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Introduction 
Peptide Mapping for Biotherapeutics 
Strategies for Simplifying  
Protein Digestion

Peptide mapping is an essential step in 

characterizing, identifying, and monitoring a 

wide range of properties of target proteins in 

biotherapeutic studies.

Peptide mapping for biotherapeutic proteins 

relies on protein digestion which includes the 

enzymatic treatment of a protein to produce 

peptide fragments to further characterize 

specific peptide regions and modifications. 

The results of these protein digests are critical 

for protein structural characterization, protein 

identification, and protein modification 

monitoring including post-translation 

modifications, product related impurities, and 

multi-attribute monitoring (MAM) methods. 

However, sample preparation for peptide 

mapping is often complex and laborious with 

long digestion times.

The resources here are intended to help simplify 

your peptide mapping, reduce digestion 

times and improve results.  Read on for more 

information.  
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Quick & Robust Sample Preparation for Tryptic 
Peptide Mapping with the PeptideWorks Kit 
using Simple, Automatable Workflows

Caitlin M. Hanna, Jonathan P. Danaceau, Stephan M. Koza, Steve Shiner, Mary Trudeau 

Waters Corporation

Abstract
Here, we present an automatable sample preparation protocol for peptide mapping using the Peptide-

Works Tryptic Protein Digestion Kit. The kit provides a reproducible tryptic protein digest developed for 

regulated and research peptide mapping applications.

Benefits
•	 Comprehensive kit and protocol for preparation of tryptic protein digests intended for quality control 

(QC), bioprocess, analytical development, and research environments

•	 Automatable preparation of 24 tryptic peptide mapping samples in under 2.5 hours

•	 Reproducible preparation of tryptic peptide mapping samples without sacrificing digestion comple-

tion or generating high levels of method-induced peptide modifications

•	 93% reduction in missed cleavages and 55% reduction in non-specific cleavages compared to a 

leading immobilized trypsin digest kit 

Introduction
Peptide mapping is used in QC, bioprocess, 

analytical development, and research environ-

ments to deliver comprehensive information 

about the primary structure of biotherapeutic 

proteins.1 Generally, the peptide map of a 

test article is compared to that of a reference 

material; sample-to-sample reproducibility 

is imperative for detection of real changes 

between the test article and reference material. 

Reliable day-to-day sample preparation is 

also a critical factor in generating an effective 

peptide mapping method. Sample prepara-

tion for peptide mapping is complex. Prior to 

analysis, protein samples are treated in alkaline 

buffer at high temperatures and enzymatically 

digested to generate peptides. These condi-

tions can result in method-induced peptide 

modifications, over- or under-digestion of the 

protein, and autolysis of the proteolytic enzyme, 

each of which complicate data analysis and 

interpretation.

Waters™ PeptideWorks Tryptic Protein 

Digestion Kits deliver fast and reliable sample 

preparation for routine peptide mapping of 

therapeutic proteins. The sample preparation 

kit is centered around RapiZyme™ Trypsin, 

Waters’ homogeneously methylated, recombi-

nant porcine trypsin. RapiZyme Trypsin enables 

speed, digestion fidelity, and low levels of 
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trypsin-derived peptides through its autolysis 

resistance, purity, and high activity.2,3,4 RapiZyme 

Trypsin can be used at high concentrations to 

achieve faster digestions without requiring high 

temperatures or sacrificing digestion complete-

ness. The PeptideWorks workflow is shown in 

Figure 1. Reagents and reaction conditions 

used in the PeptideWorks kit were optimized to 

enable fast and complete digestion of proteins by 

RapiZyme Trypsin.

Experimental

Reagent Preparation
The NIST Monoclonal Antibody (NISTmAb) 

Reference Material® was obtained from NIST 

(p/n: 8671), Tris HCl (1 M, pH 7.5) was obtained 

from ThermoFisher Scientific (p/n: 15567027), 

and formic acid was obtained from Fisher (p/n: 

A117-50). All other reagents and required devices 

are included in the PeptideWorks Tryptic Protein 

Digestion Kit (p/n: 176005311) and were prepared 

following the protocol outlined in the Peptide-

Works Tryptic Protein Digestion Kit Care and Use 

Manual 720007980.

Sample Preparation
NISTmAb tryptic digest samples were prepared 

both manually and with automation using the 

procedure outlined below. Automated sample 

preparation was performed on the Andrew+ 

Pipetting Robot equipped with the Extraction+ 

Connected Device. NISTmAb samples (10 mg/

mL) were denatured and reduced in a solution 

containing 5 M guanidine hydrochloride (GuHCl) 

and 5 mM dithiothreitol (DTT) for 30 minutes 

at room temperature. Iodoacetamide (IAM) was 

then added to a final concentration of 10 mM 

and the samples were incubated for 30 minutes 

at room temperature in the dark. Samples were 

desalted with Sep-Pak™ SEC Desalting Cartridges 

and buffer exchanged with digestion buffer 

(10 mM CaCl2 and 100 mM tris HCl, pH 7.5). The 

concentration of desalted samples was measured 

with a UV plate reader and normalized to 0.1 

mg/mL using the digestion buffer as a diluent. 

RapiZyme Trypsin was added to each sample 

at a 1:5 enzyme:protein ratio and digestion 

proceeded for 30 minutes at 37 ºC. Finally, the 

reaction was quenched with 1% formic acid to a 

final concentration of 0.1%.

Figure 1. Workflow for the preparation of tryptic protein digests using the PeptideWorks Tryptic Protein Digestion Kit. The 
protocol can be performed manually or with automation on the Andrew+™ Pipetting Robot.

https://www.waters.com/webassets/cms/support/docs/720007980en.pdf
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LC Conditions

LC system: ACQUITY™ UPLC I-Class PLUS

Sample plate: Eppendorf twin.tec® PCR Plate 96-well, skirted, green (p/n: 951020443)

Column: ACQUITY Premier Peptide CSH™ C18 Column 1.7 µm, 2.1 x 150 mm (p/n: 186009489)

Column temp.: 65 °C

Sample temp.: 6 °C

Injection volume: 10 µL

Mobile phase A: 0.1% Formic Acid in H2O

Mobile phase B: 0.1% Formic Acid in Acetonitrile

ACQUITY RDa Detector Settings

Mass range: 50–2000 m/z

Mode: Full scan with fragmentation

Ionization mode: ESI+

Sample rate: 2 Hz

Cone voltage: 20 V

Fragmentation cone voltage: 60–120 V

Desolvation temperature: 350 °C

Capillary voltage: 1.20 kV

LockMass: waters_connect™ LockMass solution

Data Management

Chromatography software: waters_connect

Gradient Table
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Results and Discussion

The PeptideWorks Workflow
The PeptideWorks workflow was optimized to 

enable fast and complete digestion of proteins 

by RapiZyme Trypsin. The workflow can be 

performed manually or with automation on the 

Andrew+ Pipetting Robot; both manual and 

automated workflows follow the steps detailed in 

Figure 2.

The automated PeptideWorks workflow is 

split into two protocols: protocol A executes 

denaturation, reduction, and alkylation and 

protocol B executes concentration normaliza-

tion and digestion. The automated workflow 

can accommodate up to 24-samples. The 

deck layouts for a full 24-sample workflow 

are shown in Figure 3. While concentra-

tion normalization is recommended to 

ensure accurate enzyme:protein ratios 

during digestion, an automated workflow 

without concentration normalization was 

also developed. The total execution time for 

24-samples is 2 h 40 m with concentration 

normalization and 2 h 30 m without concentra-

tion normalization.

Manual vs Automated Sample Preparation
The PeptideWorks Tryptic Protein Digestion 

Kit was used to digest NISTmAb manually and 

with automation on the Andrew+ Pipetting 

Robot. NISTmAb digests were analyzed via 

UPLC-MS; chromatograms of NISTmAb digests 

prepared using the manual and automated 

PeptideWorks workflow are shown in Figure 4. 

Both manual and automated sample prepara-

tion yield comparable chromatographic results 

with high sequence coverage (>88% expected 

peptides). Additionally, the relative abundances 

of modified peptides are consistent between 

manual and automated sample preparation 

workflows, as discussed below.

Figure 2.  Flow diagram outlining the PeptideWorks sample preparation workflow. Both manual and automated sample 
preparation follow the depicted workflow.
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The chromatography data were processed 

in waters_connect using the Peptide Map 

workflow. Relative levels of missed and non-spe-

cific cleavages were calculated using published 

methods.5 Figure 5 displays the relative missed 

and non-specific cleavage results for NISTmAb 

digests prepared using manual and automated 

PeptideWorks workflows. Both PeptideWorks 

workflows deliver NISTmAb digests with less than 

5% missed and non-specific cleavages, indicating 

high digestion efficiency without over-diges-

tion of the protein. Missed and non-specific 

Figure 3. Deck layouts for the 24-sample automated PeptideWorks workflow. Protocol A executes denaturation, 
reduction, and alkylation and protocol B executes concentration normalization and digestion.

Figure 4. BPI chromatograms of NISTmAb digests prepared using the manual and automated PeptideWorks workflows, 
showing equivalent results.
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cleavage results for NISTmAb digests prepared 

using a leading immobilized trypsin digest kit are 

based on published results and shown in red in 

Figure 5.6 PeptideWorks yields a 93% reduction in 

missed cleavages and 55% reduction in non-spe-

cific cleavages compared to the immobilized 

trypsin digest kit. In total, PeptideWorks delivers 

a far more complete and specific digestion, 

increasing reliability, and enabling faster data 

processing.

Peptide Modification Characterization and 
Reproducibility
The relative abundance of select peptide modi-

fications for three batches of NISTmAb digests 

prepared across three days with the automated 

PeptideWorks workflow are shown in Figure 6; 

results for NISTmAb digests prepared with the 

manual workflow are also shown to demonstrate 

consistency between manual and automated 

sample preparation. The values reported in Figure 

6 are well within range of published NISTmAb 

tryptic digest data.6–9 The consistency of the 

modification values reported here with those 

reported in the literature highlight the efficacy 

of PeptideWorks. PeptideWorks enables fast 

preparation of tryptic peptide mapping samples 

without sacrificing digestion completion or 

inducing high levels of method-induced deami-

dation or oxidation.

Variability for unmodified peptide abundance 

and modified peptide relative abundance, 

expressed as relative standard deviation 

(RSD), are detailed in the table in Figure 6. The 

day-to-day variability of the unmodified peptide 

abundance was less than 15% for each peptide, 

demonstrating consistent peptide recovery and 

therefore consistent quantification limits when 

using PeptideWorks for sample preparation. 

Day-to-day variability of the modified peptide 

relative abundance was less than 10% for each 

peptide modification.

Conclusion
PeptideWorks Tryptic Protein Digestion Kit is a 

comprehensive kit for the preparation of tryptic 

peptide mapping samples suitable for QC, 

bioprocess, analytical development, and research 

environments.  The PeptideWorks protocol can 

be performed manually or with automation, 

yielding 24 digested samples in under 2.5 hours. 

As demonstrated with NISTmAb, PeptideWorks 

enables reproducible preparation of tryptic 

peptide mapping samples without sacrificing 

digestion completion or inducing high levels of 

peptide modifications.

Figure 5. Relative abundance of missed and non-spe-
cific cleavages for NISTmAb digests prepared using the 
manual and automated PeptideWorks workflows and 
a leading immobilized trypsin kit. Error bars represent 
one standard deviation. PeptideWorks delivers a more 
complete and specific digestion.
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Automated High-Throughput LC-MS Focused 
Peptide Mapping of Monoclonal Antibodies in 
Microbioreactor Samples 

Hua Yang, Stephan M. Koza, Ying Qing Yu 

Waters Corporation

Abstract
To facilitate cell line selection and bioprocess optimization, an automated high-throughput (HT) sample 

preparation method and fast LC-MS peptide mapping for Critical Quality Attribute (CQA) peptide 

measurement was developed for low volume and low concentration microbioreactor samples. For this 

method, 30 µL of a 1 mg/mL sample of a monoclonal antibody (mAb) in neutralized Protein A affinity 

chromatography elution buffer was buffer exchanged and trypsin digested using Andrew+™ automation. 

The resulting peptides were separated on an ACQUITY™ Premier Peptide CSH™ C18 Column and detected 

by a BioAccord™ LC-MS System. Effective analysis was demonstrated for selected CQA peptides including 

N-glycosylated, deamidated, and oxidized peptides. The automated preparation of 48 samples takes 3.5 

hours, with a two-hour digestion time, and LC-MS analysis time was ten minutes per sample. Besides 

Protein A purified mAb, this method could also be adapted to the analysis of other samples with limited 

amounts of protein.

Benefits
•	 Consistent results for the relative quantification of CQA peptides from 30 µg of mAb even at low 

concentrations

•	  An automated trypsin digestion protocol with the Andrew+ robotic platform and using a new 

commercialized trypsin (RapiZyme™ Trypsin) that is highly resistant to autolysis

•	 High-throughput (HT) LC-MS analysis of CQA peptides using an ESI-ToF BioAccord LC-MS and 

automated data analysis using the waters_connect™ Peptide MAM application software

Introduction
Recombinant protein biopharmaceuticals, such 

as monoclonal antibodies (mAbs), have benefited 

patients for many years. Development and 

production of recombinant protein can be costly, 

and one potential bottleneck in developing an 

efficient process producing high quality product 

can be host cell-line selection and bioprocess 

optimization. To reduce the timeline for cell line 

selection and process optimization, microbio-

reactors have been used in early process devel-

opment.1 In recent years, product quality has 

been included in cell line selection criteria, driven 

in part by the regulatory demands of making 

biosimilars. While microbioreactors provide 

advantages of being able to approximate the 



 GENengnews.com | 13

Peptide Mapping for Biotherapeutics: Strategies for Simplifying Protein Digestion

production conditions of a large-scale bioreactor, 

the amount of sample taken from a microbio-

reactor can be analytically limiting. Another 

challenge is that analyzing CQAs of the sample 

such as site-specific modifications usually involve 

peptide mapping via LC-UV or LC-MS, which can 

be labor-intensive and low throughput.

This application note demonstrates an 

automated procedure using an Andrew+ robot 

(Andrew Alliance™) with minimum manual inter-

vention for a CQA peptide mapping method to 

assist cell line selection and cell-culture opti-

mization (Figure 1). Presented is a focused or 

targeted peptide mapping method for moni-

toring the abundances of selected CQA peptides 

and their modified forms. For demonstration 

purposes, 30 µg of 1 mg/mL mAb (infliximab) 

sample was reduced and trypsin digested, after 

which its CQA peptides were monitored using 

a ten minute long reversed-phase separation 

with MS detection. This method could also be 

adapted for use with mAb and other protein 

samples with concentrations lower than 1 mg/

mL, due to a pre-concentration step in the 

sample preparation procedure.

Experimental

Sample Description
Infliximab (10 mg/mL) was diluted into neutral-

ized Protein A elution buffer which contains 100 

mM glycine (pH 3) and 1 M Tris (pH 7.5) in a 5:1 

v/v ratio. The final infliximab concentration was 

1.0 mg/mL.

For the stressed sample experiments, inflix-

imab (10 mg/mL) was incubated in 0.005% H2O2 

and 50 mM sodium phosphate (pH 7.6) for two 

weeks at 37 °C to induce oxidation and deamida-

tion. The stressed sample was also co-mixed with 

original unstressed sample in 1:1 volume ratio. All 

samples were then diluted in the above neutral-

ized Protein A elution buffer to 1.0 mg/mL

Figure 1. Image of Andrew+ Pipetting Robot and BioAccord LC-MS System.
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LC Conditions

LC system: ACQUITY UPLC™ I-Class PLUS

Detection: ACQUITY BioAccord MS System

Plates: Acroprep™ Advance 350 µl Omega 10 k MWCO (p/n: PALL-8034)
Eppendorf twin.tec® PCR Plate 96, skirted, 150 µL (p/n: 951020443)
6mm Pre-Slit Silicone/PTFE Cap Mat (Analytical Sales and services, p/n: 96727)

Column(s): ACQUITY Premier Peptide CSH C18 1.7 µm, 2.1 x 100 mm (p/n: 186009488)

Column temperature: 60 ˚C

Sample temperature: 10 ˚C

Injection volume: 5 µL, 10 µL

Flow rate: 0.2 mL/min, 0.4 mL/min

Mobile phase A: 0.1% formic acid in water

Mobile phase B: 0.1% formic acid in acetonitrile

ACQUITY RDa Detector Settings

Mode: Full scan with fragmentation

Mass range: 50–2000 m/z

Polarity: Positive

Sample rate: 5 Hz

Cone voltage: 30 V

Fragmentation cone voltage: 60 V – 120 V

Capillary voltage: 1.20 kV

Desolvation temperature: 350 °C

Data Management

LC-MS software: waters_connect

Gradient Table (50-min gradient, 80-minute run time)    Gradient Table (6-min gradient, 10-minute run time)
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Results and Discussion

General Procedure
An automated high throughput (HT) peptide 

mapping method using LC-MS analysis to 

monitor CQA peptides was successfully 

developed for low volume and low concentra-

tion microbioreactor mAb samples. Peptide 

mapping has been used for multiple attribute 

monitoring (MAM) by pharmaceutical industry 

for many years.2 It is typical to use 100 µg of 

protein or more in these digestion procedures 

because large amount of concentrated sample 

is often available for product characterization 

studies. However, in the current application, the 

samples that obtained from microbioreactors 

usually have low concentrations and volumes. To 

achieve an effective focused peptide mapping 

sample preparation, optimization of parameters 

including guanidine-HCl concentration, protein 

to enzyme ratio, digestion time was carried out 

(data not shown). It is important to note that the 

presented methods were not developed with the 

intent of comprehensively mapping the mAb, as 

such, significant under digestion is observed for 

these digest conditions. Also, the sample is only 

disulfide bond reduced without alkylation as part 

of this procedure.

Figure 2A shows the major steps for the 

automated focused peptide mapping procedure. 

Thirty µg of infliximab was diluted in neutralized 

Protein A elution buffer to 1.0 mg/mL (See EXPER-

IMENTAL for details). It is assumed that the mAb 

is affinity-purified with Protein A affinity chroma-

tography resin. 

For this method, the first step is to buffer 

exchange the samples into the denaturation 

and reduction buffer (DRB, 6 M guanidine HCl, 

1 mM methionine, 3 mM DTT, and 0.1 M Tris pH 

7.5) as shown in Figure 2B. This is done using 

Extraction+ domino on the Andrew+ automation 

system and a 10 K MWCO filter plate to retain 

the sample. Before the samples are loaded, 50 

µL water is added to the filter plate wells and 

vacuum applied for ten minutes at 650 mbar to 

drain the water through the filter. It was discov-

ered that this conditioning step can expedite the 

buffer drainage in the next steps.3 Then 20 µL of 

6 M guanidine HCl, 2.5 mM methionine, 0.1 M Tris 

pH 7.5 solution and 30 µL of mAb (1.0 mg/mL) is 

added and vacuum is applied for 12 minutes at 

650 mbar to drain the buffers while retaining the 

mAb. DRB (30 µL) is then added into the wells. 

To transfer samples from the filter plate to an 

Eppendorf 96-well PCR plate, the filter plate is 

inverted over the PCR collection plate and centri-

fuged at 500 RPM for two minutes. It is important 

to note that this inversion and centrifugation 

requires a user action and results in changing the 

well positions of the samples in a mirror image 

fashion.

After denaturation and reduction for 30 

minutes at 25 °C, 100 µL 0.15 mg/mL RapiZyme 

Trypsin, a modified trypsin, in 1.0 mM methi-

onine and 0.1 M Tris pH 7.5 is added to lower the 

guanidine-HCl concentration while digesting the 

mAb. The reaction mix is incubated at 37 °C for 

two hours, after which 10 µL of 2% acetic acid is 

added to stop the digestion. Finally, 0.10 % formic 

acid (mobile phase A) is added to dilute the 

reaction mix so that the final concentration of the 

digested protein is approximately 0.20 mg/mL.

A few points are worth noting for this 

procedure. First, the buffer exchange step can 
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potentially pre-concentrate the sample if the 

sample concentration is low. In current experi-

ments, for the purpose of demonstration, 30 µL 

sample was loaded and 30 µL was recovered. 

However, if the sample concentration is low, more 

volume can be loaded, and recovery can be done 

using less volume to concentrate the sample. 

Secondly, comparable results were obtained 

with and without alkylation. Therefore, alkylation 

step is not included in the procedure. Thirdly, the 

trypsin used in this procedure has an advantage 

of minimal low autolysis, so it can be used at high 

Figure 2. A. General digestion procedure using Andrew+ automation; 
B. Detailed procedure of buffer exchange.
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concentrations to speed up the digestion rate. 

Figure 3A and 3B shows the blank digest and 

the infliximab digest run on an ACQUITY Premier 

Peptide CSH C18, 2.1 x 100 mm Column with a 

50-min gradient, respectively. Note: An ACQUITY 

Premier Peptide CSH C18 Column was selected 

to help ensure column to column performance 

consistency by QC testing each batch of synthe-

sized CSH C18 particles with a tryptic protein 

digest rejecting those batches that do not meet 

performance specifications. The blank digest does 

not show many interfering trypsin peaks even 

though the Rapizyme Trypsin amount is high with 

a protein to enzyme ratio of 2:1.

For high throughput analysis, the digest was 

run with a 6-min elution gradient. As predicted, 

the 6-min gradient (Figure 3C) resulted in lower 

chromatographic resolution than the 50-min 

gradient (Figure 3B). Since the goal of this 

method is to enable relative quantitation of CQA 

peptides, calculated using combined ions counts 

from observed charge states, instead of fully char-

acterizing the protein, it was found that the 6-min 

gradient was adequate.

Figure 4 shows the layout of Andrew+ for 

this experiment. It takes <3.5 hours to digest 48 

samples using Andrew+ automation and elimi-

nates seven manual pipetting steps.

Reproducibility
The automated sample preparation and 

LC-MS analysis demonstrated acceptable 

Figure 3. LC-MS chromatograms of infliximab CQA peptide mapping by RapiZyme Trypsin. 
A. Blank digest; B. infliximab digest; C. infliximab digest.  
For A and B, the gradient is 1–35%B in 50 mins, 0.2 mL/min. For C, the gradient is 1–30%B in 6 mins, 0.4 mL/min.
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reproducibility for a range of CQA peptides. 

For this study, samples of infliximab (30 

µL of 1.0 mg/mL) were digested using a 

48-sample protocol. Of these 10 samples 

representing different positions on the plate 

were chosen for LC-MS analysis (Figure 5). 

Automatic data analysis was executed using 

the waters_connect informatics platform and 

the Peptide MAM application software. Table 1 

and Figure 6 show the relative abundances 

of the CQA peptides that were evaluated, 

and the relative standard deviations of those 

measurements. An injection volume of 10 

µL (2 µg mAb) was found to result in more 

Figure 4. Andrew+ layout, dominos, and experimental time for digesting 48 samples.

Figure 5. Positions of 10 representative wells for reproducibility study. Notice that the positions of the wells are 
mirror-images before and after buffer exchange.
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Table 1. Average, standard deviation, and %RSD of relative abundances of infliximab CQA peptides (n=10).

Figure 6. Average and standard deviation of relative abundances of infliximab CQA peptides (n=10). For peptide #9, #11 
and #19, one tenth of the signal was plotted.
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consistent results than injecting 5 µL (1 µg). 

In this example, injecting more than 2 µg did 

not improve the reproducibility results further. 

For all 20 CQA peptides, %RSD of the percent 

modification was < 20% (n=10), and of the 

eight CQA peptides with a %RSD between 

10% to 20%, seven were at levels of 1.66% or 

lower. The cause of slightly higher RSD% for 

oxidated peptides is under investigation. On 

the whole, these data demonstrate that this HT 

LC-MS method can provide consistent results 

of relative abundance of site-specific modi-

fications of a protein using limited amounts 

(30 µg) sample.

Stressed Sample Analysis
For cell line selection and process optimiza-

tion, it is important that the method can detect 

changes of the percent modification of CQA 

peptides. For a fit for purpose demonstration, 

samples were stressed to increase oxidation 

and deamidation (please see EXPERIMENTAL for 

details). Stressed sample was also mixed with 

un-stressed sample (1:1 volume ratio). Figure 

7A shows percent modification of several inflix-

imab CQA peptides. The LC-MS data for the four 

oxidized and three deamidated CQA peptides 

evaluated were consistent with the 1:1 co-mixed 

sample having intermediate levels of degraded 

peptides. The sensitivity of this analysis to detect 

CQA changes is best exemplified in the results 

observed for the deamidated HC:T37 peptide 

NQVSLTCLVK (f in Figure 7A), which increased in 

abundance from 0.1% to 0.6%. The mass spectra 

of un-modified (top) and deamidated (bottom) 

form of this peptide are shown in Figure 7B. 

Based on the retention time, this deamidated 

form is likely aspartic acid that is converted 

from asparagine. Figure 7C shows results for 

the N-glycan modified and C-term heavy chain 

(HC) peptides. The HC C-terminal peptide can 

be present with or without a lysine residue at 

the C-terminus. As predicted, consistent percent 

modification was obtained for these stable 

peptide modifications. Overall, the results show 

that this automated HT CQA peptide mapping 

method is able to detect site-specific changes 

among different bioprocessing samples.

Percent modification of infliximab CQA 

peptides. #1 and #2 are un-stressed samples, #5 

and #6 are stressed samples, while #3 and #4 are 

the 1:1 mixed samples.

Figure 7. Percent modification of infliximab CQA peptides. #1 and #2 are un-stressed samples, #5 and #6 are stressed 
samples, while #3 and #4 are the 1:1 mixed samples.  
A. For CQA peptides that have oxidation or deamidation modification, the percent modification of the un-stressed and 
stressed sample 1:1 volume mix is approximately in the middle of the percent modification of the un-stressed sample 
and the stressed sample. a. HC:T2 (LEES…GSMK) Oxidation M; b. LC:T6 (YASE…IPSR) Oxidation M; c. HC:T22 (DTLMISR) 
Oxidation M; d. HC:T42 (WQQG…TYQK) Oxidation M; e. HC:T7 (SINS…ESVK) Deamidation N; f. HC:T37 (NQVS…CLVK) 
Deamidation N; g. HC:T38 (GFYP…NNYK) Deamidation N. 
B. Mass spectra of HC:T37 peptide NQVSLTCLVK (f in Figure 7A). Top: un-modified form (m/z: 552.81, doubly charged); 
Bottom: deamidated form (m/z: 553.30, doubly charged). 
C. For CQA peptides that do not have oxidation or deamidation modification, the percent modification is consistent 
regardless of the stress state. h: HC:T26 (EEQYNSTYR) G0F N; i: HC:T26 (EEQYNSTYR) G0F-GlcNAc N; j: HC:T26 (EEQYNSTYR) 
G1F N; k: HC:T26 (EEQYNSTYR) Man5 N; l: HC:T26 (EEQYNSTYR) G2F N; m. HC:T43 (SLSLSPG) +Lysine C-TERM.
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Conclusion
Consistent results for the relative quantification 

of CQA peptides using 30 µg of mAb sample were 

obtained using a method featuring an automated 

trypsin digestion protocol with the Andrew+ 

robotic platform and using a new trypsin, 

RapiZyme Trypsin, that is highly resistant to 

autolysis, and offers increased activity compared 

to other sequencing grade trypsin products.4, 5 

This automated trypsin digest method is capable 

of generating 48 samples within four hours. In 

addition, the ESI-ToF BioAccord LC-MS method 

has a ten minutes total run time and automated 

LC-MS data processing is delivered by waters_

connect using the Peptide MAM application 

software.

The general procedures outlined in this appli-

cation note demonstrate the capabilities of the 

robotic platform and LC-MS used but can be 

readily optimized to meet the specific analytical 

requirements of other protein samples. 
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Increasing Chromatographic Performance of 
Acidic Peptides in RPLC-MS-based Assays 
with ACQUITY Premier featuring MaxPeak HPS 
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Abstract
Metal-ion mediated adsorption of analytes as a contributing factor in poor peak shape, tailing, and 

diminished recovery of compounds in LC-based techniques can negatively impact data quality and assay 

robustness. Analytes exhibiting phosphate groups, uncharged amines, and deprotonated carboxylic 

acids are particularly susceptible to these phenomena and are commonly encountered in the develop-

ment and manufacturing of protein-based therapeutics. Current methods for addressing analyte/surface 

adsorption include ion-pairing additives, hardware passivation, and high-ionic strength mobile phase. 

These strategies, while proven effective, can be challenging to deploy in terms of instrument/technique 

compatibility in the case of MS-based methods as well ensuring they can be implemented in a safe and 

efficient manner with respect to lengthy passivation procedures that can involve corrosive reagents. The 

newly introduced ACQUITY Premier brand columns with MaxPeak HPS Technology is Waters solution to 

these challenges. Waters ACQUITY Premier Columns are designed to deliver exceptional chromatographic 

performance while minimizing analyte/surface interactions of sensitive compounds. In this study, the 

performance gain of ACQUITY Premier Columns with MaxPeak HPS Technology is demonstrated with 

increased recovery, reproducibility, and robustness of RPLC-MS-based peptide mapping assays using the 

Waters NIST mAb tryptic digest standard. Collectively, this study establishes MaxPeak HPS Technology can 

be broadly applied in the development and manufacturing of therapeutic drug products to deliver the 

chromatographic performance expected from Waters technologies while increasing reproducibility, peak 

shape, and recovery of analytes prone to surface interactions.

Benefits
•	 Increased sensitivity through improved recovery and lower peak tailing

•	 Compatibility with legacy methods without the use of additional additives

•	 Improved method robustness through increased assay reproducibility

•	 Increased productivity through reduced method development time
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Introduction
Analyte/surface adsorption in liquid chroma-

tography (LC) has been established as a contrib-

uting factor in poor peak shape, tailing, and 

diminished recovery of compounds in LC-based 

techniques.1-3 Recently, metal-ion mediated 

adsorption has been identified as a specific 

adsorption mechanism for analytes that exhibit 

Lewis acid/base characteristics.4 The hypothesis 

being analytes bearing electron rich moieties 

such as phosphate groups, uncharged amines, 

and deprotonated carboxylic acids act as Lewis 

Bases which can adsorb in a non-covalent 

manner to electron deficient sites on the metal 

surface which act as a Lewis Acid. Conventional 

strategies to suppress metal-ion mediated 

adsorption include ion-pairing, hardware passiv-

ation, and high-ionic strength mobile phases. 

While largely successful, challenges still exist in 

certain instances where analytes exhibit inordi-

nately strong interactions with metal surfaces 

(e.g. bearing multiple electron-rich moieties) 

and/or assays are performed with non-optimal 

conditions (e.g. weak vs. strong ion-pairing). This 

is particularly evident in RPLC-MS-based peptide 

analyses wherein peptide fragments containing 

aspartic acid (D) or glutamic acid (E) residues 

can interact with metal surfaces which can 

exacerbate adsorption characteristics resulting 

in increased tailing and reduced sensitivity of 

analytes prone to metal-ion mediated adsorption 

as shown in Figure 1. Recently, it was shown that 

metal chelators can be used as mobile phase 

additives to mitigate adsorption artifacts with 

notable success.5 However, incorporation of such 

additives is not always ideal as they can introduce 

new chromatographic artifacts as well as 

suppress ionization in MS-based analyses. These 

challenges highlight the need for novel columns 

and instrumentation that can mitigate metal-ion 

mediated adsorption without the need for addi-

tional additives or lengthy passivation processes.   

The newly introduced ACQUITY Premeir 

brand columns with MaxPeak HPS Technology is 

Waters solution to these challenges. The ACQUITY 

Premeir Columns are designed to deliver excep-

tional chromatographic performance while mini-

mizing analyte/surface interactions of sensitive 

compounds. The objective of this application note 

is to demonstrate how ACQUITY Premeir with 

MaxPeak HPS Technology can increase produc-

tivity in the lab and mitigate risk through increased 

reproducibility, recovery, and robustness of assays 

performed in the development and manufac-

turing of biopharmaceutical drug products.

Figure 1. Synthetic acidic peptide ladder. Tailing was 
evaluated for 3 synthetic peptides manufactured with 0, 
2, and 4 glutamic acid (E) residues representing 0%, 10%, 
and 20% acidic content by composition. Under isocratic 
conditions (MP A: 89%, MP B: 11%), tailing was observed 
to increase significantly for peptides containing multiple 
acidic residues.
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Experimental
Columns were conditioned as outlined by the column care and use manual. Waters mAb Tryptic Digestion 

Standard (p/n: 186009126) was reconstituted in MS-grade water with 0.1% FA at a concentration of 0.2 

mg/mL (SYNAPT XS) and 0.5 mg/mL (ACQUITY QDa), aliquoted and stored at -80 °C prior to use.  

LC Conditions

LC system: ACQUITY H-Class Binary Bio PLUS

Detection: TUV, 10 mm Analytical FC, λ=214 nm

Vials: QuanRecovery with MaxPeak HPS (300 µL/25pk, p/n:186009242)

Column(s): CSH 130 Å C18 Column (2.1 x 100 mm, 1.7mm p/n: 186005297)
ACQUITY Premier Peptide CSH 130 Å C18 Column (2.1 x 100 mm, 1.7mm p/n: 186009461)

Column temp.: 60 °C

Sample temp.: 6 °C

Injection volume: QDa = 10 µL, Synapt XS = 1.0 µL

Flow rate: 0.200 mL/min

Mobile phase A: H2O, 0.1 % Formic acid

Mobile phase B: Acetonitrile, 0.1 % Formic acid

MS Conditions (Figure 1 and 6)

MS system: ACQUITY QDa

Ionization mode: ESI+

Acquisition range: 250–1250 m/z

Capillary voltage: 1.5 kV

Cone voltage: 10 V

Probe temp.: 600 °C

Gradient Table (Figure 2–7)
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Results and Discussion

Industry Relevance:
Peptide based analyses have proven to be an 

invaluable tool in the characterization and 

quality control of protein-based therapeutics as 

part of a quality lifecycle management process. 

As part of this process, LC-MS-based data plays 

a critical role in providing information used to 

determine primary sequence protein modifica-

tions and their related impurities. The value of 

mass information in these analyses has contrib-

uted in part to renewed interest in expanding 

the role of MS-based methods to improve 

productivity and data quality in the develop-

ment and manufacturing of drug products. 

However, peptide assays with MS detection 

are often deployed with weaker mobile 

phase additives such as formic acid in favor of 

sensitivity over chromatographic performance. 

This can be problematic for trace impurities that 

are prone to metal-ion mediated adsorption 

(e.g. “acidic” peptides) as assay reproducibility 

and accuracy of results can vary based on the 

severity of the analyte/surface interaction. An 

example of this is shown in Figure 2A in the case 

of deamidation of asparagine.

Deamidation of asparagine to aspartic acid 

and iso-aspartic acid is a common post-trans-

lational modification of monoclonal antibodies 

(mAbs) that has been correlated to drug efficacy. 

As a result, biopharmaceutical companies invest 

a significant amount of resources in the control 

and monitoring of critical quality attributes 

(CQAs) such as deamidation. Of the deamidated 

species monitored, the “PENNYK” T:37 peptide 

MS Conditions (Figure 2-5)

MS system: SYNAPT XS

Ionization mode: ESI+

Acquisition range: 50–2000 m/z

Capillary voltage: 2.2 kV

Cone voltage: 20 V

Source temp.: 120 °C

Desolvation temp.: 350 °C

Cone gas: 35 L/hr

Desolvation gas: 500 L/hr

Lockmass: Glu fibrinopeptide B at 100 fmol/mL in 75/25 acetonitrile/water, 0.1% formic acid

Data Management

Chromatography software: Empower 3 FR4

MS software: MassLynx 4.2

Informatics: UNIFI 1.9.4
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(sequence: GFYPSDIAVEWESNGQPENNYK) 

is of notable interest in that it is a routinely 

monitored Fc domain peptide which is known to 

be susceptible to post translation modifications 

such as deamidation and contains 4 “acidic” 

residues (3 glutamic acid, 1 aspartic acid). As 

shown in Figure 2A, the impurities associated 

with the PENNYK peptide elute closely to the 

native peptide due to similar physicochemical 

properties making them susceptible to missi-

dentification/integration errors due to tailing 

artifacts. In this example a tailing factor of 5.53 

was observed for the native PENNYK peptide 

when performing a formic acid-based RPLC 

peptide map on a conventional LC system 

using the Waters ACQUITY UPLC CSH 130 Å C18 

Column. This resulted in the inability to detect 

closely eluting impurities due to excessive 

tailing of the native peak. In contrast, when 

the same separation was performed using the 

Waters ACQUITY Premier Peptide CSH 130 Å 

C18 Column, tailing was reduced by 79% with 

a tailing factor of 1.15 observed for the native 

peptide. The observed performance gain 

allowed for the chromatographic separation of 

both deamidated impurities which were approx-

imately baseline resolved from the native peak. 

These results demonstrate the value ACQUITY 

Premier with MaxPeak HPS Technology can bring 

to the lab to improve chromatographic perfor-

mance for the development and manufacture of 

safe and efficacious drug products.

Increased Recovery:
The performance gains observed when using 

ACQUITY Premier with MaxPeak HPS Tech-

nology find merit for its application in both 

upstream and downstream activities. The reoc-

curring frequency of glutamic acid and aspartic 

acid residues in peptide fragments suggests 

all acidic residue containing peptides stand to 

benefit from MaxPeak HPS Technology in terms 

of reproducibility, peak shape, and recovery 

by minimizing analyte/surface interactions. 

Figure 2. Critical quality attribute related T37 PENNYK 
peptide. A) Tailing factor was calculated at 5.53 for the 
T37 native peak using a conventional stainless-steel 
column which resulted in the inability to detect closely 
eluting deamidated related impurities. B) Tailing was 
reduced by 79% to a value of 1.15 for the native peak 
when using a ACQUITY Premier Column with MaxPeak 
HPS Technology allowing for detection of CQA related 
deamidated impurities.
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As shown in Figure 3, the total ion chromato-

gram (TIC) of the NIST mAb tryptic digest was 

evaluated for the recovery of the T:14 peptide 

fragment (sequence = VDNALQSGNSQESVTE-

QDSK), which contains 4 acidic residues (20%), 

using a Waters UPLC CSH 130 Å C18 Column 

(Figure 3A) as well as a Waters ACQUITY Premier 

Peptide CSH 130 Å C18 Column featuring 

MaxPeak HPS Technology (Figure 3B) with 

detection being performed with a Waters 

SYNAPT XS Mass Spectrometer. As shown in 

Figure 3A, the T:14 peptide fragment was not 

detected at a mass load of 0.2 µg resulting in a 

reduced sequence coverage of 90% when using 

the ACQUITY UPLC CSH 130 Å C18 Column. In 

contrast, the T:14 peptide was observed to 

have a significant increase in recovery when 

the same sample was separated using the same 

method with the ACQUITY Premier Peptide CSH 

130 Å C18 Column (Figure 3B) resulting in 94% 

sequence coverage for the peptide mapping 

assay. The benefits afforded by ACQUITY 

Premier with MaxPeak HPS Technology extend 

beyond increased recovery alone.  

Figure 3. Increased Recovery. A) The T14 peptide fragment of the Waters NIST mAb digest standard was not detected 
in a LC-MS-based peptide mapping assay at a 0.2 µg mass load when using a conventional stainless-steel column, 
resulting in 90% sequence coverage. B) Recovery of the T14 peptide fragment when using an ACQUITY Premier Column 
with MaxPeak HPS Technology enabled detection and identification of the T14 peptide fragment resulting in increased 
sequence coverage (94%).
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Increased Response:
As shown in Figure 4, the T:37 peptide was 

evaluated concurrently with the T:14 peptide 

fragment using the same sample and system 

configuration. As shown in Figure 4A, the XIC 

(848.7174 m/z) of the T:37 peptide fragment at 

a 0.2 µg mass load exhibited significant tailing 

which impeded detection of related impurities 

that closely elute with the native peak as well 

as introducing increased variability in instru-

ment response (Figure 4C). In contrast, the 

same peptide showed a 10-fold increase in peak 

height and a 4-fold increase in peak area as a 

result of reduced tailing and increased recovery 

when the same sample was separated using the 

same method on an ACQUITY Premier Column 

with MaxPeak HPS Technology (Figure 4B). The 

increased recovery and improved peak shape 

afforded by MaxPeak HPS Technology resulted 

in increased assay reproducibility with a 90% 

reduction in MS-response (height) variability 

calculated at an R.S.D. of 1.1 % for 3 replicate 

injections. These results demonstrate ACQUITY 

Premier with MaxPeak HPS Technology can be 

Figure 4. Increased response. Recovery of the T37 peptide fragment from a tryptic digest of the NIST reference mAb 
standard was evaluated for a peptide map performed on A) a conventional column (stainless-steel) as well as a B) 
ACQUITY Premier Column with MaxPeak HPS Technology. C) A 10-fold increase in peak height was observed due to the 
reduced tailing using MaxPeak HPS Technology resulting in a 4-fold increase in peak area. The observed improvement in 
recovery resulted in a ~90% reduction in MS-response variability (height %RSD 11.6% vs. 1.1%) across 3 replicate injec-
tions when using the ACQUITY Premier Column with MaxPeak HPS Technology.
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broadly applied to improve chromatographic 

performance of acidic residue containing 

peptides for increased assay robustness and 

reproducibility.   

Improved Peptide Characterization Data Quality:
The recovery and chromatographic performance 

gains observed with ACQUITY Premier and 

MaxPeak HPS Technology has the added benefit 

of improving the quality and interpretation of 

data. As part of upstream activities, characteriza-

tion of protein-based therapeutics relies heavily 

on peptide mapping to determine amino acid 

sequence and related impurities of prospective 

drug candidates. In this respect, the ability of 

ACQUITY Premier with MaxPeak HPS Technology 

to reduce tailing and resolve critical species of 

sensitive peptides enables analysts to sequence 

drug candidates with increased confidence. This 

is demonstrated with the fragmentation profile 

of the T:37 peptide fragment as shown in Figure 

5. Using MSE acquisition mode (Data Indepen-

dent Acquisition) on the Waters SYNAPT XS Mass 

Spectrometer, spectra for each of the 4 peaks 

(inset) related to T:37 (GFYPSDIAVEWESNGQ-

PENNYK) species are shown in Figure 5. In this 

instance, critical y series fragmentation ions were 

observed and used to assign the deamidation 

sites for unmodified (blue) as well as deamidated 

or succinimide forms (red). Beginning with the y3 

Figure 5. Enhanced data quality. MSE high energy fragment spectra (m/z 400-1150) with labeled critical y series fragmen-
tation ions for GFYPSDIAVEWESNGQPENNYK peptide and its respective deamidation species (shown in the XIC in the top 
right). The bottom panel corresponds to MSE spectra of Peak 1 (unmodified), the center panels correspond to Peaks 2 
and 3 (deamidated species), and the top panel corresponds to Peak 4 (a succinimide intermediate). Unmodified y ions are 
labeled in blue, while deamidated (*) and succinimide (**) species are labeled in red.
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ion, which corresponds to N393, is unmodified in 

all peaks. Next, the y4 ion is unmodified in all but 

Peak 3, which shows a +0.9801 Da shift, pointing 

to deamidation on N392. The y series for Peak 3 

continue to show the mass shift for deamidation, 

as expected. It is not until y9 ion that any mass 

shifts are observed for Peaks 2 and 4. The y9 ion, 

corresponding to N387, is observed with +0.9870 

Da for Peak 2 (deamidation) and -17.0052 Da for 

Peak 4 (succinimide intermediate). Therefore, 

we can unambiguously assign these chromato-

graphically resolved T:37 species as follows: 

Peak 1- unmodified, Peak 2- N387 deamidation, 

Peak 3- N392 deamidation, Peak 4- N387 succin-

imide intermediate. These results demonstrate 

ACQUITY Premier with MaxPeak HPS Technology 

not only can improve recovery and reproduc-

ibility of assays but also increase confidence in 

data interpretation and peptide identification 

through reduced tailing to resolve co-eluting 

peaks and increased detector response to 

support both upstream and downstream activi-

ties associated in the development and manufac-

ture of therapeutic drugs.

Reproducible Chromatographic Performance:
As methods are transferred from development to 

manufacturing environments, reproducibility as 

an assay criterion is critical to ensure consistent 

results can be obtained in an efficient manner 

and accurately reflect CQAs in a drug product (a 

lack of which can result in costly delays and in 

some instances investigations when results are 

out of specification as in the case of regulated 

environments). To this end, chromatographers 

often incorporate passivation procedures as 

part of a standard operating procedure to aid in 

stabilizing chromatographic performance. These 

passivation procedures range from relatively 

benign practices such as repeated injections of 

a sample matrix to more aggressive techniques 

that can include the use of corrosive solvents 

such as nitric and/or phosphoric acid to passivate 

metal surfaces. While these practices are not 

without merit, they do take time to execute and 

prevent the full utilization of lab and instrument 

resources. ACQUITY Premier with MaxPeak HPS 

Technology offers users the ability to bypass 

these lengthy and sometimes hazardous proce-

dures with consistent and reliable performance 

out-of-the box.

An example of this is shown in Figure 6 for 

the CQA associated PENNYK peptide. Using a 

newly cleaned ACQUITY UPLC System (phos-

phoric acid wash), tailing factor for the PENNYK 

peptide was monitored using a single quadru-

pole mass detector (ACQUITY QDa) with selected 

ion recording (SIR) set at a value of 849.20 m/z 

in a peptide map separation with and without 

ACQUITY Premier MaxPeak HPS Technology. 

As shown in Figure 6A, peak tailing increased 

in the separation without MaxPeak HPS Tech-

nology (conventional technology) with a %RSD 

of 8.87% over a 48-hr time period as the system 

approached a steady-state. In contrast to this, 

chromatographic performance was stable and 

consistent when the assay was performed on a 

newly cleaned system using ACQUITY Premier 

with MaxPeak HPS Technology with a %RSD of 

1.01 % for peak tailing over the same time period. 

The reproducibility of MaxPeak HPS Technology 

in this instance translates to stable and consis-

tent chromatographic performance. As shown in 

Figure 6B, when using MaxPeak HPS Technology, 
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chromatographic performance for the PENNYK 

peptide was consistent and highly reproducible 

over the 48-hr injection series enabling accurate 

determination of relative abundance with 

%RSDs below 2.5%. These results demonstrate 

ACQUITY Premier with MaxPeak HPS Technology 

can deliver consistent and reliable results for 

increased productivity in the lab by reducing 

instrument down time and variability of results, 

assay qualities which are critical in ensuring safe 

and efficacious drug products can be brought to 

market in an efficient manner.

Legacy Compatibility:
Evaluation of new technology to improve the 

lifecycle of drug products is recommended as 

part of a pharmaceutical quality system. As part 

of the evaluation pharmaceutical companies 

will often perform comparability studies to 

determine what impact the new technology 

may have on existing methods deployed in 

the development and manufacturing of thera-

peutic drugs. Using these principals, retention 

time and selectivity was compared for a NIST 

mAb digest peptide map performed with and 

without Maxpeak Premier Technology. To ensure 

comparability, both data sets were generated 

in an identical fashion with respect to system 

preparation (acid washed prior to data acquisi-

tion) and column conditioning (15 injections of 

a mAb tryptic digest) prior to data acquisition. 

As shown in Figure 7A and 7B, chromatograms 

were analyzed between both separations to 

assess differences. To facilitate comparison, UV 

chromatograms were time aligned to adjust 

for dwell volume differences and plotted on 

Figure 6. Reproducibility of ACQUITY Premier with MaxPeak HPS Technology. A) Tailing factor for the PENNYK peptide 
was monitored over a 48-hr period in a newly cleaned system with (blue data trace) and without (orange data trace) 
MaxPeak HPS Technology. Peak tailing % RSD was calculated at 8.87% for the separation performed without MaxPeak HPS 
Technology compared to 1.01% when using the ACQUITY Premier with MaxPeak HPS Technology. B) Chromatographic 
performance for the PENNYK peptide and associated impurities was consistent over the 48-hr injection series with %RSDs 
for relative abundance below 2.5% (table inset).
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the same scale. Qualitatively, the separation 

performed with MaxPeak HPS Technology 

showed improvement in peak tailing and 

recovery for peptides T:14 and T:37 (insets) that 

were consistent with previous findings. More 

notably, the peptide profiles were highly consis-

tent with each other with respect to profile and 

abundance indicating MaxPeak HPS Technology 

did not negatively impact the separation. Using 

a more rigorous approach peaks with a S/N ≥3 

were integrated and plotted against each other 

as a function of relative retention time using 

the last eluting peak as the reference peak. As 

shown in Figure 7C, the orthogonal comparison 

indicated good retention time agreement (slope 

= 1.00) and a negligible time offset (y-intercept 

= -0.005) between the separations indicating 

selectivity was predominantly conserved when 

using MaxPeak HPS Technology. These results 

demonstrate ACQUITY Premier with MaxPeak 

HPS Technology can be applied to legacy 

RPLC-based methods with negligible impact to 

chromatographic selectivity while increasing 

reproducibility, peak shape, and recovery of 

sensitive analytes by minimizing analyte/surface 

interactions.

Conclusion
Analyte/surface adsorption in liquid chroma-

tography as a contributing factor to poor peak 

shape, tailing, and diminished recovery can 

lead to increased assay variability, reduced 

assay sensitivity, and missinterpretation of 

results for analytes susceptible to surface 

interactions. ACQUITY Premier with MaxPeak 

HPS Technology is Waters, solution to these 

Figure 7. Comparability. Peptide profiles were highly comparable with respect to profile and abundance for a NIST mAb 
digest peptide map performed using A) conventional LC technology versus B) ACQUITY Premier with MaxPeak HPS 
Technology. C) An orthogonal comparison of relative retention time of peaks with S/N≥3 indicated good retention time 
agreement (slope = 1.00) and a negligible time offset (y-intercept = -0.005) indicating selectivity was predominantly 
conserved when using ACQUITY Premier with MaxPeak HPS Technology.
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challenges. Waters, ACQUITY Premier Columns 

are designed to deliver exceptional chromato-

graphic performance while minimizing analyte/

surface interactions of sensitive compounds. 

Collectively, this study demonstrates MaxPeak 

HPS Technology can be broadly applied in the 

development and manufacturing of new or 

existing therapeutic drug products to deliver the 

chromatographic performance expected from 

Waters technologies while increasing repro-

ducibility, peak shape, and recovery of analytes 

prone to surface interactions.
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Identifying Elusive Post-Translational 
Modifications

Anjali Sarkar, PhD

Post-translational modifications (PTMs) provide 

a rapid mechanism that enables protein pheno-

typic diversity so that proteins can react to 

external and internal disturbances and regulate 

cellular activity. Advanced mass spectrometry 

(MS) analysis has allowed for the identification of 

over 600 distinct PTM classes jointly comprising 

an order of 106 unique sites but the true func-

tional fraction is unknown.1 Major PTM types 

include phosphorylation, acetylation, glycosyla-

tion, succinylation, methylation, malonylation, 

SUMOylation, and ubiquitination.2

Discoveries continue
The focus of vertebrate studies has mainly been 

on canonical phosphorylation, but research 

indicates that phosphorylation of other non-ca-

nonical amino acids also regulates integral 

aspects of cell biology. According to Cristina 

Martin-Granados, PhD, cell signaling research 

area scientific lead at Abcam, Claire Eyers used 

strong anion exchange-mediated phosphopro-

teomics to detect non-canonical phosphoryla-

tion. The findings indicated that non-canonical 

phospho-sites account for approximately 

one-third of the number of observed canonical 

phospho-sites.3

Non-canonical phosphorylation is highly 

susceptible to hydrolysis at low pH and/or 

at elevated temperature, therefore, standard 

biochemical techniques of phosphoprotein char-

acterization are largely unsuitable for analysis of 

“atypical” phosphorylated amino acids.

In addition, the discovery of non-lysine ubiq-

uitylation led to the concomitant revelation that 

non-proteinaceous ubiquitylation substrates 

such as glycogen exist.4  “This represents a 

major paradigm shift in our understanding of 
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ubiquitylation and the breadth of biological 

processes that it regulates,” said Martin-Granados. 

Over a decade ago, reports highlighting the 

existence and biological relevance of non-lysine 

ubiquitylation first appeared.5 The number of 

studies has since rocketed.6-11

Technical challenges
“PTMs are sub-stoichiometric, highly dynamic, 

transient, and generally labile in nature,” said 

Martin-Granados. “They are often present in 

a small subfraction of the protein population 

making detection by antibody-based approaches 

difficult.”

Enrichment of a specific PTM can help tackle 

low stoichiometry challenges. For example, 

immunoprecipitation can be performed before 

Western blotting or MS analysis. Ion exchange, 

immobilized metal ion affinity, and immunoaf-

finity chromatography are also enrichment 

techniques that can be used to segregate PTM 

proteins/peptides from the unmodified pools, to 

decrease sample heterogenicity while increasing 

analytic efficiency and reliability.

PTMs can be cell- or tissue-specific and experi-

ments require very stringent controls. The choice 

of positive and negative experimental controls is 

essential to correctly interpreting results. “There is 

evidence that some PTM modifications can block 

the binding site of the antibody on its target 

protein leading to a false negative result,” said 

Martin-Granados. In addition, since many PTMs 

are the aftermath of enzymatic reactions, sample 

processing can affect the target if unwanted 

enzymatic activity is not controlled.

Characterization of PTMs relies heavily on 

proteomics analyses. Antibodies are essential 

detection and enrichment tools. “But the develop-

ment of highly specific antibodies with exquisite 

binding affinity remains challenging due to the 

small size of the PTM chemical moieties, similar-

ities in the chemical structure, and poor antige-

nicity. In addition, specific recognition of the PTM 

and surrounding sequence or a pan-PTM may 

be required,” said Martin-Granados. Polycloncal 

antibodies can present drawbacks in delivering 

reproducible and reliable data due to strong 

lot-to-lot variations.

Useful tools
Computational methods for predicting PTMs 

are attracting considerable attention. The AI 

program AlphaFold is a valuable tool to predict 

unsolved protein structures from their amino-acid 

sequence.12,13

Unfortunately, AlphaFold2 does not consider 

the impact of PTMs on protein structure, but 

databases on protein PTMs and computational 

tools are available, and NMR spectroscopy 

and MS largely complement the limitations 

of AlphaFold2.14,15 With time, it may become 

possible to create and integrate new algorithms 

into AlphaFold2-generated structures and PTM 

databases to achieve a comprehensive outlook 

for PTM prediction.15

Although advances in MS have enabled 

the mapping of individual ubiquitin modifi-

cations that generate the ubiquitin code, the 

intricate architecture of polyubiquitin signals has 

remained largely elusive. Ubiquitin-clipping is 

a novel methodology that has provided insight 

into ubiquitin chain architecture and can be 

useful to decipher combinatorial complexity and 

architecture.16
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The discovery of ester-linked ubiquitin 

linkages also presents an opportunity to 

design new antibodies against these linkages. 

“This will be challenging due to the increased 

ability of the ester bond when compared 

to the canonical isopeptide linkage,” said 

Martin-Granados.

Another recent strategy is specific 

uncaging-assisted biotinylation and mapping of 

phosphoproteome, SubMAPP, which integrates 

an activatable proximity labeling enzyme with 

an orthogonal phosphorylation enrichment 

scheme and LC-MS/MS. SubMAPP is a highly 

sensitive method to characterize the subcellular 

phosphoproteome in living systems with high 

temporal resolution.17  

References 

1.	 	Bradley D. The evolution of post-translational modifications. 
Curr Opin Genet Dev. 2022 Oct;76:101956.  doi: 10.1016/j.
gde.2022.101956. Epub 2022 Jul 14.

2.	 Ramazi S and Zahiri J. Post-translational modifications in proteins: 
resources, tools and prediction. Database, Volume 2021, 2021, 
baab012. doi: 10.1093/database/baab012

3.	 Hardman G, et al. Strong anion exchange-mediated phosphopro-
teomics reveals extensive human non-canonical phosphor-
ylation. The EMBO Journal (2019)38:e100847. doi:10.15252/
embj.2018100847

4.	 Kelsall IR, et al. HOIL-1 ubiquitin ligase activity targets unbranched 
glucosaccharides and is required to prevent polyglucosan 
accumulation. The EMBO Journal (2022)41:e10970. doi:10.15252/
embj.2021109700

5.	 Wang X, et al. Ube2j2 ubiquitinates hydroxylated amino acids on 
ER-associated degradation substrates. J Cell Biol (2009) 187 (5): 
655–668. doi:10.1083/jcb.200908036

6.	 Pao KC, et al. Activity-based E3 ligase profiling uncovers an E3 
ligase with esterification activity. Nature. 2018 Apr;556(7701):381-
385. doi: 10.1038/s41586-018-0026-1. Epub 2018 Apr 11. PMID: 
29643511

7.	 Kelsall IR, et al. The E3 ligase HOIL-1 catalyses ester bond 
formation between ubiquitin and components of the Myddosome 
in mammalian cells. PNAS. 116 (27) 13293-13298. doi:10.1073/
pnas.1905873116

8.	 Otten EG, et al. Ubiquitylation of lipopolysaccharide by RNF213 
during bacterial infection. Nature. 2021 Jun;594(7861):111-116. 
doi: 10.1038/s41586-021-03566-4. Epub 2021 May 19. PMID: 
34012115; PMCID: PMC7610904

9.	 Zhu K, et al. DELTEX E3 ligases ubiquitylate ADP-ribosyl modi-
fication on protein substrates. Science Advances, 2022, 8 (40), 
ff10.1126/sciadv.add4253ff. ffhal-03862525f

10.	 Sakamaki J and Mizushima N. Protocol to purify and detect ubiq-
uitinated phospholipids in budding yeast and human cell lines. 
STAR Protocols, Volume 4, Issue 1,2023, 101935, ISSN 2666-1667, 
doi:10.1016/j.xpro.2022.101935

11.	 McCrory EH, Akimov V, Cohen P, Blagoev B. Identification of 
ester-linked ubiquitylation sites during TLR7 signalling increases 
the number of inter-ubiquitin linkages from 8 to 12. Biochem J 9 
December 2022; 479 (23): 2419–2431. doi:10.1042/BCJ20220510

12.	 Jumper J, et al. Highly accurate protein structure prediction 
with AlphaFold. Nature 596, 583–589 (2021). doi:10.1038/
s41586-021-03819-2

13.	 Varadi M, et al. Protein Structure Database: massively expanding 
the structural coverage of protein-sequence space with high-ac-
curacy models. Nucleic Acids Research, Volume 50, Issue D1, 7 
January 2022, Pages D439–D444, doi:10.1093/nar/gkab1061

14.	 Laurents DV. AlphaFold 2 and NMR Spectroscopy: Partners 
to Understand Protein Structure, Dynamics and Function. 
Frontiers in Molecular Biosciences. Vol 9 2022. doi:10.3389/
fmolb.2022.906437  

15.	 Biehn SE and Lindert S. Protein Structure Prediction with Mass 
Spectrometry Data. Annual Review of Physical Chemistry 2022 
73:1, 1-19. doi:10.1146/annurev-physchem-082720-123928

16.	 Swatek KN, et al. Insights into ubiquitin chain architecture using 
Ub-clipping. Nature. 2019 Aug;572(7770):533-537. doi: 10.1038/
s41586-019-1482-y. Epub 2019 Aug 15. PMID: 31413367; PMCID: 
PMC6823057

17.	 Liu Y, et al. Spatiotemporally resolved subcellular phosphopro-
teomics. 2021 PNAS 118, e2025299118, doi:10.1073/
pnas.2025299118



38 |   GENengnews.com

Peptide Mapping for Biotherapeutics: Strategies for Simplifying Protein Digestion

Proteome Maps Open an Age of  
Biological Discovery

Spatial proteomics began hardly more than 

a decade ago, but it is already gathering 

momentum. Consider the progress that has been 

made in the subcellular mapping of proteins. In 

2006, pioneering researchers from the Max Planck 

Institute for Biochemistry reported that they 

had generated a mammalian organelle map.1 

The same year, researchers from the University 

of Cambridge indicated that they had mapped 

the Arabidopsis organelle proteome.2 Such 

efforts demonstrated what could be achieved 

with density gradient centrifugation and marker 

protein profiling, and they stimulated a prolifera-

tion of experimental techniques for determining 

how proteins are distributed within cells and 

tissue.

“Spatial proteomics has been around, in an 

infant way, for a little while, but I think we’re 

learning more about the importance of identifying 

where different proteins are within the cell and 

body, and how this affects their function,” says 

Alla Gagarinova, PhD, a postdoctoral fellow at the 

University of Saskatchewan. Gagarinova is among 

the researchers using new techniques to explore 

the proteome’s spatial dimension—both within 

cells and between them. The new techniques have 

many applications, from basic science to thera-

peutic development to pandemic preparedness.

High-resolution instrumentation
Spatial proteomics has developed considerably 

in the last decade, according to Laurent Gatto, 

PhD, an associate professor of bioinformatics at 

the Catholic University of Louvain. He explains, 

“Experimental techniques, by which I mean mass 

spectrometry, have moved on considerably.”
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The instruments available today have higher 

resolution than the ones that were available 5 

to 10 years ago. “And that’s going to continue 

evolving,” Gagarinova points out. “So, we’ll be 

able to look at [which proteins are] in a cell, 

where they are, what they do, and how that can 

change.” She adds that researchers are already 

shifting beyond the “lowest hanging fruit” of 

identifying the most abundant proteins to 

mapping proteins in the nucleus and organelles 

in cells.

Computational tools
Computational techniques have also improved, 

and a wider range of software available to 

researchers. “I have the feeling [researchers] don’t 

fully understand the sheer range of software 

and approaches [available],” Gatto says. “This is a 

rapidly emerging field.”

At the Belgium Proteomics Association Confer-

ence (cancelled due to COVID-19 ), Gatto planned 

to give a presentation on using bioinformatics 

to map the location of proteins inside a sample. 

In this presentation, Gatto would have shared an 

observation that he states here as follows: “You 

might have a complex experimental design and 

have collected data over weeks or months, but 

once you start the analysis, you only need two 

pieces of information.”

By “two pieces of information,” Gatto means 

two bodies of information—the first pertaining to 

marker proteins (that is, proteins with experimen-

tally verified locations), the second pertaining 

to proteins for which location information is 

available only from a database.

In a dataset with 5,000 proteins, a researcher 

might be able to preannotate 1,000 proteins, 

leaving 4,000 with their location unknown. 

A simple analysis might then use Principal 

Component Analysis to see if any clusters can be 

identified in the data.

“If we don’t see any clusters, that’s not a great 

sign,” Gatto remarks. “However, if these clusters 

match well-known protein markers, it’s a good 

sign that, okay, my data or my experiment 

worked, and that it’s possible to carry on with 

more complex analyses.”

A researcher might proceed by using a classi-

fication algorithm to predict the location of the 

unknown proteins based on the characteristics 

of the markers, he continues. Alternatively, a 

researcher who didn’t have enough markers for 

every organelle in a cell might use semisuper-

vised machine learning to guess the locations of 

unknown proteins.

Essentially, the researcher is asking the 

algorithm a question. In Gatto’s words, the 

question is: “There’s stuff missing, please can 

you see if there’s meaning here as well?” Many 

proteins are also found in multiple locations. 

Consequently, a researcher may want to ask 

an additional question, one that Gatto puts as 

follows: “Is my algorithm able to identify them?”

Global interrogation
Spatial proteomics refers to two different activi-

ties, explains Kathryn S. Lilley, PhD, a professor of 

biochemistry at the University of Cambridge. One 

activity is looking at different cells within a tissue 

slice and determining the groups of proteins 

associated with them. The second activity is 

identifying where proteins are located within a 

cell. Lilley says that her research focuses on the 

second activity.
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“Our method has been around in concept for a 

long time,” Lilley notes. “We first published [about 

it] in 2004.” Her research was inspired, she recalls, 

by the difficulty of mapping proteins to specific 

organelles. Since 50% of proteins were present in 

more than one location, and many organelles had 

similar physical properties, even if her team could 

purify and enrich proteins in one niche, they 

wouldn’t know where else each protein could be 

found.

Lilley’s team turned to protein correlation 

profiling, a technique from the 1950s. Each 

subcellular niche is strung along a different 

subcellular fraction by centrifugation, and 

the protein amounts in each fraction can be 

measured. “You get rich and complex data,” she 

says. “It’s taken us a long time to come up with 

computational methods to deal with these data 

and use the method comparatively.”

In a paper that recently appeared in Nature 

Communications , Lilley and colleagues described 

how the abundance of proteins in human 

immune cells changed in the 12 hours after a 

proinflammatory response was induced by lipo-

polysaccharide treatment. 3 The researchers used 

novel Bayesian statistical analyses to estimate the 

probability of a protein belonging in a location 

and moving to another location under this physi-

ological stress.

“What was surprising, which we didn’t expect 

to see at such a stark level, was that many 

proteins weren’t changing in abundance—but 

they were changing in location,” Lilley points out. 

This finding currently lacks a definite explanation. 

“It is not possible,” Lilley and colleagues noted in 

the paper, “to distinguish trafficking of existing 

proteins from one location to another, from 

proteins being differentially degraded at one 

location and newly synthesized proteins locating 

to an alternate location.”

“The paper,” Lilley declares, “threw up more 

questions than it answered!”

Single-cell imaging
Nikolai Slavov, PhD, is also studying proteins at a 

subcellular level. An Allen Distinguished Investi-

gator and Associate Professor of Bioengineering 

at Northeastern University College of Engi-

neering, he says his research differs from Lilley’s 

research in a crucial way: “She is using 10 to 100 

million cells and measuring the average across 

them, whereas we’re doing one cell at a time.”

Slavov’s main project is working on the 

Human Cell Atlas, an international collabora-

tion to map the position, function, and char-

acteristics of every cell type in the body. He 

Figure 1. Probabilistic modeling of the spatial proteome: 
probability ellipses are modelled using known marker 
proteins, and used to reliably classify proteins to one or 
multiple locations.

Im
age and caption provided by Laurent G

atto, PhD
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is using single-cell imaging to measure the 

abundance of RNA and proteins in single cells, 

and then to localize them in three dimensions 

within body tissue.

Speaking about the benefits of single-cell 

imaging, he says: “Population-wide averages have 

existed for more than a decade and are substan-

tially easier to do, but human cells are different 

functionally, and that’s why we want to have 

single-cell resolution.”

As a secondary project, Slavov is using single-

cell imaging to measure the abundance of proteins 

inside macrophages when these immune cells 

are activated by antigens. “Looking at protein 

abundance can help us identify cell types,” he 

notes, “but you need the additional dimension [of 

single-cell analysis] to understand the molecular 

mechanisms behind human disease.”

A major application of his work is how to 

make tumor-associated macrophages more 

proinflammatory, so they can be used to fight 

cancer. He is also seeking to understand the role 

of macrophages in autoimmune and neurode-

generative disease.

Cataloguing cell types
Charlotte Stadler, PhD, focuses on the first type 

of spatial proteomics—understanding the differ-

ence between cells within the same tissue type. 

In her research at the KTH Royal Institute of 

Technology and at SciLifeLab’s Spatial Proteomics 

Facility, Stadler uses highly multiplexed imaging 

to look at 20–30 different proteins in each cell.

“We can look for different proteins in a single 

sample,” she says. We can, she continues, identify 

cellular phenotypes and get clues about the 

expression and cellular function of proteins.

Stadler and colleagues use fluorescence-based 

methods to study the proteins. According to 

Stadler, these methods overcome the problems 

of spectral overlap between multiple fluoro-

phores by looking at a few proteins at a time and 

washing away the fluorophores between each 

imaging step.

Figure 2. Optimizing and benchmarking MS analysis with bulk standards modeling SCoPE2 sets. A Conceptual diagram 
and work flow of SCoPE2. Cells are sorted into multiwell plates and lysed by mPOP [24]. The proteins in the lysates are 
digested with trypsin; the resulting peptides labeled with TMT, combined, and analyzed by LC-MS/MS. SCoPE2 sets 
contain reference channels that allow merging single cells from different SCoPE2 sets into a single dataset. The LC-MS/MS 
analysis is optimized by DO-MS [25], and peptide identification enhanced by DART-ID [26].
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These methods allow researchers to look at 

multiple different proteins in the same sample. 

By using imaging, researchers can visualize 

proteins at single-cell resolution and capture cell 

dynamics, including rare events that would be 

masked if bulk samples of whole cell populations 

were analyzed.

Stadler emphasizes that these methods are 

useful for answering any biology-related question 

where it makes sense to study intact tissue. 

She gives the example of studying the immune 

landscape in tumors, including which immune 

cells are present and how they’re orientated 

within the tissue. “Many studies,” she notes, “are 

investigating what this means for patients, and 

whether it can be used to predict who’d benefit 

from specific therapies.”

The future of spatial proteomics
Stadler predicts that researchers will use 

imaging in combination with other methods 

to combine spatial information with more 

in-depth data on proteins or other biomole-

cules. For example, researchers may use laser 

dissection microscopy to cut out specific cell 

types, which can be analyzed further using mass 

spectrometry.

“There are so many methods to study proteins 

and other biomolecules,” she says. “Finding ways 

to combine them will tell us much more than 

using a single method alone.” She anticipates 

that it will become increasingly common for 

researchers to combine spatial proteomics with 

genetic-sequencing-based methods to get a 

fuller picture of single cells.

For Gagarinova, meanwhile, spatial proteomics 

will draw upon the skills of computational 

biologists. “There’s definitely been a demand 

for competent computational biologists,” she 

observes. “And the amount of data is growing. 

So, we’ll be looking at new ways to come up with 

new insights.” She highlights the role of new 

supercomputing and data storage facilities in 

Canada and elsewhere.

Finally, the sky is the limit for applications of 

spatial proteomics beyond basic research. For 

example, the techniques of spatial proteomics 

can be used to study bacterial and viral patho-

genesis. This possibility, Gagarinova points out, 

was emphasized in a report commissioned by 

the United Kingdom’s Prime Minister. According 

to this report, antibiotic-resistant bacteria will kill 

more people than cancer by 2050.4 This assertion, 

which was concerning when it was made in 

Figure 3. Image from a colorectal cancer core using 
sequential indirect immunofluorescence. Colors reflect 
the markers DAPI (white), Ki67 (green), CD68 (orange), 
CD3 (red), CD8 (pink), PARP1 (blue).
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2016, has become only more concerning since 

then. And bacteria are not the only pathogens 

to cause worry. “COVID-19,” Gagarinova remarks, 

“has brought the science [of viruses and other 

pathogens] to the forefront.”

She adds, “We need to keep in front of the next 

pandemic, as well as understanding the effect 

of pollution and environmental change on the 

human body. [With spatial proteomics], we can 

study [how cells change.]”
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Versatile and Rapid Digestion Protocols for 
Biopharmaceutical Characterization Using 
RapiZyme™ Trypsin 

Samantha Ippoliti, Nick Zampa, Ying Qing Yu, Matthew A. Lauber 

Waters Corporation

Abstract
Complete and clean trypsin digestion is achieved with an enzyme that provides a balance of missed 

cleavage, non-specific cleavage, and trypsin autolysis. RapiZyme trypsin is a new homogeneously meth-

ylated, recombinant porcine trypsin which exhibits excellent thermal stability and improved levels of 

autolysis resistance. This application note evaluates RapiZyme trypsin in traditional peptide mapping 

protocols and also explores its applicability in a variety of alternative protocols utilizing various enzyme 

ratios, pH, incubation time, and temperatures. It was observed that RapiZyme trypsin uniquely enables 

the use of a high enzyme:protein (E:P) ratio (1:5, w/w) along with a rapid 30-minute digestion. The result 

of which is a high quality, exemplary peptide map that shows little to no autolysis peak interference 

despite the use of a high concentration of protease. Additionally, the use of RapiZyme trypsin has made 

it possible to accelerate traditional E:P ratio digestions (1–3 hours, 1:20 E:P). Furthermore, for those who 

prefer to digest overnight, RapiZyme trypsin is also demonstrated here to provide a complete, low artifact 

digestion with conditions based on a 1:100 E:P ratio, pH 6.5 buffer, and an ambient temperature incuba-

tion. Finally, this application work expands once more to consider a one-pot reaction condition, wherein 

RapiZyme trypsin was used in the presence of low amounts of guanidine HCl in a manner not possible 

with other industry-leading MS-grade trypsin.

Benefits
•	 Improved levels of autolysis resistance unlocks high enzyme:protein ratios that enable rapid and 

efficient 30-minute digestion protocols without the need for high temperature incubations

•	 Affords quick and confident decisions during critical data analysis because of clean baselines that 

minimize the number of unmatched peaks

•	 Demonstrated versatility with a number of unique digestion protocols

•	 Reproducible for long-term method success

Introduction
Peptide mapping is an essential assay for 

biopharmaceutical characterization and 

monitoring. By digesting an intact protein 

or monoclonal antibody (mAb) down to the 

peptide level, it becomes possible to establish 
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protein identity via sequence coverage and 

investigate site-specific modifications. Peptide 

mapping is now being implemented as a 

multi-attribute monitoring (MAM) approach for 

quality control and release of biotherapeutics, 

and therefore must be robust and reliable.1 

Peptide mapping data analysis is quite complex 

even when thinking only about the expected 

peptide contents. It is further complicated when 

the proteolysis enzyme yields missed cleavage 

(under-digestion), non-specific cleavage 

(over-digestion), and autolysis peaks (digestion 

of itself ). Additional peaks increase the time 

spent on data processing and review. Further-

more, peptide mapping is traditionally associ-

ated with long sample preparation times. Long 

digestion times increase sample turnaround 

time, possibly delaying critical decisions.

To combat these complexities, Waters™ has 

launched a new in-solution trypsin. RapiZyme 

trypsin is a homogeneously methylated recom-

binant porcine trypsin which is thermally 

stable and carefully derivatized so as to be 

extremely resistant to autolysis. This is demon-

strated by incubating RapiZyme and another 

industry-leading MS-grade trypsin overnight 

at elevated temperature. As shown in Figure 1, 

RapiZyme trypsin remains almost entirely intact, 

while the competitor enzyme exhibits significant 

autolysis. This application note showcases the 

use of RapiZyme trypsin first in traditional diges-

tions, then explores its applicability to a variety 

of other approaches to peptide mapping sample 

preparation.

Experimental

Traditional Sample Preparation (Desalt Before 
Trypsin Digestion)
Remicade™ (infliximab) samples were denatured 

and reduced in a 5.2 M guanidine hydrochloride 

solution containing 3 mM dithiothreitol (DTT) for 

30-minutes at room temperature. Iodoacetamide 

(IAM) was then added to a final concentration 

Figure 1. TIC overlay for a mock 1:5 enzyme:protein ratio sample with RapiZyme trypsin (blue trace) and another indus-
try-leading MS-grade trypsin (black trace). These mock samples represent enzyme blanks.
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of 7 mM iodoacetamide (IAM) and incubated for 

20-minutes at room temperature.Buffer Salts (p/n:  

via 7K MWCO gel filtration device into pH 7.5 or 

pH 6.5 digestion buffers. The pH 7.5 buffer was 

Tris CaCl2 Buffer Salts (p/n: 186010111), and the 

pH 6.5 digestion buffer was 50 mM Histidine, 10 

mM CaCl2, prepared in-house. RapiZyme trypsin 

(p/n: 186010108) was added to each sample and 

incubated as outlined in Table 1. At each timepoint, 

sample was acidified with 10% acetic acid (final 

concentration 0.1%) and further diluted with 

mobile phase A for analysis via LC-MS.

One Pot (No Desalt) Samples Preparations
To facilitate a dilution-based one pot digestion 

protocol, samples were added directly to solid 

guanidine hydrochloride for a final denaturant 

concentration of 5 M. They were reduced and 

alkylated as described above. The samples were 

diluted to 0.6 M guanidine hydrochloride with the 

same pH 7.5 digestion buffer (Tris CaCl2 Buffer Salts 

(p/n: 186010111) and trypsin was added at a ratio 

of 1:5 (w/w) for digestion. After incubation for two 

hours at 37 °C, samples were acidified with 10% 

acetic acid (final concentration 0.1%) and further 

diluted with mobile phase A for analysis via LC-MS.

Results and Discussion
The purpose of this study was to evaluate the 

performance of RapiZyme trypsin and its use in 

various types of protocols. It was also of interest 

to compare its performance to that of another 

industry leading MS-grade trypsin which boasts of 

autolysis resistance. Key parameters constituting a 

successful digestion include low levels of each of 

the following components: 1) missed and non-spe-

cific cleavages, 2) trypsin enzyme autolysis species, 

3) unmatched/unknown peaks, and 4) artificial 

post-translational modifications (PTMs), such as 

deamidation or oxidation that can result from 

nonoptimal digestion conditions.2–3 All of these 

create added complexity in the data, which puts an 

extra burden on the analyst. If unmatched peaks are 

present after standard peptide searching against 

an in-silico digest, the user would need to widen 

the search to include parameters such as semi-

tryptic digestion (to assign non-specific cleavage), 

an increased number of missed cleavages, and the 

trypsin sequence itself (along with its derivatiza-

tion) to begin matching autolysis peaks. Each of 

these additional parameters lengthens the time 

it takes the software to process the data, and the 

amount of time a user must spend on the review.

Table 1. Flexible trypsin digestion conditions.

https://www.waters.com/nextgen/global/shop/standards--reagents/186010111-quick-prep-tris-cacl2-buffer-salts-ph-75-4-pk.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186010108-rapizyme-tryspin-ms-grade-4-pk.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186010111-quick-prep-tris-cacl2-buffer-salts-ph-75-4-pk.html
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Accelerating Traditional Trypsin Digestion
Many reference papers outlining the tryptic 

digestion of mAbs have called for the use of 

a denatured, reduced, and alkylated protein 

sample that gets subjected to a desalting step 

prior to digestion.1–7 In these procedures, trypsin 

has thereafter been applied at an enzyme:pro-

tein ratio of 1:20–1:25 (w/w) and incubations 

have been performed for up to four hours at an 

elevated temperature. Such trypsin digestion 

protocols have been adopted by many biophar-

maceutical industry labs as part of the peptide 

mapping analytical workflow. This is where we 

began the evaluation of RapiZyme trypsin. Using 

Remicade (an IgG1 kappa mAb) as a case study, we 

compared the performance of RapiZyme trypsin 

LC Conditions

LC system: ACQUITY™ UPLC™ I-Class PLUS

Detection (optical): ACQUITY TUV

Vials: QuanRecovery™ Vials with MaxPeak™ HPS (p/n: 186009186)

Column(s): ACQUITY Premier Peptide CSH™ C18, 130 Å, 1.7 µm, 2.1 x 100 mm (p/n: 186009488)

Column temperature: 60 °C

Sample temperature: 6 °C

Injection volume: 5–10 µL (1–2 µg on column)

Flow rate: 0.2 mL/min

Mobile phase A: 0.1% (v/v) Formic Acid in Water

Mobile phase B: 0.1% (v/v) Formic Acid in Acetonitrile

Gradient: Initial hold at 1% B for 1 minute, 1–35% B over 50 minutes,
35–85% B over 6 minutes, 85% B for 4 minutes, 85–1% B over 6 minutes, hold at 1% B for 13 
minutes

MS Conditions

MS system: ACQUITY RDa™

Ionization mode: ESI+, Full Scan MS with Fragmentation

Acquisition range: m/z 50–2000

Capillary voltage: 1.2 kV

Collision energy: 60–120 V (low/high energy ramping)

Cone voltage: 30 V

Desolvation temperature: 350 °C

Intelligent data capture: On

Data Management

LC-MS caquisition & processing: UNIFI™ v 3.0.0.6 operated under waters_connect™ v 2.1.0
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Figure 2. TIC chromatograms for 3-hour 1:20 enzyme:protein ratio digestions of Remicade with another industry-leading 
trypsin (black trace) and RapiZyme trypsin (blue trace), showing equivalent results.

Figure 3. TIC chromatograms for a 3-hour (black trace) 1:20 ratio digestion of Remicade with RapiZyme trypsin, achieving 
the same level of digestion in only 1 hour (blue trace) with same conditions.
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to another leading competitor trypsin, at an E:P 

ratio of 1:20, incubated for three hours at 37 °C. 

Detailed analyses were then performed by LC-MS. 

Comparable performance was observed (Figure 2, 

TIC traces shown) for RapiZyme trypsin and the 

competitor trypsin when three hours of incubation 

were applied. Each give >93% sequence coverage, 

and more than 95% of the integrated TIC area is 

comprised of Remicade peptides with expected 

tryptic cleavages. No significant difference in 

deamidation or oxidation levels was observed 

upon comparing the digestions.

Since the three hour digestion with a 1:20 

E:P ratio gave near complete digestion of the 

mAb, we decided to test a shorter incubation 

time with the same conditions. The overlay in 

Figure 3 demonstrates excellent comparability for 

the one hour (blue trace) and three hour (black 

trace) digestions of Remicade, indicating that it is 

possible to achieve equivalent results in only one 

hour when RapiZyme trypsin is applied.

In peptide mapping sample preparation, 

reproducibility is of utmost importance. The 

repeatability and batch to batch reproducibility of 

the one hour RapiZyme trypsin digest of Remicade 

was further evaluated using two different batches 

of RapiZyme trypsin, each represented with 

three digestion replicates for each batch. Figure 4 

displays the TIC overlay for these six injections, 

and it can be seen that there is excellent repro-

ducibility, similar levels of digestion completeness 

and TIC patterns for the expected peptides. The 

total amount of missed cleavage for the study was 

0.55% ± 0.3%. Overall, 97.5% ± 0.3% of the TIC area 

is made up of fully tryptic peptides derived from 

the Remicade light and heavy chain sequences.

Can We Go Even Faster?
In biopharmaceutical development, there is 

an ongoing search for ways to improve both 

workflow efficiency and sample turnaround 

time. At the same time, there are efforts made 

to minimize artifactual modifications that arise 

from longer digestion times.3–4 The novelty of 

RapiZyme trypsin lies specifically in its stability, 

autolysis resistance, and high activity. This allows 

Figure 4. TIC overlay for 3 digestion replicates each for two different batches of RapiZyme trypsin as obtained with 1:20 
enzyme:protein digestions. Inset shows a bar graph comparison of % missed cleavage for each batch of RapiZyme & 
trypsin (replicates n=3).
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Figure 5. Comparison of 1:5 digests, another industry-leading competitor (top panel) vs RapiZyme trypsin (bottom 
panel), with zoomed section of retention time window 14 to 40 min. Red arrows highlight trypsin autolysis and unknown 
peaks.

Figure 6. TIC overlay for 3 digestion replicates each for two batches of RapiZyme trypsin as obtained with 1:5 
enzyme:protein digestions. Inset shows a bar graph comparison of % missed cleavage for each batch of RapiZyme trypsin 
(replicates n=3).
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more flexibility to use higher enzyme-to-pro-

tein ratios and the chance to explore shorter 

digestion times along with the use of a wider 

range of temperatures. For Remicade, we opted 

to test a 1:5 ratio for 30-minutes at a standard 

incubation temperature of 37 °C. The resulting 

labeled TIC chromatograms for RapiZyme trypsin 

vs another industry-leading trypsin are shown in 

Figure 5. There is a substantial difference in the 

quality of the digestions, mostly due to peptides 

generated from trypsin autolysis during the 

digestion when using the competitor enzyme at 

a higher E:P ratio. The zoomed section in Figure 5 

highlights a section with a significant amount 

of autolysis species (indicated with red arrows). 

RapiZyme trypsin did not show any appreciable 

signal for interference peaks in this retention 

window, nor in any others where Remicade 

peptides elute. RapiZyme trypsin provided 

a fast, clean digestion with >93% sequence 

coverage, <1% missed cleavage, and <0.1% 

trypsin autolysis. (Relative abundance (%) of 

missed and non-specific cleavage are calculated 

via MS response of these species compared to 

the total MS response for all Remicade-derived 

peptides, in a manner consistent with previously 

published work.)2

The same repeatability and batch-to-batch 

reproducibility exercise from above was applied 

to this accelerated digestion condition. Figure 6 

shows the TIC overlay of six samples corre-

sponding to two batches of RapiZyme trypsin, 

each represented with three digestion replicates. 

Again, excellent digestion reproducibility and 

overall completeness of digestion were observed. 

Overall, 96.3% ± 0.6% of the TIC area is made up 

of fully tryptic peptides derived from Remicade.

What About Improving Overnight Digestion?
While many scientists desire faster digestions 

workflows, there are others who prefer the flexi-

bility of setting up and returning to an overnight 

digestion. There are a few considerations to 

take into account for overnight digestions. First, 

RapiZyme trypsin is quite active, so the E:P ratio 

and temperature should be optimized to control 

any non-specific cleavage (over-digestion) that 

may arise. The other consideration is PTMs, such 

as deamidation, that occur due to digestion 

conditions, namely neutral-to-high pH and 

elevated temperatures.3 Unfortunately, this is 

where most trypsin enzymes retain their highest 

activity. In order to mitigate these concerns in our 

overnight digestion evaluation with RapiZyme 

trypsin, we chose to use a low 1:100 enzyme ratio, 

ambient temperature conditions (20–25 °C), and 

a pH of 6.5 buffer. These parameters provide a 

clean complete overnight digestion, as shown in 

the TIC in Figure 7A. We observe >90% sequence 

coverage with a < 1% level for missed cleavages, 

non-specific cleavages, and unknown peaks 

combined. Very low levels of overall deamida-

tion and oxidation are observed. To demon-

strate the effects of temperature and pH with 

overnight incubation, an additional digestion 

of Remicade was performed with the 1:100 E:P 

ratio, overnight time interval but with a pH 7.5 

buffer and 37 °C incubation. Select deamida-

tion-prone peptides were compared between 1) 

the accelerated 30-minute digestion described 

previously, 2) the overnight pH 6.5 ambient 

temperature digestion, 3) and the overnight pH 

7.5, 37 °C digestion. The extracted ion chromato-

grams (Figure 7B) for heavy chain peptide T27 

(VVSVLTVLHQDWLNGK) show equivalently low 
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levels of deamidation for the 30-minute and pH 

6.5 optimized overnight digestions. Meanwhile, > 

20% deamidation was observed for this peptide 

with the pH 7.5, overnight 37 °C condition. This 

verifies that the optimized overnight protocol 

does not introduce deamidation artifacts. Overall, 

the 1:100 enzyme ratio pairs with a pH 6.5 buffer 

and room temperature overnight incubation to 

provide a third alternative for generating clean 

and complete digestion with RapiZyme trypsin.

Can We Skip The Desalting Step?
All of the protocols discussed up to this point used 

samples in which a desalting cartridge is employed 

to remove guanidine hydrochloride denaturant 

and reduction/alkylation reagents prior to trypsin 

digestion. Most trypsins are greatly hindered by 

common protein denaturants like guanidine hydro-

chloride and urea.2 However, many analysts would 

desire a protein digestion protocol that does not 

include the desalting step, for a variety of reasons. 

An inherent risk in using desalting cartridges is 

the variability in protein recovery after buffer 

exchange. Most commercially available devices 

report an average recovery of 70–90%, and it can 

be highly sample dependent.8 Eliminating the 

desalting step promotes more consistency among 

sample concentrations and digestion conditions. It 

is also an extra step that adds more time and effort 

to the sample preparation workflow. Given that 

RapiZyme trypsin has proven to be reproducible, 

autolysis resistant, and efficient when applied to 

the desalted samples, it was worth exploring its 

possible application to a one pot digestion protocol 

that skips the traditional desalting step. To facilitate 

the digestion, a dilution step was incorporated to 

bring the final guanidine hydrochloride concen-

tration to 0.6 M after the Remicade sample was 

reduced and alkylated. RapiZyme trypsin was then 

added to the sample to give a 1:5 enzyme ratio and 

the digestion was incubated for 2 hours at 37 °C. 

The results from this work, as compared to another 

industry-leading competitor trypsin, are presented 

in Figure 8. Overall TIC area for the RapiZyme sample 

is 96% comprised of full tryptic Remicade peptides, 

whereas the competitor was only 82% (Figure 8A). 

Figure 7. A) Labeled TIC for Remicade 1:100 Overnight pH 6.5 digestion. B) Extracted ion chromatograms for deamida-
tion-prone peptide HC T27 (VVSVLTVLHQDWLNGK), m/z 603.6 (3+) and 904.4 (2+), for 30 min and overnight incubations 
with a pH 6.5 versus 7.5 buffer.
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Figure 8. One-Pot (non-desalted) diluted protocol 
results. Panel A) shows a comparison for % TIC response 
that is made up of expected cleavage peaks in the 1 
Pot digestions of Remicade with RapiZyme trypsin and 
another industry-leading competitor trypsin. “Impuri-
ties” include missed and non-specific cleavages, trypsin 
autolysis, and unknown peaks. The most significant 
differences stem from missed cleavage (Panel B) and 
trypsin autolysis (Panel C).

Figure 9. Summary of digestion conditions—Stacked TIC chromatograms showing high level of similarity between all 
four digestion conditions performed for Remicade (* indicates intact trypsin peak). 
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This disparity stems primarily from differences in 

missed cleavages and trypsin autolysis species 

(Figure 8B & 8C, respectively). The competitor 

trypsin contained ~10% of the total TIC peak area as 

missed cleavage, and ~6% as autolysis peaks. This 

indicates that RapiZyme trypsin can provide a near 

complete digestion even in the presence of signif-

icant concentrations of guanidine hydrochloride. 

This may offer a viable alternative for those who 

desire to avoid desalting.

Conclusion
Peptide mapping is, and will continue to be, 

one of the most important data-rich assays that 

can be applied for biopharmaceutical charac-

terization and monitoring. As such, the sample 

preparation and methods for this assay must be 

robust and reliable. That said, many labs have a 

variety of requirements and standard protocols 

they wish to follow. The method development 

exercise outlined in this application note shows 

that RapiZyme trypsin, with its unique autolysis 

resistance and digestion efficiency, can be a 

means to more quickly and more creatively 

prepare high quality peptide mapping samples. 

RapiZyme trypsin has proven to be useful in tradi-

tional digestions, in rapid 30-minute and flexible 

overnight digestions, and even in simple one-pot 

protocols. RapiZyme trypsin provided peptide 

maps with high levels of similarity and data 

quality for Remicade peptide mapping with each 

of the newly envisioned protocols (Figure 9). 
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Abstract
Laborious and time-consuming peptide mapping protocols are made faster and more robust by using 

a novel RapiZyme Trypsin and IonHance difluoroacetic acid (DFA). High activity and enhanced autolysis 

resistance enabled the RapiZyme Trypsin to be used at higher amounts leading to reduced digestion 

time (~1 hour) in contrast to the traditional enzyme-to-protein ratios and long digestion time (≥3 hours) 

employed in protein sequencing methodologies. The use of IonHance DFA as a mobile phase additive in 

the peptide mapping workflows made high-quality mass spectral (MS) and UV data acquisition possible 

without adduct-induced interferences. Using Waters MassPREP™ peptide standard mixture and NISTmAb 

as protein digest standards, we demonstrate the direct alignment of high-quality UV and MS data while 

maintaining the high signal intensity of sequence-informative fragment ions in the MSe-based fragmen-

tation of adduct-free target peptide molecular ions. Thus, after annotating peptide peaks to specific 

retention times in the initial experiments, UV only runs can be considered for subsequent quality control 

(QC) analyses. Such improved methodologies are expected to accelerate the testing of pharmaceutical 

proteins as a result of the ease and efficiency with which high quality can now be obtained.

Benefits
•	 The use of RapiZyme trypsin enables 1:5 enzyme-to-protein ratio digestions, thereby reducing 

digestion times

•	 Total sample preparation time is under 3 hours, significantly less than many conventional peptide 

mapping workflows

•	 Versus formic acid, IonHance DFA results in enhanced UV sensitivity in a sequence-independent 

fashion allowing the monitoring of low-abundant peptides

•	 Ion pairing properties of IonHance DFA further improves the reproducibility of peptide retention 

times while maintaining a sensitive response without the associated adducts

Introduction
Peptide mapping is a technique used in 

proteomics & biopharmaceutical characteri-

zation to identify and characterize proteins. A 

single chain of protein is also referred to as a 

polypeptide. A polypeptide is distinguished by 

its sequence of amino acids connected through 

the peptide bonds. Proteomic studies involve 
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breaking down proteins into smaller peptides 

through the cleavage of peptide bonds by a 

protease such as trypsin, followed by their sepa-

ration and mass analysis by liquid chromatogra-

phy-mass spectrometry (LC-MS). The resulting 

peptide map can be used to identify the protein 

and determine its primary structure. Robust 

peptide mapping is necessary for several reasons. 

First, it can be used to confirm the identity of a 

protein, which is important for quality control and 

validation purposes. Second, peptide mapping 

can be used to determine the primary structure of 

a protein, which can be essential to early research 

programs. Finally, peptide mapping can detect 

post-translational modifications in the amino acid 

sequence, which can affect protein function and 

stability.

This application note focuses on the use of 

RapiZyme Trypsin and IonHance DFA for peptide 

mapping and discusses the unique advantages 

of this combination to facilitate a quick peptide 

mapping workflow, simultaneous optimization 

of UV and MS responses, and adduct-free mass 

spectra.

Experimental

Sample Preparation
NIST mAb samples [10 µL at 10 µg/µL] were 

denatured with 90 µL of 6 M guanidine hydro-

chloride (GuHCl) [5.4 M final concentration] 

solution and reduced with 5 mM dithioth-

reitol (DTT) [2 µL of 250 mM] for 30 minutes at 

ambient conditions. This was followed by alkyla-

tion with 10 mM iodoacetamide (IAM) [3 µL of 

350 mM] for another 30 minutes at ambient 

conditions.

Desalt Protocol
A digestion buffer consisting of 10 mM calcium 

chloride (CaCl2) in 0.1 M tris(hydroxymethyl)

aminomethane hydrochloride (Tris-HCl) was first 

prepared from Waters Tris CaCl2 Buffer Salts pH 

7.5, 4/pk (p/n: 186010111). A gravity flow size-ex-

clusion chromatography (SEC)-based desalt 

cartridge was conditioned by loading 400 µL of 

the digestion buffer three times and discarding 

the eluent each time. 100 µL of the denatured 

NIST mAb sample was then loaded onto the 

column and flowthrough discarded. The column 

was washed with 100 µL of digestion buffer, 

discarding the flowthrough. After ensuring that 

the cartridges were free of residual drops, the 

sample collection container was placed under the 

cartridge, and the desalted protein was collected 

with 300 µL of the digestion buffer.

Protein Estimation
To ensure that the correct amount of the 

denatured and alkylated NIST mAb was used for 

the digestion, protein estimation was performed 

after the desalting step. Precise concentration 

readings were obtained by A280 measurements 

using a UV-Vis plate reader. Alternatively, protein 

estimation can also be achieved through UV-Vis 

measurements of the droplets. This optional step 

ensures the use of the correct protein amount 

for digestion so that the enzyme-to-protein ratio 

values are consistently maintained for reproduc-

ible signal behavior across multiple digests.

Protein Digestion
20 µg (in 200 µL) of the denatured, reduced, and 

alkylated NIST mAb was taken in a 300 µL PCR (poly-

propylene) tube, and 4 µg (in 4 µL) of RapiZyme 

https://www.waters.com/nextgen/global/shop/standards--reagents/186010111-quick-prep-tris-cacl2-buffer-salts-ph-75-4-pk.html
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LC Conditions

LC system: ACQUITY™ UPLC™ I-Class PLUS

Detection: ACQUITY TUV/PDA

Wavelength: 219 nm

Vials: Clear Glass 12 x 32 mm Screw Neck Qsert Vial, 300 µL Volume (p/n: 186002804)

Column(s): ACQUITY Premier Peptide CSH™ C18 Column, 130 Å, 1.7 µm, 2.1 x 150 mm (p/n: 186009489)

Column temp.: 65 °C

Sample temp.: 6 °C

Injection volume: 50 µL

Flow rate: 0.25 mL/min

Mobile phase A: 0.1% (v/v) IonHance DFA (p/n: 186009201) in LCMS-grade Water

Mobile phase B: 0.07% (v/v) IonHance DFA in LCMS grade Acetonitrile

Gradient: Please refer the table below.

Gradient Table

MS Conditions

MS system: ACQUITY RDa

Ionization mode: Full scan with fragmentation 

Acquisition range: Low (50–2000 m/z) 

Capillary voltage: 1.20 kV 

Cone voltage: 20 V

Fragmentation cone 
voltage:

60 V to 120 V

Polarity: Positive

Scan rate: 2 Hz

Desolvation temp.: 350 °C 

Data Management

Chromatography 
software:

ACQUITY RDa

MS software: UNIFI™ v 3.0.0.15, Empower™ 3 (For UV 
only analyses)

Informatics: UNIFI v 3.0.0.15

Peptide sequences of the nine peptides in the MassPREP 
Peptide Mixture
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Trypsin (p/n: 186010108) was added to perform 

the digestion at a 1:5 (enzyme: protein) ratio. This 

solution was incubated at 37 °C for 1 hour on a 

revolving PCR block @ 300 RPM. After digestion, the 

reaction was quenched by acidifying the samples 

with 20 µL of 1% formic acid (0.1% final concentra-

tion). The samples were vortexed and quantitatively 

transferred to Qsert vials for LC-MS analyses.

Results and Discussion
The current study intended to demonstrate 

the beneficial effects of RapiZyme Trypsin 

and IonHance DFA for use in quick and robust 

LC-UV-MS peptide mapping workflows. 

Using NIST mAb as an example biopharma-

ceutical protein of interest, we evaluated 

the efficacy of RapiZyme Trypsin at a 1:5 

Figure 1. Representative total ion chromatogram (TIC) chromatogram and the observed sequence coverage of the 
NISTmAb sequence are shown. About 5 µg of protein digest was subjected to LC-UV-MS analysis using a BioAccord LC-MS 
system as described in the methods. The MSe data was analyzed by the UNIFI-based peptide mapping data analysis 
method to identify the high-confidence amino acid sequences of tryptic peptides and compute the sequence coverage.

https://www.waters.com/nextgen/global/shop/standards--reagents/186010108-rapizyme-tryspin-ms-grade-4-pk.html
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enzyme-protein ratio and 1 hour digestion 

time. The resulting peptides were subsequently 

subjected to LC-UV-MS analysis using IonHance 

DFA as a mobile phase additive in liquid 

chromatography.

This analysis revealed 100% amino acid 

sequence coverage of both the heavy and 

light chains (Figure 1). Like is expected for a 

formic acid mobile phase, the DFA modified 

mobile phases did not yield any ion pairing 

adducts (Figure 2) nor were there seen to be 

any adverse effects on the overall quality of the 

mass spectral data, including the acquisition 

of sequence-informative product ions. Further, 

the UV chromatograms exhibited enhanced UV 

signals with minimal baseline drift. The repro-

ducibility of the protocol was demonstrated 

by the consistent UV and BPI chromatograms 

of separate, independently prepared protein 

digests (Figure 3–4).

The first advantage of this protocol is the quick 

sample preparation process which is under 3 

hours. This is partly due to the RapiZyme Trypsin’s 

ability to facilitate high enzyme:protein ratio 

digestions. The second advantage is that chro-

matograms showed high UV signal intensities. 

This can be attributed to differences in the refrac-

tive index properties of DFA versus formic acid 

Figure 2. Analysis of LC-MS spectra for DFA adducts. 
(A) The top panel depicts the base peak ion chromatogram (BPI) of the NISTmAb protein digested with RapiZyme Trysin. 
The peptide peak at 43.5 min exhibited at highest ion abundance as seen in both BPI and extracted ion chromatogram 
(XIC) for m/z 603.3374 (middle panel) that corresponds to the peptide VVSVLTVLHQDWLNGK. If adducts are formed, this 
should be noticeable with this most abundant peptide signal. But the XIC for m/z 635.006 (bottom panel) corresponding 
to the DFA adduct (+95 Da after accounting for proton replacement) did not yield a clear peak as the signal was at 
baseline level (see the intensity for the bottom panel). 
(B) The mass spectrum corresponding to 43–43.5 min did not show the presence of ions corresponding to the adducts 
(see the arrow).
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Figure 3. Reproducibility of UV chromatograms for three separate, independently prepared digest replicates of NISTmAb. 
The UV signal at 219 nm remained constant for all three digests indicating high reproducibility.

Figure 4. Reproducibility of BPI chromatograms for three separate, independently prepared digest replicates of NISTmAb. 
The UV signal at 219 nm remained constant for all three digests indicating high reproducibility.
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as well as the improved peak shapes afforded by 

DFA ion pairing. The third is IonHance DFA’s role 

in enabling adduct-free mass spectra. Finally, the 

excellent reproducibility of the peptide mapping 

was demonstrated by comparing the UV and BPI 

chromatograms between independent sample 

preparations.

Why do we need quick peptide mapping 
workflows?
Quick peptide mapping workflows can provide 

timely results to laboratories and companies 

working to research, develop and release protein 

drugs. Longer digestion and sample preparation 

times could introduce or allow the formation of 

sample artifacts, adversely impacting the analyses 

quality. Quick peptide mapping workflows can 

also enable the automation of high-throughput 

analysis in large-scale studies, making the QC 

analyses faster and less error-prone. A quicker 

turn around of results means quicker decisions, 

and fewer artifacts could help ensure that the 

right results are reported in the first pass of 

project work.

Why use IonHance DFA to enhance UV?
Formic acid is usually preferred over trifluoro-

acetic acid (TFA) in most LC-MS-based peptide 

mapping analyses because of the sensitive MS 

response and because adduct-free mass spectra 

are obtained. However, some peptides are not 

easily detectable with formic acid-based mobile 

phase (an example shown in Figure 5) because it 

does not have the ion pairing characteristics of 

TFA to improve chromatographic retention.1 This 

was evident by the behavior of MassPREP Peptide 

Mixture (p/n: 186002337) when subjected to 

UV-based detection. Peptide 1 was not detectable 

under these conditions at any of the wavelengths 

(210–225 nm) tested. It is not clear whether 

this peptide was pushed into the void volume 

partially or completely, leading to a loss of signal.

IonHance DFA, on the other hand, exhibits ion 

pairing characteristics (more like TFA); therefore, 

better retention and UV sensitivity may be 

expected in a peptide-independent fashion. 

Working with this insight, we sought to achieving 

the highest quality UV chromatograms possible. In 

order to identify the most suitable UV wavelength 

Figure 5. LC-UV-based detection of peptides from MassPREP Peptide Mixture (P1–P9) using formic acid-based mobile 
phase. The presence of P1 cannot be deciphered unambiguously from this profile (see the rectangular area on the chro-
matogram). Note the change in the elution pattern of P9 compared to P8.

https://www.waters.com/nextgen/global/shop/standards--reagents/186002337-massprep-peptide-mixture.html
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for peptide measurements when using IonHance 

DFA, the MassPREP Peptide Mixture was subjected 

to LC-UV analysis at detection wavelengths 

ranging from 210 to 225 nm. The nine peptides 

expected in the MassPrep peptide mixture could 

be detected in all situations despite the UV-base-

line exhibiting wavelength-dependent drift 

(Figure 6). Although the maximum signal was 

Figure 6. LC-UV-based detection of peptides from MassPREP Peptide Mixture (P1-P9) using IonHance DFA-based mobile 
phase. The presence of P1 can easily be deciphered unambiguously from this profile. Note the change in elution order 
and improved signal for P9 compared to the formic acid-based mobile phase.

Figure 7. Peak area comparison of all the peptides detected by IonHance DFA-based mobile phase at UV lengths ranging 
from 210–225 nm.
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noticed at 210 nm the baseline drifted downward, 

which may interfere with the quantitation. On the 

other hand, the baseline at 219 nm was compar-

atively steady, and the peptide signal did not 

suffer significant loss at this wavelength (Figure 7). 

Slightly lowering the concentration of DFA in 

mobile phase B resulted in further improvement 

and reproducible baseline behavior. Importantly, 

all the expected peptides, including peptide 1 

were detected without any ambiguity. Thus, 219 

nm was identified as the ideal wavelength to 

obtain a level baselines and peptide-independent 

UV signal acquisitions.

Strong, reliable ultraviolet (UV) signal can 

provide several advantages in peptide mapping.

• Improved sensitivity: Sequence-indepen-

dent UV-based recognition allows efficient

detection of low-abundance peptides.2

• Increased accuracy: Provides distinct and

well-defined peaks in the chromatogram.3

• Enhanced resolution: Fewer co-elutions in

the chromatogram, improving the analyses of

complex peptide mixtures.2

• Enhanced reproducibility: Provides more

consistent and reliable results.3

Also, in QC environments where users might not 

yet have LC-MS techniques, high-quality UV chro-

matograms can enable the analysts to obtain the 

required peptide mapping information without 

repeated MS data acquisition. This is because the 

initial LC-UV-MS analysis at the analytical level 

would help annotate the peptide peaks in the 

LC profiles, which can easily be transferred to QC 

situations without any intermediary data loss or 

ambiguity.

Conclusion
Peptide mapping workflows are typically complex 

and time-consuming. Hence, there is a need for 

simple, reproducible, and robust workflows that 

can facilitate reliable QC analyses and moni-

toring, as in the case of the biopharmaceutical 

industry. Sample preparation is a crucial step in 

these workflows and is usually time-consuming; 

however, RapiZyme Trypsin can enable users to 

reduce their sample preparation times, as demon-

strated in this application note. Furthermore, the 

use of IonHance DFA as a mobile phase additive 

allows a robust LC-UV-MS peptide mapping expe-

rience through high-quality and reproducible data 

acquisition. This type of method show promise 

for becoming a platform method and enabling 

the timely assessment of protein therapeutical 

products in highly regulated environments.
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