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Abstract 
 
     All multicellular organisms have an innate immune mechanism that represents a phylogenetically ancient defense 
mechanism.  From an evolutionary viewpoint, the functional commonalities and diversities in the defense system 
provide deep insight into the innate immune mechanism.  In this thesis, I focus on the starfish, Asterina pectinifera, 
which is a phylogenetically primitive animal, and analyze the larval mesenchyme cells for defensive behaviors and their 
regulatory mechanisms at the cellular and molecular level.   
     In Chapter 1, I describe the phylogenetic position of the starfish and its availability as an in vivo and in vitro 
research model for developmental and comparative immunology, while introducing the history of the discovery of 
phagocytosis by Metchnikoff, which provided a platform for cellular immunology. 
     In Chapter 2, I show that the spatial distribution of mesenchyme cells is effective for host defense under 
physiological and pathological situations.  I describe how, when experimentally injected with various foreign bodies, 
the mesenchyme cells exhibit a wide variety of defense behaviors such as directional migration, aggregate formation, 
cell-to-cell fusion, encapsulation and phagocytosis.  Furthermore, I demonstrate that mesenchyme cells both identify 
allogeneic cells and recognize non-allogeneic targets as foreign bodies. 
     In Chapter 3, I characterize the function of a DOCK180 superfamily protein, termed ApDOCK protein, as a 
candidate protein that intracellularly regulates the defense behaviors of larval mesenchyme cells.  In injection 
experiments using inorganic or organic foreign bodies, I show that ApDOCK protein is essential for the migratory 
congregation and persistence of encapsulation of mesenchyme cells, but not is associated with their cell-to-cell fusion or 
phagocytosis.  In addition, in analyses using mesenchyme cells in culture, I demonstrate that ApDOCK protein 
promotes the organization of cytoskeletal actin at the leading edge of the lamellipodium of mesenchyme cells. 
     In Chapter 4, I demonstrate the expression profile and function of a scavenger receptor 
cysteine-rich-domain-containing protein, termed ApSRCR1 protein, as an extracellular regulator of mesenchyme cells.  
I show that ApSRCR1 protein is specifically localized to cytoplasmic vesicles as a membrane-bound protein in naive 
mesenchyme cells.  Furthermore, I raise the possibility that ApSRCR1 protein is secreted from the mesenchyme cells 
by bacterial stimuli and acts as an opsonin to promote phagocytosis of the mesenchyme cells through the binding of 
bacteria. 
     On the basis of these findings and other preliminary data, in Chapter 5 I describe the functional similarity between 
larval mesenchyme cells of the starfish and mammalian macrophages.  Given this, I provide insight into features of the 
intracellular and extracellular regulatory mechanisms that underlie the defense behaviors of immune cells during the 
evolutionary process.  In addition, I discuss the future prospects about the regulatory mechanisms of the adult defense 
system, including the self/nonself recognition strategies that change via metamorphosis.  Taking all of the data together, 
I propose that A. pectinifera is a useful research model that will enable us to further understand the innate immune 
system. 
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1-1 ʾȾàəhjt�6˹͡Æɑ 
 
� ĴɌ9ɋŏ(MńʔʴýɄ<�ÐÄ;ƔųƓQʜƱ(M.F9�ʔˈHƎɏ

Ʉ�Kʾîʾ̈;̈QŒMɏÄ̼ƌhjt�Qǥ&4�M�ʎ 10Üŷö9ńʔ
ʴýɄ�˯ɏ&4¹ǭ�ɏÄ̼ƌhjt�<JLͫż5˜͍8G;9̞ÿ&4

�.�ɋĳ�ɏÄ̼ƌhjt�<�ͳ2;\te��9ŧ(Mčƒʩ9î K

NM��ʾȾàəhjt��6�ɉƋàəhjt��5�M��̪;ʶǻýɄ9

ŏĳ(MɉƋàəhjt��ƨÄɾQɑ�.ƨĈɅɘɞ8ƒʀ5�M;9ŝ&�

â4;ńʔʴýɄ9ã̙&4ŏĳ(MʾȾàəhjt�<�ɏɄÄæ9Ëá&

4�.ɘɄ˗͔;�M�Ŕ;îō�p��Qˮ˶(M"69JL��͓Ʌɘɞ9�

čƒ(MɅƏQƱ2� 
 
� ʾȾàəhjt�;ǣöʡQǇ�MǣG̰˝8ʔʴ˖ý<�ĈŌ;ýɄ�K

Đ ʚ�N4�.ʾů6͓ʾůQ˶ó&�͓ʾůQʔʴæ9ďL̏R5Ȥÿ(

M�˹͡Æɑ�6Ě· KN.ʔʴ˖ý5�M�ęǠ9�˹͡Æɑ<�ɉƋà

əhjt�;v�]�5G�M��`��S�i9¸˗$NMJ�8˹͡ʔʴ

��˹͡&.ɘɄ;�̪QƨĈ6&4ƻɭ(M"69JLɉƋàəhjt�Q

Æý$*M"6<ź�ɪKN4�M�˹͡Æɑ<��hT;ýɄŐʮ

Metchnikoff9JL 19¤ʍǩ9ɜ˟$N.�Metchnikoff<�ǹɟýɄ�vu
;���x�TŹɏ;Ä9õ$1.~�;õQ̺Ýʦʔʴ6ġ=NM̠˿Ɠ;

ʔʴ�ďLİR5�MȀōQ͞Ǝ̶5ˡŜ&�ʔʴ9<˹͡ʵù��M"6Q

ȞŜ&.(Metchnikoff, 1891)�";ˡŜQG69�Metchnikoff<�\V���
õʴýɄ(�w��`�c)�ɎƄýɄ(��k)�ʄ̂ýɄ(�i�d�oW�h)�
ĈʒýɄ(��)�ĂʒýɄ(x�`iW[)87;ȼʶǻýɄ�KʶǻýɄ(f�h
�WW[��Wj)9ʿMC5�ǌń�;ýɄ5GęȀ9ɘɄƶ̀˖ýQˡŜ&�
ɏÄ̼ƌhjt�9� M˹͡ʔʴ;̰˝ƓQƲǁ&. (˹͡ʔʴ˲ ) 
(Metchnikoff, 1891)�"NK; Metchnikoff9JM�̜;Ȏ̌àəŐɞɫɷ<
|���˼;Đ˼9ʥ�1./ 58��ʔʴƓàəɫɷ;ƤQ̹�.6&4

ɋĳ5Gͫ�˫Ê$N4�M(古川, 2009a, b)�Metchnikoff9JM˹͡Æɑ;
ɜ˟9ɼQɜ&.ʔʴƓàəɫɷ;ɜŦ9JL�ɋĳ5<�<'F9�`��

S�i�L��6C5ˤPNMA7�ʾȾàəhjt�Qƞɺ$*M˹͡ʔʴ

��ɉƋàəhjt�GĝR/ɏÄ̼ƌhjt�;§ƐQƭ�"6<J�ɪK

N4�M� 
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� ̐ŷ�TollČ> Toll-like receptor;ɜ˟�ňȆ68L�ʾȾàəhjt�;ɫ
ɷ<̇͠ɞ9̞R5�M(Abdelsadik and Trad, 2011; Akira et al., 2001)�C.�ń
Ȁ8ýɄɴ9� Mc|�ˢǯ;̞˖9¾��ýɄ̞ÿ6ɏÄ̼ƌhjt�;

̻PL92�4;ɫɷGɡR9˖PN4�M�Ʌ9�ɉƋàəhjt�Qǥ$

8�6$NMýɄɴ9��4�Ɵ��ǥ(MƨÄČ>ƨĈĐřÄ9Āǎ(Mń

ȀƓ�ɭĦ$NMǓ.8ĭō�ɦȈ�5ɜ˟$N(Cannon et al., 2002; Pancer et 
al., 2004; Terwilliger et al., 2006; Watson et al., 2005)�Ȏ̌àəŐɞˠȻ9ɺʷ&.
ʾȾàəhjt�9̻(Mɫɷ;̰˝Ɠ<ŀ&4�.(Du Pasquier, 2005; Litman 
et al., 2005)�&�&8�K�ȼʶǻýɄ9��4�˹͡ʔʴ9JMɘɄˮ˶Gĝ
F.ɏÄ̼ƌ˖ý;ôƌ�\yk�Qˢǯ(M.F;ɫɷĺɣ<�h�Wi�

W~YHʡ˒87;�u�ɏɄ9̿KN4�M� 
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1-2 ǹɟýɄ�vu;ʌʙ̞ÿɞÂʧČ>Ȏ̌àəŐɞǫǑ6&4;ǥ
ɑƓ 
 
� ǹɟýɄ�vu<�ʌʙ̞ÿɞ9Ɵ�ʶǻýɄ9ʥ�MǓđýɄ;ĺ̪9Â

ʧ(MĈŌɞ8ȼʶǻýɄ5�M�,;Źɏ<�Ȏ̌ɞ̖ǝ8ʹɴ;ĄŨ�ɟ

h�v(ŃʳˋŁ�æʳˋƓȤÿʃ�§ʳˋƓÄʸī)Č> 1ɴ͟;̺Ýʦʔʴ9
J14ǿƞ$NMǣGh���8�ʳˋƓ;ǿ̛Qɭ(��vu;ĈʻƄƞǧ

9��4�̺Ýʦʔʴ<ĈʻÞɼ�Kíɋ&�ź�ʴʳʸ§9îŰ(M(Chia, 
1977; Dan-Sohkawa et al., 1980)�ɜɏ�ñǧ���x�TŹɏǧC5̞˖(
M6�̺Ýʦʔʴ;ǌ< 1ÐÄƃ.L 110Ð9̤&4�M(Kominami, 1985)�
";Ǡǧ�̺Ýʦʔʴ;Ƅƚ<�ɌɆ�Kʔʴɹ̀Qɜ̤$*.Ƅƚ?6łÿ

(M�ƄƚƄƞ9� M̺Ýʦʔʴ;Ȇʵ6&4�đHÄʸīƄƞ?;̻¢�

ʭ�KN4�M(Crawford and Abed, 1983; Crawford and Chia, 1978)�$K9�
̺Ýʦʔʴ<�ʔʴŃ�v�s`j;ʤʜɆƞî9ŝ&4ȆǸɞƁùQɜƽ(

M"69JL�ʳÄ;ƄQʜƱ&4�M"6GǝK�9$N4�M(Crawford, 
1990; Crawford et al., 1997; Kaneko et al., 2005)�";J�9�ƄƚƄƞ9�
 M̺Ýʦʔʴ;Ȇʵ9̻(Mɪ˟<ˍɵ$N4�4�M��Metchnikoff9J
M˹͡Æɑ;ɜ˟¹̾�̺Ýʦʔʴ;ɏÄ̼ƌȆʵ;˭ʔ9̻(Mɫɷ<͓ų

9©&�1.� 
 
� ɋĳ��vuʳČ>Źɏ9��4ĻĞ$N4�M̺Ýʦʔʴ�̻¢(MɏÄ

̼ƌɋ˸<¹ ; 3Ȼ5�M�(1) ƉǧĈʻʳ9��4�̺ Ýʦʔʴ<Ĺͤɠ9

ǃɴ&.͈9�ʔʴʼQˎ�ź�¿Ŧ(M�¡ƞú;˹͡Æɑ (frustrated 
phagocytosis)�6ġ=NM˖ýQɭ(�";̢ɳ5�ǽF4ͫ�ʔʴ˔ĘȟƓ
�ɏ'�ńǵÄ68M(Kaneko et al., 1990)�";J�8�¡ƞú;˹͡Æɑ�
Č>ńǵÄƄƞ<�in vitro9ɱ&.ʶǻýɄ;�`��S�i9��4GĻĞ
$N4�M(Couso et al., 2002; Suzuki et al., 2001)�(2) ̺Ýʦʔʴ<�Ĉʻʳ
;ˢ͎ʔʴ�ÐÄQçǿʅ(M̢ɳ5ʴʳʸ§9ďLȋ$N.ʔʴȋȫQ˹͡

(M(Tamura et al., 1998)�ęȀ9�(3) Źɏ;ÄŁ�Kʴʳʸ§9šá&.V
�|a����QďL̏E(Dan-Sohkawa et al., 1995)�"NK;ˡŜʘǱ<�
̺Ýʦʔʴ��vuŹɏ;ɏÄ̼ƌhjt�9��4̰˝8ƆøQƭ14�M

"6QɭĦ&4�M� 
 
� �˂ɞ9�Źɏ<ƞÄ6Ȏ̌&4JLɥƹɞ9ʌʙ̞ÿQčǟ&4�M6ʭ
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�KN4�M�ǹɟýɄ�vu;ʌʙ̞ÿɞÂʧ8K>9,;Źɏ�ǥ(M̈

Ä;ǿ̛;h���$�K��vuŹɏ<��1 ɴ͟;àəʔʴ9J14ǿʅ$
NMĈŌɞ8ɏÄ̼ƌhjt�<7;J�8G;�ͺ�6��Ĩ�9ŝ&4�

Ɵ�ʶǻýɄQĝEǓđýɄ9� MɏÄ̼ƌhjt�;ǶŸɞ8�\yk�

Qƻɭ&�M�t�h��QɰF.ǫǑ5�M6ǧƈ$NM� 
 
� �ǔ��vuƞÄ;àəʔʴ5�MÄʸʔʴ;àəƒʀ9̻&4G���2

�ĻĞ��M�Äʸʔʴ<�ƞÄ;Äʸ9ÝȰ&4�MÄʸȥ§9ŏĳ(MȢ

̠Ɠ;ʔʴ5�L�ƞÄ;ʾȾàəhjt�Qƭ14�M�Vv�^�vu

Asterina pectiniferaƞÄ9< 1ɴ͟;Äʸʔʴ�ŏĳ&�Ĺͤ 9Ą͎(M6
ĺ˽9ŝ&4ńǵÄƄƞQ¾1.�¡ƞú;˹͡Æɑ�Qɭ("6�ĻĞ$N

4�M(Dan-Sohkawa et al., 1993)�C.óɴ;�vu9��4G�Äʸʔʴ<
~`t�THȀ�8ɘɄ9ŝ&4ͫ�˹͡ȟƓQɭ("6�ĻĞ$N4�M

(Gross et al., 1999; Kaneshiro and Karp, 1980; Reinisch and Bank, 1971; 
Silva and Peck, 2000)�&�&�ƞÄ;Äʸʔʴ6Źɏ;̺Ýʦʔʴ9JMɏ
Ä̼ƌhjt��ã̙;�\yk�9J14ǿʅ$N4�M�Ĝ�6��Ĩ͝

<â�ǝK�9814�8�� 
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1-3 Ǫɫɷ;ɤɞ 
 
� ö͘5̓@.J�9��vuŹɏ<�ǓđýɄ9� MɏÄ̼ƌhjt�;

ǶŸɞ8�\yk�Qƻɭ&�Mǥɑ8ǫǑ5�M�&�&8�K�ɋĳ�Ź

ɏ;̺Ýʦʔʴ9JMɏÄ̼ƌɋ˸9̻(Mɪ˟<̿Ŕɞ5�M�Ǫɫɷ5<�

Vv�^�vuŹɏ;̺Ýʦʔʴ�ǥ(MɏÄ̼ƌȆʵČ>,;ôƌ�\yk

�Qˢǯ(M�";T���r9JL�Vv�^�vuQǫǑ6&.Ȏ̌àə

Őɞɫɷĺɣ;ɬɺQɤƲ(� 
 
� ɽͳɻ5<�ǨƙÆɆƚ;Źɏ9� M̺Ýʦʔʴ;ɸ̺ɞ̫ʧ�ʛ�4ɘ

ɄƙÆǠ9� M̺Ýʦʔʴ;ʔʴ˖ý6,;ȆʵɅƓQ˭ʔ9˧̓&�Vv

�^�vuŹɏ;ɏÄ̼ƌhjt�9� Mʔʴ���5;ˢǯʌQɬɺ(M� 
� "NQĺɣ9�ɽʹɻČ>ɽ͵ɻ5<�̺Ýʦʔʴ;ɏÄ̼ƌ˖ýQʔʴæ

Č>ʔʴŃ5ôƌ(Mp��`˽QƸʒ&�,;ôƌ�\yk�Qˢǯ(M�

äÄɞ9<�ɽʹɻ5<�Ŵź�ýɄɴ9��4̞ÿɞ9Îŏ$N�ɴ�;ʔ

ʴ˖ý9� MT`r�ʔʴͪǷ;ǿʅQôƌ(Mʔʴæĭō DOCK180p�
�`˽j����S���9ɨɤ&�̺Ýʦʔʴ;̼ƌ˖ý9� MȆʵ6,

;ôƌ�\yk�Qˢǯ(M�ɽ͵ɻ5<�ƉɏýɄ;ʾȾàəhjt�9�

�4̰˝8ƆøQƭ14�M6ʭ�KN4�M Scavenger Receptor 
Cysteine-Rich (SRCR)w�V�Qǥ(Mp��`˽�S���;ɜɋ6ȆʵQ
ˢǯ(M� 
 
� ɽͶɻ5<�¹�;ɫɷƞǱ9ĺ3���vuŹɏ;̺Ýʦʔʴ6ĥ«͟;

�`��S�i;Ȇʵ͟ÀƓ92�4̓@M�"NQĐ �ýɄ̞ÿ;̢ɳ9

� M�àəʔʴ;̼ƌ˖ýQ˙ƥ0(MʔʴæŃ;ôƌ�\yk�9̻&4

ʭŜ(M�$K9�łƚQµ&.ɘɄˮ˶ơɖ;łÿGĝF�Vv�^�vu

;ÐÄɜɏQ̙&.ɏÄ̼ƌhjt�;ˢǝ9ě .´Ɖ;ŦǦQ̓@M�"

NKQ̙&4�Vv�^�vu�ʾȾàəhjt�;ǶŸɞ8�\yk�QJ

LȦ�ɍˢ(M.F9ǥɑ8ŕͨ�u�68LƋM"6Qƻħ(M� 
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ɽͳɻ 

 

Źɏ;̺Ýʦʔʴ�ɭ(ɏÄ̼ƌ˖ý 
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2-1 ʠˤ 
 
� Ǫɻ5<�Vv�^�vuŹɏ;̼ƌhjt�9��4�̺Ýʦʔʴ�àə

ɞ9ǨƙÆɆƚ5ƈȆ&4�Mǿ̛ɞɅƓ�(8P0�̺Ýʦʔʴ<ɘɄ�Ń

ɔ�KËá(Mö97;J�8ɸ̺ɞ8̫ʧQď14�M;�Qɭ(�ʛ�4�

Źɏ9ɘɄQțŠċ<ŹɏQɘɄ6V�^���h��&�ɘɄ;ƙÆ9¾�

̺Ýʦʔʴ;˖ýČ>ȆʵɅƓ;˭ʔQ�ɴ�;͞Ǝ̶Qɑ�.˭ʔ8ˡŜ9

JLǝK�9(M�ˡŜ;ȽȻ<�(1) ̺Ýʦʔʴ<�ɘɄ9ŝ&47;J�8
˹͡ƒʀQɭ(;��(2) ̺Ýʦʔʴ<�7;J�9&4Ȁ�8ɘɄQ˶ó&4
�M;��(3) ʾȾ;ȣ9��4�̼ ƌ˖ý�ɜý(MɚɞǬ»Č>ɏɍɞǬ»

6<7;J�8G;��6�� 3 Ȼ5�M�"NKQ̙&4��vuŹɏ;ɏ
Ä̼ƌhjt�Qôƌ(Mîō�\yk�Qŕͨɞ9ˢǯ(M.F;ɫɷĺɣ

Qɬɺ(M� 
 
 
2-2 ̺Ýʦʔʴ;îŰ6Ƅƚ 
 
� ĐʉƉ 4ǘ;���x�TŹɏͯFig. 2-1AͰ9ŝ&4̺Ýʦʔʴ��\�5
�MMC5�|`��x�ƨÄͯMC5 mAbͰQɑ�4̺ƹ˓ßƨÄșQǕ&�
̺Ýʦʔʴ;ɸ̺ɞîŰQjt�[���5ˢǯ&.ͯFig. 2-1BͰ�,;ʘǱ�
Ņ̪î;̺Ýʦʔʴ<æʳˋ�ŃʳˋŁ9Ȗ14îŰ&4�.�Ʌ9�̺Ýʦ

ʔʴ<ŃʳˋŁ9ŏĳ(MʤȏŲͯFig. 2-1A: ɩŤͰ9Ȗ14¡ĵ�9îŰ(
MÚě�ˮFKN.��ǔ�,N-N;̺Ýʦʔʴ<ʔʴÄ�Kͫż9ɹ̀Q

ɜ̤$*4�L�ɹ̀Qµ&4°�9ƹɨ&�14�MȀōGÄ;ʿM͚ĸ5

ˡŜ$N.ͯFig. 2-2Ͱ�,;ʘǱ�ė̺Ýʦʔʴ;ʔʴÄ̺�ɹ̀9J14ʥ
�1.{sv��`ǿ̛�ŹɏÄæ;ͅƣ9ŏĳ&4�M"6�ˮFKN.

ͯFig. 2-1BͰ�C.�ĐʉƉ 4ǘ;���x�TŹɏ9��4�,;ÄQǿƞ(
Mʔʴǌ<�18500 ± 1050 (Ŷĵ ± Ȃȱ˱Ů, n = 3)5�1.��̺Ýʦʔʴ;
ǌ< 162 ± 13ͯŶĵ ± Ȃȱ˱Ů, n = 15Ͱ5�L�âʔʴǌ;ʎ 1%QąF4�
M"6�ǝK�681.� 
 
� Fig. 2-1C�K F9�̺ Ýʦʔʴ9JM{sv��`ǿ̛;qVx�`jQɭ

&.�ŹɏÄæ;�͚ĸQ̜ʛˡŜ&.6"O��M̺Ýʦʔʴͯ Fig 2-1C: #1Ͱ
<ʔʴɹ̀Qɜ̤$*8�KŃʳˋŁ9ě�14ɱý&�5îƉ9<¶;̺Ýʦ
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ʔʴͯFig. 2-1D: #2�#3Ͱ6ƹˣ(MJ�981.�10îƉ9<�#3;̺Ýʦ
ʔʴ<#1;̺Ýʦʔʴ�Kî͎&.��#16#2<ƹˣ&.CC5�1.ͯ Fig. 
2-1EͰ�15 îƉ98M6�#3 ;̺Ýʦʔʴ<ˠ̱�KȤŇ&.ͯFig. 2-1FͰ�
C.�#6;̺Ýʦʔʴ<�Ŭ�KĔ9ʢH�9ɱý&.ͯFig. 2-1C�K FͰ�
";J�9�{sv��`ǿ̛QƄƞ(M̺Ýʦʔʴ<͓ų9ýɞ5�L�,

;ƄƚH¶;̺Ýʦʔʴ6;ÂʧQłÿ$*ʛ 4�M"6�ǝK�681.� 
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Fig. 2-1  �vuŹɏ̺Ýʦʔʴ�Ƅƞ(M{sv��`ǿ̛Č>,;qVx�
`j  
(A) Vv�^�vu;���x�TŹɏͯ ĐʉƉ͵ǘͰ� m, đ; e, ̣͡; s, ʲ; a, ʯ̸; 
cp, Äʸī; cb, ʤȏŲ (ɩŤ)�(B) ���x�TŹɏ9� M̺Ýʦʔʴ;îŰȀž
ͯjt�[���Ͱ�A6R7â4;̺ÝʦʔʴͯʟͰ<ÄŁ�Ʌ9ʤȏŲ9Ȗ14î

Ű&4�M� (C-F) ̺Ýʦʔʴ9JM{sv��`ǿ̛;�T�pV�ˡŜ�Ͳ2;
ßŐɞïɃ�5ͷÐ;̺ÝʦʔʴQʗǠɞ9̔̄&.�jb��~�<�50 µm (A, B); 
20 µm (C-F)� 
  



 11 

 
 
Fig. 2-2  ̺Ýʦʔʴ;ƄƚČ>ťƣɞ{sv��`  
(A, B) 1Ð;̺Ýʦʔʴ;Ƅƚ�̺Ýʦʔʴ<ͫż9ɹ̀Qɜ̤$*4�M�(C, D) ̺
Ýʦʔʴ9JM{sv��`;ƯŅı�ͳÐ;̺Ýʦʔʴ�ɜ̤$*.ʔʴɹ̀5°�

9ƹˣ&Ę14�M�ʟ, MC5 mAb5ǳ˄&.̺Ýʦʔʴ; ˾, propidium iodide (PI)
5ǳ˄&.ǵ�jb��~�< 10 µm� 
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2-3 țŠ$N.~`t�T9ŝ(M̺Ýʦʔʴ;˹͡˖ý 
 
� ǣñ9��V`�y�w�;Ƶá9J14ɏ'.Ù9ŝ&4̺Ýʦʔʴ�ƒ

ʀ(M�Ĝ�Qɬ�FM.F9�h��ŕͨQ˖1.�ɘɄQțŠ&8�ļĘ�

2�5Ð;̺Ýʦʔʴ��V`�y�w�Qõ&.͚ĸ9͋C14�.G;;�
30 î¹æ9ŃʳˋŁ9ě 4ſ�̑&�2 Ǡ̺Ɖ9<ŃʳˋŁ;̐×9ç̫ʧ
&.ͯFig. 2-3A, BͰ��ǔ�a��̓Ɠˈ;ʏ˷ˈQȎ̌ɞń̲9țŠ&.ļ
Ę�ͳǠ̺Ɖ9� M̺Ýʦʔʴ;îŰ<ǝK�9ɘ814�L�ʎ 15�20Ð
;̺Ýʦʔʴ�țŠ̪Â9͋ɵ&4ë͋ĽQƄƞ&4�.ͯFig. 2-3C, DͰ�Ź
ɏÄæ;7;͚ĸ5h��ŕͨČ>ʏ˷ˈ;țŠQ˖14G�̺Ýʦʔʴ9J

MęȀ;˖ý�ˡŜ$N.� 
 
� țŠ$N.ʏ˷ˈ9ŝ(M̺Ýʦʔʴ;˖ýQ Fig. 2-49ɭ&.�țŠɥƉ�
ʏ˷ˈ<ʴʳʸ§9ʢH�9Ưǋ&.ͯ Fig. 2-4A: ɩĆͰ�,;Ɖ 60î¹æ9�
˜ǌ;̺Ýʦʔʴ��ʏ˷ˈ�țŠ$N.͚ĸ;§Ɛ̪9ě�14ɱý&.

ͯFig. 2-4B: ɩŤͰ�2Ǡ̺Ɖ�̺Ýʦʔʴ<ë͋ĽQƄƞ&�Ņ̪î;ʏ˷ˈ
<ʴʳʸ§5ˡŜ$N8�81.ͯFig. 2-4C: ɩŤͰ�țŠ&.ʏ˷ˈ<�3ǘ
Ɖ9<ʴʳʸ§�Kœâ9ȤŇ&�ɹ ʳʸ<țŠö;Ɇƚ9Ƣ1.ͯ Fig. 2-4DͰ�
a��́Ɠˈ5�MŅʻˈ;țŠŕͨ9��4G�̺Ýʦʔʴ<ęȀ;˖ýQ

ɭ&.ͯFig. 3-5, 4-6ĊȿͰ� 
 
� ʛ�4�̺Ýʦʔʴ;ë͋ĽQ̢̖Ķ͐ō͞Ǝ̶5ˡŜ&.ͯFig. 2-5Ͱ�,
;ʘǱ�ë͋Ľ;§Ɛ̪9ʏ˷ˈ�þİÿ$N4�.(Fig. 2-5: ʓ)�þİÿ$
N4�Mʏ˷ˈ;§9<�C$9˹͡$NJ�6&4�MG;/ 58�ͯ Fig. 
2-5: ͮɩĆͰ�Ǘ9˹͡$N.G;Gŏĳ&4�.ͯ Fig. 2-5: ɝɩĆͰ$K9�
";ë͋Ľ§9<̺Ýʦʔʴ;ǵ (Fig. 2-5: nͰ�˜ǌˡŜ$NM��"NK;
̺9<ʔʴĿɔ�ŏĳ*)�˔Ę&4ńǵÄ6814�.� 
  



 13 

 
 
Fig. 2-3  h��ŕͨČ>ʏ˷ˈ;țŠŕͨ  
h��ŕͨ(A, B)5<��V`�y�w� (Ȼʡ)QƵá&4ſ�Ʃ�.͚ĸ?;̺Ýʦ
ʔʴ;ë͋<ˮFKN8��"N9ŝ&4�ʏ˷ˈQțŠ&.ļĘ<�̺Ýʦʔʴ9J

Më͋ĽƄƞ�ˡŜ$NM (C, D; ɩĆ)�èɧ<țŠͳǠ̺Ɖ;ȀōQɭ&4�M�ʟ, 
MC5 mAb5ǳ˄&.̺Ýʦʔʴ; ˾, PI5ǳ˄&.ǵ�jb��~�< 50 µm� 
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Fig. 2-4  ʴʳʸ9țŠ&.ʏ˷ˈ9ŝ(M̺Ýʦʔʴ;̼ƌ˖ý;pV�d�
j  
(A-C) ̺Ýʦʔʴ�ʏ˷ˈQțŠ&.͚ĸ9͋ɵ&�ë͋ĽQƄƞ&4�M�(A);ɩ
Ć<țŠ&.ʏ˷ˈQɭ&4�M�(B) Č> (C) ;ɩŤ<̺ÝʦʔʴQɭ(�(D)9�
�4�ʏ˷ˈțŠ͚ĸ9̺ÝʦʔʴČ>ʏ˷ˈ<ˡŜ$N8��èɧ<ę�ÐÄ;ę�

͚ĸQǄƅ&.G;5�M�Ǡ̺<țŠƉ;Ǡ̺Qɭ&4�M�jb��~�< 20 µm� 
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Fig. 2-5  ̺Ýʦʔʴ9JMë͋Ľ;̢̖Ķ͐ō͞Ǝ̶Û  
ʏ˷ˈQțŠ&.ͳǠ̺Ɖ�ë͋Ľæ̪9þİÿ$N.ʏ˷ˈ(ʓ)9û��˹͡$NŌ
F.ʏ˷ˈ(ͮɩĆ)HǗ9˹͡$N.ʏ˷ˈ(ɝɩĆ)�ˡŜ$NM�ë͋ĽQƄƞ&4
�M̺Ýʦʔʴ;ǵ(n);̺9ʔʴĿɔ<ˡŜ$N8��jb��~�< 5 µm� 
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2-4 ɴ�;ɘɄ9ŝ(M̺Ýʦʔʴ;˹͡Æɑ 
 
� ɴ�;ɘɄQŹɏÄæ9țŠ&.ļĘ;˹͡Æɑ;ǥȼQ Table 1 9C6F
.�Vv�^�vu;ʉōČ>ʳ�KĄ͎&.̺ÝʦʔʴQțŠ&.ļĘQ̀

�ͯFig. 2-7A, 2-8Č> 2-9ĊȿͰ�̺Ýʦʔʴ<�KIMɘɄ9ŝ&4ͳǠ̺
¹æ9˹͡ÆɑQɭ&.�C.�˹͡Æɑ;pV�d�j9ǝɬ8̥�<ˮF

KN8�1.�&�&�¹ 9ɭ(��2�;Ȼ9̻&4�̺Ýʦʔʴ9JM

˹͡Æɑ9<̥��ˮFKN.� 
 
� Fig. 2-6<�fVk;ɘ8M͓ʔʴƓɘɄQȎ̌ɞţ̲țŠ&. 2Ǡ̺Ɖ9�
̺Ýʦʔʴ�ɭ&.˹͡Æɑ;ˡŜʘǱ5�M�ɥƇ 0.2 µm;��kQțŠ(
M6�̺ Ýʦʔʴ<åĶɞ8˹͡ÆɑQɭ&���kQʔʴ˽9ďL̏R/ͯ Fig. 
2-6A, B: ɩĆͰ�Ȉ9�țŠ(M͈9fVkQʾĳ9˴Ǎēʵ8ȕȴQɑ�4ŕ
ͨQ˖1.�̺ÝʦʔʴJLŢ$�fVk;ȕȴͯɥƇʎ 10 µmͰQțŠ&.
ļĘ�Ą�;̺Ýʦʔʴ�˗͔ɵQƯƁ$*M"69JLȕȴQþİÿ&.

ͯFig. 2-6C, DͰ��ǔ�̺ ÝʦʔʴJLGŅ�8fVk;ȕȴͯ ɥƇ 20�30 µmͰ
QțŠ(M6�˜ǌ;̺Ýʦʔʴ�ȕȴ˗͔9ƹɨ&4þİÿ&.ͯFig. 2-6E, 
FͰ� 
 
� ͞ƎțŠ�řǞ8ŢfVk;ʔʴƓɘɄ6&4��vu6Wy;ʉōQɑ�

.�Fig. 2-7 <�ęɴ;Vv�^�vuʉōċ<ɘɴ;��f^Wyʉō
(Strongylocentrotus nudus)Q�ɏ�.Ɇƚċ< 4% paraformaldehyde (PFA) 
5ĲŔ&.Ɇƚ5țŠ&. 2 Ǡ̺Ɖ;ȀōQɭ&4�M�"NK 2 ɴ;ʉōQ
ɏ�.Ɇƚ5țŠ&.6"O�̺Ýʦʔʴ<ɘ8MƒʀQɭ&.�ęɴʉō9

ŝ&4<�̺Ýʦʔʴ�țŠ̪Â9͋ɵ&.G;;�ë͋ĽƄƞ<ɏ'8�1

.ͯFig. 2-7AͰ��ǔ�ɘɴ;ʉōQțŠ&.ļĘ�̺Ýʦʔʴ<Ȏ̌ɞŢ$8
˜ǌ;ë͋ĽQƄƞ&�˹ ͡$N4�8�ʉōGǋ˟$N.(Fig. 2-7B)�țŠ(
MʉōQ PFA5ĲŔ&.ļĘ�̺Ýʦʔʴ<ęɴČ>ɘɴʉō9ŝ&4$K9
ɘ8MƒʀQɭ&.�PFA 5ĲŔ&.ęɴʉō9ŝ&4<�̺Ýʦʔʴ<˜ǌ
;ʈɆ;ë͋ĽQƄƞ&.(Fig. 2-7C)�";͈�˹͡$N4�8�ʉō;̲<�
ɏ�.ɘɴʉōQțŠ&.ļĘ(Fig. 2-7B)6ęɳż5�1.�"N9ŝ&�PFA
5ĲŔ&.ɘɴʉō9ŝ&4<�̺Ýʦʔʴ<Ą�;ë͋ĽQƄƞ&�țŠ&

.ʉō<œâ9˹͡$N.(Fig. 2-7D)� 
  



 17 

Table 1. ɘ8MɘɄ9ŝ(M˹͡Æɑ;ǥȼ  
ɘɄ  ˹͡Æɑ 1) 

͓ʔʴƓɘɄ   
��jr����k(0.2 µm) Yes (Fig. 2-6A, B) 
ȕȴ(10 µm) Yes (Fig. 2-6C, D) 

� � �  (20 µm) Yes (Fig. 2-6E, F) 
ʔʴƓɘɄ�  
���ʏ˷ˈͯa��̓ƓˈͰ� Yes (Fig. 2-3�K 2-5) 
���Ņʻˈͯa��́ƓˈͰ� Yes (Fig. 3-6, 4-5Ċȿ) 

S. nudus����f^Wy��  
�����ɏ�.ʉō� Yes (Fig. 2-7B, 2-8) 
�����PFA5ĲŔ&.ʉō Yes (Fig. 2-7D) 

A. pectinifera��Vv�^�vu���  
ɏ�.ʉō� No (Figs. 2-7A, 2-8) 

PFA5ĲŔ&.ʉō� Yes (Fig. 2-7C) 
ɏ�.̺Ýʦʔʴ� No (Fig. 2-9B) 
PFA5ĲŔ&.̺Ýʦʔʴ� Yes (Fig. 2-9C, D) 

1) ˹͡Æɑ;ǥȼ<țŠͳǠ̺Ɖ9òó&.�ŕͨ<�,N-N 15�20ÐÄ;ŹɏQ
ɑ�4 2Ĭ�C.< 3Ĭ˖��(@4;ÐÄ5ę'ʘǱ�ƋKN.� 
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Fig. 2-6   ̺Ýʦʔʴ9JM͓ʔʴƓɘɄ9ŝ(M˹͡Ɠ;ƒʀ   
(A, B) ţ̲; 0.2 µm;��kͯ ˾�ɩĆČ>ɩŤͰQ˹͡(M̺Ýʦʔʴ;ͳ2;È�

èɧ<̺Ýʦʔʴ;ʔʴ˽͚ĸ;ßŐɞïɃÛ�(B)5<�̺Ýʦʔʴ;ʔʴɹ̀æ5
��k�ˡŜ$NMͯ ɩŤͰ� (C, D) Ą�;̺Ýʦʔʴ9JMɥƇ 7 µm;ȕȴ9ŝ(
MþİÿÆɑ� (E, F) ˜ǌ;̺Ýʦʔʴ9JMɥƇ 20 µm;ȕȴ9ŝ(MþİÿÆɑ�
(D)Č>(F)<�,N-N(C)Č>(E)9ŝƒ&.ßŐɞïɃ;jps`Û�ʟ, MC5 mAb
5ǳ˄&.̺Ýʦʔʴ; ˾, ǵ�jb��~�< 10 µm� 
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Fig. 2-7  ɏ�.ċ< PFA 5ĲŔ&.ęɴċ<ɘɴʉō9ŝ(M̺Ýʦʔʴ9

JMë͋Ľ;Ƅƚ  
(A) ɏ�.Vv�^�vuͯ ęɴͰ;ʉō� (B) ɏ�.��f^Wy;ʉō� (C) PFA
5ĲŔ&.Vv�^�vu;ʉō� (D) PFA5ĲŔ&.��f^Wy;ʉōQțŠ&
4ͳǠ̺Ɖ;Ȁō�͒, ë͋ĽQƄƞ&4�8�̺Ýʦʔʴ; ʟ, ̺Ýʦʔʴ9JMë
͋Ľ; �m�p, ˹͡$N4�8�ʉō�̺Ýʦʔʴ9JMë͋Ľ;ƄƚČ>˹͡$N
ȋ&.ʉō;̲9ǝK�8Ů�ˮFKNM�jb��~�< 20 µm� 
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2-5 ̺Ýʦʔʴ9JMɏ�.ęɴʔʴ9ŝ(Màə¡ƒʀ 
 
� ʔʴƓɘɄ9ŝ(M̺Ýʦʔʴ;ˮ˶ʵùQǝK�9(M.F9�2ɴ͟;ŕ
ͨQ˖1.�C)�ɏ�.ęɴʉōČ>ɘɴʉō (S. nudus)Q,N-N
rhodamine B isothiocyanateͯ RITCͰČ> fluorescein isothiocyanateͯ FITCͰ
Qɑ�4���&ͯFig. 2-8AͰ�ɾ̲ȧĘ&.Ɇƚ5ʴʳʸ§9țŠ&.ͯFig. 
2-8B, CͰ�2Ǡ̺Ɖ�ʉōțŠ͚ĸ;̐×5�̺Ýʦʔʴ9JMŢ$8˜ǌ;ë
͋Ľ�ˡŜ$N.ͯFig. 2-8D: ɩĆͰ�ɘɴʉō9ɒǭ(M FITChax�;Ņ
̪î<"NK;ë͋Ľ§5Ǽí$N.��ęɴʉō; RITC hax�<ë͋Ľ
ğ̎9ǋĳ&.Ɇƚ5Ǽí$N.ͯFig. 2-8E: ɩĆͰ�";J�9�̺Ýʦʔʴ
<�ęɴ�ɘɴʉō�ͫśż5ãŏ(MɎĿ 9��4G�ɘɴʉō;DQ̨

ƪɞ9˹͡(M"6�ǝK�681.� 
 
� Ȉ9�̺Ýʦʔʴ��ęɴɘÐÄɒǭ;̺Ýʦʔʴ9ŝ&4˹͡ÆɑQɭ(

�Ĝ�Ǽ˪&.�ʎ 20�30 Ð;ɏ�.̺ÝʦʔʴQțŠ(M6ͯFig. 2-9AͰ�
țŠ&.̺Ýʦʔʴ<�jvÐÄ;̺Ýʦʔʴ6ãŏ&�24Ǡ̺Ɖ9��4G
˹͡$NM"68�ʴʳʸ§9ǋĳ&4îŰ&.ͯFig. 2-9BͰ��ǔ�PFA 5
ĲŔ&.̺Ýʦʔʴ9ŝ&4<�Ņ�8ȕȴQțŠ&.ļĘ6ęȀ�2Ǡ̺¹æ
9þİÿ&.ͯFig. 2-9C, D: Fig. 2-6E, FGĊȿͰ� 
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Fig. 2-8  ęɴ�ɘɴʉō�ȧĳ(MɆƚ5;̨ƪɞ8˹͡Æɑ  
(A) Vv�^�vuʉō(ęɴ)Č>^p��f^Wy;ʉōQ,N-N RITC Č>
FITC5Ȃ˶&�ɾ̲)2ȧ+�P*.Ȁō� (B-E)<�¥ʉō;ȧĘȥQțŠ&.ɥ
Ɖ (B, C) Č>ͳǠ̺Ɖ(D, E) Qɭ&4�M�(D, E) 9��4�̺ Ýʦʔʴ9JMŢ$

8ë͋Ľ9ŝƒ&. FITChax�;͋ɵ�ˮFKNMͯ ɩĆͰ�jb��~�< 50 µm� 
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Fig. 2-9  ɏ�.ęɴɘÐÄɒǭ;̺Ýʦʔʴ9ŝ(Màə¡ƒʀ  
(A) RITCȂ˶&.Ĺ̺ͤÝʦʔʴQțŠ&.ɥƉ;Ȁō�țŠ$N.̺Ýʦʔʴ<�
ë͋&.Ɇƚ5ʴʳʸæ9ŏĳ(M(ɩĆ)� (B) ɏ�.̺ÝʦʔʴQțŠ&. 24Ǡ̺
Ɖ�țŠ$N.̺Ýʦʔʴ(˾)<ʴʳʸ§Qîǋ&4�M� (C, D) PFA5ĲŔ&.̺
ÝʦʔʴQțŠ&.ͳǠ̺Ɖ�f���< MC5 mAb 5ǳ˄&.�țŠ$N.̺Ýʦ
ʔʴ(˾)��jvÐÄ;̺Ýʦʔʴ(ʟ)9þİÿ$N4�M�jb��~�< 100 µm 
(A); 20 µm (B-D)� 
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2-6 ɚɞČ>ɏɍɞǬ» 5;̺Ýʦʔʴ;ɏÄ̼ƌȆʵ 
 
� Ńʳˋ�ɟʔʴ��\�5�M 8F7 mAb Č>̺Ýʦʔʴ��\�5�M
MC5 mAb Qɑ�4����x�TŹɏQ¯̰ǳ˄&.�,;ʘǱ���2�
;Źɏ9��4�8F7ƨĈ�ʴʳʸ§5Ǽí$NͯFig. 2-10BͰ�,NKQ̺Ý
ʦʔʴ�˹͡&4�MȀō�ˡŜ$N.ͯFig. 2-10C, D: ɩĆͰ�";J�8Ź
ɏ<��̪;Ńʳˋ�ɟh�v�Ƅƚɞ9ˉʣ&4�L�¡ÕŽ8Ɇƚ9˟�

M(Fig. 2-10A: ͮǲ)� 
 
� ɏɍɞǬ» 9��4�̺Ýʦʔʴ�j\��i��6&4;ƆøQƭ14

�M�Ĝ�QǼ˪(M.F�ɥƇ 2 µm;��kQĝR/ȣȑ§5ŹɏQ͢ʰ&
.�(8P0���k�ÄŁQ̢̙&ŹɏÄæ9Ëá(M��G&Ëá(M8

K=,NKQ̺Ýʦʔʴ�˹͡(M��6��Ĩ͝Q˴@.���kQĝR/

ȣȑ§5�ŹɏQ 30î�K 24Ǡ̺V�^���v&.6"O�ʴʳʸ§Č>
ÄŁ5Ǽí$N.��k;ǌ<Ǡ̺Éŏɞ9ŀû&.(Fig. 2-11)�24 Ǡ̺Ɖ�
90%¹�;Źɏ9��4�ʎ 50Ð¹�;��k�Ǽí$N./ 58��,N
K<ŃʳˋŁɥ 5̺Ýʦʔʴ9J14˹͡$N(Fig. 2-12B, C: ͮɩĆ)�ʴʳ
ʸ§9˹͡$N4�8���k<ŏĳ&8�1.�$K9�̺Ýʦʔʴ¹Ń5

��k�ˡŜ$N.͚ĸ<�ŹɏâÄ;Ƅƚ�œâƠ�<¡œâ8Ɇƚ9̻P

K)�ÕŽ8ȀɦQɭ(ŃʳˋŁ5�Lͯ Fig. 2-12AČ> C;ǲæ: Fig. 2-12B, 
D; ͮɩŤͰ�¡ÕŽ8ȀɦQɭ(ŃʳˋŁ5<ˡŜ$N8�1.ͯFig. 2-12C: 
ɝɩĆͰ�8��Źɏ�ͥ6ęȀ��kQǀ͡&4�M.F(Fig. 2-12A: ɝɩŤ)�
̣͡�ʲ�ʻQǿƞ(MæʳˋŁ5;ˡŜ<į͏5�1.� 
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Fig. 2-10  ¡ÕŽ8ȀɦQɭ(Ńʳˋ�ɟ6̺Ýʦʔʴ;˹͡Æɑ  
(A) ͮǲ5ɭ&.͚ĸ;Ńʳˋ�ɟ<�čŝÖ;�ɟͯɩŤͰ6Ȏ̌&4ˉʣ&.Ƅƚ
Qɭ&4�M� (B) (A);ͮǲæ;ƯŅı�Ȼʡ<ʴʳʸ6ŃʳˋŁ;ĿɔQɭ&4�
M�Ńʳˋ�ɟ�Kʴʳʸ§9Ƞí&. 8F7ƨĈ�ˡŜ$NM�(C, D) 8F7ƨĈQď
L̏R5�M̺Ýʦʔʴ(ɩĆ)�ʟ, MC5 mAb5ǳ˄&.̺Ýʦʔʴ; ˾, 8F7 mAb5
ǳ˄&.Ńʳˋɒǭ;�ɟʔʴ�jb��~�< 50 µm (A); 20 µm (B-D)� 
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Fig. 2-11  ŹɏÄæ9Ëá&.��k;ǌ;ʗǠɞłÿ  
ɇɺ&.ͳĬ;ŕͨ9��4�30ÐÄ;ŹɏÄæ5Ǽí$N.��k;ǌ(ŶĵÓ�Ȃ
ȱ˱Ů)Q˗&4�M� 
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Fig. 2-12  ŃʳˋŁQ̢̙&4Äæ9Ëá&.��k9ŝ(M˹͡Æɑ  
(A) ��kQĝR/ȣȑ§5 24 Ǡ̺V�^���v&.œâ8Ƅƚ;Źɏ�ŃʳˋŁ
9��k�Ȼĳ&4�M;�î�M�ɝɩŤ<ʲ;§9ĝCN4�M��kQɭ(�(B) 
(A);ǲæ;ƯŅÛ�ͮ ɩĆ5ɭ&.Ńʳˋɥ ;̺Ýʦʔʴæ9��k�ˡŜ$NM�

(C) ��kQĝR/ȣȑ§5 24 Ǡ̺V�^���v&.¡œâ8Ƅƚ;Źɏ�ɝɩĆ
5ɭ&.ɘų8̪͚͛ĸ5<��k;Ëá�ˮFKN8��(D) (C);ǲæ;ƯŅÛ�(B)
6ęȀ�̺ Ýʦʔʴæ(ͮɩĆ)5��k�ˡŜ$NM�jb��~�< 50 µm (A, C); 20 
µm (B, D)� 
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2-7 ʭŜ 
 
� ɽͳɻ5<�Vv�^�vu;Źɏ9��4�̺Ýʦʔʴ�ɏÄ̼ƌhjt

�Qƭ14�M"6Qɭ&.�Ǫɫɷ5˖1.Ȁ�8ɘɄ;țŠŕͨ�K�̺

Ýʦʔʴ�ńȀ8˹͡˖ýQ̙&4ɏÄ̼ƌȆʵQɭ("6�ǝK�681.

ͯFig. 2-4 �K 2-9Ͱ�$K9�Ņ̪î;̺Ýʦʔʴ<�ŕ͈9ɏÄ̼ƌhjt
��Ƒ˝6$NMÄŁɥ 9��4ýɞ8{sv��`ǿ̛Qǿʅ&8�KȆ

ʵ&4�M"6QɭĦ&.ͯFig. 2-1, 2-10, 2-12Ͱ�Ǫɫɷ5ƋKN.͵2;̰
˝8ɜ˟9̻&4�¹ 9̓@M� 
 
 
̺Ýʦʔʴʔʴ6�`��S�i;ɏÄ̼ƌ˖ý9� M͟ÀƓ 
 
� C)�2<�Źɏ;ʴʳʸ§9țŠ&.ɴ�;fVk;ɘɄ9ŝ(M̺Ýʦ

ʔʴ;˖ý5�M�Ą�;̺Ýʦʔʴ<�͓ʔʴƓ;ɘɄ9ŝ&4ͳ2;ɘ8

MƒʀQɭ&.�̺ÝʦʔʴJLŢ$8��k9ŝ&4<�̺Ýʦʔʴ<˹͡

Æɑ9JL��kQʔʴ˽9ďL̏R/ͯFig. 2-6A, BͰ��ǔ�̺Ýʦʔʴ6
ęɳż;Ņ�$;ȕȴ9ŝ(Mƒʀ<�Ţ$8��k9ŝ(Mƒʀ6<ǝK�

9ɘ8L�̺ Ýʦʔʴ<ʔʴ˗͔QƯƁ&4ȕȴQþİÿ&.ͯ Fig. 2-6C, DͰ�
";˖ý<��¡ƞú;˹͡Æɑ�ͯ frustrated phagocytosisͰ6ġ=NM˖ý6
�ˀ&4�M��¡ƞú;˹͡Æɑ�<�in vitro9��4ƨÄ9J14[�n
y�ÿ$N.Ņ�8ɘɄ;ŶK8˗͔9ŝ&��`��S�i�CM5,NQ

ďL̏G�6(M�;J�9ǣŅ̿¿Ŧ(MȀō�KɅƏ· KN.˖ý5�

M(Cannon and Swanson, 1992; Heiple et al., 1990; Takemura et al., 1986)�
�`��S�i<�ʔʴæʼQʔʴ˗͔9ýĤ(M"69JL�ɘɄ;Ƅ9̻

Ì8��ʾ̈; 2.5 ÑG;˗͔ɵ;ɘɄQ˞�"6�5�M6ĻĞ$N4�M
(Cannon and Swanson, 1992)�̺Ýʦʔʴ9JM̙ų;˹͡ÆɑČ>�¡ƞú
;˹͡Æɑ�6��ͳ2;ʔʴ˖ý<�Źɏ;ɏÄ̼ƌȆʵ9��4ĥ«͟�

`��S�i6ɾÊ5�L�̺Ýʦʔʴ�ʴʳʸ§;ɘɄQ͉("69J14

j\��i��6&4Ȇʵ&4�M"6QɭĦ&4�M� 
 
� ̺Ýʦʔʴ9JMɏÄ̼ƌ˖ý9��4ǣGˁĠȦ�Ȼ<�Ȏ̌ɞń̲8ɘ

Ʉ9ŝ&4ńǵÄQƄƞ(M6��Ȼ5�M(Fig. 2-5)�";ńǵÄƄƞ<�Ņ
�8ȕȴQþİÿ(M͈9Gɏ'4�M6ʭ�KNM(Fig. 2-6E, F)�ńǵÿ<�
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ɘɄ9ŝ&4̺Ýʦʔʴ�͋ɵ&.Ɖ�ʔʴ˔Ę9J14ɏ'4�M�̺Ýʦ

ʔʴ9JMʔʴ˔Ęʵù<�in vitro9��4̢ĉ9ĻĞ$N4�M(Kaneko et 
al., 1990)�C.�Ⱥɛčƒ;͈��`��S�i<˔ĘʵQµ&4ńǵÄQƄ
ƞ(M"6�ɪKN4�M(Anderson, 2000; Chambers and Spector, 1982; 
Papadimitriou and Walters, 1979)�";ńǵÄƄƞ;ɏɍŐɞƘʪ<�22;
ˡȻ�K˲ǝ$N4�M�(8P0�Ņ̲;ɘɄHʾîJL<M�9Ņ�8ɘ

ɄQʴʳʸ§5͎͆5�M�C.�ʔʴ˔Ę9JLńǵÄʾÄ� 1 Ð;ʔʴ6
&4æŃ;ǽƓQǥ(M.F�ŃÖ;ʴʳʸ§58�æ̪;ɘɄ9;DȤÿ̭

ʑQîȘ(M"6�5�M(Chen et al., 2007; Vignery, 2000)� 
 
 
ʔʴƓɘɄ;ˮ˶9� M̺Ýʦʔʴ;ɅƓ 
 
� 22ɤ;̰˝8ʘǱ6&4�ʔʴƓɘɄ9ŝ(M̺Ýʦʔʴ;ˮ˶ʵùQǝK
�9&.�,;ʘǱ<¹ ;J�9C6FM"6�5�M: (1) ̺Ýʦʔʴ<�
ęɴʉō�ͫśż5ŏĳ&4�MɎĿ 9��4G�ɘɴʉōQ̨ƪɞ9˹͡

(M(Fig. 2-8); (2) ̺Ýʦʔʴ<�ɏ�.̺Ýʦʔʴ<˹͡*)�ãŏ(M(Fig. 
2-9); (3) ̺Ýʦʔʴ<�PFAìɍċ<Ǩìɍ;ęɴC.<ɘɴʉō9ŝ&�ɳ
ż;ɘ81.ë͋ĽƄƞQɭ((Fig. 2-7)�"NK;ʘǱ<�̺Ýʦʔʴ��ę
ɴʔʴQ˶ó(M"69JL�ɘɄQˮ˶&4�M"6QɭĦ&4�M�ęǠ

9�̺Ýʦʔʴ��ńȀ8˹͡ƒʀQēʵ9(M̴Ǌ8ˮ˶�\yk�QØ�

4�M"6GɭĦ$NM� 
 
 
ɚɞ8K>9ɏɍɞɆȗ 9� M̺Ýʦʔʴ;ȆʵŕÄ 
 
� 32ɤ<�ɚɞČ>ɏɍɞǬ» 9��4�̺Ýʦʔʴ��ŃʳˋŁ�Kʴʳ
ʸ§9ˊ0̏R/�ɟʔʴ;ȋȫHŃʳˋŁQ̢̙&4Äæ9Ëá&.��k

Q˹͡(M"6QǝK�9&.Ȼ5�M(Fig. 2-10, 2-12)�"NK;ʘǱ<�̺
Ýʦʔʴ��ʴʳʸ§QÕŽ8Ɇƚ6&4ʜƱ(M.F9j\��i��6&

4Ȇʵ&4�M"6QɭĦ&4�M�&�&���k;V�^���vŕͨ;

ʘǱ<�ƛ̰9ʭŜ(MƑ˝��M��ɟʔʴ̺;ʘĘ<��MǬ» 9��

4�ɟh�vǿ̛QʜƱ&.CC�̢ɞ9ˢȤ$N�,;ʘǱ�V�|a��

��Hîˢ̭ʑ87;ŭŅîō�ÄŃɎĿ�Kʴʳʸ§9̢̙(M"6�5�
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M6��ĻĞ��M(Kaneko et al., 1995)�ɋĳ���k�ʔʴ̺͇Q̢̙&4
�M;��ʔʴæQ̢̙&4�M;�<ǝK�9814�8��C.�"NC

5�ȣɐȼʶǻýɄ;Źɏ9��4";J�8ɘɄ;̢̙ɋ˸�ŕ͈9ʾȾ;

ȣ5ɏ'4�M;�<Ǽ˦$N4�8��G&ɏ'4�M;5�N=��vu

Źɏ;ɏÄ̼ƌhjt�9��4�̺Ýʦʔʴ;p�csv<ȣɐ~`t�T

5�O�� 
 
 
̺Ýʦʔʴ;{sv��`ǿ̛ 
 
� 42ɤ;̰˝8ɜ˟<�ŹɏÄæ9� M̺Ýʦʔʴ;ɸ̺ɞ8̫ʧČ>,;
ýƚ5�M�Ņ̪î;̺Ýʦʔʴ9J14ÄŁɥ 5ǿʅ$NM{sv��`

ǿ̛(Fig. 2-1B)<��̓&.ɚɞČ>ɏɍɞǬ» 9� MɏÄ̼ƌhjt�9
614͓ų9üǱɞ/6ʭ�KNM�ˁĠȦ�"69�{sv��`Qǿƞ(

Mė̺Ýʦʔʴ<�°�9ƹˣ&.Lî͎&.L&8�K,;ÂʧQłÿ$*

ʛ 4�M(Fig. 2-1C-F)��,K��̺ Ýʦʔʴ<�¶;̺Ýʦʔʴ6ă˴&4

ɘų®ƚ9ʑǚ�ƒʀ(M.F9��°�9ƖĻQãǥ&8�K�ɚɞ8Ɇƚ

HɘɄ;ËáQɢˠ&4�M;5�O��ŕ͈�in vitro9��4�̺Ýʦʔʴ
��°�9d��yb�v&4�M6��ĻĞ�8$N4�M(Kaneko et al., 
1990)��ǔ�ŹɏÄæ9��4�˹͡Æɑ<ťƣɞ9ɏ'4�M6��®ŕ9
<țƘ(MƑ˝��M�(8P0�̺Ýʦʔʴ9JM{sv��`ǿ̛<Źɏ

;â̈Q\~�&4�MG;;�̺Ýʦʔʴ�d��yb�v(M͚ĸ<͓ų

9̿Ŕ$N4�M6ʭ�KNM� 
 
� ¹��Ǫɫɷ9� MˢǯQ̙&4��vu͟;Źɏ;ɏÄ̼ƌɋ˸9̻(

M Metchnikoff ¹ǭ;u�p/ 58���vuŹɏ;̺Ýʦʔʴ�ɭ(ɏÄ
̼ƌhjt�9ʔʴ���5;Ǔ.8ɪ˟Qƻɭ(M"6�5�.� 
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ǫǑ6ǔș  
 
ŕͨýɄ 
 
� Vv�^�vu A. pectiniferaQ�5Ǥ�Ǜ9Ǯ²Ȯ�6Ǥ�Ǜ9ˇˑȮ�9
Ǥ�Ǜ9͂ŉȮ5Ʒ͋&.�"NK< 15
;ƔȬƍɎȑȁæ9��4 pH 8.0
;³ūȣȑ  (Artificial seawater, ASW: MARINE ART SF-1, Tomita 
Pharmaceutical)5͢ʰ&.� 
 
 
Đʉ8K>9Źɏ;͢ʰ 
 
� ͌ÐÄJLǁí&.ćŪQ 1×10-6 M 1-methyladenineͯSIGMAͰ/ ASW§
5 15î̺�20
5ìɍ(M"69JL�ćƞɁ�ǉćQ˰ɜ&�ƞɁćQƋ.
(Kanatani, 1969)�ʛ�4͊ÐÄJLʉŪQǁí&�ASW9Ɲȶ&4ʉōƝȶ
ȥQƋ.�"NQƞɁć;á1.ȣȑ9ȴ &Đʉ$*.�ĐʉćÄɵ 1 mlƃ
.L 300 mlɳż; ASWQû��20
5ɶH�9ǅƮ&ʛ 8�KĐʉć�K
���x�TŹɏC5ɜɏQ̞˖$*.� 
 
 
�|`��x�ƨÄ 
 
� àəʖʦÿŐ9��4�MC5 Č> 8F7 �|`��x�ƨÄ (mAb)Q�,N
-N̺ÝʦʔʴČ>Ńʳˋ�ɟʔʴ��\�6&4ɑ�.�¥ƨÄ<�Kaneko
K9J14Æ˛$N.G;5�M(Kaneko et al., 1990)�MC5 mAb<��vu
ʳ�KƋKN.ʐʇ8̺Ýʦʔʴ͋ĮQƨĈ6&4Æ˛$N�̺Ýʦʔʴ;ʼ

˗͔9ŏĳ(M 73 kDa;îō9Ƃ�čƒ(M(Kadota et al., 2001)�8F7 mAb
<ˢ͎&.�vuʳ;�ɟʔʴQƨĈ6&4Æ˛$N�˭&�ƨĈƓ<ȓŔ$

N4�8���Ńʳˋ�ɟʔʴ;ʔʴ˽͚ĸ;͖ɼÖ9îŰ(M͜ʈɆ;Ʉ˽

Qˮ˶(M�Monoclonal Typing Kit (Birmingham res.)Qɑ�4�MC5Č>
8F7 mAb;f�`�j<,N-N IgG1�IgG25�M"6QęŔ&.� 
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àəʖʦÿŐǳ˄ 
 
� ���x�TŹɏ<�4% PFA (Sigma) / ASWQɑ�4�ŖȬ5 1Ǡ̺ĲŔ
&.�"NKQ�ɏɍ͡ľȑͯ phosphate-buffered saline, PBSͰ5 3ĬȝȡƉ�
éTlv�ͯWakoͰQɑ�4�-20
5 10 î̺�ƉĲŔQǕ&�PBS 5 3 Ĭ
ȝȡ&.�,;Ɖ��ȈƨÄ6&4MC5 mAbQû��ŖȬ5 20î̺V�^�
��v&.�PBS 5 3 ĬȝȡƉ�¯ȈƨÄ6&4 Alexa488-congugated goat 
anti-mouse IgG(H+L) (Molecular Probes: PBS5 2000Ñű̯)Qû��ŖȬ5
20î̺V�^���v&�PBS5 3Ĭȝȡ&.�ǵǳ˄Q˖�͈9<�¯Ȉƨ
Ä6ã9�PI (0.1 µg/ml: Wako)Qû�.�MC5Č> 8F7 mAb9JM¯̰ǳ˄
QǕ(ļĘ�MC5 mAb9J14ǳ˄&.f���9ŝ&��ȈƨÄ6&4 8F7 
mAb�¯ȈƨÄ6&4 Texas Red-conjugated goat anti-mouse IgG2a(γ2a) 
(Molecular Probes: PBS5 2000Ñű̯)Qɑ�.� 
 
 
͞ƎțŠŕͨ;.F;ɘɄ 
 
� ʔʴƓɘɄ<¹ ;J�9ȱØ&.�ʏ˷ˈ Bacillus nattoͯa��̓ƓˈͰ
Č>Ņʻˈ Escherichia coliͯa��́ƓˈͰ< LB medium (Qbiogene Inc)§
5 24Ǡ̺Ĺͤ&.Ɖ�1700×g5 5î̺̦Ɛ&���svQ ASW5ȝȡ&.�
Vv�^�vu A. pectiniferaČ>^p��f^Wy S. nudus;ʉō<�ʉŪ
Qʔǒ&.Ɖ ASW §5Ɲȶ&4Ƌ.�200×g 5 5 î̺̦Ɛ&4ʘĘƓʖʦʔ
ʴQ̀ĉ&.ʉōƝȶȥQɑ�4�ʉō;˓ßȂ˶Q˖1.�Vv�^�vu

Č>^p��f^Wy;ʉōƝȶȥ9�ASW 5Ȳˢ&. rhodamine B 
isothiocyanate (RITC, Sigma)ċ< fluorescein isothiocyanate (FITC, Sigma)
Qʕȷż 0.6 mM68MJ�9û��ŖȬ5 1Ǡ̺V�^���v&�1700×g
5 5î̺;̦Ɛ9JL ASW5 3Ĭȝȡ&.� 
 
� ̺Ýʦʔʴ<�̢ĉ;ĻĞQG69ȱØ&.(Kaneko et al., 1995)�§ǧĈʻ
ʳ;ˢ͎ʔʴQ̷ǧ̺°�9ƹˣ5�8�J�9ʜƱ&�,;Ɖ��jrs`

h����5V�^���v&.�";ǆÆ9JL���jrs`h����

9<�̺Ýʦʔʴ;D5ǿƞ$NMʔʴ͋Į681.�";̺ÝʦʔʴQ�

trypsin (1 mg/ml)QĝR/ ASW5�ŖȬ5 5î̺ìɍ(M"69JLh���
�KĬĎ&.(Kaneko et al., 2005)��ɟʔʴČ>̺Ýʦʔʴ<�ʕȷż 0.6 mM 
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; RITCQĝR/ ASW5�ŖȬ5 30î̺ìɍ(M"69JLȂ˶&�,;Ɖ
ASW5 3Ĭȝȡ&.���2�;ŕͨ5<�ʉō�̺ÝʦʔʴČ>�ɟʔʴQ
4% PFA QĝR/ ASW5ĲŔ&.�̺Ýʦʔʴ¹Ń;ʔʴƓɘɄ<�ASW5
ƝȶƉ�OD600Q 1.09˴˛&.� 
 
� ͓ʔʴƓɘɄ6&4<�˓ßȂ˶��jr����k(Fluoresbrite carboxy 
YG microsphere, Polysciences Inc.; ɥƇ 0.2Č> 2.0 µm)Č>h�d�[V�
(Shin-Etsu Chemical)Qɑ�.� 
 
 
͞ƎțŠ 
 
� Kiehart 9J14̹ɜ$N.͞ƎțŠɑr��~�§9ŹɏQÎƱ&.
(Kiehart, 1982)�â4;ʔʴƓɘɄ<��V`�y�w�(̳Þ;ɥƇʎ 10 µm)
9țáƉ�FemtoJet(Eppendorf)Qɑ�4�ßŐ͞Ǝ̶(Olympus BH) 5Źɏ
;ʴʳʸ§9͞ƎțŠ&.�˓ß��kČ>h�d�[V�<��V`�y�

w�(̳Þ;ɥƇ 2ċ< 10 µm)9țá&��y����p�(Narishige, 1M-188)
Qɑ�4Ȏ̌ɞţ̲Q͞ƎțŠ&.� 
 
 
˓ß��kŏĳ 5;Źɏ;V�^���h�� 
 
� ʎ 800ÐÄ;ŹɏQ�40 µl;˓ß��kQĝR/ 6 ml; ASW§5�20

9��4ɴ�;Ǡ̺V�^���v&.�ASW5 4ĬȝȡƉ�4% PFA QĝR
/ ASW5ŹɏQĲŔ&.� 
 
 
˓ßČ>ßŐ͞Ǝ̶ˡŜ 
 
� ɏ�.ċ<ĲŔ&.f���<�ãȽȻ��g�͞Ǝ̶(Fluoview, Olympus)
ċ<ßŐ͞Ǝ̶(Olympus BH)5ˡŜ&.�ėɴ;ǳ˄QǕ&.f���<�T
�e���g�(487 nm)�M�<��W�{[���g�(543 nm)QȿŠ&4
ˡŜ&.� 
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̢̖Ķ͐ō͞Ǝ̶ˡŜ 
 
� ͞ƎțŠŕͨ9J14ƋKN.ŹɏQ�2.5% glutaraldehyde (Polyscience) 
QĝR/ ASW§5�ŖȬ5 2Ǡ̺ĲŔ&.�,;Ɖ�0.1% OsO4 (Polyscience) 
QĝR/ ASW§5 4Ǡ̺�ƉĲŔQǕ&�epoxy resin (Nissin EM)§9þķ
&.�́ˎïɃ<�Porter-Blum MT2 ultramicrotome9J14Æ˛&.�,
;Ɖ�4% uranium acetate5 20î̺�,;Ɖ 0.4% lead citrate5 10î̺ǳ
˄&.�ˡŜ<�JEOL 1001 electron microscope (Hitachi)9��4�80 kV
5˖1.� 
 
 
ʔʴǌȭŔ 
 
� Źɏ40ÐÄQ�5 mM ethylendiaminetetraacetic acidQĝR/2 ml;1.2 M 
glycine Ȳȥ(washing medium; WM)5ʆĄ9ȝȡ&.�,;Ɖ�0.1 mg/ml 
trypsinQĝR/ 0.2 ml ;WM§5Ą�;ʔʴ9ˢ͎&�ThomaĶ˕Ɍ˥ʂ
ɣ(Merk)Qɑ�4ʔʴǌQȭŔ&.�̺Ýʦʔʴ;ǌ<�MC5 mAbČ> PI5
¯̰ǳ˄QǕ&.f���9ŝ&4�ãȽȻ��g�͞Ǝ̶ (Fluoview, 
Olympus)9JM̰:ĘP*ÛQƋ.Ɖ�MC5̓Ɠhax�§; PIhax�;
ǌ9JLȭŔ&.� 
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ɽʹɻ 

 

̺Ýʦʔʴ9JMàəƒʀ;ʔʴæ˴ʄĭō:  

ApDOCK p��`˽ 
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3-1 ʠˤ 
 
� Vv�^�vuŹɏ;ɏÄ̼ƌhjt�QȦ�ɍˢ(M.F9<�ɘɄ9ŝ

(Màəƒʀ;̢ɳ5̺Ýʦʔʴ;qVx�`jQôƌ(Mîō�\yk�Q

ǝK�9(MƑ˝��M�ɽʹɻ5<�̺Ýʦʔʴ;̼ƌ˖ý9ŝ(Mʔʴæ

ôƌĭō;Ò˚6&4 DOCK180 j����S���p��`˽9ɨɤ(M�
DOCK180 ̻̜p��`˽<aTy�z`�[rw±Ƽĭō6&4J�ɪKN
4�L�DOCK homology region-1 (DHR-1)Č> DHR-2w�V�6ġ=NM 2
2;w�V�Qã̙&4ǥ&4�M(Cote and Vuori, 2007)�"NK;w�V�
<�DOCK180 j����S���p��`˽;ʔʴʼ?;�`��v9̻¢
&4�L�ʔʴʼ?�`��v$N."NK;p��`˽< ELMOH Crk�Rac
p��`˽ɾ6ă˴&4T`r�ʔʴͪǷQç̫ʧ(M(Cote and Vuori, 2007; 
Reif and Cyster, 2002)�C.�DOCK180j����S���p��`˽<�
ĥ«͟�ɟʔʴ;¿ŦHɱý(Sanders et al., 2009)�ʡ˒ Caenorhabditis 
elegans 9� MT�v�hjʔʴ9ŝ(M˹͡ÆɑH distal tip cell ;ɱý
(Wu and Horvitz, 1998)�h�Wi�W~Y Drosophila melanogaster9� 
M�ɟʔʴ;ɱýHɿ˅ʔʴ;˔Ę(Erickson et al., 1997; Rushton et al., 
1995)�m���Ush�9� Mɿ˅ʔʴ;˔Ę(Moore et al., 2007)��sv
ȣͦy����;̊ʒƞ̷(Watabe-Uchida et al., 2006)ɾ���2�;̰˝8
ʔʴ˖ýQôƌ&4�M"6�ǝK�6814�M�";J�9�DOCK180
̻̜p��`˽<�,;ǿ̛�ǌń�;ýɄɴ9��4̞ÿɞ9Îŏ$N4�

L�ńȀ8ʔʴɴ;qVx�s`8ʔʴ˖ýQʔʴæ5ôƌ&4�M�ˁĠȦ

�"69�DOCK180j����S���p��`˽;�ɴ5�MDOCK2<�
BʔʴČ> Tʔʴ(Nishihara et al., 1999)�Ŋ§Ɍ(Kunisaki et al., 2006a)�x
r���^��ʔʴ(Kunisaki et al., 2006b)��`��S�i(Nishihara et al., 
1999)ɾ;̛˕ʌʔʴ9��4Ʌɘɞ9ɜɋ&4�M�"NK;̛˕ʌʔʴ9�
 M DOCK2 ;ôƌ�\yk�<�˿ÿƓɱý;ˡȻ�Kʉùɞ9ɫɷ�̞F
KN4�M(Fukui et al., 2001; Kunisaki et al., 2006a; Reif and Cyster, 2002)� 
 
� Ǫɫɷ5<�Vv�^�vuʳ;̺ÝʦʔʴQǫǑ9Æ˛&. cDNA�V�
����K DOCK180̩½ō;[�n�aQƸʒ&�ƋKN.̩½ō9̻&4�
Źɏ;ʾȾàəhjt�9� M̺Ýʦʔʴ;qVx�`j;ôƌʵQǝK�

9(M"6Qɤɞ6(M� 
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3-2 ApDOCK p��`˽;îōǿ̛ 
 
� Vv�^�vuʳ;Ĺ̺ͤÝʦʔʴ; cDNA �V�����K��v
DOCK180̩½ō;[�n�a�ApDOCKͯ GenBank accession no. AB669902Ͱ
QęŔ&.�ApDOCK̩½ō;â̷<ʎ 5800 bp5�L�1866T�|̮ȋĺ
�K8Mp��`˽Qd�w&4�.�ApDOCKp��`˽;ǿ̛;ȃžıQ
Fig. 3-1A9ɭ(�ApDOCKp��`˽<�DOCK180p��`˽j����
S���;Ȇʵ�̰˝6$NM̞ÿɞ9Îŏ$N. 22;w�V��DHR-1Č
>-2w�V�Qǥ&4�. (Fig. 3-1B, C)�$K9�NǩɼÖ9 Src Homology 
3 (SH3)w�V��CǩɼÖ9 CrkʘĘ�r�� (PPxLPxK)QĝE�����
sr͚ĸQGǥ&4�.�"NK;w�V�ǿ̛<�ĥ«͟ DOCK180 p��
`˽6ɦę5�1.(Cote and Vuori, 2002)� 
 
� Fig. 3-1D9DOCK180j����S���;îōʌʙȄQɭ&.�";§5�
ApDOCKp��`˽<DOCK-Af��S���9î͟$N��v;DOCK180 
(70%)�DOCK2 (67%)�DOCK5 (66%);D8K)�Wy DOCK (84%)�h�W
i�W~Y Myoblast City (MBC; 55%)6Gͫ�͟ÀƓQɭ&.�C.�
ApDOCK p��`˽QɅƏ· M SH3�DHR-1�DHR-2 w�V�<��v
DOCK1806,N-N 55%�59%�49%6ͫ�͟ÀƓQɭ&.� 
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Fig. 3-1  ApDOCK p��`˽;̫ðˢǯ  
(A) ApDOCKp��`˽;ǿ̛;ȃžı�DHR-1(͒˄)�DHR-2(˾˄)w�V�9û�
4�NǩɼÖ9 SH3w�V�(ͭ˄)�CǩɼÖ9�����sr͚ĸ(ͮ˄)Qǥ&4�
M�";�����sr͚ĸ9<�CrkʘĘ�r��(PPxLPxK)�ĝCN4�M� (B, 
C) DHR-1(B)Č> DHR-2(C)w�V�;��r��T�V���v�ApDOCKp��
`˽�DOCK180(BAA09454)�DOCK2(BAA13200)�MBC(NP_477144)�Cell Death 
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abnormal-5 (CED-5; AAC38973);ėw�V�Q ClustalW5T�V���v&.�ė
̫ð5 50%¹���ˀ&.T�|̮ȋĺQ͒˄;a�u�h��5ɭ&.� (D) 
DOCK180p��`˽j����S���;îōʌʙȄ�jb��~�<�T�|̮ȋ
ĺ 0.1Ð;ʧƼQɭ&4�M�42;f��S���<�Cote and Vuori;Ŕʪ9Ɗ1
4�M(Cote and Vuori, 2002)�ApDOCKp��`˽¹Ń;p��`˽9̻&4<�
National Center for Biotechnology Information;T`lsh��ɗĕQ˧̍&4�
M� 
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3-3  ���Z�|T�rl�j[�e�̺Ýʦʔʴ;Ǡɸ̺ɞîŰČ>
Ƅƚ9ČB(ƅ͕ 
 
� ApDOCK p��`˽;Ȇʵ̽ŗ9Þɺ0�3 2;ɘ8Mȷż (1.2, 12, 120 
µM);���Z�|T�rl�j[�e (ApDOCK-MO)C.<d�v���
���Z�|[�e (control-MO)QǨĐʉć9țŠ&�ĐʉƉɜɏ$*.�â
4;ȷż9��4�¥ MO 5ìɍ&.f���<Ȋų8ɜɏjbi���Qɭ
&�§ǧĈʻʳǧ9� MĈʻÞɼ�K;̺Ýʦʔʴ;íɋ�,;Ɖ;�ɟh

�vɥ 5;îŰ;pV��a9̥�<ˮFKN8�1. (,N-N n > 100)�
MC5 mAbQɑ�4�120 µM;MO5ìɍ&.ĐʉƉ 4ǘ; ApDOCK-MOŹ
ɏČ> control-MOŹɏ9� M̺Ýʦʔʴ;Ǡɸ̺ɞîŰQ˴@.6"O�¥
f���9��4MC5ƨĈ;ɐɏ<Ȋų5�1.(Fig. 3-2A, B)�ŅĂ;̺Ýʦ
ʔʴ<ŃʳˋʤȏŲČ>Äʸī�ȤÿʃŁ9Ȗ14îŰ&4�.�$K9�¥

f���;Ð�;̺Ýʦʔʴ;Ƅƚ9GŮ<ˮFKN)�70K;̺Ýʦʔʴ

Gͫż9ʔʴɹ̀Qɜ̤$*4�MȀō�ˡŜ$N.(Fig. 3-2C, D)�";J�
9�¥MOŹɏ9��4̺Ýʦʔʴ;Ǡɸ̺ɞîŰČ>Ƅƚ9Ů<ˮFKN)�
"NK;ɅƏ<�ɽͳɻ5ɭ&.Ȋųɜɏ9� MîŰČ>Ƅƚ6ęȀ5�1

.(Fig. 2-1BČ> 2-2QĊȿ)� 
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Fig. 3-2  120 µM ; control-ċ< ApDOCK-MO QțŠ&.ć�KƋKN.�
��x�TŹɏ (ĐʉƉ 4 ǘ )9� M̺Ýʦʔʴ;ɸ̺ɞîŰČ>Ƅƚ  
(A, B) control-MO(A)Č> ApDOCK-MO Źɏ(B)9� M̺Ýʦʔʴ;ɸ̺ɞîŰ� 
(C, D) control-MO(A)Č> ApDOCK-MOŹɏ(B)9� M̺Ýʦʔʴ�MC5 mAb5ǳ
˄&.Źɏ;ßŐɞïɃ;jps`Û�(C, D)5<�PIǳ˄9JLǵQ˾5ɭ&4�M�
jb��~�<�50 µm(A, B); 5 µm(C, D)� 
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3-4 ApDOCK p��`˽;Ȇʵ̽ŗ�̺Ýʦʔʴ9JMɘɄ?;ɱý9
ČB(ƅ͕ 
 
� ̺Ýʦʔʴ<�țŠ$N.ɘɄ9ŝ&4ȟɜ9ɱý�͋ ɵ(M (ɽͳɻĊȿ)�
"NK;̺Ýʦʔʴ;qVx�`j9ŝ(M ApDOCK p��`˽;ôƌȆʵ
Q˴@M.F9�120 µM;MO5ìɍ&.ĐʉƉ 4ǘ; control-MOŹɏČ>
ApDOCK-MO Źɏ9Ņ�8ȕȴ (ɥƇ 20 µm)QțŠ&.�ȕȴ<�̺Ýʦʔ
ʴ�A6R7îŰ&4�8�Źɏ;̪͚͛ĸ;ʴʳʸ§Ɛ̪9țŠ&.(Fig. 
3-3A: ˾¨)�contol-MOŹɏ5<�̺Ýʦʔʴ<țŠƉ 2Ǡ̺9��4åĶɞ
8̼ƌ˖ýQɭ&�6�8Ð;̺Ýʦʔʴ�ȕȴ9ě�14͋ɵ&.Ɖ�ˋɆº
̂Qȕȴ˗͔9¿Ŧ$*.(“þİÿÆɑ”: Fig. 3-3B, control-MO)�";͈�̺
Ýʦʔʴ9JMɱý�͋ɵ<�țŠƉ 30îQ́�.͗9ȟɜ981.�ʛ�4
60 îƉ9<þİÿ˖ý�͞ˌ98L�,;Ɖþİÿ<Ʊʛ&.��ǔ�
ApDOCK-MOŹɏ5<�ȕȴQțŠ&4 2Ǡ̺Ɖ;ʴʳʸ͚ĸ<țŠɥƉ6̥
��8�1. (Fig. 3-3B, ApDOCK-MO)��̪;̺Ýʦʔʴ��̢ɞ9ȕȴ9
ŝ&4ƒʀ(MȀō�ˡŜ$NMļĘG�1.��ń�;ļĘ5�̺Ýʦʔʴ

9JMɘɄ?;ɱý<ˡŜ$N8�1.� 
 
� ";J�8̺Ýʦʔʴ9� Màə˖ý;Ʀô��ApDOCK-MO9JMɅɘ
ɞ8ʫ˩̽ŗ9JMG;�6��Ĩ͝QǝK�9(M.F9�țŠ 2 Ǡ̺Ɖ9
��4ȕȴ9ƹˣ&4�M̺Ýʦʔʴǌ; ApDOCK-MO 9ŝ(MȷżÉŏƓ
Q˴@. (Fig. 3-3C)�,;ʘǱ�ApDOCK-MO ȷż;ŀû9¾��ȕȴ9ƹ
ˣ&4�M̺Ýʦʔʴǌ<ǥƘ9Ȫţ&4�1.  (Fig. 3-3C)��ǔ�
control-MOŹɏ5<�MOȷż�łÿ&4GȕȴQþİÿ(M̺Ýʦʔʴǌ9
łÿ<ˮFKN)�ų9 6�8Ð5�Ŕ5�1. (Fig. 3-3C)�"NK;ʘǱ<�
ɇɺ&. 2Ĭ;ŕͨ9��4�ėMOȷż5ȕȴQțŠ$N. 35ÐÄ�KƋK
N.G;5�M�120 µM¹�;MOȷż<˴@4�8�� 
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3-5  ApDOCK p��`˽;Ȇʵ̽ŗ�̺Ýʦʔʴ9JMþİÿÆɑ9

ČB(ƅ͕ 
 
� Ȉ9�ĐʉƉ 4 ǘ; ApDOCK-MO Źɏ9��4�̺Ýʦʔʴ�ś9îŰ&
4�MŃʳˋ�ɟɥ  (Fig. 3-3A; ͭ¨)9 Fig. 3-3B;ļĘ6ę'fVk;ȕ
ȴQțŠ&.�Fig. 3-3D<�țŠ&.ȕȴ9ŝ(M 4Ð;̺Ýʦʔʴ;˖ýQ
ɭ&4�M�țŠɥƉ�K 10î;̺9�2Ð;̺Ýʦʔʴ (ͮɩĆČ>ɝɩŤ)
�ȕȴ9ƹ̐&.Ɖ�ƹˣ&.�,;Ɖ; 10î̺5�3ɗɤ;̺Ýʦʔʴ(ͮɩ
Ť)�Þ; 2Ð;̺Ýʦʔʴ9ûP1.�&�& 75îƉ�2Ð;̺Ýʦʔʴ (ͮ
ɩĆČ>ͮɩŤ)<ȕȴ�K͎N�ȋ1. 1Ð;̺Ýʦʔʴ (ɝɩŤ);D�ȕȴ
9ƹˣ&ʛ .��ǔ�ɝɩĆ5ɭ&.̺Ýʦʔʴ<�ȕȴC5;͎̃�ȕȴ

9ƹˣ&.¶; 3 Ð;̺Ýʦʔʴ6ęȀ5�M9G��PK)�ȕȴ9̐3�
"68�̦%�14�1.�$K9�Ʋǁ(@�̰˝8˖ý6&4�control-MO
Źɏ;ļĘ6Ȏ̌&4 ApDOCK-MO Źɏ;̺Ýʦʔʴ<ȕȴ�5�ǙˋɆº
̂Q¿Ŧ$*4G�";¿ŦQʜƱ5�)Ďʣ$*MÚě�ˮFKN.�";

J�9�ApDOCK-MOŹɏ;̺Ýʦʔʴ<ȕȴQāî9þİÿ(M"6�íǭ
8�1.  (Fig. 3-3E)�";þİÿÆɑ;¡â<�˴@. 35 ÐÄâ4;
ApDOCK-MO Źɏ5ˡŜ$N.�"N9ŝ&�control-MO Źɏ5<�˴@.
20ÐÄâ49��4œâ9ȕȴQþİÿ&.� 
 
� ̺Ýʦʔʴ;àə˖ý9ŝ(M ApDOCKp��`˽;̻¢��̺ Ýʦʔʴ;

�ɟh�vɥ ?;ɱý�̞˖&4�Mɜɏñǧ9��4GˮFKNM�Ĝ�

Q˴@M.F9�Fig. 3-36ęȀ;ȕȴQĐʉƉ 30Ǡ̺; control-MOĈʻʳ
9țŠ&.�,;ʘǱ�";Ĉʻʳ;̺Ýʦʔʴ<�ȕȴ9ƹˣ&4Gþİÿ

*)9�ɟh�vɥ ?;ɱýQʛ . (Fig. 3-4)�"NK;˖ý<�Fig. 3-3D
5ˡŜ$N. ApDOCK-MOŹɏ;̺Ýʦʔʴ;˖ý6J�À4�.� 
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Fig. 3-3  Ņ�8ȕȴ9ŝ(M̺Ýʦʔʴ;àəƒʀ9� M ApDOCK-MO;
ƅ͕  
(A) ȕȴQțŠ&. 22;ʴʳʸ͚ĸ�MC5 mAb5ǳ˄&.ĐʉƉ 4ǘ;���x�
TŹɏ;|��j^�ǝˠ̱Û8K>9 1 µm̺͆5Ǆƅ&.ßŐɞïɃ;jps`Û�
˾¨<̺Ýʦʔʴ�A6R7îŰ&4�8�̪͛;ʴʳʸ͚ĸ�ͭ ¨<̺Ýʦʔʴ�ś

9îŰ&4�MŃʳˋ�ɟh�v̐×;ʴʳʸ͚ĸQɭ&4�M�(B) 120 µM;MO
QțŠ&.ć�KƋ.���x�TŹɏ(ĐʉƉ 4ǘ);̺Ýʦʔʴ9JMàəƒʀ�ȕ
ȴ<(A);˾¨5ɭ&.ʴʳʸ͚ĸ9țŠ&4�M�èɧ<|��j^�ǝˠ̱Û8K
>9ŝƒ(MßŐɞïɃ;jps`Û�̺ÝʦʔʴČ>ǵQ,N-NMC5 mAb(ʟ)Č
> PI(˾)5ǳ˄&4�M�(C) ̺Ýʦʔʴ9JMàəƒʀ9ŝ(M ApDOCK-MOČ>
control-MO;ȷżÉŏƓ�țŠ 2Ǡ̺Ɖ9ȕȴ9ƹˣ&4�M̺ÝʦʔʴǌQɭ&4
�M(ė 35ÐÄ)�̺Ýʦʔʴǌ<�PI5ǳ˄$N.ǵ;ǌ5ȓŔ&.�Çɑ&. MO
;ȷż<ı9ɭ&.�∗∗∗,  P < 0.001; ∗∗,  P < 0.01; N.S.�ǥƘŮ8&ͯtǼŔͰ�(D) (A)
;ͭǲ͚ĸ9țŠ&.ȕȴ9ŝ(M̺Ýʦʔʴ;àəƒʀ�èɧ<�ßŐ͞Ǝ̶ 5˖

1.pV���jýɓ�KƩ�í&.G;5�M�Ǡ̺<țŠƉ;Ǡ̺Qɭ(�ͮ ɩĆ

Č>ͮɩŤ5ɭ&. 22;̺Ýʦʔʴ��ȕȴ9ƹˣƉ͎N4���(E) ApDOCK-MO
Źɏ;̺Ýʦʔʴ9JM¡œâ8þİÿÆɑ�ȕȴQœâ9˞14�8��țŠ 2Ǡ̺
Ɖ9MC5 mAb5ǳ˄&.Źɏ�jb��~�<�100 µm(A); 20 µm(B, D, E)� 
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Fig. 3-4  control-MO Ĉʻʳ (ĐʉƉ 30 Ǡ̺ );̺Ýʦʔʴ9JMŅ�8ȕȴ
9ŝ(Mƒʀ  
èɧ<�ßŐ͞Ǝ̶ 5˖1.pV���jýɓ�KƩ�í&.G;5�M�Ǡ̺<ț

ŠƉ;Ǡ̺Qɭ(�ɩŤ5ɭ&.̺Ýʦʔʴ<��Ǚ<ȕȴ9ƹˣ(M��,;Ɖȕȴ

�K͎N4̦%�14���jb��~�< 20 µm� 
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3-6  ApDOCK p��`˽;Ȇʵ̽ŗ�̺Ýʦʔʴ9JMʔʴ˔ĘČ>

˹͡Æɑ9ČB(ƅ͕ 
 
� Ȉ9ApDOCK-MOŹɏ(ĐʉƉ 4ǘ)9� M̺Ýʦʔʴ;ńǵÄƄƞČ>˹
͡Æɑ9̻&4˴@.�"NK;qVx�`jQ˴@M.F9<�̺Ýʦʔʴ

6ɘɄ;ƹˣ�Ƒ˝5�M.F�ȕȴC.<�V`���kQŃʳˋ�ɟh�

vɥ (Fig. 3-3A, ͭ¨5ɭ&.͚ĸ)9țŠ&.�C)ʔʴ˔Ę9̻&4<�ȕ
ȴ˗͔5�̢ɞ9¿Ŧ&4�M̺Ýʦʔʴ;ǵQēˠÿ(M"69JLòǒ&

.�MC5 mAbČ> PI5ŹɏQ¯̰ǳ˄&.6"O�ʔʴ˔Ę�ɏ'."6Q
ɭ(�ʔʴ˽9 2 2;ǵQǥ(M̺Ýʦʔʴ�ˡŜ$N.(Fig. 3-5A)�ęȀ;
ʘǱ� ApDOCK-MOŹɏ 20ÐÄ§ 17ÐÄ5ˡŜ$N.�ęȀ;T���r
5�ApDOCK-MOŹɏ9��4̺Ýʦʔʴ9JM�V`���k;ȟɜ8ďL
̏DGˡŜ$N. (Fig. 3-5B)�ApDOCK-MO Źɏ�control-MO Źɏ;̺5�
�V`���k9ŝ(M˹͡ȟƓ9Ů<ˮFKN8�1. (ė n = 15)� 
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Fig. 3-5  ApDOCK-MO Źɏ9� MŅ�8ȕȴČ>�V`���k9ŝ(M
àəƒʀ  
ĐʉƉ 4ǘ; ApDOCK-MOŹɏ;�ɟh�v̐×9ȕȴ(A)ċ<�V`���k(B)Q
țŠ&. 2Ǡ̺Ɖ;Ȁō�(A) MC5 mAb(ʟ)Č> PI(˾)5ǳ˄&.Źɏ;ßŐɞïɃ;
jps`Û8K>9ŝƒ(M|��j^�ǝˠ̱Û�ȕȴ�9¿Ŧ&.̺Ýʦʔʴ5ǵ

(˾)� 22ˡŜ$NM�(B) ßŐɞïɃÛ8K>9ŝƒ(M|��j^�ǝˠ̱Û�"
NK 32;èɧ9��4�3Ð;̺Ýʦʔʴ�,N-N 4�6�1Ð;�V`���kQ
ďL̏R5�M�jb��~�<�20 µm� 
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3-7  ~`t�T9ŝ(M ApDOCK-MO Źɏ;̺Ýʦʔʴ;àəƒʀ 
 
� JLɋŕɞ8àəƒʀQ˴@M.F9�ʔʴƓɘɄ6&4 RITC Ȃ˶&.~
`t�T(Ņʻˈ);țŠQˬD.�ĐʉƉ 4ǘ;Źɏ;ʴʳʸ;§Ɛ̪9~`t
�TQțŠ&. 2Ǡ̺Ɖ�control-MOŹɏ;̺Ýʦʔʴ<ë͋ĽQƄƞ&�~
`t�TQþİÿ&. (Fig. 3-6A, control-MO)��ǔ�ApDOCK-MOŹɏ9�
�4<�̺Ýʦʔʴ<ë͋ĽQƄƞ(M"68��Ð�;ʔʴ�ɇɺ&4~`

t�TQ˹͡&. (Fig. 3-6A, ApDOCK-MO)�$K9�ApDOCK-MOŹɏ5
<~`t�T;͡@ȋ&Gʴʳʸ;ź�͚ĸ5ˡŜ$N.�"NK;ʘǱ<�

ˡŜ&. control-MOŹɏ (30ÐÄ)�ApDOCK-MOŹɏ (23ÐÄ);â49�
�4ęȀ5�1.� 
 
� Fig. 3-6B<�RITCȂ˶&.~`t�TQ ApDOCK-MOŹɏ;Ńʳˋ�ɟ
h�v̐×9țŠ&.ļĘ;ƒʀQɭ&4�M�Fig. 3-3A5ɭ&.J�9�"
;͚ĸ5<̺Ýʦʔʴ;ǌ�Ȏ̌ɞń��";ļĘG�ŅĂ;̺Ýʦʔʴ<,

N-Nɇɺ&4~`t�TQ˹͡&�ǝK�8ë͋ĽƄƞQɭ$8�1.�&

�&ɲ9�2Ð¹�;̺Ýʦʔʴ�ʔʴÄQśɨ$*4˔Ę&4�MȀō�ˡŜ
$N. (Fig. 3-6B)�";J�8Ɇƚ9��4G�˹͡$N4�8�~`t�T
�ǋ˟$N.�ęȀ;ˡŜʘǱ<�˴@. ApDOCK-MO Źɏ 7 ÐÄâ49�
�4ƋKN.� 
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Fig. 3-6  ApDOCK-MO Źɏ;̺Ýʦʔʴ�ɭ(~`t�T9ŝ(Màəƒʀ  
ĐʉƉ 4ǘ; control-MOC.< ApDOCK-MOŹɏ;̪͛ʴʳʸ͚ĸ9 RITCȂ˶&
.~`t�T(˾)QțŠ&�2Ǡ̺Ɖ9MC5 mAb(ʟ)5ǳ˄&.�(A) Fig. 3-3B6ę
Ȁ9�ʴʳʸ;§Ɛ̪9~`t�TQțŠ&.ŕͨ9˟KNMåĶɞ8àəƒʀ�

control-MO Źɏ5< 1 Ð;ë͋Ľ�Ƅƞ$N4�M��ApDOCK-MO Źɏ5<Ƅƞ
$N4�8�"69țƘ�ͭ ˄<~`t�T�̺Ýʦʔʴ9˹͡$N4�M"6Qɭ&

4�M�(B) ApDOCK-MOŹɏ;̺Ýʦʔʴ9JMàəƒʀ;ó®È�~`t�T<�
̺Ýʦʔʴ�ń�îŰ&4�MŃʳˋ�ɟh�v̐×9țŠ&4�M�ɩĆ<�2Ð;
̺Ýʦʔʴ9JM˔ĘQɭ&4�M�˓ ßÛ<ßŐɞïɃ;jps`Û�|��j^�

ǝˠ̱Û<ßŐɞïɃÛ5˗&4�M�jb��~�<�20 µm� 
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3-8  ̺Ýʦʔʴ9JMàəƒʀ9¾� ApDOCK mRNA ;ɜɋ̲łÿ 
 
� àəƒʀǠ;̺Ýʦʔʴ;̼ƌ˖ý9��4�ApDOCK mRNA ;ɜɋ̲�
7;J�9łÿ(M�˴@.�";ɤɞ;.F9�ĐʉƉ 4 ǘ;���x�T
Źɏ�K̺ÝʦʔʴQĹͤ 9Ą͎&.�Ĺͤɠ9ǃɴ&4 4 Ǡ̺Ɖ�̺Ýʦ
ʔʴ<ʔʴɹ̀5°�9ƹˣ&Ę��{sv��`�p��QƄƞ&. (Fig. 
3-7A)�ǨƙÆ;̺Ýʦʔʴ<�{sv��`�p��QÎƱ&8�Kų9Âʧ
Qł�ʛ 4�.�Fig. 3-7B<�Ĺͤ 5~`t�TQƧ¢&.͈;̺Ýʦʔ
ʴ;àəƒʀ;ʗǠłÿQɭ&4�M�Ƨ¢Ɖ 30îQ́�M6�̺Ýʦʔʴ<
̚żQŀû$*8�Kĺ˽�5ý�ʛ �,N¹ö;{sv��`�p��Q

ˌ&�łÿ$*.�8��̺Ýʦʔʴ9JM~`t�T;˹͡<�ȨûɥƉ�

KˡŜ$N.�ęȀ;ʘǱ< 2Ĭ;ŕͨ�KƋKN.� 
 
� Ȉ9�";~`t�TƧ¢ŕͨ9� M ApDOCK mRNA;ɜɋ̲łÿQ˴
@. (Fig. 3-7C)�Ƨ¢ 30îƉ�ApDOCK mRNA;ɜɋ̲<�ǨƙÆ̺Ýʦ
ʔʴ (0 min)6Ȏ̌&4 1.7Ñ9ŀû&.�60îQ̢�M6ɜɋ̲<Ȫţ&Ō
F�2Ǡ̺Ɖ9<Ƨ¢ö6ę'���C5Ȫţ&.� 
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Fig. 3-7  ~`t�T9ŝ(MĹ̺ͤÝʦʔʴ;àəƒʀ6 ApDOCK mRNA
;ɜɋ̲łÿ  
(A) ĐʉƉ 4ǘ;���x�TŹɏ�KĄ͎&.̺Ýʦʔʴ�̺Ýʦʔʴ<�ǃɴƉ 4
Ǡ̺5�ŃʳˋQ̀ĉ&.Źɏ;ʔʴŃ�v�s`j�Kĺ˽�9̘�í&4�M�  
(B) ~`t�TƧ¢Ɖ;(A);ǲæ;̺Ýʦʔʴ;Ȁō�pV���jýɓ�KƬí&
.ɓÛQƻɭ&4�M�Ƨ¢ɥƉ9��4Ȏ̌ɞĵ�8{sv��`�p��QƄƞ&

4�M̺Ýʦʔʴ;�̪��120îƉ5<ŬÖ9͋ɵ&4�M�(C) ~`t�TƧ¢ŕ
ͨ9� M ApDOCK mRNA; real-time PCR�u�p<�ǨƙÆ̺Ýʦʔʴ(0 min)
9� Mɜɋ̲9ŝ(Mɦŝ̲6&4ɭ&.(ŶĵÓ � Ȃȱ˱Ů, N = 3)�jb��~
�<�20 µm� 
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3-9  ApDOCK p��`˽;Ȇʵ̽ŗ9JMˋɆº̂Ƅƞ;¡âČ>�

s��ʼ;ȇŋ 
 
� Fig. 3-7A6ęȀ;ĹͤǬ»; �̺Ýʦʔʴ;˭ʔ8ƄƚČ>qVx�`j
Q˴@.�control-MOŹɏ;̺Ýʦʔʴ<�ĺ˽�5��s��ʼQǥ(Mˋ
Ɇº̂Qͫż9ɜ̤$*4�. (Fig. 3-8A, control-MO)��ǔ�ApDOCK-MO
Źɏ;̺Ýʦʔʴ<�ǝK�9ˋɆº̂Qɜ̤$*4�8�1. (Fig. 3-8A, 
ApDOCK-MO)�Ð�;Ą�;̺Ýʦʔʴ�ĺ˽�9ąFM͔ɵQȎ̌(M6�
control-MO Źɏ;̺Ýʦʔʴ�ąFM͔ɵ<�ApDOCK-MO Źɏ;̺Ýʦʔ
ʴ9Ȏ@ 1.4 Ñź�1. (p < 0.001, t ǼŔ, N = 3) (Fig. 3-8B)�$K9�
control-MOŹɏ;̺Ýʦʔʴ9� MˋɆº̂;Ƅƚ<qVx�s`9łÿ&
.��ApDOCK-MO Źɏ;̺Ýʦʔʴ;Ƅƚłÿ;̚ż<�control-MO Źɏ
;̺Ýʦʔʴ6Ȏ̌&4͓ų9̟�1. (Fig. 3-8C)� 
 
� ʤʜɆT`r�(F-actin);͋ɵ<��s��ʼƄƞ6śƹ9̻̜&4�M"
6 � J � ɪ K N 4 � M (Weed and Parsons, 2001) � , " 5 �
rhodamine-phalloidin (F-actin��\�)6MC5 mAb9JM¯̰ǳ˄9JL�
Fig. 3-8A6ęȀ;ĹͤǬ» 9� M̺Ýʦʔʴ5; F-actin;îŰQˡŜ&
.�control-MOŹɏ;̺Ýʦʔʴ5<�MC5 mAb;hax�;͋ɵ�ˮFK
NMˋɆº̂Þɼ5�rhodamine-phalloidin ;˓ßhax�;͋ɵGˡŜ$N
. (Fig. 3-8D: �ȌɩŤ)�"; F-actinČ>MC5ƨĈ;ãťĳ<�2Ĭ;ŕͨ
9��4 28Ð§ 3Ð;̺Ýʦʔʴ5ˡŜ$N.�"N9ŝ&�ęǌĬ;ŕͨ5
˴@. ApDOCK-MO Źɏ;̺Ýʦʔʴ5<�32 Ð;ʔʴâ49��4 MC5
ƨĈ�͋ɵ&4�M͚ĸ�â�ˡŜ$N8�1.(Fig. 3-8D,  Ȍ)�8��
rhodamine-phalloidin ;˓ßhax�<¥ʮ;̺Ýʦʔʴ;ʔʴ˽͚ĸâÄ5
ˡŜ$N�̺Ýʦʔʴ;ʋɆɹ̀9� M rhodamine-phalloidin;˓ßƂż9
Ů<ˮFKN8�1. (Fig. 3-8D, ɩĆ)�&�&8�K�control-MOŹɏ6Ȏ
@M6�ApDOCK-MO Źɏ;̺Ýʦʔʴ;ʔʴ˽͚ĸ5Ǽí$NM

rhodamine-phalloidin;˓ßhax�Ƃż<ƀ�1.� 
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Fig. 3-8  ApDOCK-MO Źɏ�KĹͤ 9Ą͎&.̺Ýʦʔʴ;ˋɆº̂  
(A) control-MOŹɏČ> ApDOCK-MOŹɏ�KĄ͎&.̺Ýʦʔʴ(ǃɴƉ 4Ǡ̺)�
ApDOCK-MOŹɏ;̺Ýʦʔʴ<ˋɆº̂Q¿Ŧ$*4�MżĘ��Ã��(B) (A)9
��4Ą�;̺Ýʦʔʴ�ĺ˽�9ąFM͔ɵ;Ŕ̲ɞˢǯ�ApDOCK�MOŹɏ;̺
Ýʦʔʴ;ĺ˽�;şǥ͔ɵ� 434.4 �  29.2 µm2 (n = 70)5�M;9ŝ&�
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control-MOŹɏ;̺Ýʦʔʴ5< 625.3 � 39.5 µm2 (n = 72)5�1.(Ŷĵ � Ȃȱ
˱Ů )�wsv<ŃNÓQɭ(�∗∗∗,  p < 0.001(t ǼŔ )� (C) control-MO Č>

ApDOCK-MOŹɏ;̺Ýʦʔʴ9� MˋɆº̂;Ƅƚłÿ�èɧ<�ßŐ͞Ǝ̶ 
5˖1.pV���jýɓ�KƩ�í&.G;5�M�control-MO Źɏ;̺Ýʦʔʴ
<�Ǡ̺ʗ̢9¾�ˋɆº̂;Ƅƚ�Ņ��łÿ&4�M��ApDOCK-MOŹɏ;̺
Ýʦʔʴ5<A6R7łÿ�ˮFKN8�� (D) ApDOCKp��`˽;Ȇʵ̽ŗ� in 
vitro 9� M̺Ýʦʔʴ; F-actin ;îŰ9ČB(ƅ͕�MC5 mAb (MC5)Č>
rhodamine-phalloidin (F-actin)5¯̰ǳ˄&.̺Ýʦʔʴ;ßŐɞïɃÛ8K>9ŝ
ƒ(M|��j^�ǝˠ̱Û (DIC)�̺Ýʦʔʴ< control-MO ŹɏČ> ApDOCK�
MOŹɏ�KĄ͎&�ǃɴƉ 4Ǡ̺5ĲŔ&.�control-MOŹɏ;̺Ýʦʔʴ9��
4��s��ʼ5 F-actin;͋ɵ�ˡŜ$NM(ɩŤ)�n<ǵQɭ(�jb��~�<�
50 µm(A, C); 20 µm(D)� 
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3-10  ʭŜ 
 
� ɽ 3ɻ5<�Vv�^�vu;Ĺ̺ͤÝʦʔʴ�K DOCK180p��`˽j
����S���9ŧ(Mp��`˽Qd�w(M cDNA QĄ͎�ęŔ&�
ApDOCK6Ě· .�ĐʉƉ 4ǘ; ApDOCK-MOŹɏČ> control-MOŹɏ
QǫǑ6&4�Źɏ;̼ƌhjt�9� M̺Ýʦʔʴ;qVx�`j9ŝ(

MȆʵ̽ŗ;üǱQˢǯ&.�ApDOCKp��`˽9ŝ(M ApDOCK-MO;
ɅɘƓ<�țŠ$N.ȕȴ?ɱý�͋ ɵ(M̺Ýʦʔʴǌ;MOȷżÉŏƓ(Fig. 
3-3C) �Kɬˮ$N.�$K9�ĹͤʌQɑ�. real-time PCR9J14�ɘ
ɄȨû9¾�̺Ýʦʔʴ;˖ý9ŝƒ&. ApDOCK mRNA;ɜɋ̲łÿ�ˮ
FKN�ApDOCKp��`˽��vuŹɏ;ʾȾàəhjt�9ŕ͈9̻¢&
4�M"6�ǇƱ$N.�Ǫɫɷ5ƋKN.ʘǱQG69�ApDOCKp��`
˽;ǿ̛ɞ8ɅƏ�ɏÄ̼ƌ��lj9� MàəȆʵČ>­Ɨ$NM̺Ýʦ

ʔʴ;qVx�`j;ôƌ�\k�9̻&4¹ 9ʭŜ(M� 
 
� îōʌʙˢǯ;ʘǱ�ApDOCK p��`˽<�ƉɏýɄ DOCK-A f��S
���;ɮÞĶp��`˽5�M"6�ǝK�681. (Fig. 3-1D)�DOCK-A
f��S���9ŧ(Mp��`˽� SH3�DHR-1�DHR-2 w�V�Qǥ&
4�M"6<J�ɪKN4�M��"NK< DOCK-Af��S���p��`
˽;ʔʴʼ?;�`��v(Cote and Vuori, 2007)Č>T`r�ʔʴͪǷ;ʖʦ
ÿ(Meller et al., 2005)Qɥƹôƌ&4�M6ʭ�KN4�M�";J�8ɅƓ
9JL�ń�;ʔʴɴ9��4�DOCK-Af��S���9ŧ(Mp��`˽
<ʔʴɱý�˹͡Æɑ�ʔʴ˔ĘČ>ʔʴƄƚ;ȓŔɾ;qVx�`j9̰˝

£2ã̙;ƆøQƭ14�M�&�&�"NK DOCK-Af��S���;§5
DOCK2 p��`˽�̛˕ʔʴʌ9��4;Dɜɋ&4�M"6<ɕƘ(@�
5�M(Fukui et al., 2001; Nishihara et al., 1999; Reif and Cyster, 2002)�
DOCK-2 p��`˽;̛˕ʌʔʴɅɘɞ8ɜɋČ> ApDOCK p��`˽�à
əƒʀ9��4Ƒ͙;ƆøQƭ14�M6��Ȼ (Fig. 3-2�K 3-7)9��4�
¥ʮ;Ȇʵɞ8ę�Ɠ�ɭĦ$NM��ǔ�¥p��`˽9<ǿ̛�;̥��

�M�Crk ʘĘ�r��(Fig. 3-1A, PPxLPxK)< DOCK2 9<ŏĳ*)�
ApDOCKp��`˽9<ŏĳ&4�M�Crkp��`˽<�ʔʴ˽p��`˽
;r�h�^x�m?;�`��v9̻¢&(Feller, 2001; Kiyokawa et al., 
1998)�DOCK-A f��S���p��`˽6ɦ°Æɑ(M"6�ɪKN4�
M(Lee et al., 2007; Moore et al., 2007; Smith et al., 2008)�àəƒʀ9� M
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ApDOCK p��`˽;Ȇʵ<̞ÿ;̢ɳ5Îŏ$N4�MG;;�ApDOCK
p��`˽; CrkʘĘ�r��< DOCK29��4<ó;̫ð9ʧ�ƼP1.
;�G&N8�� 
 
� Ǫɫɷ5ƋKN.ʘǱ<�ApDOCKp��`˽��ɜɏ;̗§5ɏ'4�M
ʴʳʸæ5;ɱý5<8��Źɏ;ɏÄ̼ƌhjt�9��4;D̺Ýʦʔʴ

;qVx�`jQôƌ&4�M"6QɭĦ&4�M(Fig. 3-2, 3-3, 3-5)�ȕȴH
�V`���kQ¼Ƙ;ʴʳʸ͚ĸ9țŠ&4̺Ýʦʔʴ;qVx�`j;[

�~��s�Q˶ó&4ēˠÿ(M"69JL�ApDOCKp��`˽9JM̺
Ýʦʔʴ;qVx�`j;ôƌ<�ɱý�͋ɵČ>þİÿÆɑ;ʜƱ9Ƒ͙5

�M"6QǝK�9&.�$K9�~`t�T;țŠŕͨ9JL�"NK;͓

ʔʴƓɘɄ9û�ʔʴƓɘɄ9ŝ(M̺Ýʦʔʴ;̼ƌ˖ýG ApDOCK p�
�`˽9ôƌ$N4�L�ôƌ$NM̼ƌ˖ý<˹͡Æɑ5<8�͋ɵƓ;ɱ

ý5�M"6�ɬˮ$N. (Fig. 3-6A)�C.�~`t�T;țŠŕͨ5<�
ApDOCK-MO Źɏ;��2�;̺Ýʦʔʴ�°�9śɨ&4�MȀō<ˡŜ
$N.G;;�~`t�T9ŝ(MþİÿÆɑ<ɏ'4�8�1.(Fig. 3-6B)�
"N<�Fig. 3-3D5;ˡŜʘǱ6ęȀ5�M�$K9�ApDOCKp��`˽
9JM̺Ýʦʔʴ;qVx�`j;ôƌ<�Ĺͤ 5;~`t�TƧ¢9J1

4Gɭ$N.�Fig. 3-79ɭ(J�9�àəƒʀǠ; ApDOCK mRNA;Ts
��_���h��<�˹ ͡Æɑ5<8��ɱýȟƓ;Ǡ̺̊9Ȗ14ɏ'.�

�ǔ�þİÿÆɑHʔʴ˔Ę�Ơ�< ApDOCK mRNA;qW��_���h
��6̺Ýʦʔʴ;ɱýȟƓ;̻̜Ɠ9̻(M˭ʔ<�ɋĳ;6"O";Ĺͤ

ʌ5<ǝK�9(M"6�5�8�1.� 
 
� T`r�ʔʴͪǷQǿʅ(M DOCK2 ;ˢǯ�K���2�;àəʔʴɴ9
� M˿ÿƓɱý;̰˝8�\yk��ǝK�9814�4�M(Fukui et al., 
2001; Kunisaki et al., 2006a; Sanui et al., 2003)�ɋĳ;6"O�Vv�^�
vuŹɏ;̼ƌhjt�9��4b�\V�ʩ<ęŔ$N4�8��&�&�

̺Ýʦʔʴ9JMɱý6͋ɵ����q�8ɱý�ǔěƓQǥ(Mɱý9̉Ƽ

(M6��Ȼ5˿ÿƓɱý;��lj9À4�M"6�K�ApDOCKp��`
˽G˿ÿƓɱý9̻¢&4�M�G&N8��$K9�Ĺͤ 9��4�

ApDOCKp��`˽;ȆʵQ̽ŗ&.̺Ýʦʔʴ��ȵ&�Țƥ0ýÆ (�s
��̡ý)Qɭ$)(Fig. 3-8C)�ˋɆº̂Þɼ5āî8T`r�ʔʴͪǷQǿʅ
5�8�1."6(Fig. 3-8D)�K�ApDOCKp��`˽5ôƌ$NMT`r�
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ʔʴͪǷ;ǿʅ<þİÿÆɑ;ʜƱ9��4G̰˝8ƆøQƭ14�M6ʭ�

KNM (Fig. 3-3D, E)�C.�ApDOCK-MOŹɏ;̺Ýʦʔʴ;ˋɆº̂Ƅƞ
�ǥƘ9̽ŗ$N."69GɕƘ(@�5�M(Fig. 3-8A, B)�ApDOCKp��
`˽<T`r�ʔʴͪǷ;ǿʅQµ&4ˋɆº̂ƄƞQôƌ&4�L�";

ApDOCK p��`˽9JMT`r�ͪǷ;ǿʅ�þİÿÆɑQʜƱ$*M.
F9ʔʴʼQƫ&í(ùQɏDí&4�M6ʭ�KNM�C.�";ēʵƓ<�

ApDOCK-MO Źɏ;̺Ýʦʔʴ��̢ɞ9þİÿÆɑQɭ(ɍɒQG˲ǝ&
�M(Fig. 3-3D, E)�ęȀ9�̺Ýʦʔʴ;ɱý�͋ɵ9��4G�ApDOCKp
��`˽�ôƌ(MT`r�ͪǷǿʅ9J14ɏDí$NMƺ̞ù�Ƒ˝5�

O�(Fig. 3-3B)� 
 
� �ǔ�ɱý�͋ɵČ>þİÿÆɑ;ʜƱ¹Ń;̺Ýʦʔʴ;qVx�`j9

ApDOCKp��`˽�̻¢&4�8�6��®ŕ<țƘ(@�5�M�ǝK�
9�ApDOCK-MOŹɏ;̺Ýʦʔʴ<ȕȴ�5˔Ę&��V`���kQďL
̏R/�ńǵë͋ÄQƄƞ&.6˫Ê(M9<̺Ýʦʔʴ;ǌ�ţ8���ʔ

ʴ˔Ę<̐ƹ(M 22;ǵ9J14ɭ$N. (Fig. 3-5A)��V`���k;ď
L̏D9̻&4<�Ŕ̲ɞ8ˢǯ<˖814�8�G;;�ďL̏R/��k

;ǌ<Ȋų8ĐʉƉ 4 ǘ;Źɏ5ƋKN.ʘǱ6�ˀ&4�M (ɽͳɻĊȿ)�
ʶǻýɄ;�`��S�i5<�ʔʴ˔ĘČ>˹͡Æɑ9̻PMp��`˽;

ń��ã̙&4�M6��ĻĞ�8$N4�L(McNally and Anderson, 2005)�
"NK 22;qVx�`j< DOCK25<8� DOCK1809J14ôƌ$N4
�M(Lee et al., 2007; Pajcini et al., 2008)�Ɗ14�̺Ýʦʔʴ9��4<�
ApDOCK p��`˽¹Ń; DOCK180 ̻̜p��`˽�ʔʴ˔ĘQ¾�ńǵ
ë͋ÄƄƞH˹͡Æɑ9̻¢&4�M;�G&N8�� 
 
� Ǫɫɷ<�DOCK180 ̻̜p��`˽;Ǔ.8��~�;ȆʵQ˪ǝ&./
 58��ȣɐȼʶǻýɄ9� M DOCK180 ̻̜p��`˽;àəȆʵ9̻
(MñF4;ĻĞ5�M�$K9�ApDOCKp��`˽<�ǹɟýɄ9��4
ñF4ęŔ$N.�ʔʴ˖ý9̻PMT`r�ͪǷǿʅ;ôƌĭō5G�M�

àəʔʴ;˖ýôƌ�\yk�;̞ÿQɍˢ(M.F9�´Ɖ�DOCK180 j
����S���p��`˽; Ƞ9Âʧ(M"6�˃�ɪKN4�M Rho 
GTPase�S���; Rac (Cote and Vuori, 2007)ɾ�ApDOCKp��`˽;
p�csv;Ƹʒ�Ƒ˝5�M�ɋĳ;6"O��vu9��4 Rho GTPase
�S���9ŧ(Mp��`˽<C/ęŔ5�4�8��Ǫɫɷ9J14�´
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Ɖ;˳͝6&4 2 2;̰˝8Ĩ͝�Ȣ�>��1.��2<�̺Ýʦʔʴ9J
MàəƒʀǠ9� M ApDOCKp��`˽;,;¶;Ȇʵ5�M�DOCK2p
��`˽<�̛˕ʔʴ;˿ÿƓɱý¹Ń9�T ʔʴ9� M interleukin-2 
(Pajcini et al., 2008)�ȄɆʔʴ9� M interferon type�(Gotoh et al., 2010)�
Ȅ Ɇ ʔ ʴ H � � � Ɍ 9 �  M inflammasome adaptor ASC
ͯapoptosis-associated speck-like protein containing a CARD domainͰ
(Ippagunta et al., 2011)87;àə˴ʄĭō;ɐɏQôƌ&4�M�"NK;à
ə˴ʄĭō;ɐɏ<�`��S�i9��4GĻĞ$N4�M(Mariathasan 
et al., 2004; Nathan, 1987)�ęȀ9�̺ÝʦʔʴG ApDOCKp��`˽9J
MôƌQµ&4�"NK;àə˴ʄĭōQȟɑ&4�M�G&N8��¯2ɤ

;Ĩ͝<�ApDOCKp��`˽�ɜɏ̢ɳ;�2�Kɜɋ(M�6��Ĩ͝5
�M�Ĉʻʳǧ;̺Ýʦʔʴ� ApDOCK-MOŹɏ;̺Ýʦʔʴ6ęȀ�ȕȴ9
ƒʀ&8�1.6��®ŕ(Fig. 3-4)<����x�TŹɏǧ98Mö;ʳ5<
ApDOCK p��`˽�ɜɋ&4�8�ēʵƓQɭĦ(M�ApDOCK p��`
˽9ŝ(MɅɘɞ8ƨÄQÆ˛(M"6�5�N=�Vv�^�vuŹɏ;ɏ

Ä̼ƌhjt�;ɜɏ̢ɳQǝK�9(M"6�5�M�G&N8�� 
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ǫǑ6ǔș 
 
ŕͨýɄ�Đʉ8K>9ɜɏ 
 
� ɽ2ɻ;J�9Vv�^�vuA. pectiniferaQƷ͋�͢ ʰ&�ĐʉćQƋ.�
Đʉć<³ūȣȑ (ASW) 5ɜɏ$*�ʴʳ�§ǧĈʻʳ�ƉǧĈʻʳ���
�x�TŹɏQƋ.� 
 
� ���Z�|[�eͯMorpholino Oligonucleotides͹MOͰ;͞ƎțŠɑ;
ǨƞɁć;˴˛<¹ ;Ȁ9˖1.�͌ÐÄ�KďLí&.ćŪ9}f�5̋

�ïN̏DQáN�ǨƞɁćQ ASW§9̠͎$*.�ASW5ǌĬȝȡ&�Ca2+

ȇŋȣȑͯCa2+ Free Sea Water͹CFSW, Jamarin Lab.Ͱ5 1ĬȝȡƉ�Ǔ.
8 CFSW §5̋�Ɲȶ(M"69JL�ȸʴʔʴQœâ9̀ĉ&.�,;Ɖ

ASW9Ƣ&�ǌĬȝ1.� 
 
 
cDNA `��y�a�h�`Y�h�aČ>̫ðˢǯ 
 
� ɽͳɻ9˧̓&.ǔș9J14ĐʉƉ24Ǡ̺;§ǧĈʻʳ�K̺ÝʦʔʴQ
Ĺͤ 9Ą͎&�ISOGEN (Nippon Gene)Č> high-salt solution (1.2 M NaCl, 
0.8 M sodium citrate)Qɑ�4 total RNAQƬí&.�"; total RNAQǫǑ
9�phage cloning vector 	ZAP (Stratagene)Qɑ�4�˲ ǝǢ9Ɗ14 cDNA
�V����QÆ˛&.�"; cDNA �V����Qt����v6&4�
degenerate PCR ș9J14 DOCK180 j����S���;[�n�a̩½
ō;�̪;ŀŴQˬD.�ɑ�. degenerate ��V���DOCK1F��V�
� (5’- GCGGGAGAAGATCTTCTTCgtntgycarat)Č> DOCK4R ��V�� 
(5’- GGTCGGCGATCAGGccdatdatraa) � � iCODEHOP ) , % + * 
(http://dbmi-icode-01.dbmi.pitt.edu/i-codehop-context) 9J14¹ 9ɭ(ʶ
ǻýɄČ>ȼʶǻýɄ; DOCK180 [�n�a̫ðQG69˨˥&.: Homo 
sapiens, BAA09454; Mus musculus, NP_001028592; Rattus norvegicus, 
XP_219424; Canis lupus familiaris, XP_544064; Equus caballus, 
XP_001489814; Strongylocentrouts purpuratus, XP_785550 � PCR � �

AmpliTaq Gold (Applied Biosystems)"������),%+*�
��: 94°C- 
5î̺;Ɖ 94°C-30ɯ̺�49°C-60ɯ̺�74°C-105ɯ̺Q 35fV`��74°C-5
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î̺�ƋKN.ŀŴɐɄ� DOCK180 [�n�a5�M"6Qh�`Y�h�
a9JLɬˮ&�"; cDNA`���Q ApDOCK6Ě· .�ApDOCK;â
̷̫ðQƋM.F9�SMART RACE cDNA Amplification Kit (Clontech) Č>
RACE � � V � � � DOCK-5’race � � V � � 
(5’-GGGCAGCACGGGTAGCCTTTTCCGCAGC)Č> DOCK-3’race ��V�
� (5’-CTTCAGGCCCACCCAGATCCCTTGGCCC)"����!�! 5’- ��
3’-RACE �"
������&.$#-&-%�	��BigDye Terminator v3.1 
Cycle Sequencing Kit (Applied Biosystems)"��� Fluorescence DNA 
sequencer 3100 (ABI PRISM)� ��
��� 
 
� ApDOCK cDNA � � ' - ( $ � � � � � 
 � � BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST) � InterProScan 
(http://www.ebi.ac.uk/Tools/InterProScan) Č > MOTIF 
(http://motif.genome.jp)��a��Qɑ�4˖1.�DOCK180p��`˽j�
���S���;îōʌʙˢǯ<�̢ĉ;ĻĞ9Ɗ14˖1.(Cote and Vuori, 
2002)� 
 
 
͞ƎțŠ 
 
� ���Z�|[�e�ApDOCK-MOČ> control-MO< Gene Tools LLC.J
LƋ.�ApDOCK-MO;̫ð<�5’-ACCCAACCAGTCATGTTTCACAGTC5
�L�ApDOCK mRNA;jp�vdw� ( ʡ)QĝR/̫ð9ŝ(Mɦ˚ɞ
8̫ð6&.�control-MO (5’-ACTCAACTAGTCACGTCTCACAATC) <� 
ʡ5ɭ&. 5 ʁƣ� ApDOCK-MO ̫ð6ɘ8M�jl�j̫ð6&4˨˥&
.�ėMO<�ȳˈȑ9 1 mM68MJ�9Ȳˢ&�țŠö9̧ï8ȷż9ű
̯&.�ȸʴʔʴQďL̀�.ǨƞɁć9țŠƉ�ɽͳɻ6ęȀ;ǔș9J1

4ɜɏQ̞˖$*.�ǨƞɁć?;țŠǔș<�̢ĉ;ĻĞ9Ɗ1.

(Hamanaka et al., 2010)� 
 
� ɽͳɻ;J�9�h�d�[V� (Shin-Etsu Chemical co, Ltd)�˓ ß��j

r����k (ɥƇ 2 µm: Fluoresbrite carboxy YG microsphere; Polysciences 
Inc.)�E. coli (DH5�Ǵ)Q ApDOCK-MOŹɏ�control-MOĈʻʳ (ĐʉƉ 30
Ǡ̺)Č> control-MOŹɏ (ĐʉƉ 4ǘ)9͞ƎțŠ&.�E. coli<�ɽͳɻ9
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˧̓&.ʉō;˓ßȂ˶șQɑ�4 rhodamine B isothiocyanate (RITC; 
Sigma)5Ȃ˶&.� 
 
 
Ĺͤ ?;̺Ýʦʔʴ;Ą͎6~`t�Tr���i 
 
� ApDOCK-MOČ> control-MOŹɏ;̺ÝʦʔʴQĹͤ 9Ą͎&.�ĺǪ
ɞ8ǔș<�̢ĉ;ĻĞ9Ɗ1.(Kaneko et al., 1990)�10ÐÄ;ėMOŹɏ 
(ĐʉƉ 3 ǘ)Q 1 ml ;ˢ͎ȥ (dissociate medium, DM: 1.2 M glycine, 1% 
ASW, 6% newborn calf serum)5ìɍ&.�5îƉ�Ǔ.8 DM9ɱ&�]�
j˛�Wj��sv (ɥƇʎ 150 µm: Drummond Scientific Co.)5IMH�9
��stU�a&�Ńʳˋ�ɟʔʴQ̀ĉ&.�"NK;ŹɏQ�4% newborn 
calf serumQĝE ASW (culture medium, CM)5Ȱ.$N.��jrs`Ĺͤ
ɠ (ɥƇ 3.5 cm: Falcon 1007)9Ǐ�.\~�]�j�9ȴ &.�20
5 4Ǡ
̺V�^���v&�̺Ýʦʔʴ�ʔʴŃ�v�s`j�KĹͤĺ˽�9¿Ŧ

&.Ɖ�CM Q±Ƽ&.�~`t�Tr���i5<�";Ĺ̺ͤÝʦʔʴ9

ŝ&4�ASW5 OD600Q 0.59˴˛&. E. coliQ 500 µlQƧ¢&.� 
 
 
˓ß͞Ǝ̶ˡŜČ>Ĺ̺ͤÝʦʔʴ;¿Ŧ͔ɵ;ȭŔ 
 
� ApDOCK-MOČ> control-MOŹɏ (ĐʉƉ 4ǘ)9� M̺Ýʦʔʴ;îŰ�
ƄƚČ>àəƒʀ<�ɽͳɻ6ęȀ;ǔș5f���QĲŔ&�MC5 mAb Q
ɑ�.̺ƹ˓ßƨÄș9J14ˢǯ&.�ǵǳ˄Q˖�ļĘ<�PI (0.1 µg/ml: 
Wako)Qɑ�.�F-actin;ʔʴæîŰ;ˢǯ<�Ĺ̺ͤÝʦʔʴQMC5 mAb
5ǳ˄&.Ɖ�rhodamine-phalloidin (Invitrogen: PBS5 1000Ñű̯)5ìɍ
&4˖1.�â4;f���<�ɽͳɻ6ęȀ9�ãȽȻ��g�͞Ǝ̶

(Fluoview, Olympus)Qɑ�4ˡŜ&.� 
 
� Ĺ̺ͤÝʦʔʴ;¿Ŧ͔ɵ<�MC5 mAbČ> PI5¯̰ǳ˄&.Ą�;Ĺͤ
̺Ýʦʔʴ;ĺ˽�;͔ɵQ Image J software (National Institutes of Health)
Qɑ�4ȭŔ(M"69JLȓŔ&.� 
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Real-time PCR 
 
� ReverTra Ace qPCR RT kit (TOYOBO)Qɑ�4�~`t�Tr���iŕͨ
;ėǠȻ9� MĹ̺ͤÝʦʔʴ�K cDNAQ˴˛&�real-time PCR;t�
���v6&.�127 bp ; ApDOCK ̩½ōǒɃ (nucleotides: 415-541)Q�
DOCK-qPCR-F (5’- AGAATGGGGAGTGCTGTGGA)Č> DOCK-qPCR-R (5’- 
TACAGGGAGGGTGCCTGAGA)5ŀŴ&.���S��j̩½ō6&4�114 
bp;Vv�^�vu 18S rRNA̩½ō (GenBank Accession no. AB084551)
ǒ Ƀ Q � 18S-3-f (5’- AGAGGTTCGAAGGCGATCA) Č > 18S-3-r (5’- 
ACTTTGGTTTCCCGCAGAC)5ŀŴ&.�Real-time PCR<�KAPA SYBR 
FAST qPCR master mix (KAPA BIOSYSTEMS)Qɑ�4� StepOne 
Real-Time PCR System (Applied Biosystems)5˖1.�ėf��� 3WX�
5ˢǯQ˖��PCRƉ9͐ȐȜý9JLŀŴfVkQɬˮ&.� 
 
 
pV���jˡŜ 
 
� ̺Ýʦʔʴ9JMàəƒʀQ in vivo5pV���jˡŜ(M.F9�r��
~�hjt�Q̹ɜ&.�h�d�[V�QțŠ&.ĈʻʳČ>ŹɏQ�]�

j�v�h��� (Matsunami: 35 mm dish, D110400)9˻L2 . 2ǰ;¥
͔t�� (Nichiban, NM-10);̺9ȴ &.�,;�9xV���sh� (�
TfVk: 200 µm)Q˘*�$K9\~�]�jQª*4¥͔t��5ĲŔ(M
"69JL�Źɏ;̠ȜQÔȉ$*.�ǣƉ9h���Q ASW5Ȱ.&.�̺
Ýʦʔʴ;˖ý;pV���jˡŜ<�DP controller software (Olympus)Qɑ
�4ßŐ͞Ǝ̶ (IX71, Olympus)5˖1.�ɓÛ< 5î̺͆5 2Ǡ̺Ǆƅ&.�
Ĺ̺ͤÝʦʔʴ9JMˋɆº̂ƄƞČ>˹͡Æɑ;pV���jˡŜ<�3î̺
͆5Ǆƅ&.� 
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ɽ͵ɻ 

 

̺Ýʦʔʴ9JMàəƒʀ;ʔʴŃ˴ʄĭō:  

ApSRCR1 p��`˽ 
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4-1 ʠˤ 
 
� ɽ 4 ɻ5<�̺Ýʦʔʴ;̼ƌ˖ýQʔʴŃ5ôƌ(MÒ˚ĭō6&4
Scavenger Receptor Cysteine-Rich (SRCR)w�V�Qǥ(Mp��`˽�S
���9ɨɤ(M�SRCRw�V�<ʎ 100�110T�|̮ȋĺ�K8M�r�
�5�L�6ċ< 8Ð;hjtV�ȋĺ;̫ð�p��9J14ɅƏ· KN4
�M: a��� A, Cys-X12-Cys-X30-Cys-X9-Cys-X9-Cys-X9-Cys-X1; a��
� B, Cys-X15-Cys-X12-Cys-X4-Cys-X25-Cys-X9-Cys-X9-Cys-X9-Cys-X1 
(Resnick et al., 1994)�"NK; SRCRw�V�;d�l�fj̫ð<�Ɖɏ
ýɄ9� Mń�; SRCRp��`˽;̺5ͫż9Îŏ$N4�M(Resnick et 
al., 1994)� 
 
� SRCR w�V�Qǥ(Mń�;p��`˽ (SRCR p��`˽)ʩ<�Ɖɏý
Ʉ;ʾȾàəhjt�9��4̰˝8ƆøQƭ14�M(Sarrias et al., 2004)�
äÄɞ9<�ʶǻýɄ9��4<�ĄɌH�`��S�i9JMȺɛčƒ;ô

ƌ(Buechler et al., 2000)�Y�wv^h�9ŝ(M̼ƌȆʵ(Haworth et al., 
1997)�~`t�T?;ʘĘČ>˹͡Æɑ(Dunne et al., 1994; van der Laan et 
al., 1999)�ʱ;[�ny�6;ʘĘ(Holmskov et al., 1999; Madsen et al., 
2003)ɾ�ʔʴŃ5;àəȆʵ�ńǌĻĞ$N4�M��vu6ę'ǹɟýɄ9
ŧ(MWy5G�ńǌ; SRCR ̩½ō;ŏĳ�ĻĞ$N4�M(Pancer, 2000; 
Pancer et al., 1999; Rast et al., 2006)��Ȇʵ<ęŔ$N4�8��ɋĳ�ȼ
ʶǻýɄ9� M SRCR p��`˽;Ȇʵ9̻(Mɪ˟<��pt; CfSR p
��`˽;D9̿KN4�L�";p��`˽�����fs\�VwH��

rwa�\����x���1,3-a�\�ɾ;ɚĈÄ̻̜îō�p��;ˮ˶Č
>ʘĘ9̻¢&4�M"6�ɭĦ$N4�M(Liu et al., 2011)��ǔ�ʁ ǻýɄ�

ȼʶǻýɄ;ÐÄɜɏQ̙&4�SRCR p��`˽�7;J�9ɜɋ&�7;
J�9Ȇʵ&4�M�6��Ĩ͝9̒Mɫɷ<8$N4�8�� 
 
� Ǫɫɷ5<�Vv�^�vuʳ;̺Ýʦʔʴ; cDNA �V�����K
SRCR w�V�Qǥ(M̩½ō;ƸʒQ˖��Vv�^�vu;ɜɏ̢ɳ9�
 M SRCR p��`˽;ɜɋȀž9û��Źɏ;ʾȾàəhjt�9� MȆ
ʵQǝK�9(M"6Qɤɞ6(M�"N9û��Źɏ�KƞÄ9łƚƉ�Ä

ʸ§9íɋ&4ɏÄ̼ƌhjt�QĖMÄʸʔʴ9GȽȻQƃ4M�8��Ź

ɏ;̺Ýʦʔʴ6ęȀ9�ƞÄ;Äʸʔʴ<�ÄæŃ5ɘɄQ˹͡(M͈9�



 64 

ʔʴ˔Ę9JLńǵë͋ÄQƄƞ(M"6�ɪKN4�M(Kaneshiro and 
Karp, 1980; Reinisch and Bank, 1971; Silva and Peck, 2000)� 
 
 
4-2 ApSRCR1 ̩½ōČ>p��`˽;ǿ̛ 
 
� PancerK�S. purpuratus;SRCR̩½ōʩQ`��y�a(M͈9ɑ�.
degenerate��V��Qɑ�(Pancer et al., 1999)�Vv�^�vuʳ;Ĺ̺ͤ
Ýʦʔʴ; cDNA�V�����K�SRCRw�V�Qǥ(MͲɴ͟; cDNA
QƋ.�,;Ɖ�RACE ș9JLâ̷̫ðQȓŔ&�ApSRCR1 6Ě· .
ͯGenBank accession no. AB621549Ͱ�ApSRCR1̩½ō<�496 bp; 5’-UTR�
2712 bp;͓ų9̷� 3’-UTRQǥ&4�L�1128T�|̮ȋĺ�K8MƺŔ
îō̲ 119.96 kDa;p��`˽Qd�w&4�.�Fig. 4-1A< ApSRCR1p
��`˽;ǿ̛;ȃžıQɭ&4�M�ApSRCR1p��`˽<�9Ð;p�u
�9̜81. SRCRw�V�6�ͲÐ; short consensus repeat (SCR)w�V
�Qǥ&4�L�"NK;w�V�9ʛ�4ʼ˺̙͚ĸ6ʔʴ˽͚ĸ�ŏĳ&

4�.ͯFig. 4-1AͰ�C.�hax���rw9û��N-a�dh�ÿQĐ M
ēʵƓ��M 11Ð;Tj��_�ȋĺG˟2�1.ͯFig. 4-1AͰ� 
 
� Fig. 4-1B9�ApSRCR1p��`˽9ĝCNMė SRCRw�V�;T�|̮
̫ð;T�V���vQɭ(�ė SRCRw�V�<�ͫż9Îŏ$N. 6Ð;
hjtV�ȋĺQǥ&4�L�,;̫ð�p��<a��� A 9î͟$NM
SRCRw�V�;d�l�fj̫ð�p��6�ˀ&.��ǔ�ė SRCRw�
V�;̫ð<ńȀ5�L�,;͟ÀƓ< 25-64%5�1.�C.�N-a�dh�
ÿQĐ MēʵƓ��M 11Ð;Tj��_�ȋĺ;æ 10Ð� SRCRw�V�
æ9ŏĳ&.��,;æ; 7Ð��ėw�V�æ9�M 2ɗɤ6 3ɗɤ;hj
tV�ȋĺ;̺9ŏĳ&4�.� 
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Fig. 4-1  ApSRCR1 ;ǿ̛Č>̫ðˢǯ    
(A) ApSRCR1p��`˽;ȃžı�  ͭ˄, hax���rw; ȅ˄, SRCRw�V�; 
ȹ˄, SCRw�V�; ͮ˄, ʼ˺̙͚ĸ; ɝ˄, ʔʴ˽͚ĸ�­Ɨ$NM N-a�dh�
ÿ̪ÂQ��5ɭ&.� (B) ApSRCR1p��`˽9ĝCNM 9Ð; SRCRw�V�
;��r��T�V���v�Tjp�j`<�6Ð;ͫż9Îŏ$N.hjtV�ȋ
ĺ(�m�p)Qɭ&4�M�â4;w�V�5ę�;T�|̮ȋĺQhT��50%¹�
5Îŏ$N.T�|̮ȋĺQʟ5ɭ&.�Ȼʡ<�hjtV�ȋĺ̺;T�|̮ȋĺǌ

Qɭ(�N-a�dh�ÿQĐ MēʵƓ��M 10Ð;Tj��_�̮ȋĺQȅ˄5ɭ
&.� 
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4-3 ɜɏ̢ɳ9� M ApSRCR1 ̩½ōČ>p��`˽;ɜɋ 
 
� ApSRCR1 mRNAČ>p��`˽�ɜɏ̢ɳ9��47;J�9ɜɋ(M�
6��Ĩ͝QǼ˦(M.F�|�g���svČ>WYjp���svQ˖1

.�SCRw�V��Kʔʴ˽͚ĸQd�w(M͚ĸͯnucleotides: 3412-3863Ͱ
Q����6&4|�g���svQ˖1.ʘǱ�Ǽ˦&.â4;ɜɏjt�

i5 ApSRCR1 mRNA ;â̷9ɦƃ(Mʎ 6.6 kb ;~�wQ 1 ǪǼí&. 
ͯFig. 4-2AͰ�C.�ʴʳ5Ǽí$N.~�w;Ƃż<�¶;jt�i6Ȏ̌&
4ˆŵƂ�1.��ǔ�ApSRCR1p��`˽; NǩɼÖ�K 5-8ɗɤ; SRCR
͚ĸ (T�|̮ȋĺ: 496-800)9ŝ&4Æ˛$N.ƨ rSRCR5-8ƨÄQɑ�.W
Yjp���sv5<�ApSRCR1p��`˽;ɜɋǠǧ<�ApSRCR1 mRNA
;ɜɋ�p��6<ɘ814�. (Fig. 4-2B)�ƨÄhax�<�˟� �;î
ō̲ 150 kDa;Âʧ9ͲǪ;~�w6&4Ǽí$N.��";~�w<�§ǧ
Ĉʻʳ¹̾5ñF4Ǽí$N�,;Ɖ�ɜɏ;̞˖9¾14ɜɋ̲�ŀû&.� 
 
� ApSRCR1 p��`˽;Ǡɸ̺ɞɜɋ�p��QǝK�9(M.F�ƨ
rSRCR5-8 ƨÄQɑ�4|�g���svČ>WYjp���sv6ęȀ;ɜ
ɏjt�i9ŝ&4àəʖʦÿŐǳ˄Q˖1.�,;ʘǱ�̺Ýʦʔʴ�Ĉʻ

Þɼ�Kʴʳʸ§9ɱá&ŌF4�M§ǧĈʻʳC5<�̓Ɠhax�<Ǽí

$N8�1.ͯFig. 4-2C, D, EͰ�,;Ɖɜɏ�̞˖(M6�ÄŁ9ě�14ɱ
ý&4�M̺Ýʦʔʴ9��4ƨÄ;̓Ɠhax��Ǽí$N.ͯFig. 4-2F, 
GͰ���^[��TŹɏǧ98M6�ÄʸĪ§9�łƚƉ9ƞÄ;àəʔʴ6
8M­ŔÄʸʔʴ�îÿ&4�M�,"5���^[��TŹɏ9��4G̺

ƹ˓ßƨÄșQǕ&.6"O�̺Ýʦʔʴ9û�4�­ŔÄʸʔʴ9��4G

ƨÄ;̓Ɠhax��Ǽí$N.ͯFig. 4-2HͰ� 
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Fig. 4-2  ɜɏ̢ɳ9� M ApSRCR1 mRNA Č>p��`˽;ɜɋ  
(A) Ȁ�8ɜɏjt�i9� M|�g���svˢǯ��Ȍ< ApSRCR1 mRNA;
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ɜɋ� Ȍ<æĳƓd�v���6&4 18S rRNA ;ɜɋQɭ&4�M�ˢǯ9ɑ�
.jt�i<�Đʉć (40 min)� őÿʴʳ (16 h)�§ǧĈʻʳ (25 h)�ƉǧĈʻʳ (40 
h)����x�TŹɏ (72 h)�Ǡ̺<ĐʉƉ;Ǡ̺Q˗&4�M� (B) (A)5ɑ�.ɜ
ɏjt�i9� MWYjp���svˢǯ�ėɜɏjt�i;�Vl�vQ,N-N

40 µg͐ȐȜý&.�(C-H) ɜɏ̢ɳ9� M ApSRCR1p��`˽;Ǡɸ̺ɞɜɋ�
ßŐɞïɃ;jps`Û8K>9ŝƒ(M|��j^�ǝˠ̱Û�ƨÄǳ˄9ɑ�.ɜ

ɏjt�i<�(C) Đʉć; (D) ʴʳ(17 h); (E) §ǧĈʻʳ(24 h); (F) ƉǧĈʻʳ(40 
h); (G) ���x�TŹɏ(72 h); (H) ��^[��TŹɏ(60 days)�(H);Ƶáı<�
Äʸī(CP)§9ŏĳ(M­ŔÄʸʔʴQɭ&4�M�jb��~�< 50 µm (C-G); 200 
µm (H); 5 µm ((H)æ;Ƶáı)� 
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4-4 ̺ÝʦʔʴČ>Äʸʔʴ9� M ApSRCR1 p��`˽;ʔʴæť
ĳƓ6,;ɏÿŐɞɅƓ 
 
� Fig. 4-3A<����x�TŹɏ(ĐʉƉ 4ǘ) ;ʴʳʸ§9îŰ&4�M̺Ý
ʦʔʴ;ßŐïɃÛQɭ&4�M�ƨ rSRCR5-8 ƨÄ;̓Ɠhax��̺Ýʦ
ʔʴ;ʔʴ˽͚ĸ9wsvɆ9ˡŜ$N.��ǔ�ęȀ;hax�<̺Ýʦʔ

ʴ;ˋɆº̂(Fig. 4-3A: ɩĆ)5<Ǽí$N8�1.���^[��TŹɏ9�
�4�ApSRCR1p��`˽�ÄʸĪ§9ŏĳ(M­ŔÄʸʔʴ9��4Gɜɋ
&4�."6�K(Fig. 4-2H)�œâ9îÿ&.ƞÄ;Äʸʔʴ9��4G
ApSRCR1 p��`˽�ɜɋ&4�M6��­Ɨ;G6�ƨ rSRCR5-8 ƨÄQ
ɑ�.̺ƹ˓ßƨÄșQǕ&.�,;ʘǱ�ˋɆº̂QƄƞ&8�Kĺ˽9ƹ

ɨ&.ǃɴɥƉ;ƞÄ;Äʸʔʴ9��4G�ƨÄ;̓Ɠhax�<ʔʴ˽͚

ĸ5wsvɆ9Ǽí$N.(Fig. 4-3B)� 
 
� ¦˖&4�ApSRCR1p��`˽;ťĳɆƚQˢǯ&.�ApSRCR1p��`
˽<�T�|̮̫ð�Kʼp��`˽5�M"6�ƺȭ$NM(Fig. 4-1 Ċȿ)�
ApSRCR1p��`˽�ʼp��`˽5�M�Ĝ�Q�Ĺ̺ͤÝʦʔʴČ>ƞÄ
;ÄʸʔʴQɑ�4WYjp���sv9JLǼ˦&.�Ĺ̺ͤÝʦʔʴ;

ApSRCR1p��`˽<�˟ � ;îō̲ 150 kDa;Âʧ9�ɔ͔ȟƓ÷ Triton 
X-100͓ŏĳ 5<¡ȲƓɓî5Ǽí$N.(Fig. 4-3C: Ŭ�{�)�"N9ŝ&�
1% Triton X-100ŏĳ 5<ēȲɓî5Ǽí$N.(Fig. 4-3C: Ŭ�{�)�ƞÄ
;Äʸʔʴ9��4G�Ĺ̺ͤÝʦʔʴ;ļĘ6ęȀ�1% Triton X-100ìɍ9
JL�ApSRCR1p��`˽;~�w<¡Ȳɓî�KēȲɓî?h�v&.��
ǔ�,;~�wfVk< 180 kDa5�L�Ĺ̺ͤÝʦʔʴ6Ȏ̌&4ʎ 30 kDa
Ņ��1.(Fig. 4-3C: Ĕ�{�)� 
 
� ¥ʔʴɴ9��4�ApSRCR1p��`˽;îō̲�ɘ8MɍɒQǝK�9(
M.F�"NKͳɴ;ʔʴ�KƋ.ɾ̲;p��`˽9ŝ&�PNGase F ìɍ
QǕ&�WYjp���svQ˖1.�,;ʘǱ�¥ʔʴɴ9��4�ApSRCR1
p��`˽;fVk<Ȫţ&�˟� ;îō̲ 120 kDa ;Âʧ5Ǽí$N.
(Fig. 4-3D)�";fVk<�ApSRCR1p��`˽;T�|̮̫ð�K­Ɨ$N
Mîō̲6��J,�ˀ&4�M�C.�Äʸʔʴ9� M ApSRCR1 p��
`˽;ɜɋ̲<�̺Ýʦʔʴ6Ȏ̌&4͓ų9ń�"6GǝK�681.� 
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Fig. 4-3  Źɏ;̺ÝʦʔʴČ>ƞÄ;Äʸʔʴ9� M ApSRCR1 p��`
˽;ɜɋ   
(A-B) ���x�TŹɏ(ĐʉƉ4ǘ);̺Ýʦʔʴ(A)Č>]�jĺ˽9ǃɴ&.5îƉ
;ƞÄ;Äʸʔʴ(B)9� M ApSRCR1 p��`˽;ʔʴæťĳ�ßŐɞïɃÛ8K
>9ŝƒ(M|��j^�ǝˠ̱Û�ApSRCR1p��`˽<¥ʔʴɴ;ʔʴ˽͚ĸ5
wsvɆ;hax�6&4ˡŜ$NM�¥ʔʴʺ;ˋɆº̂5<˓ßhax��Ǽí$

N8��(B)5<ǵQ˾5ɭ&4�M�jb��~�< 5 µm (A); 50 µm (B)� (C) 
ApSRCR1p��`˽;ēȲƓ9ŝ(M 1% Triton X-100(TX-100);ƅ͕�̺Ýʦʔʴ
(Mesenchyme cells)Č>Äʸʔʴ(Coelomocytes)QǫǑ9WYjp���svˢǯQ
˖1.�W, âp��`˽; S, ēȲp��`˽; I, ¡Ȳp��`˽�͐ȐȜý;͈�f
���W5< 2 µg�f��� SČ> I<Ę˥ 2 µg68MJ�9˴˛&.�(D) Äʸʔ
ʴ(f��� C)Č>̺Ýʦʔʴ(f���M)9� M ApSRCR1p��`˽;ɏÿŐɞ
ɅƓ;Ȏ̌�PNGase Fìɍ&.¥ʔʴʺ;��iX{�vQɑ�4WYjp���s
vQ˖1.�{]tU�d�v���5< normal IgGQɑ�.�ė��� 2 µg;p
��`˽Q͐ȐȜý&.� 
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4-5 Źɏ9� M ApSRCR1 p��`˽;Ȇʵ̽ŗ 
 
� ̺Ýʦʔʴ9JMàəƒʀ;͈�ApSRCR1 p��`˽�ƭ�ȆʵQǝK�
9(M.F�ĐʉƉ͵ǘ;���x�TŹɏQǫǑ9�T�rl�j���Z

�|[�ez`�[rw (ApSRCR1-MO)Qɑ�.|s`qW�Č>ƨ
rSRCR5-8 ƨÄ9JM§ģŕͨQ˖1.�C)�|s`qW�ŕͨ9��4�
ApSRCR1-MOŹɏ;̺Ýʦʔʴ5�ApSRCR1p��`˽;ɜɋ�̽ŗ$N4
�M"6Qɬˮ&.(Fig. 4-4)�ApSRCR1-MOŹɏČ> control-MOŹɏ9ŝ&
~`t�T(Ņʻˈ)QțŠ&.6"O�¥ʮ;̺Ýʦʔʴ<ã9 2Ǡ̺¹æ9ë
͋ĽQƄƞ&.(Fig. 4-5A)�&�&�Ƅƞ$N.ë͋Ľ;ǌČ>fVk9<ǝɬ
8̥��ˡŜ$N.�control-MOŹɏ5<�ʎ 90%;ÐÄ(22ÐÄ§ 20ÐÄ)
5Ņ�8 1 Ð;ë͋Ľ�Ƅƞ$N.;9ŝ&����S�vŹɏ5<�ʎ 40%
;ÐÄ(24ÐÄ§ 10ÐÄ)5 5�10Ð;ë͋Ľ�ǋĳ&4ˡŜ$N�,NK;f
Vk< control-MOŹɏ;ë͋ĽJLGŢ$�1.�$K9�ApSRCR1-MOŹ
ɏ5<�˹͡$N4�8�~`t�T�ʴʳʸ§9ń�ˡŜ$N.(Fig. 4-5A: 
�m�p)� 
 
� Ȉ9�Ȋų8Źɏ9�~`t�T6ƨ rSRCR5-8ƨÄċ< normal IgGQę
Ǡ9țŠ&.�,;ʘǱ�̺Ýʦʔʴ9JMë͋ĽƄƞ;�p��<�

ApSRCR1-MO 9JM|s`qW�ŕͨ6ęȀ5�1.�ƨ rSRCR5-8 ƨÄQ
țŠ&.ļĘ�47%;ÐÄ(19ÐÄ§ 9ÐÄ)5˜ǌ;Ţ$8ë͋Ľ�Ƅƞ$N�
~`t�T;`�T��jG¡œâ5�1.(Fig. 4-5B)��ǔ�normal IgGQ
țŠ&.ļĘ<�81%;ÐÄ(21ÐÄ§ 17ÐÄ)5Ņ�8 1Ð;ë͋Ľ�Ƅƞ$
N�˹͡$N4�8�~`t�T<ˡŜ$N8�1.� 
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Fig. 4-4  ApSRCR1-MO 9J14 ApSRCR1 p��`˽;ʫ˩̽ŗQǕ&.
���x�TŹɏ (ĐʉƉ 4 ǘ ) 
ƨ rSRCR5-8ƨÄ5ǳ˄&. control-MOŹɏ(A)Č> ApSRCR1-MOŹɏ(B);ßŐɞ
ïɃ;jps`Û8K>9ŝƒ(M|��j^�ǝˠ̱Û�ApSRCR1-MO Źɏ5<
ApSRCR1p��`˽�ɜɋ&4�8��jb��~�< 50 µm� 
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Fig. 4-5  ApSRCR1 p��`˽;Ȇʵ̽ŗ����x�TŹɏ (ĐʉƉ 4 ǘ );
̺Ýʦʔʴ9JMë͋ĽƄƞČ>˹͡Æɑ9ČB(ƅ͕  
(A) ApSRCR1-MO9JMʫ˩̽ŗ�~`t�TQțŠ&4 2Ǡ̺Ɖ�̺Ýʦʔʴ��
\�5�M MC5 mAb 5ǳ˄&.Źɏ;ßŐɞïɃ;jps`Û8K>9ŝƒ(M|
��j^�ǝˠ̱Û��m�p<˹͡$N4�8�~`t�TQɭ&4�M�

ApSRCR1-MOŹɏ5<�Ņ�8 1Ð;ë͋ĽƄƞQƄƞ5�)�~`t�T;̀ĉG
¡œâ5�M�(B) ƨ rSRCR5-8ƨÄQɑ�.§ģŕͨ�~`t�T6 normal IgGċ
<ƨ rSRCR5-8 ƨÄ(anti-rSRCR5-8 pAb)QęǠ9țŠ&.�ʘǱ<�(A)5ƋKN.
ʘǱ6J�À4�M�jb��~�< 20 µm� 
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4-6 ƞÄ9� M ApSRCR1 p��`˽;Ȇʵ̽ŗ 
 
� ­Øŕͨ�K�Vv�^�vuƞÄ9��4�Äʸ§9țá$N.��kH

~`t�T87;ɘɄ9ŝ&�Źɏ;̺Ýʦʔʴ6ęȀ�Äʸʔʴ�ë͋ĽQ

Ƅƞ(M"6�î�14�.�,"5�ƞÄ9ŝ&4G�öʄ5���x�T

Źɏ9ŝ&4˖1.J�9~`t�T6ƨÄ;ęǠțáŕͨQ˖��ƨ

rSRCR5-8 ƨÄ��Äʸʔʴ9JMàəƒʀ9ČB(ƅ͕QǼ˦&.�~`t
�T6 normal IgGQƞÄ;ʹæ;Äʸ9ęǠ9țá&.ļĘ�Äʸʔʴ<ȟɜ
9ë͋ĽQƄƞ&�țŠƉ͵Ǡ̺C5;̺9ë͋Ľ;fVk<ŀŅ(M6ã9�

Äʸȥ§5ˡŜ$NM~`t�T<Ȫţ&4�1.(Fig. 4-6A: �Ȍ)��ǔ�ƨ
rSRCR5-8 ƨÄŏĳ 5<�ˡŜ&.7;ǠȻ9��4GÄʸʔʴ9JMë͋
ĽƄƞ<ˮFKN)�~`t�T<Äʸȥ§9ń̲9ˡŜ$N.(Fig. 4-6A:  
Ȍ)�8��7;ˡŜǠȻ9��4G�~`t�T9JMÐ�;Äʸʔʴ;q�
�i<ˮFKN8�1.�C.�";ʘǱ<�ŕͨ&.â4;ÐÄ(4ÐÄ)5ę
Ȁ5�1.�ë͋ĽfVk;Ŕ̲ɞ8ˢǯ�K�ƨÄ9JM̽ŗüǱ<�~`

t�TțŠƉ 1 Ǡ̺Ɖ9<Ǘ9ɏ'4�L�ţ8�6G 4 Ǡ̺ƉC5Ʊʛ&.
(Fig. 4-6B)� 
 
� Äʸʔʴ9JMë͋ĽƄƞ;pV�d�j9ĺ3�4(Fig. 4-6A: �Ȍ)�Äʸ
ʔʴ�~`t�T9ŝ&4àəƒʀ(M͈;ApSRCR1 mRNA;ɜɋ̲;łÿ
Q real-time PCRș9JL˴@.�ƨ rSRCR5-8ƨÄ9JM̽ŗüǱ�͞ˌ9
8MțáͳǠ̺Ɖ(Fig. 4-6BĊȿ)�ApSRCR1 mRNA;ɜɋ̲<�țáö6Ȏ
̌&4 2.7Ñ9�ǜ&.(Fig. 4-6C)��ǔ�țá͵Ǡ̺Ɖ98M6�2Ǡ̺Ɖ6
Ȏ̌&4 0.8Ñ9Ȫţ&.ͯp < 0.005�tǼŔͰ� 
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Fig. 4-6  ƞÄ;Äʸʔʴ;ë͋ĽƄƞČ>˹͡ȟƓ9ŝ(Mƨ rSRCR5-8 ƨ
Ä;ƅ͕  
(A) ~`t�TČ> normal IgG(�Ȍ)ċ<ƨ rSRCR5-8 ƨÄ( Ȍ, anti-rSRCR5-8 
pAb)QƞÄ;Äʸ9ęǠ9țá&.͈;Äʸʔʴ9JMàəƒʀ;ʗǠłÿ�țáɥ
ƉČ>țá 1�2�4 Ǡ̺Ɖ9ÄʸȥQĬĎ&Äʸʔʴ;ɆƚQˡŜ&.�jb��~
�< 500 µm�(B) (A)5ˡŜ$N.ë͋ĽfVk;Ŕ̲ɞˢǯ�ë͋Ľ;fVk<�
Image Jn�vWXTQɑ�4�ĺ˽�9ąFM͔ɵ6&4ʂí&.�u�p<ŶĵÓ 
� Ȃȱ˱ŮQɭ&4�M�(C) ~`t�TƧ¢Ɖ 2Č> 4Ǡ̺Ɖ9� MÄʸʔʴ5
; ApSRCR1 mRNAɜɋ̲�u�p<Ƨ¢ö;ǨƙÆÐÄ;Äʸʔʴ(0 h)9ŝ(Mɦ
ŝ̲Q˗&4�M�Ƨ¢ 4Ǡ̺Ɖ; ApSRCR1 mRNA;ɜɋ̲<�2Ǡ̺ƉJLGǥ
Ƙ9Ȫţ&4�Mͯ p < 0.005�tǼŔͰ�u�p<ŶĵÓ � Ȃȱ˱ŮQɭ&4�M(N = 
4)� 
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4-7 àəƒʀǠ9� M ApSRCR1 p��`˽;ȆʵɅƓ 
 
� ƨ rSRCR5-8 ƨÄ��~`t�T9ŝ(Màəƒʀ9��4�Źɏ;̺Ýʦ
ʔʴ;D8K)�ƞÄ;Äʸʔʴ9ŝ&4G̽ŗüǱQɭ&."6�K�ɏÿ

Őɞˢǯ�řǞ8ƞÄQɑ�4�ApSRCR1p��`˽;ȆʵɅƓ;ˢǯQ˖1
.�~`t�TQțá&4 2 Ǡ̺Ɖ;ƞÄQǫǑ9WYjp���svQ˖1
.ʘǱ�Ȏ̌ɞń̲8 ApSRCR1 p��`˽��Äʸʔʴ/ 58��ʔʴQ
̀ĉ&.Äʸȥ�KGǼí$N.(Fig. 4-7A͸Ĕ�{�)�~`t�TțáƉ 2
Ǡ̺;Äʸȥ9��4�ApSRCR1 p��`˽< 1 Ǫ;~�w6&4Ǽí$N
.�(Fig. 4-7͸Ĕ�{�; CF)�";~�wfVk<�ǨƙÆ8Äʸʔʴ6Ȏ̌
&4ʎ 10 kDa Ţ$�1.�$K9�";Ţ$�fVk; ApSRCR1 p��`
˽<�~`t�Tțá 2Ǡ̺Ɖ;Äʸʔʴ9��4GǼí$N.(Fig. 4-7A͸Ĕ
�{�; CCs)��ǔ�ǨƙÆÐÄ;Äʸȥ5<�~�w<Ǽí$N8�1.(Fig. 
4-7A͸Ŭ�{�; CF)� 
 
� ApSRCR1p��`˽�~`t�T9ʘĘ(M�Ĝ�QǝK�9(M.F��
̓&.~`t�Tțá 2Ǡ̺Ɖ;Äʸȥ§5~`t�TQV�^���v&.�
30î̺V�^���v&.~`t�TQɑ�4WYjp���svQ˖1.6
"O�1Ǫ;ǝɬ8~�w�Ǽí$N.(Fig. 4-7B͸§ņ�{�;Ŭ���)�"
;~�wfVk<�ǨƙÆ8Äʸʔʴ; ApSRCR1p��`˽JLGʎ 10 kDa
Ţ$��~`t�TƙÆÐÄ;Äʸȥ5Ǽí$N.fVk6�ˀ&.(Fig. 4-7A
Ċȿ)��ǔ�";~�w<�ƨ rSRCR5-8ƨÄQû�.Äʸȥ§5V�^��
�v&.~`t�T9��4GǼí$N.(Fig. 4-7B͸Ĕ�{�)�8��Äʸȥ
§5V�^���v&4�8�~`t�T9��4<�ƨ rSRCR5-8 ƨÄ�č
ƒ(M~�w<ŏĳ&8�1.(Fig. 4-7B͸§ņ�{�;Ĕ���)� 
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Fig. 4-7  ƞÄ;àəƒʀ9� M ApSRCR1 p��`˽;ȆʵɅƓ;ˢǯ  
(A) Äʸʔʴ(CCs)Č>ʔʴQĝC8�Äʸȥ(CF)§9� M ApSRCR1p��`˽;
ŏĳ�CCs Č> CF <�ǨƙÆ (Naive Adult)C.<~`t�T9JMƙÆÐÄ
(Sensitized Adult)�KĬĎ&.ÄʸȥQî͎&.G;5�M�ƙÆÐÄ;Äʸȥ§5
170 kDa;Âʧ9~�w�Ǽí$N4�M"69țƘ�ͮɩŤ, 180 kDa: ɝɩŤ, 170 
kDa�CCs f���5< 2 µg ;p��`˽Q͐ȐȜý&.�CF f���5<p��
`̲<ȭŔ&4�8��(B) In vitro9� M ApSRCR1p��`˽;~`t�T?;
ʘĘɅƓ�Ŭ�{�:ǨƙÆÐÄ;Äʸʔʴ(Naive CCs)Qɑ�.�itU�d�v��
��§ņ�{�: (A);ƙÆÐÄ�KƋ.Äʸȥ(Immune CF)5V�^���v&.(+)
ċ<&4�8�(-)~`t�T�Äʸȥ5V�^���v&.~`t�T5 170 kDa;
~�w�Ǽí$NM�Ĕ�{�: ƨ rSRCR5-8 ƨÄ(pAb)QĝR/Äʸȥ5V�^��
�v&.~`t�T�Naive CCsf���5< 2 µg�~`t�Tf���5< 1 µg;
p��`˽Q͐ȐȜý&.�  
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4-8 ʭŜ 
 
� ɽ͵ɻ5<�ǹɟýɄ�vu9��4ñF4�SRCR w�V�Qǥ(Mp�
�`˽QĄ͎�ęŔ&.�ǣñ9�Vv�^�vu�K SRCR p��`˽Qd
�w(M cDNA ;`��y�aQ˖��ApSRCR1 6Ě· .�ApSRCR1 p
��`˽��ÐÄɜɏQ̙&4ʾȾàəhjt�97;J�9Ś¢&4�M;

�QǝK�9(M.F9�Vv�^�vu;ɜɏ̢ɳČ>ƞÄQɑ�4�

ApSRCR1p��`˽;îōǿ̛�ɜɋ�ʔʴæťĳƓ�ȆʵQˢǯ&.�"N
K;ʘǱQG69�¹ ;͵͘ɤ92�4ʭŜ(M� 
 
 
ApSRCR1 p��`˽;ǿ̛ɞɅƏ 
 
� ƉɏýɄ;ʾȾàəhjt�9��4�ńȀ8w�V�ǿ̛Qǥ(MńȀ8

SRCRp��`˽�ŏĳ(M"6�ɪKN4�M(Sarrias et al., 2004)�T�|
̮̫ð;ˢǯ�K�ApSRCR1p��`˽;ǿ̛<¹ ;J�9ɅƏ· KNM
(Fig. 4-1): (1) ApSRCR1p��`˽<�p�u�9̜81. 9Ð; SRCRw�
V�Qǥ&4�L�,NK; SRCRw�V�<a��� A9î͟$NM SRCR
w�V�;ɅƏ6�ˀ&4�M; (2) T�|̮̫ð�K­Ɨ$NMîō̲< 120 
kDa 5�M��ApSRCR1 p��`˽< N-a�dh�ÿ̪Â;Ò˚Q 11 ʁƣ
ǥ&4�M; (3) ApSRCR1p��`˽<�SRCRw�V�9û��1Ð; SCR
w�V�61Ð;ʼ˺̙͚ĸQǥ&4�M�ApSRCR1p��`˽6ęȀ�SRCR
w�V�6 SCRw�V�Qã̙9ǥ(Mp��`˽<�"NC5�WyƞÄ;
SpSRCR7(Pancer, 2000)�\V��ƞÄ; SRCR-SCR-Car(Blumbach et al., 
1998)Č>MAP-GEOCY(Pahler et al., 1998);4ɴ͟�ĻĞ$N4�M�Á&�
"NK 4ɴ͟; SRCRp��`˽9ĝCNM SRCRw�V�Č> SCRw�V
�;ǌ<�ApSRCR1p��`˽6<ɘ814�M� 
 
� ń�; SRCRp��`˽9��4�a��� A; SRCRw�V�æ9� M
2ɗɤ6 3ɗɤ;hjtV�9ƴCNM͚ĸ<�ɦęƓ�Ã��ńȀƓQǥ(M
͚ĸ5�M(Claudianos et al., 2002)�$K9�";ńȀƓQǥ(M͚ĸ<�
SRCR w�V�;˗͔9͑í&4�M/ 58�(Hohenester et al., 1999)�
SRCR w�V�6,;�]�w;ɦ°Æɑ9̻¢(M6��ĻĞ�8$N4�
M(Bowen et al., 2000)�ˁĠȦ�"69�ApSRCR1p��`˽; SRCRw�
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V�æ9ŏĳ(M 10ʁƣ; N-a�dh�ÿ̪Â;Ò˚;æ�7Ð�";͚ĸ9
͋§&4�M(Fig. 4-1B)�ApSRCR1p��`˽Qǿƞ(M SRCRw�V�æ
;";͚ĸG�Vv�^�vu;ʾȾàəhjt�9��4̰˝�G&N8�� 
 
 
Vv�^�vu;ÐÄɜɏQ̙&.ʾȾàəhjt�9� M

ApSRCR1 p��`˽;̻¢ 
 
� ƉɏýɄ;ÐÄɜɏQ̙&. SRCRp��`˽;ɜɋ���U��<"NC
5A6R7țɤ$N4"8�1.��Ǫɫɷ9JM ApSRCR1 p��`˽;ˢ
ǯ9J14ñF4ɭ$N.�,;ʘǱ�Vv�^�vu;ʾȾàəhjt�9

��4�ApSRCR1 p��`˽;̻¢QɭĦ(M 2 2;ɪ˟�ƋKN.��2
<�ApSRCR1 p��`˽��Źɏ;̺ÝʦʔʴČ>ƞÄ;Äʸʔʴ6�� 2
ɴ;àəʔʴ;D9��4�de novoĘƞ$N4�M6��®ŕ5�M(Fig. 4-2, 
4-3)�C.�ȍƓ ApSRCR1 mRNA;ʫ˩<�§ǧĈʻʳǧC5Ʀô$N4�
M"6GǝK�681.�Ɗ14�ApSRCR1p��`˽; de novoĘƞ<�ʉ
ś8ôƌ�\yk�9J14d�v���$N4�M6ʭ�KNM�ɋĳ;6

"O�ȍƓ ApSRCR1 mRNA�7;J�8�\yk�5ʫ˩Ʀô$N4�M;
�<ǝK�5<8���ApSRCR1 mRNA;͓ų9̷� 3’-UTR�ʫ˩ôƌ9
̻¢&4�M;�G&N8��2 2ɤ<�ApSRCR1 p��`˽9� M N-a
�dh�ÿQµ&.ʫ˩ƉÏͣ;ɳż��Źɏ;̺Ýʦʔʴ6ƞÄ;Äʸʔʴ

̺5ɘ814�M6��®ŕ5�M(Fig. 4-3D)�N-a�dh�ÿ<�àəhj
t�9� MîȘ(Carra et al., 2000)�ˮ˶(Green et al., 2007)�ĐřÄ;p�
�[�~�(Rabinovich et al., 2007)87;ôƌ9��4�̰˝8ƆøQƭ14
�M"6�ɪKN4�M�&�&�ɋĳ;6"O�ApSRCR1 p��`˽; N-
a�dh�ÿ��Vv�^�vu;ʾȾàəhjt�97;J�9̻¢&4�

M;�<¡ǝ5�M� 
 
� T�|̮̫ð�K�ApSRCR1p��`˽<ʼp��`˽5�M"6�­Ɨ$
N.��"N<�̺Ýʦʔʴ�Äʸʔʴã9�1% Triton X-1009ŝ(MēȲƓ
�Kɬ�FKN.(Fig. 4-3C)��ǔ�ƨ rSRCR5-8ƨÄ9JMàəǳ˄;ʘǱ�
ApSRCR1p��`˽;ɜɋ<¥ʔʴɴ;ʔʴ˽͚ĸ5�wsvɆ;�p��6
&4Ǽí$N.(Fig. 4-3A, B)�"NK;ʘǱ�K�ApSRCR1p��`˽<ʔ
ʴ˽9ŏĳ(MÅK�;Ţʴʼ�9ťĳ&4�M"6�ɭĦ$NM�"N9ŝ
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&�àəʔʴ5ɜɋ(Mń�; SRCR p��`˽<�ʔʴ˗͔5ɜɋ&4�M
"6�ĻĞ$N4�M(Elomaa et al., 1995; Freeman et al., 1990; Kodama et 
al., 1990; Liu et al., 2011; Van den Heuvel et al., 1999)�ApSRCR1p��`
˽;J�9�ʔʴ˽;Ţʴ;D9ťĳ(M SRCRp��`˽<ĻĞ$N48�� 
 
 
Vv�^�vuƞÄČ>Źɏ;ʾȾàəhjt�9��4 ApSRCR1 p
��`˽<[�ny�6&4Ȇʵ&4�M 
 
� ƞÄ9��4�ƨ rSRCR5-8ƨÄċ< normal IgG6~`t�Tr���i
QʖDĘP*.Ȇʵˢǯ;ʘǱ�K�ApSRCR1p��`˽��Vv�^�vu
;ʾȾàəhjt�9��4�[�ny�6&4Ȇʵ&4�M"6�ɭĦ$N

.(Fig. 4-6)�ApSRCR1 mRNA;ɜɋ̲<�~`t�T9ŝ(Màəƒʀ6ă
˴&4�ǜ(M/ 58��ë͋ĽƄƞ;̞˖̢ɳ9��4qW��_���

h���ŌC14�L(Fig. 4-6C)�àəƒʀ;ñǧ̢ɳ5Ȇʵ(M[�ny�;
ɅƏ6J��ˀ&4�M�ApSRCR1p��`˽�[�ny�6&4Ȇʵ&4�
M6��ʭ�<�ƞÄ9� M~`t�TƙÆÐÄ;ÄʸȥQɑ�.¹ ; 2
2;ŕͨʘǱ9J14ɥƹǇƱ$NM: (1) ApSRCR1p��`˽<�ʔʴQ̀
ĉ&.~`t�TƙÆÐÄ;Äʸȥ§9ŏĳ&4�M (Fig. 4-7A); (2) 
ApSRCR1p��`˽<�Äʸʔʴ͓ŏĳ 9��4G~`t�T6ʘĘ5�M
(Fig. 4-7B)���f^Wy;Äʸȥ§9<�Wf_˾˕Ɍ9ŝ&4[�ny�ȟ
ƓQǥ(MɄ˽(Bertheussen, 1983)H˚Äƞî C3 ;ɦęp��`˽ SpC3 
(Clow et al., 2004; Smith, 2002)�ĝCN4�M"6�ĻĞ$N4�M��ǔ�
�vu Asterias rubens9��4<�C3;ɦę̩½ōǒɃ�`��y�a$N
4�MG;;(Mogilenko et al., 2010)��vu͟9��4 ApSRCR1p��`
˽¹Ń9[�ny�ȟƓQɭ(p��`˽<ęŔ$N4�8�� 
 
� ~`t�Tr���i&.ƞÄ;ƒʀ9��4�ApSRCR1p��`˽;[�
ny�ȆʵQɜý$*M�\yk�<¹ ;J�9ƺȭ(M"6�5�M�C

)�ȆʵĶ ApSRCR1p��`˽;öͧÄ<�ǨƙÆÄʸʔʴ;ʔʴæŢʴ5�
ʼp��`˽6&4ťĳ&4�M(Fig. 4-3)�Ȉ9�Äʸ§9~`t�T�Ëá
(M6�ApSRCR1 mRNA ;ɜɋ��ǜ(M(Fig. 4-6C)�ʛ�4�ApSRCR1
p��`˽�Äʸʔʴ�KÄʸȥ§9îȘ$NM (Fig. 4-7A)�";͈�
ApSRCR1p��`˽;ʔʴŃ͚ĸ�Äʸʔʴ�Kïǒ$N�ʎ 10 kDa9ɦƃ



 81 

(M ApSRCR1 p��`˽;ʼ˺̙Č>ʔʴæ͚ĸ�Äʸʔʴ9ȋ$NM(Fig. 
4-7A, 4-1AGĊȿ)�C.�Äʸȥ§;Äʸʔʴ<Ȋų8ƄƚQÎ1.Ɇƚ5ˡ
Ŝ$NM"6�K(Fig. 4-6A)�Äʸʔʴ<~`t�Tǡ͑9JMƾÙQĐ 4�
8�6ʭ�KNM�ǣƉ9�îȘĶ ApSRCR1 p��`˽�~`t�T9ʘĘ
&(Fig. 4-7B)�,;ʘǱ�Äʸʔʴ9JMë͋ĽƄƞQ¾1.˹͡Æɑ�ſ�̀
"$NM(Fig. 4-6A)� 
 
� ƞÄ;ÄʸȥQɑ�.ˢǯ�K�ƨ rSRR5-8ƨÄ� ApSRCR1p��`˽;
~`t�T?;ʘĘQ̽ŗ&8�"6GǝK�681.(Fig. 4-7B)�";®ŕ<�
ƨ rSRCR5-8 ƨÄ��ApSRCR1 p��`˽9J14[�ny�ÿ$N.~`
t�T6Äʸʔʴ;ɦ°ÆɑQ̽ŗ&4�M"6QɭĦ&4�M�Ƽˤ(N=�

~`t�T9ʘĘ&.ApSRCR1p��`˽QÄʸʔʴ�ˮ˶(M"69JL�
,;Ɖ;ʾȾàəhjt��Æý(M"6�Ƃ�ƺȭ$NM�ɋǠȻ5<�

ApSRCR1p��`˽�[�ny�6&4Ȇʵ(M͈�~`t�T¹Ń;ɚĈÄ
Qˮ˶(M"6�5�M�Ĝ�<ǝK�5<8�� 
 
� ɽͳɻ5ǝK�9&.Źɏ;̺Ýʦʔʴ;qVx�`j6ęȀ9�ƞÄ;Ä

ʸʔʴ9JMë͋ĽƄƞ<�ɘɄ̀ĉ;ƲȂ5�M (ɽͲɻGĊȿ)�ŕ͈�
normal IgGQɑ�.ŝȿŕͨ9��4�Äʸʔʴ<ë͋ĽQƄƞ&�~`t�
TQ̀ĉ&4�M(Fig. 4-6A)�ë͋ĽƄƞ<�Äʸ§9��4ɘɄQśŞ(M6
��Ȼ5�͓ ų9üǱɞ8˹͡ơɖ5�M6ʭ�KN4�L(Chen et al., 2007)�
ë͋ĽƄƞ6 ApSRCR1 p��`˽;[�ny�ȆʵQµ&.˹͡ÆɑQ̻̜
$*M�\yk�;ˢǝ�ƈ.NM�̐ŷ��`��S�i��T�v�hj

Qɏ'.Ŋ§ɌQ˹͡(M͈9�galectin-3Q[�ny�6&4ɑ�4�M"6
�ĻĞ$N.(Karlsson et al., 2009)�ˁĠȦ�"69�galectin-3<���|
��ʔʴ;ë͋9̻¢(M¸˗ɞ8 SRCR p��`˽ MAC-2 ʘĘp��`˽
6ɦ°Æɑ(M"6�ɪKN4�M(Inohara et al., 1996)��ǔ��Wj9� 
MîȘĶ SRCR p��`˽5�M CRP-ductin <�~`t�T;D8K)ʱ;
[�ny�5�M surfactant protein D 6GʘĘ(M"6�ĻĞ$N4�M
(Madsen et al., 2003)�ApSRCR1p��`˽G�CRP-ductin6ęȀ~`t�
T9ʘĘ(M"6�5�M��ApSRCR1p��`˽��ë͋ĽƄƞ9��4¶
;p��`˽QƑ˝6(M;�6��Ĩ͝92�4<´Ɖ;˳͝5�M� 
 
� ƞÄ6ęȀ�Źɏ9��4G�̺Ýʦʔʴ9JM~`t�T;̀ĉČ>ë͋
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ĽƄƞ��ApSRCR1-MOČ>ƨ rSRCR5-8ƨÄ5̽ŗ$N.(Fig. 4-5)�"N
K;ʘǱ�K�Źɏǧ9� M̺Ýʦʔʴ9JMʾȾàəhjt�9��4G�

ApSRCR1p��`˽<[�ny�6&4Ȇʵ&4�M6ƺȭ$NM�&�&�
Äʸʔʴ6Ȏ̌&4�̺Ýʦʔʴ9ŝ(M"NK;̽ŗüǱ�¡œâ5�M"

69̻&4<ˤČ(MƑ˝��M�2CL�ApSRCR1p��`˽Q̽ŗ&4G�
�Mɳż;̺Ýʦʔʴ�~`t�T9ƒʀ&4�.6��®ŕ5�M(Fig. 4-5)�
";®ŕ<�Źɏ;ʾȾàəhjt�; ApSRCR1 p��`˽?;Éŏż<�
ƞÄ;ʾȾàəhjt�JLGÃ�"6QɭĦ&4�M�ŕ͈�̺ÝʦʔʴČ

>Äʸʔʴ9��4�ApSRCR1p��`˽9ŝ(MÉŏż6�ApSRCR1p�
�`˽;ɜɋ̲9<ɦ̻�ˮFKNM(Fig. 4-3D)�̺Ýʦʔʴ9JMʾȾàə
hjt�9��4<�¶;p��`˽G̻¢&4�M;�G&N8�� 
 
 
ApSRCR1 ̩½ō6Vv�^�vu9� M SRCR ̩½ō�S��� 
 
� ��f^Wy S. purpuratus 9��4�Äʸʔʴ9ŝ(M~`t�THˈ͟
87;ɚĈÄ;ǡ͑9J14�ńȀ8 SRCR ̩½ō�̉è���5qVx�s
`8ɜɋ˴ʄQĐ 4�M"6�ĻĞ$N4�M(Pancer, 2000)�C.�S. 
purpuratus 9� M SRCR ̩½ō;ńȀƓ<c|�ˢǯ9J14ǝK�9$
N�218ɴ; SRCRp��`˽Qd�w(M 1000¹�; SRCRw�V��ɜ
˟$N4�M(Rast et al., 2006)�&�&�Vv�^�vu9��4<�Wy6
ę'ǹɟýɄ9ŧ&4�MG;;�";J�8ńȀƓ<ŏĳ&8�6ʭ�KN

M�ɍɒ6&4¹ ;®ŕQ̓@M�C)�S. purpuratus 9��4�˜ǌ;
SRCR̩½ō;ŀŴ�ˮFKN. degenerate��V��5�Vv�^�vu5
< ApSRCR1¹Ń; cDNA<ŀŴ$N8�1.�C.�ApSRCR1̩½ō;̉
èČ>ʫ˩ɐɄ<�|�g���svČ>WYjp���svˢǯ9��4Ą

�;~�w6&4Ǽí$N.(Fig. 4-2)�$K9�àəƒʀ9ŝ(M ApSRCR1
p��`˽;̽ŗüǱ<�~`t�T9ŝ(Më͋ĽƄƞČ>˹͡Æɑ;¡â

6&4ǝK�9˪ǝ$N.(Fig. 4-6)�"NK;ʘǱ�K�ApSRCR1 p��`
˽<��vu9��4Ʌǥ;p��`˽5�M"6�ƺȭ$NM�S. 
purpuratus6ęȀ9�G&Vv�^�vu9��4ʽŅ8 SRCR̩½ō�ŏĳ
(M;5�N=�Ǫɫɷ9J14ƋKNMʘǱ<͓ų9˜͍5�1.6ʭ�K

NM�Vv�^�vu9� M SRCR ̩½ō;ńȀƓ<�ɋĳ̞˖§;c|�
ˢǯ9J14ǝK�98M5�O�� 
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ǫǑ6ǔș  
 
ŕͨýɄ�Đʉ8K>9ɜɏ 
 
� ɽͳɻ6ęȀ;ǔș5Vv�^�vu A. pectiniferaQƷ͋�͢ ʰ&�Đʉć

QƋ.�Đʉć<³ūȣȑ (ASW) 5ɜɏ$*�ʴʳ�§ǧĈʻʳ�ƉǧĈʻ
ʳ����x�TŹɏQƋ.��̪;ŕͨ5<�ĐʉƉ͵ǘɤ;���x�T

Źɏʎ 100ÐÄƃ.L 100 ml; ASWQ 15 cmh���9áN�50 rpm5ǖ
ĬĹͤ&.�ͥ6&4ɊːQ͵ǘ#69¢����^[��TŹɏC5ɜɏ$

*.� 
 
� ���Z�|[�eͯMOͰ;͞ƎțŠɑ;ǨƞɁć;˴˛<�ɽʹɻ9˧̓
&.ǔș5˖1.� 
 
 
̺ÝʦʔʴČ>Äʸʔʴ 
 
� Ą�8̺Ýʦʔʴ͋Į<�ɽͳɻ9˧&.ǔș5Ĺͤ 9Ą͎&.�ƞÄ;

Äʸʔʴ<�Dan-SohkawaK;ǔș(Dan-Sohkawa et al., 1993)9Ɗ��Äʸ
�KƋ.�ʆĄ9˧̓(M6�18G�1/2’’̳ͯTERUMOͰQɑ��1 mlh��
iͯTERUMOͰ5ƞÄ;Äʸ�KÄʸȥQƩ�"69JLȱØ&.� 
 
 
cDNA `��y�a�h�`Y�h�aČ>̫ðˢǯ 
 
� ɽʹɻ5Æ˛&.Ĺ̺ͤÝʦʔʴɒǭ; cDNA �V����Qt����v
6&4�ɽʹɻ6ęȀ9�degenerate PCRQ˖1.�degenerate��V��
<�Pancer K (1999)�ƉɏýɄ; SRCR ̩½ō̫ð�K˨˥&. SRCR.F1 
(5’-TGGGGIACIRTNTGYGA)Č> SRCR.R2 (5’-CAIACIACNCCNGCRTC)Q
ɑ�.�PCRčƒ<�rTaqͯ TOYOBOͰQɑ�4 94
-ʹî̺;Ɖ 94
-30ɯ
̺�42
-2î̺�74
-2î̺Q 5fV`��94
-30ɯ̺�43
-1î̺�74

-2î̺Q 40fV`��74
-10î̺5˖1.�32; SRCRw�V�̫ðQǥ
&4�. PCRɐɄQ����6&4��˧ cDNA�V����Qj`��y�
a&.�ƋKN.̓Ɠ`���;§5ǣGŅ�8fVk5�1. 5 kb;`��
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�Qh�`Y�h�a&�ApSRCR16Ě· .�ApSRCR1̩½ō;â̷̫ð
Q Ƌ M . F 9 � SRCR1-5’race � � V � � 
(5’-CAGCAGGTGGCAGCTACAGCCTC) Č > SRCR1-3’race � � V � � 
(5’-GTCTTGAGCTTCAGTGCCATGACG)Qɑ�4�,N-N 5’-RACE�
3’-RACEQɽʹɻ6ęȀ;ǔș5˖1.� 
 
� ���&.$#-&-%�	��BigDye Terminator v3.1 Cycle Sequencing 
Kit (Applied Biosystems)"��� Fluorescence DNA sequencer 3100 (ABI 
PRISM)� ��
���ApSRCR1 �����'-($�����
��BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST)Č> Expert Protein Analysis System 
(http://us.expasy.org)5˖1.� 
 
 
|�g���svˢǯ 
 
� Ȁ�8ɜɏjt�i;f����K�ɽʹɻ9˧̓&.ǔș9Ɗ��,N-

N total RNAQƬí&.�7.5 µg;ė total RNAQ 1%T]��j- 6%���
T�u�wc�§5î͎&�xV�������(PALL Biodyne-B Transfer 
membrane) 9 � � s t U � a & . � SRCR1-p.5’ � � V � � 
(5’-TGGTTGTGATTGGCCAGGAC) Č > SRCR1-p.3’ � � V � ��

(5’-CATTCCGTCTTCAGGCCC)5ŀŴ&. ApSRCR1 ̩½ō; cDNA ǒɃQ
rediprime � 
  random prime labeling system (Amersham Pharmacia 
Biotech)Qɑ�4[�-32P]-dCTP5Ȃ˶&�����6&.�æĳƓd�v��
�;����6&4�Ap18S-f (5’-CGGCTACCACATCCAAGGAAG)Č>
Ap18S-r (5’- GCTCTGCTGTCCAGGCGGTC)5ŀŴ&.Vv�^�vu 18S 
rRNA; cDNAǒɃQ�ęȀ9[�-32P]-dCTP5Ȃ˶&.�}V��qVm�h
��<�̢ĉ;ĻĞ9Ɗ�˖1.(Hase et al., 2003)� 
 
 
��`��x�ƨÄ;Æ˛ 
 
� SRCR5-8F ��V��  (5’-CACCAACTATGAGGCTGTAGATGC)Č>
SRCR5-8R��V�� (5’-CAACACAAGTGCCATGGACAC)Qɑ�4�cDNA
ǒɃQŀŴ&. (Ǫɻ 4-3 Ċȿ )�ŀŴɐɄQ pET100/D-TOPO vector 
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(Invitrogen)9f�`��y�a&�E. coli BL21Ǵ9v��j�X`h��&
.�E. coli5ɜɋ$*.�d��x�vp��`˽ (rSRCR5-8)<�8 M urea
Qɑ�.łƓǬ» 5�HiTrapTM HP\�� (1 ml�Amersham Bioscience)
Qɑ�4˲ǝǢ9Ɗ14ʉ˛&.�ʉ˛&. rSRCR5-8 p��`˽ 100 µg Q
ƨĈ6&�2̝̺;V�p�~�5˥ 4Ĭ���svQàə&.�ñĬàəǠ<
��V�vœâTi�~�v�2Ĭɤ¹̾<¡œâTi�~�vQɑ�.�4Ĭ
ɤ;àəƉ9Ʒ˕&�HiTrapTM Protein A HP \�� (1 ml�Amersham 
Bioscience)Qɑ�4 IgG (ƨ rSRCR5-8 ƨÄ)Qʉ˛&.�ŝȿŕͨ9ɑ�.
normal IgG<�àəö;˕ȩ�Kʉ˛&.� 
 
 
���Z�|T�rl�j[�e;͞ƎțŠ 
 
� ApSRCR1-MOČ> control-MO<Gene Tools LLC.JLƋ.�ApSRCR1-MO
;̫ð<�5’- CGAAGTGACGTCATGATGAGGTATC 5�L�ApSRCR1 
mRNA;jp�vdw�ͯ ʡͰQĝR/̫ð9ŝ(Mɦ˚ɞ8̫ð6&.�
control-MO (5’- GATACCTCATCATGACGTCACTTCG) <�ApSRCR1-MO9
ŝ(Mɦ˚ɞ8̫ð6&.�ėMO<�ȳˈȑ5 120 µM68MJ�9˴˛&
.�ǨƞɁć?;͞ƎțŠ<�ɽʹɻ5˧̓&.ǔș5˖1.� 
 
 
~`t�Tr���iČ>ʘĘTslV 
 
� Ĺͤ&. E. coliQ ASW5 OD600Q 0.59˴˛&�5î̺ɀȔ&.�Źɏ?
;țŠ<�ɽʹɻ6ęȀ;ǔș5˖1.�ƞÄ;ļĘ<�100 µg;ƨ rSRCR5-8
ƨÄċ<normal IgGQĝR/1 ml;E. coliƝȶȣȑQÄʸ9țá&.�8��
ƞÄ 1ÐÄ (Ŷĵȯ̰̲: 50 g)ƃ.L;Äʸȥ̲<�ʎ 10 ml5�M� 
 
� ApSRCR1 p��`˽;~`t�T?;ʘĘ<�țá 2 Ǡ̺Ɖ9ĬĎ&.Ä
ʸȥQɑ�4ˢǯ&.�";Ǡ̺;Äʸȥ§5<�țá&. E. coli<A6R7
ˡŜ$N8��";Äʸȥ 5 mlQ�4
�6500×g5 10î̺̦Ɛ&�ʔʴ;�
�svČ>�ȩQƋ.�5 ml;�ȩQɑ�4�ƨ rSRCR5-8ƨÄŏĳ Ơ�<
͓ŏĳ 5�Ǔ.9˴˛&.~`t�TQ 20
5 30î̺V�^���v&.�
,;Ɖ ASW5 2Ĭȝȡ&.� 
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Real-time PCR 
 
� ɽʹɻ6ęȀ;ǔș5ƞÄ;Äʸʔʴ�K cDNA Q˴˛&�t����v6
&.� 162 bp ; ApSRCR1 ̩½ōǒɃ  (nucleotides: 3722-3883)Q�
SRCR-CYTO-f (5’- AAGGGAAGAAATAAGAATATTGGCC) Č >

SRCR-CYTO-r (5’- CTAGATGTCCTCCCCCATTCCG)5ŀŴ&.���S��
j̩½ōČ> real-time PCR;ǔș<�ɽʹɻ6ęȀ6&.� 
 
 
WYjp���stU�a 
 
� WYjp���stU�a;f���<¹ 9˧(ǔș5˴˛&.�(1) Đʉ
ć�ʳ�Źɏf���<�ɽͳɻ9˧&.ǔș9JLȱØ&.�(2) Ĺ̺ͤÝʦ
ʔʴČ>ƞÄ;Äʸʔʴ<�1700×g5 5î̺̦Ɛ&.Ɖ�5 µl;��sv9ŝ
& 200 µl; 1% Triton X-100 (TX-100)QĝEƠ�<ĝC8���iXxVk~
s�S� (50 mM Tris-HCl  (pH 8.0)�150 mM NaCl�1 mM PMSF�10 µg/ml 
Leupeptin)Qû�.�qW�jĶ��iXxVg�Qɑ�4���k�jv�
5 30Ĭ�ʛ�4pVv�jv�5 50Ĭ�Ȓ�5��iXxVk&.���i
X{�vQ 16000×g 5 10 î̺̦Ɛ(M"69JL�ȩČ>��svQƋ�,
N-NēȲƓɓî�¡ȲƓɓî6&.�(3) PNGase Fìɍ<�TX-100QĝC
8���iXxVk~s�S�§5�(2);ǔș5��iXxVk&.̺Ýʦʔ
ʴČ>Äʸʔʴ9ŝ&4˖1.�ėʔʴ;��iX{�vQ 700×g 5 10 î̺
̦Ɛ&���iXxVk~s�S�Qɑ�4�ȩ;p��`˽ȷżQ 1 µg/µl9
˴˛&.�Ȉ9 8 µl;�ȩ9 1 µl; PNGase F (BioLabs)Č> 1 µl; 10% NP40 
(BioLabs)Qû��37
5 1Ǡ̺V�^���v&.�(4) ~`t�Tr���
iQǕ&.ƞÄ;f���<¹ ;J�9˴˛&.�ÄʸȥČ>Äʸʔʴ;f

���<�~`t�TțáƉ 2 Ǡ̺;ƞÄ�KƋ. 5 ml ;ÄʸȥQ�4
�
6500×g510î̺̦Ɛ&4ʔʴ��svČ>�ȩ9î͎&.��ȩ<1/100 PBS
§5̖ǯƉ�êʘ¬ɂ&.�Äʸʔʴ< ASW5 2Ĭȝȡ&.�~`t�Tf�
��<��̓&.ǔș9J14˴˛&.�ėf���;p��`˽ȷż<�BCA 
Protein Assay kit (Pierce)Qɑ�4˖1.� 
 
� SDS-PAGEČ>��stU�a<�̢ĉ;ĻĞ(Kaneko et al., 2005)9Ɗ1
4˖1.�Á&��ȈƨÄ6&4ƨ rSRCR5-8ƨÄ (1000Ñű̯)ċ< normal 
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IgG (1000Ñű̯)�¯ȈƨÄ6&4 horseradish peroxidase-conjugated goat 
anti-guinea pig IgG (10000Ñű̯, Jackson ImmunoResearch)Qɑ�.�ÿŐ
ɜß÷<�ECL plus system (GE Healthcare)Qɑ�.� 
 
 
àəʖʦÿŐǳ˄ 
 
� ɴ�;ɜɏȌ̈́;ʳČ>ʔʴQ�é�p|��(100 %)§5 20 î̺ìɍ&4
ĲŔ&.����x�TČ>��^[��TŹɏ;ļĘ<�0.37 M MgCl25ͳ

î̺̬ͬìɍ&�é�p|��5ĲŔ&.�"NK;f���Q��ȈƨÄ (ƨ
rSRCR5-8 ƨÄ , 1000 Ñű̯ )Č>¯ȈƨÄ  (Alexa488-conjugated goat 
anti-guinea pig IgG, 2000Ñű̯, Molecular Probes)Qɑ�4ǳ˄&.�ǵQ
ǳ˄(MļĘ<�¯ȈƨÄ5ìɍ(M͈9�PI (0.1 µg/ml, Wako)Qû�.�
MC5 mAb 5ǳ˄(MļĘ<�ɽͳɻ5˧̓&.ǔș5˖1.�â4;f��
�<�ɽͳɻ6ęȀ�ãȽȻ��g�͞Ǝ̶(Fluoview, Olympus)5ˡŜ&.� 
 
� ~`t�Tr���iŕͨ9� Mʴʳʸ§;~`t�T;ēˠÿ<�ͫˢ

Ûż;|��j^�ǝˠ̱ÛQ�yp�5ƯŅ&�Ð�;~`t�TQ

Photoshop (Adobe)Qɑ�4�m�p5�V�v&4˖1.� 
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ɽͶɻ 

 

ʞưČ>ʭŜ�8K>9´Ɖ;ŦǦ 
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5-1 ʞư 
 
� Ǫɫɷ5<�Vv�^�vuŹɏ;̺Ýʦʔʴ�ǥ(MɏÄ̼ƌȆʵČ>,

NQ˙ƥ0(Mîō�\yk�;ˢǯQ̙&4�Vv�^�vuQǫǑ6&.

Ȏ̌àəŐɞɫɷĺɣ;ɬɺQɤƲ&.� 
 
� ɽͳɻ5<��vuŹɏ;ɏÄ̼ƌhjt�9��4̺Ýʦʔʴ�ɭ(˹͡

˖ýČ>,;ǿ̛�ȆʵɅƓQˢǯ&.�,;ʘǱ�(1) ǨƙÆɆƚ9��4Ņ
Ă;̺Ýʦʔʴ�ÄŁɥ 5qVx�s`8{sv��`ǿ̛Qǿʅ&4�M

"6�(2) ̺Ýʦʔʴ<A6R7â4;ɘɄ9ŝ&4˹͡Ɠ;˖ýQɭ&�Ʌ9
Ȏ̌ɞŅ̲�M�<fVk;Ņ�8ɘɄ9ŝ&4<ńǵë͋ÄQƄƞ&4þİ

ÿ(M"6�(3) ʔʴƓɘɄ9ŝ&4Ƅƞ(Mńǵë͋Ä;Ƅƚ<�ɘɄ;ɴ͟
H˗͔ǿ̛9J14~�Y�h����M"6�(4) ̺Ýʦʔʴ<�ɏ�.ęɴ
̺Ýʦʔʴ9ŝ&4<àəƒʀQɏ'8�"6�,&4(5) ̺Ýʦʔʴ<Ńʳˋ
�ɟ�KȠí&.ʔʴȋȫHÄŁQ̢̙&4ʴʳʸ§9Ëá&.ɘɄQ˹͡(

M"6QǝK�9&.�¹�;ʘǱ9JL�̺Ýʦʔʴ��Źɏ;ɏÄ̼ƌh

jt�Qƭ�ʵùQƿ�4�M"6Q˪ǝ&.�ęǠ9�ʔʴ���9� M

̺Ýʦʔʴ9JMɏÄ̼ƌhjt�;ˢǯʌQɬɺ&.� 
 
� ɽʹɻ5<�ɽͳɻ5ǝK�681.̺Ýʦʔʴ;˹͡˖ý;qVx�`j

Qʔʴæ5ôƌ(Mp��`˽6&4�ApDOCKp��`˽QęŔ&.���
�Z�|T�rl�j[�eQɑ�4 ApDOCK p��`˽Q|s`qW�&
.Źɏ;̺Ýʦʔʴ<�(1) țŠ$N.͓ʔʴƓɘɄ9ě��ɱýČ>,;ɘɄ
9ŝ(MþİÿÆɑ;ʜƱ�¡â68M��ǔ�(2) ˹͡ÆɑHʔʴ˔Ę<Ȋų
9˖�"6QǝK�9&.�ęȀ;˖ý<�|s`qW�Źɏ9ŝ(M~`t

�T;țŠ9J14Gɬ�FKN.�In vitro5;ˢǯ�K�ApDOCK mRNA
;ɜɋ̲łÿ<̺Ýʦʔʴ;àə˖ý6ɦ̻��M"6GǝK�681.�$

K9�ApDOCKp��`˽;ȆʵQ̽ŗ&.̺Ýʦʔʴ5<�ˋɆº̂Þɼ9
� MʤʜɆT`r�ʔʴͪǷ;ǿʅ�¡â98M"69JL�ˋɆº̂Ƅƞ

�āî9ɏ'8�"6GǝK�9&.�"NK;ʘǱ�K�àəƒʀ;̢ɳ9

��4�̺Ýʦʔʴ9JMɘɄ?;ɱýČ>þİÿÆɑ;ʜƱ<�ApDOCKp
��`˽�ˋɆº̂¿̷ɼ5T`r�ʔʴͪǷQçǿʅ(M"69JLôƌ$

N4�M6ʘ˵3 KN.� 
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� ɽ͵ɻ5<�̺Ýʦʔʴ;˹͡ÆɑQʔʴŃ5ôƌ(Mp��`˽6&4

ApSRCR1p��`˽QęŔ&.��vu;ÐÄɜɏ9��4�ApSRCR1p�
�`˽<Źɏ;̺Ýʦʔʴ;D8K)ƞÄ;Äʸʔʴ5Gɜɋ&4�L��v

u;àəʔʴɅɘɞ8p��`˽5�M"6�ǝK�981.�$K9�¥ʔ

ʴɴ9� M ApSRCR1 p��`˽;ťĳƓ6&4�ApSRCR1 p��`˽<
ʔʴ˽͚ĸ;Ţʴʼ�5ɜɋ&4�M"6�ǝK�981.�C.�ApSRCR1
p��`˽;Ȇʵ̽ŗ9JL�̺Ýʦʔʴ;D8K)Äʸʔʴ9��4G~`

t�T9ŝ(M˹͡ÆɑČ>ë͋ĽƄƞ<¡â681.�~`t�T5ƙÆ$

N.ƞÄ;ÄʸȥQɑ�.ˢǯ�K�ApSRCR1p��`˽<~`t�Tõȵ9
J14Ţʴæ5ïǒƉ�ʔʴŃ9îȘ$NM"6�ǝK�981.�";îȘ

Ķ ApSRCR1 p��`˽<�~`t�T9ʘĘ(M"6Gòǝ&.�¹�;ʘ
Ǳ�K�ApSRCR1p��`˽<��vuŹɏ;D8K)ƞÄ;ʾȾàəhjt
�9��4[�ny�6&4Ȇʵ(M"69JL�Źɏ;̺ÝʦʔʴČ>ƞÄ

;Äʸʔʴ9JM˹͡ÆɑQôƌ&4�M"6Q˪ǝ&.��ǔ�̺Ýʦʔʴ

Č>Äʸʔʴ5ɜɋ(M ApSRCR1 p��`˽;ɜɋ̲Č>ʊ̵Ïͣ;ɳż;
̥�9û��ɏÄ̼ƌhjt�9� MŚ¢;ɳż�̺Ýʦʔʴ6Äʸʔʴ5

ɘ814�M6��ˁĠȦ�®ŕGǝK�981.� 
 
� Ǫɫɷ9JLǝK�981.ǹɟýɄ�vuŹɏ;̺Ýʦʔʴ9JM̼ƌ˖

ýČ>,;ôƌ�\yk�Q Fig. 5-1 9C6F.�¹�;ɫɷƞǱQ̆C��
¹ ; 22;͘ɤ9��4ʭŜ&�ʛ�4´Ɖ;ŦǦQ̓@M� 
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Fig. 5-1 ̺Ýʦʔʴ9JM̼ƌ˖ý;ʑ̢ɳ6,;ôƌ�\yk�;Ǿ˝  
~`t�T;ËáQÈ6&4ɭ&.�ApDOCKp��`˽9JM˖ýôƌQ˾Ŏ5�
ApSRCR1p��`˽9JM˖ýôƌQ͒Ŏ5ɭ&4�M�ǨƙÆǠ9��4�̺Ýʦ
ʔʴ<Źɏ;ÄŁɥ 5ýɞ8{sv��`ǿ̛QƄƞ&.Ɇƚ5̫ʧ&4�M�~`

t�T;ËáQˮ˶&.̺Ýʦʔʴ< ApSRCR1p��`˽Qǉí&�~`t�TQ
[�ny�ÿ(M�ʛ�4 ApDOCK mRNA�Ts��_���v$N�ɘɄËá̪
Â9ɱý�͋ɵ(M�͋ɵ&.̺Ýʦʔʴ<�~`t�T9ʘĘ&. ApSRCR1p�
�`˽Qˮ˶(M"69JLë͋ĽƄƞQ¾1.˹͡ÆɑQÍ̞(M�8��";ë͋

ĽƄƞ9JMɘɄ;þİÿÆɑ<�ApDOCKp��`˽9J14ôƌ$NMˋɆº̂
Ƅƞ9JLʜƱ$NM� 
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5-2 �vuŹɏ̺Ýʦʔʴ6ĥ«͟�`��S�i;Ȇʵ͟ÀƓ 
 
� ɽͳɻ5˧̓&.J�9�̺Ýʦʔʴ9JMɏÄ̼ƌȆʵ;ɅƏ6&4�ȟ

ɜ8˹͡ÆɑʵČ>˹͡¡ēʵ8ɘɄ9ŝ(M�¡ƞú;˹͡Æɑʵ��,&4

ͫ�ʔʴ˔Ęʵ�Ƴ!KNM�̺Ýʦʔʴ�ɭ("NK;ʔʴȆʵ;�)NG�

ĥ«͟�`��S�i;ȆʵɞɅƏ6ã̙&4�M�"NK;®ŕ�K��v

uŹɏ;̺Ýʦʔʴ<�ĥ«͟�`��S�i;ʔʴɮÞ5�M6ʭ�KNM� 
 
� ɽ͵ɻ5�ApSRCR1p��`˽�[�ny�üǱ9JL̺Ýʦʔʴ9JM˹
͡ÆɑQÍ̞&4�M"6QǝK�9&.��ĥ«͟�`��S�i9��4

G SRCR p��`˽�~`t�THT�v�hjʔʴ9ŝ(M˹͡Æɑ9̻¢
&4�M"6�ĻĞ$N4�M(Sarrias et al., 2004)�C.��`��S�i9
JMȎ̌ɞŢ$8ɘɄ;˹͡Æɑ9<`�j��p��`˽�̻¢(M"6�

J�ɪKN4�M��Vv�^�vu9� M`�j��[�n�a�

ApClathrin (Ǩɜ˗)��̺Ýʦʔʴ9JM˹͡Æɑ9̻¢&4�M6��­Ø
ɞu�pGƋKN4�M�$K9�ɽʹɻ9��4�ApDOCKp��`˽;|
s`qW�9J14þİÿÆɑ;¡âHĹͤĺ˽�5;¿Ŧ͔ɵ;Ȫţ�ɏ'

.6��®ŕ<�̺Ýʦʔʴ9JM�¡ƞú;˹͡Æɑ�9 ApDOCKp��`
˽�̻¢&4�M"6QƘĠ&4�M�ĥ«͟�`��S�i9��4G�

DOCK180-Crk ˜ĘÄ��¡ƞú;˹͡Æɑ�9̻¢&4�M"6�ɭĦ$N
4�M(Lee et al., 2007)�"NC5�̺Ýʦʔʴ;˔Ę9̻PMîōɞɪ˟<Ƌ
KN4�8���ɋĳ̞F4�M̺Ýʦʔʴ5ɜɋ&4�Màə̻̜̩½ō;

ʝʨɞˢǯ9��4�ApDOCK6<ɘ8M DOCK180̻̜̩½ō;̪î̫ð�
ƋKN4�M�";Ǔ.8 DOCK180 [�n�a��DOCK180 6ęȀ�ʔʴ
˔ĘH˹͡Æɑ9̻¢&4�MēʵƓ�ʭ�KNM� 
 
� ɋĳ;6"O��vuŹɏ;̺Ýʦʔʴ;ɏÄ̼ƌȆʵ9̻¢(Mîōɞɪ

˟<­Øɞu�pGĝF4C/̿KN4�M�&�&8�K��vuŹɏ;̺

ÝʦʔʴČ>ĥ«͟�`��S�iQɅƏ· Mã̙;ɏÄ̼ƌȆʵ9��4�

¥ʮ�ã̙;îōɴQɑ�4�M6��®ŕ<͓ų9ˁĠȦ��´Ɖ�ɋĳ̞

˖§;̺Ýʦʔʴ9� Màə̻̜̩½ō;ʝʨɞˢǯ;ʘǱ�K�¥ʮ;Ȇ

ʵ͟ÀƓQ˙ƥ0(MǓ.8îōɞɪ˟�ƋKNM"6�ǧƈ$NM� 
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5-3 àəʔʴ;̼ƌ˖ýQʔʴæŃ5ôƌ(Mp��`˽;̞ÿɞã̙
Ɠ6ńȀƓ 
 
� Ǫɫɷ5ƋKN. ApDOCK Č> ApSRCR1 p��`˽<�ã9ƉɏýɄ;
̞ÿ;̢ɳ5Îŏ$N.p��`˽�S���5�M�"NK;p��`˽�

S������vuŹɏ;̺Ýʦʔʴ;D8K)ĥ«͟�`��S�iQɅƏ

· Mʔʴ˖ý9̻¢&4�M"6<ö͘5̓@.�&�&�¥p��`˽�

S���;ǿ̛Č>"NK9ôƌ$NMʔʴ˖ý9<�¹ 9ɭ(ã̙Ɠ6ń

ȀƓ�ˮFKNM� 
 
� ApDOCK p��`˽<�DOCK180 ̻̜p��`˽;§5 DOCK-A f��
S���9î͟$NM��DOCK-Af��S���9ŧ(Mp��`˽;ǿ̛
<ͫż9Îŏ$N4�L�â4DHR-1�DHR-2w�V�9û�NǩɼÖ9 SH3
w�V�Qǥ&4�M�DOCK-Af��S���p��`˽;ȆʵŕÄ<T`
r�ʗ̅;ôƌ5�M(Cote and Vuori, 2007)�&�&8�K�,N-N;p�
�`˽�ôƌ(Mʔʴ˖ý9<ńȀƓ��M��vuŹɏ5<àəƒʀ9� 

M̺Ýʦʔʴ;ɱýČ>�¡ƞú;˹͡Æɑ�9̻¢&4�.�ĥ«͟5<�

�`��S�i9JM̙ų;˹͡ÆɑČ>�¡ƞú;˹͡Æɑ�Hʔʴ˔Ę9

< DOCK180�̻¢(M�(Cote and Vuori, 2007; Lee et al., 2007; Pajcini et 
al., 2008)�àəʔʴ;ɱý< DOCK29J14ôƌ$N4�M(Nishihara et al., 
1999; Reif and Cyster, 2002)��ǔ�h�Wi�W~Y5<ɿ˅ʔʴ;˔ĘČ
>�ɟʔʴ;ɱý(Erickson et al., 1997; Rushton et al., 1995)�ʡ˒5<T�
v�hjʔʴ;˹͡Č>̦ɼʔʴ;ɱý9̻¢(M(Wu and Horvitz, 1998)�"
;J�9�DOCK-Af��S���<Ȁ�8ýɄɴ9��4ã̙;ǿ̛5ã̙
;hax�ʗ̅9̻¢&4�M��,;TWv�sv6&4;ʔʴ˖ý9ńȀ

Ɠ�ˮFKNM� 
 
� �ǔ�SRCRp��`˽�S���9��4<�DOCK-Af��S���5
ˮFKNMã̙Ɠ6ńȀƓ�̕5�M�SRCR p��`˽<�ɚĈÄ̻̜îō
�p��9ŝ(M¸˗ɞ8ɘɄˮ˶îō5�M6ʭ�KN4�M�ŕ͈�ĥ«

͟Q<'Fń�;ýɄɴ9��4�ɏÄ̼ƌhjt�5Ȇʵ(M SRCR p��
`˽;ŅĂ�ɘɄ;˹͡Æɑ9̻¢&4�M"6�ĻĞ$N4�M(Sarrias et 
al., 2004)�ęȀ9�ApSRCR1p��`˽G�[�ny�6&4~`t�T9
ʘĘ(M"69JL˹͡ÆɑǠ;ɘɄˮ˶9̻¢&4�M"6�ǝK�681
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.�&�&�SRCR p��`˽;ǿ̛<͓ų9ńȀ5�L�SRCR w�V�Q
�2¹�ǥ&4�M"6¹Ń9ã̙Ɠ<ˮFKN8�(Sarrias et al., 2004)�(
8P0�îōǿ̛�;ńȀƓ�ŏĳ&4G�˹͡ÆɑǠ;ɘɄˮ˶6��Ȇʵ

9̻&4<ã̙5�M� 
 
� ʔʴæČ>ʔʴŃ5àəʔʴ;̼ƌ˖ýQôƌ(M"NK 2 2;p��`˽
�S���9��4�ǿ̛Č>Ȇʵ9̻(M̞ÿɞã̙ƓČ>ńȀƓ;̥�<

͓ų9ˁĠȦ��DOCK180̻̜p��`˽;îōʌʙȄ (Fig. 3-1D)�KʭƜ
(M6�ýɄ̞ÿ;ñǧ5ɏ'.DOCK-Af��S���p��`˽;Ȇʵ<�
ʔʴɱý9� MT`r�ʔʴͪǷ;ôƌ5�1.6ƺȭ$NM�,;Ɖ;̞

ÿ;̢ɳ5�,N-N;ýɄɴ9� MɅŔ;ʔʴȆʵ9̧ƒ&4�Ȇʵ;ń

ȀƓ�ɏ'.;5�O��"N9ŝ&�SRCR p��`˽�S���9JMʔ
ʴŃ5;ɘɄˮ˶9̻&4<�,N-N;ýɄɴ;ɏƕɎĿHÄæ;ɏɍɎĿ

9¾��ˮ˶ŝ˸68MɘɄ;ńȀƓ�ƺȭ$NM�,;ʘǱ�ɘɄ;ńȀƓ

9ŝƒ&.p��`˽ǿ̛;ńȀƓ�ɉƋ$N4�.6ʭ�KNM� 
�  
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5-4 �vuŹɏČ>ƞÄ9� MɘɄˮ˶ơɖ;łÿ6´Ɖ;ŦǦ 
 
� ɽͳɻ9��4�̺Ýʦʔʴ;ɘɄˮ˶ʵùQǝK�9&.��,;ʘǱ<

ͩ�@�G;5�1.�̺Ýʦʔʴ<ęɴɘÐÄˮ˶ʵùQƿ�4�8�;D

8K) (Fig. 2-9)�ɏ�.ęɴʔʴ5�N=È�,N�ʉō5�14Gàəƒʀ
Qɏ'8�1. (Fig.2-8)�";ʘǱ<�̺Ýʦʔʴ9JMàəƒʀ<ɏ�.ę
ɴʔʴ9ŝ&4<ƦôƓ5�M"6QƘĠ&4�M�̺Ýʦʔʴ9JMʾů͓

ʾůˮ˶�\yk�<�ĥ«͟;ʾȾàə;�ʬQƭ�xr���^��ʔʴ

ͯNK ʔʴͰ;ˮ˶�u�(Lanier, 2005)QƯƁ(M"69JL˲ǝ5�M�NK
ʔʴ;ˮ˶�\yk�<�Ȃɞʔʴ�9ŏĳ(Mʾů��\�(ʾůƨĈ)Qˮ˶
&�ʾů��\��ȼ N=ǈǂ(M�missing-self (ʾůĩŇ)�ˮ˶5�M��
vuŹɏ;̺Ýʦʔʴ9JMˮ˶ȆǿG�ęȀ;G;5�M6ʭ�KNM�Á

&��vuŹɏ;ļĘ<�ʾů��\�;J�9ÐÄ#69Ʌɘɞ8îō5<

8��ɴɅɘɞ8îōQˮ˶(M6��Ȼ5ɘ8M (Fig. 5-2)�2CL�
�missing-species (ɴĩŇ)�ˮ˶5�M(Furukawa, 2012; Ēũ, 2009b)��";ɴ
Ʌɘɞ8îō;ŕÄ<Å�ͺ�6��Ĩ͝<�͓ų9ˁĠȦ��ɋĳ�a�d

hq�mȧĘȥ5ìɍ&.�vuʉō<�ɏ�.Ɇƚ5�14GWyʉō6ę

Ȁ9˹͡$NM"6�ǝK�9814�M(Furukawa, 2012; 古川, 2009b)��v
uŹɏ;̺Ýʦʔʴ�ˮ˶(MɴɅɘɞ8îō<ʊQĝR5�L�";ʊǿ̛

�̺ÝʦʔʴJMʾůˮ˶ (ęɴˮ˶)9̰˝5�M6ƺȭ$NM(Furukawa, 
2012)� 
 

� 5<�";̺Ýʦʔʴ9JM�missing-species�ˮ˶<�ƞÄ;Äʸʔʴ9�
�4Gƃ4<CM;5�O��ͺ";Ĩ͝QǝK�9(M.F9�ƞÄ;Äʸ

ʔʴ;ɱǺQˬD.(Fig. 5-3A)�˓ß���&.ÐÄ�;ÄʸʔʴQÐÄ
9ț
Š&.12Ǡ̺Ɖ�ÐÄ
;Äʸȥ§9<ë͋ĽQƄƞ&.Äʸʔʴ�ńǌˡŜ
$N.(Fig. 5-3B; ęɴɘÐÄɱǺ)�$K9�ÐÄ�9ɒǭ(M˓ßhax�<�
,;ë͋Ľ§9;DˡŜ$N�̠͎ʔʴ5<â�Ǽí$N8�1.(Fig. 5-3C, 
D) (Furukawa, 2012)�";®ŕ<�țŠ&.ÐÄ�;Äʸʔʴ<�â4ÐÄ

;Äʸʔʴ9J14˹͡$N4�M"6QƘĠ&4�M��ǔ�ʾŘɱǺQ˖

1.ÐÄ�5<�Äʸʔʴ9JMë͋ĽƄƞ<â�ˮFKN8�1.(Fig. 5-3B; 
ʾŘɱǺ)�"NK;ʘǱ�K�ƞÄ;Äʸʔʴ��ĥ«͟NKʔʴ6ęȀ9ę
ɴɘÐÄʔʴQ˶ó5�M"6�ǝK�681.(Furukawa, 2012)�2CL�
Źɏ�KƞÄ?;łƚ9¾��ʾů͓ʾůˮ˶�\yk���Źɏ;
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�missing-species�ˮ˶�KƞÄ;�missing-self�ˮ˶?6h�v&."6�
ɭĦ$NM� 
 
� ȼʶǻýɄ9��4�ÐÄɜɏ;̢ɳ5ɏÄ̼ƌhjt�9� Mˮ˶�\

yk��"NA7Ņ��łÿ(M"6Qɭ&.ɫɷ<"NC5ĻĞ$N4�8

��´Ɖ�Źɏ;̺Ýʦʔʴ�ƞÄ;Äʸʔʴ�,N-Nˮ˶(MɴɅɘɞ8

îōČ>ÐÄɅɘɞ8îō�8K>9¥ʮ;ĐřÄ;Ƹʒ�Ƒ˝5�M�ęǠ

9�̺Ýʦʔʴ6Äʸʔʴ;ɜɋ̩½ōČ>p��`˽;Ȏ̌ˢǯQ̙&4�

¥ʮ;ȆʵŮQǝK�9&4��"6G̰˝5�M�"NK;Ƹʒ�ˢǯQ̙

&4��1ɴ͟;ʔʴ9J14ǿʅ$NMĈŌɞ8ɏÄ̼ƌhjt��;ǶŸɞ
8�\yk�;ƻɭ;D8K)��1ɴ͟;ʔʴ9JMɏÄ̼ƌhjt��ÐÄ
ɜɏ;̢ɳ57;J�9ǿʅ$NM;�ͺ�6��Ĩ͝9̻&4Ǔ.8ɏĢɋ

˸;ɜ˟�ǧƈ$NM� 
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Fig. 5-2  ̺Ýʦʔʴ9JM�missing-species�ˮ˶�u�  
�vuŹɏ9� Mʾůͱ͓ʾů<�̺ Ýʦʔʴ�ˮ˶(MȂɞ˗͔9ɴɅɘɞ8îō

�ŏĳ(M�&8��9J14ȓŔ$NM�̺ Ýʦʔʴ˗͔9ŏĳ(MƦôĐřÄ�ɴ

Ʌɘɞ8îō9ʘĘ&.ļĘ�Ʀôhax��½̤$Nàəƒʀ�Ʀô$NM��ǔ�

ɴɅɘɞ8îōQǥ$8�ŝ˸<â4ɘɄ6˟8$N˹͡$NM� 
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Fig. 5-3  Vv�^�vuƞÄ9� MɘÐÄ̺;Äʸʔʴ;ɱǺ  
(A) Äʸʔʴ;ɱǺŕͨʌ�ASW 5 30 µg/ml 9˴˛&.˓ßȂ˶ˬˏ�5- or 
6-(N-Succinimidyloxycarbonyl)-fluorescein 3', 6'-diacetate (Dojindo)Q�ÐÄ�;,N
-N;̂9 200 µl)2˥ 1 mlțá&.�8Ǡ̺Ɖ�ÐÄ��K 1 ml;ÄʸȥQƩ�
4ÄʸʔʴQĬĎ&�ASW5ȝȡƉ�1 ml; ASW9Ɲȶ&.�";˓ßȂ˶$N.
ÐÄ�;Äʸʔʴ(èɧ);ƝȶȥQ�ÐÄ
;,N-N;̂9 200 µl)2țá&.(ę
ɴɘÐÄɱǺ)� Ȍ<�ÐÄ��K 1 ml;ÄʸȥQƩ�4�çżÐÄ�9țá&.ŝ
ȿŕͨ(ʾŘɱǺ)� (B) ɱǺ 12Ǡ̺Ɖ;ÐÄ
(ęɴɘÐÄɱǺ)Č>ÐÄ�(ʾŘɱǺ)
;Äʸʔʴ(ǃɴ 10 îƉ)�ęɴɘÐÄɱǺ5<�Äʸʔʴ9JMë͋ĽƄƞ�ɏ'4
�M� (C) ęɴɘÐÄɱǺ9ŝ&4Ƅƞ$N.ë͋Ľ;ßŐɞïɃÛ8K>9|��
j^�ǝˠ̱Û�ÐÄ�;Äʸʔʴ9ɒǭ(M˓ßhax��ë͋Ľ§5ˡŜ$NM� 
(D) ęɴɘÐÄɱǺ 12 Ǡ̺Ɖ9��4ë͋ĽQƄƞ&4�8�̠͎;Äʸʔʴ;ßŐ
ɞïɃÛ8K>9|��j^�ǝˠ̱Û�jb��~�<�50 µm(A, C-D); 200 µm(B)�
N = 3� 
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