
��������	CN
�����
�	Ca2+
��
������	CaM
����������������
����� !"#����$%&'�������� 2
B()*+,-*./0CN��123,4256/7!�
89:�;<=>?�:�@A5B.*C�D�EFGH
)*B#��IJ�TK�5BL/'���%'M�N2
O:1
�PQ�RS2
�T��UVK�W3
DX5B.*�
C�D�EFYZ[\!"/0K�]� CN^�� Ca2+

_ CaM�"/.�`�a�bc5de*f�5ghi-
*./(jI,-/;��	�CN� in vitro !��k�
l�	Mn2+
_�mn�	Ni2+
�dZDopCqr!^
�s	tu
i-/v(;
,3(De*./4, 5
07H
wx�y-y-�:�z{|�}~	Zn2+
; Ni2+(��
���5d#�CN^�F��=/v(F
,3()6
�
i,5���
�	�����������������
����
; Ni2�tu)H CN^�Fo��5��=/
v(F��)*�H7, 8
0v�dZ5 CN��>
D��
�\5B.*^���F�L/v(;<i-*./;��
��!��CNF^�s=/opCqr�Mn2�( Ni2�5
�.*��)���F�eH0(?5 in vitro !����
)H
��� CNF�e(�d?^�s=/�� Ni2�!"

#�7H Ni2�(Mn2�� CN5�=/^�s@�5�.*
��?3,+,-*B#�������'���De*.
/�;< i-*./9, 10
0)H;e*����!��v�
dZD in vitro5BL/Ni2�(Mn2�5d/CN�^�sF
¡5¢£=/�z!�Ni2�tu)H CN^�5�=/Mn2�

��¤¥G5�.*�¦H0

����

1���
§s���
�	CaCl2
�§s�mn�	NiCl2
�§s
k�l�	MnCl2
���¨©�ª«¬­®¯3,°±)�

��3,��)H��������	CN
�
��²3
,��)H�������	CaM
�³´��%�µ��
���	pNPP
� Sigma¯	St. Louis, MO
���F¶
�)H0

2�CN�	
��
CN^��4·2�	�6
5¸e*¹ºF�eH0=Dy

»�[\�¼�½� 100 mmol/L HEPES-NaOH	pH 7.5
�
1 mmol/L CaCl2�3 mmol/L pNPPF¾¿�¼�½5`-À

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÂÃÄÅÆÇ�È4ÉÊËÌ�Í 37�1	Î370�0033


ÂÂÃÄÅÆÇ�ÈÏ·ÊÐ�Í 3�39�22	Î371�8511



 �

����������������������	 !"#$%&'()

Ñ Ë � Ò1
�Ì Ó Ô�c1
�� Õ Ö  2
�Ñ Ë ×1


	1
4ÉØÙ!ÚÌÛØÙ!ÚÛ"ØÙÜ#ÛÝÂ�2
Ç�ÌÛÞÛ"�ØÛÝÂÂ


Manganese inhibits Nickel-stimulated Calcineurin Enzyme Activity by
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Summary
Calcineurin (CN), also known as phosphoprotein phosphatase 2B, is a Ca2+/calmodulin-dependent protein serine/
threonin phosphatase that plays a pivotal role in a variety of cellular functions, such as immune and nerve systems in our
body. It has been shown that the phosphatase activity is stimulated by divalent ions, such as nickel (Ni2+) and manganese
(Mn2+) in vitro . In the present study, we examined combined effect of Mn2+ and Ni2+ on CN activity in vitro . Although the
combined effect of Mn2+ on Ni2+-stimulated CN activity was not observed, we have found that the activity was inhibited
by low concentrations of Mn2+. To further examine effect of Mn2+ inhibition on Ni2+-stimulated phosphatase activity, we
studied on this inhibition by kinetic analysis. The result showed that Mn2+ inhibition of Ni2+-stimulated CN activity was
uncompetitive inhibition using Lineweaver-Burk plot. Inhibition constant (K i ) for Mn2+ was seen at 20.0 µmol/L.

Trace Nutrients Research 26 : 70�73 (2009)
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Fig. 1 Effect of Mn2+ or Ni2+ concentration on calcineurin activity.

Fig. 2 Effect of Mn2+ on Ni2+-stimulated calcineurin activity.
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Vmax (nmol/60 min) Km or apparent Km for pNPP (mmol/L)

Mn2+ (0 mmol/L)
Mn2+ (0.03 mmol/L)
Mn2+ (0.06 mmol/L)

10.0
3.97
2.35

1.25
0.52
0.32

Ki for Mn2+ 20.0 (µmol/L)

Fig. 3 Effect of Ni2+ on Mn2+-stimulated calcineurin activity. Fig. 4 Effect of Mn2+ on the inhibition of calcineurin, which is
activated by Ni2+

Table 1 Summary of Vmax, Km and K i values.

Fig. 5 Proposed scheme for the uncompetitive inhibition of Mn2+ on Ni2+-stimulated calcineurin activity.
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