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O i Results continued FIGURE 6: Sequence coverage of the antibodies' light chain based on the topFIGURE 3. Top-down data of the reduced monoclonal antibody sample showing R lt ti dOverview Results continued 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

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 Results continued

Purpose: Demonstrate the benefits of Thermo ScientificTM Proteome DiscovererTM 2.0 For the complete characterization of biologics it is essential to confirm the expected
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do spect u ue es t s to a ds t e e t/ g t d cate t e
assignment of corresponding b/y-type fragment ions.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 Figure 8 lists the identified modifications found in the bottom up approach: oxidation,
software for combining a top-down and bottom up protein analysis workflow for in-
depth protein characteri ation

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

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

g
deamidation and the conversion of the N-termini of both the light and heavy chain from Gln
to p ro Gl Fig re 9 highlights the relati e q antitation of the C terminal peptide of thedepth protein characterization.
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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

g g g g
portion of the top-down spectrum shown in trace C highlighting the partial
seq ence aa81 83 DAA of the light chain

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 chargeMethods: A  Sequest HT database search with precursor area calculation was 

combined with a ProSightPD and Byonic search
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

sequence aa81-83 DAA of the light chain. 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 1combined with a ProSightPD and Byonic  search.

Results: A 100% sequence coverage was obtained by combining bottom up and top
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

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 ~23100 1536.74

AResults:  A 100% sequence coverage was obtained by combining bottom-up and top-
down experiments.
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and 2D on the Full MS level highlighting the presence of the glycopeptides in its various
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peptide allow the determination of the ratio truncated:untruncated peptide to be ~23,
corresponding to ~4.3% abundance of the untruncated form.Full MS Spectrum
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In the development as well as the production phase of biologics such as monoclonal
tib di th ifi ti f th t i id ll th FIGURE 1 P t Di 2 0 ft kfl f th d t l i f

missed cleavage. 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 obtained0
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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

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

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
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are essential steps and only a few out of many analytical methods applied. Most
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 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
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commonly, enzymatic digests of the proteins are analyzed in a peptide mapping type
experiment In addition top down experiments provide additional information regarding

area detector for relative quantitation and the new Byonic node. The top-down
workflow contains the new ProSight TopDown High/High Crawler for spectra

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 statesTop Down MS/MS Spectrum80

nd
an

ce 1176.02 1310.06
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1161.60Bexperiment. In addition, top-down experiments provide additional information regarding
mass, amino acid and further modifications. Whereas previously data analysis had to

workflow contains the new ProSight TopDown High/High Crawler for spectra
deconvolution combined with the Prosight absolute mass search node.

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
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experiments in one workflow on one platform A B

fragment ion series b80-b83 supporting the amino acid sequence DAA . The assignment of all
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ConclusionSample Preparation FIGURE 7: List of the identified glycoforms of the antibodies’ glycopeptide
down approach This resulted in a combined sequence coverage of 100 %.
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For bottom-up experiments, the monoclonal antibody Rituximab was denatured for 30
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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:

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 addition of 10 mM DTT. Thermo

1400 1405 1410 1415 1420 1425 1430 1435 1440 1445 1450
m/z

0

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%)

temperature. The reaction was quenched by addition of 10 mM DTT. Thermo
ScientificTM Pierce™ Trypsin Protease (MS Grade) was added and digestion allowed Second Level Head Deconvolution

m/z

8667 31b80 b
b82 § The sequence coverage for the light (100%) and heavy chain (100%).

The identification of various glycoforms of the heavy chains’ glycopeptide
to proceed over night at 37°C. Digests were stopped by addition of TFA to
approximately pH 3 00 Body text. AAD80

100

an
ce

8667.318596.328410.18
8525.25

b80 b81 b83
82

§ The identification of various glycoforms of the heavy chains’ glycopeptide.
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The sample for the top-down characterization of the reduced antibody was produced
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§ The assessment of relative ratio of the truncation of the terminal lysine residue on the
10 mM TCEP for 1 h at 60°C directly prior to analysis.
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§ The assessment of relative ratio of the truncation of the terminal lysine residue on the 
heavy chain.Liquid Chromatography

FIGURE 8: This table shows the list of identified modifications based on the
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
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§ The light chain top-down data confirmed the sequence and supported the bottom-up Thermo Scientific™ Vanquish™ UHPLC system with a 2.1 x 250 mm i.d. Thermo
FIGURE 8: This table shows the list of identified modifications based on the
included search criteria for the bottom-up database search:Gln->pyroGlu,

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 g p q pp p
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acid each were used to separate the peptide mixture For the gradient 2 45% ACN
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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 FIGURE 4: The sequence coverage obtained from the bottom-up approach for the
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digest sample with a separation time of 20min Figure 2B is showing the XIC of the

sequence aa81-83 DAA of the light chain. 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 1combined with a ProSightPD and Byonic  search.

Results: A 100% sequence coverage was obtained by combining bottom up and top
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

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 ~23100 1536.74

AResults:  A 100% sequence coverage was obtained by combining bottom-up and top-
down experiments.
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peptide allow the determination of the ratio truncated:untruncated peptide to be ~23,
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In the development as well as the production phase of biologics such as monoclonal
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missed cleavage. 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 obtained0
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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

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

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
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are essential steps and only a few out of many analytical methods applied. Most
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 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
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commonly, enzymatic digests of the proteins are analyzed in a peptide mapping type
experiment In addition top down experiments provide additional information regarding

area detector for relative quantitation and the new Byonic node. The top-down
workflow contains the new ProSight TopDown High/High Crawler for spectra

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 statesTop Down MS/MS Spectrum80
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1161.60Bexperiment. In addition, top-down experiments provide additional information regarding
mass, amino acid and further modifications. Whereas previously data analysis had to

workflow contains the new ProSight TopDown High/High Crawler for spectra
deconvolution combined with the Prosight absolute mass search node.

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

p p
40

60

e 
A

bu
n

1058.52 1511.601235.53 1378 82

1161.60

1011 40
, p y y

be run through different software packages, Proteome Discoverer software now
id d th t bl th l i f b th b tt d t d

g
3D shows the deconvoluted spectrum of the zoomed MS/MS spectrum highlighting the
fragment ion series b -b supporting the amino acid sequence “DAA” The assignment of all20

40

R
el

at
iv

e 1378.82 1744.021526.14
1073.23974.97 1723.01 1781.33

1643 84

1011.40

provides new nodes that enable the analysis of both bottom-up and top-down
experiments in one workflow on one platform A B

fragment ion series b80-b83 supporting the amino acid sequence DAA . The assignment of all
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ConclusionSample Preparation FIGURE 7: List of the identified glycoforms of the antibodies’ glycopeptide
down approach This resulted in a combined sequence coverage of 100 %.
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For bottom-up experiments, the monoclonal antibody Rituximab was denatured for 30
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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 0
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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:

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 addition of 10 mM DTT. Thermo
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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%)

temperature. The reaction was quenched by addition of 10 mM DTT. Thermo
ScientificTM Pierce™ Trypsin Protease (MS Grade) was added and digestion allowed Second Level Head Deconvolution
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§ The identification of various glycoforms of the heavy chains’ glycopeptide.
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The sample for the top-down characterization of the reduced antibody was produced
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§ The assessment of relative ratio of the truncation of the terminal lysine residue on the 
heavy chain.Liquid Chromatography

FIGURE 8: This table shows the list of identified modifications based on the
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
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§ The light chain top-down data confirmed the sequence and supported the bottom-up Thermo Scientific™ Vanquish™ UHPLC system with a 2.1 x 250 mm i.d. Thermo
FIGURE 8: This table shows the list of identified modifications based on the
included search criteria for the bottom-up database search:Gln->pyroGlu,

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 g p q pp p

analysis with 48% obtained residue cleavages.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

p py
deamidation and oxidation.

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 FIGURE 4: The sequence coverage obtained from the bottom-up approach for the
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