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- S€ enoproteomlcs in Human Serum:

An Atomic Mass Spectrometric
Approach







Inductively Coupled Plasma Mass Spectrometer
PacpaTtoueTpia Madlac
ETraywyika 2uleuyuevou lNAaopaTtog

ICP-MS:
Anuioupyia Kai
QViXVEUON ATOUIKWYV
IOVTWV
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NMAcovekTApATA:

* UPNAN euaioONaoia

* EKAEKTIKOTNTA

* TTOAUOTOIXEIK avAAuon
» oupBatotnTa pe HPLC

[coToma

74Se
6Se
1Se
7BSe
80Sp

ATOUIK
paca (U)

13.92247
75.91921
76.91991
77.91731
79.91651
61.91669

m/z
Dvoikn

AopBovio
0,89
9,37
7,63
23,11
49,61
8,73
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Amoteleouato UsTPNoEWY OO UEPIOES POYHTOD

HoocotyTa
Tpogipov (g)

Mnpilora 76,4
XO1PIVY|
[Tatdra 82,8
YUvoMKdQ
[Tepka
Maoakoapovia
Kovvovniot
YOVOMKAE

Se (ng/ 9)

Se (ng)

34,8

2,07
36,9

Mocotra (g Enpod
dsiypatog)

95,1
125,0
40,4

HoocotTnTa
TPOPipov
(9)
PefBibua 254.4
DocoA. 419
Lo POLATIKOL
YuvomKkd

Se (ng/ g &npod
osiypatog)

1,072
0,052
0,068

Se (ng/9) Se (no)
0,027 6,87
0,137 5,74

12,6
Se (n9)
102
6,5
2,75
111,2

Huepnoio tpdoinyn Se (e6Tiatdplo TavETIGTUIOD)
19,9 ug Se / nuépa — 177,0 ug Se / nuépa.



Méon Huepniowa IIpocAnyn Se
34,3 ug / drouo/ nuépa

Moppmtikod Enineoo
- 2TOLYELMONG EKTTOLOEVO: 34,9 ug / nuépa
- TprtoPada ekmaidogvon: 31,3 ug / nuépa

TonoBeoia katokiog
- AypoTikn KoTolKioL: 36,2 ug / nuépa
- AoTikn Kototkia: 31,7 ug / nuépa

Emayyel otk ATacyOAnG™m Tov apynyov ToV VOIKOKLPLO

- XEPWOVOKTIKTY gpyocio: 32,9 ug/ nuépa
- Mn-y€1p@VOKTIKY EpyaciaL 30,4 ug/ nuépa
- 20VTOC10VYOL: 36,2 ug/ nuépa

- Avepyot: 30,9 ug/ nuépa



Huepnowa Ilpocinyn Se 6€ o10popeS ymMPeS

Xopa
EAGOa (Tapovoa pelétn)
EA\Goa.
Tovpkia
[omavia
[ToAwvia
Hvopuévo Baciieo
EABetia
OAavdia
Kpoartia
Atlyvmtoc
Avotpia
Avoctpoiio
Hvopévec IToMteieg Apepikng
Koavadag
["aAAio,

[taAia

Ipocinyn Se (ug /aGropo/quépa)

34,3-27,9
39,3
30
32,3
30-40
34
70
67 & 110
33,9
49
48
110-120
60-150
110-220
166
141
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, , Efficiency of extraction EVCU UGTIKﬁ X(A’)VSUOT]
0
70 AmOS00M TNG EKYOMONG 2 oTadiwY

98%
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7% °

water extract of cod buffer extract of cod enzymatic hydrolysis of cod (1 step) enzymatic hydrolysis of cod (2 step)
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LEA RTINS IR X QNI Y2

Koo ove: CHECOONH, + 5% MeOH— pH 7
Whretcebidinags

Gastrointestinal extract of cod

200000 400000 600000 800000
time (ms)
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(exydMopo praKaildpov amd
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SeMet)

1000000
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1200000
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time (ms)
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YaoTPIKO OTA0I0 YAOTOEVTEQIKO OTAIO
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DOUTEENOGIOTO,
‘0’ 7. 7 i /
SN TEPIERTIKOTI T0) PO TEWV. OV, GTH| TPOPN
Y ATAT GUYKEVTPOGT] OF
s Vi ueyH Hieproio lposhinyn Se - 55 ug /

Nuepe == Hiepnoio HiposAnum SE yio oV
EXnvoer 34,3 g /quepo (DAENE)

* Heprieion mposAun Se (EcT10rop1o TOVETIGTH IOD)

192901 Se/muepe— 1770/ 10 SE / nuepa.

s EVEONOTIKH XOVELGT 2 GTOOI0Y == KaADTEPT
ATO0061 TG ekyOAIeNG (SEMET)

s T 0GTpEVTEPIKT XOVEDoT) == % Biodwdsoiotno
SE (UmakaA1opos 4%, capoera 41%)



Why are we interested in Se in biological systems?

Se essential micronutrient
e active site of glutathione peroxidase (GSH)
* Keshan disease (endemic cardiomyopathy)

Its essentiality is only over a very narrow concentration
range, outside of which it is toxic.

Se protective roles against the development of cancer.

—> Assess Se status in man




Table 1. Selenocysieine-Containing Proteins in Mammals

Selenoprofeins Functions Location
Glutathione peroxidase
Cellular glutathione peroxidase Removal of hydroperoxides Ubigquitous
(caPy or GPX1)
Crastrointestingl glutathione peroxidase Removal of hydroperoxides Gastrointestinal
(GPx-Gl or GPXIT) bracts
Extracellular glutathione peroxidase Removal of hydroperoxides Plasma
(eliPx or GPX3)
Phospholipid hydroperoxide Removal of phospholipid Ubigquitous,
glutathione peroxidase testis
(PHGPx or GPX4) hydroperoxides
5 Triiodothyronine deiodinase (5°-DI)
Type 1 5-DI Conversion of T4 to T3, Thyroid gland,
T4 T3 liver, kidney
Type 2 5-DI Conversion of T4to T3 Pituitary gland CHE5,
brown adipose tissue
Type 3 5°-DI Conversion of T4 to T3 Flacenta
Thioredoxin redoctase (TR
TRxR] Reduction of thioredoxin Ubigquitous
(cytosol)
TRxR2 Reduction of thioredoxin Ubiquitous
(mitochondria)
TRxR3 ? Testis
Selenoprofein P Autu:l:[td:ml T Plasma Sel P
Se carrier 7
Selenoprotein W 7 Ubiquitous,
muscle
Selenophosphate synthetase 2 Synthesis of selenophosphate (7) Ubigquitous
[(5P52)
| 5-kDDa selenoprotein 7 Ubigquitous
SelT ! T
SelRSelX ? T

SelN 7 T




dcAF — LC — melD - ICP-QMS

0—-5 min
10 min
15 -20 min
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dcAF — LC — melD - ICP-QMS
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Se species content in BCR human serum reference materials

as reported in this work and the literature.

Number = GPx  + non- Sum(GPx+  Certified

Serum Sample Method used of retame.d Se SelP SeAlb SelP+ SeAlb) Total
samples species -1
Reported in: ng Se per ml of human serum (ng Se mL")
BCR 637 81 +7

This work dcAF-LC -[ON-melD]-ICP- 21] (16 =3 ) (525 ) ( 89x25)\ (77 £9

QMS
ref. 17 AE-dcAF-LC-[ON-ID]-ICP- 5 g == 65+5 14 +1 92 =£5

QMS
ref. 17 AE-dcAF-LC-[ON-EC]-ICP- 3 13 +1 59+£2 16 +1 88 =+1

QMS
ref. 17 AE-dcAF-LC-[OFF-EC]-ICP- 3 10 +1 57+2 7 +1 74 £2

SFMS
ref. 18 AE-SPE- dcAF-LC-[ON-EC]- 3 99 £0.1 51+1 18 +3 79 +£3

ICP-QMS

ref. 18 dcAF-LC-[ON-EC]-ICP-QMS { 3 L 304 +0.3 ) L57 +1 ) \24 +04 ) Llll +1 )
Abbreviations:
dcAF: double column affinity chromatography ON-EC: on-line external calibration
AE: anion exchange chromatography AE-SPE: anion exchange solid phase extraction
ON-ID: on-line isotope dilution ICP-QMS: ICP quadrupole mass spectrometry
ON-melD: on-line methanol enhanced isotope dilution ICP-SFMS: ICP sector field mass spectrometry

OFF-EC: Off-line external calibration

References
[17] Jitaru, P, Cozzi, G., Gambaro, A., Cescon, P., et al., Anal. Bioanal. Chem. 2008, 391, 661-669.
[18] Jitaru, P, Prete, M., Cozzi, G., Turetta, C., et al, J. Anal. At. Spectrom. 2008, 23, 402-406.
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dcAF-SEC-ON-ID-ICP-MS

Position B
Position B

Position A
Position A

Knotted Reactor
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injection Peristaltic pump

Enriched 77Se
in 25% MeOH



dcAF-SEC-ON-ID-ICP-MS

Position B
Position B

Position A

Knotted Reactor
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HPLC
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injection Peristalti ' '
S L =l Enriched 7’Se
in 25% MeOH
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Average Se levels in Selenoproteins and Se-containing
proteins along with some average anthropometric
values by gender.

Al '(’.?Lt;i,‘g‘;'“ts {:L“fsliﬁ Males (n=237) o
(ng g: )rf‘lL'l) 23+10 23 + 10 24 + 10 0.413
(ng sg‘;':;tl) 49+ 15 51+ 14 48 « 16 0.027
(ngSg:eArlnbL-l) 11+ 4 11+ 4 11+ 5 0.979
(n?;Z'nfﬁl) 92 & 34 94 + 32 90 + 35 0.259
()ggfs) 40+11 38+ 12 40 + 11 0.003

BMI 26+ 5 24+ 5 27 + 4 <0.001




SeAlb
12%

% Se distribution (n=399)

Unknown GPx

8%

26%

SeP
54%




Conclusions
High throughput, robust modified dcAF-LC-isotope dilution ICP-QMS,
Use of reference materials for validation
Baseline values for selenoproteins and Se-containing proteins in human
serum samples taken from an apparently healthy Greek population

(n=399),

Such studies can potentially reveal links between diseace and specific
Se species and their levels.




ldentification of an Sb(V)-citrate complex
IN juice stored In PET

Chemical Technology — esiz==

. =
A complex issue B~

22 August 2006

Antimony leached from plastic bottles may form a novel citrate complex in
citrus juices, which could affect its toxicity, report researchers in Greece.

Hansen, H. R. and Pergantis, S. A. J. Anal. At. Spectrom. 2006, 21, 731



major Issues

B Sb concentration guidelines recommended for
Sb Iin drinking water:
1. WHO; 20 ug Sb/L
2. US EPA; 6 ug Sb/L
3. Germany; 5 ug Sb/L
4. Japan; 2 Mg Sb/L

B Question were raised about the chemical form
of Sb present in the water and other foods
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concentration (ug Sb/L)

122

Total Sb in juices stored In

0 0
PET ;c@ci/ CH,
0 0—CH,

n

1.2 - y =0.0019x + 0.6174
. R?=0.5671
*o
________ o e
. 08 L e M ‘
. .-
s & -7 *
o .-
PSR Max 1.05 pug Sb/L
DU S ., 947 |(below guidelines:WHO, 20 pg SbiL;
4 $ o US EPA, 6 pg Sb/L and Japan 2 ug
Sb/L)
-75 -25 25 75 125 175

Days before (-) and after (+) expiration

Total Sb in juices in PET bottles shows correlation to the expiration date

* Hansen, H. R. and Pergantis, S. A. JAAS


http://upload.wikimedia.org/wikipedia/commons/5/5f/PET.png
http://upload.wikimedia.org/wikipedia/commons/5/5f/PET.png

51

> Sb in PET bottled juices

122

QUESTIONS:
1) What are the Sb-concentrations in juices?
2) Which Sb-species are present in juices/water?

EXPERIMENTAL SET-UP:
Total Sb analysis and Sb speciation of
water and carbonated or non-carbonated citrus fruit drinks contained in:

1) PET bottles
o o }
c— —C CH,
V4 \ £
O O_CH2 n

2) Glass bottles (

3) Tetra packs


http://upload.wikimedia.org/wikipedia/commons/5/5f/PET.png
http://upload.wikimedia.org/wikipedia/commons/5/5f/PET.png

Speciation by HPLC-ICP-MS

Column: PRP-X100 column = anion exchange column

Standards: > — <
@) OK

1. Sb(V):[Sb(OH)]- Noet® OSsh

2. Sb(l11):Sb(ll)-tartrate (stable and soluble) o 7 § »

3. Sb(V) + citric acid — Sb(V)-citrate Ho” o

Sb(lll)-tartrate

Mobile phase: 1.5 mL/min 20 mM EDTA + 2 mM phthalic acid,
hence, complexing chemistry is involved
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Intensity (cps)

D
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122

Sb speciation by HPLC-ICP-MS

ldentification by matching retention time between analyte and a standard

5000

2500 -

Water in PET

0.5 ppb Sb(V)

PPNy A

0

e

0.5

1 15 2
Retention time (min)

100% Sh(V)

2.5

Intensity (cps)

2500 -

Citrus fruit juices in PET

5000 - ldentity confirmed by spiking

+0.5 ppb Sh(ll

1) Sh(V)

0 T T T 1

0 0.5 1 15 2 25 3 35
Retention time (min)

Sb(ll): 44 £17% (n=11)
*Sb(V)-citrate: 41 + 20% n=11)

3) Sb(V)-citrate

* Hansen, H. R. and Pergantis, S. A. JAAS



Speciation of Sb in juices contained in PET bottles

using AE-ICP-MS

1000 -
Sb(lll): 44 £17% 3) +0.2 ppb
. Sb(V)-citrate: 41 + 20% (n=11) Sb(V)-citrate
_ First report of an Sb(V)-
& 6007 complex in a non-spiked
z sample 2) Sb(llI)
E 400 -
200 -

0 0.5 1 1.5 2 2.5 3 3.5
Retention time (min)



K[Sb(OH),] + Citric acid —» Sb(V)-citrate

by direct infusion ES-MS(/MS)

0 0
0
OH
HO 0 HO 0
0
3 o\ o O o\ /o 0 o HO\/O
O_ _O © /\\OH o /\\OH
HO OH

A m/z 361, 363 B C m/z 379, 381

CID @ 107/ \CID@ZO ev

SRM method
developed
m/z 281,283 m/z 263, 265

[M-(CO,+2H,0)]  [M-(CO,+3H,0)[



Analysis of the Sb(V)-Citrate standard using

AE-ES-MS/MS (Mobile phase of EDTA, phthalic acid)

Confirming the identity of the Sb(V)-citrate complex on the

column
4000 - 6 -

3000 A 0
HPLC-ES-MS/MS N 282

DO — e ————————————————————f® S

Intensity (cps)

1000 -

HPLC-ICP-MS
et ety i

0 0.5 1 15 2 2.5 3 3.5 4
Retention time (min)

0



1Sb(V)-citrate iIs a major Sb-compound
present in juices of citrus fruits stored In
PET bottles

IDo Sb(V)-complexes form significantly in
other matrices????



Intensity

25000 ~

20000 -

15000 -

10000 -

5000 -

Sb-complexes in yoghurt spiked

with Sb(V) (~1% lactic acid)?

Spike: 100 ppb Sb(V), diluted to 25ppb 30000 -

Recovery; 70% Sb(V)? CLASSICAL AE

APPROACH
PRP-X100; 1 mL/min 20
20000 1 mM EDTA, 2 mM
phthalic acid, pH 4.5

NEW AE APPROACH

A:0to 21.7 min; 8 mM S
ammonium formate, 2%
MeOH
B: from 21.7 min; 100 mM U =
ammonium formate, 5% 0 1 2 3 4
MeOH, 0.25% formic acid
5

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Retention time (min)



Sb in yoghurt spiked with an Sb-Lac standard

by AE-ICP-MS

_ Spike: 100 ppb Sb(V), diluted to 25ppb

Additional spike: 2.5 ppb Sb+Lac (1:5, pH5)
20000 - 1) "Sh(V)"
3) Sh-Lac

> 15000 - l Also confirmed by spiking
D
C
9
£

10000 -

U 7) Sh-Cit 4

‘/\ / /.\8) Sh-Lac2
0

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Retention time (min)



Sb-species in yoghurt spiked with Sb(V)

Intensity

25000 ~

20000 -

15000 -

10000 -

5000 -

by AE-ES-MS(/MS)

Also confirmed by spiking

H. R. Hansen* and S. A. Pergantis, “Identification of Sb(V)-
complexes in biological and food matrices and their stibine
formation efficiency during hydride generation with ICP-MS
detection” Anal. Chem. 2007, 79(14), 5304-5311

Peak 2

[Sb(Lac),+H,0]
Peak 6
Change of mobile phase

Peak 3

[Sb(Lac)] Peak 7
[Sb(Cit)]

Eeak 1” [A8 Pcak 8
Sb(V) [Sb(Lac),]

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Retention time (min)



Table 2. Assignments of Prominent lons Observed for Inorganic Sb(V) Spiked into Yoghurt, Citric Acid, Lactic Acid,
and Their CID Product lons Recorded Following HPLC-separation (Method B) of 10 mg of Sb/L and Analyzed by
ES-MS and ES-MS/MS in Negative lonization Mode

peak no.

(min)

7 (27.0)

8 (29.0)

(8.0)

(27.0)

(29.0)

molecular
ion (m/z)

349—-351
259—261
277—-279
421—-423

361—363

331-333

361-363

331-333
(313—315)

product ion
interpretation (m/2) (V)

Sh(V) in Yoghurt
[Sh(OH)3(LacH)s — H]~
[Sb(OH)s(Lac) — H]~
[Sb(OH)4(Lac)]~
[Sh(OH):(LacH)s — H]~

—260 (vo)
—227 (30)

[Sh(OH)3(LacH)s; — H]~ —405 (20)
—315 (20)

269 (20)

—227 (30)

[Sh(OH)3(CitH) ]~ )81 283 (10)
263—265 (30)

[Sh(OH)z(Lac)2]~ 313—315 (10)
225—227 (30)

Sh/Lactic Acid (1:10, pH 5)
[Sh(OH)3(Lac) — H]~ 241-243 (10)
[Sh(OH)4(Lac)]~ 153—155 (30)

Sbh/Citric Acd (1:5 Nonadjusted pH)
[Sh(OH)3(CitH) ]~ 281—283 (10)
263—265 (30)

Sh/Lactic Acid (1:10, pH 3)
[Sb(OH)2(Lac)2]~ :

assignment

[I\’I — Hg(.)]_
[Sb(O)s(Lac)]™
[ShO2]—

[M — HO]~
[Sh(0O) (Lac)e]~

[Sh(O) (Lac)]~
[M — H0]
[Sb(0) (Lac)2]~

[Sb(O) (Lac)]~
[Sh(OH)50C(0)CH,0OH]~
[Sh(OH)4OC(0)CH,0]~
[M — H20]-

[Sb(O) (Lac)]~

[Sb(0).(Tac)]~
[ShO2]~

[Sh(OH)s0C(0)CH20H]~
[Sh(OH)40C(0)CH20]~

[M — HxO]~
[Sb(O) (Lac) |~




251

% E: Peak 4

M W 3 33 33 3 W 411 43 45 47 A
mz

1 G: Peak 5

l_ 1

31 381 31 31 411 431 451 4T 451

miz

F: Suggested structure peak 4,5




Elemental Speciation Analysis:
Determination of all individual physicochemical
forms of an element in a sample.




lon pairing reversed phase HPLC - ICP-MS
chromatogram of kelp powder extract

OH OH
o T o o 6

m/z 75 OH N\

P

50000 0//\;:\\0 o//\g;x\OH
O/\OK\
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N

OSOsH

25000

o T sos

OH

ol

20 40 60 80 100 120 140 160

Signal intensity (cps)

Time (s)



Trace Elemental Speciation using
HPLC-ICP-MS

» Excellent limits of « Standards required
detection (ppb or ppt)

* Increased uncertainty

« Almost no of identification based
Interferences on retention times

e Accurate  Unable to
Quantification characterize unknown

species






CtVI and CrlIlII Speciation Analysis

2mL
Elution
solution

d.i. water
wash

1mL
d.i. water

ICP-MS

Peristaltic
pump

Iynpa 2.2. Aetkovior) TH|jrog Tpononou)pevon vavoomAva avipaxa. @aivovrat ot
KapPodolopadeg o £YovV EPPAVIOTEL OTOV KOPHO KAl OTO (KPO TOL VAVOOMALVCL.
IInyn: Hirsch A. & Vostrowsky O., Functionalization of carbon nanotubes, Topics in Current Chemistry,
245: 193-237, 2005
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0{e1dOTIK®V Kataotace®Vv Tov Ypapiov Crl xat CrVT ovykevipworng 0,5 ppb exaocto.




- 9.

100
80
60
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40

20

CP* 4% Cr(OH)* 4= Cr(OH),* %= Cr(OH), 4= Cr(OH);

0 2 4 6 8 10 12 14
pH

Awaypappa 3.1. Khaopatki) avaloyia etdwv CrVT kat Crill oe 0damikd cooTpata
IInyn: Goessler W. & Hagendorfer H., Talanta, 76: 656-661, 2008
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Ipagnpa 5.15. @aopa detyparog Th GO1 (owia). H mpot) xopogr) avtiotoryet oto e§aobeveg ypwpio
Kt 1) dedtepr) oto Tprobeveg. Me pmhe xpopa anekovietal 1o gaopa tov wotomoo 2Cr (aptotepog
Kdbetog afovag) Ko e KOKKIVo 1o gaopa Tov 3Cr (8ed1og kabetog afovag).

ITivakag 5.31. EKtipoopeveg oo
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Ewova 3.1. [Teypapatixi) Swatadn ooveoéng mg naktopevng pe MWCNTs-COOH otjArg pe ICP-MS. Me
KOKK1VO BéNog oupPolMGeTa 1) opd HePIoTPo@I|g TG HEPIOTAATIKIIG aVIAAG, jie mpaowva 1) dradpop)
TOL DOATIKOD AANLPATOG YPDLOD.




