5 46 & ST (FENXI HUAXUE)  BFSEdRAs 12
2018 412 H Chinese Journal of Analytical Chemistry 1913 ~ 1922

DOI: 10.11895/j. issn. 0253-3820. 181481

“EUBRAREEIEES AEBEE
FE M5 35 A B i Bk A U K B R AR

& H KA FEs RmE OEXE EHATT g
NHHRORSE, JERLAR S MR TSRS, KA 130012)
SRR, LI TRIEE SIS 555, #1F 330013)

W OE OEKREGROTE: B4R F B Sn0, SHIES (FTO) LK EHI4 T TiO, KR FEFI 454 , 3 5 P8
AL TR IS 55 L B T (AEESI-MS) B A, SE L T K S P il 28 L i e vk | R FEL IR S 00T . RS %
T RO FE(TRA) -H FE L) W BRI | 0 AR 9 B L B P Bt 03 ot R 5 AR B G S A I A i g, 45
R EREBOR R 2% (V/V) TFA-HEE WLHEET I 60 s VEWERIH 1. 5% (V/V) 2 K-H B ok 0 Uk
7 pL/minf9 5T, 0 LIRS S BRI 2 BUOME 5 o ERALE T, MR GBS PRI S T 18 FhiAg 2
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2.1 UF5iEH

iEESI ?‘%%/}E( ARSI A ﬂJ:IJ) ; Orbitrap Fusion™ Tribrid™ Y I A Xcalibur 3.0 R4 2 4;
( 3£ [# Thermo Scientific /A ] ) ;Helios Nanolab 6001 X 5 F 4 B ¥ B {85 (6 H FEI AR ; AR BME
( N1£ 0. 10 mm,é’l‘%{: 0.19 mm,jﬂé Agilent Technologies /NGB! ,j{‘lf M20 ﬁﬁﬁﬁﬁ%*ﬂ(ﬁ% IKA 2
A HEREER (1 mL, JES I TR A BRA R ) o BB (g4l 361 Fisher AR ) 3 = LR (@54,
A R AR BT ) UK (i al, BB T AR B A R FD) 3 HCL(40#ral, b
FAETT ) 5 TiCL (fe2gal, 2548 A48 50 U A BRA ) 5 FTO S B 3 (A IR R AT R AR A B
2y s K ELBENRBEAR bR 5 PC 342 (LEHE >98% , 1 MRHE DL A RHE AT BR 2 A1 ) 5 SR IR H Mili-
Q Al b 2E E (2 Millipore 23] ) 4
2.2 I

JE77 BT YT TR AR DU R R K R T2 O T K RS R R, SRS 17 0.2 ¢
WFEERY A 1 mL 2% (V/V) =50 IR-H BEAE BRI EA TR, A5 T IS B 1) A i o0 1 e
B TR SRR IR S2 0, — 2 GO = R S TG M T
2.3 TiO, MK &FEFI R H &

TiO, 44 KL B 5 () 45 2 B SR [ 24 19751 MK 15 mL 47K F1 15 mL HCL A B Bedf
IRAHIAG, BIHA 0.45 mL TiCl, B, #5751 min, K5, BT 50 mL #54 BV 2 A 1 25
R, FAGHE L 2 em BYIE =M FTO SFHBEES A, UM A [ 0N 28 58 4% B n A
45,180°C T 2 h, AR EI B, HI4 09 TiO, 94K LR ME 5 Fl 4l 7k 22 Ui Uk 2 PEs i 2 P ik, B4R
B P 7 BT (SEM) X AR i — S AL Bk G K R B 5 A T IR S0 R A0E
2.4 TiO,-iEESI-MS 336 & #4-F1 7 3%

TS B OE B A AR | BRI A m/z 100 ~ 1500 ; B T LR +5. 5 kV 3 B TEHA IR
JE R 320°C s AEHEAT R 75 A 125 (CID) SEda Iy B RS T BR B SE 4 1.0 Da, il 8 AE & 30% ~40% ,
AT ] 100 ms, LT AGINSECR B R S8 A Sh s 5],

TiO,-EESI-MS AYSZEF LN 1 iR, 70.2 ¢ KGHFER A 1 mL 2% (V/V) TFA-H 4
BOA B TIZ I, W 0. 5 L 32305 AV TR (L2 T80 T N 2 15 =T TiO, 98 KL B 51wt , & mii—
JE T AT R T AR 5 SR FRAY 10% , BRE 60 s, A5 1) TiO, 4 K4k 150 5o i W P OB IR 94T

W R, SRJ5HI 100 WL 2% (V/V) TFA-H BSOS I T 8RR A9 TiO, 49 K ZEFEF 1 T Ik, bR AN e bk
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K1 AR 51 o B 5 456 A B AR IO S 25 Ha 2 BT 1S IR ] ( TiO, -iEESI-MS ) 5255 J5 B /R 2 4]
Fig.1  Schematic illustration of protocol of TiO,-internal extractive electrospray ionization-mass spectrometry

(TiO,-iEESI-MS). TFA, trifluoroacetic acid; FTO, Fluorine-doped tin oxide.



51219 R . BRI ) G S 5 S 2 L 8 TS AR K T A 1915
WSR2, fR)m, FEREET S AR B AE A, A 00 TIC \
YEBANETH 5 — U S T BRI 9 TiO, 90K 31 0&<gr% PR 1y Y s )
TR AR i, R RN T B Y THO, 40 K £R I 51 R g S
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Fig.2  Typical total ion chromatogram (TIC, A) and

3 %%51‘11@ extracted ion chromatogram ( EIC, B - D) of

3.1 TiO, 034 2 [ B T 3540 4 phospholipids in soybean by TiO,-iEESI-MS
SR K PRI 25 1 TiO, AK ZEFR 51 4540 1) SEM

BTN 3A Jis , TiO, AR PR 4F  HES 5%, B R EBERS , JFH 100 pL 2% (V/V) TFA-HIBER
WEVEZ TS |, 345 TiO, AR FEF A L BE K AN & 3B Ji7 , ml LAVE Wb i 7 21 — S b Bk 9 K 2 1 51)
MR T — 2 TC e AR T, i T i e B VE X e AN 29 2% (V/V) TFA-H BERIRIE Uk
i, FIH1.5% (V/V)ZoK-H BRSO W B T BEAR ) Tio, 91 oK 26 3R A T P B J5 1) SEM [E 4 &l 3C
Fis , ToE TS MBS R, AR WTE SR R M v] UL, AR4E SEM BIZE R IF 2% 3CHk(3,19,20 119
TR 25 S, v LU £ B TiO, 40K 28 B 51 16 06 XoF 1l G 25 900 o a0k A 7 W R, T 2 D A 928 36 390 T DA AR 4
Ve BERS

K3 TiO, PKEFEA Bl R BT A - (A) TiO, ZAOKERFES1 | (B) MR T WEAR IS B9 TiO, KR 451 R (C)
VRS B Ti0, 4 K 2k 1451
Fig.3 Scanning electron microscopy (SEM) image of (A) TiO, nanowire array, (B) TiO, nanowire array

after adsorbing phospholipid and (C) TiO, nanowire array after eluting

3.2 EXWEHFHMRK

FIHEIE VTR G R SRR A 2588 T ZEHUR R TRA 1 HA51] W5z 56 s 1] 28 15t 790 v 22K BB 3 LA B 3
J A 3 S S R S G 25 R R, ZEER P TFA 0] LI FE TiO, 4 K8 14 51 % 8 i (X W B, b 1 75
AR LIRSS 5T MO TFA 5 H R R R H S SC 8 25 S g i, 3536 W B B 1) 1 min, 2R
H1.5% (v/V)Z/K-H BRGS0 LL B, SR B 7 pl/min (2544, B0A8 TFA 76 H A A Eb )
(0% 1% 2% 3% T 4% ) , 133 3 M@l PC 34:4 (m/z 740.52499) “PC 34:2 (m/z 758.57143) Fl
‘PC 36 :4 (m/z782.57198) MIf5 Tk BE Rl TFA-FH B LL G (V/V) AR Fb B 2R, R 4A i, B TFA
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OR35S 5 TR W 0, 24 TFA BRI 2% B, 15 55 B S A R FEBE TEA EL 5] A9 388 i it A2
fbo JRIRE TFA LGRS INAE SR T Tio, 40K £ BE 51 51 i 4 i 5 3T i AR ELAE D, DN T 386 1™ et i g
(R A F: | 7 2% B BREVE FH IR B B K5 24 TRA LBl I 2% J5 , BERR RO M5 5 5 AN PR3 in ., PRI e ik 4%
AR TRA-H BE LUK 2%

TEREBOR N 2% (V/V) TRA-HIEE SRH1.5% (V/V) EoK-B B 300 Lo 46, JEAE I3 7 ./ min
55T, SO AN A IR B TD (10,20 30,60 .90 ,120 180 1300 s) , #RFE T W B Asf o] Xl g 175 5 ok &2
(SR 25N 4B Fros Bl BT TR A RE S, B A A0 15 5 R BE B T G 5 TR OR TiO, 9K 2k R4 %)
TR PR A2 5 2 PR T i R A 2 BT B A 5 XS W BT E L 60 s S5, BT TiO, 4K LB S X B
(RIS BT SR 2 BT IS A e S W BT ] B A5 5 iR BN PR I, S0 BB A (0 IR R ERT DA 60 s,
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¥4  TiO,-iEESI-MS 5238 55 F AL . (A) TRA-HI B LL A, (B) W BRFAS ], (C) Z7K-HT B LB A9, (D) e
FIGH (n=3 , 1R ZEHEFIR PG AR DR 22 )
Fig. 4  Optimization of TiO,-iEESI-MS experimental conditions;: ( A) Ratio of TFA in methanol, ( B)

Adsorption time, (C) Ratio of ammonia in methanol and (D) flow rate of elution (n =3, the error bar

represents two times of standard deviation)

VRS R A UK, AT LA BERR IR 28 TR TiO, UK LR B2 el A ) F I Se Bl ke, A%
BB R 2% (V/V) TFA-HEE | REETE] 1 min, SEFEREE 7 pl/min BS54 R , 2558 T R RO TR A9 2
KA (0% 0.5% 1% 1.5% F12% ) RBENRAF T BE RS2, AN 4C s, BE 2K FE A5 n , #%

RO 5 5 L R TN s MUK IR BB AT 1. 5% Z )5 , BEIR IS S g & T, X R &K IEHE T
WERR PR AR R 2R BE R R, S XA o7 A F B B 2 17 S BORR B A5 5 9 B T %, s B
IKAE H B A 1. 5%

BUAR IR 5 T PR ) X W A 15 5 5 B A B2, TEZREUHCN 2% (V/V) TEA-FR | W R As
)1 min , RAZK-HFEEL(1.5% ,V/V) BRI AT AN R RSB s (5.6 .7 .8 .9 110 pl/min) ,
15 BN e 015 = ok B2 Bt 1 0 A8 fEE # (B14D) o 755 ~7 wL/min JEFEN , BEAR 015558 B2 BE & T (1Y)
HERMHE AR, X2 o T I a3 etk 7 B AR 0B s 767 ~ 10 L/ min i B P, W AR 015 59 B i 4 3t R
ARG TR0/ I D DAL Y i R R B0 Mo 791 7 422 30 JB i 11 19 TiO, 0 K 2 B 4] A i 1 3R TV G, feli A
T LA LB 25 AN R, HE TS R B i A5 5 DRI, A5 SRR A BRI i 3 A7 L/ min
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3.3 XEBENEMESH

PISBIRIT R G S M A TEDARRY SE 80 251 R, 20 R FTO LIS 55 TiO, K2 FE 51 % K
ORERR AT B4R SRS AT iEESI-MS K, S ERUTT A B m/z 700 ~ 900 1 — 2 4E S0 E 435 an
K 5A F15B Fias, MBI SA il LI S| m/z 740. 52499 .m/z 758. 57143 ;m/z 782. 57198 .m/z 784. 58548
GG 0, {5 5 B RIR, 5 M bk A 25 IWIEL 5B R il LU B m/z 740. 52499 . m/z 754. 53935,
m/z 758.57143 .m/z 760. 57962 .m/z 782. 57198 .m/z 784. 58548 .m/z 786. 60363 Hl m/z 852. 56023 % {5
U AT T R R, A MR LR RS I B Y B A3 2E AT RIS R R S (CID) SE IR, RRAE B
m/z 758. 57143 ;m/z 782. 57198 B i KUKl 6 Frs . m/z 478 Fl m/z 502 43 52 i AL i HE 4>+
B m/z 758. 57143 M+H | * B WIlAR (18:2 ,MF . 280. 24 ) FIAEHAELE (16:0,MF . 256.24) 13 3| AY#% F
(B 6A) ;m/z 502 J& B FALIIHESY F BT m/z 782. 57198 [ M+H | * 4 iR (18:2, MF . 280.24 ) 153
FIRRIERE - (T8 6B) . HUE BN A & /0 P50 & CID WE (5 B T35 1, &0 @& 0 ¥E8dE f CID 45
BT, DL I 5 SCRR [ 25 ~ 27 ] B XT L, 2R FTO-iEESI-MS 46 10 2] 7 Ff ik BE Bk AH 5% ( *PC 34 :4 |
‘PC 34 :3 "PC 34:2 'PC 36 :5."PC 36:4 'PC 36:3 FI'PC 36:2) ; TiO,-iEESI-MS FLAGI 3 1 18 Ak g
FEARGE (2% 1), 45 R E W, L0t Tio, R B J5 (1) FTO T H 3% 35 X T R S8 5 09 & AR 4r,
Ti0,-iEESI-MSSE 0 5 2 il DR G-t H K G w A iy ezl

100+ 782.57198

A
s 75F
Iy 728.58871 758.57143 816.64135
é 50F 860.66741
<
2 784.58548
=1 848.51596
5 25+ 740.52499 ‘ ) 892.54217
0 L I|| |||.||I.. | |. s ’I||| X |I Ll ||I| |‘I’| i |.;|I|| m
700 720 740 760 780 300 820 840 860 880 900
m/z
782.57198
100-B
s I51
3 758.57143 784.58548
S 50F
Hé 754.53935 760.57962
2 /
= 257 \ m 786.60363
740.52499 - 852.56023
0 L1 A . ||| L | ! | ! |
700 720 740 760 780 800 820 840 860 880 900
m/z

&5 (A)FTO-iEESI-MS F1( B) TiO,-iEESI-MS it B Jp: YTk S i s AG i 14— 2 T 3% /&
Fig.5 Mass spectra of phospholipid from Heilongjiang Province using (A) FTO-EESI-MS and (B)
Ti0,-1EESI-MS
3.4 KEBEHNEESNT
PEICA S BERRE AR ("PC 34:2) FE R Kol B bR Ml 0 AT R A0 HT . LA 2% (V/V) TRA-HIEE N
BRI Bl — R AN AR (0.1 ~ 1000 pne/L) MYPC 34:2 FRUETR W, AT Ti0,~EESI-MS AW LLIPC
34:2 BYRFIERE A B (m/z 502) BOMR -5 3R BE M P AR bR, b vHEVA SRR BE O B A A, 24l T4t 2, A B 46
PRI DR N y=2. 8045x+45. 441 MHEFEL R =0.9914, LA 3 F5A(EMELL (S/N) & ks R,
TRENA T LA R (LOD) 25 0.01 pg/L, 3 WA ARifEfi 22 (RSD) 1 1.6% ~6.5% .
A PC 34:2 #92% (V/V) TFA-HIESEWPANA S 100 #1500 we/L 9°PC 34: 2, JEATHibs [l
LR, FAERESATINE 3 K, ZERANER 2 FT/R, 'PC 34:2 (Y RIIRA 97.4% ~103.0% ,RSD K 4.4%
~5.3% ,RIIARTTIE B BUNE RAF, ol LU 2 R A i 5 22
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1001, ¥
[M+H-R,COOH]* 758.6
TS50 ms-rcoony | 302
. 478
= 50F
%
5 [M+H]"
= 25r +
=< 758.6
o) I S | \‘ ! T R ! L |
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100 B [M+H-RCOOH]] 782.6
502
X T5r
= 50f
.—ﬁ
£
= 251 [M+H]*
782.6
0 I I I I [ I |
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m/z

F6 ZHFRiGE:(A)m/z758.6;(B)m/z782.6( * XA EET)
Fig. 6 MS/MS spectra of (A) m/z758.6 and (B) m/z782.6 ( * represents background ion)
F 1 BTG AR B A AR R

Table 1  Molecular species of phospholipids detected in soybean from Heilongjiang Province

SR sl HH BT [MeH) by [MeH] SR R
Molecular species Structure Fragment [M+H]* Calculated }g[ M*.'HJ ) Error
Cxperimental (ppm)

*PC 34 :4 16:1-18 :3 486,462 740.52248 740. 52499 3.39
'PC34:3 16 :1-18 :2 488,462 742.53816 742.53996 2.42
‘PC 34 :2 16:1-18 :1 490,462 744.55378 744.55587 2.81
4PC 34 :4 16 :1-18;3 500,476 754.53813 754.53935 1.62
1pC34:3 16 :0-18 :3 500,478 756.55378 756.55584 2.72
ipC 34 :2 16 :0-18 :2 502,478 758.56943 758.57143 2.64
ipC34:1 16 :0-18 : 1 504,478 760. 58508 760. 57962 -7.17
4PC34:0 16 :0-18 :0 506,478 762.60073 762. 59650 -5.55
IPC 36:6 18 :3-18;3 500 778.53813 778. 54059 3.16
1pC 36:5 18:2-18 :3 500,502 780.55378 780. 55581 2.60
4PC 36 :4 18:2-18 :2 502 782.56943 782.57198 3.26
4PC36:3 18 :1-18:2 502,504 784.58508 784.58548 0.51
4pC 36 :2 18 :0-18 :2 502,506 786. 60073 786. 60363 3.69
4pC36:1 18:0-18 :1 504,506 788.61638 788.61081 —7.06
dpc42:11 20:5-22:6 550,524 852.55378 852.56023 7.57
IpCc42:10 20:4-22:6 550,526 854.56943 854.56998 0.64
‘PC 44 :6 22:0-22:6 536,548 876.55378 876.55984 6.91
‘PC 44 :4 22:022:4 540,548 880. 58508 880.59191 7.76

TE A FRIE A (VIPC 34:4) | “a” 7R Sn-1 (LR MR HE 5 HHM S5 A4 LASE e SLSEARTE |« d” 3R Sn-1 DLARITIRHE S5 HH &4 LU 12
B, 347 R Sn-1 AL Sn-2 SLEBRIEFANEL, “4” 38R Sn-l A7 5 Sn2 A M, S5HRARIER (16:1-18:3) , <167 Fl
“187 43 HIFR Sn-1 (25 Sn-2 (LAY ABRIETNE, <17 F43 7 S IFIR Sn-1 AL Sn2 AL SR

Note: The form of molecular species (YPC 34:4) | “a’ means the fatty acid chain at Sn-1 posotion is connected to the glycerol structure with
alkylacyll bond, and "d" means the fatty acid chain at Sn-1 posotion is context to the glycerol structure with diacyl bond. ‘34’ means the
summed number of carbon atoms at both the sn-1 and sn-2 positions, and ‘4’ means the summed number of double bonds at both the Sn-1 and
Sn-2 positions. The representation of structure (16:1-18:3), ‘16’ and ‘18’ means the summed number of carbon atoms at both the Sn-1 and
Sn-2 positions, and ‘1’ and ‘3’ means the summed number of double bonds at both the Sn-1 and Sn-2 positions.

3.5 AEFHRKEIHNIH
AN SRR SE I T IR YT VLI DU LR AR RS 5 AN R MR R AR A RN B2 A
ST FTO-EESI-MS FITiO, -iEESI-MS 4387 , 5 12 49 4 ¥ il m./ 2700 ~ 900 (% — 4 48 L0 3 1] 4n (517 e
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AL BRI LS B AR A U 5

P B A P A I R 2 i 1919

7N, 48 FTO-iEESI-MS 73477 J5 345 i IR 254 i i)
FRIEAS S 0830 (7 F) 15 53R BRI, {5 R L4
7328 Ti0, - EESI-MS 3#7J5 4RA5 1) 5 = th K 5
T BRI 28 B P ARRIEAS S I 6 (18 F)
R o M bl B e e 18 #h
WERE S B4 19 246 o) 15 5 58 B2 2504 5 A matlab 3K
(V9. 0. 0. 341360 ) #F 47 PCA 43 B, 45
WA ESFT /™ , PCA = 415 4y IR 45 B 2 W,

2 "PC 34:2 fbR el LB 45
Table 2 Recoveries for determination of “PC 34 :2 in spiked
samples

bk VS AR B T A 22
Spiked ( pg/L) Recovery( % ) RSD(% , n=5)
5 98.4 4.6
100 97.4 5.3
500 103.0 4.4

5 BN [R] = A (SRR YT 34 5], VTR 22 46, iU )I] 45 51, 1 7R 34 )i 30 6] T LAAS E1 045 X 4

AN

R R 2 AT P R 2 B8 R 3 A DX SRS D AT, AT RE B4 S DX 3 4l XK LA W i 1 7

BN BUE PCA A9 IX I BOR AN WL 5 VUK T JTIRR A1 3 )™ Hi iy R 2 ke s Kt 2 A
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Determination of Phospholipids in Soybean by Titanium Dioxide
Nanowires Array Enrichment Combined with Internal Extractive
Electrospray Ionization Mass Spectrometry

KOU Wei', ZHANG Hua', LU Hai-Yan', ZHU Li-Xue', LIU Ai-Ying', HUANG Ke-Ke*', CHEN Huan-Wen*'"?
'(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, Jilin University, Changchun 130012, China)
*( Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation,

East China Institute of Technology, Nanchang 330013, China)

Abstract  Titanium dioxide ( TiO,) nanowires array prepared on the fluorine-doped tin oxide ( FTO)
substrate by the hydrothermal synthesis method was combined with internal extractive electrospray ionization
mass spectrometry (iEESI-MS) , allowing selective enrichment and direct analysis of the phospholipids from
soybean. The experimental parameters including ratio of trifluoroacetic acid ( TFA) in methanol, adsorption
time, composition, and flow rate of eluent were investigated. The results showed that the optimal signal of
phospholipids was obtained under the optimized conditions such as the extraction solution of 2% (V/V) TFA
in methanol, adsorption time of 60 s, eluent of 1. 5% (V/V) ammonia in methanol and flow rate of
7 pL/min. A total of 18 kinds of phospholipids were detected from the grinding soybean solution. Based on
these components, the soybeans from Heilongjiang, Jiangsu, Sichuan, Shandong and Henan were
preliminarily separated by principal component analysis (PCA). The limits of detection (S/N=3) were 0. 01
pg/L and the relative standard deviations (RSDs, n=3) were 1.6% —6.5% , showing high sensitivity in the
quantitative analysis of phospholipids from soybean. Besides, accurate and rapid screening of the quality of
commercial soybean oil was also achieved. This method was featured by less sample consumption, rapid
analysis and simple operation, and could be used for direct and rapid detection of phospholipids in soybean.

Keywords Titanium dioxide nanowires array; Internal extractive electrospray ionization mass spectrometry ;

Phospholipids in soybean; Distinction of region
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