Biophysical bases of interactions among protein responsible for gene silencing
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Tristetraprolin (TTP) binds to (AU)-rich elements in mRNAs. This protein regulates
cytokines expression in inflamatory processes. TTP also interacts with CCR4-NOT via
CNOT1 with an association constant of 0.5 μM-1 (ITC)2, which, as with GW182,
enables deadenylation and degradation of the mRNA, and translational repression.
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The GW182 protein is a key player in miRNA-mediated silencing. It mediates
interactions between Argonaute proteins that are guided by a miRNA to an
imperfectly complementary sequence in a targeted mRNA, and the CCR4-NOT
deadenylase complex via i.a. its scaffolding subunit - CNOT11. This complex can
mediate both translational repression, mRNA deadenylation and decay. The binding
site of the silencing domain (SD) of GW182 at the N-terminal part of CNOT1 is still
unknown.

Here, we study structural dynamics of GW182 silencing domain and CNOT1(800999), as well as identify the localization of the binding sites of GW182-derived
peptides (the CCR4-NOT interacting motif 1, CIM11, QSRLPQWTHP, and an extended
version, i.e. dCIM1, DPSQSQSRLPQWTHPN), a tristetraprolin-derived (TTP2,
APRRLPIFNRISVSE) peptide and the whole GW182 silencing domain (SD1, residues
1260-1620) on CNOT1(800-999), using hydrogen-deuterium exchange mass
spectrometry (HDX-MS). These experiments show perturbations of hydrogen
bonding networks upon binding of these peptides and protein fragment. These
perturbations are indicative of binding sites. These results revealed a molecular
interplay between the GW182 and tristetraprolin proteins.
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Figure 3. Kinetics of hydrogen-deuterium exchange of five different CNOT1(800-999) peptic peptides in the HDX-MS
experiments with the TTP peptide, CIM1 peptide, dCIM1 peptide, their mixture or SD (GW182 residues 1260-1620), as
indicated in each panel.

The binding of the CIM1 containing peptides and the SD fragment of the GW182 protein decreases the
deuterium uptake of the same peptides of CNOT1 as the TTP peptide binding. Additionally, dCIM1 and SD exert a
quite profound effect on residues 800-819.

D) GW182(1260-1620) at 6 μM

Table 1. Difference in total deuterium uptake by residues in selected CNOT1 regions between the
apo and protein partner-bound state. Top of each lane – difference in Da, bottom of each lane
(italic) – relative exchange (difference in Da divided by the number of exchangeable residues).
CNOT1 at 2 µM

Figure 6. Representative
titration curves for the
CNOT1(800-999) peptic
peptides protected against
HDX due to the dCIM1
peptide binding.

residues

801-805 806-819 820 840-846 847

sequence

NDPFV

TTP at 3.3 µM

CIM1 at 126 µM

dCIM1 at 140 µM

Figure 1. (top to bottom) (A) Fraction of the exchanged population of amide hydrogens
(with vertical standard errors) obtained for pepsin-generated (left) GW182 silencing
domain peptides, (right) CNOT1(800-999) peptides, marked as horizontal black bars, after
given time of deuteration, corrected for back-exchange of the individual peptides. (top
left) Overlay of the secondary structural elements assigned and colored as in Figure 2.

The studies have provided the first experimental proof that the silencing domain
of GW182, except the RRM domain, is indeed natively unstructured. In
particular, CIM1 does not display any evidence of a secondary structure.
Our work reveals the first hydrogen-deuterium exchange mass spectrometric
“fingerprint” of an RNA Recognition Motif, which is one of the most frequently
occurring canonical protein domains. The GW182 RRM has a very dynamic
structure, since the complete H/D exchange is achieved in 2 hours. These results
indicate that water molecules can penetrate the whole domain.
We show that the RRM structure reveals the alternating HDX pattern, composed
of the regions containing amide hydrogens that are more or less exchangecompetent, even when the RRM domain is studied in the context of a larger
fragment of the generally disordered protein, not suitable for NMR and
crystallography due to its size and aggregation at higher concentrations. The
experimentally determined structural dynamics of the GW182 SD RRM correlates
well, in general, with the predicted α/β content.

GW182 (12601620) at 6 µM
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The analysis of differences in deuterium uptake of overlapping peptides allows
assigning of these differences to groups of residues or even single residues. These led
to the following conclusions: (1) CIM1, dCIM1 and SD bind to the same CNOT1 region
as TTP; (2) The additional residues of the dCIM1 peptide versus the CIM1 peptide have
a strikingly strong effect on the interaction with CNOT1(800-999), especially on the
residues 801-820, 840-848; (3) Phe847 plays a smaller role in CIM1/dCIM1 binding than
in TTP peptide binding.

Titration of CNOT1(800-999) with the dCIM1 peptide measured by
hydrogen-deuterium exchange mass spectrometry allowed the
determination of the local apparent association constants:
CNOT1 residues
Sequence
Kas [mM-1] ΔHamid [Da]
800-819 NNDPFVQRKLGTSGLNQPTF 90 ± 14
1.98 ± 0.13
839-847 IDDEANSYF
33 ± 6
6.6 ± 0.8
847-859 FQRIYNHPPHPTM
42 ± 9
3.3 ± 0.2
894-909 YRFFPQYPDKELHITA
9.0 ± 1.1 7.8 ± 0.5

Figure 2. Predicted human GW182 SD RRM structure shown as a
ribbon colored according to the secondary structural elements,
aligned with the NMR D. melanogaster RRM structure (grey)3.
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Figure 4. Relative differences in the extent of H/D
exchange for CNOT1 residues between the apo and
complexes with A) the TTP peptide (black); B) the
dCIM1 peptide; C) the CIM1 peptide; D) the
GW182(1260-1620) fragment, shown on the
CNOT1(800-999) crystal structure2 (pdb:4J8S).

Conclusions
The GW182 silencing domain is natively
unstructured, except the RRM domain.
TTP and GW182 share a common binding site on
CNOT1(800-999), but interact with it in a slightly
different manner.
The CIM1 and TTP local sequence similarity,
RLPXΦ, where Φ is an aromatic residue. The
RLPXΦ motif is a good candidate for SLiM (short
linear interacting motif).
Superposition of the best model of dCIM1 (Fig.7,
red) with the TTP (cyan) crystal structure shows
that the RLP and W/F residues match in the
same positions in spite of different secondary
structures. Thus, the two proteins, GW182
silencing domain and tristetraprolin, compete
for CNOT1 binding.

Figure 5 . In vitro affinity assay of MBP-SD at 1 µM and increasing MBP-TTP concentration
using GST-CNOT1(800-999) at 0.2 µM. Lanes: 1) Ladder 2) CNOT1 wt at 0.2 µM with MBP-SD
at 1 µM, each subsequent lane has an addition of MBP-TTP at 3) 0.05 µM 4) 0.1 µM 5) 0.2
µM 6) 0.5 µM 7) 1 µM 8) 1.5 µM 9) 2 µM and 8) 3 µM.

The ability of CNOT1 to bind SD (GW182 1260-1620) is diminished in the presence
of increasing TTP concentration. This, i.a., indicates the GW182 silencing domain
and TTP compete for CNOT1(800-999) binding.
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Figure 7. Superposition of best dCIM1 CABS-dock4 model (red) on
the CNOT1(800-999) – TTP (cyan) crystal structure2.

