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Dear Friends and Colleagues:

WELCOME

We are delighted to welcome you to HDX-MS 2022, the 3rd
International Conference on HDX-MS.
In 2017, the HDX-MS community gathered in Gothenburg, Sweden,
for the first conference of the newly-fledged International HDX-MS
Society, under the leadership of Prof. Kasper Rand and associates.
Our second conference, in 2019 in Banff, Canada, led by Prof. Dave
Schriemer and Prof. John Burke, was a resounding success. Thus it
seemed straight-forward to us to step in and take the reins for the
third conference to be held in 2021 in London. We expected to
follow in the well-tread footsteps laid down by Kasper, Dave, and
John. Obviously, this was not the case. Despite everything that has
happened, we now have an in-person conference, albeit, one year
delayed.
The 2022 conference will be held at the impressive Francis Crick
Institute, in the heart of London. What better place to hold a
scientific meeting than in an institute named in honor of a pioneer of
biomolecular structure determination.
Like its predecessors, this conference is much more than simply
“another mass spectrometry conference.” We continue to see rapid
adoption of HDX-MS to solve many important problems related to
protein structure and dynamics, from fundamental studies of protein
folding to understanding drugs and disease processes. Of course,
advances in methods and interpretation are also well-represented
in our 2022 program. The program features sessions on methods,
diseases, membrane proteins, protein complexes, integration
between experiment and modelling, and studies of viruses and
antibodies. Community workshops on structural modelling,
improved resolution, and data archiving will also be an important
component of this meeting.
Despite all of the challenges we have faced in the past two years, we
have a diverse and exciting program with attendees from all over the
world. We look forward to seeing you in London at the spectacular
Francis Crick Institute!
Argyris Politis and David Weis
Co-Chairs, HDX-MS 2022
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International Society for HDX-MS
The overarching aim of the society is to support the International
Conference for HDX-MS (IC-HDXMS) by providing a responsible
legal entity for organizing the conference. As a framework for the
IC-HDXMS, the organization seeks unite users of HDX-MS both
from academia, industry and instrument vendor companies and
support the HDX-MS scientific community in the sharing of both
published and unpublished scientific research and best practices
and engage and support community activities. We believe this
to be critical to the continued development of the HDX-MS field.
As a central principle, the society functions with full transparency
for all members and through democratic principles based on
common rules for non-profit societies. See www.hdxms.net for more
information.
Conferences of the Society
The board of the Society has organized or is currently organizing the
following IC-HDXMS
conferences:
2017, 1st IC-HDXMS meeting in Gothenburg, Sweden
2019, 2nd IC-HDXMS meeting in Banff, Canada
2022, 3rd IC-HDXMS meeting in London, United Kingdom
Other activities of the Society
The society has supported the writing of a community-based
scientific paper entitled “Recommendations for performing,
interpreting and reporting hydrogen deuterium exchange mass
spectrometry (HDX-MS) experiments”. This paper provides a set of
recommendations arising from community discussions emerging
out of the IC-HDXMS, 2017. With contributions from most expert
HDX-MS users across the community, the paper seeks to represent
both a consensus viewpoint to help novices entering the HDXMS field and an opportunity to stimulate further additions and
refinements as the field advances. These recommendations were
published in Nature Methods in 2019. In 2021, the society organized
the Online Seminar Series in HDX-MS making up for the lack of a
physical conference.
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Current board members
Chair – Kasper Rand
Vice-chair – David Weis
Member – Sheena D’Arcy
Member – Elyssia Gallagher
Supporting Member – Dave Schriemer
Supporting Member – Benjamin Walters
All positions will turn over in 2022. An election will be held prior to
the general assembly at the close of the 2022 meeting. Membership
is open for all interested in HDX-MS. Membership is automatically
registered when you attend the upcoming IC-HDXMS conference.
Interested in organizing the 4th International Meeting? Contact any
board member.
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3rd INTERNATIONAL CONFERENCE ON HYDROGEN DEUTERIUM EXCHANGE
MASS SPECTROMETRY (HDXMS 2022)
APRIL 24-26, 2022
THE FRANCIS CRICK INSTITUTE
LONDON, ENGLAND
PROGRAMME
Sunday, 24 April 2022
13:00-16:00

Registration

16:00-16:15

Opening Remarks

16:15-17:00

Open Plenary:
Perdita Barran, The University of Manchester,
Structural Insights to Photoactive Dynamic Proteins with Hybrid MS methods

17:00-18:45

Technical Session 1: HDX-MS Methods
Chair: Miklos Guttman, University of Washington
John Burke, University of Victoria,
Combining HDX-MS with Cryo EM to study PI3K signalling complexes
Dario Segura-Pena, University of Oslo,
HDX and MD simulation as tools to elucidate Aurora B kinase activation mechanisms
Charles Mundorff, The University of Washington,
Monitoring structural changes on antigenic surfaces; Can HDX be performed on immobilized
surfaces?
Malvina Papanastasiou, The Broad Institute,
HDX in the –omics era: An unbiased, peptide-level analysis putting theory
to the test,
(Trajan Gold Speaker)

18:45-19:00

Poster Flashes

19:00-20:30

Opening Catered Reception and Posters

Monday, 25 April 2022
08:45-10:30

Technical Session 2: Studies of Disease Processes
Chair: Chloe Martens, Université Libre de Bruxelles
Elizabeth Topp, Purdue University,
HDX-MS of fibrillating peptides
Benjamin Russell Lewis, King’s College London,
A switch in focus: targeting AcrA dynamics to inhibit the AcrAB-TolC multidrug efflux pump
Nikhil Tulsian, National University of Singapore,
Antibody-induced allostery across Spike reveals multiple modes of SARSCoV-2 neutralization
Jürgen J. Claesen, Amsterdam UMC - Vrije Universiteit Amsterdam
Moderated test statistics for differential HDXMS

10:30-11:00
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Catered Morning Break

Monday, 25 April 2022
11:00-12:45

Technical Session 3: Membrane Proteins
Chair: Cherine Bechara, Institut de Génomique Fonctionnelle
Joana Toporowska, King’s College London,
Hydrogen Deuterium Exchange Mass Spectrometry reveals ligand-dependent
conformational changes on B1-Adrenergic Receptor
Wagas Javed, King’s College London,
BmrA, A Bacterial ABC Multidrug Efflux Pump On The Move
Chloe Martens, Université Libre de Bruxelles,
Linking function to global and local dynamics in an elevator-type transporter
Ruyu Jia, King’s College London,
Investigating the molecular mechanism of transport proteins using HDX-MS and MD
simulations

12:45-14:00

Lunch Break (free time)

14:00-15:45

Technical Session 4: Protein Complexes 1
Chair: Derek Wilson, York University
Kasper Rand, University of Copenhagen,
Probing the conformational dynamics of the interleukin-4 and interleukin-13 receptor
complexes by HDX-MS
(NovaBioassays Gold Speaker)
David Balchin, The Francis Crick Institute,
Resolving nascent protein folding on the ribosome at peptide level
George Chiduza, The Francis Crick Institute,
Integrative structural modelling of the autophagy essential, ATG2A-9A lipid transfer-lipid
scramblase complex
Paula Booth, King’s College London,
Capturing membrane protein folding intermediates on the ribosome

15:45-16:15

Catered Afternoon Break

16:15-18:00

Technical Session 5: Modelling
Chair: Patrick Wintrode, University of Maryland, Baltimore County
Lars Konermann, Western University,
Does HDX-MS Provide a Complete View of Protein Dynamics?
Antoni Borysik, King’s College London,
HDXmodeller: An Online Webserver for High-Resolution HDX-MS
Oliver Crook, University of Oxford,
Bayesian modelling of HDX-MS data
Jochem Smit, Katholieke Universiteit Leuven,
PyHDX: Probing Universal Protein Dynamics Using Hydrogen–Deuterium Exchange
Mass Spectrometry-Derived Residue-Level Gibbs Free Energy

18:00-18:15

Poster Flashes

18:15-20:30

Catered Reception and Posters
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Tuesday, 26 April 2022
08:45-10:30

Technical Session 6: Viruses and Antibodies
Chair: Eva Illes-Toth, LGC
Edgar Hodge, University of Washington,
Uncovering the Impact of HIV's Enormous Genetic Diversity on Fusion Protein
Structural Dynamics
Blaine Roberts, Emory School of Medicine,
Determination of antibody epitopes against SARS-CoV2 N-protein with HDx and
linear peptide footprint techniques
(Agilent Gold Speaker)
Clint Vorauer, University of Washington,
Elucidating Mechanisms of Neutralization of Staph Enterotoxin B
Haihong Zhou, Merck,
HDX-MS of NLRP3 uncovers conformational heterogeneity and a novel mechanism of
action for an inflammasome inhibitor

10:30-11:00

Catered Morning Break

11:00-12:45

Technical Session 7: Methods
Chair: Antoni Borysik, King’s College London
Sarah Cianferani, University of Strasbourg,
Contributions of HDX-MS to integrative structural biology
(Waters Gold Speaker)
Owen Cornwell, Waters,
Electron capture dissociation in a cyclic IMS Q-ToF provides high structural
resolution in HDX-MS experiments
Eric Largy, Université de Bordeaux,
Biophysical characterization of G-quadruplex nucleic acids by Hydrogen-Deuterium
exchange coupled to native mass spectrometry
Elyssia Gallagher, Baylor University,
Fundamentals and Applications of In-Electrospray HDX for Carbohydrate Analyses

12:45-13:45

Lunch Break (free time)

13:45-14:15

Workshop 1 - Auditorium 1
Topic A: HDX-MS in the Alpha Fold 2 world
Moderated by: Ben Walters & TBA
Workshop 1 - Sherry Coutu Seminar Suite
Topic B: HDX beyond the peptide unit
Moderated by: TBA
Workshop 1 - Auditorium 2
Topic C: HDX Data sharing
Moderated by: Miklos Guttman & TBA
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Tuesday, 26 April 2022
14:20-14:50

Workshop 2 - Auditorium 1
Topic A: HDX-MS in the Alpha Fold 2 world
Moderated by: Ben Walters & TBA
Workshop 2 - Sherry Coutu Seminar Suite
Topic B: HDX beyond the peptide unit
Moderated by: TBA
Workshop 2 -Auditorium 2
Topic C: HDX Data sharing
Moderated by: Miklos Guttman & TBA

14:50-15:15

Catered Afternoon Break

15:15-15:45

Workshop Reports and Discussion

15:45-17:00

Technical Session 8: Protein Complexes 2
Chair: John Burke, University of Victoria
Julien Marcoux, CNRS, Institute of Pharmacology and Structural Biology,
HDX-MS of mammalian proteasome subtypes reveals subtle structural rearrangements
upon subunit substitution or regulator binding
Esben Trabjerg, University of Copenhagen,
Combining HDX-MS and XL-MS to study the binding of IgGs to the FcRn receptor
Sheena D’Arcy, The University of Texas at Dallas,
RNA-binding by RNA Helicase Mtr4

17:00-17:30

International Society for HDX-MS Business Meeting and General Assembly

17:30-18:15

Closing Plenary:
Michael Gross, Washington University,
HDX follows aggregation of Amyloid Beta and alpha Synuclein and
Ca binding of Calprotectin

18:15-18:20

Closing Remarks
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1 Combining HDX-MS with Cryo EM to study PI3K
signalling complexes
John Burke, Manoj Rathinaswamy, Udit Dalwadi, Kaelin Fleming,
Meredith Jenkins, Calvin Yip
University of Victoria
Recent years have seen major advances in the study of large multiprotein assemblies, including advancements in Cryo EM, and ab
initio modeling (Alphafold, TTrosetta), and mass spectrometry. I will
discuss our laboratories work in combining HDX-MS, Cryo EM, and
molecular dynamics to study the phosphoinositide 3-kinase (PI3K)
family of enzymes. The PI3K signaling pathway is the most frequently
mutated pathway in all of human cancer, with the PIK3CA gene
being the 2nd most frequently mutated gene in all of human cancer.
Therefore there is extensive interest in understanding the molecular
basis for how they are regulated, and how mutations alter this process.
There will be a particular focus on how we have used a HDX-MS
enabled pipeline with nanobodies to optimize high resolution Cryo
EM approaches. This work has revealed the molecular mechanism
by which PI3Ks are activated by oncogenic mutations, as well as how
they can be activated on membranes by both RTKs and GPCRs. Using
a combination of membrane reconstitution, biochemical assays,
HDX-MS, Cryo EM, X-ray crystallography, and molecular dynamic
simulations has provided the most complete picture of PI3K activation
and inhibition. This has identified novel conformational states that can
be targeted by small molecule inhibitors, and provides a flowpath
towards the generation of therapeutics.

2 HDX and MD simulation as tools to elucidate
Aurora B kinase activation mechanisms
Dario Segura-Peña, Oda Hovet, Jennine M Dawicki-McKenna, Stine
Malene Hansen Wøien, Ben E Black, Michele Cascella,
Nikolina Sekulić
University of Oslo

ORAL

Aurora B is a component of the chromosome passenger complex
that controls multiple events during cell division. Aurora B, together
with IN-box, the C-terminal region of INCENP, constitutes the catalytic
component of the complex. In the cell, [Aurora B/IN-box] is activated
by auto-phosphorylation while removal of the phosphoryl groups by
phosphatases is inhibitory for the complex. However, the effect of
phosphorylation on the structural and internal dynamic properties
of the enzymatic complex is not clear. We use a combination of
experimental (hydrogen-deuterium exchange and enzyme kinetics)
and computational (molecular dynamics simulation) approaches
to assess how the internal dynamics and enzymatic function of the
[Aurora B/IN-box] complex change with phosphorylation. Our results
provide evidences that the unphosphorylated inhibited form is
more entropic with the active centre only partially assembled. Autophosphorylation is associated with structural organization in both the
active centre and the allosteric parts of the enzyme complex. We used
a chemical ligation approach to generate partially phosphorylated
intermediates and assess the individual contribution of the two
major phosphorylation sites: activation segment in Aurora B and TSS
motif in IN-box, to the activation process. Our results clearly show
that the two phosphorylations sites act synergistically to activate
the enzyme complex resulting in a dominant productive breathing
motion. This study provides a detailed mechanistic insight in the
allosteric communication between Aurora B and IN-box and how this
communication is modulated by phosphorylation, thus resulting in a
regulatory switch of Aurora B enzymatic activity. provides a flowpath
towards the generation of therapeutics.
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3 Monitoring structural changes on antigenic
surfaces; Can HDX be performed on immobilized
surfaces?

ORAL

Charles Mundorff, Michael Watson, Miklos Guttman
University of Washington

16 | HDX 2022

One of the main functions of the immune system is antigen
recognition via antibody binding and subsequent activation of
immune responses. Here we use HDX to examine the conformational
changes in antibodies upon antigen binding. Exchanges were
performed to compare soluble and surface-immobilized states
of antibodies with all experiments including internal standards
to ensure comparability between immobilized and solution
experimental conditions. Additionally, multiple surfaces were tested
including agarose beads, magnetic beads, and antigen-presenting
nanoparticles. Changes in surface-bound monomeric IgG were
compared to changes in surface-bound IgM to reveal that several
structural changes upon antigen binding are specific to surface-bound
IgM molecules. This study highlights the importance of consideration
of surface chemistries and the necessary controls when performing
HDX experiments in an immobilized format.

4 Combining HDX-MS and XL-MS to study the
binding of IgGs to the FcRn receptor
Esben Trabjerg, Jeanette Nilsen, Jan Terje Andersen, Alexander
Leitner and Kasper D. Rand
University of Copenhagen

ORAL

Immunoglobulin Gs (IgGs) have become highly successful drug
scaffolds by combining very specific target binding with the ability
to induce cellular cytotoxicity. Of further advantage, IgGs possess
unusually long half-lives in the blood (2-3 week). IgGs achieve such
extraordinary half-lives through a pH-dependent interaction with
the Neonatal Fc receptor (FcRn) whereby IgGs are recycled. No
high-resolution structure of FcRn in complex with a full-length IgG is
available, and the interaction was long thought to be mediated solely
via the IgG Fc-domain. However, some IgGs with identical Fc-domains,
but different Fab-domains, exhibit different half-lives, suggesting
involvement of the Fab-domains in FcRn binding. Here, we have
employed a combination of HDX-MS and cross-linking MS (XL-MS) to
explore the interaction of a full-length IgG with FcRn. HDX-MS and XLMS analysis confirms an interaction between FcRn and the Fc-domain
of IgGs, as a reduction of HDX was observed in both the Fc-domain
and FcRn upon complex formation. Furthermore, three cross-links
were identified between FcRn and the Fc-domain. FcRn-induced
changes in HDX were, however, also observed in the more remote Fabregions, supported by multiple cross-links between the Fab-domain
and the tip of FcRn. Our results thus provide direct evidence for a
Fab-FcRn interaction. By combining our HDX-MS and XL-MS results,
we envision to generate the first experimentally verified model of fulllength IgG bound to FcRn, which includes the direct participation of
the Fab-domains in the IgG-FcRn interaction. We are convinced our
work could advance the engineering of therapeutic IgGs with tailored
pharmacokinetics and enhanced efficacy.
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5 HDX-MS of fibrillating peptides

ORAL

Elizabeth Topp, Harshil Renawala, Balakrishnan Moorthy, Suzanne
D’Addio, Katelyn Smith
Purdue University and National Institute for Bioprocessing Research
and Training
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The fibrillation of therapeutic peptides can present significant
quality concerns due to loss of efficacy and increased potential
for immunogenic side effects. A fundamental understanding of
the mechanisms of fibrillation is critical for the rational design of
fibrillation resistant peptide drugs and robust formulations. This
presentation summarizes our recent studies on the use of pulsed
HDX-MS to study peptide fibrillation kinetics, identify initial sites of
interaction, and design modified peptides that resist fibrillation.

6 A switch in focus: Targeting AcrA dynamics to
inhibit the AcrAB-TolC multidrug efflux pump
Benjamin Russell Lewis, Eamonn Reading, Dietmar Hammerschmid,
Laila Shah, Helen Zgurskaya, Mohammad Moniruzzaman
King’s College London

ORAL

Multidrug efflux pumps are a leading cause of increasing multidrug
resistant bacteria; the ability to inhibit these pumps could possibly
‘revive’ classes of antibiotics known to suffer bacterial resistance.
AcrAB-TolC is a membrane spanning, tripartite multidrug efflux pump
native to E. coli, and prototypical of homologues in other ESKAPE
bacteria. Traditionally, inhibitors have been targeted against AcrB,
but none have made it past clinical trials, often due to toxicity issues.
This has led to a new focus on the periplasmic adapter protein of the
pump, AcrA, as a target for new inhibitors. Here, we use hydrogen/
deuterium exchange mass spectrometry (HDX-MS) alongside native
mass spectrometry to investigate the effect of a recently identified
inhibitor, NSC 60339, on the dynamics of AcrA. Our data shows
NSC 60339 likely binds to AcrA in a site bridging the lipoyl and αβ
domain, stabilising these areas as well as the membrane proximal
domain, which usually exhibits intrinsic disorder. We also investigate
the impact of dimerization on AcrA conformational dynamics and
inhibition by NSC 60339. Our results suggest significant differences
in AcrA’s behaviour as a dimer, yet NSC 60339 inhibition appears
unchanged. Overall, our work reveals a promising new way to target
AcrAB-TolC and provides insight into the role of AcrA dynamics in
pump assembly and drug inhibition.
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7 Antibody-induced allostery across Spike reveals
multiple modes of SARS-CoV-2 neutralization

ORAL

Nikhil Tulsian, Palur Venkata Raghuvamsi, Xinlei Qian, Peter J. Bond,
Paul A. MacAry
National University of Singapore

20 | HDX 2022

The COVID-19 pandemic has drastically affected the global health
and economy, which has led to numerous efforts towards the
development of therapeutics and antiviral strategies. The SARSCoV-2 virus infects humans by entering the intracellular milieu via
interactions between Spike glycoprotein and host angiotensinconverting enzyme 2 (ACE2) receptor. Spike is decorated on the
viral surface and is the first point of contact with the host, making it a
primary drug target. Structural characterization of SARS-CoV-2 with
host receptors and antibodies have provided insights into the entry
mechanism. However, the COVID-19 virus undergoes mutations to
generate new variants that evade immune responses. This is facilitated
by changes at a molecular/residue level, and thus we investigated
the dynamics of Spike protein and probed the effects of antibodies
binding to it. Through a multi-disciplinary approach, we characterized
the dynamics of SARS-CoV-2 Spike protein mutants from different
variants (VoC), and their complexes with host ACE2 receptor. Our
results highlighted allosteric hotspots spanning many of the mutated
sites, which also span the epitope sites for neutralizing antibodies.
HDXMS results revealed that strong neutralizing antibodies induce
global stabilization, while weak neutralizing antibodies facilitate
Spike monomer formation through destabilization. This was further
corroborated through molecular dynamics simulations which
revealed a role of glycan moieties in facilitating interactions to form
higher-order Spike-antibody complexes. Our study highlights the
role of Spike protein dynamics and uncovers mechanistic insights
into neutralizing antibodies, with specific cryptic sites and the S1/S2
cleavage site being critical hotspots for therapeutic development and
antiviral strategies.

8 Moderated test statistics for differential HDXMS
Jürgen J. Claesen, Amsterdam UMC - Vrije Universiteit Amsterdam
With differential hydrogen/deuterium exchange, differences in the
structure and dynamics of protein states can be studied. Detecting
statistically significant differentially deuterated peptides is crucial to
draw meaningful conclusions about the distinct conformations and
dynamics of the protein under study.

We will illustrate the use of the proposed test-statistics on a real-life
dataset generated to identify regions influencing the dynamics of
SecA.

ORAL

We propose a general linear model in combination with an empirical
Bayes approach to detect differentially deuterated peptides. Using
a linear model allows one to test for differences in deuteration
between two (two-sample t-test) or more groups (F-statistic), while
potentially controlling for the effects of other variables that are not
of interest. The empirical Bayes approach improves the estimation
of deuteration-level variances, especially in experiments with a low
number of replicates. As a consequence, the two-sample t-tests and
the F-statistic become moderated, resulting in a lower number of false
positive and false negative findings.
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9 Hydrogen deuterium exchange mass
spectrometry reveals ligand-dependent
conformational changes on β1-adrenergic receptor

ORAL

Joanna Toporowska, Hsin-Yung Yen, Parth Kapoor, Valeria Calvaresi,
Kjetil Hansen, Ali Jazayeri, Jonathan Hopper, Argyris Politis
King’s College London
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β1-adrenergic receptor (β1AR) belongs to G-Protein Coupled
Receptors (GPCRs), the largest family of signalling proteins involved
in almost all physiological functions. Exogenous ligands (drugs) can
act as full/partial agonists or antagonists. Upon binding, they induce
conformational changes in the receptor intracellular side, mediating
β1AR interaction with the heterotrimeric G- proteins (Gαβγ). Here,
we have conducted differential HDX-MS to study β1AR in complex
with nine ligands, cyanopindolol, carazolol, carvedilol, dobutamine,
salbutamol, norepinephrine, isoprenaline, colterol hydrochloride and
orciprenaline. We obtained HDX binding fingerprint, which we could
relate to the ligand class properties and activation mechanism. Our
data show that, upon binding, all antagonists increase protection
to HDX in the extracellular loop (ECL2), and on TM5 indicating
ligand interaction with catecholamine binding pocket. Exceptionally,
carvedilol manifested protection on the tip of TM1. For full agonists
norepinephrine and isoprenaline we found H8, TM6 and ICL2
deprotected which agrees with previous studies. Interestingly, we have
found that isoprenaline increases the dynamics of the ICL3, whereas
norepinephrine does not. This observation highlights isoprenaline
properties to behave as biased agonist. Unexpectedly we found that
unique characteristic of both agonists was their capability to induce
destabilisation on ICL1. We thus, investigated the involvement of
ICL1 in the receptor activation mechanism, studying the effect of
isoprenaline derivatives with reduced efficacies. Our results confirm
that destabilisation on ICL1 is characteristic for full agonist only and
show that HDX-MS is a useful technique to discriminate receptor
ligand properties and can be inserted in the pharmacology research
toolbox for dissecting GPCR mechanism.

10 BmrA, a bacterial ABC multidrug efflux pump on
the move
Waqas Javed, Margot Di Cesare, Anne Martel, Cécile Breyton, Cédric
Orelle, Christine Ebel, Julien Marcoux, and Jean-Michel Jault
King’s College London

ORAL

Antibiotic resistance is a reality today. Bacterial resistance to
antibiotics can be conferred by several mechanisms, including the
overexpression of dedicated efflux pumps, some of them belonging
to the ABC (“ATP-Binding Cassette”) transporters superfamily.
ABC transporters are ubiquitous proteins that use ATP hydrolysis
to pump a wide range of substrates. They are also responsible for
the development of MDR (“MultiDrug Resistance”) phenotypes in
cancer cells and pathogenic microorganisms. The bacterial ABC
exporter BmrA (“Bacillus multidrug resistance ATP”), is structurally
and functionally close to ABCB1, a human transporter involved in
MDR phenotypes in cancer cells. Together with extensive knowledge
in its overexpression and purification, BmrA is useful archetypical
transporter to gain information on the functioning of multidrug ABC
transporters. Our goal was to decipher the conformational changes
associated with drug transport. We showed that BmrA in nanodiscs
exists in at least two different conformations. In the absence of ligand
(apo form), BmrA gets quickly exchanged with deuterium as shown
by hydrogen deuterium exchange coupled to mass spectrometry
(HDX-MS). The vanadate-induced ADP trapped form shows a large
overall protection against deuterium incorporation. Moreover, it
was observed that BmrA shows a different deuteration profile in the
presence of drug, indicative of a new intermediate conformation.
In addition, using two different catalytic mutants of BmrA, that are
trapped in two opposite conformations of the catalytic cycle, it was
shown how BmrA changes conformations during the drug export
cycle. Using another BmrA mutant, the NBD-TMD communication in
BmrA was unraveled.
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11 Linking function to global and local dynamics in
an elevator-type transporter

ORAL

Chloe Martens, Didar Cicftci, Vishnu Ghani, Scott Blanchard, Argyris
Politis, Gerard Marleen Husymans, Olga Boudker
Université Libre de Bruxelles
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Transporters are an essential class of membrane proteins
responsible for selective trafficking of ions, metabolites and
toxins in and out of the cell. They undergo important structural
rearrangements, alternating between inward-facing (IF) and
outward-facing (OF) states to actively shuttle their substrate
across the biological membrane. The efficiency of substrate
transport is determined by rate-limiting steps: substrate binding/
release or the conformational switch between OF and IF states.
The identification of the molecular sequence of events defining
rate-limiting steps is key to understand transport function – yet
this remains an experimental challenge. To address this problem,
we combine single-molecule Forster resonance energy transfer
(smFRET) measurements with hydrogen-deuterium exchange mass
spectrometry (HDX-MS) to link global and local dynamics with
observed transport rates, using the elevator-type transporter GltPh
as a model system. smFRET measurements reveal that two steps
can be rate-limiting: the OF to IF transition of the substrate-loaded
GltPh, and substrate release from the IF state. Mutations increasing
the frequency of elevator transitions and reducing substrate affinity
result in faster transport. HDX-MS measurements show that such
mutations increase the local dynamics of a conserved structural
domain (HP2) that plays the dual role of substrate binding site and
gating domain. This approach combining biophysical approaches to
study dynamics at the local and global level illuminates the crucial
role of the HP2 domain in defining transport. Such findings will help
understand the mechanism of homologous glutamate transporters
in humans.

12 Investigating the molecular mechanism
of transport proteins using HDX-MS and MD
simulations
Ruyu Jia, Richard T. Bradshaw, Valeria Calvaresi, Chloé Martens,
Argyris Politis
King’s College London

ORAL

Despite advances in structure prediction of proteins, insights into
their biomolecular mechanism and function are often unable to
be inferred from static structural snapshots alone, and instead,
require an understanding of conformational dynamics. Hydrogendeuterium exchange coupled to mass spectrometry (HDX-MS)
is an attractive, rapid, label-free method for investigating the
dynamics of biomolecules in near-native environments. Furthermore,
HDX-MS is combined with molecular simulation approaches, to
structurally interpret HDX-MS measurements at the atomistic level by
directly correlating experimental and predicted deuterium uptake
measurements. However, sampling limitations and uncertainty in the
experimental measurements, often preclude reliable, quantitative,
interpretation of HDX-MS datasets. Here we develop a strategy to
accurately quantify conformational populations captured in HDXMS. Our method rigorously selects and ‘reweights’ a conformational
ensemble that best represents the experimental data. To do this, we
exploit MD simulations, using a minimal bias, such that the predicted
and target (experimental) HDX-MS agree within a given level of
uncertainty. We demonstrate the applicability of our approach to
identify the protein conformational populations present in apo,
substrate- (xylose), and inhibitor- (glucose, phloretin, phloridzin)
bound states of the bacterial xylose transporter XylE, a representative
of the wider major facilitator superfamily (MFS) transporters. Initially,
we generate a wide-ranging candidate ensemble of potential
XylE structures, encompassing outward-facing, inward-facing, and
occluded transporter states. Subsequently, HDX-MS experiments
together with ensemble reweighting suggest that the non-native
inhibitors phloretin, and phloridzin exhibit a substantially different
mode of action to the native ligands xylose and glucose. The final
reweighted structural ensembles, fitted to each experimental dataset
independently, allow us to probe this mechanistic difference at the
atomistic level and add crucial high-resolution detail to our inferences
of MFS transporter mechanism from HDX-MS experiments
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13 Probing the conformational dynamics of
the interleukin-4 and interleukin-13 receptor
complexes by HDX-MS
Kasper Rand, Ingvar R. Møller, Martin Stahlhut, Christina Mølck,
Carl J. Sennbro,
University of Copenhagen
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NovaBioAssays Gold Speaker
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The cytokines interleukin-4 (IL-4) and interleukin-13 (IL-13) play
key roles in immunology and have been implicated in diseases
such as allergies, asthma, and atopic dermatitis. IL-4 and IL-13
both activate the Type 2 IL-4R consisting of the IL-4Ra and IL13Ra1
receptor units. High-resolution structures of IL-4 and IL-13 receptor
complexes have shown that the structures of the cytokines alone
and when bound are highly similar. However, as IL-4, IL-13, and their
receptor complexes are attractive drug targets, we sought to use
HDX-MS to improve our understanding of how complex formation
impacts cytokine and receptor conformational dynamics. Binding
of IL-4 and IL-13 to their primary receptors, IL-4Ra and IL-13Ra1,
respectively, led to stabilization in regions known to be involved in
direct interactions. Intriguingly, stabilization was also observed in
remote cytokine regions involved in binding the yet-to-be recruited
secondary receptor. Similar allosteric effects were observed in two
parts of IL-4Ra and IL-13Ra1 thought to interact directly. We propose
that allosteric changes in the dynamics of the cytokine upon binding
the primary receptor facilitate binding of the secondary receptor.
Our proposed mechanism for structural recognition explains why
IL-4 and IL-13 are selective for IL-4Ra and IL-13Ra1, respectively,
and only upon binding their primary receptor become capable of
binding the secondary receptor. Aside from providing new insights
into IL-4 and IL-13 receptor interactions, the work illustrates how
HDX-MS can detect changes in dynamics that can go unnoticed
by other methods – and the importance of integrating information
from several techniques to better understand protein-receptor
interactions.

14 Resolving nascent protein folding on the
ribosome at peptide level
David Balchin, Thomas E. Wales, Aleksandra Pajak, Alzbeta
Roeselova, Santosh Shiwakumaraswamy, Steven Howell, F. Ulrich Hartl,
John R. Engen
The Francis Crick institute and Northeastern University
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Protein folding in vivo begins during synthesis and is modulated
by molecular chaperones that engage the nascent polypeptide.
Disrupting cotranslational folding can profoundly influence the
outcome of protein biogenesis, leading to changes in protein
stability and solubility. Understanding the underlying molecular
principles, however, requires monitoring the local conformation
of nascent proteins during synthesis, rather than just the end state
of folding. In this regard, the size and complexity of the ribosome
poses a substantial technical challenge to standard approaches.
As a result, folding pathways on the ribosome are poorly defined,
and whether translation fundamentally modifies the mechanism of
protein maturation remains controversial. To study the pathway of
cotranslational folding, we purified stalled ribosome:nascent chain
complexes representing snapshots of folding in vivo, and analyzed
the structural dynamics of these ~2.5 MDa assemblies using HDXMS. Our approach resolves subtle conformational differences
between ribosome-bound folding intermediates of a nascent chain
at the peptide level, while simultaneously reporting on the dynamic
behavior of ribosomal proteins and bound chaperones. We show that
the cotranslational folding of E. coli dihydrofolate reductase follows a
pathway notably different from that observed during refolding in vitro.
We identify interactions between the nascent chain, chaperones and
ribosomal proteins, and demonstrate that the ribosome can stabilize
nascent folds. Our work provides a high-resolution description of de
novo protein folding, revealing how the ribosome and associated
chaperones collaborate to define the structural progression of a
nascent protein.
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15 Integrative structural modelling of the autophagy
essential, ATG2A-9A lipid transfer-lipid scramblase
complex
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George Chiduza,AR van Vliet, SL Maslen, V Pye, D Joshi, HBJ Jefferies,
S De Tito, C Roustan, E Punch, N O’Reilly, M Skehel, P Cherepanov,
SA Tooze
The Francis Crick Institute
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ATG2A and ATG9A are essential core members of the autophagy
machinery. Recent research has shown that ATG9A functions as a
scramblase, facilitating equilibration of lipids across a membrane
bilayer, while ATG2A functions as an elongated lipid transfer bridge
moving lipids between tethered lipid bilayers. Although ATG2A and
ATG9A have been functionally linked, the molecular detail of their
interaction remains unclear. By combining data from crosslinking
and hydrogen deuterium exchange mass spectrometry with single
particle analysis by electron cryo-microscopy, we propose a molecular
model of the ATG2A-9A complex. Using this integrative structure
modelling approach, we identify several interfaces mediating ATG2A9A interaction shedding light on a protein complex at the heart of
autophagy.

16 Capturing membrane protein folding
intermediates on the ribosome
Paula Booth
King’s College London
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The folding of newly synthesised proteins to their correct structure
is essential to attaining functionally normal proteins that are vital
to health. The majority of folding research studies artificiallydenatured, full-length chains - a situation that is unrepresentative of
cellular folding. Although folding is a highly topical area of research,
membrane proteins are a particularly understudied class. Nearly
all alpha helical membrane proteins fold co-translationally during
biosynthesis, as the ribosome is translating mRNA, with insertion
being assisted by translocase apparatus. Thus, the proteins fold
in the membrane during elongation of the polypeptide chain,
and not as full-length chains. We are studying ribosome nascent
chain complexes, where different length nascent chains are stalled
whilst still attached to the ribosome. These trapped intermediates
are captured directly from cells. We have highlighted how InfraRed spectroscopy can used to monitor co-translational folding
in real time. Additionally, hydrogen-deuterium exchange mass
spectrometry has been used to probe conformational dynamics of
folded membrane proteins in native lipid nanosdiscs.
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17 Does HDX-MS provide a complete view of
protein dynamics?
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Lars Konermann, Pablo M. Scrosati, Nastaran N. Tajoddin
The University of Western Ontario
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HDX is mediated by H-bond opening/closing, implying that HDXMS provides a H-bond-centric view. This raises the question if there
could be fluctuations that leave the H-bond network unaffected,
thereby rendering them undetectable by HDX-MS. We explore this
issue by focusing on cyt c. Compared to the Fe(II) protein, Fe(III)
cyt c shows enhanced deuteration on both the distal and proximal
sides of the heme. Previous studies have attributed enhanced
dynamics of Fe(III) cyt c to the facile and reversible rupture of the
distal M80-Fe(III) bond. Using MD simulations, we conducted an
analysis of various cyt c conformers. Our MD data confirm that
rupture of the M80-Fe(III) contact triggers major reorientation of
the distal omega-loop. Surprisingly, this event takes place with only
miniscule H-bonding alterations. In other words, the distal loop
dynamics are almost “HDX-silent”. Moreover, distal loop movements
cannot account for enhanced dynamics on the proximal side of the
heme. Instead, enhanced deuteration of Fe(III) cyt c is attributed to
sparsely populated conformers where both the distal (M80) and
the proximal (H18) coordination bonds have been ruptured, along
with opening of H-bonds on both sides of the heme. We conclude
that there can be major structural fluctuations that are only weakly
coupled to changes in H-bonding, making them difficult to track by
HDX-MS. In such cases, HDX-MS may provide an incomplete view
of protein dynamics. In addition, this talk will discuss our efforts to
employ temperature-dependent HDX-MS as a complement to the
commonly used constant-temperature kinetic measurements.

18 HDXmodeller: An online webserver for highresolution HDX-MS
Antoni Borysik, Ramin E Salmas
King’s College London
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We report HDXmodeller the first fully automated online tool for
high-resolution hydrogen deuterium exchange (HDX-MS). Protein
motions can be investigated in heavy solvent due to the mass
changes accompanying proton to deuterium exchange. These mass
changes can be characterised by mass spectrometry and shed light
on protein dynamics, although the information provided is generally
only qualitative in nature. We seek to extract the microscopic
HD exchange rates at amino acid resolution permitting the local
stability of proteins to be quantified with many applications in areas
such as protein folding and modelling. HDXmodeller has been
developed with a view to extracting a model of the microscopic HD
exchange rates embedded within HDX-MS data. This is achieved
through data optimisation with the additional benefit of increasing
the spatial resolution of HDX-MS dataset from peptides to amino
acids. HDXmodeller exploits the variable nature of optimisation
success rates throughout an experimental dataset and includes a
novel validation method able to appraise the accuracy of modelled
exchange rate without prior knowledge of the true values. The webbased algorithm is discussed in general along with several new
features. These include a statistical methods to assess the consistency
and errors within input data and a new module for constrained
optimisation. Examples applications of data optimisation are provided
along with future applications for protein modelling.
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19 Bayesian modelling of HDX-MS data
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Oliver Crook, Chun-wa Chung, Charlotte Deane
University of Oxford
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Proteins often undergo structural perturbations upon binding to
other proteins or ligands, or when they are subject to environmental
changes. Differential HDX-MS measures the rate of deuterium
incorporation in peptides for proteins in different states. These
rates are determined by making measurements over a time course.
Statistical analysis usually proceeds by testing whether deuterium
incorporation values are different at each time point or whether
there is a difference between the complete time-dependent curves.
However, in low-sample sizes and for subtle interactions these
methods usually fail to find any differences. To overcome this, we
introduce a Bayesian modeling framework to analyze peptidecentric HDX-MS data. Our Bayesian approach allows us to quantify
uncertainty in the observed deuterium differences without the need
to resort to ad-hoc thresholding. It also allows us to provide new,
quantitative visualizations of HDX-MS data. We demonstrate our
method with an antibody dimer bound to an E3 ubiquitin ligase and
identify two interaction interfaces where previous methods obtained
no results. Our findings are consistent with the co-crystal structure of
these proteins.

20 PyHDX: Probing universal protein dynamics
using hydrogen–deuterium exchange mass
spectrometry-derived residue-level Gibbs free
energy
Jochem Smit, Srinath Krishnamurthy, Bindu Y. Srinivasu, Rinky
Parakra, Spyridoula Karamanou, and Anastassios Economou
Katholieke Universiteit Leuven

ORAL

Hydrogen–deuterium exchange mass spectrometry (HDX-MS) is
a powerful technique to monitor protein intrinsic dynamics. The
technique provides high-resolution information on how protein
dynamics are altered in response to biological signals, such as
ligand binding, oligomerization, or allosteric networks. However,
identification, interpretation, and visualization of such events
from HDX-MS data sets is challenging as these data sets consist
of many individual data points collected across peptides, time
points, and experimental conditions. Here, we present PyHDX[1],
an open-source Python package, that allows the extraction of the
universal quantity Gibbs free energy at residue level over multiple
protein conditions and homologues. PyHDX includes an interactive
webserver, enabling users to upload, process and interact with their
data, thereby lowering accessibility barriers and increasing overall
HDX-MS experimental throughput. We present existing PyHDX
functionality and applications and explore how obtained ΔG values
relate to orthogonal descriptions of protein dynamics[2]–[4]. Finally,
we pitch an initial draft for an HDX-MS protein Gibbs free energy
database.
[1]J. H. Smit et al., ‘Probing Universal Protein Dynamics Using
Hydrogen–Deuterium Exchange Mass Spectrometry-Derived
Residue-Level Gibbs Free Energy’, Anal. Chem. 12840, 2021
[2]S. Krishnamurthy et al., ‘A nexus of intrinsic dynamics underlies
translocase priming’, Structure, vol. 29, no. 8, 2021
[3]B. Yuan et al., ‘Structural Dynamics of the Functional Nonameric
Type III Translocase Export Gate’, J. Mol. Biol., 167188, 2021
[4]S. Krishnamurthy et al., ‘Preproteins couple the intrinsic dynamics
of SecA to its ATPase cycle to translocate via a catch and release
mechanism’, 2021. (bioRxiv)
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21 Uncovering the impact of HIV’s enormous
genetic diversity on fusion protein structural
dynamics
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Edgar Hodge, Sally Kephart, John P. Moore, Shiu-Lok Hu, Rogier W.
Sanders, Kelly K. Lee
University of Washington
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The envelope glycoprotein (Env) is the sole target for neutralizing
antibodies against HIV and the most rapidly evolving, variable
part of the virus. High-resolution cryo-EM and crystal structures of
Env trimers captured in the prefusion, closed conformation have
revealed a high degree of structural similarity across diverse HIV
isolates. Biophysical data, however, indicate that Env is a highly
dynamic assembly, and the level of dynamics and conformational
sampling embodied in the trimeric complex are believed to
vary dramatically between HIV isolates. Dynamic differences
can impact phenotypic traits such as neutralization sensitivity,
receptor activation, and overall trimer stability, yet at present little
is known about how structural dynamics vary throughout diverse
Env structures. Here, using hydrogen/deuterium-exchange mass
spectrometry (HDX-MS) we have mapped local dynamics across
native-like Env SOSIP trimers from five diverse HIV isolates (subtype
A BG505, subtype C CE1176, subtype B isolates B41, AMC008, and
JR-FL). We demonstrate that significant differences in local epitope
order are observed across most sites of vulnerability targeted by
broadly neutralizing antibodies. We also observe isolate-dependent
conformational switching indicative of large-scale, domain-level
structural changes that occur over a broad range of timescales.
Lastly, we report that hyper-stabilizing mutations that dampen
dynamics in some isolates have little effect in others, further
underscoring isolate-specific variation embodied in the HIV Env cell
invasion machinery.

22 Determination of antibody epitopes against
SARS-CoV2 N-protein with HDx and linear peptide
footprint techniques.
Blaine Roberts, Ankit P. Jain, Xu Liu, Filipp Frank, Eric A. Ortlund,
Emory School of Medicine
Agilent Gold Speaker
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The current COVID-19 pandemic has undergone multiple waves of
increased infections and appearance of new variants of the virus.
To combat SARS-CoV2 we have effective vaccines, therapeutic and
diagnostic agents. Many of the therapeutic and diagnostic tools
rely on monoclonal antibodies. However, the emergence of new
variants of the virus presents the potential for SARS-CoV2 resistance
to antibody-based therapies and diagnostics. The RADx Variant Task
Force is a cross-discipline group of scientists and industry leaders
established to rapidly analyze whether the performance of diagnostic
tests is negatively impacted by new variants. As part of this team,
we set out to map the epitopes of antibodies used in diagnostic
tests. Once the epitopes are mapped, any new or existing variant
can be rapidly assessed for potential negative impacts on antibody
performance. This will provide the real-time assessment needed to
accelerate development or adjustment of tests, or therapeutics. To
map the antibody epitopes, we used a combination of linear epitope
mapping and hydrogen deuterium exchange (HDx) LC-MS. We will
discuss our results comparing linear and 3D epitopes mapped to the
nucleocapsid(N)-protein of SARS-CoV2.
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23 Elucidating mechanisms of neutralization of
staph enterotoxin B
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Clint Vorauer, Taylor Murphree, Scott Edgar, Miklos Guttman
University of Washington
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Staphylococcal enterotoxin B (SEB) is a small, secreted protein
that cause food poisoning-like symptoms and can be lethal at
microgram amounts. SEB elicits a profound immune response via
the bridging of major histocompatibility complex class II (MHCII)
molecules on antigen presenting cells with T-cell receptors (TCR).
Several monoclonal antibodies (mAbs) have been identified as
capable of neutralizing SEB. Although crystal structures have been
solved of SEB in complex with antibodies, it is still not understood
why some antibodies effectively neutralize toxins while others
do not. Using Hydrogen Deuterium Exchange coupled to Mass
Spectrometry (HDX-MS) and X-Ray Footprinting (XRF) in tandem
with MS experiments, we observe that neutralizing antibodies
binding to distal epitopes elicit allosteric effects in SEB that may
underly neutralization. Having established a robust approach
for tracking mAb-SEB interactions, we have since examined the
interactions of polyclonal sera with SEB for understanding immune
responses resulting in protective efficacy.

24 HDX-MS of NLRP3 uncovers conformational
heterogeneity and a novel mechanism of action for
an inflammasome inhibitor
Haihong Zhou, Gregory Campanello, Aileen Soriano, Senthil Perumal,
Jill Chrencik, Renjing Wang, Jun Lu, Traci Czyzyk, Donna Hayes,
Markus Koglin, David McLaren
Merck Co. & Inc.
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The NLRP3 inflammasome is critical for host immune defense against
bacterial, fungal and viral infections. When dysregulated, it has
been linked to the pathogenesis of inflammatory disorders such
as Alzheimer’s disease, diabetes, gout, autoinflammatory diseases,
and atherosclerosis. Therefore, understanding how the NLRP3
inflammasome is activated could accelerate the identification of novel
inhibitors to treat inflammation-driven disorders. Here we describe
how HDX-MS and other biophysical techniques were leveraged
to guide the production and characterization of NLRP3 in several
nucleotide states, and thereby enable early drug discovery efforts.
In one instance, HDX-MS detected two distinct conformations at the
nucleotide binding pocket of a purified apo NLRP3 preparation,
which resolved into a single conformation when excess ADP was
added. This observation, along with bi-phasic melting curves
obtained from nanoDSF and sub-stoichiometric concentration of
ADP quantified by LC/MS, demonstrated that the purified apo protein
was in fact a mixture of ADP-bound and ADP-free forms. As a result,
the purification strategy was modified to allow for complete ADP
removal and ultimately enabled the generation of highly pure apo,
and nucleotide-bound NLRP3. These protein reagents provide the
foundation for lead discovery screening campaigns, subsequent
biophysical characterization and assay development, all of which
drive the hit validation process. In addition, HDX-MS was applied to
elucidate the molecular mechanism of an important tool molecule,
MCC950. Contrary to the published literature, HDX studies revealed
that the tool compound MCC950 binds to the Walker A motif instead
of the previously reported Walker B motif. This result was further
corroborated by recently published crystallography and cryo-EM
structures. When combined, these examples highlight the unique
value HDX-MS techniques can offer as part of an integrated structural
biophysics repertoire to facilitate early drug discovery endeavors.
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25 Contributions of HDX-MS to integrative
structural biology
Sarah Cianferani, IPHC - CNRS
University of Strasbourg
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Waters Gold Speaker
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Hydrogen/Deuterium eXchange Mass Spectrometry (HDXMS) is one of the rapidly evolving technique of the structural
mass spectrometry toolbox, for analyzing structural features
and dynamic properties of proteins. Although many studies
use HDX-MS as a standalone technique, it can also nicely be
complemented by other MS-based (native MS, cross-linking
MS, etc.) or biophysical (X-Ray, NMR, EM) techniques. HDXMS is also very versatile when considering its broad range of
applications, ranging from the study of protein complexes, ligand
binding, dynamics of conformational changes and folding/
unfolding events or even in biopharma environments for allosteric
effects monitoring or structure/stability/epitopes studies of
biopharmaceuticals.
Here, I have selected some recent examples within my group to
illustrate the strength of HDX-MS in different structural biology
programs, for which HDX-MS data where central to address issues
difficult to tackle by any other approach.

26 Electron capture dissociation in a cyclic IMS
Q-ToF provides high structural resolution in HDXMS experiments
Owen Cornwell, Dale Cooper-Shepherd, Nicola Johnston,
Jonathan Fox, Malcolm Anderson
Waters
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It has been established that ‘soft’ fragmentation techniques such
as electron transfer or electron capture dissociation (ETD and ECD,
respectively) can be used to fragment deuterated peptides while
preserving the deuterium uptake profile of the precursor, thus
increasing structural resolution. Despite this, ETD is rarely employed
for this purpose due to the challenges associated with its use. Here
we present the use of ECD for fragmentation of deuterated peptides
in a Q-ToF instrument fitted with a cyclic ion mobility device. Unlike
ETD, ECD requires no toxic reagents or rapid polarity switching of
the instrument, and thus offers an advantageous alternative to ETD.
The ECD cell (eMSion, Oregon, USA), fitted in the pre transfer ion
guide of the instrument (after the cyclic IMS device), was tuned for
maximum transmission and fragmentation efficiency by manually
adjusting voltages on focusing lenses within the cell. Multiple
ion source and transmission parameters were tuned to minimise
deuterium scrambling, as assessed by observing deuterium uptake
on the c and z fragment ions of the fully deuterated peptide P1
standard (Sequence: HHHHHHIIKIIK). With the instrument tuned for
conditions of minimal deuterium scrambling, good agreement was
observed between the measured deuterium uptake of the peptide
P1 fragment ions and the theoretical 0% scrambled deuterium
uptake profile. Good fragment ion spectra were obtained for
selected peptides produced by online pepsin digestion of the
PhosB protein standard (accession no. P00489) under descrambling
conditions, highlighting the utility of ECD fragmentation for online
fragmentation of deuterated peptides.
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27 Biophysical characterization of G-quadruplex
nucleic acids by hydrogen-deuterium exchange
coupled to native mass spectrometry
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Eric Largy, Valérie Gabelica
Université de Bordeaux
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G-quadruplexes (G4s) constitute a family of nucleic acids
secondary structures characterized by the stacking of tetrads of
H-bonded guanines, and coordination of cations (e.g. K+). G4s
are involved in essential cellular processes, but are challenging
to characterize by traditional methods due to their important
polymorphism, yielding complex conformational ensembles.
Recently, we demonstrated that HDX/MS is amenable to the
study of structured nucleic acids in native conditions. We now
applied this approach to the biophysical study of a panel of G4s.
Coupling of HDX to native MS and IMS allows separating species
in dynamic equilibrium, giving access to the exchange kinetics
of single conformers in a single experiment. The protection from
exchange is strongly linked to the secondary structure of the
oligonucleotides. As a result, similar structures exchange at similar
(but distinct) rates. A correlation exists between the exchange
rates of G4s and their unfolding free energy, which was leveraged
to highlight species with non-canonical features providing
additional protection. To decipher the exchange mechanism, a
software was developed to automatically detect and deconvolute
bimodal isotopic distributions of deuterated oligonucleotides,
characteristic of their exchange via cooperative unfolding. The
more stable G4s exchange slowly, exclusively through EX2/local
fluctuations (monomodal distributions), with rates reflecting their
thermodynamic stability. Conversely, less-stable species have
large EXX/EX1 contributions. The extent and rate of unfolding
leading to the exchange were determined by non-linear fitting of
the deconvoluted data. This evidenced that G4s can dynamically
unfold/refold in solution, although no unfolded species are
observed at equilibrium by other techniques.

28 Fundamentals and applications of in-electrospray
HDX for carbohydrate analyses
Elyssia Gallagher, O. Tara Liyanage, Ana V. Quintero, Darren T. Gass,
Emvia I. Calixte, and H. Jamie Kim
Baylor University

H/D exchange (HDX)-MS is a valuable method for analyzing
conformations and binding interactions of solvated proteins.
Carbohydrates are susceptible to HDX since they contain labile
hydrogens, primarily in the form of hydroxyls. However, the exchange
rate of hydroxyls is on the order of microseconds to milliseconds.
Thus, due to this rapid exchange rate, we perform HDX by introducing
deuterating reagents (e.g. D2O) to carbohydrates during electrospray
ionization (ESI). Our computational and experimental results illustrate
that these in-ESI HDX methods characterize solvated carbohydrates.
Furthermore, we have established methods to alter the HDX labeling
time on the microsecond to millisecond timescale. Using an internal
standard and HDX labeling at multiple timepoints, we have observed
differences in HDX for carbohydrate isomers (composition, linkage,
etc.). Currently, we are exploring the use of fragmentation to localize
deuterium labels. Together, these methods provide a valuable toolbox
for the analysis of carbohydrates and glycans, providing methods that
enable structural characterization of isomers via MS.
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Glycans contain different monosaccharides, linkages, and
stereochemistries; all of which play a role in their biological functions.
Though mass spectrometry (MS) has become a prominent method
for carbohydrate analyses, isomers are still challenging to distinguish
because they have the same m/z. Ion mobility (IM) and tandem MS
have provided some additional tools for distinguishing carbohydrate
isomers. Yet, IM-MS techniques must have sufficient resolution to
distinguish differences in the three-dimensional, gas-phase structures
of carbohydrate isomers; while tandem MS methods are limited by
the fragments that form.
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29 HDX-MS of mammalian proteasome subtypes
reveals subtle structural rearrangements upon
subunit substitution or regulator binding
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Julien Marcoux, D Zivković, J Lesne, A Sanchez Dafun, M LocardPaulet, J Parra, T Menneteau, A Schahl, S Lise, C Kervarrec, A Toste
Rêgo, P Da Fonseca, M Chavent, C Pineau, O Burlet-Schiltz, MP
Bousquet
CNRS, Institute of Pharmacology and Structural Biology
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The 20S proteasome is a ~720 kDa multi-catalytic protease
composed of 4 heptameric rings and 14 different subunits.
It degrades proteins in a controlled fashion, thereby directly
regulating intracellular concentration of key proteins. Alteration of
its activity can lead to pathologies including cancers, heart and autoinflammatory diseases. Its activity can be regulated by replacing its
constitutive catalytic subunits and/or by interacting with different
activators. However, whether its subunit composition favors the
interaction with a particular regulator is still unclear. Reversely, how
regulator binding alters the catalytic activity is still under debate.
We first used HDX-MS to investigate the impact of the catalytic
subunit composition of human 20S proteasomes on their structure
and association to specific activators. Human standard (std20S)
and immuno (i20S) proteasomes were deuterated alone of after
incubation with the PA28αβ or PA28γ activators. We successfully
optimized the classical HDX-MS workflow in terms of sample
preparation, chromatography and MS acquisition to work on both
poorly concentrated and very heterogeneous protein complexes.
We used our HDX-Viewer web application to instantly visualize the
labeling of these large complexes, directly from DynamX outputs.
Deuteration of the std20S vs. i20S suggests a first “inner to outer
allosteric change” highlighting how the incorporation of different
catalytic subunits can alter the proteasome affinity to different
regulators. Reversely, binding of the PA28 regulators revealed
changes down to the inner β-rings that we interpreted as an “outer
to inner allosteric change”. We then investigated a tissue-specific
subtype of the 20S proteasome called the spermatoproteasome
(spt20S), which is found exclusively in developing gametes. It differs
from the std20S only by the α4s subunit that replaces its constitutive
α4 counterpart.

The shift from α4 to α4s was shown to be crucial for
spermatogenesis; but what are the molecular repercussions of
this transition? HDX-MS of bovine sdt20S vs. spt20S showed for
the first time that these two proteasomes exhibit different binding
interfaces: α4s contains regions that are more flexible compared to
α4. These findings, confirmed by MD simulations, are in line with our
functional and proteomics assays, showing different interactomes
and regulator affinities. This work shows how HDX-MS can reveal
subtle conformational differences on large and heterogeneous
complexes.
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30 HDX-MS in the -omics era: An unbiased,
peptide-level analysis putting theory to the test
Malvina Papanastasiou, Jamie Moroco, Alvaro Sebastian Vaca
Jacome, Pierre Michel Jean Beltran, Andrew Reiter, Jeff Morrow,
Leland Mayne, Stephen Coales, Steven A. Carr
Broad Institute
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The seminal work measuring the effect of amino acid composition
on the rate of exchange of an amide hydrogen to deuterium was
performed using NMR on dipeptide models nearly 30 years ago.
Since these early measurements, no study has been conducted
using either mass spectrometry or longer peptides to investigate
how the experimental deuterium uptake of unstructured peptides
matches the theoretical value. In this study, we sought to put theory
to the test and performed hydrogen exchange measurements,
including full-deuteration controls, on whole cell digests to
generate an unbiased dataset of naturally-occurring protein
sequences. Correcting the experimental values for the full length
of the peptide based on the theoretical back exchange of each
residue, we observed a majority of peptides fall within 5% of theory,
while a subset of peptides deviate significantly. This allowed us
to determine whether specific residues or classes of amino acids
(hydrophobic, polar, etc.) or other peptide-level characteristics
(length, charge, etc.) contributed to over- or under-correction
for back exchange. We further studied the effects of posttranslational modifications on amide exchange rates by performing
measurements on peptide mixtures with known acetylation or
phosphorylation modifications. This work establishes a correlation
between the foundational work used to generate the theoretical
exchange rates and how they compare to experimental values
measured in longer, biologically-derived peptides. Additionally,
our work highlights peptide characteristics that may contribute to
inaccurate back exchange correction, which would implicate proper
application of HDX data to structural determination.

31 RNA-binding by RNA helicase Mtr4
Sheena D’Arcy, Naifu Zhang, Keith J Olsen, Darby Ball,
Sean J Johnson,
The University of Texas at Dallas
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Mtr4 is a eukaryotic RNA helicase required for RNA decay by the
nuclear exosome. Previous studies have shown how RNA enroute
to the exosome threads through the highly conserved helicase core
of Mtr4. Mtr4 also contains an arch domain, although details of
potential interactions between the arch and RNA have been elusive.
To understand the interaction of Saccharomyces cerevisiae Mtr4 with
various RNAs, we have characterized RNA binding in solution using
hydrogen-deuterium exchange mass spectrometry, and affinity and
unwinding assays. We have identified RNA interactions within the
helicase core that are consistent with existing structures and do not
vary between tRNA, single-stranded RNA, and double-stranded RNA
constructs. We have also identified novel RNA interactions with a
region of the arch known as the fist or KOW. These interactions are
important for RNA unwinding and vary in strength depending on RNA
structure and length. They account for Mtr4 discrimination between
different RNAs. These interactions further drive Mtr4 to adopt a closed
conformation characterized by reduced dynamics of the arch arm and
intra-domain contacts between the fist and helicase core.
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S1 A capillary electrophoresis platform for
hydrogen deuterium exchange mass spectrometry.
Jordan Aerts, Per E. Andrén, Erik T. Jansson
Uppsala University
Current reports of CE in HDX-MS experiments are all limited by
the requirement of using deuterated solvents during separation
or ionization and are thus limited in their ability to compete with
LCMS for generating high quality structural biological data. We
have constructed a coaxial sheath flow capillary electrophoresis
instrument using a high voltage power supply and fused silica
capillaries on a motorized gantry stage to perform separations
hyphenated to a Synapt G2Si ion mobility mass spectrometer. We
used a Peltier element to cool the device to perform separations
following label/quench HDX experiments on both standard
peptides, peptic digests of bovine hemoglobin and intact proteins.
Linear polyacrylamide coated capillaries and bare fused silica
capillaries were used in combination with a variety of background
electrolytes to assess separation efficiency and deuterium back
exchange.
We have initially performed capillary electrophoretic separations
of in-solution deuterium labeled angiotensin II as well as bovine
hemoglobin followed by dilution into a low temperature, low pH
quenching buffer with pepsin to characterize the performance
of our lab-built HDX platform. Separations at –5ºC with various
background electrolyte compositions achieved migration times
as fast as 3 minutes with average deuterium uptake of 3.8 on
angiotensin II corresponding to ~33% back exchange. This is
comparable to current UPLC-HDXMS platforms. Reproducibility of
peptic bovine hemoglobin separations is less than 2% RSD for both
peptide migration times and deuterium uptake. Upon completion
of all optimizations, we will use the platform for the characterization
of ligand binding of select human GPCRs.

S2 Development of an automated continuous
flow injection HDX-MS device that can measure
exchange times from milliseconds to hours
Joseph Anacleto, Cristina Lento, Emily Anacleto, Derek J. Wilson
York University

POSTER

Traditional HDX-MS techniques can provide useful information
about solution phase protein conformation and dynamics under
minutes to hours timescales. Time Resolved HDX (TR-HDX) using
syringe pumps to infuse protein, D2O and quench acid into a
unique concentric capillary micro-reaction device followed by a
microfluidic chip containing pepsin digestion beads allows for
the characterization of these processes at millisecond to second
timescales. While this system has demonstrated the ability to
accurately acquire millisecond timescale HDX data, it suffers from
several drawbacks that limits its throughput and routine use by
novice users. We have created an improved system that replaces
the infusion pumps with micro-HPLC pumps and autosamplers in
a unique configuration that enables continuous, high throughput
analyses that can be automated. A simulation of the system was
created in Excel that models the flow characteristics and provides
the appropriate injection timing parameters. By using small
injection volumes of protein (e.g., 10 µL), multiple proteins can
be analyzed at various discrete time points with high throughput.
The operation of this system can also be adjusted to allow the
acquisition of exchange rates from minutes to hours. In order
to do this, the protein autosampler is used to add D2O to the
protein sample before injecting a large (e.g., 250 µL) plug of the
continuously exchanging protein into the concentric capillary
system. In this mode, the capillary system simply acts as a transfer
line to the quench and digestion chambers of the device. Proofof-concept experiments are conducted with cytochrome c and tau
proteins.
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S3 Evaluating the utility of a cyclic ion mobility mass
spectrometer for HDX MS analysis
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Malcolm Anderson, Lindsay Morrison, Dale Cooper-Shepherd,
Martin Palmer, Laetitia Denbigh, Emma Harry
Waters
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This study examined the performance of a cyclic ion mobility
spectrometry mass spectrometer (Waters SELECT SERIES Cyclic
IMS) in the application of hydrogen deuterium exchange mass
spectrometry (HDX MS) analysis. The cyclic mobility device was
used in single- and multi-pass modes, and multiple aspects of the
instrument’s performance were reviewed. A detailed comparison was
made between the performance of an earlier generation ion mobility
mass spectrometer (Waters SYNAPT G2-Si) and a cyclic ion mobility
mass spectrometer (Waters SELECT SERIES Cyclic IMS). An automated
sample preparation robotic device was used, in conjunction with
online pepsin digestion followed by 0°C chromatographic separation
of peptic peptides. Glycogen phosphorylase B (accession no.
P00489) was used as an example protein to generate comparable
data between the two systems. Data were examined and reviewed
at the level of raw spectra, and post- data processing in HDX
experimental results. Overall performance of the cyclic ion mobility
mass spectrometer was found to be superior to the earlier generation
ion mobility mass spectrometer for HDX MS analysis. Spectral qualities
such as resolution and dynamic range showed improvement, and
sensitivity was also enhanced. Overall, performance attributes of
the cyclic ion mobility instrument provide valuable new tools for
researchers, enabling challenging targets to be studied with greater
sequence coverage, accessing sparsely available samples, and
addressing throughput with reduced chromatographic separation
times.

S4 Quantifying allosterically-driven unfolding in a
TonB-dependent transporter using HDX-MS in outer
membranes

To import large metabolites across the outer membrane of Gramnegative bacteria, TonB dependent transporters (TBDTs) undergo
significant conformational change. After substrate binding in BtuB,
the E. coli vitamin B12 TBDT, TonB binds and couples BtuB to the
inner membrane proton motive force that powers transport (1). But, the
role of TonB in rearranging the plug domain to form a putative pore
remains enigmatic. Some studies focus on force-mediated unfolding
(2)
while others propose force-independent pore formation (3) by TonB
binding leading to breakage of a salt bridge termed the “Ionic Lock”.
Our hydrogen exchange/mass spectrometry measurements in E. coli
outer membranes find that the region surrounding the Ionic Lock,
far from the B12 site, is fully destabilized upon substrate binding.
A comparison of the exchange between the B12 bound and the
B12&TonB bound complexes indicates that B12 binding is sufficient
to unfold the Ionic Lock region with the subsequent binding of a
TonB fragment having much weaker effects. TonB binding accelerates
exchange in the third substrate binding loop, but pore formation
does not obviously occur in this or any region. This study provides
a detailed structural and energetic description of the early stages
of B12 passage that provides support both for and against current
models of the transport process.
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Michael Baxa, Adam M. Zmyslowski, Isabelle A. Gagnon,
Tobin R. Sosnick
The University of Chicago

1.
N. Noinaj, M. Guillier, T. J. Barnard, S. K. Buchanan, TonBdependent transporters: regulation, structure, and function. Annu Rev
Microbiol 64, 43-60 (2010).
2.
S. J. Hickman, R. E. M. Cooper, L. Bellucci, E. Paci, D. J.
Brockwell, Gating of TonB-dependent transporters by substratespecific forced remodelling. Nature communications 8, 14804 (2017).
3.
T. D. Nilaweera, D. A. Nyenhuis, D. S. Cafiso, Structural
intermediates observed only in intact Escherichia coli indicate a
mechanism for TonB-dependent transport. Elife 10 (2021).
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S5 HDX-MS Platform implementation in a contract
Research Organization
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Thomas Botzanowski, Jerome Castel and François Debaene
NovAliX
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NovAliX is a contract research organization (CRO) of 200+ employees
providing expert driven innovative outsourcing and insourcing
research services for drug discovery. NovAliX offers to pharmaceutical
industry partners a complete range of services spanning biophysics,
biochemistry, structural biology, chemistry & drug discovery. In order
to extend our capabilities for the structural characterization of proteins
and more particularly to capture protein motions/dynamics during
function or upon ligand binding, we have recently implemented a
hydrogen deuterium exchange mass spectrometry (HDX-MS) platform
on our Guy Ourisson site (Strasbourg, France). In the present poster,
we detail the integration of HDX-MS data obtained on the Retinoic
acid-related Orphan Receptor γ (RORγ) with many biophysics and
structural biology techniques such as X-ray, SPR, ITC and native MS.
Integrative present workflow and development strategies of NovAliX’s
mass spectrometry platform are also highlighted.

S6 Conformational evolution and binding
mechanism of SARS-CoV-2 Spike glycoprotein
revealed by hydrogen-deuterium exchange mass
spectrometry (HDX-MS) analysis of variants of
concern

Spike is the major surface-exposed glycoprotein of SARS-CoV-2,
vaccine antigen and target of therapeutic antibodies. Spike binds
the human receptor angiotensin-converting enzyme 2 (ACE2) upon
transitioning into an open receptor-accessible conformation. Early
in the pandemic, Spike acquired D614G mutation, which favors
open conformation and gave evolutionary advantage to the virus.
Subsequently, several others appeared, causing the emergence of
more virulent variants of concern (VOCs). Here, we conducted HDXMS experiments on Spike of the original Wuhan virus, Spike-D614G
single mutant, and Spike of four VOCs (alpha, beta, delta and omicron
– carrying different mutations yet sharing D614G), and studied their
association to ACE2. By comparing Spike-Wuhan and Spike-D614G,
we obtained the HDX fingerprint of the Spike open conformation and
pinpointed domains key for stabilizing it. We also reveal mechanistic
insights on Spike binding mode, proposing that D614G substitution
conferred both increased binding affinity and avidity on Spike. By
variant analysis, we firstly mapped conformationally-conserved
Spike regions, informing on favorable antibody epitopes for vaccine
optimization. Interestingly, we also observed that Spike-alpha, beta
and delta, beside localized distinguishable dynamic characteristics
arising from distinct mutations, display a common conformational
landscape, advantageous for receptor binding. Indeed, selected
domains appear equally destabilized in these Spike variants, which
also showed to associate to ACE2 better than Spike-D614G and
Spike-Wuhan. Our data thus suggest that, despite genetic variation,
Spike undertook a functionally-advantageous convergent evolution
at protein conformational level. HDX-MS data on Spike-omicron are
under analysis and will highlight whether the fast-spreading omicron
lineage deviates from this conformational evolutionary trajectory.
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S7 Evaluation of dual protease column in HDX-MS
experiments for an enhanced characterization of
therapeutic monoclonal antibodies
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LSMBO (IPHC), CNRS, University of Strasbourg
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Optimization of enzymatic digestion plays is a central step in
Hydrogen/Deuterium exchange mass spectrometry (HDX-MS)
workflow. The need for enhanced digestion protocols comes up in
the case of some proteins such as monoclonal antibodies (mAbs).
Indeed, highly disulphided regions are challenging to be efficiently
digested, leading to a loss of information on those crucial mAb
regions. In this context, co-immobilized dual protease columns for
HDX-MS, enabling an improved digestion of such biomolecules, were
developed. Pepsin and type XIII from Aspergillus proteases were
associated into a single column, showing the digestion features of
both enzymes. It indeed produces more diverse and smaller peptides.
Here, we evaluated the implementation of a dual protease column
for the digestion of (i) model proteins (phosphorylase B, myoglobin)
and, (ii) mAbs (trastuzumab, bispecific mAb). Finally, deuteration
experiments have been carried out in the context of a biological study
dealing with the impact of methionine oxidation on the biological
functions of a mAb. We compared in this last step the use of the dual
column, to the reference pepsin column. If the digestion tests show
that pepsin enzymatic column remains the gold standard concerning
the digestion of small “low-structured” proteins (model proteins
cited previously), the use of dual column appears as an interesting
alternative for mAb analysis. This is even more noticeable during
HDX-MS experiments: only the dual column provides sufficient
information on regions containing the methionines of interest. Thus,
compared to pepsin, dual protease column enables deuterium uptake
measurements with higher spatial resolution.

S8 Moderated test statistics for differential HDXMS
Moved to Oral 8.
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S9 Using hydrogen-deuterium exchange mass
spectrometry to understand the molecular
mechanism of multidrug efflux pumps
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Kyo Coppieters, Chloé Martens
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The multidrug resistance (MDR) of pathogenic bacteria is a worldwide
health issue. A molecular-level understanding of the underlying
mechanisms used by bacteria to avoid antibiotic’s effect is required
to develop solutions. We focus on a specific defense mechanism
of MDR bacteria: multidrug efflux pumps. Such transmembrane
proteins can actively translocate a wide range of substrates outside
the cell, including antibiotics. How MDR efflux pumps achieve
multidrug recognition and active transport of various ligand is poorly
understood, thereby preventing a rational approach for inhibition. As
a first step towards understanding MDR transport in Gram-positive
bacteria, we carry out a systematic comparison of homologous MDR
efflux pumps, in order to identify protein-specific versus shared
mechanisms of transport. We selected three MDR efflux pumps: LmrP
from Lactococcus lactis, NorA and QacA from Staphylococcus aureus.
These three efflux pumps from the Major Facilitator Superfamily
(MFS) are secondary transporters that use the proton-motive force
to translocate their substrates. Moreover, these transporters have
partially overlapping substrates profile, making them good models
to study multidrug recognition, molecular-level mechanism and the
investigation of conservated versus specific mechanisms. HDX-MS has
shown to be an ideal tool to follow the local and global changes in
structural dynamics upon ligand binding of transporters. Practically,
we perform differential HDX-MS (ΔHDX-MS) experiments to compare
the HDX signature of the three proteins in the presence and absence
of different substrates. To guide the interpretation of the ΔHDX-MS
measurements, we perform benchmark experiments using proteins
locked in a known conformation in order to identify peptides that
can be used as conformational reporters. We have optimized the
experimental conditions and obtained a coverage of more than
70% of the protein sequence for all three transporters. Promising
preliminary results show that we can identify specific regions as
conformational reporters. Initial measurements in the presence of
substrates ethidium bromide, Hoechst 33342 and tetracycline for the
transporter LmrP show significant differences between substrates. A
summary of the ongoing work will be presented.

S10 HDX-MS analysis of the pathogenic D292N
mutant ofprotein disulfide isomerase and
identification of allosteric modulator binding site

Protein disulfide isomerase (PDI) is a multifunctional and ubiquitous
redox-regulated enzyme, also involved in the pathogenesis of
neurodegenerative and cardiovascular diseases. PDI is a multidomain
protein with an a-b-b’-x-a’-architecture. Domains a and a domains
contain the catalytic site, while domains b and b’ contain the
substrate-binding site. The x-linker connects b’ to a’. Here, we used
local HDX-MS to study the conformational changes induced in PDI
by D292N mutation (PDI-292N), a loss-of-function mutation found
in amyotrophic lateral sclerosis patients, and to map the binding
site of allosteric modulators bepristat 2a and quercetin-3-rutinoside
in the structure of reduced PDI. HDX analysis of recombinant PDID292N mutant shows an increased deuterium uptake, compared to
wild- type PDI, in the regions centred around residues K263, N292
and R300 in the b’-domain, and residue W396 in the a’-domain. This
suggests that D292N mutation, disrupting K263-D292 electrostatic
coupling, induces flexibilization of the b’-domain, which is transmitted
to R300. As R300 can form a cation-π interaction with W396 in the a’
domain, destabilization of the b’-a’ interface, caused by the mutation
D292N, is likely to contribute to the loss of function observed in the
pathogenic mutant. HDX-MS analysis of bepristat 2a and quercetin-3rutinoside binding to PDI shows, in both cases, ordering (i.e., higher
protection from H/D exchange) in the substrate-binding pocket (i.e.,
regions 240-275 and 320-334) of the b’-domain and a lower, albeit
significant, protection in the x-linker region. These studies identify
specific regions of the hydrophobic substrate-binding pocket in the
b’-domain as a locale for allosteric modulation.
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S11 Computational modeling of molecular structures
guided by hydrogen-exchange data
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Data produced by hydrogen-exchange monitoring experiments
have been used in structural studies of molecules for several
decades. Despite uncertainties about the structural determinants
of hydrogen exchange itself, such data have successfully helped
guide the structural modeling of challenging molecular systems,
such as membrane proteins or large macromolecular complexes. As
hydrogen-exchange monitoring provides information on the dynamics
of molecules in solution, it can complement other experimental
techniques in so-called integrative modeling approaches. However,
hydrogen-exchange data have often only been used to qualitatively
assess molecular structures produced by computational modeling
tools. In this presentation, I will look beyond qualitative approaches
and survey the various paradigms under which hydrogen-exchange
data have been used to quantitatively guide the computational
modeling of molecular structures. Although numerous prediction
models have been proposed to link molecular structure and hydrogen
exchange, none of them has been widely accepted by the structural
biology community. In this presentation, I will summarize as many
hydrogen-exchange prediction models as I could find in the literature,
with the aim to provide the first exhaustive such list. From purely
structure-based models to so-called fractional-population models or
knowledge-based models, the field is quite vast. I aspire to provide
practitioners with a broader perspective on the field and guide
research towards the definition of better prediction models. Hopefully,
this will eventually improve synergies between hydrogen-exchange
monitoring and molecular modeling.

S12 Defining the molecular basis of PI3KC2B
regulation by its extended N-terminus
Gillian Dornan, Klara Haas, Volker Haucke
Leibniz Forschungsinstitut für Molekulare Pharmakologie
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Phosphoinositide 3-kinases (PI3Ks) are enzymes that generate lipids
that are vital in cell signaling and membrane trafficking processes.
Disruption to their function has been implicated in numerous human
diseases including diabetes, cancer, and neuromuscular disorders.
Understanding the molecular basis of how these enzymes are
regulated, both in their catalytic function and their localization within
the cell, is integral to understanding how these diseases arise and for
developing novel treatments. The exact mechanisms that mediate
class II PI3K regulation remain undefined. Unlike the class I and
class III PI3Ks, the class II enzymes lack defined regulatory partners
and instead have an extended N-terminus, a 4-helix bundle, and
C-terminal PX-C2 domains. The PX-C2 domains were previously
shown to have an autoinhibitory effect on kinase activity and the
N-terminus has been shown to be important for binding of different
adaptor proteins. It is currently unknown whether the N-terminus acts
solely for localization to specific membranes through adaptor binding
or whether it also regulates kinase activity through inter-protein
interfaces. Additionally, little is known about the 4-helix bundle
and how it might regulate class II PI3K localization or function. Our
objective is to understand how class II PI3Ks can be regulated by the
N-terminal features and adaptor proteins. Here we use HDX-MS and
biochemical assays to define the molecular basis of how PI3KC2B
is regulated by the extended N-terminus and the 4-helix bundle
through comparison of either full-length PI3KC2B with deletion
constructs or PI3KC2B upon addition of adaptor proteins.
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S13 Application of HDX-MS for drug discovery
– Integrated biophysical approaches for
development of small molecule drugs and protein
therapeutics at Evotec
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Jasmin Duelfer, Florian-Alexander Herbst, Florian Krieger &
Dirk Winkler
Evotec SE
Application of HDX-MS for drug discovery – integrated biophysical
approaches for development of small molecule drugs and
protein therapeutics at Evotec SE, Hamburg, Germany. Protein
conformation, dynamics and protein-ligand interactions play an
important role in a variety of diseases and offer promising targets
for drug discovery efforts. Evotec supports its integrated drug
discovery projects with a broad state-of-the-art technology platform,
a broad range of integrated capabilities and high-level scientific
expertise. High-Throughput-Screening (HTS) of large compound
collections is a frontline strategy to fuel the pipeline with new
starting points for the discovery of innovative, new drug candidates.
Once HTS campaigns are completed, identified hit compounds are
further qualified by orthogonal techniques such as surface plasmon
resonance (SPR), nuclear magnetic resonance (NMR), differential
scanning fluorimetry (DSF) and microscale thermophoresis (MST).
These biophysical techniques aim to connect functional and
binding responses to a drug target, but cannot always provide
structural information. Beside classical X-ray approaches and
protein observed NMR methods, Evotec implemented HDX-MS as
an orthogonal structural biology technology to monitor drug-target
interactions, conformational properties and stability of protein
targets. HDX-MS offers the possibility to map epitopes and structural
dynamics of target proteins with good reliability and structural
resolution in relatively fast turnaround time. Our HDX-MS setup
provides highly automated sample preparation by a LEAP HDX
automation system with membrane filter capability for controlled
environmental conditions and experimental robustness, coupled to
an Orbitrap MS for rapid peptide detection. HDX-MS provides data
about protein interactions and dynamics at peptide-resolution, with
low sample requirements and even for challenging proteins less
suitable for NMR and X-ray crystallography approaches, making it a
valuable structural biology approach to advance the most promising
hit and lead molecules towards IND.

S14 HDX-MS based epitope mapping of antibody
targeting the cysteine-rich region of IGF1R enabled
by electrochemical reduction

Hydrogen deuterium exchange mass spectrometry is a powerful
and flexible method for probing protein interactions. As therapeutic
targets increase in complexity, sophisticated analytical methods
are necessary for detailed and complete insights with HDX-MS. As
such, online electrochemical reduction has emerged as a versatile
tool for enhancing sequence coverage in heavily-disulfide bonded
targets. This technology has proven invaluable for epitope mapping
in previously inaccessible targets. The insulin-like growth factor
receptor (IGF1R) is a promising target for receptor-mediated delivery
of antibodies across the blood brain barrier. This large and dynamic
receptor possesses a complex disulfide-stabilized architecture that
is challenging to analyze with conventional structural methods. We
employed EC-HDX-MS to map a difficult-to-access epitope in the
cysteine-rich region of a BBB-crossing single-domain antibody, VHHIR4.
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S15 Detailed structural characterisation of a
nanobody by mass spectrometry and molecular
dynamic simulation
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Valentina Faustinelli, Eva Illes-Toth, Luise Luckau, Milena Quaglia and
Paul A. Dalby
University College London
Biotherapeutics are a rapidly growing portion of the total
pharmaceutical market. Their labile nature and intricate structures
lead to the development of complex formulations with a requirement
for both commercial cost effectiveness and long shelf life. The
understanding of protein stabilisation can be examined by exploiting
the combination of biophysical techniques, particularly Hydrogen
Deuterium Exchange Mass Spectrometry (HDX-MS), with Molecular
Dynamic (MD) simulations. This relationship was explored with a
nanobody against capsid-24 of HIV (2XV6), as a model protein. Prior
to structural analysis, intact mass analysis and tryptic digestion were
conducted for quality control and protein characterisation. Further
experimentation focused on increasing HDX peptide map resolution
of the nanobody to improve the comparison between experimental
and in silico outputs. This was investigated by assessing percentage
coverage and redundancy of peptide maps obtained by different
in-house immobilised proteases (pepsin, protease XIII and protease
XVIII). The optimal peptide map condition was selected to perform a
set of HDX-MS experiments on the nanobody. The structural effects
of high pH stress on the nanobody and the presence/absence of
glycine were explored at six time points, ranging from 30 seconds to
8 hours. Additional conformational information was obtained from Ion
Mobility Mass Spectrometry (IM-MS) experiments. These results were
compared to MD simulation outputs run at the same conditions at a
time scale of 100 nanoseconds. Application and further refinement
of these combined approaches will allow mapping the structural
properties of the nanobody against capsid-24 of HIV (2XV6) in detail
under various conditions.

S16 HDX-MS as a tool for small molecule binding
characterization: monitoring modulation of human
cyclophilin D

Hydrogen deuterium exchange mass spectrometry (HDX-MS) is
emerging as a powerful biophysical technique for probing protein
interactions, structure, and conformational dynamics. In our work, we
use HDX-MS to gain a deeper understanding on the binding-mode
and the target modulation of a set of compounds on cyclophilin D
(CypD). CypD is the mitochondrial isoform of cyclophilins which plays
an important role in the execution of cell death by regulating the
mitochondrial permeability transition pore. Mitochondrial dysfunction
has been implicated in a cascade of cellular processes related to
several diseases as multiple sclerosis and cardiovascular disease,
making CypD an interesting target for therapeutic intervention.
Colleagues at Merck Healthcare KGaA synthesized different classes
of compounds targeting the two main pockets of CypD, the aniline
and the proline pocket. We tested several of these compounds by
HDX-MS and the data obtained corroborated the information given
by the crystal structure, but also provided new insights on how these
compounds target CypD and how they could be further optimized.
As an example, it was noticed a stronger H/D exchange protection
by compounds binding in the aniline pocket compared to the ones
in the proline pocket suggesting a lower or not optimal occupancy
of the inhibitors for this pocket. However, this was not evident from
the crystal structures where the compounds seem to occupy both
pockets equally well. Furthermore, we observed that the compounds
trigger changes in deuterium uptake in regions relatively far from
their binding site suggesting possible allosteric effects that were not
identified in their co-crystal structures. Lastly, preliminary results for
fragments with (one-digit) low millimolar affinities targeting the aniline
pocket revealed a reduction in deuterium uptake in this region of the
protein. Altogether our results show how HDX-MS provides valuable
and additional insights for the design and improvement of CypD
inhibitors.
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S17 Understanding the dynamics of gasdermin
D-caspase interaction to inhibit cellular pyroptosis
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Solution-phase hydrogen/deuterium exchange (HDX) coupled to
mass spectrometry (MS) is a widespread tool for structural analysis. By
monitoring the exchange ability of backbone amide protons, HDX-MS
can reveal information about the structure and dynamics of proteins,
can map interaction sites with small molecules or other proteins,
and assess conformational states of protein samples. Gasdermin
D (GSDMD) was recently identified as the mediator of pyroptosis
— inflammatory cell death that is crucial for immune defense1. The
recognition and cleavage of GSDMD by inflammatory caspases are
essential steps in initiating pyroptosis after inflammasome activation.
Here we report HDX-MS studies of GSDMD and in complex with a
caspase. HDX/MS data showed how the dynamics of the protein
change upon binding to the caspase. Further experiments include
HDX-MS of GSDMD in complex with a small molecule that inhibits
GSDMD function in order to control pyroptosis. Additional HDX-MS
experiments of GSDMD in complex with the caspase in the presence
of an inhibitor would help gain deeper understanding of this
inflammatory pathway.
1. Kovacs SB, Miao EA. Gasdermins: Effectors of Pyroptosis. Trends
Cell Biol. 2017;27(9):673-684. doi:10.1016/j.tcb.2017.05.005

S18 Understanding protein conformational changes
that allow avian navigation
Angela Gehrckens, Laila Shah, Justin Benesch, Peter Hore
University of Oxford
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Avian navigation is hypothesized to be based on a radical-pair
mechanism which allows magnetoreception. Night-migratory birds
use the inclination of the Earth’s magnet field which triggers the
formation of particular radical pair states that are in turn proposed to
cause conformational changes. These changes in protein structure
can be observed using native MS as well as HDX-MS to interrogate
both movements within the proteins and interactions between the
proteins and their putative downstream interaction partners. The latter
technique is used to probe protein dynamics and interaction surfaces
upon exposure to different environmental conditions such as the
presence and absence of an externally applied magnetic field as well
as different light conditions.
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S19 SAR by HDX: Distinguishing the mode of
action of BET inhibitors by HDX-MS fingerprinting
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Compounds that stabilise native or induced protein-protein
interactions (PPIs) are an emerging theme being exploited within
drug discovery to access unique pharmacology. Hydrogen
deuterium exchange mass spectrometry (HDX-MS) in combination
with supervised learning methods offer the potential for rapid
classification of such novel compounds by their distinct modes
of action (MOA). Aiding the interpretation of structure activity
relationships (SAR) we term this approach “SAR by HDX”. Using
a training set of 29 monovalent and bivalent BRD4 inhibitors a
model for discriminating bivalent ligands was developed (sensitivity
and 95% CI = 0.825 ± 0.068, specificity = 0.845 ± 0.048). Peptide
features carrying the most weight in this categorisation lie along
a proposed BD1-BD2 dimerization interface confirming valuable
structural insights can be derived from such analysis. SAR by HDX
could assist early MOA profiling of hit compounds and be used
to explore other complex modes such as in the field of PROTACs,
where PPI formation is a key requirement.

S20 Application of a novel PNGase for peptide
N-deglycosylation at acidic pH within the HDX-MS
workflow for epitope mapping

Nowadays, hydrogen deuterium exchange coupled to mass
spectrometry (HDX-MS) can be considered as the “silver standard”
to study protein-protein interactions. However, this technique
remains challenging for proteins encompassing posttranslational
modifications (PTMs) such as glycosylation and disulfide bonds.
PTMs often lead to lower sequence coverage and thus a lack of HDX
information in potential interaction regions. This fact still impedes
a routine application of HDX-MS for epitope mapping on protein
targets for drug and molecular diagnostics development as those
proteins often show multiple glycosylation sites. Here, we present a
novel peptide-N4-(N-acetyl-β-D-glucosaminyl)-asparagine amidase
(PNGase) originating from Rudea cellulosilytica (Rc) with high activity
at pH 2.5 which enables N-glycan release of peptic peptides postlabelling under acidic, denaturing and reducing conditions. The
enzyme is resistant against the commonly used reducing agent tris(2-caboxyethyl)phosphine (TCEP, >400 mM) and shows tolerance
against the denaturing agent guanidine hydrochloride (>1 M). As a
proof-of-concept, we show the application of the enzyme in an HDXMS workflow for epitope elucidation of a nanobody targeting the
highly N-glycosylated extracellular receptor domain of the signalregulatory protein alpha (SIRPα). SIRPα encompasses three disulfide
bonds and five N-glycan motifs and was reduced and denatured
using 100 mM TCEP and 2 M guanidine hydrochloride. In comparison
to the previously published PNGase A, the new PNGase Rc was
implemented into the HDX workflow without adaptation of protein
denaturation and proteolysis conditions. Peptide N-deglycosylation
was achieved after 2 min enzyme incubation at 0°C. Sequence
coverage in the nanobody-binding site adjacent to an N-glycan
moiety was increase from 12 to 17 peptides.
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S21 Structure-function studies of the tumour
suppressor complex RAD51B-RAD51C-RAD51DXRCC2
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Luke Greenhough, Eric Chih-Chao Liang, Ondrej Belan, Sarah Maslen,
Simone Kunzelmann, Andrea Nans, Monica C. Rodrigo-Brenni, Mark
Skehel, Simon J. Boulton, Stephen C. West
The Francis Crick Institute
The repair of DNA double strand breaks by homologous
recombination ensures genome stability and prevents the onset
of cancer. Central to this pathway is the assembly of a RAD51
nucleoprotein filament on resected ssDNA at the break site, which
facilitates strand invasion of the sister chromatid. Mutations in the
RAD51 paralog genes (RAD51B, RAD51C, RAD51D, XRCC2, XRCC3)
are known to cause breast/ovarian cancers and Fanconi anaemia. Cells
defective for the RAD51 paralogs are similar to BRCA2-defective cells
and exhibit severe defects in cellular growth, reduced RAD51 foci
formation and sensitivity to the PARP inhibitor Olaparib. In addition,
embryonic knockouts lead to early lethality. These observations
indicate that the RAD51 paralogs promote key reactions in the early
stages of homologous recombination repair. We have investigated
the structure-function relationships of the heterotetrameric complex
composed of four RAD51 paralogs: RAD51B-RAD51C-RAD51DXRCC2 (BCDX2). Using negative stain and cryo-electron microscopy,
and structural mass spectrometry (XL- and HDX-MS), we have obtained
the first insight into the structure of BCDX2. Our findings reveal that
the RAD51B subunit is highly dynamic and tethered to RAD51CRAD51D-XRCC2 via a flexible linker. We show that BCDX2 binding to
ssDNA is dynamic but highly specific, and that ssDNA dissociation is
driven by ATP hydrolysis. Using single molecule analyses and direct
visualisation of RAD51 filaments by negative stain electron microscopy,
we find that BCDX2 promotes RAD51 filament growth. Together, this
work identifies the structure-function relationship of an enigmatic yet
essential tumour suppressor complex, thus initiating further analyses
of mutations that are associated with breast/ovarian cancer and
Fanconi anaemia.

S22 Chromatographic phospholipid removal for
automated H/D exchange mass spectrometry of
membrane:protein assemblies

Automation endeavours in H/D exchange mass spectrometry (HDXMS) have been instrumental in it becoming a key player in protein
structural biology by making the technique more user-friendly and
reducing variances caused by manual sample handling. However,
the established workflows are of more limited use for membrane
protein investigations within lipid membrane environments, as
lipids can lead to system fouling and impaired chromatographic
peptide separation. Consequently, a lipid removal step is required
before mass spectrometry analysis. ZrO2 beads have become the
standard for phospholipid removal as part of both manual ‘offline’
and automated bead removal workflows for HDX-MS. These methods
have proven successful but can have detrimental effects on H/D backexchange and data reproducibility. More crucially, these systems
require disposal of lipid-saturated beads after each run making
them economically unsuitable for even medium-scale analyses
on how drugs, co-factors, proteins, lipids and/or mutants effect
membrane protein structure-dynamics-function. Here, we develop an
automated, regenerable chromatographic system capable of efficient
phospholipid removal under conventional flow rates and quench
conditions, without any effect on the level of H/D back-exchange.
Importantly, our system enabled assessment on the interaction
of phospholipids, detergent, denaturant, and proteins with both
ZrO2 and TiO2 bead systems, which informs on future experimental
and system designs. Our developments and insights will progress
membrane protein structural biology investigations using HDX-MS,
which is now at the point where a lipid bilayer environment must be
considered due to the putative relationship with membrane protein
function.
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S23 A structural exploration of candidalysin, a fungal
cytolytic peptide toxin
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Candida albicans is a common human fungal pathogen that causes
high rates of morbidity and mortality. Candidalysin, a secreted
peptide toxin, was identified as the cause of epithelial cell membrane
damage and immune activation during C. albicans infection. However,
the structure of candidalysin and its precise mechanism of toxicity
are poorly understood but key to understanding candidalysin’s
role in pathogenicity, and thus fundamental in the development
of therapeutic treatments against C. albicans infection. To address
this knowledge gap, we used molecular dynamics (MD) simulations
to produce a modelled monomeric structure of candidalysin.
This structure can be corroborated with native- and hydrogen
deuterium exchange (HDX)-mass spectrometry (MS) to investigate
candidalysin oligomerisation, folding, and conformational dynamics.
High resolution by-residue analysis (HDXmodeller) of HDX-MS data
provides a more comprehensive insight into the 3D-structure and
allows for an insightful comparison between wild-type and mutant
peptides. Our data supports a hypothesis where candidalysin
oligomers promote pore formation and membrane permeabilization
and suggest that certain regions of candidalysin are important
for peptide-peptide interactions while others are involved with
peptide-membrane interactions. My project aims to characterize the
membrane embedded peptide assemblies, to further understand
mechanism that candidalysin implements for host membrane
destabilisation leading to the progression of disease.

S24 The structural basis for cardiac
mechanosensitivity
Elena Holden, Justin Benesch
University of Oxford

POSTER

HDXMS has become a leading biophysical technique and has
exhibited its versatility and power at providing insights into protein
conformations, dynamics and interactions. Here we use HDXMS to
characterise the cardiac mechanosensitive protein filamin C (FLNC).
Mechanosensitive proteins are able to convert physical force into
biochemical cues that lead to intramolecular structural changes; a
property that is especially important in high-force environments, such
as cardiac muscle tissue. HDXMS is incredibly well suited to identify
the areas that are integral for a protein’s mechanosensitive function,
as the deuterium labelling is able to highlight the inherently dynamic
features associated with mechanosensitivity. To date we have been
able to characterise the structures in the known mechanosensitive
region of FLNC, domains 18-21. Specifically, we have seen a
resistance to deuterium uptake on the ordered β-sandwich structures
of the IG-like domains. In contrast, there is a high uptake of deuterium
on the interdomain-donated β-strands which are known to detach
from the structure in an alternative filamin isoform (FLNA) and so
we predict a similar mechanism to be at work in FLNC. Additionally,
we see saturated levels of exchange occur rapidly on the unique
FLNC domain 20 insert, which is structurally uncharacterised to date,
with our current data providing novel evidence that the insert is an
unstructured loop. From here, we will look at FLNC whilst under force
by combining microfluidics with HDXMS, allowing force-transitions
and deuterium labelling concomitantly. With this, we aim to elucidate
the mechanism of mechanosensitivity in FLNC and beyond.
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Introduction: Standardisation of protein biomarkers is of paramount
importance to ensure reliable clinical results. This is often achieved
through established frameworks for traceability of a protein to the
System of International Units. Here we present the benefit of higher
order protein structural analyses to underpin the development of
an alpha-synuclein (αSyn) reference standard. αSyn, a key culprit
in Parkinson’s disease, can serve as a diagnostic marker, however
reliable and standardised measurements required for a potential
biomarker are lacking. The development of a primary calibrator
suitable for reference measurement procedures poses challenges
due to impurities/modifications and the presence of preformed
aggregates. The source of αSyn, handling and storage conditions
are key variables influencing structural properties and aggregation.
Methods: We investigated steps involved in the preparation of the
primary calibrator: the addition of bovine serum albumin (BSA),
the effect of freeze and thaw and an alternative sample preparation
condition under basic pH by ion mobility mass spectrometry.
Moreover, we assessed the effect of shaking via intact HDX-MS by
taking temporally resolved samples of αSyn with or without BSA.
HDX-MS data were acquired on a Synapt G2Si instrument coupled
to a LEAP PAL robot and analysed in DynamX 3.0.
Results: We did not observe major structural transitions of αSyn in
the presence of BSA, however minor more compact conformations
of 9+ and 10+ ions were detected. Two cycles of freeze and thaw
did not induce changes. No significant differences were found
between the samples of αSyn prepared with or without shaking by
HDX-MS.

S26 Monitoring the dynamic changes of tau
throughout the aggregation process
Ellie James, Abhinav Nath, Miklos Guttman
University of Washington
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Intrinsically disordered proteins (IDPs) are ubiquitous and perform
a range of functions vital to cell signaling, cytoskeletal architecture,
and cellular physiology, and their dysfunction is associated with
many human diseases including neurodegenerative diseases such
as Alzheimer’s disease and Parkinson’s. IDP function depends on
their ability to reconfigure themselves to interact with other proteins,
lipids, and biopolymer binding partners. As such, the structural
characterization of IDPs is challenging with conventional techniques
because IDPs exist as a dynamic structural ensemble rather than
populating a single well-defined structure like globular proteins.
Hydrogen-deuterium exchange mass spectrometry (HDX-MS)
experiments offer a label-free approach to monitoring IDP structure
in addition to the changes in IDP dynamics associated with their
interactions with binding partners. Microtubule-associated protein tau
is an IDP that displays rich self-assembly behavior including liquidliquid phase separation and the formation of a variety of pathologic
amyloid fibril morphologies. Here we present the application of
pulsed HDX-MS to structurally monitor the in vitro aggregation of tau
in parallel to, and under the same experimental conditions as, the
traditional optically-based kinetic measurements used to monitor
amyloid formation. We also present the additional challenges that
arise from measuring weak interactions between binders and IDPs
by examining the (continuous) millisecond-HDX-MS behavior of tau
in the presence of molecules that affect aggregation. These data
advance our understanding of disease-relevant tau self-assembly
and binding and demonstrate the value of HDX-MS in studying IDP
systems.
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Protein glycosylation is one of the most common PTMs and is
particularly prevalent in extracellular protein drug targets and
biopharmaceuticals. Given the importance of glycoproteins,
methods for studying the conformation and interactions of such
proteins are highly desirable, however, less than 5% of protein
structures in the PDB carry glycans – as the glycans often interfere
with structural analysis. Glycosylations also present a challenge to
HDX-MS as enzymatic deglycosylation is often required to extract
HDX information for glycosylated regions. Here we describe the
identification and comparison of several promising acid-stable
peptide-N4-(N-acetyl-β-glucosaminyl) asparagine amidases
(PNGases) A, H+, Dj and Rc for improved HDX-MS analysis of
glycoproteins. We compare the in-solution activity of the PNGases at
quench conditions and subsequently immobilize these on microfluidic
chips to create immobilized microfluidic enzyme reactors capable
of efficient deglycosylation of glycoproteins in an online HDX-MS
workflow. We demonstrate the applicability of this online-microchip
deglycosylation-enabled workflow by performing an HDX-MS epitope
mapping of an intact monoclonal antibody (mAb) to the heavily
disulfide-bonded and glycosylated sema domain (SD) of tyrosineprotein kinase Met (c-Met). We have also examined immobilization of
PNGases on conventional UPLC-column formats, allowing for simpler
implementation into conventional HDX-MS setups. In particular, our
recently discovered PNGase variant derived from R.cellulosilytica
(Rc) is highly promising for this purpose due to HDX optimal
characteristics at quench conditions, namely high activity, reusability
and stability with significant tolerance to chaotropic/reducing agents.
The developed online HDX-MS workflow, employing either microchipor column-based deglycosylation, could significantly improve HDX-MS
analysis of heavily glycosylated proteins.

S28 Structural dynamics of cell invasion machinery
on enveloped viruses

Viral surface glycoproteins perform the critical roles of binding to host
receptors and mediating membrane fusion leading to viral genome
delivery. Our lab is applying an approach combining cryo-electron
microscopy and hydrogen/deuterium-exchange mass spectrometry
to analyze the structure and dynamics of the cell invasion machinery
in HIV and influenza virus. It is necessary to examine these highly
dynamic machines in their native, membrane-bound contexts as this
environment can profoundly influence their structural ordering and
the conformational pathways they traverse once activated for fusion.
In a recent study of the influenza virus glycoprotein hemagglutinin
(HA), we used a pulse deuteration HDX-MS approach to demonstrate
that native HA on intact virus populates intermediate states consistent
with dynamic, activated conformations with fusion peptides deployed,
ready to grapple to the host target membranes. By contrast, soluble,
truncated ectodomains followed abrupt, two-state transitions
between pre- and post-fusion forms without measurably populating
intermediate states. Viral glycoproteins are also the primary antigenic
target for neutralizing antibodies and serve as the template for design
and validation of engineered vaccine immunogens. It is of critical
importance to characterize the structure and organization of these
proteins and the nature of antibody epitopes when they are displayed
in their native contexts. We recently applied an HDX-MS approach
that enabled the HIV glycoprotein on the surface of virions to be
characterized. These studies revealed the similarities and in many
cases striking differences in organization and local epitope stability
for the native antigen on virions compared with soluble forms of the
glycoprotein.
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Traditional HDX-MS techniques allow for the characterization
of protein structural transitions in relatively ordered regions of
proteins. Millisecond Time Resolved HDX (TR-HDX) allows for the
characterization of conformational transitions in weakly ordered
regions and intrinsically disordered proteins. Traditionally, TRHDX has been performed at fixed time points requiring manual
pullback and a high degree of user involvement. We have created a
continuous pullback system to perform millisecond-second HDX-MS
automatically, thus reducing the amount of user input required and
increasing the amount of reproducible data collected, all in a fraction
of the amount of time required for conventional analyses. Two model
proteins were used for proof-of-concept experiments; cytochrome
c and human Tau protein. All solvents were delivered using HPLC
pumps, with a concentric capillary system serving as the reaction
chamber for the exchange reaction. A syringe pump anchored to the
protein line was programmed to automatically pull back the inner
capillary allowing the HDX reaction to be monitored continuously from
150 milliseconds to 12 seconds. The resulting uptakes were compared
to the analogous experiment using fixed timepoints. As expected,
short time scale measurements yield largely ‘flat’ uptake vs. time
profiles in structured proteins such as cytochrome c, whereas uptake
kinetics are observed for the intrinsically disordered Tau protein. In
both systems, measured uptake was comparable, but the continuous
workflow provided a much more accurate picture of uptake kinetics
due to the vastly increased number of ‘timepoints’ in the profile.

M2 Deciphering structure-function relationship of
loss-of-function PPARγ mutants involved in bladder
cancer using native MS and H/D exchange mass
spectrometry

PPARγ (peroxisome proliferator-activated receptor gamma)
regulation is a critical event in muscle-invasive bladder cancer (MIBC)
tumorigenesis. A genetic screen has identified loss-of-function
mutations in the ligand-binding domain of PPARγ in basal MIBC,
associated with PPARγ under-expression/inactivation, which could
support a tumor suppressor role for PPARγ. To address impacts of
PPARγ mutations on its structure and activity, we compared native
mass spectrometry (nMS) and hydrogen-deuterium exchange MS
(HDX-MS) results obtained on the most inactive PPARγ mutants
(F310S and H494Y) and a partial inactivator (Y505H) to either
wtPPARγ or the T475M activating mutant. To understand how
mutations impair PPARγ activity, coactivator (PGC1) binding in
presence of GW1929 agonist ligand was monitored by nMS.
Conversely to T475M and Y505H mutants, loss-of-function H494Y
and F310S reveal destabilization of PPARγ/CoA with the ligand.
To better understand the structural impact of the mutations on the
overall PPARγ structure, we next performed HDX-MS experiments.
Inactivating mutants present a significant difference in D uptake in
several regions of PPARγ LBD, revealing the destabilization of H10,
H11 and H12 helixes and the H3, H5 helixes involved in coactivator
binding. Compared to wtPPARγ, F310S and H494Y present a higher
solvent accessibility (SA) than Y505H, while T475M exhibit a lower
SA. Altogether, these data suggest that the two F310S and H494Y
mutations impair the adoption of an agonist conformation by PPARγ
in the presence of ligand, thereby inhibiting coactivator interaction. In
addition, our results highlight the complementarity of nMS and HDXMS for in-depth deciphering of the structure-function relationship of
PPARγ mutations.
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M3 Impact of bioconjugation on structure and
function of antibodies for use in immunoassay by
hydrogen-deuterium exchange mass spectrometry
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Luise Luckau, Kate Groves, Chris Blencowe, Sam Scrimshaw, Alastair
Dent, Milena Quaglia
LGC
Monoclonal antibodies (mAbs) are widely used as analytical
components in immunoassays to detect target molecules in
applications such as clinical diagnostics, food analysis and drug
discovery. Functional groups are often conjugated to lysine or cysteine
residues to aid immobilization of mAbs or to enable their detection
in an antibody antigen complex. Good assay performance depends
on the affinity and specificity of the mAbs for the antigen. The
conjugation reaction however can cause higher order structural (HOS)
changes and ultimately affect the assay performance. In this study,
four differently conjugated mAbs were selected as model systems and
characterized by mass spectrometry. Particularly, intact protein analysis
by liquid-chromatography mass-spectrometry (LC-MS) was performed
to determine the amount and distribution of conjugation. Hydrogen
deuterium exchange mass spectrometry (HDX-MS) experiments were
then carried out for the structural characterization of the conjugated
mAbs. The mass spectrometry results agreed with the results from the
binding experiments carried out in parallel and provided additional
information related to the location and effects of conjugation.
Particularly, it was noted that the overall structural flexibility of the
antibodies increases upon cysteine conjugation and decreases for
lysine conjugation. The conjugation of mAbs with bulky functional
groups tends to decrease the deuterium uptake kinetics due to
induced steric effects. Overall, this study shows correlations between
conjugation, structure and function of immunoassay antibodies
and the benefits of mass spectrometry to improve understanding
of the conjugation reaction and provide insights that can predict
immunoassay performance.

M4 Unravelling the folding of the class A betalactamase BS3 at high resolution through HDX-MS
Romain Malempré, Julie Vandenameele, Christian Damblon, Gabriel
Mazzucchelli, Loïc Quinton, André Matagne
University of Liège
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The detailed characterization of the folding of a large protein is
conducted on a model enzyme, namely the BS3 class A β-lactamase.
The principal goal is to determine the order of formation of its
secondary structure elements using quenched-flow HDX pulselabelling experiments, combined with both NMR and mass
spectrometry (MS) measurements. Class A β-lactamases (Mr
ca. 29000) are among the largest proteins studied in terms of
their folding properties. Thus, folding of β-lactamases has been
characterized in some details and, as observed with most large
proteins, folding is not kinetically two-state and intermediate partially
folded species are observed. The highly conserved cis peptide bond
between residues 166 and 167, in a long Ω-loop at the active site of
these enzymes, controls important steps in the refolding reaction.
The sequence of the two structural domains implies a substantial
movement of the polypeptide chain during the folding process.
Indeed, one of the two domains (composed of both α-helices and
β-sheet) is made up by the N and C-terminal parts of the protein,
whereas the other domain (all α) is formed by the central part of the
polypeptide chain. HDX-MS experiments revealed the initial formation
of molecules with native-like protection against exchange (EX1) in the
secondary structural elements closest to the N- and C-terminal parts
of the sequence, then propagating to the core of the protein. These
results suggest the presence of an intermediate species with a folding
nucleus that allows a productive process towards the formation of
fully active enzyme molecules.
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Human haptoglobin (Hp), one of the most abundant plasma proteins,
fulfills a crucial antioxidant role through its ability to scavenge
haemoglobin (Hb) released from damaged red blood cells. HP has
two known allelic variants from three phenotypes - Hp1-1, 2-1, 2-2.
These are giving rise to distinct quaternary structures but also have
different affinity towards the haemoglobin and binding to its receptor,
CD163. Haptoglobin contains several glycosylation sites and its
glycosylation might be one of the tuning mechanisms affecting the
Hp-Hb interactions. Recent detailed glycomic and proteoform study
pointed on the role of quaternary structure and glycosylation in the
regulation of Hp:Hb interactions. Here we pursued detailed HDX-MS
investigation targeting different phenotypes, attempting to answer
the role of individual oligomers or glycosylation states and targeting
also the Hp:Hb interaction on the complex background of plasma or
serum.

M6 Characterization of the Asf1 C-terminal domain
with HDX-MS
Katayoun Morakabi, Noushin Akhavantabib, Cynthia Corsiga,
Sheena D’Arcy
University of Texas at Dallas
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Introduction: Histone chaperones facilitate the faithful deposition of
histones onto DNA. Anti-Silencing Factor1 (Asf1) is a highly conserved
histone H3-H4 chaperone that is integral for genome stability
and DNA repair due to its role in promoting H3K56Ac. Histone
acetyltransferase Rtt109 is the sole enzyme in yeast responsible for
H3K56Ac and is strongly activated by Asf1, as well as another histone
chaperone Vacuolar protein sorting 75 (Vps75). Asf1 contains a wellstructured N-terminal domain that mediates binding to histone H3H4, and a C-terminal domain (CTD) that is acidic and predicted to be
disordered. The Asf1 CTD is not essential for histone binding and is
typically omitted from in vitro structural and functional studies. Recent
studies, however, have shown that the CTD contributes to histone
H3-H4 recognition. Preliminary Results: We set out to characterize the
functional significance of the Asf1 CTD using HDX-MS and Isothermal
Titration Calorimetry (ITC). We expressed the full-length protein
(1-279) Asf1FL and, a C-terminal mutant (1-169) Asf1ΔCTD, and
compared exchange rates in multi-chaperone complexes with H3-H4,
Vps75, and Rtt109. Our results show that upon Asf1ΔCTD binding, the
Rtt109-Vps752-(H3-H4) complex becomes more rigid however the
presence of the CTD causes slight destabilization in Rtt109 interfaces
with histone H3 and Vps75. Similarly, we observe that Asf1ΔCTD
binding also stabilizes co-chaperone Vps75 but the presence of the
CTD slightly destabilizes Vps75 helical domains. The addition of the
Asf1ΔCTD strongly stabilizes histones H3 and H4 but interestingly
we observe destabilization in key regions. We find that the Asf1 CTD
strongly stabilizes histones H3 and H4. We demonstrate that the CTD
does not influence the Asf1 core in apo- or histone-bound states, but
strongly destabilizes the Asf1 core in the multi-chaperone complex.
Based on our HDX-MS findings we sought to determine if there is
a difference in binding affinity to histones H3-H4 if the Asf1 CTD is
present. Our ITC data reveals that the Asf1 CTD improves binding
to histones. Our HDX-MS and ITC results point to a strong functional
relevance of the Asf1 CTD with an important role in binding histones
H3-H4 and influencing conformational dynamics of the Rtt109Vps752-(H3-H4)-Asf1 complex.
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M7 Factors to consider when making back-exchange
corrections: Insights on deuterium retention from
whole-cell digests
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Jeff Morrow, Leland Mayne, Steven A. Carr
The Broad Institute
We recently presented our work on the use of high-throughput HDXMS for unbiased, peptide-level measurements aiming to compare
experimental back-exchange values to theoretical calculations. To
accomplish this, we performed hydrogen exchange measurements
(including full-deuteration controls) on whole cell digests and on
peptide mixtures with known post-translational modifications. This
work establishes a correlation between the foundational studies
that led to the generation of standard theoretical exchange rates
and determines how these corrections compare to experimental
values when measured in the context of longer, biologically-derived
peptides. Here, we present specific examples from our observations
with respect to i) how experimentally-measured deuterium exchange
deviates from theoretical calculations at the peptide level based
on each residue in the peptide, ii) the effect of acetylation and
phosphorylation on deuterium retention and iii) how inaccurate backexchange corrections can affect the calculation of protection factors
and ultimately protein structure determination. Analysis of trends
in the data revealed that for the majority of peptides, correcting for
the full peptide sequence was in alignment with the experimental
values. However, we were also able to determine general residue- and
peptide-level characteristics that contributed to significant deviation
from theory. This work reinforces the need for full-deuteration controls
and instrument validation experiments when absolute deuterium
quantitation is necessary. Further, we provide considerations for
peptide and protein features that may result in inaccurate calculations.

M8 Next generation imidazolium internal exchange
reporters for HDX-MS
Taylor Murphree, Mason Saunders, Miklos Guttman
University of Washington
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Despite remarkable technical progress in HDX-MS over the past
decades, reproducibility remains challenging. This is due in part to the
sensitivity of amide exchange kinetics to environmental conditions,
including: pH, temperature, solvent, ionic strength, and pressure.
We have previously reported the use of imidazolium based internal
exchange reporters (IERs) that have highly desirable exchange
kinetics and enabled robust comparison of disparate HDX-MS data
sets. Here we describe a second generation of imidazolium based
IERs, which overcome the limitations of the aforementioned while
also expanding utility. Specifically, this second generation IERs feature
improved chromatographic retention and can be detected at lower
concentrations. Under physiologically relevant conditions these
compounds are capable of reliably reporting on exchange reaction
conditions at times points less than 0.3 seconds and greater than 4
hours. Lastly, the imidazolium IERs essentially do not undergo back
exchange at quench conditions, rendering them capable of accurately
measuring reaction deuterium content (%D). Overall, the new IERs
can be readily incorporated into many HDX-MS workflows to improve
experimental reproducibility and facilitate comparison of disparate
data sets.
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M9 HDX-MS as a convenient method to map
inhibitor binding sites on SARS-Cov-2 Main Protease
(MPro)
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Roberto Battistutta, Stefano Moro, Barbara Gatto, Vincenzo De Filippis
University of Padua
The main protease (MPro) of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) plays a crucial role in virus replication
and it is one of the most attractive targets for the development of
anti-SARS-CoV-2 therapeutic agents. MPro is a homodimeric threedomain cysteinyl-protease, where domains I (10–99) and II (100–182)
host the catalytic Cys145-His41 dyad while domain III (198-303) drives
enzyme dimerization, necessary for proteolytic activity. Here we report
the local HDX-MS analysis of (D)-Phe-Pro-Arg-chloromethylketone
(PPACK) binding to Mpro, where PPACK is an irreversible and
specific inhibitor of thrombin, i.e. the final effector serine protease
of blood coagulation. Using a chromogenic assay, we found that
PPACK inhibits MPro with a Ki of 160±2 nM. PPACK-bound MPro
shows a protection from deuterium uptake (–14%), compared to free
MPro, in the region centered around His41, suggestive of inhibitor
binding to the protease active site. Furthermore, peptic fragments
covering the catalytic Cys145 are present only in the unbound-MPro
state, consistent with the covalent binding of PPACK to Cys145. We
observed a significant increase in deuterium uptake at Arg4 and at
Glu290 residues, which in the MPro dimeric structure form a stabilising
inter-monomer salt bridge. The latter result suggests that PPACK
interaction may also decrease active MPro dimer concentration by
weakening monomer-monomer interaction. Our data indicate that
the thrombin-specific inhibitor PPACK exerts potent MPro inhibition
and provide evidence that HDX-MS is a convenient method to map
inhibitor-MPro interaction in a fast manner and, importantly, using tiny
amounts (50-80 µg) of protease.

M10 Amide proton accessibility to validate
computationally designed cyclic peptides
Jonathan Palmer, Madi Di Piazza, JingXin Liang, Gizem Gokce,
Stephen Rettie, Gaurav Bhardwaj, Miklos Guttman
University of Washington
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Cyclic peptides are a promising class of therapeutic molecules
that can be guided by computational design. Though infrequent,
computationally predicted structure and actual structure can vary
significantly. NMR remains the gold standard for structure validation
but suffers from low throughput. Here we demonstrate that H/D
exchange is well-suited to measure the solvent accessibility of amide
protons in cyclic peptides on pools of >100 peptides simultaneously.
The exchange kinetics provide a direct measure of stability and
provide a rapid tool for structural validation. Ongoing work is now
examining the utility of protection factors derived from H/D exchange
kinetics for predicting membrane permeability.
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Rinky Parakra, Athina G Portaliou, Biao Yuan, Luit Barkalita, and
Spyridoula Karamanou, Anastassios Economou
Rega institute
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Many Gram-negative bacteria pathogenic to plants and animals
deploy the type III secretion system (T3SS) as “molecular syringes” to
inject virulence factors into their host eukaryotic cells. The assembly of
the T3SS requires input from transcriptional regulators, chaperones,
environmental cues and molecular switches. The substrate specificity
switch from middle to late substrates in EPEC is regulated by the SctW
gatekeeper protein forming trimeric complex with its chaperones
SepD and CesL. SctW and the levels of calcium concentration
dictates the type of substrate secretion: high levels promotes middle
substrates and suppress late substrates secretion, whereas low levels
of calcium does the reverse job i.e., promotes late substrates and
suppresses middle substrates secretion. How SctW protein senses
the Ca2+ signals to trigger the substrate switching is still not known.
SctV, a part of the export apparatus, forms a nonameric ring based
on structural data and acts as a high affinity membrane receptor for
SctW/SepD/CesL. The aim of our research is to investigate protein
dynamics of SctW and SctV using hydrogen-deuterium exchange mass
spectrometry (HDX-MS) and correlate protein dynamics to substrate
switching phenomenon, specifically, in response to calcium levels.
Our results shows a) SctW is not the calcium receptor protein but may
mediate calcium secretion switching as seen by trypsinolysis and HDX
experiments. b) The mutant derivatives of SctW (point mutation R333D
and C-terminal truncation- 11 residues) failed to suppress effector
secretion at high calcium concentration suggesting need of functional
C-terminus of SctW. c) The mutant derivatives of SctW display
enhanced dynamics in their C-terminal domain as seen from HDX-MS
experiments d) Calcium alters intrinsic dynamics of the C-terminal
domain of SctV. We hypothesise that the calcium and SctW regulates
intrinsic dynamics of SctV which comprises of the conformational
switch that controls translocator to effector affinity and secretion

M12 HDX-MS characterization of
phosphatidylinositol-4 kinase and its regulatory
partner calcineurin

My work is focused on the enzyme phosphatidylinositol 4-kinase
(PI4K), a heterotrimer that generates the phosphoinositide PI4P.
The PI4K complex is made up of PI4Ka, along with the accessory
protein TTC7b and regulatory component Fam126a, which stabilizes
the TTC7b-PI4Ka interaction and enhances PI4K recruitment to
the plasma membrane. This heterotrimer forms a dimer, orienting
the active site towards the plasma membrane. Plasma membrane
recruitment of the PI4K complex in yeast is understood to be
controlled by phosphorylation, but mammalian regulatory processes
are not well understood. HDX-MS was used to characterize the
interaction between the PI4K complex and a novel regulatory
heterodimer calcineurin, a calmodulin activated serine/threonine
protein phosphatase. HDX analysis of this 800 kDa complex showed
that calcineurin binds PI4K at two distinct binding motifs, one in
PI4Ka and the other in the unstructured C-terminal tail of Fam126a,
suggesting a regulatory interaction between calcineurin and PI4K.
Further studies on the Fam126a-calcineurin interaction using
mutations in the tail are being conducted.
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Matthew Parson, Idil Ulengin-Talkish, Meredith L. Jenkins, Sushant
Suresh, Jagoree Roy, Alexis Z. L. Shih, Nicole St-Denis, Gergo Gulyas,
Tamas Balla, Anne-Claude Gingras, Péter Várnai, Elizabeth Conibear,
John E. Burke, Martha S. Cyert
University of Victoria
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M13 Structural basis of the pro-coagulant
phenotype of prothrombin variant Arg553Trp
(p.Arg596Trp - Padua 2) investigated by HDX-MS
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Andrea Pierangelini, Laura Acquasaliente, Anna Pagotto, Daniele
Peterle, Alberto Covallero, Cristiana Bulato, Paolo Simioni,
Vincenzo De Filippis
University of Padua
Thrombin (αT) is the final effector protease in the coagulation cascade,
converting soluble fibrinogen into insoluble fibrin clot, and inducing
platelet aggregation. αT is a Na+-activated enzyme and is irreversibly
inhibited by antithrombin-III (AT-III). Recently, a natural genetic
thrombin variant (p.Arg596Trp, denoted as PD2) has been identified
in the prothrombin gene [Bulato et al., JTH (2016)] and patients
carrying this mutation display a strong procoagulant phenotype and
almost complete resistance to AT-III inhibition. Here, we used local
HDX-MS analysis to study the effect of Arg596Trp mutation on αT
structure and to interpret on structural grounds the altered phenotype
of the mutated enzyme. Both wild-type (Pre2) and mutant (Pre2-PD2)
zymogen, along with the corresponding active thrombin forms, i.e. αT
and αT-PD2, were produced in E. coli and thoroughly characterized.
Comparative HDX-MS analysis of wild-type and mutated Pre2
zymogen show very similar H/D exchange profile, with a slightly
higher deuterium uptake for Pre2-PD2 in the region preceding the
γ-loop (sequence 130-144), in the exosite-2 (sequence 160-180) and
the Na+-binding site (sequence 220-227). At variance, the mutated
active αT-PD2 shows: i) increased deuterium uptake in the N-terminal
region of the B-chain, which is crucial in the enzyme activation
mechanism; ii) ordering of the Na+-binding site (sequence 212-227)
and iii) flexibilization of the γ-loop and exosite-2 regions. These
results suggest that Arg221a-Trp mutation, disrupting the stabilizing
Arg221a-Glu146 salt bridge linking the γ-loop to Na+-binding site,
induces collapse of the Na+-site and disorganization of exosite-2, with
a resulting loss of AT-III binding and inhibition.

M14 HaDeX 2.0: Web-server and R package for the
hydrogen-deuterium exchange mass spectrometry
experiments data

Hydrogen-deuterium mass spectrometry (HDX-MS) is an analytical
tool for monitoring the dynamics and interactions of proteins. It allows
a unique insight into the dynamics of the protein structure - such
data is very complex and requires a dedicated solution, like our tool
HaDeX. Our growing user base motivated us to improve our software
significantly by adding new functionalities and polishing the existing
ones leading to the HaDeX 2.0. HaDeX 2.0 is a versatile software for
processing, analyzing, and visualizing output data from existing tools
used in HDX-MS experiments. HaDeX provides a complete analytic
workflow with precise uncertainty calculations and reports generation
to ensure reproducibility as recommended in the community
guidelines. HaDeX is freely available as a unique combination of
web-server (https://hadex.mslab-ibb.pl/), standalone application,
and an open-source R-package. The application is significantly
extended compared to its prior version. HaDeX 2.0 contains all forms
of visualizations employed by the HDX-MS community, e.g., chiclet,
butterfly, and volcano plots. All figures are of publication quality,
featuring ISO-based uncertainty of the measurement. Moreover,
HaDeX fully supports differential analysis in the form of charts and a
novel semi-parametric statistical test. The replicate analysis module
allows an in-depth inspection of the data, increasing the quality
control capabilities. As HDX-MS is getting more recognition, there
is a growing need for standardized analysis and data processing
following the community recommendations. Our answer to this issue
is HaDeX 2.0, an open-source software ready to tackle all challenges
associated with the analysis of the HDX-MS data.
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M15 Investigating the role of chaperones during
β-galactosidase folding and assembly on the
ribosome
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Alzbeta Roeselova, Santosh Shivakumaraswamy, Aleksandra Pajak,
David Balchin
The Francis Crick Institute
Most proteins require chaperones to aid their folding and prevent
aggregation. In the cell, chaperones often bind substrates
cotranslationally and guide productive folding in cooperation with
the ribosome. Previous studies, however, have largely focused
on chaperones in isolation using in vitro refolding assays of small
substrates. The role of chaperones in de novo folding, especially
of large multi-domain proteins, remains poorly investigated. To
understand cotranslational chaperone activity, we are studying the
cotranslational maturation of an endogenous chaperone substrate,
β-galactosidase (β-gal). β-gal is a homotetramer with five subunits
per monomer. It refolds inefficiently from denaturant in vitro, unlike
in vivo where it folds and assembles cotranslationally. To sample
the translation reaction, we purified a set of ribosome-nascent
chain complexes (RNCs) with the ribosome stalled after synthesis of
increasing nascent chain lengths. Hydrogen/deuterium exchangemass spectrometry has allowed us to probe β-gal folding state on
the ribosome. While some β-gal domains adopt their native fold
immediately after synthesis, others fold only after the folding of
downstream domains, with important implications for the pathway
of β-gal assembly. We further revealed changes in the nascent
chain-length specific chaperone:RNC interactome during β-gal
synthesis using pull-down assays. In the future, we hope to integrate
information about the folding state of the nascent chain with details
of chaperone:RNC interactions derived from binding assays, crosslinking mass spectrometry and electron microscopy. This will enable
us to characterise the cotranslational, chaperone-assisted pathway of
β-gal maturation in detail and uncover how chaperones coordinate
with the ribosome to aid multidomain protein biogenesis.

M16 Folding of a large, multi-domain, oligomeric
protein at high structural resolution: Effect of cellular
factors

E. coli β-galactosidase (β-gal) is a multi-domain protein of
1024 residues that folds and assembles into an active tetramer
cotranslationally, a process aided by chaperones. How the cellular
environment promotes folding of topologically complex proteins
is poorly understood. Although β-gal was one of the first proteins
subjected to refolding studies, the folding trajectory is not structurally
characterized. Hence, we have optimized conditions to refold
chemically denatured β-gal and follow the refolding using enzyme
activity assays, size-exclusion chromatography and mass photometry.
At optimal refolding conditions, β-gal refolds at a slow rate with a halftime of 5 ± 1 h and the refolding yield after 24 h is ~30%. In presence
of trigger factor, the peptidylprolyl isomerase activity underlies an
acceleration in refolding by 3.7-fold while the DnaK, DnaJ and GrpE
system doubles the refolding yield. To follow the conformational
progression to the native state and understand why β-gal refolds
inefficiently in isolation, the β-gal refolding reaction was subjected to
pulse labelling with deuterium followed by mass spectrometry (HXMS). HX-MS reveals that the β-sheets comprising the hydrophobic
cores of the five domains fold quickly. The helices, and specifically
the loops interconnecting the domains are less protected initially
but attain native-like conformation gradually, thereby constituting
the rate-limiting step of the folding reaction. This analysis sets a
foundation to probe the structural basis for the action of the ribosome
and molecular chaperones on the refolding of β-gal.
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M17 HDX-MS unravels the conformational features
of human transthyretin oligomers suggesting their
involvement in the generation of the amyloidogenic
fragment 49-127
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Barbara Spolaore, Daniele Peterle, Anna Pagotto, Edoardo Viero and
Vincenzo De Filippis
University of Padova
Human transthyretin (hTTR) is a 55 kDa homo-tetrameric protein
involved in Senile Systemic Amyloidosis, characterized by hTTR
amyloid fibril deposition in the heart. Fibrils are mainly composed
of hTTR proteolytic fragments, especially fragment hTTR(49-127),
which are more amyloidogenic than the parent protein. Here, we
report the conformational characterization of hTTR oligomers
(hTTR-O) and native hTTR by global and local HDX-MS, along with
their susceptibility to proteolysis. Global HDX-MS analysis shows
a deuterium uptake of hTTR-O significantly higher (+26%) than
that of hTTR, indicative of a looser and more flexible structure
of the oligomers. Local HDX-MS analysis of hTTR shows an EX2
exchange mechanism, typical of folded proteins undergoing fast
local fluctuations at multiple sites. Conversely, for hTTR-O, a mixed
EX1-EX2 exchange kinetics has been observed, suggesting that
oligomers are structurally heterogenous and contain both compact
and loose regions. Compact regions follow an EX2 mechanism, while
looser regions exchange with EX1 kinetics, characteristic of partially
structured polypeptides undergoing slow global unfolding reactions.
hTTR-O were much more susceptible than hTTR to proteolysis by
digestive, coagulative and fibrinolytic proteases, and cleavage always
occurred at flexible regions, generating in all cases the amyloidogenic
fragment hTTR(49-127). Altogether, these findings suggest a novel
pathogenic mechanism in which oligomerization is crucial for hTTR
proteolysis and subsequent amyloid formation in vivo. These results
are consistent with recent work showing that the level of circulating
mutant hTTR oligomers is a diagnostic biomarker and driver of
disease in a hereditary form of hTTR amyloidosis.

M18 Is it possible to extract protection factors from
HDX-MS data?
Michele Stofella, Frank Sobott, Emanuele Paci
University of Leeds
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The main limitation of HDX-MS experiments over alternative
techniques such as NMR is its spatial resolution. Indeed, HDX-MS
monitors the exchange of a protein via its proteolytic fragments,
providing data at the peptide level that cannot be straightforwardly
translated into residue-level information. Several computational
strategies have been proposed to extract single residue exchange
rates (or, analogously, protection factors) from peptide-level HDX-MS
data, e.g. HDSite, ExPfact, pyHDX, HDXModeller. The possibility of
estimating individual protection factors from HDX-MS data depends
on three factors: (i) spatial resolution, (ii) temporal resolution and
(iii) experimental error. We discuss the effect of each factor on the
estimation of protection factors, and describe the different strategies
implemented by the available methods to obtain protection factors
from HDX-MS data.
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M19 Apicomplexan parasite proteins studied by
HDX-MS
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Oscar Vadas, Gaelle Lentini, Rouaa Ben Chaabene, Nicolas Dos
Santos Pacheco, Dominique Soldati-Favre
University of Geneva
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Apicomplexa are obligate intracellular parasites responsible of
major human diseases, like toxoplasmosis and malaria caused
by Toxoplasma gondii and Plasmodium falciparum respectively.
Phenotypic screens performed on genetically modified parasites
allowed identification of proteins essential for parasite fitness that
have no sequence homology with any model organism. Combination
of fluorescence microscopy with biochemical and structural
characterization using HDX-MS provides mechanistic details on
these proteins, contributing to understanding their function and their
regulation. Examples of studies focusing on proteins contributing
to structural integrity and to successful invasion of host cells will be
presented.

M20 Cyclic ion mobility mass spectrometry: Putting
ions in a hamster wheel
Vanesa Vinciauskaite, Glenn Masson, Lyssa Gold
University of Dundee
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Cyclic Ion Mobility Mass Spectrometry exchange offers key
advantages over currently available IMS instrumentations. Especially
coupled with HDX, it offers higher resolution and novel applications
for probing protein conformational changes and structure.
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M21 Investigation on Notch3 epitope mapping using
hydrogen exchange-mass spectrometry
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Rosa Viner1, Yuqi Shi1, Terry Zhang1, Vladimir Sarpe2,
David C. Schriemer2,
1 Thermo Fisher Scientific, San Jose, CA
2 University of Calgary, Calgary, Alberta
Among the four Notch receptors (Notch1-4) found in mammals, Notch3
is an appealing target due to its more restricted tissue expression
than the other Notch receptors, which may lead to a less toxici
therapy. The characterization of Notch3 epitopes may pave the way
for the identification of cancers that are likely to respond to Notch3
selective inhibitory antibodies. In this work, we used the negative
regulatory region (NRR) domain of Notch3 to map the epitope for a
Notch3 antibody (MOR20350). To address the challenges posed by
glycosylation and the existence of multiple disulfide bonds in the NRR
domain of Notch3, digestion conditions were optimized in terms of
quench buffer, quench time, and digestion temperature. As a result,
over one hundred peptides were used for deuterium calculation,
enabling us to achieve close to 99% sequence coverage on the
NRR domain of Notch3. The exchange behavior of Notch3 (control
state) and Notch3/Fab with varied binding ratios (1:1 and 1:2) were
compared throughout a time window of 30 sec to 9 hours using four
labeling times.

1. Hageman, T. S., & Weis, D. D. (2019). Reliable Identification
of Significant Differences in Differential Hydrogen Exchange-Mass
Spectrometry Measurements Using a Hybrid Significance Testing
Approach. Analytical chemistry, 91(13), 8008–8016.
2. Bernasconi-Elias, P., Hu, T., Jenkins, D., Firestone, B., Gans, S.,
Kurth, E., Capodieci, P., Deplazes-Lauber, J., Petropoulos, K., Thiel, P.,
Ponsel, D., Hee Choi, S., LeMotte, P., London, A., Goetcshkes, M., Nolin,
E., Jones, M. D., Slocum, K., Kluk, M. J., Weinstock, D. M., Fryer, C. J.
(2016). Characterization of activating mutations of NOTCH3 in T-cell
acute lymphoblastic leukemia and anti-leukemic activity of NOTCH3
inhibitory antibodies. Oncogene, 35(47), 6077–6086.
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The deuterium differences were first grouped based on the
magnitude of changes using k-mean clustering and then subjected
to a hybrid statistical test1 using an in-house developed MATLAB
script. Regions showing strong protection behavior were identified
as epitopes and visualized on the homology model (PDB: 5CZV).
In comparison to the previously reported co-crystal structure of
the Notch3 NRR/MOR20350 complex2, the same epitopes were
identified in the LNR-HD linker and HD region, (1503-1515 and 15911600 residues). Protection in the LNR-A/B linker and LNR-B regions
were missing in our results, perhaps due to the different complex
conformation in solution versus solid state.
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M22 Tracking the local structural changes in IgM
throughout antigen binding and complement
activation
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University of Washington
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The IgM antibody is the best-known activator of the classical
complement cascade, making it an attractive therapeutic platform
for the potential treatment of a wide array of disease states such
as pathogenic infection, autoimmune disorders, and several major
cancers. While the relationship between IgM and complement has
been appreciated for decades, the structural details behind the
activation mechanism remain largely unknown, namely the interaction
between IgM and the initiating molecule of the complement
cascade, C1q. To date, no complete IgM crystal structures have been
resolved; All biophysical characterization has been inferred from
combinations of fragmented structures, homology modeling, MD
simulations, and electron microscopy. Here we demonstrate the utility
of hydrogen-deuterium exchange mass spectrometry (HDX-MS) to
comprehensively map the structural changes and dynamic response
of IgM as it binds to various presentations of soluble and immobilized
antigen, along with real-time binding experiments that provide
orthogonal insight into the importance of functional avidity in the
IgM-mediated immune response. Results indicate a highly dynamic
response to antigen binding within regions encompassing the entire
IgM Fc domain, with key structural differences tied specifically to
variations in antigen presentation along with alterations in functional
binding avidity. We confirm the involvement of some putative C1q
binding sites and observe additional changes within distal regions
that point toward an activation mechanism based on a global and
cooperative distortion of the entire IgM molecule.

M23 Neutralization hotspots on the SARS CoV2
Spike protein receptor binding domain revealed by
HDX-MS

With the emergence of SARS CoV2 in early 2019, the scientific
community moved at an unprecedented pace to uncover the
molecular mechanisms that governed infectivity and pathogenicity.
The susceptibility of the viral spike protein to neutralizing antibodies
was quickly established and a wide array of effective monoclonal
antibodies developed. However, the epitopes associated with
the most effective of these neutralizing antibodies correspond
to an extremely limited subset of the spike protein surface, none
of which are exactly at the spike/Ace2 interface. In this work, we
provide evidence from exploration of the spike RBD / human Ace2
interaction that neutralization ‘hotspots’ can be predicted via HDX-MS
experiments that characterize binding of the antigen to its target.
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Sanofi Pasteur
York University
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M24 A combined HDX and molecular dynamics
simulations study of Sserpin folding
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Serpins, a large family of protease inhibitors, fold to a functional
metastable state and undergo a large conformational change to a
stable state when they inhibit target proteases. The serpin fold is
topologically complex with two interconnected domains and many
long-range contacts. Folding simulations of the human inhibitory
serpin alpha-1 antitrypsin (AAT) suggest that, despite the complexity
of the serpin fold, formation of local, sequential structure may be
important for proper folding. We therefore investigated the structure
and dynamics of progressively longer C-terminally truncated
fragments of AAT. The purified fragment containing amino acids
1-190 (AAT190) is monomeric and exhibits cooperative unfolding
as monitored by circular dichroism. HDX-MS reveals rapid exchange
in most of the structure with a small core of slower exchange.
Intriguingly, EX1 exchange in two peptides indicates that AAT190
undergoes slow cooperative unfolding not seen in the context of the
full length protein. Enhanced sampling molecular dynamic simulations
and HDX-MS data along with ensemble reweighting using HDXer
was employed to model the structures populated by this fragment.
Results indicate that AAT190 populates a diverse, dynamic structural
ensemble with significant amounts of secondary structure but little
tertiary structure. These results support models for the folding of
serpins wherein folding of the N-terminal half of the protein requires
the C-terminus and, despite the oligomerization propensity of fulllength serpins, late folding of the N-terminus likely does not by itself
result in oligomers. These results also suggest that HDXer reweighting
may be usefully applied to other unfolded or intrinsically disordered
proteins.

M25 Distinct binding selectivity in structurally
similar Bcl-2 family proteins is driven by innate
dynamic motifs
Esther Wolf, Cristina Lento, Derek J. Wilson
York University
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What molecular mechanisms underly selectivity in protein-protein
interactions? Our aim was to use short-timescale HDX-MS to explore
anti-apoptotic proteins Bcl-2 and Mcl-1 to better understand their
distinct abilities to accommodate various pro-apoptotic BH3 peptides
in their binding pockets. Particularly, both Mcl-1 and Bcl-2 can bind
representative BH3 peptides of Bid and Bim; however, Mcl-1 can
interact with Noxa, and Bcl-2 can bind Bad, but not vice versa. These
complex protein pathways are often implicated in various cancers
by enabling cells to evade death while also providing resistance to
cytotoxic chemotherapy. With a sequence coverage of 92% and 94%
for Bcl-2 and Mcl-1 respectively, short-timescale HDX was conducted
at 1, 2, 4, and 18 seconds. We discovered that Bcl-2 and Mcl-1
displayed innate changes in dynamics which facilitated the binding
groove accommodation regardless of the BH3 peptide bound. Mcl1 consistently underwent a broadly distributed deuterium decrease
across the entire binding pocket, whereas Bcl-2 consistently showed
a localized decrease around a conserved salt bridge. With homology
modeling, it was revealed that Bcl-2 relies on a greater number of
intermolecular bonds compared to Mcl-1. As such we propose that
the molecular mechanism of binding for Mcl-1 relies heavily on
conformational changes whereas Bcl-2 uses charge compensation.
These data provide fundamental insight on protein function as well
as additional considerations to be made in the development of anticancer drugs.
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M26 Structural observations of IgG when binds to
FcγRIIIa or antigens using HDX-MS
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Yuki Yamaguchi, Natsumi Wakaizumi, Mine Irisa, Takahiro Maruno,
Mari Shimada, Koya Shintani, Haruka Nishiumi, Rina Yogo, Saeko
Yanaka, Daisuke Higo, Tetsuo Torisu, Koichi Kato, Susumu Uchiyama
Osaka University
The interaction between immunoglobulin G1 (IgG1) and Fc gamma
receptor IIIa (FcγRIIIa) is essential for mediating immune responses.
IgG1 is composed of two Fab portions and one Fc portion. FcγRIIIa
is expressed primarily on natural killer cells and consists of two
extracellular domains: the membrane-distal domain (D1) and
membrane-proximal domain (D2). Previously, IgG interaction with
FcγRIIIa has been considered to only involve the Fc portion which
has the binding sites in CH2. However, recent studies have shown
that Fab was also involved in IgG-FcγRIII interactions. Here, we
conducted hydrogen/deuterium exchange mass spectrometry
(HDX-MS) and crosslinking mass spectrometry (XL-MS) to clarify
the interaction sites and structural changes upon formation of
IgG-FcγRIII complexes using marketed therapeutic antibodies.
Moreover, the influence of antigen-binding on IgG-FcγRIII
interactions was investigated by HDX-MS. Combined HDX-MS and
XL-MS revealed that the CL domain of Fab was in close proximity
to FcγRIIIa, indicating that this domain specifically interacts with D1
and D2 of FcγRIIIa. Considering with other groups’ observations,
the decreases in deuterium uptake of the segments in the CH1
may represent another interacting region with FcγRIIIa. Thus, we
hypothesize that two patterns of Fab-FcγRIIIa interactions exist,
namely CL-FcγRIIIa interactions and CH1-FcγRIIIa interactions.
Moreover, our HDX-MS detected the structural alterations in
CH3 caused by FcγRIIIa-binding and the structural alterations in
Fab caused by antigen-binding, which potentially facilitate the
stabilization and clusterization of antigen-IgG-FcγRIII complexes
for the subsequent activation of immune cells. This study showed
that HDX-MS is a powerful technique to obtain the structural
observations of IgG-related interactions.

M27 Ligand-induced activation of putative proton
channel in E. coli transhydrogenase investigated by
HDX-MS

The nicotinamide nucleotide transhydrogenase of E. coli is an
essential membrane protein utilizing the proton motif force (PMF)
to generate NADPH in the expanse of NADP+ and NADH while
transporting one proton from the outside to the inside. While atomic
structures for specific ligand bound states have become available,
the molecular mechanism of action and associated conformational
dynamics remain poorly understood. Here we set out to gain further
insights into the reaction cycle by analyzing the effects of different
ligands using Hydrogen Deuterium eXchange Mass Spectrometry
(HDX-MS). Depending on the bound ligand (NADPH, NADP+, NADH)
we observed different allosteric effects on the protein. Especially, the
binding of NADPH and NADP+ to domain III result in large effects
of the proton translocating transmembrane domain II. To maximize
sequence coverage and data quality in the transmembrane domain
we utilized a prototype SELECT SERIES Cyclic ion mobility (IM) mass
spectrometer by Waters. We obtained comprehensive data on
substrate binding and the subsequent conformational changes of the
reaction cycle.
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Institute
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London NW1 1AT

By tube

The nearest London Underground stations are:
1) King’s Cross St Pancras: Northern, Piccadilly, Hammersmith and
City, Circle and Metropolitan lines. Station has step-free access.
2) Euston: Victoria, Northern, London Overground lines
By bus
The following bus routes pass near the Crick
1) Bus routes 45, 46, 214 stop outside the Crick on Midland Road
2) Bus routes 10, 30, 59, 73, 91, 205, 390, 476 stop on Euston Road
outside the British Library
By bicycle
There are three cycle stands near the main entrance on Midland Road.
Please be aware that bicycles are left at the owner’s risk.

VENUE

GETTING THERE:

The nearest Santander docking stations are in front of the British
Library on Ossulston Street.
By car
There are a small number of disabled parking spaces for blue badge
holders outside the Crick on Ossulston Street.
Read more about accessibility.
We do not have car parking facilities, and local parking is very limited.
The nearest car parking is at Euston station and St Pancras station.
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By train
The nearest railway stations are St Pancras International, King’s Cross
and Euston stations.

VENUE

By air
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1) From London City Airport: take the DLR to Bank, then the
Underground (Northern Line) to King’s Cross St Pancras. Or take the
DLR to West Ham, then the Underground (Hammersmith & City) to
King’s Cross St Pancras.
2) From Heathrow airport: Heathrow Express, 15 mins to Paddington
station, then the Underground (Circle line or Hammersmith & City) to
King’s Cross St Pancras. Or take the Underground (Piccadilly Line) to
King’s Cross St Pancras (1 hour travelling time).
3) From Gatwick airport: take a national rail train to St Pancras
International. Or take the Gatwick Express, 30 mins to Victoria station,
then the Underground (Victoria) to King’s Cross St Pancras.
4) From Stansted airport: Stansted Express to Tottenham Hale station,
and then the Underground (Victoria) to King’s Cross St Pancras.
Or take the Stanstead Express to Liverpool Street station, then the
Underground (Circle) to King’s Cross St Pancras.
5) From Luton airport: take the Luton Airport Shuttle to Luton Airport
Parkway station, then the Thameslink to St Pancras International.
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