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The  eukaryotic  initiation  factor  3  subunit  f (eIF3f)  is  one  of  the  13  subunits  of  the  translation  initiation
factor  complex  eIF3  required  for several  steps  in  the  initiation  of  mRNA  translation.  In  skeletal  mus-
cle, recent  studies  have  demonstrated  that  eIF3f  plays  a central  role  in  skeletal  muscle  size  maintenance.
Accordingly,  eIF3f  overexpression  results  in hypertrophy  through  modulation  of protein  synthesis  via  the
mTORC1  pathway.  Importantly,  eIF3f  was  described  as  a  target  of  the  E3  ubiquitin  ligase  MAFbx/atrogin-
1  for  proteasome-mediated  breakdown  under  atrophic  conditions.  The  biological  importance  of  the
MAFbx/atrogin-1-dependent  targeting  of eFI3f  is highlighted  by the  finding  that  expression  of an  eIF3f
AFbx/atrogin-1 mutant  insensitive  to  MAFbx/atrogin-1  polyubiquitination  is  associated  with  enhanced  protection  against
starvation-induced  muscle  atrophy.  A  better  understanding  of  the  precise  role  of  this  subunit  should  lead
to the  development  of  new  therapeutic  approaches  to prevent  or limit  muscle  wasting  that  prevails  in
numerous  physiological  and  pathological  states  such  as  immobilization,  aging,  denervated  conditions,
neuromuscular  diseases,  AIDS,  cancer,  diabetes.

This  article  is  part  of  a  Directed  Issue  entitled:  Molecular  basis  of  muscle  wasting.

© 2013 Elsevier Ltd. All rights reserved.
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major protein reservoir in the body. Maintenance of muscle mass
. Introduction

Skeletal muscle mass represents approximately 40–50% of
uman body weight, making it the largest tissue mass and the

� This article is part of a Directed Issue entitled: Molecular basis of muscle wasting.
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is dependent on the balance between synthesis and breakdown
of myofibrillar proteins (Attaix et al., 2012). Signal transduction
pathways, which promote synthesis and/or degradation of mus-
cle proteins, mediate the regulation of muscle homeostasis as well
as muscle hypertrophy or atrophy. Hypertrophy is associated with
growth in muscle mass, as a result of an increase in the size of

pre-existing skeletal muscle fibers accompanied by incremented
protein synthesis without apparent variation in the number of
myofibers. In contrast, atrophy is characterized by an alteration in
protein synthesis and an increased degradation of muscle proteins

dx.doi.org/10.1016/j.biocel.2013.06.001
http://www.sciencedirect.com/science/journal/13572725
http://www.elsevier.com/locate/biocel
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Fig. 1. Physical and functional links between eIF3f, mTOR-raptor, S6K1 and MAFbx/atrogin-1 in skeletal muscle. The leucine charged domain (LCD) of the ubiquitin ligase
MAFbx/atrogin-1 physically interacts with the Mov34 domain of eIF3f and contributes to its ubiquitination in the C-terminal region and its subsequent degradation by the
proteasome during muscle wasting. The Mov34 domain also interacts with the inactive hypophosphorylated form of S6K1. Under nutrient rich conditions, mTOR/raptor
complex binds to the TOS motif of eIF3f and, thus can phosphorylate and activate S6K1. Active S6K1 is released from eIF3 complex leading to increased protein synthesis. In
this  model, eIF3f acts as a scaffolding protein allowing mTORC1-dependent activation of S6K1 upon insulin or growth hormone stimulation of muscle cells.
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Goldspink et al., 1986). Muscle atrophy that results in a state of
eakness and emaciation of the body is the terminal phase of cer-

ain diseases or chronic infections such as cancer, AIDS, diabetes,
acterial infections and nerve degeneration. Muscle atrophy is also
bserved during aging, immobilization and trauma to the muscle.

The ubiquitin-proteasome system has been particularly
nvolved in muscle atrophy after the discovery of the E3 ubiquitin
igases MAFbx/atrogin-1 (muscle atrophy F-box protein) and

uRF-1 (muscle RING finger-1), which are both overexpressed in
arious models of atrophy (fasting, cancer, diabetes, immobiliza-
ion) (Bodine et al., 2001; Gomes et al., 2001). The knockout of
enes coding for these factors confers resistance to certain types
f atrophy, suggesting a major role of these E3 ligases in mediating
uscle atrophy (Bodine et al., 2001). The function of E3 ubiquitin

igases is to ubiquitinate specific proteins to target them for
ecognition and degradation by the proteasome. MAFbx/atrogin-1
s responsible for the degradation of the transcription factor MyoD
nd the eukaryotic initiation factor of translation eIF3f. Therefore,
AFbx/atrogin-1 promotes muscle atrophy by inhibiting the

ranscription and translation of muscle genes, and prevents the
eplacement of degraded proteins (Lagirand-Cantaloube et al.,
009, 2008; Tintignac et al., 2005). In this review, we  summarize
he current state of knowledge concerning the central role of eIF3f
n the control of skeletal muscle mass, particularly during muscle

asting.

. Structure of eIF3f and its function in non-muscle cells

Mammalian eukaryotic initiation factor 3f (eIF3f, p-47) is one
f the 13 subunits (designated eIF3a to eIF3m) of the eukaryotic
nitiation factor eIF3, a multi-protein complex required for the ini-
iation of protein synthesis. eIF3 (800 kDa) is the largest and one
f the most complex initiation factors known (Asano et al., 1997;

enne and Hershey, 1976). It is a multifunctional initiation factor
hat plays a major role in translation by operating at different lev-
ls of the initiation pathway; including the assembly of the ternary
omplex eIF2–GTP–Met-tRNA, binding of this complex and other
components of the 43S PIC (preinitiation complex) to the 40S ribo-
somal subunit, mRNA recruitment to the 43S PIC, and scanning
mRNA for AUG recognition. The eIF3f subunit is a member of the
Mov34 family and contains a conserved (≈140-aa) domain named
MPN  (Mpr1/Pad1/N-terminal) (Fig. 1). This motif is found in two
macromolecular complexes, homologous to eIF3, the COP9 signalo-
some, and the lid of 19S proteasome (Hofmann and Bucher, 1998).
Moreover, both eIF3f and eIF3h interact directly with each other,
supporting a possible scaffolding role for these subunits (Zhou et al.,
2008).

The function of eIF3f within the eIF3 complex is not totally
characterized. However, eIF3f is essential for Schizosaccharomyces
pombe (S. pombe) viability, and its depletion markedly decreases
the global protein synthesis in fission yeast (Zhou et al., 2005). The
same effect on translation was described in cells infected with the
severe acute respiratory syndrome coronaviruses and coronavirus
infectious bronchitis virus (Xiao et al., 2008). Interestingly, eIF3f
overexpression has been also associated with inhibition of HIV-1
replication (Valente et al., 2009). Furthermore, studies by Doldan
et al. (2008a,b) showed that eIF3f is downregulated in several
human tumors. The same group found that eIF3f overexpression in
cancer cells negatively regulates cell growth by affecting the trans-
lation efficiency and the activation of apoptosis (Shi et al., 2006).
Moreover, caspase-processed isoform of the cell division kinase 11
(Cdk11p46) binds and phosphorylates eIF3f at Ser-46 and Thr-119
during apoptosis in A375 melanoma cells, leading to an inhibi-
tion of translation (Shi et al., 2003). In a recent study, Wen  et al.
(2012) reported that eIF3f exhibited a tumor suppressive function
in pancreatic cancer. Mechanistically, the authors found that eIF3f
inhibits both cap-dependent and cap-independent translation and
that eIF3f promotes rRNA degradation through direct interaction
with heterogeneous nuclear ribonucleoprotein K (Wen  et al., 2012).
From these data, it appears that eIF3f can act in different ways

according to cellular contexts. Thus, this protein is essential for
S. pombe viability but in cancer cells, it is a negative regulator of
cell growth and protein translation, and it plays a central role in
apoptotic signaling (Marchione et al., 2013).
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Fig. 2. eIF3f is at the crossroads between the protein synthesis and protein degradation signaling pathways in skeletal muscle. Upon IGF-1 axis activation, the IGF-1 receptor
becomes phosphorylated and recruits IRS1, leading to the activation of the lipid kinase PI3K. PI3K catalyzes the transfer of a phosphate group to the membrane-bound
PIP2.  Phosphorylation of PIP2 generates PIP3, which recruits two  additional kinases, Akt and PDK1. Akt is bound and activated by phosphorylation at Thr-308 by PDK1. Akt
inactivates TSC1/TSC2 complex, a Rheb inhibitor, by phosphorylation. Finally, mTOR activated by Rheb, binds to the scaffold protein eIF3f and exerts its activity on protein
synthesis by phosphorylation of the S6K1 protein. mTOR in association with rictor phosphorylates and fully activates Akt on Ser-473. While FoxOs transcription factors are
directly  phosphorylated and inhibited by Akt via 14-3-3 binding in response to insulin/growth factor stimulation, under condition of energy stress, dephosphorylation of
FoxO  factors leads to its nuclear entry and E3 ubiquitin ligase MAFbx/atrogin-1 expression. Proteasomal degradation of eIF3f mediated by the overexpressed MAFbx/atrogin-1
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. eIF3f regulates protein synthesis and skeletal muscle
ass

.1. Anabolic process and eIF3f

Increased protein synthesis, mainly associated with the acti-
ation of the canonical IGF-1/Akt/mTORC1 pathway leads to an
ncrease of the diameter of muscle fibers (Fig. 2). The mam-

alian target of rapamycin complex 1 (mTORC1) modulates
rotein synthesis through regulation of its downstream effectors,
he eukaryotic translation initiation factor 4E-binding protein 1
4E-BP1) and the ribosomal protein S6 kinase 1 (S6K1) (Fig. 2).

echanistically, phosphorylation of 4E-BP1 at Thr-37/46 by the
ammalian target of rapamycin (mTOR) induces its dissociation

rom the eukaryotic translation initiation factor 4E (eIF4E) pro-

iding the assembly of the preinitiation complex (Youtani et al.,
000). In addition, after an initial phosphorylation by mTOR at
hr-389, S6K1 phosphorylates substrates involved in the regula-
ion of protein translation, such as the ribosomal protein S6 and
ng. Abbreviations not defined in the text: IGF-1: insulin like growth factor 1; IRS1:
 phosphatidylinositol 3-kinase; PIP2: phosphatidylinositol 4,5-bisphosphate; PIP3:
: tuberous sclerosis complex1/2.

the eukaryotic translation initiation factor 4B (Holz and Blenis,
2005; Saitoh et al., 2002). Moreover, S6K1 can interact with the
phosphoinositide-dependent kinase-1 (PDK1) that induces a sec-
ond round of phosphorylation at Thr-229 for full activation of S6K1
(Pullen et al., 1998) (Fig. 2).

The molecular basis of the connection between mTORC1 and
eIF3f has been investigated during terminal differentiation (Csibi
et al., 2010). Thus, several studies demonstrated that eIF3f plays a
fundamental role in skeletal muscle mass regulation through the
control of mTORC1 signaling pathway (Csibi et al., 2010; Goodman
et al., 2011). A conserved TOS (TOR signaling) motif in eIF3f
(FETML, amino acids 323–327) is highly conserved among species
(Schalm and Blenis, 2002). This motif links mTOR/raptor complex
to eIF3f, and allows mTOR to regulate downstream effectors and
cap-dependent translation initiation (Fig. 1). In this model, eIF3f

acts as a scaffold that interconnects mTOR/raptor with S6K1 as it
was  previously found in HEK293 cells (Holz et al., 2005). Our group
proposed that S6K1 and mTOR physically interact with two  differ-
ent domains of eIF3f in muscle cells. The Mov34 motif, involved in
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AFbx/atrogin-1-mediated polyubiquitination of eIF3f is responsi-
le for the interaction with the inactive hypophosphorylated form
f S6K1 (Fig. 1). Inactive S6K1 is bound to eIF3f, and upon amino
cid/growth factor/mitogen stimulation, mTOR binds to eIF3f, lead-
ng to the phosphorylation and activation of S6K1 (Csibi et al., 2010;
olz and Blenis, 2005). Active phosphorylated S6K1 is then released

rom eIF3 complex and is able to phosphorylate its substrates. It is
mportant to note that eIF3f induces a specific and robust recruit-

ent of endogenous eIF4G, raptor and rpS6 to the m7-GTP cap
omplex, suggesting that this protein is not only an activator of
he cap-dependent translation but also a major actor of the proper
ssembly of the translation initiation complex in myotubes (Csibi
t al., 2010).

.2. Catabolic process and eIF3f

Conversely to hypertrophy, atrophy is linked to a decrease in
uscle fiber size as a result of reduced protein synthesis and

ncreased protein breakdown. The forkhead box O (FoxO) transcrip-
ion factors related pathway plays a major role in the control of pro-
ein breakdown during muscle atrophy through the regulation of
he ubiquitin proteasome and the autophagic systems (Mammucari
t al., 2007; Sandri et al., 2004). MAFbx/atrogin-1 interacts with
he Mov34 domain of eIF3f and promotes its ubiquitination
esulting in proteasome-mediated degradation of eIF3f during
uscle wasting (Lagirand-Cantaloube et al., 2008) (Fig. 1). The

egradation of eIF3f suppresses S6K1 activation by mTOR in a
AFbx/atrogin-1-induced atrophy model (Csibi et al., 2010). Fur-

hermore, berberine, an inhibitor of mitochondrial respiration,
nduces atrophy through MAFbx/atrogin-1-mediated degradation
f eIF3f in a mice model of type 2 diabetes (Wang et al., 2010). The
uthors found a decrease in eIF3f expression, mTORC1 signaling
ctivity and protein synthesis, as well as an increase in protein
egradation after berberine treatment. Importantly, the knock-
own of MAFbx/atrogin-1 attenuated these berberine-induced
ffects on skeletal muscle, particularly on alterations in eIF3f
xpression and mTORC1 activity (Wang et al., 2010). In accordance
ith these observations, it was described that eIF3f expression
ecreases during various atrophic conditions (i.e. glucocorticoid
reatment, starvation and oxidative stress-induced atrophy) and
nockdown of MAFbx/atrogin-1 or inhibition of the proteasome
ystem prevents this decrease (Lagirand-Cantaloube et al., 2008).
enetic activation of eIF3f induces hypertrophy associated with
n increase in phosphorylation of mTORC1 substrates S6K1 and
E-BP1, and limits atrophy by increasing expression of mus-
le structural proteins during starvation (Csibi et al., 2010). In
ontrast, genetic blockade of eIF3f induces myotubes atrophy
ssociated with a decrease in the phosphorylation of mTORC1 sub-
trates (Csibi et al., 2010). Interestingly, six highly conserved lysine
esidues on the C-terminal of eIF3f have been found to be nec-
ssary for MAFbx/atrogin-1 mediated polyubiquitination (Fig. 1).
he mutation of these residues (eIF3f K5-10R) confers increased
tability to eIF3f (Csibi et al., 2009) and this mutant is able to
ttenuate starvation-mediated atrophy by maintaining persistent
hosphorylation of S6K1 and rpS6 (Csibi et al., 2010, 2009). More-
ver, overexpression of eIF3f K5-10R mutant induces a significant
ncrease in protein synthesis and hypertrophy compared to the wild
ype protein under normal condition (Csibi et al., 2010, 2009).

. Conclusion
The eukaryotic initiation factor eIF3f has become a key player
n the regulation of skeletal muscle mass. Indeed, eIF3f acts as a
caffold that interconnects mTORC1 with its downstream effec-
ors in order to initiate mRNA translation and increase protein
hemistry & Cell Biology 45 (2013) 2158– 2162 2161

synthesis. Under basal conditions, overexpression of eIF3f in dif-
ferentiated muscle cells is sufficient to induce hypertrophy via
increased activity of mTORC1. In addition, overexpression of eIF3f
K5-10R mutant resistant to MAFbx/atrogin-1-dependent degrada-
tion is not only associated with protection against muscle atrophy
but also with induction of hypertrophy. In sum, the role of eIF3f in
muscle as a central element of both atrophy and hypertrophy path-
ways makes it an attractive new target for therapeutic intervention.
A better knowledge of the function and regulation of eIF3f asso-
ciated to structural information about MAFbx/eIF3f/mTORC1/S6K1
interactions are now required to develop specific and efficient com-
pounds to prevent and/or slow down skeletal muscle atrophy. In
this regard, future research using eIF3f transgenic mice will likely
uncover new physiological roles of this initiation factor in the main-
tenance of skeletal muscle homeostasis.

Acknowledgments

This work was supported by the INRA’s PHASE division and by
the Faculty of Sports Science of the University of Montpellier 1.

References

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. Journal of Biolog-
ical Chemistry 1997;272:27042–52.

Attaix D, Baracos VE, Pichard C. Muscle wasting: a crosstalk between protein syn-
thesis and breakdown signalling. Current Opinion in Clinical Nutrition and
Metabolic Care 2012;15:209–10.

Benne R, Hershey JW.  Purification and characterization of initiation factor IF-E3 from
rabbit reticulocytes. Proceedings of the National Academy of Sciences of the
United States of America 1976;73:3005–9.

Bodine SC, Latres E, Baumhueter S, Lai VK, Nunez L, Clarke BA, et al. Iden-
tification of ubiquitin ligases required for skeletal muscle atrophy. Science
2001;294:1704–8.

Csibi A, Leibovitch MP,  Cornille K, Tintignac LA, Leibovitch SA. MAFbx/Atrogin-1
controls the activity of the initiation factor eIF3-f in skeletal muscle atro-
phy by targeting multiple C-terminal lysines. Journal of Biological Chemistry
2009;284:4413–21.

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:e8994.

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

Doldan A, Chandramouli A, Shanas R, Bhattacharyya A, Leong SP, Nelson MA, et al.
Loss of the eukaryotic initiation factor 3f in melanoma. Molecular Carcinogenesis
2008b;47:806–13.

Goldspink DF, Morton AJ, Loughna P, Goldspink G. The effect of hypokinesia
and  hypodynamia on protein turnover and the growth of four skeletal mus-
cles  of the rat. Pflugers Archiv: European Journal of Physiology 1986;407:
333–40.

Gomes MD, Lecker SH, Jagoe RT, Navon A, Goldberg AL. Atrogin-1, a muscle-
specific F-box protein highly expressed during muscle atrophy. Proceedings
of  the National Academy of Sciences of the United States of America 2001;98:
14440–5.

Goodman CA, Mayhew DL, Hornberger TA. Recent progress toward understand-
ing the molecular mechanisms that regulate skeletal muscle mass. Cellular
Signalling 2011;23:1896–906.

Hofmann K, Bucher P. The PCI domain: a common theme in three multiprotein
complexes. Trends in Biochemical Sciences 1998;23:204–5.

Holz MK,  Blenis J. Identification of S6 kinase 1 as a novel mammalian target
of  rapamycin (mTOR)-phosphorylating kinase. Journal of Biological Chemistry
2005;280:26089–93.

Holz MK,  Ballif BA, Gygi SP, Blenis J. mTOR and S6K1 mediate assembly of the trans-
lation preinitiation complex through dynamic protein interchange and ordered
phosphorylation events. Cell 2005;123:569–80.

Lagirand-Cantaloube J, Offner N, Csibi A, Leibovitch MP,  Batonnet-Pichon S, Tintignac
LA, et al. The initiation factor eIF3-f is a major target for atrogin1/MAFbx function
in  skeletal muscle atrophy. EMBO Journal 2008;27:1266–76.
Lagirand-Cantaloube J, Cornille K, Csibi A, Batonnet-Pichon S, Leibovitch MP,  Lei-
bovitch SA. Inhibition of atrogin-1/MAFbx mediated MyoD proteolysis prevents
skeletal muscle atrophy in vivo. PLoS ONE 2009;4:e4973.

Mammucari C, Milan G, Romanello V, Masiero E, Rudolf R, Del Piccolo P, et al. FoxO3
controls autophagy in skeletal muscle in vivo. Cell Metabolism 2007;6:458–71.

http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0005
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0010
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0015
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0020
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0025
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0030
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0035
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0040
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0045
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0050
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0055
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0060
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0065
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0070
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0075
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0080
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0085


2  of Bio

M

P

S

S

S

S

S

T

Zhou M,  Sandercock AM,  Fraser CS, Ridlova G, Stephens E, Schenauer MR,
162 A.M.J. Sanchez et al. / The International Journal

archione R, Leibovitch SA, Lenormand JL. The translational factor eIF3f: the
ambivalent eIF3 subunit. Cellular and Molecular Life Sciences 2013 [Epub ahead
of  print].

ullen N, Dennis PB, Andjelkovic M,  Dufner A, Kozma SC, Hemmings BA, et al. Phos-
phorylation and activation of p70s6k by PDK1. Science 1998;279:707–10.

aitoh M,  Pullen N, Brennan P, Cantrell D, Dennis PB, Thomas G. Regulation of an
activated S6 kinase 1 variant reveals a novel mammalian target of rapamycin
phosphorylation site. Journal of Biological Chemistry 2002;277:20104–12.

andri M,  Sandri C, Gilbert A, Skurk C, Calabria E, Picard A, et al. Foxo transcription
factors induce the atrophy-related ubiquitin ligase atrogin-1 and cause skeletal
muscle atrophy. Cell 2004;117:399–412.

chalm SS, Blenis J. Identification of a conserved motif required for mTOR signaling.
Current Biology 2002;12:632–9.

hi J, Feng Y, Goulet AC, Vaillancourt RR, Sachs NA, Hershey JW,  et al. The
p34cdc2-related cyclin-dependent kinase 11 interacts with the p47 subunit of
eukaryotic initiation factor 3 during apoptosis. Journal of Biological Chemistry
2003;278:5062–71.

hi J, Kahle A, Hershey JW,  Honchak BM,  Warneke JA, Leong SP, et al. Decreased

expression of eukaryotic initiation factor 3f deregulates translation and apopto-
sis in tumor cells. Oncogene 2006;25:4923–36.

intignac LA, Lagirand J, Batonnet S, Sirri V, Leibovitch MP, Leibovitch SA. Degrada-
tion of MyoD mediated by the SCF (MAFbx) ubiquitin ligase. Journal of Biological
Chemistry 2005;280:2847–56.
chemistry & Cell Biology 45 (2013) 2158– 2162

Valente ST, Gilmartin GM,  Mott C, Falkard B, Goff SP. Inhibition of HIV-1 replication
by eIF3f. Proceedings of the National Academy of Sciences of the United States
of America 2009;106:4071–8.

Wang H, Liu D, Cao P, Lecker S, Hu Z. Atrogin-1 affects muscle protein synthesis
and  degradation when energy metabolism is impaired by the antidiabetes drug
berberine. Diabetes 2010;59:1879–89.

Wen  F, Zhou R, Shen A, Choi A, Uribe D, Shi J. The tumor suppressive role of
eIF3f and its function in translation inhibition and rRNA degradation. PLoS ONE
2012;7:e34194.

Xiao H, Xu LH, Yamada Y, Liu DX. Coronavirus spike protein inhibits host cell trans-
lation by interaction with eIF3f. PLoS ONE 2008;3:e1494.

Youtani T, Tomoo K, Ishida T, Miyoshi H, Miura K. Regulation of human eIF4E
by  4E-BP1: binding analysis using surface plasmon resonance. IUBMB Life
2000;49:27–31.

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  Biology
2005;3:14.
et  al. Mass spectrometry reveals modularity and a complete subunit inter-
action map  of the eukaryotic translation factor eIF3. Proceedings of the
National Academy of Sciences of the United States of America 2008;105:
18139–44.

http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0090
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0095
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0100
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0105
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0110
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0115
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0120
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0125
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0130
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0135
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0140
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0145
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0150
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0155
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160
http://refhub.elsevier.com/S1357-2725(13)00183-0/sbref0160

