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Discovery of New Promising USP14 Inhibitors: Computational Evaluation of the
Thumb-palm Pocket.
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ABSTRACT

Ubiquitin-specific protease 14 (USP14) is a member of the Deubiquitinating enzymes (DUBs) involved in
disrupting the regulation of the ubiquitin-proteasome system, responsible for the degradation of impaired
and misfolded proteins which is an essential mechanism in eukaryotic cells. The involvement of USP14 in
cancer progression and neurodegenerative disorders has been reported. Thereof USP14 is a prime
therapeutic target; hence, designing efficacious inhibitors of USP14 is central in curbing these conditions.
Herein, we relied on structural bioinformatics methods incorporating molecular docking, Molecular
Mechanics Generalized Born Surface Area (MM-GBSA), Molecular dynamics simulation (MD simulation)
and ADME to identify potential allosteric USP14 inhibitors. A library of over 733 compounds from the
PubChem repository with >90% match to the U1 chemical structure was screened in a multi-step
framework to attain prospective drug-like inhibitors. Two potential lead compounds (CID 43013232 and
CID 112370349) were shown to record better binding affinity compared to IU1, but with subtle difference
to IU1-47, a 10-fold potent compound when compared to IUl. The stability of the lead molecules
complexed with USP14 was studied via MD simulations. The molecules were found to be stable within the
binding site throughout the 50ns simulation time. Moreover, the protein-ligand interactions across the
simulation run time suggest Phe331, Tyr476, and GIn197 as crucial residues for USP14 inhibition.
Furthermore, in silico pharmacological evaluation revealed the lead compounds as pharmacological sound
molecules. Overall, the methods deployed in this study revealed two novel candidates that may show
selective inhibitory activity against USP14, which could be exploited to produce potent and harmless
USP14 inhibitors.
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1. Introduction

Protein ubiquitination plays a vital role in the regulation of many cellular processes in eukaryotic cell.
They dictate the outcome of proteins by linking different types of polyubiquitin chains [1-4]. Thus far,
approximately 100 DUBs have been identified in the human genome and they are involved in regulating
several cellular processes and disease states [5]. They are classified into six families, of which the largest
is the ubiquitin Specific Protease (USP) family with approximately 60 members [6]. The USPs have a
catalytic domain, which includes a highly conserved papain-like fold composed of cysteine, histidine, and
aspartate residues [5,6]. The activity of Human USP14 is further stimulated upon proteasome binding via
multiple allosteric mechanisms, thus, suppresses global proteasome function. While most studies have
been focused on USP14 expression profiles in tumour tissues, the mechanism by which it contributes to
tumorigenesis is still being elucidated [7]. Recently, USP14 has been associated with type 2 diabetes
mellitus (T2DM) via sustained endoplasmic reticulum stress [8]. Specifically, USP14 overexpression in
breast, lungs and pancreatic adenocarcinomas compared to healthy tissues has been confirmed by
immunohistochemical investigation. The knockdown of USP14 in cell lines having elevated levels of
endogenous USP14 slowed in-vitro proliferation, which resulted in tumour growth inhibition in xenograft
studies. In contrast, the reverse was the case in exogenous USP14 expression cell lines [9]. Other studies
have shown that catalytically inactive USP14 were found to be essential for sustaining normal functioning
of the neuron in ataxia mice [10,11].
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Given the role USP14 plays in cancer cell proliferation, research groups have been trying to develop
small molecules pronounced in the case of inhibitors against USP14. However, due to the low druggability
and conserved nature of these DUBs, previous effort has mainly focused on covalent inhibitors [12,13].
These compounds usually have poor selectivity across the DUB family [13,14]. Finley, king, and co-workers
in 2010 reported the first-ever specific inhibitor targeting DUBs, namely 1U1, targeting USP14 [14]. It was
initially proposed to be an active site-directed protease inhibitor, with its selectivity surprising and
puzzling [14]. Recently several findings have revealed other non-covalent inhibitors against DUBs,
including XL188 and FT671 [15]. These compounds showed high selectivity for USP7 amongst the DUB
family owing to their allosteric regulatory mechanisms. The lack of understanding of the different
explanations (covalent for USP 14 versus allosteric for USP 7) for compound selectivity was reconciled by
Wang et al. [16]. They reported that IU1 exerted its inhibitory activity by binding to the thumb-palm cleft
region of the USP14 catalytic domain, which prevented the binding of the C-terminus of ubiquitin to USP14
via obstructing its access to the catalytic center.

Taken together in a broader context, findings indicate that targeting USP14 is of prime importance for
the management of neurological disorders and importantly, cancer treatment. 1U1 and IU1-47 are the
most widely used inhibitors in studying USP14 activity. Availability of the newly determined crystal
structure of U1 complexed with the C-terminal catalytic domain of USP14 (USP14%AT-lU1) aids in
accelerating rational compound design against USP14 via allosteric inhibition. Molecular modelling
techniques such as Molecular docking, MM-GBSA computation, MD simulation offers a robust solution
for predicting intermolecular recognition interactions, hence, identifying potential pharmacological
agents [17-20]. Numerous successful applications of molecular modelling pipelines for the identification
of promising small-molecules have been recorded [21-23]. To the best of our knowledge, the in silico
methods utilized so far, have not evaluated the interaction within the thumb-palm region of USP14 by the
combination of molecular docking, MM-GBSA calculation, and MD simulations and this is the first study
to report on this molecular modelling pipeline.

In this present study, computational methods in a multi-step framework were employed to attain
potential drug-like molecules. 733 compounds deposited in the PubChem database with 90% or higher
match to the IU1 chemical structure were screened via molecular docking. After careful pose analysis and
MM-GBSA calculation, two lead compounds were identified and validated for their stability by MD
simulations. Besides, computation of the pharmacological properties of the lead compounds was
assessed, displaying satisfactory result. Ultimately, we reveal two novel small molecules that may inhibit
USP14 via steric impediment mechanism, which can represent a novel drug in the treatment of cancer.

2. Materials and Methods
2.1 Ligand Library Retrieval

Ligands employed for this study were extracted from PubChem using the IU1 as the target
structure to generate compounds with >9.0 tanimoto similarity. Over 733 compounds were retrieved from
NCBI PubChem repository [24] in Standard Database Format format (2D). The ligand library retrieved was
imported to Maestro and prepared using the Schrodinger suite version 2018-1 [25]. Utilizing Ligprep v4.5
[26], Epik v4.3 [27] with OPLS3 force field [28], for protonation, stereo-isomerization, tautomers
generation, and to attain biological conformer. Energy minimization was achieved for all tautomeric states
at pH of 7+2.
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2.2 Protein Preparation and Grid Generation

Human USP14%AT (1.9 A) bound to U1 was retrieved from PDB [29] with the PDB ID 6lIK. Protein
Preparation Wizard [30] module in maestro 11.5 was used to prepare the protein complex. Protein
structure’s missing hydrogen atoms, missing loop, and missing sidechains were fixed while the added
hydrogen atoms were optimized at pH 7.0. Optimized structures were minimized using the OPLS3 force
field by converging heavy atoms to RMSD of 0.3A.

The protein binding site was identified by via the receptor grid generation tool in maestro 11.5. Receptor
grid defines the region of interaction between the protein and the ligand. The co-crystal ligand was used
to identify the binding cavity employing default parameters of van der Waals scaling factor 1.00 and
charge cutoff of 0.25 around the binding site residues of the protein structures.

2.3 Docking Studies

Molecular docking studies were performed using Glide v7.8 [25,31] module on maestro 11.5. The
ligand library and co-crystal ligand were docked into the binding cavity of the targets using the standard
precision algorithm (SP) applying a scaling factor of 0.8 and partial charge cutoff of 0.15, while the ligand
was handled as flexible. Extra precision (XP) method was utilized to rerank SP results in order to minimize
false-positive [32] Five (5) of the lowest energy poses were selected for post-docking minimization setting
the threshold at 0.50 kcal/mol [30]. Lastly, the binding affinity of the receptor-ligand complex was ranked
according to Glide score and ligand pose.

To validate our docking protocol, the crystal ligand (1U1) was extracted from the complex, prepared and
docked back to the thumb-palm cleft section distant from the catalytic site of USP14 using the same
protocol. The resulted pose was calculated in terms of RMSD. It is evident from the RMSD value of 1.7 A
that the redocking conformation of 1U1 is in good agreement with the corresponding bound orientation
(Supplementary Figure S1). According to literature, to validate a docking protocol, the RMSD value
between the redocked and native ligand should be less than 2 A [33].

2.4 Binding Free Energy Calculations Using MM-GBSA

The Prime/MM-GBSA module [34] of the Schrodinger suite was applied to calculate the binding
free energies of the docked complexes. Outputs of docked complexes from XP method were used to
calculate the binding free energy as previously described [34,35]

2.4 Molecular Dynamic Simulations

All MD simulation was run on Desmond program [36,37]. Briefly, docked complexes were solvated
in an orthorhombic box of TIP3 water model, 0.15 M NaCl was incorporated into each system to neutralize
the charges and also to mimic physiological conditions. The smooth particle mesh Ewald (PME) estimation
[38] was employed for long-range electrostatics, while MSHAKE algorithm [39] was utilized for nonbonded
interactions at 9 A cut-off. The systems were relaxed applying the default Desmond protocol [36]. During
the first two steps, a minimization with restrains on solute heavy atoms, followed by minimization without
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restraints was deployed, using the Broyden-Fletcher-Goldfarb Shanno (LBFGS) algorithms [41], with a
convergence threshold of 1.0 kcal/mol/A. In the next two steps, equilibration was performed through NVT
and NPT ensembles with restraint on the solute heavy atoms at 10 K and time interval of 12ps of
Berendsen dynamics. The final two steps of equilibration were by NPT ensemble with and without
restraints on the solute heavy atoms for 12ps and 24ps time gap at temperature 300 K, respectively, using
Berendsen dynamics [42]. Consequently, 50ns production run of the relaxed system was carried out with
NPT ensemble; the temperature was maintained at 300 K by Nose-Hoover thermostat [43] while the
pressure was conserved at 1 atm via Martyna-Tuckerman-Klein barostat [44]. The trajectories were
computed using a multiple time step RESPA integrator, to solve the short-range bonded and long-range
non-bonded interactions at 2.0fs and 6.0fs, respectively. Simulation results analysis were performed using
the Desmond SID in maestro [37]. The raw data were extracted while the graphs were plotted using
GraphPad Prism (Version 8) [46].

2.5 ADME Evaluation

The absorption, distribution, metabolism, and excretion of the lead molecules were predicted using
the Qikprop module in maestro 11.5. QikProp predicts physically significant descriptors and
pharmaceutically features of organic molecules. It uses descriptors that are gotten from the molecular
structure and calculated molecular properties [40].

3. Results and Discussion

3.1 Molecular docking, MM-GBSA binding energy and Interaction profiling of USP14A"-Ligand
complexes

The USP14%AT-|U1 crystal structure [16] has provided a high resolution starting pose to help
expedite the search of small molecules that may inhibit USP14 by blocking the S1 site, thereby resulting
to the steric impediment of the C-terminus of ubiquitin to its active site. Chemical structures with similar
geometry would provide comparable effects [45] Thus, 733 compounds from the PubChem database with
9.0 or higher tanimoto coefficient match to the IU1 chemical structure was employed to study their
binding affinity and binding orientation against USP14 by molecular docking. The logic for the method
(selected compounds for screening) used is to discover small molecules that are selective to USP14 and
would fit into its IU1 binding site (thumb-palm cleft ) owing to the snug nature of this cleft [47], which
might doubtfully accommodate larger compounds. The docking protocol was streamlined through SP and
XP-docking methods to attain potential lead compounds. From the 733 compounds docked and scored
using the SP mode, 30% (219) of the top-ranked compounds obtained were redocked and rescored with
the XP Gscore to minimize false positives [45]. The minimum cut-off for active compounds was set at
Gscore < -7. 200 kcal/mol. Ten docked complexes that passed the threshold were post-scored with
Prime/MM-GBSA. Post-scoring molecules with Prime/MM-GBSA have been shown to have a better
correlation to their experimental binding affinity when compared to XP Gscore [32,48,49]. Based on MM-
GBSA binding energy (AGping), together with molecules ni-it or t-cation interactions with conserved amino
acid residues (His426, Tyr436, and Tyr476) of USP14, CID 43013232 and CID 112370349 emerged as
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promising compounds (Figure 1). Hence, were selected together with the known USP14 Inhibitors (U1
and IU1-47) for their interaction profile analysis.

From the XP Gscore, CID 43013232 and CID 112370349 recorded a Gscore of -8.047 kcal/mol and
-7.428 kcal/mol, respectively when compared to the co-crystal ligand (IU1) which recorded -6.439
kcal/mol. Here, only CID 43013232 scored better than 1U1-47 (-7.496 kcal/mol), although the Gscore
between CID 112370349 was subtle (Figure 2). However, because XP Gscore is an empirical score, we
wanted to confirm this report by MM-GBSA binding energy. Following MM-GBSA computation of the
docked poses, CID 43013232, CID 112370349, 1U1, and IU1-47, binding energies (AGping) Were estimated
as -62.78,-58.78,-51.10, -65.63 (kcal/mol) respectively (Figure 2). The values recorded for binding energy
disclosed that the two lead compounds and 1UI-47 docked favorably to the thumb-palm cleft of USP14
when compared to IU1. Interestingly, the binding energy of IU1-47, but not IU1, an improved analogue of
1U1, was better than CID 112370349; nonetheless, it showed comparable outcome with CID 43013232
which is consistent with the XP Gscore. Notably, IU1-47 showed superiority when compared to 1U1; this
is in good agreement with King, Finley and colleagues, and Wang, Jiang et al. experimental results, which
revealed 10-fold potency over IU1 [16,50].

The thumb-palm cleft of USP14 is composed of hydrophobic, conserved residues. Phe331, Tyr333,
His426, Tyr436, and Tyr476 residues are responsible for the crucial recognition of USP14 inhibitors,
thereby inhibiting the enzyme activities via obstructing the access of the C-terminus of ubiquitin to the
active site residues. The blocking loop 1 (330-342) and blocking loop 2 (429-433), are associated with
auto-inhibition of USP14 in its free state, and stabilization of ubiquitin to the catalytic center when
associated with proteasome [7,16,51]. The known inhibitors (IU1 and IUI-47) positioned their aromatic
ring containing the electron-withdrawing halogen to make hydrophobicinteractions with Phe331, Tyr 436,
and Tyr 476, although, Leu196 was in contact with IU1-47, but not with 1U1 (Table 1). Understandably,
the Cl- on the phenyl ring of IU1-47 is larger than that of the F- group on 1U1, aiding IU1-47 robust fitting
into the same pocket, enjoying stronger hydrophobic interactions which are similar to Wang and
colleagues report [16]. Without a doubt, IU1 and IU1-47 both made ni—cation interactions with key amino
acid residues Hie426 (neutral His) and Tyr 476. However, IlU1 made two H-bond interactions with Tyr436.
In contract, the NH+ on pyrrolidine ring of 1U1-47 and the O on the alkyl linker revealed H-bond contact
with GIn197 on the switching loop (SWL); additionally, IU1-47 provided stabilization via H-bonding with
Ser431. Indeed, the hydrogen bonds, the Cl- on the phenyl ring together with the large pyrrolidine ring,
were available for van der Waals interaction within the hydrophobic pocket of the thumb-palm cleft,
which might also explain the 10-fold potency over IU1.

The 3D superimposition revealed that the lead compounds occupy similar binding orientation as
IU1 and IU1-47 with reasonable alignment in the USP14 binding pocket. Understandably, they share a
notable number of structural resemblance (9.0 tanimoto coefficient) with the crystal ligand. However, the
benzene ring is further spaced away from the pyrrole ring, while a hydroxylmethyl group is attached to
the pyrrolidine ring of CID 112370349. In contrast, the one position of the piperazine ring of CID 43013232
has a 1-(but-1-en-2-yl)pyrrolidine functional group. These different functional groups have a notable
impact upon the observed binding modes of each lead compound in the pocket. For instance, the
hydroxylmethyl group of CID 112370349 was oriented to form H-bond with Ser432 located on BL2.
Interestingly, an in vitro and cell-based assay conducted by Xu et al. revealed that phosphorylation at
Serd32 by AKT triggers inactive USP14, as well as increases the activity of proteasome-bound USP14 [52].
Hence, this interaction is crucial for USP14 inhibition. Moreover, USP14AT-CID 112370349 complex was
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also sustained by H-bond contact with GIn197, m—mt interactions with Hie426 and Lys342, and hydrophobic
interaction with similar residues with IU1-47(see Table 1, Figure 1d). CID 43013232 maintained stability
by n—m stacking with Hie426 and Tyr476. Notably, CID 43013232 enjoyed more hydrophobic interactions
(Phel86, Leu196, Phe331, Tyr 436, and Tyr 476) when compared to other candidates, which might be the
significant contributor to its superior docking score and binding energy (Figure 1c). Plausibly, its multiple
aromatic rings with suitable alkyl linkers are available for van der Waals interactions with the
hydrophobic—rich amino acids within the binding pocket, unlike the compact pyrrolidine ring on IUI.

3.2 Molecular Dynamic Simulations of USP14™-Ligand Complexes

The apo state and selected docked complexes were utilized as the starting coordinate to perform
MD simulations intending to verify the conformational stability of the ligands within the binding pocket
of USP14. Each molecule’s RMSD, RMSF, and Ligand binding site residue were evaluated. The USP14AT-
ligand RMSD over 50ns for all the complexes are shown in Figure 3. The RMSD Ca values for apo state
were within 1.20 A to 2.8 A, while the average RMSD asymmetric carbon was 2.02 A. It was observed that
the RMSD Ca atom of USP14%AT in all the selected complexes was relatively steady in all of the simulations
ranging from 1.30 A to 3.3 A with average values of 2.336, 2.092, 2.126, and 2.178 A for U1, 1U1-47, CID
43013232, and CID 112370349 respectively. Next, each ligand’s RMSD within the enzyme was calculated
to determine their stability (Figure 3). Notably, U1, IU1-47, and CID 112370349 oscillated between 0.6 A
to 2.2 A with an average value of about 1.3 A. Conversely, CID 43013232 displayed slight fluctuation,
averaging around 2.3 A, which might be as a result of the number of rotatable bonds and the 1-(but-1-
en-2-yl)pyrrolidine functional group which protrudes outward of the compact pocket.

RMSF was used to monitor local changes along the USP14%AT amino acid residues for the 50ns
simulation run time. It was observed that the alpha helices and beta strands of the apo structure and
docked complexes oscillated within 0.8 A to 1. 5 A. As shown in (Figure 4), loop regions of all the systems
experienced large fluctuations up to 5.8 A. Notably, there were no significant instabilities in the loop
regions while comparing within systems. Interestingly, the BL2, BL1, and SWL experienced fluctuation
averaging from 2.8, 4.3, and 2.3, respectively. Logically, the high fluctuations of the loops recorded were
due to their inherent flexible nature; clearly, the reduced changes observed might be associated with the
ligand interactions observed within these regions. From the above results, CID 43013232 and CID
112370349 were found to be extremely stable in the binding pocket with minimal structural re-
arrangements and lesser conformational changes to the overall enzyme structure, rendering them
suitable inhibitors.

Furthermore, we took into account the time dependencies of USP14““"-Ligands contacts by
comparing their interactions with the amino acid residues across the entire simulation. Unlike the binding
orientation obtainable by molecular docking, MD simulation aids in evaluating all the binding modes by
averaging all protein-ligand interactions gotten from individual frames of the simulations and determines
the most favorable interactions. Intriguingly, all the complexes (IU1, 1U1-47, CID 43013232, and CID
112370349) subjected to MD simulation share quite a few conserved interactions that were sustained all
through the simulation (Figure 5). These conserved interactions are hydrophobic contacts with amino acid
residues Phe331, Tyrd76, Tyr 436, Hie426, and H-bond contacts with GIn197. Notably, involvement with
phe331, Tyr467, and GIn197 was observed from 50% to 70% of the simulation time. Conversely, contacts
maintained with Hie426 and Tyr436 were minimal (below 20%) and showed no significant difference when
compared across all systems. In contrast, only IU1 made lonic contact, H-bond, and H-bonding facilitated
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by a water bridge at over 70% with Asp199, which is resident at the SWL. Besides, IUI-47 (H-bond) and CID
43013232 (H-bond mediate by water) were capable of maintaining interaction with Ser431 for up to 70%
and 40%, respectively. CID 43013232 was the only compound that sustained interaction with BL1,
interacting with Lys342 via H-bond facilitated by water molecules and hydrophobic contact for about 60%
over the 50ns simulation. Ultimately CID 112370349 alone was capable of communication with Ser432
(residue liable to activation by AKT) via both H-bond and water-mediated H-bond. The enhanced docking
score and binding energy recorded for CID 43013232 and 1U1-47 may be explained by the Hydrophic
interaction with Phe331 at about 100% and 80%, respectively. Interestingly, Phe331 position is equivalent
to the Phe409 residue in USP7, a homolog of USP14 [7,51], which is a key interacting residue for potent
allosteric inhibitors of USP7 [7,12,53]. Finally, the weak docking score and binding energy recorded for
IU1 were in line with the observation that none of the interactions with crucial residues accounted for
more than 50% of the entire simulation.

The attained data from MD simulations demonstrate that Phe331, Tyrd76, and GIn197 are
possible essential amino acid residues for USP14 allosteric inhibition. It also corroborates with the
hypothesis that IU series binds to the thumb-palm region of USP14 and does not trigger an overall
conformational change. Prominently, CID 43013232, and CID 112370349 were stable in the binding site
and may efficiently sterically impede the access of the C-terminus of ubiquitin to the USP14 catalytic
center. However, further studies will be required to definitely prove the activity CID 43013232 and CID
112370349 as a novel USP14 inhibitors.

3.3 Drug-Likeness and ADME Evaluation

The pharmacological properties of the lead compounds were evaluated to predict their
physiochemical and biological features. To estimate oral availability, Christopher Lipinski proposed rules
of five (ro5: molecular weight (MW <500), number of hydrogen bond donor (HBD <5), number of
hydrogen bond acceptor (HBA <10), and predicted octanol/ water partition coefficient (log P < 5) was
employed [54]. As displayed in Table 2 the lead compounds didn’t violate any of the rules, which supports
them as potentially druggable molecules. Next, the ADME features of the lead compounds were
determined to capture their pharmacological competence [55]. The results indicate that 77% of CID
43013232 and 91.8% of and CID 112370349 will be well absorbed. Moreover, they both have low binding
affinity to serum, therefore increasing their availability in blood circulation for efficient diffusion into cell
membranes and dynamic binding to their target. Table 2 shows that the compounds are within the
accepted value for Blood-brain barrier and Madin-Darby canine kidney parameter, thus showing the
ability to cross the blood-brain barrier through passive transport without upsetting CNS activity [56]. The
accessibility level of the compounds towards their target after entering into the bloodstream was
determined by predicting their likely number of metabolic reactions. The results showed that they are all
metabolically inactive. According to the results displayed in Table 2, both the lead and reference
compounds fell between the accepted ranges for all the calculated pharmacological parameters.
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4. Conclusions

USP14 is an essential clinical target, which has been implicated in oncology, neurodegenerative diseases,
and, most recently T2DM. IU1 and 1U1-47 are the most studied compounds used to demonstrate USP14
inhibition; today, new insight into the binding mode of U series has been provided by x-ray structures. In
this study, computational approaches were employed to discover novel compounds having analogous
scaffold as IU series. Molecular docking results showed that CID 43013232 and CID 112370349 bind to the
thumb-palm cleft of USP14, interacting with essential amino acid residues necessary for inhibition with
favorable binding affinity. Our atomistic simulations data validates their stability within the binding pocket
and also suggests Phe331, Tyr476 and GIn197 as crucial residues for USP14 inhibition. Moreover, the
compounds were subjected to in silico pharmacological evaluation and were found to be suitable. Thus,
our study identified CID 43013232 and CID 112370349 as potential drug contender against USP14.
Nonetheless, to further validate our findings in vivo and or in vitro experiments could be examined to
establish their potential to inhibit USP14.
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HIE 426

Figure 1. Interaction profile of the lead and reference compounds bound to USP14%T binding site
after molecular docking studies in 3D. Interactions are shown in dotted lines; H-Bonds: blue, NH-
--1t: red, and m---t: green interactions. (a) USP14%AT-lU1 complex, (b) USP14%AT-|U1-47 complex,
(€) USP14°AT-  CID 43013232 complex, (d) USP14%AT- CID 112370349 complex.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2019

- U
U147
BN CID 43013232
BN CID 112370349 :
-10- 9593 6278 --70
-8.047 = 60X
-8- -7.496 -7.428 -51 10 O
o -6.439 - -30 A
5 -6 --40 >
U —
G .4- --30 g
--20 2.
-2+ --10 2
0_ - 0

Figure 2. Molecular docking score (Gscore) and Prime/MM-GBSA binding energy (AGping) of the
lead and reference compounds. The left frame (blue) shows the Gscore, while the right frame
(red) displays the MM-GBSA binding energy.
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Figure 3. Line representation of the evolution of Root mean square deviation (RMSD) during the
MD simulations of USP14“AT complex with the lead and reference compounds. (a) APO USP14%AT,
(b) 1U1, (c) IU1-47 (d) CID 43013232, and (e) CID 112370349. The left frame shows RMSD value
for USP14°AT Ca, whereas the right frame shows the ligand RMSD value. Lig fit Lig shows the
RMSD of the ligand that is aligned and measured on its reference (first) conformation.
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Figure 4. Line representation of the evolution of Root mean square fluctuation (RMSF) of
USP14%AT Ca during the MD simulations. Apo state: green, IU1: blue, IU1-47: red, CID CID
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Figure 5. Percentage protein-ligands contacts monitored throughout 50ns simulation run time.
The stacked bar chats shows the different type of interactions between the ligands and the
USP14; (a) USP14%AT-|lU1 complex, (b) USP14“AT-|U1-47 complex, (c) USP14%AT- CID 43013232
complex, (d) USP14%AT- CID 112370349 complex. The legend above depict the type of interactions
that occurred by means of the colour code.

Table 1. Molecular recognition interactions between Lead and Standard molecules and USP14“AT after
molecular docking.

Compounds H-Bond NH---7/7t---7t Hydrophobic Interactions
Stacking Interactions
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101 Tyrd36 Hied26, Tyrd76 Phe331, Tyrd36, Tyrd76

1U1-47 Hied26, Tyrd76 Hied26, Tyrd76 Leul96, Phe331, Tyr436, Tyrd76

CID 43013232 Hie426, Tyrd76 Phel86, Leu196, Phe331, Tyrd36, Tyr476

CID 112370349 GIn197, Ser432 Lys342, Hied26 Leul96, Phe331, Tyrd36, Tyrd76
Table 2. Drug-Likeness & ADME properties

Structure mol MW QPlogBB QPPMDCK #metab QPlogKhsa %HOA ROF
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1IU1 300.375 0.587 1228.194 4 0.368 100
Tl d
1ui-47 330.856 0.609 9858.751 1 0.129 100
7
\E,lg,o
=
NS
= J\
43013232 440.56 0.362 146.242 7 -0.207 77.015
1)
4 o
ray
112370349 3.44.428 -0.25 300.798 6 0.344 91.849

mol_MW, molecular weight: A.R.: 130-725; QPlogBB, predicted brain/blood partition coefficient, -3.0 to
1.2; QPPMDCK, predicted apparent Madin-Darby canine kidney cell permeability, <25 = poor, >500 =
great; QPlogKhsa, prediction of binding to human serum albumin, -1.5to 1.5; HOA, human oral absorption
level, 1, 2, 3: 1 = low, 2 = medium; ROF, the number of violations of Lipinski’s rule of five.

A.R., Accepted Range.



