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Abstract

Ethylene evolution on the senescence of petals of cut carnation cv. Desio was varied according to the cultural seasons,
where 70ul/g+fw/hr of ethylene was produced in Feb. harvest, but only 4.3ul/g-fw/hr in July. Despite that 10mM putres-
cine treatment on the petals inhibited ethylene production and EFE activity, and delayed the senescence, it rapidly stimu-
lated ACC synthase activity over those of control and 1mM putrescine treatment. In addition, ethylene was produced in
the ImM putrescine treatment even though ACC synthase acitiviy was inhibited. This fact indicates that putrescine has
influence on rather EFE than ACC synthase on the biosynthesis of ethylene and the effect of exogenous polyamines on

the senescence is varied according to the level of endogenous polyamines in the petals of cut carnation.
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10mM HgCl,, 100ul®] 25, 100ul9] cold bleach(E
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3. ACC synthase

RE et EAHozZ ACC synthase] &HAjdl
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Fig. 3. Chnages of ACC synthase activity in the petal
of carnation ‘Desio’.
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A basic study for the development of chemicals for prolonging of vase life
of cut flowers I
Screening methods of EFE activity and antioxidant effect

Son Ki-Cheol, Ko Jae-Young
Dept. of Hort., Coll. of Agri., Kon-Kuk Univ.

Abstract

These experiments were conducted to develop rapid methods for the measurement of EFE activity and antioxidant ef-
fects and to screen chemicals which show inhibition of EFE activity and/or antioxidant effect using the methods. The
results are summarized as follows:

(D The screening methods of chemicals capable of inhibiting EFE activity and/or having antioxidant effects which were
developed in this experiment were more rapid and accuracy than evaluation of chemical effects by the direct treatment to
vasal solution.

@ Allium sativum extracts, 8-HQS (8 hydroxy quinoline sulfate), n-propylgallate, BHA (butylated hydroxy anisole) and
benzoic acid considerably inhibited EFE activity when apple flesh of preclimacteric phase as a reaction material was used.

@ 8HQS, galangin, epicatechin, quercetin, rutin, n-propylgallate, BHT(butylated hydroxytoluene), STS(silver
thiosulfate), Rubus crataegifolius extracts and benzoic acid showed fairly good antioxidant effect.

@ The treatments of 8-HQS, benzoic acid, n-propylgallate were effective in both inhibition of EFE activity and antioxi-
dant effect and the results of this experiment were strongly supported by their physiological phenomena.

(5 Because Allium sativum and Rubus crataegifolius as natural extracts showed possible capabilities in both inhibition of

EFE activity and antioxidant effect, they need to analyse and characterize further.
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€ s ARt gledl, ole AR ko] vlaA
Wo| 285y B $7] £4& o AMse Hel
Ae FAER wholet A=) =3 ol23 Wes
£ ksl 2AA 9L A A HAE 283 A
A% r Qo)

=3k HEA)7)e] M= 71 ASAEFAA 2 o]
of gt 7= Yo A A (Lu]A5dA Ae
=HojAle AxfAA) AFHAA $tch. 22 ol
g A AAte A9 Sddde A-AQ 71K
7b sl Aeldh webA stz FEAF ey
a2 ZI} %, 23 28R o]27)74A] vjAs A
He|A| A77} Algstcka Aks e

£ AL 1) Aol Ay FHIAE Helstd 4
29 535 AMske 7129 uy Al Astel] 24
A2jetA]| a4, A&slA EFE #43} free radical

2AE A e sk, 2) o e 59
A A4 Axstglen, 3) st A=fAA s
3t 712AY ] o A F o3

I. 22 ¥ 4y
1. EFE activity SXuHH

Apelbaum 5(1981)3 #(1991)2] uhHe chx ¥
3ste] A)Patgdct > Preclimacteric AHefe] Al 3}
£2¢ A4 10mm9 cork borerg |43t} 5§ Fo4
H-ojollA 4~6709] discE Hetx, F lmme| FAZ
e} 1goz Aot AHel8<d (2mM ACC 2.5ml+
254 15ml)d A2leds ImlE goid 3HF ACC
¥5E% ImME %E g, AF Scm, 77 0.8cme]
plastic petri dishol W3}, o] w27 H2ig o
Ao 589 7575 AHEsksed, ACC 27+ A
g 4¢ Y%z ImMe ACC 5= 33t o|F
A 388 Yo F ACCE 83 F541717] A
3087 HAeol A culuieFAlF e, wjoke] EdAF
5o ol As4dE AAA | F5AA AAs:
gk, o] ¥ At} 82 13ml test tubeo] Y1 15}
N2 As U¥Esle] 9087 shakerel4] 40rpmo 2
wjekalglct. wjoF F Imle] AAAE gas sampled A
#3}o] gas chromatography(Simadzu 14A, FID, 2m
alumina column, 60°C oven temp. 100°C Inj. temp.,
120°C det. temp., 30ml/min. flow rate, N, carrier
gas) & o|43te] oAl HaFstg, o] F i AA
Z3t A7t Aol o2 oA WAooz EFE
activity & Al £ A4 A AHEe 8
hydroxyquinoline sulfate(8-HQS), (—)-epigallocate-
chin gallate(EGCG), galangin, (—)-epicatechin, quer-
cetin, rutin, n-propylgallate, butylated hyroxyanisole
(BHA), butylated hydroxytoluene(BHT), benzoic
acid, Platycodib grandiflorum(%=2}A]), Sophora flave-
scens(3AY), Astragalus membranaceus(37]), Dystae-
nia takesimana( AB}e)), Arctium lappa($-¢3), Lilium
enchantment(N§), Sedum sarmentosum(E1}% ), Coix



lachryma-jobi(£5-), Ixeris dentata(%v}H]), Angelica

gigas(FH) olck.

3. giiat SHYUY

el AT FAEE A%, A8 2e7] 9
4 wejetolq AHElelAlt sfatua(chemilumine.
scence) & WY o83 A& Apelbaum?] by
2 Wasto] Aaslolzeh. st 1he Al ek At
o] e 2wk s sshig-E, luminold} 22 cyclic
diacylhydraxzide:= horse radish peroxidase(HRP)¢]
7|4 =] hydroxy peroxide(H,0,) 2] £Ajztell 73]
AkslE]ojlc}. o] o luminol& 3-aminophthalate®
stejHA WE AS3tn oAl 7|44k (ground state)
2 Astsojlch. & 4 7)A3} enhancer & X
g kits AHgetglod, WgES 428nmelA 73EE
Ack EL 1~5% F peakso] =23ty 1X7HE<t
A3 FH¥=glch. 5742 Amelite Luminescence
Analyser(Amersham, USA )& AR&-3}4ic).

S WA A5F Fuld F 96709] holeo] 3l
+ well plateo]] A8 104, HRPZS 1:10000.2 3]A3}
o] 10y, 223 luminol, hydroxy peroxide®} uH3-2
z43t7) $l8 A7l8h= enhancer7b Soigle 49 100
UE EFF Fo| Amerlite £47]5 0|83t 54314
o 7k 249 dstE S vehlls WA gzl
AiAe e vlwste] gAaksly 338 A £ A
#of| 2185 A8 benzoic acid, BHA, BHT, epicate-
chin, galangin, 8-HQS, n-propylgallate, quercetin,
rutin, silver thiosulfate(STS), Allium sativum(v}s),
Angelica gigas(Z4), Arctium lappa($-93), Platyco-
don grandiflorum(%=2}%]), Rubus crataegifolius(AHg
7])e]c}.

m. gzt & %

@ EFE activity & &3
oJ2j7}A] 35HE3) AlEFE o) o3 EFE &4 o4
35 vlugt Az (29 1, 2)9F Rk (¥ Dol

Uit FaERME ARS A% ERRE 1 19

A $H2)o] ImMe] ACCHHE ¥ ACC gt o
2041 /g-FW/hour9] o] 3 w4zke viehheont, o}
£ %9, 8-HQS 1000ppm, n-propylgallate 100ppm
3} BHA (butylated hydroxyanisole) 100ppm 5-& ©
2~3p1/g-FW/hour®] o &l wAy2ks- ehjo] EFE
A o4 a3} 24 Jebgol. =3 flavonoids A%
o2 sl I} Q= Ao® BwE™® galangin
100ppm #2|= °F 8ul/g-FW/hour F= ] of2all
4o velo} tha EFE 84 oA 2317} Qe Ae.
2 eyt

(28] 2)d]4 2mMe] ACC7} #2ldl ACC gzt
F 17ul/g-FW/hour 9] o el Sk Yehd 7Ad n]
3te] benzoic acid 500ppm #2]T-= 1u/g-FW/hour
olate] olale] WAsle] o £& EFE 84 b}
e Ao et o 3 o 104/g-FW/
hours] A2 ol Aeizke WAAA 4F 2polo 2
Ll e b I s i D 0 1 = e A IR Y
o $4 F24L o 60~70u/g-FW/houre] o2l
u oz ACC 7o) uls oF 1/32] EFE &4 o4
F3+5 ehfigdct

4, AEE hx 49 $=H EFE 84 94 &
H5 dohd Aol 8HQS, vks F%9, benzoic
acid §& LEEAA =T wjsf of 1/10 Hxo
EFE 84 94 335 Jepliddon, =7} sagds
% EFE 84 a3} ztashe o2 Jepyr. =g
ool 24 AAAZA A3t FHAR A ol H7}
EojAl= STS+ oA 73} zo] EFE 4=
Ay %L vAA] Yo, 43 F=+ EFES &
e 238 2AFle Aoz HeFich(2d 3).

@ i3ty 33

(28 DellA B nielrto] 2oz 27%e] Sk
AetelojA] Abdg ojyte] Eao] FAkst 23 el
sl 53] BHT, BHA, npropylgallate 52 o8k
o2 AR A5l A7t AE Ao, £ A
o Z3s £ o AHEE SAHo] 433 Aoy
AlEg vl A & F oo =3 919 2AL 1E
°o% tf2 #5555 v|ws £ o quercetin, 8HQS,
galangin, rutin 5% B2 & FakstH S 7k Qe

Ao ey,
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=g (29 5)0lA B ulepzto] ofei7hA] e}
AE 249 Fro o2 FAstEE S A4 8
HQS 1000ppm, STS 4mM, Ag7] #g| 3% 5g/
50ml 80% ethanol®} benzoic acid 500ppm 2} 2]7-¢| 4
10%°]3}te] & 43t a35 Jehglen, 8HQS
9} benzoic acid 2T AEEAHE vl =L §
Abshe &3b71 QA= gleod, Abgrle 28 31X drtR)
€ vy & 45t 23t oo, 4w 349
e 573 FAstEe] doj|= 7o g Yelyrh

Aste] £ dAsty F48 FAI)7) S8 BE
49 AL o AT H dA ko, A Sl
ol Mz BEHo] ot FAlo] M F7}so] 7l e
FAlolc}. wtebr] Aslol 2A Hzlste] AL st
7129 W diAlell Astell 2A AejslA skn A
T 9= A48ty A3gE EFE 843 free radical 424
% A3 uy T o8 o]83te] A A3
THARAE FHe A2 s Fo3 vl B Ao
A A4d uyle o9 EAg A4, AssiA EFE
4 9 3hak3H (antioxidant effect) - ZA3 4~ 9=
Ao #Egleon, 1 Ao ml Hod Ao
Atg ¥}, EFE 84& A4l 2424+ 8HQS, n-
propylgallate, BHA, benzoic acid, o}s FZdo|A &
7} QJAHdw, F4kst 5312 8-HQS, n-propylgal-
late, BHT, benzoic acid, STS, galangin 52| §3}7} <l
A= %dct. 8-HQS7E A A»* 24 F3pnt ofrja}, 7}
o] el A= o 2alle] Ay S Astm®, Aoje)xl=
el 9o A9 o Al WAy A, 121 §
APSHE D7) Qlehs Mae B Ao Aslel ox|gi).
Benzoic 4he As}e] Ffol we} a3} dE 7o
yepson, > 4535 Everbloom £-o] Z3ts|ojz]
AchY o] A= benzoateo] Ajo] gAlslA|o}
M- 2 Z 274 oY A gAY 12n o
o] kA& ol glthe 71, EFEQ] &4A¢} §4ls}
A9 AL FAlol Ad Aoz uhsial AdAne} Ux
gt A, STSY 7%, oAl 24 AAAZ AHL5
A" oA Aol E L JehA Eah= A
o2 yepgon, 1ixkoxe FAastEe] glo} o da
o] HhS JAsd, AxTelA= EFE &4 Axaz
7h glow, 237 oA wao] gjzT R g7t E

+< veblch. §4 FASHAZA AFel wol H7lEe
A= BHAS} BHT* W& Als} A4 St} 743 34k
3t Jehligled, EFEQAI#AL BHAZ Y& 7
© 2 dts{ A}, Apelbaum 5(1981)¢) w23, n-pro-
pylgallate(10mM)+= chemiluminescencedl| 4= &3}7}
fe AeR EaFgld. zt & A Af n
propylgallate 100ppm(ca. 0.47mM)& Az} 4le)] 22
g A3z 443 EFE 494580] e Aoz et
et

Flavonoiddl] 431 EGCG, galangin, rutin, querce-
tin, epicatechin® EGCG$} epicateching #| &3} =
FastEo] ole Zle® velon, o|F glangingte]
EFEZ4 oAAazt slsich &3, 1,1diphenyl-2-
picryhyrazyl(DPPH) & o]43 2ltjZ 2734 =
o) Hojd Ao atgjxl EGCG7} £ AgoM=
oA & EHE HolA] eoigted, EFEZY dAls
T 3A 4e AoE Jeiygrt

HAAE F v FH(Palm oil)E #H7}5te] Ran-
cimatdo 2 A3 APME A3 FAaksH e 1
oV AFe] AgHE sHisty o ¥4, FE2E
% vl AE7)eh 2 A FE90] EFE 34 oA
B3 2 ohe}t FAaI} ks AL wig w2
AMRA, o2 3o, A AL 53t HEF 1
AL Tk 7o) desitly Alg oAl

Zept AFH oled FAE] AWdA E ojakH
A 2 & & sl 7FsAe] Ao, w3 AR
o2}t 2 33 Ve 1Y o AdzeR Asi
A AL Ade o Zol7t dE FE Uk A
Zthch, 339 Age £ Aol AL A, Ak
EFE 84 54 o 4818 S4ui S ol4slo o
o] AQEAE ALHo R A} FAlo Aslrgdd
A A% AA Al Ag=ojd Aolrt

B Ao AM-5o]7] galangin, EGCG 2|1 epica-
teching AF efHFslet A749] wad whatel g
At Ao 238 & AFUEE e A%
o) wepel 327 AN, 23 7)7) ARl g8 F
Al At 14 wlg e ZdxMAlo Zhate g
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dste] FHARA e A% 7|28 o 2 EFE &
93 G4t 23E AAse g e, 1
ARE goksid o-g3 2t

@ EFE &4} 43t 53} S4ue Asle] &
Ae AR Aeste] Adsle) £9 9 FAL FHske v
Hu} A4t gk uhlola} Alg €},

@ At F5E A B4 A G vhs 259,
8-HQS(8-hydroxy quinoline sulfate), n-propylgallate,
BHA (butylated hydroxy anisole) 9} benzoic acid o]
WA e 338 vehisie.

@ FAH3H 3= 8-HQS, galangin, epicatechin, qu-
ercetin, rutin, n-propylgallate, BHT, STS, Abg7] =&
o} 72]7 benzoic acid 52| Az|o)|A] vehgt}.

@ 8-HQS, benzoic acid, n-propylgallate 2]2]= EFE
24 At Fus 1315 FAlo) vehidon, S
742 22l B4EA] YA a3 B APATE o
g}

\q

$40] Basje,

25+

— — )
< e Sras
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con 1 2 3 4 5 67 89 10
TREATMENTS

Fig. 1. Comparison of inhibitive effects of EFE acti-
vity by the various compounds and plant ex-
tracts.

1. Allium sativum extracts
2. 8-HQS 1000ppm

3. EGCG 100ppm

4. Galangin 100ppm

5. Epicatechin 100ppm

6. Quercetin 100ppm

7. Rutin 100ppm

8. n-propylgallate 100ppm
9. BHA 100ppm

10. BHT 100ppm
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* Allium sativum extract was extracted with methylene chlo-
ride.
After the ethanol was evaporated, a distilled water was
added.
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Fig. 2. Comparison of inhibitive effects of EFE acti-
vity by the various compounds and plant ex-
tracts.

1. Control(DH,0)

2. ACC control(2mM ACC 2.5ml+DW 2.5ml)
3. Alginic acid

4. Corrageenan

5. Benzoic acid

6. Platycodon grandiflorum extracts

7. Sophora flavescens extracts

8. Astragalus membranaceus extracts

9. Dystaenia takes imana extracts 5.16g/50ml

10. Arctium lappa extracts 4.9g/50ml

11. Lilium enchantment extracts 6.17g/50ml

12. Sedum sarmentosum extracts 5.75g/50ml

13. Coix lachryma-jobi extracts 3.8g/50ml

14. Izeris dentata extracts 8.14g/50ml

15. 8-HQS 100ppm

16. Angelica gigas extracts 3.8g/50ml

*6-14, and 16 were extracted with 80% ethanol. After the eth-

anol was evaporated, a distilled water was added.
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4507
4001
3504
3001
250
2001
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ETHYLENE(nl/g.FW/hr.)

CON 11 13 & 22 31 33 42
ACC 12 21 23 32 41 43
TREATMENT
Fig. 3. Comparison of inhibitive effects of EFE acti-

vity by the various compounds and plant ex-

tracts.
1-1. 8-HQS 1000ppm  3-1. Allium sativum extracts 10 dilution
1-2. 500ppm 3-2. 20 dilution
1-3. 250ppm 3-3. 40 dilution
2-1. STS 4mM 4-1. Benzoic acid 500ppm
2-2. 2mM 4-2. 250ppm
2-3. ImM 4-3. 100ppm

* Diluted solution of Allium sativum extracts used in fig. 1.
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Fig. 4. Comparison of antioxidant effects of various
materials by the method of chemilunmineso-
ence.
1. Allium sativum extracts
2. 8-HQS 1000ppm
3. EGCG 1000ppm
4. galangin 1000ppm
5. BHA 1000ppm
% Allium sativum tissues were extracted with methylene chlo-
ride. After the ethanol was evaporated, a distilled water
added.

con 1

6. BHT 1000ppm

7. Rutin 1000ppm

8. Quercetin 1000ppm

9. Epicatechin 1000ppm

10. n-propylgallate 1000ppm

160+
140
1201
1001
801
60+
404

ANTIOXIDANT RATE(%)

4A 4C
4B

2A 2C 3B _
2B 3A 3C
TREATMENT

1B
1A 1C

con

8A 8C
8B

5B
5-A 5C

6-A 6C 7B
6-B 7-A 7C
TREATMENT

con

Fig. 5. Comparison of antioxidant effects of various materials by the method of chemilunminescence.

1-A. 8-HQS 1000ppm

2-A. STS 4mM

3-A. Allium sativum extracts 10 dilution

4-A. Rubus crataegifolius extracts 5g/50ml 80% ethanol

5-A. Platycodon grandiflorum extracts 5g/50ml 80% ethanol

6-A. Angelica gigas extracts 7.12g/50ml 80% ethanol
7-A. Arctium lappa extracts 4.9g/50ml 80% ethanol
8-A. Benzoic acid 500ppm

B is double dilution of A and C is double dilution of B

% 3-A, Diluted solution of Allium sativum extracts used in fig. 1.

4,5,6,7 were extracted with 80% ethanol.

After the ethanol was evaporated, a distilled water was added.
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The basic study for the development of chemicals for prolonging of vase life of
cut flowers II
Rapid method for screening the inhibitive effect of EFE or other ethylene
biosynthetic enzymes’ activity and their application

Son Ki-Cheol, Lee In-Kuk, Ko Jae-Young
Dept. of Hort., Kon-Kuk Univ.

Abstract

These experiments were conducted to develop rapid method for screening chemical which is responsible for the inhibito-
ry effects of EFE activity or other ethylene biosynthetic enzymes’ activities, and to investigate the effects of preservative
solution containing the chemicals for prolonging of vase life of cut flowers. This method was based upon relative compari-
son between control and control plus chemical, and between ACC contrl and ACC control plus chemical.

Addition of AOA and AVG known as ACC synthase inhibitor severely reduced ethylene production as compared to
that of DW control but not as compared to that of ACC control. This fact clearly indicated that AOA and AVG react as
ACC synthase inhibitors and therefore the method is very efficient and useful in chemical screening. Aspirin and 2,4-
DNP, and polar fraction of Allium sativum were very effective in inhibition of EFE activity. On the other hand, procain
and angelica were a little bit effective in inhibition of ethylene biosynthetic enzymes except EFE. Although DCPTA, DNP,
and Ge were not involved in inhibition of ethylene biosynthetic enzymes except EFE. Although DCPA, DNP, and Ge were
not involved in inhibition of ethylene biosynthetic enzymes, they delayed the senescence by maintaining water uptake con-
tinuously. Specially, DNP did not increase the longevity of cut carnation despite that it had inhibitory effect of EFE
activity and maintained water uptake.

Aol o Aol tfgt w3 HEA o w2} vl chst
I.M & 0,9 Zke ZeME 1 uhge] th2ch® 4, k5t
%9l climacteric £914] oA B4 A7HEo4A
e B s 27 5202, 234 oo, o]eigt ojAale] WAL ACC synthases} EFE
WAH o Al o Aol g AYPA Sk oA (ethylene forming enzyme) ¥4o] Z7}€ ZA}o|c}.?
D B od7Azte] goke 1993% Hort. Abs. 11(1):294-295¢] LE=%1S.
2 2 e g AEEo] 415 (1994, in press)
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w3 3o oA 2riEe)y BT fAARe] L
o 2§t de novo Aol SJsjA dohdrh= Zo] H3
-

ojAale] WA A2 Adams®t Yang?el <34
methionine—S-adenosyl methionine(SAM)—1-amino-
cyclopropane-1-carboxylic acid(ACC)—ethylene 2.
2 HAE R o] WEFeon, B A oA
25 A3 A= SAMo 2Ry ACCE AHitHojz:=
ACC synthasedl] 2J3F 702 At 7hold &
o x34A] o "de] Z71= ACC ¥%¢} ACC synthase
84 F7kh e Ad® @ EFEY 24
preclimacteric Alefjol| A+ F4xo]u} climacteric AMEjE
Ao we} F71she Ao Jehdo ) ot A}
Al oA wAo] ##EH BE F47} preclimacteric
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2 o]g A3 FAZA climacteric 3}7]0) 43}
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7o dhaslo| 4= preclimacteric AEjolAx A9
ZA3} vl7kA2 EFES] #4¢] £& 7oz 48
ot

ol Aale] A Ao WAl Fol= oA §A
< A7) g AerhA] fdEe] AjtEejzien, 2
ZFo|Mx %549 ACC synthases} EFES oA|3}7)
A AAAZL =] FuA AHEEHAA T Sl
ACCeo AI3HAE Aslsl= 7o 2= aminooxyacetic
acid(AOA )Y} aminoethoxy vinyl glycine(AVG)3} 7+
2 pyridoxal phosphate &4 3| A7} o] AR5 o]
I gles,” Azl shdle]Adel Az, oA YA}
3EFE9 375 JAste, 471 AserEe 347
£ o2 BuEgid.?

EFES| &4el| thg di¥-E9 A7 in vivo APE
ot e, AdeMe AFA ] ACCrL A
ZA o F9i5]o|7 F oAl AAeFe] S =)}, o
3 d+74%2 EFE= ACC+1/20,~C,H,+HCN+
CO,+H,09] 4h3-& Zvfs}, =3 YA EFE &4
< 1~28°C §9lollde AEHo R 2hof oEEof7]
0,0 0,9 EAE 8T ke Aol #3 A" EFE
£ AF7HA] Axets FEHAA 542 YzE A &

o],V in vitro Aol EA317] A3 FRE A77F A
EEUAE, olAE AA FrgstolAst Aol A
EFEZ4e A2 A=A e ol ¥l o= &
2|2 ok EAZ o} Qi) 2 Z 9 o w2
W EFEE djf-o] AEAd EAjsie, 22 Fiute]
23} fAEojx glom, Fe*’s} ascorbates Q% 3}
52 dFo] 7lpRs 4 (hydroxylase) 2 FAE oAl
o} EFES] 84 JAAZAME 2o HAstE A8t
£ 243 A oz 2A4%E 7 FA8HA7 Bl
ARG AL e}

A3l s A3 e 24 AYge dA= A
37} 971 BELde Ay Aoz 1 a5 A}
€, 3 F579 EAERE w3tqAe] adHql £
S ZAMsledle A3s wagAe Wt HI
ACCollA ethyleneo =] A7 49l EFES] &4 oA
A9} o37)ol] FHefsl= free radicald 27A|71= d4st
A9 S Bwg e £ AfeMe A9 F
AL Fo514lS 4% EFEZA Az Bk ohz}
&A1 ACC synthased gt ojalall Aol =7t
Hog FAY a4FY AT (HF 4 ol
obd A vla2)E &4A FAs= WS s,
AQFEES T g9 E424H A ¢4
& ARl BAE XSS ARt Aste] ad
A 7ol A48zt gt
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1) EFE 22 9] o el A% 22 24 AA59
o &4

EFE 22 29| ojdd 434 12 84 JALe]
242 EFE $#& 7oz 3o AXHozlowH,
EFE¢] ZAuh& Apelbaums* 2] uhlS- o7t H3s}
o] AHg-3t9lc}. Postclimacteric Abejo] Abgh 352 oF
Imm ¥4, A2 9.2mm9] disc® 1g(AHA 5~67])&
Foto] H5499(600mM9] sorbitol#} 10mM<e] Mes
buffer pH 6.0 3ml)o] S¢] ¢l petri-dishe] ge] 30
27} ohulokgt ¥ test tubeo] Al HEE Yy Wi}
of, 40rpme2 Fedufsie 90, 360%d #7



ImMe] AlglA2 gas sampled A 3|s}e] Gas Chro-
matograph(Simadzu 14A, FID, 2m alumina column,
60°C oven temp., 100°C Inj. temp., 30ml/min. flow
rate, N, carrier gas)E o]&3lo] o &Hale A3t}
olo] DW thZ7-(H58-dut Az])e]x, 458He|
ACC 0.IlmMZ #H7}gt 71& ACC 927714 =EA
ACC He2]) 2 34}, o] F dj=Fo| FAstaa s
AL AN AT AT w2 oAl Ay
< EFE activity 2 AlAbste] tjzT-o] Wiga i)
of Ao wlwstgic}.

ol A&l AFAHA % ACC synthased] HZqla}el
PLP(pyridoxal 5-phosphate)?] 248 Ast= 7o
2 o2z NaBH; (ImM),”® methioninedl|4] ACC
2|3 o Fllo® A SAMS] §4E dAIse e
2 2§zl 2,4-dinitrophenol(2,4-DNP;0.1mM),* Az
FAEA e carotenoid®] WAL A= tertiary
A%52] 2-(3,4-dichlorophenoxy)triethylamine
(DCPTA; 1ppm),'? At2ZwiR| 2 &3l §7)A2eks
(Germanium; 5ppm), calmodulin®] Z&A2 Fi4u}3
A2 AREEe) A= procain'® 59| iy} FAbE oA
o AAFEEY] AAE A 19k £'9¢ s
ol dae} WS A Aozt FHH gy ¥
2] (Rubus crataegifolius Bunge), A|8#]4l(Ganoderma
lucidum Karst), 3 7] (Angelica gigas Nakai), v}&
(Allium sativum Linne)$ A=ia}e]on, wxjapitzl 1)
A2 FH 3t methylchlorideZ £%A]# Evaporator
Z methylchlorides Z#A]17) b5 549 35758 3
7¥stgde}. $F4ell hexaneg 7}3te] polarZ=} non-
polargo 2 F¥ste] AAFEE AdS sl

2) 449

TAAEE 7hd FA7tA 743 Fhdlo]d 24
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A 1)9] FAe] Y& A& 37 30emolA 5 A
gt} 22 F 471 35|y ol sk qlefuiA e
2 3uHE3qic).

Azl g o2 difz]
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9902 sucrose(3% )<t A
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Aol BAF, 317, BE24H 53 2 ASAAE 54
sholct. 372 Al AFH Hao A5E s
o vehliglon, AAF, §73E 271X Hig= 3}
Abstelch. 31719 A3t 2AIE 19 592 A, 2%
A Ede] Yeirl 2719} 45° Hojzl A, 394 12
o] iz} 2719} 90° Heixl Abe, 45HA 129 )
7} 7194 120° HojAl A, 5HAIEYY ey}t &
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etk
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e Al HHE 0|43 EFES #4248 7)
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A AP 529 4R hs difEo] EFE 35249
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£ 32 X3chd o] 42 ACC synthased 2§t o}
2 A3 A 2259 A FAs: LY Ao
th. 22t DWe} ACC HelF 255 JAAZIGE o]
£ EFE 24 #odste 22Y Hold. 4,
ad 204 HRo] 90% g Fol:= DW diz+e
ACC B9 oalal AAe] dAF 7oz vepte
o, ACC dj£7-9] o|Zal Az Apelbaum 59
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< Bt ol A $4AE 79 Zog ®al
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ACC #2jTolA dldal A4 7a7ee 7|1A= A7}
o ACC} 2250 o gl wAhzto] 7tars il A
© 2 ghehelojAlct.

1) EFE 3-& 29 o3 AP 549 84 AL
3}:
ACC synthase 9A|A|ql AVGS}l AOA™'" 9] H7k=
£ Ay 7o st DW 27l ujsf 90
oF & o Aale] uhe 77t 11, 44% 2 oA B
Aol At 22y 7]AZ ACCE #HA7Ist A=+
o= EFES] 5879 JA1F 87 £t ACC ti=
F9} 79 2L 539 91%9} 87% 2] oAl LAY
Bt 4, 36082 ik Fol= AOAeH AVG &
T 2L A%E BAcK(E 1). T, Ak ARelAs
AOA<] uvjs] AVGY ACC synthase®] dA&Z3p7} £
& o2 Yepdr). o|g} 22 ATE dxiztA deAl
AOASt AVGE B4 % ojadl JAz3p e} vl
o £ A whe] A3 AL /M AL Y
33 k. Aspirin® #H7M= DW dj&=7¢ ACC gz
Tl s 25 dAsAH(E 2). Salycylic acid
(SA)+ wl(pear)e] AMZujofell ACCr} oddo=
o ABE olAse? A JAEo] 5o} aspirin
& salycylic acids} 714 w3 235 vepdch® =
g SAE benzoic acidZ ¥ FAHAAE vl 4}
g E4o|n,Y benzoic acide FAFAZ 28t
olgfdt AME B olA7A] AEsA AR %=
aspirin®] &3= EFEZ JAlst= 7oz Halt) 24
DNP: AbsbA Qlabshe] uncoupler 2Hg-34w], 504
molo]3te] Ao ACCHA ofdale] HFE o
Ase, 100mol ©]A+e] 1% %o 4= methioninedl| A]
SAM9] Aghe AR sht 1 7)zte| FefA=
o}#] Hatx] ¢fr}. 100gmole] DNP7} AHE-H & A
o] 7%l DW tiz7¢} ACC tj27 E5ol ulsj o
70%7} A== AgS Boj, EFEQ] &4o] A€ A
o2 ®alth, 224} pyridoxal phosphate(PLP)dl] £]
49 245 (924, ACC synthase) E&43}A)7]+=
NaBH, & Al#}dd 2204 Ho)2 53} Qe 7o
et E£3F procaing 27ke] EFES] oA §A45
29 JAEIH7} 9= Ao Ho|} DCPTAS} germa-
nium-& oA QA AAd] "2 a3} glole,

DCPTAS] A%+ 238 &3 7oz vepdci (R
2).
HA32E F vpse A F59d0] EFEZ4E oA
ke e eyt w3 Angelica®] A £
EFEZ A|9jg olAd A 529 84S ot 94
A7)= Ao walr}d. aeh} 2 &3 AOAY AVG
o mX|A gk}, 1 9 Abgy] el JAHA, F
FE2A5e 3o Agle] dlAA A FAE A
8A] Zahe o2 Jehdo(& 3).

2) &9

A" A7 24 71E4de d5o2 AHHS
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Z2Fe A= 744 HdAa 200% A= F713Hee
o 237} AEE 11 olfdle F43] 7taEdd
(2% 4). 279 A% 4945 YA Fo] Fas o
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Bl

AVGs} AOA 2|1 ov] &2zl of2 £ £4
AHE 19} 2), & Afol| AH4-5i7] uhyge EFE 22
2 9 A A A BAS AMshed 4dE &
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A 529 AL FAd JAsE Aol dsiMe £t
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7] olgict. @, A8AYe 23, 44 AR o
Agkol e eyl APHA dFE vAE AL
obehe AMde] &3l d24, DCPTAS Ge o
Aelle] A ARE AASHA kA, Fhleld st
9 $HE AN AR dehdd. o7l Jdd
A A sjell MEete] RS, SEFYY FA, T
FrEe] FHTE A=Y 74) 59 be A
o] A A=fAld 9L vlAe ZloZ Bojn
th.” DNP EFES] 24A9A (R 2)9 b T8F
&Y FA(2Y 5% 6)d= dFE v]AE Aol v
et ojohzhe AL B APl AHEE Wje® o
A AR 240 AN FFA T d%E o)A
<7l At A 5 9lg oA, 1 o] A3}
o ARl ojmE JFL vjARWle dfxe ¢
T it

Ay ddER e A 71249 10 29
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EFES] 84 54& 7|12 3o o APA &
2% A AR AdExE 4L DW ¥
ACC djz7¢} 4di3 v|lwg EFES] &4 & 1 9
O odd 2250 BHGATEE A5 s
dsted AL AL, A3} shjo|de Ay
A448< Pkt ACC synthased] A< AA|she=
AOAs}t AVG F 49 A2 £ Agd A48
He e A&stn AYY o2 weZch Acetyl
salycylic acid(aspirin)3} 2,4-dinitrophenol(DNP), =
2|7 olse] FAEEL EFE AAazr) g wid,
procain?} angelica= EFE$] t}2 o)l AFA 54
o B4¢& ot AARR: 7oz dehgch. DCPTAS
DNP 22|37 Gel oA AfH 5459 JAEHY
£ AR Fhllol A FEETE FA0 4% Fe
2 239 9 &AE Jehich. ¥H, DNP&
EFE #4494 2 #8858 A 9% qxd A
3o #H AR Ade A Ao Jeiydr.

Table 1. Inhibitive effect of ethylene biosynthesis of AVG and AOA known by inhibitor of ACC synthase

activity.
. . Ethylene Production
Inhibitor Incubated Time
% DW control*+SE % ACC control’+SE

AVG 0.ImM 90min 11+1.9 91+2.3
360min 12+2.6 54+3.2

AOA 1.0mM 90min 44+4.6 87+2.8
360min 3345.1 77+3.2

‘Absolute values for C,H, production in DW treated controls(sorbitol 600mM and Mes buffer 10mM, pH 6.0) were 1.

12nmol/g-h(90min) and 0.95nmol/g-h(360min).

YAbsolute values for C,H, production in ACC treated controls(sorbitol 600mM, Mes buffer 10mM, pH 6.0 and ACC 0.

1mM) were 4.5nmol/g-h(90min) and 3.0nmol/g-h(360min).
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Table 2. Effect of promising chemicals on the inhibition of EFE or other enzymes in ethylene biosynthesis, evalu-
ated by the ethylene production in apple tissue slice.

Ethylene Production

T el % DW control SE % ACC control’ + SE
2,4-DNP 0.1mM 90min 30+1.1 30+3.9
360min 3310.2 57+3.9
NaBH, 1.0mM 90min 03+5.8 105+3.6
360min 98+7.0 86+2.5
Aspirin 1.0mM 90min 40+8.1 17+0.2
360min 434+0.8 23+0.4
DCPTA 1ppm 90min 111+10.9 103+4.0
360min 1154+13.9 82+0.9
Procatin 1.0mM 90min 64+1.2 84+5.3
360min 74+2.1 80+6.1
Germanium 5ppm 90min 89+5.5 97+25
360min 87+6.3 93+5.6

‘Absolute values for C,H, production in DW treated controls(sorbitol 600mM and Mes buffer 10mM, pH 6.0) were 1.
12nmol/g-h(90min) and 0.95nmol/g-h(360min).

'Absolute values for C,H, production in ACC treated controls(sorbitol 600mM, Mes buffer 10mM, pH 6.0 and ACC 0.
1ImM) were 4.5nmol/g-h(90min) and 3.0nmol/g-h(360min).

Table 3. Effect of natural extracts on the inhibition of EFE or other enzymes in ethylene biosynthesis, evaluated
by the ethylene production in apple tissue slice.

Ethylene production

Inhibitor Polarity* Incubated Time % DW control £SE % ACC control £SE
Ganoderma lucidum Karst. Non-Polar 90min 117+3.8 92+2.6
(x100) 360min 104+2.1 88+5.4
Polar 90min 91+0.9 93+2.2
360min 74425 91+1.3
Rubus crataegifolius Bunge Non-Polar 90min 100+6.0 87+4.2
(x100) 360min 100+3.8 105+1.2
Polar 90min 95+4.3 119+£3.0
360min 130+7.4 105+6.2
Allium sativum Linne Non-Polar 90min 70+7.5 58+7.0
(x100) 360min 117+4.1 71+1.7
Polar 90min 51+5.6 49+1.2
360min 89+6.6 77+3.2
Angelica gigas Nakai Non-Polar 90min 83+4.9 93+2.6
(x100) 360min 80+5.1 97+3.3
Polar 90min 68+5.0 81+2.6
360min 56 +8.9 80+4.3

"Non-polar:Separated with hexane, Polar:Separated wit:: DH,0.

‘Absolute values for C,H, production in DW treated controls(sorbitol 600mM and Mes buffer 10mM, pH 6.0) were 1.
12nmol/g-h(90min) and 0.95nmol/g-h(360min).

“Absolute values for C,H, production in ACC treated controls(sorbitol 600mM, Mes buffer 10mM, pH 6.0 and ACC 0.
1mM) were 4.5nmol/g-h(90min) and 3.0nmol/g-h(360min).



A3t AEA AEe 9 24P 0 31

Pathway of Inhibitive Ethylene Production
ethylene position DW +inhib. ACC+inhib. Result
biosynthesis
Methionine
SAM synthetase —
SAM (1) enzymes low? high ——> (1) may be
ACC synthase ——| inhibited
ACC )
EFE(2) EFE low low — 3 (2) may be
Ethylene inhibited

* % of DW control within column

¥ % of ACC control within column

Fig. 1. llustration of screening method of chemicals capable of inhibiting EFE or other ethylene biosynthetic en-

zymes' activities.
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Fig. 2. Time course of ethylene production in DW-con-
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