
ProMass HR Applications! 
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ProMass HR Features 

Ø ProMass HR includes features for high resolution data processing. 
 
Ø ProMass HR includes the standard ProMass deconvolution algorithm as well as 

the full Positive Probability Ltd (PPL) data processing package. 
 
Ø PPL algorithms include: deisotoping (for monoisotopic mass determination of 

isotopically-resolved mass spectra), peak modeling and shape deconvolution, 
and the PPL charge deconvolution algorithm. 

 
Ø PPL peak shape deconvolution can be combined with ProMass charge 

deconvolution to enhance the resolution of mass spectra of biomolecules 
(e.g., MAb’s) before charge deconvolution.  This can be done with low 
resolution data! 

 
Ø ProMass HR can reference a ProMass parameter file which embeds a PPL 

method to automate the processing of entire LCMS data sets from the 
Xcalibur sample list. 

 
Ø ProMass HR outputs results with the same easy-to-use web-based interface as 

the standard ProMass Deconvolution package. 
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ProMass HR Advantages 

Ø  For deisotoping, mass accuracy matches that of the instrument.  For 
Orbitrap, this is typically 3 ppm or better!  The best mass accuracy obtainable 
via average mass deconvolution is 50 – 100 ppm (at best). 

 
Ø  High mass accuracy yields much more reliable identification of impurities and 

metabolites vs. average mass deconvolution, which results in fewer false 
positive identifications due to chemical background. 

 
Ø  The deisotoping algorithm is fast!  A complex chromatogram with 38 

chromatographic peaks takes ~ 1 minute to process on a modern computer. 

Ø  For deisotoping, the user may define a custom unit cell molecular formula 
specific to the molecule type under study (not limited to only peptide-specific 
formulae).  This allows for accurate deisotoping of oligonucleotides with 
unusual elemental compositions (e.g., phosphorothioate oligonucleotides). 

Ø  For isotopically unresolved data, the ability to combine PPL Respect peak 
deconvolution with ProMass charge deconvolution results in highly robust 
intact protein analysis with improved resolution and minimal deconvolution 
artifact peaks. 
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ProMass HR Program Screenshot 

ProMass HR looks and works just 
like standard ProMass, except that 
there is an extra configuration tab 
(PPL) in the Build Params utility. 
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ProMass HR Manual Data Processing with a 
Pre-defined PPL Method 

•  Step 1. Open the raw data file in Xcalibur Qual Browser 

•  Sum the scans around the main peak to obtain the 
spectrum similar to the figure at the left. 

•  Right click the spectrum and select Export | Clipboard 
(Exact Mass).  This will export the displayed spectrum to 
the clipboard. 

•  Step 2. Select a pre-defined deisotoping method. A PPL 
deisotoping method is included with the software that is 
optimized for DNA analysis. Click the Paste and Process 
button as shown at the left. 

•  Step 3. The deisotoped mass spectral data will be shown 
in a web-browser window after processing is completed. 

•  The exact mass of the oligo is reported as 7399.2 in the 
ProMass web report. 

 

Step 
1. 

Step 
2. 

Step 
3. 
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Setting up PPL Methods - PPL Data 
Processing Steps 

Ø Every PPL data processing method includes a series of steps that need to be 
performed to arrive at the final result. 

Ø The final result is usually a deisotoped or charge deconvoluted mass 
spectrum. 

Ø The basic steps include the following: 
– Baseline correction – to remove the noise (or hump) from the spectral 

baseline 
– Peak shape modeling – to determine the best peak model that describes 

the raw data (without the noise) 
– Peak deconvolution (or centroiding) – to generate a deconvolved peak list 

from the input mass spectrum and the peak shape model 
– Deisotoping or charge deconvolution – the final processed data using the 

deconvolved peak list for input and the selected processing parameters 
Ø Once a a PPL method is created, it can be referenced by ProMass HR in the 

ProMass parameter file for use in manual or automated data processing. 
Ø A single generic PPL method and associated ProMass parameter file can be 

used for a wide variety of samples of the same type (e.g., oligonucleotides of 
the same approximate composition and MW range.) 

Ø The PPL guided processing facility makes creating PPL methods relatively 
straightforward. 
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Creating a PPL Method for Deisotoping - 
Building a Peak Model 

•  Defining a model peak.  PPL will use the peak model settings to model the shape of all 
raw data peaks for peak deconvolution purposes.  In guided processing mode, ReView will 
automatically generate a peak model for you based on your data set.  In the above 
example, the blue trace is the modeled data and the green trace is the raw (baseline 
corrected) data. 
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PPL Deisotoping – Unit Cell Definition 

•  For deisotoping, the unit cell composition defines the approximate 
molecular formula for the type of molecule under study.  In the 
example at the left, we have entered a composition that approximates 
a typical composition of a DNA 20-mer with equal A, C, T & G 
nucleotides.  

•  The ratios of atoms to one another (not the absolute atom numbers) 
are important.  Therefore, the unit cell settings for a DNA 20-mer will 
work equally well for a 10-mer or a 60-mer. 

•  The table below lists a few common unit cell formulas useful for 
oligonucleotide analysis. 

•  If one is working with peptides and proteins, the Averagine formula 
may be used: C 4.9384 H 7.7583 N 1.3577 O 1.4773 S 0.0417. 

Molecule Type C H N O S P 
DNA 195 246 75 118 0 19 

RNA 190 236 75 138 0 19 

2’-O methyl 
RNA 

210 276 75 138 0 19 

DNA S-oligo 195 246 75 99 19 19 
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Automated ProMass HR Deisotoping Setup 

•  The following fields are setup in the sample list for 
ProMass automated processing:  

•  Proc Meth – Qual Processing method which is used 
to peak-pick the chromatogram. 

•  BioSequence – oligo sequence(s)  

•  ZNova Params – ProMass parameter file 

•  Target Info – information about the target masses 

•  To process this data set, click the batch reprocess button. 

•   Select the options shown in the Batch Reprocess Setup 
dialog box shown at the right. 

•  Click on OK to start processing data. 

•  After processing is complete, launch ProMass HR and click 
the ProMass Browser button. 
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Automated Deisotoping Example 

•  The Target Mass Summary 
displays info about the target 
masses (or masses calculated 
from the full length sequences). 

•  The Sequence Ladder 
Summary displays information 
about partial sequence cleavage 
products that were observed. 

•  The chromatogram summary 
lists the retention times (RT’s), 
and base peak masses for all 
peaks in the chromatogram. 

•  The report shows the LCMS 
(and UV/PDA chromatograms if 
they were acquired). 

•  The hyperlinked raw mass 
spectra and deisotoped mass 
spectra are shown for each RT. 
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Application Example: Metabolite ID of 
Oligonucleotides 

  Metabolism of oligonucleotides in various biological matrices 
(e.g., plasma, serum, liver extract, in vitro, in vivo, etc.) 

 
Ø  Incubate oligo (or collect matrix) over various time points. 
Ø  Extract oligos using Phenomenex Clarity OTX extraction kit. 
Ø  Analyze resulting mixture by LCMS on Orbitrap MS 
Ø  Use ProMass HR data processing to automatically identify 
putative metabolites. 

Ø  ProMass HR will perform an in silico digest of the input oligo 
sequence(s) and will automatically match any subsequences 
within user input mass tolerance that were found. 
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Metabolite ID – T(0) sample from plasma 

Putative 
impurities or 
metabolites are 
shown in this 
table 
At T(0), these are 
synthesis 
impurities. 
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Metabolite ID – T(2hr) sample from plasma 

Note increase 
in number of 
metabolites 
after 2 hrs of 
incubation. 
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Confirming evidence for putative low intensity 
metabolite in T(2hr) sample 

M = 4903.85 corresponds 
to the A6-G21 sequence: 
AAGCGTCTAGCCATGG 
The monoisotopic peak for 
the -6 charge state is 
confirmed using the 
ProMass spectrum viewer.  
The metabolite is present 
at ~0.2% relative to the 
parent oligo. 

A6-G21 

Z = -6 
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Metabolite ID – T(8hr) sample from plasma 

•  >40 metabolites identified! 
•  detection down to 0.1% of the 

major peak 
•  mass accuracy 3.3 ppm or 

better (externally calibrated) 

LCMS TIC 
T(8hr) plasma 
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Oligo Sequencing Overview 

Ø It is important to confirm the structure of oligonucleotides to be used in 
diagnostic and therapeutic applications. 

 
Ø The use of modified oligonucleotides often precludes the use of enzymatic 

digestion combined with mass spectrometry for sequence confirmation. 
 
Ø Tandem mass spectrometry can be used to reliably confirm the sequence 

of DNA and RNA, including modified oligos. 
 
Ø Novatia uses a unique approach that utilizes high resolution hybrid LTQ-

Orbitrap mass spectrometry and novel deisotoping and charge 
deconvolution software for MS-based oligonucleotide sequencing. 

 
Ø Applications include sequence confirmation of known sequences, as well 

as denovo sequencing and identification of modified residues. 
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Oligo Sequencing General Approach 

1.  First confirm the intact mass of 
oligonucleotide by ESI/MS. 

2.  Select a low charge state ion for 
MS/MS (typically 4- to 8- charge 
state). 

3.  Obtain MS/MS product ion or CID 
spectra on a LTQ-Orbitrap mass 
spectrometer at 30k resolution. 

4.  Use ProMass HR with PPL Respect 
software to deisotope the MS/MS 
product ion spectra and obtain 
simplified fragment spectra yielding 
exact masses. 

5.  Compare the “simplified” product 
spectra to the list of predicted 
fragments calculated from the 
expected oligonucleotide sequence 
or “read” the sequence directly 
from the spectrum. 

Novatia’s LTQ-Orbitrap high resolution mass spectrometer 
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Oligonucleotide MS/MS Fragmentation Scheme 

O-P-O 

O 

O- 
O-P-O 

O 

O- 

5’ HO 

B1 
B2 

B3 

O-P-O 

O 

O- 

B4 

OH 3’ 

w3 w2 

a2-B2 

w1 

a3-B3 

d1 d2 

d3 

b1 

b2 b3 

y3 
y2 y1 

Oligonucleotides fragment along the phosphate backbone producing a set of ions containing the 5’ 
terminus (a-B, b, and d) and another set of ions containing the 3’ terminus (w and y).  Losses of H2O 
from these ion types are also common with d and w ions to form corresponding c and x ions.  The a-B 
ion is somewhat unique in that it involves base loss in addition to cleavage at the phosphate. 

Reference: McLuckey et. al, JASMS, 1992, 3, 60-70. 
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test24-mer_30kmsms6charge #1 RT: 0.01 AV: 1 NL: 1.06E4
T: FTMS - p ESI w Full ms2 1232.70@cid16.00 [335.00-2000.00]
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LTQ-Orbitrap MS/MS Product Ion Spectrum of 24-mer DNA 
MS/MS of 6- charge state, m/z 1232.5, MW 7402.8 Da, 30k resolution 

The resulting product ion 
spectrum is a complex 
mixture of ions with charges 
ranging from 1- to 6-.  
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Product Ion Scan After Charge Deconvolution and 
Deisotoping 
24-mer DNA after processing with PPL Respect algorithms 

The resulting fragment spectrum is much simpler to interpret. 
Much of the sequence can be read from either end. 

G A C C G 
G C 

G 

A 
A A 

G A G A G 

A 
A 

C G 

A 

C 

C 

Fragments containing 3’ end 

Fragments containing 5’ end 
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Raw MS/MS Data Inspection – 24-mer DNA 

Evidence for mass 6308.04 

Raw data with superimposed 
modeled isotope distribution of 
fragment ion with 5- charge at 
m/z 1261 
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Predicted Deisotoped Fragments 
from 24-mer DNA 
Observed fragments highlighted in green 

n 5' a-B d-H2O w y 3' 

1 G 329.0525 322.0566 242.0903 T 

2 C 427.0893 618.0989 651.1091 571.1428 G 

3 A 716.1357 931.1565 940.1555 860.1892 C 

4 G 1029.1933 1260.2090 1269.2080 1189.2417 G 

5 A 1358.2458 1573.2666 1598.2605 1518.2942 G 

6 A 1671.3034 1886.3242 1902.3066 1822.3402 T 

7 A 1984.3610 2199.3818 2215.3642 2135.3978 A 

8 G 2297.4186 2528.4344 2504.4106 2424.4442 C 

9 C 2626.4711 2817.4807 2793.4569 2713.4906 C 

10 G 2915.5175 3146.5332 3122.5094 3042.5431 G 

11 T 3244.5700 3450.5793 3435.5670 3355.6007 A 

12 C 3548.6161 3739.6257 3739.6131 3659.6468 T 

13 T 3837.6624 4043.6717 4028.6595 3948.6931 C 

14 A 4141.7085 4356.7293 4332.7055 4252.7392 T 

15 G 4454.7661 4685.7818 4661.7580 4581.7917 G 

16 C 4783.8186 4974.8282 4950.8044 4870.8381 C 

17 C 5072.8650 5263.8746 5279.8569 5199.8906 G 

18 A 5361.9113 5576.9322 5592.9145 5512.9482 A 

19 T 5674.9689 5880.9782 5905.9721 5826.0058 A 

20 G 5979.0150 6210.0307 6219.0297 6139.0634 A 

21 G 6308.0675 6539.0832 6548.0822 6468.1159 G 

22 C 6637.1200 6828.1296 6861.1398 6781.1735 A 

23 G 6926.1664 7157.1821 7150.1862 7070.2199 C 

24 T G 

Observations: 

•  DNA oligos produce a-B and w 
ions as the most abundant 
fragments. 

•  RNA oligos favor the production 
of y and d-H2O ions. 

•  In the linear ion trap, 
fragmentation at the 3’ side of T in 
DNA is often absent, but one can 
usually assume a T is present at 
these locations and proceed with 
the sequencing. 

•  Complimentary fragment ions 
from both ends of the molecule 
provide dual confirmation of the 
sequence for ~20 residues.  This 
allows sequence confirmation of 
up to 40-mer sequences with this 
approach. 

• Mass accuracy on the fragments 
is 1-3 ppm. 
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ProMass HR - Charge Deconvolution 
of Isotopically Unresolved Data 

Ø  For intact proteins or other large biomolecules, the 
instrument resolution may not be sufficient for deisotoping to 
exact mass.  In these cases, isotopic average mass 
deconvolution must be used. 

Ø  ProMass HR can utilize PPL Respect peak shape deconvolution 
and charge deconvolution. 

Ø  Alternatively, ProMass HR can use PPL Respect for peak 
shape modeling and data reconstruction – to improve 
resolution and remove noise. The peak deconvolved data can 
then be processed using the ProMass charge deconvolution 
algorithm. 

Ø  Advantage: Get the benefits of both approaches – improved 
resolution obtained with PPL Respect with a low incidence of 
artifacts afforded by ProMass charge deconvolution. 
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ProMass HR – Referencing a PPL Method Prior to 
ProMass Charge Deconvolution  

Ø  ProMass HR can apply PPL peak deconvolution prior to 
ProMass charge deconvolution for robust intact protein 
analysis and improved resolution relative to standard ProMass 
deconvolution. 
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ProMass HR Example 
ProMass HR Deconvolution of IgG w/ data acquired on a low res instrument 

Standard ProMass 
WYSIWYG 
Deconvolution 

ProMass HR 
Deconvolution 

Raw data peak 
shape modeling 
and deconvolution 
with PPL Respect 
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Artifact-free Deconvolution with ProMass HR 
ProMass HR Deconvolution of IgG w/ data acquired on a low res instrument 
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Real Protein Samples are Often Ugly! 

PNGase F 

MAb 

Aggregate? 

ESI Mass Spectrum of degyclosylated MAb 

LCMS analysis of 
deglycosylated MAb process 
“development” sample on 
LTQ-Orbitrap 
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Validating Results from Real Samples 
ProMass HR with charge state overlay 

Evidence for  
Mass 97812 

PNGase F 

MAb sequence 
variants 

Real? 
✓ 

✓ 

✓ 

ESI Mass 
Spectrum 

ProMass HR 
Deconvolution 
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Application Example: Antibody Drug Conjugates 

  Measuring number of attached drug molecules to MAb 
molecules 

 
Ø  Incubate control MAb and MAb drug conjugate with PNGase F 
to remove N-linked glycans and simplify spectral complexity.   

Ø  Analyze both native and conjugated forms by Orbitrap LCMS. 
Ø  With knowledge of mass of MAb and drug mass, ProMass HR 
will automatically determine the number of conjugates. 
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ProMass HR Report – MAb Drug Conjugates 

•   ProMass HR report shows 
target-related substances, 
including the number of 
attached drug molecules and 
their abundances. 

•  In this case, 1-4X drug 
molecules are attached with 
1X as the most abundant. 
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Example MAb – Drug Conjugate 

Raw ESI Mass 
Spectrum 

ProMass HR 
Deconvolution 

MAb 

1X 
drug 2X 

drug 

3X 
drug 

4X 
drug 
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Summary 

Ø  ProMass HR includes the ProMass charge deconvolution algorithm and the full 
suite of PPL processing tools for high-resolution data processing of large 
molecules. 

Ø  Deisotoping to monoisotopic mass is the most accurate method of 
deconvolution for molecules in the mass range from 0-16 kDa.  This is 
particularly relevant for the analysis of therapeutic oligonucleotides and their 
impurities, degradants and metabolites. 

Ø  The ability to specify the unit cell formula for deisotoping is a key feature that 
allows for reliable deisotoping of oligonucleotides. 

Ø  PPL processing events can be executed using the standard ProMass 
processing workflow, using either manual or automated procedures. 

Ø  ProMass HR includes the ability to predict and automatically match (using 
accurate mass) oligonucleotide degradation products resulting from 
metabolism, or other means. 

Ø  Automated identification of components from the simultaneous degradation 
of multiple sequences (e.g., duplexes) is also supported. 

Ø  For intact proteins, ProMass HR can combine PPL Respect peak deconvolution 
with ProMass charge deconvolution for improved resolution relative to 
standard ProMass, and allowing for robust, automated operation. 


