Methods
General Approach
The Sliding Window Algorithm involves two steps: the sliding window step and the
mass merge step. These are described below.
The Sliding Window Step
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The sliding window step applies a sliding window in retention time to generate a
succession of time-averaged spectra. The sequence of sliding windows is determined
by four parameters: start time, stop time, width, and offset. This is illustrated in Figure
1, which shows a succession of three retention time windows starting at 2.5 min, with a
width of 0.4 min and an offset of 75%, stopping at 3.5 min.
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Overview

Purpose: Identification of large molecules such as intact proteins in LC/MS is
complicated by the difficulty of identifying the relevant peaks in the chromatography. In
general, peaks associated with large molecules will have complicated profiles, illdefined start and stop times, and often overlap with other components in complex
protein samples. In this study, we discuss a novel “sliding window” approach that
eliminates the need to identify chromatographic peaks and takes advantage of power
of deconvolution algorithm to identify components directly.
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scheme
Xtract for isotopically resolved and ReSpect™ for isotopically unresolved
spectra – to generate a list of ‘component peaks’ for the successive retention time
windows. The sliding window step produces a list of ‘component peaks’ for individual
retention times. Figure 2 shows a plot of component intensities vs mass and retention
time for a typical succession of sliding windows

FIGURE 2. component intensities vs mass and retention time for the example in
Figure 1.
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involved in trying to identify peaks associated with large molecules, 2) it can identify
and characterize components that coelute at overlapping retention time ranges, 3) it
produces a meaningful elution profile for each components it identifies, 4) it can reduce
the rate of false positives, 5) in many cases it can also increase sensitivity.
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spectrum, and merges similar masses to identify components. This algorithm is
incorporated into Thermo ScientificTM Protein DeconvolutionTM 4.0 Software.
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The sliding window step applies a sliding window in retention time to generate a
succession of time-averaged spectra. The sequence of sliding windows is determined
by four parameters: start time, stop time, width, and offset. This is illustrated in Figure
1, which shows a succession of three retention time windows starting at 2.5 min, with a
width of 0.4 min and an offset of 75%, stopping at 3.5 min.
FIGURE 1. A succession of three windows in retention time, used to generate
time-averaged spectra

Each average spectrum is then deconvoluted using the appropriate deconvolution
scheme – Xtract for isotopically resolved and ReSpect™ for isotopically unresolved
spectra – to generate a list of ‘component peaks’ for the successive retention time
windows. The sliding window step produces a list of ‘component peaks’ for individual
retention times. Figure 2 shows a plot of component intensities vs mass and retention
time for a typical succession of sliding windows
Each average spectrum is then deconvoluted using the appropriate deconvolution

Valid components, such as the light chain, heavy chain, and intact antibody, occur at
similar mass values, causing them to ‘line-up’ in the plot. Noise signals appear as
randomly distributed peaks with no significant correlation in mass or retention time..
The Mass Merge Step
The mass merge step applies a sliding window in mass to the component peaks
produced by the sliding window step and merges them to produce a list of ‘merged
components’.
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The algorithm identified retention times and generated elution profiles even for time
periods such as the one between of 10.7 and 11 min when two components coeluted.
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The Sliding Window Algorithm was applied in conjunction with ReSpect™ to the data
for this retention time range. Figure 3 shows the resulting deconvoluted spectrum.
The algorithm identified all 7 component groups in Table 1. Each component group is
associated with a well-defined cluster of peaks in Figure 3.

FIGURE 5. Deconvoluted spectrum generated by the Sliding Window Algorithm
for an antibody sample.

FIGURE 3. Deconvoluted spectrum generated by the Sliding Window Algorithm
for a protein mixture.

Figure 4 shows the original chromatogram and elution profiles generated by the
Sliding Window algorithm for the most abundant modification for the components at
14,302, 18,360, 19,974, 29,022 , 36,154, 66,427, and 79,553 Da.
FIGURE 4. Chromatogram and elution profiles of 7 components identified by the
Sliding Window Algorithm for a protein mixture

Figure 4 shows the original chromatogram and elution profiles generated by the
Sliding Window algorithm for the most abundant modification for the components at
14,302, 18,360, 19,974, 29,022 , 36,154, 66,427, and 79,553 Da.
FIGURE 4. Chromatogram and elution profiles of 7 components identified by the
Sliding Window Algorithm for a protein mixture

Figure 6 shows the original chromatogram and elution profiles generated by the
Sliding Window for the most abundant modification of each of the 4 component groups
listed in Table 2: at 27,709, 47,183, 135,249, and 151,977 Da. Like the deconvoluted
spectrum, these profiles are not as clean as the results for the protein mixture in
Figure 4, but they successfully resolve the two coeluting components at 23,709 and
47,183. They also resolve the component associated with the shoulder in the
chromatogram at 3.2 min that can be difficult to detect using conventional techniques
Figure6.6 Chromatogram
shows the original
chromatogram
and of
elution
profiles generated
by the
FIGURE
and
elution profiles
4 components
identified
by the
Sliding
Window
for the most
modification of each of the 4 component groups
Sliding
Window
Algorithm
forabundant
IgG_source_cid
listed in Table 2: at 27,709, 47,183, 135,249, and 151,977 Da. Like the deconvoluted
spectrum, these profiles are not as clean as the results for the protein mixture in
Figure 4, but they successfully resolve the two coeluting components at 23,709 and
47,183. They also resolve the component associated with the shoulder in the
chromatogram at 3.2 min that can be difficult to detect using conventional techniques
FIGURE 6. Chromatogram and elution profiles of 4 components identified by the
Sliding Window Algorithm for IgG_source_cid

The algorithm identified retention times and generated elution profiles even for time
periods such as the one between of 10.7 and 11 min when two components coeluted.
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heavy chain, and a combination of light and heavy chains. These are listed in Table 2
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ADC Data
The ADC data consisted of the antibody plus 8 components groups associated with
ADCs. These are listed in Table 3.
Table 3. 9 Component groups in the ADC sample
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3
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The top panel of Figure 7 shows the deconvoluted spectrum generated by the Sliding
Window Algorithm for this data set. The bottom panel shows results from a
conventional deconvolution for the same time range. The Sliding Window Algorithm
performed significantly better, identifying ADCs at 151,866 and 151,827 Da that the
conventional failed to detect.
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FIGURE 7. Comparison between deconvoluted spectra generated by the Sliding
Window Algorithm and conventional methods for an antibody sample.

Figure 8 shows the original chromatogram and elution profiles generated by the Sliding
Window Algorithm. The algorithm is able to distinguish between the 9 different
components and generate unique profiles in a way that would be difficult using
conventional techniques.
FIGURE 8. Chromatogram and elution profiles of 9 components identified by the
Sliding Window Algorithm for an ADC sample
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