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Abstract

Background: Epitope mapping is an increasingly important aspect of biotherapeutic and vaccine devel-
opment. Recent advances in therapeutic antibody design and production has enabled candidate mAbs to
be identified at a rapidly increasing rate resulting in a significant bottleneck in the characterization of
‘structural’ epitopes, that are challenging to determine using existing high throughput epitope mapping
tools. Here, Hydrogen/Deuterium Exchange Mass Spectrometry (HDX-MS) epitope screening workflow was
introduced that is well suited for accelerated characterization of epitopes with a common antigen.

Main methods and major results: The method is demonstrated on set of 6 candidate mAbs targeting
Pertactin (PRN). Using this approach, five of the six epitopes was unambiguously determined using two
HDX mixing timepoints in 24 hours total run time, corresponding to substantial decrease in the instrument
time required to map a single epitope using conventional HDX workflows.

Conclusion: An accelerated HDX-MS epitope screening workflow was developed. The two-timepoint
‘screening’ workflow mapped all six mAbs and generated high confidence epitopes for five of the six mAbs
assayed. The substantial improvement in the rate of data collection can advance HDX-MS for higher through-
put investigations supporting the ability to evaluate a broader number of mAb candidates at an earlier stage
of vaccine development.

Introduction

The use of antibody-based therapeutics and reagents has seen unprecedented growth in recent years, with
market projections estimated at a combined $212 billion USD annually by 2022.[! Developments in rapid
isolation and enrichment of monoclonal antibodies (mAbs) from challenged serum has simplified the identifi-
cation of broadly neutralizing and immunogenic antibodies, resulting in a glut of new therapeutic (or vaccine
relevant) mAb candiates.[23! For vaccines in particular, mAbs selection, with desirable binding attributes,
is essential for rational design of in wvitro potency assays. The challenging aspect now lies in epitope map-
ping, where the antibody-antigen complex is characterized by the interacting amino acids on the antigen.
These amino acids may correspond to a continuous primary sequence (linear epitope) or a ‘surface’ that is
non-contiguous in the primary sequence and results from the 3D structure of the antigen (conformational
epitope).[4] Methodologies that can identify both the epitope and binding mechanism are not only desir-
able but necessary, as pharmaceutical companies must now identify and disclose their epitopes in regulatory
filings.5) Furthermore, pinpointing structurally where the mAb binds to the antigen can provide a direct
link to the functional biology associated with neutralization, allowing for an evidence-based conclusion to
identify the most valuable mAbs for lead selection.!)(”]

Currently there are a number of available techniques that can detect epitopes either with high throughput or
high resolution. Frequently, more than one method is implemented to confirm identification.® 1% Synthetic
peptide arrays, which use segments of the antigen sequence to bind a mAb target, have made remarkable
strides towards high-throughput, whole-proteome, peptide binding assays. Phage display can be used in a
similar manner to display whole libraries of peptides on micro-arrays.l''/Neither of these technologies are
ideal to identify conformational epitopes and provide little direct information on the binding mechanism.
Although, often a time consuming and costly technique, co-crystallization of the mAb-antigen complex
followed by X-ray crystallography provides the highest resolution snapshot of an antibody/antigen binding
surface and is widely accepted as the ’gold standard’” method for epitope/paratope mapping. Residues
within 4 angstroms are considered as contacts, but no information on the bond strength of contributing
residues or conformational dynamics can be obtained without screening a panel of point mutants.['?/ Cryo-
electron microscopy is becoming a widely adopted alternative to X-ray crystallography due to its increasingly
comparable resolution to X-ray diffraction while offering an inherent increase in throughput.'® Despite



steadily improving high-resolution techniques, it is still desirable that these methods be complimented by
approaches that can assess both the structural and dynamic aspects of protein complexes and epitopes
in solution. Nuclear magnetic resonance (NMR) spectroscopy is in principle capable of providing dynamic
information through a combination of classical structural and relaxation experiments, however this technique
requires isotopically labeled material and larger protein complexes (>100 KDa) are difficult to analyse.[1%:1]

Hydrogen/Deuterium Exchange Mass Spectrometry (HDX-MS) is an alternative that can characterize both
the structural and dynamic aspects of antibody-antigen complexes in-solution.'®-23! It also provides a mod-
erate increase in throughput, while substantially reducing the requirements for purified biological material.
Apart from the structural aspect, HDX-MS has also been used to report binding affinities for protein-protein
interactions, highlighting the versatility of HDX technology.?*! However, conventional HDX-MS epitope map-
ping workflows are typically exceedingly lengthy, requiring up to 24 hours of experiment time to generate
a single putative epitope. In the current work, we report several refinements to the conventional HDX-MS
workflow that substantially increase throughput, while maintaining a high degree of accuracy and precision
with epitope assignments using a set of six antibodies targeting pertactin.

Experimental Section
HDX-MS

The HDX experiments were performed as previously described with few modifications.'%:25For antigen-only
HDX experiments, 15 uM of PRN was used and for the complex, equimolar of 15 uM of PRN and mAb were
incubated in buffer E (10 mM potassium phosphate buffer pH 7.5). 7.5 uL of the sample was mixed with 32.5
uL of deuterated buffer, buffer L (10 mM potassium phosphate pD 7.5) at 25°C. In the mapping workflow,
HDX was conducted at 5 mixing timepoints: 20 sec, 2 min, 10 min, 60 min, and 240 min whereas in the
screening workflow, 2 mixing timepoints: 10 min and 30 min were used. All the mapping experiments were
conducted in triplicates whereas the screening experiments were performed in duplicates. Mixing in this ratio
will attain maximum deuteration of "80%. 40 uL of the reaction was quenched in 40 L of chilled quenching
buffer QH (100 mM potassium phosphate, 7.5M GdnHC]l, 0.5M TCEP, pH 2.5, 0°C). The quenched samples
were then mixed with 80 uL of 0.1% formic acid with subsequent injection of 100 pL of the sample into the
nanoACQUITY UPLC HDX module containing protease column for digestion, along with a Waters BEH
C18 guard column and ACQUITY CSH C18 analytical column for desalting and separation respectively.
The samples were allowed to digest/desalt for 3 min in 0.1% formic acid at a flow rate of 100 uL/min with
subsequent separation in the analytical column at a flow rate of 40 uL/min using a 7 min gradient starting
from 1% to 60% of water/acetonitrile in 0.1% formic acid. The eluted peptides are detected using Waters
Synapt G2-Si mass spectrometer (MA, USA) with acquisition of mass/charge (m/z ) range between 300-
1700 GluFib (785.8426 m/z) was used as a lock mass solution to maintain mass calibration of <10 ppm.
Blank injections (0.1% FA in LC-MS water) were incorporated in between HDX runs to prevent potential
carry-over from previous runs.

Peptide identification and HDX analysis

Non-deuterated (0 sec time control) digested peptides were identified by mass accuracy and MS/MS frag-
mentation (Waters HDMSe function) with the use of software, ProteinLynx Global Server (Waters Corp.,
MA, USA). Digestion was carried out as same manner as the HDX runs except non-deuterated buffer was
used. Fragmentation (HDMSe) was activated in the transfer cell by ramping up the collision energy from
15-65 V.

The quantitative analysis of the HDX data was carried out as previously described with a few
modifications.26:271The differences for identical peptides between the two states at all the HDX timepoints
were calculated and summed. A positive or negative value indicates a decrease or increase in deuterium
uptake upon complexation respectively whereas a neutral value indicates no difference. For the mapping
workflow, if the differences of absolute sum of the 5 HDX timepoints differences exceeds 1.1 Da and surpass
3 times the standard deviation (o), then it is considered statistically significant.2”) For screening workflow,
if the differences of the summed HDX timepoints exceed 0.5 Da and surpass 3o, then it is considered signif-



icant as well. o is defined as the propagated standard deviation of the replicates at mixing timepoints for
both states (PRN and PRN/mAb complex). The HDX processing parameters and raw data is attached as
supplementary information adhering to the HDX community standards. 28]

The assigned epitopes were mapped onto a three-dimensional structural model generated through homology
modelling (Phyre2) using a pre-existing crystal structure, PDB code 1DAB, as a template.l?”! Homology
model was used as the existing crystal structure lacked the C-terminal linker region. A structural comparison
is shown in Figure S1.

Biolayer Interferometry (BLI) peptide/mAb binding experiments.

PRN linear epitope validation experiments were conducted using Biolayer Interferometry (BLI) on a ForteBio
Octet RED384 system. All experiments were conducted using ForteBio kinetics buffer (10x kinetic buffer
diluted down to 1x using DPBS). Overlapping peptides spanning the predicted epitope site of the mAb
were synthesized and biotinylated at its NHs terminal (Thermo Fisher Scientific). Furthermore, 2 additional
N-terminal biotinylated peptides were synthesized for testing each mAb as negative controls, one that was
100 amino acids upstream and one 100 amino acids downstream from the predicted epitope binding site.
The peptides (20 pg/mL) were captured on streptavidin coated biosensors. Sensograms were recorded when
peptide-loaded biosensors were incubated with the mAb (20 pg/mL in ForteBio kinetics buffer) and allowed
to associate.

Results and discussion
Protease digestion column selection.

Prior to the HDX experiments, a reference peptide library must be generated. This is achieved by subjecting
the antigen to proteolysis in the acid-protease digestion column. To maximize relevant information for HDX
experiments, the digestion method has to be optimized for sequence coverage and sequence overlap.[??! Digest-
peptides should be 5 — 10 amino acids in length with sequence redundancy, where overlapping peptides can
improve the spatial resolution of the data and increase confidence in the measurements.[30] There are several
commercially available acid protease options including: pepsin, protease type XIII from Aspergiluus saitoi,
protease type XVIII fromRhizhopus and nepenthesin from Nepenthes genus of carnivorous plants among
others.1733] The digestion efficiency of each protease is dependent on the amino acid properties. For example,
pepsin preferentially cleaves bulky hydrophobic residues whereas protease XIII tends to hydrolyze peptide
bond with basic amino acids on the C-terminal side.[?*3%/For this study, pepsin and protease XIII/pepsin
columns were evaluated for digestion efficiency on the model protein pertactin (PRN).

Sequence coverage resulting from protease XIII/pepsin digestion and pepsin digestion are shown in Figure S2.
Peptides generated by pepsin cleavage resulted in higher sequence coverage (“88% of high-quality peptides
on average) compared to protease XIII/pepsin column (“64% on average). While, the protease XIII/pepsin
column resulted in slightly higher number overlapping peptides as shown by higher redundancy (2.57 versus
2.25), it also left several gaps in the coverage map. The missing sequences resulting from both protease
columns were mapped onto three-dimensional structure is shown in Figure S2. The higher sequence coverage
from pepsin can be explained by prevalence of hydrophobic residues in PRN.36 Pepsin was chosen for
the subsequent HDX experiments since it resulted in higher sequence coverage with sufficient sequence
redundancy compared to protease XIII/pepsin. Note that fully optimized protease and digestion protocols
in epitope mapping are antigen specific, however, there are approaches that will work well for a wide range
of antigens and so complete optimization is not always necessary.

Epitope Mapping Workflow.

Six mAbs were evaluated for ‘mapping’ and ‘screening’ workflows: mAb 3-4, 3-16, 3-3, 3-21, 3-5, and 1-16. In
the ‘mapping’ workflow, five HDX mixing timepoints, and three replicates, were collected for each antibody.
To identify potential binding sites, HDX uptake differences between two states (free PRN versus PRN/mAb
complex) were required to exceed the criteria described in the materials and methods section (i.e., difference
> 1.1 Da and 30).



Differential analysis of the free antigen and the PRN/mAb 1-16 complex revealed one peptide, residues
557-568 surpassing the significance threshold (71.4 Da difference) as shown in Figure 1. The representative
kinetic plot of peptide 557-568 is provided in Figure S3. The two partially overlapping peptides (555-561)
and (558-578) also exhibited decreases in deuterium uptake upon complex formation, though they did not
pass the significance threshold (70.3 Da and ~0.3 Da respectively) making residues 562-568 the representative
epitope as shown in the heatmap (Figure S4). The heatmap analysis is performed by averaging the relative
deuterium uptake of the overlapping peptides, hence providing better resolution of the epitope at the peptide
level. This determination provides an example of how overlapping sequences can further resolve the HDX
at shorter peptic fragments and potentially to individual amides. The results indicate that the epitope is
linear, which was also confirmed using Biolayer Interferometry (BLI) binding studies, where representative
peptides containing the linear epitope sequence were evaluated with mAb 1-16. An association curve was
generated confirming the binding of the peptide containing the epitope with mAb 1-16 (Figure S5). The
assigned epitope was mapped onto the three-dimensional structure of PRN, as shown in Figure 1. This
C-terminal region is known to play a critical role in the secretion of PRN through the bacterial membrane
as well as providing a template for proper folding of the beta-helix structure of pertactin.!37]

Analysis of the PRN/mAb 3-3 complex also revealed a binding site at the C-terminus. Two peptides (575-
591 and 579-591) localized on the C-terminal linker region exhibited the most protection from deuterium
update (75 Da on average) as shown in Figure 1. The representative kinetic plot of peptide 575-591 is
shown in Figure S3. The adjacent peptides, 575-587 and 579-587, however, displayed minimal changes
(below 0.25 Da) enabling identification of 588-591 as the epitope. This epitope was also confirmed by BLI
binding studies as shown in Figure S6. Interestingly, four other peptides across the sequence exhibited
a significant increase in deuterium uptake upon complexation, including residues 35-46, 194-212, 231-245,
and 304-313. Although it is unclear why this mAb induced such structural changes, allosteric effects upon
antibody /antigen complexation are not a rare phenomenon.!38]

For the PRN/mAb 3-5 complex, only one peptide, 234-244, presented an observable decrease in deuterium
uptake during antigen complexation that passed the significance criteria ("1.5 Da) as shown in Figure 1.
The representative kinetic plot of peptide 234-244 is provided in Figure S3. The rest of the protein exhibited
negligible differences. A BLI binding study was conducted on mAb 3-5 and peptide 234-244. However,
no binding was observed. When PRN was heat denatured at 70°C for various incubation times, there was
also reduction in binding as function of time, shown in Figure S7. This result suggest that the epitope
is conformational where only one of the binding sites (peptide 234-244) was detectable by HDX (since a
linear epitope would not be affected by heat denaturation). Upon analyzing the missing sequences on the
3D structure shown in Figure S2, the loop coverage close to peptide 234-244 was missing. Most likely, this
loop was also involved in the binding, but was excluded due to non-detection in the protein digest. Peptide
234-244 is part of the polymorphic region of PRN (residues “230-260) where variation has been linked to

immune evasion.[394% Hence binding to this region may impact immune escape functionality.

Three mAbs described thus far bind to PRN on continuous sections of the sequence, mainly comprised of
loops or disordered regions localized on the surface of the protein, as shown in Figure 1. These results align
with other studies where epitopes were most commonly found to be in surface exposed, less-structured regions
of antigens.[*1#? Binding to linear, continuous epitope does not depend on the tertiary fold of the antigen
but is linked only to the binding sequence.[**3] Hence antibodies binding to a linear epitope can be tested
using a denatured antigen or an unstructured peptide containing the epitope sequence.**3 Conformational
epitopes, however, are dependent on the fold of the antigen. As such, binding is highly sensitive to the correct
tertiary structure of the antigen, corresponding to at least one configuration of the ‘native’ conformational
ensemble.**3] Tt has been estimated that “90% of the antibodies recognize conformational epitopes.[*4

Differential analysis of the PRN/mAb 3-16 complex detected two peptides, 36-46 and 56-67, in the N-
terminus with deuterium uptake differences of 4.5 Da and ~3 Da respectively (Figure 1). Structurally, these
two peptides are in close proximity to one another, indicating characteristics of a conformational epitope.
The kinetic plots for these two peptides are provided in Figure S3. All other peptides across the sequence



showed negligible differences except for increase in deuterium uptake in peptide 231-245 which is part of the
polymorphic regions of PRN responsible for immune evasion, similar to mAb 3-3.139:40] The N-terminus is
immunogenic and some of the known immunogenic epitopes in the N-terminus are known to be masked by
the polymorphic region.[*546! Increased flexibility of the polymorphic region could indicate “unmasking” of
the epitope in the N-terminus for efficient binding of mAb 3-16.[46]

In the PRN/mAb 3-21 complex, five peptides from the N-terminal region, 35-46, 47-54, 55-67, 68-78 and
109-116, exhibited decreases in deuterium that surpassed the significance criteria suggesting a conformational
epitope (Figure 1). This epitope included the sequences detected for mAb 3-16 (peptides 36-46 and 56-67)
which suggests that these two mAbs share a common epitope. However, when an epitope binning experiment
(i.e., a competitive binding assay) was performed using biolayer interferometry, both mAbs were able to bind
to PRN simultaneously, suggesting different epitope location. The remaining sequences: 47-54, 68-78 and 109-
116 were then mapped onto the protein structure. Residues 47-54 and 109-116 are in close proximity whereas
68-78 is localized on the opposite face of the antigen, same side as residues 36-46 and 56-67, as shown in
Figure S8. Hence a tentative assignment for a conformational epitope corresponding to peptides 47-54 and
109-116 was made. The kinetic plots for two representative peptides, 47-54 and 108-116 are shown in Figure
S3.

Finally, epitope mapping analysis of PRN/mADb 3-4 revealed a decrease in deuterium uptake localized on the
C-terminal end of PRN specifically peptides 420-436, 455-464, 477-492, and 505-517 as shown in Figure 1. The
kinetic plots for these four peptides are shown in Figure S3. These sites are all in close proximity to each other,
with a majority of residues in loop regions. It is plausible that some of these residues took up less deuterium
due to steric hindrance effects, since a large surface area was impacted.[*”) Nevertheless, the data indicates
that this is a conformational epitope. This epitope is localized near another PRN polymorphic variation
region (residues 545-566).13%41 This PRN polymorphic region contains tandemly repeated sequences (Pro-
GlIn-Pro-) that have been implicated in immune evasion by either insertion or deletion of repeat units. Hence
mADb binding to this epitope may directly impact the immune escape functionality of PRN by affecting the
flexibility of the polymorphic region such that hidden epitopes downstream of C-terminus are unmasked. 46!
Similar to the linear epitopes, all the identified conformational epitopes were localized on surface-exposed
loops and/or sheet-loop structures.[42:47]

Screening workflow.

In developing the screening workflow, two HDX timepoints (10 min or 30 min) were acquired. Single time-
points were also assessed for feasibility of epitope detection. HDX results for individual timepoints are shown
in Figure S9. For all mAbs, results from the 30 min timepoint were more ambiguous than for the 10 min
timepoint, as demonstrated by weaker or no deuterium-uptake signals. For example, PRN/mAb 1-16 and
PRN/mAb 3-5 complexes did not show clear epitope detection at 30 minutes labeling time, although one
peptide in the mAb 1-16 epitope (575-587) and one in the mAb 3-5 epitope (234-244) showed the highest
uptake difference (qualitatively) while surpassing the 3c. Nonetheless, these uptake differences were compa-
rable to those observed in other peptides across the antigen sequence. In the PRN/mAb3-3 complex, there
were two peptides, 229-236 and 579-591, that exhibited HDX differences at 30 minutes of labelling. However,
these two peptides were spatially distant and defining an epitope against the protein structure was difficult.
Analysis of 10 minutes HDX timepoint showed clear HDX differences allowing for slightly improved epitope
assignment. However, the results were often only marginally substantial and in some cases were indistin-
guishable from differences occurring across the sequence (i.e ., ‘noise’ in HDX difference data). Ultimately,
the HDX differences for both timepoints (10 and 30 min) were summed in the screening workflow, which
amplified non-random differences to the minimum extent required to enable confident epitope assignments,
as shown in Figure 2. As with the ‘mapping’ workflow, a significant change was defined as uptake differences
exceeding 0.5 Da in both HDX timepoints and surpassing 3o from at least two technical replicates.

The HDX differences observed using the in the screening workflow were lower than those acquired from
the full time-course, mapping workflow (an unsurprising consequence of adding together fewer timepoint
measurements). These changes can be seen in deuterium uptake (y-axis) of the Difference plots comparing



mapping results in Figure 1 to screening results in Figure 2. The primary benefit to the screening approach
is that it provides substantial enhancements to throughput; all six mAb/PRN complexes were screened
in the same amount of time required to ‘map’ a single antibody/antigen interaction using the full time-
course workflow. The acquisition and analysis for all states of PRN complexed with the different mAbs,
was performed simultaneously in one dataset, as opposed to data collection in separate experiment/days.
Thus, this type of analysis can also more easily identify artifact peptides/signals. However, the caveat for
simultaneous analysis is that it requires consistent, high quality peptide signals for all the PRN states. Even
if a subset of states shows poor peptide signal response, that peptide must be excluded from analysis, which
may impact sequence coverage, or sequence redundancy. Nonetheless in the screening dataset presented
here, the sequence coverage is “88%, which is identical to the ‘mapping’ workflow. The summary of epitopes
identified from the ‘screening’ workflow is shown in Table S1.

Analysis of the PRN/mAD 3-4 complex found residues 427-436, 455-464, and 477-492 exhibiting the greatest
uptake differences (Figure 2). This represents a substantial overlap with regions identified in the mapping
workflow (Figure 1), however; the screening data lacked sequence coverage between 504 and 541, preventing
a direct comparison in the 505 — 517 region, which was assigned to the epitope in the mapping workflow. For
the PRN/mADb 3-16 complex, regions of 35-46 and 56-67 exhibited the most difference (Figure 2), perfectly
superimposing the differences from the mapping workflow (Figure 1). PRN/mAb 3-5 also exhibited the
greatest HDX difference in the 237-244 region (Figure 2), in alignment with the epitope identified in the
mapping workflow (region 234-244, Figure 1). In the PRN/mAb 3-3 complex, only one peptide near the
C-terminus, 579-591, showed a significant difference, which was also consistent with the mapping workflow
(Figure 1 and Figure 2). The PRN/mAb 1-16 complex did not exhibit a large difference in uptake upon
complexation in either workflow, which made the data interpretation challenging. Nevertheless, one peptide,
558-574, surpassed the 3o significance criterion in the screening data (Figure 2). While too large to provide
good localization of an epitope, this sequence still contains the segment identified in the mapping workflow
(562-568, Figure 1). For the PRN/mAb 3-21complex, the screening experiment identified residues 35-67 and
108-117 as the most affected regions (Figure 2), while peptide 68-78 showed negligible difference (refer to
Figure S8 for peptide 68-78 localization on the structure). While not identical, this is similar to the mapping
workflow, which identified segments 47 — 54 and 109-116 to be the epitope (Figure 1).

Overall, the epitopes identified through the screening workflow were in good agreement with the mapping
workflow for both conformational and linear epitopes. The mapping workflow utilizes many time points
across wide range (seconds — hours). The advantage of using such a wide range is that it can improve
confidence in the assignments of epitopes, especially for cases where summing differences across multiple
timepoints is required to achieve statistical certainty based on strict significance criteria. Furthermore, the
kinetics data acquired in the mapping workflow can also provide additional information on the kinetics of
the protein complex dissociation relative to the rate of the deuterium uptake.[*3] The screening workflow, on
the other hand, takes two snapshots, which offers at best highly limited rate information. However, when
the aim is specifically to determine the epitope and not to characterize the antibody/antigen interaction in
detail, the screening workflow balances confidence in the epitope assignment with substantially improved
throughput.

Concluding remarks

In this work, we developed an accelerated workflow for epitope mapping using hydrogen deuterium exchange
mass spectrometry and demonstrated it using six mAbs targeting the pertussis antigen PRN. The classical
five timepoint ‘mapping’ workflow required 144 hours of instrument time to map all six epitopes and generated
high confidence epitopes for five of the six mAbs assayed. The two-timepoint ‘screening’ workflow required 24
hours of instrument time to map all six mAbs and generated high confidence epitopes for five of the six mAbs
assayed. The remaining epitope was correctly identified, but not fully mapped (mAb 3-5) in both workflows.
The high degree of correlation between these two methods suggests that, at least for the strict purpose of
identifying epitopes, acquiring more than two time points may be of little value. Given the increasingly rapid
rate at which new therapeutic and test mAbs are being generated, we are confident this approach, which



allows a seven-fold improvement in the rate of data collection, will be an attractive alternative, opening the
door to medium throughput epitope screening by HDX-MS.

The accelerated workflow introduced here will provide a means to advance HDX-MS for higher throughput
investigations in vaccine and drug development, supporting the ability to evaluate a broader number of mAb
candidates at an earlier stage of development.
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using-hydrogen-deuterium-exchange-mass-spectrometry-hdx-ms-an-optimized-workflow-for-
accelerated-evaluation-of-lead-monoclonal-antibodies

Figure 1. Epitope mapping difference plot between PRN and PRN/mAb (1-6, 3-3, 3-5, 3-16, 3-21, and
3-4) complexes. Red dashed lines represent the 1.1 Da threshold and the blue dashed lines represent 3c.
The epitopes are highlighted in coloured stars according to the mAbs tested and are also coded in the
three-dimensional structure with the corresponding colours.
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Figure 2. Epitope screening difference plot between PRN and six mAb complexes. The epitopes are
highlighted in coloured stars and are highlighted in the three-dimensional structure with the corresponding

colours
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