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1. BU&®IC

W ALEYyD—27 T2 v (ABA) X, KR
RAMVARBEEL, ¥cEMoRBEPLETHHEICE L
DTEERBREPRI-L TS EELLRTWS, I
A4 X EOBTFHIE & h, BRBEECITEES
DERBELEERD S EE LD TW5, ABA I to
RrEVIDEBECEER TS0, HIESERY
BoHTHy, BHET TR  OfEYEN ABA BEOH
FHENRE IR TET S, UL, ABAHHETLE
BRI B I 3%, ABA ¥ EERICEIN T
VB A ST Ay, HIEEL SEERE R OB
BRDBH I EXTE eV, TORDEKRE CH) EH
ABA iR cing, rxze~<t 2757
BESH (GCMS) X 5 EESHE» RO
ABABERHET S, P Y+ v s (CH) Z#EABA
gL, BRELLE, vvFLr—vavivy
2 —CHIEL, ENELROFIET S k0, EMERE
B IhTw32, Lol hbofbEdwix, AFEHR
WEETH -7, BRI B ER Y DLEET 5,

AR, B =1 757 (HPLC) :EESH
B O(MS) &xfHAER A LC/MS ~ 25 223 BR X
h, tkz e~ 757085 A CHBELL-RB 2 ERE
BEAOMTHIENTEL LR, TDDIERE
7= 757 CHEMUIYMBO 77 7 AV —va Y
HOREIENFREE o b, ELIBERENIA v E -7
FEREEBHCEBIRT A LN TEL D, BECEE
v—72 (m/z) D=zxr7mn=}t 275 22K TE, %
CHDLERERITHCE DAL oo, TDOT AT AR
iz ABA o E BRI CHRE I N T35, &
MAEOFHMIBNSh T, SHEE LI LC/
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A REF, 7o vEE, LC/MS v x5 &

MS (M-1200 H# LC/MS, HITACHI) % FH \ 7=
ABA DS FEM oW CEFEICRRET L e, TR,
YV HIBOHFTAEAVWIEHPLCIZ L b DB Tc
ODyeoD &' — 27 23 X 4 XFEFH D ABA RE ¥ EHEH
ETHIENTESLT ERERLI.

2. BRI

1) ABA D

£ A4 X[ Glycine max]FET- 25D ABA OH LT
DI HRAT -1, £ 4 AP F - 3lEET (&
RER S5 g) #EAP LA & LCBHT (2,6-di-fert-
butyl-p-crezol) 10mg L' % &% # & / =1 30mL %
AWTHASTCERT 5, L, 20CTHEL,
15000 g, 10 RO BET 5. EE%R50mL © £ 2
75 ARaREBH, MBEEELERI0mLD A% /-1 T
2 B, Do EEEELETC S0mLICERL, &
Aoz /- ET 5, 20mL O 2 5 7 — il
W, v—2 ) —= ARV X —FHWTL0C DG
B CIRERET 5. 10 mL O/KICEEML, 0.45 4m
D=trELE—RAT 4 AR —THBTS,

2) ABA OfEfEH

KEEBKRY D ¥ ¥ HPLC Ttodr+ 5% &, ABA
LS D e — 2 RER I, HERD I L &
ENE S, ABA OBz v<1 27574 -
27 2 ¥ Foryr s vib (ODS) Ui fEfH o 7REA
i=Hh7a (C18) ERTHAZ LIBEHHE I T
WY, — i Cl18 s =4 5 a0 b0 ABA DEH I
13, BIEER L £ & 7 — L OBRSHESE VLR B H,
LC/MS O4a#rCit, 8D 7 20 bOBEHKRZEER
{LLTMS 0k & 570, CI8EHEIICITIEERE
FH A EHL T, 0.IMERCcpH A L. EXS
BRI LCHOD <7 v FH0% b5, 3k
B O BBEUILI T O X 5 1T » Tz, Lo KSR
5 mL %, Sep-Pac C18 (Waters) iz L 7z. C18
#5a%10mLO02LL Y 227 -1 (0.1 MEBRT
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pHE20c&bri-KE 227 —1LDREEBE, v/V)
TEET 5, WI0.32LL 2% /-1 (0.1MIERE
TpH%Z2.0EbelkE 22/ -1 DREH &
0ALL? 227 —n (FEEKE 227 -1 DERER)
rENFR1I0mL FoBRWTELXe, 0.32L1L1 &
0.4LL? 2%/ —nNESEEHLECTHABAMBK &
Lic, BRBRC X 2EHRTNTRY 22Ky 72
W, FiEE 1 mLmin™' & U7, HEBEIES % 100 mL
Dbr—=n—5—ZBY, 40COBERTCANICEZES
= -NTRELZET S, ERLLESE 1 mLo
AR J]—LTr—AE—F—N%3HEFHE, 10mL A
A7 L 40C, BRERERE, bilo 32% 2 % /7 —
A1l mL BRI E,

3) BEBEEI/QOTI IS T 4 — L L 2 DBERN

LC/MS iz X %43 #ric ¥, Shodex SIL-5B (BBFIE
T) #5 s2%F\, HITACHI L6200 A4 v ¥ ¥ =
VIRV TRERA LU, BEELUEAFV Y, 22
7= (90:10, v/v) BEBR X\, WiEl.4mL
min~! T/ L 79,

cis-ABA & trans-ABA O3Bz Shodex NH pak
J-411 (BBRIET) » 5 a&ff\y, BEEL L T0.2MEE
BErE&is5%* % 7 —AERZHE®E0.6 mL min~! T4
e,

HITACHI L-4000 H¥ UV-VISHR H & 1 X b,
ODygo OBNERHEL, 1 v F /v -2 ~THRAS L
Rt

4) LC/MS I & 3 H%&E

LC/MS (M-1200 H # LC/MS, HITACHI) & X b
KREA 4 1k (API . Atmospheric Pressure Ioniza-
tion) & {#\ Negative mode THHF L 7=, API: &
13, LC b i L - BEHMEEE L S 2 KRESRET
BRI Y TR LB, 1+ viEL, BESWHRcE
ATHEHETHD, Mlkzve< 27574 —Dh T ah
LU U7 BURt & EIME NS, BRI X - TEikeE
D, EIROPEEE @i b M E RS T RH
L, B FrEM BRI E W iciRBic s, 2o
ARG TF AR CHEB~NESR, 1+ vL&h, fifle
Bo THESTH~E LR, SMTEhs, MFLE 2
ODNBEE (FV 718K #Fx252&ickbh, 75
TAVGT = a VOFHEEEZDIENTES, EHD
DMEGEUT IR, BEIEE, 170°C ; biEit
FIRE, 400°C ; BE—MFLEE, 140°C; =— FAEBE,
2100V, =175 4 7DEFE, 1500V ; HIEE—F
ofEtE, BA 4+ v, ABA & MS CHHT 58543, F
Y7 rEE®X AV 1L T263m/z v — 27 RHIE L.

5) ¥4 XBFEHRPO ABA BERE

A4 XEF L LT, 1993 FHE B BERBIE 0 KH
R CREE L e RIE B ERH S 1 X DR E LR
(T202) LIEBFERMK (T201) A7, TLIE16
kg Nha™ ik % 5 2, EHECEVCREE L, Y
TRKEZORBETFXIALIHIDIOH6HETTH
TERE IEPELLNEL, TSI—80C TREFEL
7o, BEEEPR DRV, FHEEISA~LOgOETLD
ABA % FEl L AL, SIL-5B # 5 2 &2 FH\WT
HIE LTz,

3. BRcEE

1) LC/MS DO%%E
BELSHTE, 1A V{EO VY 7 v BEEOEAR IO
FOREIWRLY, HHBRES7 I 7 AV T —2avh
Zd 5, ABAREORBERGEZRDBID, ¥ 7
FEEYE 2 TEREEE ABA (REMEK) O~ARX~<27 b
NEPNT., LC/MS 0oEBIcith 7 s EEST, 4
Vo= 2—-tMSE R ESEEREL, BHEEZRL
Mb, AR —VICHEELT ABA EEERFZEA L.
FY 7 rEEX40, 60, 80, 100V &L, 60~500 m/z
DEHET, vV 7Y v IRV F Y- h 80 BRI L,
A VEEYHIELL BE1RA), =71, 350 m/
z A EOREBRICIZA =7 P AN EAEED R
7oDT, 60~350 m/z DEIFE R LA, VY 7+ EBE
40V TIE, 263m/z TR RE— 272N E bR, Zhit
ABA (3F&E264) O ARBEBRVWCEERTDH 5.
263m/z € —7 XEBREER LT B ohEA L, 219,
204, 153 m/z D -2 NEL hoT& i, Zhbit
ABAWS AN RFIAE, IAEKEFoAELE 2FL
B, BIOCl ofigrtiishizdbot#\EIRS
(2 ).

2) Sep-Pak CISH S LI 3ABAOEWE®

®et

Z# ABA (10 mg #ZE/K 1 Lo X e300,
BHrfbpk) 1 mL % Cl18 % 7 alehid, BH I8,
ABA % SIL-5B # 5 A T4 EEL, ODyg I 5 %4
TRINA =7 bABI, 263m/z%Y v 7Y v IR
A4 47D 2000 BEEE| LiceRr s =) 7T avE
fo. KEIXOC0.2LL 2 2 7 —AES T ABA (36
HEhizhrote (BE3K). ABAZ£T0.32LL '+
0 4LL 2 2 7 —AEHBESCEIN X, C18 2k
BWlLlox & 7 — VESEEBLEGIEA] (BHT) v —
7 DER I hieh, ABA B3BH I hizd o7z, 263 m/
zD<AZu< b 75 AR0UVE—27 LH~N, BETFER
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oM 77 vovBOLEEE
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2 bh B EREA AR T.
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012345601234560123456
PR B ) (min)

HEIE Cl8 s =» 7 2 AWiBEET Voo vBBOHERES
BT 7o vEE 10mgLt) C18 3 =4 5 A0 bEHE,
BERBEER20.1mL00.32LL 2 % /) — L KRR
Shodex SIL-5B # 5 A X D 3B L 7=, RENIEHRE T T2 v
BRORFRMAZTR T, B2 V3B (ODs,), TER
REMTLC/MS X bR L7263 m/z D<A 27 vn~< /5
2ETRT,

TW50i%, UV RHE»CBEESTE T c3E 2B EH)
THRDTHD, EEBEH T USE & BEEONE S
fTotck &5, 100%DEINENRES N, C18 4 F &1
X BRECHIEFOBRIINB D EE L bR,

3) HPLC =& 3 ¥ 1 X EAE D ABA OEFE
Shodex SIL-5B # 7 212 X b ABA OAEHEYE % 53 B
T35 &, UV BHE CI AR 2.8 min, BESHE
T3 0min KHE——27 L LTI, £1 XT&E
F X b AL BB % Shodex SIL-5B C4H#ET %
EABABEHR L FEUCHRHERM Y -7 2\ HR I hic
(BB4M). 2o —22XABATHDZ L ¥HERT B
HiIL, FY 7 PEER 40, 60, 80, 100V L& x4,
BEAHPEIcHEINA 3.0min D — 7 G0 < =2 &

RIEABA A XK

UVIRE

S TN TN SO N N T S A I S SR TR TR DN Y TR S |

A I R

0123 450123145
B (min)

SIL-5B ChREL =& &0, BET 7o o VvEE (4%

n) XA XRBEE (Boix ) &0 R ERIRIY

(ODyeo) (BB~ R ) LHEHESWIX S 263m/z D=

RArzwum= b5 A (FER X L)

B4

0.09-
0.08F

0.071
0.06r

0.05+
0.04r
0.03;
0.02r
0.01r

UV IRix

TR

220 240 260 280 300 320 340
V3 £ (nm)
AE 7 VNIRRT oo vl (B L,

SIL-5B iz X b & 4 XRABHEBE b BE L 72 ABA (U5
) EOOESNE (220~340 nm) BINA =7 + 1

HH5H

~7 b (60~500 m/z) #F-Nic., N Y 7 B 40,
60, 80, 100 V OWTFhoFE D, £ 1 KD < 2
A7 PV ABAERR L BERRTH-7- EIX
B). b HPLC X » RBHFHKE D ABA v — 7 %453
L, MEEEE, A2/ —LCERRE, O UVIE
A7 b A &P, ¥4 XETHEER ABA Ei5
DAXZ b ik ABABHER L F U <, LINBRIN O &
KEEX 250 nm BT Th -7 (B 5E).

UVIRIX (ODy) ¥ —27HFEE, VU 7 MBI 40
VIEXIDERTS23m/z0=RA7v< 75 ADHE
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BE»DHEE L7 ABARE L OB EZT-7e, £14X
HENEREY 2, 3, 4, S5BIEARLAREREHIE
LickZh, =AARZ PAMGHE LI ABAEE &
UV UYL (ODygo) DOFESMESHHEE L7 ABARE &
F—BLe (FE6 ).
UEORERLS, ¥4 ABTHESEME®R O ABA
v — 7 123 ABA IS OIFERSIIEE A EESE R
fed, LC/MS Z#H W< TH HPLCO UV £ — 27
oL ABA DFERNARETH S LEERTE 5,
4) cis-ABA & & U trans-ABA DS HNEE
Shodex SIL-5B % FH W&, cis-ABA K X O
trans-ABA X [F— O FFFRER 2 F 2o DI &L & 555l
HET S L xTc&inv., —7, Shodex NH pak J-
411 5 22D & cis- B X O trans-ABA % 53 B E
275 ETHY. SILSBD7r< 277 ahbifE
FELIF 1 RARERT O ABABE (24.46mg L)
1% Shodex NH pak J411» 5 aZFHWTHEL =
cis-ABA B X O trans-ABA D &FF (24.96mgL™Y) &
—F Liz, LicdoT, NH# 5 2% H W T cis-ABA
L trans-ABA O3 RIEERHBETH B, LaL, cis-
ABA 0BE#E A ERIC K &, FioZE&H, —
I8 trans-ABA WEHAT % Z L BB L hic, FDLD
EEOFRB O OB cis & trans DEBRIRE Z BT
RERD DO THEEYET S,
DEoRERMS, C18 3 =57 sxf5HEE LR
Bz X b HPLC (Shodex SIL-5B # 5 &) TUV 0ol
NELAHETAZLIRLD, £14 AP0 ABADOE

N
o

w
w1

y=0.9689x+0.0747
R?=0.9986

— - n N w
(=) (%1 o vl o
T T T T T

263m/zDw ATt 7T L b
w

HELZBRE (mgl™)

¢ 5 10 15 20 25 30 35 40

UVIRIL & ) #5E L 7 ABAIRE
{mgL™)

(=]

o 263m/zD<AZm< T ARLHEELRLE A AR
Bo7 7o vBEREL, BT (0D BT bH
ELT 7o VBEE & o

EXURETH B EBRER SR, C1I8 R WL
#BTx, ABA o — 7 i E g iy, ko
ABA % 3 E5%L AN TE 57, ABA 2 EHEER
THZENTED, A ABHPOBTICIFHEL g
W6 ug D ABA (KW 15 ug) BETH T35
DTY, FEO.1gDFEBTHHEARETH T, &b
WwNH 5 22B8wCd, ABARXEETHZ L3 TE
BH, cis- BX O trans- ABA D4 BIE BB %
PR B X 5 B TRNLETH D, %
7z, B oFRlcRs\WT, C18 3 =% F 2 & T,
Z A4 XEPEIR R b F A4 v RZHEE @ Dowex 50 (H*
) s=p7 25X 5LABAY— 27 3REER
5 & BT 505, RIGRRS ABA X b 8K
HET 502 i REcEi, M KECE:
FE ABA BE R E WA 1 ik Dowex 50 (H* &)
I awPHATAILIRL Y, HPLC IR X 5 0Bl & X
FBLRD, 77 20WBRMEELS TELI Lbhy
7.

LEEE S ITA A4 AEBFET I oWT ABA OEE &
ERBET 74, LC/MS 2FH L CAERER YT
iE, olEYERE KT % ABA OFE NI E Ol

SIL-5B

«~ABA

NH pak J-411

UV IR

45 8

7 89 101
{R3EEER (min)

0 1 2 3

BT Shodex SIL-5B & NH pak J-411 w7 7o v
@@‘,‘%@%é‘ﬂ (OD:),GD) %‘(J{Y7 r= k5 A

SIL-5B (LE <%k L) WHHEE LT 7memrx a2 v 28 /) —

A=90:10 (v:v) ZHAV, WEl.4mLmin™ THHE L 7.

NH pak J-411 (F&EB-%x 1) FEHFE U CO0.2MEREE0.05 L

Lt %&icr 2/ —ABEA A, HE0.6mL min™! THEEL

7z,
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16
-~ 14t ——T202
@12- —o—T201
5
rg 101
£°
< 4r r/‘}\
ot I
0 9/1 9/8 9/15 9/22 9/29 10/6
fE-FHRELH
B8 BREERM (T202) LIEBAERM (T201) £14X
BT ABA BEOZE1L

BFR9H1H (CFYEFEKE:T202 0.111g, T 201 0.035
mg), 9 H 8 H (T2020.213g, T2010.099¢g), 9 HI5H
(T202 0.237g, T201 0.101g), 9 A22H (T202 0.280 g,
T 201 0.127¢g), 9 H29H (T202 0.290g, T 201 0.174g),
100H 68 (T2020.261g, T201 0.157¢g) WHELL 7.

EHHRETH 5.

5) ¥4 XEFh ABA BEOEHINZEL

58 K [B35 CRES L e ARRIE R X 1 X T 202
LIBRIEE AR E 1 X T 201 0fEFdHo ABABED
Flbrmt. WREERK D T 202 i3, BFHN ABA
BEIIAIHCRIE ELZRL, ZOBBERHEN
ALz, ZofERE, ThEFTHEIhTHEEIX
BF ABABEOCBRMFTOEE—BL TV 51,
—7F, BREEEREDO T201 T IHSH»S 9 H
29HETCT202 X b d|E\WERZSRL, 9H I5HEEK
i, FOBBAYLT, 108 6 Hix T202 & FkE
DOV Eissite,

ChE CEFE L IFRERERBS o K c 4
BLIBRIEBE RS 1 3B ERM L gL <ET
ZRBEENMEL, BT 2 v 2D—D8-2v 7))
YEVDR-YT =y PEEIMIFIIhS L EBRE
L7, ZoBoWsIcL b, -7 ==y } DEFIT
WA EEDOEEI DD, EXROMBB I VAL I T
WB T EDFhoTe?, T 201 ©ABA BEENE  #i

TRTVWBDIKL, T 202 CHAES 725 &\ 5 AEER
R, EBTFONEABARBR I -7 ==yt
DEBEIFHIN TS AREEETRR L Tk ), HHIREE
V>, BRAY and BEACHY? IZA&RSEERER » KX,
& A RKIET% in vitro B2ET 5B ABA %52 %

Ep-FT o=y VERIER LI ERHREL T 5B,
W& ABA LS BERIIL 72 ABA & 3ABNRE I
BoRHs0nb Lk, £1 AEFeEsF5 ABA
VR b, BREES, YV T2y FVEBLEOEE
S BROWHHETH 5.,

B B LC/MS > 25 212X B4 HBIE 2 TH
TeFTR R B NI B R B 7o & O BRHRBU fElH3
JEWFRRBEABRSEEEEE L CHELYR L X
7.
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Identification of Abscisic Acid by LC/MS System and Rapid Determination of the Abscisic Acid
Concentration in Soybean Seeds Using High Performance Liquid Chromatography

Norikuni OHTAKE, Shinva YAMADA and Takuji OHYAMA
(Fac. Agric., Niigata Univ.)

Abscisic acid (ABA) is one of the photohormones related to plant metabolism, development and
senescence. For determination of ABA, tritium- or deuterium-labeled ABA has been used as an internal
standard, because incomplete recovery was expected in the extraction and purification procedures. The
simple purification method was applied for the determination of ABA concentration in soybean seeds
without any internal standard.

The soybean seeds were extracted with methanol including 2.6-di-fert-butyl-p-crezol as an anti-
oxidant. After methanol was evaporated to dryness, the residue was redissolved in water, and the
impurities in the solution were removed by mini column of octadecylsilane (C 18). The ABA was
quantitatively recovered from the column and ABA gave a single UV peak by high performance liquid
chromatography with a SIL 5-B column. The identification of ABA was done by a liquid chromatogra-
phy/mass spectrometer (LC/MS) system. The mass spectrum of standard ABA and the peak with the
same retention time from soybean seeds gave the similar fragmentation patterns with various voltages
of ionization. Also, the values obtained by mass spectrum with 263 #/z, a major peak of ABA and those
by UV absorbancy, showed the same concentrations. UV spectrum of standard ABA and isolated ABA
fraction from LC showed the same curve.

From these results, the ABA concentration in soybean seeds can be analyzed simply by partial
purification with a C 18 mini-column and analyzed by HPLC with UV detecter without an internal
standard. The LC/MS system is very useful to identify the LC peak and to detect impurities in the ABA
fraction.

ABA concentration change in seeds was compared in two isogenic lines, nodulated T 202 and
non-nodulated T 201, grown in a rotated paddy field of Niigata Agricultural Station during seed
development. In the early stage of seeds development (September 1, 1993), the ABA concentration of
T202 seeds was initially higher and then decreased, while that of T201 seeds remained high in the middle
stage of seeds development (September 22, 1993). The differential changes in the ABA concentration of
seeds may influence nitrogen nutrition of plants or seed storage protein accumulation.

Key words abscisic acid, LC/MS system, soybean seed
(Jpn. J. Soil Sci. Plant Nutr., 68, 52-58, 1997)
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