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Abstract

The complex matrix in the food samples may affect the analysis of calcium
ions. In this project, we proposed the use of functionalized iron oxide
magnetic nanoparticles as the affinity probes against calcium ions from dairy
drinks. The sample is then analyzed by capillary electrophoresis-electrospray
ionization mass spectrometry (ESI-MS) after trapping treatment by the affinity
probes. The goal of this project is to develop a rapid and convenient method
for the analysis of calcium ions from real sample solutions.

The interference from matrix and the low volatility of metal ions may cause
problems during ESI-MS analysis for calcium ions from real samples.
Therefore, removing the undesired interference frorﬁ the sample solutions prior
to ESI-MS analysis is required.  The nitrilotriacetic acid (NTA) modified iron
oxide magnetic nanoparticles, which are capable of chelating calcium ions, were
used as affinity probes to selectively trap calcium ions from sample solutions.
Ethylenediaminetetraacetic acid (EDTA) can chelate with transition metal ions
with high formation constants. The EDTA-metal ion complexes also have
quite good volatility. The calcium ions trapped on the affinity probes can be
eluted by using EDTA solution to form high volatility of EDTA-Ca(II) complex
ions for suiting the requirement in ESI-MS analysis.

We have demonstrated the feasibility of using this approach in the analysis
of calcium ions from dairy drinks. The quantitative results of calcium ions in
dairy drink samples are very close to the true values (<4% error) labeled on the
bottle of the drink. The results indicate that this approach is capable of using in

the analysis of real samples.

Keywords: magnetic nanoparticles, calcium ions, electrospray ionization mass

spectrometry
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RFEIVACEAR DB » Hldo g BRI E ERERTHE DWW
o BARARTAERANLADS  BRARSOERLE  #is
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(ethylenediaminetetraacetic acid)-Ca(ll)z 4 4% #/]v» B 3t /& Fe;O,@NTA i
BRETHE-F15 0 KFE—F A EDTA EHFINRE LR F R Dee58ET -
# 2L ESI-MS it 47 EDTA-Ca(Il)$% 458 -F 44 47 » #1 A EDTA -Ca(Il)&F -
RREHETLE -

R ok

Ep ey
1. ##  —adbw &% (50 gm id x 366 gm o.d.) (Polymicro
Technologies, Inc., Phoenix, AZ, USA) & Fe;O,@NTA-Ni(ID#% 4 2 3% (32
mg/mL, 8~10nm) (R % > &4t)-
2.% Jb: Methanol, HPLC Grade ( Tedia, Ohio, USA) - Acetonitrile, Spectranal
Grade( Riedel-de Haén, Berlin, Germany )~ Deionized water( Millipore, Billerica,
USA) ~ Acetic acid, Analytical reagent ( Riedel-de Haén, Berlin, Germany ) ~
Hydrofluoric acid ( Tedia, Ohio, USA )~ Ammonium hydroxide ( J.T.Baker, Lane
Phillipsburg, USA ) ~ Sodium hydroxide, Analytical reagent (J.T. Baker,
Phillipsburg, USA )~ Ammonium hydrogen carbonate ( Riedel-de Haén, Berlin,
Germany )
Ethylenediaminetetraacetic acid (EDTA) ( Sigma, St. Louis, USA)
Ammonium acetate ( Riedel-de Haén, Berlin, Germany ) - Calcium
chlonde-2-hydrate, Analytical reagent (Riedel-de Haén, Berlin, Germany ) - |
Tri-sodium citeate-2-hydrate (Riedel-de Haén, Berlin, Germany ) ~ Potassium
phosphate ( Sigma, St. Louis, USA ) ~ Magnesium chloride ( Sigma, St. Louis,
USA)
3. ek Fan (R REEHI) ; B8 (K— AB EEI) KA
40 BB AL R E AR 4 b AR 4558 & 290 mg/290 nL(1000



mg/L) > EBEILAAAE 4545 % 109.5 mg/100 mL (1095 mg/L) -
s ¥ VRS

F A FesOs@NTA mEit 25k T 458 T4 45 % P AT IR 45 3B b A
AR EiT 58 > BE4S EDTA 1658 F AR RAEA T HTH&SETF
MemEbE 2 Kok Fh & 8 R IRE EDTA 2k ¥ & EDTA-Ca® 42 44 » 104
HERRBETEREO0N TRTARITARSETREHZELER
Hadf o BEIREHARIBEREL  AEFATRADHRIALDLEKH 745
BFoot EAAKRERTERRLRNGRTHEE -

1. Fe;0,@ NTA #3237 R 22 F B

Fe;O04@NTA-Ni(ID £ sk 42 F & 44 Ni(D) » B 24 EDTA 2% (200
ng/mL - Be 7 F 82/0.05%f AEm (1/1 0 viv)) 3RE 30 2447 %
EDTA = i§ i tE 45K & 88k F % & £ K5 P9 s EDTA-Ni(ID)54 445 -
PASh o b R R e 2 R L F SRR 5 B R - RRRBR B 0.5mL 2
F 87005 % 2 KB R (V1 viv) RAEBRF LS £ R T 7% 9 6y EDTA
Bk 0 FB 0.1 mL x FE/0.05 %a KRR (11 vv) RABREENR
FHER T AR TFHRLIEAES0.32 ng/mL -

2.5 THRERZ 5

LA RS T RIRE EDTA 246 REs > TRALLE 1 /57 - RE
B R TBRQ pLBETCIRE ST R (100 oL BER
B2 0mg/LE 15mg/L> BHNFEE/0.00% Ak (1/1 0 v/v)) BB
1.omL 89888 0 RAGEITER < RFEIW 30 5454 A sk i st &
R FRE BBRBFER B ATEE/0.05% £K(100 wL» 1/1



V/V) BRF MR KR TR @ BBIRKAR B A EDTA (50 4L) %
R A BUESHSHTIHER R T RITOHETFITRIBRERRY
T BRAE I sz BUBKSBERRT  KERERETLE
TERT ARG LA 9 -

3. AT HETFX5ERMIZ 0N

B FRETTRARM AR TERSET W T K794 B
FARA o E—FRETFhodndkT - 78T SRR THELAT OSSR T
) BB H R o IRAEMES KR TR (20 p L)W 4 A 54 (10 mg/L)
okt = 8,475 (5 mg/L) R4581 (5 mg/L)z 24k (100 pL > sun
FEE/0.05 % &K (1/1 0 v/v)) PR EATRAS  AXBRKE 30 248tk
AR e E T 8 DI Ao gk AT REME A KR T SRR 2 B o BBIRIEIR MY
# o A ATFTER/0.05 % &Kok (100 uL » 1710 v/v) BAERF
M RRT o BRRBARE BN B0 L & EDTA g mnd o 4
oIk & 30 p X 1% A AREME B A RRF 0 W% 4 F EDTA & EDTA-Ca™ik
BT LT BB AR T ke b7

RPCRHEFEBRTF LSBT ELSHERTFIVEE  £%
PR EEAL R A R R TR0 uL)® 100 4L 4K £4bsE (& 5
mg/L~ 10 mg/L) R 458 F 5 ng/L 245k (BN TE/0.05 % AKX
(11 v/v))#NB 4 1.5l s do 8 & A0 RA 475 RIBT 30 548 -
RB T AR AT B R B 0 B AT E/0.05 % &
& (100 pL 2 U/1 > v/v) REBERFEFRBESRELTF - Bk RE B
ANEDTA 3% (50 L) R44RE 30 448 > 28 B M S A LT
e 45 EDTA s EDTA-Ca(11) 3 i 47 . dm 8 5k TR 2 80 A7



4. FUdnERAHAR b Z AT R 2 BR

LEBRHEETER AR EZ G X RBE S A casein B4 8
Ca(ll) « A B (100 pL)BRE 8T A(200 gL)foBag:Em (20 uL
1.0 N)» RAMGHBE 10 54824 > Bl rkBs0 gl)wsny
Kk ot BEALE (120 wL > 1.0 N)» T8 3] & & ¢ B BT R
B3R o BwANRAKG) L) FAomm P2 Boaskod (2000 rpm)
B 10 48 0 AR O E R E B AR E RS - RASREZ 4
TR P 8E/0. 05 % Sk (/1 v/v) BARE 4048 iR e
BB LB ARHR A 89 1/200 0 K% 41 Al Fel0.@ NTA skbe 2 % F 47755
PEBTORBERR AN

0. LB Tk-CRBRBBE LA TH

EAEITL@E TR LayaskeyEit ) ¥ NaOH (1.ON) BA Lt
FPRTR 30 54 BAXRETREENR I PEURERYGELAY
AN 1R %ﬁi%féﬁ%%%iﬁfﬁﬁt%{bﬁﬂ° 2 7 B 42 5474 EDTA-Ca”
ARHET AL ABTRAMMANE RS T HERDEREHEALE TR
BBEETE TR 28 FAAMA APTES (3-aminopropyl triethoxy-
silane) B#EE B AT EE  Bpig 10 mM o9 APTES ‘x2S A £
EPPR 1054 BEANEETRIFR 10 24844554 %422 APTES > B@
ANERIO 42 BB R L ERENINCEHSME P SEATE 0 424 &
#BEaikdmy) APTES TR ABE 044 - SRARANE T BUE
HBANEHTRESRTR 10 9ERBTETHRE 12 5B R REH - 8%
EHEN LB AR (20 DEBUEE 10 54 ZARBLTARE
B30 ANB TR - |



6. £ta BT RN Y B ED I TR

ABHRBBERBALBLWER  BARLeEEHR ENEIET
EHFREEBERERAL T RRIRF DO SE BRI 1000 K45
TR BEmPTRBRRMENET SR F RS T ey g » BpTif7
TRBBEL HHH

SERAHEG
EDTA-Ca(I#x & 42 ¢ # 4%

B 2 A A Fe;0,@ NTA 2R B-FRATAEBRESBRTRRZREE
BERBHMFHERRGEENE - M358 TR EH I EDTA-Ca(ll)#:F
BE(m/z 320) 0K LAY N TS P Aot EDTA &g E BB R
B € &) > B 3L=T 48 A7 A 5 EDTA sh 8k T A W45 47 EDTA-Ca(IDig E sr e
4 o 3 % EDTA-Ca(Il)(m/z 329 ) $it EDTA-Ca(II)-Na(D)( m/z 351 )#44 Ca(ll) »
BB E B FARREEAEFRE ClDH S F > Biv Lk ee
EDTA (m/z=291)~ EDTA-Na" (m/z=313) $2 EDTA-Fe’" (m/z=344) iz
B AEE-FIIE 86 K% EDTA 6548 8 » BATHE A EF AT RS X
RIS HTREMBILSE Y KT HARER

X=(Iepra-cs! Trow)*100%

E P Tepraca =g+ 13s)

Iotat =loo1 + 313 + I3z + LIngg + sy
WE 2E&RTUFEE 3458 FREOmgL £ 15 mg/L )48 #(Iepracd
Ipo ) ¥100% B ILthia E 42 > 553 FREA O mg/l £ 9 mg/l 2z Mm

(Ieptacce/Imow) 2L RGFHHQMMA  TARE N Y45 TRITERTE
SHF 0 EASBETREARI O me/L 2444 A e B TR LL BB AR A AL
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BRAEALEZEY Fe;0,@ NTA it & F i -FR MATAEIRRMSR F O
tofv » B b EDTA-Ca(Il)$4 -4 3t P ey FHSRtLE R G HBR S - M
K ARG AR 4R R 5~0.25 mg/L -

SF FRETFZHRSBRZTH

BT ERAMRGERTEARLCETHRET P ¥ Fe,0,@ NTA st
BARFAEBTEETFOERSIN B Na'8t KRB TFosifigdF
(POS) SUSHBAREE T ot Smg/L eh558 iR & > BsF458 T8
ERATHERIM -B 4 AERER > X P HRH HRIEMSH EDTA
LT HREAMBOEYE OB 3 RELTHE LRGBS P&
FHREAH 46 mg/L (£ 0.12mg/L) ($ R4k 1 A7) EFH ARG -
B ToERLERTASSAACTAL—BENLBETS ok
HEREERK -

BHRERENNLBET Mg HAns5sT5RG mgl) b R4
WERWE S AR TREHEERY Mg RE RS S » [EDTA-3H+Mg]
Z BT RK(/z 31 F R SA8Y % EDTA-Ca(11)48 & 8 T30 A Ak ey 48
@ (& 2H7) Bkl b R BB T Mg S RSHTRFR
NTA #E0#Be  BETHHHEE QB REToPHE-RoB8T
11 T He T 15558 F 6 -4 o

RE7H I dRH TP 58T

447~ EEILE RO RS REOE SN BRBE T 4o Ca® s Mg? -
Na"~ K"~ Fe" % 158 F 4 PO~ SO7 - Cl 4 st F % MR A L DA & -
— 84 100 EAASEKHTHEE 100 BH AT o LoLH P 4588
FRABEEG (casein) oA —RURBEGS  HLERITINFZEL
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FOARBAIMBEARGHES > BEUE SR T AW XBRE RAR
BB GHT © e ANBEER (HC) £ F G T A MBI T & %M &5
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aHF#me A SR O TER -

i LB SR ANREBRE IS TAESBEHET > Dotk R
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TLBRASEROBBEEI TAREASHOBRET B 6(), 7(2)
HRAE Fe,0@ NTA M2k TREN 4 - BEHALZTHE 0 248
BREBIMALAE TR C B 6(b) ~ 7(b) £ 44 - BEEIL CHRE 200 1244 48
Fe;04@ NTA #ii Kk FRRRGH SR > T4 [EDTA-3H+Cal
FRIZEM HRA m/2329 BTG EIEHTFERBAOLERADR 3 &
TR TRIMHERSTHLE 518 me/L 9458 F > B b TS 447 P
$53ETIRA# 1,036 mg/L > AR R4 RE (1,000 mg/L) Rz
BATEAAER D EE — RIRIRAT DM RATESBTFIEE A 1,140 mg/L(&
RRAA ) RAR AN TR BRI G K BAR T - AR 200 426
BB S T RIRBE 7(0) B3 RENSHTFEAENSS29mg/l» 45
RBAERE - THRAFEB I PESHETF A4 EHE 1,058 mg/l» bt st
R AR AEBILAS L2 AT 4445 A A A 1,095 mg/L -
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&1~ p¥eH F#ET2855% (Smg/l x5)
¥ on (Tepta-collto ) X100% 58T R E (mg/l)

1 26.38 4.6
2 25.81 45
3 25.99 4.5
4 27.72 4.8
5 26.35 4.6

T34 26.45 4.6

R2-oWMeAABRmzSsETFER(Smg/l) 2B R £+ (a)
4 fAbsE Smg/L (b) 4 f1b4: 10 mg/L
(Tepta-ca/Ttota ) X100% $58-FRE (mg/ll)

b
(a) (b) (a) (b)
1 20.66 16.72 3.54 2.82
2 20.53 17.63 352 299
3 20.44 13.19 3.50 2.18
4 18.83 11.98 3.21 1.96
5 18.31 13.06 3.11 2.16

T34 19.76 14.52 3.38 2.42
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£ 3 AR E T X AT TSR TR 28R

i AERFY % BRI A B RAT AR TR
447 1,036 1,140 1,000
# B 1,058 1,050 1,095
B mg/L

iE D ORERAT S ATESBET 2 /& B A Beckman LX20
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{100 21

EDTA (50 #L)200ppm) dissolved in
g TTeOH/ 6.05% NH4OH =E:|

emessmm—— —-—' i
______ Rinse with
L

100ul MeCHY

0.05 % NH,OH S
=10 U / Stir for 30 min to form
&

EDTA-Ca complex formation

CE-ESI/MS

B 1~ Fe;0,@NTA #. 70 iii Ca" 2 T8 f
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B 2. RERZEMSSET42E%% © (a) 0 mg/mL (b) 0.25 mg/mL (c) 0.5
mg/mL (d) 1 mg/L (e) 3mg/L (f) 5mg/L (g) 7 mg/mL (h) 9 mg/mL (i) 11
mg/mL » & d Fe;0,@ NTA mit: 2 K TR & X 8% > L EDTA 5% (200
mg/L) M5B TFREKE FRIBUEBZRFERL@P ERT RN Y%
ik BHRAT oA AR 69 EST B 3L
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[EDTA-HJ-
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~ 3
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T
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2 ] [EDTA-3H+Ca]
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E 313 351
N IR W | VEPUURN N JL |
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[EDTA-HJ

100 291
(a)
3 0 mg/L
: [EDTA-3H+Ca-

50 329
E [EDTA-4H+Fe]-
3 313

0 4 A - ' " : ) :
291

100

(b)
5 mg/L

[EDTA-3H+Mg| 399

313
4
I T

| SYPT FETRL ATETA TSI RYCTL INTRLATEIATENLITT!

Relative Abundance ( % )

0
291
100 —
E (c)
3 10 mg/L
50 ] 313

3 329
3 344

0 —E o - U - - = ’L_» : A = = L‘A - 3

260 280 300 320 340 360 380
m/z

5+ 4 fbst 2455 (S5mg/L) & d Fe,0,@ NTA s &k fa TR %
Big - bA EDTA &% (200 mg/L) #4858 Fr ek T+ R @mLiaz2B8nd
BREWEBHRERBHEBEET L EABRBI OV AF6 ESI H3EH - A4t
SREH A (a) 0mg/L (b) S5mg/L (¢) 10mg/L
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