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Abstract: Brassinosteroids (BRs) are a class of important endogenous plant hormones that play
diverse essential roles in plant growth and development, and have great potential for improving
crop yield and quality. The discovery, identification, and quantitative analysis of endogenous BRs
in plants are the basis for physiological research. Starting from the chemical structure and
physicochemical properties, an efficient separation and purification method based on ion exchange
combined with the reversed-phase mechanism has been designed, and combined with highly

sensitive derivatization reagents, an milligram-level efficient quantitative analysis method for



ultra-trace plant hormone BRs has been established. The matrix effects of the method were 94% -
102%, the recoveries were greater than 91%, and the LODs were 3.4 - 8.9 fg, respectively. The
detection of BRs can be completed with only 10 mg FW samples, thus providing technical support
for biologists to conduct more in-depth research in the field of BRs molecular mechanism.
Keywords: Brassinosteroids; boronate affinity; ultratrace analysis; micro amount of plant

materials; LC-MS/MS

1 3|

m

=2 A iR (Brassinosteroids, BRs), SRR S0, A4AE K L8R, i
R BERIR . CIGZ RHINRI S RREEERY . BRs 1y S8 S0 IRBCR
R A S AR E R SN R K N T 2 S AR R,
Kk, BRs HIAEYIE R AR A LA LI — B A X0 FE R R . VRN T fi# BRs
AEBEEAERT, TR A PRV A RE L OO B E LA R A - B
& X, BRs FEMI A A & BAIAAL BN SR ISR 7, I, BRs HER A E V€ 8 2>
it 7 AR F 2 T AL BT R B R

R, HHELMAEYIEEME, BRs KM 377 £ — L5 3. H 55, BRs fEREYH 1
IRFERA, JEFEIA 0.01 2] 100 ng/g FW A%E, & T HEREYI#ED. ik, BT BRs &
PTER BRI, SR WTE TALRTIRERE ], 5 ERRIEAR MY B AR, S5 RN
Xt BRs A5 ) S0 B2 /g 2 o AR HIVBOAR € - RS 25 SR AU I, IR AT R S 80028
RORAE, IFH PR B A N, i S B R BUZAR, BN BRs fEAE A KEM
RHOL G AR, B OSBRI KR, BRs KIE B EARE TIRKHIRERE, SRMITER R
R 3 P A SR AR AT SR TE 23 12 H 2 R R R 0 T A W) Ak TE R 76 3K

Nt Dt BRs Kl ) RBUZAIE R, AR, RO Z BRs 1)
CEMIRSIE B RN T, AR 6. 454 BRs F5A MINAT —BE45 i, @i Arae
R, SIS BRI, @ —EmilE . s RBUZH BRs EENTIE, B
R R AR B IR B R BRs 7K, AIMHERE BRs A IS UM 7T IR A FUA J& o
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2.1 EBAFSFM



BRs HRéE L T4HE 50 olchemim /A ] ; HPLC 2% H i (Methanol, MeOH)5 Z 5 F3&
Thermo Fishier Scientific /A #]; 2—H 4 LMt IE-5-MIE2 (2-methoxypyridine-5-boronic acid,
MPyBA)WH B RIEE R AF; LB (Acetic acid, HAc)M H 3 [E Sigma-Aldrich A F]; AL
it FH7K 35 B MillQ 2lAk 7Kk R Gt 2% (FLPH#>18.2 MQ).

2.2 LN

ACQUITY # & 2 A 13 (ultra performance liquid chromatogram, UPLC) (3€[E Waters
NENRG R BEERCA EST M5 & TR AT QTrap 6500 — 8 PUBAT 5 IR 14 B v PH R A 1 X
JiE R4 (3£E AB SCIEX Al). il KA ACQUITY UPLC BEH C18 Column (1.7 pm,
2.1x50 mm) (3£ [E Waters A #]); N-EVAPTM Models 112, 116 R %W & %t (Organomation);
Mill-Q B 47K (3 E Merk A H]); MM 400 fiff B5 X (#5[E Retsch AH]); Votex Genie 2 A

eIk & 25 (3E [H Scientific Industries A ]); KQ 5200 i PG e sy (B LU i AR A F]).
2.3 A ET AL B 7

YR H LSRR R PR S ok K, AERIRREURE S 10 mg, BN 80% MeOH #2HL
WS FE RN RS, RE], HAETREL 1 h, 7E4°C & 1FT 20,000 rpm FE5#E 0 15 min,
WSCEE 3. SR MCX SPE 3T FE SR AT AL EE, VR T 5. R CKEER, MARTAEL
A MPYBA, 40°C XM 1 ho AT 0.2 pm JERE IS 38, 18985 MW AEEN LC-MS/MS

A ATR .
2.4 WM

f14E4L 5 B BRs F UPLC-MS/MS #:ll, {6344y ACQUITY UPLC BEH C18 A%, ik

30°C. WAL W R

#F 2.1 BRs MEHEEREESR

fiF 7] (min: sec) & (mL/min) A% B %
Inital 0.3 40 60
9.0 0.3 10 90
10.0 0.3 10 90

11.0 0.3 40 60



12.0 0.3 40 60

E: A N0.05%LFRKBER, B AN 0.05%IR LIEHR
3 BRs B E RS HER G

3.1 EEAHTITIEBT

B, L4t BRs SEHE B ARIR T s BIRIGE KT 12h), &1 BRs &2
I8 BT 7 B 8] o 1 38 S TUAS A BRIBGE AL , SR AT A5 4 W ORA S A% S i B SR
RN TRIZEREE] 1 he HIK, HWRRE %, LR EEGIRIGR BRs. T, 2
SR R A T IR PR R T BRs B2 P B AL AR, B 2 x ik pR
BT 2 09 S B AT EAL S0 NIE B REAF IR A RCR € B B 720 4 5 S ARYE
TRE BRI NS . ARy ZREIRE, 30 min 0] 5E R EAIZEEL, K3 m TR T
AP R, 5=, M1 BRs RAVEMEERMLEY), SR TRTIResE ], ik R
JEl&. Juik, FEEI4KLH BRs &AL FedIb ], FJLLSEYIIRSS . Jvftm R
JE, MRS R A WU R AE AT AWk, ki K s B M Lo i Ja R s I . v
R LC-MS/MS BEAR, MEMEFH R FIEZE 10 mg FW, 7] H A = 20 1R IR B AL

% BRs.

Bud

RO RO SPE

E 3.1 BRs SREERSHAEMNNE
3.2 BRs-MPYBA fi7 429 7 & 582 5T

BRs NZFIALH I RAL ST, BOKIERGR, BT 2R MBI, 72 ESTIRN A S B 11k,
Rl REUEAR. HT4K2 5 BRs (W EWIAC S A 8 — Sk, W LU A IR K A e PR
IR, JYUERE MPYBA ZEATATAE, ATAEPM)EEAT Bl MRM S8t BASHUILER

3.1,



3.1 BRs T4~ MRM &3

BT FET  OACRE RIS R e O

T
(Da) (Da) V) V) (eV) V)
136.1 10 100 75 12
BL-MPyBA 5983  154.1 10 100 65 12
178.1 10 100 57 12
136.1 10 100 75 12
CS-MPyBA 5824 564.1 10 100 52 12
178.1 10 100 60 12
136.1 10 100 70 12
TE-MPyBA 5663  154.1 10 100 67 12
178.1 10 100 60 12
136.1 10 100 73 12
TY-MPyBA 566.3  154.1 10 100 68 12
178.1 10 100 60 12
136.1 10 100 75 12
6-deoxoCS-MPyBA - 568.4  154.1 10 100 70 12
178.1 10 100 65 12

3.3 HIEZFIGAE

ATV 2 R T VAR RBUSE AR B 1, ARRBIEAT T — RII RS %%,
FELRPETTRE . KPR e IR [BR. RN, EM. SSRER, AR R
90%LA L, FEFIRNAE 94.3%-102%2 (8], FM T IHERIBRISBORS Nl R, KERRKE
Wt o REERHREIT T 75, FINF, RSD ¥/8T 12.0%, 8L T Jrfa e BB, A
WIT B B R S RNk 3.2-3.3.



F32 FEMLEMER. KMEEIESE. R, BRERAMERR

2R LoD ENE| ‘ K PR &5 R
A IKY! S LAEI NS g e R2
(pg) (pg) (rg)
D;-BL 0.2-500 y = 48552x - 253198 0.9980 5.6 18.6
D;-CS 0.2-500 y =45373x - 231695 0.9976 3.4 11.3
D3-6-deoxoCS 0.2-500 y=13457x + 14817 0.9999 8.9 29.8

VE: RONRIEMRREAFTT, y NASRIETAR, x AR bR

®33 HENERMN. EYRMENYE

2 Ui CIEhE S L
T
(%, n=3) (%,n =3) (%, n=3)
Ds-BL 97.1+6.05 91.4 +8.22 2.4
D3-CS 94.3+1.70 91.2+£523 3.6
D;-6-deoxoCS 102 +3.30 91.1+5.05 12.0

3.4 FTEEHITE R

PIKRENRAIR R, R B AR S 7 R AN ) AL R BRs M8 & e S AR 20
UL, ANAE 10 mg FTHERAEYIRE S Rl 2 & 2 Fh 9 U BRso FTEE VAR = R B 14
ARG RS AR, BOw 7RI LR AR FK M A TS R R = R =
RIPE T SGEME IR, FARIKF 3N BR5eAT 5. %762 A E WA 60 24 TREAH
AL B M BRI 5000 43, fE Science. Nature Biotechnology %5 i /K - 44 & bR R kK
WO 20 F L JTVERCRAS B SCIUR 2 KA m A AT, 7 2023 4F, 9 E 2 Eseay
#iH.0 Enrico Coent BBAG1EAEZK AR 22 iR e oA BRs 25 7K1 o B 2L 5 5
AR ZE e K H N E A, ATNERIUE A N B ARCR, Sel s 28 &b BRs
MRS i, Bh U HERST BRs FEAG 40 A B Hh 4% 40 A 1) AR A WAL o TH00s 25 B S AR )
AT FE P T T B R R G5 M, R R ZE T AR LR ROE T, SRS 5 R & 7 T LI
AER 5T MRERFFBNGAE, FIHATT 25T 7T BRs AEW) & M S8 1 b BRs
SRAR, B RS BRs R T 25 B 5 T B LA
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B 3.2 KIBIEFELEL BRs #50 UPLC-MS/MS EE

A ZE A PR BH 25 7 45 SR T AH 35 B s SR Al Y B B BRs, AT 2%
ft, 4ie LC-MS/MS R, @ —EmilE., mRBIERSNTI L. AT BRI D R
B, KIESR S BRs oMl E . AN, J7iER R BUE &, (XAE 10 mg FW AEYIA R (AT
5ER BRs £, AINAEIASKAE BRs 7301 F LB QUG AT SR BB 4R R S 4%
5 fRpE
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