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Abstract: The ultrastructure of dyads in the longitudinal body wall muscle (LBWM) of a 

mollusc Dolabella auricularia was studied to elucidate electro-mechano coupling in the 

dyadic contacts of somatic smooth muscles, and to make clear the morphological homology 

with the triadic contacts of skeletal muscles. In LBWM fibers, the sarcoplasmic reticulum 

(SR) in vesicular forms was mostly located underneath the plasma membrane, and 

constructed dyads, not only along the fiber surface but also around the tubular 

invaginations (Sugi and Suzuki, 1978)1) which resemble the transverse tubule of skeletal 

muscles in shape. In the junctional gap of dyads, electron-dense foot-like structures were 

arrayed at regular intervals. In dyads found along the fiber surface, the diameter of the 

foot-like structures was 18.3 nm, the center-to-center distance was 30.5 nm, and the 

junctional gap was 9.7 nm. While, in triads found around the tubular invaginations, those 

dimensions were 18.6 nm, 30.4 nm and 9.6 nm, respectively. No significant difference was 

found between the respective dimensions of the two types of dyads, indicating that they are 

fundamentally the same in construction. On the other hand, the measured dimensions of 

dyadic contacts coincided well with those of the triadic contacts of skeletal muscles. 

Furthermore, as found in skeletal muscle triads, a two-dimensional orthogonal array of 

foot-like structures on the SR junctional membrane was also confirmed by observing serial 

sections 35 nm thick. These results indicate that the foot-like structures are truly feet, and 

the dyadic contacts of LBWM fibers are homologous in structure and possibly in function 

with the triadic contacts of skeletal muscles. This view was further supported by these 

experiments, proving the existence of calsequestrin in SR demonstrated by immuno- 

electron microscopy and the high quantity (3.02%) of fractional SR volume per fiber volume 

measured by the montage method. 

Keywords:  longitudinal body wall muscle (LBWM) of Dolabella auricularia, structural 

analysis of yiadic contacts, foot, calsequestrin, fractional SR volume 
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&89:;(transverse tubule�T;)�
 �!"

<=�#�>?�Ca2+@A56�7&�:BC

(sarcoplasmic reticulum�SR)DE Ca2+�FG$%�

HI�JKLM$%&'NOE% P& 2)QM��


HIRS(excitation contraction coupling�ECR

S)�TUV�WX�T;' SRYZ[�5\$%&

triad]^_`a#bc& T;)' SR)d��
�

�� electro-mechanical coupling (EMRS)e#f



22 Science Journal of Kanagawa University  Vol. 17, 2006

?eg$% P&3, 4)QEMRS���T;)#hi

j& L k Ca2+�lm��7&nopqr�n�s

tC]DHPRa�)+,uv#'wxPyz56u

v�LM� 5, 6)�SR � T ;#1�{)#hij&

Ca2+FG�lm��7&��|n�stC]RyRa

#�}� �lm��~D���!"�# Ca2+��

�j&7)'NOE% P&QRyR �����+��

�#f? T;)' SR)����d���G$%{

foot8)'���w��7&M'�gED#$% P

&9, 10)QEM RSe��triad #bc& T ;)��

DHPR' T;#1�{ SR)�� RyR]= foota�

���#�}�K&M'���#x� b?���

����� triad� T;-SR���#bc&�st

C�)�y����$%�/%�%�)�#bc&

������ T;)-SR)d������ ¡�g

ED#$% P& 6, 11, 12)Q

¢ �£�¤¥�����HI�JKLMj Ca2+�P

>¦&*§v Ca2+� SR�¨#©��ª��(�)

�01DE����«¬DE�­4#f� w®¯

$%&{° 13, 14)�/� ECRS�TUV#_P �

±²³gx´�µPQ���'�¶x?�T ;56

�·{xP¤¥����SR ��(�)¸¹#:º

'� »¼y���(�)' dyad]�_`a�(\

� P&Qµ¼�¤¥���(�)'/%#��j

& SR )'�5½$%&���d�#���� foot

#¾¼¿{ÀÁ56���$% b?�/�ÂÃ5

6Ä�Å¿§DE�¤¥��w�M��y� EMR

SÆ5�ÆÇ� P&ÈÇ§�ÉÊ$% P& 1, 14)Q

1978Ë# Suzuki and Sugi��ÌC��ÍÎÏÐ

ÑÒ Dolabella auricularia�CÓÔÕ�]LBWMÖ

longitudinal body wall musclea�HI×ØÆ5#

_P .�ÄÙÚrq���Û�ÜÝ�ÞP{Ãº

vÄ�ßà�9P�M�¤¥�����(�)�0

1bfÚ SR�*§vCa2+�@A56'� ÆÇ�

 P&M'�É�{13)QáE��±{�M����

(�)¸¹#¤¥�'� �¾¼-��{µ¼�

SR �â¨�T ;#¾¼¿{(�)�;Á3456

# SR�ã�� triad� dyad �56�(\��

/%E����d�#� foot#¾¼¿{ÀÁ56�

hij&M'wäå� P& 1)QÅ¿�56��Í

ÎÏÐÑÒ#ãæ��çèéê�CÓ��w��$

% P&15)QM%E�56ë�ìí��M�CÓÔ

Õ���¤¥�#bc& ECRS�$E#� EMR

S���#î° ï�{ðñ�7&M'�É� P

&Qò�����¤¥� dyad '��� triad �(

óÄ�Å¿§�gô#j&{°#�ÍÎÏÐÑÒC

ÓÔÕ��ÞP dyad �ÂÃ56���9P�R

õö÷��Ý#f?���)1�� foot 56��

����#_P øù�{Q±{�M���*§v

#�j& SR �úû�gô#j&{°#��!"�

#ü°& SR�tý�þ�����+�Ý#f? SR

� Ca2+-��Í���������¨{Q
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��������{ÍÎÏÐÑÒ Dolabella 

auricularia����<!�ö~�����  !G

�{"�#�DECÓ#$� Õ9j&CÓÔÕ�

]LBWMaDE¸%& 1 mm��!"'�(��{Q

¢ (��{ LBWM�!"'� pH7.2� 0.1M)�

n�Ü*+¬�,-�{ 6%�.�Í���/op

]GAa¬bfÚ 2%�0Üv12Ð34]OsO4a

�5��{Q6Í|7�8�bfÚ9qr:�1;

<Òp]POa�=��{"�Epoxy >?#B@�

{Q3�AéÐ�qA74]Reichert Ultracut-Na

�ÞP�>?BqC�DE�DE�ÂÃ56��Þ

�F$ 70 nm�GHö÷'�foot 56�����

��Þ�F$ 35 nm�RõGHö÷�IJ��KÜ

3é�'�6�ÜL�+zMN�{"�OUk+z

�ÂP]JEOL JEM2000EXa����{Q

¢ +z�ÂP�QR�{èS�4TU�2;lÏ7

�/nÍ�TU#uV�{QÛ�Í7nWÝ 16~18)

#f&�!"� SR tý�þ�#�/nÍ�TUX

YZèA� NIH Image�ÞP{Q±{�Rõö÷

U�w'#^��TU5½ZèA� VG Studio 

MAX]Volume Graphics[a� LBWM� dyad\

]�^��^5\��dyad ���)1�� foot  

56������#_P XY�{Q

�����	��

Ca-��_`����j&{°#�LBWM��!"

'� pH 7.2� 0.1 MaÜ*+¬�,-�{ 4%��

éb�4��/op]PFa¬�5��6Í|7�8

��=���Lowicryl K4M >?#B@�{"�

-20�� 3cd�de� 24fdg«!�hi� >

?�j�$�{Q3�AéÐ�qA74]Reichert 

Ultracut-Na�F$& 70 nm�GHö÷�IJ��

Ni-150çCêW#k���ö÷���MN�9x�

{Q0.02 M.�ê�¬� 30ydl�� �m<�

��/opn�<o��aÜ*+¬]PBSa�pq

��1%�3êrs��BÐ�]BSAa�ât PBS

� 30 ydl�� uì¶�vw�xy$��20 

�g/mlz)�ê�62A��zC]rabbit anti goat 

IgG�Upstate Biotechnology Inc.a� 1fd��M

N�{Q0.05% Tween20' PBS�pq�{"�¸
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% 10 nm�{Àz�|}�{ IgGzC (goat anti 

rabbit IgG�Amersham) � 30ydl���0.05% 

Tween20' PBS�pq�{QPBS�,-�{ 2.5%

� GA ¬� 10 ydl�� z~zCvw����

{" PBS �pq��KÜ3é�'�6�ÜL�+

zMN� OUk+z�ÂP]JEOL JEM2000EXa

����{Q

��

LBWM����	
��
��

� 1� LBWM �!"�8�ö÷U�É� P&Q

�!"���#äå$% P&fW# 1)����¤

¥�f?�¼¸% 10�20 �m�7?��(�<��

#��'µ��ÐA��p���hij&\]�7

?�/%�«��(������PèSéç�A'

ÃPèSéç�A�ü°E% P{Q(�)�µ�

�:3��(\� b?(� 2A)� �x�K$�:

ºÁ SR �(�)¸¹#hi� P{(� 2,��)Q

±{�(�)�����(��#34� ����

T;#¿{56�(\� P{(� 2C)QM� T; 

56�(�)¸¹#w SR �hi� b?�M%E

� SR �(�)#1�{)�(�)'����(\

� dyad �5\��/����d�������

����d����² foot  56���$%{(�

2B-D)QT ; 56����j&Ãº'�Ãºd�

�»P��#�E%�Ãºd���P\]����

$%xD�{Q(�)' dyad �5\� P& SR

���#��+z���Àz�µ���$%{(�

2D)Q/%E�Àz����<���B)�01 

ã��#��� P{��dyad���)��01 

ã#���$%xD�{QM%E��¡��M%±

��äå 1)'¾¼�¢� P{Q

�����	����� Ca
2+

-������ !

z)�ê�62A��zC���MN�{ö÷���

z~hi�£|'x&��zC�{Àz��SR �

«�Ãº:¤¥�(�)#���$%ª�SR ��

��<���B)�01 ã��DE5�ö÷U�

SR �#��$%{�+z���Àzë#hi� 

P{]� 3aQ��MN�uì¶�vw�¦§�ø¨

� 1. LBWM�� �!"#$%. &'()*+,, &'(- dyad.�/01SR2345671(89), :;<=:� 1 �m.
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�2. LBWM�� �&'(>?�@A%. A. BCD. B. �� EF&'(-dyad.&/01SR, ���GH+, foot

I��2JKL71. C. TMI��NOPQ�&'(-dyad.&/01SR ���GH+, footR��2JKL71. D.

STS+UVWXY�ZW.[\ SR. :;<=: 100 nm.

�3. ]^=_`a:�bc]�defghijLBWM�� �
"#$%. kZW,SRSTlm(n+5671. :

;<=: 200 nm.
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0 1. LBWM�!" dyad©��<Òª

Dyad©�
 SR'�!"01(�)

DEx& dyad (nm) 

SR' T; 56(�)

DEx& dyad (nm) 
¦«�¬

Foot 56�­  18.3 ® 1.5 (n=229) 18.6 ® 1.8 (n=110)  ¯0.05

Foot 56<=d°�  30.5 ® 2.5 (n=175) 30.4 ® 3.2 (n= 83)  ¯0.05

(�)' SR)d°�  9.7 ® 0.9 (n=183) 9.6 ® 0.8 (n= 81)  ¯0.05

¢ ±�¤²±®|¬³´(n=12)

j&{°#MNUV���zC�7&z)�ê�6

2A��zC�ÞPª#��|}zC�¨�vw$

�{ö÷���{Àz��ö��$%xD�{Q

¢

Dyad�"#$���%&

LBWM�!"#�E%& dyad'���� triad'

�56ë�Å¿§�øùj&{°#�/�5½µð

'x& foot 56�­'<=d°��bfÚ(�)

' SR)d����d�°��þ��{Q0 1�/

��¡�¶°{w��7&QSR '�!"01(�

)DEx& dyad���foot 56�­� 18.3 nm�

<=d°�� 30.5 nm����d�� 9.7 nm�7�

{Q�£�SR ' T ; 56(�)DEx& dyad

���foot 56�­� 18.6 nm�<=d°�� 30.4 

nm����d�� 9.6 nm�7�{QSR��!"

01(�)bfÚ T ; 56(�)'�(\j&

dyad�©��þ�±�WX���þ���þ�±d

� t ø��9�{'M·�Pª%����w��¸

#¦«�´�xD�{Q

¢ Dyad���#bc& foot 56�)1ë���

���gED#j&{°#�RõGHö÷���9

x�{Q� 4��SR'�!"01(�)'�5\

� 4. SR-�� EF&'(-d�/L71 dyadop�qr#$%. As6 L,t#u.v0. Ld, dyad ���(89)

d�w SR(�"F25671. Ds6 Fd,���GH+ footI��2JKL71.:;<=: 100 nm. 
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� 5. FootI��(�x8y)2z{|� 4E(A), � 4F(B), � 4G(C)� dyad@A%. :;<=: 50 nm. 

$%& dyad�Rõö÷U�7&QADE L�ö÷

�Hö$%{¹�É��¹�ºt#_% ÷1»�

:�ªÁ SR �ö÷U�¼�#�K¼x?�F �½

�'x?��"¼�#:$¼x�{Q¹½"�ö÷

L ���SR B)�ö�U��x¼�+z����

P¤1'� ��$%{Q±{�E' F�ö÷��

¾k�x dyad �ö÷U���$%�M� SR �½

�¿%�& 370 nm�7�{QD�F�G�H�ö÷

�� SR ���#�+z���ÀÀ���$%�/

�½�¸%�& 58 nm�7�{QRõö÷�WX�

E�F�G�ö÷�gÁxFoot 56���$%{(�

5)QFoot 56��Âª�w��1 C#y�� 

PxD�{��hi\]��Rõ�#Ãd����

�b?�ö÷ E' F� 5Ä�ö÷ G� 4Ä�ôÅ

$%{Q

¢ � ��¡��SR ' T ; 56(�)'�5\

$%& dyad �Rõö÷��#f� wÆE%{Q

/��Ç�Éj� 6���SR� T ; 56�34

ÈÉ��B¨ÊtfW#� dyad�(\� P{Q

Hö¹ ADE L�ö÷U�WX�CDE J� dyad

�5\j& SR���$%�$E#�DDE I ��

���ôÅ$%{QSRö÷U��G�½�#x?�

/%�Ë�¼�#:$¼x�{QFÌI�ö÷��¾

k�x dyadU�É������� 6Ä� foot 5

6���$%{(� 7)QT; 56'/��!"01

DE�34���� 6� ADE I�ö÷�Rõ�#

��$%{QT; 56��%�& 70 nm��/�

(�)ë#w�%& 90 nm �µ��:3����

$%�� 6���T; 56��!"01DE�Í

$� H�ö÷�½w�K¼�& 1.1 �m�7�{Q

¢ �8��̂ ��TU5½ZèA�VG Studio MAX

#f?�� 4�Rõö÷U�Hö¹#jÎ7>� 

^5\�{^��TU'�/�^��^5\TU��

dyad ��� ã���1'¤9#^ö��{ö�

1�U�É� P&QÏCUë1�Rõö÷�½Ð

�ö÷U(� 4A)'�¢j&QFoot  56��Ñ#

�E%{� 4EÌG ����)1����K&fW

#�ÏCU�ö��]� 4Ba�ÒÓ$�]� 4Ca�

SR ����)1��1DEOÔ�{]� 4DaQ^

��^5\���ö÷�F$�ÏCU��$�Õä

'� Ö>%�ö÷U�×Ø�(Ù#/�±±�$

(Í$)£�#vÚ$%&Q�� �ö÷U�Àz�

èSéç�AÃ�+z����P�,�ÏCU�

1�w+z����¼0É$%&QRõö÷U�+

z����P foot 56��� 8D�ö�1��Â

Û�#×P�y'� É$%&Q/��¡�foot 

56�Éj'NOE%&�×�2ÜCA(�<�Ý

�|})���1ë��¤£�# 3 ���$%�R

õö÷ 5Þß(� 4E)#àáj&�¤,� 4Ä�6Þ

ß(� 4F)#àáj&�¤,� 3 Ä�7 Þß(� 4G)

#àáj&�¤,� 2Ä��$%{QRõö÷U�

��$%{ foot 56��f?âxD�{��3�

�2ÜCA��ã¸£���bf/�ä,å'x&

fW¸!�#��� P{Q
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� 6. SR- TMI��&'(-d�/L71 dyad�qr#$%. As6 L ,t#u.v0. TMI��,BCD2q|}

~&/L7~�1O�+5�(A, C), SR(-&'(G����GH+, footI��2JKL71(F-I). :;<=: 100 nm.

� 7. FootI��(�x8y)2z{|� 6F(A), � 6G(B), � 6H(C), � 6I(D)� dyad@A%. :;<=: 50 nm.  
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� 8. qr#$%(� 4).�����/ij��%-Q�#"F���%. V�%.#$u+��(A), ���(B, 89)F

+��+#"i, #"F(C, 89)25671O�+����+��i,#"F.�Fs6��(D). #"F��n���

(�), footI�����.��01U�Y:������. 89,�footI��2z{+JKL7j� 4�#$ E, F, G

���. 
 ¡¢,#$�£L 35 nm�G¤.v0.

�


LBWM���� dyad� foot'��

LBWM��!"���$%{dyad����d���

SR'�!"01(�)DEx& dyad�� 9.7 nm

��SR' T; 56(�)DEx& dyad�� 9.6 

nm�7�{Q�£����� triad�=�� dyad

����d���& 10.0 nm�7&M'�æE% 

b? 19)�çÒþ�$%{�¡�M%'èé�¢j&Q

±{�LBWM� dyad����d���E%{ foot

 56#_P ��SR '�!"01(�)DEx

& dyad���foot 56�­� 18.3 nm�/�<

=d°�� 30.5 nm�7?�SR' T; 56(�

)DEx& dyad���foot 56�­� 18.6 nm�

/�<=d°�� 30.4 nm�7�{Qtø���¡

������dyad�M%E�±#¦«�´�xD�

{���� dyad �56�# ¼���w�'NO

E%&Q��� triad� foot�jx>X�RyR��

SR)DE���d�#êG�{)«�'�SR)�

� Ca2+FG�lm�56�·_)ëD�'DEx

?�)«��)1#¤9x¤1U�©ì�<���

�íM�²��ì& 30 nm�èé�£(�É���

1U�î¨�ïÚ{ë¹ðÓ�»k��<��êG

�{�y�)ëD�'x? SR ��#�D� Ã¼

x� P&M'�æE% P& 20, 21)Q±{��#æ

E% P& foot�­� 15.0Ì18.0 nm�<=d°�

�& 30.0 nm�7? 7)�çÒ�©þ��±'¾¼�

¢� b?�LBWM � foot  56����� foot

'�ä56�� P&'NOE%&Q

¢ � 4' 5�É�{ SR'�!"01(�)DEx

& dyad�Rõö÷U���foot 56� E' F�

ö÷� 5Äª_�E%�G�ö÷�� 4Ä�D�E

%xD�{Q±{�foot 56�ñ�ö÷����

$%xD�{QFoot 56�<=d°��& 30 nm

�7?�Rõö÷�F$� 35 nm�7&{°��Þ

�ö÷#� foot 56�èé 1Äyb$±&M'#

x?�M� dyad ���Rõö÷���$%{w�
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�«� foot 56�7&'�NOE%xPQM�ò

DE�� 4 � dyad �5\j& SR ����)1#

� 4Ì5Ä� foot 56� 3�ói� P&'NO

E%&Q�£�� 6' 7#É�{ SR' T; 56

(�)DEx& dyad �Rõö÷U���foot  5

6� FDE I�ö÷� 6Äª_�E%{Q±{�foot

 56�ñ�ö÷����$%xD�{QM�òD

E�M� dyiad �5\j& SR ����)1#� 6

Ä� foot  56� 4 �ói� P&'NOE%&Q

$E#�� 4�Rõö÷U�w'#^��^5\�

{ÏCU����)1#¤9#ö��{�1]�

8Da���SR����)1ë#�Õj& 3���

×��2ÜCA�ôÅ$%{QM�ÏCU�1���

Rõö÷U'���2ÜCA�ôÅ�KxD�{��

M%��^��^5\��ôõ� P&Í$�Õä

�ö÷U�×Ø#�� /�±±�öj&{°�ö

÷U#�E%& foot 56�«��+z����y

wÅ¿�56�fW#0É� �±WM'��2

ÜCA�gô#÷��KxD�{{°�7&Q�ë

�øùDE�� 4 � dyad �5\j& SR ����

)1���foot 56��Ô£�# 3��8£�#

4Ì5 ����²0ø�z���� P&'NOE

%&Q±{�� �XY#f?�� 6 � diad �5

\j& SR ���)1���foot  56�Ô£�#

4 ��8£�# 6 ���²0ø�z���� P&

'NOE%&Qù�Ñú�<Z����foot � SR

���)ë#Ãd����²0ø�z���� P

&M'�æE% b? 10)�LBWM� foot 56�

�wM%'¾¼�¢j&QM%E�ÂÃ56ë�Å

¿DE�LBWM � foot  56�����=���

�$% P& foot'�Ã�w��7&'NOE%&Q

¢ ûü���� RyR#����k� RyR1�=�k

� RyR2�ýk� RyR3� 3_��ÒZèþ74�

æE% P&Q�Å��Å��.Å�� RyR # 2

���ÒZèþ74'� �'���G$% b?�

�'���_åK#��� P&'PWäåw7&

11)QLBWM �!"� dyad ���#�E%& foot

����æE% P& RyR�ÒZèþ74�Pª%

#�¢j&D#_P ����+z�ÂPÝx�#

f?gED#$%&�Kç"����7&Q¢

T('��

LBWM�!"� T; 56��34ÈÉ�wâ°

 T ; 56(�)#:3��hij&M'DE�

M�56�:3�DE(\$%&ÈÇ§�ÉÊ�{Q

������T ;(\�:3��34DE�±&M

'�æE% b? 22��LBWM�w���'� #�

:3�DET; 56�(\$%&'NO&M'�

����7&Q�£�� 6�Rõö÷���T; 

56�j� �ö÷�èé�ä,å#�E%��!

"01(�)DE�34�� AÌI �ö÷�Rõ�

#��$%&M'DE�M�56�34��ö÷'

�ã¸x£�#Dx?»P�d�ü° P&'�>

%&QM�M'��M�56�(x&;Á56#	

±Eª�f#�
�Å��E%&fWx��]clefta

�(\�W&M'�ÉÊj&Q

���)*�+,� SR�-+)*�./0 Ca
2+

LBWM �!"�#ü°& SR �tý�þ��{�

¡��!"tý#�j& SR �à�tý� 3.02®

0.84%]¤²±®|¬³´�n=50a�7�{Q¤¥

����*§v Ca2+�(�)�01� SRDE��

���Ãº«DE�­4�®¯$%&'NOE% 

P&��/%E�<�w���#�SR DE� Ca2+

����HIí�úû�âxP'NOE% P&Q

M%�vÚ��¤¥��� SR�à�tý�:$¼�

ÇO��Û�ÛCA�
�¤¥� 23��� 2.4%�7

?�3<���¤¥� 17)�� 2.2%�7&QLBWM

� SR �à�tý�M%E'��&'Dx?�PQ

Suzuki'/�����¸#f&äå 1, 13)#f%��

LBWM �*§v Ca2+�Ãº«DE�­4#f&w

�f?Ãº�@A�DE���#f&w��£�µ

PQM�M'��çÒþ�$%{ LBWM � SR �

à�tý�Dx?�KPM''���xPQ�£�

���� SR à�tý��ÇO���32£¿��

24)� 5.5%�)6���� 16)� 13%�)<�3;B

�q� 18)��½�±� 25.6%�7&QM%E� SR

à�tý�©�!"#bc&HI���HI���

P�vÚ� P&'NOE%&���¤¥�'� 

�Dx?�KP LBWM � SR à�tý��ÍÎÏ

ÐÑÒ� LBWM #f?C��j&M''Í¼S�

� P&'NOE%&Q

SR1 Ca
2+

-�����

��MN�uì¶�vw�¦§�ø¨�{'M·�

��zC�ÞPxD�{ö÷��{Àz��ö�E

%ª���zC�ÞP{ö÷��{Àz��E%{

òDE�{Àz�)�ê�62A���¨'vw�

 P&'NOE%&Q��zC�{Àz���E�

SR ����) ì�#�E%]� 3a�DE5��

9x�{�!"�ö÷U� SR ���#7&M'�

ôÅ$%{+z����PÀz]� 2Daë#hi

� P{M'DE�M%E�Àz�)�ê�62A

���7?�LBWM � SR �����'� #

Ca2+-��_`�'� )�ê�62A���ÆÇ

� P&'NOE%&Q



30 Science Journal of Kanagawa University  Vol. 17, 2006

�2

LBWM��!"������'�¶x?�SR�(

�)' dyad �5\� P&#j!xP�����

triad'�äµð�5\$%�SR'(�)d���

�d���E%{ foot 56��56ìí��¢D

E foot/�w��7?�SR��� Ca2+-��_`�

w���'�ä)�ê�62A���7&M'x�

DE�EM RSw���'�äÆ5�I"j&'N

OE%&Q

��

ÍÎÏÐÑÒ���##$%¹$P±�{	�	�

Ä�Ä�.�&Ä&��o'�()#Í¼*+¢�

±jQ

��
1) Sugi H and Suzuki S (1978) Ultrastructural and 

physiological studies on the longitudinal body wall 

muscle of Dolabella auricularia. I. Mechanical 

response and ultrastructure. J. Cell Biol. 79:

454-466.  

2) Ebashi S and Endo M (1968) Calcium ion and 

muscle contraction. Prog. Biophys mol. Biol.

18:123-183.

3) Schneider MF and Chandler WK (1973) Voltage 

dependent charge movement of skeletal muscle. 

Nature 242: 244-246. 

4) Franzini-Armstrong C and Jorgensen AO (1994) 

Structure and development of E-C coupling units 

in skeletal muscle. Ann. Rev. Physiol. 56: 509-534.  

5) Fosset M, Jaimovich E, Delpont E and Lazdunski 

L (1983) [3H]nitrendipine receptors in skeletal 

muscle. J. Biol. Chem. 258: 6086-6092.  

6) Jorgensen AO, Shen AC-Y, Arnold W, Leung AT 

and Campbell KP (1989) Subcellular distribution 

of the 1,4-dihydropyridine receptor in rabbit 

skeletal muscle in situ: an immunofluorescece. J.

Cell Biol. 109: 135-147.  

7) Inui M, Saito A and Fleischer S (1987) Purification 

of the ryanodine receptor and identity with feet 

structure of junctional terminal cisternae of 

sarcoplasmic reticulum from fast skeletal muscle. 

J. Biol. Chem. 262: 1740-1747.  

8) Franzini-Armstrong C (1970) Studies of the triad. 

I. Structure of the junction in frog twitch fibers. J.

Cell Biol. 47: 488-499. 

9) Takeshima H, Nishimura S, Matsumoto T, Ishida 

H, Kanagawa K, Minamino N, Matsuo H, Ueda M, 

Hanaoka M and Hirose T (1989) Primary 

structure and expression from complementary 

DNA of skeletal muscle ryanodine receptor. 

Nature 339: 439-445.  

10) Saito A, Inui M, Radermarcher M, Frank J and 

Fleischer S (1988) Ulutrastructure of the calcium 

release channel of sarcoplasmic reticulum. J. Cell

Biol. 107: 211-219.  

11) Loesser EK, Castellani L and Franzini-Armstrong 

C (1992) Dispositions of junctional feet in muscles 

of invertebrates. J. Muscle Res. Cell Motil. 13:

161-173.  

12) O’ Brien J, Valdivia HH and Block BA  (1995) 

Physiological differences between the alpha and 

beta ryanodine receptors of fish skeletal musle. 

Biophys. J. 68: 471-482. 

13) Suzuki S and Sugi H (1978) Ultrastructural and 

physiological studies on the longitudinal body wall 

muscle of Dolabella auricularia. II. Localization of 

intracellular calcium and its translocation during 

mechanical activity. J. Cell Biol. 79: 467-478. 

14) Suzuki S and Sugi H (1982) Mechanisms of 

intracellular calcium translocation in muscle. In: 

The Role of Calcium in Biological System. vol. I. 

Anghileri LJ and Tuffet-Anghileri AM, eds., CRC 

Press, Boca Raton, Florida. pp. 201-217.  

15) Prescott L and Brightman MW (1976) The 

sarcolemma of Aplysia smooth muscle in 

freeze-fracture preparations. Tiss. Cell. 8: 241-258.  

16) Peachey LD (1965) The sarcoplasmic reticulum 

and transverse tubules of the frog
,
s sartorius. J.

Cell Biol. 25: 209-231.  

17) Devine CE, Somlyo AV and Somlyo AP (1972) 

Sarcoplasmic reticulum and excitation-contraction 

coupling in mammalian smooth muscles. J. Cell 

Biol. 52: 690-718.  

18) Suzuki S, Nagayoshi H, Ishino K, Hino N and Sugi 

H (2003) Ultrastructural organization of the 

transverse tubules and the sarcoplasmic reticulum 

in a fish sound-producing muscle. J. Electron 

Microsc. 52: 337-347. 

19) Kelly DE (1969) The fine structure of skeletal 

muscle triad junctions. J. Ultrastruct. Res. 29:

37-49.  

20) Wagenknecht T, Grassucci R, Frank J, Saito A, 

Inui M and Fleischer S (1989) Three-dimens- 

sional architecture of sarcoplasmic reticulum 

chanel/foot structure of sarcoplasmic reticulum. 

Nature 338: 167-170. 

21) Radermacher M, Rao V, Grassucci R, Frank J, 

Timerman AP, Fleischer S and Wagenknecht T 

(1994) Cryo-electron microscopy and three-dimensional 

reconstruction of the calcium release channel/ 

ryanodine receptor from skeletal muscle. J. Cell 

Biol. 127: 411-423.  

22) Ishikawa H (1968) Formation of elaborate networks 

of T-system tubules in cultured skeletal muscle 

with special reference to the T-system formation. J.

Cell Biol. 38: 51-66.  

23) Popescu LM, Diculescu I, Zelck U and Ionescu N 

(1974) Ultrastructural distribution of calcium in 

smooth muscle cells of guina-pig taenia coli. A 

correlated electron microscopic and quantitative 

study. Cell. Tiss. Res. 154: 357-378. 

24) Luff AR and Atwood HL (1971) Changes in the 

sarcoplasmic reticulum and transverse tubular 

system of fast and slow skeletal muscle of the 

mouse during postnatal development. J. Cell Biol. 

51: 369-383. 




