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ABSTRACT

Selecting the appropriate crystallographic conformation of a target
protein is essential for reliable structure-based virtual screening. In this
study, conformational variability of the epidermal growth factor receptor
(EGFR) was investigated and how it influences docking accuracy of
Afatinib, a dual covalent inhibitor of EGFR, and HER2. Using five EGFR
crystal structures (4G5J, 4122, 3W33, 3POZ, and 5U8L), self- and cross-
docking analyses were performed in ICM-Pro to assess binding precision,
pose stability, and scoring performance. Self-docking of Afatinib into its
native complex (4G5J) reproduced the experimental pose with an RMSD
of 0.95 A, validating the protocol. Among alternative conformations,
4122 yielded the closest structural agreement, demonstrating an RMSD
of 1.02 A and superior docking scores, while other structures showed
substantial deviations in key active-site residues, resulting in distorted
poses and lower binding scores. These findings reveal that subtle
rearrangements of residues surrounding Cys797, Met793, and Lys745
critically affect ligand accommodation and covalent bond formation. The
results emphasize that protein conformational selection, particularly from
high-resolution structures - profoundly influences docking fidelity.
Incorporating multiple conformations through cross- docking enhances
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predictive robustness and better reflects the dynamic nature of protein—
ligand recognition in virtual screening workflows.

Keywords: EGFR, afatinib, covalent inhibitor, cross-docking, protein
conformation.

Introduction

The selection of an appropriate crystallographic structure of a protein
is a critical step in any structure-based virtual screening project. The
accuracy and predictive power of docking results strongly depend on the
conformational state of the protein model used. Proteins are inherently
dynamic and exist in an ensemble of conformations rather than in a single
static structure. This intrinsic conformational plasticity reflects their ability
to adopt multiple structural states in response to environmental conditions
or ligand binding, profoundly influencing ligand recognition and binding
affinity [1].

A single protein can display distinct conformations depending on the
nature of its bound molecules, such as small-molecule modulators, peptides,
cofactors, and other factors. Each binding event can stabilize a particular
structural state, altering the geometry and physicochemical properties of the
binding pocket. Consequently, the success of virtual screening is closely
tied to how accurately the selected protein structure represents the
biologically relevant conformation for ligand binding. Choosing an
inappropriate conformation may lead to the exclusion of potentially active
compounds or, conversely, to the prioritization of false positives [1].

This issue is particularly relevant for both non-covalent and covalent
ligand screening, where the spatial arrangement and flexibility of key
residues determine the feasibility of binding. In recent years, the importance
of considering protein flexibility, either through ensemble docking, cross-
docking, or molecular dynamic simulations-based approaches, has become
increasingly recognized. Among these, cross-docking provides a practical
means to evaluate the compatibility of ligands across multiple receptor
conformations, thereby identifying the most suitable structural models for
virtual screening.
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In this study, a systematic cross-docking analysis using Afatinib, a
dual covalent inhibitor of the epidermal growth factor receptor (EGFR) [2]
and human epidermal growth factor receptor 2 (HER2), was performed [3].
As a model system, the co-crystal structure of Afatinib bound to EGFR was
selected, along with four additional EGFR crystallographic structures
complexed with different ligands. This approach was used to assess how
variations in EGFR conformations influence docking accuracy and ligand
accommodation. By comparing docking results across multiple receptor
conformations, highlighting the impact of structural selection on virtual
screening outcomes and providing insights into best practices for receptor
preparation in structure-based drug discovery.

Materials and Methods

The crystallographic structure of the epidermal growth factor receptor
(EGFR) in complex with Afatinib was obtained from the Protein Data Bank
(PDB ID: 4GS5J) [4]. This structure represents the covalent complex
between Afatinib and EGFR, in which the acrylamide warhead of Afatinib
forms an irreversible covalent bond with the Cys797 residue located in the
ATP-binding pocket of the kinase domain. This interaction stabilizes the
inactive conformation of EGFR and serves as a reference for evaluating
ligand-receptor compatibility in subsequent docking studies.

To assess the influence of receptor conformation on docking
accuracy, four additional EGFR crystallographic structures bound to
different ligands were selected: 4122 [5], 3W33 [6], 3POZ [7], and S5USL
[8]. The selection criteria were based on (i) high structural resolution,
ensuring accurate representation of side-chain orientations and binding-site
geometry, and (ii) the inclusion of either covalent or non-covalent ligands,
providing a diverse set of conformational states. These structures
encompass multiple EGFR conformations, thereby enabling a comparative
analysis of ligand binding across distinct receptor conformations.

All computational procedures, including ligand preparation, docking,
and visualization, were performed using MolSoft ICM-Pro (version 3.9-4a;
Molsoft LLC, La Jolla, CA, USA) [9]. The receptor structures were
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preprocessed by removing water molecules and heteroatoms not directly
involved in ligand binding. Covalent docking was applied to model the
interaction between the Afatinib acrylamide group and the sulfur atom of
Cys797. Cross-docking experiments were then conducted by docking
Afatinib into the selected EGFR conformations to evaluate binding
consistency and conformational adaptability.

Visualization and post-docking analyses, including examination of
covalent bond geometry, and root-mean-square deviation (RMSD) values
between predicted and experimental poses, were also performed in ICM-
Pro.

Results

A docking analysis of Afatinib was performed using five
crystallographic structures of EGFR, one of which corresponds to the
experimentally co-crystallized complex (PDB ID: 4GS5J). The docking
outcomes for all receptor conformations are summarized in Table 1.

As expected, the self-docking of Afatinib into its native crystal
structure (4G5J) reproduced the experimentally observed ligand pose with
high precision, yielding RMSD of 0.95 A between the predicted and co-
crystallized conformations (Figure 1). This result confirms that the docking
protocol and parameterization in ICM-Pro were well-suited for modeling
covalent binding interactions, accurately capturing the geometry of the
acrylamide-Cys797 linkage.

Figure 1. Conformation of co-crystallized and docked Afatinib.
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Among the cross-docking experiments, Afatinib displayed the best
agreement with the receptor conformation from PDB ID: 4122, achieving
an RMSD of 2.39 A. Notably, the binding-site residues of 4122 exhibit a
spatial arrangement highly similar to those of the 4GS5J structure,
particularly in the vicinity of Cys797, Met793, and Lys745. This structural
similarity likely accounts for the favorable docking score and pose
alignment obtained with 4122, which in some cases surpassed the score
observed in the self-docking experiment. These findings indicate that 4122
represents a receptor conformation well-suited for modeling Afatinib
binding and may serve as a viable alternative for structure-based virtual
screening of related inhibitors.

In contrast, the remaining three EGFR structures 3W33, 3POZ, and
SUSL demonstrated substantial conformational deviations in the residues
forming the Afatinib binding pocket. These deviations resulted in
significant distortions of the predicted poses and markedly lower docking
scores. The altered orientation of side chains within the hinge region and
the displacement of the catalytic loop residues appear to prevent the
formation of the characteristic hydrogen-bonding and covalent interactions
observed in the 4G5J complex.

Collectively, these results emphasize that the choice of
crystallographic conformation has a decisive impact on docking
performance, and that cross-docking analyses can effectively identify
receptor models most compatible with the ligand of interest.

Docking performance of Afatinib across different EGFR
crystallographic conformations. Summary of docking and cross-docking
results for Afatinib using five EGFR crystal structures. The co-crystal
structure (PDB ID: 4G5]J) served as the reference for self-docking, while
four additional structures (4122, 3W33, 3POZ, and 5U8SL) were used for
cross-docking experiments. “Ligand interacting atoms RMSD” represents
the deviation of key interacting residues relative to the 4G5J conformation,
while “Ligand RMSD” indicates the deviation of the predicted ligand pose
from the crystallographic reference. Docking performance is evaluated by
ICM-Pro Score, RTCNN score, and Average Score, with lower (more
negative) values indicating stronger predicted binding affinity and better
overall docking quality.
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Table 1.
Ligand

PDB ID Resolution Type. of intel('gacting I]ilf\g/[asnlg Score RTCNN | Average

A) docking atoms score Score
RMSD (A) A)

4GSJ 2.8 Self 0 0.95 -29 -30.72 -29.86
4122 1.71 Cross 2.39 1.02 |[-31.14| -44.11 -37.62
3w33 1.7 Cross 2.74 4.29 -9.12 | -38.03 -23.57
3POZ 1.5 Cross 2.56 437 |-14.21| -31.28 -22.75
SUSL 1.6 Cross 2.83 4.21 -8.72 | -23.24 -15.98

A comparative analysis of the co-crystallized Afatinib and its cross-
docked conformations reveals that the orientation of the 3-chloro-4-
fluoroanilino group is influenced by the conformation of residue M766
(Figure 2).

The amino acids R841 and D800 play a crucial role in stabilizing the
4-dimethylamino-trans-but-2-enamide tail of Afatinib, which contains the
Michael acceptor warhead responsible for forming a covalent bond with
C797. Their proper positioning ensures optimal alignment of the reactive
site and facilitates effective covalent inhibition of the EGFR kinase domain.

Furthermore, the conformation of the (S)-tetrahydrofuran-3-yloxy
group of Afatinib is largely influenced by the spatial orientation and
flexibility of residue K728. Variations in K728 orientation can lead to
significant differences in ligand fitting and overall docking accuracy across
EGFR conformations.

It was observed that the conformations of these key residues in the co-
crystallized Afatinib—-EGFR complex (PDB ID: 4G5J) closely resemble
those in the EGFR structure 4122, which likely explains why 4122 yielded
the most accurate docking pose and best scoring performance. This
structural similarity indicates that 4122 provides a biologically relevant
receptor conformation for reproducing experimentally observed binding
modes.
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Figure 2. Co-crystallized afatinib (PDB ID: 4G5J) and predicted afatinib conformations
docked to various crystallographic EGFR structures (4122, 3W33, 3POZ, 5USL). Amino
acid residues exhibiting conformational differences among the five EGFR crystal
structures are highlighted with circles.

In contrast, the corresponding residues in the other EGFR structures
(3W33, 3POZ, and 5U8L) exhibit pronounced conformational variability,
particularly in flexible loop regions surrounding the binding pocket. These
deviations disrupt optimal ligand orientation, leading to reduced scoring
accuracy and less reliable docking predictions across different EGFR
conformations.

Thus, the predicted ligand conformation strongly depends on the
conformational state of the amino acid residues surrounding the binding
site, emphasizing the importance of local structural context. Accurate
docking results require careful consideration of receptor flexibility and
selection of the most representative protein conformation for computational
modeling.



S. Grabska 89

Conclusions

This study highlights the critical importance of selecting an
appropriate crystallographic conformation of a target protein for structure-
based virtual screening. Using Afatinib, a dual covalent inhibitor of EGFR
and HER2, as a model compound, its docking performance was
systematically compared across five EGFR crystal structures. The results
clearly demonstrate that variations in receptor conformation strongly
influence the predicted binding pose, docking score, and overall quality of
ligand-receptor interactions.

The self-docking of Afatinib into its native complex (PDB ID: 4G5J)
reproduced the experimental pose with sub-angstrom accuracy (RMSD 0.95
A), validating the reliability of the docking protocol. Among the cross-
docking experiments, structure 4122 exhibited the closest alignment of
binding-site residues to the 4G5J conformation, resulting in the most
accurate and energetically favorable docking of Afatinib. Conversely, the
remaining structures (3W33, 3POZ, SU8L) displayed significant deviations
in the binding pocket, correlating with poorer docking scores and distorted
ligand poses. Here are the recommendations for conducting Virtual
Screening:

1. It is advisable to use protein conformations obtained from high-
resolution crystallographic structures, as they provide more
accurate atomic positions and reliable hydrogen-bonding
geometries.  High-resolution data minimizes coordinate
uncertainty, improves docking precision, and reduces false-
positive predictions by ensuring that the binding site is modeled
with maximal structural fidelity and minimal distortion.

2. For virtual screening, it is recommended to employ multiple
diverse conformations of the target protein simultaneously,
representing different biologically relevant states. This ensemble
docking strategy increases the likelihood of identifying true
binders, captures receptor flexibility, and improves hit diversity by
accounting for dynamic changes in the active site that may
influence ligand accommodation.
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3. When selecting crystallographic structures for docking, careful
attention should be paid to the specific ligand co-crystallized with
the protein. Ligands can induce local conformational changes that
significantly affect binding pocket geometry; therefore, choosing
structures complexed with chemically similar ligands enhances
predictive accuracy and biological relevance of virtual screening
outcomes.

Collectively, these findings confirm that protein conformational
plasticity plays a decisive role in determining docking outcomes. Even
subtle rearrangements within the ATP-binding site can markedly alter
ligand accommodation and scoring performance. Therefore, careful
structural selection or the use of ensemble and cross-docking strategies are
essential to improve the robustness and predictive power of virtual
screening workflows.
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BJIMSTHUE KOH®OPMAIIMOHHOI IMJIACTUYHOCTH EGFR HA
TOYHOCTb JOKUHT'A KOBAJIEHTHOTI'O JIEKAPCTBA EGFR:
YCOBEPHIEHCTBOBAHHBIN MOJIXO/

C.B. I'pabcka
Hucmumym Dusuonoeuu um. JI1.A.Opberu HAH PA
AHHOTALIUSA

Br16op moaxonsiel kpucTauiorpaguueckoi KoHpopMaliu Oenka uMeeT pe-
raromiee 3HaueHue ISl HaAEKHOCTH CTPYKTYPHO-OCHOBAHHOT'O BUPTYAIBHOTO CKPH-
HUHTa. B TaHHOM HCClIeIOBaHNHM M3ydaloch, Kak KOH(OPMAIOHHAS H3MEHUYUBOCTD
penentopa snuaepManbHoro gakrtopa pocra (EGFR) Bnusier Ha TOUHOCTh AOKWHTa
Adcarunn0a, nBoiiHoro KoBaseHtHoro uaruouropa EGFR n HER2. Hcnons3ys nsaTh
kpuctamnyeckux crpykryp EGFR (4G5J, 4122, 3W33, 3POZ u SUSL), Obu1 ipoBe-
JIEH aHaJIU3 caMo- M KpOcc-IOKHHIa ¢ nomolibio nporpamMmel ICM-Pro st onieHku
TOYHOCTHU CBSI3BIBAHUS, CTAOMIBHOCTH 103 M A(P(PEKTUBHOCTH OIICHOYHBIX (PYHKITHH.
Camo-nokuHT AdaTtnHnba B ero HaTHBHBIN KoMIuieke (4G5J) Bocripon3BEn akcmepu-
MeHTaIbHYyI0 103y ¢ RMSD 0,95 A, 4to moarBepauio koppeKTHOCTh mpoTokona. Cpe-
I aTIbTEPHATUBHBIX KOH(popMaluii cTpykTypa 4122 nokasana HanOobIIee CTPYKTYp-
HOE COOTBETCTBUE, NpoieMoHCcTprpoBaB RMSD 1,02 Awu JIy4IlIM€ 3HAYEHUS OLEHOY-
HBIX (D)YHKIMHA, TOT/Ia KaK JPYrHe CTPYKTYphl UMENH CYIIECTBEHHbIE OTKIOHEHHS B
KJIIOYEBBIX aMUHOKHCIIOTHBIX OCTaTKax aKTUBHOI'O LEHTPa, YTO MPUBOAMIO K HCKa-
KEHHBIM N103aM U CHHYKEHHIO OLIEHKHU CBSI3bIBAHUS. DTH Pe3yIbTaThl IOKA3bIBAIOT, UTO
HE3HAa4YMUTEJbHbIE OTKIOHEHUs aMUHOKUCIOT Cys797, Met793 u Lys745, kpuruuecku
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BIUSIOT Ha KOH(opMaLuio Jiuranaa u GopMUpoOBaHHe KOBaJIEHTHOH cBs3u. [lomyuen-
HbIC TAaHHBIE TIOUYEPKUBAIOT, UTO BEIOOP KOH(OpMAaIiK OeKka, 0COOSHHO MPH UCTIONb-
30BaHUU CTPYKTYP C BBICOKHM pa3penieHneM, CYIIIECTBEHHO BIUSAET Ha TOYHOCTH JIO-
KHHTa. BKIIIOYeHHE HECKOJNBKHUX KOH(pOpMaluid TMPH KPOCC-IOKUHTE IOBBIIIACT
MpeCKa3aTeNbHY0 HAAEKHOCTh U JIydlle OTPaKaeT JUHAMUYECKYIO TPUPOAY B3au-
MOJICHCTBHSI OEIOK—JTUTaH/ B MPOIECcax BUPTYATbHOTO CKPUHHUHTA.
KumioueBsie cioBa: EGFR, Adarnan0, koBaneHTHBIN HHTUOUTOP, KPOCC-10-

KHHT, KOH(opMarus Oernka.



