1duosnuely Joyiny 1duosnuey Joyiny 1duosnuely Joyiny

1duosnuepy Joyiny

Author manuscript
Anal Chem. Author manuscript; available in PMC 2023 January 18.

-, HHS Public Access
£

Published in final edited form as:
Anal Chem. 2022 January 18; 94(2): 1052-1059. doi:10.1021/acs.analchem.1c04038.

Epitope Mapping with Diethylpyrocarbonate Covalent Labeling-
Mass Spectrometry

Catherine Y. Tremblay, Zachary J. Kirsch, Richard W. Vachet”
Department of Chemistry, University of Massachusetts, Amherst, Massachusetts 01003, United
States

Abstract

Antigen-antibody epitope mapping is essential for understanding binding mechanisms and
developing new protein therapeutics. In this study, we investigate diethylpyrocarbonate (DEPC)
covalent labeling (CL) mass spectrometry (MS) as a means of analyzing antigen-antibody
interactions, using the well-characterized model system of TNFa in complex with three different
antibodies. Results show that residues buried in the epitope undergo substantial decreases in
labeling, as expected. Interestingly, serine, threonine, and tyrosine residues at the edges of

the epitope undergo unexpected increases in labeling. The increased labeling of these weakly
nucleophilic residues is caused by the formation of hydrophobic pockets upon antibody binding
that presumably increase local DEPC concentrations. Residues that are distant from the epitope
generally do not undergo changes in labeling extent; however, some that do change experience
variations in their local microenvironment due to side chain reorganization or stabilization of the
TNFa trimer that occurs upon binding. Overall, DEPC labeling of antigen-antibody complexes is
found to depend on both changes in solvent exposure and changes to residue microenvironment.
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Introduction

Monoclonal antibody (mAb) based therapeutics are successful because of the high
specificity and affinity between an antibody and its antigen. Epitope mapping, which
involves identifying the antigen residues that are recognized by the mADb, is vital for
understanding binding mechanisms and helping design future therapeutics.! Identifying
the bound residues in the antigen and the features of the antigen’s higher order structure
(HOS) that are necessary for specific binding are essential not only for understanding the
mechanism of binding but also can be useful for intellectual property protection.

Mass spectrometry (MS) has emerged as a promising tool for epitope mapping because

of limitations in traditional tools, especially when studying intact antibody-antigen
complexes. X-ray crystallography, nuclear magnetic resonance (NMR), and cryogenic
electron microscopy (cryoEM) have been used to study protein-protein interactions due
to their atomic-level resolution. However, X-ray crystallography is limited to proteins

that can crystallize, requires lots of sample, and can be time-consuming. NMR on high
molecular weight protein complexes can be challenging, limiting its applicability for the
routine analysis of mAb-antigen complexes. CryoEM is an emerging technique that has
great promise but requires high levels of user expertise and sample amounts and does not
always provide sufficient resolution to definitively identify binding sites. MS, on the other
hand, requires low sample amounts, does not seem to be limited by molecular weight, and
offers higher throughput analysis than either NMR or X-ray crystallography.

Various MS tools have been developed for antigen-antibody interactions, such as epitope
excision and epitope extraction, hydrogen deuterium exchange (HDX) MS, and covalent
labeling (CL) MS.27 Epitope excision and extraction methods have been the most
frequently used methods for MS-based epitope exploration. In these methods, proteolytic
digestion of the antigen is carried out either before (epitope extraction) or after (epitope
excision) complexation with an antibody. In epitope extraction methods, specific recognition
peptide(s) are created by proteolytic digestion and are then isolated by immunoaffinity
methods and detected by MS.48 Epitope excision relies on digestion in the presence of
the bound antibody, which prevents proteolysis on the parts of the antigen that are buried
in the binding pocket, thereby allowing conformational epitopes to be identified when
combined with MS.# However, epitope excision and extraction techniques are limited in
their resolution, usually providing only peptide-level information.

More recently, HDX/MS has been used to study antibody-antigen interactions, as it can
provide more precise mapping of the contact sites.3:9-11 In HDX, proteins are incubated

in D,0, which results in exchange of hydrogens on heteroatoms for deuterium in solution.
Proteolytic digestion at low pH, followed by LC/MS allows the exchange of backbone amide
hydrogens to be detected. The different rates at which deuterium labels the backbone can be
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used to analyze solvent accessibility and HOS. Epitope regions can often be identified by
the comparing exchange patterns on the antigen alone vs. the antigen in complex with its
antibody.>12 However, HDX/MS does have some limitations. Protein digestion and peptide
separation can lead to label loss due to back exchange, lowering the sensitivity of the
method. In addition, changes in protein dynamics at sites distant from the epitope can also
result in reduced HDX, and this decreased exchange can be difficult to distinguish from
reduced exchange at the epitope. While HDX/MS is higher throughput than NMR, CryoEM,
and X-ray crystallography, data analysis is time intensive and specialized robotic equipment
is often needed to facilitate the experiments.

CL/MS has emerged as a promising complementary technique because of some advantages
over other MS-based approaches. CL/MS can provide residue level resolution and is
relatively high throughput. CL/MS methods typically do not suffer from label loss

like HDX-MS, and depending on the reagent, sample preparation is simple with no
specialized equipment needed. A number of CL/MS techniques, such as fast photochemical
oxidation of proteins (FPOP),13 carboxy! group footprinting,4 lysine acetylation, %16 and
diethylpyrocarbonate (DEPC) labelingl7-20 have been used to study antibodies. For example,
FPOP has been used alone or with HDX/MS to characterize epitopes and even paratopes in
protein therapeutics.213:21 Carboxyl group footprinting with glycine ethyl ester (GEE) has
been used to determine the residues involved in the interface between vascular endothelial
growth factor and its binding mAbs.22 One of the earliest examples of CL/MS for studying
epitopes was with lysine acetylation in studies of the epitope of lysozyme.1®

DEPC is a promising CL reagent because it can label numerous nucleophilic residues,
including lysine, histidine, serine, threonine, tyrosine, and the N-terminus, allowing about
30% of the residues in the average protein to be probed.23 The labeling extents of histidine
and lysine residues are correlated with their solvent accessible surface area (SASA), while
the labeling of serine, threonine and tyrosine are sensitive to their microenvironment,
particularly the presence of nearby hydrophobic residues.1® Other effects of protein
microenvironment on DEPC labeling have also been reported.24 DEPC-CL/MS has been
used previously to study protein-ligand binding sites,2>-27 protein-protein interactions,28:29
and HOS perturbations of mAbs caused by heat stress.17:18:30:31 Results also suggest that
DEPC labeling is largely unaffected by protein dynamics that occur on the millisecond
timescale.1725 Despite a growing number of successful DEPC-CL/MS studies, there are
no reports, to our knowledge, that demonstrate its use for investigating antibody:antigen
interactions.

To evaluate DEPC-CL/MS for studying antibody-antigen interactions, we chose to use
tumor necrosis factor-a (TNFa) as a model system. Neutralizing TNFa is an effective
treatment against a number of diseases such as rheumatoid arthritis, Crohn’s disease, and
psoriasis. Numerous TNFa neutralizing protein therapeutics have been developed. Each

of these therapeutic proteins has a slightly different epitope,32 making this protein and its
associated antibodies a valuable system for exploring the effectiveness of DEPC-CL/MS
for epitope mapping. In this work, three model mAbs were investigated — adalimumab,
infliximab, and golimumab — each of which has a different epitope and stabilizes the TNFa
trimer to different extents.32-34 Of particular interest in this study was elucidating the DEPC
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labeling behavior of residues both near and distant from the epitope. Our results show that
histidine and lysine residues in the epitope undergo dramatic decreases in labeling, while
serine, threonine, and tyrosine residues at the edges of the epitope can undergo unexpected
increases in labeling due to the creation of nearby hydrophobic pockets. In addition, we find
that most residues that are distant from the epitope do not undergo labeling changes, but

a few residues do change because of side chain reorganizations that occur upon antibody-
TNFa binding. Taken as a whole, our results suggest that DEPC has potential for epitope
mapping when the unique reaction behavior of serine, threonine, and tyrosine residues at the
edges of the epitope are properly considered.

Materials and Methods

Materials

The antibodies, proteins, and other chemicals that were used in this study are listed in the
Supporting Information.

DEPC labeling and proteolytic digestion

DEPC stock solutions were prepared in acetonitrile, and final acetonitrile concentrations in
reacted protein samples were less than 1% v/v. The DEPC labeling reactions were conducted
in a 500 uL MOPS buffer (50 mM), with antibody:antigen concentrations of 1 yM mAb:1.2
UM TNFa monomer. TNFa is a trimer, and a molar excess of the mAb was used to ensure
~100% complexation of the trimer. Labeling was conducted at a DEPC:protein molar ratio
of 1000:1 at 37 °C for 5 min. The DEPC concentration was chosen based on predictions

of proper reagent concentration to avoid over labeling.3° After 5 min, imidazole at a 1:50
DEPC:imidazole molar ratio was added to quench the reaction. At least three replicate
DEPC analyses were performed for each mAb-TNFa complex.

After the DEPC reaction, 50 UL of acetonitrile were added, and samples were heated at
50 °C for 45 min to denature the proteins. Prior to denaturation, the disulfide bonds were
reduced with TCEP at 25 mM for 5 min and then alkylated with iodoacetamide at 25

mM for 20 min in the dark. Finally, proteolytic digestion was performed using 50 uL of
immobilized trypsin for a ~1:100 (w/w) substrate to enzyme ratio, and the protein was
digested overnight at 37 °C. To remove trypsin and collect the resulting peptides after
digestion, the samples were centrifuged at 14,000 rpm, and the supernatant was collected.
The supernatant was then concentrated 5-fold using a speed vacuum and immediately
analyzed. Protein digestion and sample preparation conditions were identical for all protein
samples so that any minor DEPC label loss that could occur due to hydrolysis is kept the
same for all samples.

LC/MS/MS of CL samples

For online LC/MS/MS analyses, 5 UL was injected into a Dionex UltiMate 3000 RSLC
capillary LC system (Thermo Scientific). The flow rate was 400 nL/min. Peptides were
separated with an Acclaim Pepmap RSLC column (300 um x 15 cm, C18, 2 pM, Thermo
Scientific) with LC/MS grade water and 0.1% formic acid as solvent A and acetonitrile as
solvent B. A linear gradient from 5% B to 50% B over 55 minutes with a final wash of
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95% B for 15 minutes was used. Electrospray ionization was used in positive mode with
a needle voltage of 2100 V. Mass spectra were acquired on a Thermo Scientific Orbitrap
Fusion Tribrid mass spectrometer.

Tandem mass spectrometry (MS/MS) was conducted using collision-induced dissociation in
the linear quadrupole ion trap. An inclusion list of possible labeled and unlabeled TNFa
tryptic peptides was used to ensure these ions would be fragmented while an exclusion

list of antibody peptides was used. The inclusion list was used to guarantee detection and
fragmentation of TNFa peptides for determining their covalent labeling sites and extents.

CL/MS data analysis

A custom software pipeline designed specifically for DEPC-CL/MS experiments was

used as described previously.30 Briefly, tandem mass spectra were searched against a
database consisting of TNFa and the common repository of adventitious proteins ((http://
www.thegpm.org/crap/index.html) for identifying peptides and their labeled sites. The
search parameters used were a precursor mass tolerance of 10 ppm, a product ion tolerance
of 0.5 Da, carbamidomethylation of Cys and DEPC modification of His, Lys, Ser, Thr, Tyr,
and N-terminus (mass addition of 72.0211 Da) as variable modifications. For determining
modification extents, peak areas of labeled and unlabeled ions obtained from reconstructed
ion chromatograms of each species were used to calculate percent labeling at each labeled
site. All peptides containing a modified residue, including ones with missed cleavages, are
considered in the analysis.

Size-exclusion chromatography (SEC)

SEC was used to separate TNFa and mAbs, and the instrumentation and methods are
described in the Supporting Information.

Results and Discussion

DEPC-CL/MS considerations for antibody-antigen complexes

TNFa is a 157-residue protein with 35 DEPC-modifiable residues. Labeling of TNFa alone
reveals that 34 of these residues can be modified, thereby providing adequate structural
coverage (Table S1). DEPC-CL/MS experiments typically compare labeling of the free
protein to the complexed protein to identify binding sites. However, for antibody-antigen
systems, it can be challenging to directly compare free TNFa to the TNFa/mAb complex
because of the excess protein load contributed by the antibody. To correct for this increased
number of labelable residues, control experiments were conducted on TNFa in solution with
the non-binding mAb rituximab. Rituximab has an equivalent number of labelable residues
to the mAbs that bind TNFa., providing a means of correcting for any labeling changes
causes by the presence of an antibody. Labeling experiments in the presence of rituximab
reveal that there are fewer (< 34) residues labeled in TNFa when rituximab is present,
suggesting that the labeling levels for some residues drop below the detection limit when
extra protein is present.
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A comparison of the labeling of TNFa with rituximab (i.e. control) vs. TNFa with a binding
mADb reveals three different outcomes for the labeled residues (Figure S1). First, there are
residues that undergo no significant change in labeling extent, indicating no change in

their microenvironment or DEPC accessibility. Second, there are residues that increase in
labeling because of an increase in solvent accessibility, especially for histidine and lysine
residues, and/or changes in microenvironment, especially for serine, threonine, and tyrosine
residues. Recently, we found that a more hydrophobic microenvironment around accessible
serine, threonine, and tyrosine residues causes these weakly nucleophilic residues to react
more extensively due to increased local concentrations of DEPC.1719 Third, there are
residues that decrease in labeling due to the loss of solvent exposure or a less hydrophobic
microenvironment.

DEPC-CL/MS of TNFa in complex with adalimumab

Adalimumab has the largest epitope of the studied mAbs. The epitope is made up of two
protomers of the TNFa homotrimer (Figure 1A and B) and is comprised of residues in

the A-A’, E-F, D-E, and G-H loops, as well as residues in the A and D p strands (Figure
$2).32:36 The epitope contains 11 modifiable residues, eight of which are labeled in the
control (i.e. rituximab-containing sample) and/or in the presence of adalimumab (Table S2).
The remaining three, His78, His73, and Lys65, are not labeled in either the rituximab or
adalimumab conditions as they are buried in the TNFa trimer.

The other eight epitope residues undergo changes in labeling extent upon comparing the
rituximab control and mAb samples (Figure 1C and Table S2). Five of the eight residues
decrease in labeling, including Tyr141, Lys112, Lys90, Thr72, and Ser71, because of burial
upon adalimumab binding (Figure 1E). Labeling of most of these residues is completely
prevented. Interestingly, three of the epitope residues (Thr77, Ser81, and Ser147) become
labeled upon adalimumab binding, even though they were not labeled in the presence of
non-binding rituximab (Figure 1F). The increased labeling of Thr77 may result from an
increased hydrophobic microenvironment from proximity to Trp53 on the heavy chain of
adalimumab (Figure S4A). While Ser81 does not make contact with adalimumab, it is
considered part of the epitope because of its proximity to Lys90 and Glu135, which bind
to the mAb (Figure S4B). Ser147 also becomes labeled, likely due to a more hydrophobic
environment upon binding (Figure S4C). Overall, DEPC labeling changes occur for all
modifiable residues in the TNFa epitope, but Thr and Ser residues at the edges of the
epitope actually undergo increased labeling. These counterintuitive changes reflect the
unique sensitivity that DEPC labeling has to hydrophobic microenvironments for these
weakly nucleophilic residues.17-19

Outside of the epitope, 21 residues are labeled, and most of these (11/21) do not change

in labeling extent, indicating that they do not experience significant changes in SASA or
microenvironment. One residue, Ser86, decreases in labeling extent. Ser86 resides in the
D-E loop and is repositioned upon adalimumab binding. It is likely that the hydrophobic
pocket around Ser86 changes upon adalimumab binding, causing a decrease in labeling
(Figure 1D). Interestingly, the labeling of adjacent Tyr87 also changes (Figure 1D), although
the large error bars associated with the measurement of this residue cause this change
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to be insignificant according to a t-test. Nine residues outside of the epitope increase in
labeling extent. Most (7/9) of these residues are serines, threonines, or tyrosines, whose
DEPC reactivity are very sensitive to microenvironment changes.1”-1% Two residues, Thr89
and Thr105, are not labeled in the rituximab control (Figure 1D), but upon adalimumab
binding, their microenvironment becomes more hydrophobic, likely as a result of their

close proximity to the epitope, explaining their increased labeling extent (Figure S4E). The
labeling increases for Ser9, Tyr56, Tyr119, and Tyr151 are more difficult to explain. A
common feature of these residues is that they face the trimer interface in TNFa (Figure
S4F). It is possible that the stabilization of the trimer that occurs upon adalimumab binding
changes the microenvironment of these residues in a way that increases their labeling extent.
Two of these residues (i.e. Tyr56, and Tyr151) are completely unlabeled in the rituximab
control and become labeled in the complex, making their behavior similar to the Ser and Thr
residues at the edges of the epitope.

The two other non-epitope residues that increase in labeling extent are His15 and Lys128.
Previous work with DEPC labeling indicates that changes in the labeling of histidine and
lysine residues occurs with changes in SASA;23:25-29 however, the crystal structure of the
Fap of adalimumab with the TNFa trimer does not indicate any significant change in the
SASA of His15 or Lys128. One possible explanation is that there are more complex changes
to the adalimumab/TNFa complex that are not reflected in the crystal structure because

the complete antibody is not present, as is the case in our CL/MS experiments. Indeed,

SEC experiments (Figure S3A and B) indicate that complexes larger than 3:1 complexes
(Figure 1A) are formed under the concentrations used in our experiments. Large protein
complexes consisting of multiple TNFa trimers and more than three adalimumab molecules
are measured, which are consistent with previous reports that postulated polymeric-like
complexes at high concentrations, such as those found in formulations3” and used in our
studies. It is possible that these higher-order complexes influence the SASA of His15 and
Lys128.

DEPC-CL/MS of TNFa in complex with infliximab

The infliximab epitope is smaller than the adalimumab epitope and consists primarily of
residues on the C-D and E-F loops and a few residues in the C and D p-strands. While
infliximab only binds to one protomer of the TNFa. homotrimer, it stabilizes the trimer
like adalimumab.32:36 The epitope has five modifiable residues, but only four are labeled
in the rituximab control or infliximab-bound state. As with the adalimumab experiments,
His73 is not labeled. Of the other four labeled epitope residues, three of them (Tyr141,
Thr72, and Ser71) decrease in labeling (Figure 2A). These decreases are consistent with
burial of these residues upon infliximab binding (Figure 2C). In contrast, Thr105 increases
in labeling (Figure 2A) even though it is considered part of the epitope. Thr105 is on

a solvent exposed loop in free TNFa, but upon infliximab binding, it becomes partially
buried, thereby creating a more hydrophobic environment (Figure 2D). Thr105 labeling
also increased upon adalimumab binding because of a more hydrophobic environment, but
infliximab binding creates an even bigger hydrophobic pocket near Thr105, causing its
DEPC reactivity to increase even more. As with adalimumab, most of the epitope residues
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undergo decreases in labeling, but Thr residues at the edge of the epitope undergo an
increase in labeling due to the hydrophobic microenvironment that is created upon binding.

There are also 22 non-epitope residues that are labeled. Most of these residues (12/22) do
not change in labeling extent; however, six residues decrease in labeling and three increase
(Figure 2B). One of these residues, Lys112, decreases due to its proximity to the epitope,
which causes it to be partially buried upon binding (Figure S5A). Lys98, Tyr119, and Ser95
also decrease in labeling. Each of these residues faces toward the TNFa trimer interface
(Figure S5B), and their decreased labeling is likely due to structural changes that occur
upon stabilization of the trimer, as was observed with adalimumab. Interestingly, upon
adalimumab binding, Tyr119 labeling was found to increase, while Lys98 and Ser95 did
not change, suggesting that the structural changes associated with trimer stabilization are
different for these two mAbs. These structural differences in stabilization are perhaps not
surprising as adalimumab binds two promoters of TNFa while infliximab only binds one.
Lastly, Ser147 and Tyr87 also decrease in labeling, but they are not near the trimer interface
or the epitope. It is possible that the higher order complexes that are detected by SEC are
responsible for the decreases observed for these residues (Figure S3D).

Three non-epitope residues increase in DEPC labeling upon infliximab binding: Ser99,
Thr89, and Lys128. Ser99 is near the epitope, and therefore in a more hydrophobic
environment (Figure S4C). Ser99 is positioned close to Phe28 in the heavy chain of
infliximab and Tyr115 in the adjacent TNFa monomer, creating a hydrophobic pocket
without completely burying this residue. Such a microenvironment is not created upon
adalimumab binding, so Ser99 is not found to be labeled upon binding that mAb. The
increase in labeling of Lys128 and Thr89 is difficult to explain, but as with adalimumab
binding, the formation of higher-order complexes (Figure S3C and D) may explain their
labeling behavior.

DEPC-CL/MS of TNFa in complex with golimumab

Golimumab has the smallest epitope.38 It only binds one protomer of the trimer and
stabilizes the trimer the least.32:36 The golimumab epitope is made up of residues in the
A-A’, C-D, G-H, and E-F loops. Tyrl141, Thr72, and Ser71 are involved in the golimumab
epitope, as they were for infliximab and adalimumab. Thr105 is also part of the epitope
for golimumab. The epitope has five modifiable residues, of which four are labeled. The
one epitope residue that is not labeled in either the rituximab control or upon golimumab
binding is Lys65. The other four epitope residues, Tyr141, Thrl105, Thr72, and Ser71, are
the same four epitope residues in infliximab and have the same labeling behavior as was
seen upon infliximab binding. Tyr141, Thr72, and Ser71 all decrease in labeling (Figure
3A) due to burial (Figure 3C), while Thr105 experiences an increase in labeling due to its
increased hydrophobic environment caused by the proximity of 11e102 in the heavy chain of
golimumab (Figure 3D).

There are 19 residues labeled by DEPC that are not considered part of the epitope (Figure
3B). Eight do not change in labeling extent, eight decrease, and four increase. Of the eight
decreases, Lys98, His15, Tyr119, and Ser95 are all part of the trimer interface, and thus their
decreased labeling is perhaps due to trimer stabilization (Figure S6A),3° as was observed
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for infliximab and adalimumab. Interestingly, both golimumab and infliximab bind one
protomer and have similar patterns of changes to residues in the trimer interface, while
adalimumab binds two promoters and different trimer interface residues undergo changes in
labeling. These data suggest that the structural changes associated with trimer stabilization
are similar for golimumab and infliximab. The other four residues that are distant from

the epitope and decrease in labeling, Tyr87, Ser86, Thr7, and Ser147, are also distant

from the trimer interface (Figure S6B). Ser86 and Tyr87 are in the D-E loop, and the
crystal structure of the TNFa/golimumab complex indicates structural changes in the D-E
loop upon binding (Figure S6D), which cause a change in the microenvironment around
these residues. Labeling changes to Thr7 and Ser147 are more difficult to explain, but the
complicated mixture of higher order complexes that are observed by SEC (Figure S3E and
F) upon golimumab binding could be the cause of these labeling changes. The labeling
increases that are observed for Lys128, Thr89, Thr77, and Ser9 might also be caused by the
same complicated mix of complexes. All four of these residues are distant from the epitope
and are not involved in the trimer interface (Figure S6C), although it should be noted that
Ser9 is not resolved in the crystal structure of the complex.

Conclusions

Using three therapeutic mAbs that bind TNFa, we demonstrate that DEPC-CL/MS can
reveal accurate information about epitopes and subtle structural changes away from
epitopes. To get reliable results, control experiments involving a non-binding mAb are
required to account for labeling changes that are caused by the presence of a large

number of modifiable residues in the mAb. Results show that residues in the epitope

that become completely buried upon binding decrease in labeling extent. Interestingly,
weakly nucleophilic serine, threonine, and tyrosine residues that are in or near the epitope,
but are only partially buried, undergo an increase in labeling extent due to an increased
hydrophobic microenvironment. This effect is consistent with our previous work7-19 and

is likely explained by increased local concentrations of DEPC, which is a somewhat
hydrophobic molecule. An excellent example of this effect is the increased labeling of
Thr105 upon binding to all three mAbs. In free TNFa, Thr105 is on an unstructured loop
and is fully solvent exposed; however, upon mAb binding, residues from the antibodies
create a hydrophobic microenvironment around this residue without fully burying it, causing
an increase in labeling. A more significant hydrophobic microenvironment is created upon
infliximab and golimumab binding, and Thr105 labeling is found to increase to the greatest
extent when these antibodies are bound to TNFa. This unique reactivity of serine, threoning,
and tyrosine residues is observed for all three of the antibody-antigen complexes studied
here. Future work will be necessary to understand how robust this observation is for other
antibody-antigen complexes, if DEPC is to be used fully reliably for epitope mapping.

Most residues that are distant from the epitope do not undergo any significant changes
in labeling extent. The residues that do change primarily fall into three categories. The
first category includes residues that are not part of the epitope but are in close proximity
to the epitope and thus experience a change in labeling extent due to partial burial.
Second, there are residues at the TNFa trimer interface that undergo changes in labeling
that reflect structural changes caused by trimer stabilization upon antibody binding. The
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third category includes primarily serine, threonine, and tyrosine residues that experience
changes in microenvironment due to HOS changes that occur upon antibody binding. These
changes can be either increases or decreases in labeling and reflect more or less hydrophobic
environments being created around these residues that are the result of (i) structural changes
or (ii) the formation of complexes with large mAb/TNFa stoichiometries. These large
complexes are present in solution when the full antibody is present, but they are not

present in the crystal structures that only contain the antigen-binding fragment of the mAb.
Overall, DEPC labeling can provide information about antibody-antigen epitopes, although
the resulting labeling changes depend on the extent to which a residue is buried and how the
microenvironment around the residue changes upon binding. In the latter case, we again see
that the reactivity of serine, threonine, and tyrosine residues are sensitive to the hydrophobic
microenvironment of these residues, making them sensitive probes of binding and structural
changes throughout the protein. Overall, it seems that DEPC has good potential for epitope
mapping and could also be useful for rapid screening of potential therapeutic antibodies or
for bioequivalence studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Structure and DEPC labeling results for TNFa in complex with adalimumab. (A) Cartoon

representation of adalimumab in complex with the TNFa trimer. Adalimumab binds in the
trimer groove to two protomers of the TNFa trimer. (B) Surface structure representation

of the F, of adalimumab in complex with the TNFa trimer (PDB 1D: 3WD5). (C) DEPC
labeling extents for the epitope residues in TNFa with and without adalimumab. (D) DEPC
labeling extents for the non-epitope residues in TNFa with and without adalimumab. (E)
Epitope residues that decrease in labeling (blue) upon adalimumab binding, mapped on the
TNFa trimer. Adalimumab is shown in yellow and TNFa trimer is shown in gray. (F)
Epitope residues that increase in labeling (red) upon adalimumab binding, mapped on the
TNFa trimer.
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Figure 2:
Structure and DEPC labeling results for TNFa in complex with infliximab. (A) DEPC

labeling extents for the epitope residues in TNFa with and without infliximab. (B) DEPC
labeling extents for the non-epitope residues in TNFa with and without infliximab. (C)
Epitope residues that decrease in labeling (blue) upon infliximab binding, mapped on the
TNFa trimer. Infliximab is shown in orange and TNFa trimer is shown in gray (PDB
4G3Y). (D) Epitope residues that increase in labeling (red) upon infliximab binding, mapped
on the TNFa trimer.
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Figure 3:
Structure and DEPC labeling results for TNFa in complex with golimumab. (A) DEPC

labeling extents for the epitope residues in TNFa with and without golimumab. (B) DEPC
labeling extents for the non-epitope residues in TNFa with and without golimumab. (C)
Epitope residues that decrease in labeling (blue) upon golimumab binding, mapped on the
TNFa trimer. Golimumab is shown in green and TNFa trimer is shown in gray (PDB
5YQY). (D) Epitope residues that increase in labeling (red) upon golimumab binding,
mapped on the TNFa trimer.
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