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Summary

The effects of water stress on changes in endogenous levels of abscisic acid

were investigated in Citrus unshiv Marc.

In ABA analysis by HPLC, cis—ABA appeared at 7.8min and trans—ABA,
inactive form by UV irradiation appeared at 7.2 min. The content of ABA in
fresh weight base increased gradually with aging of the leaves and was high-
est in the defoliated leaf. The resistance to the deficiency of water was high-
est in the summer leaves and the rate of ABA synthesis was higher in the

spring leaves than the old leaves in response to drought.

ABA content in summer leaves was increased by translocation of ABA with

the assimilates from spring and old leaves to the importing summer leaves.



Abscisic acid (ABA)+= 19634 Addicottol] o1 8ted ATE ( Gossypium hirsutum L. ) 1 4
BollA AL S8, FEH ol BEEMe BF 9 AR MMHEE AT A
o] (Addicott, 1983), AE@ml &HIZE (RIRFH#E (Page—Degivry e al. 1980
Everat—Bourbouloux, 1987), #£{t 3 M#&#{E:# (Davenport et al, 1977: Samet
and Sinclair, 1980). &JLEIE (Ackerson, 1980; Kim and Sung, 1985) ol B
= ez #WEsn ok

ABAL gskirtEo] A (+)-S—ABA FiRe2 frEsled MEkol 160-161Celx, 15
Mo mFE2 zh: terpeneiol HHEEA sodium bicarbonate, chioroform,
acetone, ethyl acetate, ether %ol # 521} benzene, petroleum etherol|
= oex] g #Eo oo, pHul el o3 A KiEtki ®ch(Merck Index,
1983). ABAL: BiEE 3 EEIEM] el peaksl ERIF (retention time) £t 27]
7} chz A Jdehde, B8 A2 SHrHEezE Syl ME LHE SHE
w syfro)l 7iclE el BENAE EMIRTE, paper chromatography, thin layer
chromatography, =E]2 gas liquid chromatographyel a3t o olFE 78
A3 )2} high performance liquid chromatczraphy (HPLC) ol 9§ w#rha:
o g waA L FEoloh(Ciha e al, 1977; Anderson, 1985: Majcherczyk et
al, 1986; Linskens and Jackson, 1987; Rivier and Crozier, 1987: &F . 1988).

A Hi7eol A ABAQ {t€ay HiEel Hihigel 2% cis-formell A trane-form<
2o MrE maetn, BB (Cinw unshiv Marc) & 12 AREME, €t 3 B
M szo] AFR{EMo] Tl MTEE A o AR dE ABAZE water stress

7} ABA F&gol ulai= %S #EsdH
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1. ik

EE BINEEH (Citrus unshiu Marc, ) & A€ 25em, ¥ °] 30cm &l 1989F 48 o
Heln, Bl 2ES Biksts Hsle eadg ftEsiaden], #awE 1989E 7
A 298 % ¢ #.KE Jiksled water stresslEEE 3T

2. HHEEE

19894 7H 298 %+ 8A 15872 98 REMSZ A7 9:00-10 : 00 884 4K
H s wror 3y, 89F AXE 4 FEN FgEe s T3 A4 mERR
FERS A BRI g ATHERE 27| $35ld petri-dishell FE#E % -20Cel
FREAIA AEz A

3. HERAIEE AE

B EHM % 398 80CS dry ovenoll A 48417} #4417 1% MBS RISESIA &
#EYNY £ £8E U BokE BHIHG

4. ABAZS| st 3 HPLC 47

ABAS] i o M= scheme 13} Zro] f78led ool (3F %, 1988), HPLC 747 BS



e e ¢ —Bondapak C,, #ff= acetonitrile®} 0. IM phosphate buffers 1:2%
Reste #mstdn, #HES 254nm, FUELS 1.0md/min, EAEL 10 pf 23t R
Mistgd e v, standard ABAE BE{LE T ¥4 it e abscisic acid(G. R. grade)
£ #AA



sample 1¢ (FW)
extracted at 4C with 80% methanol

filtrate
evaporated in vacuo
-
methanol
hexane
—
hexane .
adjusted to pH 8.0 with K,HPO,
_ __|centrifuged at -4, 11,000X¢ and 10min
pellet

ethyl acetate

[
ethyl acetate

hexane
r —
hexane adjusted to pH 2.8 with H,PO,
through Sep-Pak
r
water
washed with 0. 1M HCI
{
HCI
0.02N NH.OH
adjusted to pH 2.8 with H,PO,
ethy! ether
I
NH.OH

evaporated in vacuo

[
ethyl ether
acetonitrile

evaporated with N, gas
acetonitrile methanol
1

injection

sScheme 1. The procedure for the extraction and separation of ABA.



M, &% 9 Z2%

BB S acetonitrile®} 0. IM phosphate buffer(pH 2.6) & 1: 22 H&3H
HAEES o ESe retention timee 7.8 22 sl (Fig. 1a), ABAS %
ol Eibigel NP KIS 22 BRY AR EaSHd IR KRBT % 2050
ol cis-formolj 4 trans-forme 2 #Mtst, RE #% 60972 #itdicist 2
#ZEHD Qo= (Fig. 1), & Rivier and Crozier(1987) ¢} 219} ol x5}

B E Ao ABA #iE 9 SBEE ¥<l3ly] $3te Standard ABAS} iRME
ol 4 AT ABA #%me HPLC Chromatogram? s|ay #R, 7.8l
A peakrt ER EMEAH gAY ABA AL #2¥ 4 A=H(Fig 2).

ABA €8S 317] $13l ABA @9t absorbance?] MRS FAEIY H R, FM
%8 r=0.99982 ILAIBLE 7L BiL3ld o} (Fig. 3).

%5 ABA SRS 7%0] 2775ng 22 71 Hokn BHol 400ng2E 71 M
oo, %ol BMESE ABA o Eol Emaldc(Fig. 4). ol KiE(Gossypium
hirsuum L. ) &) 739 #h#Eol A ABA & 8ol 713 Hx, Effe] BT+ F SHol R
S3chs #@4 (Jordan, 1975) W X 12v}2](Xanthium Strumarium L.) 9] 739 ABAS}
phaseic acid(PA) = #%EdA 713EL SRS Bolv ol Bin¥el wet 28
o] EiArdls dlwl ABA-glucose ester (ABA—GE)+ #imgcl+ #4 (Raschke
and Zeevaart, 1976; Cornish and Zeevaart, 1984)9t= R¥S) &% 5 2. &
WM kE #EL #iol BT +TZ ABAS R ] B3l Fol W= Bl 2HA]
#hnsl o] (Samet and Sinclair, 198), Citrus#$¢ 7% 104Me] ABAE EEYS
af ethylened] &mkol Hik=ln Maks (RiEYct WM (Sagee e al, 1980) 3l3<
ol, $19 #F-o Exs] 2 o EREo =& ABA TEBM, gl ¥ ¥ KE
o2 Wpss H, 2x EEo] HE Bl ABA ZRel Huist sl & Fol

-6-



— cis-form

— trans-form

2 6 16(min) 2 6 10(min)

A 1\ N L L

6 10(min)

Fig. 1. Changes of standard ABA by UV irradiation.
Irradiation time : A, O min: B, 20min: C, 40min: D, 60min.
HPLC conditions : Mobile phase, acetonitrile : 0. 1M phosphate buffer (pH
2.6)=1:2; chart speed, 0.5cm/min;:sensitivity,

0. 1:injection volumn, 10 gt
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.

2 6 10 14 18
Retention time (min)

Fig.2. Comparison of ABA isolated in Citrus unshiu leaves(A) with standard
ABA (B) by HPLC.

The HPLC conditions were as described in figure 1.
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Fig.3. Relationship between standard ABA amounts and absorbance for ABA
quantitative analysis by HPLC.
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Fig. 4. ABA content in intact Cirus unshiv leaves of different ages.

Data were ABA content in the leaves before drought.



o) #E9} —sled, RN ABA FRo) ¥ Zib o Kol 2A MR} UsE
Heo Fgict

BT 1% 9O R T AS TR Bt EEIAN LRAHL Bl
gel kS gEol FAY WS delylen], sk 18U %% & HH H5 55
%ol HAEe ook W HE T ol R EmlSds &7
33 smRES Ao 2L gL vy AFEEY WL A LSl 2A
Yebdoh(Fig. 5). ol& #%34& #Ux3lr] 4% 7139 A2z £l
g% Aoz JAR, 25 A4 ABA F#o] ®Wmslr] fiol FILMHAT Ao
U gel oy RES ojalgdalsF gumdtAl Jeldohs Ackerson(1980),
Henson(1981a, 1981b, 1981c). &l Cornish and Zeevaart(1985) ¢ #Hii
bt

LRERo] 93 ABA &9 #bt 1% 9dA ARE 1ol diste] WA
375ng, HHoIA 275nge] Bmy Aol ulste] HHEL 590ngs] Ehs vebdled,
&% 1890 o] 2025ng, ol 1500ng ) B B E¥ 9 750ng H|ihnell =ls}
of ok 2~3{ze) MWme JelWch(Fig.6). € %4k 944 ABA & Bhhas &
o HES BES F 166, FTEY 2259 EWmE B olE KNI fe] &K
my Rt ABA SRURIEYL »hache Zeevaart(1977) 9 #itoh —mdt ot

th9) % % ABA S8 #4% 9% H4iolA 110ng, THlA 40ngol ¥y R
o u]ated HFEL 250ng o HaE o} 2. 44F, FER T 6.56F9] TEEME ek

. B4R 18 A %ol H Hol4 62lng, FEoIA 535ng, HHlA 109nge] &

gEmME Jehdlol ®ES HEd ABA ZEBMIT B 5~6F2 ebute
(Table 1). & #@EEel 23l o] 5 B 7+ ABAZEC] # % 8lln
goz Huzte Jeldolx, o] uf kST EEo] 55% Mt H2® Ho} stressik
ol s k2R =8 F23 EEoE AT € 4 A2 (Davenport et
al, 1977), B 7% srisi B ABAG o] ZA B S &3 o
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Fig.5. Changes of water content throughout the water stress in intact

Citrus unshiv leaves of different ages.

The old leaf of the 18th day was defoliated leaf by the
drought.
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Table 1. ABA content due to drought in intact Citrus unshiv leaves of dif-

ferent ages
The old leaf of the 18th day was defoliated leaf by the

drought. Data were obtained in leaf base.

Drought treatment (days)

Leaf
0 9 18
ng/L ng/L ng/L
Summer 58 98 167
Spring 152 411 687
0Old 190 300 811

T gk Kol dge]l A vebrtet

oj4e] RS F w ABAY FEEMAL FEAM AR A Elted, HE
ofl41¢] ABA H#ifn+ =cieie] ¢ ol el ABASE PAY & gl BAY
FollA A ABAZ BiE S 53 HELZ BH - TS Holett B (Zeevaart,

|

1977, 1980: Cornish and Zeevaart, 1984) ¢} vlsll & o} ¥ o HFFEAAH 4K
%l ABAZ} H¥ol EF#A ozt &)

FALGAEA] gt ABAS AFmyel H#HIZA, HAMmaly 4%E 4w ABA
7} apoplast® £ fLidsmiael o2 4 FIlol 23]A =o kel water str
essoll {3}l (Beardsell and Cohen, 1975; Cornish and Zeevaart, 19386),
water stress AMSoF FIL S I T E FHHEss B UL ABAY & - TS

= = e ® o% #HEslel ¥ FIHo R AAA,
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V. 4§ 2

i8 JN B ( Citrus unshiu Marc. ) %] abscisic acid(ABA) & #&ell =]*|+ water stre
sso] Egel tiste FAI A

HPLCol 93 ABA 4r#iol ¢lolA cis—ABAE 7.857oll vielytn k4R ol
ol%t RiEMAiAEQ) trans—ABAE 7.25 ol vebutch ol W& ABAT R E EE
o) 7 EkT, Fikol AR Fokow] Eiol MMTSE ABAZ &l Bus A,
ArEpol AR EHNS HEAFT EA ebdoh GRER @2 L ABA
SRS GRANY BINLSS ABATRE BNSUT, ABAGHAS Eyic &
ol ¥ vebtet

Fko) ABAT B =t Zaold AKD # HHEE il I ez

He w2 o}
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