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Abstract; An automated pre-column derivation procedure has been developed for the determination of gamma-aminobutyric
acid (GABA) and 17 free amino acids by means of reversed-phase high performance liquid chromatography. GABA and the
17 free amino acids in needles of Pinus massoniana seedlings were determined with a 0-phthaldialdelhyde-9-fluore-nylmethyl
chloroformate pre-column derivation in 19 min. The amino acid derivatives were separated on an Agilent Hypersil AA-ODS-
C,; column by a gradient elution method and identified with a DAD detector. The recovery of amino acids by this method
was more than 90. 1% with high precision and reproducibility (its relative standard deviation ranged from 0.21% to
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2.81% ). The total amount of amino acids in the needles of P. massoniana seedling decreased decidedly from 418. 3 to
310.4 pg-g 'FW after insect damage.

Key Words: reversed-phase high performance liquid chromatography; pre-column derivation; free amino acid; gamma-

aminobutyric acid; Pinus massoniana

I, B # ( Pinus massoniana) R EE T EEE MR, B ¥ B3 D B E B (Dendrolimus punctatus ) ) 15,
F.ERERAREREER, AREKLEFER THRAEL. DEMZER, HENKERY RS2 TR,
HMERREEEAIERN ERETIEEN RS ER, NTIPIEE— S E ™, SEMEREHRLHR
REBWEFEERYRZ —, BE 5EERABSL, ERAZEWFT MRS EE. S 5REREMIBIRE HF
Thek, REHE R R RN EERENE Y IRE , a5 B (RS AR & R H RN IR , B
BRHMIEREKZTMEN ", GABA B—AE B HItH 208 5, A A ik B 75 s -7 # L
WORISOER FT LA VE S GABA (9 A BRI R, IR GABA XAERF R MM IEHERMEE ", K
I, B8 &4 T WIRE AR X BN EY T RA R EE S, N E R EMI RN E
)

BAG, ETFEZE" i AR T o 17 R R AR B E B —iRE B
TAYIRE R AR A GABA 1 17 Fhii B @AM & BT E H N MR IRE , AR B UZ ERN D REBM N
PO, BR i RN R OB S E A A A BB S B
1 WA
1.1 #8

WE P AR R D BN, R BILAEREN, R DEMEP AR 1 1K 1/2Hoagland EFFH, B ILE
FAR, FHEARPEETIK, B E T RN, 0 L4 R T BB R i h BN A Besh YA Br i it
SReH AR R
1.2 HaRE

BB E , K& R A7 HRA 6 MR D B 3 R, A 3EA—EEN D EMBRY B, g —
KeERBEEHNE (SRR RE25% ~40%) , EEHBSH) 4h ) EBRAR ERENS,

73 UM R e K B 2 R T B A 3 MR R AR E X IR, #% B3R 7 R A, RS 53, BEAL, SRAE S5 S B
MABRE S REET -80CIKHAPRTFEH,

1.3 {510

1% : £ Agilent 2AF] HP1100 =3k WA 54X, RARCE N G1315B R E 5|45, G1316A AR
#6,G1313 g ahttees, G1311A PUITE , G1322A ZERBSHLLARK Agilent BFE T V¥,

o 17 MEERRER(RMNLER AR ZE4R 2R . HEaR. FAR. NEAR BER. . BR
B MER GER EER EANEAR AR AR GEREER) (PR _FE(OPA) \9-ZjE B
FERER(FMOC) LK pH 10. 4 §) 0. 4mol/L FIBRZZ WK, 1 B Agilent 245];y-RE T BRI H Sigma 2AF] ; BRI
W= Jk . YR KR o 7= i 4 R L 9 32 Fisher 22 A4 75 /K A £ B F 7K A MILLI-Q (£ H
Millipore 23 7] ) #B 4 KA AL F
1.4 fESHEMS

faitE Agilent Hypersil AA-ODS-C 5, 5um 200 x 2. Imm FEFR 34 ; H 3h4H A:20mmol NaAc +0. 018%
TEA, i 1% ~2% B8 pH 2 7. 2; 330148 B:20% [ 20mmol NaAc, i 1% ~2% BEFRTE pH £7.2 +40% Z.f§
1 40% BB ; Sk ;0. 45ml/min , BE B EEE, W5 1;415.:40°C ; DAD il 28 : /55 =338/10nm, 5% =390/20
nm,16min AH{E5 =262/16 nm, 5% =324/8 nm,
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1.5 #pifidk x®1 BEEBREE
%Fﬁ Q ﬁﬁ&ﬁg%ﬁﬁf‘: OPA-FMOC Eg% Tﬁi—t s n&ﬂ Table1 Conditions of gradient separation
BRI Sl 5, B 1l OPA, it , B 1p) & R R
EMRAMEB ISR, IBA, BT, TR 1pl FMOC, % (min) A(%) B(%) (ml-min~")
b RS RS, 0.0 100.0 0.0 0.45
17.0 40.0 60.0 0.45
1.6 gg@g@%ﬁl'—ﬁ?ﬁ'ﬂ: ‘ 18.0 0.0 100.0 0.45
ERFRAL 0. 5g T RANGT TS E, i 70% ZBRBR 18.1 0.0 100.0 0.45
BRI, 4 COkAPERER, BL, LEBRA 18.5 0.0 100.0 0.80
0. 1mol/L HCL & pH {E % 2.0, HEERK A 1HEE: & 23.9 0.0 100.0 0.80
BEZEEL 3 WK, FFEH YA, KM 60 CRAFTheFkzEk 24.0 0.0 100.0 045
25.0 100.0 0.0 0.45

ZF, i 500l 0. 01mol/L HCL Bf##E S, 13 0. 45um
THFLURRE , 7% | HPLC,
1.7 FEBRWEN S EBNE

FR 4R AR AR v B 4R B8 B ] R AE 190 ~400nm X [B] ) 58 51 IR uliraviolet, UV ) S 3 a4 5 v B &
HEBREE, H Agilent (38 TR E L G KIS T B ERARK S B (pg-g” BE) . HRHERHN
EEE 3 WK, ABYAEH SPSS HAHAT 2T
2 ZR5H5%H
2.1 Rk EeE

TETRCE A X A, SRR AR RIS K K 230.338nm, A EEBNEAREREE,ICET
230.338nm F-MEK TR EAIEE ., A HE T D ERE 2 BZE 230nm T 338nm 4b BT ik B, & 3L
338nm bR T PRI IR F BN, B ERBRA BIF R, B 55E 338nm AR K, B
FR B KIS 262nm , i) 16min B4 0 3K 240 262 nm,
2.2 fAAEALIBAWREK

— R AFRTEL OPA AL, R B R ERA 6 K, KA ER FMOC 14k, AR IREBIRA 4
W, AT R N TE 4, T AR & K.
2.3 WIHERE

BERF BERR KA, S48 R B RI¥ 455 , 25 B R, ARkis i NE S 34 B A REBUNYT,
i igatE g, ISP, R L B E RN 72 0 ~ 17min P, B AR E H 0 &M A= 60% , [F 5t
A R i 100% 2k FREZE 40% ,17 ~18min B FHA¥R B Hi 60% 2t _EF+ = 100% ,7E 19min Y7 R
BT GABA i1 17 MBS & &M, [FaY, D EMH AR ERRBRB THENIESRR (B 1),

R ERERRN, R 40C R BRUREST , RERIET 38°C, frf GikigEEs.

pH{E WIS pH X R BA R AR, 2 pH & T 6. 8 B, Cys, Val \Met 2B BE T b, AR L5
WA pH K 7.2,
2.4 FHEMRIEBBANDEMRERIBESR

F[EMEBRRN D EMRE M EERN IS B R WE 1, WE 1A 71,18 Fh &R 535
BORRIF. MWE 1B WL, FrfcE i ik KM 2 ER S HEHAMBFN S, RS BFENBER
2.5 SRR MR EEE & EE

43 HIEL 18 FPEEFRWK FE Y 3. 125.62. 5,125.0,250. 0,1000. Opmol/ pl FFRHEVE W, H A K BRFE
2000pmol/ pl 55, ¥% LR LM 5E , A S FPRETRIEE IR Y NN A , REBRIK E X B ARt fr 4t [0 1915
FEEER, U3 FERIGTER/ M8 (R 2) , 4REW, FEERHRRYPIIKT 0.9949,

KPR E T 5SS B D B, 17 5 4, RN A 18 Fp A BB EE R, IR E R R &
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Fig. 1 Chromatograms of 125 pmol-pL ™! amino acids standard (A) and P. massoniana needles (B)
1. Asp; 2. Glu; 3. Ser; 4. His; 5. Gly; 6. Thr; 7. Ala; 8. Arg; 9. GABA; 10. Tyr; 11. Cys; 12. Val; 13. Met; 14. Phe; 15. Ile; 16. Leu;
17. Lys; 18. Pro

HHE R, U ERCR A R R 2 (R 23R 3) , 2R R, [BIYRCRAE 90. 1% ~96.7% TS EIPY , £ B B[]
TR ZE N 0.03% ~0.78% , EARMAX AR ZE N 0.21% ~2.81% , Y%7 IA HERf B = , B 47, 07
EH,

F2 BHEERAOSEEAASERLURAXAN OUERSTE

Table 2 Linear regression equation, detection limit, correlation coefficient, recovery and relative standard deviation of 18 amino acids

FER LA EHITE Hz i BR (pmol -l =) XA WEE RSD(n=5, %)
Amino acids Regression equation Detection limit Correlation coefficient tR (min) A
RITAER Asp Y=0.61X+5.02 0.583 0. 99980 0.12 2.74
BEER Glu Y=0.72X+5.64 0.602 0. 99892 0.25 1.02
2R Ser Y=0.59X+7.76 1.034 0. 99930 0.14 1.12
HER His Y=0.41X+3.91 1.643 0. 99946 0.11 0.21
HER Gly Y=0.52X+3.32 1.378 0. 99985 0.10 1.13
ThEER Thr Y=0.57X+5.53 1.236 0. 99955 0.14 1.12
HER Ala Y=0.58X+8.31 1.095 0.99917 0.08 1.44
KEEER Arg Y=0.57X-5.15 1.274 0. 99945 0.09 2.23
v-RBETHER GABA Y=0.06X +22.74 1.983 0. 99491 0.09 0.94
E& R Tyr Y=0.53X+8.08 1.208 0. 99895 0.09 1.24
PEEER Cys Y=0.58X+7.03 2.066 0. 99934 0.08 1.76
BER Val Y=0.20X+6.44 1.229 0. 99641 0.07 1.06
EEER Met Y=0.58X+5.81 1.204 0. 99946 0.07 1.24
ZEAERR Phe Y=0.54X+4.86 1.347 0. 99964 0.08 0.91
REER le Y=0.56X+6.16 1.324 0. 99948 0.09 0.60
HE R Leu Y=0.58X+7.64 1.390 0. 99922 0.06 2.60
&R Lys Y=0.91X-17.59 1.265 0.99842 0.03 1.38
A& ER Pro ¥Y=0.30X+10.13 2.015 0. 99568 0.78 2.81
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®3 DREABSIHPEEBRBITER

Table 3 Determination results of amino acids in needles of Pinus massoniana

FER bupi B Insect-damaged AR ISy Il &
Amino acids Control ( p,g-g_l ) ( p,g-g'l ) Added( pg) Total Found( pg) Recovery(n=5,%)
RITAEBR Asp 78.1+8.3A 39.4 +4.06B 66.6 99.1 90.1
BER Glu 234.6 £25.7A 130.5+7.94B 147.1 254.7 93.4
2R R Ser NDA 25.7+4.9B 4.4 4.1 93.2
HE M His 4.7+1.39 A 2.5x0.28B 4.9 7.0 94.8
HE&®R Gly 1.8x0.4 A 5.2x0.78 B 4.7 5.4 95.2
AR Thr NDA 6.7+0.54 B 3.7 3.4 92.4
FAER Ala 17.9 £3.49a 21.0+1.05a 14.9 22.4 90.6
BER Arg 28.9+6.09a 12.6 £2.9b 21.8 35.5 96.7
v-RBE TR GABA 4.1+0.92a 11.1£1.5b 6.5 8.1 92.7
ERE R Tyr 3.410.8a 4.1+0.99a 5.7 7.0 93.2
BE&E B Cys NDa NDa 5.0 4.7 94.3
HEMR Val 3.0x0.8a 3.6 +1.04a 4.9 6.0 91.9
ER R Met 16.3 £2.65a 20.2x1.31a 12.4 20.0 95.4
EHEFR Phe 5.5x1.66a 7.5x0.72a 5.2 7.4 90.2
REER le 2.3x0.73a 2.210.38a 4.1 4.9 90.7
EE MR Leu 2.1x0.37a 1.7+0.79a 4.1 4.8 92.3
AR Lys 5.0x+1.98a 3.9x1.02a 4.6 6.7 90.5
&R Pro 10.6 +1.86a 12.5x1.17a 9.6 14.1 91.5
BEREE

418.3 £21.42A 310.4 +15.27 B

Total amino acids

RPEIRRTIME £ ApvES, “ND AR B SR A LSD ZE LB T, AR FREREREBEAKF, NEFHRR P<0.05, KF
FHFIN P<0.01 The data in the table are mean + sd; “ND” not detected. Data were analyzed using LSD test, values within the same row followed by

different letters are significantly different ( capital letters, P <0.01; small letters, P <0.05)

2.6 LEMRFHPEERNEE

MFE3 HLEN, SEMEDERNERRES, SHEFR B, SRR 52 SR, £k 18 #
AERPRINLER AER IR FER  FREAR AR EARSETHR HEEERIEAS . £
B A A 32 40 J 4 i D) P B R X4 A SRy, LSD £ G R B, HRESMRZ AN ERREEER
REE, HPRILER AE2R L2 HEAR FEAR. SEARTEEZFREE HEARv-EETRIE
ZREE, HARENEERSENENABEEMN,

3 itig

FERTAT A FOME R VA i A T 8 R R R K BRI — R FT ik . SRR ITOUH L, A8
AR RA REER, o R, FEENEATEA R RN TGS, BT EASRAE 8 st
BPVT AT o

XTFEERNEP G, ERNLRABNNRE,0. 45umol/L JEIES I8 , A2t T Maitk £ B, e HE
BEAERAEENERESEY, Wk B ARG BB, B RE R S, BRE S DR
HERERNE , FERFARED B S EREZHARFMARRY R, BRI E TIHE KR, M4
SCR SRR A B : ZBHNE WU LA K2R, R aERB BT 55,

B S RSP R T —ERE M EIS, YEYZR R R b e, KNSR ET S EEEN
A B AR R EMAR, AR, BAEMPIRRY, DRMZEE, KK
BERURSETRD ™, BASUIE S M RARRSORM G 7 R RN E TRERE b RRZELRE
AR P 18 EERM S E, KRB FEDEBRE AR P ZER S E SRR, ZEFrRK 18 #&
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ERTPRNLEAR AER HEAR BEAR AREAR REARTMBARSTE TR, HEAERN S EIR.
DEMEARBEIINSEERSETEE—PHRR, WA TERANPIE, B3l B0 REREER
HERFEEEL, BAHEEFESIEMEARMS P RRBERERALTEEUNXR, TR T LERHIIR
PLEL, DL 3 B B A PR AR KR
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