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Abstract: An ultra-high performance liquid chromatography tandem mass-spectrometry (UPLC-MS/MS) method was established to
determine the total folate content and polyglutamate folate distribution in winged beans. Coarsely chopped winged beans were boiled to
inactivate endogenous polyglutamate hydrolase and.degrade folate-binding proteins so that the bound folate was converted to free form. After
filtration, the extracted folate in'various forms was converted to 5-methyl tetrahydrofolate polyglutamyl (SMTHFGIu,), salt was removed using
a C18 SPE cartridge, and UPLC was performed to separate the different forms of SMTHFGIu,. The content of SMTHFGIu, in different forms
were determined Using positive electrospray ionization (ESI*) under multiple reaction monitoring (MRM) mode. Quantitative analysis was
conducted using PteGlu g as the internal standard and SMTHFGIlu(.6) as external standards. The method showed high sensitivity, with a limit
of detection of 40~1133 fmol anda limit of quantification of 120~3400 fmol. The precision of determination ranged from 0.5% to 6.8% and the
average recovery.was 43%. The results showed that the predominant form of polyglutamate folate in winged bean was pentaglutamyl folate
(65%), followed by 5SMTHF, accounting for 29.6%; other forms accounted for only 5.6%. The total folate content in fresh winged beans was 1.1
umol/100 g, which was significantly higher than that in spinach and broccoli. This method is fast, sensitive, and accurate, and is suitable for
determining total folate and polyglutamy! folate distribution in different vegetables.
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Fig.1 Chemical structure of polyglutamylated folates

N i R SE B4 T T VR IBIRAL 2 B
WAN 20T HETHERIIAE SRS AT 32 A T
BIlUHPLC &AM, s qb oy K ot ie ik
(BI0M  He e A W N G e T 77 1 B R R
Tl BRIV B i, T ARRERIIN & R4, HARAE
I EB, EEMZE. MR AR {EH HPLC ¥,
BIZIT N R AT 2K %, HR AR, e ik
s W2IR] UPLC-MSIMS T RN /T 3345 8 Flighisi
HIH R4 A5 (ks UPLC-MS/MS 12 5 AT B, R4,
IR S0 PR EE D IR = A H R B, (H
55 B RSERIGTHR, T An@E i Py bR T AR
BRI A T .

VU4 & (Psophocarpus tetragonolobus D.C), [Al&
AFEENEDEA . BEAYE IR TTRF M
FRN“GREET. HEDN PR SIS TR AR T
1SRG 3R (R A AR R e R A BT, ok
IR B N 2 TR IR IR 73 AT FRIAH GBI

AHIEFE BT L DY & SRR SRR, R R A AT
FACHIT IR AR A R A0 R B- R DY St
1%, JHiE UPLC-MSIMS J5:bATillae, MIfigkix

296

TR RS R R BRI AR, XA T
POk AR & B R M . AL
{5 BINARFREH T H e h R oA

1 SCwEssy

11 A G408

HHEEIUR S W RE AT = ol G1E
ISR, R E rZ s ade, B TKE, 18
3 AN/INEF N IZ B SR EG = AT I E o I R S R
(PteGluy) (Sigma 2 mJ0); MWL 4-L- = % & R
(PteGluy), MEME-y-L- =2 IR. (PteGlus)s,. MhE=y-L-
VIREIR (PteGlug)s WEEE-y-L- LA = ER (PteGlus),
EFy-L /N2 282 (PteGlug) , Y90 schircks 52562 ;
PURIMER (Sigma A7) HLIR MR E-(Sigma A 7));
L-5-F 38 DU AT A - ChRilg s AR A TR A 7DD;
MElRa, WHRZE FA N, R (othal, R
BT RS FARA s 2R (ordrad, | Nk
s WESLEN Tl RETTAR R AT s
KR (Pvdll, RET S TR TERARD; 2-
SERE (R4, aladdin AR FEE (pffral, R
AL ) HPLC 20, HPLC I,
B F- 351 Burdick&Jackson Awl;  ERIHERE (4>
Mréds Amresco A w)); C18 AHMEAHZEHL (SPE) /)
¥ (Sep-pak,Waters A #]); =256 H 7K Millipore 24k
Ko

12 (EmkE

EL104 HF R MR-+ R 2408 R ATRA
7]); pHS-3C Hif pH it (SRS RR A
F]); SB-5200DTS XU A il ey (TG 20
WAARATD; UV-1750 L40a] W eEi (HA
AT, SHZ-DIMEM /K B AR LT AR
HIRFAEAT); IKAT18 Basic ¥JJ5ies (fE[H IKA 2
A HAKEIEHL (Thermo Aw]); 24 1290 &
RO -2 548 6460 =2 U BT 5 IS I AN (‘224
&, EHE).

13 (L&A 1F

131 &asknr

RS 1290 AR R Btk HILIC
(4.50 mm>100 mm, Fif% 2.6 um) (kineie); JslAH:
10 mmol/L Z.BR%% (& 0.2%M ZR)- 2 s (AR HE Ky
50:50 ZEREEPEML); HEFER: 2 ul; W#E N 0.8 mL/min.
132 st



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

HUES 1B T (ESIDBEX, Mm% % 350 kV,
BN JT: 50 psi, AMALE: 10.0 Limin, fn#kiR

FE: 300 C, HAfR: ZEFEMEL (MRMD ,
EEE AL ESBNE 1.

® 1 ZEMRFRIERESH
Table 1 MS/MS parameters for folate quantitation

oML (4%5) #F5FI(m2) FBFI(mz) HAWEN  EREGEEV  REE/ms
WELE SR E (PteGluy) 442 295 110 16 40
WL — SR B (PteGlu,) 571 295 140 24 40
Wk = SR B (PteGlug) 700 295 180 36 40
B SR B (PteGlu,) 829 295 190 40 40
WL A S RE (PteGlug) 958 295 240 47 40
BB SFE (PteGlug) 1087 295 300 59 40
5-F A-v9 SHEBL YL 5 2B (SMTHFGIu, ) 460 313 110 16 40
5-F A-v9 SHEBE — 5 2B (SMTHFGIu,) 589 313 140 26 40
5- v S MR = 5 2B (SMTHFGIu;) 718 313 180 35 40
5- 5 v SHERLYT 5 2B (SMTHFGIu,) 847 313 210 39 40
5-F A-v9 SR A S AFR (SMTHFGIus ) 976 313 270 47 40
5-F A-v9 SHERES 5 AFR (SMTHFGIUg ) 1105 313 290 53 40
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PteGlug (332 pmol/L). KNI ERFRER % 2:1:1:1:2:
AT LIRS PteGlu (.o AR 1 mLo

15 SMTHFGIU (1.6, o ¥ 7 09 4

15.1 PteGlu 16 3514 SMTHFGIU (1)

FrAIEC L mL ) PteGluy.g PpERE &R GREEN
L.A)FT 1 mL £y 5-H JE PUSUH PR B A4 5 (410 pmol/L)
T 25 mL M Bavtir @R+, AL mL 100
mmol/L % 1%L LR 8 M 4 2 v sl (pH=
7.4), FOFRSIEy ARG mL 2-FEEF 4 mL
120 g/L NaBH,, #RZiES), ## & 10 min, H 5 mol/lL
CH3;CQOH 1 pH=7.4; NI\ 37%H % 160 pL, HR3%E
A7, THE B.min, M 4 mk420 g/L NaBH,, IR¥%I1ES],
FHE 10 min, FEATER. RVIREGR R 25 mL [ R
R, 3 3.2mol/lL NaBH, i TBUE BRI 2R . [ ™
AR FCE 3 h, R RN NaBH, f AT H 5,
B 5 mL _EiEWGE 0.45 pm JEE. X BN 5-HI3EP]
SRS I B (2 2 i R
1.5.2 SMTHFGIU (16 %9 # At AnARAE W 45,49 4]
%

N BR 2 LB AR KR 1) NaBH, 75 »
WK 7 M C18 SPE HIT- B 4alifb Ak 45 1
5MTHFGIu 1.¢)- SPE /ME53 71 FH 5 mL 0.1% H1 & HHE,

5 mL 0.1%1 R KRR , SR G HERREEN 5 mL %
TS RIFE 22 A, WA 5 mL 0.1%01) R
AKIETEERE,. KA 1 mL 0.1% H R F S48 e i,
WS 7 P 0.1% FF R I N2 1, e 4554
5 R BMTHFG U .60 FEI K 290 nm AL 58 AN E
He HRFEA N Lambert-Beer &, A=(be, 1 (A%
REEIRVE I A% (31.7 pmoL/L.cm); b AR LA IL)E
&, N1lcom; cARERIKRE; ARG MimfSsl
THE AL IR L HER A FHAFR ) SMTHFGIU )
(IbRAESL, FEHIIIA 100 puL PteGlu .6 TE AR,
FH 100 mmol/L (1R R SRR (Fr 1% TR I
2, pH=7.84) EZ&F| 10 mL, MiifEEIAFHE R T
VERT4T UPLC-MS/IMS 4347

16 PFEREGIREUR ALK 5-F -0 At B iy

A

R AR IS SOk P AR a2, SR e
— RN TN 2 R ERRK R, DLORIEESEER
TR DU & R BRI N VR TEIRAS . FREXS g T
EEVURS GRS, TIRZD 2 om K/hB, T 50 mL #EE
A, N 25 mL PRI ZE MR (100 mmol/L BEfE
P, B 1% PR INER, 0.1% miJipERT,
pH=7.4) , T /KHIi#k 10 min {2 RAERK
RS, BUBFER, RO e 4R H 3=,
RSN 82 21K 5 , FET3K A in#4 10 min,
HCH R, w0, e, KIEmOE A H) 25 mL, 720 C
UKFERAFE . BT RAMRIE A ZHE, FEIRAR

297



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

5-FIIEPUS IR (BMTHF), N T RiLBEN 2 RS
IR IR 1A S TR 73 AT, JRAT PR A g i
M0y SMTHFGIU ), FEALJRER KB IRAKHE SC
ik AR,

AP BUS mL G, MM 500 pL bRtk
5-F 3 PU S HER (78 pmol/L), FEANA 15 mL 66 mmol/L
pH=7.8 Tris ZEHiR (& 2 g HURIMEREA), 1 mL 2-2-[F,
10 mL 120 g/L ) NaBH,, #ikiE~), & 10 min; H
5 mol/L CH;COOH i % pH=7.4; I\ 37% % 80 L,
SRIEHRY 30 s LLVRZAT, 30 s I 10 mL 120 g/L ()
NaBH,, %R 5 H 379%i4 HCI i pH % 0.85, # & 10 min;
F 5 mol/L NaOH i pH % 5, F i 10 mL 120 g/L
NaBH., #&¥%¥9%5], &8 20 min; FH Tris ZEMWER
F 100 mL; RS LER 2-FRE LG BU5 mL
G 0.45 pm JERRSS,  JEWOE AR C18 SPE FERR
#he Hr 100 pL FeBid+, A 100 pL PteGlu -6
WA, SRIGHEAT UPLC-MS/MS lll5E »

2 ZER5vHS

2.1 UPLC-MS/MS 414 th 481t

TRENAH R TSRy B 20 E S, hT
SKH MS [ MS %t B Al A3 T e MR e B HT s
AR HARI BB T, BRI X 2R A T
3N, T E AR S miE BT, AR A
i ) Sl NIV NI 2 27 e Sl KPR e} =L L I
HESTHRARAET, DL 0.19% FIR /K@) 2. 5(B) NI EHs
IR, B R R LRS- F S DU SRR
U IRMG. HOALE T 10 mmol/L ZEE4(5 0.2%H 2,
fR) -Z.iE (50:50, VIV NTsh I &R, 6 Fh
RRIGETE . WREMER RUF, /b, SR 1
RIPEIR R, 3 min ERETE SRS . BTk, 7Ermt
FIEBS I A TX 6 B ERY) 5 SMTHFGIU 63T —
LT HT(QL 194H), , HEIS TR T (BEET) , Xt
AT B F T S OE (15 ),
BRMAETELS, BTET, REHI 6 Fp 5-FXE

VUSSR — i S A, AARFIERE 28 1o SA 3
KNI AR, SEIEME SR kK, R
GRS RO R B TR S 6 B S-HEDUSHHR
WrERR T, 2 RIS LA 2.

22 JrEF Wik

WU TR ISR |« SRR IR  Fef e PR
2 FEFAERR L HEAT 1 36AIE . 580 BMTHFGIU (1) 1]
TN 20%6~90%,  HefIRKI FR-ai A T 7 1,
K UPLC-MS/IMS 5 e R R 28 S 45 R R 43
AR, AP0 A, v R M A A R PR R T A
HEME . T BREER R, FATIA T PR
PteGlU 0 MIAPIAaJE , FTIEM R AT B
[F]— RHKE BN 05%E 7.5%, Rk E N 1%E
8%. %Ff 5- FFEDU SIS IE £idfs L3k 2 Fik 3.

a

10 1,380 min <10 1268 min

8 f 1.2 ‘|\
|1 1.0/

6 I . (|

| 5 0% ‘ |

| K \

4 | C 06 |

3 \

1

A |
\ 0.2 | L
A -~
0 35 2,
‘

0.0
L L

s 210R
i

0.8

. il

£ os- I

6
2 2
S04 |1 S 4
3k
1

A A 18 A

e 1.094 min ey 1.075 min
f
20- i
||‘ 18 II‘
‘ \ 16f ‘ |

I \

[ \
| NN ) \)\_,\7 E:;,-ML_J‘ \Ywh—\,,ﬁ,
1.5 2 r

PR

- 04
20 05 1.0 1.5 20

0.5 10
Acquisition Time / min Acquisition Time / min

& 2 SMTHFGIu o MRM i
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Table 2 Linear relationships, limits of detections, limits of quantifications, recoveries for six SMTHF

1 o-dh 4 AR Ao diffmol R EFRAmol  WE/%  ABK R4k &MESEE/(EAEZ/pmol)
5-F w9 S HEBL R S5 A FR (SMTHFGIU, ) 100 300 42 0.997 0.3-57
5-F 3 -v9 SHEBL — SR B (BMTHFGIu,) 40 120 88 0.997 1~60
5-F w9 S HEBL = 5 F B (SMTHFGIu3) 49 150 37 0.997 1~63
5-F 359 SR BL D 52 (SMTHFGIu,) 110 330 20 0.997 1~48
5-F A -v RSKBLA B 2B (SMTHFGIus ) 633 1900 50 0.997 2~117
5-F J-v9 R SR B (SMTHFGIug) 1133 3400 23 0.997 3~187
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Table 3 Precisions and accuracies for six SMTHF compounds

et ek AdeKFpmol — ki - - Rk -
A L% P EI% A% R E %

5MTHFGIu, 0.3~114 0.5 91.6 11 90.5

5MTHFGlu, 1~60 45 935 59 92.7

5MTHFGIus 1~63 51 96.3 55 95.2

5MTHFGIu, 1~48 7.0 98.4 7.7 96.5

5MTHFGlus 2~117 74 92.1 6.8 92.3

S5MTHFGlug 3~187 6.8 99.3 5.2 98.7
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Fig.4 Chromatograms of polyglutamyl SMTHFGlu(,.¢)in
Psophacarpus tetragonolobus D.C extract in MRM mode
E: g. SMTHFGlu;; h. BMTHFGIuy; i. SMTHFGIus; j.
5MTHFGlIuy; k. SMTHFGIus; I. SMTHFGIug.

*4 MR EHHERNSERSS
Table 4 Content and distributions of 5SMTHF monoglutamate and polyglutamate in Psophocarpus tetragonolobus D.C (umol/100 g)

ARG 5MTHFGIu; 5MTHFGIu, 5MTHFGlu; 5MTHFGIu, S5MTHFGlus S5MTHFGlus  *t#.%%
4% /(umol/100 g) 0.3250 0.0151 0.0168 0.0240 0.7121 0.0056 11
& &S EB L% 29.58 1.38 1.53 2.18 64.81 0.51 100
3 4Hig B LK

AW TS THER =20 UPLC-MS/IMS J7ikE
BTV R TR M R AR R A . AT
ARFTA AR R EL A0 5-H B U MR 1 TR
X, BT i, e TR E B i ki,
SHTIFIELINT 3 mine VR RBUE R, BARAIIER
o 40~1133 fmol, HAKE &R 120~3400 fmol, #5%
FEN 05%~6.8%, “T¥JEIULER 43%, AHKFREL
R®>0.997. WA BLIURE B 2 A R IR IR 1 5
TEURIERE AL, R SR 65%; LG
AR R 15 30%. XA AERS 1 VUK E
HIRFIE N S B A, AT KRR Z i
HIHRRI A Tt T AR SR
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