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Introduction
Casein phosphorylation is a post-translational modification (PTM) catalyzed by kinase enzymes
when phosphate groups are attached to specific amino acids1. The labile nature of phosphorylation
modifications makes it very difficult to study them with traditional tandem mass spectrometry (MS/MS)
techniques using collision-induced dissociation (CID). Electron capture dissociation (ECD) is known as
a soft MS/MS technique with ability to preserve labile PTM during fragmentation. The present work
shows using ECD method for localization of phosphorylation in the case of αS-casein.

Experimental

Sample preparation
Phosphorylated αS-casein from bovine milk was
bought from Sigma-Aldrich and used without
further purification. The αS-casein sample of 1 μM
concentration was dissolved in a 1:1 (v:v) watermethanol mixture with 0.1% concentration of formic acid.

Instrumentation
ECD spectra of the αS-casein were obtained with an
ExD cell (e-MSion, Inc.)2 installed on a Thermo Scientific

Figure 2. EChcD spectrum of α-casein for 20+ charge state
precursor. Blue filled circles show ECD-type c- and z-fragments,
green filled circles are CID-type b- and y-fragments, purple
filled circles are a-ions, open circles are secondary d- and
w-ions.

Q Exactive Orbitrap mass spectrometer (Figure 1). The
sample was introduced through direct infusion at a
flow rate of 5 μL per minute. The autotune feature in the
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ExDControl software (e-MSion, Inc.) was used to optimize
the ExD cell voltage profiles for transmission and for ECD
fragmentation, both with the filament heating current set
to 2.2 A. To tune for transmission, Thermo-Fisher calibrant
solution was used, whereas tuning for ECD the peptide
standard Substance P and bovine ubiquitin were used.
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To preserve phosphorylation in the α-casein sample, ECD
spectra with low HCD supplemental activation (1 and 5
V) were recorded. To analyze the EChcD spectra, Viewer
software (e-MSion, Inc.) was used at 10 ppm tolerance
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Figure 3. Some ECD-fragments with phosphoserines: c466+ (A),
c486+ (B), c675+ (C), c756+ (D).
Figure 1. Schematic of the ExD cell in the Thermo Scientific Q
Exactive Orbitrap mass spectrometer.

Results and Discussion
Figure 2 shows the ECD spectrum of α-casein obtained with
HCD supplemental activation 5 V. All eighth phosphate
groups attached to some serine residues were identified
in the spectrum (see some of them in Figure 3) with total
sequence coverage 95% as was determined by Viewer
(Figure 4).

Figure 4. Sequence coverage determined by Viewer from EChcD
spectrum of αS-casein in Figure 2. Serines with phosphate
groups are shown in red.
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