DOI:10.13925/j.cnki.gsxb.20240078
BERE eIt — =R RIS KR ARRNE T 4
MLHRE R E!

EWE!, RAZ 2, EXML2, F2EY, K H
(A A b DX T AR A S5 Q) 2 s s, [ 2R, M 510642; 2T R
TAEFL, T 510642

M E: (B8] R E OO il — = F PUGAT S B (UPLC-MS/MS), 3 37— 0 Al i 7 1
RAREREEE (ZR) « RIMHERESZE (IPR) . ZETKE (DHZ) « BRI IREYS (IP) 4
P R R . [753410.25 g 7B R Zi-7K (80 120, fRFRLL) ETRIZHE 8 h, £ Bond Elut Plexa
PCX [EAHARUFESLL, 2.5%% /K FEEVERL A i 0.22 pm A HLIEBAGI . JEH XSelect HSS T3 i, LLH
A0 S mmol-L-! H ERE /K IV TR B HEAT 7 min BREEVEIL, SRAI Mm% ST (ESIH) M mp, %4
ST (MRMD B A 7 R AT e i . (ZER ) 4 Fhém a7y 2L A0k IR AN @ SR M M T 18.12
1 60.39 pg'g!, fE 0.05~50 ng-mL IRFEJEHI N & RIFIIEMEIR R, LMK RE () KT 0999, M.
AR E = AR AT R S 4 R 5 23R I T35 IR 80.0%~108.2%, ArifEfiZE /T 0.8%~15.5%
Al KA AT LRI A I R R A Bl SR RSN X p 4 By R
o (8L ZonEmE., ik, REL A\, EH T BRI HS P 28 & & lE .
XEEIA): MUREH: MRARE: B EREE
FEDES: S667.1  XEMFERE: A XEHS: 1009-9980(2024)06-0001-08

Simultaneous Determination of Four Cytokinins in Litchi by
Ultra-high Performance Liquid Chromatography Triple Quadrupole

Mass Spectrometry

HUANG Yulian', Zhao Minglei'?, MA Xingshuai'?, Li Jianguo'?*, Xu Jing!*

('Key Laboratory of Biology and Genetic Improvement of Horticultural Crops (South China),
Ministry of Agriculture and Rural Affairs, College of Horticulture, South China Agricultural
University, Guangzhou, 510642, Guangdong, China ; *Guangdong Litchi Engineering Research
Center, Guangzhou, 510642, Guangdong, China)

Abstract : [Objective ] A method has been developed to simultaneously measure four
types of cytokinins (tZR, IPR, DHZ, IP) in litchi using ultra-high performance liquid
chromatography-tandem triple quadrupole mass spectrometry (UPLC-MS/MS).

[ Method 1 The experiment was conducted using litchi pericarp 50 days after
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flowering. The XSelect HSS T3 chromatographic column was selected. Methanol and
5 mmol-L"! ammonium formate aqueous solution were used as the mobile phase with
a flow rate of 0.3 mL-min!. A gradient elution was conducted for 7 minutes. Positive
electrospray ionization (ESI+) and the multiple reaction monitoring (MRM) mode
were set for mass spectrometry detection. Under these conditions [The ion source
temperature was maintained at 150 °C, the capillary voltage at 0.35 kV, the desolvent
gas temperature at 500 °C, the atomization gas flow rate at 1000 L-hr!, the cone hole
gas flow at 50 L-hr!, and the collision gas (argon gas) at 0.17 L-h™'], quantification of
cytokinins was achieved.The effects of different extraction solvents (80% methanol,
80% acetone, 80% acetonitrile), different extraction times (4 h, 8 h, 12 h, 16 h),
different purification methods (PCX column, C18 column, HLB column, no column),
different concentrations of ammonium-methanol eluent (0.5%, 1%, 2.5%, 5%), and
different aqueous phases when methanol is the organic phase (0.05% formic acid
solution, 0.1% formic acid solution, 1 mmol-L"! ammonium formate solution, 5
mmol-L"! ammonium formate solution) were separately examined for their impact on
cytokinin extraction, enrichment, and separation efficiency.Compared to other plant
endogenous hormones, cytokinins are unique in that they have a purine ring and are
alkaline. The PCX column is a strong cation exchange column filled with polymer
cation exchange resin, which concentrates alkaline analytes and thereby enhances the
detection sensitivity of alkaline compounds. Cytokinins exist as cations in the
acidified extraction solution (pH~>2~3). They are tightly adsorbed by the filler during
passage through the PCX column, and then rinsed with a 0.1% formic acid methanol
solution (pH =~ 5~6). At this point, most acidic and neutral compounds are removed,
leaving the target substance on the column to be eluted with a 2.5%
ammonia-methanol solution (pH = 11.3). Target substances flow out with the eluent
and are collected ultimately. In addition, cytokinins are also polar substances which
can be separated according to the principles of C18 column and HLB column
separation, namely the principle of similar solubility. The stationary phase of C18 and
HLB reverse phase columns is a non-polar stationary phase. When the polarity of the
mobile phase is greater than that of the stationary phase, the target substance is eluted
with the polar mobile phase. [ Results] As for the extraction conditions, the extraction
effect is better when the extraction solvent is 80% acetonitrile and the extraction time
is 8 hours, resulting in smooth, sharp peaks and high response values. Regarding the
purification conditions, solid phase extraction with PCX is chosen, and the
concentration of the ammonia methanol eluent is 2.5%; under this condition,
chromatogram has less interference, offering the best enrichment separation effect.
For the mobile phase conditions, when methanol is the organic phase, a 5 mmol-L!

aqueous solution of ammonium formate is most effective, with which the response



intensity of the target substance is high and the peak time is appropriate.Take fresh
litchi samples and grind them finely in a mortar with liquid nitrogen. Accurately
weigh 0.25 g of the sample on a one-thousandth balance into a 15 mL plastic
centrifuge tube, and add 2.5 mL of 80% acetonitrile pre-cooled at 4 °C. Extract it at
4°C for 8 hours, shaking it twice during this period. After extraction, centrifuge it at a
speed of 10,000 r-min™! for 10 minutes at 4 °C, and collect the supernatant. Add an
equal volume of 80% acetonitrile to the residue, shake for 10 minutes, and centrifuge
at a speed of 10,000 r'min”! for 10 minutes at 4 ‘C. Combine the two extracts, add
formic acid to adjust the pH~2-3, mix well to obtain the crude extract of the sample.
Then consecutively use 2.5 mL methanol and an equal volume of 2% aqueous
solution of formic acid for activation and balancing. The crude extract is passed
through the column at a rate of 1-2 drops per second. Afterwards, rinse with an equal
volume of 0.1% formic acid methanol solution, and finally wash twice with an equal
volume of 2.5% ammonia-water methanol solution. Collect the eluent in a test tube,
blow it almost dry with nitrogen, and add 0.25 mL of a 15% methanol solution to
re-dissolve. After vortex mixing, filter it through a 0.22 um organic membrane for
testing.Methodological validation of this method: the detection and quantification
limits for the four cytokinins were both below 18.12 and 60.39 pg-g’!, respectively,
showing a good linear relationship within the concentration range of 0.05~50 ng-mL!,
with a correlation coefficient (12) greater than 0.999. At three spiking levels of high,
medium, and low concentrations (0.4, 2, and 20 ng-mL™"), the average recovery rates
of the four cytokinins were between 80.0%~108.2%, with a standard deviation
ranging from 0.8%~15.5%. The established method was used to measure the
endogenous cytokinins in litchi fruit pericarp, pulp, seeds, young fruit, leaves, and
detachment zones, and all four cytokinins could be detected. [ Conclusion] This
method has the advantages of easy preprocessing, short detection cycle, good
reproducibility, high sensitivity, and low cost. The final results are reliable, making it
suitable for the rapid screening and quantitative detection of cytokinins in various
parts of the litchi. The method is of great practical value.
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Fig. 1 Four types of cytokinin structural formulas
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Table 1 Gradient elution program

il g/ 5 0%
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5.0 0.3 90 10
6.0 0.3 90 10
6.1 0.3 10 90
7.0 0.3 10 90
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Table 2 Relevant mass spectrometry parameters of four types of cytokinin
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Fig. 3 Chromatograms for selective reaction detection of four types of cytokinins
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Table 3 Linear equations, linear ranges, correlation coefficients, and detection limits for

four types of cytokinins

WRPEE
LIPS ot R & R
ST ALY Concentration
# LOD/ LOQ/
Analytes Calibration range/
2 (pggh (pggh
(ng-mL1)
tZR y = 137550x + 40902 0.05~50 0.9997 18.12 60.39
IPR y = 174525x + 32593 0.05~50 0.9996 11.76 39.22

DHZ y =160160x + 5174 0.05~50 1 3.11 10.37



IP y =227957x + 41368 0.05~50 0.9996 8.39 27.98
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Table 4 Recovery and RSD% of four cytokinins from litchi peel by spiking (n=3)
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Skiped/ 7
Analytes Recovery/%
( ng'mL") RSD/%
0.4 93.5 8.1
tZR 2.0 95.0 7.8
20.0 80.3 2.0
0.4 93.3 7.1
IPR 2.0 102.1 3.5
20.0 93.4 1.3
0.4 87.1 8.0
DHZ 2.0 108.2 1.5
20.0 93.3 1.7
0.4 89.1 15.5
P 2.0 80.0 2.1
20.0 80.6 0.8
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Fig. 7 Different parts of litchi
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Table 5 The content of endogenous cytokinins in different parts of litchi (ng'g!)
ST £33 R T 4R M BIX
Abscission
Analytes Peel Flesh Seed Young fruit Leaf
Zone
tZR 1.600.15 0.300.010 3.92+0.090 1.380.020 1.630.002 2.08+0.020
IPR 0.62+0.03 0.26+0.004 0.44=0.020 0.60=0.020 11.8320.160 7.860.010
DHZ 0.060.01 0.02+0.001 0.10£0.010 0.06:0.001 0.11=0.040 0.030.001
IP 0.2020.01 0.06+0.001 0.04=0.001 0.15=0.020 0.54=0.020 1.29:0.005
3 @

TE#HFE b, PR € %2 R A ELISA VLA K& HPLC 7% (HRT#ELAEAE) o ELISA
A PP B0 P A e S SR R D 5 Bl A ST ORI, > TR — R S R AR AR A AE BT, Bt
Loz, SERRNE MR HPLC Mulih B &9 & 4L/l 5 e M stz mi
FEAER, @A AT o B A, wS8uiorE o e B R BRI T4 & 7 (8 AN [ AR 14 A
TR, RS AR A LR B AR & 0 m] 43 B BER 22 o 2R AT A S RO €5 15 2 D45
AR IS 80 d YRS AR 4 FE IS B AN 0~800 ng-gt, T JE 1% 7 2031 P T BEK 4 25 U
LR LIN 0~760 pgrgte JE B BRI BRI S g MUK O RT IS A A R AR
4 300~600 ng-g”!, FEEHERECIH @R (LC-MS) MIH RIS 2 2.74 ng-g '
e A5 033) P A BB G 2 U 52 425 SR 240K 335.36 ng- g, BB TE AN 7T P v RO €8 1 - = L
AT 5 1% B V00 5 75 A SR B AR S5 50 d ) TPR S840 0.62 ng-g !, 4 U244 P i J5 BBk FH 3
SE AW F TP RITIPR &840 508 0.66 11 9.88 ng-g!, SASCIE 45 i, DL g i
W] ELISA %L J¢ HPLC vA#ERf MR RIBUE R 2 . MRSk (MS) , il maE 7%
i, R B TR R IR, B R TR M i, HOR iR
ARG FHb 5450 HPLC AL, @ ReRH 61% (UPLC) fEfR B HPLC £ s[RI B,
WHRTE T r s JE . UPLC-MS/MS LB 454 7 UPLC Wy m 7 Btk sl P 4 s BA K



MS/MS Sk £ m R BUERR AL BN T BATHEYBER N F 2 TR —, AR,
SCEE R SR A SR AT A R TE BT,

TN R & T REPT, LA, EAREMEER AN B %, BT A& IE 1 AT AL 2 i 72
PAR ik AR T N BB . LA 80% AR Rl 80% HBE ARG, St (ZR Al TP (42 HUAK
R, H 80% AN EREAIREGRIR, REGHZEMER, S PER TRZNSER, S5
JE SRR IS BT DL 80% G NFEHI, DHZ A1 IPR $FEHUCRA M 7 Wik, {H ZR
IP FAE BAABLE 2 o T 5w d, HEOTE B . 6518, 151 80% LG 1E N FE BT .
FERRBUE A, $EH 8 h Al ERCR, TTHRd R, ArsEl B R4, RIGE, e TR
&35 SR R HERR B o 5 FCARRE ) P R IBCR A L, 400 23 2R R BN R I ) 1 7E T L B RIS R,
EHRE . R R R, fESlifb B3R SR T PCX SRRHES FAS A, 1% LR A B RS T A0 Hk
WG EORE, XoF SRR AG S I B PR, HETT$R i 1V EAL S A ROR . 4R > 2R
FERRA G ISR (pH~2~3) 2B TARAS, AR BRI, & 0.1% IR
RSV (pHA5~6) ke, BOIT K ZHm A AL S BasbE, SER B B Y A
2.5% MK PR (pH~11.3) , HFsYIBEE DB, B2 Se H AR U «
XSelect HSS T3 (At LA o BERE R O IR, AT SE K AR PE B AR RO CR BE IS T), A5 ) T il 2.
SRR B o [FI ARG TR BIAR S, B SEI T B R S 2 R AN o SRR Ry
BRI HER T
4% »

AN T R B - = DU AR B R U E 74 F H tZR . IPR. DHZ A IP X
4 FPAm L o> 2L R AT IN 710 FES BT 80% L BRI SR, PCX 4lift, X Select HSS T3 4
2, {E ESI+. MRM B3R 70 #r g &, SEIL T 7 RO [ RE 4 i S B 4 i 23 2R 1 e R
BURTISE o BF ST IR [FI N 80.0%~108.2%, RSD T A 0.8%~15.5%. 245 E%K:
E, %05 AT AL FRAG DU B YA . EBLELE . REUZES S, & T 2R A 40 4y
ZL3R [ DR 75 R R E
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