
Resource Center, Rolla, MO, USA). To obtain plasmid
eIF3fΔ91 (eIF3f lacking first 91 AA of the N-terminal re-
gion), template pSK11F and the forward 5’-
CCCTTCCCCGGCGGCAGCATGGTC-3’ and reverse
5’-CAGGTTTACAAGTTTTTCATTG-3’ oligonucleo-
tides were used to amplify the eIF3f coding sequence
corresponding to amino acids 92–357. The forward oligo
was designed to contain a classic Kozak consensus se-
quence (see underlined nucleotides), by modifying
only 2 nucleotides. The amplicon was cloned in
pGEM vector (Promega, Fitchburg, WI, USA) and
verified by DNA sequencing (Elim Biopharmaceuti-
cals, Hayward, CA, USA).

[gamma-32P]GTP Binding Assay
Membranes from A549 human cells were obtained using
ProteoExtract Subcellular Proteome Extraction Kit (Cal-
biochem, La Jolla, CA, USA), as described by the manu-
facturer. To obtain membranes with over expressed
alpha 1B-ADR, before membrane extraction, cells were
transiently transfected (48 h) with plasmid AR0A1B0000
using LipofectAMINE 2000 (Invitrogen) according to
the manufacturer’s specifications and as described previ-
ously [7]. For in vitro translation of eIF3f and eIF3fΔ91,
mRNA was synthesized in vitro using T3 and T7 RNA
polymerase (Invitrogen), respectively, and according to
the manufacturer’s instructions. The respective proteins
were synthesized in vitro with a Rabbit Reticulocyte Lys-
ate System (Promega), using 1 μg of mRNA. For the
[gamma-32P]GTP binding assay [16], 20 μg of mem-
brane protein and 5 μL of the translation reaction were

resuspended in 55 μL of 50 mM Tris–HCl (pH 7.4),
2 mM EDTA, 100 mM NaCl, 1 μM GDP, 3 mM MgCl
and 30 nM the [gamma-32P]GTP (Institute of Isotopes
Co Ltd, Budapest, Hungary). As a control, the reaction
was also performed using water instead of a mRNA. The
reactions were incubated at 30 °C for 5 min in the pres-
ence or absence of agonist (100 nM adrenaline). The re-
action was terminated by adding 600 μL of ice-cold stop
solution (50 mM Tris–HCl pH 7.5, 20 mM MgCl2,
150 mM NaCl, 0.5 % Nonidet, 100 μM GDP, and
100 μM GTP) and incubating for 30 min in ice. To each
reaction, non-specific IgG and 100 μl of Protein A-
Sepharose 4B beads were added and further incubated
on ice for 20 min. Non-specifically bound protein was
removed by centrifugation. The supernatant was then in-
cubated 1 h at 4 °C with 1 μg of Gαq/11 antibody (Santa
Cruz Biotechnology) and immunoprecipitated with
100 μl of Protein A-Sepharose 4B beads for 1 h at 4 °C.
Immunoprecipitates were collected, washed 4 times in
buffer without detergent, and resuspended in a TE buf-
fer. The samples were analyzed in a scintillation counter
(Wallac, Oy, Turku, Finland).

Statistical analysis
All experiments were independently repeated at least
three times. Results of multiple experiments are
expressed as mean ± standard error (S.E.). Analysis of
Student’s t test was used to assess the differences be-
tween means. A p < 0.05 was accepted as statistically
significant.

Results
eIF3f is immunodetected in a protein complex of
approximately 120 kDa in native electrophoretic
conditions
In denaturing electrophoresis conditions, mammalian
eIF3f shows an apparent electrophoretic mobility of
47 kDa, albeit its molecular mass deduced from its
amino acid sequence is 38.5 kDa. eIF3f migrates anomal-
ously in SDS-PAGE, possibly due to the high proline
content in the N-terminal region [2]. Human A549,
HepG2, and Ramos, as well as murine pre-osteoblasts
(cell line MC3T3-E1 Subclone 4), were independently
lysed with a buffer that respects native protein conform-
ation, as well as protein-protein interactions. Total pro-
tein from each cell type was subjected to a SDS-free
PAGE and immunoblotted with eIF3f antibody. Figure 1
shows one major immunodetected band, of approxi-
mately 120 kDa, in each cell type. Other bands were ob-
served in over-exposed blots (data not shown) and
slightly appear in the blot shown in Fig. 1, around the
150 and 250 kDa region. The lower band intensity of
these other complexes may be due to lower concentra-
tion, complex instability, or a transitory event. The eIF3
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complex remained in the stacking gel. We tested several
cell types to rule out the possibility that this immunode-
tected band may correspond to a specific cell line or or-
ganism. These results suggest that the 120 kDa complex
may be present in mammalian organisms, and is not tis-
sue specific.

The 120 kDa complex is composed by eIF3f and the alpha
1B-adrenergic receptor
To identify the protein partners in the 120 kDa com-
plex, total protein extracts under native conditions
were used. Each of the 120 kDa regions were excised
directly from the native gel, eluted in a protein-
protein interaction permissive buffer, and immunopre-
cipitated with a specific antibody against eIF3f. After
exhausting washes to eliminate unspecific protein
binding, the immunoprecipitates were eluted in a
non-reducing buffer, and run in a SDS-polyacrylamide
gel. For proteins extracts from A549, Fig. 2a shows

two eluted proteins, a 47 kDa protein (eIF3f ) and a
second protein of approximately 60 kDa; similar re-
sults were obtained with the other cell lines (data not
shown). The 60 kDa protein resolved from each cell
type was excised from the denaturing gel and sent to
N-terminal sequencing service. The partial amino acid
sequence [MNPDLDT] (which was the same in A549,
HepG2, Ramos, and MC3T3-E1), its protein position,
and the expected molecular weight were the criteria
used in a NCBI Blastp search. Results of this search
showed that the human protein that fulfilled these
criteria was the alpha-1B adrenergic receptor (alpha
1B-ADR), a 56.836 kDa (520 amino acids) plasma
membrane protein. To verify this, the 120 kDa com-
plex was immunoprecipitated with eIF3f antibody and
then immunodetected using an alpha 1B-ADR anti-
body and with eIF3f antibody (Fig. 2b). In addition,
the 120 kDa complex was immunoprecipitated with
alpha 1B-ADR antibody and then immunodetected
with eIF3f antibody and alpha 1B-ADR antibody
(Fig. 2c). Both assays were positive. These results
show that alpha 1B-ADR physically and stably inter-
acts with eIF3f. Furthermore, under native conditions
the 120 kDa complex from A549 cell extracts was
immunodetected with alpha 1B-ADR antibody
(Fig. 2d), confirming that this complex is composed
by eIF3f and alpha 1B-ADR.

eIF3f promotes adrenoceptor activity upon catecholamine
stimulation
The stable interaction between eIF3f and alpha 1B-
ADR raised the question if this interaction had a
functional consequence. That is, if eIF3f stimulates or
inhibits Alpha 1B-ADR activation. Alpha 1B-ADR is a
member of the G protein-coupled receptor family of
alpha 1-adrenergic receptors (alpha 1-ADRs), which is
composed by the subtypes 1A, 1B, and 1D; all of
which signal through the Gq/11 family of heterotri-
meric G proteins [17]. The Gq/11 G proteins are
membrane bound GTPases that are linked to 7-TM
receptors and are formed by an alpha-, beta- and
gamma- subunit [18]. In its inactive form, GDP is
bound to the alpha subunit; when catecholamine
binds to the receptor it causes a conformational
change, which is recognized by the inactive form of
the G protein complex and binds to it. The receptor
triggers the exchange of bound GDP for GTP on the
alpha subunit of the G-protein, which induces the
GTP-alpha subunit to dissociate from the beta and
gamma subunits. The GTP-alpha subunit (active
form) then associates to downstream proteins in-
volved in second messenger signaling cascades [18].
To determine adrenoceptor activity, in vitro experi-

ments were performed using radiolabeled [gamma-
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Fig. 1 eIF3f is immunodetected in a protein complex of
approximately 120 kDa in native conditions. Cells under
exponential growth were lysed in a native-permissive buffer and
50 μg of total protein were subjected to electrophoresis in
native 8 % polyacrilamide gels. Western blots were performed
with an anti-eIF3f antibody (MW: protein molecular weight
standard). Immunodetected protein complex in human A549
cells, a human lung carcinoma epithelial cell line; HepG2, a
human hepatocellular carcinoma cell line; Ramos, a human
Burkitt’s lymphoma cell line; and in murine MC3T3-E1
pre-osteoblast cells. A single prominent band of approximately
120 kDa is evident in all cell types
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32P]GTP, and its transfer to Gαq/11 upon catecholamine
stimulation, with or without the presence of eIF3f protein,
and with or without over expressed alpha 1B-ADR mem-
branes from A549. Reticulocyte-based translated eIF3f pro-
tein was added where indicated or the reticulocyte extract
alone where eIF3f protein was not present. Individual assays
were further distinctively immunoprecipitated with a Gαq/
11 antibody and the [gamma-32P]GTP binding to Gαq/11
was quantified. This assay was based on a previous report
[16], where the selectivity and significance in coupling of
receptor to GTP-binding regulatory proteins (receptor

activation) was demonstrated. Figure 3 shows that the pres-
ence of eIF3f promotes adrenoceptor activation.

The proline- and alanine-rich N-terminal region of eIF3f is
not essential for adrenoceptor activation
eIF3f appeared early in Eukaryota, being identified as
early as in protists [1]. eIF3f is present in most
eukaryotic organisms, except in the budding yeast Sac-
charomyces cerevisiae [1, 6]. All eIF3fs reported to date
include the MPN domain [1, 8–10] and a relatively con-
served C-terminal region (Fig. 4). However, by
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Fig. 2 The 120 kDa complex is composed by eIF3f and the alpha-1B adrenergic receptor. a Resolved proteins in a SDS-PAGE from anti-eIF3f
immunoprecipitate of the 120 kDa region: the expected 47 kDa corresponding to eIF3f, and an unknown ~60 kDa protein. The ~60 kDa protein was
sent for N-terminal sequencing and a Blastp showed that it could be the alpha 1B-ADR. MW, prestained protein ladder; A549, resolved proteins in the
120 kDa complex obtained from total native protein extracts. b The 120 kDa complex was immunoprecipitated in native conditions with anti-eIF3f,
and immunodetected with anti-alpha 1B-ADR or anti-eIF3f in denaturing conditions. c The 120 kDa complex was immunoprecipitated in native
conditions with anti-alpha 1B-ADR, and immunodetected with anti-eIF3f or anti-alpha 1B-ADR in denaturing conditions. d Immunodetection of alpha
1B-ADR in native conditions using A549 cell extracts (MW: native protein standard), where the 120 kDa band is present. Results show that alpha
1B-ADR is the eIF3f partner in the 120 kDa complex
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comparing protein sequence alignments of eIF3f from
the N-terminal region to the beginning of the MPN do-
main (Fig. 4), it is evident that the proline- and alanine-
rich N-terminal region of human eIF3f is a relatively re-
cent evolutionary acquired region. Figure 4 shows the
eIF3f protein alignment of some selected organisms. The
proline- and alanine-rich N-terminal is present in mam-
mals, non-avian reptiles, and birds, but not in amphib-
ians or lower organisms, which suggests that this region
was possibly acquired during the amniote clade. The
proline- and alanine-rich N-terminal region of eIF3f has
been reported to be important in the functional relation-
ship between eIF3f and other proteins (see introduction),
so we then asked if this N-terminal region could be rele-
vant for adrenoceptor activation. To answer this ques-
tion, we constructed an eIF3f clone that was devoid of
this N-terminal region (indicated in Fig. 4), and tested in
vitro for its ability to promote adrenoceptor activity
upon catecholamine stimulation. Figure 5 clearly shows
that the N-terminal region of eIF3f is not essential for
adrenoceptor activation.

Discussion
As pointed out earlier, eIF3f has a remarkable ability to
interact with many proteins involved in a variety of

cellular functions [5, 8–15]. In this work, we report that
in native undisturbed conditions, eIF3f stably interacts
with the alpha 1B-adrenergic receptor (alpha 1B-ADR)
and prompts Gαq/11 activation upon catecholamine
stimulation. Previously, eIF3f was located in different
subcellular compartments, including the plasma mem-
brane fraction [19], which suggested a different function
for eIF3f in addition to the protein synthesis process.
Protein immunodetection of eIF3f in native conditions
showed a clear single band in A549, HepG2, Ramos, and
MC3T3-E1 cells, which localized approximately in the
120 kDa region. Specific immunoprecipitation with anti-
eIF3f resolved two clearly distinguished protein bands, a
47 kDa protein corresponding to eIF3f and a 57 kDa
protein that, by protein sequencing and specific immu-
nodetection (Fig. 2), was identified as the alpha 1B-ADR.
Interestingly, in native conditions we found no free un-
bound eIF3f protein, which confirms its high ability to
interact with other proteins. In fact, most eIF3f is found
in the eIF3 complex (data not shown).
In the presence of catecholamine, eIF3f stimulates

adrenoceptor activity. The eIF3f/ alpha 1B-ADR inter-
action represents a novel and fascinating event in the
control of adrenoceptor transducing activity, and dis-
close the possibility of new insights regarding alpha 1B-
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Fig. 3 eIF3f promotes adrenoceptor activity upon catecholamine stimulation. Adrenoceptor activity is measured on the basis of in vitro
agonist-promoted binding of [gamma-32P]GTP to G protein alpha subunits [16], in the presence of cell membrane fractions, and
isolated subsequently by immunoprecipitation. In each condition, Gαq/11 immunoprecipitates were analyzed by scintillation for
radiolabeled GTP binding. a Standard Gαq/11 activity reaction without catecholamine stimulation. b Standard Gαq/11 activity reaction
with catecholamine stimulation. c Gαq/11 activity reaction without catecholamine stimulation and added eIF3f protein. d Gαq/11
activity reaction with catecholamine stimulation and added eIF3f protein. e Gαq/11 activity reaction with catecholamine stimulation
and added eIF3f protein, using membrane fractions obtained from alpha 1B-ADR over-expressed A549 cultures. f Standard Gαq/11
activity reaction with catecholamine stimulation, using membrane fractions obtained from over-expressed alpha 1B-ADR A549 cultures.
Data and error bars represent means ± standard error (S.E.) for three independent experiments; *p < 0.05 and **p < 0.005 with respect
to the controls (A and F), ɫp < 0.005 between C and D, and Ϯp < 0.005 between D and E

Gutiérrez-Fernández et al. BMC Biochemistry  (2015) 16:25 Page 6 of 10



Fig. 4 Protein sequence alignment of eIF3f orthologues. eIf3f sequences were obtained from NCBI (Homo sapiens gi:6685511, Mus musculus
gi:341940488, Gallus gallus gi: 50749406, Ophiophagus hannah gi:565315948, Xenopus tropicalis gi:62859127, Danio rerio gi:317108137, Arabidopsis
thaliana gi:23396614, Dictyostelium discoideum gi:74850733); and Clustal Omega (EMBL-EBI) was used for multiple sequence alignment. The red
box represents the MPN domain. The proline- and alanine-rich N-terminal is present in mammals, non-avian reptiles, and birds, but not in
amphibians or lower organisms
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ADR function in different cellular processes. Our results
demonstrate that the proline- and alanine-rich N-
terminal region of eIF3f is not required for adrenoceptor
activation. Moreover, comparing the GTP binding to
Gqα/11 in the presence of native eIF3f (Fig. 3 e) or trun-
cated eIF3f (Fig. 5 D) under catecholamine stimulation,
we observed that truncated eIF3f stimulates more GTP
binding. Our interpretation is that the N-terminal region
of eIF3f lowers its affinity for the adrenoceptor, possibly
due to a steric impediment. Other studies should be
conducted to elucidate if this has a functional cellular
consequence. According to reported eIF3f amino acid
sequences, this N-terminal region appeared during the
amniote clade (Fig. 4). This was relevant to investigate,
since this region was found important for other eIF3f-
protein interactions [13, 14]. Taking in account that
alpha 1B-ADR is present in vertebrates (Blastp in NCBI
and UniProtKB EMBL-EBI) it is possible that the eIF3f/
alpha 1B-ADR interaction would have arisen since then.
To explain the possible cellular function(s) derived

from the eIF3f/alpha 1B-ADR interaction, we considered
the following facts. The plasma membrane is an orga-
nized biological system that serves as a structural barrier
and communication interface with the extracellular en-
vironment, and the alpha1-adrenergic receptors are em-
bedded in this membrane. Alpha 1- adrenergic receptors
bind to and are activated by endogenous catecholamine
hormones, which are mainly involved in vasoconstriction
[17]. They are coupled to phospholipase C, c-Jun N-

terminal kinase, and the mitogen-activated protein kin-
ase downstream signal transduction pathways [17, 20,
21]; and have an important function in stress response
that affects lipid, carbohydrate, and amino acid metabol-
ism [22]. In addition to these effects, there is substantial
evidence indicating that stimulation of alpha 1-ADRs by
catecholamines generally enhances growth-related gene
expression and cell growth in a variety of cells, including
cardiac myocytes [23], vascular smooth muscle cells
[24–26], hepatocytes [20, 27], and adipocytes [28].
Alpha 1B-ADR mediates co-mitogenic effects with cat-

echolamines in different cells. For instance, activation of
alpha 1B-ADR increases DNA synthesis in primary cul-
tures of hepatocytes [27], and promotes malignancy in
alpha 1B-ADR transfected Rat-1 fibroblasts [29, 30]. In-
duction of neoplastic transformation by the alpha 1B-
ADR, thus, identifies this normal cellular gene as a
proto-oncogene. Also, in Rat-1 fibroblasts, alpha 1-
ADRs affect the expression of cell cycle-related genes in
a differential manner: the over expression of alpha 1A-
ADR and alpha 1D-ADR downregulated genes ascribed
to the G1/S transition phase, such as Cyclin E and DNA
polymerase; this over expression upregulated p27 kip
and induced G1/S cell cycle arrest. In contrast, over
expressed alpha 1B-ADR transfected cells did not affect
Cyclin E or DNA polymerase expression; they showed
downregulated p27 kip and stimulated cell cycle pro-
gression [30]. On the contrary, CHO cells over express-
ing human alpha1-adrenergic receptors showed that
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upon catecholamine activation, alpha 1A-ADR or alpha
1B-ADR -transfected cells exhibit inhibition of serum-
promoted cell proliferation and were arrested at G1/S
phase, whereas alpha 1D-ADR did not show any effect
[31].
eIF3f is also a cell division and proliferation-related

gene. In human A549 cells, eIF3f exhibits a fluctuating
expression pattern in cycling cells, with maximum ex-
pression peaks in G1/S and in G2/M; transient expres-
sion analysis showed that eIF3f deregulation
compromises cell viability and induces apoptosis [7]. In
addition, altered expression of eIF3f has been reported
in several human tumors, being found downregulated in
some cell lines [32, 33] and upregulated in others [19].
The fact that eIF3f expression is induced in G1/S, that

alpha 1B-ADR affects functions related to G1/S, and that
both gene products relate physically and functionally, es-
tablish the interesting possibility that this relationship
might be involved in the regulation of G1/S functions.
We are presently exploring this possibility. In addition,
since alpha 1B-ADR is considered as a proto-oncogene
[29], and the deregulation of eIF3f is frequently associ-
ated to oncogenesis, it would be interesting to investi-
gate if and how the interaction of these two proteins
affects the control of cell proliferation, and eventually
use these gene products as potential targets for cancer
therapy.

Conclusions
In the present work, we report that eIF3f physically and
stably interacts with the alpha 1B-ADR, and that eIF3f
stimulates adrenoceptor activity. This novel protein-
protein interaction may represent a regulatory link be-
tween adrenoceptor-related signal transduction and, for
instance, cell proliferation and protein synthesis control.

Abbreviations
alpha 1-ADRs: alpha 1-adrenergic receptors; alpha 1B-ADR: alpha 1B-
adrenergic receptor; eIF3f: eukaryotic translation initiation factor 3f.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MJGF participated in the design of the study, carried out most of the
molecular studies, and participated in the draft of the manuscript. AEHM
carried out the cellular studies, performed the statistical analysis, and
participated in the draft of the manuscript. CAGC participated with molecular
experiments. MAPG conceived the study, participated in its design and
coordination, and helped to draft the manuscript. All authors read, revised,
and approved the final manuscript.

Acknowledgements
This research was partially financed by the Universidad Michoacana de San
Nicolás de Hidalgo through its CIC Research Program in favor of MAPG and
AEHM. MJGF was a recipient of a PROMEP Doctoral Scholarship and CAGC of
a CONACYT Masters Scholarship. PROMEP and the Universidad Tecnológica
de Morelia financed the publication fee.

Author details
1Instituto de Investigaciones Químico-Biológicas, Universidad Michoacana de
San Nicolás de Hidalgo, Edificio B-3 Ciudad Universitaria Avenida Francisco J.
Múgica S/N, Morelia, Michoacán 58030, México. 2Present address: Universidad
Tecnológica de Morelia, Morelia, Michoacán 58200, México. 3División de
Estudios de Posgrado de la Facultad de Ciencias Médicas y Biológicas “Dr.
Ignacio Chávez”, Universidad Michoacana de San Nicolás de Hidalgo, Morelia,
Michoacán 58020, México.

Received: 2 July 2015 Accepted: 19 October 2015

References
1. Rezende AM, Assis LA, Nunes EC, da Costa Lima TD, Marchini FK, Freire ER,

et al. The translation initiation complex eIF3 in trypanosomatids and other
pathogenic excavates - identification of conserved and divergent features
based on orthologue analysis. BMC Genomics. 2014;15:1175.

2. Asano K, Vornlocher HP, Richter-Cook NJ, Merrick WC, Hinnebusch AG,
Hershey JW. Structure of cDNAs encoding human eukaryotic initiation
factor 3 subunits. Possible roles in RNA binding and macromolecular
assembly. J Biol Chem. 1997;272(43):27042–52.

3. Shi J, Kahle A, Hershey JW, Honchak BM, Warneke JA, Leong SP, et al.
Decreased expression of eukaryotic initiation factor 3f deregulates
translation and apoptosis in tumor cells. Oncogene. 2006;25:4923–36.

4. Higareda-Mendoza AE, Farias AE, Llanderal JM, Mendez AB, Pardo-Galvan
MA. A cell cycle and protein synthesis-related factor required for G2/M
transition. Miami Nat Biotech Short Rep. 2003;14:111.

5. Csibi A, Tintignac LA, Leibovitch MP, Leibovitch SA. eIF3-f function in
skeletal muscles: to stand at the crossroads of atrophy and hypertrophy.
Cell Cycle. 2008;7(12):1698–701.

6. Zhou C, Arslan F, Wee S, Krishnan S, Ivanov AR, Oliva A, et al. PCI proteins
eIF3e and eIF3m define distinct translation initiation factor 3 complexes.
BMC Biol. 2005;3:14.

7. Higareda-Mendoza AE, Pardo-Galvan MA. Expression of human eukaryotic
initiation factor 3f oscillates with cell cycle in A549 cells and is essential for
cell viability. Cell Div. 2010;5:10.

8. Aravind L, Ponting CP. Homologues of 26S proteasome subunits are
regulators of transcription and translation. Protein Sci. 1998;7:1250–4.

9. Fu H, Reis N, Lee Y, Glickman MH, Vierstra RD. Subunit interaction maps for
the regulatory particle of the 26S proteasome and the COP9 signalosome.
EMBO J. 2001;20(24):7096–107.

10. Sanches M, Alves BS, Zanchin NI, Guimarães BG. The crystal structure of the
human Mov34 MPN domain reveals a metal-free dimer. J Mol Biol.
2007;370(5):846–55.

11. Csibi A, Cornille K, Leibovitch MP, Poupon A, Tintignac LA, Sanchez AM, et
al. The translation regulatory subunit eIF3f controls the kinase-dependent
mTOR signaling required for muscle differentiation and hypertrophy in
mouse. PLoS One. 2010;5(2):e8994.

12. Moretti J, Chastagner P, Gastaldello S, Heuss SF, Dirac AM, Bernards R, et al.
The translation initiation factor 3f (eIF3f) exhibits a deubiquitinase activity
regulating Notch activation. PLoS Biol. 2010;8(11):e1000545.

13. Valente ST, Gilmartin GM, Mott C, Falkard B, Goff SP. Inhibition of HIV-1
replication by eIF3f. Proc Natl Acad Sci U S A. 2009;106(11):4071–8.

14. Valente ST, Gilmartin GM, Venkatarama K, Arriagada G, Goff SP. HIV-1 mRNA
3’ end processing is distinctively regulated by eIF3f, CDK11, and splice
factor 9G8. Mol Cell. 2009;36(2):279–89.

15. Chu YL, Wu X, Xu Y, Her C. MutS homologue hMSH4: interaction with eIF3f
and a role in NHEJ-mediated DSB repair. Mol Cancer. 2013;12:51.

16. Barr AJ, Brass LF, Manning DR. Reconstitution of receptors and GTP-binding
regulatory proteins (G proteins) in Sf9 cells. A direct evaluation of selectivity
in receptor.G protein coupling. J Biol Chem. 1997;272(4):2223–9.

17. Graham RM, Perez DM, Hwa J, Piascik MT. alpha 1-adrenergic receptor
subtypes. Molecular structure, function, and signaling. Circ Res.
1996;78(5):737–49.

18. Oldham WM, Hamm HE. Heterotrimeric G protein activation by G-protein-
coupled receptors. Nat Rev Mol Cell Biol. 2008;9(1):60–71.

19. Harvey S, Zhang Y, Landry F, Miller C, Smith JW. Insights into a plasma
membrane signature. Physiol Genomics. 2001;5(3):129–36.

20. Spector MS, Auer KL, Jarvis WD, Ishac EJ, Gao B, Kunos G, et al. Differential
regulation of the mitogen-activated protein and stress activated protein

Gutiérrez-Fernández et al. BMC Biochemistry  (2015) 16:25 Page 9 of 10



kinase cascades by adrenergic agonists in quiescent and regenerating adult
rat hepatocytes. Mol Cell Biol. 1997;17(7):3556–65.

21. Hawes BE, van Biesen T, Koch WJ, Luttrell LM, Lefkowitz RJ. Dinstinct
pathways of Gi- and Gq- mediated mitogen-activated protein kinase
activation. J Biol Chem. 1995;270(29):17148–53.

22. Kunos G, Ishac EJN, Gao B, Jiang L. Inverse regulation of hepatic alpha 1B- and
beta 2-adrenergic receptors. Cellular mechanisms and physiological
implications. Ann N Y Acad Sci. 1995;757:261–71.

23. Milano CA, Dolber PC, Rockman HA, Bond RA, Venable ME, Allen LF, et al.
Myocardial expression of a constitutively active alpha 1B-adrenergic
receptor in transgenic mice induces cardiac hypertrophy. Proc Natl Acad Sci
U S A. 1994;91(21):10109–13.

24. Jackson CL, Schwartz SM. Pharmacology of smooth muscle cell replication.
Hypertension. 1992;20(6):713–36.

25. Hu ZW, Shi XY, Lin RZ, Chen J, Hoffman BB. alpha1-Adrenergic receptor
stimulation of mitogenesis in human vascular smooth muscle cells: role of
tyrosine protein kinases and calcium in activation of mitogen-activated
protein kinase. J Pharmacol Exp Ther. 1999;290(1):28–37.

26. Nakaki T, Nakayama M, Yamamoto S, Kato R. Alpha 1-adrenergic stimulation
and beta 2-adrenergic inhibition of DNA synthesis in vascular smooth
muscle cells. Mol Pharmacol. 1990;37(1):30–6.

27. Cruise JL, Houck KA, Michalopoulos GK. Induction of DNA synthesis in
cultured rat hepatocytes through stimulation of alpha 1 adrenoreceptor by
norepinephrine. Science. 1985;227(4688):749–51.

28. Thonberg H, Zhang SJ, Tvrdik P, Jacobsson A, Nedergaard J. Norepinephrine
utilizes alpha 1- and beta-adrenoreceptors synergistically to maximally
induce c-fos expression in brown adipocytes. J Biol Chem.
1994;269(52):33179–86.

29. Allen LF, Lefkowitz RJ, Caron MG, Cotecchia S. G-protein-coupled receptor
genes as protooncogenes: constitutively activating mutation of the alpha
1B-adrenergic receptor enhances mitogenesis and tumorigenicity. Proc Natl
Acad Sci U S A. 1991;88(24):11354–8.

30. Gonzalez-Cabrera PJ, Shi T, Yun J, McCune DF, Rorabaugh BR, Perez DM.
Differential regulation of the cell cycle by alpha1-adrenergic receptor
subtypes. Endocrinology. 2004;145(11):5157–67.

31. Shibata K, Katsuma S, Koshimizu T, Shinoura H, Hirasawa A, Tanoue A, et al.
alpha 1-Adrenergic receptor subtypes differentially control the cell cycle of
transfected CHO cells through a cAMP-dependent mechanism involving
p27Kip1. J Biol Chem. 2003;278(1):672–8.

32. Doldan A, Chandramouli A, Shanas R, Bhattacharyya A, Cunningham JT,
Nelson MA, et al. Loss of the eukaryotic initiation factor 3f in pancreatic
cancer. Mol Carcinog. 2008;47(3):235–44.

33. Doldan A, Chandramouli A, Shanas R, Bhattacharyya A, Leong SP, Nelson
MA, et al. Loss of the eukaryotic initiation factor 3f in melanoma. Mol
Carcinog. 2008;47(10):806–13.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Gutiérrez-Fernández et al. BMC Biochemistry  (2015) 16:25 Page 10 of 10


	Abstract
	Background
	Results
	Conclusions

	Background
	Materials and methods
	Chemicals and materials
	Cell cultures
	Native western blot analysis
	Complex member identification
	Immunoprecipitate western blot analyses
	Plasmids
	[gamma-32P]GTP Binding Assay
	Statistical analysis

	Results
	eIF3f is immunodetected in a protein complex of approximately 120 kDa in native electrophoretic conditions
	The 120 kDa complex is composed by eIF3f and the alpha 1B-adrenergic receptor
	eIF3f promotes adrenoceptor activity upon catecholamine stimulation
	The proline- and alanine-rich N-terminal region of eIF3f is not essential for adrenoceptor activation

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



