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Ellipro results
ElliPro is a structure-based B-cell epitope prediction tool that operates on the principle of geometric pro-
trusion, approximating a protein’s three-dimensional structure with ellipsoids and calculating a Protrusion
Index (PI) for each residue, which ranges from 0 to 1. Residues with high PI values, indicating they lie
outside the fitted ellipsoidal volume, are clustered in 3D space to identify discontinuous, or conformational,
epitopes. These clusters can subsequently be projected onto the protein sequence to infer linear segments.
A key feature of ElliPro is that each predicted epitope is assigned a score based on the average PI of its
constituent residues, ensuring that convex, solvent-exposed surface patches are ranked highest. As empha-
sized in the foundational literature by Ponomarenko et al. (2008), a significant advantage of this method is
its independence from machine-learned sequence motifs or training data biases; its performance is instead
intrinsically linked to the accuracy of the provided 3D structural model and the true physical topography
of the protein surface. Consequently, its primary limitations, as noted in subsequent evaluations, include
a high sensitivity to errors in the input structure or to artifacts from a single structural snapshot, and the
absence of explicit physicochemical considerations such as electrostatic potentials, hydrophobicity, or the
impact of post-translational modifications like glycosylation.

Applied to TMV coat-protein models generated under high hydrostatic pressure (HHP), ElliPro consistently
highlighted convex, outward-facing patches as the top-ranked discontinuous epitopes (red in Figures 1–11),
with the highest-scoring clusters mapping to surface ridges and subunit junctions on the external capsid face
that remain geometrically protrusive despite local packing perturbations. Regions flattened or compacted
by pressure tended to lose peripheral residues and show lower mean PI, while rigid convex motifs retained or
increased rank, consistent with ElliPro’s protrusion-driven scoring. Because TMV is a helical and repetitive
assembly, these discontinuous epitopes recur with the helical pitch, making it most appropriate to report a
consensus patch in the asymmetric unit and indicate its multiplicity. Using the same ElliPro protocol (3D
ellipsoid fit → per-residue Protrusion Index → clustering → epitope score by mean PI), we also examined
TMVcp models under combined HHP and cooling to 255 K, where red patches again denoted top-ranked
epitopes; here, geometry-driven changes reflected the joint effects of pressure and temperature on surface
convexity and solvent-facing topology, rather than on sequence motifs.

Using ElliPro with the standard protocol (3D ellipsoid fitting, Protrusion Index calculation, and clustering
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by mean PI), we analyzed TMV coat-protein models generated under combined high hydrostatic pressure
(HHP) and cooling to 255 K, with red patches denoting the top-ranked discontinuous epitopes. Because
ElliPro is geometry-driven, the observed changes reflect the combined effects of pressure and temperature on
surface convexity and solvent exposure rather than sequence variation. Across the ensemble, pressure-stable
convex ridges remained as the most prominent clusters and became slightly more compact and protrusive
at low temperature, consistent with reduced thermal motion at 255 K, which sharpens convexity and raises
PI values. Grooved regions at inter-subunit junctions fragmented into smaller but higher-purity clusters,
as cooling narrows side-chain ensembles and removes marginally exposed residues, while pressure-flattened
shoulders stayed muted under cooling, indicating locked-in low exposure and lower rank. As in the HHP-only
models, helical symmetry preserved the multiplicity of these epitopes, but with reduced variability across the
ensemble, resulting in more consistent recurrence of a limited set of red patches. Mechanistically, pressure
compacts internal cavities and smooths shallow undulations, disproportionately penalizing grooves, while
low temperature suppresses side-chain fluctuations and accentuates rigid convex motifs. The net outcome is
a more conservative epitope map defined by fewer, cleaner, and repeatable discontinuous patches dominated
by rigid convex surfaces, with diminished contribution from flexible rims, thereby highlighting pressure-and-
cold–robust antigenic hotspots.

When applied to Tobacco Mosaic Virus (TMV) coat protein (TMVcp) models generated under the combined
conditions of high hydrostatic pressure (HHP) and cooling to 255 K, ElliPro’s geometry-driven algorithm
provides a direct readout of how these physical perturbations alter the antigenic landscape. The top-ranked
discontinuous epitopes, visualized as red patches, consistently map to surface ridges and subunit junctions
on the external capsid face. This finding aligns with the established understanding that such geometrically
protrusive features remain solvent-accessible and are less susceptible to being smoothed out by moderate
pressure perturbations compared to flatter, more flexible regions. As HHP primarily acts to compress internal
cavities and hydrate the protein core, it can flatten shallow surface undulations, which is reflected in ElliPro’s
output as a loss of peripheral residues from predicted clusters and a consequent lower mean PI for these
areas. In contrast, rigid convex motifs maintain or even increase their protrusion rank, demonstrating the
tool’s utility in identifying pressure-resistant epitopes.

The introduction of low temperature (255 K) to the HHP ensemble introduces a further refining effect on
the predicted epitopes. The reduction in thermal energy suppresses fast side-chain and lateral chain motions,
a phenomenon described in structural studies of proteins at cryogenic temperatures. This suppression of
“breathing modes” leads to a crisper definition of the protein surface in the models. In the ElliPro analysis,
this manifests as a slight sharpening of the most rigid protrusions, resulting in more compact clusters with
modestly increased PI values. Furthermore, broader epitope clusters located at inter-subunit grooves, which
were present under HHP alone, are observed to fragment into smaller, purer clusters with a higher average
PI but a reduced residue count. This can be mechanistically interpreted as the low-temperature environment
narrowing the conformational ensemble of side chains, thereby trimming marginally exposed residues from
the epitope boundaries. Regions that were already flattened by pressure show little to no recovery at low
temperature, as cooling effectively locks in the low-exposure state, confirming their low antigenic potential.

A critical observation across the entire structural ensemble is the improved rank stability of the top epitopes.
The qualitative variance between the twenty one models decreases, with the same key convex patches recur-
ring more consistently. This reduction in microheterogeneity underscores that the combination of HHP and
cooling filters out transient, flexible features, leaving a conservative and highly robust map of the antigenic
surface. For a highly symmetric and repetitive assembly like the TMV helix, this means that the consensus
epitope patch identified in the asymmetric unit can be described with high confidence, and its multiplicity
around the helical axis remains a conserved feature. In summary, the net result of applying ElliPro to this
perturbed ensemble is the identification of fewer, cleaner, and highly repeatable discontinuous patches char-
acterized by strong convexity, with a diminished contribution from the flexible rims that are more susceptible
to environmental conditions.

Discontinuous Epitope predicitons
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HHP

A) 1 bar

B) 250 bar

Figure 1: Discontinuo Epitope Preditions - High Hydrostatic Pressure
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C) 500 bar

D) 750 bar

Figure 2: Discontinuo Epitope Preditions - High Hydrostatic Pressure
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E) 1000 bar

F) 1250 bar

Figure 3: Discontinuo Epitope Preditions - High Hydrostatic Pressure
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G) 1500 bar

H) 1750 bar

Figure 4: Discontinuo Epitope Preditions - High Hydrostatic Pressure
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HHP and low temperature
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I) 2000 bar

J) 2250 bar

K) 2500 bar
Figure 5: Discontinuo Epitope Preditions - High Hydrostatic Pressure
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A) 1 bar

B) 250 bar

Figure 6: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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C) 500 bar

D) 750 bar

Figure 7: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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E) 1000 bar

F) 1250 bar

Figure 8: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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G) 1500 bar

H) 1750 bar

Figure 9: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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I) 2000 bar

J) 2250 bar

Figure 10: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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K) 2500 bar

L) 2500 bar @ 300 k

Figure 11: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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M) 2500 bar @ 295 k

N) 2500 bar @ 290 k

Figure 12: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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O) 2500 bar @ 285 k

P) 2500 bar @ 280 k

Figure 13: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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Q) 2500 bar @ 275 k

R) 2500 bar @ 270 k

Figure 14: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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HHP - Ellipro tables
HHP and low tempeterature - Ellipro tables
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S) 2500 bar @ 265 k

T) 2500 bar @ 260 k

U) 2500 bar @ 255 k
Figure 15: Discontinuo Epitope Preditions - High Hydrostatic Pressure and Low Temperature
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Figure 16: Residues in discontinuous epitopes from Ellipro — md-0-1

Figure 17: Residues in discontinuous epitopes from Ellipro — md-0-2
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Figure 18: Residues in discontinuous epitopes from Ellipro — md-0-3

Figure 19: Residues in discontinuous epitopes from Ellipro — md-0-4
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Figure 20: Residues in discontinuous epitopes from Ellipro — md-0-5

Figure 21: Residues in discontinuous epitopes from Ellipro — md-0-6
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Figure 22: Residues in discontinuous epitopes from Ellipro — md-0-7

Figure 23: Residues in discontinuous epitopes from Ellipro — md-0-8
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Figure 24: Residues in discontinuous epitopes from Ellipro — md-0-9

Figure 25: Residues in discontinuous epitopes from Ellipro — md-0-10
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Figure 26: Residues in discontinuous epitopes from Ellipro — md-0-11

Figure 27: Residues in discontinuous epitopes from Ellipro — md-0-1
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Figure 28: Residues in discontinuous epitopes from Ellipro — md-0-2

Figure 29: Residues in discontinuous epitopes from Ellipro — md-0-3

Figure 30: Residues in discontinuous epitopes from Ellipro — md-0-4
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Figure 31: Residues in discontinuous epitopes from Ellipro — md-0-5

Figure 32: Residues in discontinuous epitopes from Ellipro — md-0-6

Figure 33: Residues in discontinuous epitopes from Ellipro — md-0-7
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Figure 34: Residues in discontinuous epitopes from Ellipro — md-0-8

Figure 35: Residues in discontinuous epitopes from Ellipro — md-0-9
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Figure 36: Residues in discontinuous epitopes from Ellipro — md-0-10

Figure 37: Residues in discontinuous epitopes from Ellipro — md-0-11

Figure 38: Residues in discontinuous epitopes from Ellipro — md-0-12
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Figure 39: Residues in discontinuous epitopes from Ellipro — md-0-13

Figure 40: Residues in discontinuous epitopes from Ellipro — md-0-14
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Figure 41: Residues in discontinuous epitopes from Ellipro — md-0-15

Figure 42: Residues in discontinuous epitopes from Ellipro — md-0-16

Figure 43: Residues in discontinuous epitopes from Ellipro — md-0-17
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Figure 44: Residues in discontinuous epitopes from Ellipro — md-0-18

Figure 45: Residues in discontinuous epitopes from Ellipro — md-0-19
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Figure 46: Residues in discontinuous epitopes from Ellipro — md-0-20

Figure 47: Residues in discontinuous epitopes from Ellipro — md-0-21
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