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Fig. 1. Growth characteristics and calmodulin protein levels of
tobacco cell suspension cultures. Total protein was estimated with
BCA in 100 pl of cell suspension cultures. Dry weight was measured
using five-milliliter aliquots of cell suspension cultures. Calmodulin
protein levels in soluble protein extracts were measured by RIA as
described in Materials and Methods. Error bars show the standard
errors. CaM, calmodulin.
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Fig. 2. Analysis of calmodulin-binding proteins in tobacco cell
suspension cultures. Samples representing 2-day(lane 1), 3-day(lane
2), 4-day(lane 3), 5-day(lane 4), and 6-day(lane 5) tobacco samples
(16.7ug of protein in each lane) were subjected to SDS-
polyacrylamide gel (12.5%) electrophoresis. (A) Coomassie blue-
stained gel. (B) Autoradiogram of the gel exposed to '*I-calmodulin in
the presence of 1 mM CaCl,.
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Fig. 3. Western-blot analysis of GAD levels in tobacco cell
suspension cultures. Proteins from 2-day(lane 1), 3-day(lane 2), and
4-day(lane 3) tobacco samples (16.7 ug of protein in each lane) were
subjected to SDS-polyacrylamide gel (12.5%) electrophoresis. (A)
Coomassie blue-stained gel. (B) Western-blot showing the presence of
56-kDa GAD, detected with an anti-GAD monoclonal antibody with a
chemiluminescence protocol using an ECL kit (Amersham). The arrow
indicates the position of the tobacco GAD.
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Fig. 4. Activation of tobacco GAD by Ca*/calmodulin. Extracts of
4-day-old cultured tobacco suspension cells were prepared and GAD
activity was measured in the presence of 2.5 mM EGTA or 2.5 mM
CaCl, and 100 nM calmodulin. The GAD activities were standardized
to total soluble proteins in the extracts. CaM, calmodulin.
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Fig. 5. Analysis of the GAD activities during tobacco cell growth.
Extracts from 2-day, 3-day, 4-day, S-day, and 6-day cultured tobacco
suspension cells were prepared and GAD activity was measured in the
presence of 2.5 mM CaCl, and 100 nM calmodulin. The GAD
activities were standardized to total soluble proteins in the extracts.

Aol = Agd Z2RsUS fxFode EGTAE AME3l
BAEEE ARSI Fig 4914 Be uieh o] aujMlx
ZRE 98 GADE ZH/AZAREA-EFTYL & & WX
EGTAS] EAZPIME <7he] 4o e Ao A
t}. o] oprl%= EGTA®) 2§ ZFAIAd daii= drsd
o] 7 A% WE?l GADsSt & EElHRA] &L v AEd
AE FA8 7] gl Aoz Az, OE ZREY
o)EY Eho] H9E o) S A AES Holi 3
Ao ZAFE uv} Y} g gl cDNA library2 F
29ty it 2EE T8 4 @l GAD= 71t
-2 background E4%1e] 7BIZ Zgst ZEEY ofaiAvt
98 Hole Z0F A B Yok g duiAxe] A4
Jofl & GADS] 84¢ AR £ 23 desel7] 84
g0 7 wnen AAe= vsd A%S FAsIT
(Fig. 5). ©1= immunodetection 231} FA3F FRlS RoF=
RO ZA GABA®] o] tirE2]7|FE wold Ao v
@}, S8, Astragalus mongholicus A ZW%2] S 552
71 AM3¥EW GABAY FHgo] 7V & AR AR Bt

£

m\(

e

o

2, A4E GABATE HA7]0 olEFF AR R &
HEo] uixlolA HAZEE GABAY ol T B Zo= =
A1l v} QITt® Baum ¢ B osiH AmEd A 5
971 AAA" #HAFUol GAD Edwo] Aol B Alx
e gujaERe] g wEel o) JuEA ol 7HA
Hid ) A4 Rl FEe GABA $F X3 HEC] <}
A P olio] A=A elvlth. ol AREU-FH 4
GAD7} 21&9| 479 At dezdd #odhe B

bl £8 o oju}. ko g A4 EuiAE 3 GAD L
g ghild 2ol A8 F9) GAD 3 GABA Izl
diste] 2AZL oA AEAIES] A floiAe
GAD ¥ GABA®] ¥l tig A=3e afde] ez + 3l
S Ao ® AlgHU).

N i

1
ol

L

ro
fl

HAe 2

E 3= 20009% e seaTH) XEoE 3
Hoer A5m] xYd ZAR=EUD Ed B A7E
o) o3l radioactive materials®] AREe] 82 & AEY

sk olFjdjsio] 7t =Uth

0

tnEs

i

1.Hepler, P. K. and Wayne, R. O. (1985) Calcium and plant
development. Ann. Rev. Plant Physiol. 36, 397-439.

2. Berridge, M. J. (1990) Calcium oscillations. J. Biol. Chem. 265,
9583-9586.

3.Roberts, D. M., Lukas, T. J. and Watterson, D. M. (1986)
Structure, function, and mechanism of action of calmodulin.
CRC Crit. Rev. Plant Sci. 4, 311-339.

4. Roberts, D. M. and Harmon, A. C. (1992) Calcium-modulated
calmodulin: targets of intracellular signals in higher plants.
Annu. Rev. Plant Physiol. Mol. Biol. 43, 375-414.

5.Snedden, W. A. and Fromm, H. (1998) Calmodulin,
calmodulin-related proteins and plant responses to the
environment. Trends in Plant Sci. 3, 299-304.

6. Geiser, J. R., Van Tuinen, D., Brockerhoff, S. E., Neff, M. M.
and Davis, T. N. (1991) Can calmodulin function without
binding calcium? Cell 65, 945-959.

7.Rasmussen, C. D. and Means, A. R. (1987) Calmodulin is
involved in regulation of cell proliferation. EMBO J. 6, 3961-
3968.

8. Rasmussen, C. D. and Means, A. R. (1989) Calmodulin is
required for cell-cycle progression during G, and mitosis.
EMBO . 8, 73-82.

9. Rasmussen, C. D., Means, R. L., Lu, K. P, May, G. S. and
Means, A. R. (1990) Characterization and expression of the
unique calmodulin gene of Aspergillus nidulans. J. Biol. Chem.
265, 13767-13775.

10. Burgess, W. H., Watterson, D. M. and Van Eldik, L. J. (1984)
Identification of calmodulin-binding proteins in chicken embryo
fibroblasts. J. Cell Biol. 99, 550-557.

11.0h, S. H, Steiner, H. Y., Dougall, D. K. and Roberts, D. M.

(1992) Modulation of calmodulin levels, calmodulin

I35



12.

13.

14.

15.

16.

17.

18.

S AE vkl o] DT Ed - AFTMA 9 glutamate decarboxylase S} 235

methylation, and calmodulin-binding proteins during carrot cell
growth and embryogenesis. Arch. Biochem. Biophys. 297, 28-
34.

Smith, R. H. (1986) Establishment of calli and suspension
cultures. Methods Enzymol. 118, 539-549.

Perera, I. Y. and Zielinski, R. E. (1992) Synthesis and
accumulation of calmodulin in suspension cultures of carrot
(Daucus carota L.). Plant Physiol. 100, 812-819.

Oh, S. H. and Roberts, D. M. (1990) Analysis of the state of
posttranslational calmodulin methylation in developing pea
plants. Plant Physiol. 93, 880-887.

Oh, S. H. and Cha, Y. S. (2000) Regulation of y-aminobutyric
acid production in tobacco plants by expressing a mutant
calmodulin gene. Agric. Chem. Biotechnol. 43, 69-73.
Snedden, W. A, Arazi, T., Fromm, H. and Shelp, B. J. (1995)
Calcium/calmodulin activation of soybean glutamate decarboxy-
lase. Plant Physiol. 108, 543-549.

Bradford, M. M. (1976) A rapid and sensitive method for the
quantitation of microgram quantities of proteins utilizing the
principle of protein dye binding. Anal. Biochem. 72, 248-254.
Snedden, W. A., Koutsia, N., Baum, G. and Fromm, H. (1996)
Activation of a recombinant petunia glutamate decarboxylase
by calcium/calmodulin or by a monoclonal antibody which
recognizes the calmodulin binding domain. J. Biol. Chem. 271,

4148-4153.

19. Wick, S. M., Muto, S. and Duniec, J. (1985) Double immuno-

fluorescence labeling of calmodulin and tublin in cultured cells.
Protoplasma 126, 703-709.

20. Kajimura, K., Iwamoto, Y., Yoshida, S., Yamasaki, K., Tanaka,

R., Suzuki, S., Nakazawa, H. and Yoneda, K. (1991) Studies
on cultures of Astragalus mongholicus (I): Amino acids
composition in seeds, young plantlets and cell cultures.
Shoyakugaku Zasshi 45, 293-298.

21. Collinge, M. and Trewavas, A. J. (1989) The location of

calmodulin in the pea plasma membrane. J. Biol. Chem. 262,
8865-8872.

22. Rasi-Caldogno, F, Carnelli, A. and De Michelis, M. 1. (1993)

Controlled proteolysis activates the plasma membrane Ca™
pump of higher plants. Planr Physiol. 103, 385-390.

23.Yun, S. J. and Oh, S. H. (1998) Cloning and characterization of

a tobacco ¢DNA encoding calcium/calmodulin-dependent
glutamate decarboxylase. Mol. Cells 8, 125-129.

24. Baum. G., Lev-Yadun, S., Fridmann, Y., Arazi, T., Katsnelson,

H., Zik, M., and Fromm, H. (1996) Calmodulin binding to
glutamate decarboxylase is required for regulation of glutamate
and GABA metabolism and normal development in plants.
EMBO J. 15, 2988-2996.

Changes in the levels of Ca®/calmodulin-binding proteins and glutamate decarboxylase during the growth of

tobacco suspension cells

Suk-Heung Oh* and Kwang-Soo Han'(Department of Biotechnology and 'Life Resource Sciences, Woosuk University,

Chonju 565-701, Korea)

Abstract : The changes of calmodulin levels, calmodulin-binding proteins, and Ca*/calmodulin-dependent glutamate
decarboxylase during the growth of tobacco suspension cells were investigated. Tobacco cells exhibited a typical
growth curve, including an exponential growth phase between 3 and 5 days after inoculation, and an apparent
stationary phase occurring after 5 day. Although slight changes were observed from sample to sample, calmodulin
protein levels remained similar during the phases of culture growth. Several Ca’*-dependent calmodulin-binding
proteins including 56, 46, 36, and 32-kDa proteins were detected in tobacco cell extracts. The 56-kDa protein was
identified as glutamate decarboxylase by Western-blot analysis using an anti-GAD monoclonal antibody. The levels
of GAD protein and the specific activity of GAD enzyme were highest during the middle exponential phase of the
culture growth cycle. These data suggest that Ca*/calmodulin-dependent glutamate decarboxylase is modulated

during the growth of tobacco suspension cells.
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