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Conformational Epitope Prediction
Conformational B-cell epitope prediction with DiscoTope is fundamentally a structure-based exercise that
couples residue-level propensities with measures of surface exposure to infer discontinuous antigenic patches.
The original method (DiscoTope 1.0) introduced the idea of combining 3D neighborhood information
with amino-acid propensities derived from curated antigen–antibody complexes; DiscoTope 2.0 refined
this by adopting an improved surface metric (half-sphere exposure), revised spatial neighborhoods, and
re-benchmarked thresholds, leading to more reliable performance across independent test sets. Mecha-
nistically, DiscoTope flags residues that are simultaneously (i) enriched for epitope-favored chemistries
and (ii) sufficiently accessible on the native fold—features that map well onto the known enrichment of
conformational epitopes in flexible, solvent-exposed loops and protrusions. These modeling choices are well
documented in the method’s primary papers and the DTU server description, and they align with broader
reviews showing that accessibility and local dynamics are the strongest single-feature correlates of epitope
location.

A central variable in that framework is relative solvent accessibility (RSA)—a normalized expression of
solvent-accessible surface area (SASA)—which is typically calculated using Shrake–Rupley “rolling-probe”
geometry. Because DiscoTope’s scoring depends on surface exposure, any perturbation that shifts the pro-
tein’s solvent-exposed landscape will alter predicted epitope patches. High pressure is exactly such a per-
turbation: it favors conformations with reduced system volume (protein + solvent), thereby encouraging
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the collapse of internal cavities, water penetration into hydrophobic cores, and redistribution of hydrogen-
bond/salt-bridge networks. NMR/crystallographic and simulation studies show that pressure-driven unfold-
ing or partial unfolding is often initiated at pre-existing voids and flexible segments, which can change RSA
in a residue-specific manner—precisely the type of signal DiscoTope reads. Thus, as hydrostatic pressure
increases, one expects non-monotonic RSA changes across the surface: modest pressures unmask cryptic but
native-adjacent patches; higher pressures promote larger rearrangements that create entirely new non-native
antigenic surfaces. This picture is well supported by the protein-under-pressure literature on cavity collapse
and hydration, and by quantitative analyses linking unfolding volume changes to internal voids.

TMV provides a well-characterized testbed for these ideas. Structurally, TMV is a helical nucleoprotein rod
composed of ~2,130 copies of a 158-residue coat protein wrapped around a single-stranded RNA; decades
of fiber diffraction and, more recently, high-resolution cryo-EM have established atomic models for both
the intact virion and assembly intermediates. This precise structural knowledge is ideal for surface-based
epitope prediction and for modeling pressure responses, because it anchors RSA estimates to a realistic
3D framework. In practical terms, DiscoTope run on atomistic TMV models will report different epitope
landscapes as pressure shifts loop flexibilities, side-chain rotamers, and inter-subunit contacts that define the
solvent-exposed helical grooves and lateral interfaces.

Experimentally, these expectations were borne out in the TMV literature: exposure to HHP altered the
pattern of antibody recognition relative to native virions, with moderate pressures revealing previously
masked epitopes and higher pressures enabling recognition of neo-exposed patches. In the Virology Journal
study by Ferreira de Lima Neto and Bonafé, pressure (alone and in combination with low temperature or
urea) reshaped the serological fingerprint of TMV, consistent with a hierarchical destabilization of structural
domains under pressure and a graded unmasking of antigenic sites. The concordance between (i) the direction
and residue-level logic of RSA changes predicted by structure-based tools and (ii) the experimental epitope
mapping across pressure conditions validates the conceptual bridge between DiscoTope outputs and pressure-
modulated antigenicity.

At the level of physical chemistry, the pressure dependence of protein conformations naturally extends to
antibody–antigen complexes: pressures in the 1–4 kbar range can reversibly dissociate oligomers and even
some antigen–antibody pairs, reflecting positive volume changes of association. This thermodynamic lens
helps interpret pressure-dependent serological assays and suggests that certain antibody interactions will be
more pressure-labile than others, depending on interfacial packing, trapped solvent, and cavity formation
upon binding. When such complexes dissociate under pressure, epitope exposure measured on the free antigen
may no longer mirror the epitope as presented in the bound state—an important caveat that encourages
combining DiscoTope with explicit modeling of binding interfaces and, where possible, wet-lab pressure
perturbations in sera or monoclonals.

Mechanistically, several linked processes coherently explain the stepwise changes we observe in TMV under
pressure and their readout by DiscoTope. First, small increases in pressure perturb marginal tertiary contacts
and side-chain packing, often at pre-existing surface grooves or inter-subunit seams, causing local RSA
increases without wholesale unfolding; DiscoTope registers these as strengthened or expanded patches around
native-adjacent epitopes. Second, further pressure drives water into shallow cavities and along hydrogen-
bond networks, increasing local compressibility and micro-hydration; flexible loops and termini become more
dynamic, sometimes flipping out to expose new surfaces that score as epitopes. Third, at still higher pressure,
partial unfolding or inter-subunit slippage modifies the helical lattice, generating non-native protrusions and
de-novo patches that only become DiscoTope-positive in these states. The literature on pressure-induced
cavity collapse, hydration, and the primacy of voids in pressure unfolding supports each link of this cascade.

This HHP-tunable antigenic landscape has practical consequences. For discovery, pressure acts as a con-
trolled perturbation to reveal cryptic epitopes—regions immunologically silent at ambient conditions yet
structurally predisposed to exposure. For engineering, pressure-responsive “weak points” can be mapped
and then stabilized or destabilized (e.g., by targeted mutations or formulation) to bias epitope display in
vaccines or diagnostics. For analytical virology, pairing DiscoTope (or related structure-based tools such
as ElliPro/SEPPA) with pressure series and RSA tracking offers a quantitative route to rank epitope ro-
bustness across environmental stresses relevant to processing, inactivation, or storage. The broader HHP

2



virology literature—though focused mostly on foodborne pathogens—reinforces that capsid proteins are
pressure-sensitive in ways that change exposure and immunoreactivity, mirroring what is observed in TMV
at the structural/epitope level.

Placing these observations in a methodological context, it is worth recalling both the strengths and limits
of structure-based epitope predictors. DiscoTope’s reliance on 3D structure and exposure metrics offers
specificity for conformational epitopes, outperforming single-feature scales that track only hydrophilicity
or flexibility. Yet no single predictor captures the full immunogenic reality: bound vs. unbound confor-
mations, quaternary arrangements, glycosylation or ion occupancy (e.g., Ca²� effects in TMV assemblies),
and pressure-coupled dynamics can all modulate the true paratope–epitope interface. Hence, convergent
evidence—structure-based predictions under multiple conditions, complementary tools, and experimental
mapping—provides the most reliable guide for identifying pressure-sensitive antigenic sites.

Structural Models and Epitope Prediction
Protein structures were obtained in PDB format from molecular dynamics trajectories and used as input for
conformational B-cell epitope prediction. Conformational epitopes were identified with DiscoTope 3.0, which
provides per-residue prediction scores calibrated to surface exposure and residue statistics. The output was
tabulated in .csv files, containing residue identity, position, chain information, DiscoTope score, calibrated
score, epitope classification, relative solvent accessibility (RSA), and confidence values (pLDDT).

Mapping of Epitope Scores to B-Factors
To enable three-dimensional visualization, DiscoTope scores were programmatically mapped to the B-factor
field of the corresponding PDB coordinate files. A custom Python script was developed to (i) parse .csv
outputs, (ii) match residues to their structural counterparts in the PDB, and (iii) overwrite the B-factor field
with normalized DiscoTope values. Only residues present in both the prediction table and the structural file
were annotated. This approach allowed downstream molecular viewers to interpret epitope propensities as
temperature-factor–like values without altering the structural coordinates.

PyMOL Visualization and Selective Coloring
Visualization and figure preparation were performed using PyMOL 2.0. All structures were initially rendered
in cartoon representation and colored uniformly in light gray to emphasize highlighted regions. Residues
with DiscoTope scores below 0.35 were displayed using a blue–white–red gradient proportional to their score
distribution. Residues with scores � 0.35, considered higher-confidence epitope candidates, were isolated as
a separate selection and colored using a yellow–orange–red ramp, with increasing intensity reflecting higher
scores. Non-epitope regions were partially transparent to improve visual contrast. Epitope residues were
also displayed as spheres to facilitate identification.

Automated Figure Generation
To standardize figure production across multiple experimental conditions, a PyMOL automation pipeline
was implemented. For each PDB annotated with epitope scores, a .pml script was generated that loaded
the structure, applied the color ramps, oriented the view, and exported publication-quality images (.png).
For each object, two views were systematically generated: a front orientation and a 180° rotation along the
Z-axis, saved at 2000×2000 pixels with ray tracing enabled. Outputs were stored in a structured directory
(figs/) with filenames encoding experimental identifiers.

Comparative Visualization in R Markdown
Processed images were integrated into a reproducible R Markdown workflow. Using the cowplot package
in R, images corresponding to different pressure–temperature conditions were assembled into multi-panel
figures (plot_grid). Each panel was annotated with the corresponding condition (e.g., “A) 1 bar”, “B) 250
bar”) using draw_label. Figures were arranged in two-column layouts for balanced comparison, with residual
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plots centered when odd numbers of panels were present. This ensured consistency and comparability across
up to 21 independent conditions.

Data Analysis and Statistical Evaluation
In parallel to structural visualization, DiscoTope scores and associated residue-level metrics were analyzed
using Python (pandas, NumPy, SciPy, Matplotlib). For each experiment, the correlation between DiscoTope
scores and relative solvent accessibility (RSA) was calculated using Pearson’s correlation coefficient. This
step provided an internal validation of whether epitope prediction was influenced by solvent exposure. In
addition, distributions of DiscoTope scores were evaluated by plotting histograms, cumulative frequency
plots, and boxplots, allowing the identification of threshold-dependent subsets of residues. Comparisons
across experimental conditions (e.g., pressure or temperature series) were made by aggregating CSV results
and calculating summary statistics per replicate (mean, median, interquartile range). Outliers were detected
by Tukey’s rule and retained for visualization, as they may correspond to structurally relevant epitope
hot-spots. Statistical outputs were saved in tabular .csv form and linked to the graphical representations.
By combining quantitative statistical analysis of DiscoTope predictions with three-dimensional mapping
and side-by-side figure layouts, the methodology ensured both numerical rigor and visual interpretability of
predicted epitope landscapes under different biophysical conditions.

Discontinuous Epitope predicitons
HHP

A) 1 bar B) 250 bar

Figure 1: Epitope Preditions side-by-side - High Hydrostatic Pressure
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C) 500 bar D) 750 bar

Figure 2: Epitope Preditions side-by-side - High Hydrostatic Pressure

E) 1000 bar F) 1250 bar

Figure 3: Epitope Preditions side-by-side - High Hydrostatic Pressure
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G) 1500 bar H) 1750 bar

Figure 4: Epitope Preditions side-by-side - High Hydrostatic Pressure

I) 2000 bar J) 2250 bar K) 2500 bar

Figure 5: Epitope Preditions side-by-side - High Hydrostatic Pressure
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HHP and low temperature

A) 1 bar B) 250 bar

Figure 6: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature

C) 500 bar D) 750 bar

Figure 7: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature
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E) 1000 bar F) 1250 bar

Figure 8: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature

G) 1500 bar H) 1750 bar

Figure 9: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature
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I) 2000 bar J) 2250 bar

Figure 10: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature

K) 2500 bar L) 2500 bar @ 300 k

Figure 11: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature
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M) 2500 bar @ 295 k N) 2500 bar @ 290 k

Figure 12: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature

O) 2500 bar @ 285 k P) 2500 bar @ 280 k

Figure 13: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature
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Q) 2500 bar @ 275 k R) 2500 bar @ 270 k

Figure 14: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature

S) 2500 bar @ 265 k T) 2500 bar @ 260 k U) 2500 bar @ 255 k

Figure 15: Epitope Preditions side-by-side - High Hydrostatic Pressure and Low Temperature
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Discotope tabular results
HHP

Figure 16: Residues with DiscoTope above the threshold of 0.35 — md-0-1-A-discotope3.csv (n = 17)
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Figure 17: Residues with DiscoTope above the threshold of 0.35 — md-0-2-A-discotope3.csv (n = 25)
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Figure 18: Residues with DiscoTope above the threshold of 0.35 — md-0-3-A-discotope3.csv (n = 23)
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Figure 19: Residues with DiscoTope above the threshold of 0.35 — md-0-4A-discotope3.csv (n = 12)

Figure 20: Residues with DiscoTope above the threshold of 0.35 — md-0-5-A-discotope3.csv (n = 20)
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Figure 21: Residues with DiscoTope above the threshold of 0.35 — md-0-6-A-discotope3.csv (n = 17)

HHP and low tempeterature
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Figure 22: Residues with DiscoTope above the threshold of 0.35 — md-0-7-A-discotope3.csv (n = 23)
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Figure 23: Residues with DiscoTope above the threshold of 0.35 — md-0-8-A-discotope3.csv (n = 20)
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Figure 24: Residues with DiscoTope above the threshold of 0.35 — md-0-9-A-discotope3.csv (n = 22)
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Figure 25: Residues with DiscoTope above the threshold of 0.35 — md-0-10-A-discotope3.csv (n = 13)

Figure 26: Residues with DiscoTope above the threshold of 0.35 — md-0-11-A-discotope3.csv (n = 20)

20



Figure 27: Residues with DiscoTope above the threshold of 0.35 — md-0-1-A-discotope3.csv (n = 17)
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Figure 28: Residues with DiscoTope above the threshold of 0.35 — md-0-2-A-discotope3.csv (n = 22)
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Figure 29: Residues with DiscoTope above the threshold of 0.35 — md-0-3-A-discotope3.csv (n = 21)
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Figure 30: Residues with DiscoTope above the threshold of 0.35 — md-0-4A-discotope3.csv (n = 21)
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Figure 31: Residues with DiscoTope above the threshold of 0.35 — md-0-5-A-discotope3.csv (n = 23)
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Figure 32: Residues with DiscoTope above the threshold of 0.35 — md-0-6-A-discotope3.csv (n = 29)
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Figure 33: Residues with DiscoTope above the threshold of 0.35 — md-0-7-A-discotope3.csv (n = 14)
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Figure 34: Residues with DiscoTope above the threshold of 0.35 — md-0-8-A-discotope3.csv (n = 25)
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Figure 35: Residues with DiscoTope above the threshold of 0.35 — md-0-9-A-discotope3.csv (n = 26)
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Figure 36: Residues with DiscoTope above the threshold of 0.35 — md-0-10-A-discotope3.csv (n = 18)
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Figure 37: Residues with DiscoTope above the threshold of 0.35 — md-0-11-A-discotope3.csv (n = 21)
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Figure 38: Residues with DiscoTope above the threshold of 0.35 — md-0-12-A-discotope3.csv (n = 22)
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Figure 39: Residues with DiscoTope above the threshold of 0.35 — md-0-13-A-discotope3.csv (n = 24)
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Figure 40: Residues with DiscoTope above the threshold of 0.35 — md-0-14-A-discotope3.csv (n = 29)
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Figure 41: Residues with DiscoTope above the threshold of 0.35 — md-0-15-A-discotope3.csv (n = 34)
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Figure 42: Residues with DiscoTope above the threshold of 0.35 — md-0-16-A-discotope3.csv (n = 29)
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Figure 43: Residues with DiscoTope above the threshold of 0.35 — md-0-17-A-discotope3.csv (n = 28)
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Figure 44: Residues with DiscoTope above the threshold of 0.35 — md-0-18-A-discotope3.csv (n = 28)
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Figure 45: Residues with DiscoTope above the threshold of 0.35 — md-0-19-A-discotope3.csv (n = 23)
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Figure 46: Residues with DiscoTope above the threshold of 0.35 — md-0-20-A-discotope3.csv (n = 31)
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Figure 47: Residues with DiscoTope above the threshold of 0.35 — md-0-21-A-discotope3.csv (n = 17)
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