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�>���/ST�&)$;���U��A�J�7 ��>&�b�	[�S��RC	��,. ��B �D�	�$�S�	��&��d�5

)�%	��b�	[�S��">���e	��I[��"%.>�>����� -���)���D�C�5�(�A)�]�����f&%�V��W��	`ga��(�AhDQ��A&.�	(�&���� -���)���D�C�>��"%�D�S�µmM41���PD���&%����C�)�.%�?a�&

cis ��&trans�I�S����.&	�-�A&��i��	�(��- 011��&41����.f ��� )��j�����V��W��X�)(��'� ��>&�k]S�<������)$% g(�5�l��	��.%�7�$�-�\��RU_�Y&.��(�7�$�-�R���^C
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	.��1 	!#��A�.�%��/ST�&)$;���U���/�S����7�$�-�k$��-�)Q-Ps�441���AB���&�">�(�.%��;�R���^C�&�% (M1�o���E1=��,. �������(�%	-�	��p��B���&��(����(�&�,. +(�R�&�����

�B���&�.%�7�$�-�>��A. U!����	q��Q��%�lS ���&��% (�>�(�7�/����-M1�o�i��	�(�R�&�����GMr1��&0F��^C��a�)�>��7�$�-�<������A�JB���&�.%���&�	]�; ���% (�.�%. X	(�R��5 �.%

RP�W�. n 41���A.�%��Q^��	��p��7	�Q-�l��	���(�RU�$�d��[��A�JB���&�.%�7�$�-��% (�>�(�7�/�����$�&�A. U!����	q���#$����<,�D�C�� ��.f ������%	�$��)��5���

���2��3�14#���-�%�%����$��^��`��s���$�R�S ��]J��/ST�&)$;���U����W�.%A�.�%����	���Y ����-�)S.����	PQ(�&�"% (�B���&��(����(�&�R���^C��(��/�S����7�$�-��! $
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�R���^C� >�� �-� )Q��J� A�� ".�-� )QK� 7����� ���� A�J� 7 �S� �J� R�S ��]J

)Q��J� .�%. X	(� ��f�(� ���� (���� 5����)(� �J� R�S ��]J� .%� �/ST�&)$;� ��U�

� ��C��� A%��>� �^S �� f�(� I��� (���(� �;� u`S� ���. `M1=01����W� u`S� 	(�	(

)��(� ��� 7 �S� 5�/ST�&)$;� ��U�� ?�S&� u`S(Endoplasmic 

Reticulum-ER)��A%)^��� �$ �� A�J� 7�$�-� &� �/��$;�A�J� I���S�A&�

�RS���;�v Q���\�B � ���C�7�/!����@$��A�	(w2�5x�7�/!��>������� X�)Qa�I�PQ�

�I'��.���(ER���- ���I��$;�c�	
�>���-�RS�F=����@$��>���D�C�%	�����wM&0�5x

��Q� ���X�%�R/S�.%�I��$;��������������-�7�^C�"�#��qER���- ���&�����%�.�	a

F�=���a�$� c�	
� >�� �- ��� <)Q-� ��� ���@�� ,�D�C� � �� &� �- ��� �(� �.� ,�D�C

GLUT7�� �� &�� �Q�8�&	�� �a�$� c�	
� >�� ,�D�CT2��7&> ��S� %.�&� �� �� >�� �

�)$ ����wE&M� 5x�(�����	��������$���� 	��p��,�D�C�� ���$ �$;�R�J����(��q �� �

� �

���WER������W����a�$�����R���^C�	(�)$� ������$ ��A�J�7�$�-�&ER��.�h�	�_��

)��(�5�,�^��`��.%�R�S ��]J��/ST�&)$;���U��A��W�.%�A	�-�A�J�7�$�-�% q&

��B.���A>�S��yQX�.%��-�")��%�'Q����&�")�S.�,�U_���(�d��[����#QJ����	���

�)QQ-����O�$�V�D���I���-�b&	Xw3�=45x��V��W�	(�"&T!���$��/�S����A�J�7�$�-

�$��.��A��W�.%�7 �S��Y.�����/ST��&)$;���U��.%���/q�>���� �S��X�%�A�J

RS��")�%	�����(��;�\���C �(�m� X�>��A��".���&�)$�� ")��w22&21x� 5����$���

�%&)��/ST��&)$;���U��V��W��������	D���;�B���&�,�	��p��������&�"% (��R�&

RS�� ������ .���(�w20&Mx��U�� 7�$�-� �% (� >�(� 7�/��� �% (� ������ ���)(� <�

����� (������� !�lS ���;�R���^C�f�/���<R�&������	D��B���&�.%��/ST�&)$;

%%	�����I�PQ�� &�7	�Q-� 5,�^��`��s���$��7�$�-�����R���^C� �-� )QJ%�������$

 ��������lSATP��)(������OJ�-���&> ��Sw22&21x����� !�O�$�� Q-�����&
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���������������������������������������������������������������������������������������������������������������������������������������������������������/ST�&)$;���U���/�S����7�$�-������C �(�m� X�	(�,�D�C�� ��	_��zA	']S�)�/���.��/J�&��

���U�� ��W��/�S����7�$�-�R���^C�	(��/ST��&)$;���U���Q� ���X�%����� (���

RS�� ��C	#$� .�	a��S.	(� %. ���/ST�&)$;5 �R�� (����,�D�C�� �$;� ���{�@$;� >�

� g�- ��� I��$;� �Q� �� �X�%F��/ST�&)$;� ��U�� >���D�C�RS��w2M&20&Mx��&

���U��A	�-� 7�$�-�R���^C� 	(� ,�D�C� � �� 	�_��� 	(� �-� )$�� ")�� �{�.�� ����.���

�%.�%�R�f%�R�S ��]J��/ST�&)$;wNx�5�����,�D�C�� ��	_�����^��|)J��(��^��`�

wHPO4-�x�&���	
��/ST��&)$;���U����/�S����7�$�-�R���^C�	(��Q� ���X�%

(���.%��	q�RS��")�;5 

��

��

�	�/��/�"��
 

"��
� #� >�� c����� ���� .%E=�� ��)�	�� Q��;(4-aminopyridine;4-

AP)�-� ����+�X��	�W�")QQ-.�'���� Q^(�<�/�S����7�$�( trisma base ) 

trisma �� &Hepes�(N-Z-hydroxyethylpiperazine–N-Z-

ethanesulfonic acid)�� &� )$% (� � �/#�S�R-	�� 7 +����#/J� �-n-

decan� �<Na2Hpo4�� &KCl�)�%	�� "%�D�S�� �	�� R-	�� 7 +��� 5�*;

��C.�.�-��(�	`�� 7 ����H�'��A�	(<�RS��"% (�"��$ �%�I�S����)�	�-5��

�	6�*/��#��

� C�:D������ �!E� /"� F	DG�� �(BLM-Bilayer  lipid 

membrane)� #f /^���� ������ A�	(BLM���>�� �
 �[�� ��� &� \�� >�

%%	�����"%�D�S���! Q+�����&��^�U
�A�J)�]��5����)���D�C�>��	}���^��`��.%

������ R'q� ��� -BLM �)�� "%�D�S�� 5�Y&.� :�S�� 	(� j C� "%��

Singleton��%	���b�	[�S��">���e	��I[��"%.>�>��"%�D�S�� �(�&�)w2E&Nx� 5�A�	(

� �Y&.�>��A)�]�����f�&%� V��W������ Mueller)��"%�D�S��w24x� 5�����A�	(

�RP�W��(���� -���)���D�C�. PQ�ml�rmg�04��.%n-decan���&���(�k]S

����]$�)$%��> S� >�� "%�D�S�)�(Stainless Steel�� 	g`a� � �(µm�241� ���(

�	`a��(�AhDQ� µmM41���-�% (�")�����U^��� �D��kQq�>��A��".� �%��A&.�	(

)�%	�����������V��W��&�")��"%�%�:�/��5��PD��cis�w�/ST� ��S�R/S�x�&

trans�w�� ���X�%�A�nC�x�hDQ��|	
�&%7 ����i��	�( 011��& mM41��)�	�-

I�S�����R��%�.�	a�5��A&���I�S����)�	�-�A�'� ��� mM Hepes 21����"% (

&pH ��>��"%�D�S���(��;trisma���(ErG�)�����")$�S. .�c�	
�>��V��W������

RC	����@$��~ �S&	���� {	�S���(�")J����5�%&)�.%��-��{��WmV�211��B���&

&�%	-�����/����.���%&)��$>�X�R�C	��&�"% (�R�$�)a�CM11����E11��%�.�C� ���

"%�D�S��%. ��O���>;�R'q�R��%�RC	��.�	a5 

����(�/�49��:;���	��:!H/�I��J1���0H�F	DG��"�?9�K	����/# 

�%�t$� 	$� A�'� �Wistar �� �U�	��� �>&� �(2N1��.�	a� "%�D�S�� %. �� �	�

)Q�C	��5�>��b�	[�S��R( $�	J�.%M�)��"%�D�S��Y ��	S�5�,�$� �0E���Ua�R!�S

��(� 	��� �(��� '�(� >��k�� &�O���>;� >&.� .%� &� ")������%� �#$� �QS	��O���>;� >�

���U�� A�J� �>&	���� b�	[�S�� <)U-� �%	-� b.�X� >�� )^(� <)$)�� ���-� ��� ��

��/ST�&)$;�	(>�Y&.��(Kan��.%��;�B D�	�$�S�&�RC�(�� �S���$B /J�c�	
�>��&

�[����	��B �D�	�$�S�	��&��"�#�S%�lS ��d�Beckman��RC	����@$�w2F&Nx�<

�A�J� 7 ��>&ER��.%� &� �� 7&>�)�/��� >&	- S� 	C�(� 7 ���� .%� ")�� b�	[�S�

�A��% ºCG1=�)��A.�)'#$� 5�\�� <A)�]�����f�&%�V��W��(�7�$�-�j�����R'q

�> SStainless Steel �	`a� �(�µM�211��")�� b�	[�S�� A�'� ��>&� �(

���W;�V��W��(�&�")�%	�����f�&%��.%�7�$�-�A	���q�����/!�����&�)��"%�%�:�/�

BLM�)�%	��.�	���7�$�-�R���^C�>�����$��$ �����	q�A.�	a	(�&5� 

�;L�A	M4	6� �:!�1:��� ���	N � #��>�� 7�g$�-� R���^C� RU_� R'q

�A�J%&	����Ag/AgCl�)��"%�D�S��5.��;���/$����H��S&��(��J%&	���������M��

�.%�I�S����.&	�-�.f ���S�7 ���(agar salt bridge)��A�J��PD����(cis�

� &trans�� HPD��� �(��+��� %&	����� <)�%	���+��cis�� %&	������� Q^(?q	���&

� HPD��� �(� �+��� %&	����� c�	
� >�� B���&trans�)�� 7�/!�� 5�%. �� B���&� HQ��%

�"%&)���.%�"%�D�S�E1�=����M1�o����&������"%���� C��(��-�R��%�.�	a�R�&�����

)�%	�� ��� 7�/!�� 5�J%&	���� >� c�	
�	��C� �]�;� A	��S%� �(�"�# ��]�; 	��C 

Instruments)�(bilayer clamp -525A- Warner��&� )$% (��+��

��������(���C��.%�A�J�7�Q#�S211��&�R� ���	(�	(�(�	��C���]�;�>���q&	X����	q�

�	���C�>��. U!8 pole ���.h������� Bessel����������(KHZ�2��&�")��	���C

�	q�k]Sg�>��"%�D�S���(��J���"�#�S%�A% ��A�)�A/D�(analog to digital 

�HQ��%��ggg(����(�"%>�&%�mV�10���A.�%	(��$ /$�R!	S��(�&�")��"������@�% 

(sampling rate) ��	(�	(KHz �4�)$)�%	��"	�X��&����Q��	� �]��-��(5����/�

�,�����>;BLM��j�
��A��%�.%w�%&)C�º00(�)$)����@$�5��

�	.�7"�"�C�5���/��!O3���

��a�)����>�,)���(�")����C	��A�J�RU_41���	$����$	(��>��"%�D�S���(���$�_

.��C��clampfit10�)Q�C	�� .�	a� ������ &� ���@�� %. �� 5��%.&;� RS)(� R'q

7�$�-� �% (� >�(� 7�/���w����A	]S�����)J�R��� .%� 7�$�-� �-����>� >��A	�-

�%�)^���-��(�����)J�R�^}&�.%�")��RU_�����$�%�)^��RU�$��US����>��&�)��/$

)�;����RS)(�RU_� .%����$� x� &� B���&� 	J� .%����	q���#$���w?�> ������� ,)��

� A. U!� ���	q(current amplitude histogram������$	(� �(� �;

Clampfit10���>��"%�D�S���(�&��IS.��`(�. Gussian�R�C �)�%	��5��Q�Q�

� .��C�� �	$� �(� B���&� g� ���	q� �`(�.excel�� A�	(� &� )�� IS.� >�� B���&� 	J4��RU_

��,. +(�s���$�&�)�%	��"%�D�S�mean±SE��)$)��"%�%����$5�����#$����	�%��

��(�&.�%��%	-��C�}��>��)^(�&��Ua���	��.%�7�$�-��% (�>�(�7�/���&����	q��Q��%

�R/Strans��A.��;�� �>;� >�� "%�D�S�� �(paired T-Test��.�	a� ������� %. �

�&���C	�14r1p<��.�%��Q^�%)����C	��	P$�.5��

��

��

�	.��1 	! 

�/ST�� &)$;� ��U�� �A�'� ��>&�j����� >�� )^(�7�$�-�R���^C� ��.%� V��W� .%

�I�S����)�	�-�� #/J�	�W�l���wtrans��KCl�mM�41rcis��KCl�mM�

011� x)�%	��RU_� 5	� +��2��.%� �.� 7�$�-�R���^C� >�� ���� ")��RU_� A�'$��	q

)J%�������$�7	�Q-�l��	��.%�&�d��[��A�JB���&�5�")��RU_��A�'$��	q���#$���

�".�/��7&)q�.%���$�7�$�-��% (�>�(�7�/���&2�)$��")��k�^Q�5 

��� 0�� �.�B���&�g����	q��`(�.��Q�Q�)J%����O��/$�7	�Q-�l��	��.%5�

� �(� 	g(�	g(� RS�� 7�$�-� k$��-�)Q-� ")QJ%� ���$� �-� �Q�Q�� i��Gr21�441�

�kQ/�S ��� (pS)% (� 5: �^�����$���� ������ ��Q��� �(� �q �� �((reverse 

potential)����%�^�����$�����(�\�%�$�7�$�-�R���^C��I�S���EK+=-34 mV�

�$ �� l��	�� .%[ ]
[ ] mM

mM

K

K

o

i

50

200
=

 ��(� RU�$� 7�$�-� RD�� �� �� ��� <%.�%� .�	a

RS���$ ���-� &� "% (� 	�h�� � D$�I�S���� 5�.%� ")�� ")J����7�$�-�R���^C���Q�/J
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��

���P5G�?"��4�� 	Q��H��R������	1��A	4	6����	N ��H���;L

� ��M4��

�S��
��"�/�A�1�6�S!�����"�8	1�/�M�?	!�T��U0�������


�&&�BV(n= 5)��

���P5G�?"��4�� 	Q��H��R������	1��A	4	6����	N ��H���;L

�/�W51J
��	.�8	1�/��"�R4���

�&&�BV��

��/ST�&)$;�H�U��A�'� ��>&�j�����7�U$)(�����������.%�H�f�&%�V��W�.%

�.��C.�A�.�%��-�)�;�RS)(

�7�/���&�"% (����(�7�$�-��U�	����DQ��A�JB���&�.%����. `(

�>��	�f�(��A�JB���&�.%�7�$�-�>��A. U!����	q��Q��%���$�&01�

���U�� A��W� .%� �/�S���� 7�$�-

��^��`��7�$�-���U�

�� �Q��%� &�&� ���	q
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ABSTRACT 

BACKGROUND AND OBJECTIVE: Rough endoplasmic reticulum is important organelle that plays a role in the 

regulation of a range of functions. Potassium channels in the endoplasmic reticulum membrane were recently 

reported that its physiological role is unknown. Hepatocyte endoplasmic reticulum is a rich source of glucose 6- 

phosphatase that is involved in the control of gluconeogenesis. Since phosphate ions are intra-luminal metabolites 

for this enzyme of endoplasmic reticulum thus, in this study, the effect of phosphate ions on potassium channel 

activity was studied. 

METHODS: Endoplasmic reticulum vesicles extraction was accomplished following liver excision in rats, 

homogenization and several stages of ultracentrifugation. Phosphatidylcholine was extracted from fresh egg yolk. 

Bilayer lipid membrane was formed in a 350 �m diameter aperture in between two chambers cis and trans contained 

200/50 mMKCl solutions respectively, then vesicles were incorporated into bilayer lipid membrane. Ion channel 

activity was recorded by single channel recording technique both in control conditions and presence of phosphate 

ion in luminal face, next biophysical ion channel properties analyzed by Clampfit10 software. 

FINDINGS: Endoplasmic reticulum Potassium channel was 550 pS conductance and its activity changed as voltage 

dependent manner in voltage range of +30 to -40 mV, in this respect the open probability and the average unitary 

current in a voltage + 30 mV were 0.73 and 26 pA, respectively. However, at lower voltages, the channel activity 

was minimal. In the presence of 50 mM phosphate ion, mean unitary current and also channel open probability did 

not change significantly in different voltages compared to the control condition (p>0.05). 

CONCLUSION: Rat hepatocyte endoplasmic reticulum membranes has been a kind of potassium channel with 

voltage-dependent activity and it seems that its electrophysiological characteristics did not influenced by phosphate 

anion in luminal face. 
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