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Abstract: To develop a simple method to determine the organic acids exuded from roots of Phyllostachys
pubescens, root exudates were obtained using a water culture method with treatments of 0, 100, 500, 1 000,
and 2 000 pmol -L ™ AICl; as the culture solution and analyzed through ultra performance liquid
chromatography (UPLC) with ultraviolet (UV) detection. The exudate was concentrated in a rotary evaporator,
and separation was performed on an ACQUITY ® UPLC high-strength silica (HSS) T3 C18 column with 3%
CH;0H-KH,PO, (0.01 mol-L™)(pH 2.6)(V/V) as the mobile phase of an ACQUITY ™ UPLC system. Analysis
included the effect on separation of 4 organic acids (oxalic acid, malic acid, citric acid and succinic acid)
using UV detection wavelength, chromatographic column, and the pH of the mobile phase. Results showed
favorable recovery(95%-105%) , satisfactory precision (RSD << 2%), and a good linear relationship (0.022-
1.100 g for the 4 organic acids). According to the retention time and the spectrum of the analytes, the
organic acids exuded were an oxalic acid and malic acid. The AI** ions interacted with organic acid exudates
with the strongest interaction when the concentration of AICl; was 500 wmol-L™. [Ch, 2 fig. 2 tab. 14 ref. ]

Key words: botany ; ultra performance liquid chromatography (UPLC ) ; aluminum stress; Phyllostachys

pubescens ; organic acid

Weks H 1. 2010-11-09; f&[E H #. 2011-01-06

R H . FEE A RB I ITH (40871116) 5 #1147 7=l A8 F BA % B 5 H (2009R50030)

PRI X0g, BhRRSCasl, At ST E 5. E-mail:liuyingkun1@qq.com SBE1EH : AR, MI#
B, Wit MWEMHMEEE SRS, E-mail: gry@zafu.edu.cn



534 WL oA BROR 2 E R 2011 4E 8 H 20 H

EBAT Phyllostachys pubescens 7] AR AFE & SR R MoK SE AT, AR EBETR, @ H@AEw) iz, &
bR RATFIA M EEZRIEY, AR LT EFRITTE, MR (3 ~ 13 mg- L) Al DLl —
TP A S, B vk BE O o (3 23 R AE R AR NP, RS R LR EY - M FZ R 72—, +
e 4R 2800 F DR RS B AL S AATE, A B EEAY . YRR T pH 5.0 B, 47
(A PRS2 15, TR ALY, AL(OH),"F1 AL(OH)* 26 8 1, XHEYI = A fEEAD . BUTIENS
B A MRS ) BT RR IR AL E pH 4.8 24, AW B SEEEAEAWBET, Hit, XE
A58 38 J7 TG A4 BIF 9878 2 A B i S PR S TEAEIR R - b il WY B HLIR A« Ar IR . T
M2, BRI . WiARR . VERER . SERFITN ZRRAE, BTN E Jr A A SO gk S R R A
VKIE A XY AR T B R A A S, RIS AL RN E AR AR BRI AR SR Y, JF HAE AR
RIEFR AT 73 WA IR BN A R AE ) i SR L 2 —" s /NEE Triticum aestivum, JKF Oryza sativa
SERLY AR R 3 WA DLRR A 5 LU AS TR O B AT AR R 40 W b A HLIRR 5 1 A A 58 R DL GE . AR
SEH R UK B LB IR B AR T 2 ~ 3 i JH ACQUITY ™ Ultra Performance LC i RUCRUAH (35 R 458, U
PREVMEON 3 % iy HYBE-WE R — 2040 (0.01 mol - L) (pH 2.6) i WA T A0, 28 HSS T3 CI8 Ay, IR
BRI AR R 50 W Wy b e i WL 4 R LR SR 4 4y, B S8 s A Y pH (B 43 5 1l J3E 5 TR 3R X 3
B2 . FPAERR . BEIIER . VORI 4 R HLER 23 B AR M SE IR . A S i A N A VRS R R L MR R
PEFFGIR R e 0K, JF HEARGHRD, sl B AR AERE A, T 48 W 38 B R ) AR R 43 0k
YA LRI AT S 0E5E, 25 R4 Nl

1 ZRE

1.1 L&, #RERA

ACQUITY ™ Ultra Performance LC #8580 AH 1% R4 (56 [E Waters 3 d] ), A& ZJCiAEFE Bilgs . A
A PREY . FEIRAGAICHE A RN AY, ACQUITY UPLC HSS T3 C18 4 (2.1 mm x 100 mm, 1.8 pm);
HL P R G EARRR -4 2 ) 5 Milli-Q MalizkR s oKX Ema 58 (v [ pg I SO e A A s
J7) s B ZE R AL (R E RIS, N AR (P T BORAE R A IR A R, KRR
(HA=FoH&GARAE), RET, S, BREI%E,

B BT T 2006 55k BT PEEEATT s SRIGAFICT R B4R, T 4 CUMEPRAE. HIR. 1118
B2 . BRIAMR . PORERX BN (A, hE BRI YRECAERA ), WEE(EEL, £E TEDIA 2
Al), I KK, S, ERRRSEAN X O Ay b Al
1.2 ‘if&EH

ACQUITY UPLC HSS T3 C18 # (2.1 mmx100 mm, 1.8 pm), JishAH M IRFE 080 3% /) H BE-BE R
ZEH(0.01 mol - L) (pH 2.6) it # 24 0.15 mL-min™ [ &EEEVESL, 43 BT [a]24 6 min, Ay 30 °C, #0
Pty 210 nm, FEFERF N 5.0 wL,
1.3 BHERRAERRRIRLE P H A ik B

W R . FPIR . JEHIR . R BN & 11 mg, AIE LK T 5 mL 25 54 5 i Wk 2
2.2 g L7 BEPRIEWRCNAE Ry X B BRI, RIS RS 10 457 0.22 g- L7 4 i HLIR MR HET W, 23 | R+
5.0, 2.5, 1.0, 0.5, 0.1 pL f 4 FhA HLER fo b7 i 22

il 0, 100, 500, 1000, 2000 pmol L GAALSE M (JH & A AL F I W B AR R A BR %2 pH 4.5) ;
2.0 g-kg! R ARRREE, 1 mol- L7 & A LN, 1 mol- L7 2R, (KB ECN T5% LK IE W
1.4 HmWESMLE

DFE 20 gokg (R 5RIRAT PN EE 05 h, HIE FESRUK 3 24 he @43312% A 0, 100, 500, 1000, 2 000
pmol - L™ 45 5 A [] ik B AL SE I VAR G FR R, AR BE TR S MR FRIL (N &840 2 F - BE R L,
I E K ), IEEFRK 20 mL- 3552007, FBRF (SRR B0R 75% C B 75 ) 43 OB 30 504 1 i)
Fo BRIGH R SR A N TR (28 CAr, IE 80% 4 47) . W3 d Bk | IR, Kk 2
Ji, SIS ITT S SRV P IR, TR 28 A FIRAE 2 2 ml ity FEAKER 2 S ml,
b 0.22 pum f AL 8 S AR Sy At VA
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21 ‘igFENRK
2,11 AR KT Ry T SR KO A LR R I SRR s, O R A A R A AE
190 ~ 400 nm (5540) F RAE 4 P HLER 1 5 AP OGS B, 4 R HLER EIEE 210 nm B A BRI,
FEMEL, Ao Zms b A B T8, ST L8R AR A 210 nm K TR
212 EafARey B ARSI T W 5% A 7E 52 [ Waters 22w (1) BEH Cg 831 4 . BEH Shield Cjs &
HE. HSS T3 Cs 35 HE, /Ny T A PLBRM A FEAROR, 28008/ 70 1A DILIR 1 STHR AR S FH 26 /K AH 7 2 i 3l
tHo AT 2 Flt UPLC AEERAS AT DA Ak AP0, ELICEOK 4 Fa pLiR oy 25 IRk, FRATEEEE L 1T H Tk
PRI, AT A2 K AR e B 7Y HSS T3 C18 (a3t
213 AHAMGEE HHRNIE, TEKRMNESME, BCRAMS A S0, FellEhnsT
BN T LORE MR 58, AL AR, HiR. MR A mEsE. mREmm, ~
EAVERSIAH A ER s FH 2.0 g-kg™ W BRVE IR SIAHRT, FELIERE, HAE H bR R T b BLEg, 8%
12 8 2% W LR S — Tl 5553 R L 8 99 o R0 T 2R A X L e e, A R 5 5 LR 1) 3t sh AR T L
T2 11 4 5 T A S A RS DN & b T 26 v R ) R 2 o RONS SRR TR A S, T ARk B 1 % v I R X
XA A RS, SRR 0.01 mol - L By @R — U 31 22 vh I WA i sh AR 1Y) 32 22 B4 o
214 AzhAn pHAE# & LIASEHE pH (E HBEER ) A 0. 01 mol - L™ (B2 — S #H - MBI sh A,
ERAAIRM AR, S5588R, WA pH EXTE VLR 72 52 m R K. 24 pH 2.0 B, BEHIRR Ay
BRANRETE 20y 8 33w pH A, 4 Fa PLERE WS 2040 5, (A SRR AN AR . SRR 1) 4 85 H
BTN 4 pH>3. 0 B, Fr s IR AN A PR AR A R 555 24 pH 3.2 B, F53A HLIER 11 H 0 Y % AE
Ak, BT pH<2.5 MEW S W EISH N G, SLA% I8, Raikst pH 2.6 B L2 i .
215 AFHATFERE L EE WA P IR, GBS 8GR IE . L 0.01 mol -
L™ ) K,HPO,(pH 2. 6) B WAE T S AR, XA [m] ot & 3 £ iy e (0, 10, 20, 30, 40, 50 g-kg™) X} 3%
SYESHE I T T . SRR BEE U S B BT A RO N, A LR e K i T E R 4 A
HAEFES, PEERETEAS A, 30 g-kg B H LR PR TR A S B RN B AT
2.1.6 HALSARE DRBI B 3% - R A (pH 2.6) 1A R AE W S AH LU T it . FE TR
PRE RN ESEm . 45 5R & B : Wi 0.2 mL-min™ B, 73 BSFEREAL, R AN A B REA R B, i 0.1
mL-min™ [, T RGEAR/DN, RO, Sy EROCR s ARG S B R, 4y
B R, BEFEAE 0.15 mLemin™ JE R M E R (30 C)#EA T E .
22 BEUBEBIEDH

FH HSS T3 C18 #, RBUECH 3 %1 H BE-w R — 2U8f (pH 2.6) & s W /E IR B W sh A, il
PITE 6 min WAFBIARGF /0 8. BIR . SRR . FrEIR . BRFIRR A LR B8 i W] 4350 & . 1.507 = 0.089, 2.310
+0.078, 3.900 + 0.46, 5.243 + 0.065 min, 55 @ISR WE 1 R,
2.3 fiRAEML, BEERERKE

B 500 pmol - L7 SHALSR S5 IR 4 1y, Horb 1 AEAIR (REm B iG EIWLIE 1), 75 3 iy & i A [ i
(948 FLIR AR VA WA 1.4 (3) i 1 b BAE ft e A B F 00 7 45 B 4 AT 5 Wk - BE Y, 8D vk 11 [l
WCRFIRG % R . AR 3.3 WP TR B 7 BoRHR BAREE WA, DIETIA (mV -s) BUME W YA bR, Fr bt %
WV BE (ug) AR AL bR, SRAFERAME I RS, 250 LR 1. 4 Fhart Py i g i FRAR X AR HER 22 (RSD) Yy
INT 2% 1RSI R 95% ~ 105% , W% 53 At J7 A AR 4 (0 85 3 RN I
24 tHFminE

R TR IS, He BT O0 Ak 0 €0 o7 32 30 A e RIOTRORE B i AS b, AR 4 T 420 70 £ B8 s ) ATk (5]
X RE il o B R HEA T E PR, KB BATAR AR M AT LUK S A LR S FERR A SRR, D34 2 R L
BRAKT Y o AR EIE R UL 2, G5 RR] . A 5 ik D A (] v B2 5 A0 35 B AT AR 2R 23 W0 400 v 1) B R 5
RIREHE, 45RWNE 2 Pw,
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Table 1  Calibration curve of organic acids

7y ZEJE /g &S S s 74 T o /%
HHLER L PEIE Y/ 7] ) o R EL F Ui 22 / % [/ %
R 0.022~1.100 y=4.66x10%—4.43x10* 0.999 8 0.95 101.8
PR R 0.022~1.100 y=2.54x10%—2.20x 10 0.999 3 1.28 97.6
Pk 0.022~1.100 y=8.94x10%+5.51x10° 0.998 5 143 98.3
BEIR 0.022~1.100 y=2.46x10%+6.08x10* 0.999 2 0.84 103.4
0.7 1 N 0.45
il R 0.40
' 0.35
051 £40.30
Ho,l 3R 0.25
R 20.20
R 03r 0.15
0.2 0.10
0.05
0.1F
0
0 1
0 1 t/min

B2 500 wmol L™ & A48 4 58 £, 4%
¥R PR &8 A

Figure 2 Liquid chromatogram of organic acids in culture

B 1 4FRFIBRAFEREGER

Figure 1 Liquid chromatogram of standard of 4 organic acids

solution containing 500 wmol - L"AICl,

*2 AERESUBLEENTHIRZDHAENBHNE

Table 2 Content of organic acids of culture solution containing different concentrations of AlCI;

SALSE A/ (pumol - L) R/ (g ) SRR (g )
0 6.52 + 0.17 42 +£021

100 7.76 + 0.32 5.64 £ 0.16

500 17.59 + 0.28 9.54 £ 0.26

1.000 14.03 £ 0.37 5.89 +0.14

2 000 12.48 £ 0.25 3.15 + 0.10

3 i

SR PR 5 B3O (85 T E BATIR R - I IR A LR, FER I R, o BORiE, J7ik
LRV L B o M A5 2R TROR AR AR R R [ AR AR BE T A B A AR AR 0 A ) PRIR A B R P R E 0
Bk, FFHBRAREM AR, ofrRESER R, VYRR IRY IR EAPLRIBITT, DLRAEYIR
PREFSE A FLRRAE HIPLBE A £ S04 T 280 T B, &9 RERN . BTIRA WA PLIR A =R
SRR, HATRRAE R BRI & S TR A — AR, B T AR BATR A A LR
oA PR o R AR AE 500 pmol - L7 i, e BEAE Wi, 75 1 000 ~ 2 000 wmol - L™
I, 2 EAE AR X D
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