22345 2] A 339 A 45
Korean J. Bot. 33(4) © 259~269

= SE ufMlEe] ME T Z3l| #EE oI
I. sHEM 2™ A Peroxidase &4, Polyamine &2
Ethylene 49| Bi35}

t B E-£ B WK B ‘R ®m o
(FANSE olzhohsr HEa), TS AT, =S Ga 4

Studies on Growth and Differentiation of
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ABSTRACT

Changes of peroxidase activity, polyamine content and cthylene production during somatic embr-
yogenesis in suspension-cultured carrot (Daucus carota L.) cells were invesigated, As compared
with nonembryogenic cells and their medium, embryogenic cells and their medium were characteri-
zed by higher levels of peroxidase at all times of culture period. Peroxidase in embryogenic cells
showed higher oxidation activity of IAA than in nonembryogenic cells at the torpedo stage, but
the TAA oxidation activity of peroxidase released into embryogenic medium was lower than that
of peroxidase released into nonembryogenic medium. Peroxidase patterns of embryogenic and
nonembryogenic cells showed three cathodic bands, and one anodic band, while peroxidase patterns
released into embryogenic and nonembryogenic media did not show any anodic bands and the
Isoelectric points of cathodic peroxidase were pH 7.7, 7.5 and 6.6. Compared with nonembryogenic
cells, polyamine content in embryogenic cells was increased by 15% at the torpedo stage, but
polyamine ratio was constant, and ethylene production was extremely low at all times of culture
period. Therefore, it is suggested that the peroxidase in embryogenic cells is correlated with embr-
yogenesis by regulating hormone ratios through [AA oxidation, while the peroxidase isozyme patte-
rns may be used as a biochemical marker of embryogenesis. The increase of polyamine content
and the decrease of ethylene production suggest an interaction between polyamine and ethylene
during embryogenesis.
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A

T

FZ(Daucus carota 1.)8) &< wlofA| Lol Steward
(1958)¢] 5‘1 <+ A "ﬂEF- = #Ag oz #A| 7R
ahso] F& 3000 o4 UL WYL HED
T 31?&5’_‘34 °1l°]7‘4 Sodielsg) YEAAdME AAE
WS frEsle] 85 AEAE dA sk dFrt sl
(Kamo et al, 1987, Loschiavo ef al, 1988).

B2 wjefdEel A miHAdE FREHS o globular,
heart ¥ torpedo HWele] DAE AH AAZE w7} A
o Z7]e whE AEEde] divtm AT & AR{YTH
e e AFAA dee} DNA o gl ghide] &
7HEet wlE AL mpse] Ay FFEH awxinge ZA
Aoz G 5 glen AE A A5 Aaln
255 AFsls f88 prioes AR (Fujimura ef
al, 1980; Fujimura and Komamine, 1980; Caligo e/ al,
1985). AE# 2] E3}4] peroxidaser = EAMdu} EAo]
sl ERe} 7]5 g ookt i o) Z& vl Ao whER
(Kochba et al., 1977; Wolter and Gordon, 1975; Chibbar
el al., 1984). F8F peroxidase}= phenol 25 4 1AA9}
NADHS®] 33} #ob oz} 7 ge} 233 Fo
of gli= ez otz ¢luh.(Srivastava and Van Huystee,
1973; Chibbar and Van Huystee, 1984; Pedreno ef al.,
1987; Mider and Fussl, 1982; Johnson-Flanagen and
Owens, 1985). Isozyme® 24 peroxidases] ?"17] o5
EA4L auxini cytokinin 'Y gibberellin®] &3 ko
¥, wekr]zh, 71EEE Y xRS, AAH £% Sl
wte} WEeh(Lee, 1972; Carins ef al., 1980; Berger, ef
al., 1985; Kay and Basile, 1987; Imberty, ef al, 1985;
Bricage, 1988).

=]

o)=18} peroxidased] 4+t & ] dali 7] s
dol4l Bhte] ERoR I J 4 4] peroxidase]
FaAe dfEted wWwe =27 e b} I wakgl 7=k
& gkaz] 9lx @we lf, 3] H]+ o] HaltiAe]

s oA77 A9 eolFeld glA 1-;.-‘11-(K0chba et al.,
1977; Maider and Fissel, 1982; Wolter and Gordon,
1975).

il

Polyamine & =3} Faloll Foislm, shalzls 3lite]
T FAA 72 AEELDT T4l Fodghc(Walker
et al., 1983). Vigna acom_'/otia 2 we} ZHA callussil4]
polyamine #gko] Z7lslm dlF wlolA] embryonic axis
| A= cadaverinei} puterLlnE‘O] 27Vl 7HAE A olg]
wolAlox GAde] Frlsle 7oz deA g polya-
mine& &lE /\HZ]-_?_ lfj;]oﬂ oh}]/q }.gzl- =HE zl—-';\]
248 952 shd, £ ethylenest FEE) AT S
adenosylmethionine (SAM) ¢l 4| aminocyclopropane car-
boxylic acid2% 3 Atz )52 g 4=
ol g2 v} (Kaur-Sawhney ef al., 1982, 1985; Lin, 1984).

Ethylene & F&le) s} g 7]5-2 2h3

A 23 AAsze] sk ShgulRe) WYL o
Asht Bge 943 gole] Bx BaE S8tk

At A7t 9)2 Rolch(Lentini ef al., 1988 Wann ef
al., 1987; Van Huystee and Lobarzewski, 1982).

£ Agede Bz Wl Zary wgde fE3le
Fuf] peroxidases} vl =)o) W= peroxidase] E-d=)
9 2A 5, peroxidaseo] 213+ IAA Abzhe} iﬂ"ﬂi
el "]‘7‘101] 11] Z polyamine®} ethylene2] WilE =
Z4H4 A4 kg4 fFx2F HE 72N 11]-‘“3}

el }.

),iiooﬁ'.i.l'@‘-'uf‘

]“J ':I%::.."i._.

LA

iEM MES| R w2 (Daucus carola L)) ]2
Hq4d2s g Hshe] 70% ethanole] 28, 1.5% sodium hy-
pochlorite "-&-<8of| 208 ZgF Hysly, B2 33 4
Hab % 0.1-B5(0.1 mg/m/ 2,4-D) TAMIARE &7 27+ 1
Coll 4 callus® FEsHE. =% callusis I‘EZD‘-"JLHﬂ-
F2 g e g ooy A v g AL Rt AER
AF&-shei o).

S ujekAlEd A aEAAE fEE) Sske] 27] st
Aol Ae 1mg/l 24-D5 2|3t Bs v 7o)+ 295 Eat
s ek o}, ferbA el A vk EE (NH,).S0,
2} 24-D5 ZAA4A7]Z 0.1uM zeatin, 10 mM a-alanine,
55 mM NH (Cle] #H71gl Wl gd A === 33 42 (500
Xg)dh F 274 17, 100 rpme] <xella] 14217} alet 4
°J5]‘¥4_*] UH AL ek wiE A oA Q) globular, heart
2! torpedo #E7} WAE= 4, 7 10, 1494 wHA
AEZF A za zhzb algsty vk (Mewilliam e al., 19
74; Fujimura and Komamine, 1975, 19804, b; Kamada and
Harada, 1979a, b, 1984; Sakano, 1981; Nomura and Ko-
mamine, 1985; Borkird et al., 1986).

o] v} zeatin¥} a-alanine-2 Sartorius membrane filter
(pore size 045pm)& ARE-3}e] ”%04345‘1-04 AHgated
o garg $7817) S5t §=3 A 24Fake] cal-
lusE HEAEE stg T vl Y48 gA8k7] glste] 1my/l
24-D A=lgh AL TR sglon A oAz g
ul 2]3= 0.1-B5 s =]l 4 wlekgt 7o g sbedvh(Smith and
Street, 1974; Brown et «l., 1976; Wetherell and dougall,
1976; Dixon, 1985). sl &4 %= «157l==} 222 Ni-
kon #42& 0|7 (CF phase objective & contrast turret
condenser N.A)S AH§-3he] shasisgich

CHHE] FHak A EW 2 9 2L whatman GF/C [il-
ter padZ A}&3te] 05 g2l vk %S T8 & T2 0%
ethanolsl] 23] A#H sl acetonee® AFXA|Z] ol& 1 N
NaOH(1 m//mg =t9¥d)5 H7}sle] 85T 100# F<+
7ErEaE F oA AN HEstEo(Street, 1977). %
ghll A ol g4 el ale coomassie brilliant blue G-250
0.01%(w/v) & o]&ske] 595 nmel| 4 £73lelen] o] o
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E& wiAZE bovine serum albuming ARgslath
(Bradford, 1976).

Peroxidase(EC 1.11.1.7) F£& 2 &Mz =X
Peroxidase ¥4 xE Grison#}t Pilot(1985)¢] #k-S
% 5}ed "l'ﬂ-é‘}"ﬂ‘i} e} vl G A 2 E AR SFTE o 1‘
€8 = 1g3 1mie] 0066 M <l 4hek=2 o (pll 6.0) 7
el "—?"é‘ ARS- Hefx] ThApAPE g s vk 18,000
Xgel & 2087 84 %2l sbed(Hitachi, Model 20PR-S,
Automatic High Speed Centrifuge) ezl A& =
FAxsoem abgale] A TAL 4T ofslel A stk

ai7jell W& peroxidase 22 Kim(1978) % Cop-
pens®}t Gillis(1987) &) W& f=gsbe] Ab8-slgr) AL
ulefFst w2 & whatman No.2 filter paper® «i=43) o}&
25% ammonium sulfates el 27,000 gsll 4 207 4
Algelslal 2 AbAlel g oAl 90% ammonium sulfate &
Lo @ whEe] & Tl galgels o 3d

ol Azke] 5mM l4ebE54(pH 6.0)8 FH7bsle] &
gk & g shpfoalod JTolM 244130 FA4istgdn
o] FAlgE S-S WE A=Zg A 1mie] S5mM <l4ksl

Fgh
29 (pH 6.0) . B g-3ll &} Z] of] ¥h&-%] peroxidase2)

J-:LM] FxmE 40 mM al 3heh3-£-A (pH 6.5), 10 mM
guaiacol™ 100 /&) FAE A0S H7lsle] A a7 3
m/= A shed 2w 3OC°ﬂH 103 Fal wHe& A7 o
10 mM H,0,& & 7)}5led 470 nmel| 4] &= Z7}E spect-
rophotometer(Shimadzu, UV-Visible Recording Spectro-
photometer) 8 2# 5ok A4 4= 13 Tqf b
2 1mgd F4RE) AHE Gepick

Peroxidasetl| 215t IAA2] At8l  Peroxidasee] <<
1ARS] OBHe Rao H(1982)¢) WS £aste] 4433
ik A71HEg geld 9A Zo)R el FAskE oS
0.066 M <14bgh22-<4(pH 6.0) <l 48} 474} 18,000X gel
H 20”4 s Al 5] 5} °4°%"‘| A g 2bg-go

4Tl 4] 24417 A8 B F 4408 odgdch ub-get e
0 2mM MnCl, 0.2 mM 24-dichloropheno!, 0.23 mM [AA,
10mM H.Q, 002M 01*1-91'%%—"“(9%[ gAYl EAisle
Azbste] Al 37t 2miEA Eedoh o] EFAE o
2ol &) 28+ 1T S FA8tuiA] 3087F W-3-A17] vhe- salko-
wski reagent(0.5 M ferric chloride 15 ml, conc. sulfuric
acid 300 ml, &5 500 m) 4mis AHristed 4] 302
7F v gk & 530 nm°ﬂ 4] spectrophotometers ©]-&3}
o] 1AAS] 43 AnZ =Asidrh(Yoneda and Stonier,
1966).

Peroxidase2| H7|¥5&.  Starch geld A3 #/]
o3 2. Graham -5-(1965) 3 Divall(1984) 2] w2 77
&led a}2slelc)h. Gel-= 5mM histidine £ (pll 7.0) ol
11% starch& ¥pod 4 ubEg) o 124)7F o] 4k 4T 4 E3]
- AbR-sted 3 Avs g 5-10 pe loadingshed 120
voltell 4 6217k Hab 244 Fdsielem electrode
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£Lole (41 M soium citrate £ (pH 7.0)& A-&3t¢gch

o] Byl gele F Foez Hz2|te] 100mg 3-
amino-9-ethyl cabazoleo] 235 dimethyl-formamide 10
m/} 50 mM acetate 9+&-8<4(pH 5.0) 185 ml, 100 mM
CaCl, 10ml, 30% H,0, 0.2 miel w7} 30Te] 4 1557k
I R AR = ii‘—:— ol AHg & odr]dEd] EAE
ZAFET SHA 3 7)1 58 Stegeman}t Park(1979) &
s 4 °]-° w7} /‘° Alfsld k. 0.1% ampho-
lined T3l 6% disk acrylamide gel(0.8X9cm) <
@Al 10% sucroser} A7 ZREAYe] 10-50 ugt 5%
sucrose”) A7}E 0.1% ampholne #-<8-& Fo] Be|¥e 2
loading@}ed 100 veltell X 1417, 200 voltel A4 5417t &<
fee 4 st oeny ofF 492 0.01M HPO, &5
follo 2= 02 M NaOH%E A12%}¢l 3, ampholine® Pha-
rmalyte(pH -10) & A+ &5}01\:} o} o} blank gel& E4)¢
Eal 7H o].o;{ o3 A é]_ ] Sro. Al ]}] 1¢m 7].74 =4 zh:.}»;,—]_o%
pH 7.0¢] =4 243t 'o-ﬁ }fi 1247k Fab £-%5hed pH
Fullg #alsked 3 1% guaiacol, 50 mM Cﬂ"‘_‘%}%’ 1 (pH
6.0), 02%(v/v) H.0x5 2: 2 12 v]g= Egule] gelsd
§m/% ol Ab&ela] 1583 At HA]H )

Polyaminez} ethylene &&.  Polyamine?| #3&
Gorden 5(1982) 2] vlg-& sl AbEalelch "]EL.J
1gw 5% percholic acid(HCIO,) 3 mi® & 3k o5 4
ol 4 27,000 X g & 2087 1dEe]ste] 2 A4AE *]_‘:?—_
2 Ahgstedck 4R 200 W, dansylchloride 400, X
3% Na,CO, 200 W& Eshe] A9 qhidellA] 12413
Fol yk2 ) Z@ ok o] 7lel 100 W proline-¥ 3 7)}sbe] 3077
whA] Abe] grale]|a] ¥l-2-A]7] o2 500 W benzene 2 E
dansyl =4 & FZ3}ed o] F 200 W= silica gel 60 thin
layer plateell 4= sle] chloroform: triethyamine(25 : 2,
v/l AREelE AolAA Atefdsteld EE A B¢}
vjmslol el vhE w4 photoflurorimetere] 4 % 2
oli_g',_ e :\3}.04 z-]a):a—] o-h:,)_

Ethylene£- #| 2% 250 m/9} Erlenmyer flaskel) ¥ si-
licon Th7HE MEE & 27+ 104 204170 Eqt #e
ufekst the vl 714 1wl a2 A 3 shed gus ch-
romatography(Shimadzu, GC-3BF, flame ionization detec-
tor, active alumina column, 100C, air: 04 kg-cm ™, carrier
Ny 2kg-cm 2 Hy: 04 kg-em™2) 2 A8 o] m|eka 27}
H418 ethvlene oFS Z43leich(Yu and Yang, 1979).

2 o

Higla M= 2HEL Fig 18- w3y =2 371
& ufsl 4] AR BEkst 7,—\13@ v ek 44 B E]- globu-
lar #ef 2] wio] vieh}?] A zhatelch(Fig. 1A). sl 6-
7¢loll= heart w2 HH7} 3 4 =)ql o = (Fig. 1B), =k
9-109 )& heart Hef2] w7} torpedo YL ZA AF
HE Ale] o241 3u(Fig. 1C) wieF w7+ torpedo
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Fig. 1. Photographs of somatic embryogenesis in Daucus
carota L. A, globular stage on 4th day alter transfer to
embryogenic medium; B, heart stage on 7th day after
transfer to embryogenic medium; C, torpedo stage on
10th day after transfer to embryogenic medium.
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Fig. 2. Growth rate in embryogenic (@ — @) and non-
embryogenic (O— Q) carrot suspension-cultured cells.
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Fig. 3. Total cell protein in embryogenic (@ — @) and non-
embryogenic (0- ©) carrot suspension-cultured cells.
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Fig. 4. Peroxidase activity in embryogenic (@ - @) and non-
embryogenic (O — ) carrot suspension-cultured cells.
The enzyme activity was expressed as AODyp-min '-mg
protein™!,

AAEH 0% A3t 5 F7bES Rk F @A
N o) Zrhghe @] by k] Weh(Fig 3),
WlEA A4 djek 1497hR] A% Zvlele] 150% 7he
Z74g mol} WjgA AMEE Wk Ml i
ZraEe 230% 71k Fvlslarh
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Fig. 5. Peroxidase acitivity in embryogenic (@ - @) and
nonembryogenic (© -+ O) carrot suspension-cultured me-
dia. The enzyme activity was expressed as AODy+ min™!
*mg protein "L
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Fig. 6. IAA oxidation of cathodic peroxidase in embryo-
genic (@ — @) and nonembryogenic (O — ©) carrot su-
spension-cultured cells. The enzyme activity was expres-
sed as mg IAA oxidised-h '-mg protein .

Peroxidase &M 2 EM, Fig. 4= A *H peroxi-
dase B2 V=R A0 WFg AT 4 vhok 142 ol
159 3obeho] Sh Ee BAHE Helw) Wik wrle)

1

oA 7‘_11-‘5:3].0% 3_53]-] ] =& AL EOJE} uH ] A-] o z.]]

AZE HP7| 7 B3t A% Folshd 9 AR} Aok
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Fig. 7. IAA oxidation of cathodic peroxidase in cmbryo-
genic (@ — @) and nonembryogenic (O — 0) carrot su-
gpension-cultured media. The enzyme activity was expre-
ssed as mg IAA oxidised- h™'-mg protein™".

10del 4 70% 7beF st E4E wolch wldA f=a)
Aol WE3 peroxidase EAde] x=kzq)l AR w4
M2 peroxidase Adwlalel FAbebe] wiek 104 A
71a = g4e wed wisy dA)e)R) Ko} 324 slake]
2z &4e] tebari(Fig 5).

Figs. 6} 72 peroxidases)| ¢]s}o] [AAZ} 4bst=]e ok
viebdl dojct. wl 8 Al A E 2] peroxidasels vl ek 1022 4]
59 Eo- IAA 4bEeg uleliivlr) wlek 274 cha
grste ke B9ch(Fig 6). w=)o] WEE peroxi-
dasei= qlobular gello) w7l HAFEE vigF 270 52
TAA k&) ‘._‘j_o:] Hﬂok 4, 7, 10010.”,(] o) ,(]3]. ).].3;]____
o) eh7) HH°I= L RO S e P d S B e e R = e | Pt
W% peroxidase®th HubHEoz whe JAA AbEH;S
2ol A xE peroxidasestr & AS W elc)(Fig 7).

Fig. 87} 9% peroxidaseZ- starch gel H~]353t A7}
olth 2l A o]5 %t bands 12 3l whE A 0| B@4E

42 daslgdon &2 0T o]Tat band: C, oF
= o]#é& bandi= AR Z A&l AT peroxidase
A2 3702} cathodic peroxidases] Ci, C,, C;2F 1702] ano-
dic peroxidaseq] Ae] vieliger! =2 bandgl C.&f Ci=
w34 oA ze WrkE aels glx whx] C, peroxi-
daseis wieF 7oA AlbAvt uigd A oz A ol iz vl
of w7lo) AlE}Hc}(Fig 8). WA 2 &% peroxidases)
#% C,7} %2 bandelil C,7} subband® vlelupcl(Fig.
9). C; peroxidase™ sfckdz|el 14del| 4] wiaAl < )
A8} wlE Al fTalR]el|A vhelykew C, peroxidasei=
WY FEal el A wiof z7]HE el gy o

= O
=
=2

ngp ki
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Fig. 9. Starch gel electrophoretic pattern of peroxidase
in embryogenic and nonembryogenic carrot suspension-
cultured media. EM, embryogenic medium: NM, nonem-
bryogenic medium; SM, subcultured medium.

Z” #) =] o) Aa= whek 2t¥]e] vlebt T anodic peroxidase:

ol Ao A FHAEE A ekotrh

F1g,. 102 AxEW peroxidased T3E #7455 F
24 o date] S 4E 2A 7o)tk 4702] band7t
ehdom wlsa oA A A s viek 1043 1d4del] A
2% bands} vebdth 2545 pl 7.00] HA &3}
pH 7l z=4}gk A} 2} bande) pHE 7.7, 75, 6.6, 3.2
olm] A2 vhely band®] pH= 3.7¢]%dth( Fig. 11). Fig. 12

L
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Fig. 8. Starch gel electrophoretic pattern of peroxidase
in embryogenic and nonembryogenic carrot suspension-
cultued cells. E, embryogenic cells; NE, nonembryogenic 8.9
cells; S, subcultured cells.
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Fig. 10. Isoelectric focusing of peroxidase in embryoge-
nic and nonembryogenic carrot suspension-cultured cells.
E, embryogenic cells; NE, nonembryogenic cells; S, sub-
cultured cells.
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Fig. 11. Isoelectric point of peroxidase in embryogenic
and nonembryogenic carrol suspension-cultured cells,
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Fig. 15. Ethylene production in embryogenic (@ — @)
and nonembryogenic ( © — O ) carrot suspension-cultured
cells.

Axe) 9¥d Ux Fviel Z FEZ 47) wfgol=(Fuji-
mura et al., 1980; Fujimura and Komamine, 1980b) wl
& o) E3le] globular w4 o) A zeatine] 23 M| E 8- 9]
2213} torpedo el A cell sizer} 27)sl7] ojEela}
22 #Acp(Fujimura and Komamine, 1980a; Cyr et al,
1987).
Peroxidase 342 torpedo Hehe) w7} S84 o 717
o A4E 2] uigy dAAZEED 0% vHE =2
A4 Welti(Fig 4). o)z &g Has AAFAx
DA Ehe] AR )RR, ol aeRA R Y]
zle} ‘Shamout’ 2@ ## callus2] vl Adel] 4] peroxi-
dase gHe] Zrigtohe 2le) LAskn el 5=+
cheh= shpe] S e 7Eslal doh((Berger e al,
1985: Wolter and Gordon, 1975; Kochba et al. 1977).
gl o uokM) ol 4] peroxidaset <=7} "ok
EE ] olsle] wix 2 ukEEhd, ¥FEE peroxidased]
g4 271 A 2] peroxidased) ZHAHE71E 2)uFkn A
Ful peroxidaseRth ¥2 #4& z=ti(Van Huystee
and Lobarzewski, 1982; Srivastava and Van Huystee,
1973; Chibbar ef al., 1984). £ A& A= v 2 E peroxi-
dase7} ¥FEEm 4 Eu] peroxidase} s #|« WE = pe-
roxidases] 24l #Agko] 23, wlA|el WFEE peroxidase
o] ok 104z AEW %i:?_-"éitl g vheF =
a4 Sl A2 peroxidaser} WM& A JAlul A8} 3.2
Wi 7heF ghade] Eakeh(Fig. 5).
A2 calluse}l oFelE Halel 4 IAA oxidase= Km
ko] ol Al w9l [AA 2] §47} gled peroxi-

T 2
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dase7} IAA oxidase & 38-abn] BF ulokx]Ee] wj=]of
ul& % anodic peroxidase ligin §H43 ¢!, cathodic peroxi-
dase [AA AbEle] zt2h Fhgsloir] SEE F¥E =4
#ed 25}o) Polgtth(Kever ef al., 1981; Raa, 1971; Chib-
bar and Van Huystee, 1984). -2 w314 A ol 4] catho-
dic peroxidase® torpedo 39 w7} Q= o IAA
Ashze] Erlelel avi(Fig. 6), vid A fm=m=le] wes
peroxidase wioF #7)% el JAA oxidase® 2hg3h Wl
4 o dw A R}t TAA 418l5o] el peroxidases] #
Aistsle dAskx) woph(Fig. 7). o]z 7:"_'3’4-‘6 HE
-5}l phenol H 417} ei=]e] 9l wiA] 2 w-2% phenol
3 qhEe] 83te] 23vE JAHE 7 IrH—r°l](1*“r1clbt31"g et al.,
1978) wisAd SGxuA]e] #h=Y peroxidasel [AA Tl
o}z} phenol &¢-&2] 4stel= 24% Hojz} Abrdct
{Habaguchi, 1977).

Peroxidases] I—PHF W gl lTu el 4] A rledE A
e wHalel azxisld(Jonson-Flanagen and Owens,
1985) =ul 2 713?1'—3-?} | A7) g 54 Howse)
¥ ahed Bslo) P22 anodic % cathodic band 7}
Zzlsta o]e) 3t JlBE el EA peroxidase’} #13}
T glem(Kay and Basile, 1987), 247 w2} w4
AZx 1709 cathodic peroxidasez} }ebuir}(Kochba ef
al, 1977) %.8)2) £54] peroxidased) #7353 W)
g}l (Coppens and Giilis, 1987). E&t peroxidase-= Pe-
dilanthus tithymaloides 1.2 #-% sucrose F29 X9
slol] wlel(Bricage, 1988). ZE2)& A "¢ wfe}(Imberty
et al., 1985), Shulel Atal oA £ 24D =l g
7\7ke] Az gkol] wla} 7. E Aol W 5lH (Lee, 1972; Berger
et al., 1985) =T wokd| e A= A #F W peroxidase S}
i) #) | 111-4_5] perOXIdaSCg]ﬂ__ zq7]o11c=] n—]o-la]-,do] =
Aol ae)7t gl Cairns ef al., 1980). £ Aol
%1 peroxidaseZ A 7]% %3 234 371 9] cathodic band 2}
17)2] anodic bandz} lelwke = (Fig 8) =] whE=
peroxidasesl] 4% anodic bandz} He]#| sko} HJEW pe-
roxidase} # 2] 2 W% % peroxidaset 7352 49
o) 7} vrebybth SH Y HAr)dFe] 2w} cathodic peroxi-
dased] SR A2 pH7} 7.7, 75, 66913 anodic peroxi-
dase®] S-A42 pH 322 viehd wigAd Azl siadAd
A# A 3xe] F8 bandell 4 H7]dE-3 F42] Afe]r} flL
1mg/l 24-D% Aelsh wigAd oA Zel e w]oFs] 7t
WE 7l EA] 4] dEr} gle] T 270 fiRg 1A
e 7o A8 x| C, bandr} d|ekr) 7] oiEt
thi zel7b ole] miE A A4l YEHEH marker2
o]- 39 7lsA-g Alalete] Eu} (Figs. 10-13)

Viena aconifolig®] 184 calluss 4= bound polya-
mineo], Z&84l callusoll = free polyaminee] &7}siy
o] whofA el cadaverines} putrescine i3] 745k
Zrarel Aol whelAle) 2 polyamine #eFe] ZFvhahd(Kaur-
Sawhney ef al., 1982, 1985). =& 2 v oAl £ T auxin®]
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Fig. 12. Isoelectric focusing of peroxidase in embryoge-
nic and nonembryogenic carrot suspension-cultured me-
dia; EM, cmbryogenic media; NM, nonembryogenic
media; SM, subcultured media.
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Fig. 13. Isoelectric point of peroxidase in embryogenic
and nonembryogenic carrot suspension-cultured media.

%712 & anodic peroxidaset= 2= ] $kokn 2zt band &)
pHE= 7.7, 7.5, 6.6¢1™ A Z% bande] pH= 7322 A £
S8 cathodic peroxidasee)l wiA) = 9F&% peroxidase+
e 2L s e Jehdri(Fig 13).
Polyaminezt ethylene &3} Fig. 14= polyamine<)
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Fig. 14. Changes of polyamine content in embryogenic
(@ —®) and nonembryogenic (O — O) carrol suspen-
sion-cultured cells.

S viebd Zeleh wied A Alaze) viEl g A A Ee] A
polyamine?] ¥ I+ spermidinee] 7}3 T3l putrescine,
spermined] |2 F¥Ee] 9le] #) polvamined] F=F
wlge o zle)vh gigleh MiEA Al el A polyamine
gh2- wiofr]7ke] Ao whetr HA Frisie] wiek 10
PoflA] 7} Fhe F-F= Hof spermince]| 7.79, spermi-
dinee] 4.3ul], putrescineo] 19.54) Z7}8lgith. A 4 polya-
mine 2 w(Fd ALz WP gAANE B}
Hlok 10974=] 15% »luk Zrislglond wijek 2r)de o
&) Wi dAg AE "A el 13% Fsksdvk Fig 15+
ujekz17} ok ethylene 44d3g viebd Zleldh w3y
Az AL wlekr)7F Antel]l HAX 1o/ 7lE dxlgt A4
Aure Bolu} w84 dH Az de 4458 w2 44
+ o wiek 7ol AAEke] 7bA Bl wiek 10
14l A e A gko] dAlsto] vl A Al Eef w]sle] 2.58)
= QA=) wholch

o oz

o] el A fEat callusBHE P E F=d)
Ag o wlgAd AEe} A JAAEL A FAE
By 24-Dell 218 AA} pattern-& o &S why] ok 7o g
el (Figs. 2 and 3) ] 8 414] A41E2] 271 i34
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ZAR A2 A i gAdS 2D o 2447 F putres-
cineo) 28} o) ZriEhed MBS A =W AP A )
polyamine?] Aol Frisie Azl wwla PR F
#gcH{Montague et al., 1978; Walker et al., 1985).
A" P22 wis4d M Eo]A polyamine ko] o
B4 QA M e vlste] ok 104714 = YehHFig,
14), 578 ¥=ko] Aol R AA] A Fape] 7171
AEZLE) i) ethylene ATAHL T B3 T(Bradley
et al., 1984) -aq/\ T} t',]-uﬂ;g gl 2n Z215= A 4}z ]
EAEA FAT 9898 e ez Asds
Ethylene® AlAl#zle] E#e} 71E6|}E9 wjdl4y

o] 4l sl Lentini ef al, 1988; Wann et al,, 1987) % -']-
€ AT @ A4 Bx B Salgda Akl
As)7} ®wg Wl ¢lcl(Van Huystee and Lobarzewski,
1982; Saverbrey ef al,, 1986). - uf ok Eofl A vl WAL
FEY W W)L Hikel BH VAT 2 Fe ethy-
lene A& Boi(Fig 15) wlgAdA] 5o #HATad
SAM e 28 E] polyamine §4o] ZFErigle AL Z Algy
= mja4] AZe] polyamine 8L Eolx cthylene A
A& JAFoEN AERHAFS =Y F U= 7HEA

rhI h

_'l_O, 1J|o

]

I'||"
r.l|o

A Abate] B

o2 wlekA Ee A WA AIA] Al Z W peroxidases} Bl =)
o| BF&El peroxidased] &Ade] Zvislm IAAS] ik 4t
#l50] h20, polyamine 38ko] ¥, ethylene A4 gko]
Aol Arfstel Erle Jehiis sle T AEhth

5 2

v (Daucus carota L) ¥k F9) wisdal 3} £ 4
ZW peroxidase®} u]xje] whE4¥ peroxidase?] A}
A7) 3 %A B2 peroxidases]| 213 1AA 413 A, polya-
o athylene AAHEHE mAlslglv). oA
Azl wMiEA f=m A9 peroxidases ) EAl A A%
2} wj3 4 oA x| Z w3 peroxidase Rt} o] irA)
vebgten] @Al X x9] peroxidases torpedo A=t
Aol 4 1AAS] 4bdlgeo] b vl g A d)R)e] HEH pe-
roxidase® #8 A olAA AP &) peroxidaseEc} IAA 4+
ilzo) dgteh alE A g Zet el A A Fe] peroxi-
daset= 3714} cathodic band€} 1782 anodic band= 7}
Az glelew wiaA wiAel Wy Al Hh2y]
peroxidase= anodic band7} vlEl}A ¢kgkc) Cathodic
peroxidase?] ‘S H2 pH7} 7.7, 7.5%} 6.60]%lct w3 A
Al:Ee] WAl polyamine] ke torpedo & Ak el A
g AAAERT AAET 15% vHek E9ke ] polya-
mine®] FHH FEkels zle]7} ¢ E ethylene A4S
o4 ekom wiefr|7t Bk 2 WE £ES FRE
arebA YA A E9] peroxidaset IAA shale] shofdte]
Az JAA ke dsiA 27 e] Wlgd =Y
2% 23 Holslm peroxidase?] isozyme pattern-

mine 3k
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