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cBARFE
= BURAE G RS MK AR B AV T 1L
R, EIRE
HesfR Ol K 2 i RHEBOR 2B, I 430070

WE A HEYMEKBIR(SA)YRABEDFISTRTE, EfED AR, B M ESAK & B ECFETUR 54 K. "
TR E -5 e I 45 BRI SA S Bed W I T3 Wt S iiAl TRah A sy« IR pHAE DA AS I B  A A
TFER . AL S5 BB 10% 205 « 100 mmol-L™" 2,z pH5.2. Fi Ak J5 HI#UR Y6 K 8300 nm, & 5 K J9405 nm.
PEAC IS BRI 7 g HERE IS 3.5 BT URTE e G il A, T BRRT 1] 3.5 8, PR IR 350 b, Sl K100 80, HRALIS

ARSI 77 5 2 e e A R B L AR MR A R R

XA KR, bUw, KT, mRORAE G, ik

SR, TBIRE (2025). ARG EEEARI KSER AR 4L, P24k 60, 846-853.

TV E K (salicylic acid, SA)&— Pl
&, YA NATREZMIIRE, BAEHUR SN
Fh-Fg & SALIF I L 2% (Yan and Dong,
2014; Yu et al., 2021). ReHl{E1F — 322, SATEMY)
PUIw I v O E F (Fu and Dong, 2013; Mishra
et al., 2024). FHYIE N SAE B B Z RIS HEY)
K% I (Gaffney et al., 1993; Delaney et al., 1994;
Nawrath and Métraux, 1999), i #MJESAKLH Al & 2
R PP PE(Cao et al., 1994). SAZANPR1
FINPR3/4 38 i 1 428 K 5 098 AH O HE P (1) 21k s
YU M (Fu et al., 2012; Ding et al., 2018; Kumar
et al., 2022). SATEHEE U R L [F)B 2> 0 FE4)
MAEK(Yu et al., 2022). [Ft, YT E T 2 ML
HREN A P IESAR & & o £ TR IR ARIR Jeit, HY&
FCISAR D TEIR E R Gy 5, M2 InSAK &
o BLAL, AEAIAE P E I E EEAE R D A SA
AN A A5 SA, BISARIEBETR(SA 2-0-B-D-gluco-
side, SAG)FISA% % filiE(salicylate glucose ester,
SGE), M8 55 SAXT A & i # il 4 A (Lim et al.,
2002; Song, 2006). Kk, 7ERF TR YIHIIE I I 75
T [ IR A 0 5 2 A SARN 25 5 5 S A

HINEESL T Z R Y H SAR 777% . Raskin%é

Wk H 39: 2025-06-04; 252 H #1: 2025-07-08

(1989) & 37 1 J T iy 240 AH 5.1 (high-performance
liquid chromatography, HPLC)-% )it A6: i #3642 4
B SAI 75« Zhang % (2017)%H% 713047 1
itk . Balcke®5(2012) 37 1 = G (i (ultra-
performance liquid chromatography, UPLC)-# B¢
T FROAG I T v, ARG I SA Y ) A 3 ] AR 4 4 o
KA IE RS Z PR S & XL EE A
C18x i+, 1M Aboul-SoudZ5(2004) 1 FFE T &
TR W HIHPLCYEAIISA. Schmelz:(2003) %57 1
MR i - J5R 3 B ] (gas chromatography-mass spe-
ctrometry, GC-MS)faill 7532, I [F] i & I £ 45 SATE
W 2 DB R I R E A WL . Huang%6(2005)
HESL T T AR AR IR AR SA J7 % . DeFraia%s
(2008) F1Marek %5 (2010) et 1% 7 vk, L peas ke
DA 3 K 74 48 5 7+ (Arabidopsis thaliana)Z [1] SA7K
R ZE R . HAIEE(2025) 1 — b okl Tz iE,
A I AS [) 2 5 B /K (Oryza: sativa) 2 [A]SAZKF
225, R T mnl S iR KRS SA AR 4.
IR SAKEI 5k S A LR A, B, UPLC-HR Bk
OBV TR ARG W) R AR v, AR BT AR B B AR T AR
VIR RER I T VEE A il A, H R B WK, 78
X T, HPLC-7 A I 25 6 FH 452 AR B FH e )
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2o RS T 20Tk, EEAEREIAH
Iy BETREE . pHIE LA A AR IR e, v
TR R RS VR R R

1 MH5ERZE

1.1 SEIadRl

SIS AL BRI #5375 €L 5 48 B 7T (Arabidopsis  thalia-
naL.) Col-0. T # &/l k4 (Pseudomonas syringae
pv. maculicola, Psm) ES4326. = 20 AH o i {3 (Wat-
ers, Cat N0.2695). ¢ G4l 4% (Waters, Cat No.
2475). {0k (Agilent, ZORBAX StableBond C18,
4.6 mm x 250 mm, 5 pm)HISA (Sigma-Aldrich, Cat
No. 247588).

1.2 AFETS

90% Hi: 90 mL 100% HEE, JddH,O%E %4100 mL.
5% — 4% ./ (trichloroacetic acid, TCA): 5 g TCA, /i
ddH, O fif Je 5 2825100 mL. B-H &) b EmgA I H
100 mmol-L™" Z.F#N(pH5.2) 1 i B- A A M H i, Wk
480 units-mL™" . RHUAF: 2R LB b R IR
=100:99:1 (VVIV). FESHIER#: 90% 100 mmol-L™
ZIRN(PH5.2)+10% 2 i - SAFRIEEW: 1 mg-mL™"
SARET100% HF I

1.3 SLWAE%E

1.3.1  HIFEIFHE

TR M 454 22°C, FEIXHEE NT0%, JYERETRE AN
120 umol-m 257", JJE 1412/ N R /1 2/ i B

1.3.2 HWREARS

W T A B B M T Psm ES4326 £ 28°C # K LA 200
r-min~" e 15 3% 2 0Dge=0.3. FI10 mmol-L™" MgCl,
VT 2 0Dg00=0.001.  FJC I T S8 S R 7%
H3. AR5 H I, 24/ 5 BURE TR EUSA.

1.3.3  #EIFH A SARYIREY

FRELZ10.2 gL Rk, IO VRIS ks K o 7R
RN mL 90% H EE, % iEiR 15 FH it 7= i 8 %
RE2070 4. B 0AL5 000 xg 00105048, # Bk

SR AR A MK IR AL 847

WM 22 mLERE O . EVEYHin0.8 mL
100% I, i eV 5 J5 R 75 U5 7B T R 1093

0L 000 g 0010708, K s S S5 1 4R
W) F3EWAIE, BP0 240, — 0 F T i
BASSA, W TR S SAL A KU R, A A E
T4 B 50° CINAE A 58 A ) o a1 H b — 0
IAN0.5 mL 5% TCA, Wmjigii 5] ) F e 75 ik iE % 55
B R RS IIIE B A SAL [ — R N 0.2 mL B-
R 2 T WA, TR TR 5T IS P R R R 50 B,
HAEI7T°CIFE 078, A5 MAN0.5 mL 5% TCA, H
TATMELSA A FHAHGAFIAEHBIX, BIIA0.5 mL
AR, WIRIRAEEE, 0 EERE EEAN
M, R E2 mLE O Rl RE T, (R SR
50°CHNAEFE S 5E & T 1. IIN0.2 mLFE S A IR,
TRTETRS) fa B A %558, JRH E.0H110 000 xg
BIDSBh . B EIBEWH0.22 umigALid s AL e,
IV KR SR . DR RE A SE R, T REAT
HPLCH M, BT —20°CRAF-

1.3.4 BIARMSAMSEIE 5 E

TRENAH HH . 59(200 mmol-L™", pH5.5)F1 F i 4H %, o
YIGH I BEIRE N3% (VIv), FFEk1243%h, 7E12.55 80
L LT RT% (VIv), FHIRFE38 8. 140805, WE
VIR SR, RGCFHETT o0 Bl G AT T — UG . AN
FE PR AR EEZE0.8 mL-min™". 5 A 52 ke I Sk )
SA, RGP K N296 nm, K EHFEI K 410 nm
(Zhang et al., 2017).

1.35 MLEHSHIEE

HERRET R N6 mm (B SRS 200 uLp9ddiE). it
FERFIN10 plo KA AR N25°C. R &K
9300 nm, K56 9405 nm. FEEHAR I E
2mL-min”". FBEIHA: ZE4H(100 mmol-L™", pH5.2).
MBIAHB: 100% LG . #HEHE b, AZR+BR S E
2 mL-min"; 0.0-3.573 %, 90%A+10%B (¥t/it); 3.5—
4.0% %, 21 1L % 80%A+20%B; 4.0-6.5%) 4,
80%A+20%B (HEiFTk); 6.5-7.0708f, Ltk fb =
90%A+10%B; 7.0-10.073 %, 90%A+10%B (#-F
7). BEE AR SO RIS AL 75 AR R
SR F B SRR T SEEI%E S AR
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2 ZR5VTe

2.1 EABAMAGERISA

RATHEAKHE Zhang 25 (2017) ) S 46 7 9246 I SAKT 1
FES, RILSARILR RIS (8] 22,25 B, SAIE L B8,
HIELAF(EMA), XAF]FIHESARE A 4384
FAAZT7 VA D40, B v SR R I SART, R ILSA
W P 7 A A 1S B A AR (1 (11 B), IX 6 SAUTH]
RIS R T T BiRes REWIZ S ik v]
Gk

2.2 RaINEMPpHEXSAST BTN
TEHPLCSEES A, HREAN 255 & i 3 A o FH B Bl
Bl SHEEML, CEREEMRAMRE. FE. K
AN % B 5 R i AE 77 (Snyder et al., 2012). K1,
WATH KRG HlE, BUS T RIFH5 B8R (K12).
WA B pHAE 2 SA 70 B . SAIpKai
3.01, R4 A B A UpH=pKa—-log([HA]/[AT]),
MRS pHAE A4.50), SAMFH % N96.87%; i
BAHpHIE #5.00F, SAKIHLE % °498.99%; i sltH

A 124
1.0 4

0.8 4
0.6 4
0.4 4
0.2 4
0

EU

0 5 10 15 20 25 30 35 40 45 50
Time (min)
B 4.0

3.0 4

2.0 1

EU

1.0 1

0

0 5 10 15 20 25 30 35 40 45 50
Time (min)

B1 i HZhang%(2017) )5 A& MK MR (SA)
(A) 0.1 pg-mL™" SAFRHERESL; (B) Ffih N AR HiPsm ES432612
T IT B ASSA. EU: KATHAL. A taffigia RSA.

Figure 1 Detection of salicylic acid (SA) using methods
reported in Zhang et al., 2017

(A) 0.1 pg-mL™" SA standard sample; (B) The sample is free
SA in Arabidopsis without Psm ES4326 infection. EU: Emis-
sion units. The peaks labeled in red indicate SA.

pH1E A5.58F, SAMHEEZ899.68%. [Fit, FA 1M
W T X3 A [F pHIE R S AHXT SAZ B 52 m . 45 Rk
B, MishHpHIE 4.5, SAIE I BAR T & 25
MBAH(E2A-C); iz AHpHE }95.50F, SAIEL
HILTHE(E2C); Ui shiHpHE N5.08F, SAIEE
5 shHpHE M550 /024, HIE T (K2B).

AT Psm ES432617 424 /Nt i L0 Fg
TR S SA (E2A-C). At — S shAH i)
pHAE, FRATINR T AN A pHAE it sh A 7E 5 35 £ 4 Psm
ES43261% S BT K M SAK 2 7. AR EIR, i
B FHpHIE 4. 758, SAUEFN A5 U AH 2F i) 0 = S (1A
2D); M shAHpHAE A5.01F, SAWE A I (1K) P i
&, e I EAT IR IE(EI2E); SishtHpHE N
5.20F, SAUE A MUt — 0w 2 SAVE, {7 B I R AH
ZE5 R (BEI2F). X R M pH5. 2/ 3 3 AH ELpH5.0/1 B
A LTI 5y BRR

2.3 RENE CEEIRE X SAS BRI

B B T IR S R R B . bk SR e
F R S AR I 2 R BAVR 2 950 mmol-L™'. Ayt —
M 2RIk FE X SASr BS sz, A m A& A
2041100 mmol-L™" Z.ERAN KT B 3EAT S0 o 2435
FAT1 250 mmol-L™ ZERAN I, SAIE [ A R A 14N I
(BI2E). 435N A 220 mmol-L™' Z BR BN, SAIE 55
FRABIE TEE X A (BI3A). 2437 Zh4H T 4100 mmol-L™
CTREAIT, SAIE 5 FHARIE X 43 55 N H & (E3B), X%
4100 mmol-L™" Z. B 4h 197 2h A L 250 mmol-L™"
RN AT U 1) o B

2.4 HALSARIIMEAC

NT PRI REEE, BATRAL T SARIR IS K
B AKIBF9E(Zhang et al., 20176 R 6K A
296 nm, KSHEEK 410 nm. 5%, F-A17E296 nm
BRI T 3 7 350450 nmk BTG BRE, KB
MR S 6 K395 nm (9615 5 3 E N9.5) (B
4A, B). Ik, AT T280-320 nmEEE O, It
Kl 7395 nm S BRI AR BUR G K
4300 nm (%615 5 N10.5) (Kl4C, D). &5,
BATEI00 nmid ke FHH# 7 375-415 nmk bt
PSR, RILEAL RS EI K 405 nm (2615 5k
JEN11.4) (K4E, F). LiRseibah SR, MR
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B2 FshAHpHIE X KR (SA) 7 85 (52
(A)—(C) HES NHEPsm ES432612 424/ M J5 BT T 5 SA; (D)—~(F) kS N A4 Psm ES432612 LIl I+ 5 SA. EURE1. 40
FIETE N SA.

SR RGO AR K R Lt 849

D 5]
pH4.75
2101
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0 T T T I/-A|~,;I|¥
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Figure 2 Effects of pH of the mobile phase on salicylic acid (SA) separation
(A)—(C) The samples are total SA extracted from Arabidopsis treated with Psm ES4326 for 24 h; (D)—(F) The samples are total
SA in Arabidopsis without Psm ES4326 infection. EU is the same as shown in Figure 1. The peaks labeled in red indicate SA.

A 15
20 mmol-L-' NaAc
5 1.0
w
0.5
0 T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12

&3

Time (min)

TSI C RN X KA R (SA) 73 HI R

B 3.0-
2.5 A 100 mmol-L-' NaAc

o)
w

L B | T T 1T 1T
0 1 2 3 4 5 6 7 8 9 10 11 12

Time (min)

(A) 20 mmol-L™' Z./:44; (B) 100 mmol-L™' Z. . #ih R BPsm ES4326/3 LB J S SA. EURIEI. L tafigde RSA.

Figure 3 Effects of the concentration of sodium acetate in the mobile phase on salicylic acid (SA) separation
(A) 20 mmol-L™" NaAc; (B) 100 mmol-L™" NaAc. The samples are total SA in Arabidopsis without Psm ES4326 infection. EU is the
same as shown in Figure 1. The peaks labeled in red indicate SA.

PR LUK B2 iker T SAR) R -

2.5

B SAKIFZFE

A S e B AL Ve T AR I A 9 RERE 5 6.0 70 B, i

Ved3reh, A T3, BINKON120 8. BT
RIS B AR A A, TR DA AR Gl I B
FRI IR 18] 9 E A J 8.0 0 B, EUBE B BRI BETT 4R I R]
T Ja 2708, {55 SAWEAIFE3 T #1(E3B). Ik, N T
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£
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©
= 10.8-
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T T T T 106- T
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Time (min) Wavelength (nm)

B4 KAZER(SAYRM K AL

(A), (B) k6K 296 nm, K 56K 350450 nm; (C), (D) #k eI K ~280-320 nm, K4k K H395 nm; (E), (F) #%
RIGHEK 300 nm, K4HEEKH375-415 nm. (A), (C), (E) —4:E5K; (B), (D), (F) #otEK-2meafia. Mgk
1 pug-mL™" SAFRHERE . EURIE.

Figure 4 Optimization of detection wavelength for salicylic acid (SA)

(A), (B) The excitation wavelength is 296 nm and the emission wavelength is 350-450 nm; (C), (D) The excitation wavelength is
280-320 nm and the emission wavelength is 395 nm; (E), (F) The excitation wavelength is 300 nm and the emission wavelength

is 375-415 nm. (A), (C), (E) Two-dimensional signal plots; (B), (D), (F) Fluorescence wavelength-fluorescence energy integration
plots. All samples are 1 ug-mL™" SA standards. EU is the same as shown in Figure 1.

PSR eR, WATEBMM TRIEF, MEEE 2.6 SIMESARRERZ

JRaa S [ S A EREAE IS 3.5 B, HETSTEI M E 5y 7 iR AR, FRATAI T 0.01-10 ug-mL™" SA
3.50r 8, PRI MR FF AR @), BERRIRARL  prue e, I ESARRHEMZL(6). %ML MR? A
107381 (KI5A). 45 RRM], ZA MR AMUBEMRE  0.999 94, 2 B AL 1k I 77 5 R% 15 HE i I 52 SATY
Hh sy BSSA (BI5B), A7 B 58 i i v (o i W
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B5 KBER(SA)K LT AL
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Figure 5 Optimization of salicylic acid (SA) detection pro-
cedure

(A) Graph of detection procedure; (B) Detection results. The
samples are total SA in Arabidopsis without Psm ES4326
infection. EU is the same as shown in Figure 1. The peak
labeled in red indicates SA.

2.7 +#Hig
R VB €8 Bl -7 A ) 2 A2 A I SA SR 35 1K 7
o AHBFFAEZhang (2017 ) FEAE b kA6 I 7 v 3
7L . #EZhang®5(2017) /53, JENAH J9 F I
200 mmol-L™' 2.4, pH5.5, SAfR N i) 22.245
B, SAIES THRIEAHAR, BRI shA, BN KA
504341 (1B). Zhang®:(2017) 15 i AF T SAI K
BRSO, AR T mi@ A . AW O R sh A AL
H10% Z.Ji% . 100 mmol-L™' Z. 84, pH5.2, X{§73SA
TR BRI 4550 24,550 8, A 08k 7 TP (E3B).
S5O R IR PP B AR AL, R BRSO DU BT ) 45 6 &
1043 %1 (EI5B), gt m 1A R

AW FERARAL T 5 A I (138 e i K AR
Hei Ko fEZhang®s(2017) 77, R KA
296 nm, K SO K 410 nm, I FIEUE LN
9 (Kl4B). At /EHIk G N300 nm, KHHGEK
9405 nm, REFIEUEZIN11.4 (B4F), RIS
1 7 2125%, A3 R TR B SATE o

KIS B 5 TRV R 2L R R RS 3 K B A i

S RO R K IR RO 851

A SA (ug-mL-") SA peak area
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Figure 6 Salicylic acid (SA) standard curve

(A) Peak areas corresponding to different concentrations of

SA standards; (B) The standard curve (with an intercept of O,
R? indicates the coefficient of determination)
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Optimization of an High-performance Liquid Chromatography
Method for the Determination of Salicylic Acid

Shixi Shi, Shunping Yan’
College of Life Science and Technology, Huazhong Agricultural University, Wuhan 430070, China

INTRODUCTION: The phytohormone salicylic acid (SA) plays multiple important roles in plants, such as disease re-
sistance, seed germination, and leaf senescence. Among these, the role of SA in plant disease resistance is the most
studied. Since SA promotes disease resistance at the cost of plant growth, plants need to dynamically regulate the con-
tent of SA to balance disease resistance and growth. Therefore, fast and accurate measurement of SA content is a critical
basis for plant immunity research.

RATIONALE: High-performance liquid chromatography (HPLC)-fluorescence detector is the most popular method for the
quantitative measurement of SA. In order to improve the efficiency and sensitivity of current methods, this study optimized
the composition, ion concentration, and pH of the mobile phase, as well as the detection wavelength and detection pro-
cedure.

RESULTS: The baseline of the chromatogram was more stable when using acetonitrile instead of methanol in the mobile
phase. When the pH of the mobile phase was 5.2, the retention time of SA was the shortest, without interference peak
near the SA peak, which was preferred for minimizing the detection time. The higher concentration of sodium acetate
(100 mmoI-L‘1) in the mobile phase was better than that of lower concentration (20-50 mmoI-L‘1). Wavelength scanning
revealed that the optimal excitation wavelength was 300 nm and the optimal emission wavelength was 405 nm, under
which the highest sensitivity for SA detection was obtained. At a flow rate of 2 mL-min‘1, it took 3.5 min for elution, 3.5 min
for column wash, and 3 min for column balance, shortening the measurement time per sample from 50 min to 10 min.

CONCLUSION: These optimizations greatly improved the sensitivity, stability, and efficiency of the SA measurement
using HPLC, which will contribute to the plant immunity research.
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Optimization of salicylic acid (SA) measurement. (A) SA detection procedure; (B) Chromatogram using the optimized condi-
tion. The samples are total SA in Arabidopsis without Psm ES4326 infection. EU: Emission units. The peak labeled in red indi-
cates SA.
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