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Effect of the Cold, ABA and Salt Stress on the Activity of Acid Phosphate
in the Young Plants of Spring Radishes (Raphanus sativus)
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ABSTRACT Acid phosphatase in the radish young plant showed optimal activity at pH 5.5. The activity of acid
phosphatase was maintained longer during the ABA (0.5 mM) treatment than those in control, whereas that was
similar to the treatment of NaCl (0.5 mM). But during the cold (4°C) treatment, the activity of acid phosphatase was
decreased dramatically compared to the control, which was maintained almost on a constant level and increased
gradually during 6 days. It showed that acid phosphatase was in relation to the change of biochemical reaction,
which plants were coped with cold, NaCl and ABA stress.
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= Shill ZAujekM Z o sucrose starvation AFE] S §-X] A F71H,
B M X 2] autophagy F/do] dofvkedl, BRIZ 2Y0l=
A EAets F DAY 30~40%7 EHETH (Mori-
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Acid phosphatase™= 842 544 B3 A pHollA] &
A& Jehdth FEo A= acid phosphatase @] AJz] ¢l &gt
# 7)13te] ol Ax dEA YL EFE (Andersen and
Matthiessen 1966), A U]ol] £ 81= acid phosphatase2] &
AEE SAste diabrge) o) e AW digk g
ARS8l 9l (Cohn and Bensen 1961). 23:0l|4= Al&o0]
= w acid phosphatase isozyme &40 S7tE|HA Z&9|
WE &XA71th (Masaharu and Yoichi 1987). 4] A&
acid phosphatasedl] tisix= & A A 43 g9k NSt
o acid phosphatase7} ZAta, A oto] wold uf acid
phosphatase©] $5Fo] Z7H 5 o] #o] JAgto] wet 7
AHBEE AE9 Eslep #HHo] okl EIH (Joyce
and Grisolia 1960).
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yasu and Ohsumi 1996). ¥PH o] A]7]o| MEE& quinacrine &
2 Qsjel BanzgelN BN AL Aol A2 G
d 2ZAEH 37t GAEE AR Hob AZAS} AX
Qb A2 FAHE Wi Fo] ZAHo] USFS AL -
naphthylphosphate 9} B-glycerophosphate & 712 =Z acid
phosphatase®] @AS S43% Addes FFid &< acid
phosphatase @] X ¢} ZAlo] Z71EHES Folslo acid
phosphatase:= ~E#|A%} FHdHo] 9, A|E7T AEF A0
astr] aix EFas TAs FaAT]7] HeiA acid
phosphatase®] T/} Z7HE oty AXstth (Moriyasu and
Ohsumi 1996).
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(Fischer et al, 1994). - Ag#} sl o A% cold9} abscisic
acid (ABA)HZE 31 o8] 7o Z'H| 74ek ehEoe]
Txo] 2E# 20 tf3gt} (Cho 2000).

£ delMe o 7 A AEA e ABA (0.5 mM), NaCl
(0.5 mM)3} A2 (4C) 2E#~E F9] acid phosphatase7}
2EG 29t AEJEAE Ao, AEH A Fotl ¥W3)s)

+ acid phosphatase 2% g e B L S Ko A
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A=) s B2 (Raphanus sativus L, F1 Spring White) 4}
Mg FHA (FF5F NaVR-Hy-175)9014 +43t3ith.
2] Petri dishol] A& o)Fo2 Z3 HFA ¥ EH
R42 WG ® AE 1% NaOCIZ 1087 374
Wi ZR42 3W AHW T 22C GANA WA
8ol whg} Dol KA ES AHst Aol ALt
t}.

¥R oax Job ofN do (fr

Acid phosphatase £442| ZXM1} pHo|| CHet &gt

AHE AFE A (fresh weight) S &4 3},
AR LZ FEPEANZ F gabgte] 0.1 mM standard
assay buffer (sodium acetate buffer, pH 3.0~6.0; Tris-HCI
buffer, pH 7.0~8.0; sodium borate buffer, pH 9.0~10.0) 5%
S 23 G5 oA wkisAnk vilE AlEs 47C, 12,000
rpmofl A 3087 aEelsch FAES AASY, Ao
o 100 uL2] p-nitrophenyl phosphate 2 7}3led 40°CollA 14
7+ "keA)7) Fo)) spectrophotometer (Hitachi Ltd, Model U-
2000, Japan)& AR&3led 410 nmol| A acid phosphatased] &
A& 223t} (Carreno et al. 1982). p-nitrophenyl phosphate
2 ®#02 & acid pbosphatased] &4 A3

= 24 Ay

Acid phosphatase®] &4 1 units® FoiZ Z7AFANA 15T
1 umole p- nitrophenyl 2 A= G40 ¥OZ Atk
oA A2 Lowry el ofsh B4 (Lowry et

al. 1951), B2 ©)AL bovine serum albumens ARE8IR T,
g A o] ok 750 nmoll A FFEAAM Skt

ABA, NaClz} X2 2|

B 2 o} 24 THE 0.5 mMe] ABA9 0.5 mM<] NaCl
2 317 2402 SOmLY $RIAKL APAY) Bk
4g% AXsHad
AeAeE ot 29 &
o2 Aziste] APAY) W ARE

HE] 4°C cold chamberol| 4] 2|43
2 #H 3] acid

phosphatase €43 7ol AR&-3tg{rh. Optimal pH &3 9]0l
2E A¥L sodium acetate buffer pH 5.501 4 3s}Hch &
o’ Y3t data®] Hrgk FAISHATE

da 9l 1
Acid phosphatase 0] 0|X|= pHOI| g

M E7E 2EHAE wor A #8442 Yehis acid
phosphatase ] &AJo] Z7}#lt} (Moriyasu and Ohsumi 1996).
Acid phosphatase &40l Tl pHE g3kS ¢7] H3lA
pH 3.0~pH 9.0 ¥ 9]ell A acid phosphtase 2] &8 431y
t} (Figure 1). 5 (RAFg 3 sh=)oll A p-nitrophenyl phosphate
2 7)1dE ARE-&tod Z}z}e] pHel| ti3t acid phosphatase 2] &
g £33 Ade pHS559A e 84S vepiley
pH 5.07} pH 7.0 B &joll A acid phosphatase /4ol & 2ol &
VFERAA] 93tth FollAE pH 5.5004 421 pH 7.0 A}o]d]
A] acid phosphatase®] 84S ST & Ui ok Y24
B A% pH 5.5941 acid phosphatase+= Hthe] 848 Ve
Yol & ol 8A3E AxE Rolu (Yoshimoto et al. 1992),
papaya®l| A= pH 6.0014 ) #4-& HojFo] (Carreno et
al. 1982) 2]8-¢] we}A] acid phosphatase2] | &AL =}o]
EEYS ¥ 7 Uitk

Fol A& acid phosphatase®] 42 3.30 units/mLo] 22, pH
5.59) X+ 18.77 units/g fresh weightol]l A& el
Wheat germo| 4] 3%3} acid phosphatase®] 42 0.9
units/mL, 9 units/g fresh weightE R (Waymark and Van
Etten 1991) Papaya©ll 4] acid phosphatase2] FX2 6.03
units/mL, 12.87 units/g fresh weight (Carreno et al. 1982)2 4]
2o) Weby Aolg BaZT.
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Figure 1. Change in the activity of acid phosphatase at various pH
values. The buffer system used were as follows; sodium acetate
buffer, pH 3.0-6.0; Tris-HC1 buffer, pH7.0-8.0; sodium borate
buffer, pH 9.0-10.0.



2 2 (Raphanus sativus)

Acid phosphatase &40} O|X|= AE|A00 L&t

2E QA2 FoA ABAE ZEHA TEEOE A
imoﬂ #8717 A s =59 (Singh et al. 1989),
Bz AR NaCl #2] (Binzel et al. 1987), A2 g

(Hon et al. 1993) So] A 7S ABAE FEste AAZ
0}04 FEIZ QAEEE A Bt 2EH 2] tdst
T2 Fx3th A2 NaCl ~E# A= A dis) 5773
]»‘: d9le] H} (Singh et al. 1989; Binze et al. 1987).
élﬁ"ﬂ A 9)Ro] A2E ABAE AL, T2, 9 2Ed
22 A AR 72 aHE JeEE (Singh et al, 1989;
Cho 2000), ¥ &-241&d) 0.5 mM ABAE g3l AEGA
o] th3l acid phosphatase &4l 2] WH3E A3 (Figure
2). 2 A 6A)17FAN A 7H =& acid phosphatase 2] -4
= L]-E}LHS’}J_, 6A)17F o]& e+ acid phosphatase2] EAJo]
5] 7+AH ¥ 12A)7F o]Zo| & acid phosphatase E-4]o] #
o FAEHA FAEHAT v 2 7 28 ABAE A
&M, 2] 6A17M7FA1 = acid phosphatase®] @4Jo] <7+ 7+
2RO Y A 6417 o] FollE EAde] FIHEHATTE AA
5] #aHAh ABAE Ad F KA ENAM acid
phosphatase &9¢] 7tz 2 FE TR AA3] =AU
&4 acid phosphatase®] o] 241752 18.77 units/g
fresh weightelu} ABAZ|2] wjo] Zt] #4L 18.39 units/g
fresh weightS Wt} 218y} acid phosphatase7} 2~ E @ 29
oJ2A FAS=RT oFF M3 AEE Ut jlev 2E
gl 2ol it WS Hol= ASE AueEqith
ABA7} acid phosphatase E4Jol] G8kS mx&= AR @
axo] 22 fFAE0 05 mMY gEE AHd F acid
phosphatase &) A& E-41atgth (Figure 3). ¥ Al 0.5
mM ABA$} 0.5 mM NaCl 2] 5 & B2 & A93g olf

RS I 4

= native gel A9\ A] acid phosphatse 2] #4Jo] & 74A] =
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Figure 2. Change in the activity of acid phosphatase in the presence
of 0.5 mM ABA. The redishes were incubated in the dark at 22°C .

SAIZOA X2, ABAS} o8 AEM AT} Acid Phosphatase 40| 0|x|& ¥& - 279

1 (Data not shown), F 2] 8ol|A 2EH A AFoA HF
de] @Y FE2 FERY FEIL (Cho 2000), FAIZE
NaClg Hg3ld ¥ {F280] dokstd fvAged AtiA
B3 s Fo] A= Aol YetER JdFE3d 7t
A AP v=E AdaAck GEANHT 7 FHEY acid
phsphatase &4 ABA A9} w9 FAMSIH Y acid
phosphatse®] Ht) ¥Ao] ABA Azl wEo= 3A17F &
A=k GE A3 acid phosphatased] o) 4972
18.20 units/g fresh weightE X Hth

A 2EYAE FH, H2AE] ZA] acid phosphatase &
Aol 438 Zastatizt Alzke] Agel watx M8 S
712 Bt} (Figure 4). A-&x8] £+ ABA (Figure 2)9}
NaCl 4] (Figure 3)2= A3 ThZ acid phosphatase ] &4
S Bk 2447 549 A2AF] 53 acid phosphatase 2]
FHo A3 9.76 units/g fresh weightZ thZFo] 4%
18.77 units/g fresh weight c} vf$- 325 & 4 ok A&
22 24A17} oA} acid phosphatase?] EAo] F7HHEE
ALA2)E A3t acid phosphatase 849 W3lE A5}
At} (Figure 5). A-228] 647}A] acid phosphatase2] &4o]
S/ AT A2AE TERE g O 840] ZAaEHIL
U ALAE 109704 1 840l FAHUT Te 2T
ol ] acid phosphatase E4-& 2URE °oF7F Z71E oY &
29 Ao & Aol Holx| gtk A2A 2 FHH
acid phosphatase®] &4o] F7t=lE A A7 A&5HY
ALl AYyr) s FHear] A% FEeE Heltk
I8 B2 acid phosphatases 2E# ¢ #ojdl= ZS EY
s ojH 7|go g AgsleAe B9 AHT U itk
T}t acid phosphatase= 2~E@| 20 tlatsle] A=, AYA)
£ 2EH 2 FdE ] A AAE FA8 ° &
Ho3A 4= WAL BE3|A|AHA (Fisher et al. 1994;
Moriyasu and Ohsumi 1996; Cho 2000), 2~E | ~of] thgte 4
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Figure 3. Change in the activity of acid phosphatase in the presence
of 0.5 mM NaCl. The radishes were incubated in the dark at 22°C.
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Figure 4. Change in the activity of acid phosphatase during the cold
treatment. The radishes were incubated in the dark at 4°C.
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Figure 5. Change in the activity of acid phosphatase during the cold
treatment. The radishes were incubated in the dark at 4°C.
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F 24 Eo| A acid phosphatase 9} &2 4FA2l pH 5.59
A HYRE HYGh 0.5 mM ABAX 2|2 acid phosphatase 2]
Aol dETETgE 2 ASHAL 0.5 mM NaCl 2 2]A]
% acid phosphatase 4] 9] W3l= ABA A2 wje} FALSHA
o} Zeht A2 E e, ool BlsiA &de] BAo)
F438] FAHATE 2T acid phosphatase’s A 9] 7+-&
A& fX 8= £ A7 acid phosphatac®] BAIL 6
G742 A A8l Z7FEUTh Acid phosphatases= #2332,
ABA$} NaClA ol tia)sle] 2l&o] AEd Ad A&
A5l vh3ol Aok ACE Bl
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