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INTRODUCTION 
Electrospray ionization coupled to MS analysis is a 
fundamental enabling technology for the structural 
analysis of proteins and other biologically significant 
macromolecules.  Coupling to chromatographic 
separations enhances the technique by reducing the 
species that are competing for ionization and by 
reducing the complexity of interpretation of mixed 
spectra.  The utility of the technique is limited by the 
signal intensity for these high molecular weight 
molecules.  The conditions that favor high ionization 
efficiency can also be associated with poor 
chromatographic peak shape and resolution.  
Sensitivity is reduced because the analyte elutes in a 
larger volume.  Further, the mobile phases used for 
reversed-phase HPLC may compromise the usable 
signal intensity by suppressing ionization, by 
contributing contaminants to the spectrum, and by 
adding adducts to the analytes.  The present work 
describes a systematic approach for optimizing 
sensitivity in the LC-MS analysis of proteins and 
peptides. A four solvent mobile phase delivery system 
is used to survey the separation space covering 
alternative organic solvents and mobile phase 
modifiers.  Results may be evaluated as signal-to-
noise for the specific analyte.  The same general 
approach can be applied to oligonucleotides, and 
other macromolecules. 
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METHODS 
Mass spectra were collected using a Xevo QTof instrument 
(Waters Corporation, Milford, MA).   
 
Samples 
ACQUITY UPLC® BEH 300 C18 1.7 μm 2.1x100 mm Column 
ACQUITY UPLC® BEH 300 C4 1.7 μm 2.1x50 mm Column 
 
Samples 
Peptides: 
MassPREP™ Alcohol Dehydrogenase Digestion Standard 
Proteins:  
Mixture of Ribonuclease A, Cytochrome c, Bovine Serum 
Albumin, Enolase 
 
Chromatography 
Mobile phase A: Water (Fisher Optima) 
Mobile phase B: Acetonitrile (Fisher Optima) 
Mobile phase C: Isopropanol (Fisher Optima) 
Mobile phase D: 1% TFA (Pierce) or 1% Formic Acid (Fluka)  
in Water 
Flow rate 0.2 mL/min 
Gradients: 
 Peptides: 0-50% organic solvent over 86.5 min 
 Proteins:  17-71.4% organic solvent over 27.2 min 
Temperature: peptides 40°; proteins 80° 
Injection: 10 μL 
Needle wash: 50:50 Acetonitrile:Water 

RESULTS 

CONCLUSION 

 Both electrospray ionization and reversed-phase 
chromatography of proteins and peptides are 
sensitive to mobile phase composition 

  
 The best conditions for chromatographic peak shape 

and resolution are seldom the best for ionization 
 
 Isopropanol can replace acetonitrile for improved 

chromatography at reduced modifier concentration, 
giving improved MS sensitivity 

 
 Isopropanol is particularly effective for improving 

peak shape for proteins separated in the presence of 
formic acid 

 
 Four-solvent blending with AutoBlend Technology 

facilitates easy exploration of experimental space 
 
 The separation mobile phase is selected as the 

optimum compromise in chromatographic 
performance and electrospray ionization efficiency 

 

OVERVIEW 
 Sensitivity in LC-MS depends on the molecule and 

the spray solvent 
 The spray solvent is usually a chromatographic 

mobile phase 
 Ultimate sensitivity requires a balance between 

ionization efficiency and chromatographic 
conditions that affect analyte concentration 

 Four-solvent blending forms the basis for an 
efficient optimization of both chromatography and 
ionization for best ultimate sensitivity. 

Figure 3. Effect of TFA Concentration with Acetonitrile 
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Peptide Mapping 

Figure 4. Effect of Formic Acid Concentration with Acetonitrile 
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Figure 5. Effect of TFA Concentration with Isopropanol 
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Figure 6. Effect of Formic Acid Concentration with Isopropanol 
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Figure 10. Effect of TFA Concentration with Acetonitrile. 
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Figure 11. Effect of Formic Acid Concentration with Acetonitrile 
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Figure 12. Effect of TFA Concentration with Isopropanol. 
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Figure 13. Effect of Formic Acid Concentration with Isopropanol 
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Figure 1. Typical Binary Separation Conditions 
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Figure 2. Four-solvent blending with AutoBlend™ Technology 
to duplicate binary gradient 
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Figure 7. Effect of TFA Concentration with Acetonitrile on an 
acidic peptide 
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Figure 8. Effect of TFA Concentration with Acetonitrile on a 
neutral peptide 
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Figure 9. Effect of TFA Concentration with Acetonitrile on a  
basic peptide 
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Figure 14. Effect of TFA concentration on separations of  
myoglobin and BSA. Extracted mass chromatograms  

m/z=997.88 (Myoglobin)                               m/z=1356.45 (Bovine Serum Albumin)
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Figure 15. Effect of formic acid concentration on separations of 
myoglobin and BSA. Extracted mass chromatograms  
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m/z=997.88 (Myoglobin)                               m/z=1356.45 (Bovine Serum Albumin)

Peptide Mapping 


