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4T 2 ) Matrices by HPLC-ES-MS

Operating parameters, such as the flow rates of gas (sheath gas and auxiliary gas) and HPLC mobile phases, the spray voltage and capillary e

Selenium is an essential ultratrace element to most mammalian species, including
man. It is an integral component of the enzyme glutathione peroxidase (GSHPXx),

[Figure 2 (molecular ion’s region of

which protects cells against oxidative damage.' Although essential to these organ- temperature of the hyphenated system, have been optimized for maximum selenium analytes detection signals. The use of ion-pairing reagents M - - i ¥ l' -\ 1. I—Em i‘n‘
isms, the element can also be highly toxic. A scant tenfold increase in the recom- in the HPLC mobile phase was avoided because of the analyte signal suppression they cause during ES ionization. Taking into consideration LS L L Yy = T - WW
mended daily intake of selenium to man (50-70 ug/day)? converts overt signs of defi- this limitation, three chromatographic separation procedures have been developed. N'
ciency into overt signs of toxicity. Both the nutritional bioavailability® and toxicity*° of 1 . i . _ i} The applicability of the HPLC-ES-MS system for the determination of selenium | 100{M2 182
selenium were found to be species dependent. It is therefore important to identify and ' ' ' ' — % J_'E - ‘h | et i, 'H J-..'... . o~ - analytes in natural matrices is still under investigation. The samples that have been 1 50/
quantify the individual compounds of selenium present in a sample. : N ) analyzed so far included a selenium-enriched yeast food supplement, a sample of &
A popular approach for the identification/quantification of selenium compounds has CH,SeCH,CH,CHCOOH , :(‘j Ejng:gar?]a'\ggz -I;ascﬁo?gtgrlple I SeMC Cros A mixture of the six selenoamino acids (selenocystine, Se- plant collected from an abandoned manganese mine, and a human urine reference 0
been to couple a chromatographic separation with on-line detection. Atomic absorp- NH gquippg B, o eIF()a ctrospray SO o A [1117 methylselenocysteine, Se-allyl selenocysteine, material (NIST SRM 2670). Prior to HPLC-ES-MS analysis, the urine sample was ! Lop]m/7 183
tion spectrometry, inductively coupled plasma atomic emission spectrometry or induc- B {0 charactorize theysynthet- Sepropylselenocysteine, selenomethionine, and selenoethionine) diluted three-fold with water and acidified with acetic acid. The plant sample and the | ?
tively coupled plasma mass spectrometry are the most commonly used detectors. B hosclcnium compounds Sl 100 ™ 1% = A (zE;fc;‘ was separated on a silica-based cyanopropyl column (5 um silica selenium-enriched yeagt food supplement were extracted according to the procedure | & 50
These detection systems do not provide any structural information about the analytes, _ _ B i ometer was operatatin 0 support, 4.6 mm i.d. x 15 cm, LC-CN, Supelco, INC.; Bellefonte, reported by Gilon et al.%, with slight modifications. Plant or yeast product (0.5 g) and 0
and therefore make it difficult to identify compounds for which synthetic standards are Seisotope assgnment i Ff{ . de. Th { | miz 210 SeAC BN - o chromatogram of Figure 3, SSHEHEE protease (40 mg) were added to 6 ml H,O in a 15-ml propylene centrifuge tube, soni-
B Bl o o =) e positive ion mode. The spray volt- 100 AL (sEJ(?f acid. As shown in the chromatogram of Figure 3, SeMC was the cated for one hour, and kept in the dark for 24 hours. Protease XIV is a non specific 100 ™z 269 , .
) : : . : 1941 () age was increased to 5.2 kV and the 0 first compound to elute from the chromatographic column, fol- protease, which breaks peptide bonds of any protein present in the materials. The M ' \
BRI <= an analytical method for the separation QNS ENESN. 196.1 191 (G capillary temperature was adjusted to miz 212 | SeC. SeAC. SePC. SeM SeE. Sel mi use of a large excess of enzyme appeared to be efficient in cleaving the major parts | = %0 N T
um compounds, by reversed phase high-performance liquid chromatography (HPLC) 198.1 (S 220°C. Protonated molecular ions } 1001 s 2 E+04 owed by eC, SeAC, sePC, sel, and Se : e_enocystamme, g 4 s o ' o \
with on-line detection by electrospray mass spectrometry (ES-MS). The HPLC-ES-MS 40 2001 (59) th t abundant o ; 0 JAN AR selenoniumcholine and the trimethylselenonium ion, when added of these bonds. The mixtures were then centrifuged for 20 minutes. The supematant 5§
method was then apoli T . : B TOSt abuncant I0MSEEy to the mixture of selenoamino acids, were strongly retained on was removed and filtered through a 0.2 um polypropylene filter and analyzed.
pplied to the determination of organoselenium compounds in aque- selenocystamine and all the miz 337 SeC £103 ) i e , , , , , 100{M/z 337
ous extracts of a selenium-enriched food supplement, a plant sample and a urine ref- 1941 R ino acids studied. ASET ; 100 N (g S the'cyano_p.ropyl column and woulq not elute without addition of _Selenomethlonlne, and Se—methylselenocystelne were |d_ent|ﬁe_d in the selenlu_m %
erence material (NIST SRM 2670). example, the mass spectrum of ! © . an ion-pairing reagent to the mobile phase. Another chromato- enriched food supplement extract (Figure 6), selenomethionine being the predomi- X 50 /\
1892 1991 ‘ TR B cthionine showing the L cron * | graphic approach involved the use of a C,; column (Spherisorb . & | nantselenium compound in the sample. The plant sample contained Se-methylse- 0 , . , , , , , ' \
: L L Ly : ‘ molecular ion’s region is reproduced o) 2.823 . 3 um Cie materlal_1 mm i.d. X 1f5lcm, Isc_:o Inc.) and dilute acetic | Ienocyste_lne asa major.sele_n_lum species, as weI_I as_selenocystlne and other seleni- | 1:00 200 300 400 500 600  7:00 '
o ad i 185 190 195 200 205 210 ' in Figure 1. Selenium has six stable 1:00 2:00 300 400 500 600 7:00 800 9:00 10:00 . B acid as eluent. With these conditions (Figure 4): Sep, SeM, ' um constituents yvhoge identities are under investigation (Flgure7_). - I!« ‘ . ' _—
2 Th O I C d L isotopes (74, 76, 77, 78, 80 and 82), ! X '1I'2/IS('9, SteE, Sn'd thCt were Séeparalted to bgse line in less th?;'rll Tr!methylselertuf)murg-]o?r,]a m_etabofhte of selentlum Ithg;hhas bleep identified in réumanh 'K Figure 7. HPLC-EtS-MSngoglftogmm (if enlfymatlc ll’llydrolySIS d
: . / . : minutes. Using the same C., column and an aqueous mobile | urine, was not found in the urine reference material. Other selenium compounds sucl water extract of the Plant sample, showing the presence i
e rganoe en I u m om pou nas ' ey ;npc:esc;{troljn:vglfca :‘i)r?gi?/irgge:rstz?cgnr:-ss Figure 3. HPLC-ES-MS ch;omatogram Of, 20 ng each (ag Se) of Se- s phase which contained trifluorc;;cetic acid as a modifier for amino | '_ .| as selenite and selenate, might have been present as well in the samples but could of Selenocystine (t,, 2.15 min), Se-methylselenocysteine o
TS W AR | 2 Figure 1. The protonated molecular ion’s region of 't B s methylselenocysteine (t,, 5.55 min), Selenocystine (t,, 6.42), y, acids and a small amount of methanol, SeC, SeMC, SeM, SeAC, F * not be analyzed in the positive-ion mode. The determination of selenium compounds ~ [® (g 3.26). ¥
Selenomethionine, showing the relative abundance of the L : ] ] Se'auylselenocys"‘?m? (tz> 709), Se'PmPylselenoc_YSt?me (t Sechol, SePC and TMSe were effectively separated from each 1| by ES-MS using a negative-ion mode will be the subject of another study.
The analytical work included nine selenium species that were selected because of Selenium isotopes. : e selenonlu.mch_()llne and the. j§ ) romethionine (t,, 8.24), and Selca e 1 other (Figure 5). The addition of methanol to the mobile phase i i F5 ] o ".“1
their reported or suspected occurrence in environmental/biological materials. The trlmethylse!enomu_m N whigl eXISOt 9'.44)' e jg-© e erm e cyanopropyl colum(fl N \as necessary in order to improve the chromatographic separa- ‘t ' W L " ~£'1 -.,‘ \ ' “‘m
name acronyms and formulae of the selenium compounds are presented in Table 1. i Catlons.ln solution, InteNSCHE i “ ontn mqblleophase which contaie jj tion of the analytes. s | w A “ a
molecular ions were observed (w/w) and acetic acid 1% (wW/w). Btomatographic limits of detection (LODS), definedissiing = i 3
LS

) P 6. Conclusion Ay

amount of analyte that would produce a signal 3 times the peak

; . selenoniumcholine)]. The selected — i i S ! . - ¥
Table 1. Acronyms, Names and Formulae of Nine Selenium Compounds B nium compoun)c]is were useins Fﬂ ﬂ_ l\m 'H_ 'L . . S to peak noise in the base line, range from 2 ng to 5 ng. Relative ~ [BgSH |, |m/z 198 " o X . TR
- - . i standard deviations were less than 10% at the 10 ng level. The ca
IR ifor the developmEiigEy . detection signals of the Se-analytes did not vary appreciably with [ %" 801
Selenoamino Acids Formula chromatographic separation proce- 1001 myz 125 the composition of the mobile phase. The limits of detection of the * ! 604 It has been demonstrated that ES-MS can be used for the efficient deter-
dures. The peak corresponding to the 50+ ’ selenilni. , mination of selenium compounds. The combination of HPLC-ES-MS pro-
SeM Selenomethionine CH,SeCH,CH,CHCOO most intense ion of each Se-com- 0 \ 401 vides a very selective and yet sensitive tool to conduct successfully the sep-
[ (CH,),Se'CH,CH,OH pound was monitored during HPLC- poun_ds W Y- 1 20+ aration, identification, and quantification of selenium species in many envi-
NH, et 155 1007 m/z 198 considered low ’ . . .
ES-MS analyses. 50 mof”ﬂf’ N enoudh ol . 0 ronmental and biological samples. The selenium analytes were identified
SeC e stine -0O0CCHCH.Se-SeCH.CHCOO" 0 0 their 9 based on their chromatographic retention times and the structural informa-
I\‘IH B ZNH R mﬁm/z 155 detection/ident tion provided by the mass spectrometer. The urine sample did not contain
3 3 1007 m/z 212 K 0 ficationlini any detectable amount of selenoamino acids or selenonium compounds.
50+ miz 182 S i i i i ifi i
. ] 100 . everal species of selenoamino acids have been identified in the yeast sup-
R crocysieine CH3S°CH2|CH?OO Seisotope assignment 0 J A natlrElaiE plement and the plant sample. Identification of other selenium compounds
WL 60 Egl; gg 1007 m/z 249 mor’z L N present in the yeast supplement and the plant extracts is currently being
; 501 0 made. i
Allyl Selenocystei CH,=CHCH,SeCH,CHCOO' 152 (s&) /\ »
R&C & cnocystoine 2 2> N 153 gg g;z; 0 1001 oy /\ Notice: The U.S. Environmental Protection Agency (EPA), through its Office of Research and
NH, 40+ 157 (Se?) 0 ; . . . . : : : : Development (ORD), funded this research and approved this abstract as a basis for an oral presentation.
LDy m/z 337 lﬂm/z 2 A 30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 The actual presentation has not been peer reviewed by EPA. Mention of trade names or commercial prod-
Propyl Selenocysteine CH,CH,CH,SeCH,CHCOO 50+ 0 ucts does not constitute endorsement or recommendation by EPA for use.
+ 0 miz 337
NH, mﬁ Figure 6. HPLC-ES-MS chromatogram of enzymatic hydrolysis
B 6 154 water extract of the Selenium-enriched yeast food supple-
SeE Selenoethionine CH,CH,SeCH,CH, CHCOO | | 1°°f'c ment, indicating the presence of Selenocystine (t,, 1.40
T
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Figure 4. HPLC-ES-MS chromatogram of 20 ng each (as
Se) of Selenocystine (t,, 2.00 min),
Selenomethionine (t,, 4.204),
Trimethylselenonium-ion (t,, 6.38),
Selenoethionine (t;, 8.27) and Selenocystamine (t,,
11.02). The analytes were separated on a C; col-
umn with 1% (w/w) acetic acid.

Figure 2. The molecular ion’s region of Selenoniumcholine, showing
the relative abundance of the Selenium isotopes.
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