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INTRODUCTION 

Qualitative and quantitative batch comparisons are 
used during the development of biopharmaceuticals.  
Optimization of cell culture, purification, formulation 
and stability require detection of modified amino 
acids.  Defining the site and level of modification as it 
relates to changes in biopharmaceutical manufacture 
allows appropriate decisions to be made regarding 
final conditions which produce the most stable, safe 
and efficacious drug.   Site-specific quantitation of 
degraded residues such as oxidation of methionine 
and tryptophan is most often performed by peptide 
mapping. 
Highly resolving chromatography, accurate mass LC-
MS, and software tools have been combined to more 
efficiently correlate peptide maps with protein 
structure.  Optimized chromatography still requires 
confirmation of peak identity and purity so it is useful 
to couple the separation to the exact mass 
measurements possible with an oa-ToF mass 
spectrometer.   
When a batch of a 97kDa protein was compared to a 
batch treated to forced oxidation the methionine-
containing and tryptophan-containing peptides were 
examined for changes in abundance.  The speed and 
ease with which the comparison was made 
demonstrates the utility of the BiopharmaLynx™ 
software package. 
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METHODS 

•Quantitative and qualitative comparison tools 
provide rapid assessment of protein batches. 

 
•Retention time alignment and intensity 

normalization allow accurate comparisons 
between runs and batches. 

 
• Less than 0.5% of trace contaminants and 

modifications can be detected, and the 
amounts compared between runs and batches. 

 
• MS source conditions can be set to take 

advantage of in-source fragmentation for 
sequence confirmation.  

 
• Software tools provide efficient matching of 

chromatographic peaks with known structural 
features of the protein as well as 
modifications to that structure. 

Sample Preparation 
MassPREP™ Phosphorylase b Digestion Standard  
250µL of water were added to the native vial.  250µL of 0.01% 
hydrogen peroxide were added to the oxidized vial.  Samples 
were incubated at room temperature for 24 hours before 
acidification.  Final concentration of digests were 4 pmol/µL. 
 
Instruments 
Waters® ACQUITY UPLC® System with TUV detector 
ACQUITY UPLC® BEH300, C18, 1.7 µm, 2.1 x 150 mm Column 
(P/N 186003687)  
ACQUITY UPLC® Peptide Analysis Mixer (P/N 205000403) 
ACQUITY UPLC® Peptide Analysis Application Kit with Needle Kit  
(P/N 176001281) 
Injection Volume: 10 µL 
Temperature: 40°C  
Mobile Phase A: 0.02% TFA in water  
Mobile Phase B: 0.018% TFA in acetonitrile 
Gradient Slope: 1.5%B increase per column volume 
Gradient:  Time (min) %A %B Flow (µL/min) 
   Initial  100    0  200  
   58.0  50  50  200  
   62.2  10  90  200  
   63.0  100    0  200 
UV Detection: 214 nm  at 10 scans/sec 
Waters® LCT Premier Mass Spectrometer, ESI 
MS Detection: m/z 400-3000 at 2 scans/sec 
 
Software 
MassLynx™ 4.1 Acquisition Software 
BiopharmaLynx™ 1.1 Application Manager 

METHODS 

Figure 2. MassLynx™ UV chromatograms from native (2A) 
and oxidized (2B) tryptic digests of rabbit muscle 
phosphorylase b.  The goal of this forced oxidation experiment 
was to determine the sensitivity and usefulness of various 
software tools.  The MassLynx™ chromatogram window shows 
a very complicated UV profile with many differences between 
samples. 
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CHROMATOGRAM VIEWS 

Figure 5.  Phosphorylase b tryptic digest BiopharmaLynx™ 
difference total ion MS (TIC) chromatograms from native and 
oxidized samples.  The differences between TIC intensities are 
shown in purple.  This tool provides a pair-wise comparison 
between reference material and new or modified product.  
Difference plots of the UV chromatograms may also be 
produced and exported. 

QUANTITATION TOOLS VISUAL COMPARISON TOOLS TRACE MODIFICATIONS 

 

Figure 9A: Comparative LC/MS Peptide Maps of Spiked Di-
gests. The specific differences between the digests as shown 
in the coverage maps can be related to the chromatogram by 
extracting a difference plot. Spiked peptides are highlighted 
in purple in the difference plot.  The automatically labeled 
peaks are higher in the control than the analyte as expected 
since the control was spiked at 2% and the analyte at 0.2%. 

Figure 9B: Quantitative Comparisons of LC/MS Peptide Maps 
of Spiked Digests. The differences between the digests as 
shown in Figure 9A are clearly identified by the exact mass 
measurement.  The relative intensities for the two different 
spike levels are in reasonable agreement with the expected 
values.  

Figure 3. BiopharmaLynx™ processed MS mirror plot from 
native and oxidized Phosphorylase b tryptic digest samples.   
Continuum signal has been simplified by representing each 
detected peptide at the retention time center.  The intensity 
for each peptide is the combined area for all m/z signals 
including all isotopes and charge states.  This is truly a plot of 
the data table showing retention time vs. area.  The areas can 
be normalized when injection amounts are inconsistent.  In 
this case little change was observed when three peptides, 
chosen for lack of oxidation sites, were used to normalize the 
results from these two sample injections. 
Shifts in retention time between the chromatograms have been 
removed using the alignment tool.  During the early minutes of 
the chromatogram a few differences had been observed due to 
insufficient re-equilibration time.   
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Figure 6.  The oxidized sample, designated “analyte”, shows 
high intensity peptides with multiple oxidations of both Met and 
Trp residues.  Lines which are green show that the native 
sample, designated “control”, was partially oxidized.  Lines 
which are gold show that some new oxidation states are 
observed after treatment with peroxide. 

Peak Match Table 

CONCLUSIONS 

Figure 8. Coverage map of the Phosphorylase b sequence 
in BiopharmaLynx™ results browser highlighting residues 
detected in both sample in green.  Residues detected in the 
control sample only are shown in blue.  Yellow highlighting 
indicates possible modifications while black type indicates 
that the residue was observed in modified form.  In these 
samples oxidations of methionine and tryptophan residues 
were detected along with deamidation.  Underlined regions 
were confirmed by in-source fragment detection.  Note that 
the largest peptide had been removed during production 
and is therefore shown in grey. 

Coverage Map 

Comparison Tables 

Figure 7. Individual peptides and their modified forms may be 
compared across analytes.  In this simple case only two 
samples were analyzed.  As the number of samples increases 
the tables become longer and the amount of each form of a 
peptide is quantitated.  Exporting or reporting are the final 
step in the use of BiopharmaLynx™ results tables. 
   

Ion Detection: Figure 1A shows a 3-dimensional 
representation of LC/MS data obtained by assembling 
spectra into a matrix form. The vertical axis is counts; 
the x– and y-axes are time and m/z.  
This matrix of intensities is convolved with a proprietary, 2-
dimensional filter. The filter coefficients are chosen so that the 
apex location of the convolved data optimally estimates the 
retention time and mass-to-charge ratio of the respective ion. 
(Gorenstein, Plumb Stumpf, patent pending.)  At the apex, the 
filter output gives the ion’s response in area-counts.  
Thus the apex location of the filtered data determines the three 
key ion parameters: retention time, m/z, and intensity.  
Figure 1B shows the results obtained from the 
detection algorithm. Each ion is represented as a 
“stick” located at the apex of the convolved data. The 
(x,y) location of the stick gives the ion’s retention time and m/z, 
and the height of the stick is the ion’s intensity.  The second 
algorithm then combines all sticks related by retention time, 
isotopic m/z difference, and charge state.  The resulting table and 
chromatographic representations of the data have one stick for 
each peptide with the combined intensity from all isotopes and 
charge states. 

Peak Detection 
The first data-analysis algorithm detects the ions obtained in 
an LC/MS separation. A convolution-based technique measures 
three key properties of each ion: retention time, mass-to-
charge ratio, and intensity.  
The second algorithm simplifies spectra by selecting only those 
ions whose retention times fall within restricted ranges. As an 
example, consider a peptide that elutes at retention time tr. All 
its ions must also elute at tr. Variations from tr are due only to 
measurement error.  
By selecting ions that have the same retention time (to within 
measurement error), the algorithm simplifies spectra. Such 
simplified spectra can more clearly reveal the unique, multi-ion 
signature of peptides.   
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