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ABSTRACT

The effects of Ca’"on polyamines on callose contents of carrot suspension cultured cells were
studied. The regeneration process of the cell wall of carrot protoplast observed through the
electron microscope.

Treatment of the carrot suspension cultured cells with Ca*t and polyamines resulted in
considerable increase on callose contents at 0.1 mM of Ca®' and polyamines, particulary
spermidine. Poly-L-lysine and poly-L-ornithine increased about 30% and 100% of callose
contents than that of the control respectively, whereas verapamil and flunarizine markedly
decreased the callose contents. These effects of Ca’™ and polyamines may be ascribed to a
polycationic nature on the callose contents. Futhermore, Ca?’ and calmodulin increased the
callose contents as Ca®" of free ion rather than as Ca’"-calmodulin complex. During the cul-
tivation of the protoplast, the regeneration of the cell wall was somewhat observed on the 4th
day, however, it was inhibited by verapamil. These results suggested that the promotive action
of Ca® and polyamines were manifested in the callose contents and the regeneration of the cell

wall.
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Balol 9led Az FA 24 2Ll (Dumortier ef al.,1983). o] & 3k polyamine-& c}7heko]
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sh=] o callose§take]l S7H8F 2122 ALE Rl

g 1 mM9] Cart e #-f5 e ol eh 5 ehul] ok v =] ol| diltiazem ™} flunarizine ¥ EGTA
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Table 1. The effect of Ca?* on callose contents in carrot suspension cultured cells. The cells were incubated
at 27°C for 4hr in B5 medium. The assay was determined by spectrofluorometer(excitation 400
nm, emission 510 nm). Each value was the average of five seperate examinatiions.

Treatment Callose Contents(mg/gr. fr. wt.)

None 2.01

Ca* 0.01 mM 2.28

0.10 mM 2.53

1.00 mM 2.27

Ca®', 1 mM++ Calmodulin, 5 unit 2.24
Ca?*, 1 mM++Calmodulin, 10 unit 2.34
Ca**, 1 mM+ Chlorpromazine, 10 4 M 2.30
Ca*", 1 mM + Cholorpromazine, 100 x M 2.07

Table 2. The effects of diltiazem, flunarizine and EGTA. on callose contents in carrot suspension cultured
cells. The cells were incubated at 27°C for 4hr in B5 medium. The assay was determined by spec-
tro-fluorometer(excitation 400 nm, emission 510 nm). Each value was the average of five seperate

examinations.

Treatment Callosc Contents(mg/gr. fr. wt.)

Control 2.27

Diltiazem, 0.1 mM 2.01

1.0 mM 1.79

Flunarizine, 10 M 1.55

100 M 1.90

EGTA, 10 M 1.76

100 uM 1.19

* The control contained 1mM of CaClz.

Table 3. The effcet of polyamines on callose contents in carrot suspension cultured cells. The cells were in-
cubated at 277 for 4hr in BS medium. The assay was determined by specctrofluorometer (excita-
tion 400 nm, emission 510 nm). Each valuc was the average of five seperate examinations.

Polyamines added Callose Contents(mg/gr. fr. wt.)
Control 2.27
Putrescine, 0.01 mM 2.88
0.10 mM 2.93
1.00 mM 2.99
Spermidine, 0.01 mM 2.86
0.10 mM 2,95
1.00 mM 2.99
Spermine, 0.01 mM 2.75
(.10 mM 2.86
1.00 mM 2.51

#* The control contained ImM of CaCle.
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Table 4. The effects of poly-L-lysine, poly-L-ornithine, NaF and ATP on callose contents in carrot sus-
pension cultured cells. The cells were incubated at 27°C for 4hr in B5 medium. The assay was de-
termined by spectrofluorometer (excitation 400 nm, emission 510 nm). Each value was the aver-

age of five seperate examinations.

Treatment Callose Contents(mg/gr. fr. wt.)
Control >
Poly-L-lysine(lmg/gr. fr. w.) 2.92
Poly-L-omithine(lmg/gr. fr. wt.) 4.65
ATP, 0.5 mM 2.34
1.0 mM 2.29
NaF, 1 mM 2.78
10 mM 2.52

# The control contained 1mM CaCl.

protein kinasc® 2413} 4|21 2 24 (Polya and Micucci,1985) 2t A 2% Al = 4ol dgF&
o] & AT callose B3k 712 Yo7 Ao = ATt 3% ATPS} phosphatase —.Zﬂ A
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Fig. 1. Electron micrograph of a carrot protoplast which was cultured in B5 medium supplemented with 0.5 mM
of mannitol for 2 days. x7, 500. CW; cell wall PM; plasmalemma V; vacuole M; mitochondrion
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Fig. 2. Electron micrograph of a carrot protoplast which was cultured in BS medium supplemented with 0.5 mM
of mannitol for 2 days. Tt showed thar cell wall was somcwhat regenerated on the surface of

plasmalemma. x50,000. CW; cell wall PM; plasmalemma
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Fig. 3. Electron micrograph of a carrot protoplast which was cultured in B5 medium supplemented with 0.5 mM
of mannitol for 4 days. It showed that cell wall was regenerated on the surface of plasmalemma. x50,000.
CW; ccll wall PM; plasmalemma
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Fig. 4. Electron micrograph of a carrot protoplast which was treated with 1 mM of verapamil in BS medium
supplemented with 0.5 mM mannitol for 4 days. It showed that the regeneration of cell wall was inhibited
by verapamil. The cell wall was not completely regenerated. x50,000. CW; cell wall PM; plasmalemma
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A Aol AL Az AU gyt A2 ggol] wefFE A4 Gs T7F 48 A o
F 2 Za 3tvl= 444 (Cerenius and Soderhael, 1984; Lutteneger and Nevins, 1985)8 ZL&ds) £
W GS T8 o] 22 RISl A2y Ade| 75t AR L2350k

Y| o]
e 2
T ek o oka Zefl 4 Ca2* 7} polyamines] Al 24 74 A2 calloseTake]] o3& F3Fal & A A
HH aka] x-]]_l.'f_ﬂ_{ E Al] ;L]J-\— 7] =}-5] o) 7-]&1 )2k 0]._,_;(]_ kel o,
o el ok Zof] "o polyamines A ]Skl # ok &4 callose 9 - 0.1 mMCa

1
mM2] puterscine® spermidine?| & el 4 7hab Fakek =& poly-L-lysines} poly-L-omithine& 72}

1
30, 100% A 5.2 callose T2Fe S F 2 verapamil®h flunarizine-2 callose ghekS & 7 5lA] F sk 3=

d o]+ I Polyamine?] tl7} ako]l oA 402 FEF SrhAl7lE Aoz 2l3Esh g cat
2 calmodulin® 25k 24 A Ralddviz] RobE Cattel free ion2 B FrkalzlE Ao 2 el #E
Az wioks) A F=He| 4L gdaol] o] =AF AR verapamilel]l lsl A A £H Ade] Aa=gl

el o] 48] Azl ¥elCg' 3} polyamnine-d A EH T4 4Rl callose THekE & ]- o2y A=4
HA4L FxlAAeln 255}
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