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Fig. 1 Effect of pH on calcium,magnesium-ATPase or
calcium-or magnesium dependent ATPase activity of MC3T3-
E1 cell homogenate.

ATPase activity was measured with the use of cell
homogenate of MC3T3-E1 in the presence of 25 mM sucrose,
0.1 mM EDTA, 100 mM tris-HCI or carbonate buffer at
various pH values with 0.1 mM CaCl: and 2 mM MgCl: (@),
2 mM CaClz2(H), 2 mM MgClz2(A).
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Fig. 2a: EDTA, 2b: levamisole, 2c: vanadate, 2d: thapsigargin concentration-dependent decrease of ATPase activity of

MC3T3-E1 cell homogenate.

ATPase activity was measured as described in Fig.l legend except that indicated concentrations of EDTA (a), levamisole
(b), vanadate (c) and thapsigargin (d) were added and that pH of each ATPase activities were fixed at 9.63 (CJ), 10.8 (H) and 9.63 (A).
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Fig. 3 Effect of pH on calcium,magnesium-ATPase or
calcium-or magnesium dependent ATPase activity of MC3T3-
E1 cell microsomes.

ATPase activity was measured with the use of cell
microsomes of MC3T3-El1 in the presence of 25 mM sucrose,
0.1 mM EDTA, 100 mM tris-HCI or carbonate buffer at
various pH values with 0.1 mM CaClz, 2 mM MgClz, (O/ @),
2 mM CaClz(H), 2 mM MgCl: (A).
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Fig. 4a: EDTA, 4b: thapsigargin, 4c: vanadate concentration-
dependent decrease of ATPase activity of MC3T3-E1 cell
microsomes.

ATPase activity was measured as described in Fig. 3 legend
except that indicated concentrations of EDTA (a), thapsigargin
(b) and vanadate (c) were added and that pH of each ATPase
activities were fixed at 7.72 (#), 11.07 (H) and 9.63 (A).

o b7z (Fig 5b). ¥ 12Mg-ATPaseif 4 % Cald i
IRAF PR BESE L 72 (Fig. 5¢).

3. JUtO-IEEIERDICK BEREZDCalkTF
ATPase X 'Mgfk1zATPasei& 4 D4 7 & thapsigargin
(37
SDS% I L Tmicrosome ¥ ¥ 237 & WiE{L L7200 b,

EHI7) v u— VEEARE.LETo 7. RiEE Eas

14555 LTI L, 48 o Cali Mgl A7 AT Paseii i % il

cell microsome.

ATPase activity was measured as described in Fig.3 legend
except that indicated concentrations of azide were added and
that pH of each ATPase activities were fixed at 9.5 (H, A).
5b: Magnesium concentration-dependent decrease of Ca-
ATPase activity.

ATPase activity was measured as described in Fig.3 legend
except that indicated concentrations of magnesium were added.
5c¢: Effect of Calcium on Mg-ATPase activity.

ATPase activity was measured as described in Fig.3 legend
except that indicated concentrations of calcium were added.

E L7z (Fig. 6). LFE» o1, 2% H DG IZCalkfEATPase
EEDSE o Sz, MgiKIEATPaseiifi i b [F Ug 12
% FR 517275, microsome TOUEME & ik 5 & 41k
M2 B KR L7z, Thapsigarginld i B K F 412 Ca-
ATPaseifitt# A2 L 727% (Fig. 7a), vanadatelZ X > T
EPHE SN D> 72 (Fig. 7b).
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Fig. 6 Distribution of calcium- or magnesium-dependent
ATPase activity after SDS treatment and centrifugation by
glycerol density gradient.

1Img/ml of microsome was incubated in the presence of 25
mM sucrose, 50 mM tris-acetate, 0.1 mg/ml SDS and 1 mM
ATP at 37 C for 30 minutes, and then centrifuged at15,000
rpm for 24 hours on glycerol density gradient. The
supernatant fractions were recovered by centrifugation at
45,000 rpm for 1 hour. The sediment was suspended in 25 mM
sucrose. Ca-(open bar) or Mg- (solid bar) ATPase activity was
measured as described in the legend of Fig. 3.
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Fig. 7 The effect of thapsigargin (a) or vanadate (b) on
separated Ca-ATPase and Mg-ATPase.

ATPase activity was measured as described in Fig.3 legend
except that indicated concentrations of thapsigargin (a) or
vanadate (b) were added and that pH of each ATPase
activities were fixed at 10.14 (M) and 11.23 (A).
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Separation of thapsigargin-sensitive Ca-dependent

adenosinetriphosphatase in osteoblastic cells (MC3T3-E1)

Tomonari Kudol), Yoshiaki Deyama2>, Yoshitaka Yoshimura2>, Kuniaki Suzuk12>
and Yutaka Yamazaki”

ABSTRACT : Adenosinetriphosphatase (ATPase) activated by calcium ions (Ca-ATPase) exists and plays a role in bone
mineralization; however, not enough research has been conducted on it. Therefore, this report studied the properties of
Ca-ATPase in osteoblastic cells (MC3T3E-1). Osteoblastic cells were cultured and harvested at 4 weeks after confluence.
The cells were homogenized through ultrasonication and separated into the microsome and cytoplasm by centrifugation.
Further, they were solubilized using sodium dodecyl sulfate and separated into fractions, including Ca-ATPase activity
on the density gradient of glycerol. In addition, the cell homogenate detected high Ca-ATPase activity at a pH of 9.6
(Ca-P1) and 10.8 (Ca-P2), and Mg-ATPase activity at a pH of 9.6 (Mg-P1). Low Mg-ATPase activity at a pH of 11.1 (Mg-P2)
was also detected. The maximum activity of Mg-P1 was 4.5 times higher than that of Ca-P1 and Ca-P2. These activities
of ATPase were inhibited by thapsigargin, the specific inhibitor of sarco/endoplasmic reticulum Ca*-ATPase, but not by
vanadate, an inhibitor of P-type ATPase. Ethylene glycol-bis (f -aminoethyl ether)-N,N,N’',N'-tetraacetic acid and
ethylenediaminetetraacetic acid, chelators of divalent metallic ions, inhibited both ATPases concentration-dependently. In
the microsome fractions, the activity of Ca-P1 decreased remarkably. The activities of Ca-P2, Mg-P1, and Mg-P2
remained the same, but the ratio of Ca-P2 increased. Mg-ATPase was inhibited by azide, an inhibitor of mitochondrial
ATPase, but Ca-ATPase was not inhibited. After centrifugation of the density gradient of glycerol, the activity of Mg-P1
decreased remarkably, but the activities of Mg-P2 and Ca-P2 were maintained. The activity of Ca-P2 was found to be
thrice higher than that of Mg-P2. Both ATPases were inhibited by thapsigargin. To investigate the role of both ATPases
in mineralization, MC3T3-E1 cells were cultured with 25 and 50 uM thapsigargin. Three days after culture, the surface
layers of cells separated, and the number of cells decreased. As thapsigargin strongly induced cell apoptosis, we could
not culture the cell until mineralization was detected. These results suggested that the E-1 cell has Ca-ATPase with
optimal pH at the alkaline side which is inhibited by thapsigargin but not by P-type ATPase inhibitor. In addition, we

could separate Ca-ATPase to the extent required for use in its characterization.

Key Words : osteoblastic cell, Ca-dependent ATPase, thapsigargin
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