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Outline 

• Introduction 

• Filtering peptide ions from an in vivo matrix: 

 - selective ion extraction based on charge state 

 - background subtraction using ion mobility 

• Software tools – unbiased approaches: 

 - small molecule software tools 

 - large molecule software tools 

• Conclusions 
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Introduction: Why study peptide metabolism? 

• Development of more stable peptide drugs 

• In support of quantitative assays (LBA and LC/MS/MS) 

• Safety evaluation? 

 - peptides consisting of natural amino acids considered safe 

  - level of modification allowed before additional safety 
  evaluation is recommended? 

  - increased regulatory attention 

   peptides treated as small molecules 

 

   while different toolbox required (non-CYP 

  mediated metabolism, AA recycled, etc.) 
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Model peptide: enfuvirtide 

AC-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-NH2 

Monoisotopic mass: 4489.1866 

• IV dosed to rat at 2 mg/kg – vehicle dosed rat (controls) 

• Plasma samples 8 min, 30 min, 120 min after dosing 
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36 natural amino acids 



Method 

Sample preparation: 

= sample prep used for parent drug quantification 

Chromatography:  

UHPLC: Waters Acquity UPLC or Shimadzu Nexera  

Acquity BEH C18 2.1 x 150 mm (1.7 µm; 120 Å)  

flow rate: 0.2 ml/min  

linear 45 min gradient with HCOOH (ESI+) or NH4OH (ESI-) 

Mass spectrometry: 

Waters Qtof Synapt G2 (+ ion mobility) 

AB Sciex TripleTof 5600 
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XIC’s of theoretical cleavages? 

 

# packages available to generate possible cleavage products in silico 
 

enfuvirtide: 36 natural AA → 666 theoretical cleavage products 

 
 -  time consuming, false positives 

-  theory down approach → unexpected metabolites will be missed 
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AA1 - AA2 - AA3 - AA4 - AA5 

AA1 - AA2 - AA3 - AA4 

AA1 - AA2 - AA3 

AA1 - AA2 

AA1 

 

AA2 

AA2 - AA3 

AA2 - AA3 - AA4 

AA2 - AA3 - AA4 - AA5 

AA3 

AA3 - AA4 

AA3 - AA4 - AA5 

AA4 

AA5 

AA4 – AA5 

 

AA1 - AA2 - AA3 - AA4 - AA5 
→ 15 theoretical cleavage products: 



non-biased approach: control – analyte comparison 

Control 

vehicle dosed rat 

Analyte 

peptide dosed rat 
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120 min plasma samples 
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original chromatograms 
5- charge state filtered 

chromatogram 

ion extraction based on charge state 
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TIC from postief 15-06 neg TOF 60 min 002.wiff (sample 1) - Sample015, -TOF MS (400 - 2400), Mass Pattern Filtered Max. 1.4e5 cps.
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Combined 2-, 3-, 4-, 5- and 6- charge states chromatogram 

by data filtration on 0.2 + 0.33 + 0.5 mass difference 

ion extraction based on charge state 

control analyte 
TIC from 120min T20 60 min run 10µL TOF negatief.wiff (sample 1) - 120min T20 60 min run, -TOF MS (500 - 2400), Mass Pattern Filtered Max. 1.5e4 cps.
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Q  -  ion mobility  -  TOF 

ion extraction based on ion mobility 
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Mobility of an ion depends on  

a) mass  
b) charge  
c) cross-sectional area (shape) 
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ion extraction based on ion mobility 
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www.uakron.edu 

ESI-IMS-MS of a pegylated sorbitan trioleate 

John A. McLean et al., J. Mass Spectrom. 
2007; 42: 1099. 

ion extraction based on ion mobility 
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http://www.uakron.edu/chemistry/faculty-staff/wesdemiotis.dot


3865_ADME29566_016.raw : 1

ion extraction based on ion mobility 
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Ion mobility filtered original 

m
/z

 

Drift time 

m
/z

 

Drift time 



3865_ADME29566_016.raw : 1

ion extraction based on ion mobility 
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original Ion mobility filtered 
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Small molecule software tools 

multiple hits for one 
metabolite because 
multiple charged ions are 
handled separately 
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+  Based on comparison control (vehicle dosed) and analyte sample 
 → unbiased approach: unexpected metabolites detected 

+  Use of charge state stripped files reduces processing time and 
 allows the use of lower thresholds 

e.g.,  Metabolynx 
    - can’t handle multiple 

charged data 

- no peptide identification 



Large molecule software tools: biopharmalynx 

-  positive ion mode only 

-  many false positives  
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+  Based on comparison control (vehicle dosed) and analyte sample 
 → unbiased approach: unexpected metabolites detected 

+  Use of ion mobility filtered files reduces processing time and 
 allows the use of lower thresholds 

+  Identification of peptide cleavage products (increased confidence 
 with MSE and IMS) 



Structure identification 
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Bioanalyst  
   

MS2 spectrum  
   



Summary 

• Described techniques can be applied for peptides with  

 MW 1000 – 10000 

• Vehicle dosed animal samples to be used as control samples are 

crucial for success 

• Both isotope filtering and ion mobility can be applied to 

significantly reduce endogenous background ions 

• A combination of the capabilities of existing small molecule and 

large molecule software tools would make an ideal software 

package 
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