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Abstract. A synthetically prepared seleno-peptide
(AHPDVLTVXLQMLDDGR) was used as a model
system for the acid hydrolysis of selenized yeast pro-
teins. The seleno-peptide is a tryptic peptide of a heat
shock protein 104 from Saccharomyces cerevisiae, was
subjected to acid hydrolysis using methanesulfonic
acid over a time period of 8 hours. Aliquots of the
solution were sub-sampled at predetermined time in-
tervals and the peptide fragments characterized by re-
versed phase LC MS". Similarly, the appearance of
amino acid residues in the solution was monitored. It
was found that after about 8 hours the synthetic peptide
completely hydrolyzed. The use of a selenopeptide as a
model for hydrolysis of selenized yeast hydrolysis
was validated by comparing the decomposition time
profile of the synthetic peptide with that of a selenized
yeast sample. The rate of hydrolysis was identical in
both systems, suggesting that the employed acid hydro-
lysis yields to the complete decomposition of the Se
containing proteins in yeast and consequently to the
liberation of selenomethionine.
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In recent years selenium supplementation has in-
creased dramatically as a result of the numerous
health claims including protection of cells against
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the effects of free radicals, the normal functioning
of the immuno system and thyroid gland as well as
protection against various forms of cancers. However
the necessity of Se supplementation is still active area
of research. Yeast is a popular supplement medium
wherein selenomethionine (SeMet) is usually the
dominant Se species, it possessing higher bioavailabil-
ity and lower toxicity than inorganic selenium. Sig-
nificant efforts have been made in the development of
analytical methods for the speciation of Se in yeast in
recent years.

The incorporation and biotransformation of inor-
ganic selenium into yeast growing on enriched media
is well known. Yeast synthesizes selenomethionine
(SeMet) as a major compound via an intrusion or
mimicking of the sulfur metabolic pathway. It is gen-
erally accepted that the SeMet is then non-specifically
incorporated into the proteome due to the inability
of the initiator codon of methionine (Met) to distin-
guish the difference between the two amino acids [1].
However, SeMet incorporation has only recently been
established by the identification of SeMet-containing
proteins from yeast with mass spectrometry [2, 3].
There is still no conclusive evidence that the incor-
poration route is global in the proteome.

In-house efforts to determine the level of incor-
poration of SeMet in the proteome have led to stud-
ies involving the hydrolysis of yeast protein to its
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constituent amino acids [4—6]. A hydrolysis procedure
developed by Wrobel et al. [7] was determined to be
the most efficient and cost effective. The amino acids
were quantified by species-specific isotope dilution
with GC MS [4, 5] or LC MS [8] to establish a ratio
between the Met and SeMet level of incorporation.
Thus far, our results indicate that for every 2 Met
residues, at least one SeMet residue is incorporated
into the studied yeast proteome.

This study investigates the hydrolysis procedure
by using a synthetically prepared seleno peptide as a
model compound. The peptide was selected because it
is a tryptic peptide of a known protein and it contains
two Met residues. One of the Met residues was
replaced with SeMet. The peptide corresponds to
residues 691-707 of the heat shock protein 104
(HSP104). Degradation of the seleno-peptide and for-
mation of smaller peptides and amino acids was mon-
itored over time using LC MS and GC MS.

Experimental

Instrumentation

A Thermo Finnigan LCQ deca lon Trap instrument (Thornhill,
ON, Canada) was used for LC ESI MS analysis of peptides. A
Thermo Finnigan TSQ quantum AM triple quadrupole mass
spectrometer (San Jose, CA, USA) was used for reverse phase
LC ESI MS analysis of amino acids. ESI MS conditions (e.g.,
capillary voltage, lens voltage, multipole offset and entrance
voltage) were optimized for the synthetic peptide (Ion Trap)
or SeMet (Triple Quad) using standard tuning procedures. Re-
versed phase separations were undertaken using a Prevail C18
(150 x 2.1 mm x 5 pm) column (Alltech, Deerfield, IL). Chroma-
tographic eluent was provided with a Hewlett-Packard HP 1100
pump with autosampler.

A Hewlett Packard HP 6890 GC (Agilent Technologies Canada
Inc., Mississauga, Ontario, Canada) fitted with a DB-5MS column
(Iso-Mass Scientific Inc., Calgary Alberta, Canada) was used for the
separation of the Met and SeMet in yeast extract. Detection was
achieved with an HP model 5973 mass selective detector (MS) using
single ion monitoring.

Reagents and Solutions

Analytical reagent grade chemicals were used throughout. Water
was purified to 18.2 MQ-cm resistivity using a NANOpure mixed
bed ion exchange system fed with reverse osmosis domestic feed
water (Barnstead/Thermolyne, Dubuque, Iowa, USA). Methane-
sulfonic acid (98% purity) was purchased from Fluka (Oakville,
ON, Canada). OmniSolv® acetonitrile and formic acid (98%
purity) were purchased from EM Science (Gibbstown, NJ,
USA). Eluents A and B for reversed phase chromatography were
prepared by adding the appropriate amount of formic acid to 1L
water and 1L acetonitrile, respectively. The gradient elution
programs employed for reversed phase chromatography are out-
lined in Table 1.
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Table 1. Amino acids and their one and three letter codes, mole-
cular weight and their weight difference observed with a loss of
water

Amino acid 1 letter 3 letter MW MW residue
code code (MW-H,0)
Alanine A Ala 89.09 71.07
Arginine R Arg 17420  156.18
Asparagine N Asn 132.12  114.10
Aspartic acid D Asp 133.10  115.08
Cysteine C Cys 121.16  103.14
Glutamic acid E Glu 147.13  129.11
Glutamine Q Gln 146.15 128.13
Glycine G Gly 75.07 57.05
Histidine H His 155.16 137.14
Isoleucine I Ile 131.18 113.16
Leucine L Leu 131.18 113.16
Lysine K Lys 146.19  128.17
Methionine M Met 149.21  131.19
Phenylalanine F Phe 165.19 147.17
Proline P Pro 115.13 97.11
Serine S Ser 105.09 87.07
Threonine T Thr 119.12  101.10
Tryptophan w Trp 20423 186.21
Tyrosine Y Tyr 181.19  163.17
Valine v Val 117.15 99.13
Selenomethionine® X SeM 196.11  178.09

* The code for SeMet have been chosen by the authors.

Standard stock solutions (1000 ugmL~") of natural abundance
L-methionine and seleno-DL-methionine (Sigma Aldrich, Oakville,
ON, Canada) were prepared by dissolving the target compound
in water. A standard solution (3mgmL~') of the costume syn-
thetised Se-peptide (AnaSpec, San Jose, CA) used in this study
(AHPDVLTVXLQMLDDGR) was prepared by dissolving the target
compound in water. (Table 1 summarizes the one and three letter
codes for canonical amino acids and for selenomethinone) Working
solutions were prepared on the day of analysis by appropriate dilu-
tion of the stock solutions with water. The stock solutions were kept
at 4°C in the dark.

Acid Hydrolysis

The extraction procedure employed for the yeast was based on a
method developed by Wrobel et al. [7]. A 20mg subsample of the
seleno-peptide was weighed into a clean, dry conical flask. The
appropriate volumes of water and methanesulfonic acid were added
to yield a concentration of 4 M methanesulfonic acid (12mL). The
sample was subjected to reflux on a hot plate for 8 h with glass beads
acting as anti-bumping granules. At regular intervals, 50 uL aliquot
of the solution was sampled and immediately refrigerated to prevent
further hydrolysis of the peptide.

Results

In earlier work, we reported on a methanesulfonic acid
based hydrolysis of selenized yeast proteins [5, 6]
used to liberate SeMet which had been incorporated
into the yeast proteome in the place of methionine [3].
The typical hydrolysis time was varied between 8 and
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16 h. Earlier studies confirmed that the isotopically
labeled SeMet is neither decomposed nor absorbed
into the matrix during this process [5]. However, there
are no simple analytical tools available to assess the
efficiency of the acid hydrolysis itself. In order to gain
insight into the hydrolysis process and to confirm that
the chosen 8-16h hydrolysis time leads to the
complete liberation of Met/SeMet from the yeast pro-
teome, a SeMet containing artificial peptide was sub-
jected to acid hydrolysis and the resulting peptide
fragments and ultimately free amino acids were mon-
itored as a function of time.

Figure 1 shows the LC ESI MS chromatogram and
mass spectra of the synthetic peptide. The use of the
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Fig. 1. LC MS chromatogram (a), high
resolution mass spectrum (b) and MS/MS
spectrum (c) of the selenium containing syn-
thetic peptidle AHPDVLTVXLQMLDDGR
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ion trap mass analyzer precludes detection of any
fragments having m/z less than 1/3 of the molecular
ion. The sequence of the peptide was confirmed
by both de-novo sequencing and data base search/
matching. Once the nature of the peptide was con-
firmed it was submitted to acid hydrolysis. Table 2
summarizes the peptides detected. A total of 16 pep-
tide and 4 free amino acids were monitored in order to
confirm the full hydrolysis of the peptide. As an
example, Fig. 2 shows the chromatogram, high reso-
lution MS spectra of the molecular ion and the high
resolution MS spectra of the AHPDVLTVXL peptide
fragment resulting from the cleaving of seven C term-
inal amino acid residues of the original peptide.
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Table 2. Peptide fragments detected and monitored throughout the hydrolysis protocol
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Fig. 2. LC MS chromatogram (a),
high resolution mass spectrum (b) of
AHPDVLTVXL which is a N-terminal
b m/z fragment of the original peptide
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Fig. 3. Peptide and amino acid concentration profiles as a function
of hydrolysis time. (NRZM corresponds to the intact peptide)

Figure 3 shows the EST MS response from select
peptide fragments and amino acids as a function of
time. As expected, the larger peptide fragments are
produced early in the hydrolysis process and they
gradually give way to smaller fragments and, finally
free amino acids. After 8 hours, the majority of the
products (by area count) is the free amino acids, prov-
ing that the hydrolysis process is complete. It is also
interesting to note that at the beginning of the hydro-
lysis process the peptides are almost exclusively N
terminal peptides.

The liberation of Met and SeMet from the synthet-
ic peptide was also followed by amino acid analysis
based on their determination by GC MS following
derivatization with methylchloroformate [5]. The re-
sults of these experiments are summarized in Fig. 4. It
is clear that the digestion reaction is complete in about
8 h. The decomposition products of the selenized yeast
sample were also monitored over time and it is clear
from Fig. 4 that the rates of decomposition are iden-
tical, within the limits of measurement uncertainty,
for both the synthetic peptide and the selenized yeast.
This is quite remarkable, considering the differences
in complexity and size between the intact yeast pro-
teins and a short synthetic peptide. The identical rate
of decomposition may offer the possibility of employ-
ing short SeMet containing peptides as calibration
standards for the determination of SeMet in various
samples. This could potentially compensate for any
incomplete hydrolysis of proteins, which is probably
the single largest source of error in the determination
of SeMet [6].

The use of synthetic selenium containing peptides
may also be extremely useful for the evaluation of
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Fig. 4. Evolution of SeMet as a function of hydrolysis time. SeY
SeMet from yeast, SeSt SeMet from the synthetic peptide. A SeSt;
0 SeY

the various enzymatic digestion methods currently in
popular use.

Conclusions

These observations suggest that the methanesulfonic
acid based hydrolysis leads to virtually complete lib-
eration of the studied amino acid residues. This fact,
coupled with our earlier observations that free SeMet
spiked to the sample is stable to acid hydrolysis, leads
to the conclusion that this acid hydrolysis protocol is
highly efficient and does not destroy the liberated
SeMet or the SeMet spike present in the sample.

It is clear that SeMet containing synthetic peptides
can also be used as calibration standards for standard
additions experiments or, when stable isotope labeled
SeMet peptides are available for isotope dilution
measurements.
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