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Shown here, is the development and implementation of system for simplifying the digestion process 
while enabling significantly improved sensitivity over previously described methods. 

Overview and Introduction 

Methods  

Digestions are often performed in the 
presence of chaotropes, surfactants, salts 
and organic solvents. It is often assumed 
that activity is negligibly affected by these 
additives. However, it was determined that 
trypsin activity varies significantly depending 
on the buffer used.  

Impact of Buffer on Trypsin Activity 

Digestion is multivariable. Complete 
digestion is kinetically unfavorable and the 
kinetics are dependent on specificity. 
Autolysis, cuts activity, changes enzyme 
specificity and mitigates use of high 
concentrations of enzyme. Protein 
structure restricts access to cleavage sites. 

Balancing these factors and bringing to bear a straightforward process for the development 
and comparison of methods is essential to the success of many proteomics applications. 

An assay for determining reaction kinetics was developed using a partial digestion of insulin. 
Insulin relates directly to protein digestion, creates a very simple peptide map and has 
several chymotryptic sites that will produce fragments if the enzyme has any chymotryptic 
activity. Using a partial digestion improves the quantification of variances. 
 
Insulin was purchased from US Pharmacopeia (Rockville, MD), sequencing grade trypsin 
from Promega (Fitchburg, WI) and pancreatic porcine trypsin from Sigma Aldrich (St. Louis 
MO). Varying concentrations of trypsin were added to 0.1μg/mL insulin samples in TBS 
10mM CaCl2 at 37°C. Samples were collected at varying time points and acid quenched.  
 
Insulin samples were injected onto a Perfinity iDP (West Lafayette, IN) equipped with a Halo 
(Wilmington, DE) C18 RP column (2.1x100mm, 2.7μm) at 50°C. Mobile Phase A was 98% 
water, 2% ACN, 0.1% TFA and Mobile Phase B  10% water, 90% ACN, 0.1% TFA. A gradient 
was run from 10 to 50% Mobile Phase B over 5 minutes at 500uL/min. Peptides were 
detected by UV at 214nm. 
 
With sequencing grade trypsin, increasing the enzyme concentration reduces the digestion 
time for insulin. Using pancreatic trypsin, increasing the enzyme concentration also 
accelerates the reaction. However, corresponding non-specific cleavages result in analyte 
degradation and signal loss. 
 Figure 2: Impact of enzyme:substrate ratio on digestion time and signal using sequencing grade trypsin 

Figure 3: Impact of enzyme:substrate ratio on digestion time and signal using animal derived trypsin 

Experimental and analysis conditions were 
the same as described  in the methods 
section except for the digestion buffer which 
varied as described on the X axis in the 
Figure 4. A comparison of C-terminal peptide 
peak areas shows significant variation in 
activity depending on buffer used. 

Figure 4: Impact of buffer on trypsin activity 

Figure 5: Impact of buffer on solubility Protein insolubility can be a major impediment to 
analysis.  Insolubility can be caused by a variety of 
factors: salt concentrations, the presence of 
various organic solvents, temperature, or simply 
the nature of the protein itself.  
To determine the impact of digestion buffer on 
solubility BSA was used as a model protein at 
varying concentrations in wells of Flash Digest 
cartridges (Perfinity Biosciences, West Lafayette, 
IN). TBS was used as the base buffer and 
temperature (70°C) employed as the forcing factor 
in protein precipitation. All other chemicals used 
were ACS grade or higher. Varying levels of 
precipitation were observed.  

Impact of Buffer on Protein Solubility 

Accelerated Digestion 

Insulin was digested using thermophilic 
immobilized trypsin (Flash Digest) for varying 
times at 70°C  then analyzed according to the 
method described in the “Kinetics” section at left. 
 
The use of optimized buffer and a thermophilic 
immobilized enzyme resulted in a digestion time 
of 4 minutes. 

Figure 6: Digestion accelerated using Optimized 
buffer and thermophilic immobilized enzyme 

Figure 7: Impact of varying temperatures Samples were prepared using IgG at 1μg/mL final 
concentration in wells of Flash Digest, incubated at 
various temperatures. Samples were collected every 
15 minutes. Digested samples were injected onto a 
Dionex 3000 system (Germering, Germany) with a 
Halo C18 column (2.1x100mm, 2.7μm) at 50°C. 
Mobile Phase A was 98% water, 2% ACN, 0.1% FA and 
B 10% water, 90% ACN, 0.1% FA. The gradient was 
from 2 to 70% Mobile Phase B over 5 minutes at 
500uL/min. Peptides were analyzed using SRM 
detection on a Thermo Velos (San Jose, CA). Peptide 
signal increased dramatically as the digestion 
temperature was increased from 50°C to 70°C 

Impact of Digestion on Sensitivity 
Biomarker analysis is analytically 
challenging due to sample complexity 
and inherently low levels of many 
important biomarkers. While clean-up 
and enrichment strategies have resulted 
in significant gains in analytical 
sensitivity, the extent to which a 
complete digestion improves sensitivity 
and is often overlooked. Demonstrated 
here is the impact of improved digestion 
on sensitivity. 
Human thyroglobulin was obtained from 
Sigma (St Louis, MO).  Murine plasma 
was obtained from Bioreclamation 
(Hicksville, NY).   

Samples for the optimized digestion of thyroglobulin were prepared by adding 0.02mg of thyroglobulin 
(Tg) to each well of a strip of Flash Digest containing 150μL Flash Digest Buffer and 50μL murine 
plasma.  They were incubated at 70°C for 2 hours.  
Comparator samples were prepared using 50μL of murine plasma spiked with 100μg/mL of Tg which 
were reduced, alkylated then digested using sequencing grade trypsin, a 4 hour incubation followed by 
a second trypsin addition and a second 16 hour incubation.1 
Thyroglobulin samples were analyzed using the same system as described before. The gradient went 
from 2 to 50% Mobile Phase B over 5 minutes. The following precursor/fragment ions used for the SRM 
detection method: VIFDANAPVAVR- 636.5/541.3, LGDQEFIK - 475.4/836.37, FPLGESFLVAK -604.5/850.4 

CRP samples were analyzed using the same system and gradient as thyroglobulin, with the following 
precursor/fragment ions used for the SRM detection method: APLTKPLK - 434.29/398.76, ESDTSYVSLK - 
564.92/797.36, GYSIFSYATK - 568.98/716.34, QDNEILIFWSK - 697.07/567.33 
 
When comparing the results obtained using the thermophilic immobilized enzyme with those obtained 
using traditional solution based digestion methods sample preparation times for thyroglobulin and C-
reactive protein were reduced from 20 and 48 hours to 3.5 and 4 hours respectively while detection 
sensitivity was increased as much as 100 fold.  

Samples for the optimized CRP digestion 
were prepared by adding 0.02mg of CRP to 
8 wells of Flash Digest containing 150μL 
Flash Digest Buffer, 50μL water, and 0.1 % 
octyl-β glucoside before incubation for 4 
hours at 70°C.  
 
Comparator samples were prepared using 
20ug human CRP denatured with Rapigest, 
reduced, alkylated then digested using 
sequencing grade trypsin, a 24 hour 
incubation followed by a second trypsin 
addition and a second 24 hour incubation2. 
The final CRP concentration was 100ug/mL. 
 

Conclusions 
Optimized trypsin digestion makes it possible to digest even challenging biomarkers such as 
thyroglobulin or C-reactive protein in a short period of time, while enabling significantly improved 
sensitivity over previously described methods 

Flash Digest (patents pending) is for Research Use Only. Not for use in diagnostic procedures.   


