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Selection of chromatographic column for trehalose-6-phosphate and treha-
lose detection in Fusarium graminearum by UPLC-MS/MS
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Abstract: The best chromatographic column of trehalose-6-phosphate (T6P) and trehalose (Tre) in ultra-high perfor-
monce liquid chromatography (UPLC) separation was selected. The chromatographic behaviors of T6P and Tre in six kinds of
chromatographic columns (C 4 column, Kinetex HILIC column, T3 column, Luna® NH2 column, Cogent diamond hydride
column and BEH Amide column) were compared. The results showed that Amino column and T3 column were suitable for the
detection of T6P and Tre according to the chromatographic retention effect. UPLC-MS/MS methods for T6P and Tre in Fusari-
um graminearum were established based on Luna® NH2 column and T3 column, respectively. The detection limits of Luna®
NH2 column and T3 column were 1.25-5. 10 pg/L and 12.75-15.62 png/L, the limits of quantification were 3. 75-15. 60
pg/L and 38.25-52.03 wg/L, the recoveries were 71.5% —85.7% and 82.8%—95.6%, the relative standard deviations
(RSD) were 3.8%—8.5% and 2.7%-3.3%, respectively.
The method established by Luna® NH2 column has high
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AREHETIT W ( Fusarium graminearum ) J&/N&E  EK
SFANER R H WS IR B0 , A8
AR TR, IR 7= AR MK B 2R ™ I AR 7™
(i TN ZE S VM ( Trehalose , Tre ) A5
BGEAEXT BRI 1A 2o RIVEH], ol , R
AT T v R T B G U AR AR DG, R A Bk
TR R A & BURE 7, ARG P A= 41 WX
HEAMAES I 86% " . 6-BERRIFSENE ( Trehalose-
6-phosphate , T6P ) J& Tre £E 4G BUA H E A, 2 AR Y F1
FLA LA A (SR X R ) B
T6P il Tre 475 SN , 1] LRI R A RN
WM B R R S

Tre J& THERALG Y, A B BEARY R I 7 1%
TOP J& TRRVESRAR , fE G Wb & i A, B A 322
SR USRI ( GC-MS) M FIIR BT (LC-MS ) 15
2 B AN, GC-MS F5 24T AR SOy, AiTAbFI AL 2, A
DM IE] G, LC-MS A i [, i A PR ] 23, 1H 2
SR FRAT BT i A1 48 , BF 2 - PR AE S A, 1B
PIPERE SRR 5380, th T TeP HATSRIRTET,
SR MECR B FIXE T B AL G, T R T SR KA )
B ,X#@IJ§*£%*K% , Y Dionex TonPac AS11-
HC column (250.0 mmx2.0 mm,9.0 pm)"'®  SIELC
(4.6 mmx 150.0 mm, 5.0
pum) 7" Waters Acquity BEH amide column (3.0 mmx
100.0 mm, 1.7 pm)"® ZIC-HILIC HPLC column
(2.1 mmx150.0 mm,3.5 um) "/F1 AQUITY UPLC
BEH C18 (2.1 mmx50.0 mm, 1.7 um) " 0] T
KM B AR | B Waters Acquity BEH amide column 1]
PUIRBER ) 70 18 B, BAT B i 0 B RCR HoAb
TEAT AN )RR B2 A7 AR 20 B9 PTG € w17 (AP | (3%
W | Al A A A IR, AR ARYE Top
ARSI S AR R B, B X €8 S AT R A T 0 A R
TE A ETEAT T T R ARSI R A SR T TR H Y TeP Al

F 1 T6P  Tre WAL & K i MM RiL S

column

Primesep SB

Tre [1¥) UPLC-MS/MS J5i% .
1 AR

1.1 (5 EH

Agilent 1290 % UPLC & %4:, ABsciex 4500 Jii %
25 , BT KF- (XP10SDR 7, 8 L F iRl 2 U 25
AT ), AWL-0201-P B8 41K 5 48 (XA}
AT PR 2 A ™= i), KQ-250E 78 75 I8 15 Pk 2%
(B AR A A A 2 AT FR 2 777 ) , H2050R B9 PR
FHESOHL () R WA 50 % A A% TF A R 2 W) 7
i), DW-861.828) L 1K il K A (¥ /1 2E 4y B= 9T Ik
A BRA F ) S HETR & d (VLRI T HAR LR
XA FRAE ) o

HEER NG (i al, SRR A | ), &
R Bt (2l = 98% , 78 1E CNW A H ™ i) . T6P Al
Tre W H sigma-aldrich 5 % A BR2A W], Bk JH K b
R FRZRIRK
1.2 SiEs

i A Agilent C18 €8 3% 4 (50.0 mmx 2. 1
mm, 1.7 wm) . Phenomenex, Kinetex Hilic {f %
(100.0 mmx2.1 mm, 1.7 pm) ,Waters Acquity UP-
LC HSS T3 Column (100.0 mmx3.0 mm,1.7 pm) .
Phenomenex luna® NH2 100 A (100. 0 mmx2. 0 mm,
diamond Hydride o, & A%
(150.0 mmx2.1 mm,2.2 wm )l ACQUITY UPLC
BEH Amide (2.1 mmx100.0 mm,1.7 pum) ,#E 40
C BT 1 wl, W3R R R0 B R AR A1 €,
TEHERAER A

BT IR A B IR T 2 O U
5 Ry =X B 22 S I ( MRM) 5 AT U T
40 kPaj; HL 155 25 L R . —4 500 kPa; B IR I ¥ . 550
C;FARST:65 kPas MG B TR 165 kPa; 3
AR 40 ms, HABOLALRBTEAF R 1,

3.0 pm ), Cogent

Table 1 Mass spectrometric parameters of trehalose-6-phosphate ( T6P) and trechalose( Tre) in multiple reaction manitoring ( MRM )

BT FETF EFERE T g
A A ? =
e A (m/2) (m/2) V) V)
Tep CppHy 0P 4212 241.1,79.1" -110 -35,-35
Tre CpHy, 0y 341.0 178.8* ,118.9 -95 -19,-25

2T TIRTETE, W+ SRR T
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1.3 HREH&E

FEAEL PH-1 R A4 T 18 (T8 ROl B2
e B i oL i A R A 5 T B 1L ) B T AR G A
TFET 7E 28 °C 140 /min & T35 7 d, b g
BRI, B0 A N 1 ml 1x10° 4~ 48 )
L B IR R T SR E AR SR A D B
R 1 ml,28 °C 140 o/ minfZ% i35 7 d i, i JEHL
W22 SRR BRI 3 W, B+, -20 C 57
BRI

HETR AR B 22 FE 50 0.04 ¢ T 15 ml B0,
JA 4 ml 258 F K, B2 1 h J5, 2R &) AL
(B Sl A BR S W] ) 238 A 4 ml FH
J5i,—80 CYR VR, FHEE S I35 BEAIL ( F 5% 56 BR A il
T A RO 72 ) S AR RE 30 min, B0 B L
T, R0,
1.4 MEIBR
1.4.1 £MEHE  Waters Acquity UPLC HSS T3 4
TEAEAG DU B, TOP B T & Wk B R 31. 25 pg/L.62. 50
pe/L.125.00 pg/L.250.00 pg/L.500.00 wg/L.
1 000.00 wg/L, Tre Ay BT WK E N 3.9 pg/L 7.8
pe/L. 15.6 wg/L.31.3 wg/L.62.5 pg/L. 125.0
pg/L.250. 0 pg/L; Phenomenex luna®©® NH2 A 46
if, TP 1 Tre HY 5t £ W JE 20 3.9 pg/L. 7.8
pe/L.15.6 wg/L.31.3 pg/L.62.5 pg/L. 125.0
pe/L.250. 0 pe/L, ¥ BRI JS 1) (a3 S5 1, % 1
SEENE 3 W, LA R B R AR, DA TR
RPN ARFR , bR IE R LR, LIRS 2 0 5 — A T
Ja A SR BT R B A MRS
142 #dmET R FELERNET R, R

&2 T6P BIEMHMTHIE

Table 2 Screening of chromatographic columns for the detection of T6P

FHAEL MRS 3 A J7 1, JBURR o o 2 e R o o ik 3 3
FEDN S B A5 -5 5 8 75 15 5 R T LU, AR IR 1E3 < 1
AL P ST £ 3 B2 A o S A s B R (S R 110 - 1
FIF AL 174 JF Y 8 2 A S B 2
143 CEMESAREE e EE A TeP
1 Tre BYARIE T AR, 76 8 52 M & S 70 T %4>
IR ED A2 6 VK, T8 [l Ae 3 R0 AF XA o i
22(RSD) . [ = (S Prk BE R BRI EE ) /b
FEVR EE X 100% .,
2 HEREH
2.1 T6P BiEiEHfFiE

ToP HA KV, AR VENE A ERR . (i
FE [ I 35 5 A DU E S R B e o, R 2t i A
Oy BIRESR I T AT AT A AL RO X 22K
R (SRS E P | 77 iy LA K g g B P 2 O w1
e AAE") ;. Phenomenex , Kinetex Hilic #: % FH 5%
PR Ay [T 2 A, RS PR ) o 7 A U i
VERT, R B BER n O B R 3 S A kAL &
Yy k) ) ; Cogent diamond Hydride & 7KL A1
X HILRE R PFALE Y, & MicroSolv A RIHETENY
T BN 73 B (A . Agilent C18 KB /K S 10
TR PR T (R O P 59 (R DA A
FIH C18 HESEBL T ToP WY A3 3 5 ; Waters Acquity
UPLC HSS T3 (& 38 A R T =5 RE 11 6 15 0 ) 3 452
A AT AT 22 1009% 7K AR, Xtk HE AL A5 P B 4 14
W, AWESE % I8 H) ToP 1Y R KM i, IF = % SCk
[15]~[19] ,ivEHange 2 B i 6 FiA[A] 2 AL 1)
R AT TP TN AE .

7 A W=t e & BT s e &I

1 CI8 ¥ (Agilent C18 ) R gt GIMSsAR B SR 19]

2 Hilic #( Phenomenex, Kinetex Hilic 1) SRR SEE SEKER N BERY S IRELE A, B2 S0k 18]

3 Diamond -Hydride 1 ( Cogent diamond Hydride 1) SRR WAL &Y S IEIRE A R
4 Amide ¥E(ACQUITY UPLC BEH Amide £E) KL SR EFEARRECRER IR PERR BaFn  SMEE IS A, 57 S0k 15 )

LR Ay
5 Luna® NH2 #¥:(Phenomenex luna® NH2 £¥) SRR WAk &Y BRI A
6 T3 E(Waters Acquity UPLC HSS T3 #1) R RAKMERAS e EY Ly

MRPEF 2 OREAE AR B B L, RIS 5

T6P 435 0 (5 EE 1 0 30 M1 FVRS U 26 P , L T6P
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6 Fp g i: PR RO, I 3 iR, R Hil-
ic ¥ Diamond -Hydride FEH, TOP A< H 06, 15 B
TR AR P K5 | 7E Hilic A1 Diamond -Hydride {034
R R I 2 PSR RIS A TeP AR,
Amide HEASIA: A, TOP FY {7 1% 06 7™ 466 2 | (3%
FEAd T 200 MRE S TOP H ISR B | 1% (AT T
Ak S H TR TOP , R I X Amide HEHIFESL
K., CI8 % T6P i A #55, T6P 7E 2 min /247 G

£ 3 T6P Kt 2 @ik EF UPLC £4M®4K

PRI L 55 A S AR AT | i 7K S ) €A AN IS
PWeEd) BT 4> 25, Luna® NH2 A F1 T3 k&, T6P (14
BRI, 50 we/ LAY TOP il it Luna® NH2 #:45
T e )57 5 BE 24 R 3.5% 10* cps, 1fif 1 000 wg/LAY T6P
FUFH T3 A3 A DU B e 7 4B R AT 1% 10" eps, TOP F]
T3 (e AT A I g 17 5% 3 7 1K F Luna®© NH2 A% (&
1) ;Tre A Luna® NH2 F:A1 T3 X 2 Fr o i hE A
DRSS, o o7 TG 08 25 5 (1 2)

Table 3 Summary of optimization for columns and UPLC contions to detect T6P

Py
CE T B (it 4R
1 CI8#k A: 5 mmol/L Z1R%% ;B g 5 ELR PR 0.20 jT:%)'EWJ%JMWj
2 Hilic ¥ A: 5 mmol/L ZFR%E: B 2 LA B 0.40 SRERER ol
3 Diamond -Hydride ¥ A: 5 mmol/L ZR%%;B. 2 A TR 0.40 SRR ol
4 Amide £ A:20% G (B 0.1% 5K AT s BREMBLE 0.13 T6P i U™ &, REGL 11
B:80% ZME (4155 0.1% &K , A4
5  luna® NH2 AEBUECR 0.01% %K ;B 2 70% A ZEFEBE 0.40 T6P
6 T3 A: 5 mmol/L ZIR%% ;B 2K 0~3 min 100% A, 0.25 T6P i
3~5 min 10% A,
5~8 min 100% A
351 i 8-
Luna® NH2#%: -
301 / : Luna® NH2
o 25 * 'g 6 B ﬁ/
> = H
= 20p z : T3tk
X 4t u ;
s 15 o i
0 10b T3HE
2F \
5h A — ' ',L
) ) ) : i
0 ] > 3 3 5 0 1 2 3 4 5
Ffa] (min) FsfA] (min)

Luna® NH2 #: T6P Gk BN 50 we/L, T3 A% H: TP i fE vk
FEA1 000 we/L, LB T X H421.2/241. 1, LR FXt421.2/
79.1,

B 1 T6P #rA R MRM &ikE

Fig.1 MRM chromatogram of T6P standard solution

2.2 BIERE P RIERmLL

Ty A I 3k A K AR 5 i, SR TR 551k
RT3 e S PR 1 o d v 70) A <t
FINLEE | SR ARAFEF 1 B TR, A5 TEM
AL A AR AR S S LR, T3 AR T
100% HY7K ARSI 1 TOP Y 2SR | 2 H A i e
R 5% AT Luna® NH2 #:09 R A, RE ARG A 1k
fdi ToP (o3I R ™ HE PRI BRI S AR s
FUK AT LU > 0 3 58 8 AR ROR . AW ST ]

Tre W SE N 50 pe/L, LB T XFH 341.0/178.8, LB T
Xf 341.0/118.9,

BE 2 Tre #rAEBERE MRM &ikE

Fig.2 MRM chromatogram of Tre standard solution

0. 01%Z /K N KA, & B T6P B B 42 7 T 10 1%
(K 3) AH X m B AE A IlEF Luna® NH2 #, T3
SRR pH 35 RIS 2 ~ 8, KA A 0. 01% %
JKJG, pH (HIZIT 8, FE4T T3 #E A9 BRAE, 15 HAS H
FFAAE K T Luna® NH2 ., Luna® NH2 #4
AR GTR, 1 BAERCT R, 1 AR (3 A A I % 1R
W35 54w 2200 ~ 300 S FE &, T3 A H B,
M 7 AL AT, DR T 2555 PER I B A A i v ToP
()P i, RIS ) A HET T A
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12r
10F
g ¥
X 6F il
o
h ar i
2f \
0 I 2 3 4 5
A [A] (min)
— RINEK; === 0.01%%0K

T6P BT A1 000 pe/L, B FXF K 421.2/79. 1,
B3 skxt TP N M &/ 2200

Fig.3 Effects of ammonia on response value of T6P

R4 T6P TN Tre RIKRA i 2k  RMESEE R E REL 4G H IRFIEEIR

23 ZMEEESKUHR

N34 s ,T6P F1 Tre ifiid Luna® NH2 #:HT,
#£4.25~250. 00 g/ LIZEPEE Py 2 20 R 47 i e 1
KF Mt T3 AR E31.25~1 000.00 we/LHY G F
I R AP S R 5 53 4h 3t Luna® NH2
A PR 1,25 ~5. 10 pg/L, K T T3 4 (12.75~
15.63 pg/L); Luna© NH2 H: Y & & R 4 3.75~
15. 60 wg/L, HAKT T3 #(38.25~52. 03 pg/L) , Lu-
na® NH2 #19 R U = F T3 #E,2 Fp @GS H: e
FREINTE 0.99 DL b RF G SLBR I B K

Table 4 Standard curve, linear range, determination coefficient, detection limit and quantitative limit of T6P and Tre

it o PR 7R fo ;@L‘f *fﬁ"”‘)ﬁ mjiﬁ) Fjiﬁ)
Luna® NH2 #: T6P Y=1 247.60x+7 920.40 4.25~250.00 0.992 44 1.25 3.75
T3 # T6P Y=119.35x-2 471.30 31.25~1 000.00 0.990 02 15.63 52.03
Luna® NH2 # Tre Y=284.73x+7 452.14 4.25~250.00 0.999 45 5.10 15.60
T3 £F Tre Y=74.56x—692.20 31.25~1 000.00 0.999 42 12.75 38.25

2.4 [EWEEEE

HEBIFRIBOR 4 1 18 40 mg, 7RI — & it ik
FERIPRUE VAT , B PRV 4 IE R THRZ
D7k ISR A AR AR HE2E 25 (R 5) RV, A
JH Luna® NH2 FI T3 2 Fp 384, 78 3 4N inds K-
T, T6P Y R 253 5] K 71.5% ~ 85. 7% F183. 7% ~
95. 6% , X FRUEZE H3. 8% ~6. 2% 2. 7% ~3. 3% ;
Tre F4 0] IS0 3R 43 51 K 72. 4% ~ 82.3% Fil 82. 8% ~

®5 DRERMEZEERRER

Table 5 Experimental results of recovery and precision

84. 8% ,AAXTFRUEZE 4. 5% ~8. 5% F12. 8% ~3. 2% ;
5 Luna® NH2 FEAHEG, T3 AF 0 RT3 e AH G bR o
2%, UL T3 M RE R T Luna® NH2 £,
FH Luna® NH2 F1 T3 2 Bt A 6 i 8 R 75 5% 70 1
pH-1 1 T6P %153 K 52. 6 e/l 60.5 pe/g,
Tre Fig A 4.4 mg/gfl 5. 4 mg/g,2 Fh (o 5 AEAG I R
A4k TIH pH-1 1 T6P Fl Tre &1 JC R 255, #40]
FHF R AR 24 T 3 pH-1 7 T6P 1 Tre 5 &,

L ki Db it pe/ke) IR (%) HIRTERIED (%)
Luna® NH2 T6P 10.0.80.0.250.0 71.5.79.2 . 85.7 5.4.6.2.3.8
T3 T6P 62.5.500.0.1 000.0 85.9.95.6 .83.7 3.0.2.7.3.3
Luna® NH2 Tre 10.0.80.0.250.0 72.4 80.2.82.3 8.545.5.6
T3 £ Tre 10.0.80.0.250.0 82.8.83.2.84.8 3.2.2.8.3.0
3 2 T3 KE[EHE A T6P F Tre 2 k44 UPLC-MS/

AMFFERRYE TOP 1 2% 7K MR A0 B AR A5, X 6
PN RIZE B (A EAE A T A, B2 T Luna®© NH2 ¥

MS | 43 5] 7 R 2 Fob € 1 A ) e AG N R 2 i
JIE ™ T6P Fl Tre W51k, &K Luna® NH2 HE )R
MR, T3 AR Ry R L, I 2 R
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AR A DN AR AR iR ) T

pH-1 " T6P 5 43 %1~

52.6 pg/gfl 60. 5 we/g, Tre T4 4. 4 mg/gHll
5.4 mg/g, BIEFAEE, 2 AW UGEET
At FL TR B AH DG ST R T

B
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