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Fig. 1 Schematic description of the MS-QBiC workflow

A purification-tag, a quantification-tag, and a tryptic peptide of the target protein (target peptide) are sequentially arrayed as a
single peptide sequence (MS-QBiC peptide). The target peptide sequence is attached by one- or two-step PCR. The MS-QBiC
peptide is synthesized in the PURE system in the presence of stable isotope-labeled Arg and Lys for isotopic labeling of both the
quantification-tag and the target peptide. Trypsin digestion of purified MS-QBiC peptide produces equal amounts of isotopically
labeled quantification-tag and target peptide. The quantification-tag is used to measure purified MS-QBiC peptide and the target
peptide is used as an internal standard for the target protein quantification.
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Fig. 2 Quantification of the target peptide using MS-QBiC
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The MS-QBiC peptide (top) is composed of the 4 parts; FLAG-tag (used for its purification), spacer (for accelerating of its tryptic
digestion), stable isotope-labeled quantification-tag (a sequence of BSA digest) and a target peptide (used as internal standard).
Its tryptic digestion can generate equimolar amounts of the stable isotope labeled quantification-tag and target peptide. The
stable isotope-labeled quantification-tag was quantified by comparing its ion peak intensities with those of the chemically synthe-
sized quantification-tag of known concentration (bottom left). The target peptide was quantified by comparing the stable isotope-
labeled target peptide with the non-labeled target peptide (bottom right). Here the stable isotope-labeled target peptide from the
MS-QBiC peptide was analyzed by an orbitrap mass spectrometer in the presence of the non-labeled target peptide chemically
synthesized in order to show that this system worked properly.
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Fig. 3 Different signal intensities dependent on peptide sequence and principle of MS analysis

The bar graph showed the SRM intensities of the peptides of PER2, a circadian protein (A). In the right panel, their intensities
in the SRM analyses (X-axis) and in the orbitrap analyses (Y-axis) were plotted (B). The colors represent the peptide length. The
color code is represented in upper right in the panel (7-13 A.A. from green to yellow and 13-19 A.A. from yellow to red).
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Fig. 4 Background signals derived from a whole cell digest

The chromatograms showed the results of LC-SRM/MS analysis of 2 fmol of synthetic peptide (EEQGFLQR, filled arrowheads)
with (right) or without (left) 2 pg of HEK293T digest. The part in grey represents the background derived from the cell digest.
The dotted traces, which were the result of SRM analysis of 100 amol of the synthetic peptide (open arrowheads), were overlaid

to the chromatograms to compare the background.
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Fig. 5 Quantification of low abundance protein using 2D LC-SRM/MS analysis

Digest of Mouse liver proteins containing SI peptides derived from MS-QBiC peptides was firstly separated by super cation
exchange (SCX) chromatography in off-line (Upper chromatogram), followed by LC-SRM/MS analysis of the SCX fractions. The
SRM transitions for a target peptide to quantify the PER1 protein (left) were developed by using purified MS-QBiC peptide. The
target peptide was quantified by comparing ion peak intensities of the SI peptide (open arrowheads in lower bottom) with the
target peptide in mice livers (filled arrowheads in upper bottom). CE; collision energies.
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Accurate measurements of absolute protein abundance can be achieved by emerging targeted proteomics ap-
proaches, in which target peptides of enzymatic digests of proteins are analyzed by selected reaction monitoring
(SRM) using the stable isotope labeled peptides as internal standard. Thus, development of a simple and easy way
for the preparation of internal standards is advantageous for the analyses of multiple target proteins. We developed a
method, termed MS-based Quantification By isotope labeled Cell-free products (MS-QBiC), which provided the sim-
ple and high-throughput preparation of internal standards by using a reconstituted cell-free protein synthesis system
called PURE system. This method facilitates both multiplexed and sensitive quantification of absolute amounts of
target proteins, and then can enhance the capability of the targeted proteomics.

Keywords: absolute quantification; cell-free protein synthesis system; mass spectrometry; selected reaction mon-
itoring; targeted proteomics.



