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Abstract

Selenium-enriched yeast has long been recognized as an important nutritional source of selenium and
studies have shown that supplementation with this material provides chemo-preventative benefits
beyond those observed for selenomethionine supplementation, despite the fact that this species
accounts for 60-84% of the total selenium in selenized yeasts. There is much ongoing research into the
characterization of the species comprising the remaining 16-40% of the selenium, with over 100 unique
selenium-containing metabolites identified in aqueous extracts of selenized yeasts. Herein, we discuss
the analytical approaches involved in the identification and quantification of these metabolites,
consolidating them into a large summary table noting chemical structures and unique mass spectral
features.

Introduction

Although first recognized for its role as a toxic element, selenium (Se) is now known widely recognized
for its important role in human nutrition.! When present in selenocysteine (SeCys), the 21t amino acid,
Se is an essential nutrient, performing a variety of functions (both well-characterized and currently
unknown) due to its presence in the 25 selenoproteins in the human selenoproteome.? Dietary Se intake
of Se varies widely and is highly dependent on the types of foods consumed and their geographical area
of origin, mainly due to the Se content of the soil in which foods are grown (cereal crops) or animals are
grazed (livestock). Individuals living in certain areas (parts of Europe and New Zealand, for example)
often have dietary Se intakes considered insufficient for optimal health * — Health Canada* recommends
a daily intake of 55 pg, and average global recommendations are similar.?

Many individuals choose to take supplements to increase their daily Se intake, but it is important to note
the large variation in the content of products are commercially available. In Canada, 16 different forms
of Se are deemed acceptable source materials for licensed nutritional supplement products.* Among the
most commonly used are sodium selenite, sodium selenate, selenized yeast, and selenomethionine
(SeMet). While they have the advantage of being available at lower costs, sodium selenite and selenate
are typically considered less desirable,! and have a higher potential to induce toxic effects if too large a
dose is taken, despite a somewhat low bioavailability. Conversely, the Se in selenized yeast is known to



be highly bioavailable,® though not as much so as SeMet® which generally accounts for 60-84% of the Se
in a given sample of selenized yeast.

Since the first commercially-available selenium-enriched yeast nutritional supplements became
available in 1974,7 several epidemiological studies have examined their effectiveness in promoting
overall health and well-being. Overall, it has been established that there is a relationship between (long
term average) serum Se concentration and both all-cause and cancer-related mortality, with increased
risk at both the low and high ends of the spectrum.® Interestingly, studies supplementing participants
with selenized yeast found reduced incidences of cancers compared to a control group,® while no such
correlation was found when supplementing with SeMet.%° Since the majority of Se in typical selenized
yeasts is SeMet, this means that there are one or more relatively minor Se species present in these
yeasts which play an important chemo-preventative role.

Over the past few decades, much work has been conducted in an effort to identify the various Se
species synthesized by the yeast Saccharomyces cerevisiae upon exposure to high levels of Se during the
enrichment process. This review aims to consolidate as many of these species as possible into a single
reference table, as well as to discuss the analytical approaches involved in their identification, and the
challenges associated in the quantification of this large suite of chemical species.

Selenium Metabolism in Yeast

Yeasts have the ability to uptake inorganic selenium — selenite, Se(IV), and selenate , Se(VI) — as well as
selenomethionine! 2 through the active transport mechanisms associated with the uptake of sulphur
species, in processes highly dependent on the surrounding culture medium, particularly the sulphur
compounds present.'® The majority of the Se ends up in Se-containing proteins as SeMet — while the
overall concentration is often dependent on the yeast’s methionine (Met) content,” complete
substitution of Met with SeMet is possible under certain very specific conditions.** A shift in the
metabolic pathway — or further metabolism of SeMet, particularly in the case where that species is
directly taken up by the yeast!® — leads to the production of the SeCys which is important for the
function of selenoproteins.

Figure 1 provides a general overview of the metabolism of selenium by yeast and can be used as the
basis for the discussion of the processes involved. When Se is provided to yeast as selenate or selenite,
the initial reduction steps can be thought of as being rate-limiting to the overall production of the
organic Se species (the “desirable” species, from a commercial standpoint). Although not shown in
Figure 1, analogous to the metabolism of sulphate, there are two intermediates in the reduction of
selenate to selenite: first selenate is converted to 5’-adenylselenate, which is in turn converted to 3’-
phospho-5’-adenylselenate, before arriving at selenite.’® Rao et al.'? clearly demonstrated this rate
limiting step by exposing cultures of S. cerevisiae to either selenate, selenite, or selenomethionine and
guantifying the metabolites at various time points; they observed a clear lag in the production of
selenocysteine and selenoglutathione for the cultures exposed to inorganic Se. As the starting point for
all organic Se metabolites, the formation of reduced Se (as hydrogen selenide) is perhaps the most
important step in the metabolic pathway. To begin, homocysteine synthase promotes the binding of
hydrogen selenide to O-acetylhomoserine resulting in the production of acetic acid and
selenohomocysteine.’® As noted in Figure 1, this compound is then further metabolized into a wide
variety of species through the formation of selenomethionine and selenocystathionine. Additional



metabolic steps enable the production of the other seleno-compounds, including selenocysteine which
is specifically incorporated into a variety of selenoproteins.’?

The information on selenium metabolism in yeast provided above simply give a general overview of the
important processes to point to the major reservoirs/compartments of Se. In addition, we direct the
reader to a reviews by Kieliszek et al.'® and Kitajima and Chiba,* which provide further detail on the
uptake and metabolism of selenium species in yeast and cite additional references which span the
breadth of the available literature.
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Figure 1: Simple schematic of the metabolic pathway of selenium in yeast; adapted from Rao et al.? and
Arnaudguilhem et al.®

Analysis of Proteinaceous Selenium in Yeast

Selenoproteins and selenium-containing proteins can be analyzed directly (after extraction) by methods
such as gel electrophoresis coupled with a mass spectrometric method,” 18 or without separation (but
following further purification) by high resolution mass spectrometry.® However, rather than examining
whole proteins, it is often useful to perform further sample preparation steps breaking them down into
peptides, or further into individual (seleno)amino acids prior to analysis. This type of sample preparation
was initially developed in the late 1940’s and involved anaerobically incubating proteins at high
temperatures in high concentrations (6 M) of hydrochloric acid.?> 2! Following these protein lysis steps,
ion exchange chromatography was used to separate the individual amino acids for detection —in the



case of the these initial analyses, by photometry (following reaction with triketohydrindene hydrate).
Over the years, these methods have been improved upon, particularly to address issues commonly
arising for specific amino acids. A wide variety of chromatographic methods have been developed to
separate both native and derivatized amino acids, and there are even columns marketed specifically for
amino acid analysis. Photometric detection methods are still used as are methods of mass spectrometry,
both of which may take advantage of post-column derivatization after the native amino acids are
separated chromatographically.?> %

As noted above, the majority of the Se in typical selenized yeasts is in the form of the selenoamino acid
SeMet which is present in Se-containing proteins, and a great deal of work has been put into the
development of analytical methods for its accurate quantitation, which can differ from those employed
for the analysis of amino acids in general. Fairly harsh extraction procedures are required to break the
peptide bonds to obtain free SeMet for subsequent analysis, and this must be balanced by the need to
prevent oxidation of the analyte; this is also the case for methionine extraction and analysis. The most
commonly employed extraction methods (and also the most effective) are enzymatic hydrolysis and
methanesulfonic acid reflux. In some scenarios, the latter has proven to provide better recovery of
methionine and SeMet from yeast,?* but an interlaboratory comparison employed during the
certification of SELM-1, the National Research Council Canada (NRC) CRM for selenized yeast,
demonstrated that both methods were effective.?” Following extraction, SeMet is measured by
derivatization and gas chromatography mass spectrometry (GC-MS) or by high performance liquid
chromatography (HPLC) coupled to either electrospray (tandem) mass spectrometry (ES-MS/MS) or
inductively-coupled plasma mass spectrometry (ICP-MS). ICP-MS detection is particularly advantageous
for the selenoamino acid analysis because of the high sensitivity and selectivity of the detector for Se-
containing analytes, meaning derivation is not necessary for the detection of these species — though it is
important to note that some species, such as selenocysteine, are not stable in their native forms and
must be derivatized prior to chromatographic separation. The limitation of ICP-MS, however, is that it is
quite insensitive to sulphur (as well as carbon and nitrogen) therefore simultaneous analysis of other
amino acids cannot generally be performed using this detector alone.

Often, the above-noted mass spectrometric detection methods are paired with isotope dilution analysis
for the quantitation scheme.? Based on these types of measurements, a certified value of 3190 pg
SeMet g was determined for SELM-1, which accounts for 63% of the yeast’s total Se pool.?® Table 1
provides a survey of SeMet concentrations reported for SELM-1 by various research groups since the
CRM'’s release. It is apparent that some extraction procedures are not as efficient as others,
demonstrating why it is vital for those intending to analyze SeMet content in selenized yeast to
thoroughly validate their experimental protocol.

The analysis of proteinaceous SeCys is considered to be a more complicated measurement due to the
instability of SeCys following protein lysis. Bierta et al.?” have developed a method involving an
enzymatic digest, reduction with dithiotretiol, and derivatization with iodoacetamide, followed by the
measurement of the obtained carbamidomethylated selenocysteine by HPLC-ICP-MS. Proteinaceous
SeCys accounts for a much smaller proportion of the total Se in yeast than SeMet; in SELM-1, for
example, the SeCys content is 172 ug g, accounting for only 4% of the total Se.?”’

Non-Proteinaceous Selenium Species




The pool of water-soluble, low-molecular weight Se species present in selenized yeasts may be relatively
small, but contains a vast diversity of unique species, some of which have been proven to have
important implications in human health. Due to the fact that there are such a variety of different
compounds present in selenized yeasts, a variety of analytical methods of analysis have been employed.
Here, we separate the discussion into two components: the identification of these species, and their
guantification.

Identification of Non-Proteinaceous Selenium Species

The large number of species known to be produced through the metabolic processes associated with
selenium in yeast cells means that the methods used to identify these species must be sufficient to
elucidate the sometimes-complex molecular structures of these Se-containing metabolites. In this
context, there are three key components to a robust analysis method:

i) retention time matching (with a standard, if available),
ii) exact mass determination, and
iii) fragmentation data.

The ideal method will include all three components. Practically, though, this is not always feasible either
due to limited instrument availability, or because of simple time constraints combined with
requirements for higher sample throughput. Within the analytical chemistry community, it is largely
agreed that the identification of new species (or species in a new sample matrix) be conducted following
a method which includes all three of the above components. However, for more routine analysis such as
the screening of a new sample for previously-identified species, it can be considered acceptable for a
method to include only two of the above features —ideally, one of these will be a chromatographic
separation.

An additional tool at the disposal of researchers looking to identify water-extractable species in
selenized yeast samples is the examination of analogous sulphur species. Structural similarity means two
related species will elute close together under typical chromatographic conditions, and observed exact
mass differences of 47.9445 amu (3%Se vs 32S) and 45.9452 amu (’®Se vs 32S) will aid in the identification
of these pairs. More importantly, since the metabolic pathways for S-containing species in yeasts are
fairly well characterized,® a search of the literature may very well arrive at a proposed structure relating
to an observed exact mass, which can then be supported by fragmentation data in an MS" experiment.

After a thorough review of the literature, we have put together a table of selenium species which have
been identified in aqueous extracts of selenized yeasts. Table 3 provides the structures of these
metabolites, identifying information relating to characteristic fragments or spectral features, as well as a
note about the type of sample in which these compounds were identified. Wherever possible, we refer
to the first instance of a species being identified in a selenized yeast sample, with additional rows
providing further references where additional information, such as fragmentation patterns, is available.
Table 2 complements this data by describing the analytical methodologies associated with the
identification of these Se metabolites. Note that due to the ongoing nature of selenium metabolite
research, we have also generated a complementary online database, which will be continuously
updated as new data becomes available and is open for submissions of new and/or updated entries.?



Looking at the metabolites presented in Table 3, it is clear that there are many structural similarities
between various species. When working towards the elucidation of a previously-unidentified compound,
these trends can be beneficial. For example, fragments at m/z 56 and 182 are characteristic of a
selenohomocysteinyl moieties, and a difference of 47 amu between fragments is consistent with the
loss of formic acid which suggests the presence of a carboxylic acid group.3® Chromatographic data can
also be used to make inferences about the eluting species An unusually broad peak at a given m/z can
be indicative of a pair of structurally-similar isomers;3! a number of S-Se conjugates have been observed,
and switching the position of the S and Se atoms will often provide very similar fragmentation
patterns.3!32

Quantitation of Some Selenium Compounds in Aqueous Yeast Extracts

Much of the literature relating to the quantitation of selenium-containing metabolites in selenized
yeasts is related to a small subset of the compounds discussed above. As previously noted, there is a
vast array of data relating to the selenomethionine content of these yeasts (as observed in Table 1),
likely stemming from the fact that this species has been thoroughly studied for its role in the promotion
of human health and nutrition.” 3 While this measurement can be challenging, the accurate quantitation
of the other, much less abundant, selenium compounds is significantly more complicated.

One major difficulty associated with the quantitation of selenium-containing metabolites is the lack of
available standards. This can be (partially) dealt with through a few measures. Instruments can be
calibrated using different species; for example, in their HPLC-ICP-MS analyses, Far et al.>® injected
standards of selenomethionine, selenourea, or methylselenocysteine at the end of the chromatographic
run for quantitation by peak area. This type of calibration is complicated by the fact that instrumental
response is not constant; however, the change in sensitivity observed during a gradient elution can be
accounted for by introducing the analyte (selenium) into the eluent post-column and determining a
response-factor for each chromatographic time segment.33

The multiple steps involved in sample preparation provide an added degree of uncertainty that cannot
be completely accounted for without the use of species-specific standards. Methods involving pre-
fractionation, for example, may result in incomplete recovery of the analytes from the column. Mass
balance calculations can help determine the extent of this potential problem.

While absolute quantitation can be complex, determining relative amounts of selenium-containing
metabolites can provide useful information. For example, in an active fermentation system, two hours
after beginning supplementation with Se(VI) 93.4% of the ethanol-extractable selenium in a batch of
yeast cells was present at seleno-S-adenosyl-homocysteine (nominal m/z 432).2? It can also be useful to
describe concentrations as fractions of the total selenium in a certain yeast; according to Infante et al.,**
y-glutamyl-Se-methylselenocysteine (m/z 312) accounts for 1% of the total selenium in SelenoPrecise®
yeast. Commonly, metabolites will simply be referred to as “more abundant” / “less abundant” or as
“major” / “minor species”,*> 3¢ which can provide useful information particularly when investigating the

effect of altered fermentation conditions on the metabolites produced.

In addition to using sulphur species to aid in the identification of Se-containing metabolites, an
examination of the relative abundance of these compounds can help to categorize them into three
groups, as described by Preud’Homme et al.®®> The Se/S ratio of approximately 0.4 noted for SeMet/Met
content in SELM-1%¢ is used as a baseline for the following three categories:



i) Compounds with Se/S ratios of < 0.1
ii) Compounds with Se/S ratios of about 0.4, and
iii) Compounds with Se/S ratios much greater than 0.4.

In the above characterization, the observed ratios correspond to different pathways associated with the
metabolism of S and Se. The low ratios associated with compounds in (i) are based on S-exclusive
pathways, where incorporation of Se is inhibited: selenoglutathione-y-Se-glutamoyl-cysteine (m/z 651)
and y-glutamyl-Se-cysteinyl glycine (m/z 531), for example. Conversely, Se atoms randomly replace S
atoms in compounds in category (ii), which includes selenomethionine (m/z 197), Se-methyl-5'-
selenoadenosine (m/z 345), and the S-Se conjugate of glutathione and selenoglutathione (m/z 660),
while compounds in (iii), such as S-methylthio-selenoglutathione (m/z 401) and Se-adenosyl-L-
homocysteine (m/z 432) are representative of normal Se metabolic pathways in yeast.3”

Other Selenium Species in Yeast

Following years of experience analyzing samples of selenized yeasts, it has been noted that the sum of
species identified in extracts is generally below 90%, indicating the presence of forms of selenium not
accounted for by the traditional analysis methods discussed above.3” While inorganic Se in the form of
selenite or selenate is not always discussed in this context, these species would be accounted for in an
overall mass balance. However, proportions of inorganic Se in selenized yeasts are quite low — typically a
few percent of the total Se at most,* 38 as ingested Se is generally metabolized rather than stored as an
inorganic species. This, of course, excludes some commercial “selenium yeast” formulations where (non-
enriched) yeast is simply mixed with sodium selenite or sodium selenate.>*° It is therefore apparent that
other forms of selenium are present in samples of selenium-enriched yeasts.

It has long been recognized that a number of microorganisms, bacteria in particular, have the ability to
reduce selenite to elemental selenium (Se°), which can aggregate to form nanoparticles. This process
has been studied extensively,* likely due to its importance in the context of wastewater
bioremediation.** More recently, similar processes have been noted for yeast.3”- 4% Upon exposure to
increasing concentrations of selenite, yeasts can produce increasing amounts of selenium nanoparticles,
even under metabolically stressed conditions, until selenite concentrations eventually inhibit yeast
reproduction.®® Within the cell’s cytoplasm, spherical selenium nanoparticles of 20-30 nm have been
observed and have been noted to exit the cell (without damaging it) to aggregate into larger particles on
the cell’s exterior surface.** Even under non-stressed conditions (lower selenium concentrations), S.
cerevisiae have been shown to produce selenium nanoparticles — for example, one study observed very
small particles between the sizes of 4 and 7 nm, as noted by high resolution transmission electron
microscopy.”

In yeast cells, the process of reduction of selenite to (nanoparticulate) elemental selenium is thought to
be due to the action of an inducible oxidation/reduction-type enzyme. Pereira et al.* noted that adding
a protein-synthesis inhibitor to a culture of S. cerevisiae during exposure to selenite resulted in an
inhibition of the production of selenium nanoparticles. Additionally, they observed a significant
reduction in nanoparticle output at cold temperatures. Despite this, production of selenium
nanoparticles by yeast appears to be a fairly robust process, proceeding both in the presence and
absence of both oxygen and light.**



Nanomaterials play important roles in an ever-expanding list of industries, due to their unique physical
and chemical properties. Selenium in particular is used for its semiconductor and photoelectrical
characteristics,*® and its biological properties mean that selenium nanoparticles have already been put
to use in medical fields.* It has been proposed that the fermentation of yeast exposed to selenite could
be a viable and environmentally-friendly method for the production of selenium nanoparticles.** They
can be prepared in quantities of 100 to 500 pg nanoparticles per gram of yeast, and can be ensured to
be sulphur-free by growing the yeast in a synthetic medium with very limited sulphur (with what is
present coming from a defined amount of cysteine and low concentrations of a few vitamins).*?

There are a few methods by which (selenium) nanoparticles can be analyzed, the most traditional being
various microscopy techniques which can detect particles both within and outside of cells.
Chromatographic methods (usually combined with ICP-MS) have also been employed. With the selection
of an appropriate SEC column, selenium nanoparticles will elute in the void volume, where in addition to
detection by ICP-MS, they can be measured by UV/Vis spectrophotometry at the characteristic
wavelength of 565 nm.3” Similarly, Alvarez-Fernandez Garcia et al.** used a C18 column 7 pm particle
size and 1000 A pore size for the analysis of a selenized yeast extract. They confirm the identity of the
nanoselenium peak by reacting the sample with sulphite and re-analyzing to observe a peak matching
the retention time of selenosulphate (after the nanoselenium reacts to form this species). The most
recent developments in the analysis of metal nanoparticles involve the use of single particle (SP) ICP-MS,
which has the ability to measure the number and size distribution of particles.*’ For both
chromatographic and SP-ICP-MS techniques, cells must first be lysed to be extract the nanoparticles.
This can be done mechanically (i.e. with glass beads)* or chemically/enzymatically — however, following
the latter method, a high background was observed in SP-ICP-MS, indicating the potential oxidation of
nanoparticulate selenium to dissolved selenium.?’

Conclusions

There is a large pool of unique selenium compounds present in samples of selenized yeast. Based on the
observed chemo-preventative properties of selenized yeast,»® some of these likely play important roles
in human health and nutrition. The ability to identify and quantify these species will be a vital
component of future research examining the biological roles of specific compounds then altering
fermentation conditions to optimize the health benefits of selenized yeasts. This survey provides a
comprehensive overview of the selenium metabolites that have been identified in these yeasts and will
assist researchers in the development and implementation of accurate analytical methods for their
identification and quantitation.



Table 1: Survey of Measured Total Selenium and Selenomethionine Content in NRC CRM SELM-1

Reference

Total Se (ug/g)

SeMet

Value (pg Se gt)

Analysis Method

Certified Value?®

2031+ 70 (k = 2)?

1285 + 105 (k = 2)

Acid reflux (4 M MSA),

1260+ 61
LeBlanc et al. (2019)*® n/a _(SA) AEC-ICP-M>
1200 + 80 Acid reflux (4 M MSA),
B (SA) RP-HPLC-ICP-MS
Ward et al. (2019)* 2035 + 49 1405 + 20 Enzymatic eXtrlf/lcst'O”' HPLC-CP-
Microwave-assisted acid reflux (4
650 + 31 M MSA),
AEC-ICP-MS
Bednafik et al. (2018)*°
ednarik et dl. { ) n/a Microwave-assisted acid reflux (4
681 + 52 M MSA),
AEC-ICP-MS
Bierta et al. (2018)? 1928 + 59 1928 + 59 Enzymatic extraction, (SA) AEC-
ICP-MS
1389+ 43 (77/76) Enzymatic extraction,
1370 + 43 (78/76)° ID-AEC-ICP-MS
Krata et al. (2018)** n/a Enzymatic extraction,
1295+ 119 ID-AEC-ICP-MS (species-
unspecific)
Bierta et al. (2017)2 2048 + 26 1401 + 99 Enzymatic extraction, (SA) AEC-
ICP-MS
Microwave acid-vapor phase
Aviram et al. (2016)% n/a 1523 + 28 hydrolysis (6 M HCl), ID-HPLC-ESI-
Q-TOF-MS
Acid reflux (4 M MSA)
53 + +
Guo et al. (2016) 1978 + 105 3388 +42 MSPE-HE-LLME-HPLC-ICP-MS
Enzymatic extraction,
Giradldez et al. (2015)% n/a 1419 + 115 Dual-SBSE-TD-GC-MS (iBCF
derivatization)
Enzymatic extraction
55 + ’
Zhang & Yang (2014) n/a 1366 + 106 AEC-ICP-MS
Acid reflux (4 M MSA)
56 ’
Castro et al. (2013) n/a 1326 151 RP-HPLC-PB-EL-MS
Acid reflux (4 M MSA)
1301 £ 29 .
Chen et al. (2013)% 2128+ 31 (On-chip) MSPE-RP-HPLC-ICP-MS
1325 + 22 Acid reflux (4 M MSA)
B MSPE-RP-HPLC-ICP-MS
Enzymatic extraction
58 + ’
Mellano et al. (2013) n/a 1419 + 115 TD-GC-MS (ECF derivatization)
. Enzymatic extraction
59 + ’
Pick et al. (2013) n/a 962 + 17 AEC-ICP-MS




Enzymatic extraction,

+
1364 £ 46 ICP-MS of Se in extract
Enzymatic extraction, AEC-TR-HG-
1322 + 87
Sanchez-Rodas et al. n/a AFS
(2013)%° Enzymatic extraction, TD-GC-MS
131775 s
(ECF derivatization)
Enzymatic extraction
61 + ’
Ward et al. (2013) n/a 1394 +50 HPLC-ICP-MS
Microwave-assisted acid digest (4
Yang et al. (2013)%2 n/a 1355+ 24 M MSA)
ID-GC-MS (MCF derivatization)
Acid reflux (4 M MSA)
63 +
Duan et al. (2012) n/a 1293 +40 SPE-CE-ICP-MS
. Enzymatic extraction
64 + + ’
Liet al. (2012) 2055 + 33 1353 + 25 HPLC-PCVG-ICP-MS
Acid reflux (4 M MSA)
65 + + !
Mao et al. (2012) 1977+ 84 1498 £ 41 SBSE-RP-HPLC-ICP-MS
Enzymatic extraction
66 + +
Chen et al. (2011) 2012 £ 55 1338+ 16 RP-HPLC-ICP-MS
. Enzymatic extraction
67 + + !
Stiboller et al. (2011) 1999 + 87 1288 +22 HPLC-ICP-MS
Enzymatic extraction,
Swart et al. (2011)°® n/a 1309 + 45 (post-column double spike) ID-
HPLC-ICP-MS
Wart(jzilclc;ggnolly 1872 1708 Enzymatic extraction, LC-ICP-MS
Casal et al. (2010)* 2062 + 63 1187 + 47 Enzymatic extraction, LC-ICP-MS
Li et al. (2010)° n/a 1382 + 45 Enzymatic extraction, RP-HPLC-
ICP-MS
. Enzymatic extraction
71 + + !
Vacchina et al. (2010) 2019 + 54 1332 +50 HPLC-ICP-MS
Acid reflux (4 M MSA)
Duan & Hu (2009) 2026+ 8 1313+11 HF-LPME-GC-MS (ECF
derivatization)
Enzymatic extraction
1341+ 85 ID-ICP-MS (SeMet by difference
from total Se)
Sannac et al. (2009)” 2090 + 110 Enzymatic extraction with
Driselase and SDS,
+
1345117 ID-ICP-MS (SeMet by difference
from total Se)
How water extraction
74 + + ’
Huang et al. (2008) 2012 £55 1331 +53 SPE-ICP-MS
Enzymatic extraction,
1048 + 15
Goenaga-Infante et al. (SA) HPLC-ICP-MS
(2008)” n/a Enzymatic extraction
1295 + 49 y ’

ID-HPLC-ICP-MS
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CCQM-P86

Acid reflux (4 M MSA),

+
International 1280 %28 ID-GC-MS (CNBr derivatization)
Intercomparison 1333 Acid reflux (4 M MSA), ID-HPLC-
ICP-MS
Acid reflux (4 M MSA), (SA) HPLC-
1365 ICP-MS
Acid reflux (4 M MSA),
+
1335+6 ID-GC-MS (MCF derivatization)
Enzymatic extraction,
+
1303 £ 14 ID-HPLC-ICP-MS
Enzymatic extraction,
1350 (SA) HPLC-ICP-MS
Enzymatic extraction,
1341 +1
3 8 (post-column) ID-HPLC-ICP-MS
Acid reflux (4 M MSA),
1368 £ 57 ID-GC-ICP-MS (CNBr
derivatization)
1339 + 14 Enzymatic extraction,
B ID-HPLC-ICP-MS
Peachey et al. (2008)7° n/a Microwave-assisted enzymatic
1359 + 26 extraction,
ID-HPLC-ICP-MS
Enzymatic extraction,
+ +
1731 +30 1012 £ 45 ID-AEC-ICP-MS
Pedrero et al. (2007)77 Enzymatic extraction with
1982 + 50 1166 + 36 ultrasonic probe,
ID-AEC-ICP-MS
Enzymatic extraction,
+
1037 %56 LC-UV-AFS
1836+ 13 Acid reflux (3 M p-TSA + 0.2%
835+ 20 tryptamine),
Amino acid analyzer
Enzymatic extraction,
+ +
1983 £ 16 1204 + 46 (SA) HPLC-ICP-MS
Mester et al. (2006)* Enzymatic Extraction,
2044 + 35 1384 + 26
certification campaign (SA & IS) HPLC-ICP-MS
(multi-lab 1394 + 11 Acid reflux (4 M MSA),
collaboration) - ID-GC-MS (MCF derivatization)
Acid reflux (4 M MSA),
+ +
2103 £ 14 13726 ID-GC-MS (MCF derivatization)
Acid reflux (4 M MSA),
+
1402 £ 29 ID-HPLC-MS
Acid reflux (4 M MSA),
+ +
2012 £30 1320£7 ID-GC-MS (CNBr derivatization)
2083 + 87 793 + 24 Acid reflux (4 M MSA),

(SA & IS) HPLC-ICP-MS
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Enzymatic extraction,

+ +
2145423 144419 (post-column) ID-HPLC-ICP-MS

(a) Certified value and expanded uncertainty as of October 2020; CRM certificates are regularly
reviewed and updated when needed,;

(b) Two values were provided as they differed slightly depending which isotopes were chosen for
IDMS calculations.

Acronyms : DLTV diode laser thermal vaporization, ECF ethyl chloroformate, El electron impact, HF-
LLLME hollow fibre liquid liquid liquid microextraction, HG hydride generation, iBCF isobutyl
chloroformate, IS internal standard, MCF methyl chloroformate, MSA methanesulfonic acid, MSPE
magnetic solid phase extraction, p-TSA p-toluol-sulfonic acid, PB particle beam, PCVG photochemical
vapour generation, SA standard addition, SBSE stir bar sorptive extraction, TD thermal desorption, TR
thermoreduction, TLC thin layer chromatography, USP ultrasonic probe

12




Table 2: Methods involved in the aqueous extraction and subsequent analysis of selenium-containing metabolites in various samples of
selenized yeast; identified species are described in Table 3

Reference

Extraction Method

Analysis Method(s)

Rao et al.*?

75% EtOH at 95°C (2x), dried under Na.

For some species: Reconstituted in 3 mM IAA or 10 mM PHMB,
treated with water (free selenols) or DTT (total selenols), 1 hr
derivatization, cold SAA to stop reaction.

HPLC-orbitrap-MS.

XDB-C18 column, water-MeOH gradient (0.1% formic acid). Full scan m/z
100-1000 at 30k resolution. EIC for m/z 227.97-227.99 (SeCys-IAA) or
491.94-491.99 (SeCys-PHMB)

Preud’homme
etal.3®

100 mg washed with water. Sonicated in 10 mL water (probe,
500 W), 4°C, 4 sec ON, 1 sec OFF, for 1 min; centrifuged at 5000
g for 10 min, supernatant freeze dried (-80°C, 36 hrs).

2D HPLC (SEC and RP) with ICP-MS and ES-Orbitrap MS.

SEC: fraction collection (duration 1.25 min) triggered by sudden increase
in UV absorption (at 200-250 nm); Waters UHR Biosuite column, 20 mM
ammonium acetate, pH 8, 0.3 mL/min. RP: C18 column (HSS T3 or BEH),
0.1% TFA in water / ACN gradient (2% to 98% ACN, curve 7).

ICP-MS: Agilent 7500cs, collision cell with He and Hz (1 and 4 mL/min), O2
added to plasma Ar for organic analysis, monitoring 3*S and all Se
isotopes.

ES-MS: ThermoFisher LTQ-Orbitrap Velos, full scan (m/z 100-9000) at
resolving powers of 15k, 30k, 60k, and 100k, fragmentation in the ion trap
or with HCD in the orbitrap, up to MS3

Larsen et al.78*

Enzymatic extractions, aqueous.

lonosphere-5C SCX column, gradient elution of pyridinium formate with
3% MeOH, monitor all Se isotopes. RT of SeOMet confirmed by ES-MS of
a standard solution

Far et al.>°

0.5-0.8 g yeast washed with 10 mL water (vortex 1 min,
centrifuge 2700 g for 10 min). Sample sonicated in 10 mL water
(probe, 30% power, 1 sec ON 1 sec OFF for 2 min, 2-4°C),
centrifuged at 2700 g for 10 min, supernatant frozen (-20°C)
then freeze dried (-50°C). For analysis, dissolved in 10 mM
ammonium acetate buffer (pH 9.5) then centrifuged at 5800 g
for 10 min. 500 pL injected onto a HiLoad 26/60 Superdex 30 pg
column, eluted with 10 mM ammonium acetate (pH 9.5) at 2
mL/min, 30 sec fractions collected, frozen, and freeze-dried.

NP-HPLC-ICP-MS, HILIC-ICP-MS, and ES-TOF-MS (infusion).

NP-HPLC: Supelcosil 57980-U column, 2.5 mM ammonium acetate / 25
mM acetic acid (pH 4.7) in 80% ACN. HILIC: Tosoh Bioscience TSKgel
Amide80 column, 1 mM ammonium acetate / 10 mM acetic acid (pH 4.7)
in 80% ACN.

ICP-MS: Perkin ElImer ELAN 6000, Oz in plasma Ar, monitoring 34S, 77Se,
82Se, and 103Rh (IS).

ES-TOF-MS/MS: infusion in 50% MeOH with 0.1% formic acid, full scan
m/z 100-600, MS/MS m/z 50-600
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Reference

Extraction Method

Analysis Method(s)

Casal et al.3?

5 g sample sonicated in 40 mL water (probe, 40% power, 1 sec
ON, 1 sec OFF, for 1 min at 2-4°C), centrifuged at 2700 g for 10
min, supernatant freeze dried, reconstituted in 10 mM
ammonium acetate buffer (pH 9.5) and centrifuged at 5800 g for
15 min. Pre-fractionated by SEC (HiLoad 26/60 Superdex 30
preparative column), eluted with 10 mM ammonium acetate
(pH 9.5) at 2 mL/min, 1 min fractions for 3.5 hrs (after protein
fraction removed), fractions pooled and freeze-dried

AEC-ICP-MS, SEC-ICP-MS.

AEC: Hamilton PRP-X100 column, gradient elution (25-250 mM
ammonium acetate, pH 5.5). CEC: Hamilton PRP-X200 column, gradient
elution (1-40 mM pyridine formate, pH 2.8 for ICP-MS).

ICP-MS: Agilent 7500ce, H: collision gas, monitoring 7’Se, 8°Se, 82Se.
SEC-ES-MS. Hamilton PRP-X200 column, gradient elution (ammonium
formate / formic acid / MeOH), ThermoFisher LTQ Orbitrap Velos, full
scan (m/z 100-1000) at resolving power 100k.

Infante et al.3*

0.3 g sample and diatomaceous material (dispersing agent)
extracted in 0.1 mM PMSF / 0.01 % DTT, 5 cycles of 100°C / 1500
psi for 5 mins, purged with N2, repeated and solutions
combined. 3 mL extract combined with 2 mL 75 mM Tris-HCI (pH
7.5), 40 mg protease, and 20 mg lipase, 18 hr incubation at 37°C,
centrifuged at 3000 rpm for 30 min, supernatant filtered,
degassed (He), and frozen (-20°C).

RP-HPLC with ICP-MS and ES-MS/MS.

Agilent Zorbax Rx-Cs column, 2% MeOH and 0.1% formic acid. Agilent
7500i ICP-MS, monitoring 7’Se, 82Se, and 1°3Rh (IS). Micromass Quattro
Ultima ES-MS/MS, full scan m/z 50-400, product ion spectra acquired for
m/z 313

Arnaudguilhem
etal.t®

Water extraction, room temperature, ultrasonic bath for 1 hour;
supernatant freeze dried for storage at -20°C; dissolved in
water; pre-fractionated by size exclusion (Superdex peptide
10/300 GL column, ammonium acetate (pH 7.5) for elution;
>1000 Da fractions collected, freeze dried, then reconstituted in
water

Fractions analyzed by HPLC-ES-MS/MS and HPLC-ICP-MS. Porous graphitic
carbon column (Hypercarb), using a water/ACN gradient in RP or HILIC
mode. ThermoFisher LTQ-Orbitrap Velos in full-can mode (m/z 100-900 at
100,000 resolving power), fragmentation by CID (to MS*) then C-Trap
injection in Orbitrap (15,000 mass resolution). ICP-MS with O, added to
plasma gas, CRC in He mode for 78Se, 8°Se, and %2Se.

Dernovics et
CI/ 36

Extraction method from Dernovics and Lobinski,” pre-
fractionation method from Encinar.®° 0.3 g yeast, 10 mL water,
sonicated for 1 hr (bath), liquid decanted, extraction repeated
twice. Centrifuged at 700 g for 10 min, freeze dried, and stored
under Ar at -20°C. Dissolved in 1.5 mL 10 mM ammonium
acetate (pH 9.5), centrifuged at 5800 g for 10 min. Pre-
fractionated on a HiLoad 26/60 Superdex 30 Prep column,
eluted with 10 mM ammonium acetate (pH 9.5) at 2.5 mL/min,
fractions collected every minute for 3 hrs, Se-fractions
(confirmed by ICP-MS) pooled and freeze dried.

AEC-ICP-MS: Hamilton PRPX-100 column, gradient elution with 10-100
mM ammonium acetate (pH 5.5); Perkin ElImer ELAN 6000 ICP-MS
monitoring 3S, 7’Se, 82Se, and 1°3Rh (IS).

HILIC-ES-MS: Tosoh Biosciences TSK-Gel Amide-80 column, gradient
elution 97-0% ACN with 0.1% TFA; ThermoFisher hydrid linear ion trap /
Orbitrap MS, full scan mode at 60k resolving power.
nanoRP-HPLC-ES-MS: Applied Biosystems QSTAR XL hydrid quadrupole
TOF MS, full scan mode at 1 sec integration, m/z 100-2000, product ion
scans at m/z 50-1000.
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Reference

Extraction Method

Analysis Method(s)

Dernovics & 0.3 g yeast, 10 mL water, sonicated for 1 hr (bath), liquid AEC-ICP-MS: Hamilton PRPX-100 column, gradient elution with 25-250
Lobinski”® decanted, extraction repeated twice. Centrifuged at 700 g for 10 | mM ammonium acetate (pH 5.5); Perkin ElImer ELAN 6000 ICP-MS
min, freeze dried, and stored under Ar at -20°C. Dissolved in 1.5 | monitoring 34S, 7’Se, 82Se, and 1°3Rh (IS). Without ICP-MS detection,
mL 10 mM ammonium acetate (pH 9.5), centrifuged at 5800 g fractions collected every 30 sec.
for 10 min. Pre-fractionation method from Encinar.® Pre- nanoRP-HPLC-ES-MS: Alltech Ultra IBD nanoLC column, isocratic elution
fractionated on a HiLoad 26/60 Superdex 30 Prep column, with 0.05% TFA in 50% ACN; Applied Biosystems QSTAR XL hydrid
eluted with 10 mM ammonium acetate (pH 9.5) at 2.5 mL/min, quadrupole TOF MS, full scan m/z 100-2000, product ion scans at m/z 50-
fractions collected every minute for 3 hrs, Se-fractions 1000
(confirmed by ICP-MS) pooled and freeze dried.
Dernovics & 0.3 g yeast, 10 mL water, sonicated for 1 hr (bath), liquid AEC-ICP-MS: Hamilton PRPX-100 column, gradient elution with 25-250
Lobinski®! decanted, extraction repeated twice. Centrifuged at 700 g for 10 | mM ammonium acetate (pH 5.5); Perkin ElImer ELAN 6000 ICP-MS

min, freeze dried, and stored under Ar at -20°C. Dissolved in 1.5
mL 10 mM ammonium acetate (pH 9.5), centrifuged at 5800 g
for 10 min. Pre-fractionation method from Encinar.% Pre-
fractionated on a HiLoad 26/60 Superdex 30 Prep column,
eluted with 10 mM ammonium acetate (pH 9.5) at 2.5 mL/min,
fractions collected every minute for 3 hrs, Se-fractions
(confirmed by ICP-MS) pooled and freeze dried.

monitoring 7’Se, 82Se, 88Sr, and 1°3Rh.

HILIC-ES-MS: Tosoh Biosciences TSK-Gel Amide-80 column, gradient
elution 97-0% ACN with 0.1% TFA, 0.8 mL/min; ThermoFisher hybrid
linear ion trap / Orbitrap MS, full scan mode at 60k resolving power,
scanning m/z 100-1000, MS" at a 10 Da isolation window (to capture Se
isotope pattern), 7.5k resolving power, scanning m/z 60-1000.
HILIC-ICP-MS: Same separation noted above, 50% split made up with 0.6
mL/min 5% HNOs3, detection as above

Lindemann &
Hintelmann®?

24 g sample (40 supplement tablets) extracted in 30 mL water
(95°C) for 1 hr, centrifuged, extraction repeated on pellet,
supernatants pooled and filtered (0.45 um). 5 mL extract pre-
fractionated (SEC) using Sephadex G-50 resin (20 x 300 mm),
eluted with 300 mM formic acid at 3.8 mL/min, 4 mL fractions
collected for 30 min. Fractions collected from HPLC (split with
ICP-MS) dried under N2, reconstituted in 15 uL 200 mM formic
acid in 10% MeOH, transferred to nanoflow probe tips

HPLC-ICP-MS: Hypersil Hypercarb column (porous graphitic carbon),
gradient elution 300 mM formic acid in water to 100% MeOH, Micromass
Platform ICP-MS, He/H2 in collision cell, monitoring 76Se, 7’Se, 78Se, 8°Se,
and #2Se; eluent split and fractions collected for ES-MS/MS

ES-MS/MS: Micromass Q-Tof-2 hybrid quadrupole TOF MS, with a Z-spray
nanoelectrospray ion source; full and MS/MS scans m/z 50-1550

Casiot et al.®

0.2 g sample extracted in 5 mL water (85-90°C) for 1 hr,
centrifuged, filtered (0.45 um), and freeze-dried. Sample
dissolved in water and pre-fractionated on an Inertsil ODS-2
column, eluted with 0.1% acetic acid at 1 mL/min; 10-20 min
fraction collected and freeze-dried. Sample dissolved in 30%
MeOH with 0.6% 100 mM HCI.

ES-MS/MS: Perkin Elmer SCIEX API 300 lon-spray triple-quadrupole MS,
full scan m/z 70-700, CID scan m/z 70-450 of precursor ions m/z 431 and
433,
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Reference Extraction Method Analysis Method(s)
McSheehy et 0.3 g yeast extracted in 10 mL water (2 hr sonication at 50°C), ICP-MS: Fractions pre-screened for total Se, Perkin EImer ELAN 6000 ICP-
al® centrifuged at 4000 rps for 30 min, supernatant frozen and MS, monitoring 78Se.

freeze dried. Powder dissolved in water, centrifuged at 50000
rom (4°C under vacuum). Pre-fractionated on a Sephaden G-15
column, eluted in 0.3% acetic acid (pH 3) at 0.7 mL/min,
fractions collected every 2 min for 4 hrs.

AEC-ICP-MS: Hamilton PRPX-100 AEC column, gradient elution with 20-
100 mM acetic acid / ammonium acetate, fractions collected and
analyzed by ICP-MS (offline)

ES-Q-TOF-MS: AEC fractions analyzed by infusion, Sciex QSTAR Pulsar Q-
TOF-MS, full scan and CID modes

Infante et al.®

For total Se and speciation of water-soluble species: 0.3 g
sample and diatomaceous material (dispersing agent) extracted
in 0.1 mM PMSF / 0.01 % DTT, 5 cycles of 100°C / 1500 psi for 5
mins, purged with N2, repeated and solutions combined, 0.45
um filtered.

For enzymatic hydrolysis: 0.2 g yeast or 3 mL aqueous extract,
40 mg protease, and 20 mg lipase in 30 mM Tris-HCI (pH 7.5)
(aqueous extracts were also treated with pronase XIV),
incubated at 37°C for 16 hrs, in the dark while shaking at 60
rpm, centrifuged at 3000 rpm for 30 min, filtered, degassed with
He, frozen until analysis

SEC-ICP-MS: SUPELCO TSK gel G 3000 PWxL column, elution with 10 mM
ammonium acetate (pH 8.5) at 0.5 mL/min, Agilent 7500i ICP-MS
monitoring 7’Se, 82Se, and 1°°Rh

AEC-ICP-MS: Hamilton PRP-X100 column, elution with 5 mM ammonium
hydrogen citrate in 2% MeOH (pH 5.9) ato 0.9 mL/min, above ICP-MS
conditions

RP-IP-ICP-MS: Agilent Zorbax Rx-Cs column, elution with 0.1% TFA in 2%
MeOH at 1 mL/min, above ICP-MS conditions

RP-IP-ES-MS/MS: Agilent Zorbax Rx-Cs column or Phenomenex Synergi
Polar-RP column, elution with 0.1% TFA in 2% MeOH at 0.15 mL/min,
Micromass Quattro Ultima MS, MRM mode for identified analytes

Garcia-Reyes
etal®!

0.3 g yeast extracted with 10 mL water (sonic bath) for 1 hr,
centrifuged at 700 g for 10 min, pooled with replicate samples,
freeze dried under Ar; reconstituted in 10 mM ammonium
acetate buffer (pH 9.5) and centrifuged at 6400 g for 10 min.
Pre-fractionation on a HiLoad 26/60 Superdex preparative SEC
column, eluted in 10 mM ammonium acetate (pH 9.5) at 2.5
mL/min, fractions collected every minute for 3 hrs

ICP-MS: offline analysis of SEC fractions, Perkin ElImer Elan 6000 ICP-MS,
monitoring 82Se

HPLC-ICP-MS: PepMap100 nanoHPLC Cis column, gradient elution of
0.05% TFA in 4% to 40% ACN at 300 nL/min, Agilent 7500 CE ICP-MS, H:z in
collision cell, monitoring 78Se and 8°Se

HPLC-nano-Q-TOF-MS: separation conditions as above, Applied
Biosystems QSTAR XL hydrid-Q-TOF MS, full scan TOF mode scanning m/z
200-1200, product ion mode scanning m/z 70-1000
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Reference

Extraction Method

Analysis Method(s)

Infante et al.%®

For total Se and speciation of water-soluble species: 0.3 g
sample and diatomaceous material (dispersing agent) extracted
in 0.1 mM PMSF / 0.01 % DTT, 5 cycles of 100°C / 1500 psi for 5
mins, purged with N2, repeated and solutions combined, 0.45
pum filtered.

For enzymatic hydrolysis: 3 mL aqueous extract, 40 mg protease,
and 20 mg lipase in 30 mM Tris-HCI (pH 7.5), incubated at 37°C
for 18 hrs, in the dark, centrifuged at 3000 rpm for 30 min,
filtered, degassed with He, frozen until analysis

RP-IP-ICP-MS: Dionex Acclaim OA column, gradient elution 0.1% formic
acid in water ramping to 40% MeOH, Agilent 7500i ICP-MS monitoring
77Se and #2Se

RP-IP-ESI-MS/MS: Dionex Acclaim OA column, gradient elution 0.1%
formic acid in water ramping to 40% MeOH, ABI/MDS Sciex QSTAR XL Q-
TOF-Tandem MS scanning m/z 50-1000

Ward et al.*®

0.5 g sample vortex mixed in 5 mL water then shaken for 15
mins at 350 rpm, centrifuged at 7155 g for 10 mins; supernatant
filtered through CHROMAFIL Xtra RC-20/25 regenerated celluole
filter (0.2 um) then an Amicon Ultra-15 filter with a 3 kDa
molecular weight cutoff, centrifuged for 2 hrs at 1789 g and
freeze-dried; powder dissolved in 1 mL water, then diluted 5x
for analysis

HPLC-ESI-QTOF-MS: Agilent HD Zorbax Eclipse Plus C8 column, gradient
elution 0.1% formic acid in 2% MeOH in water ramping to 0.1% formic
acid in MeOH, 0.4 mL/min, Agilent 6545 QTOF-MS, full scan m/z 100-
1000, lock masses at ~ m/z 121 and 922

Kotrebai et
al®

0.2 g sample in 5 mL water in a boiling water bath for 1 hr, with
shaking every 15 min, centrifuged and filtered; or 0.2 g sample
and 0.02 g Protease XIV in 5 mL water, shaken at room
temperature for 24 hrs, centrifuged and filtered

HPLC-ICP-MS: Waters 5 um Symmetry Shield RP8 column, isocratic
elution with 1% MeOH and 0.1% TFA in water at 1 mL/min, Perkin Elmer
Elan 5000 ICP-MS monitoring m/z 82

HPLC-ESI-MS: Waters 5 um Symmetry Shield RP8 column, isocratic elution
with 1% MeOH and 0.1% TFA in water at 1 mL/min on a Bruker-Hewlett
Packard Esquire-LC-MS, eluent split 1:5 with smaller flow going to the ESI
source

Acronyms: CEC cation exchange chromatography, DRC dynamic reaction cell, DTT dithiothreitol, EIC extracted ion chromatogram, ES
electrospray, EtOH ethanol, FA FA, GSSH glutathione HCD higher-energy collision dissociation, HFBA heptafluorobutyric acid, HILIC hydrophilic
interaction chromatography, HPLC high performance liquid chromatography, IAA iodoacetic acid, IAM iodoacetamide, ICP inductively-coupled
plasma, IS internal standard,, MeOH methanol, MS mass spectrometry, NFPA nonafluoropentationic acid, NP normal phase, PHMB p-
hydroxymercurybenzoate, PMSF phenylmethanesulfonylfluoride, RT retention time, SAA 5-sulfosalicylic acid, SCX strong cation exchange, TFA
trifluoroacetic acid
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Table 3: Selenium-containing compounds identified in various samples of selenized yeast; see Table 2 for information about the associated
analytical method

~A

selenocysteine

NRC CRM SELM-1,
Yeast (S. cerevisiae) grown with 100

Hg isotopic pattern for PHMB derivatives

Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
169 Rao et al.?

C3HsNO:Se ppm Se as Se(IV), Se(Vl), or SeMet;
169.9715 sub-samples collected at various
times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
183 SelenoPrecise® yeast (S. cerevisiae, Fragments at m/z: Infante et al.*

Se-methyl-selenocysteine
C4H9NO:Se

1613 * 35 pg Se g') from Pharma
Nord, SeleniumMC™ tablets (~100

167 (CsHsNOSe*),
95 (CHsSe*)

(6]
HSe OH
HoN
HaN
Se\)YOH
HaCc”
o 183.9871 ug Se / tablet as MeSeCys) from
Wholesale Nutrition
o 183 NRC CRM SELM-1, Hg isotopic pattern for PHMB derivatives Rao et al.™?
HSE\/\HJ\ selenohomocysteine Yeast (S. cerevisiae) grown with 100
oH C4HoNO:Se ppm Se as Se(IV), Se(Vl), or SeMet;
183.9871 sub-samples collected at various
HaN times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
o) 195 Commercial-grade Se-enriched more abundant species Preud’homme
SEM Dehydro-selenomethionine- yeast (S. cerevisiae) from Alltech etal
Hsc” OH oxide (CNCM 1-3060)
CsHgNO,Se
NH2 195.9871
o 197 SelenoPrecise® yeast (S. cerevisiae, Fragments at m/z: Infante et al.®
Se selenomethionine 1613 + 35 pg Se g'!) from Pharma 181 (CsH11NOSe?),
HsC” OH CsH11NOSe Nord, SeleniumMC™ tablets (~100 152 (C4H10NSe?),
NHz 198.0028 ug Se / tablet as MeSeCys) from 135 (C4HsSe?),
Wholesale Nutrition 109 (CzHsSe?),
102 (C4HsNO2*)
NRC CRM SELM-1, Casal et al.*?
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)
Rao et al.*?

NRC CRM SELM-1,

Yeast (S. cerevisiae) grown with 100
ppm Se as Se(IV), Se(VI), or SeMet;
sub-samples collected at various
times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o o 21360 Yeast (S. cerevisiae) grown in media Larsen et al.”

selenomethionine selenoxide

with 77Se(IV) added throughout the

CsH11NOsSe fermentation; cells harvested,
213.9977 washed, pasteurized, and freeze-
NHz dried.
OH OH 257 NRC CRM SELM-1, Hg isotopic pattern for PHMB derivatives Rao et al.?
HN\K\/OH N-(2,3-dihydroxy-1- Yeast (S. cerevisiae) grown with 100
0 oxopropyl)-selenocysteine ppm Se as Se(lV), Se(Vl), or SeMet;
o CeH11NOsSe sub-samples collected at various
HSe 257.9875 times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
OH 271 NRC CRM SELM-1,\ Hg isotopic pattern for PHMB derivatives Rao et al.™*
o N-(2,3- Yeast (S. cerevisiae) grown with 100
dihydroxy-1-oxopropyl)- ppm Se as Se(lV), Se(Vl), or SeMet;
NH OH selenohomocysteine sub-samples collected at various
)_i_ C7H13NOsSe times during fermentation, stored
HSe 0 OH 272.0032 in -80°C MeOH, cells analyzed wet.
OH 271 Commercial Se-enriched yeast, Sel- | Fragments at m/z: Dernovics et
o 2,3-dihydroxy-propionyl-Se- Plex (S. cerevisiae CNCM 1-3060; 167 (C4H,0,Se*; in-source fragment) a.
NH OH methylselenocysteine 2000 + 100 mg Se kg*) from Alltech | 95 (CH3Se*)
se H C7H13NOsSe (batch ES-453)
Hacl o oH 272.0032 Commercial Se-enriched yeast, Fragments at m/z: Far et al.®?
Selplex (batch ES453, S. cerevisiae 184 (C4H10NO:Se*),
CNCM 1-3060; 1903 + 36 mg Se kg?) | 167 (C4H,0:Se"),
from Alltech 106 (C3HsNOs*),
87 (C3Hs05%)
MS3 fragments m/z:
184 to 138 (C3HsNSe*),
184 to 167 (CaH,0,S¢e"),
167 to 123 (CsHsSe?),
106 to 88 (C3HsNO2*, LO H20),
87 to 71 (CsHs02%)
284 Commercial Se-enriched yeast, Sel- Fragments at m/z: DEZTOWCS et
Selenohomolanthionine Plex (S. cerevisiae CNCM 1-3060; 184 (C4H10NO,Se*) a.
CsHi16N204Se 2000 * 100 mg Se kg?) from Alltech | 138 (C3HsNSe*)
285.0348 (batch ES-453) 102 (C4HsNO3*)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
[¢] OH Commercial Se-enriched yeast, Fragments at m/z: Far et al.®
Se Selplex (batch ES453, S. cerevisiae 184 (CaH10NO2Se*),
HO o CNCM 1-3060; 1903 + 36 mg Se kgl) | 102 (CaHsNO")
NHa NH2 from Alltech
MS? fragments m/z:
184 to 138 (CsHsNSe*),
102 to 56 (CsHsN*)
Commercial Se-enriched yeast (S. Casal et al.*
cerevisiae, manufacturer not
disclosed)
NHa o 298 NRC CRM SELM-1, Hg isotopic pattern for PHMB derivatives Rao et al.™*
y-glutamyl-selenocysteine Yeast (S. cerevisiae) grown with 100
OMNH OH CsH14N20sSe ppm Se as Se(IV), Se(VI), or SeMet;
299.0141 sub-samples collected at various
OH o SeH times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
0 NH2 312 Commercial Se-enriched yeasts: Fractions of total Se in yeast: Infante et al.**
HN OH y-glutamyl-Se- SelenoPrecise® (Pharma Nord, 1.00% (SelenoPrecise®),
HO methylselenocysteine 1550 + 65 pg Se g1), Lalmin™ 0.4% (Lalmin™ Se2000),
o o CoH16N20sSe Se2000 (Lallemand Inc., 1983 + 55 0.9% (SelenoExcell™).
Se 313.0297 ug Se g!) and SelenoExcell™ Most abundant transitions 313>184 and
flJHa (Cypress Systems Inc., 1291 + 60 ug | 313>167 used for quantification.

Seg?)

Fragments at m/z:
296 (CoH14aNOsSe*),
250 (CgH12NOsSe*),
224 (CeH10NOsSe*),
184 (CaH10NO:Se*),
167 (CaH70:Se*),
130 (CsHsNOs*)

Commercial Se-enriched yeast, Sel-
Plex (S. cerevisiae CNCM 1-3060;
2000 + 100 mg Se kg™) from Alltech
(batch ES-453)

Fragments at m/z:
250 (CeH12NOsSe*),
224 (CeH10NO3Se"),
184 (C4H10NO2Se*),
178 (CsHsNOSe*),
167 (C4H,0,Se"),
149 (C4Hs0Se?),
138 (CsHsNSe*),
130 (CsHsNOs*),

84 (C4HeNO")

Dernovics et
al.®*®
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
Commercial Se-enriched yeast, MS3 fragments m/z: Far et al®
Selplex (batch ES453, S. cerevisiae 184 to 167 (CsH;0:Se?),
CNCM [-3060; 1903 + 36 mg Se kg') | 184 to 138 (CsHsNSe*),
from Alltech 130 to 84 (C4HsNO*)
NRC CRM SELM-1, Ward et al.**
Commercial selenized yeast
samples
o] 3120 Commercial Se-enriched yeast, Sel- Fragments at m/z: Dernovics et

CH3
Y NH3

HN OH
I\Se

N-acetyl-selenocystathionine
CoH16N20s5Se

Plex (S. cerevisiae CNCM 1-3060;
2000 + 100 mg Se kg™) from Alltech

224 (CeH10NOsSe"),
182 (C4H7NO,Se?),

al®

313.0297 (batch ES-453) 167 (C4H,0:Se*),
o] 136 (CsHeNSe*),
o OH 130 (CsHsNOs*)
Commercial Se-enriched yeast, Fragments at m/z: Far et al®
Selplex (batch ES453, S. cerevisiae 271 (C7H1sN20a4Se?),
CNCM 1-3060; 1903 + 36 mg Se kg) | 224 (CeH10NO3Se*),
from Alltech 182 (C4HsNO:Se?),
130 (CsHsNOs*)
MS3 fragments m/z:
182 to 136 (CsHeNSe*),
130 to 88 (CsHsNO2*)
MS* fragment of m/z 136 at m/z:
56 (CsHsN*)
OH 315 Commercial-grade Se-enriched Fragments at m/z: Arﬂiggguilhem
oH o 5’-selenohomocysteine- yeast (S. cerevisiae) from Alltech 182 (C4HsNO:Se?), etal
oH ribofuranose (Batch # 0087-16) 135 (CsHeNSe*)
O)\(\/Se CoH17NOsSe NRC CRM SELM-1, Casal et al.**
316.0294 Commercial Se-enriched yeast (S.
NH2 OH cerevisiae, manufacturer not
disclosed)
Commercial-grade Se-enriched more abundant species Preud’homme
yeast (S. cerevisiae) from Alltech etal
(CNCM 1-3060)
HSe 331 Commercial-grade Se-enriched minor species Preud’homme
o /=N 5’-selenoadenosine yeast (S. cerevisiae) from Alltech etal.
N NHy C10H13Ns0sSe (CNCM 1-3060)
W 332.0256 NRC CRM SELM-1, Ward et al®
HO o N\\\/N Commercial selenized yeast

samples
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o /=N 343 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
N NHa Se-methyl-5’- yeast (S. cerevisiae) from Alltech 326 (C1:H12Ns02Se*), etal
Ho—Se . = | selenoadenosine-oxide (Batch # 0087-16) 250 (C10H12N503%),
N N C11H13NsOsSe 248 (C10H10N503%),
oH X 344.0256 191 (CeH/0sSe*),
136 (CsHeNs")
Commercial-grade Se-enriched more abundant species Preud’homme
yeast (S. cerevisiae) from Alltech etal
(CNCM 1-3060)
o OH 344 Commercial Se-enriched yeast, Sel- | Abundance too low for fragmentation. Deafeno‘/ics et
NH2 2,3-dihydroxy-propionyl- Plex (S. cerevisiae CNCM 1-3060; Differs from 2,3-dihydroxy-propionyl- a.
Se o} selenolanthionine 2000 + 100 mg Se kg*) from Alltech | selenocystathionine (m/z 358) by one CH»
HN CoH16N207Se (batch ES-453) group; potentially formed through
HO OH 345.0195 structural rearrangement following
o oxidative cleavage of Se or S in a Se-Se or
Se-S conjugate
HO
Commercial Se-enriched yeast, Intensity too low to determine Far et al.
Selplex (batch ES453, S. cerevisiae fragmentation pattern, but elutes just
CNCM 1-3060; 1903 + 36 mg Se kg) | after 2,3-dihydroxy-propionyl-
from Alltech selenocystathionine (Ci10H1sN207Se), which
is one CH; group larger
NRC CRM SELM-1, Casal et al.*?
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)
0 344 Commercial-grade Se-enriched minor species Preud’homme

CHsj
Y i

HN _se
I\s OH

S-Se conjugate of N-acetyl-
cysteine-selenomethionine
CoH16N205SSe

345.0018

yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

etal.*®

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Fragments at m/z:
328 (CoH14aNOsSSe”),
282 (CgH12NOsSSe”),
242 (CsH12NO2SSe*),
216 (C4H10NO2SSe"),
199 (C4H70:SSe’),
170 (CsHsNSSe*),
153 (CsHsSSe?),

130 (CsHsNOsY),

84 (C4HeNO")

Arnaudguilhem
etal.’®

NRC CRM SELM-1,
Commercial selenized yeast
samples

Ward et al.*
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
H3C\Se 345 Industrial-grade Se-enriched yeast Fraction 2. McSheehy et
FN Se-adenosyl-methane (S. cerevisiae, grown in the Fragments at m/z: al.
\I}’ N NH C11H15NsOsSe presence of selenite) 230,
\2\( z 346.0413 211,
| 193,
HO on NN 151,
136 (CsHeNs*)
NRC CRM SELM-1, Ward et al.*?
Commercial selenized yeast
samples
NHz o) 355 Commercial-grade Se-enriched minor species Preud’homme
OMNH o selenoglutathione yeast (S. cerevisiae) from Alltech etal
NH/Y C10H17N306Se (CNCM 1-3060)
356.0355 NRC CRM SELM-1, Hg isotopic pattern for PHMB derivatives Rao et al.™
OH o OH .. .
SeH Yeast (S. cerevisiae) grown with 100

ppm Se as Se(IV), Se(VI), or SeMet;
sub-samples collected at various

times during fermentation, stored
in -80°C MeOH, cells analyzed wet.

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Fragments at m/z:
281 (CsH13N204Se?*),
227 (CsH11N203Se?),
210 (CsHsNOsSe*)

Arnaudguilhem
etal'®
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o] OH 358 Commercial Se-enriched yeast, Sel- more abundant species Dernovics et
o 2,3-dihydroxy-propionyl- Plex (S. cerevisiae CNCM 1-3060; al.
Se selenocystathionine 2000 + 100 mg Se kg*) from Alltech | Fragments at m/z:
HN OH CioH1sN20Se (batch ES-453) 341 (CioH17N206Se*),
Ho NHa 359.0352 313 (CsH17N20sSe’),
o 271 (C7H15N20a4Se*),
270 (CsH12NOsSe?),
HO

258 (CeH12NOsSe?),
208 (CsH10NO,Se"),
184 (C4H10NO:Se*),
182 (C4HsNO:Se?),
176 (CéH10NOs*),
158 (CeHsNO4*),
121 (CsHsSe?),

56 (CsHeN")

MS3 fragments m/z :
271 to 88 (C3HsNO>*),
184 to 138 (CsHsNSe*),
182 to 136 (CsHeNSe*),
176 to 130 (CsHsNOs*)

Commercial Se-enriched yeast,
Selplex (batch ES453, S. cerevisiae
CNCM 1-3060; 1903 + 36 mg Se kg'!)
from Alltech

Fragments at m/z:
271 (C7H1sN204Se?),
270 (C7H12NOsSe*),
184 (CaH10NO:Se?),
182 (C4HsNO,Se?),
176 (CéH10NOs*)

MS3 fragments m/z:
271 to 88 (CsHsNO>*),
184 to 138 (CsHsNSe*),
182 to 136 (CsHsNSe*)

MS* fragment of m/z 138 at m/z:
56 (CsHeN*)

Far et al.®®

Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)

Casal et al.*

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Some of the fragments noted above plus
fragment at m/z:
136 (CsHeNSe*)

Arnaudguilhem
etal.’®
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o] OH 358 Commercial Se-enriched yeast, Sel- Fragments at m/z: De;E“OViCS et
OH N-2,3-dihydroxy-propionyl- Plex (S. cerevisiae CNCM 1-3060; 341 (C1oH17N206Se"), al.
selenocystathionine 2000 + 100 mg Se kg*) from Alltech | 313 (CoH17N20sSe”),
o se NH CioH1sN20Se (batch ES-453) 271 (C7H1sN204Se?),
NH3 OH 359.0352 270 (C7H12NOsSe?),
0 258 (CeH12NOsSe™),
208 (CsH10NO2Se?),
OH 184 (C4H10NO:Se*),
182 (C4HsNO,Se?),
176 (CeH10NOs*),
158 (CeHsNO4*),
138 (C3HsNSe?),
136 (C3HeNSe*),
121 (CsHsSe?),
88 (CsHeNO2Y),
56 (CsHeN*)
MS? fragment of m/z 176 at m/z:
130 (CsHsNOs%),
Commercial Se-enriched yeast, Some of the fragments noted above, plus Faretal*
Selplex (batch ES453, S. cerevisiae MS3 fragments m/z:
CNCM 1-3060; 1903 + 36 mg Se kg) | 184 to 138 (C3HsNSe*),
from Alltech 182 to 136 (CsHsNSe*)
MS* fragment of m/z 138 to m/z:
56 (CsHsN*)
NRC CRM SELM-1, Casal et al.*?
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)
N NH2 359 Commercial-grade Se-enriched Fragment at m/z: Arnaudguilhem
( ethyl selenoadenosine yeast (S. cerevisiae) from Alltech 250 (C10H12N503*) etal
H3C N N Ci2H17NsOsSe (Batch # 0087-16)
N__se o —/ 360.0569 MS? fragments of m/z 250 at m/z:
N 136 (CsHeNs*),
OH 97 (CsHs02*)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
0.. ,CH3 361 Industrial-grade Se-enriched yeast Fragments at m/z: McSheehy et
~se 5’-Se-methyl-oxide- (S. cerevisiae, grown in the 344 (C11H1aNs03Se*), al.
o) /= N selenoadenosine presence of selenite) 326 (C1:H12Ns02Se*),
N NH2 Ci11H15Ns0a4Se 250 (C10H12N503+),
Z | 362.0362 191 (CeH703Se*),
HO N N 136 (CsHeNs")
o - Commercial-grade Se-enriched more abundant species Preud’homme
yeast (S. cerevisiae) from Alltech etal
(CNCM 1-3060)
Commercial-grade Se-enriched Fragments noted above plus additional Amaudguilhem
yeast (S. cerevisiae) from Alltech fragment at m/z: etal
(Batch # 0087-16) 248 (C10H10N503*)
NRC CRM SELM-1, Ward et al.*’
Commercial selenized yeast
samples
HO“Se,’O 363 Commercial-grade Se-enriched Fragments at m/z: :;f;il;gguilhem
—N adenosyl-hydroxy yeast (S. cerevisiae) from Alltech 346 (C10H12N504Se*), ’
o N/_‘— selenoxide (Batch # 0087-16) 250 (C10H12Ns03*),
WNW Ci0H13N50sSe 136 (CsHeNs*)
| 364.0155
Ho on NN
NHz 0 369 Commercial Se-enriched yeast, Sel- | Fragments (to further fragments) at m/z: Dernovics et
o NH o Se-methyl-selenoglutathione | Plex (S. cerevisiae CNCM 1-3060; 295 (CoH1sN204Se?), a.
NH/\( C11H19N306Se 2000 + 100 mg Se kg?) from Alltech | 241 (CeH13N20sSe?),
oH o o 370.0512 (batch ES-453) 224 (CeH10NOsSe?),
Se 149 (C4Hs0Se?),
lCHa 138 (CsHsNSe*),

130 (CsHsNOs),
123 (C3HsSe?),
84 (C4HsNO?),

MS? fragment of m/z 224 at m/z:
130 (CsHsNOs*)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
Commercial Se-enriched yeast, Fragments at m/z: Far et al®
Selplex (batch ES453, S. cerevisiae 241 (CeH13N20sSe?),
CNCM [-3060; 1903 + 36 mg Se kg!) | 234 (CeH1oNOsSe*),
from Alltech 130 (CsHsNOs*)
MS3 fragments m/z:
241 to 138 (C3HsNSe?),
241 t074 (CHaNOyY),
234 to 149 (C4HsOSe*),
130 to 84 (C4HsNO*)
Commercial-grade Se-enriched Some of the fragments noted above plus Amaudguilhem
yeast (S. cerevisiae) from Alltech additional fragment at m/z: etal
(Batch # 0087-16) 112 (CsHeNO>*)
NRC CRM SELM-1, Ward et al.*
Commercial selenized yeast
samples
HO 372 Dernovics et

HO

HO

2,3-dihydroxy-propionyl-
selenohomolanthionine
C11H20N207Se

373.0508

Commercial Se-enriched yeast, Sel-
Plex (S. cerevisiae CNCM 1-3060;
2000 + 100 mg Se kg™) from Alltech
(batch ES-453)

Fragments at m/z:
222 (C7H12NO:2Se?),
190 (C7H2NOs"),
184 (C4H10NO:Se*),
144 (C¢H10NOs*),
130 (CsHsNOs*)

al*®

Commercial Se-enriched yeast,
Selplex (batch ES453, S. cerevisiae
CNCM 1-3060; 1903 + 36 mg Se kg?)
from Alltech

Fragments at m/z:

311 (CoH1sN20sSe),

285 (CsH17N204Se*),270 (C7H12NOsSet)
136 (CsHeNSe*),

104 (CsH10NO2*)

MS3 fragment m/z:

285 to 182 (C4sHsNO2Se?)
270 to 165 (CsHsO2Se*),
270 to 190 (CsH12NOs*)

MS* fragment of m/z 190 at m/z:
144 (Ce¢H10NOs*)

MS? fragments of m/z 144 at m/z:
71 (CsHs0y%),
56 (C3HeN*)

Far et al.®®
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
376 Casal et al.*?

HO o]
OH
’Se
o] S NH
NH2
(s}

2,3-dihydroxy-prioionyl-
selenocysteine-cysteine

NRC CRM SELM-1,
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not

on CoH16N207SSe disclosed)
376.9916 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
yeast (S. cerevisiae) from Alltech 331 (CsH1sN20sSSe*), etal
OH (Batch # 0087-16) 256 (CsH10NOsSe?),
202 (CsHsNO,SSe?),
131 (CsHsNOs*)
/se 376 Commercial-grade Se-enriched more abundant species Preud’homme
HaN N ?Ha Seleno-biotin-sulfoxide yeast (S. cerevisiae) from Alltech etal
— WO/S% C13H20N4025Se (CNCM 1-3060)
N e o 377.0545
N\
>_ N
H3C
o 392 Commercial-grade Se-enriched Fragment at m/z: Arnaudguilhem

N-acetylselenocysteine-
selenohomocysteine

yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

264 (C4H10NO2Se>*, LO N-acetylalanine)

etal'®

HzC
: )
Se_ NH
HO Se
NH2
o OH
o}

NH

HO
NH
NH2
HO Se o}
Y on
0 2 (o]

CoH16N20sSe2

392.9462

399 Commercial Se-enriched yeast, Sel- Fragments at m/z: Dezfenovics et
y-glutamyl- Plex (S. cerevisiae CNCM 1-3060; 377 (C11H17N20sSe*), a.
selenocystathionine 2000 + 100 mg Se kg*) from Alltech | 299 (CsH1sN20sSe*), first
C12H21N307Se (batch ES-453) 271 (C7H1sN204Set),

400.0617 182 (C4HsNO,Se?),

130 (CsHsNOs"),
102 (C4HsNO2*)

MS3 fragments m/z:
182 to 136 (CsHeNSe*),
130 to 84 (CsHsNO*)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
Commercial Se-enriched yeast, Fragments at m/z: Far et al®
Selplex (batch ES453, S. cerevisiae 299 (CsHisN20sSe?),
CNCM 1-3060; 1903 + 36 mg Se kg') | 271 (C7H1sN204Se*),
from Alltech 130 (CsHsNOs*)
MS? fragments m/z:
271 to 182 (C4HsNOSe*),
130 to 84 (C4HsNO*)
MS* fragment of m/z 182 at m/z:
136 (CsHeNSe*)
HO NH2 401 Commercial Se-enriched yeast, Fragments at m/z: Far et al®
Se-methyl-y-glutamyl- Selplex (batch ES453, S. cerevisiae 273 (CeH13N20sSe?),
o o selenocysteinylglycine oxide CNCM 1-3060; 1903 + 36 mg Se kg!) | 256 (CeH10NOsSe*),
NHHSC\S(;, C11H19N30sSe from Alltech 130 (CsHsNOs%),
<0 402.0410 74 (C:HNO>Y)
o]
HO HN~g_/ MS3 fragments m/z:
>_/ o 273 to 130 (CsHsNOs*),
o 273 to 170 (C3HsNOSe*),
130 to 84 (C4HsNO*),
MS* fragment of m/z 170 at m/z:
to 127 (CHs0:Se*)
NHz o 401 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
[¢) NH o Methylthio- yeast (S. cerevisiae) from Alltech 385 (C11H17N206SSe?), etal
NH’\( selenoglutathione (Batch # 0087-16) 327 (CoHisN2045Se),
OH 0 oH C11H19N306SSe 273 (CeH13N20sSSe”),
se 402.0233 256 (CsH10NOsSSe*),
s 170 (CsHsNSSe*),
Hac” 130 (CsHsNOsY),

84 (C4HsNO*)

NRC CRM SELM-1,
Commercial selenized yeast
samples

Ward et al.*’
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
NH2 ] 401 Commercial Se-enriched yeast (S. Fragments at m/z: Infante et al.**
HOMNH OH Methyl-selenoglutathione | cerevisiae): Pharma Nord 385 (C11H17N206SSe?*),
NH/\”/ C11H1sN306SSe SelenoPrecise® (1550 + 65 ug Se g 339 (C10H15N204SSe?),
o o o 402.0233 1), Lallemand Inc. Lalmin™ Se2000 327 (CoH1sN204SSe”),
s (1983 + 55 pg Se g?), Cypress 308 (CoH13N203SSe”),
S'e Systems Inc. SelenoExcell (1291 + 273 (CeH13N203SSe”),
HaC” 60 ug Se g?) 256 (CeH10NO3SSe”),
170 (CsHsNSSe*),
130 (CsHsNOs%),
112 (CsHeNO2")
o 402 Commercial Se-enriched yeast (S. Fragments at m/z: Garcia-Reyes et
HaN M [unnamed] cerevisiae) from Alltech 385 (C13H17N603Se*), al
Ne— OH C13H18N6O4Se 327 (C11H1sNeOSe*),
-_\ Se 403.0628 287 (CsH11N6OSe?),
HoN WAT/N\(\ o 268 (CaHuNOuSe’),
| o 250 (CsH12NOsSe*),
N =N 152 (CsHsNOSe?),
136 (CsHeNs*)
HO OH 405 Commercial Se-enriched yeast (S. Fragments at m/z: Garcia-Reyes et
M [unnamed] cerevisiae) from Alltech 388 (C13sH1sNs04Se*, in source), a.
Ne— Se fo) C13H19NsOsSe 290 (CsH12Ns02Se?),
-_\ 406.0624 272 (CsH1oNsOSe”),
HoN AL N\(\(OH 253 (CsHi3045¢),
I OH 244 (C8H1103Se+)
N\%N
OH 413 NRC CRM SELM-1, Casaletal”
0 [unnamed] Commercial Se-enriched yeast (S.
NH Ci13H23N307Se cerevisiae, manufacturer not
NH, 414.0774 disclosed)
HaN Se o
OH
HO o}
0
424 Commercial-grade Se-enriched Fragment at m/z: Arnaudguilhem

OH

HO
HN
HO NH3
(0]

2,3-DHP-selenocysteine-
selenocysteine
CoH16N207Se:

424.9361

yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

336 (CsH10NOsSez*)

MS? fragment of 336 at m/z:
254 (CsHsNOsSe*)

MS* fragment of 254 at m/z:
226 (CsHsNO4Se*)

etal.’®
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
HO OH 425 Commercial-grade Se-enriched minor species Preud’homme
Se-Se conjugate of yeast (S. cerevisiae) from Alltech etal
A methyIseIenoII—Se—methyI—S'— (CNCM 1-3060)
o N N selenoadenosine
Se,Se — C11H15NsOsSez
., | N p NHa 425.9578
3C \\—N
HoN N ] 430 Industrial-grade Se-enriched yeast Fragments at m/z: McSheehy et
‘"ﬁ OH (3E)-amino-4-(Se- (S. cerevisiae, grown in the 296, al.
\ N adenosyl)but-3-enoic acid presence of selenite) 250,

/4
N o se— ) CuaHi1sNsOsSe 180 (CaHsNO:Se),
=N NH2 431.0577 136 (CsHsNs")
HO
OH
HO 430 Commercial-grade Se-enriched more abundant species Preud’homme

allylselenoadenosyl
homocysteine

yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

etal. ®

Se C14H18N6OsSe Commercial-grade Se-enriched Fragments at m/z: Amaudgilhem
“N N 431.0577 yeast (S. cerevisiae) from Alltech 296 (CsH14aNOsSe?), etal
N (Batch # 0087-16) 250 (CioHi2NsOs5e"),
xS 236 (C7H1NOsSe"),
HO fo L 182 (C4HsNO:Se?),
= 136 (CsHeNs*),
NTONR: 136 (CsHsNSe),
97 (CsHs0>")
OH N NH, 432 Industrially-produced Se-enriched Fragments at m/z: Casiot et al.*
o ( seleno-S-adenosyl- yeast (S. cerevisiae, grown with 298 (CoH1sNOsSe*),
N \2/_\< homocysteine exposure to selenite) 250 (C10H12N505%),
se ) N CiaH20NsOsSe 182 (C4HsNO2Se"),
H2N n=" 433.0733 136 (CsHsNs*)
OH Se-enriched yeast from Nutrition 21 | more abundant species Kotrebai et al.”’
(1922 pg Se g?)
HO NRC CRM SELM-1, Raoetal.”
Yeast (S. cerevisiae) grown with 100
ppm Se as Se(IV), Se(VI), or SeMet;
sub-samples collected at various
times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
Casal et al.*?

NRC CRM SELM-1,

Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)
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Structure

Neutral 8°Se Nominal Mass
Name

Chemical Formula
Theoretical [M+H]* Mass

Sample Type / Unique Growth
Conditions, Etc.

Characteristic Features / Fragments (%°Se)

Reference

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Fragments noted above, plus additional
fragment at m/z:
136 (CsHsNSe*)

Arnaudguilhem
etal.’®

HO 5]
0
o] /Se
Y\HN s NH
OH NH2 OH
o

433
y-glycinyl-N-2,3-dihydroxy-
propionyl-selenocysteine

NRC CRM SELM-1,
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not

Casal et al.**

C11H19N308SSe disclosed)
434.0131 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
yeast (S. cerevisiae) from Alltech 288 (CsH1oNOsSSet), etal
(Batch # 0087-16) 256 (CsH10NOsSe”),
OH 210 (CsHsNOsSe*),
228 (CsH10NO4SSe?),
140 (C;HsNOSe*)
HO o) 438 Commercial-grade Se-enriched minor species Preud’homme
NH2 Se-Se conjugate of N-2,3- yeast (S. cerevisiae) from Alltech etal.
HO _Se dihydroxy-propionyl- (CNCM 1-3060)
Se NH selenomethyl- Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
o OH selenohomocysteine yeast (S. cerevisiae) from Alltech 264 (C4H10NO,Sey"), etel
0 Ci0H1sN207Se2 (Batch # 0087-16) 182 (C4HsNO,Se?),
438.9517 136 (CsHsNSe*)
OH
HO 0 447 Commercial-grade Se-enriched Fragment at m/z: Arnaudguilhem
NH2 OH 2,3-DHP- yeast (S. cerevisiae) from Alltech 270 (C7H12NOsSe*) etal
S\/K"/HN\/K selenohomocysteine- (Batch # 0087-16)
HN se” 0 cysteinylglycine
"o o C12H21N30sSSe
o 448.0287
HO
H2N N o Industrial-grade Se-enriched yeast Fragments at m/z: McSheehy et
\ﬁ OH 448 (S. cerevisiae, grown in the 431, a.
N 4 \ N Se-hydroxy adenosyl presence of selenite) 394,
\=N o Se NH, homocysteine 348,
C14H20N6O6Se 295,
HO OH 449.0682 250 (C10H12N503%),
O 182 (CsHsNOaSe®),

136 (CsHeNs*),

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Arnaudguilhem
etal'®

NRC CRM SELM-1,
Commercial selenized yeast
samples

Ward et al.*
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass

NH3 o] 449 Commercial-grade Se-enriched more abundant species Preud’homme
OMNH OH Se-methyl-selenoglutathione | yeast (S. cerevisiae) from Alltech etal
NH/\I( Cu1H1sN306Se2 (CNCM 1-3060)
OH o o 449.9677 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
Se yeast (S. cerevisiae) from Alltech 304 (CeH10NO3Sey*), etal
S'e (Batch # 0087-16) 225 (CsHsN20sSe?),
Hac” 130 (CsHsNOs*),
84 (C4HeNO")
OH 474 Commercial Se-enriched yeast (S. Fragments at m/z: Glaaffia’ReVes et
HO [unnamed] cerevisiae) from Alltech 224 (CeH10NO3Se*), a
Ci6H22NsO6Se 182 (C4sHsNO2Se*),
o - NH2 475.0839 144 (CeHsO4*),
//_‘-N o on 136 (CsHeNs*)
N
| =N 0
>
HaN N
HaN OH 474 NRC CRM SELM-1, Casal et al.*?

S-Se conjugate of
selenocysteine-glutathione

Commercial Se-enriched yeast (S.

cerevisiae, manufacturer not

C13H22N40sSSe disclosed), NRC CRM SELM-1
475.0396
o
NH s
HO{ Se OH
o D
HaN o
H2N 0 474 Commercial-grade Se-enriched minor species Preud’homme
Se-S conjugate of cysteine- yeast (S. cerevisiae) from Alltech etal.”
OH selenoglutathione (CNCM 1-3060)

Ci13H22N408SSe
475.0396

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Fragments at m/z:
400 (C11H18N306SSe*),
346 (CsH1sN30sSSe”),
279 (CsH11N204Set),
257 (CsHgN203SSe*),
225 (CsHoN203Se*),
213 (CoH13N204*),
130 (CsHsNOs*),

88 (C3HsNO>'),

84 (C4HeNO")

Arnaudguilhem
etal'®
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Structure

Neutral 8°Se Nominal Mass
Name

Chemical Formula
Theoretical [M+H]* Mass

Sample Type / Unique Growth
Conditions, Etc.

Characteristic Features / Fragments (%°Se)

Reference

476
y-Glutamyl-Se-cysteinyl

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech

minor species

Preud’homme
etal.*

‘<—)_<OH glycine (CNCM 1-3060)
CisH26Ns09SSe
° HN 477.0566
o
NH s
\
HO~<7 Se o
: )
HoN HN
_>:0
HO
NH; o 481 Commercial-grade Se-enriched minor species Preud’homme
o NH o Se-S-Se conjugate of yeast (S. cerevisiae) from Alltech etal.
NH/Y methylselenol-thio- (CNCM 1-3060)
OH 0 OH selenoglutathione
Sle C11H19N306SSe:
s 481.9398
Se
éHg
NH2 o} 488 Commercial-grade Se-enriched Fragment at m/z: Arnaudguilhem
HOMNH OH glutathione- yeast (S. cerevisiae) from Alltech 308 (C10H1sN3065*) etal
NH/\n/ selenohomocysteine (Batch # 0087-16)
o o o C14H24N40sSSe MS? fragments of 308 at m/z:
S 489.0553 179 (CsH11N20sSY),
S'E 162 (CsHsNOsN*),
233 (CsH13N204S")
HZNIr
HO o
CHs 489 Commercial-grade Se-enriched minor species Preud’homme

Se-S conjugate of N-2,3-
dihydroxy-propionyl-
selenocysteine-N-acetyl-
homocysteine
C14H23N309SSe

490.0393

yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

etal. ®
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
HO 504 Commercial-grade Se-enriched minor species Preud’homme
o oH N-3-Hydroxy-propionyl- yeast (S. cerevisiae) from Alltech etal
HO selenoadenosyl- (CNCM 1-3060)
o Se o L-homocysteine
C17H24N6O7Se
NH N
HO \\N 505.0944
CHa NT TR
P
N NH2
0 OH 505 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem

NH2
Se_ HN OH
HN S
HO o 0
o] (e] OH
HO

2,3-DHP-selenocysteine-
y-glutamoylcysteine
C14H23N3010SSe
506.0342

yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

377 (CoH17N20,5S¢e%),
256 (CsH10NOsSe?),
202 (C3HsNOSSe?),
331 (CeH1sN205SSe”)

MS3 fragments of 377 at m/z:
256 (CsH10NOsSe”),

202 (CsHsNO,SSe?),

331 (CgH1sN20sSSe”),

289 (CsH13N204SSe?),

359 (CoH1sN206SSe”),

168 (CsHsNO,Se*)

etal'®

HO OH

o HN
HaC H 0
}—NH Se

\
)

505

Se-S conjugate of N-2,3-
dihydroxy-propionyl-
cysteine-N-2,3-dihydroxy-
propionyl-N-acetyl
selenocysteine

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

minor species

Preud’homme
etal.*

S Ci14H23N3010SSe
NH OH 506.0342
0 H
OH O OH
0 OH 512 NRC CRM SELM-1, Casal et al.*?

OH
Se_ HN OH
HN Se
HO o
o HO 0
HO

di N-2,3-dihydroxy-
propionyl-selenocysteine
Ci12H20N2010Se2

512.9521

Commercial Se-enriched yeast (S.

cerevisiae, manufacturer not
disclosed)

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

minor species

Preud’homme
etal.
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Structure

Neutral 8°Se Nominal Mass
Name

Chemical Formula
Theoretical [M+H]* Mass

Sample Type / Unique Growth
Conditions, Etc.

Characteristic Features / Fragments (%°Se)

Reference

516
N-acetylcysteine-

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech

Fragments at m/z:
442 (C13H20N307SSe?),

Arnaudguilhem
etal.’®

NH2 o} NH selenoglutathione (Batch # 0087-16) 388 (C10H18N306SSe*) ,
HO NH /S\)YO CisH2aN40s5S5e 313 (CgH13N20aN,SSe*),
Se 517.0502 297 (CsH13N20sSe’),
0 o HN 279 (CsH11N204Se*)
o) OH
j\ MS3 fragment of m/z 388 at m/z:
HO 0 313 (CsH13N204SSe")
HO 520 Commercial-grade Se-enriched minor species Pfejdggomme
o oH N-2,3-dihydroxy-propionyl- yeast (S. cerevisiae) from Alltech etal.
HO selenoadenosyl- (CNCM 1-3060)
o] \f\/\Se 5 L-homocysteine NRC CRM SELM-1, Ward et al.*
C17H24N6OsSe Commercial selenized yeast
HO NH N__\\N 521.0894 samples
NT TR
HO L P
N NH2
HaN OH 522 Commercial Se-enriched yeast (S. Casal et al.*
Se-Se conjugate of cerevisiae, manufacturer not
o selenoglutathione and disclosed)
selenocysteine Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
o] HN .. etal.*®
C13H22N40sSez yeast (S. cerevisiae) from Alltech 394 (CsH16N30s5Sez*),
H 0 522.9841 (Batch # 0087-16) 248 (C3HsNO:Se"),
:(7"”" Se\ 305 (CsHoN203Se>*)
0 Se OH
OH
HaN o}
o) OH HO (o] 526 Commercial-grade Se-enriched minor species Pfeudg'gomme
o Se-Se conjugate of N-2,3- yeast (S. cerevisiae) from Alltech etal.
Se_ dihydroxy-propionyl- (CNCM 1-3060)
HN se NH OH selenocysteine-N-2,3- Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
HO OH dihydroxy-propionyl- yeast (S. cerevisiae) from Alltech 350 (C7H12NOsSez*), etal
o selenohomocysteine (Batch # 0087-16) 270 (C7H12NOsSe”),
C13H22N20105e2 256 (CsHloNOsSe+),
HO 526.9678 168 (CsHsNO:Se?),
144 (CeH10NOs*),
136 (CsHsNSe*)
530 Commercial-grade Se-enriched more abundant species Preud’homme

yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

etal.*
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
NH3 o S-Se conjugate of Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
OMNH OH glutathione-N- yeast (S. cerevisiae) from Alltech 456 (C1aH22N307SSe), etal
NH/Y acetylselenohomocysteine (Batch # 0087-16) 313 (CsH13N204SSe”),
OH o o Ci16H26N40sSSe 231 (CgH11N204S%),
s 531.0658 224 (CsH10NOsSe?),
S'e 206 (CsHsNO2Se*),
199 (CeH11N204%),
182 (C4HsNO:Se?),
Oﬁ/”"‘ 179 (CsHi:N;05"),
162 (CsHsNOsS*),
CH3
B X 136 (CaHsNSe*),
130 (CsHsNOs*)
NRC CRM SELM-1, Ward et al.*
Commercial selenized yeast
samples
HaN O 531 Commercial-grade Se-enriched more abundant species
Glutathione- yeast (S. cerevisiae) from Alltech
OH selenocysteinylglycine (CNCM 1-3060)
o HN Ci15H25Ns04SSe Commercial-grade Se-enriched Fragments at m/z: Amaudguilhem
H 5 532.0611 yeast (S. cerevisiae) from Alltech 457 (C13H21N4O7SSe*), etal
(Batch # 0087-16) 403 (C10H19N406SSe*),
NH S, 308 (C10H18N3065*),
Oz( Se o 283 (C7H11N20sSSe?),
oH _H 257 (CsHoN05SSe"),
HaN HN 231 (CgH11N204S),
_/¥_0 225 (CsHgN203Se"),
179 (CsH11N203S*)
Ho NRC CRM SELM-1, Ward et al.®
Commercial selenized yeast
samples
HO 0 546 NRC CRM SELM-1, Casal et al.*?
NH2 \I y-glutamoyl selenocysteine- Commercial Se-enriched yeast (S.
HO NH S y-glutamoyl cysteine cerevisiae, manufacturer not
M I\Se NH CiH2eNeO105Se disclosed)
0 o] 547.0608 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
HO 0 o yeast (S. cerevisiae) from Alltech 529 (Ci6H25N409SSe?), etal’®
NH2 (Batch # 0087-16) 418 (C11H20N307SSe?),
289 (CeH13N204SSe”),
200 (C3HsNO,SSe*)
o} OH
553 Commercial Se-enriched yeast (S. Casal et al.”

cerevisiae, manufacturer not
disclosed)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
HO (o} y-glutamoylcysteine-2,3- Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem

NH2
HNMO
/1 [0} OH
(e} OH

dihydroxy-propionyl-
selenocysteine

yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

425 (CgH17N207Sez"),
379 (CgH1sN20sSez*),

etal.’®

Se
HN Se C14H23N3010562 336 (CGHIONOSSGZ+),
HO 553.9787 290 (CsHsNOsSey"),
0 254 (CsHsNOsSe*)
HO
HO OH 553 Commercial-grade Se-enriched minor species Preud’homme

\_;NH 0
o) _)—( CH3
Se HN—<
Vs
o)

Se-Se conjugate of N-acetyl-
N-2,3-dihydroxy-propionyl
selenocysteine-N-2,3-
dihydroxy-propionyl-
selenocysteine

yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

etal. ®

Se C14H23N3010Se2
HO HN 553.9787
ﬁ OH
HO 0 0
HoN o 562 Commercial Se-enriched yeast, Sel- | Fragments at m/z: Dernovics &
Se-S conjugate of glutathione | Plex (S. cerevisiae CNCM |-3060; 488 (C14H22N300SSe*), Lobinski
oH and 2,3-dihydroxypropionyl- 2000 + 100 mg Se kg*) from Alltech | 434 (C11H20N30sSSe*),
selenocysteine* (batch ES-453) 346 (CsH1sN30sSSe”),
o HN C16H26N40115Se 331 (CsH1sN205SSe*),
H 0] 563.0557 313 (CsH13N2045Se”),
NH s 258 (CeH12NOsSe*),
o=( Se 256 ECusNOsSe*;,
240 (CeH10NO4Se*),
OH Npoo oH 210 (CsHsNOsSe'),
o H 168 (CsHeNO,Se*),
OH O OH 130 (CsHsNOs*),
122 (CH4NSe*)
MS? fragments noted above, also: Dernovics &
Lobinski®!

MS3 fragments of m/z 434 at m/z:
346 (CsH16N30sSSe*),

341 (CoH13N20s5Se”),

256 (CsH1oNOsSe*),

130 (CsHsNOs*)

MS* fragments of m/z 256 at m/z:
210 (CsHsNOsSe*),

168 (C3HsNO2Se?),

130 (CsHsNOs*)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
NRC CRM SELM-1, Casal et al.
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)
Commercial-grade Se-enriched more abundant species Preud’homme
yeast (S. cerevisiae) from Alltech etal
(CNCM 1-3060)
NRC CRM SELM-1, Raoetal.
Yeast (S. cerevisiae) grown with 100
ppm Se as Se(IV), Se(VI), or SeMet;
sub-samples collected at various
times during fermentation, stored
in -80°C MeOH, cells analyzed wet.
H2N 0 563 Commercial Se-enriched yeast Fragments at m/z: Lindemann &
S-Se-S conjugate of supplement tablets 546 (C1sH2aNs0sS2Set), Hintelmann
OH glutathione and 489 (C13H21N407S:5¢?),
o HN cysteinylglycine 435 (C10H19N40sS2Se*),
C15H25Ns0sS2Se 311 (CgH11N304SSe”),
K 0 564.0332 308 (C10H18N306S*),
NH S\ 257 (CsHgN203SSe?),
0:( Se—S NH3 233 (CgH13N204S*),
OH 179 (CsH11N203S*),
NH o 162 (CsHsNOsS*)
Ny
OH
OH 567 Commercial-grade Se-enriched minor species Preud’homme
HO Se-Se conjugate of N-acetyl- | yeast (S. cerevisiae) from Alltech etal.
N-2,3-dihydroxy-propionyl- (CNCM 1-3060)
HO o selenocysteine-N-2,3-
HN o [s] dihydroxy-propionyl-
Oﬁ)\/se /\I JH/\ selenohomocysteine
“se NH OH CisH2sN3010Se2
HaC NH oH 567.9943
0
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Structure

Neutral 8°Se Nominal Mass
Name

Chemical Formula
Theoretical [M+H]* Mass

Sample Type / Unique Growth
Conditions, Etc.

Characteristic Features / Fragments (%°Se)

Reference

576

S-Se conjugate of glutathione
and 2,3-dihydroxypropionyl-
selenohomocysteine*
C17H28N4011SSe

577.0713

Commercial Se-enriched yeast, Sel-
Plex (S. cerevisiae CNCM 1-3060;
2000 + 100 mg Se kg'*) from Alltech
(batch ES-453)

Fragments at m/z:
502 (CisH2aN304SSe*),
456 (C1aH22N307SSe*),
448 (C12H22N30sSSe?),
345 (CoH17N20s5Se”),
313 (CsH13N204SSe”),
297 (CsH13N203SSe”),
272 (CsH14NOsSe?),
270 (C7H12NOsSe”),
254 (CsH12NO4Se?),
224 (CeH10NO3Se?),
182 (C4HsNO,Se?),
136 (C3HsNSe*)

Dernovics &
Lobinski”

MS? fragments noted above, also:

MS? fragments of m/z 448 at m/z:
355 (Ca0H15N205SSe?),

270 (C7H12NOsSe?),

182 (C4HsNO,Se?),

179 (CsH11N20sS*)

MS* fragments of m/z 270 at m/z:
252 (C7H10NO4Se?),

224 (CeH10NOsSe*),

182 (C4HsNO,Se?),

136 (CsHsNSe*)

Dernovics &
Lobinski®*

NRC CRM SELM-1,
Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed)

Casal et al.*

NRC CRM SELM-1. Yeast (S.
cerevisiae) grown with 100 ppm Se
as Se(IV), Se(VI), or SeMet; sub-
samples collected at various times
during fermentation, stored in -
80°C MeOH, cells analyzed wet.

Rao et al."?
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o OH 594 Commercial-grade Se-enriched Fragment at m/z: Arnaudguilhem
NH2 Di-y-glutamoyl- yeast (S. cerevisiae) from Alltech 466 (C11H20N307Sez") etal
Se_ HN 0 selenocysteine (Batch # 0087-16)
HN Se Ci16H26N4010Se2 MS3 fragments of m/z 466 at m/z:
o) OH 595.0052 337 (CeH13N204Ser*),
o OH 248 (C3HeNO:Ser’)
HaN
HO [¢)
HO OH 594 Commercial-grade Se-enriched minor species Preud’homme
N-2,3-dihydroxy-propionyl- yeast (S. cerevisiae) from Alltech etal.
selenoadenosyl-L-N- (CNCM 1-3060)
o N/\N 2,3-dihydroxy-propionyl-
o se . homocysteine
NN o e
HO Ny \_& :
NH OH
OH
HO
0 603 Commercial Se-enriched yeast, Sel- | Fragments at m/z: Dernovics &
NHa Conjugate of glutathione and | Plex (S. cerevisiae CNCM |-3060; 587 (CisH27N401:15Se*), Lobinski
HO y-glutamoyl-selenocysteine 2000 + 100 mg Se kg'*) from Alltech | 558 (C17H2sN509SSe*),
Ci8H20Ns011SSe (batch ES-453) 541 (Ci17H25N409SSe*),
604.0822 475 (C13H23N10sSSe*),
400 (C11H18N306SSe*),
NH2 0 NH 346 (CsH16N30sSSe”),

329 (CsH13N20s5Se”),
308 (C10H18N306S*),
279 (CsH11N204Se?),
271 (CeH11N203SSe?),
257 (CsHgN203SSe”),
225 (CsHoN20sSe”),
168 (C3HeNO2Se?),
130 (CsHsNOs*)
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o] 603 A A Dernovics &
NHp Conjugate of Lobinski”
HO selenoglutathione and y-
glutamoyl-cysteine
C18H29Ns5011SSe
604.0822
NH2 o] NH
HOMNH S/Se \/JYO
0 0 ;\[\ HN
HO o ;\
o OH
HaN o 610 Commercial Se-enriched yeast, Sel- | Fragments at: Dernovics &
Se-Se conjugate of Plex (S. cerevisiae CNCM |-3060; 536 (C1aH22N30sSe2"), tobinski
OH selenoglutathione and 2,3- 2000 + 100 mg Se kg?) from Alltech | 379 (CsH1sN20sSez*),
o HN dihydroxypropionyl- (batch ES-453) 361 (CsH13N204Sez*),
selenocysteine* 336 (CsH10NOsSez*),
K 0o Ci6H26N40115e2 318 (CeHsNO4Sez*,),
NH Se\ 611.0001 279 (CgH11N204Se*
0:(7 Se 256 (CsH10NOsSe*
oH NH  OH 248 (CsHsNO:Ses?),
"o >_§_ 233 (C7H9N202Se*),
168 (C3HsNO2Se?),
o 0 OH 130 (CsHsNOs*)
MS? fragments noted above, also m/z: Demo‘”cgj &
482 (C11H20N30sSe>*) Lobinski
MS3 fragments of m/z 482 at m/z:
336 (CeH10NOsSey"),
318 (CsHsNOASef),
254 (CeHsNOsSe*)
MS* fragments of m/z 336 at m/z:
318 (CsHsNOASef),
290 (CsHsNOsSer*),
254 (CsHsNOsSe*),
248 (C3HsNO,Sey*)
Casal et al.*?

Commercial Se-enriched yeast (S.
cerevisiae, manufacturer not
disclosed), NRC CRM SELM-1

42




Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
HO 612 Commercial Se-enriched yeast (S. Analogue of the m/z 660 species, likely Garcia-Reyes et
oH OH [unnamed] cerevisiae) from Alltech the same fragmentation pattern al.
HO N C20H24N1006SSe
S—se o =\N 613.0839
3
T e N
N NHa
[
HaN " _J
HzN OH 624 Commercial Se-enriched yeast, Sel- Fragments at m/z : De'f‘o‘/if;f &
Se-Se conjugate of Plex (S. cerevisiae CNCM |-3060; 310 (in-source) Lobinski
o selenoglutathione and 2,3- 2000 + 100 mg Se kg'*) from Alltech
o HN dihydroxy-pripionyl- (batch ES-453) Signal too low for MS" studies, but
selenohomocysteine identification based on exact mass and
R o Ci17H28N40115e2 well-characterized sulphur-species
NH 39\ HO 625.0166 Commercial-grade Se-enriched Fragments at m/z: Arnaudguilhem
Oz( Se o yeast (S. cerevisiae) from Alltech 550 (C1sH24N30sSe2"), etal
OH Io) (Batch # 0087-16) 393 (CoH17N20sSe2*),
HN 4@_\ 361 (CsH13N204Sez*),
350 (C7H12NOsSey?),
279 (CsH11N204Se?),
HO OH 270 (C/H12NOsSe*),
262 (CaHsNO:Sez"),
245 (C4Hs02Ser*),
225 (CsHoN20sSe*),
190 (C7H12NOs*),
182 (C4HsNO:2Se?),
130 (CsHsNOs*),
106 (CsHsNOs*),
84 (C4HeNO")
o NH 636 Commercial-grade Se-enriched more abundant species Preud’homme
? S-Se conjugate of yeast (S. cerevisiae) from Alltech etal.
HO Ho glutathione-selenoadenosine | (CNCM I-3060)
C20H2809NsSSe
OH 637.0938
NH
o] S~ge
o o
b B
N
HO © NT TR
L
N NH2
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Structure

Neutral 8°Se Nominal Mass
Name

Chemical Formula
Theoretical [M+H]* Mass

Sample Type / Unique Growth
Conditions, Etc.

Characteristic Features / Fragments (%°Se)

Reference

642

Se-S-Se conjugate of
selenoglutathione-2,3-
dihydroxy-selenocysteine

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

minor species

Preud’homme
etal.*

Commercial-grade Se-enriched

Fragments at m/z:

Arnaudguilhem
etal.’®

Ci6H26N4011SSe> yeast (S. cerevisiae) from Alltech 568 (C1sH1sN70sSSez*),
H 0 642.9722 (Batch # 0087-16) 514 (C11H20N308SSez*),
NH Se HO 256 (CeH10NOsSe*),
o=(7 \s—Se o) 199 (CeH11N204%),
OH 0 176 (CéH10NOs*),
N 4@_\ 145 (CsHoN203*)
130 (CsHsNOs*)
HO OH
o 651 Commercial Se-enriched yeast, Sel- | Doubly charged species [M + 2H]** at m/z | Demovics&
NH3 conjugate of Plex (S. cerevisiage CNCM [-3060; 326.5 Lobinski
HO selenoglutathione and y- 2000 + 100 mg Se kg™) from Alltech
glutamoyl-selenocysteine (batch ES-453) Fragments at m/z:
C13H29N5011582 314 (C7H8NOZS€Z+),
652.0275 305 (CsHsN203Ser*),
NH2 o NH 297 (CeH13N20sSe*,),
" OMNH Se\/J\(o 279 (CsH1uN204Se*),
J:\Se’ 248 (CsHeNO,Se*,),
225 (CsHgN203Se"),
© © HO fo) HN;\ 130 (CsHsNOs*)
o] OH
HO 660 Commercial Se-enriched yeast (S. Fragments at m/z: Garcia-Reyes et
OH cerevisiae) from Alltech 526 (CisH20NsO6Sez*), ot
HO o 2,2 410 (C1oH12Ns0s5e2"),
Se—ge o N=\ diselanediylbis(methylene)]b 330 (C10H12N503Se*),
N \ p N is[5-(6-amino-9H-purin-9- 136 (CsHeNs*)
SN o k‘ yl)tetrahydro-3,4-furandiol
N N NH; C20H24N1006S€2
/ N N 661.0283
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
HO o] 660 Commercial Se-enriched yeast (S. Fragments at m/z: Infante et al.**
S-Se conjugate of glutathione | cerevisiae): Pharma Nord 643 (Ca0H31N60115Se"),
o] OH and selenoglutathione* SelenoPrecise® (1550 + 65 ug Se g 586 (Ci1sH2sNs010SSe*),
NH2 CaoH3:Ns01255e 1), Lallemand Inc. Lalmin™ Se2000 | 532 (CisHasNsOsSSe*),
o] 661.1037 (1983 + 55 pg Se g?), Cypress 457 (C13H2:1N407SSe?),
NH Systems Inc. SelenoExcell (1291 + 403 (C10H19N106SSe*),
NH 60 ug Se g?) 336 (C10H14N30sSe*),
o 279 (CsH11N204Se*),
259 (CsH11N20sSSe?),
? 257 (CsHgN203SSe*),
se 225 (CsH9oN»OsSe*)
o 0 OH Commercial Se-enriched yeast (S. Casal et al.*
NH \/& cerevisiae, manufacturer not
HO NH (0] disclosed), NRC CRM SELM-1
NH3 o Commercial-grade Se-enriched Fragments noted above plus additional Amaggg“”hem
yeast (S. cerevisiae) from Alltech fragments at m/z: etal
(Batch # 0087-16) 308 (C10H18N306S*),
283 (C7H11N203SSe”),
231 (CgH11N204S"),
179 (CsH11N20sS"),
130 (CsHsNOs*),
84 (C4HeNO")
HaN ¢} 692 Commercial Se-enriched yeast Fragments at m/z: Lindemann &
Selenodiglutathione supplement tablets 675 (Ca0H31N60115:5¢€"), Hintelmann®”
OH C20H32N6012S2Se 618 (CisH2sN5010S525¢€"),
o HN HoN o 693.0758 564 (C1sH26N509525€e*),

Ko
H s OH

546 (C1sH2aN50sS25e*),
489 (C13H21N407S:5¢e”),
435 (C10H19N10sS,Se"),
386 (C10H16N306SSe*),
368 (C10H1aN30sSSe*),
311 (CeH11N304SSe?),
308 (C10H18N306S*),
257 (CsHgN203SSe?),
233 (CsH13N204S"),
179 (CsH11N20sS%),
162 (CsHsNOsS*)

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Fragments noted above plus additional
fragments at m/z:

199 (CsH11N204%),

130 (CsHsNOs*)

Arnaudguilhem
etal'
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Structure Neutral 8°Se Nominal Mass Sample Type / Unique Growth Characteristic Features / Fragments (3°Se) | Reference
Name Conditions, Etc.
Chemical Formula
Theoretical [M+H]* Mass
o 697 Commercial-grade Se-enriched minor species Preud’homme
S-Se-S conjugate of seleno- yeast (S. cerevisiae) from Alltech etal
HO glutathione- (CNCM 1-3060)
¢} S-methyl oxide-5'-
o] NH selenoadenosine
HO NH HO OH C20H27N9010S2Se
77/&/5 698.0560
HaoN N~ s
0 Se N
0
N
HoN
HO o 708 Commercial Se-enriched yeast, Sel- | Fragments at: Dernovics &
conjugate of two Plex (S. cerevisiae CNCM 1-3060; 646 (C19H28Ns0105€2"), Lobinski™
HO o selenoglutathione residues 2000 + 100 mg Se kg?) from Alltech | 634 (CisH2sNsO10Sez*),
H2N CaoH32Ne01:5€2 (batch ES-453) 580 (C1sH2sNsOsSez*),
(o] 709.0481 563 (C1sH23N40sSes"),
HN 505 (C13H21N4O7Sez*),
HN 451 (C10H19N4O6Se2*),
o 434 (C10H16N306S€2*),
417 (C10H13N206Se2"),
Sle 359 (CeH11N204Sez*),
Se 305 (CsHoN203Ser*),
o] o OH 291 (CoH11N204Se?),
)K,”N 279 (CsHuN:04Se),
HO HN (e} 257 (C10H13N206"),
o NH2 225 (CsHoN20sSe”),
130 (CsHsNOs*),
84 (C4sHeNO*),
76 (C2HeNO2*)
MS? fragments noted above, also m/z: Dernovics &
Lobinski®

691 (CaoH31Ns0115€2")

MS? fragments of m/z 580 at m/z:
451 (C10H19N4O6Se2")
305 (CsHoN203Sez*)

MS* fragment of m/z 451 at m/z:
305 (CsHoN203Sez*)
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Structure

Neutral 8°Se Nominal Mass
Name

Chemical Formula
Theoretical [M+H]* Mass

Sample Type / Unique Growth
Conditions, Etc.

Characteristic Features / Fragments (%°Se)

Reference

OH
0] HN HaN 0]

H o]
H Se OH

740

Se-S-Se conjugate of
diselenoglutathione
Ca0H32N60125Se2
741.0202

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(CNCM 1-3060)

minor species

Preud’homme
etal.*

Commercial-grade Se-enriched
yeast (S. cerevisiae) from Alltech
(Batch # 0087-16)

Fragments at m/z:
483 (C10H19N406SSes*),
387 (CaoH17N306SSe*),
355 (C10H17N306Se*),
337 (CsH9N203SSer*),
312 (CsH12N204SSe*),
280 (CsH12N204Se?),
250 (C7H10N203Se?),
226 (CsH10N203Se?),
209 (CsH7NOsSe*),
199 (CsH11N204%),

145 (CsHoN20s*),

130 (CsHsNOs*)

84 (C4HeNO")

Arnaudguilhem
etal.’®

(a) Larsen et al.”® note that SeOMet may not have been present in the native yeast sample, but formed as an artefact of sample

preparation

(b) The position of the Se atom may shift places in the carbon chain, resulting in similar fragmentation patterns
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