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ABSTRACT

Physiological gradient of [AA-oxidizing enzyme activities was investigated In order to
elucidate the mechanism of shoot differentiation in Cymbidium sp. (‘ Jungfrau’) protocorms by
vsing phenolic compounds (2,4-dichlorophenol, catechol), auxin-inhibitors (PCIB, TIBA),
and hormones (GA,, ABA, BA). The activity of IAA oxidase was decreased in protocorms
treated with catechol decreased the catalytic activity of IAA oxidase or TIBA but this en-
zyme activity was increased after a temporary decrease at initial stages in the presence of
2,4-dichlorophenol or PCIB. The activity of IAA oxidase in BA-treated protocorms (white
and crown gall-like) was the highest of all. However, the catalytic activity of peroxidase in-
creased after a temporary decrease at initial period. These results suggest that shoot differ-
entiation and growth may be influenced by effective JAA levels in the protocorms causing
1A A-oxidizing enzymes and phenolic compounds.
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Adlgke] 2 W 527} Fakspe] o ghe] 2h2 =l Helst
2 3] 5 £ o (Skoog and Miller, 1957)  Cymbidium 2]

protocorm % 1 88 okdbo] Fabsled (Arditti, 1979), ¥
W hormone =&ol £dt] protocorm & 43 £3&
=2 91g Aed APs slEsl (Morel, 1960 0
Wimber, 1963) Z+& hormones = 2ol < 5 o
protocorm 2| Z4l, TzF3 ol Aol gy vkt
(Fonnesbech, 1972). ’9‘%_7-57101]/‘14 ¥l 52 59
7B 2 4524 #A9] hormone FEEZ | ¥
AW hormone &4 §2] £182 Fakel] o4 AW FE
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IAA oxidase 2} peroxidase & A&l FHLfsA &
Aste IAA FalEAE A (Goldacre, 1951 ; Galston ef
al., 1953) %3] IAA oxidase £ peroxidase @ 7 TAA
Agtel| Fodskalel peroxidase 8 2 7l5e] oE Ao
ete & 9] o (Bryant and Lane, 1979 ; Sequeira and
Mineo, 1966), IAA oxidase (Lee, 1972 ; Saleh, 1981)2F
peroxidase (Mirsch and Fortune, 1984)&  hormone £-4
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odgpg dlxlut B3 o Aol o2 JAA FRkAL
phenolic compound & #H&-e] F 23k}, Phenolic com-
pound £ manganese ion 3 T4 TAA oxidase 4 23
F42 2482 9wk (Sondheimer and Griffin, 1959). 2,
2 A-dichlorophenol, coumaric acid, ferulic acid 9
mono-phenol 2 IAA oxidase @] cofactor (Furuya ef al.,
1962 ; Goren and Tomer, 1971)2 283431, catechol,
caffeic acid, chlorogenic acid 59 di-phenol- inhibitor
(Stonjer et af., 1970 ; Lee, 1977 ; Lee ef al., 1982)Z &
£35led JAA 9] 9g =AFe 2 diphenol & A4S &
Ash= ¥bH, mono-phenol & 41745 A3+ (Thimann
et al., 1962), V&g 2719 34 (Yoneda and Stonier,
1966) 3 F&41 (Stonier and Yoneda, 1967) @Ak A5
off w2 diphenol Al &3¢ £~ IAA protector +%
of o8 F49 1AAY Tzl Foldle HoZ (Stonier
and Yoneda, 1967 ; Stonier ef al., 1968,1970) =]
E 1AA Fekzao] fsle] 4lEe ARIlE olF
phenolic compound & ZHgo] £8% 7oz FHH,

Peroxidase ol #j4F 1AA ##=d=  phenolic com-
pound 7} Z24EA3 Fodghel (Miller ¢f al., 1975 ; Mato
ef al., 1988 ; Osswald ef al., 1988). Peroxidase = 7|2
o r1EAs s =ae4ol HE Y lignin TA
{(Méder and Amberg-Fisher, 1982 ; Kay and Basile, 1987)
of Foislnd =38 ] R FAF FAR(Goff,
1975 ; Gregory, 1966 : Moncousin and Gasper, 1983
Swarnker ef al., 1986), ©|x & phenoclic compound =
TAA Ab3lE Ao Bojslmz guxin GAAL} I A&
el - TIAA ek 240 Hoidl=]el 590

oo wlzl ¥ AH.E JAA oxidase & peroxidase 59
IAA 418b&4 Aol 3k o|=4+= phenolic compound
Z cofactorel mono-phenol & 2 4-dichlorophenol
(2,4-DCP)# inhibitor ?] di-phenol & catechol 241
IAA A3 Eae] &4 wel protocorm o] F4, ZaE
3 o Aaalel #A=igE dolrwmzl slylew m
auxin-inhibitor (PCIB, TIBA)&} hormone (GA,, ABA,
BA)#go] &4t protocorm & 54, T=zo| £ 5 A
# IAA oxidase FAwistele] #AeiAd-g abolrual 81
=

ERTE

Protocorm & 77| % vi2k.  Cymbidium sp. & FF
‘Jungfrauw’ & Lindemann % (1970)<] ¥h8-& wg3le] B
2z AkzAL FH%E, 1M naphthalene acetic acid 2}
0.1 M benzyladenine (BA) 22 =A% MS n¥Hx|=
7874 =444 (Percival)el4 protocorm-g 713k
wjok, Z41A17] ©h& (Churchill ef @f., 1971), 10mm?® &
£ 2712 AHsied MS oA s]EelxE 25+1°C, 120
pm, e dheAlw wiokr] (Kuk Je)olld 204 7h42
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2 33 A= wieksled hormone A2 glad 3 Ad A3
2 ARgslger 2 A2l wiofsle AR 22 27
2 Adsidrl

AMETe| ME.  Phenolic compound, auxin-inhi-
bitor % hormoneell &8 protocorm & F4, EEED
% =848} protocorml [AA AbEldsete] feAAds
atol® 7] $5led hormone °] A7kHz] 4 MS ofAl] 7|
Bz S tlz2T2 o] JAA AMSHEL #of Fekg n|H
= phenolic compound & F42% auxin-inhibitor 2]
T % hormone AET-2 AAF et 2 A=A Hrp
£ 022um AF oA7|E AHsigdes 25+17C, 120
rpm, Aol HE; wlokstel 20 9%} AR o R walsl
WA 59 AAew 23, JAA AdtEie] BATNE
zAsigh, =d 24 AEAe FEe ou] AdE %5
o protocorm & 4], B3 Y g9 27} «
o ARG 5L Ao AYEA At E 4T
seh, olel wal [AA AFELS T DefFie
phenolic compound A &FE 10 uM 2,4-dichlorophenol
3l 10 uM catechol A= AA 3] peroxidase 9F
IAA-oxidase & 4= wIE ZAlEer auxindn-
hibitor #&7+= 10xMPCIB2} 1uM TIBAZ, hor-
mone AelFE 100 M GA;, 1M ABA 2 10M BA
Aeltz AAsel, FeHiE hormone #27(Han
et.al., 1988)2} auxin-inhibitor A&7 (Han ef al., 1990)
= Ra3lglerve B v RAE 2 4-dichlorophencl 2]
T3} catechol A=+ H 1M ABA A5 2add,

Peroxidase ZMT =X,  Peroxidase o] F&3 9k
ol ZA%E Omran(1980)9] W& st A-83l50m
434 &AL Chance 9 Maehly (1955)8] #hl-8- A&
stgdrl, Protocorm A4 & 500mgel 0.2M K-phos-
phate S8 (pH7.0) 3mlE ¥el homogenizer & =}
Al mEYAFR7IE 27.000Xg, 2027, 0-4°CellA]
PR ste] AAlS =FAojor Al syt vhSod
£ 80mM K-phosphate 2-E2<8 (pH7.0)o] 0.7mM
guaiacol ¥ 0.0312mM H, 0,5 Z3HI=2 ZAsec,
484 7L 5yl F44d42 JA 2mlE £33
25CoN 4 incubation A719A 470nm oMY FF= Fo)
5 FAsk] Z434AE Fepoet

1AA oxidase EMT &XF,  IAA oxidase 8] F£3} 7
AzA ol ZAAZHS Mato 5(1985)8] WS 45
Argst gl Protocorm A4l & 500mgel 0.02M
K-phosphate 581 (pH6.1) 3mlE ] homogen-
izer 2 whE 2, mSAAE] R 20,000xg, 2057,
0-4ColA dAdulste] AFdE ZHaMo2 XG55
o}, uhgale 0.02M K-phosphate £H-&-°8 (pH6.1)el
0.5mM indole~3-acetic acid, 0.05mM 2 4-dichlorophenol
o 0.05mM MnCl,-4H,0 & =355 =ad9.en
Salkowski €82 Pilet 2} Chollet (1970)¢] el wha}
0.5M FeCl, 2 Zghele 35% perchloric acid 2 ZA|5191
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Fig. 1. Appearance of Cvmbidinm protocorms after 20 days
on phenolic compound treatments in the dark. (a), 10 M 2.4-
dichlorophenol -treated protocorms; (b), 10 #M catechol-
treated protocorms; (c), 10 uM ABA-treated protocorms.

o 24 AL E480 02mld HSd 3mlE
ghebe] 30°C, bAoA 1417F F<l incubation A7
0.2mlell 2ml Salkowski 288 7}5ted oh4] 30T,
oA 14)7E Bk develop 417 %, 530nmellM &
&7, IAA S5 Axg 4348 Falact

’-‘;}Hlixa‘ geke. Lowry 5(1951)9) whilez Zxsigl
2
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SeflMsl, 10 M 2,4-dichlorophenol 7 10 uM cate-
chol ] protocorm &] 47 g3t o Rl v]3]
% 15k doluy] ¢aled SN eSS AAFHR T
Art(Fig. 1), M=% protocorm < protocorm A
—?“""]C’ﬂ"i PA = v FHafoll wel protocorm 2 Fok
oA Bzl 7} dAdse] RaAwH 24-dich-
lorophenol 27 (Fig. 1a)= =T (Han et al., 1988)cf
H)5led protocorm 8 4% mEFds Ao B
29| Qe rzElglen, catechol AT (Fig. 1b)& &
24722 4ot protocorm 8 F4ot BEFEE
2R} Az59it, ¥ ABA AT (Fig.lo)w A

Fae| gdwst,  wjokd Azl V-}\_ protocorm HH
peroxidase 9 TAA oxidase 4ol w|&E 2 4-dichloro-
phenol #+ catechol®] 8% Z:*l—?’ﬂ—?\ii‘ﬂ PCIB &+
TIBA 2 GA,2} ABA A7 1AA oxidase & #Aw
e zAbskgioh

1) Phenolic compound &) <38k,  diokd o] <&
=19 F phenolic compound #2174 peroxidase &
A¥Ee M fabg S delde] daTe ek 20
Aofli= APTel wile] thd Zo1E Aol wlsle] 4 AF
7 2% gz che zhe AgE vrhigev(Fig 2),
IAA oxidase ] &A4W3= vijok 1097kAlE 24-dichlor-
ophenol #2798} catechol Hz|F7} F-Alsle] izl
Wlsle] Dao] ZA| ZAsigder wlok 159 o] Eo]= o
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Fig. 2. Effects of phenolic compounds on peroxidase activi-
ties during shoot differentiation in cultured Cvmbidiim proto-
corms. Control, O ; 10 #uM 24-dichlorophenol, O: 10 M
catechol, m. Data are expressed as mean + SE.

* p<0.05, ** p<0.01.
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Fig. 3. Effects of phenolic compounds on [AA-oxidase activt-
ties during shoot differentiation in cultured Cymbidiim proto-
corms. Control, 0; 10 #M 2 4-dichlorophenol, 01 : 10 uM
Cate(,hol w . Data are expressed as mean + SE.

p<0.05, ** p<0.01.

Z7%} 2,4-dichlorophenc] A& T A4 e] it T2t
3 7ol 9kEled catechol A dlzTol Elsled oF
63% FAstE = (Fig. 3).

2) Auxin-inhibitor & hormone 9 9%,  Auxindn
hibitor 8 hormone o] 913 IAA oxidase o #4wWE8E
= A5t ek (Fig.4). PCIBt TIBA Azj4l2] IAA
oxidase & L4493k ok 5 9lof TIBA A3+ #45=
Nzt FAbElgdon PCIR A2l Te dETol ®lsd
159% zksslgdon], wiek 20elle tiETol u]she]
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Fig. 4. Effects of auxin-inhibitors and hormones on [AA ox-
idase activities during shoot differentiation in cultured Cym-
bidinm protocorms. Control, © ; 10 M PCIB, 1o; 1 uM
TIBA, wm; 100 uM GAz, a; 10 uM ABA, a; 10 uM BA
(brown, v ; white, w).

PCIB AH=3% 25%, TIBA HelTx 449% F7stich,
GAg2k ABA #2)A|8] TAA oxidase 8] A== vjek 5
Qell= tizTol vlsted A2h 25% 9l 209 Zasiglont
#iek 10 43} 15 Golli= GA, AT+ tHaTof AL uk
W ABA ATt daTel nlskd A7 31y W 17% =
7elged Wik 20€ele A 319 W 259 Zhaskgd
o}, g BA A4le] [AA oxidase FAWFE pro
tocorm #-g °|FL 3= Z4 protocorm ] 7¢ d=
T2k 2 wdekate] st ont wlAAE 02 W FE W)
Al protocorm & 745 wl=Tell ulsle] a2 Egkor]
59 oje} 15 0ol 7% SN,

U

Cymbidium sp. —4 protocorm <& hormone *2|gle] &

23} AP ok REEHE AT Adl 247t
A& oe|sie # cytokinin # auxinel #j3 23|
71#d Aer FHHet, 2=t protocorm e AF

hormone #] 33k W= 7] (Fonnesbech, 1972)-% we=i&t
o ©]218} protocorm W¥-9 BxP4 7|TF Qo] 24T
T A% ez szt oo ole}l B AP JAA 43
4o %8 u|AE phenolic compound & ©)-&5)ed
protocorm ™ & IAA gakS 24 JAA AI8LE4 E4
o A2)d Felell @2 protocorm 9 EAl3 29 23}
2 Aol weiAde zAslgerd. = auxin-inhibitor
2} hormone # 24| protocorm &l ZFA 2t 2o H3 o
Azl TAA oxidase B47te] Ie4e zalElgn),
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Peroxidase 2} 1AA oxidase & 42 Ful& proto-
corm®| F4, 530 5} 3 49| o|z ehtEd]
protocorm & F4l3 ZaE3Me 2 4-dichlorophenol ]
T (Fig. la)ell Al 712 gAdslolon] Bitg) 3—-—-4 AL
catechol #2]F-oll4 SAdsleict (Fig. 1b), 1 ABA =
2T (Fig. 1c)= W=7 (Han ef al., 1988)0l v]3le] =)
2 Az39rh,

Peroxidase ¢ ¥4 27l Melishe] 217 Alv| x5
=9 (Moncousin and Gasper, 1983), #2]28M] perox-
idase #A4e] A<EA v} & Z4se 7 (Druart ef af.,
1982 ; Epstein and Lavee, 1984) 7= dlo 2 2 A&ol
= =79 F phenolic compound #Hz] -4 thxz
st A Ve (Fig.2), olv n=e 23}
oA dAAE ol & RLHoz zhagohe As)
(Swarnker et al., 1986 ; von Arnold and Gronroos, 1986)
2}= FARRE obibe|7lE $t phenclic compound 7}

peroxidase Z-Awlglol 2 A%kg & Ao gx Prlgx
e
IAA oxidase ¥ peroxidase 2} w}E7lA L Hel 54

o el Frlevlm ¥ 3=l 9l et (Druart ef al.,
1982 ; Gus'kov ef @l., 1985 ; Mato et a@l., 1985 ; Mato and
Vieitez, 1986), E2%3}e} TAA oxidaseo] g+ 44
gl =o= Ag gltd. Phernolic compound o 14k IAA
oxidase & FAL2 ek 7)ol 24-dichlorophenol #
catechol # 2T -‘?——r HzTol w]ate] HA]3) Pgkort
o Fr)oll = 2 4-dichlorophenol #z-17) 2T S-a5)
vt catechol A2)Fi @A) 743le] (Fig.3) catechol
o] peroxidase T o132 wm]H)z] Zalgoat JAA
oxidase Aol A F3g =)o) mxo] Hilo} A
g 24 223 A (Fig. 1b)oz 225t 49 auxin
inhibitor & hormone A&7 7% (Fig.4) A= o
272} AR oRS JElle] o]F  auxin-inhibitor v}
hormone ©] IAA oxidase 4] # ] o ake Fx] B3l
2v olf At gHE =iE fislgdeng [AA
oxidase 244¥= Fa3l protocorm 8 413t Bz 2
3 2l AA7)7 948 Yolele Aoz Agdr, BA
=4 24 protocorm ¢ A= IAA oxidase B4H 3}
7t =+ fFarelelet crown gall ool ulan
protocorm (Fig. 1c)-2 #[ek 159 o] 3 IAA oxidase
Aol w1 Ebi=d] protocorm ©| crown gall ¥el = w3}
2 A2 F2 [AA oxidase B4l 2l5he] ASA &
IAA ko] 7b4=lm Aol cytokinin ko] F7)s]
of wiAdHos ¥ 930’ Aoz 2,

Gus'kov 5(1985)-& =) ¥ 3 4] IAA oxidase %
peroxidase o 7[R 2 2 P o] Folglokn slglod]
58 Mato 9} Vietez(1986)¢] 5% 54180 mzE o8&
i ] gg4del B2 AekE ok Edle] auxing A
& A AF 5z2e dglelAs Hajiilrl Fuksla
[AA oxidase & #4-& Z7F 5 2h4gl dlw & mzo]
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A Be)Bio)l 2w JAA oxidase 8 A
F ZokEiEed olde mayEs) 24
oxidase %+ peroxidase AW Il 213} =AW &
& auxin ¥ ) #4922 Ao Ve Fo

o, web ol AR wizAsle] B oo B AYAae
protocorm & Z4lzt nze] 23 7 Aze] wE IAA
oxidase 4L AR A&l 24 £ F7} 52 A
A7} B3l gAE Ve E R Sels) Lol 94
o kel g o 4 ol 5% protocorm &) T4l B
2337} SAsHe 24-dichlorophenol #2FelA 1AA
oxidase o] FAo] T} Fabslgind Aol widte] H5)
H Bze] Aale] b4t catechol HElFoliE I
3| 7ra3k Zlo] EAald] o] AL suxin-inhibitor ¥ horm-
one #HzZ|AlelH e e Faho = vebdel, £ protocorm
o] Za maPslrl £2 Jeldnl PCIB 3 ABA
BA AelAle] 24 protocorm ollA+ ok F712] [AA
oxidase @4lo] W=7 % 2 4-dichlorophenol 2|72t
AR Aol wlFhe] mze] Adrgo]l HAFEW TIBA 3
GA,; #HTolAE catechol M2} Falstd fzT-2b
= 298] JAA oxidase B4°] tialz 22 Zlo] EAlH|
(Fig. 4) o124 protocorm & F4|3 w=o Fi ol ga}
< [AA oxidase & @4wstel Hale] &g & 4 ok
g% Epstein ¥ Lavee(1984), Kervers 5(1982)2
auxin Aol g Fe]E34]  peroxidase 8 [AA
oxidase & EAe] Zridhkm stglewn], E&] Epsteinz}
Lavee(1984) & o] «f Walisl &5 A3 Hed
auxin & #e}2glo) 24 #g3e Ae| ohel perox-
idase b IAA oxidased] 4 Fololl 2dle FaE
auxin &) Bl ot 7= 28 Aae) Helzby slge
¥ protocorm & BE2E3E JAA oxidase 1} peroxidase
So] #4% 2331 protocorm W F-E auxin 2] e
T AEAPo2A F15E 5 YE Aoes AR,

olo}) W} protocorm @ $43 wxeo] & 7 4ze
phenolic compound @ & protocorm ™ -F&E IAA 3
FzAel 9ete] cytokininol] H§ auxin &} w7t ==
Fog xAxoZA hormone & Tyt iz Fag
+ 1 Az 3] protocorm & FA4 o) £5 %
ZAAo] 2AH Aog Agych

1 A

fa L

¥ 2

Cymbidium sp. % ‘Jungfrav’ @} protocorm =%
3 7195 4str] 918ked phenolic compound (2,4-dich-
lorophenol, catechol) A=A e] peroxidase & IAA ox-
idase AL zAlElgdom =3l auxin-inhibitor (PCIB,
TIBA)$} hormone (GA,, ABA, BA) Hzlel €3 pro-
tocormm BF2EEA]Y] JAA oxidase ol AJElH FulE =
Asteich, 1AA oxidase ®] T¥iiE  catechol, TIBA ¥
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GA; AT 5, 229 4ol T3} #z]Fof Al [AA
oxidase B4e] A4 7hAslsd et protocorm 24lE &
Z8371 943 24-dichlorophenol, PCIB # &4+
ok B)ell ki) Frbslgden] BA AT A% crown
gall =] W4 protocorm - IAA oxidase Z4do] i)
2 A48 ch 3k peroxidase 84-2 dlAlz ity
t}, o]48) AelH protocorm 8] 24 @ mzel Fakel
AR 53] phenolic compound o 93 protocorm R
A auxin @RpEE = 2A g d=e] S 4 5 Yt

n ST o

4

g2 &
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