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Effect of Calcium Ion on Mesophyll Protoplast Culture of Arabidopsis thaliana

Hyeon-Yong PARK
Department of Biology, Chosun University, Kwangju, 501-759

The present study was performed to investigate the effect of calcium ion on the mesophyll protoplast culture of
Arabidopsis thaliana. The mesophyll protoplasts were isolated and cultured on an IMH medium supplemented with
CaCl: of various concentrations. When the protoplasts were cultured on the medium containing 0 to 12.5 mM CaCly,
extreme vacuolization occurred without cell division. When the protoplasts were cultured with higher levels of CaCL up to
50 mM, vacuolization decreased dose-dependently, and the number of plasma-rich cells increased. Cell division was
induced when the protoplasts were cultured on the medium with CaCk higher than 25 mM. The highest plating efficiency
(5-6%) was obtained with 50 mM CaCl.. However, the plating efficiency was markedly inhibited by 100 mM CaClL or
above. These results suggest that the relatively high concentration (50 mM) of calcium ion may be required for the culture

of protoplasts.
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Nz Zge e $5r4AE
= 72 ® odex olch(Hepler, 1988). Z4-& AEGE
of NE ez X2 nEZEz|ol, £XH, JEHE
3 A 34 2 (signal transduction)ol] o] 5}
3 gloH(Schroeder and Thuleau, 1991). 2+

Goles T4 A%, ampe 24, 20 3 Yo
phytohormoneel] 9}3] A= A} ‘—l = A EAEY

F8 Aeztee) 283 98-S ksl 9 vh(Hepler and
Wayne, 1985 ; Schroeder and Thuleau, 1991). £3) M E A3}
AEapo] EAshe AU calmoduin® Aol &3 B
slo] A3l JefE As® F, proteinkirase, Cat-
ATPase, NAD-kinase 53} 72 ofg] T4 59 effectorEA
Zh-4-3 (Allan and Trewavas, 1987), A E8H A A 4
A3 x2S P Faz AEE s viLTY W
g 9 YA Foll B 9SS Jepdch(Hepler 1939).
A EH AL Bt YPAA2HE HELELE o]
A HAFe AA 2799, o F83 9L 3=
1,3-f-glucansynthase:= Ca2*ol| 23] 1 #Ao] zA=d

(Kauss 1987, Koehle et al,, 1985).

olgjg o] FAEE Hol MEmSFlA Zgole] o
43 F8 4TS F olete Aol AT A7}
gty AME Daucus carotal] TehjofolA] ¢ 22
A o AxEapEA o] FASHA Frlele HAbe] fAH
d} 9) 2 (Jansen et al 1990), ¢]=]gt A} 2 n]Fo] Aol
Lo] AlZe] AAEA “second messenger’ £A} 243 A
olgte FZo] 7}58}4 H ¢ M Bush and Jones, 1990).
Arabidopsis thaliana’= Brassicaceaeol| 43}, genome?] =
A7 AT, B 24 He) AEAE) 2717 WA
Aok A, & A9 7)7e] Fote A 5o ATl £
3 AHES AV 9loHKoorneef et al, 1987). o]2l3t &
2 AAHE wFoll Arabidopsise ISAES] 712974 A
g, fd & %2 A7l o]&= l}(Shirley et al,
1992 ; Palme et al 1992; Damm and Willmitzer 1989 ;
Karesch et al, 191). o]x13 Arabidopsis7} A1 E2] Az, §
A, FAYETAH Aol ol ol &HI UAT o] AE2]
QLA Pl BD HIE pgel Bt £
Zgol - AFAA M FIA YutH s APAA e 4A
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mM o]3}e] ZBFoE FRME A AEFde] dou}
A e, 53] T T3] Ag Qxs fabo
el 2 = Ape]H o2y 0 mMe] u)sled 625
mMo], 625 mMej| u]3}led 125 mMel|A] A E2] of F35}3 A}
o] ARE HEEL v 23 v} 7|z Fk A&k
w3l 125 mM 717 2ol 52 =9 4£F plasma rich
cell®} ] gol Fopfon FAMEE 125 mMeA ofF @
2 ¥ $((01%) 2. JerA e 2 A shgeH Figure Lo).

FEA EE 25 mMolMEE & BEE Jepdon4-
5%), 50 mMoA 7} =2 HIE | (plating efficiency)
(60%)& vepich FIHEE] F2YE A3 A=
= 5o me} B2 Holth 2 25 mMo| wlsiq 50
mMell A 219 Ao 7t wEA AAYHoH, 2
UE FASE 2 AEE 50 mMeA 64 07 A S
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Figure 1. Feature of microcallus formation depending on various
calcium concentrations in the early protoplast culture. Cells were
cultured iIn IMH medium containing various CaCl2 concentrations
for 11 days. a, Highly vacuolized cells in a medium without calcium
ion; b, Vacuolized cells in a medium containing 6.25 mM calcium
ion; ¢, The occurrence of cell division in a medium containing 12.5
mM calcium ion; d and e, The occurrence of normal cell division
and microcallus formation in a medium containing 25 mM (d) and
5 mM (e) calcum ion; f, Compact microcallus in a medium
containing 10X) mM calcium ion. Bar; 50 pm.

o] -2 Table 1A Bi= whe} zho] 139 Fol vehie A
ERAFely Avkt Aol HolA kAT AERL
of AlAslE A719 2249 FAA FHI AlE B
ek RPN e AR T F W% oA AEE
of, 99 Foll= AAe] MEZF APttt 0 mMel M 43

A2 Eelg £ 625 mM 252 CaCkZ H71st wj=]o
A oujekg g ASE MESY AE 717kl oF 4d He3
ou JERFGE A FAHA gokeh 0 mMeA F2gt
Z wjekuA]e] 125 mM H7FgH wiR]o) A= A E] AE 7)
7vo] 29 AE Zeol WA 9o Fof| HEx2 06%2] A EEF
IS vehoh AT o] FANEEL ule Ax3E
4-6702) MER o] Fojzl FEUE FATHA T Al &3}
sl kil 139 F ojFo] Abdsle] o o A

4 glodch. Arabidopsis®] W AAu) el Pt E3A
CaCke] §=& &AgRz wopmzle] 27 %5 50 mM
CaCl =2 H718E A5 HTable 1).

H3AA A CaCke FxEo] E AEEA} £
2Y ¥4 A=E wjoF AAF 139 AHYE de A2
#)2=gleh ey AxEdME Z HEEE o] FoA &
3t Hele] FxY7} %*éilaif’—v%(Figuxe 2), 25-50 mM¢]
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Table 1. Effect of various calcium — concentrations in cell wall
hydrolytic enzyme solution (ES) and culture medium (CM) on the
protoplast culture of Arabidopsis thaliana.

Calcium conc [mM] Plating efficiency?

ES  Cmb 3 5 7 9 11 13 (Days)
0 + + - - - -
6.25 + + + + o+ -
125 + + + 06 02+
0 5 + 02 26 46 46 50
50 + + 22 56 56 56
100 + + + 04 02 04
20 + + + - - -
0 + + - - - -
625 + + + + - -
125 + + + + - -
625 5 + 02 18 30 56 56
50 + + 34 38 46 46
100 + + + 04 04 04
20 + + - - - -
0 + + - - - -
6.25 + + + + - -
125 + + + + +
125 % + 02 16 34 48 50
0 + + 26 50 58 58
100 + + + + -
20 + + + + - -
0 + + - - - -
625  + + + + - -
125 + + + + - -
% % + 02 18 32 38 40
50 + 08 12 32 58 62
100 + + + + - -
20 + + + - - =
0 + + = - - -
625 + + + + - -
125 + + + + - -
50 2 + + 22 26 34 46
50 + + 24 32 52 62
100 + + + - - -
20 + + + = - -
0 + + - - = -
6.25 + + + + - -
125 + + + + - -
100 % + + 038 04 04 02
50 + + 04 08 30 30
100 + + + - - -
20 + + + - - -

aNumbers indicate plating efficiency (%).
b+ more than 8% lived cells, but not observed divided cells: -
less than 8% lived cells.

CaClr} 4% iAo A wiokshd MAs] HAAQ 5
Yz dsslgeh 10 mM F=2) CaChelAl #eld 434
AE 2550 mM FEo] A WEFYS dex A ELA
£ 343 AsHdS 4844 Feshe St 100
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Figure 2. Microcallus formation from protoplasts. Protoplasts were
isolated in the enzyme solution containing various concentrations of
CaCl: and cultured in IMH medium containing 50 mM CaCl: for
13 days. a, Microcallus derived from isolated protoplast in the
enzyme solution without calcium ion ; b-d, Microcallus from isolated
protopast in the digestive enzyme solution containing 6.25 mM(b),

125 mM(c) and 50 mM(d) calcium ion. Bar; 50 m.

mM o] 48] CaCl3 Fo3S A 432 B2z
oS Zopgch AMHer HALAT wjokiAe CaCl
x5 550 mME §9E | R w2 AERYES &
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Aol Hrle W) ¥ YAEES °é° Fss ¥ 7
o)}, Hahm3} Saunders (191)%: ¢ (BA)3} Ca’*#}
o] #4 & Funariao] A Algist 7§4 AE} Cazt& FAlel
w]o] Foige wf MENS] dgolee FEIt AL A
Zo nle] 3w Frlslgl o, ojd AEWe AEEE
Z7b= ARzAAN] HEE F& e o= A=A
9 A dAlEke AME Al v 9l
ohebad 18] BeAA T vl M veE 2
o] 22 AA el e, AA ¥ FFo|dd FFL o
o] A %ﬂ%ﬂoﬂﬂ A gt st ZA 7l°%
sho, B4 wiok Z27)e] AR Az QA A4
7 A AA e Jd:} Mz AL F3, AR wiAe

o
g

o\ f

rZ ofN
(e3

it AREAAY $H2BE Bold ANEE 2o
AEZ Arsael AEEds Tze Y4e g
Aoz Fzuoh

A
]

o

%0]¢-9] ¥%7} Arabidopsis thaliana®] €13} A w] ok
12 od8ke ZA}3l7] $)8) Arabidopsis thaliana®l {33
|2 Helstq] ME o2 559 CaCl2E A7k IMH W)
Aol A wcksbaM vepbe A4S HASI A 27
125 mM o]3}9] FEo| M= vk EEo] A Y £}y
Qqor HEFGLE Ha=A] ot 0-50 mM W99 5=
dME Fxo] F71e nlHste] M2 HE3L Ao
oo wHlaled plasma rich cell®] ¥]&-E Folgch N EXY
9] $E= 25 mM o]Ae] EEolA TAER I K mMel| A
M e FHEE(5-6%)S Vel 2y 100 mM
149 FxoMe g AAEadE el Zgel
o] ¥ AL AEREGH F2 6“447“1 “]21%
Fo zAbel7) $leled ME gE FRe) Zgoles 7
AyAA P LN wjckdo] Fofsiar “H°hﬂ A3,
of Al7le] whE <k T2 FAPAA thi Xfe]
iﬂi‘:}- oY ¥ Aw X7 2

& AgAA 7 WA ERY AFRAEAL FTd
5}3}% A o] Zgpo] o] F23 2AHALE 3
) ALE FE&Hoh

O

odl

rtr

XH

N8 Mo Hn N o2 rle

=
a r«{m
[o4

AbAE- 2 A7 g5 gt ' S QT3] ] Al
osle] s ggueh A8 Aol A=

o] 2
—_ o

A
rar

Bush DS, Jones RL (1990) Measuring intracelluar Ca?* levels in plant
cells using the fluorescent probes, Indo-1 and Fura-2. Plant Physiol 93:
841-845.

Hahm SH, Saunders MJ (1991) Cytokinin increases intracelluar Ca?* in
Funaria: Detection with Indo-1. Cell Calcium 12: 675-681.

Hepler PK (1989) Calcium transients during mitosis: observations in flux.
J. Cell Biology 109: 103-110.

Hepler PK, Wayne RO (1985) Calcium and plant development. Ann Rev
Plant Physiol 36: 397-439.

Imbri-Milligan CW, Hodges TK (1986) Microcallus formation from
maize protoplasts prepared from embryogenic callus. Planta 168: 395-
401.

Jansen MAK, Booij H, Schel, JHN, de Vries SC (1990) Calcium

increases the yield of somatic embryos in carrot embryogenic



suspension cultures. Plant Cell Reports 9: 221-223.

Kauss H (1987) Some aspects of calcium-dependent regulation in plant
metabolism. Ann Rev Plant Physiol 38: 147-172.

Koehle H, Jeblick W, Poten E Blaschek W, Kauss H (1985) Chitosan-
elicited callose synthesis in soybean cells as a Ca**-dependent process.
Plant Physiol 77: 544-555.

Schroeder JI, Thuleau P (1991) Ca**channels in higher plant cells. Plant

Calcium Effect on Arabidopsis Protoplast 281

Cell 3: 555-559.

Shirley BW, Hanley S, Goodman HM (1992) Effect of ionzing radiation
on a plant genome: Analysis of two Arabidopsis transparent testa
mutations. Plant Cell 4: 333-347.

(19959 99 4Y A4)



