
Mass spectrometry has become a key tool for the absolute quantification of proteins and peptides in biological 
samples. The complexity of the workflow and the need to compensate for method variation, however, 
requires the use of internal standards to ensure accurate and precise data. The most advanced and reliable 
internal standard is based on a stable-isotope labeled (SIL) version of the full-length target protein (PSAQ). 
Alternatives such as shorter SIL peptides and winged SIL (WiSIL) peptides are more readily available but 
may not reflect method variation. This has led to the development of QPrEST standards that come closer 
to the gold standard ‘protein standard absolute quantitation’ (PSAQ) by comprising long sections of the 
endogenous sequence that help to mimic the cleavage of the endogenous protein around the cleavage 
peptides. Patrick Oeckl and colleagues have tested the performance of PSAQ, SIL peptides, WiSIL peptides, 
and QPrEST standards in the absolute quantitation of α-synuclein in cerebrospinal fluid (CSF). They found 
that, “QPrEST showed better accuracy in CSF than SIL and WiSIL peptides, indicating that it better reflects 
digestion conditions and is an improved alternative to them.”

Mass spectrometry: a gold standard in biomarker 
analysis

Mass spectrometry (MS) has been a gold standard 
method in research for decades and has recently 
become invaluable in biomarker discovery. This 
method has a number of advantages in the absolute 
quantification of proteins and peptides:

•  The technique has high selectivity, with little 
disturbance from contaminants and matrix effects.
•  It is possible to multiplex to increase 
productivity.
•  Method development is not constrained by 
the availability of antibodies, which are a critical 
component of immunoassays.

As a result, targeted MS has found appeal in all 
phases of biomarker development from discovery to 
validation (1–4) but obtaining quantitative data with 
high accuracy and precision can be a real challenge.

The challenge of absolute quantitation and the 
need for internal standards

Using MS for absolute quantitation therefore requires 
being able to compensate for variations in a rather 
complex workflow that involves: 

1. Protein/peptide digestion
2. Separation of fragments by liquid chromatography
3. Identification and quantification of fragments by MS 
using selected reaction monitoring (SRM)/multiple 
reaction monitoring (MRM) or parallel reaction 
monitoring (PRM)

Compensating for variations that can arise from 
sample preparation, matrix effects, and instrument 
variation generally involves adding an internal 
standard at some point in the workflow.
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Figure 1. The four types of internal standard covered common regions of the αSyn sequence. The QPrEST sequence covered regions 
61–80 and 81–96. Based on Fig. 2, reference 5.
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The gold standard is PSAQ, which uses a SIL version 
of the full-length protein. Still, access to full-length 
SIL standards is a problem, especially when many 
proteins are being analyzed e.g., discovery and 
biomarker validation.

Alternatives include:
• SIL versions of the tryptic peptides, which can 
include post-translational modifications (PTMs). The 
disadvantage is that these standards do not monitor 
all changes and variations in sample prep even 
though they can be added early. The result is poor 
precision and accuracy of determination in complex 
samples.

• WiSIL: The SIL tryptic peptide is extended 
on both ends with endogenous sequence to provide 
cleavage sites. This effort to mimic the full-length 
protein’s cleavage can be limited, however, since the 
sequence may not include conformations that affect 
cleavage.

• QPrEST standards: Cleavable standards that 
comprise long sections of the endogenous sequence, 
mimicking the cleavage of the endogenous protein 
around the cleavage peptides and giving rise to 
multiple peptides within the same sequence.

Measurement of αSynuclein in CSF

Patrick Oeckl and coworkers at the Department 
of Neurology, Ulm University Hospital, Germany 
evaluated the performance of PSAQ, SIL-peptide, 
WiSIL-peptide, and QPrEST internal standards in 
monitoring the CSF levels of αSynuclein (αSyn), the 
principal constituent of Lewy bodies in Parkinson’s 
disease (PD; 5). αSyn is a potential biomarker for 
PD. Clinical studies with αSyn-modifying drugs 
are in progress, which means that measuring CSF 
αSyn can be valuable when monitoring the effect of 
therapeutics.

Method

The performance was determined in three 
independent runs (five for PSAQ) using the four 
methods to measure αSyn in replicate (n=5) in a 
pool of CSF samples, and a pool spiked with human 
serum albumin (HSA) to mimic a sample with high 
protein level. 
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Figure 2.  The workflow used to test the 
performance of internal standards when 
measuring the level of αSyn in CSF. Based on 
Fig. 2, reference 5. The data was analyzed in the 
context of acceptance criteria for precision (<15 
%CV) and accuracy (±15%). We will confine our 
analysis to the results for the regions covered by 
QPrEST (61–80 and 81–96).

Table 1. Distribution of results from single runs with respect to the 
acceptance criteria of ±15 %. Data derived from Fig. 3, reference 5.
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Sample

Internal Standard
Trypsin/Lys C

Digestion

SCX fractionation

Vacuum drying and resolubilization

LC-SRM analysis

Method

Region

81–96 61–80 

Low        ±15 %  High Low        ±15 %  High

PSAQ 1 3 1

SIL

WiSIL

QPrEST 

3 2 1

2 1 1 2

3 3

5

QPrEST: an accurate alternative to PSAQ

Precision
All four methods gave acceptable precision, falling 
within the acceptance criteria of <15 %CV:

PSAQ:   3.1–6.8%
SIL-peptide:  4.9–8.6%
WiSIL-peptide: 3.5–8.7%
QPrEST:  9.5–10.9%

Based on precision, the authors concluded that 
QPrEST was a reliable alternative to PSAQ, SIL and 
WiSIL.

Accuracy
The accuracy was measured using a mean value 
generated using PSAQ as a reference point.

The results from using SIL- and WiSIL-peptide 
standards showed high deviations (up to +54%) 
depending on the peptide. High deviations when using 
SIL peptides have been seen before when analyzing 
proteins in various matrices (6). Peptides can decay 
during and after digestion, affecting the accuracy of 
SIL–based quantitation, and peptide selection and 
method validation are critical when using this method. 

The WiSIL sequences contained trypsin cleavage 
sites, but the poor performance of the WiSIL approach 
could be due to the limited extension of the N- and 
C-terminals (two amino acids), which did not mimic 
conformational effects of the protein on digestion.   

In contrast, the QPrEST approach showed promising 
results, with good accuracy (mean 98–115%), 
indicating that the QPrEST reflects structural 
features of protein better than SIL and WiSIL. 
Based on these results, the authors concluded that 
QPrEST could be an accurate alternative to PSAQ.
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The effect of high protein content

Tests on the sample spiked with HSA indicated 
that precision was not affected by high protein 
content. Accuracy was, however, affected. PSAQ- 
and QPrEST approaches gave good accuracy (CV 
≤15%), while SIL- and WiSIL approaches resulted in 
deviations of up to 40%.

Conclusions

• All four approaches yielded results from a 
test CSF sample with precision (≤15%) that would be 
sufficient for studies of changes in relative levels.

• The authors concluded that, “QPrEST showed 
better accuracy in CSF than SIL and WiSIL peptides, 
indicating that it better reflects digestion conditions 
and is an improved alternative to them”. 
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