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ABSTRACT

Changes in polyamine titers during shoot differentiation in Cymbidium sp. ( Jungfrau )
protocorms were studied in order to investigate the mechanism of shoot differentiation by us-
ing auxin-inhibitors(PCIB, TIBA), hormones(GA,;, ABA, BA), and phenolic compounds
(2,4-dichlorophenol, catechol). The shoot differentation and propagation of protocorms were
promoted by PCIB or 2,4-dichlorophenol, and the growth of differentiated shoot were pro-
moted by TIBA or catechol. In BA-treated protocorms, white or brown protocorms were ob-
served. Putrescine was the most abundant polyamine during the propagation and differen-
tiation processes. As compared with putrescine, spermidine did not show significant changes
and spermine was not detected at all. Putrescine titers decreased after a temporary increase,
and then again increased in the presence of GA,, ABA, 2,4-dichlorophenol, and then again in-
creased in the presence of GA; ABA, 2,4-dichlorophenol, catechol, or PCIB. But, in BA-
treated protocorms, putrescine level was much lower than spermidine.
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2 A7ZrEl=d auxin-inhibitor Y4 phenolic compound &

Ao 7| AEE, £3 E—-L-—r-ﬁ]r"ﬂ lela] 7 25k 4]
2t AP -@11°]'°’L = A A3feA A2 E
ofal Eigslel, v & “ﬂz]lﬂ auxin 3} cytokinin & €7}
718EeE 24U oHe A3 (Skoog and Miller, 1957)7}
421} hormone ol 98 7|98 =47 FE & YA
AR gk},

Cymbidium 2] protocorm-2 hormone #Hz2jgle] 2=
TH7F 7V5E 22 protocorm AHAHe| BzEEle] Do
3 cytokinin 3} auxin o Ae[F Tz} HAd=o] gloz)
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BatAvt 228l B %E ©]A= hormone 58 Az|et
o] protocorm ¥ &4, B=23} g BrdAe &z wl=
A2 4+ gA S nzel Haeh oAo] e Bl B4
29 Aeha L BT 4 92 Hold o)2A mEE
shel AT 2 4 S A0 S,

Polyarnine & 4114 A dbdel] PedFe BAR o
2= gle™ (Galston and Kaur-Sawhney, 1970 ; Smith,
1977) 2l callus 9] 4 (Heimer el af, 1979), crown
gall-tumor & ¥ (Bagni and Serafini-Francassini,
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1979 ; Kulpa ef al, 1985) 4 =22 v 34 (Montague
et al, 1978 ; Fienberg ef al, 1984)c] Dojdle Zloz o
#HA 9lrd, =g ¥a] (Fdedman ef al, 1982)8} 2=
(Desai and Mehta, 1985) Aol Hedsley, =3 o248
Sellx FredslE Ao 2 (Phillips ef af, 1987) L&A gl
ot wWetA polyamine & 7|94 Fod 24 81l
o2 ZASA =+t auxin @ cytokinin (Walker e/ al.,
1988), GA (Cohen and Kende, 1986), ABA (Palavan-Un-
sal el al, 1984) 52 hormone ©] polyamine Aol o]
ke Ao oeA o, oebd] wizlu] hormone & ¥
ol WE A2 Z13/EEke} polyamine TEe] LAlS
geoldt Pz AZFH, 53 auxin-g 7]BFEe) 24
polyamine FAFAE JA»]l Fowz2 ol g}t d7v} 2
L3t

Anti-auxin ¢l 4-chlorophenoxyisobutyric acid (PCIB)
£ guxin 9] 24 (Moloney and Pilct, 1981) 2 =&
Bk 2,3,5-triiodobenzoic acid (TIBA)E auxin &) =%
AAAZ 2Esto] (Martin ef af, 1987) =AW JAAS
#&A 1AV A7 22 ARAW fE TAA kel ¥
2 FubshA FHeh 28 JAA AEEAS 9FE vlHAe
phenolic compound & cofactor ¢l mono-phenol &
2 A-dichlorophenol (Goren and Tomer, 1971)3  inhibitor
8] di-phenol®] catechol(Lee et al, 1982)% protocorm
W R [AAY e =23 4 gl ot FH
protocorm & FARFAA 4T Fwl GA; ABA(Han
el al, 1988)F protocorm & 347t nxiilE A3
cytokinin(Walker ef af, 1988) 3% 37 polyamine ¥4d-&
#3312 2 (Cohen and Kende, 1986 : Palavan-Unsal ef
al, 1984) protocorm®] # 4 7 = =8 3o =
polyamine ¥Fabe] Ai4-E =AM Wart g},

ol we} B A¥LE auxin-inhibitor (PCIB, TIBA) %
phenolic compound (2,4-dichlorophenol, catechol) & #
28te] protocorm ™ IAA W TAA ARBREael zREE)A
Blo] protocorm ] F-E TAA RS HEA7)A GA;,
ABA, BA 5¢] hormone & #=l&bod o] w9 protocorm
o FA# mzpst 5l masdael wse} protocorm
polyamine T stele] el oboly wal 519

HE 2wy

Protocorm 2| 72| & ek,  Cvmbidium 9 Jung-
frau< Lindeman 5 (1970) 2 Churchill & (1971)] ¥
& W-238led 1 u4M naphthalene acetic acid &t 0.1 M
benzyladenine 2 &4 MS ¥ui=]ol4 protocorm
= 73] $447] oL, hormone o] HrhElx ¥e
MS B#7[ A2 254 1T, 120rpm, 2] sk ks
olA 209 ZHdez 33 zlehafoksie] hormone AHL
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Fig. 1. Appearance of Cymbidium protocorms after 20 days in
liquid culture in the dark, (a) 10xM PCIBtreated protocorms;
(b) 1 zm TIBA-treated protocorms; (¢) 10 #M BA-treated pro-
tocorms (W, White protocorms; B, Brown protocorms).

gl F, 298 Akgsigich

Al¥Tel ME Auxin-inhibiior, phenolic com-
pound ¥ hormone el €3} protocorm & &4, B
= 52443 protocorm W polyamine ek PigS
stole 7] £]Eled hormone | A7}E=] ok& MS <B4 7]
Fol x5 =T 2 Sle] auxin-inhibitor #1217, phenolic
compound A 2T Y hormone #He|lT2 dAsteet, 2
A=EY Hrbe 022um AT Aatr)E AHRslgl e,
25%17C, skaol T ekl 7l A ksl e 2 4
P Padh AL 4T o)Feld sPstgdet, =7 =+
Mo E4ae) FEE ou|4dELe Eatod protocorm
8] 24, Bxig o gate] g A4z 5l FHE &
=E Ay ool wlel auxinanhibitor M#7+&= 10
M PCIB #=]7-¢} 14M TIBA Azt dAstgoen,
phenolic compound Azl 10 M 2,4-dichiorophenol
# 10 4M catechol #, hormone -7 100 4M GA;,
1M ABA % 10u4M BA AHul7-2 22 433} 209
2 AAHez FASEA 59 Ftdoez 4355
polyamine s 3te- zalEleich Feiwse GA, X
T2+ ABA HelTo] whstel e Badk v} 9lere (Han
et al, 1988) & Bielx+ PCIB #=l72} TIBA @ BA
=P8 B w3 phenolic compound A=|7-& ohe B
FollA Baslrle g},

Polyamine 2| &1} &2k,  Polyamme & %3 A
ZkS Goren 5(1982)¢] wlel wl2l Luminescence
spectrophotometer (Perkin Elmer LS-5) 3 334 #4x &
=43} polyamine &g T3,

2w

e, 10xM PCIB#F 1uM BA A#{7} proto-
corm® T4 Baiil o BEgae] mlirn odike
obEr] glsled gRdewsls AAdow adaEiglc)
(Fig.1).

PCIB #&]-F+& protocorm & 43 g 2R ot ot
(Han et al, 1988)++ TIBA H2|Fof uldle] AU Zqto
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Fig. 2. Polyamime levels on control during shoot differentia-

tion in cultured Cymbidium protocorms. Putrescine, Q ; Sper-
midine, @

v BaAlAE o A2ty e protocorm#] 27]E #i
+ vlasiit (Fig. la). 4 TIBA Azl-& el
u]3ted prolocorm & F4% BREErl Eokon], mxe
AL 1A AT (Fig. 1b), =3 BA AHTE o
&7 e Adyede g 24 (B) 9 A8 (W)e &
protocorm & o] viEhyiet Zk8e) protocorm & A=
o2 AgTe protocorm &} A-FebE 2] HEHsin F
A% protocorm o] 2B Ba)€]x] kel protocorm 5
o|F7 glon] wldle] AL mmush] 4zl 7] SEHo]
7_/{10] u].]_r_. = ;(-1_4 7_}—710] L,]_[;]_L+
crown gall =} *n'/‘l-??l Hel2 Wahe ol (Fig. 1o),
Polyamine &2k, Auxindnhibitor, phenolic com-
pound % hormoneel 24k protocorm w419 paly-

oke] Zylul

amine drebHEE 2absked ),
Protocorm®| 343 Ez¥% 9 o Aol %

polyamine 32 aTof g 2 Az] o] wlakd 7
ool whe B2 ale]E eholi=d], £ putrescine &
dife] o Wz Ikt E Aol uldte
spermidine & S4sky = wvlsle zlo]l A AlglTe) 4]
007 0.11 grnol/g-fw ¥ WHen spermine & 2]
A @sket, d= 7o) A9 (Fig.2) puirescine Tk vk
1094747 24 Frhste] diek AL 0.06 gmol/g-fw
o ®lEled 100% A= Z7IstE.es wok 15977 2 ¢
Sl Gebrb i dgke dehidel g, spermidine £
ujj o 7H A1) 0.07 umol/g-fw 2o} ekt F7)5198 et 2
¥ 2 Wl sigiet

1) PCIB-QJr TICB 2] °§f§‘. PCIB 2t TIBA A#]4]
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Fig- 3. Effects of 10#M PCIBand 1M TIBA on polyamine
levels during shoot differentiation in cultured Cymbidim pro-
tocrms. PCIB: Putrescine, © : Spermidine, @ ; TIBA: Put-
rescine, & Spermidine, a .

2] polyamine %3 putrescine ©] Z- % 2Pl w]s)
of @43l e spermidine & 2 Hir)k gigie)l (Fig. 3).
PCIB Azl TIBA Hzj7 2%el4] putrescine dl #
Ayl JASEE, & vk 587w 2 okl
A2 ksl PCIB #elF% oF 219, TIBA Hzl7e
o 22¥l7A] TSt e, 2 o) Bollk Abeldl okae v}
Blfe] PCIB Hzl2) 7% wlof 20 Yol 15 el w4
of 2¥ = Frlalgend TIBA Heltolds 24 A=
Zadlgeh, 34 spermidine & Aok L Edled A
o] Wabr} gigieh,

2) 2,4-Dichlorophenol # catechol 9 <3 &k, 2,4-1-
chlorophenol & catechol M E]414] polyamine TabH &=
putrescine ©] spermidine 2.5} o9& w3y} flod, B3
2,4~dichlorophenol A #]FolA et vk (Fig. 4).

2,4-Dichlorophenol = z]Fel4 putrescine Take vk
10 47z 2A F7lated wiok AAjdol] w]dled <k 1967}
A Frheredes Wk 15 el 10 ol wisted oF 66%

Zrastedet, Catechol #2419 putrescine &Ee
of 5ol slok ALjade] dlsle] & 74 FolE &, £
#H3h} eivkrl 15 ol = afek 10 Yof] B)she] it 7his}
Rl vjek 20 el = F A2l T ZF putrescine $HEEo]
Fhelededl, 24-dichlorophenol =z F-ellals ek 15
el wlzte] of 34wz 2A F7l5H| ®|ske] catechol
Hz2]Foll M of 58% 3t Z7tsigint, gk spermidine &
A5 wlof Al el wleled mha SrleleliT 2 4-dichlor-
ophenol ©| catecholel ®|aled 2kz} Fgkou} Az 4]
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Fig. 4. Effects of 10u#M DCP and 10 #M catechol on poly-
amine levels during shoot differentiation in cultures Cym-
bidium protocorms. DCP: Putrescine, © ; Spermidine, @
Catechol: Putrescine, & ; Spermidine, &

E fAkslnt,

3) GA;2} ABRA S <33, GA%t ABA #Z4]2
polyamine o iE W22l vlil7lAlE putrescine &
okdal HElrl & 9k, spermidine-& £ zbelr} e}
(Fig.5). GA; #HgF9 ABA AT
DutreqcineA e she AR falElg e, Hlok 74
lof| u]do] wfok 10 Uoll GA, 7'134:1'*- oF 8 Frhstad

A Bk

2 ABA AHelTE o 5l FoFssiet, dllek 15 Yol ot
& 7hAsigior wlok 20 el o4 —71-73']-04 GA; A
T2t 2% Flak Aol ubsled ABA HzlT-E ek 154
of ulgled ek 564 FF59ch Spermidine 2 F AT
5 o gk Aglont ABA HITrF GA, ATl
u]sled wima WalZe] zlo}

4) BA S 4%,  BA AT At WA proto-

corm# 24 protocorm .8 A7t vre] ZAapsigEd,
¥l protocorm 8] % putrescine ©] wiok 5adef wjok
A4 el wlsle] oF 35w FrlElm ik 10Uel= T}
4 A F g7 4kl 24 protocorm 8] 7%
= ek 5] <k 6.7 FoFEE & MME ik
Spermidine 38 TR el Z Ae]E 1iElllo] o
A} protocorm & 74 B Fsle] wiok 15 Yell oF 3+

7:}

1 & v Zadigent 2 protocorm & AFE
Aol gelE=) gk} (Fig.6).
il H

Protocorm #] 8248 7178 793 A3l 2L

Fig- 5. Effects of 100 #M GAgand 1M ABA on polyamine
levels during shoot differentiation in cultured Cymbidium pro-
tocorms. GAjs: Putrescine, O ; Spermidine, @ ; ABA: Putre-
scine, a ; Spermidine, & .

4] polyamine Wake]l A=A Tuje] 5%

E auxin-in-

hibitor v+ phenolic compound ¥ hormone-& $A4le =
=,
Protocorm &) =43 ¥ xR i= PCIB A=A %

Astgle (Fig. la) 2oy naze AaE TIBA #=7
of| 4 A8 e (Fig. 1b), °] A& auxinel 23 325
3le) A7} TIBA o 2)shed 3Bl Cassells (1979)
2] AgAz e} FApsied, dalEel oi gmoAsl Ri
FHeow B9k A3} (Cassells ef al, 1982)2hs A
et

diz= el putrescine #&k& PCIB A Z]+2} TIBA A&
F7F 453 wekz, = ool ABA HelT, GA, A
“F, catechol =T, 2 4-dichlorophenol Az ]9
t}, Putrescine ¢ ek sl ka2 = (Fig 2)9
TIRA A2l (Fig. 3)elA F7F F Zastged, ol &
b e 2Ea)g APzlel Haleritelr}(Desai and
Metha, 1985), =2#lv} phenolic compound 227 (Fig. 4)
& GA, o ABA Al (Fig.5)el4& 37 & 243k
i) ohA] Fokele kel vERASEE (g 4, 5), ©#
8} putrescine & ¥ 3 ekah-S- protocorm skl o2 e
2 yEaE zHT o vk FHaR] 5 A TolA
putrescine ©| Z7HF #& protocorm & F4 2 5=EEt
of 93 Aez el wal vk 719 putrescine £
7k} 7 PCIB AEl7-9F TIBA A2iTelA Ag=l
Az ellielch(Fig. 3), PCIB At Eaddate] o
A=z 4% protocorm FAH BEESl Zulbsle]
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Fig. 6. Effects of 10 M BA on polyamine levels during cul-
tured Cymbidium protocorms. Brown: Putrescine, ©; White:

Putrescine, @ ; Spermidinene, A .

(Fig.1a) wjok £7[ol putrescine Fafo] FEgol| wia}
o}, TIBA #27-& protocorm 8} F4l, =223kl T4
Bze] 4] Fasldd (Fig 1b), ol PCIB #Hzl+
ol =] putrescine ¥k 3hie) o] gli= Aeg A}
537 (Fig.3). BA HFE o2 Agdyeh= o) G4
protocorm T (W)= 24 protocorm ¥ (B).2.2 o =¢l
=] (Fig.1c), putrescine-£ ¥]24 protocorm FA410]
e 7 protocorm el Al Bekert spermidine & W44
protocorm 72| 7% whE HFelMebe g o1k
2 Vel e A4 protocorm FollAlE A3kl &
Ql=]A] 9%kt (Fig. 6).

Polyamine & Ezu #8] F&4lele F715tn (Desai
and Mehta, 1985), =884 R} ]“‘E ZhA%ht (Phil-
lips ef al, 1987), A B2} Haje) H3E fukels 7
2325 AZEA = devh, sl polyamine A A ]
A his-(guanylhydrazone) (MGBG)E auxinel] <3t
Z233} AAlE polyamine de g 2EAHe|r|E skt
E| B A7 o (Kaur-Sawhney et al, 1988 ; Tiburcio ef al,
1987), dicyclohexylammoniumsulfate (DCHA),  di-
fluoromethylarginine (DFMA) 54 polyamine %=
SNAEE auxin Hz)slell4 meristematic center 8] 5
FZA1 Ak, o]A® polyamine & A Z2do] Pulal v
HelA] o debe] Eeor] Baml Relislel] fAgle] &
Abel okAk & el = 2 (Desal and Metha, 1985),
polyamine & o) B2 Esh} FeliEe 44 229
otz Br)E ofieh, =3 AP 9ol spermidine
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Table 1. Putrescine/spermidine ratios during shoot
differentiation in cultured Cymbidium protocorms

Put/Spd ratio (%)

Compounds 5 10 15 20
(days)

Control  0.86 586 1113 1250  10.30
PCIB - 350 1519 1757 31.00
TIBA - 557 1200 1675 9.86
DCP _ 425 1122 378 1536
Catechol ~— — 714 638 475 7.50
GA, - 500 588 400 525
ABA - 189 291 178 955
BA - 223 117 003 005

o tHat putrescine & k| (Friedman ef al, 1982)7F
2.3 2= E Axs &A™ A+ protocorm & E4]
3} ””“‘391-7]- kgt AS o v7k 2 Aer et
(Table 1), eje]l gAalolut whol (Walker ef al,, 1988)
% protocorm & 4% 2EH] 25 7wyl 2 e
polyamine &] )7} S47]3ke] E&ol 213 Helglr] 2o}

1Bt AlzEda)e] dajzlel A sls4e] gl
omy 58] P4 (Jarvis ef o, 1983)11 Ba] aajx
olie =z dlr} ZRedel= /‘L"]"S} L-(Schwartz el al,
1886) = glew= oo ofdl =2 o B AFE Lo
Z g},

e 2 Ade] A

TE7E FEE B

27 A= protocorm & F4l3 B
Ez47e] oAE 7% putrescine 2] &
o] Svhet dbd, wx4ao] &A% ¥k protocorm &
A3 it JAR A9 padhe ARE vshig
o}, YubElo®  ABA (Palavan-Unsal ef al, 1984)3
polyamine A€ Aalsk= ¥k auxin#  cytokinin
(Walker ef al, 1988) % GA (Cohen and Kende, 1986)
<+ polyamine $4€ £3051=22 o]2)gl protocorm &l ¥
= w3 A7 hormone 8 A Al aAgolsln ¥
£ oe ] B3 Bxiaele auxin® cytokining] 3t
g7} 38898 protocorm Wl9A] putrescine TEks]
WHEE 7 Ae]ede] AAgg] gelel] Hobs ol#dlk
+4dA e &= protocorm & F4l7 22E3E 7 524
Aol #Hztel Hed Al2Hr}, EF  auxin-inhibitor
27 (Fig.3)9} phenolic compound A&7~ (Fig. 4)4
ol21gk protocorm & F4d BaEd W Zm4Hs

putrescine Febdshele] BAE ER] T2 o|7E o]
23t 24E9 Aele] 2§ protocorm W & JAA Pk
Wsls A geels) 2add AEAA o 9z

TAAS] I35 9oy =¥ £ glod 4Es 52
H3HE Sol3A AT £ 9le Aol A,
ojae] A zisl ﬂ—%? E3ked protocorm 2 F-4x}

Exia o mx4ake protocom™ $F auxin
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cytokinin ] o] 2)3led =A== 1 Az o
polyamine 5% £3F A=) 7} gAEe g2
el Fefste]z} FAs)e] o] o polyamine & E&ub B
2o o FArigke] f3e ZAdlgtr] EodE
protocorm & FAx B2Pd o wzg A e|gld

2 24% 4+ g,
3 2

Cymbidium % Jungfrau ®l protocorm 2253 77
£ 743l7] %] auxin-inhibitor (PCIB, TIBA), phe-
nolic compound (2,4-dichlorophenol, catechol) % hor-
mone (GA;, ABA, BA)ol| 93 s=28e wh& proto-
corm Wl polyamine 3 EE- 2 Abstgdct,

PCIB A&7} 24-dichlorophenol 2]7il4 pro-
tocorm $43 BaEEr 44stgos] TIBA A=l7-9
catechol HTE ERA4go] g4t BA HyT
+ ¥4 protocorm % 24 protocorm T2 2 5] 9]
o}, Polyamine ¥R putrescine o] whekald] ®)s}ed
spermidine 2 A8c|gler gpermine-& #glElz] gkgk
o}, Putrescine & 7 Al7eld F7t 5 ghasigont
PCIB, 2,4-dichlorophenol, catechol, GA; & ABA =T
oAz wlek 7)ol o] ZrlEigler] BA HHTelME
spermidine ko] 24 protocorm Felld & AFHTE

Ested 71 wskeh

ikl

t 3 2 o
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