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INTRODUCTION

• High Resolution LC-MS assay to estimate protein stability of a client’s product

• Mycobacterial cell suspensions – several different batches required analysis

• Very tough material – protein extraction challenging

• Relative quantitation – no standards

• BSA co-digested with protein sample extracts – 3 reference peptides

• Identified 4 peptide-like analytes by partial manual interpretation of IDA data

• Incorporated into the High Resolution LC-MS client assay

• Integrated peak areas were recorded as a surrogate for protein status

• Changes in these peak areas will be used as a measure of protein stability

• It was ultimately necessary to demonstrate the likely source of the protein

• Following investment in a proteomics search engine we were subsequently able to 
sequence the 4 peptide-like analytes selected

• Amino acid sequences for each of the 4 peptide analytes will be presented

• The likely source protein for each of the 4 peptide analytes will also be presented



SAMPLE PREPARATION

Mycobacteria pelleted
and washed (or matrix free process blank)

Re-suspended in
denaturing buffer solution

Subjected to mechanical
cell lysis (FastPrep)

Homogenate depleted of cell
debris. Protein-rich supernatant

processed further 

Protein-rich extract mixed with
denaturing buffer solution

and BSA solution

Sample extract and BSA mixture was
reduced (DTT) and alkylated (IAM)

Solution volume bulked with buffer
prior to addition of trypsin

Sample proteins and BSA internal
digest control digested at 37°C

for approximately 16 hours

Following acidification digested
sample extracts submitted to

High-Resolution LC-MS
or LC-MS/MS (IDA) analysis 



SAMPLE ANALYSIS

• Chromatographic Parameters

• LC Gradient

Instrument Exion LC (SCIEX)

Column Waters Acquity UPLC Peptide CSH C18, 130 A, 1.7 µm, 2.1 x 50 mm (55°C)

Injection Volume 3µL

Mobile Phase A 0.1% formic acid in water

Mobile Phase B 0.1% formic acid in acetonitrile

Needle Wash 50/50, methanol/water

Flow Rate 0.8mL/min

Autosampler Temperature 9°C

Time (mins) % A % B

0.00 97 3

0.30 97 3

8.00 42 58

8.20 10 90

9.25 10 90

9.30 97 3

12.00 97 3



SAMPLE ANALYSIS

• TOFMS Parameters (Client LC-MS Assay)

• Integrated Extracted Ion Chromatograms

Instrument SCIEX 6600+ TripleTOF LC-MS/MS

Interface ESI DuoSpray Ion Source 

Ionisation ES+

Mass Range m/z 300 – 1500

Ion Description

m/z 563.0065 Analyte Peptide

m/z 644.8837 Analyte Peptide

m/z 750.7203 Analyte Peptide

m/z 756.9369 Analyte Peptide

m/z 700.3516 TVMENFVAFVDK (BSA Reference Peptide)

m/z 784.3764 DAFLGSFLYEYSR (BSA Reference Peptide)

m/z 831.4282 GLVLIAFSQYLQQCPFDEHVK [CAM]
(BSA Reference Peptide)



SAMPLE ANALYSIS

• IDA (Candidate Peptide Selection)

• IDA MS/MS data were partially interpreted manually to identify peptide-like features in 
product ion spectra

• Following client assay development peptide sequences were fully elucidated using 
previously unavailable software resources

Instrument SCIEX 6600+ TripleTOF LC-MS/MS

Interface ESI DuoSpray Ion Source 

Ionisation ES+

Mass Range (TOFMS) m/z 300 – 1500 (Survey Scan)

Mass Range (MS/MS) m/z 100 – 1500 (Product Ion)

IDA Criteria Top 10 Most Intense Ions from 
Survey Scan, charge state +1 to +3 

Collision Energy (V) 35

Collision Energy Spread (V) 15



PROTEOMIC DATA ANALYSIS

• A proteomics search engine (ProteinPilot, SCIEX) was used to re-interrogate the 
original IDA data

• Complete candidate peptide sequences were obtained from the IDA product ion mass 
spectra

• Assigned peptide sequences were searched against a relevant publically available 
proteomic database:
• UniProt Proteome ID UP000279306

• Taxonomy: Mycolicibacterium aurum (Mycobacterium aurum)
• https://www.uniprot.org/proteomes/UP000279306 (downloaded November 

2020)

• Matches were made between experimentally derived peptide sequences and protein 
sequences found in the above database

• The likely protein source of the analyte peptides included in the client assay could 
then be identified

https://www.uniprot.org/proteomes/UP000279306


BSA CO-DIGESTED PEPTIDES

TVMENFVAFVDK (BSA Reference Peptide) m/z 700.3516 (+2)

DAFLGSFLYEYSR (BSA Reference Peptide) m/z 784.3764 (+2) 

GLVLIAFSQYLQQCPFDEHVK [CAM] (BSA Reference Peptide) m/z 831.4282 (+3)



TYPICAL MYCOBACTERIAL DIGEST EICS AND MASS SPECTRA



TYPICAL MYCOBACTERIAL DIGEST EICS AND MASS SPECTRA



PROCESS BLANK DIGEST EICS



TYPICAL BSA-DERIVED REFERENCE PEPTIDE TVMENFVAFVDK EICS
AND MASS SPECTRA



TYPICAL BSA-DERIVED REFERENCE PEPTIDE DAFLGSFLYEYSR EICS
AND MASS SPECTRA



TYPICAL BSA-DERIVED REFERENCE PEPTIDE GLVLIAFSQYLQQCPFDEHVK 
[CAM] EICS AND MASS SPECTRA



ANALYTE PEPTIDES
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BSA-DERIVED REFERENCE PEPTIDES
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PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/Z 563.0062

• Peptide sequence LITAIVKPFTLEDVK

• LITAIVKPFTLEDVK derived from Nitrogen regulatory protein P-II GLNB (53.6% coverage)



PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/Z 644.8848

• Peptide sequence LGVDLVALSFVR

• LGVDLVALSFVR derived from Pyruvate kinase (21.4% coverage)



PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/Z 750.7242

• Peptide sequence TLTVQQWDTFLN(Dea)GVFPLDR

• TLTVQQWDTFLN(Dea)GVFPLDR derived from MspA protein (17.7% coverage) 



PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/Z 756.9373

• Peptide sequence VVPAFLLEPVSVDK

• VVPAFLLEPVSVDK derived from Sugar ABC transporter substrate binding protein (21% 
coverage)



CONCLUSIONS

• A High Resolution LC-MS assay was developed to measure four Mycobacterial-derived 
peptides following Mycobacterial protein digestion with trypsin

• These intact ions were found at m/z 563.0062, 644.8848, 751.0513 and 756.9373

• The four ions included in the High Resolution LC-MS assay were initially selected based on 
features previously seen in their product ion spectra from IDA experiments

• Manual inspection of their product ion spectra gave incomplete peptide sequence coverage 
but did provide enough MS/MS evidence to describe the measured analytes as peptide in 
nature

• When a proteomics search engine became available we were able to re-interrogate the 
original IDA data and generate candidate peptide sequences associated with the four analyte 
ions included in the High Resolution LC-MS assay

• The proposed candidate peptide sequences were then assigned to specific Mycobacterial 
proteins found in an appropriate publically available proteomic database

• This assay is being used to monitor changes in Mycobacterial protein content as a function 
of storage time and storage conditions

• As the relevant peptide sequences have been elucidated this assay could be modified to run 
on a triple-quadrupole LC-MS/MS instrument if the appropriate peptide standards were 
obtained

• The strategy outlined in this presentation is applicable to most scenarios where a peptide 
assay is to be used as an alternative to an intact protein assay
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