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Abstract

RNA recognition motifs (RRM) plays a pivotal role in RNA metabolism and regulation of gene ex-
pression. Owing to their plasticity and fuzziness, targeting RRM/RNA interfaces with small-mole-
cules is a daunting challenge for drug discovery campaigns. The U2AF2 splicing factor, recruited
by the spliceosome machinery to recognize the polypyrimidine (polyPy) sequence of premature-
messenger (pre-m)RNA, is composed of a modular and dynamic architecture made of two RRMs
joined by a disordered linker. A newly discovered inhibitor, NSC-194308, was demonstrated to
enhance pre-mRNA binding to U2AF2, thereby stalling the spliceosome assembly, and selectively
triggering cell death in leukemia cell lines containing spliceosome mutations. The binding mode of
NSC-194308 to the U2AF2/polyPy interface remains elusive. Yet, unraveling it offers intriguing
glimpses for targeting flexible protein/protein/RNA interfaces with small-molecules. To infer plau-
sible NSC-194308 binding poses to U2AF2, here we applied and benchmarked the performance of
static and dynamic docking approaches, elucidating the molecular basis of the NSC-194308-in-
duced pre-mRNA stabilization on U2AF2. RRM motifs being widespread across RNA binding pro-
teins, this mechanism may be broadly applicable to discover new therapeutics aiming at selectively
modulating RNA function by targeting protein/protein/RNA interfaces.
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1 Introduction

Protein containing RNA recognition motifs (RRM) play a pivotal role in regulating of gene expression
owing to their ability to interact with a wide range of RNA molecules such as messenger RNA
(mRNA), non-coding RNAs (ncRNAs) and ribosomal RNA (rRNA). Among the proteins containing
RRMs are RNA-binding splicing factors. These are constituents of the spliceosome, a machinery
composed of five main small-nuclear RNAs (snRNAs: U1, U2, U4, U5, and U6) and a plethora of
proteins, which assemble into five small ribonucleoprotein (snRNP) complexes. The spliceosome
promotes splicing, a process consisting in the removal of the intragenic sequences (introns) and
adjoin of the coding ones (exons) via two sequential transesterification reactions.’

To maintain proteome fidelity, the spliceosome needs to carry out pre-mRNA splicing at single
nucleotide precision. In this process, the SPL relies on the concerted action of distinct splicing
factors, which recognize the intron-exon 5’ and 3’ pre-mRNA boundaries, the so-called 5’ and 3’
splicing sites, the branch point sequence (BPS), and the polypyrimidine (Py) tract.>”

The 3’ splice site and the polyPy tract are cooperatively recognized by U2AF1 and U2AF2 proteins,
which altogether form the U2AF complex.®

U2AF2 possesses a plastic architecture consisting of three RNA binding domains, which are joined
by flexible linkers. X-ray crystallography studies revealed that the U2AF2 core consists of two RRMs
(RRM1 and RRM2) and the linker, which cooperatively bind to a poly uracil (polyU) tract.* The re-
maining RRM (RRM3) is instead entailed in the communication with SF3b, the splicing factor that
selects the BPS.*® In the U2AF2 open-state RRM1 and RRM2 bind to a polyPy strand facing its 3’-
and 5’-end, respectively (Figure 1A). However, NMR studies revealed that U2AF2 exhibits also
closed-conformation, in the absence of the pre-mRNA. ° The linker has proven to govern the



open/closed conformational equilibrium, favoring the first in the presence of weakly-binding/non-
canonical RNA sequences, acting as an auto-inhibiting agent in the closed state (i.e., when RNA is
absent), or stabilizing RNA binding in the open conformation. '*"

Overwhelming evidences link splicing alterations to cancer onset '? and genetic diseases.'™

These often owe to mutations in essential splicing factors, thus altering their ability to select splice
site signals with high fidelity.”'>'® The portfolio of small-molecules splicing modulators preferentially
targeting cancer cells, containing spliceosome mutations, remains nowadays limited. Indeed only
one splicing modulator,''® successfully ended phase | clinical trial.’'

In an attempt to enlarge the body of small-molecule splicing modulators,? an inhibitor (NSC-
194308) targeting U2AF2 was discovered via high-throughput screening investigation.?®
NSC-194308 was shown to exert an unusual inhibition mechanism. Namely, this compound en-
hanced polyU binding to U2AF2, thereby triggering the death of K562 leukemia cell line bearing the
U2AF 153 mutation (ICs, of ~35 pM). As such, NSC-194308 was suggested to hinder pre-mRNA
splicing by over-stabilizing the binding of the polyU to U2AF2.>* Mutagenesis studies® pinpointed
that this compound may bind at the interface of the two RRMs and the RNA strand. However, its
exact binding mode remains elusive. Due to the lack of effective and cancer-selective splicing
modulators, unraveling the binding mode and the inhibition mechanism of NSC-194308 may unlock
new routes for therapeutic treatments of mis-splicing-related cancers. Nevertheless, the hitherto
suggested inhibition mechanism of NSC-194308 poses special challenges for a computer-aided
drug-discovery (CADD) studies.

Indeed, one of the traditional CADD challenges was targeting protein/protein interfaces. These are
larger and flatter than functional protein sites, making CADD arduous. Here, the level of complexity
further rises considering that the putative binding pocket of NSC-194308 is expected to lie at the
interface of three plastic entities, i.e., two RRMs of U2AF2 and an RNA strand. *

In this work, via a complex and comparative protocol relying on static and dynamic, enhanced
sampling-based, docking approaches, followed by extensive Molecular Dynamics (MD)
simulations, we establish the putative binding pose of NSC-194308 to U2AF2, and we also
elucidate the molecular basis of drug-induced pre-mRNA binding enhancement. Since RRMs
motifs are widespread in the human proteome, we suggest that the binding mode and inhibition
strategy elucidated here may be broadly applicable to target other RRMs/RNA binding interfaces.

2 Methods

2.1 Model Building

The model of the U2AF2 were based on the X-ray structure of U2AF2 in open conformation bound
to a nine nucleotide-long polyU sequence deposited in the protein data bank (PDB code 5EV4).*
We used the PropKa software to determine the protonation state of ionizable residues.” Topologies
for all studied systems were generated using the tleap module of AmberTools20, # The FF14SB
AMBER force field (FF)?” and the ff99+bsc0+xoLs ?® were used for the protein and RNA, respectively.
The system was built with a Na*Cl salt concentration of 0.15M. The number of ions required to
reach the 0.15M concentration was calculated using the SLTCAP webserver.?

To derive FF parameters of the compound, we computed its electrostatic potential™ by performing
geometry optimization at Hartree-Fock level of theory with a 6-31G* basis set using the Gaussian09
software. Next, we generate RESP atomic charges through the Antechamber module of Amber-
tools22.*" Gaff(2) FF was used to describe NSC-194308 in the MD simulations.

Na* and CI" ions were described using the parameters of Joung and Cheatham.® A layer of 14 A
from the solute boundary of TIP3P water molecules has been added to all systems® leading to a
total system size of ~62000 atoms. Subsequently, the topologies were converted to the GROMACS
format using the parmed software.*
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2.2 Drug parametrization and docking protocol



Docking simulations of compounds NSC-194308 were performed with using the extra-precision
protocol. U2AF2/RNA structure was obtained from 3 representative clusters of MD simulations tra-
jectory obtained in our previous study.*® To identify the druggable binding site we exploited the
SiteMap algorithm.***" Then, in the docking simulations, we used a van der Waals (vdW) radius
scaling factor of 0.80 A for protein and ligands atoms having a partial charge less than 0.15 to mimic
protein flexibility.

2.3 Molecular Dynamics Simulations

Classical MD simulations of the inhibitor/U2AF2/polyU complexes were done with GROMACS
2020.6 code.®® An integration time step of 2 fs was used, and all covalent bonds involving the
hydrogen atoms were constrained with the LINCS algorithm.*®* We used Particle Mesh Ewald
scheme to account for electrostatic interactions,* using a real space cut-off of 10 A. MD simulations
were performed in the isothermal-isobaric NPT ensemble, at a temperature of 300 K, under the
control of the velocity-rescaling thermostat*' and the Parrinello-Rahman barostat.**

Preliminary energy minimization was performed by employing the steepest descent algorithm. Sub-
sequently, we gradually heated the system to 300 K with an increase of 50 K every 2 ns for a total
of 12 ns, keeping the entire system highly restrained except for the solvent atoms and the solute
hydrogens. Then we switched to the NPT ensemble, scaling the pressure to 1 bar and using two
different barostats: (i) the Berendsen barostat was used for 20 ns with the same restraints on the
solute atoms, and (ii) the Parrinello-Rahman barostat for 30 additional ns, while leaving the side
chains free of restraints. Next, we gradually decreased the restraints in 20 ns. Finally, all systems
were simulated for 2 ps of MD simulation.

2.4 Metadynamics Simulations

A frame from the equilibrated part of the trajectory of the inhibitor/U2AF2/RNA complex that re-
sulted to be stable in MD simulation was used as a starting point in the following well-tempered
Volume-based metadynamics simulations (WT-VBMTD). WT-VBMTD simulations we run with the
GROMACS 2020.6 program patched with PLUMED 2.8 plugin.****

Namely, we performed WT-MTDs using spherical coordinates to control the inhibitor move-
ments:*“ radial distance p, and angles 6, and ¢ were defined with respect of the center of mass
(COM) of the drug and COM of the binding pocket. The values of p were set within the range 0-1.2
nm, and angles 6, and ¢ values were set between 0 to it and -1t to +m, respectively. COM-drug and
COM-U2AF2 atoms groups are made up of heavy atoms of the drug and the U2AF2 within 5 A
distance between each other, respectively. The parameters employed in MTD simulations were:
deposition time 5 ps, hill height 1.2 kdJ/mol, hills width ¢ = 0.2 A for p, /16 for 8 and /8 for ¢, and
bias factor 20. For re-weighting purposes, we also computed the coordination number (CN) of the
drug with the protein during WT-VBMTD, according to the formula:
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Where i and j are, respectively, the indices of nitrogen and oxygen atoms in “group A” of protein

residues within 3 A of the drug binding pocket and “group B” containing the drug heavy atoms
itself; r; is the distance between the atoms j and j and r, = 3 A is a threshold to define a formed
contact. To account for the RRMs hetero-dimer motif disruption occurring during WT-VBMTD sim-
ulation, we restrained the position of the carbon and nitrogen atoms of the U2AF2 protein not in-
volved in the COM-protein definition and within 7 A of the inhibitor binding pocket using 1000
kd/mol as force constant. Without restraints, the two RRMs motif separated during the WT-VBMTD
simulation (data not shown).

2.5 Analysis
2.5.1. Structural and Energetic Analysis.
The root-mean-square fluctuation (RMSF), root-mean-square deviation (RMSD), hydrogen (H)-bond



analysis as well as the interaction fingerprint that includes m-stacking, hydrophobic and salt-bridge
interaction, Na* radial distribution function (Na-RDF), were computed with the MDAnalysis and Pro-
LIF python library.*”~*° The analysis was performed on the U2AF2 RRMs, the linker, the RNA, and
the ligand. RMSD and RMSF for all the MD simulations are reported in Figures S1 and S2.

The binding free energies (AGy) were calculated with Molecular Mechanics Poisson—Boltzmann
Surface Area (MM-PBSA) methods using the MMPBSA.py program on 100 frames taken from the
equilibrated part of the systems trajectories. We used a value of 4 for the internal dielectric constant
of the protein while keeping the default value of 80 for the external dielectric constant. The salt
concentration of 0.15M was assumed. In our calculations, we have not considered the entropic
contribution of the free energy, as it was reported that this term does not substantially improve the
quality of the results.’®'®* Moreover, a per-residue decomposition analysis was done following a
procedure applied in previous publications.'®The interaction energy considered as sum of Lennard-
Jones and Short-range interactions is computed with GROMACS “energy” module, as in other pro-
tein/RNA systems.*

2.5.2 Metadynamics Analysis

We computed the free energy surface (FES) via metadynminer3d®’ R packages and, using the same
tool, we identified p, 6, and ¢ values corresponding to the FES minima. We extract the frames of
the WT-VBMTD simulation describing the ligand/drug atomic positions corresponding to the p, 6,
and ¢ computed values of the identified FES minima in the FES 4-dimensional space. To better
visualize the minima of the FES we performed a reweighting procedure using as variables the CN
and the distance p. The FES error was calculated as the standard deviation of different time aver-
ages of CVs from different simulation blocks as reported in reference.* In order to obtain uncorre-
lated data, we chose a number of blocks corresponding to the plateau in the average error as a
function of the block sizes. Owing to the accumulated external bias potential, in the course of the
WT-VBMTD simulations, the two RRMs domains separated and therefore the simulations were
stopped. The simulation data after domain separation was discarded in our analysis. The range of
Cvs explored and Hills deposition height are reported in Figures S3 and S4.

3 Results

3 U2AF2 recognizes polyU tract

Aiming to assess the binding mode of NSC-194308 at the U2AF2/pre-mRNA interface we looked
for a druggable binding site by using a cavity detector algorithm on three most-representative struc-
tures of the U2AF2/pre-mRNA adduct extracted from a cluster analysis of 2 ys MD simulation tra-
jectory.® As a result, we identified one druggable binding site at the RRM1/RRM2/pre-mRNA inter-
face, in proximity of the U3-U6 bases, in agreement with experimental suggestions (Figure 1).%
This site lies close to G154E and D215R mutations, which have been shown to reduce the Inhibitor
cytotoxicity.?® We initially performed static docking simulations on this site, obtaining four possible
binding poses of the inhibitor (Table S1). In order to account for the pliant nature of the binding site,
we verified the stability of these binding poses by performing 300 ns-long MD simulations. As a
result, only one binding pose (which was the fourth-ranked according to the docking score, Table
S1) resulted to be stable in the subsequent MD simulations. The MD simulation of this binding pose,
hereafter named as static docking pose (SDP) —was extended to 2 ps, confirming its stability (Fig-
ures S1 and S2).

In this binding pose, NSC-194308 H-bonds and establishes a salt-bridge interactions with Lys225
and a hydrophobic interaction with Asn155 on RRM1 domain. On RRM2, instead, NSC-194308 H-
bonds with Asn289, Lys292 and Ser294, and establishes a salt-bridge with Lys292, and a hydro-
phobic interaction with Val291 and Lys300. Moreover, it also forms a H-bond and hydrophobic
interactions with U6 in the inter RRMs region (Figure1, Table I). Remarkably the inhibitor binding
does not disrupt the highly persistent U6-Tyr152 H-bond, U4-Asn289 H-bonds, which are important
to keep the poly-U bound to U2AF2,** and it additionally bridges U6 with Ser294 and Lys292 and
U6-drug-Asn289, (Tables I, S2 and S3).

Surprisingly, NSC-194308 remodels the polyU interaction network by enhancing/penalizing some



interactions and establishing new ones (Table I-Il, S1-S6). Indeed, as a result of inhibitor binding,
U2AF2/polyU adduct gains a persistent U6-Asn155 H-bond, while U2-Tyr302 and U3-Phe304 are
slightly negatively affected. In SDP NSC-194308 displays a binding free energy (AGy) of -16.6 + 2.7
kcal/mol.
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Figure1: (A) Most representative structure of NSC-194308 binding pose (obtained from static dock-
ing simulations) followed by 2 ps-long MD simulation. In orange, blue and cyan new ribbons are
shows RRM1, RRM2 and the linker, respectively. The position of Gly154 and Asp215 residues are
shown as white van der Waals. The polyU RNA tract and NSC-194308 are displayed in licorice with
the carbon atom colored in green and gray, respectively. (B) and (C) frontal and side close-up views
of the NSC-194308 binding pose showing establishing hydrogen (H)-bonds with the inhibitor. H-
bonds are shown with dashed green lines The labels are colored based on their location on
U2AF2/polyU complex.

(B) \

Due to the highly dynamic nature of the U2AF2 splicing factor we predicted the NSC-194308 bind-
ing pose also by doing an on-the-fly dynamical docking within binding cavity. Namely, we per-
formed metadynamics simulations in which the inhibitor actually explores different binding modes
in the binding cavity, while simultaneously accounting for the dynamical response of U2AF2/polyU
adduct to its binding. As a result, we identified two minima of the free energy surface (Figure 2D),
referred henceforth as dynamic docking-pose1 (DDP1) and DDP2. The two poses are almost isoen-
ergetic with DD1 being favored by 0.8+0.6 kcal/mol with respect to DDP1. Conversely, SDP resulted
to be only 0.2+0.6 kcal/mol higher in energy than DDP1 (Figure 2A,C).



DDP1 0.26 0.89 -1.26 0.0+0.4
SDP 0.26 0.82 -1.24 02+06
DDP2 0.68 0.61 1.70 0.8+06

Figure2: (A) 3D Free Energy Surface (FES) for NSC-194308 binding to U2AF2/polyU adduct as
obtained by well-tempered volume based metadynamics simulations. The 3D FES is plotted as a
function of three collective variables (CVs): the radial distance between the center of masses of the
drug to the binding cavity (p), the angles 8 and ¢ defined as spherical coordinate with respect to
these two points. Energetic isorsurfaces are shows from -37.5, to -34.5 every 1 kcal/mol with re-
spect to the dissociated state of the i6inhibitor (B) Re-weighted 2D FES projected with respect to
p and coordination number: a CV that accounts for the electrostatic and hydrophobic contacts
between the inhibitor and the U2AF2/polyU adduct. (C) Value of p (nm), 8, and ¢ (radians) corre-
sponding to the energy minima. The relative energies (in kcal/mol) are with respect to DDP1 energy
minimum. (D) Superposition of the different binding poses: SDP is shown in pink, DDP1 in yellow
and DDP2 in violet. In orange, blue and cyan new ribbons are shows RRM1, RRM2 and the linker,
respectively. The polyU strand is shown as licorice with C atoms colored green.

Next, the stability of inhibitor in DDP1 and DDP2 poses was validated in unbiased 2 ps-long MD
simulations. DDP1 and DDP2 resulted to remain stably bound to the cavity for 1.7 ps and 1 ps,
respectively (Figures S1 and S2). Even though the residence time in the binding pocket is shorter
for DDP1 and DDP2 with respect to SDP, the former two poses display less ligand mobility respect
to SDP in term of average RMSD in the equilibrated and stable part of the MD trajectory (ligand-
RMSDspp= 3.6+ 0.5A, ligand-RMSDoppi= 2.4 + 0.6 A, and ligand-RMSDopre= 2.6 + 0.5 A). The equil-
ibrated part of the trajectory was then used to calculate the NSC-194308 binding free energy with
the MM-PBSA method. The resulting AGy, was of -15.2 + 3.2 and -12.3 + 2.9 kcal/mol for the inhib-
itor in DDP1 and DDP2, respectively. Among the residues that contributed the most to the inhibitor
AG, in DDP1 we list those participating in the H-bond network such as Asn289 and Lys292 on
RRM2 and Lys225 on RRM1 (Figure 2D, 3A1, 3A2, Table I, S4 and S6); Lys292 and Lys225 on
RRM2 and RRM1, respectively, forming two salt-bridges, as well as Val291 and Lys300 on RRM2
and U6 on the polyU strand, which establish hydrophobic interactions (Table ).
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Figure 3: Most representative structure exacted from the cluster analysis of equilibrated part of the
MD trajectory showing (A1) Frontal and (A2) side close-up views of NSC-194308 in DDP1. (B1)
frontal and (B2) side close-up views of the inhibitor in DDP2. The residues establishing hydrogen-
bond interactions with the inhibitor are shown in licorice and the hydrogen-bonds are displayed
with dashed green lines. The residue labels are circled with a colored line recalling their location on
U2AF2/polyU complex: i.e. orange, blue, and green colors stand to residues belonging to RRM1,
RRM2, and RNA, respectively.

Table I: Complete set of interactions between NSC-194308 and the U2AF2/polyU complex formed
during MD simulation when the inhibitor is bound in SDP, DDP1 and DDP2. In the first column we
report the residue forming an interaction with NSC-194308. The residues are colored based on their
location in the U2AF2/polyU complex: orange, blue, and green for the residues belonging to RRM1,
RRM2, and RNA, respectively. In the second column is reported the type of interaction: HBDonor
and HBAcceptor means that the residue acts as donor or acceptor of hydrogen bond, respectively.
In the remaining column is reported the persistency of the interaction calculated as percentage of
the number of frames the interaction is present with respect to the total number of frames of the
trajectory.

Type SDP |DDP1|DDP2
HBDonor 57.5
Hydrophobic 72.2
Hydrophobic 92.5
HBDonor 43.0
Hydrophobic 65.2

HBAcceptor 51.3 | 45.3
Salt-bridge 100.0| 99.8 | 431

Asn289 HBAcceptor 97.3 | 91,8
Val291 Hydrophobic 875 | 78.5
Lys292 HBAcceptor 98.1 | 99.0

Lys292 HBDonor 68.2 | 46.4




Salt-bridge 84.3 | 454
Ser294 HBDonor 35.4
Lys300 Hydrophobic 85.3 | 88.2 | 85.8
U6 HBDonor 58.9 44.3
U6 Hydrophobic 93.0 | 97.3 | 67.5

In DDP1 NSC-194308 indirectly interacts with the polyU sequences: Lys225 and Asn289 connect
the inhibitor with U5 and U4, respectively, without compromising the stability of the polyU strand.

Conversely, in DDP2 (Figure 2D, 3B1, 3B2, Table I) NSC-194308 adopts a different conformation
being located at the RRMs cliffs, where it engages persistent H-bonds with Asn155, Asn196 on
RRM1 and U6 on polyU, respectively. Additionally, NSC-194308 displays hydrophobic interaction
with Phe158 on RRM1, Asn196, Lys300 on RRM2 and U6 on the polyU.

Since NSC-194308 exploits its function by enhancing polyU binding to U2AF2?® we also analyzed
how U2AF2/polyU interactions (Table Il, S2, S6) are affected by the inhibitor binding. As a result,
the NSC-194308 in DDP1 strengthens U3-Phe262, U3-GIn333, and U7-His230 hydrophobic and -
stacking interactions. DDP1, similarly to SDP, also additionally generates U2-Gly285, U6-Asn155,
and new U7-His230 H-bond. This latter forms when NSC-194308 binds in all possible poses. NSC-
194308 binding in DDP2 instead provokes a strengthening of the U2-Lys340, U3-Gly338 and U7-
His230 (ri-stacking). Tables S1-4. It is worth noting that U7 proved to be an anchoring point in the
polyPy tract detachment process,*® therefore a strengthening in U7-U2AF2 engagement could hin-
der/slow polyU dissociation process and interfere with the subsequent splicing cycle steps.

Table II: Hydrogen bond network variations of U2AF2/polyU adduct measured from MD simulations
when NSC-194308 binds in SDP, DDP1 and DDP2 poses. In the first column we report the residue
forming interactions with NSC-194308 The residues are colored based on their position in the
U2AF2/polyU complex: orange, blue, and green for the residues belonging to RRM1, RRM2, and
RNA, respectively. In the second column the type of interaction is reported: HBDonor and HBAc-
ceptor means that the residue acts as donor or acceptor of hydrogen bond, respectively. In the
remaining column is reported the persistency of the interaction calculated as percentage of the
number of frames the interaction is present with respect to the total number of frames of the ana-
lyzed trajectory. A dash means that difference in persistency was smaller than 15%, a “ * ” indicates
that the interaction was gained upon drug’s binding. Green and red colors indicate that the inter-
actions gained or lost persistency, respectively.

SDP | DDP1 | DDP2
U2-Gly265 HB(Acceptor) - 35.3* -
U2-Ala339 HB(Acceptor) - - 32.6*
U2-Lys340 HB(Acceptor) - - 26.8
U3-Phe262 ri-stacking 16.9 | 15.6 -
U3-GIn333 HB(Donor) - 19.9 -
U3-Ala335 HB(Donor) -31.5 | -30.4 -
U3-Gly338 HB(Acceptor) 24.2 - 24.2
Us- HB(Acceptor) -56.1 - -
U6- HB(Acceptor) - 30.6 -




Ué6- HB(Acceptor) 66.5* | 29.0* -
U6- HB(Donor) -25.6 | -48.0 -
U6- HB(Donor) 241 - -37.1*
u7- n-stacking 274 | 189 204
u7- HB(Donor) 25.8* | 40.0* | 22.6*
us- HB(Donor) 23.0 - -
uUs- rt-stacking -21.3 - -

In order to evaluate the effect of drug binding on polyU recognition, we computed the interaction
energy of the polyU strand in the presence of the inhibitor. Indeed, a calculation of the binding free
energy with MM-PBSA did not show any clear trend (Table S7). As a result, we observe that NSC-
194308 binding to DDP1 (Table S8) always induces stronger interactions between the polyU and
U2AF2. This energy gain compensates the destabilization of the RRM1/RRM2 interactions pro-
voked by the binding of the inhibitor at the RRMs interface. This finding confirms that NSC-194308
binding can contribute to stabilize the polyPy strand, in line with experimental results.?

Since the monovalent ionic atmosphere was shown to modulate the recognition of polyPy se-
guences® we ultimately inspected how the inhibitor binding affect the distribution of these ions. In
the U2AF2/polyU complex we discovered three major density hotspot regions for Na* cations (Fig-
ure 4A 1, Il and Ill). The first one lays close to the inter-RRMs domain and base U6, a second one is
placed at the RRM1 a-helix nearby the U8 backbone, and the last is located between the U8 aro-
matic ring and linker loop. We also observed two minor hotspot regions close to U4 (Figure 4A IV
and V). Stunningly, the NSC-194308 binding pose partially superimposes to the ion density hotspot
regions, reshaping a delicate and complex equilibrium, which per se contribute to modulate pre-
mRNA binding.

Thanks to its zwitter-ionic nature (with a positive charge on the nitrogen atom and a negative one
on the thiosulfate group) NSC-194308 can alter the cation density distribution. More in detail, bind-
ing in the SDP and DDP1 poses (Figures 4A and 4B) NSC-194308 similarly perturbs these regions:
(a) it splits the original inter-RRMs ion density cloud (zone |) in two regions (Figure 4 B,C) that are
now surrounding U6 and (b) it increases the density hotspot Il and Il that lays close to U8 and the
linker. On the other hand, the impact of NSC-194308 to DDP2 on the ions density is more marked.
(Figure 4C). Here the NSC-194308 hydrophobic portion displaces the ions from zone |, while in-
creasing the cation density in zone Ill and V in proximity of the U4 to U9 backbone.



Figure4: Na* density/distribution map extracted from the MD simulation trajectory of (A)
U2AF2/polyU complex without the ligand: regions I, Il and Il are the largest density hotspots, IV
and V are the smallest ones. (B) SDP, (C) DDP1 and (D) DDP2 docking poses with their Na* den-
sity/distribution map. The densities are plotted on the most representative structure of the
U2AF2/polyU complex.

As general trend, the NSC-194308 reshapes the Na* ions distribution and replaces those at the
interface of the two RRMs. Suggesting that the monovalent ions dynamics® is also an important
ingredient to consider in the docking of inhibitors to plastic and modular RNA binding proteins.

Conclusions

The NSC-194308 was suggested to act as an unconventional splicing inhibitor, by enhancing the
binding of the poly-Py to U2AF2 splicing factor, thereby stalling the spliceosome at the early stage
of the splicing cycle. Splicing factors, alike many other RNA binding proteins, exhibit modular and
highly plastic architectures.* This peculiar structural organization enables them to precisely handle
the recognition of diverse RNA sequences. For example, the U2AF2, being composed in its central
recognition core by two tandem RRMs connected by a disordered linker, is a common recognition
motif for nucleic acids.*® This architecture is indeed shared by UP1,°**” Nucleolin, *® sex-lethal,*
PABP,®® RBM5, ** and U1A.°

Predicting the binding mode of a small molecule at the interface of two RRMs and an RNA strand
poses formidable challenges to computational drug discovery campaigns owing to the evasiveness
and fuzziness of the binding site. In fact, its existence is doubly tied to the relative movements and
orientations of three bodies (each of the two RRMs and the RNA strand). Here we have



benchmarked the performance of static and dynamic docking methods to gather a glimpse into this
daunting CADD challenge.

Namely, by applying static and dynamic (enhanced sampling-based) docking approaches, followed
by ms-long MD simulations we identified 3 possible binding poses of NSC-194308 in a fuzzy bind-
ing site located at the interface of the two U2AF2 RRMs domain and the polyU strand. As expected,
the inclusion of a dynamical effect is critical. Namely, among the poses predicted from static dock-
ing calculations only one (SDP, not corresponding to the best ranked- static docking poses) was
stable in subsequent MD simulations. Conversely, when dynamical effects were considered on-the-
fly by performing metadynamic-based docking simulations we obtained two energetically similar
poses (DDP1 and DDP2), which proved to be stable in subsequent MD simulations. Although the
binding free energy of the three poses is very similar only when the inhibitor binds in DDP1 the
polyU more strongly interacts with U2AF2, in line with experimental findings reporting a lower Ky
for polyU binding to U2AF2 in the presence of NSC-194308. Overall, the inhibitor binding remodels
the protein/RNA interactions, also reshaping the monovalent ions atmosphere which adjuvate
polyPy binding.

The reliability of our predicted binding poses is corroborated by its vicinity to G154E and D215R
mutations, which have been experimentally demonstrated to decrease NSC-194308 activity. Con-
sidering our predicted binding poses these mutations are expected to sterically or electrostatically
hinder NSC-194308 binding.

Taken together, this study supplies insights into a brand-new type of inhibition. This may be broadly
applicable to enlarge the limited portfolio of splicing modulators and, by targeting several different
RNA binding proteins that share with U2AF2 alike plastic and modular RRMs motifs, to modulate
RNA metabolism also in other protein/RNA systems. Improving our ability to target recurrent
RRMs/RNA interface can lead to the discovery of new drug targets and therapies, addressing cur-
rently unmet medical needs.
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Figure S1 Root Mean Square Deviation (RMSD, A) vs simulation time (ns) of (A) U2AF2/polyU com-
plex and (B) NSC-194308 for the Static docking pose (SDP, green line), Dynamic docking pose 1
(DDP1, cyan line), and Dynamic docking pose 2 (DDP2, violet line) molecular dynamics simulations.
The RMSD were computed using as reference the protein and RNA backbone atoms and ligand
heavy atoms of the average structure of MD simulation. The average RMSDs of NSC-194308, com-
puted by skipping the first 100 ns and of the trajectory, are: RMSDspr= 3.6+ 0.5A, RMSDpppi= 2.4
+ 0.6 A, and RMSDppr>= 2.6 + 0.5 A
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Figure S2: Root Mean Square Fluctuation (RMSF, A) per residue vs residue number extracted from
the analysis of the molecular dynamics simulation trajectory of U2AF2/polyU system with NSC-
194308 bound in SDP (green line), DDP1 (cyan line), and DDP2 (violet line). The residues from 341
to 349 correspond to the polyU strand. Residue 350 is NSC-194308. The RMSF is computed on
the stable part of the trajectories for all the systems and using as reference the average structure.
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Figure S3: Values of the collective variables p (A), 6, and ¢ (degrees) vs simulation time (ns) during
the well-tempered volume-based metadynamics simulations.
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Figure S4: Deposited hills height (kJ/mol) vs simulation time (ns) during the well-tempered volume-
based metadynamics simulations.
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Figure S5. Binding Free Energy (AGs, kcal/mo) per nucleobase, calculated with the Molecular Me-
chanics Poisson Boltzmann Surface Area MM-PBSA method, for (A) the polyU binding to the U2AF2
without NSC-194308, (B) with NSC-194308 bound in SDP, (C) in DDP1 and (D) in DDP2. Standard
errors of the mean are reported as bars.



Table S1: Docking score (kcal/mol) of the binding poses obtained from static docking calculations.
SDP indicate the only pose that was stable during subsequent MD simulations.

Docking score (kcal/mol)
Cluster 1 -2.01
Cluster 3 -2.28
Cluster 2 - structure B -2.18
Cluster 2 - structure A (SDP) -1.45

Table S2: Interaction fingerprint of the U2AF2/polyU complex without NSC-194308 as extracted
from the analysis of a 2 ps-long MD simulation trajectory. The numbers in first and second columns
show the base and the residue involved, in the third column is reported type of interaction, while
the persistence (i.e. calculated as percentage of the fraction between frames in which the interac-
tion exists with respect to the total number of frames) during the MD simulation is shown in the last
column.

U1 Lys328 HBAcceptor 22.7
U1 Lys329 HBDonor 37.3
U1 Leu331 Hydrophobic 44.9
U1 Lys328 Hydrophobic 53.6
u2 Phe262 Hydrophobic 27.4
u2 Leu331 Hydrophobic 72.9
u3 Lys340 HBAcceptor 27.3
u3 Ala335 Hydrophobic 32.5
u3 Ala339 Hydrophobic 33.1
U3 Ala335 HBDonor 60.4
u3 GIn333 HBAcceptor 62.9
u3 Phe304 Hydrophobic 69.9
U3 Phe262 PiStacking 78.1
u3 Phe262 Hydrophobic 89.4
u4 Lys260 Hydrophobic 28.3
u4 Val254 Hydrophobic 37.9
u4 Lys260 HBAcceptor 841
u4 Phe304 PiStacking 97.7
u4 Asn289 HBAcceptor 97.9
u4 Phe304 Hydrophobic 100.0
us Asn289 Hydrophobic 251
us Lys225 Hydrophobic 36.9
us Lys225 HBAcceptor 89.3




us Val254 Hydrophobic 20.2
us Val254 HBAcceptor 92.6
U5 THR252 HBDonor 99.7
ué Lys195 HBAcceptor 21.4
ué Asn196 HBDonor 37.1
ué Lys195 Hydrophobic 47.7
ué Lys195 HBDonor 78.5
ué Asn196 Hydrophobic 91.2
ué Tyr1562 HBAcceptor 99.9
u7r Hies230 HBAcceptor 67.3
u7r Lys195 HBAcceptor 75.4
u7r Hies230 Hydrophobic 76.9
u7r Arg228 HBDonor 82.4
u7r Lys195 Anionic 85.3
u7r Phe199 Hydrophobic 86.9
u7r Arg227 Hydrophobic 92.7
u7r Tyr1562 PiStacking 99.7
u7r Tyr1562 Hydrophobic 100.0
us GIn190 HBDonor 22.0
us GIn147 HBAcceptor 26.3
us GIn190 HBAcceptor 38.3
us Asp231 Hydrophobic 47.3
us Phe199 PiStacking 59.8
us Hies230 Hydrophobic 74.8
us GIn147 HBDonor 90.4
us Arg150 HBAcceptor 941
us Asp231 HBAcceptor 96.5
us PRO229 Hydrophobic 99.3
us Phe199 Hydrophobic 99.6
uo Ala188 Hydrophobic 25.5
uo Arg150 PiCation 26.8
uo GIn190 HBAcceptor 28.9
uo GLU4 Hydrophobic 314
uo Phe199 Hydrophobic 35.4
uo Asp231 HBDonor 36.6
uo GIn190 Hydrophobic 371




Table S3: Interaction fingerprint of the U2AF2/polyU complex with NSC-194308 in SDP as ex-
tracted from the analysis of a 1.7 ps-long MD simulation trajectory. The numbers in first and second
columns show the base and the residue involved, respectively, in the third column is reported type
of interaction, while the persistence (i.e. calculated as percentage of the fraction between frames
in which the interaction exists with respect to the total number of frames) during the MD simulation
is shown in the last column.

U1 GIn333 HBAcceptor 23.9
U2 Lys300 HBDonor 24.5
U2 GLY265 HBAcceptor 28.6
U2 Phe262 Hydrophobic 35.4
U2 Leu331 Hydrophobic 39.1
U2 Tyr302 Hydrophobic 54.8
us3 Ala339 Hydrophobic 21.6
us3 Lys340 HBAcceptor 24.9
U3 Ala335 HBDonor 28.8
us3 GIn333 HBDonor 34.3
us3 GIn333 HBAcceptor 39.6
us3 Phe304 Hydrophobic 45.2
u3 Phe262 PiStacking 95.0
us3 Phe262 Hydrophobic 99.8
U4 Lys260 Hydrophobic 34.8
U4 Val254 Hydrophobic 43.4
U4 Lys260 HBAcceptor 77.9
U4 Asn289 HBAcceptor 98.7
U4 Phe304 PiStacking 99.1
U4 Phe304 Hydrophobic 100.0
U4 Lys340 Anionic 21.2
us Val254 Hydrophobic 21.4
us Lys225 HBAcceptor 33.2
us Asn289 Hydrophobic 42.4
us Lys225 Hydrophobic 57.8
us Val254 HBAcceptor 87.1
U5 THR252 HBDonor 99.5
U6 Asn155 Hydrophobic 22.1
U6 Lys195 Hydrophobic 40.0
U6 Lys195 HBDonor 52.9




U6 Asn196 HBDonor 61.3
U6 Asn155 HBAcceptor 66.5
U6 Tyr152 HBAcceptor 87.8
U6 Asn196 Hydrophobic 88.5
u7 Hies230 HBDonor 25.8
u7 Hies230 PiStacking 46.2
u7 Hies230 HBAcceptor 71.2
u7 Lys195 HBAcceptor 77.0
u7 Arg228 HBDonor 85.1

u7 Lys195 Anionic 87.3
u7 Phe199 Hydrophobic 88.0
u7 Hies230 Hydrophobic 90.3
u7 Arg227 Hydrophobic 91.8
u7 Tyr152 PiStacking 98.7
u7 Tyr152 Hydrophobic 100.0
us GIn147 HBAcceptor 22.1

us Phe199 PiStacking 38.5
us GIn190 HBDonor 45.0
us GIn190 HBAcceptor 47.9
us Asp231 Hydrophobic 48.9
us Hies230 Hydrophobic 59.1

us GIn147 HBDonor 75.8
us Asp231 HBAcceptor 86.0
us PRO229 Hydrophobic 94.5
us Arg150 HBAcceptor 98.1

us Phe199 Hydrophobic 100.0
(V) GIn190 HBAcceptor 43.2
(V) Asp231 HBDonor 69.0




Table S4: Interaction fingerprint of the U2AF2/polyU complex with NSC-194308 in DDP1 as ex-
tracted from the analysis of a 1.7 ps-long MD simulation trajectory. The numbers in first and second
columns show the base and the residue involved, in the third column is reported type of interaction,
while the persistence (i.e. calculated as percentage of the fraction between frames in which the
interaction exists with respect to the total number of frames) during the MD simulation is shown in
the last column.

U2 Lys300 HBDonor 20.0
U2 Lys328 HBAcceptor 20.1
U6 Ser294 HBDonor 20.5
us3 Lys340 Anionic 20.8
U4 Lys340 Anionic 21.9
(V) GIn147 HBAcceptor 21.9
U9 GLU4 HBDonor 22.6
U6 Tyr152 PiStacking 23.2
(V) GIn190 HBAcceptor 24.5
U6 Lys225 Hydrophobic 25.7
U1 Lys329 HBAcceptor 25.8
us GIn147 HBAcceptor 26.3
(V) Asp231 HBDonor 26.3
us3 Lys340 HBAcceptor 26.8
U1 Lys328 Hydrophobic 26.9
U2 Leu331 Hydrophobic 27.2
(V) Arg146 Hydrophobic 27.3
us Val254 Hydrophobic 27.5
us3 Ala339 Hydrophobic 28.1
U6 Asn155 HBAcceptor 29.0
us Lys225 Hydrophobic 29.3
U1 Leu331 Hydrophobic 29.4
U3 Ala335 HBDonor 30.0
us GIn190 HBAcceptor 30.0
U1 Lys329 HBDonor 30.3
U6 Lys195 HBDonor 30.5
U6 Asn196 HBDonor 31.4




U3 GIn333 HBDonor 33.2
U2 GLY265 HBAcceptor 35.3
U4 Lys260 Hydrophobic 36.3
u7 Hies230 HBDonor 38.0
U4 Val254 Hydrophobic 39.3
U2 Phe262 Hydrophobic 40.6
U6 Lys195 Hydrophobic 41.8
us3 GIn333 HBAcceptor 43.4
us3 Phe304 Hydrophobic 45.6
us Asn289 Hydrophobic 47.4
us Hies230 Hydrophobic 47.4
us Phe199 PiStacking 49.5
u7 Lys195 HBAcceptor 55.5
u7 Hies230 PiStacking 56.5
U6 Asn196 Hydrophobic 57.0
(V) Arg150 PiCation 59.9
u7 Lys195 Anionic 63.6
us Asp231 Hydrophobic 65.0
U6 Tyr152 HBAcceptor 69.3
U2 Tyr302 Hydrophobic 71.3
u7 Hies230 HBAcceptor 74.7
us GIn147 HBDonor 76.7
us Lys225 HBAcceptor 80.2
U4 Lys260 HBAcceptor 82.4
u7 Arg228 HBDonor 84.3
us Asp231 HBAcceptor 85.0
u7 Phe199 Hydrophobic 87.0
us PRO229 Hydrophobic 91.7
u7 Arg227 Hydrophobic 92.5
u3 Phe262 PiStacking 93.8
u7 Hies230 Hydrophobic 94.4
us Val254 HBAcceptor 94.7




u7 Tyr152 PiStacking 99.2
U4 Phe304 PiStacking 99.2
U4 Asn289 HBAcceptor 99.3
us Arg150 HBAcceptor 99.5
us3 Phe262 Hydrophobic 99.6
us THR252 HBDonor 100.0
us Phe199 Hydrophobic 100.0
U4 Phe304 Hydrophobic 100.0
u7 Tyr152 Hydrophobic 100.0




Table S5: Interaction fingerprint of the U2AF2/polyU complex with NSC-194308 in DDP2as ex-
tracted from the analysis of a 1 ps-long MD simulation trajectory. The numbers in first and second
columns show the base and the residue involved, in the third column is reported type of interaction,
while the persistence (i.e. calculated as percentage of the fraction between frames in which the
interaction exists with respect to the total number of frames) during the MD simulation is shown in
the last column.

U1 Leu331 Hydrophobic 26.5
U2 Ala339 HBAcceptor 32.6
U2 Lys340 HBAcceptor 37.9
us Ala335 Hydrophobic 24.6
us GLY338 HBAcceptor 36.7
us Ala339 Hydrophobic 43.6
us Phe304 Hydrophobic 61.0
us GIn333 HBAcceptor 63.7
u3 Ala335 HBDonor 64.9
u3 Phe262 PiStacking 67.4
us Phe262 Hydrophobic 76.2
U4 Val291 Hydrophobic 21.5
U4 Lys260 Hydrophobic 243
U4 Val254 Hydrophobic 341
U4 Lys260 HBAcceptor 81.4
U4 Phe304 PiStacking 95.1
U4 Asn289 HBAcceptor 98.0
U4 Phe304 Hydrophobic 99.9
us Lys225 Hydrophobic 394
us Asn289 Hydrophobic 21.5
us Val254 HBAcceptor 89.7
us Lys225 HBAcceptor 91.0
us THR252 HBDonor 99.3
U6 Lys195 HBAcceptor 21.7
U6 Lys195 Hydrophobic 67.1
U6 Lys195 HBDonor 76.0
U6 Tyr152 HBAcceptor 84.8
U6 Asn196 Hydrophobic 89.9
u7 Hies230 HBDonor 22.6
u7 Hies230 PiStacking 39.2
u7 Hies230 HBAcceptor 68.4
u7 Lys195 HBAcceptor 78.0
u7 Phe199 Hydrophobic 78.7




u7 Lys195 Anionic 86.9
u7 Hies230 Hydrophobic 90.5
u7 Arg228 HBDonor 90.7
u7 Arg227 Hydrophobic 97.0
u7 Tyr152 PiStacking 99.5
u7 Tyr152 Hydrophobic 100.0
us GIn190 HBDonor 254
us GIn190 HBAcceptor 40.3
us GIn147 HBAcceptor 41.3
us Asp231 Hydrophobic 46.0
us Phe199 PiStacking 46.7
us Hies230 Hydrophobic 50.6
us Gin147 HBDonor 94.0
us Asp231 HBAcceptor 94.7
us Arg150 HBAcceptor 95.2
us PRO229 Hydrophobic 99.4
us Phe199 Hydrophobic 100.0
U9 GIn190 HBAcceptor 25.9
U9 Asp231 HBDonor 33.3




Table S6: Interaction fingerprint variation of U2AF2/polyU systems as extracted from the analysis
of their MD simulation trajectories when NSC-194308 adopts the SDP, DDP1 and DDP2 binding
poses. The first column reports the interacting base and residue, the second the type of interaction
(Hydrogen bonds are listed as Acceptor (HBAcceptor), when the RNA participates with hydrogen
atom (reported in sub-table (I), and as Donor (HBDonor), when U2AF2 participates with hydrogen
atom) reported in sub-tables (interactions involving m-1t stacking (r-Stacking) and m-cation or -
charged group more in general (-Cation) are listed in table (IV), while Hydrophobic interactions are
shown in table (IV). The last three column report the increment/decrement of persistence in the
three different binding poses of NSC-194308. A green/red number referes to an interaction with
increased/decreased persistency as compared to the same interaction in the U2AF2/polyU system
without NSC-194308.

(1)

SDP DDP1 | DDP2
U1-Lys328 HBAcceptor -22.7F -22.77 | -22.7*
U1-GIn333 HBAcceptor 23.9* - -
U2-Ala339 HBAcceptor - - 32.6*
U2-Gly265 HBAcceptor -28.6 35.3" -
U2-Lys340 HBAcceptor - - 26.8
U3-GIn333 HBAcceptor -23.3 - -
U3-Gly338 HBAcceptor - - 24.2
U3-Lys340 HBAcceptor - - -27.3*
U5-Lys225 HBAcceptor -56.1 - -
U6-Tyr152 HBAcceptor - -30.6 -
U6-Asn155 HBAcceptor 66.5 - -
U6-Lys195 HBAcceptor -21.4 -21.4 -
(I
SDP DDP1 DDP2
U1-Lys329 HBDonor -22.2 - -27.1
U2-Lys300 HBDonor 24.5* - -
U3-GIn333 HBDonor 21.0 19.9 -
U3-Ala335 HBDonor -31.5 -30.4 -
U6-Lys195 HBDonor -25.6 -48.0 -
U6-Asn196 HBDonor 241 - -37.1
U6-Ser294 HBDonor 20.5* - -
U7-His230 HBDonor 25.8* 38.0* 22.6*
U8-GIn190 HBDonor 23.0 - -
U9-Asp231 HBDonor 32.4 - -
(1)
SDP DDP1 DDP2
U3-Phe262 n-Stacking 16.9 15.6 -




U6-Tyr152 n-Stacking - 23.2* -
U7-His230 n-Stacking 27.4 37.7 20.4
U8-Phe199 n-Stacking -21.3 - -
U9-Argi150 m-Cation -26.8" - -
U9-Argi50 m-Cation - 33.0 -26.8*
(Iv)
SDP DDP1 DDP2
U1-Lys328 Hydrophobic -37.9 -26.7 -53.6*
U1-Leu331 Hydrophobic -32.7 -45.7 -
U2-Tyr302 Hydrophobic 54.8* 71.3* -
U2-Leu331 Hydrophobic -33.8 - -55.4
U3-Phe304 Hydrophobic -24.7 -24.3 -
U5-Asn289 Hydrophobic 17.3 22.3 -
U6-Asn155 Hydrophobic 22.1* 29.0* -
U6-Lys195 Hydrophobic - - 19.4
U6-Asn196 Hydrophobic - -34.2 -
U6-Lys225 Hydrophobic - 25.7* -
U7-Hies230 Hydrophobic - 17.6 -
U8-Hies230 Hydrophobic - -27.4 -24.2
U8-Asp231 Hydrophobic - 17.7 -
U9-Arg146 Hydrophobic - 27.3 -
U9-Ala188 Hydrophobic -25.5* -25.5* -25.5*
U9-GIn190 Hydrophobic -37.1* -37.1* -37.1*
U9-Phe199 Hydrophobic -35.4* -35.4* | -35.4*




Table S7: Binding Free energies (AGs, kcal/mol), calculated with MM-PBSA method for the polyU
binding to U2AF2 including/excluding NSC-194308 as part of the receptor. Standard deviations are
reported.

MM-PBSA(U2AF2/polyU) (kcal/mol)
polyU -59.7 £ 9.9
With NSC-194308 Without NSC-194308
SDP -61.6 £9.2 -55.9+ 7.6
DDP1 -60.8 + 7.6 -57.3 £ 8.1
DDP2 -54.8 + 9.6 -52.7 £ 8.4

Table S8: Interaction energies (AE, kcal/mol) calculated as sum of Coulomb and van der Waals
energy between the different U2AF2 motifs (RRM1, RRM2 and linker) with the polyU strand in the
presence/absence of NSC-194308. In green/red are shown interaction energies which increase/de-
crease strength upon NSC-194308 binding. Standard deviations are reported.

polyU SDP DDP1 DDP2
polyU vs U2AF2 -250.5 +19.9 -238.7 £ 21.7 -267.0 £ 25.1 -236.9 £ 19.5
polyU vs (U2AF2+ ligand) -253.4 £ 214 -280.2 + 26.0 -246.6 £ 19.7
Ligand vs (U2AF2+ polyU) -49.1 + 6.4 -43.7+7.3 -44.4 + 6.9
RRM?1 vs. polyU -126.9 £ 11.5 -121.7 £ 13.0 -127.7 £17.0 -124.0 £ 125
(RRM1+ligand) vs. polyU -137.9 £ 13.2 -142.7 + 18.2 -134.2 £ 12.8
RRM2 vs. polyU -95.8 + 16.4 -87.1 +16.2 -105.1 £ 17.5 -84.1 +£14.5
(RRM2+ligand) vs. polyU -103.3 + 16.0 -120.1 +18.2 -94.3 +14.7
linker vs. polyU -27.9+4.0 -29.9+55 -341+£7.2 -28.7 +5.2
(linker + ligand) vs. polyU -46.2 £ 6.0 -49.0 + 8.4 -38.9+6.2
RRM1 vs. RRM2 -58.0 £ 12.0 -479+£11.3 -47.4 £13.6 -37.5+12.1
RRM1 vs. linker -183.0 £ 15.0 -192.9 £ 16.4 -185.2 + 16.6 -179.7 £ 15.2
RRM2 vs. linker -173.9 £ 14.0 -178.0 £ 13.6 -177.2 £15.0 -175.1 £ 13.3







