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Rapid enzymatic digestion for bottom-up proteomics can be achieved with insoluble proteolytic 

enzymes, which are reusable and compatible with microfluidics. Our group uses trypsin 

crosslinked with glutaraldehyde (GA) to make insoluble enzyme particles that don’t require a solid 

support and can be adapted to in-situ microreactors. Our multi-step enzyme immobilization 

procedure developed in 2004 involves 15 washing steps. With a Design of Experiments (DoE) 

approach, this could be reduced to 9 steps without significant loss in activity as evaluated by 

capillary electrophoresis (CE)-based peptide mapping of lysozyme digests. In the current study, 

we applied DoE to investigate three parameters related to storage of a suspension of GA-trypsin 

particles at 4 C: NaCl content (50-150 mM), phosphate buffer strength (0-140 mM) and duration 

(0-10 days). Activity of each stored enzyme was evaluated by digesting aliquots of the same batch 

of denatured lysozyme and comparing their peptide maps obtained by CE at pH 2.5. Since CE can 

suffer from poor migration time reproducibility, a two-marker correction method adapted from Li 

et al. [1] was used to improve reliability of using CE-based maps to indirectly assay GA-trypsin 

activity. Because peptides vary in number and intensity with GA-trypsin activity, external markers 

that could be monitored at a different wavelength than tryptic peptides were chosen: 1,10-

phenanthroline and nicotinic acid. An in-house Igor ProTM procedure was written for two-marker 

alignment of peptide maps. The user simply inputs the migration times of each marker in the first 

and second electropherograms being compared, the second trace gets aligned to the first and both 

peptide maps are re-plotted. The procedure was applied sequentially to the digests to compare the 

number and intensity of peptides, which infers GA-trypsin activity. These values were used in the 

DoE method to optimize storage conditions for GA-immobilized trypsin.   
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