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Abstract

The eukaryotic translational initiation factor 4G (elF4G) interacts with the cap-binding protein
elF4E through a consensus binding motif, Y(X)4L® (where X is any amino acid and @ is a
hydrophobic residue). 4E binding proteins (4E-BPs), which also contain a Y (X)4L® motif,
regulate the elF4E/elF4G interaction. The non- or minimally-phosphorylated form of 4E-BP1
binds elF4E, preventing elF4E from interacting with elF4AG, thus inhibiting translation initiation.
4EGI-1, a small molecule inhibitor of the elF4E/elFAG interaction that is under investigation as a
novel anti-cancer drug, has a dual activity; it disrupts the elFAE/elFAG interaction and stabilizes
the binding of 4E-BP1 to elF4E. Here, we report the complete backbone NMR resonance
assignment of an unliganded 4E-BP1 fragment (4E-BP144_g7). We also report the near complete
backbone assignment of the same fragment in complex to elF4E/m’GTP (excluding the
assignment of the last C-terminus residue, D87). The chemical shift data constitute a prerequisite
to understanding the mechanism of action of translation initiation inhibitors, including 4EGI-1,
that modulate the elFAE/4E-BP1 interaction.
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Biological context

Translation control of gene expression allows cells to respond quickly to external cues. In
eukaryotic cells, this regulation occurs mostly at the translation initiation step, during which
the ribosome is recruited to messenger RNAs (mMRNAs) (Sonenberg and Hinnebusch 2009).
Most eukaryotic mMRNAs have a cap structure at their 5° end, which is usually the modified
nucleotide, 7-methylguanosine triphosphate (m’GTP). The translational initiation complex
assembles at the m’GTP cap through the elF4F complex (Gingras et al. 1999), which
comprises a cap binding protein, elF4E, a DEAD box RNA helicase, elF4A, and a large
scaffold protein, elF4G. The scaffold protein elFAG interacts with elFAE through a
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consensus motif, Y (X)4L®, where X is any amino acid, and @ is a hydrophobic residue
(Mader et al. 1995; Altmann et al. 1997). elF4G also interacts with elF3, which in turn,
binds the small ribosomal subunit. Thus, elF4G, by binding to elF3 and elF4E, brings the
small ribosomal subunit to the 5 end of mRNAs, allowing translation initiation to occur.
4E-binding proteins (4E-BPs) regulate the ability of elF4E to engage elF4G. Among these,
4E-BP1 is the best characterized. 4E-BP1 contains a Y (X)4L® motif and competes with
elF4G for binding to elF4E (Holz et al. 2005). Only non or hypo-phosphorylated 4E-BP1
binds to elFAE (Beretta et al. 1996; Gingras et al. 2001).

Several translation initiation factors are overexpressed in cancer cells (Lazaris-Karatzas et al.
1990; Avdulov et al. 2004). Therefore, disrupting protein synthesis at the initiation step has
emerged as a new anti-cancer strategy. 4EGI-1 is an elF4E/elF4G interaction inhibitor that
has anti-cancer activity (Moerke et al. 2007; Chen et al. 2012; Yi et al. 2014). A crystal
structure of 4EGI-1 bound to elF4E revealed that 4EGI-1 induces elF4G’s dissociation from
elF4E by causing a conformational change in elF4E (Papadopoulos et al. 2014). The crystal
structure of a 4E-BP1 fragment (4E-BP154_g4) bound to elF4E could not explain how
4EGI-1 stabilizes 4E-BP1’s binding to elF4E (Sekiyama et al. 2015) (Peter et al. 2015).
NMR experiments were used to show that 4EGI-1 and 4E-BP1 can indeed bind
simultaneously to elF4E and that they both contribute to inhibiting translation initiation.
Here, we report the complete backbone NMR resonance assignment of an unliganded 4E-
BP1 fragment (4E-BP144_g7). We also report the near complete backbone assignment of the
same fragment in complex to elFAE/m’GTP (excluding the assignment of the last C-
terminus residue, D87). We did not pursue the side-chain assignments, as we have
previously determined a high resolution crystal structure of the elFAE/AE-BP144_g4 complex
(2.1 A) (Sekiyama et al. 2015), and because the free form of 4E-BP1 is unstructured. The
backbone assignments reported here are crucial for understanding the dynamics and binding
of small molecules to elFAE/4E-BP1. Overall, the NMR backbone assignments provided in
this study establish a general platform to study translation initiation inhibitors of the cap-
binding complex.

Methods and Experiments

Sample preparation

We amplified the cDNA encoding human 4E-BP144_g7 (4E-BP144_g7) and sub-cloned it into
a previously described pH-GB1 Escherichia coli expression vector (Sekiyama et al. 2015).
Briefly, we inserted 4E-BP1,4,4_g7 such that it is expressed as a fusion protein with a
hexahistidine (Hisg) tag, a protein G B1 domain tag (GB1-tag), and a TEV protease cleavage
site at its N terminus (pH-TEV-4E-BP144_g7). For elF4E, we used an E. coli expression
plasmid containing the full-length cDNA of mouse elF4E, inserted such that it contains a
GB1-tag followed by a TEV cleavage site at its N terminus (pET-GB1-TEV-elF4E). We
used 4E-BP144_g7 and elF4E constructs to transform £. coli (BL21) cells individually. We
grew cells expressing 4E-BP144_g7 overnight at 20 °C in M9 minimal media containing

95 % 2H,0 and appropriate isotopes (°NH,4Cl, 13Cg-deuterated glucose, as sole nitrogen
and carbon sources, respectively). We harvested the cells and lysed these by sonication.
After centrifugation, we loaded the supernatant on a metal-affinity column (Ni-NTA;
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Qiagen). After elution, we concentrated the fusion proteins and incubated overnight with
TEV protease to cleave the tags, followed by size-exclusion chromatography using a
Superdex 75 16/60 preparative column (GE Healthcare Bio-Sciences). For 1SN13C4E-BP1/
elFAE/m’GTP complex preparation, we grew cells expressing 4E-BP144_g7 in M9 minimal
media as described above and grew cells expressing elF4E in Luria Broth (LB) overnight at
25 °C. We harvested both groups of cells and combined both pellets before lysing cells by
sonication. We then centrifuged the cells and loaded the supernatant containing

the 15N13C4E-BP144_g7/eIF4E complex on an adipic-agarose-m’GDP column (Edery et al.
1988). For the complex, we also incubated overnight with TEV protease to cleave the tags.
The TEV reaction was followed by size-exclusion chromatography using a Superdex 75
16/60 preparative column.

NMR experiments

We recorded all NMR spectra at 298 K on a Varian Inova 600 MHz spectrometer or a Bruker
750 MHz spectrometer, both equipped with cryogenic probes. We processed and analyzed
the data using NMRPipe (Delaglio et al. 1995) and CARA (Keller 2004), respectively. We
assigned the backbone chemical shifts of 1°N13C4E-BP144_g7 and 15N13C4E-BP144 g7/
elFAE/m’GTP using TROSY versions of the traditional triple-resonance experiments:
HNCA, HNCOCA, HNCO, HNCACO, HNCACB, and HNCOCACB. We deuterated all
NMR observable samples except for 4E-BP1 alone. We used Non Uniform Sampling (NUS)
in the two indirect dimensions to collect triple resonance data and used Poisson Gap
Sampling to sample 12-15% of the indirect grid (Hyberts et al. 2010). We used the hmsIST
program to reconstruct and process the data (Hyberts et al. 2012).

Assignments and data deposition

We obtained the complete backbone assignment of a fragment of 4E-BP1 (free form,
residues 44-87), as shown in the 1°N TROSY-HSQC spectrum (Fig. 1). However, we do
lack the assignment of the last residue of 4E-BP144_g7 (D87) when it is bound to elFAE/
m’/GTP. The lack of assignment for this residue is consistent with the NMR relaxation data
showing that when 4E-BP144_g7 is bound to elF4E/m’GTP, the residues S85 and S86 are
dynamic, with S86 being even more mobile than S85 (Sekiyama et al. 2015). Moreover, in
the spectra shown in Figure 2b, the intensity of the peak corresponding to S86 is a lot
weaker and broader than of the peak corresponding to S85. These data agree with the
suggestion that the peak corresponding to D87 is also very dynamic and hence, is most
likely broadened beyond detection, preventing its assignment. All chemical shifts were
deposited in the BioMagResBank (www.bmrb.wisc.edu) under accession number 27003 and
26997 for the free and bound form, respectively.
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Fig. 1.
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1H-15N TROSY-HSQC of the unbound form of 4E-BP1 (residues 44-87). Peaks indicated
by a star may correspond to additional residues coming from the fusion tag after cleavage
(not belonging to the native sequence of 4E-BP1), or from the C terminus.
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Fig. 2.
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A. Sequence alignment of 4E-BPs. Secondary structure prediction of 4E-BP1s per 4E-
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BP144_g7/eIFAE/M’GTP crystal structure (PDB 5BXV). The consensus binding motif of 4E-
BP1, YXXXXL®, is indicated. The figure was generated using ESPrit3 (Robert and Gouet

2014). B. IH-1°N TROSY-HSQC of 4E-BP1 (residues 44-87) bound to mouse elF4E/

m’GTP. Peaks indicated by a star may correspond to additional residues coming from the
fusion tag after cleavage (not belonging to the native sequence of 4E-BP1). Deduced N64
sidechain resonances are indicated by “n64”.
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