
RESULTS 

The LC-MS peak finding strategy in MetabolitePilotTM software has been 
expanded for peptide and protein-based drugs, by: 
• Supporting higher charge states 
• Generating putative catabolic product by hydrolysis of amide 

backbone, with the possibility of breaking disulfide bridge 
• Considering isotope distribution of the catabolic product 
• Interpreting MSMS data using traditional peptide fragmentation 

pattern 

The predicted metabolite 
peak finding strategy was 
used to target for expected 
catabolites at the TOF-MS 
experiment level of the LC-
MS data.  In presence of 
isobaric and isomeric  
catabolites, obtained from 
different cleavage sites, 
multiple IDs are proposed 
for a catabolite’s identity. 
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ABSTRACT 

Here, we present a stream-lined workflow to understand insulin 
metabolism, which has identified a subset of catabolites across 
different incubation times. 
 
INTRODUCTION 

With 30+ antibody-drug conjugates (ADCs) and 100+ peptide drugs in 
clinical development, there has been a steady increase of 
biotherapeutics from the pharmaceutical industry. Both peptide drugs 
and ADCs have common modular units, amino acids, linked by 
peptide bonds and additionally, for ADCs, a cytotoxic small molecule 
drug is bound to one or more of the amino acids1-2..There are several 
analytical tools available to characterize the drug during development; 
however, there are inadequate bioanalytical techniques for targeted 
metabolism studies of biotherapeutics.  
 
MATERIALS AND METHODS 

Sample Preparation: 

Commercialized insulin analogs were incubated in hepatocytes and 
quenched via acetonitrile protein precipitation; multiple time points 
were collected. Samples were processed using protein precipitation, 
solid phase extraction (SPE), or immunoprecipitation.   
 

HPLC and MS/MS Conditions: 

Chromatography separation was performed on a Waters UPLC C18 
column using mobile phases 0.1% formic acid in water and 0.1% 
formic acid in acetonitrile. High-resolution mass spectrometry data 
were obtained using the TripleTOF® 6600 system (SCIEX) with both 
SWATH® (with fixed 15 Da wide MS/MS windows at CE of 55.0) and 
IDA acquisitions (CE of 50.0).  
 

Data Processing: 

The data were analyzed in a research version of MetabolitePilotTM 
software using the TOF-MS predicted metabolite peak finder, multiple-
charge filter and TOF-MSMS characteristic product ions peak finder. 

Figure 4. Incubation Time Profile of 
Insulin (right) and Expected 
Catabolites (below) 

 

 

 

 

 

 

 

 

 
Based on predicted MSMS fragment ions, the list of isobaric 
catabolites for a metabolite peak can be reduced. As seen in Figure 
3, annotation of  characteristic fragment ions  containing c-terminal 
residue, Q, (i.e. 1.y1 and 1.y2) influenced the identification of the 
highly probable catabolite candidate.  
 

CONCLUSIONS 

The research version of MetabolitePilotTM software combined with 
accurate mass measurements of TripleTOF® 6600 system  provides 
an automated platform for metabolism study of linear as well as 
more complex multi-chain peptide- and protein-based drugs. In 
addition, this platform enables scientists to examine the results, 
make changes based on their experience and intrinsic 
understanding of the drug and determine the metabolic soft spots.  
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Figure 6. MS/MS Annotation of Insulin (left) and a Catabolite (right) 

Figure 1. Customized Processing Parameters for Insulin Using the Two Peptide Chains, 
Isotope Distribution and Predicted Fragment ions from the MSMS Spectrum 

For insulin, more than 
30,000 potential catabolites 
were proposed, (Figure 1), 
which were grouped 
as10000+ unique elemental 
compositions (Figure 2). 
The high mass catabolic 
product exhibited more 
isoforms than low mass 
product. Figure 2.  Distribution of Putative Catabolites’ 

Isoforms 

Enhanced peak finding 
approach with sample 
control comparison and 
filtering of singly-charged 
material identified 
unexpected catabolites at 
the TOF-MS experimental 
level of the data. 
Additionally, searching by 
characteristic product ions 
at the TOF-MSMS 
experiment level 
contributed toward the 
unexpected and expected 
catabolite pool. 

Figure 5. Incubation Profile of Unexpected Catabolites 
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Figure 3.  Distinguishing Isobaric Catabolites 


