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Overview

Purpose: Demonstrate the benefits of Thermo Scientific™ Proteome Discoverer™ 2.0
software for combining a top-down and bottom up protein analysis workflow for in-
depth protein characterization.

Methods: A Sequest HT database search with precursor area calculation was
combined with a ProSightPD and Byonic search.

Results: A 100% sequence coverage was obtained by combining bottom-up and top-
down experiments.

Introduction

In the development as well as the production phase of biologics such as monoclonal
antibodies the verification of the correct amino acid sequence as well as the
assessment of the presence of the correct type and relative amount of glycosylation
are essential steps and only a few out of many analytical methods applied. Most
commonly, enzymatic digests of the proteins are analyzed in a peptide mapping type
experiment. In addition, top-down experiments provide additional information regarding
mass, amino acid and further modifications. Whereas previously data analysis had to
be run through different software packages, Proteome Discoverer software now
provides new nodes that enable the analysis of both bottom-up and top-down
experiments in one workflow on one platform.

Methods

Sample Preparation

For bottom-up experiments, the monoclonal antibody Rituximab was denatured for 30
min in 7 M Urea and 50 mM Tris HCL at pH 8.00. The sample was reduced with 5 mM
DTT for 30 min at 37°C, and alkylated by addition of 10 mM IAA for 30 min at room
temperature. The reaction was quenched by additon of 10 mM DTT. Thermo
Scientific™ Pierce™ Trypsin Protease (MS Grade) was added and digestion allowed
to proceed over night at 37°C. Digests were stopped by addition of TFA to
approximately pH 3.00.

The sample for the top-down characterization of the reduced antibody was produced
by offline buffer exchange against 50mM ammonium acetate followed by incubation in
10 mM TCEP for 1 h at 60°C directly prior to analysis.

Liquid Chromatography

Thermo Scientific™ Vanquish™ UHPLC system with a 2.1 x 250 mm i.d. Thermo
Scientific™ Acclaim™ 120 C18 column and gradients of water and ACN with 0.1% formic
acid each were used to separate the peptide mixture. For the gradient 2-45% ACN
were ramped for 30min at a flow rate of 0.4 mL/min.

Mass Spectrometry

Data acquisition was performed on the Thermo Scientific™ Q Exactive™ Plus and
Thermo Scientific™ Q Exactive™ HF mass spectrometers, both of which were
equipped with the protein mode feature. Bottom-up experiments were performed
using a HESI source; top-down experiments were performed by direct infusion with a
Thermo Scientific™ Nanospray Flex™ ion source with the static nanospray needle
setup.

Data Analysis

Data analysis was performed using Proteome Discoverer 2.0 software with the
Sequest HT search algorithm and ProsightPD [1-4] and Byonic [5] nodes enabled.

Results

In this study we have evaluated the new options in the Proteome Discoverer 2.0
software to include workflow nodes for Byonic and ProSightPC in a combined bottom-
up and top-down analysis of a monoclonal antibody. The bottom-up workflow (Figure
1 A) consists of the combination of the major modules: the database search using
Sequest HT and Byonic as well as the precursor ion quantification for the assessment
of relative abundances of peptides.

The top-down workflow (Figure 1 B) includes the ProSight High/High Crawler that
performs the spectra deconvolution based on high resolution mass spectra combined
with the ProSight absolute mass search.

For the complete characterization of biologics it is essential to confirm the expected
sequence aiming at 100% sequence coverage and in addition the monitoring of relative
abundances of glycoforms as well as the levels of modifications such as oxidation,
deamidation and truncation of the heavy chains’ C-terminal lysine residue. Figure 2A
shows the base peak chromatogram and the separation achieved from the antibody
digest sample with a separation time of 20min. Figure 2B is showing the XIC of the
oxonium ion indicative for the presence of glycopeptides that are shown in Figures 2C
and 2D on the Full MS level highlighting the presence of the glycopeptides in its various
isoforms. The obtained sequence coverage from Sequest HT and Byonic are shown in
Figures 4 and 5 for the light and heavy chain respectively. Figure 7 lists the identified
glycoforms of the heavy chains’ glycopeptide in two forms, identified with and without a
missed cleavage.

FIGURE 1. Proteome Discoverer 2.0 software workflows for the data analysis of
bottom-up (A) and top-down (B) spectra. The bottom-up workflow consist of
nodes for protein ID using the Sequest HT search algorithm, the precursor ion
area detector for relative quantitation and the new Byonic node. The top-down
workflow contains the new ProSight TopDown High/High Crawler for spectra
deconvolution combined with the Prosight absolute mass search node.
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FIGURE 2. Base Peak Chromatogram of the monoclonal antibody digest (top
trace). The peptide mixture was separated over a 20min gradient. The XIC of m/z
204.0685 shows where the glycopeptides elute (middle trace). A zoom into the
averaged Full MS spectra shows the variety and relative abundances of the various
glycoforms and different charge states of the glycopeptide EEQYNSTYR.

Base Peak Chromatogram

8.42 NL: 2.11E9
Base Peak F: ms
580 993 107 us
8 10.77 14.51 QE_HF_Vanquish
560 : _Rituximab_20min
3
<
240 15.10
T20 9.37 14.02
° 12.26 16.41 18.72
0 NL: 1.11E7
100 miz=
o XIC m/z 204.0685 2eoases
60 QE_HF_Vanquish
_Rituximab_20min
40
20
o 139 211 3. 85.; 5.55 6.14 7.78 8.70 12.22 12.36 14.48 17.10 18.43
6 8 10 12 14 16 18 20
Time (min)

T: 3.68-4.03 QE_HF_Vanquisii-Rituximab_20min#2212-2260 RT: 4.47-4.55

T: FTMS + p ESI Full ms [200:68-2000.00]

14 z=3
& i 100 &
" Zobh ItO'FAIFMMS  « ~ zoom into Full MS
80 R AZEISTITIRR R Y 80
® z=1 g 1399.6565
E70 FESFEEEIEERERERERE ET0 70570 722
B0 H B G BB EESBAMWHE S EE B 260 !
3 lERaEpa s usRBABHEEDE 3
250 9045111 <50 |
o e e s e & 1 E@RESBsaaes P
240 n‘oo‘otoo BHEEBERBEE =40 i 11354626
©30 W aa:anoin‘a.aaa 30 252 1480,0824,
BB BB E RS R RN | 12075157+ & 22
» 2% oy | B d.f"73'§4k -l we » “ 3
ity 10 f fi ] \16’“6“’1 I
o e i bt b hed e o al |
800 1000 1200 1000 1500
miz miz

FIGURE 3. Top-down data of the reduced monoclonal antibody sample showing
the Full MS spectrum (A), the MS/MS HCD spectrum of a single charge state of the
antibodies’ light chain (B). Trace C shows a zoom into the top-down spectrum
highlighting a series of fragments of charge state z=6 and a number of low
abundant higher charge states z=10,12. Trace D highlights the deconvoluted
portion of the top-down spectrum shown in trace C highlighting the partial
sequence aa81-83 DAA of the light chain.
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FIGURE 4: The sequence coverage obtained from the bottom-up approach for the
antibodies light chain is 98.6%. Only the tripeptide EAK was missed due to the
search algorlthms capabilities to identify peptides with at least 4 amino acids.
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FIGURE 5. The sequence coverage obtained from the bottom-up approach for the
antibodies heavy chain is 100%.
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FIGURE 6: Sequence coverage of the antibodies' light chain based on the top
down spectrum. Blue lines with kinks towards the left/right indicate the
assignment of corresponding b/y-type fragment ions.
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FIGURE 7: List of the identified glycoforms of the antibodies’ glycopeptide
EEQYNSTYR and TKPREEQYNSTYR using the Byonic search node.
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FIGURE 8: This table shows the list of identified modifications based on the
included search criteria for the bottom-up database search:GIn->pyroGlu,
deamidation and oxidation.

Description Gin->pyro-GIu(@) Gount | Gin->pyro-Giu(Q) Posiions
Deamidated(N: Q) Cout | Deamidated(N; Q) Positions
Osidation(M) Count Oxidation(M) Positions
HC_plusk_Ritwdmab | 2 Gin->py7o-Glu [N-Tem: N-Term]
2 Deamidated [Q6: N33; NS5: N6: Q62: Q82 N108: N163; Q173: Q200: N205: N20T: N212: N290: Q315: N319: N325; N365: Q366; N383: Q350; N393]
Ovidation [M20: M34: M81: M256; M432]
Gin->pyro-Glu [N-Term]
Deamidated [A36: Q37: N136; N137: N151: N157: Q159: Q165: N20s]
Ovidation [M21]
Gin->py1o-Glu [N-Ter: N-Term]
0 Deamidated [N33: N55: N61: Q62: Q82: N163: Q179: G200: N205: N207: N212: N280: G315: N319: N329: N365: Q366: N3ga: Qas0: N3s3]
‘Ovidation [M20; M34; M81; M256; M432]
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FIGURE 9 The truncation of the C-terminal lysine residue of the heavy chain is
quite commonly observed. Using the precursor ion quantification in the bottom-
up workflow an assessment of relative quantitation of the peptide with and
without the C-terminal lysine can be performed including different charge states.
The ratio of the truncated to untruncated peptide based on the precursor are is
6.2e8:(2.6e6+2.5e7)=23 corresponding to ~4.3% of the untruncated form.
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Results continued

Figure 8 lists the identified modifications found in the bottom up approach: oxidation,
deamidation and the conversion of the N-termini of both the light and heavy chain from GIn
to pyro-Glu. Figure 9 highlights the relative quantitation of the C-terminal peptide of the
heavy chain with and without the terminal lysine. For the full length peptide both charge
states +1 and +2 were considered, the truncated peptide was detected only in charge state 1
due to the lack of the proton-capturing lysine. The areas obtained for the two versions of the
peptide allow the determination of the ratio truncated:untruncated peptide to be ~23,
corresponding to ~4.3% abundance of the untruncated form.

Figure 3 shows the Full MS spectrum of the reduced antibody with the overlapping charge
envelopes for the light and heavy chains. For top-down analysis and fragmentation a single
charge state was isolated with a 10Da isolation window in order to get a fragment ion
spectrum of either light chain (Figure 3B) or the heavy chain (not shown) was obtained.
When top-down analyses are performed involving chromatographic separation the isolation
window can be widened up to several hundreds of Da in order to co-isolate and fragment
several charge states of either species in parallel. Figure 3C highlights the number and
density of fragment ions observed, and in particular fragment ions in higher charges states
due to the use of the protein mode available on the Q Exactive mass spectrometer. Figure
3D shows the deconvoluted spectrum of the zoomed MS/MS spectrum highlighting the
fragment ion series bgy-bgs supporting the amino acid sequence “DAA”. The assignment of all
detected fragment ions to the sequence of the light chain is highlighted in Figure 6. The
isoform with GIn->pyro-Glu (D mass -17.0264 Da) was selected so this modification was
added to the sequence. Overall 48% of all residue cleavages were confirmed with the top-
down approach This resulted in a combined sequence coverage of 100 %.

Conclusion

Here we demonstrate the advantages of the possibilities to implement nodes for Byoinc
and ProSightPC into Proteome Discoverer software for a high-throughput capable
analysis of biologics. In the example detailed on this poster results were obtained for:

= The sequence coverage for the light (100%) and heavy chain (100%).
= The identification of various glycoforms of the heavy chains’ glycopeptide.

= Various modifications of light and heavy chain, in particular oxidation, deamidation
and GIn->pyroGluc conversion.

= The assessment of relative ratio of the truncation of the terminal lysine residue on the
heavy chain.

= The light chain top-down data confirmed the sequence and supported the bottom-up
analysis with 48% obtained residue cleavages.
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