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Abstract

Background: Cancer continues worldwide. It has been reported that OTUBI, a cysteine protease, plays a
critical role in a variety of tumors and is strongly related to tumor proliferation, migration, and clinical
prognosis by its functions on deubiquitination. Drug advances continue against new therapeutic targets. In
this study we used OTUBI to develop a specific pharmacological treatment to regulate deubiquitination by
OTUBI. The aim of this research is to regulate OTUB1 functions.

Methods: By molecular docking in a specific potential OTUBI interaction site between Asp88, Cys91, and
His26 amino acids, using a chemical library of over 500,000 compounds, we selected potential inhibitors of
the OTUBI catalytic site.

Results: Ten compounds (OT1 - OT10) were selected by molecular docking to develop a new anti-cancer
drug to decrease OTUBI functions in cancer processes.

Conclusions: OT1 —OT10 compounds could be interacting in the potential site between Asp88, Cys91, and
His265 amino acids in OTUBI. This site is necessary for the deubiquitinating function of OTUBI.
Therefore, this study shows another way to attack cancer.
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Introduction

Otubain 1 (OTUBI) is a deubiquitinating
enzyme that belongs to the OTU family of
cysteine proteases (1, 2). OTUBI has
multiples functions; it can decrease the
ubiquitination state of a protein by removing
ubiquitin (canonical activity) or inhibiting

clinical studies have associated elevated
OTUBI1 expression with high-grade nodal
invasiveness and metastasis in some tumor
types, including lung, breast, prostate, ovary,
glioma, colon, and gastric (3, 14, 15).
Therefore, OTUB1 has been studied to

ubiquitin conjugation (non-canonical activity)
(3, 4). For example, OTUBI1 regulates the
UBCI13 and the E2 enzymes (2, 5, 6),
regulating  diverse processes including
immune responses and factors that regulate
interferon and NF-xB (7, 8). OTUBI regulates
many cancer-associated signaling pathways
including MAPK, ERa, EMT, RHOa,
mTORCI1, FOXMI, and P53 to promote tumor
cell survival, proliferation, invasiveness, and
therapeutic resistance (9-13). In addition,

understand its role in cancer development. In
vitro and in vivo invasion and migration assays
revealed that OTUBI  overexpression
promoted  tumor  development  while
decreasing the functions or silencing of
OTUBI inhibited tumor development and
invasion (15, 16).

Protein ubiquitination is a dynamic and
reversible process that can be reversed by
deubiquitinating enzymes (DUBs) (1, 3), DUBs
are considered therapeutic targets due to the
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cysteines in their active sites; this favors work
that can determine drugs/compounds that
inhibit the activity of these DUBs such as
OTUBI. Asp88, Cys91, and His265 have been
identified in the OTUBI catalytic site (1, 3, 4),
and mutation studies have shown that Ser16 and
Asn22 are important for its functions (3, 17).

Immunotherapies and drugs have been
designed to treat cancer, but their mechanisms
of action may cause some cancer cells to
generate resistance or mutations that allow
them to escape the pharmacological effect.
Selective protein degradation has emerged as
an alternative therapy that requires only a
small molecule to interact with a protein, thus
causing the desired loss of the protein’s
function (18). Therefore, inhibition of
deubiquitinating proteins such as OTUBI has
a high potential for developing an anti-cancer
drug, in which small molecules and drugs have
been tested to regulate their functions (3, 11,
12, 14, 19, 20).

In this study, OTUB1 was used as a
therapeutic target to develop an anti-cancer
drug, in which molecular docking was
performed wusing a library of 500,679
compounds. In this way, OTUBI1 was
evaluated as a therapeutic target. In addition,
compounds with inhibitory potential are
proposed.

Materials and Methods

Preparation of receptor protein and selection of the
binding site

Atomic coordinates were obtained from the
Protein Data Bank (PDB) (21). OTUB1 (PDB
code 3VON) was used for molecular docking
using Molecular Operating Environment
(MOE) software following procedures
previously reported (22-24). The binding site
was selected in the catalytic site between
amino acids D88, C91, and H265 (3).

Compound library used for molecular docking
The EXPRESS-pick Collection  Stock
screening library (Chembridge Corp.) (25) was
used for molecular docking. This collection of
molecules contains 502,350 compounds to
evaluate the interaction with OTUBI.

Molecular docking

For molecular docking, up to 100 conformers
were generated from each compound to interact
in the potential OTUBI1 site following
procedures previously reported (22, 24). The
high-throughput molecular docking was
performed using MOE software, and ligand
interaction analysis per amino acid with MOE
and Protein-Ligand Interaction Profiler (25-28).

Selection of the ten best compounds

To select the ten best compounds, the results
of up to 28 conformers of each compound were
used. Using MOE (29, 30), the binding free
energy (AG binding) of each ligand-protein
complex was determined as previously
reported (22, 24). With these results, the best
AG binding averages and standard deviations
were determined between OTUBI1 and each
compound using Excel software (Microsoft-
365). In addition, chemical properties (31),
BOILED-Egg (32), and theoretical toxicity
(carcinogenicity and mutagenicity) were
described (32-34).

Results

Selection of compounds by Molecular Docking
By molecular docking (22, 24), the selection
criteria for the ten best compounds were based
on the calculation of the AG binding average
for each compound using the values of their
conformers (16 to 28 conformers) and
determining an average range from -5.49 to -
5.31 kcal/mol for the ten best compounds (Fig.
1). This study used the EXPRESS-pick
Collection Stock library from Chembridge
Corp. (25) with 502,350 compounds and up to
100 conformers generated from each
compound to interact in the region between
amino acids Lys84, Asp88, Cys91, and His264
(Fig. 2). Ten compounds were selected,
depicted here as OT1 - OT10, and the analysis
of the interaction of each with OTUBI was
determined from the interaction report. All
calculated AG binding averages were related
with the number of interactions generated by
the conformers analyzed from the molecular
docking results, mainly via hydrogen bonding,
in which the ten compounds mainly interacted
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with Asn45, Arg86, Pro87, Asp88, GInl65, BOILED-Egg, theoretical toxicity, and ADME
Cys212, Arg262, Pro263, Gly264, and His265 characteristics of each compound are
(Table 1). In addition, the chemical properties, presented.
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Fig. 1. PubChem CID and Structure of compounds OT1 — OT10.
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Table 1. PubChem CID - ID Chembridge, Canonical SMILES, Interaction with amino acids in OTUB1, Number of conformers analyzed,
Average of AGuinding (kcal/mol) with standard deviation (SD) and Ames test and strain used (positive or negative) (33) and LDso (34).

PubChem Canonical SMILES Interaction Number of  Average of PreADMETAmes’s
CID,ID with amino conformers  AGpinding+SD  test and LDso
Chembridge acids in
OTUB1
TA100_10RL
TA100_ NA
TA1535_10R
TA1535 NA
Predicted LD50
(mg/kg)
OT1.- CC1=C(C=CC(=C1)OCC(=  His265 16 549+043  Mutagen
2983702, ONNCE=O)C2CCC(CCOC —yar .
7988434 —O)NNC(=0)COC3=CC(=C &80 Negative
(C=C3)CHO)CI Pro87 Negative
Cys212 Negative
Pro263 Negative
2500
OT2.-- COCI=C(C=C(C=C1)CCNC Lys84 28 547+037  Mutagen
2941180, (FO)CSC2=NC3=C(S2)C=C( pem Noeati
7501037 C-CINCEO)CA-CC=cC cerve
=C4)0C)0C)O0C Asp88 Negative
Pro263 Negative
His265 Negative
2500
OT3.- CCONIC2=C(C=C(C=C2)C=  Asnd5, 22 542+036  Non-mutagen
2833016, NC3=C(C=CC(=C3)S(=0)= Glu60,
5194547 0)C4=CC(=C(C=C4)O)N=C Lys8&4,
C5=CC6=C(C=C5N(C7=CC Arg86
=CC=C76)CC)0)C8=CC=C
C=C81 -
Glu214 Negative
Pro263 Negative
His265 Negative
2000
OT4.- CCOC(EO)CI=CC=C(C=C1  Asn45 27 5-39+£049  Mutagen
2983215, INCEO)CC2CEONICEO) ——of Neaali
7986805  N2CC3=CO(=C(C=C3)0C) Y54 ceative
0OC)C4=CC(=CC=C4)0OC Pro87 Negative
Gly264 Negative
His265 Negative
1000
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OT5.- COCI=CC=C(C=CI1)CNC(= Asn45, 21 539+040  Mutagen
2923590, 0)COC2=CC=CC=C2C(=0) Lys84
7013154 NCCC3=CCEC(C=C3)0C) Arg262 Negative
oc Pro263 Negative
Gly264 Negative
His265 Negative
1420
OTeo.- CCI=CC=CC=CIC(=O)N2C Asn45 21 534+043  Mutagen
2948528, CN(CC2)C3=CC=C(C=C3)N Arg86 Negative
7699311 C(=S)NC(=0)C4=CC=C(C= -
C4)0CC5-CC=CC=CS Pro87 Positive
Asp88 Negative
168
OT7.-- CC(C(EONCI=CC=C(C=C  Asn45 19 34+£0.32 Mutagen
2857071, DCEONC2=CC=C(C=C2) ~Gie5 Negative
5634266 NC(E=0)C(C)OC3=CC=CC= —————— _
C3)0C4=CC=CC=C4 Arg262 Negative
Pro263 Negative
His265 Negative
1600
OT8.- CC(C)CI=CC=CC=C10CC(  Glu60, 21 533+0.29  Non-mutagen
2983549, =0)NNC(=0)C2CCC(CC2)  Pro87
7987933 C(=ONNC(=0)COC3=CC= ————— _
CC=C3 C(C)C Cys2 12 Negatlve
His265 Negative
2500
OT9.- C1=CC=C2C(=C1)C=CC=C  Glu60, 19 532+038  Non-mutagen
2832141, 2C(=O)NC3=CC=C(C=C3)C  Arg86
5181121 4=NC5=C(N4)C=C(C=C5)C ———— _
6=NC7=C(N6)C=C(C=CT)N  Pro87, Negative
C(=0)C8=CC=CC9=CC=CC Asp8d
=C98 GInl65 Negative
Cys212 Negative
His265 Negative
200
OT10.- CCI=C(C=CC(=C1)C2=CC(  Asn45, 24 531+£0.34  Non-mutagen
2946215, =C(C=C2)NC(=0)COC3=C  Arg86
7661200 C=C(C=C3)OC)C)NC(=0)C —————— _
OC4=CC=C(C=C4)0C Prog7 Negative
Cys212 Negative
Gly264 Negative
His265 Negative
1600
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Interaction of compounds OTI — OT10with OTUBI
To describe the probable interaction of
compounds OT1 — OT10 with OTUBI, up to
28 conformers of each compound interacting
in the potential site were analyzed. This was
the region between Lys84, Asp88, Cys91, and
His265 (Fig. 2). From molecular docking
results (not shown here), it was determined the
main amino acids in OTUBI interacting with

OTl — OT10 were Asn45, Lys84, Arg86,
Pro87, Asp88, GInl65, Cys212, Arg262,
Pro263, Gly264, and His265 (Table 1). These
ten compounds had the strongest interactions
in the potential site (Fig. 3), particularly with
Arg87, Pro263 and His265, mainly via
hydrogen bonding. With these results, the
catalytic site could be blocked, which is
essential for the deubiquitination of OTUBI.

Fig. 2. OTUBI ribbon diagrams. The main amino acids in the potential binding site areLys84, Asp88, Cys91, and His265 (Cyan).

el . -

Fig. 3. A) OTUBI ribbon diagram. The main amino acids in the binding site that could interact with OT1 - OT10 compounds are
Asn45, Glu60, Lys84, Pro87, Asp88, Cys91, Cys212, Arg262, Gly264, and His265 (Green), B) The pocket is displayed in the
binding site.
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Discussion

Cancer continues worldwide and a growing
number of studies have identified OTUBI as a
regulator of important pathways in cancer
development and progression. It has been
reported that OTUBI plays a critical role in a
variety of tumors and is strongly related to tumor
proliferation, migration (3, 4), and clinical
prognosis via its deubiquitination function, and
drug development advances continue against
new therapeutic targets. In this study we used
OTUBI to develop a specific pharmacological
treatment to regulate deubiquitination by this
enzyme.

OTUBI has characteristics that might help to
develop a specific OTU/DUB inhibitor. Studies
propose that amino acids in the catalytic site
generate interactions and selectivity between
potentials compounds and OTUBI (3, 12).
These compounds can inhibit or alter OTUBI1
functions in the cancer cell. Herbal acevaltrate
(35) and nanchangmycin (36) are two inhibitors
that bind the OTUBI catalytic site (12). Studies
with these inhibitors have shown promising
results demonstrating that OTUBI might be a
good therapeutic target.

Therefore, we propose ten compounds
selected to bind OTUBI1 via molecular docking
at the catalytic site (Fig. 3). The docking results
indicate the main OTUB1 amino acids

interacting with the ten compounds were Asn45,
Lys84, Arg86, Pro87, Asp88, GInl165, Cys212,
Arg262, Pro263, Gly264, and His265, which are
in the catalytic site region (Table 1 and Fig. 3).
Lys71, with Asp88 and Cys91, is necessary in
the OTUBIl/c-Maf axis (12). Blocking the
catalytic site with the compounds could generate
a dysfunctional OTUBI, inhibiting its
deubiquitinating functions. Crystal structures
(PDB: 4DDI and 416L) (37, 38) demonstrate the
interaction of the OTUBI-ubiquitin complex
(Fig. 4), as well as the amino acids involved in
the interaction. We propose that the compounds
have the greatest interaction with Arg87, Pro263,
and His265, mainly via hydrogen bonding in the
conformers analyzed. We propose these ten
compounds inhibit accessibility to the OTUBI
catalytic site and affect its functions, including
deubiquitination. Our proposal could most likely
reduce this canonical function, and we will
evaluate the impact it could have on the non-
canonical function (3, 4), due to the compounds’
interactions with Asn, Lys, Arg, Pro, Asp, Gln,
Cys, Arg, Pro, Gly, and His in OTUBI. It is
important consider other consequences that
some compounds could facilitate by interacting
with certain amino acids, particularly Arg, Asp,
and Lys, since these amino acids could influence
protein conformational stability (39).

Fig. 4. OTUBI1-ubiquitin complex ribbon diagrams. The red circle shows the OTUB | catalytic site pocket. The main amino acids in
the potential binding site are Asp88, Cys212, Glu214 and His265 (Cyan), interacting with ubiquitin (Orange). A) PDB:4DDI, B)

PDB:4I6L.
The ADME theoretical results show the

capability of the ten compounds to be delivered
as an oral drug in accordance with
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penetration were screened for the ten compounds
selected. All ten were estimated to be well-
absorbed but not did not access the brain,
possibly due to the blood-brain barrier. Also,
toxicity was predicted; the theoretical LD50 was
168 — 2500 mg/kg (toxicity class: 3-5) (34).
Some current anti-cancer drugs use OTUBI
as a therapeutic target (12, 35, 36), but our study
identified ten compounds that may be better than
those currently used from a library of over
500,000 compounds. As mentioned, OTUB1 has
been demonstrated as a therapeutic target in
various in vitro and in vivo cancer cell assays
(14, 15). Therefore, OTUBI inhibition may
affect cancer cell viability, and this study may
contribute to the development of more effective
anti-cancer drugs than are presently available.
This study used OTUBI as therapeutic cancer
target because this protein has functions
involved in cancer processes, which could be
altered with new specific drugs against OTUBI.
We identified ten compounds with high
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