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Abstract

Antibody-dependent cell-mediated cytotoxicity (ADCC) is an effector function of 

immunoglobulins (IgGs) involved in the killing of target cells by a cytotoxic effector cell. 

Recognition of IgG by Fc receptors expressed on natural killer cells, mostly FcγIII receptors 

(FcγRIII), underpins the ADCC mechanism, thus motivating investigations of these interactions. 

In this paper, we describe the combination of hydrogen deuterium exchange (HDX) and fast 

photochemical oxidation of proteins (FPOP) coupled with mass spectrometry (MS) to study the 

interactions between the human IgG1/FcγRIII complex. Using these orthogonal approaches, we 

identified critical peptide regions and residues involved in the recognition of IgG1 by FcγRIII. 

The footprinting results are consistent with the previously published crystal structure of the IgG1 

Fc/FcγRIII complex. Additionally, our FPOP results reveal the conformational changes of the Fab 

domain upon Fc domain binding to FcγRIII. These data demonstrate the value of footprinting as 

part of a comprehensive toolbox for identifying the changes in the higher order structure of 

therapeutic antibodies in solution.

Graphical Abstract

*Corresponding Authors: Yining Huang (huang_yining@lilly.com) and Michael L. Gross (mgross@wustl.edu).
#Current address: Janssen Research & Development, Spring House, PA 19477, United States

Associated Content: Supporting Information
Sequence coverage and heat maps of FcγRIII and IgG1 in HDX experiments; summary of deuterium uptake plots of representative 
peptides identified in FcγRIII unbound and bound states; summary of deuterium uptake plots of representative peptides identified for 
IgG1 unbound and bound states; sequence coverage of FcγRIII and IgG1 in FPOP experiments; a summary of FPOP kinetic plots of 
residues identified in FcγRIII and IgG1; and LC chromatograms and product-ion (MS/MS) spectra of critical residues of FcγRIII and 
IgG1 identified by FPOP; and tabulated Student’s t to compare bound and unbound states. This material is available free of charge via 
the Internet.

HHS Public Access
Author manuscript
Biochemistry. Author manuscript; available in PMC 2020 September 16.

Published in final edited form as:
Biochemistry. 2019 February 26; 58(8): 1074–1080. doi:10.1021/acs.biochem.8b01048.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Immunoglobulins (IgGs) have become essential therapeutic tools for management of 

malignant, infectious, and autoimmune diseases.1–4 An effector function of an IgG, mostly 

IgG1, is to promote killing of target cells (including tumor cells) by cytotoxic effector cells.
5–7 This process is termed antibody-dependent cell-mediated cytotoxicity (ADCC).8,9 

ADCC starts with an antibody binding to a target cell and is triggered through the interaction 

of target-bound antibodies with certain Fc receptors on the effector cell surface (Figure 1). 

The typical ADCC mechanism involves recruitment of natural killer (NK) cells by the 

antibodies.10,11 One of the Fc receptors expressed by NK cells is the FcγIII receptor 

(FcγRIII).12 Once FcγRIII binds to the Fc region of IgG, the NK cell releases proteases, 

known as granzymes, to cause lysis of the target cell.13–15

Investigators have achieved a better understanding of how ADCC activity is modulated, 

particularly for IgG1 antibodies, by using X-ray crystallography and nuclear magnetic 

resonance (NMR) spectroscopy.16,17 Thus far, crystal structures of FcγRIII extracellular 

domain and the FcγRIII/IgG1 Fc complex provide the principal structural means to 

understand the recognition in ADCC (Figure 1). Additionally, mutagenesis studies have 

demonstrated that human IgG1 in the ADCC process highly relies on the glycosylation of its 

Fc portion and on the polymorphism of the Fcγ receptors.18–22 There are gaps, however, in 

the current understanding regarding structure-function relationships associated with ADCC.

Mass spectrometry (MS) based approaches have become effective in probing protein higher 

order structure (HOS)23–30 Here, we combined hydrogen deuterium exchange (HDX) and 

fast photochemical oxidation of proteins (FPOP) with mass spectrometry to investigate the 

interaction between human IgG1 and FcγRIII. HDX reports changes in H-bonding and 

solvent accessibility in two or more states of a protein by monitoring the replacement of 

protein backbone amide hydrogens with deuterium. On the other hand, FPOP reports the 

changes in the solvent accessibility of side chains by following their differential 

modifications by reacting the protein with reactive radicals (e.g., OH and carbene radicals). 

Although there are various approaches to OH radical labeling, the approach we employed 

here, FPOP, was first established by Hambly and Gross in 2005.31 FPOP has been applied to 

study protein/ligand interactions,32–34 protein hidden conformations,35,36 and amyloid 

aggregation.37

In this paper, we mapped the binding interfaces and conformational changes of IgG1 and 

FcγRIII interaction in solution by using HDX and FPOP coupled with MS. HDX-MS 

determines the binding interface at the peptide level, and FPOP further identified some of 
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the critical binding residues. The outcomes compare favorably with predictions from the 

solid-state crystal structure of the FcγRIII/IgG1 Fc complex. FPOP results also demonstrate 

that the binding of FcγRIII to the Fc region causes conformational changes in the Fab 

domain. Based on our results, we propose a putative mechanism for FcγRIII binding to 

IgG1. The results also show that FPOP can follow conformational changes hidden from 

other structural biology techniques including HDX.

Materials and Methods

Materials and sample preparation

Human FcγRIII protein was purchased from Sino Biological Inc. (Beijing, China). Anti-

hCD20-hIgG1 antibody was purchased from InvivoGen (San Diego, CA). The UniProt 

accession number of IgG1 is P01857, and the UniProt accession of human FcγRIII protein 

is P08637. D2O was purchased from Cambridge Isotopic Laboratories (Andover, MA). 

Trypsin and chymotrypsin were purchased from Promega (Madison, WI). Other chemicals 

were purchased from Sigma-Aldrich (St. Louis, MO).

The protein samples of FcγIII receptor (FcγRIII) and IgG1 were dissolved in water and then 

buffer exchanged into 1 X PBS. For the bound state of FcγRIII, a molar ratio of 1:2 was 

used for FcγRIII:IgG1. For the bound state of IgG1, the molar ratio of IgG1:FcγRIII was 

1:2. A molar ratio of 1:2 was used to ensure the completion of the binding. The solution of 

protein complex was incubated at 25 °C for 1 h before conducting the footprinting 

experiments.

HDX experiments

For each protein state that was studied in HDX, a stock solution of 30 µM such protein and 

60 µM binding partner was prepared. A solution of 8 M guanidine chloride and 200 mM 

TCEP was adjusted to pH 2.5 and was kept on ice for quenching the HDX.38 Additionally, a 

saturated solution of fungal XIII was prepared in water with 1% formic acid (FA) and was 

held on ice for off-line protease digestion.

To initiate HDX, 2 µL of protein stock solution was diluted into 16 µL of D2O in 1 X PBS 

buffer. The extents of HDX were measured at various time intervals (10 s, 30 s, 60 s, 360 s, 

900 s, 3600 s, and 14400 s) on ice. A quench solution of 16 µL was added to stop the HDX 

reaction, and then 16 µL of fungal protease XIII solution was immediately added to initiate 

off-line digestion. The mixture solution was kept on ice for 3 min and then immediately 

submitted to a custom-packed pepsin column (2 mm × 20 mm) for on-line digestion at a 

flow rate of 100 µL/min. The resulting peptides were further captured on a C8 cartridge (2.1 

mm × 15 mm, Agilent, Santa Clara, CA) at a flow rate of 100 μL/min of H2O with 0.1% 

trifluoracetic acid (TFA). Digestion and desalting were carried out in an ice-water bath for 3 

min. The resulting peptides were then separated by liquid chromatography (LC) consisting 

of a reversed-phase C18 column (2.1 mm × 5 cm, 3 µm Hypersil Gold, Thermo Fisher 

Scientific, Waltham, MA) at a flow rate of 100 µL/min by using a linear gradient of 4% to 

40% acetonitrile with 0.1% FA in 4 min, the total length of the gradient is 9.5 min. To 

minimize back exchange, the valves, both trap and analytical columns, and tubing for 
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protein digestion and separation were submerged in an ice-water bath. MS analysis of the 

peptides was conducted on an LTQ-FT mass spectrometer (Thermo Fisher Scientific, San 

Jose, CA) equipped with a positive-ion electrospray ionization source. All the experiments 

were conducted in duplicate.

HDX data analysis

Prior to conducting HDX, experiments in the absence of D2O were performed to map the 

peptides generated from the digestion of each protein, generating a list of peptides that were 

to be followed during HDX-MS data acquisition. Mass spectra of product-ions were 

collected in a data-dependent mode, in which the six most abundant ions in each scan were 

selected for MS/MS analysis. The resulting MS/MS files from three parallel runs were then 

converted to mzXML files using MM File Conversion and submitted to MassMatrix (version 

2.4.2) for peptide identification.39 Additionally, this search was carried out against a 

reversed sequence to discard ambiguous identifications. Data analysis of the HDX 

experiments was performed on HDExaminer (version 1.1.0, Sierra Analytics, Inc., Modesto, 

CA), and the deuterium uptake for each peptide was manually inspected.

FPOP experiments

Two stock solutions were prepared, one for interrogating the IgG1 and another for 

interrogating FcγRIII. The concentration of the protein being interrogated was 200 µM and 

that of the binding protein was 400 µM in 1X PBS. A stock solution of 40 µM YGGFL was 

prepared and used as a reporter peptide for the FPOP time-dependent experiments. 

Additionally, stock solutions of 0.5 mM, 5 mM, 25 mM, and 100 mM histidine, as 

scavenger, were prepared in 1X PBS buffer.

The FPOP time-dependent experiments were performed at four different scavenger 

conditions: 0.10, 1.0, 5.0, and 20 mM histidine to afford time-dependent measurements. 

Solutions were prepared starting with a 50-µL sample solution consisting of 2 µL protein 

solution (200 µM protein of interest and 400 µM of binding partner), 10 µL reporter peptide, 

10 µL histidine stock solution, and 23 µL 1X PBS buffer solution. Hydrogen peroxide 

solution (5 µL of 300 mM H2O2) was added to the sample just prior to infusing the solution 

into the tubing for laser irradiation (FPOP experimental procedures were described in detail 

previously32,33). The final concentration of the protein of interest was 8.0 μM whereas that 

of the binding partner was 16.0 μM.

The power of the KrF excimer laser (GAM Laser Inc., Orlando, FL, USA) was adjusted to 

24 mJ/pulse, and its pulse frequency was set to 7.5 Hz. The width of the laser beam at the 

intersection with the tubing was 2.4 mm. The flow rate was adjusted to 25 µL/min to ensure 

a 25% exclusion volume to minimize repeated •OH exposure (double hits). Samples were 

collected in Eppendorf tubes containing 10 mM catalase and 20 mM Met to exhaust the left-

over H2O2. Additionally, two replicate control samples were prepared and handled in the 

same manner except no laser-irradiation was used.
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Proteolysis for peptide analysis

A 10-μL aliquot of each FPOP sample was fully dried and re-suspended in 50 μL of 

ammonium bicarbonate buffer (50 mM, pH 7.8) and 1 μL of Protease MAX surfactant 

(Promega, WI, USA). The solution was heated for 10 min at 80 °C for denaturation, 

followed by reduction with dithiothreitol (5 μL of 300 mM solution) for 30 min at 56 °C. 

The solution was further cooled to room temperature and alkylated with iodoacetamide (2 

μL of 100 mM solution) in dark for 30 min. The sample was digested overnight with trypsin 

or chymotrypsin at 37 °C with a protease-to-protein ratio of 1:20 (w/w). The digestion was 

terminated by acidifying the sample with 1% FA. In the LC-MS/MS analysis, peptide 

fragments were separated on a Thermo C18 column (75 μm × 25 cm, 3 μm, 100 Å) by using 

a Nano UltiMate 3000 Rapid Separation system (Dionex Co., Sunnyvale, CA) and analyzed 

with a Q Exactive Plus Orbitrap mass spectrometer (Thermo Fisher Scientific, Bremen, 

Germany).

Identification and quantification of FPOP modification

Product-ion spectra obtained with the orbitrap mass spectrometer were searched for peptide 

identification using Byonic™ software (Protein Metrics, San Carlos, CA). For the FPOP 

data analysis, the false discovery rate was 1%. Modification sites on the peptide were 

assigned based on product-ion spectra (MS/MS data). The assignments were further 

validated by manual inspection of their accurate mass and product-ion spectra. Modification 

fractions for certain peptides were calculated with Byologic™ software (Protein Metrics, 

San Carlos, CA) and double-checked with Thermo Xcalibur (Thermo Fisher Scientific, 

Bremen, Germany).

Results and discussion

Hydrogen/Deuterium Exchange.

We began this study by using HDX-MS to locate interaction interfaces on FcγRIII upon 

binding to IgG1 (HDX plots of four representative peptides of FcγRIII are shown in Figure 

2A, and HDX plots of all the peptides of FcγRIII are provided in the SI). We obtained a 

sequence coverage of ~75 % for FcγRIII by using pepsin and fungal digestion (Figure S1). 

As we do not include deglycosylation in our HDX workflow, we are not able to cover the 

regions that are glycosylated in the HDX experiments.

Comparison between the apo and holo states (Figure 2A) establishes that the peptides 81-89, 

108-115, and 116-129 show significant decrease and peptide 98-107 smaller decrease in 

deuterium uptake. By mapping the differential deuterium uptake onto the crystal structure of 

FcγRIII (Figure 2B), we find that the protected regions are loops connecting two β sheets, 

an observation that is consistent with the crystal structure of the FcγRIII/IgG1 complex in 

which those loops are at the interaction interface (Figure 1). No additional significant 

conformational changes occur as indicated by nearly identical HDX over the remainder of 

FcγRIII in both states.

We then expanded our HDX inquiry to probe the interaction interfaces of IgG1 upon binding 

to FcγRIII. Sequence coverage percentage obtained was ~94% and ~96% for the heavy 
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chain and light chain of IgG1, respectively (Figure S4). Deuterium uptake extents of IgG1 

heavy chain (HC) and light chain (LC) (Figure S5) are consistent with the crystal structures 

of IgG1 Fc region and Fab region. (A summary of the deuterium uptake kinetic plots of the 

peptides of IgG1 heavy chain and light chain is provided in Figure S6 and S7, respectively.) 

Examination of these HDX kinetic plots shows that differences in the deuterium uptake 

occur for regions represented by heavy chain peptides 239-245, 246-256, and 286-303 

(Figure 3A). Peptide 239-245 of IgG1 shows ~10% difference between the unbound and 

bound states at the first three time points (10 s, 30 s, and 60 s), whereas a difference of ~50 

% in deuterium uptake is observed for peptide 246-256 at the last three incubation time 

points (900 s, 3600 s, and 14400 s). The difference in HDX extents between the unbound 

and bound states of peptide 286-303 is ~20 % and found in the first four time points (10 s, 

30 s, 60 s, and 360 s). There are no significant deuterium update differences were observed 

for any of the light chain peptides. By mapping protected regions on the crystal structure of 

IgG1 Fc (Figure 3B), we find that our HDX data are consistent with the available crystal 

structure of the FcγRIII/IgG1 Fc complex. Furthermore, no conformational change of the 

IgG1 Fab region is detected upon Fc region binding to FcγRIII based on our HDX results.

FPOP.

We also examined the interaction between human IgG1 and FcγRIII by using FPOP coupled 

with proteomic analysis by MS. Here, we adopted a reporter peptide approach to obtain 

quantitative measurements of reactive residues.40 This methodology, developed in our 

laboratory, involves including a reporter peptide in the solution submitted to FPOP. In this 

scheme, the protein and the reporter peptide are modified by FPOP together under the same 

conditions. Incorporation of the reporter resolves discrepancies in the radical dosage by 

normalizing the outcome independent of changes (e.g., adventitious scavengers) in one 

sample and not another. Moreover, its modification extent is also a marker for the time of 

footprinting (i.e., the greater the extent of modification, the longer the exposure time). By 

varying the scavenger concentration (i.e., the radical lifetime), the reporter peptide approach 

permits a normalized, time-dependent measurement of the modification on the protein.

In the FPOP experiments of FcγRIII, we achieved ~97% coverage of FcγRIII by using a 

combination of trypsin and chymotrypsin (Figure S9). All the measurements conducted here 

do not involve deglycosylation, and as a result, we only sampled the peptides that are non-

glycosylated. We identified and quantified 22 residues of FcγRIII that undergo oxidative 

modification (Figure S11). To demonstrate time-dependent measurements, we plotted the 

fraction of leu-enkephalin modified at each scavenger (histidine) concentration versus the 

corresponding fraction modified for each peptide of the protein (here FcγRIII) on the y-axis. 

The reporter-fraction modified reports •OH lifetime (i.e., longer times give more 

modification), and the plots show the time-dependent FcγRIII modification, affording a 

similar output to that of HDX kinetics data for peptides except the times are orders of 

magnitude shorter.

For comparing the modification of the two states of FcγRIII and IgG1, we used the 

Student’s t-test on both states (bound and unbound) for each peptide and residue to 

determine if the two sets of data are significantly different from each other. We applied a 
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two-sample, two-tailed t-test assuming unequal variances (the resulting P-values for each 

peptide and residue of FcγRIII and IgG1 are listed in Tables S1–S6). Those peptides and 

residues with a P value that is smaller than 0.050 are considered as critical peptide and 

residue involved in the interaction between FcγRIII and IgG1. Five residues that show a 

difference in modification extent between unbound and bound states of FcγRIII (Figure 4A) 

are I85, W87, H116, K117, and H131; all show more extensive modification for the 

unbound state.

Considering the conformational changes of IgG1 upon binding to FcγRIII as determined by 

FPOP, we obtained coverages of ~97% and ~98% for IgG1 heavy and light chains, 

respectively (Figure S10). A total of 51 residues of IgG1 heavy chain and 24 residues of 

IgG1 light chain are modified by FPOP under these conditions (Figure S12 and S13); Figure 

4B summarizes FPOP representative kinetic plots of residue M34, W106, W162, and P333 

on the heavy chain and K44 on the light chain. Nine residues of IgG1 heavy chain and one 

residue of IgG1 light chain display FPOP modification differences upon IgG1 binding to 

FcγRIII. Four residues (W106, P242, H272, and P333) on the IgG1 heavy chain and one 

residue (K44) on the IgG1 light chain exhibit protection upon binding. In contrast, five 

residues (M34, W36, W47, F154, and W162) in the heavy chain show increased exposure 

upon binding according to the FPOP measurements. It is interesting that all the exposed 

residues are in the Fab portion of the molecule.

Mapping the critical residues identified by FPOP on the crystal structure of the FcγRIII /

IgG1 Fc complex (Figure 5A) and the IgG1 Fab region (Figure 5B) affords a better 

understanding of how recognition of IgG1 by FcγRIII affects the IgG1 structure. The 

differential footprinting of FcγRIII indicates that residues I85, W87, H116, K117, and 

H131/H132 are involved in the interaction of FcγRIII with IgG1 (Figure 5A). These critical 

residues of FcγRIII are consistent with the reported crystal structure of the FcγRIII /IgG1 

complex. Key binding residues P242, H272, and P333 of IgG1 identified by FPOP are also 

consistent with the crystal structure of the FcγRIII/IgG1 Fc complex. Furthermore, we find 

that two residues (HC W106 and LC K44) show protection and five residues (HC M34, 

W36, W47, F154, and W162) undergo exposure in the Fab domain of IgG1. Currently, there 

is no available crystal structure for the complex of FcγRIII with the full-length IgG1. Our 

data provide direct evidence that the binding of IgG1 Fc to FcγRIII affects the 

conformations of the IgG1 Fab region, and this conclusion cannot be made from the X-ray 

crystal structure.

Our findings also reveal the structural basis, for the first time by MS-based footprinting, that 

the Fab domain may have an impact on the recognition of FcγRIII by IgG1. In our 

measurements, certain residues in the Fab domain remote from binding site become more 

exposed. One explanation is that Fab and Fc domains are in close contact conformationally 

in its “resting” state, even forming non-covalent interactions. Upon interaction with FcγRIII, 

Fab is released from the interaction with Fc and become more exposed. This indicates that 

Fab domain has an impact on the binding of the Fc domain to the FcγRIII. It is consistent 

with previous surface plasmon resonance assay and affinity studies,41 where even with the 

same Fc domain, only a subset of IgG1s are capable of eliciting ADCC activity. We were not 

able to observe, however, significant protection in the Fab regions according to both HDX 
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and FPOP results, indicating that the Fab domain of IgG1 is not directly interacting with the 

FcγRIII molecule that binds to the Fc domain of IgG1. This finding is different compared to 

the two-pronged binding mechanism of IgG1 to the FcRn proposed by Rand and his co-

workers.42 Both of these studies, however, indicate that binding to Fc receptors is not an 

isolated interaction that occurs only in the Fc region; rather, it affects the conformation of 

the entire mAb.

The critical binding regions as determined on the peptide level by HDX and FPOP are in 

remarkable agreement (Figure 6). (Figure S14 and S15 summarize the FPOP modification of 

peptides of FcγRIII and IgG1, respectively.) Specifically, FPOP shows that for FcγRIII, 

regions 73-87 and 112-140 are involved in the interaction with IgG1, in agreement with the 

HDX data of FcγRIII. The critical binding regions of IgG1 Fc region as characterized by 

FPOP are peptides 227-252, 256-279, and 331-338. The findings of IgG1 Fc region by 

FPOP are also consistent with the HDX measurements.

Furthermore, peptides 39-60 from the IgG1 light chain and 99-125 from the heavy chain are 

protected upon binding, according to FPOP, indicating a remote conformational decrease in 

solvent accessibility in these regions. We also note that regions 24-63 and 150-162 in the 

IgG1 Fab region undergo increasing exposure upon binding, indicating another remote 

conformational change. The binding affinity between the Fc receptor and Fc measured by 

the ultracentrifugation experiments is 0.4 µM.17 Based on the binding affinity and our 

experimental condition, the relative fraction of the target protein that is in complex with 

binding partner is 92% and 95% for the HDX and FPOP experiments, respectively. 

Therefore, any differences between the HDX and FPOP experiments should not be attributed 

to the binding fraction difference in these two types of measurements.

Our findings demonstrate the high sensitivity and capability of FPOP to probe side chain 

interactions (i.e., protein higher order structure (HOS)). HDX-MS is incapable of capturing 

these hidden conformational changes, as HDX is insensitive to fast dynamics. Moreover, the 

results afford a more comprehensive understanding of the recognition of IgG1 by FcγRIII 

and highlight the sensitivity of FPOP for detecting fast structural changes owing to the short 

half-life of hydroxyl radicals and higher coverage compared to HDX.

Conclusions

Interaction between human IgG1 and FcγRIII can be interrogated with high spatial 

resolution by using complementary footprinting and structural mapping (i.e., HDX-MS and 

FPOP). The finding that FcγRIII binding affects the conformation of the Fab domain in 

IgG1 sheds light onto the underying mechanism of ADCC activity elicited by certain IgG1s. 

Those “hidden” motions in structure and/or dynamics are invisible to HDX and presumably 

other slow footprinting methods. The combined use of two approaches not only serves to 

categorize and interpret changes in footprinting, but also adds confidence to characterize 

hidden conformational changes where traditional biophysical methods are challenged. This 

integrated approach can be applied to optimize the design of protein therapeutics and more 

generally shows great utility for characterizing protein and protein complexes.

Shi et al. Page 8

Biochemistry. Author manuscript; available in PMC 2020 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A. Cartoon representation of antibody-dependent cell-mediated cytotoxicity (ADCC), and B. 
the crystal structure of the complex of FcγIII receptor and IgG1 Fc. In A. the surface 

antigen (in yellow) on the target cells interacts with the antibody (in blue) that recognizes 

the antigen. The Fc receptor (magenta) on the surface of the natural killer (NK) cells can 

then interact with the antibody. In the crystal structure of the complex (B) (PDB: 1E4K), the 

FcγIII receptor and IgG1 Fc are also displayed in magenta and blue, respectively. The 

disulfide bond that links two heavy chains is shown in yellow. The glycosylated sites on 

FcγIII receptor and IgG1 are shown in spheres.
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Figure 2. 
(A) HDX kinetic plots of representative peptides of FcγRIII in the unbound (black) and 

bound (red) states. The peptide, its charge state, and its amino acid sequence are labeled on 

each panel. (B) Differential deuterium uptake percentage of FcγRIII mapped onto the 

crystal structure. The color scale representing the difference between bound and unbound is 

shown in the bottom of the panel. Mirrored views are provided for clarity.
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Figure 3. 
(A) HDX plots of representative peptides of IgG1 in the unbound (blue) and bound 

(magenta) states. The peptide, charge state, and the amino acid sequence are indicated in 

each panel. (B) Differential deuterium uptake of IgG1 mapped onto the crystal structure of 

IgG1 Fc. The color scale used to indicate percentage differences is given at the bottom of the 

panel. Mirrored views of the protein are provided for clarity.
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Figure 4. 
(A) FPOP kinetic plots of representative residues of FcγRIII. The unbound and bound states 

of FcγIII receptor are shown in black and red, respectively. (B) FPOP kinetic plots of 

representative residues of IgG1 heavy chain (left) and light chain (right). The unbound and 

bound states of IgG1 are shown in blue and magenta, respectively. In each FPOP kinetic 

plot, the FPOP modified percentage is normalized by the modified percentage of reported 

peptide under each scavenging condition.
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Figure 5. 
(A) Critical binding residues of FcγIII receptor and IgG1 identified by FPOP mapped on the 

crystal structure of FcγIII receptor/IgG1 Fc complex (PDB: 1E4K). The critical residues in 

FcγIII receptor are shown in yellow, and the critical residues in IgG1 Fc are shown in cyan. 

(B) Critical residues of IgG1 identified by FPOP mapped on the crystal structure of 

IgG1/Fab (PDB: 4KAQ). The residues that display protection in FPOP are shown in cyan, 

and magenta is used to represent the residues that display exposure in FPOP.
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Figure 6. 
Binding interfaces and conformational changes determined by HDX (top) and (FPOP) 

mapped on the linear sequence of FcγIII receptor and IgG1. The regions that show 

protection upon binding in both HDX and FPOP are shown in blue. Magenta is used to 

represent the regions that show exposure in FPOP results. See text for details.
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