
  

Technical Brief - Enhanced Digestion Improves Biomarker Sensitivity, Generates 
More Peptides 
Case Study: Improved digestion of thyroglobulin in plasma 

 
Biomarker analysis is analytically challenging for multiple reasons.  Sample complexity and inherently 
low levels of many important biomarkers are frequently cited complicating factors. While clean-up and 
enrichment strategies have resulted in significant gains in analytical sensitivity, the extent to which a 
complete digestion improves sensitivity and generates more peptides is often overlooked.  
 
All biomarkers digest differently, some are completely digested in a few hours while others are only 
partially digested after 48 hours1. Incomplete digestion ultimately leads to decreased sensitivity and an 
increased probability of sample to sample variability.  As we show here, Flash Digest makes it possible to 
digest even challenging biomarkers such as thyroglobulin in a short period of time, while enabling 
significantly improved sensitivity over previously described methods. 
 
Thyroglobulin is 660kDa dimeric protein produced by the thyroid gland.  It has become of particular 
interest to the clinical community because the production of thyroglobulin can be used as a biomarker 
for certain types of thyroid cancer, particularly thyroid carcinomas.  Traditional immunoassays to 
analyze the levels of thyroglobulin in blood serum can be compromised by the presence of anti-
thyroglobulin antibodies, which occur naturally in roughly 10% of normal individuals, and in an even 
greater percentage of those with thyroid carcinoma.  Because of this, the most reliable method of 
determining thyroglobulin levels is to perform a protein digestion of the plasma, followed by affinity 
purification using anti-peptide antibodies then analysis using a liquid chromatography/mass 
spectrometry system.  In this way, the sample complexity can be reduced without interference from 
native anti-thyroglobulin antibodies.  The difficulty inherent in this method is the digestion of a sufficient 
volume of plasma to obtain reproducible and accurate results.  Here we present a method for 
performing the digestion of thyroglobulin in an efficient and reproducible manner using an immobilized, 
thermally stable form of trypsin. 
 
Materials: 
Human thyroglobulin was obtained from Sigma (St Louis, MO).  Murine plasma was obtained from 
Bioreclaimation (Hicksville, NY).  The Flash Digest kit is sold by Perfinity Biosciences (West Lafayette, IN). 
 
Methods: 
SRM Development- Samples for SRM method development were prepared by adding 20umg of 
thyroglobulin to a single well of the Flash Digest kit containing 150μL Flash Digest Buffer, 50μL water, 
and 0.1wt% octyl-β glucoside. They were incubated at 70°C and 1400rpm on an Eppendorf ThermoMixer 
C (Hauppauge, NY) for 2 hours before sampling. 
 
Digestion Optimization- Samples for the digestion optimization were prepared by adding 0.02mg of 
thyroglobulin to each well of a strip of Flash Digest containing 150μL Flash Digest Buffer and 50μL 
murine plasma.  They were incubated at 70°C and 1400rpm on an Eppendorf ThermoMixer C. Wells 
were sampled every 30 minutes and diluted 10x in TBS before analysis. 
 



 

Determination of Linearity- Samples for the calibration curve were prepared by spiking thyroglobulin in 
various weights into each well of 3 strips of Flash Digest containing 150μL Flash Digest Buffer and 50μL 
murine plasma.  They were incubated at 70°C and 1400rpm on an Eppendorf ThermoMixer C. Samples 
were collected at 210 minutes and diluted 10 fold in TBS before analysis. 
 
Comparison to Existing Methods2- Reduction buffer was made containing 125mM NH3HCO3, 0.0086% 
Tween 20 and 12.5 mM dithiothreitol. Samples of 50μL of murine plasma were spiked with 4μg/mL of 
thyroglobulin to match the high end of the linearity tests performed with Flash Digest and then diluted 
with 0.2 mL of reduction buffer before being reduced for 1 hour at 37°C with agitation.  Samples were 
then alkylated by the addition of 5μL of 200mM iodoacetamide before incubation in the dark at room 
temperature for 1 hour.  At this point 0.003 mg of sequencing grade trypsin (Promega, Madison, WI) 
was added and the samples were incubated for 4 hours at 37°C with agitation.  Following this an 
additional 0.01 mg of sequencing grade trypsin were added and the sample was incubated another 16 
hours at 37°C with agitation. Samples were diluted 10 fold prior to analysis. 
 
Analysis- Samples were injected onto a Dionex Ultimate 3000 system equipped with a Halo C18 RP 
column (2.1x100mm, 2.7μm). Elution was performed using a gradient which consisted of Mobile Phase A 
– 98% water, 2% acetonitrile, 0.1% formic acid – and Mobile Phase B – 10% water, 90% acetonitrile, 
0.1% formic acid. The gradient went from 2 to 50% Mobile Phase B over 60 minutes for the initial screen 
and covered the same range in 5 minutes for the later analysis. Peptides were eluted into a Thermo 
Velos Ion trap and were detected first using a Top Ten method and later an SRM based method. 
 
Results: 
Based on our initial screening and a survey of the literature we focused on three peptides. The SRM 
transitions for each are listed in Table 1. 
 
Table 1 Monitored peptide sequences for thyroglobulin 

Peptide Sequence Precursor Ion (m/z) Fragment Ion (m/z) 

VIFDANAPVAVR 636.5 541.3 

LGDQEFIK 475.4 836.37 

FPLGESFLVAK 604.5 850.4 

 
Running a digestion time course, we saw a maximum sensitivity obtained following 210 minutes of 
digestion using the temperature stable immobilized enzyme.  
 



 

 
Figure 1 Digestion time course of thyroglobulin examining the generation of the LGDQEFIK peptide 

Following the time course analysis, a calibration curve was run in triplicate to determine an approximate 

LLOQ of thyroglobulin in a plasma matrix.  It should be noted that any affinity purification done to the 

peptides at this point would enable additional increases in sensitivity.  In addition to limiting the 

injection volume due to the high protein load carried by plasma, the multitude of various peptides 

eluting at any given point in time dramatically reduces the ionization efficiency of the peptides, resulting 

in significantly lower signals than those that may be observed from samples in very simple matrices.  

Given these expectations of signal intensities, a calibration curve was run from 4μg/mL in plasma at the 

low end to 4mg/mL in plasma.  While VIFDANAPVAVR, a commonly used peptide for thyroglobulin 

quantitation, had good signal at the high end of the calibration curve, it also showed the greatest 

amount of noise.  LGDQEFIK showed strong linearity through the entire calibration curve, with CVs <10% 

down to 40μg/mL below which instrumentation variance becomes a significant factor due to limitations 

on column loading capacity. 

Table 2 Calibration curve for the LGDQEFIK peptide in murine plasma 

LGDQEFIK - 475.4/836.37 Calibration Curve in Murine Plasma 

ug/ml R1 R2 R3 Average StDev CV 

0 0 0 0 0 0 0 

4 330 247 347 308.0 53.5 17.4 

12.64 951 771 608 776.7 171.6 22.1 

40 2696 2876 2963 2845.0 136.2 4.8 

126.4 9303 9476 8010 8929.7 801.1 9.0 

400 29911 27844 29048 28934.3 1038.2 3.6 

1264 103781 107545 110303 107209.7 3273.9 3.1 

4000 292450 307302 308959 302903.7 9091.0 3.0 
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Figure 2 Calibration curve for thyroglobulin in murine plasma using the LGDQEFIK peptide 

Comparison work to other methods has shown less than half the signal response for each of the three 

peptides observed, with LGDQEFIK being entirely undetectable at a concentration of 500μg/mL in 

plasma.  Based on previous experience with other digestion protocols and the relative extreme length of 

digestion time required to fully digest thyroglobulin we suspect that the lower signal achieved by these 

other methods is largely due to incomplete digestion of the protein.  This is particularly worrisome in a 

quantitative assay because matrix factors can vary from sample to sample and while peptide internal 

standards may readily correct for differences in ionization efficiencies between different samples, they 

do not correct for the impact of variance in digestion efficiency, which can significant influence the 

results if digestion is only partially completed. 

 

Figure 3 A comparison of the Flash Digest protocol with a protocol found in the recent literature
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R² = 0.9977 
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