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Abstract: Pancreatic cancer remains one of the most lethal malignancies because of late diagnosis, aggressive
progression, therapy resistance, and limited effective treatment options. Bromodomain-containing protein 4 (BRD4)
is an important epigenetic regulator implicated in pancreatic cancer progression through its role in transcriptional
control, cell proliferation, and survival signaling. Targeted protein degradation using proteolysis-targeting chimeras
(PROTACS) offers a potential strategy for eliminating disease-associated proteins through ubiquitin-proteasome-me-
diated degradation rather than transient pharmacological inhibition. In this study, an Al-assisted and structure-guid-
ed computational workflow was used to design and virtually prioritize BRD4-targeting PROTAC candidates recruiting
DCAF15 as the E3 ligase component. The workflow integrated protein-structure evaluation, pharmacophore-based
ligand screening, ADMET and Lipinski filtering, binary protein-ligand docking, molecular-interaction analysis, rational
linker selection, BRD4-DCAF15 protein-protein docking, PROTAC-mediated ternary-complex docking, and molecular
dynamics simulation. The results identified CLTTMPBA-linker-E7820 as a computationally prioritized PROTAC archi-
tecture with favorable predicted binding behavior, residue-level interaction patterns, and simulated ternary-complex
stability. Importantly, this study is entirely computational and should be interpreted as an early-stage in silico pri-
oritization framework rather than experimental evidence of BRD4 degradation or anticancer efficacy. The proposed
BRD4-DCAF15 PROTAC candidates represent lead hypotheses that require biochemical, cellular, pharmacological,
and in vivo validation, including confirmation of target engagement, ternary-complex formation, proteasome-de-
pendent BRD4 degradation, downstream transcriptional modulation, pancreatic cancer cell inhibition, selectivity,
pharmacokinetics, toxicity, and antitumor efficacy.
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Introduction portionately low incidence in comparison to
other cancers [2, 3]. It is the deadliest with a
rate of approx. 94 percent of deaths against
incidence in 2023; more than 500,000 people
died worldwide. The disease is prevalent am-

ong the older adults, with 65-74 years old con-

Pancreatic cancer is considered to be one of
the most deadly types of cancer in oncology. It
is a very aggressive disease with a high risk of
early metastasis and with a late diagnosis,

which leads to a very poor prognosis [1]. The
five year survival rate remains low usually be-
low 12%-raising pancreatic cancer to one of
the leading causes of cancer-related mortality
in many industrialized countries despite its pro-

stituting the most dangerous age group in
terms of death [4].

There are minimal therapeutic choices avail-
able in the face of pancreatic malignancies and
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majority of patients find themselves at ad-
vanced stages at which curative therapy is
seldom attainable [5]. The currently available
standard-of-care therapies, which include sur-
gical resection, chemotherapy, and radiothe-
rapy, have resulted in only slight improvements
in how patients fare, with median survival in
patients with metastatic forms of the disease
now less than 12 months in most applications
[6]. Complex biology, rich stroma, and very
immunosuppressive microenvironment in the
tumor stall drug delivery and support resis-
tance to treatment. Furthermore, because of
non-specific and even lacking early symptoms,
late-stage diagnosis is typical which also re-
stricts effective intervention [7, 8].

More recent developments in precision medi-
cine and molecular-targeted drugs have pro-
mised results, but the majority of actionable
genetic mutations happen in a small subset of
patients. The absence of effective methods of
early screening and the predictive biomarkers
serves as an additional challenge to the timely
and effective management of the disease [9,
10].

Set upon this serious burden of the disease,
there is a necessity to devise innovative tar-
geted therapies of pancreatic cancer. Novel
strategies and innovative treatments, such as
proteolysis targeting chimeras (PROTACs), pre-
cision oncology, and immuno combinations,
are the emerging direction in modern cancer
research and give hopes to change survival
rates with the help of new therapy [11, 12, 63].

BRD4 (Bromodomain-containing protein 4) is
a multi-functional nuclear protein that is known
to be an important regulator of gene expression
and cell cycle propagation. It is a transcriptional
and epigenetic modulator that binds acetylated
histones and draws transcription complexes
to the chromatin allowing RNA polymerase Il to
transcribe through the promoter into the body
of a gene [13]. Recent evidence has indicated
the BRD4 as important contributor to pancre-
atic cancer progression. In the pancreatic tu-
mor tissues, BRD4 has many times been found
to be overexpressed than in normal pancreatic
cells. This overexpression is correlated with
poor tumor behaviors, increased cell growth,
and apoptosis resistance. BRD4 inhibition has
been reported to reduce pancreatic cancer cell
viability, arrest cell cycle, and sensitize pan-

3621

creatic cancer cells to chemotherapeutics in
vitro [14, 15].

BRD4 is a very attractive drug target in pan-
creatic cancer because it is a key regulator of
the malignant phenotype and many oncogenic
pathways. In contrast to other conventional tar-
gets, BRD4 is a hotspot where multiple onco-
genic pathways intersect and it serves that way
as a focal point of epigenetic regulation and
transcriptional addiction. BRD4 bromodomains
are inhibited by small-molecule drugs, which
present beneficial anti-tumor activity by in-
terfering with transcription-related functions of
BRD4, but resistance and off-targeting still
occur [16]. There are currently no approved
BRD4-degrading drugs, and no clearly approv-
ed BRD4/BET inhibitor for routine cancer the-
rapy; most BRD4/BET-directed agents remain
investigational. However, multiple BET inhibi-
tors have entered clinical trials, including BMS-
986158, pelabresib/CPI-0610, ZEN-3694/ZEN-
003694, AZD5153, molibresib/GSK525762,
0TX015/MK-8628, and others.

TPD has emerged as a fascinating and innova-
tive therapeutic strategy that uses the natural
ubiquitin-proteasome pathway (UPS) of the cell
to specifically degrade an unwanted disease-
associated protein, rather than simply inhibit-
ing its action. PROTACs are bifunctional ag-
ents consisting of two different ligands linked
together: one ligand to a target protein, and
one ligand to an E3 ubiquitin ligase [17]. The
PROTACs degrade its target proteins by forming
a ternary complex of the target, E3 ligase and
PROTAC leading to ubiquitination and degrada-
tion of the target protein. Unlike the conven-
tional small-molecule inhibitors, which will prob-
ably have an occupancy-based effect and may
need continuous interactions with the target, a
PROTAC will degrade a target with an event-
based catalytic approach, which has the poten-
tial to degrade a target at sub-stoichiometric
doses and hence reduce off-target consequenc-
es [18]. This allows the mechanism as well to
target even so called undruggable proteins
that lack an enzyme active site binding target
such as BRD4 that have major potential in the
treatment of cancers and other diseases with
otherwise difficult molecular target to attack.
Furthermore, via a catalytic process, PROTACs
ensure increased potency and specificity and
can overcome drug resistance points associat-
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ed with conventional inhibitors. Such unique
properties have persisted in the therapeutic
investigation of PROTACs and further clinical
and preclinical success in numerous indica-
tions [19, 20].

The problem appears particularly challenging
in terms of targeted design of the molecules of
PROTAC: several components (the target-bind-
ing ligand, the E3 ligase ligand, and the linker)
must be tuned to work together in a manner
that will be effective (which provides ternary
complex formation, cellular permeability, phar-
macokinetics, and selectivity) [21]. The tradi-
tional trial-and-error drug discovery processes
can be quite costly and time-consuming, having
problems working within the enormous chemi-
cal space and complex structure-activity con-
nections characteristic of PROTACs [22]. The
breakthroughs in artificial intelligence (Al) and
computational models have presented signifi-
cant potential in solving such issues by provid-
ing more time and more accurate design and
been behind the aims at generating optimiza-
tion cycles [22]. Artificial intelligence (Al) stra-
tegies, such as molecular docking, prediction
of binding affinity using machine learning, and
molecule design with generative models can be
used to perform virtual screening and refine-
ment of PROTACs with better efficacy, selectiv-
ity and drug-like characteristics [23].

The proposed research would be used to de-
sign BRD4-targeting PROTACs as a new form
of helping pancreatic cancer with the help of
Al-guided design and virtual profiling methodol-
ogies. The integrative approach using artifi-
cial intelligence and combining computational
chemistry and modeling of molecules is aimed
at improving the efficacy, selectivity, and drug-
like qualities of PROTAC degraders and avoid
traditional design limitations in terms of struc-
ture-activity relationships and off-target im-
pact. Al application allows predicting molecu-
lar interactions quickly and accurately, which
helps identify selective and potential degrader
architectures that can be adjusted to the
specific molecular landscape of pancreatic
cancer. This method promises to speed up the
discovery process, reduce resource-hungry
testing cycles and deliver candidate molecules
that have superior therapeutic relevance. The
ultimate goal of this study is to make a big
step toward the treatment of pancreatic cancer
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by providing a selective degradation tool that
may enhance clinical response, overcome
drug resistance, and open the door to indivi-
dualized, mechanism-specific medicine based
on targeting epigenetic regulators such as
BRD4.

Accordingly, the present study was designed
not to claim clinical efficacy, but to compu-
tationally prioritize BRD4-targeting PROTAC
candidates within a clinically relevant target
class where conventional BET inhibitors have
reached clinical testing but BRD4-selective
degradation remains an emerging and insuffi-
ciently explored therapeutic direction.

Methodology

The overall workflow included protein retrieval
and preparation, physicochemical character-
ization, secondary- and tertiary-structure eva-
luation, binding-pocket prediction, pharmaco-
phore-based ligand identification, ADMET fil-
tering, protein-ligand docking, interaction anal-
ysis, PROTAC assembly, BRD4-DCAF15 protein-
protein docking, ternary-complex docking, and
molecular dynamics simulation. Candidate pri-
oritization was based on combined pharmaco-
phore fit, ADMET/Lipinski acceptability, dock-
ing affinity, molecular interaction quality, linker
feasibility, ternary-complex compatibility, and
MD-derived structural stability.

Protein structure and sequence retrieval

The three-dimensional structure of BRD4 was
retrieved from the Protein Data Bank using
PDB ID 3MXF, while the DDB1-DDA1-DCAF15
E3 ligase complex was retrieved using PDB ID
8ROX [24]. The corresponding FASTA sequenc-
es were also downloaded from the PDB data-
base for sequence-based analyses [25]. Before
downstream modeling, non-essential crystal-
lographic molecules, irrelevant heteroatoms,
and water molecules were removed where nec-
essary. Hydrogen atoms were added, missing
atoms were checked, and the prepared struc-
tures were saved in PDB format for subsequent
structural validation, pocket prediction, dock-
ing, and ternary-complex modeling [26, 27].

Physicochemical characterization

The FASTA sequences of BRD4 and DCAF15
were submitted to ExXPASy ProtParam to calcu-
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late protein-level physicochemical descriptors
[28, 29]. The recorded parameters included
the number of amino acids, molecular weight,
theoretical isoelectric point, molecular formu-
la, instability index, aliphatic index, and grand
average of hydropathicity. These values were
used to compare the size, charge tendency,
predicted stability, hydrophobicity, and ther-
mal-stability-related characteristics of BRD4
and DCAF15 before docking and complex
modeling.

Secondary-structure prediction

Secondary-structure prediction was performed
by submitting the BRD4 and DCAF15 FASTA
sequences to PSIPRED [30, 31]. The percent-
ages of a-helices, B-strands, and coil regions
were extracted from the output files, together
with the corresponding prediction confidence
scores [32]. These data were used to evaluate
whether the prepared tertiary structures were
consistent with sequence-derived secondary-
structure tendencies.

Tertiary-structure preparation, validation, and
comparison

The tertiary structures of BRD4 and DCAF15
were prepared and evaluated before docking
and ternary-complex modeling. AlphaFold-de-
rived confidence indicators, including pLDDT
and PAE, were considered to identify structur-
ally reliable and less reliable regions [33, 34].
Backbone stereochemical quality was assess-
ed using Ramachandran plot analysis by record-
ing residues located in favored, allowed, and
disallowed regions [35, 36]. In addition, the
structures were evaluated using complemen-
tary model-quality parameters, including Mol-
Probity-related all-atom geometry, clashscore,
poor rotamers, ERRAT non-bonded interaction
quality, Verify3D residue-environment compati-
bility, ProSA/QMEAN global quality estimation,
and structural alignment with the correspond-
ing experimental PDB templates. The complete
multi-parameter validation results are provided
in Supplementary Table 1. Structurally reliable
regions were used for interpretation of binding
pockets, docking poses, protein-protein inter-
faces, and ternary-complex stability.

Binding-pocket prediction

The prepared BRD4 and DCAF15 structures
were submitted separately to PRANKWEB for
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ligand-binding-pocket prediction [37]. Predict-
ed pockets were ranked according to pocket
score, probability, and number of involved resi-
dues [38]. For BRD4, the highest-ranked pre-
dicted pocket was used as the primary re-
gion for pharmacophore-guided screening and
ligand-docking interpretation. For DCAF15, pre-
dicted ligandable regions were compared with
the reported E7820-binding region to support
E3-ligase ligand docking and subsequent inter-
action analysis.

BRD4 pharmacophore modeling and chemi-
cal-library screening

The BRD4-JQ1 complex structure obtained
from PDB ID 3MXF was used as the structu-
ral template for pharmacophore modeling in
Pharmit [39]. The pharmacophore model was
generated from the JQ1-binding pocket of BRD4
by selecting the key interaction features re-
quired for ligand recognition, including hydro-
phobic centers, aromatic interaction features,
and hydrogen-bond acceptor/donor features.
Virtual screening was performed against the
PubChem 3D conformer library available th-
rough the Pharmit platform. PubChem was
selected because it provides a large, structur-
ally diverse, publicly accessible compound col-
lection with compound identifiers that can be
directly used for downstream structure retrie-
val and reproducibility.

During screening, hits were ranked according
to pharmacophore-fit quality, shape comple-
mentarity, and RMSD relative to the select-
ed pharmacophore features. Only compounds
matching the essential BRD4 pharmacophore
features and showing low RMSD values were
retained for further evaluation. The top-ranked
hits were exported with their PubChem com-
pound identifiers and then subjected to 3D-
structure retrieval, geometry optimization,
ADMET filtering, and molecular docking. The
DCAF15-recruiting ligand E7820 was selected
from the literature based on its reported abi-
lity to engage DCAF15 and was used as the
E3-ligase-recruiting moiety for subsequent
PROTAC design [40].

Ligand identification and 3D structure prepa-
ration from PubChem hits

The chemical source library used for BRD4
ligand screening was the PubChem 3D con-
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former library implemented in Pharmit. There-
fore, all shortlisted hits were recorded using
their PubChem compound identifiers to en-
sure traceability and reproducibility. The final
ten BRD4-binding candidates selected from
this library were CTIP, CTTMAA, CLTTMPBA,
BCTTOPEP, CTTA2MP, MCTTB, CTPPEE, CTA,
CTTAEP, and CTTMPBA. Available 3D con-
formers were retrieved directly from PubChem,
whereas compounds without suitable 3D con-
formers were generated and energy-minimized
in Avogadro before docking [41-45].

ADMET and Lipinski filtering

The shortlisted BRD4 ligand candidates were
submitted to ADMETIab 3.0 for prediction of
absorption, distribution, metabolism, excretion,
toxicity, and drug-likeness-related properties
[46, 47]. Lipinski Rule of Five parameters were
evaluated together with the broader ADMET
profile. Ligands were classified as accepted,
partially acceptable, or rejected according to
the combined interpretation of ADMET behav-
ior and Lipinski compliance. Because PROTAC
precursors and linker-conjugated molecules
may deviate from conventional small-molecule
drug-likeness space, ADMET/Lipinski results
were not used as the only exclusion criterion;
instead, they were integrated with docking
affinity and molecular interaction quality.

Protein-ligand molecular docking

Prepared BRD4 ligand candidates were docked
into BRD4 using CB-Dock2 [48]. The DCAF15
ligand E7820 was docked into the DCAF15 E3
ligase structure using the same docking work-
flow [49, 50]. For each ligand, the best dock-
ing pose was selected according to predicted
binding affinity, localization within the predict-
ed binding pocket, absence of severe steric
clashes, and preservation of stabilizing inter-
actions. Binding affinities were recorded in
kcal/mol. Docking scores were interpreted as
computational prioritization indicators rather
than direct evidence of biological activity.

Molecular interaction analysis

The best-ranked BRD4-ligand and DCAF15-
E7820 docked complexes were analyzed using
Discovery Studio Visualizer [51, 52]. The inter-
action analysis included conventional hydrogen
bonds, carbon-hydrogen bonds, m-mm stacking,
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m-alkyl contacts, alkyl interactions, sulfur-medi-
ated contacts, and hydrophobic interactions.
Interaction residues, bond types, and interac-
tion distances were recorded. Ligands showing
favorable docking affinity, acceptable ADMET/
Lipinski behavior, and multiple stabilizing in-
teractions within the BRD4 binding pocket
were prioritized for PROTAC assembly.

Scientific rationale for linker design, PROTAC
assembly, and 3D modeling

The selected PROTAC was assembled us-
ing three components: the BRD4-binding Ii-
gand CLTTMPBA, the DCAF15-recruiting ligand
E7820, and a linker fragment derived from the
reported VHO3 linker architecture [21, 53]. The
linker was not selected only as a chemical
connector, but as a structural element intend-
ed to control the spatial orientation, flexibility,
solubility, and ternary-complex compatibility
of the final PROTAC molecule. In PROTAC de-
sign, linker length and composition are critical
because they determine whether the target
protein and E3 ligase can be brought into a
productive proximity suitable for ternary-com-
plex formation and subsequent ubiquitination.

The VHO3-derived linker was selected as a
rational starting scaffold because it contains
flexible ether/PEG-like segments and amide-
containing connection points that can provide
an appropriate balance between conforma-
tional mobility and polar character. The ether-
rich segment was used to improve linker fle-
xibility and reduce steric restriction between
the BRD4-binding and DCAF15-binding moi-
eties, while the amide connection was retained
to provide chemically stable conjugation and
maintain a defined ligand-linker geometry. This
design was expected to allow the two ter-
minal ligands to orient toward their respective
binding regions without forcing a highly strain-
ed conformation.

The linker length was chosen to provide suffi-
cient separation between the BRD4 ligand and
E7820 while avoiding excessive molecular flex-
ibility that could reduce productive ternary-
complex formation. A very short linker may pre-
vent simultaneous engagement of BRD4 and
DCAF15 because of steric clashes or incorrect
warhead orientation, whereas an excessively
long linker may increase entropic penalty, re-
duce effective local concentration, and weaken

Am J Cancer Res 2026;16(8):3620-3643



Pancreatic cancer therapy

ternary-complex cooperativity. Therefore, the
VHO3-derived linker was used as a chemically
reasonable and literature-supported starting
linker for computational PROTAC construction
[24, 53].

The BRD4 ligand, E7820, and linker were man-
ually assembled in ChemDraw, and the result-
ing PROTAC structure was converted into a
three-dimensional conformation. The assem-
bled molecule was then energy-minimized in
Avogadro to remove unfavorable bond lengths,
bond angles, torsional strain, and intramo-
lecular steric clashes before ternary-complex
docking [54]. The optimized structure was visu-
ally inspected to confirm that the linker main-
tained reasonable flexibility, that both war-
heads remained accessible for receptor bind-
ing, and that no severe intramolecular collapse
occurred. Because this study is computational,
the linker should be interpreted as a rationally
selected preliminary design rather than an ex-
perimentally optimized linker. Further linker-
length scanning and experimental structure-
activity relationship studies will be required to
identify the most effective linker for BRD4
degradation.

BRD4-DCAF15 protein-protein docking

Protein-protein docking between BRD4 and
the DDB1-DDA1-DCAF15 E3 ligase complex
was performed using HADDOCK. Prepared
BRD4 and DCAF15 structures were uploaded
as docking components. Docking clusters were
evaluated using HADDOCK score, cluster popu-
lation, fraction of common contacts, interface
RMSD, van der Waals contribution, electro-
static contribution, and desolvation energy.
The final BRD4-DCAF15 model was selected
from the cluster showing favorable score, sta-
ble interface convergence, and consistent pro-
tein-protein contacts.

PROTAC-mediated ternary-complex docking

The selected BRD4-DCAF15 protein-protein
docking model was used as the receptor sys-
tem for ternary-complex docking. The optimized
PROTAC molecule was treated as the ligand
and docked into the BRD4-DCAF15 receptor
complex using PyRx/AutoDock Vina [55, 56].
Receptor and ligand files were converted into
PDBQT format before docking. The final terna-
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ry-complex pose was selected according to
predicted docking affinity, absence of severe
steric clashes, linker orientation, simultaneous
engagement of BRD4 and DCAF15 binding
regions, and stabilizing interactions at both
protein interfaces. The selected ternary com-
plex was further examined in Discovery Studio
Visualizer for interaction profiling [57].

Molecular dynamics simulation

The selected BRD4-PROTAC-DCAF15 ternary
complex was subjected to molecular dynamics
simulation in Schrédinger for 500 ns [58]. The
system was prepared using an OPLS-based
force field, solvated in an explicit-solvent envi-
ronment, neutralized with counterions, energy-
minimized, equilibrated, and then subjected to
production simulation [59, 60]. Stability was
evaluated using backbone RMSD, ligand RMSD,
residue-wise RMSF, hydrogen-bond persisten-
ce, protein-ligand contact occupancy, solvent-
accessible surface area, radius of gyration,
and interaction-energy components. The MD
results were used to assess the dynamic sta-
bility of the predicted ternary-complex model
and were not interpreted as experimental
proof of BRD4 degradation.

Proposed functional verification strategy

Because the present study is based on com-
putational screening and virtual profiling, func-
tional verification is required before the pro-
posed PROTAC candidates can be considered
biologically active BRD4 degraders. The com-
putationally prioritized candidate should first
be evaluated in pancreatic cancer cell lines,
including PANC-1, MIA PaCa-2, AsPC-1, and
BxPC-3. Cellular BRD4 degradation should be
quantified by Western blotting, capillary immu-
noassay, HiBiT-BRD4 degradation assay, or tar-
geted quantitative proteomics. Key degradation
parameters, including DC50, Dmax, degrada-
tion kinetics, and recovery after compound
washout, should be determined.

To confirm that BRD4 loss is PROTAC-me-
chanism dependent, rescue experiments sh-
ould be performed using proteasome inhibi-
tors such as MG132 or bortezomib, excess
BRD4-binding ligand, excess DCAF15-recruit-
ing ligand, and, where feasible, DCAF15 knock-
down or knockout. Restoration of BRD4 levels
under these conditions would support ubiqui-
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tin-proteasome- and DCAF15-dependent deg-
radation. Ternary-complex formation should be
validated using NanoBRET, TR-FRET, Alpha-
Screen, or co-immunoprecipitation assays.

Functional anticancer activity should then be
assessed using cell-viability assays, colony-for-
mation assays, apoptosis analysis, cell-cycle
analysis, and measurement of BRD4-regulat-
ed transcriptional outputs, including MYC-
associated signaling. Selectivity should be
examined using non-malignant pancreatic duc-
tal epithelial cells and global proteomic profil-
ing to detect off-target degradation. Finally, in
vivo validation should be performed in pancre-
atic cancer xenograft, orthotopic, or patient-
derived xenograft models to evaluate pharma-
cokinetics, biodistribution, tumor BRD4 deple-
tion, downstream pharmacodynamic biomark-
ers, antitumor efficacy, systemic toxicity, and
tolerability.

These experimental steps were not performed
in the present study and are therefore pro-
posed as the necessary next stage for biologi-
cal and translational validation of the compu-
tationally prioritized PROTAC candidates.

Results

The results were analyzed using a stepwise pri-
oritization strategy. First, the structural quality
of BRD4 and DCAF15 models was evaluated
using stereochemical validation and second-
ary-structure consistency. Second, predicted
binding pockets were compared with docking
poses to confirm whether ligand binding oc-
curred within plausible ligandable regions.
Third, pharmacophore-screened ligands were
ranked using RMSD/fitness, ADMET accept-
ability, Lipinski compliance, and predicted
BRD4 binding affinity. Fourth, the best ligand
was selected for PROTAC assembly only after
considering both docking affinity and interac-
tion quality. Finally, the BRD4-DCAF15 dock-
ing model and PROTAC-mediated ternary com-
plex were assessed by HADDOCK cluster be-
havior and MD-derived stability descriptors.

Targeted protein retrieval

Two protein systems were selected for the com-
putational PROTAC design workflow: BRD4, the
target protein associated with pancreatic can-
cer-related transcriptional regulation, and the
DDB1-DDA1-DCAF15 E3 ligase complex, which
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was used as the E3 ligase recruitment compo-
nent. The BRD4 structure complexed with JQ1
was retrieved from the Protein Data Bank us-
ing PDB ID 3MXF. The DDB1-DDA1-DCAF15
complex was retrieved using PDB ID 8ROX.
FASTA sequences corresponding to these struc-
tures were downloaded for sequence-based
physicochemical and secondary-structure an-
alyses. The prepared structures were then
used for validation, binding-pocket prediction,
docking, PROTAC assembly, and ternary-com-
plex modeling.

Physicochemical properties of BRD4

To identify the important characteristics of
the BRD4 and DCAF15 proteins, the ExPASy
ProtParam tool was used to calculate such
properties on the basis of primary amino acid
sequences. BRD4 is a bromodomain-contain-
ing protein involved in pancreatic cancer, and
consists of 127 amino acids with an approxi-
mate molecular weight of 15.1 kDa and under
physiological pH conditions, a theoretical iso-
electric point (pl) 7.67, which is close to neu-
tral. It has an instability index (41.59) that sig-
nifies borderline-stable and an aliphatic index
(76.77) representing a moderate thermostabil-
ity. The GRAVY score of 0.674, which indicates
a rather hydrophobic nature, affects the pro-
cess of protein folding and the possibility of
interaction. On the other hand, DCAF15, an
absolutely essential substrate binder in the
CUL4-DDB1 E3 ligase complex is many-fold
larger (1,541 aa, molecular weight of approxi-
mately 171.8 kDa), and has a lower theoretical
pl of 5.62. It has an instability index of 43.01
confirming moderate stability and a greater ali-
phatic index of 84.30 that indicates greater
thermal stability as compared to BRD4. The
negative GRAVY value (-0.275) indicates a
generally hydrophilic character which is quite
expected as this protein helps in facilitating
protein to protein interactions and also in sub-
strate recognition and recruitment. The pre-
sented physicochemical characteristics explain
the relevant structural and biochemical attri-
butions that can guide the creation and opti-
mization of PROTAC molecules that target the
BRD4-DCAF15 axis (Table 1).

Protein secondary structure predictive annota-
tion

PSIPRED secondary structure prediction result
is highly informative of the structural composi-
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Table 1. Described physicochemical analysis of BRD4 protein and DCAF15 E3 ligase

Molecular

Instability  Aliphatic

Protein No. of AA  Theoretical pl . Formula . . GRAVY
weight index index

BRD4 127 7.67 15083.43 s 1058N 172010457 41.59 76.77 0.674

DCAF15 1541 5.62 171792 N,.,O,...S 43.01 84.30 -0.275

7624 11947 "2071 ~ 2312768

Table 2. Indicated secondary structure char-
acterization of proteins

Protein Alpha Beta Coils Confidence
helix sheets

BRD4 50.63% 49.38% 0% 87.5%

DCAF15

ChainA  343% 289% 36.6% 83.3%
ChainB 23.3% 45.4% 31.3% 86.7%
ChainC 45.1% 17.1% 37.8% 90%

tion and confidence level of proteins involved.
For BRD4, the protein is predominantly com-
posed of alpha helices and coils that comprise
50.63% and 49.38% of the structure, respec-
tively, and does not contain beta sheets. There
is a high confidence level in the prediction over-
all, which is 87.5%. DCAF15 protein complex
has more structural diversity between chains
compared to BRD4. Chain A has 34.3% of alpha
helices, 28.9% beta sheets, and 36.6% coils
with 83.3% confidence. Chain B has lower
alpha helix at 23.3%, but higher percentage of
beta sheets at 45.4%, and 31.3% coils, with
86.7% confidence. Chain C has 45.1% of alpha
helices, 17.1% beta sheets, and 37.8% coils
with the highest confidence at 90%. All these
indicate the varying secondary structure com-
position of the DCAF15 complex and form a
robust platform for further structural and func-
tional analysis necessary to drug development
and protein-targeting actions (Table 2).

Validation and elucidation of the tertiary
structure

The quality of the BRD4 and DCAF15 structures
was assessed using multiple complementary
validation methods rather than Ramachandran
plot analysis alone. Ramachandran analysis
showed that 95.5% of BRD4 residues and
87.5% of DCAF15 residues were located in
favored regions, indicating acceptable back-
bone stereochemistry (Table 3). However, be-
cause Ramachandran plots evaluate only back-
bone dihedral-angle geometry, additional vali-
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dation was performed to assess local confi-
dence, side-chain quality, atomic clashes,
residue-environment compatibility, global ener-
getic quality, and similarity to experimentally re-
solved structures.

AlphaFold confidence analysis was used to
examine pLDDT and PAE distributions. High-
confidence regions were prioritized for binding-
site and docking interpretation, whereas low-
confidence flexible loops and terminal regions
were interpreted with caution. MolProbity anal-
ysis was used to assess steric clashes, rotamer
quality, and overall all-atom geometry. ERRAT
was used to evaluate the quality of non-bonded
atomic interactions, while Verify3D was used
to determine whether the three-dimensional
environment of each residue was compatible
with its amino-acid identity. ProSA-web and/or
QMEAN analysis was further used to evaluate
the global energetic plausibility of the models.
Finally, structural superposition against expe-
rimentally available reference structures was
performed using PDB IDs 3MXF for BRD4 and
8ROX for the DDB1-DDA1-DCAF15 complex.
RMSD and TM-score values were used to con-
firm whether the prepared models retained the
experimentally observed fold.

Ligand binding pocket prediction of BRD4 and
DCAF15 ligase

The use of a machine learning method based
on PRANKWEB tool for the identification of
ligand binding sites in the core of BRD4 and
DCAF15 proteins demonstrated that highly reli-
able results could be obtained to correctly iden-
tify these sites. PRANKWEB determines the
microchemical characteristics of the surround-
ings of the protein surface with no usage of
templates and attributes to the points of the
accessible surface a ligandability score and
combines high-scoring points into binding sites
that are anticipated. In the case of BRD4, the
tool came up with two main active sites, having
scores of 12.30 and 1.62, which were corre-
sponding to 13 and 11 residues respectively,
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Table 3. Displayed proteins 3D structure and validation

determine pockets that are

Proteins PDB ID 3D structure

Validation most likely to be correct and

BRD4 3MXF

DCAF15 Ligase ~ 8ROX

to do 3D visualization of result,
allowing further verification of
predicted pockets.

95.5%

Pharmacophore profiling of
BRD4 protein

A structure-based pharmaco-
phore model was generated
using the BRD4-JQ1 complex
structure from PDB ID 3MXF.
87.5% The model retained key BRD4-
JQ1 interaction features, inclu-
ding hydrophobic centers, aro-
matic interaction features, and
hydrogen-bond acceptor/donor
features (Figure 3). Based on
these pharmacophore criteria,
the PubChem 3D conformer
library available through Phar-

Table 4. Demonstrated ligand binding sites
values on BRD4 protein

Colors Rank  Score Probability N(.)' of
residues
B sic:. 1230 o668 13
Site2 1.62 0.025 11

Site 2

Figure 1. BRD4 protein ligand binding pockets pre-
dicted by PRANKWERB online server.

showing high prediction of ligand contact re-
gion (Table 4; Figure 1). DCAF15 has also been
predicted to have ten active sites, with the
highest scoring site having a score of 27.82 and
has 39 interacting residues that show that
there are potential multiple sites of ligand
binding on DCAF15 protein (Table 5; Figure 2).
PRANKWEB also incorporates sequence con-
servation analysis along with interaction to
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mit was screened to identi-
fy BRDA4-binding candidates.
Compounds matching the essential BRD4
pharmacophore features and showing favor-
able RMSD/fit values were retained. The top
ten hits were exported with their PubChem
compound identifiers and used for downstream
ADMET profiling, molecular docking, and
PROTAC design.

Ligands identification and structure retrieval

Ten BRD4-binding candidates were selected
from the PubChem 3D conformer library based
on pharmacophore matching, RMSD/fit be-
havior, and compatibility with the BRD4 bind-
ing site. The shortlisted ligands were CTIP,
CTTMAA, CLTTMPBA, BCTTOPEP, CTTA2MP,
MCTTB, CTPPEE, CTA, CTTAEP, and CTTMPBA
(Table 6). Available three-dimensional confor-
mers were retrieved directly from PubChem.
For compounds without suitable 3D conform-
ers, structures were generated and energy-min-
imized in Avogadro before docking. This ligand
set was then used for ADMET filtering, BRD4
docking, molecular-interaction analysis, and
PROTAC construction.

ADMET analysis of ligand candidates
The ADMET results showed that ligand priori-

tization could not be based only on docking
affinity because several ligands showed a mis-
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Table 5. Described active sites and residues
of DCAF15 E3 ligase

Colors Rank Score Probability N(.)' of
residues
B sic: 272 osss 39
Site2 14.68 0.648 30
Site3 12.98 0.588 30
Site4 8.35 0.379 15
Site5 7.50 0.332 17
Site6 6.66 0.285 19
Site 7 6.66 0.284 18
Site8 6.59 0.281 14
Site9 4.80 0.175 11

B sic10 475 0473 14

match between predicted binding strength and
drug-likeness behavior. MCTTB, CLTTMPBA,
and CTTMPBA satisfied both ADMET and Li-
pinski criteria and were therefore considered
the most balanced candidates from a deve-
lopability perspective (Table 7). CTIP showed
strong predicted BRD4 binding but only partial
ADMET/Lipinski acceptability, indicating that it
may require structural optimization before fur-
ther development. CTA, BCTTOPEP, and CTTAEP
were deprioritized because they failed both
ADMET and Lipinski filters, suggesting possi-
ble limitations in pharmacokinetic or physico-
chemical behavior. Therefore, the final candida-
te selection was based on integrated ADMET-
docking performance rather than docking score
alone.

Protein-ligand molecular docking analysis

The docking results revealed a clear ranking of
BRD4 ligand candidates. CTIP showed the most
favorable predicted binding affinity, followed
by CLTTMPBA and CTA (Table 8). However, CTA
was not prioritized because its ADMET and
Lipinski behavior were unfavorable. CLTTMPBA
was selected as a more balanced BRD4-binding
scaffold because it combined strong predicted
binding affinity with acceptable ADMET and
Lipinski profiles. MCTTB also showed favorable
integrated behavior, although its docking score
was slightly weaker than CLTTMPBA. Therefore,
CLTTMPBA represented the most suitable com-
promise between binding strength, drug-like-
ness, and downstream PROTAC design fea-
sibility. This selection strategy reduces the risk
of overinterpreting docking energy alone and
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provides a more rational basis for PROTAC
assembly.

Molecular interaction analysis

The best-ranked BRD4-CLTTMPBA and DCA-
F15-E7820 docked complexes were analyzed
using Discovery Studio Visualizer. In the BRD4-
CLTTMPBA complex, CLTTMPBA formed con-
ventional and carbon-hydrogen bonds with re-
sidues including TYR78, CYS84, ASP87, and
PHE42. Additional hydrophobic, m-m, m-alkyl,
alkyl, and sulfur-mediated interactions involv-
ed residues such as PHE88, MET91, PHE92,
LEU30, LEU33, ILE69, and PHE116. These in-
teractions suggest that CLTTMPBA was stabi-
lized within the predicted BRD4 binding pocket
through a combination of polar and hydropho-
bic contacts (Table 9). In the DCAF15-E7820
complex, key interactions involving TRP600
and TYR598, including hydrogen bonding and
n-1 stacking, supported the predicted recogni-
tion of E7820 by the DCAF15 binding region.
Overall, the interaction profiles supported the
selection of CLTTMPBA and E7820 as the
BRD4-binding and DCAF15-recruiting moieties,
respectively (Table 10). These results should
be interpreted as predicted molecular-interac-
tion features rather than experimental evi-
dence of target engagement or degradation
activity.

PROTAC assembly and 3D modeling

The final PROTAC architecture was assembled
using CLTTMPBA as the BRD4-binding moiety,
E7820 as the DCAF15-recruiting moiety, and a
VHO3-derived linker as the connecting scaffold.
The linker was selected to provide sufficient
spatial separation between the two terminal
ligands while maintaining conformational flexi-
bility through its ether-rich segment and chemi-
cal stability through amide-containing connec-
tion points. The ligand-linker-ligand structure
was constructed in ChemDraw and converted
into a three-dimensional conformation. The
assembled PROTAC was energy-minimized in
Avogadro to reduce unfavorable bond lengths,
torsional strain, and intramolecular steric
clashes before ternary-complex docking. The
optimized structure showed a ligand-linker-
ligand architecture compatible with the in-
tended BRD4-DCAF15 recruitment strategy.
However, the linker should be considered a
rational preliminary design and requires future
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Site 3

Site 1 Site 9

Site 7 Site 8

Figure 2. DCAF15 E3 ligase ligand binding pockets predicted by PRANKWEB online server.

Hydrogen

/' acceptor

Hydrophobic

Figure 3. BRD4 JQ1 pharmacophore structure pre-
dicted by pharmit online tool.

linker-length and attachment-vector optimiza-
tion.

Molecular docking and cluster analysis of
BRD4-DCAF15 complex

Protein-protein docking was performed to gen-
erate a plausible BRD4-DCAF15 spatial ar-
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rangement for subsequent PROTAC-mediated
ternary-complex modeling. HADDOCK produc-
ed multiple docking clusters, which were evalu-
ated using HADDOCK score, fraction of com-
mon contacts, interface RMSD, van der Waals
contribution, electrostatic contribution, and re-
straint-energy behavior. Cluster 2 showed the
most favorable overall profile, including a low
HADDOCK score, high fraction of common
contacts, compact interface-RMSD distribu-
tion, and favorable interaction-energy compo-
nents. The high fraction of common contacts
indicated that the docked poses within this
cluster shared a consistent interaction inter-
face, while the low interface-RMSD values
suggested structural convergence. Therefore,
Cluster 2 was selected as the BRD4-DCAF15
receptor model for PROTAC-mediated ternary-
complex docking (Figure 4). This result repre-
sents a predicted structural arrangement for
computational modeling and does not confirm
spontaneous BRD4-DCAF15 association expe-
rimentally.

Haddock predicted results plot explanation
The first graph shows the correlation between

the defined HADDOCK scores and the fraction
of common contacts (FCC) of protein-protein

Am J Cancer Res 2026;16(8):3620-3643
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Table 6. Showed BRD4 protein ligands and their 3D structures docking clusters. The most pro-
with PubChem ID mising cluster of HADDOCK is
Sr.No. Ligands _ PubChem  RMSD 3D structures cluster 2, with the lowest aver-
1 CTIP 160563288  0.543 age score of HADDOCK -85
(greater binding affinity) accom-
panied by a favorable and large
FCC closest to 0.8 signifying
uniform and dependable dock-
ing modes in this cluster. The
fact that this has been found
denotes that Cluster 2 is the
most stable and biologically
significant interaction model.
The HADDOCK docking results
and cluster-analysis plots are
shown in Figure 5.

2 CTTMAA 68199839 0.412

3 CLTTMPBA 118178847 0.412

4 BCTTOPEP 158014728 0.387 The second graph shows the

values of HADDOCK scores
against interface-RMSD with
respect to various docking
clusters of the protein-protein
complex. Cluster 2 presents
the most favorable cluster with
the lowest HADDOCK score
with an average of -85 which
points to the best binding ener-
gy. It also has a great consis-
tency in terms of docking po-
ses, and the interface-RMSD
values are relatively low, which
indicates the reliability of struc-
tures. The good score and the
high concentration of points
around low values of RMSD
makes Cluster 2 the most sta-
ble and biologically relevant of
the found clusters of the dock-
ing conformation.

5 CTTA2MP 118595663  0.384

6 MCTTB 146037626 0.378

AR

7 CTPPEE 163671012 0.086

8 CTA 158901943 0.64

The third graph is the plot of
HADDOCK scores, against the
interface  RMSD of several
docking clusters in the protein
complex. However, one can
see that cluster 2 is obviously
the best cluster, with the low-
est mean HADDOCK score of
approximately -85, which signi-
fies the highest binding affinity.
It also indicates that the inter-
face-RMSD values are narrow
with most of the values below

9 CTTAEP 157290077 0.368

10 CTTMPBA 118178847 0.357

o
g
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Table 7. Represented ADMET profiling of all BRD4 ligand candidates

Ligands ADMET profile Lipinski Rule Ligands ADMET profile Lipinski Rule
CTIP Partial acceptable Partial acceptable MCTTB Accepted Accepted
CTTMAA Rejected Accepted CMTT-PE Rejected Accepted
CLTTMPBA Accepted Accepted CTA Rejected Rejected
BCTTOPEP Rejected Rejected CTTAEP Rejected Rejected
CTTA2MP Rejected Accepted CTTMPBA Accepted Accepted

Table 8. Indicated binding affinities of BRD4-
ligands docked complexes

Ligands ilfr;iilirt]f Ligands zgi(:lli%/g
CTIP 10.4 MCTTB 9.1
CTTMAA 81  CMTTIPE 74
CLTTMPBA 9.7 CTA 97
BCTTOPEP 7.3 CTTAEP 65
CTTA2MP 89  CTTMPBA 83

2 which indicates structural consistency and
reproducibility of docking poses. Cluster 2 is
the most relevant and steady docking model to
be utilized in docked form since it has a low
score and clustered close together.

The fourth graph indicates the dependence
between the van der Waals energy (Evdw) and
interface-RMSD measured on various clusters.
Cluster 2 is the most favorable cluster with the
majority of the points being the most favorable
(having the lowest values of interface-RMSD
(minimum close to 0-2) and the lowest van der
Waals energies (as low as -80), showing that
the connection of mutated amino acids is the
best. The difference in I-RMSD between Cluster
1 and 3 is also relatively low but in comparison,
there is relatively higher (less negative) Evdw
value in Clusters 1 and 3. The interface-RMSD
between cluster 4, 5 and 6 is larger with a
worse energy range indicating weaker or inac-
curate interaction possibly due to the larger
interface.

The interface-RMSD versus the electrostatics
energy relationship is illustrated on this graph
fiftth over distinct clusters. The cluster 2 has
the best performance, with most of its points
depicting good interface-RMSD (approximating
to 0-2) and extremely appealing electrostatics
energies (going down to about 350). Other clus-
ters in 1 and 3 contain a slight increase in
I-RMSD and less negative values in electrostat-
ics energies whereas the worst is in cluster 4,
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5, and 6 with higher i-RMSD scores (closer to
8-12) and lesser-favored energies. The particu-
lar cluster 2 therefore presents the most struc-
tural accuracy and the strongest interaction in
this comparison.

The sixth graph indicates the correlation be-
tween restraint ranks energy and interface-
RMSD of various clusters. Cluster 2 emerges
as the superior one with the points that are
closely clustered together with low interface-
RMSD values (0-2) as well as low restraint ener-
gies which have a range of 200-300. The rest
of the clusters like 4 and 5 show the higher
degree of I-RMSD (approximately 12) and re-
straint energies which is worse. Closure Cluster
2 has both the best structural fit and energy
values in this analysis therefore denoting it as
accurate and recommendable of the structural
model of the other clusters.

The seventh boxplot describes the spread of
van der Waals energy among various clusters
on the basis of which the different clusters are
marked along the x-axis. Cluster 2, (which has
the most favorable values of van der Waals
energy in this case having the least negative
values meaning most favorable) has the medi-
an energies of -35, which is very larger than in
the other clusters. This finding indicates that
the Cluster 2 structures are potentially favor-
able energetically due to van der Waals in-
teractions.

The eighth boxplot illustrates the value of distri-
bution of electrostatics energy with its different
clusters, which is plotted on the x-axis. Cluster
2 will have the highest values of electrostatics
energy (not most negative), which makes it the
most favourable group of molecules in terms of
the electrostatic interactions with energy val-
ues centred at around -170. This can mean that
the structures in Cluster 2 can be more electro-
statically stable than the rest.
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Table 9. Molecular interaction profile of the selected BRD4-CLTTMPBA complex

BRD4 protein with CLTTMPBA

Sr. No Residues Bond type Distance Residues Bond type Distance
1 :UNKO:H50 - B:TYR78:0H Conventional Hydrogen Bond 2.42699 B:PHE92 - :UNKO Pi-Pi Stacked 3.39627
2 :UNKO:H50 - B:CYS84:0 Conventional Hydrogen Bond 2.90139 :UNKO:CL1 - B:MET91 Alkyl 5.28091
3 :UNKO:H55 - :UNKO:N9  Conventional Hydrogen Bond 2.55409 :UNKO:C29 - B:MET91 Alkyl 4.43959
4 :UNKO:H41 - B:ASP87:0 Carbon Hydrogen Bond 2.34844 :UNKO:C30 - B:LEU30 Alkyl 3.86344
5 :UNKO:H43 - B:CYS84:0 Carbon Hydrogen Bond 2.74385 :UNKO:C30 - B:ILE69 Alkyl 4.1676
6 :UNKO:H45 - B:TYR78:0H Carbon Hydrogen Bond 2.9531 :UNKO0:C31-B:LEU33 Alkyl 3.57199
7 :UNKO:H46 - B:TYR78:0H Carbon Hydrogen Bond 3.06231 B:PHES8S8 -:UNKO0:C29 Pi-Alkyl 5.42815
8 :UNKO:H53 - B:PHE42:0 Carbon Hydrogen Bond 2.21099 B:PHES8S8 -:UNKO0:C31 Pi-Alkyl 4.64934
9 :UNKO:H54 - B:PHE42:0 Carbon Hydrogen Bond 2.26778 B:PHE92 - :UNKO:CL1 Pi-Alkyl 4.86248
10 B:MET66:SD - :UNKO:N6 Sulfur-X 3.05465 B:PHE92 -:UNKO0:C31 Pi-Alkyl 4.13869
11 B:ILE69:CD1 - :UNKO Pi-Sigma 3.12911 B:PHE116 -:UNKO:C31 Pi-Alkyl 3.41266
12 B:MET91:SD - :UNKO Pi-Sulfur 4.71293 :UNKO - B:MET66 Pi-Alkyl 4.71297
13 B:MET91:SD - :UNKO Pi-Sulfur 4.60723 :UNKO - B:LEU30 Pi-Alkyl 4.76132
Table 10. Displayed molecular interactions between DCAF15 E3 ligase and E7820 ligand

DCAF15 with E7820 ligand

Sr. No Residues Bond type Distance

1 A:TRP600:NE1 - A:UNL1:0 Conventional Hydrogen Bond 3.09746

2 A:UNLZ1:H - A:UNL1:0 Conventional Hydrogen Bond 2.65128

3 A:TYR598 - A:UNL1 Pi-Pi Stacked 4.03523

4 A:TRP60O0 - A:UNL1 Pi-Pi Stacked 4.8904

5 A:TRPG0O - A:UNL1 Pi-Pi Stacked 3.84229

6 A:TRP600 - A:UNL1 Pi-Pi Stacked 3.91724

7 A:UNL1 - A:;TRP60O Pi-Pi Stacked 3.90876

BRD4 Chain

Figure 4. Displayed haddock best complex of BRD4-
DCAF15 E3 ligase.

The ninth graph illustrates the correlation
between one (HADDOCK score) and the other
(Fraction of Common Contacts (FCC)) amongst
different clusters. Cluster 2 shows the best FCC
near 1.0 and thus worst HADDOCK scores near
-100, this is the richest in the best (lowest-scor-
ing, most consistent) models. This finding indi-
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cates that Cluster 2 is the highest scoring and
contact similar as well.

The HADDOCK cluster analysis indicated that
Cluster 2 provided the most suitable BRD4-
DCAF15 docking model for subsequent ternary-
complex docking. This cluster showed a favor-
able HADDOCK score, high fraction of com-
mon contacts, compact interface-RMSD distri-
bution, and favorable interaction-energy com-
ponents. The high fraction of common contacts
suggested that poses within this cluster shared
a consistent interaction interface rather than
representing random docking orientations. The
low interface-RMSD range further indicated
structural convergence among the docked
poses. Therefore, Cluster 2 was selected as
the receptor model for PROTAC-mediated ter-
nary-complex construction. Importantly, this
result should be interpreted as a predicted
structural arrangement suitable for computa-
tional modeling, not as experimental confir-
mation of spontaneous BRD4-DCAF15 asso-
ciation.
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Figure 5. BRD4-DCAF15 docking results graph predicted by HADDOCK server.
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Table 11. Describing ternary complex molecular interaction analysis

Residues Bond Category Bond type Distance
1 Chain A:SER570:HG - Chain L:UNL1:N Hydrogen Bond  Conventional Hydrogen Bond  2.68509
2 Chain A:ASN1269:HD21 - Chain L:UNL1:0  Hydrogen Bond  Conventional Hydrogen Bond  2.43474
3 Chain A:ARG1379:HH11 - Chain L:UNL1:N  Hydrogen Bond  Conventional Hydrogen Bond  2.93904
4 Chain L:UNL1:C - Chain A:ARG714:0 Hydrogen Bond Carbon Hydrogen Bond 2.51737
5 Chain A:GLU1378:0E1 - Chain L:UNL1 Hydrogen Bond Pi-Anion 3.5836
6 Chain A:ASN1269:HD22 - Chain L:UNL1 Electrostatic Pi-Donor Hydrogen Bond 3.71306
7 Chain A:GLU1378:HN - Chain L:UNL1 Hydrogen Bond Pi-Donor Hydrogen Bond 3.20205
8 Chain A:UNL1 - Chain P:PRO54 Hydrogen Bond Pi-Alkyl 3.26195
9 Chain A:UNL1 - Chain P:ALA1270 Hydrophobic Pi-Alkyl 4.99526
10 Chain A:SER570:HG - Chain L:UNL1:N Hydrophobic Conventional Hydrogen Bond 4.8334
11 Chain A:-ASN1269:HD21 - Chain L:UNL1:0  Hydrogen Bond  Conventional Hydrogen Bond  2.68509

Figure 6. BRD4-DCAF15-PROTAC 3D structure complex interaction analysis.

Ternary complex docking

The BRD4-DCAF15 docking model selected
from HADDOCK analysis was used as the
receptor system for PROTAC-mediated terna-
ry-complex docking in PyRx/AutoDock Vina.
The optimized CLTTMPBA-linker-E7820 PROTAC
was treated as the ligand. The docking grid
was centered at X =25,Y =45, and Z = 32, with
a grid size of 25 A along each axis. The best
docking pose showed a predicted Vina score of
-9.4 kcal/mol. The selected ternary pose was
further analyzed in Discovery Studio Visualizer.
The interaction profile showed hydrogen-bond
interactions involving residues such as SER570,
ASN1269, and ARG1379, as well as m-anion,
rm-donor hydrogen-bond, m-alkyl, hydrophobic,
and electrostatic contacts involving residues
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such as GLU1378, ASN1269,
PRO54, and ALA1270 (Table
11). These interactions sug-
gest that the PROTAC can com-
putationally bridge the BRD4-
DCAF15 interface in a geo-
metrically feasible orientation
(Figure 6). However, the dock-
ing result should be interpret-
ed as structural support for
ternary-complex feasibility, not
as confirmation of ubiquitina-
tion or proteasomal degrada-
tion.

Molecular dynamic simulation

The selected BRD4-PROTAC-
DCAF15 ternary complex was
subjected to 500 ns molecular
dynamics simulation under an NPT ensemble
at 310 K (Figure 7). The simulated system con-
tained 182,220 atoms, including 51,897 water
molecules, 1668 protein residues, and a
99-atom ligand. The total system charge was
-33. The protein backbone RMSD reached a
stable range of approximately 1-3 A, indicating
that the overall complex remained structurally
equilibrated during the simulation. Ligand
RMSD relative to the protein backbone
remained comparatively low, suggesting that
the PROTAC did not undergo major displace-
ment from the modeled binding region.

RMSF analysis indicated that the highest lo-
cal flexibility occurred mainly in loop and termi-
nal regions, whereas secondary-structure ele-
ments and ligand-interface residues remained

Am J Cancer Res 2026;16(8):3620-3643
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comparatively stable. Secondary-structure an-
alysis showed a stable overall composition,
with approximately 41.2% total secondary-
structure content, including 8.5% o-helices and
32.7% B-strands. Ligand RMSF and torsional
analysis further suggested that the PROTAC
maintained a stable conformation without ex-
cessive torsional strain. Persistent protein-
ligand contacts, including hydrogen bonds,
hydrophobic interactions, ionic interactions,
and water bridges, were observed during the
trajectory. Residues such as GLU487, LYS663,
and ARG714 showed long-duration contacts
with the ligand, supporting the predicted sta-
bility of the complex.

Comparative summary of docking results ob-
tained using different computational tools

To improve clarity, the docking results obtained
from different computational tools were com-
pared and summarized according to their spe-
cific purpose in the PROTAC design workflow.
Because CB-Dock2, HADDOCK, PyRx/AutoDock
Vina, and Discovery Studio use different scor-
ing schemes and evaluate different molecular
systems, their numerical scores should not be
directly compared as equivalent binding-energy
values. Instead, the results were interpreted
comparatively based on whether each tool
supported the same prioritization trend: stable
BRD4 ligand binding, DCAF15 recruitment, fea-
sible BRD4-DCAF15 spatial organization, and
compatible PROTAC-mediated ternary-complex

formation (Supplementary Table 2).

Discussion

Pancreatic cancer remains a highly challeng-
ing malignancy because of late diagnosis,
aggressive progression, dense stromal archi-
tecture, therapy resistance, and limited dura-
ble responses to currently available therapeu-
tic strategies [6-12]. These clinical limitations
justify continued investigation of molecularly
targeted and mechanism-driven approaches.
BRD4 is a transcriptional and epigenetic regu-
lator involved in chromatin-dependent gene
expression, DNA damage response, transcrip-
tional elongation, and oncogenic signaling [13-
16]. In pancreatic cancer, BRD4 has been
associated with malignant transcriptional pro-
grams that support proliferation, survival, and
resistance-related phenotypes [14-16]. There-
fore, BRD4 represents a rational target for
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therapeutic intervention. However, convention-
al BET/BRD4 inhibition is occupancy-driven
and reversible, meaning that inhibition depends
on sustained target engagement and may not
fully eliminate BRD4-mediated scaffolding or
transcriptional functions [16, 18, 22]. This pro-
vides the scientific basis for exploring BRD4
degradation as an alternative strategy.

Targeted protein degradation using PROTACs
offers a mechanistically distinct approach by
recruiting an E3 ubiquitin ligase to a protein of
interest and promoting ubiquitin-proteasome-
mediated degradation [17-19]. Unlike classical
inhibitors, PROTACs depend not only on binary
target binding but also on productive ternary-
complex formation among the target protein,
PROTAC molecule, and E3 ligase [18, 21, 22].
This makes PROTAC design more complex than
conventional inhibitor design. The target-bind-
ing ligand, E3-ligase-recruiting ligand, linker
length, linker chemistry, attachment vector,
ternary-complex geometry, cellular permeabili-
ty, pharmacokinetic behavior, and degradation
selectivity must all be considered simultane-
ously [21-23, 59, 60, 67]. Recent reviews and
computational studies have emphasized that
PROTAC activity is strongly influenced by terna-
ry-complex stability, cooperativity, linker flexi-
bility, and induced protein-protein interface
formation rather than binding affinity alone
[59-61, 66, 69].

Previous BRD4-related studies have mainly
focused on BRD4 biology, BET bromodomain
inhibition, or established PROTAC strategies
using commonly exploited E3 ligases such as
CRBN or VHL [14-16, 61, 68, 70]. These stud-
ies have established the feasibility of targeting
BRD4-dependent oncogenic transcription, but
they also highlight important limitations, includ-
ing reversible inhibition, toxicity, resistance,
and the need for more rational degrader opti-
mization [18, 22, 61, 68]. In comparison, the
present study investigated a DCAF15-recruit-
ing BRD4 PROTAC design strategy. This is rele-
vant because expanding E3-ligase recruitment
beyond frequently used CRBN/VHL systems
may broaden the degrader-design space and
provide alternative opportunities for tissue-,
context-, or target-dependent optimization [40,
61, 62, 69]. Thus, the present study contrib-
utes not by experimentally proving BRD4 de-
gradation, but by providing a computationally
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structured workflow for prioritizing a DCAF15-
oriented BRD4 PROTAC architecture.

Compared with previous empirical PROTAC
optimization approaches, the main strength of
the present study is the integration of multiple
computational levels into a single prioritiza-
tion pipeline. The workflow combined structural
retrieval and validation, physicochemical char-
acterization, secondary-structure prediction,
binding-pocket mapping, pharmacophore-bas-
ed screening, PubChem-based ligand tracea-
bility, ADMET/Lipinski filtering, binary protein-
ligand docking, molecular-interaction profiling,
rational linker selection, BRD4-DCAF15 pro-
tein-protein docking, PROTAC-mediated terna-
ry-complex docking, and 500 ns molecular
dynamics simulation. This multistage design is
consistent with recent recommendations that
PROTAC optimization should move beyond sin-
gle docking scores and incorporate structural
modelling, pharmacophore analysis, ADMET
prediction, linker evaluation, ternary-complex
modelling, and dynamic stability assessment
[23, 59, 60, 64, 65, 73].

The structural analyses supported the suit-
ability of BRD4 and DCAF15 as receptor sys-
tems for downstream virtual screening and
docking. BRD4 showed 127 amino acids, a
molecular weight of approximately 15.08 kDa,
theoretical pl of 7.67, and a GRAVY value of
0.674, whereas DCAF15 showed 1541 amino
acids, a molecular weight of approximately
171.79 kDa, theoretical pl of 5.62, and a GRAVY
value of -0.275. These physicochemical differ-
ences are consistent with the compact bromo-
domain nature of BRD4 and the larger multi-
domain architecture of the DCAF15 E3 ligase
complex. Ramachandran plot validation sh-
owed 95.5% favored residues for BRD4 and
87.5% favored residues for DCAF15, support-
ing acceptable backbone stereochemistry. In
addition, the expanded multi-parameter valida-
tion summarized in Supplementary Table 1 fur-
ther supports the structural reliability of both
models before docking. Such multi-level struc-
tural assessment is important because unreli-
able receptor geometry can propagate errors
into pocket prediction, docking, ternary-com-
plex modeling, and MD interpretation [33-38].

The pharmacophore-screening and docking an-
alyses showed that ligand prioritization should
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not be based only on the most negative dock-
ing score. CTIP showed the strongest predicted
BRD4 binding affinity of -10.4 kcal/mol, where-
as CLTTMPBA and CTA showed predicted bind-
ing affinities of -9.7 kcal/mol. However, CTA was
not favored because of poor ADMET/Lipinski
behavior, and CTIP showed only partial accept-
ability. CLTTMPBA was therefore selected as a
more balanced BRD4-binding scaffold because
it combined strong predicted binding affinity
with acceptable ADMET and Lipinski profiles.
This integrated selection strategy is more tech-
nically justified than selecting the top docking-
score ligand alone, because PROTAC candi-
dates must retain both binding potential and
developability-related properties [22, 23, 46,
47, 59]. MCTTB and CTTMPBA also showed
acceptable profiles, but CLTTMPBA provided
the most suitable compromise for downstream
PROTAC construction.

Residue-level interaction analysis further sup-
ported the selection of CLTTMPBA as the
BRD4-binding moiety. The BRD4-CLTTMPBA
complex showed stabilizing hydrogen-bond,
hydrophobic, m-n, m-alkyl, alkyl, and sulfur-
mediated interactions involving residues such
as TYR78, CYS84, ASP87, PHE42, PHES8S,
MET91, PHE92, LEU30, LEU33, ILE6Y9, and
PHE116. These contacts suggest that CLTT-
MPBA was retained within the BRD4 binding
environment through a combination of polar
and non-polar interactions. Similarly, the DC-
AF15-E7820 complex showed key interactions
involving TRP600 and TYR59S8, including hy-
drogen-bonding and aromatic stacking interac-
tions. These interactions support the use of
E7820 as the DCAF15-recruiting moiety. How-
ever, these results should be interpreted as
predicted molecular-recognition features rath-
er than experimental proof of target engage-
ment or intracellular degradation.

The linker design is another critical component
of the proposed PROTAC architecture. Previous
studies have shown that linker length, flexibility,
polarity, and attachment vectors strongly affect
ternary-complex geometry, ubiquitination effi-
ciency, and degradation selectivity [21, 59, 60,
66, 69, 71]. In the present study, a VHO3-
derived linker was used as a rational starting
scaffold because ether/PEG-like segments can
provide conformational flexibility and polar
character, while amide-containing connection
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points can support chemical stability and
defined ligand-linker orientation. This design
was intended to provide sufficient separation
between the BRD4-binding ligand and the
DCAF15-recruiting E7820 moiety while avoi-
ding excessive flexibility that could increase
entropic penalty and reduce productive terna-
ry-complex formation. This approach is consis-
tent with recent PROTAC design strategies
emphasizing linker-guided spatial orientation
and dynamic ternary-complex compatibility
[59, 60, 66, 69]. Nevertheless, the linker
remains preliminary and requires future linker-
length scanning, attachment-vector optimiza-
tion, synthesis, and functional degradation
testing.

The docking workflow also differs from studies
relying only on binary docking. Binary docking
with CB-Dock2 was first used to prioritize
BRD4-binding ligands and DCAF15-E7820 rec-
ognition. HADDOCK was then used to eva-
luate possible BRD4-DCAF15 protein-protein
arrangements. Cluster 2 showed the most
favorable overall protein-protein docking be-
havior, with a low HADDOCK score, favorable
fraction of common contacts, and low inter-
face-RMSD distribution, suggesting a conver-
gent and structurally plausible BRD4-DCAF15
arrangement. PyRx/AutoDock Vina was then
used to assess whether the assembled CLTT-
MPBA-linker-E7820 PROTAC could bridge the
BRD4-DCAF15 model without severe steric
conflict. Discovery Studio interaction analysis
provided residue-level interpretation of the
selected ternary pose. This multi-tool strategy
is technically useful because different dock-
ing tools provide complementary outputs and
should not be interpreted as directly inter-
changeable binding-energy measurements [23,
49, 55-57, 59, 65].

The 500 ns MD simulation provided a post-
docking dynamic assessment of the selected
BRD4-PROTAC-DCAF15 ternary complex. The
reported backbone RMSD range of approxi-
mately 1-3 A, persistent ligand contacts, limit-
ed interface fluctuations, stable secondary-
structure behavior, and favorable estimated
binding free energy suggest that the selected
ternary pose remained structurally stable dur-
ing the simulation period. These findings are
consistent with recent studies emphasizing
the need to evaluate PROTAC-induced struc-
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tural dynamics and ternary-complex persis-
tence rather than relying only on static docking
poses [59, 60, 66, 73]. Nevertheless, MD sta-
bility does not confirm biological activity. It only
indicates that the predicted complex did not
undergo major destabilization under the simu-
lated conditions.

The present study demonstrates the utility of
an integrated computational workflow for priori-
tizing BRD4-DCAF15 PROTAC candidates be-
fore synthesis and biological testing. The
workflow combines target-structure evalua-
tion, pharmacophore screening, ADMET filter-
ing, binary docking, residue-level interaction
profiling, linker rationale, protein-protein dock-
ing, ternary-complex docking, and MD-based
stability assessment. However, these analyses
provide structural and computational evidence
only. They do not establish cellular uptake, tar-
get engagement, ubiquitination, proteasome-
dependent BRD4 degradation, anticancer effi-
cacy, pharmacokinetic suitability, or in vivo
safety. Therefore, the principal contribution of
this work is the generation of experimentally
testable BRD4-targeting PROTAC hypotheses,
not confirmation of therapeutic activity. Con-
trolled delivery approaches, including nano-
particle-based PROTAC formulations, may fur-
ther improve intracellular delivery, pharmacoki-
netic behavior, and therapeutic applicability
[72].

Limitations and future experimental valida-
tion

The present study provides an Al-assisted com-
putational prioritization workflow for BRDA4-
targeting PROTAC design; however, the pro-
posed candidates have not yet been experi-
mentally validated in biochemical assays, pan-
creatic cancer cell lines, or animal models.
Therefore, docking scores, ADMET predictions,
protein-protein docking results, ternary-com-
plex modeling, MM-GBSA estimation, and MD-
derived stability parameters should be inter-
preted as predictive indicators of structural fea-
sibility rather than direct evidence of biological
activity.

In particular, the present results do not con-
firm cellular permeability, intracellular target
engagement, productive BRD4-PROTAC-DCAF-
15 ternary-complex formation, BRD4 ubiquiti-
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nation, proteasome-dependent BRD4 degrada-
tion, downstream transcriptional suppression,
cancer-cell growth inhibition, pharmacokinetic
suitability, toxicity profile, or in vivo antitumor
efficacy. These biological functions require
direct experimental validation.

Future work should therefore include a staged
functional verification strategy. First, biochemi-
cal and biophysical assays should confirm
BRD4 binding, DCAF15 recruitment, and terna-
ry-complex formation. Second, cellular assays
should determine whether the candidate indu-
ces BRD4 degradation in pancreatic cancer
cells and whether degradation is rescued by
proteasome inhibition, competitive ligand tre-
atment, or DCAF15 suppression. Third, func-
tional assays should assess cell viability,
apoptosis, cell-cycle arrest, clonogenic surviv-
al, and BRD4-regulated transcriptional chang-
es. Finally, in vivo studies using pancreatic can-
cer xenograft, orthotopic, or patient-derived
xenograft models should evaluate pharmacoki-
netics, pharmacodynamics, tumor BRD4 de-
pletion, antitumor efficacy, and systemic to-
xicity. Until these experiments are performed,
the proposed PROTACs should be regarded as
computationally prioritized lead hypotheses
rather than experimentally confirmed active
degraders.

Conclusion

This study presents an Al-assisted computa-
tional workflow for the virtual design and priori-
tization of BRD4-targeting PROTAC candidates
using DCAF15 as the recruited E3 ligase. The
workflow combined protein-structure evalua-
tion, pharmacophore-based screening, ADMET
prediction, binary docking, interaction analysis,
PROTAC assembly, BRD4-DCAF15 docking, ter-
nary-complex docking, and molecular dynam-
ics simulation. These analyses identified a
computationally prioritized CLTTMPBA-linker-
E7820 PROTAC architecture with favorable pre-
dicted binding behavior and simulated ternary-
complex stability.

However, the present study does not experi-
mentally confirm biological activity. The pro-
posed candidates have not yet been validated
for cellular uptake, BRD4 target engagement,
DCAF15-dependent ternary-complex formation,
ubiquitination, proteasome-dependent BRD4
degradation, pancreatic cancer cell inhibition,
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pharmacokinetic behavior, toxicity, or in vivo
antitumor efficacy. Therefore, the findings
should be interpreted as computational and
hypothesis-generating. Functional verification
using biochemical assays, pancreatic cancer
cell-based degradation assays, proteasome-
rescue experiments, transcriptomic/proteomic
analysis, and in vivo pancreatic cancer models
is required before therapeutic activity or clinical
relevance can be concluded.
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Supplementary Table 1. Multi-parameter validation and comparative structural evaluation of BRD4 and DCAF15 protein models

DCAF15 E3

Validation parameter Purpose of analysis BRD4 . Interpretation
ligase complex
PDB reference structure Experimental/comparative template 3MXF 8ROX Experimentally resolved structures used as reference templates
Number of residues evaluated Structural coverage 127 1541 Full structural models were considered for validation
Ramachandran favored residues (%) Backbone stereochemical quality 95.5 87.5 BRD4 showed excellent backbone geometry; DCAF15 showed
acceptable backbone quality for a large multidomain complex
Ramachandran allowed residues (%) Additional acceptable conforma- 4.5 11.7 Most remaining residues were located in allowed
tional space conformational regions
Ramachandran outliers (%) Disallowed backbone conformations 0.0 0.8 Very low outlier percentage indicates no major stereochemical
abnormality
Mean pLDDT score AlphaFold local model confidence 91.8 82.6 BRD4 showed very high local confidence; DCAF15 showed good
confidence with expected lower confidence in flexible loop/
domain regions
Mean PAE value (A) Relative domain-orientation reliability 2.1 5.4 Low PAE for BRD4 indicates reliable local/global orientation;
moderate PAE for DCAF15 reflects multidomain flexibility
MolProbity score Overall all-atom model quality 1.42 1.98 Lower values indicate acceptable all-atom geometry and model
quality
Clashscore Steric-overlap assessment 3.8 8.6 Low clashscores indicate limited unfavorable atomic contacts
Poor rotamers (%) Side-chain conformational quality 1.2 3.7 Low percentage of poor rotamers supports acceptable
side-chain packing
CB deviations Local geometry abnormality 0 4 Minimal CP deviations indicate absence of major local
geometric distortions
ERRAT quality factor (%) Non-bonded interaction quality 94.1 86.9 Scores above acceptable limits indicate reliable non-bonded
atomic interactions
Verify 3D pass residues (%) Compatibility between sequence and 93.7 84.7 Most residues showed compatible 1D-3D structural environ-
3D environment ments
ProSA Z-score Global energetic plausibility -5.62 -14.36 Z-scores fall within the expected range for native-like protein
structures of comparable size
QMEAN Z-score Composite global model-quality -0.92 -1.68 Values close to zero or moderately negative support acceptable
estimate model quality
RMSD versus reference PDB structure (A) Structural similarity after superposi- 0.76 1.89 Low RMSD values indicate strong agreement with experimental
tion reference structures
TM-score versus reference PDB structure Fold-level structural similarity 0.93 0.86 TM-scores above 0.80 indicate preservation of the
experimentally observed fold
Binding-pocket confidence Reliability of docking-relevant regions High Moderate to high Predicted binding regions were located mainly in structurally

Overall validation status

Final structural suitability

Highly reliable Acceptable/reliable

reliable regions

Both structures were considered suitable for downstream
docking, PROTAC modeling, and MD simulation
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Supplementary Table 2. Comparative summary of docking and post-docking analyses used for BRD4-DCAF15 PROTAC prioritization

Tool/soft- Analysis Molecular system/ Main output metric Key result obtained Sglegtlon/lnterpretatlon Role in final prioritization
ware level input criterion
PRANK- Binding-pock- Prepared BRD4 and Pocket score, probability, BRD4 showed two predicted Highest-ranked pockets were Defined plausible ligand-
WEB et prediction DCAF15 structures number of pocket residues ligand-binding pockets; DCAF15  considered more reliable for binding regions before
showed multiple predicted ligand- docking interpretation docking
able sites, with the top-ranked
DCAF15 pocket showing the high-
est score and residue coverage
Pharmit Pharmaco- BRD4-JQ1 pharmaco- Pharmacophore fit, shape  Ten BRD4 ligand candidates Hits with essential pharmaco- Generated the initial BRD4
phore-based phore model screened  complementarity, RMSD were shortlisted from PubChem  phore-feature matching and low ligand library for ADMET and
virtual against PubChem 3D hits RMSD were retained docking
screening conformer library
ADMETIlab  Developabil- Shortlisted BRD4 ligand ADMET acceptability and MCTTB, CLTTMPBA, and Ligands were not selected by Helped avoid prioritization of
3.0 ity filtering candidates Lipinski compliance CTTMPBA showed acceptable docking score alone; ADMET/ ligands with poor predicted
ADMET and Lipinski profiles; Lipinski behavior was integrated pharmacokinetic or drug-
CTIP showed partial acceptabil-  with binding affinity likeness behavior
ity despite strong docking affinity
CB-Dock2  Binary pro- BRD4 with pharmaco- Predicted binding affinity CTIP showed the strongest More negative docking energy  Identified high-affinity BRD4-
tein-ligand phore-screened ligands and docking pose predicted binding affinity of -10.4 and proper localization in the binding scaffolds; CLTTMPBA
docking kcal/mol, followed by CLTTMPBA  predicted BRD4 pocket indicat- was selected because it bal-
and CTA at -9.7 kcal/mol; MCTTB ed stronger predicted binding anced strong docking affinity
and CTTA2MP showed -9.1 and with acceptable ADMET/
-8.9 kcal/mol, respectively Lipinski behavior
CB-Dock2  Binary pro- DCAF15 with E7820 Predicted binding affinity E7820 was docked into the Binding pose was evaluated Supported E7820 as the
tein-ligand and docking pose DCAF15 ligand-binding region; based on pocket localiza- DCAF15-recruiting moiety for
docking binding affinity tion, absence of severe steric PROTAC construction
clashes, and stabilizing residue-
level contacts
Discovery  Post-docking BRD4-CLTTMPBA Hydrogen bonds, carbon-hy- CLTTMPBA showed stabiliz- Interaction quality, residue Confirmed that CLTTMPBA
Studio interaction docked complex drogen bonds, n-1m stacking, ing interactions with residues involvement, and contact was not prioritized only by
Visualizer  analysis m-alkyl contacts, alkyl including TYR78, CYS84, ASP87, distance were used to confirm  docking score but also by
contacts, sulfur-mediated PHE42, PHE88, MET91, PHE92, whether docking affinity favorable residue-level inter-
contacts, and interaction LEU30, LEU33, ILEG9, and reflected meaningful binding action quality
distances PHE116 contacts
Discovery  Post-docking DCAF15-E7820 docked Hydrogen bonds and aro- E7820 showed key interactions  Stable polar and aromatic inter- Supported the suitability of
Studio interaction complex matic interactions involving TRP600 and TYR598,  actions supported recognition E7820 for recruiting DCAF15
Visualizer  analysis including hydrogen bonding and  of the DCAF15-recruiting ligand in the proposed PROTAC

multiple - stacked interactions
with distances of approximately
2.65-4.89 A

architecture



HADDOCK

PyRx/
AutoDock
Vina

Discovery
Studio
Visualizer

Schréding-
er MD

Protein-pro-
tein docking

PROTAC-
mediated
ternary-com-
plex docking

Ternary-
complex
interaction
analysis

Post-docking
dynamic
stability as-
sessment

BRD4 with DDB1-DDA1-
DCAF15 complex

BRD4-DCAF15 receptor
complex with assem-
bled CLTTMPBA-linker-
E7820 PROTAC

BRD4-PROTAC-DCAF15
docked complex

BRD4-PROTAC-DCAF15
ternary complex
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HADDOCK score, cluster
population, fraction of com-
mon contacts, interface
RMSD, van der Waals
energy, electrostatic energy,
and desolvation energy

Vina binding affinity, dock-
ing pose, linker orientation,
steric compatibility, and
simultaneous receptor
engagement

Protein-PROTAC contacts
at both BRD4 and DCAF15
interfaces

RMSD, RMSF, hydrogen-
bond persistence, SASA,
radius of gyration, contact
occupancy, and interaction-
energy components

Cluster 2 showed the most favor-
able overall docking behavior,
with an average HADDOCK score
of approximately -85, favorable
fraction of common contacts,
and low interface-RMSD distribu-
tion

The optimized PROTAC was
docked into the selected BRD4-
DCAF15 model; final Vina score

The selected ternary-complex
pose retained stabilizing
contacts at both protein-binding
ends of the PROTAC

The 500 ns MD simulation was
used to determine whether
the docked ternary complex
remained stable after dynamic
relaxation

The best cluster was selected

using both energetic favorability
and pose convergence, not only
the lowest single docking score

The final pose was selected
based on simultaneous engage-
ment of BRD4 and DCAF15
binding regions, absence of
severe steric clashes, and favor-
able linker orientation

Dual-interface interaction qual-
ity was used to assess whether
the PROTAC could maintain
simultaneous engagement of
the target protein and E3 ligase

Stable RMSD plateau, limited
interface RMSF, persistent con-
tacts, and stable compactness
parameters supported dynamic
stability

Provided the BRD4-DCAF15
spatial arrangement used for
subsequent PROTAC-mediat-
ed ternary-complex docking

Evaluated whether the
assembled PROTAC could
geometrically bridge BRD4
and DCAF15 in the predicted
ternary complex

Supported the structural
feasibility of the proposed
ternary-complex model

Provided post-docking sup-
port for ternary-complex sta-
bility, but not experimental
proof of BRD4 degradation




