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" Introduction 5 min
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= CTDP Early Career Researcher (ECR) Committees
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Current Consortium Initiatives
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CTDP Early Career Researcher (ECR) Committee

= Main tasks
= Promote education and outreach
" Propose and organize interlaboratory studies

= 2-Year term
= 15t ECR Committee, 2022-2024
= 2"d FCR Committee, 2024-2026
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Interlab research initiatives

= Gold-standard datasets

= Kyowon Jeong (University of
Tuebingen)

* Frederik Lermyte (Technical
University of Darmstadt)
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of Technology)

= MS? Fragmentation

» Luca Fornelli (University of
Oklahoma)
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2"d CTDP ECR Committee, 2024-2026
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Progress report on CTDP ECR
Gold standard dataset project

Kyowon Jeong
Kohlbacher lab, University of Tubingen in Germany
CTDP ECR committee



Gold standard TDP dataset

* Gold standard TDP dataset: a set of high-quality TDP
MS1 and MS2 spectra, with thorough assignments.

* |deally, all peaks should be completely annotated
leading to the perfect annotation of all precursor and
fragmention masses.

mmmmm

* Standard to measure the goodness of your own
datasets and analysis pipelines =

* A step stone for method development! C—



Presenter Notes
Presentation Notes
Now then what exactly is the gold standard dataset? Read *  * * * * … 


Implication of gold standard dataset

* Validation and evaluation of existing TDP workflows

* Develop computational method for data analysis.

* Setting up TDP protocols for research objectives.


Presenter Notes
Presentation Notes
For standardized analysis software, robust error estimation and control method should precede. Otherwise, standardized software may simply introduce the same bias again and again and again. * And for that, Gold standard dataset is a must. * Moreover, I believe this standard dataset is also extremely useful to standardize the experimental protocols since researchers can have a good reference dataset. *


Gold standard TDP dataset project
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Presenter Notes
Presentation Notes
So we ECR members decided to make a freely available gold standard TDP dataset and * Serife, Frederik and I are leading this project, with a lot of help from all ECR members and * others. *
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Presenter Notes
Presentation Notes
The study design is not very complicated. We start with a few well known proteins. * then generate high quality dataset * using varying ion source * mass analyzer * and fragmentation. * that means we use different kinds of instruments. * And even we use in silico spectrum generate that I will explain more later. * Then the annotation is done by * two independent groups to reduce errors and bias. * In addition automated anlaysis will follow. * The generated dataset will be * distributed freely to the public keeping fair data distribution principle.  * One unique design in this study is that we use in silico simulated spectrum. *
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Presenter Notes
Presentation Notes
The study design is not very complicated. We start with a few well known proteins. * then generate high quality dataset * using varying ion source * mass analyzer * and fragmentation. * that means we use different kinds of instruments. * And even we use in silico spectrum generate that I will explain more later. * Then the annotation is done by * two independent groups to reduce errors and bias. * In addition automated anlaysis will follow. * The generated dataset will be * distributed freely to the public keeping fair data distribution principle.  * One unique design in this study is that we use in silico simulated spectrum. *
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FTMS Data Simulation via Time-Domain Transients
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Presenter Notes
Presentation Notes
We are using a software called FT simulator from Spectroswiss. 
Simply put, the software takes the * protein sequence * and a few parameters and * it first generates the transitions unlike many simulator that directly generate spectral peaks. And then perform the FT to get the spectrum. This FT is the exacly the same FT being used inside the instrument. * So at the end we have very realisitic fully annotated top down spectra. *
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Presenter Notes
Presentation Notes
The study design is not very complicated. We start with a few well known proteins. * then generate high quality dataset * using varying ion source * mass analyzer * and fragmentation. * that means we use different kinds of instruments. * And even we use in silico spectrum generate that I will explain more later. * Then the annotation is done by * two independent groups to reduce errors and bias. * In addition automated anlaysis will follow. * The generated dataset will be * distributed freely to the public keeping fair data distribution principle.  * One unique design in this study is that we use in silico simulated spectrum. *
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Entrapping manual annotators

* The annotators annotate the spectrum given target sequences based
on our guidelines.

* Target sequences define the masses to look at.
* Forthose target masses, FNR is expected to be ~0.0

* Butin reality, other masses would be present — modified proteoforms,
internal ions, etc.

* If we provide the in silico datasets only containing correct masses, FNR
cannot be measured for such unexpected masses.

* Thus, we provide the datasets with slightly modified sequences that
contain some portion of incorrect masses.

* Forthose masses (only known for data generation team) we measure
FNR.



Experimental datasets

o Initiative launched in 2023 (currently 210 participants)

o Participants cover the major instrument types for top-down
protein MS (data acquisition will start in summer 2024)

e More annotators would be recruited who are willing to help
process Orbitrap, Synapt (Waters), and solariX (Bruker) data



Distribution of the datasets
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One example use case of in silico spectra

* Knowing ALL masses that generated spectrum can be handy when
analyzing internal fragment ions.

* To confirm an internal fragmentation by a mass, we need confirm
two things:
* The mass is correct.
* The assignment is correct


Presenter Notes
Presentation Notes
But still simulated gold standard dataset can be very useful. It can be useful for error estimation and quality control method development.  * And one interesting use case is about the internal fragment ions. *


Assignment ambiguity

Employing a T ppm mass error tolerance as the only search constraint allowed ca. 80% of internal fragments to be
unambiguously assigned within the mass range of 9—29 kDa and ca. 70% at 66 kDa (Table S1). The 1 ppm error

analygi-lce?lnistry

pubs.acs.orgfac m

Increasing Top-Down Mass Spectrometry Sequence Coverage by an
Order of Magnitude through Optimized Internal Fragment
Generation and Assignment

Nicholas D. Schmitt, Joshua M. Berger, Jeremy B. Conway, and Jeffrey N. Agar™
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ABSTRACT: A major limitation of intact protein fragmentation is
the lack of sequence coverage within proteins’ interiors. We show
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Presenter Notes
Presentation Notes
Well, maybe 10 ppm is too wide. * as mentioned in this paper by Schmitt et al., * we may reduce the matching tolerance to 1 or 2 ppm. *


Assignment ambiguity + mass error?

e What if masses are incorrect but we do not know?

* What is the expected erroneous internal ion annotation rate w.r.t.
mass error rate?

* This is a tricky question to answer with experimental datasets
because we do not have golden incorrect masses!!

e But we can have 100% incorrect deconvolved masses from in
silico datasets!


Presenter Notes
Presentation Notes
But still simulated gold standard dataset can be very useful. It can be useful for error estimation and quality control method development.  * And one interesting use case is about the internal fragment ions. *


Procedure

* We generated in silico spectrum from Yeast enolase protein (46.5
kDa, 436 amino acids) only with b and y ions but without any
Internal ion.

* Deconvolved using FLASHDeconv yielding 250 masses : 189
correctly matched.

* What about 61 remaining obvious false positive but non-internal

.
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61 incorrect masses vs. internal ion fragments
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2,1, 0 ppm tolerance for internal ion matchin;


Presenter Notes
Presentation Notes
When we used 10 pm tolerance * ,          * actually almost all of the 33 masses were matched well to the internal fragment ion masses. *


Conclusion

* Gold standard dataset project is on its way
* Trying to collect high quality fully annotated MS and MS2 spectra

* Multiple labs will be involved to generate high quality datasets from
various protocol and instruments

* in silico spectra will serve as
* Gold standard dataset itself
* A method for manual validation quality evaluation
* Resource for other implications (e.g., internal fragment ion study)

* The datasets will be openly accessible through a public repository.
* We will host a webpage for the interactive visualization of the datasets.
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Protocol on MS2: Organizers % CTDP

Consortium for Top-Down Proteomics

» Project design &
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» Data analysis and
bioinformatics:
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What is ExDViewer?

Agilent freeware for analysis and visualization of top- and middle- Key Features
down protein mass spectrometry data.
«  For protein sequence confirmation © In addition to Agilent .d, accepts other vendor and open-source file
formats as input.
©  One deconvolution workflow with beginner-friendly presets.
3 Match to a target sequence or use untargeted deconvolution.
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“» Share a URL link to view results online.

What does freeware mean? As freeware, ExDViewer is Agilent proprietary software that is distributed at no monetary cost to users under specific terms of use defined in the End User License
Agreement. ExDViewer is not free software or open-source software.
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Previous CTPD work on MS' % CTDP

Consortium for Top-Down Proteomics

> Blueprint for the new study: natl;lre\methods PERSPECTIVE

https://doi.org/10.1038/541592-019-0457-0

» |Interlaboratory study led by
Prof. Agar in 2019, published on

Nature Methods. Best practices and benchmarks for intact protein

analysis for top-down mass spectrometry

- _Thls WOFk InCIUde_d US.er| Daniel P. Donnelly ©'¢, Catherine M. Rawlins''é, Caroline J. DeHart?, Luca Fornelli?,
information for scientists Luis F. Schachner©?, Ziging Lin?, Jennifer L. Lippens ©4, Krishna C. Aluri©"®, Richa Sarin®'¢,
approaching top-down MS for Bifan Chen @3, Carter Lantz’, Wonhyeuk Jung’, Kendall R. Johnson', Antonius Koller', Jeremy J. Wolff®,
the first time lain D. G. Campuzano©*, Jared R. Auclair©®, Alexander R. lvanov’, Julian P. Whitelegge ©,

) Ljiliana Pasa-Toli¢ ®@", Julia Chamot-Rooke 2, Paul O. Danis®, Lloyd M. Smith™, Yury O. Tsybin®7,

Joseph A. Loo®7, Ying Ge®3, Neil L. Kelleher®2 and Jeffrey N. Agar©'*

» [ntact mass analysis via MS1 is

One gene can give rise to many functionally distinct proteoforms, each of which has a characteristic molecular mass. Top-down

I mass spectrometry enables the analysis of intact proteins and proteoforms. Here members of the Consortium for Top-Down
usua I ly the € ntry pOI nt to th € Proteomics provide a decision tree that guides researchers to robust protocols for mass analysis of intact proteins (antibodies,
- I membrane proteins and others) from mixtures of varying complexity. We also present cross-platform analytical benchmarks

tO p down universe. using a protein standard sample, to allow users to gauge their proficiency.
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Protocol on MS2: Goals % CTDP

Consortium for Top-Down Proteomics

Description of main data acquisition parameters and their impact on MS? spectra:

For various instruments

Using different ion activations
Distinction between two common scenarios in data acquisition parameters for top-down MS:

“targeted” (e.g., analysis of recombinant proteins, analysis of biotherapeutics)

“high-throughput” (i.e., large scale top-down proteomics)

Definition of realistic expectations for MS? results:

What is a good sequence coverage?

What metrics matter?
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Protocol on MS?: Study structure

# CTDP

CoﬁSTJnium for Top-Down Proteomics

The study will be divided into two Phases:

Phase 1: targeted MS? analysis of a
commercial six protein standard

- analysis to be performed as LC-MS?
- various ion activation techniques

Phase 2: high-throughput analysis of a
complex proteoform mixture (E. coli) using:

- Set of parameters for “optimal

proteoform characterization”

- set of parameters for “speed”

Relative Abundance
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Phase 1: Data analysis % CTDP

CoﬁSTJnium for Top-Down Proteomics

» Data analysis will be centralized (files uploaded online):
1. Conversion: from proprietary to mzML (or mzXML) format

2. Deconvolution: FLASHDeconv (Kyowon Jeong)

3. Fragment matching: ProSight Lite (Ryan Fellers + Joseph Greer)

» Deconv parameters will be optimized for each instrument platform (using preliminary data)
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Phase 1: Results & Output % CTDP

CoﬁSTartium for Top-Down Proteomics

» Sequence coverage (fraction of identified backbone cleavages over the total)
> p-score
> Number of matched fragments and percentage of matched fragments over total

» Definition of two sets of parameters:

= Parameters that, while still compatible with LC time scale, provide the best protein characterization at the
expense of speed — “targeted top-down MS” parameters.

= Parameters that, sacrificing sequencing performance, optimize data acquisition cycle and keep p-score
good enough — “high-throughput top-down proteomics” parameters.
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Participants, vendors & instruments % CTDP

Consortium for Top-Down Proteomics

» 21 TFT-ICR

» Project participant: Lissa Anderson, High
Magnetic Field National Laboratory
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Participants, vendors & instruments % CTDP

Consortium for Top-Down Proteomics

> ZenoTOF 7600

» Vendor contact;: Sahana Mollah

» Project participant: Rick Searfoss,
Washington University St. Louis

CAD, EAD




1 CTDP

Participants, vendors & instruments 3 |

» Exploris 480

» Vendor contact: Rafael Melani

LR T A

> Project participant: Grace Scheidemantle,
Frederick National Laboratory for Cancer Research

HCD thermo
scientific
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1 CTDP

Consortium for Top-Down Proteomics

Participants, vendors & instruments

» Orbitrap Fusion Lumos Tribrid

» Vendor contact; Rafael Melani
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» Project participant. Robert D’Ippolito, Frederick
National Laboratory for Cancer Research

HCD, CID, ETD thermo
scientific




1 CTDP

Consortium for Top-Down Proteomics

Participants, vendors & instruments

» Orbitrap Fusion Lumos Tribrid

» Vendor contact; Rafael Melani

—_—
|
—
1
f——
—_—
—
| ——
| —

[ —
—
—'-_-I-
———

> Project participant: Philipp Kaulich, Christian-
Albrechts-Universitat zu Kiel

HCD, ETD, UVPD, EThcD thermo
sclentific




Participants, vendors & instruments % CTDP

Consortium for Top-Down Proteomics

» Orbitrap EclipseTribrid

» Vendor contact; Rafael Melani

» Project participant: Amal Eltobshi, University of
Oklahoma

HCD, CID, ETD, UVPD thermO
scientific
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Participants, vendors & instruments % CTDP

Consortium for Top-Down Proteomics

» Modified TimsTOF Pro

» Vendor contact: Melvin Park

» Project participant: Fanny Caroline Liu, Florida
State University

CAD




Participants, vendors & instruments

1 CTDP

Consortium for Top-Down Proteomics

» TimsTOF HT

» Vendor contact: Melvin Park

» Project participant: Bryon Drown, Purdue

University

CAD

(<O .



Participants, vendors & instruments % CTDP

Consortium for Top-Down Proteomics

> 6545XT AdvanceBio LC/Q-TOF

» Vendor contact: Rachel Franklin

> Project participant: Carter Lantz, Texas A&M “ 8
University

‘ ®
CAD, ECD '.Q.'

2,5 Agilent




Participants, vendors & instruments % CTDP

Consortium for Top-Down Proteomics

» SELECT SERIES MRT

» Vendor contact: Brad Williams

» Project participant: TBD

Waters®



Updated timeline and milestones % CTDP

Consortium for Top-Down Proteomics

» Update to community at Top-Down workshop @ ASMS 2024 - about 50% data collected, remaining data:
post-ASMS to first 2 weeks of July.

> Phase 1 to be completed by August 2024 (plus some time for data analysis/polishing).
» Meeting to discuss Phase 1 results by October 2024 (to be organized by CTDP).

» Phase 2 starting in July/August 2024.
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Contact information

1 CTDP

Consortium for Top-Down Proteomics

» Lissa: anderson@magnet.fsu.edu

» Caroline: caroline.dehart@nih.gov

» Luca: luca.fornelli@ou.edu

» Kyowon: kyowon.jeong@uni-tuebingen.de
» Ryan: ryan.fellers@northwestern.edu

» Joe: joe.greer@northwestern.edu

» Adrian: adrian.guthals@agilent.com
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Panel Discussions

Clinical Research Biopharmaceutical Industry

Julia Chamot-Rooke Bryon DO\;vn Pavel Bondarenko Lauren Adams
(Institut Pasteur) (Purdue Un1vers1ty) (Amgen) (Merck)

Elena Domlnguez Vega Chrlstoph Gstottner Jake Melby Weijing Liu
(Leiden University) (Leiden University) (AstraZeneca) (Thermo Fisher Scientific)



17th Uppsala conference on Electron Capture and Transfer Dissociation

e July 15-17, 2024 Confirmed speakers
* Technical UniverSity of UppCon 2024 will feature an excellent lineup of confirmed speakers, including
Darmstadt

e Professor —> Jon Amster (University of Georgia, USA)
organlzed by Frederik Lermyte- e Professor = Joseph Beckman (Oregon State University, USA)

eq r|y_bird registration (onIy €80  ° Professor = Kristina Hakansson (University of Michigan, USA)

for academics. later going up to e Professor —=» Albert Heck (Utrecht University, NL)
V4
€100)  Professor = Joseph Loo (UCLA, USA)

e Professor = Peter O'Connor (University of Warwick, UK)

abstract submission are still e Professor = Brandon Ruotolo (University of Michigan, USA)

open. e Professor = Richard Scheltema (University of Liverpool, UK)
e Professor = Frank Sobott (University of Leeds, UK)

e Professor = Roman Zubarev (Karolinska Institutet, SE)



Thank you for participating in this work

See you in the Top-Down Proteomics Workshop
at ASMS 2025
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