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Au-Fr. 1  Fragment 1 coated Au beads 
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1-1 &'()*+, 

-./0123456478(9:&'()1;<=>*?@A6BC1D

EFG1HIJK**LMNOB1PQRSTU4V'1W(EUXKY&'

()MZ[U&\<]^6O_`a\<]^6bcdefg5<hiFjkl

6mndmop*qrAiKYNOB1PQRSTK*X=st?Fuv6N

Owx1yz{r||F}~�?�K��B1(z�J�~��*X=��F

�EU�|6��BdRShK>*?�EXuv6NOwxd���dK�R

*X=��:&'()*:���T<X���*LX=��L6?�KY 

�9�M��K�R:u�M+,*��iF��6��B: ¡<¢*£¤

<,B*X=¥¦M�§nE¨L6*<[UXKY©�'1ª¨<X¢«F©

�'1&JK,Bd¬­EF�|6^<K78d®RJK>*?+,d¯>KY

456�9GM*[U+,6°:�±?��F²M³´:µ~G6��BdP

¶JK·¸'d�KY¹[UFº��BM:»XM¼½EUG²^¾M+,1

;=¿ÀÁldH¶EUXK (Hirohashi et al., 2008; Harada et al., 2008)Y 
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1-2 +,*Â�ÃÄ 

! +,*X=ÅÆ:FÇÈÉ�¢d,B1+�ÊiK>*1ËJdF�6��

:ÌÍ?:<5Fµ~6ÎÏÐA<KY�9GMZ[U7Ð<ÎÏ:^<KL

66FÐ<�6ÑÉ'dH¶EUXKYÒÓ6�9�M��KÔÕXÖ×ØÙ

1ÚqMÛÜ:ÝMËJZ=<ÎÏM�ÞE¨Y 

J<SßF 

à. ,B6¢«6áâãän'å 

æ. ¢±ç*,B6èR 

é. ,BÂ�ÃÄ 

ê. ,B6¢±ç6É� 

ë. ¢ìí«6,B6èR 

î. ¢*,B6®R 

*X=ïÎÏ?�K (Fig. 1-1)Y 

! �Ö×?:!ðÎÏ?�K,B6Â�ÃÄMñòE¨YÂ�ÃÄ*:F,B

óô6Â�8*��iK¤86õö÷øùúû¿À?�KY456�9M�X

UF¢±çMèRE¨,B:Â�ÃÄMZ[U¢±çÉ�6üÎ1ýK>*?

¢«6¬­dþÿM<�F!¨�¨M"�E¨78íô�?¢*èR`®RJ

KY¹[UFÂ�ÃÄd+,Maþ#?�KY�Ö×?$*EU%X¨&'�

9M�XU:F()û**��iK¢±çM­E¨,BdÂ�ÃÄ1¯>EF

Â�86+�M,[UÂ�-¯d./EU¢±ç10ÉJK>*?F,B:¢

M¬­JK>*d1AiUXK (Ikadai and Hoshi, 1981) (Fig. 1-2)Y()û*MZ

[Uá¯hiKÂ�ÃÄ:�K�26²^'1ª[U��F3ú4Þ6516
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7K<A�F�Ö×?%X¨83ú4 Asterias! amurensis (Asteriidae9 Asteriinae

:9Asterias;) 6()û*:<=;6Asterias forbesi, Astrias rubens>?<=:

96õ@3ú4 Aphelasterias japonica (Asteriidae9 Asteriinae:9 Aphelasterias

;) M:Â�ÃÄ1á¯?�KL66F<= Asteriidae9?L^<K:9M;J

KABCD3ú4 Distolasterias nipon (Asteriidae 9 Coscinasteriinae :9

Distolasterias ;) M:Â�ÃÄ1á¯?�<X (Nakachi et al., 2006; Nakachi 

2008)YZ[UF83ú46()û*::9EFG?6²^'1&EUXK*X

rKY 

! +,M�XU,BdÂ�ÃÄ1;<=*X=>*:HI?��F!¨Â�Ã

Äá¯M:�K�26G²^'dH¶JKY>i:+,M��KG¼½6uô

1Â�ÃÄá¯JKdL[UXK>*1stEU��F¢-,B06¼½6�B

JK6MN:+,Ö×M�XUOP<QR1S3KY 
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Fig 1-1 +,6T��! UVW 
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1-3 Â�ÃÄá¯9X 

! V.<(9MYEUF�6¢±çMH¶JKÂ�ÃÄá¯9X6Ö×d;<

SiUXKY´?L�±+,?�K¨3M in vitro6Z*EU([¾<+,1\

]M^Å?�K³_�9F²M&'�9MYEU:4561`d�KY5r�

aAM�XU:�6¢±çM�¨K()û*MbcûÀdeC)8û  (Fucose 

Sulfate polymer: FSP) *��iKfgdH¶EFÂ�ÃÄá¯h'1L[UXK 

(SeGall and Lennarz, 1979)Y�EUFFSP:fg6i�jEKk`den6QR

dGMZ[U^<�F�iAdG²^'1l3UXK>*dËhiUXK  

(Vilela-Silva et al., 2002; Hirohashi et al., 2002) (Fig. 1-3)Y 

! !¨FmnÞ6Ö×:8aÀ1%XU<hiUXKY8aÀ6Â�ÃÄ6O

o¾<Ö×M�XUFÂ�ÃÄ:¢±çM�¨KpNq?¯>�FpNq1K

ØJK ZP1, ZP2, ZP3*��iKr|6denfsDtöX6=ß ZP3dÂ�Ã

Äá¯9X?�K*hiUXK (Bleil and Wassarman, 1980; Bleil and Wassarman, 

1988)YZP3 6fgô�*sDtöô�6ºudÂ�ÃÄá¯MHP?�K*h

iFC v¦w}�MH¶EUXK O-èR§fg*C)xyz{gdYS[UX

K*|}hiUXK (Florman and Wassarman, 1985)Y,B6¼½6~¾*<Kf

D�M|XU:�<��%dIXU��F���v¦6!-GlcNAcD�*JK� 

(Shur and Hall, 1982) *���v¦6"-GalD�*JK� (Bleil et al., 1988) 6�

�d�KY¨pEFÒÓFZP3 dÂ�ÃÄá¯9X?�K*X=��6L6d

�%6vÆ*<[U�UXKY5r�FÂ�ÃÄá¯6��6��*hiUX

K!-GlcNAc D�>?"-Gal D�6���T1kBö�aúE¨��6¢MvE

UL+,d¯>K*X=x� (Williams et al., 2007) �FZP36fgèRôQM]
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^1�ÊE¨8aÀ6¢M�XUL+,dþÿ?�K>*dx�hiU��  

(Gahlay, et al., 2010)F�!?Â�ÃÄá¯6$�*qrAiUX¨ ZP3fgZ�

Lr|6 ZP sDtöXd�ØJK]�¾<¢±çKkdÂ�ÃÄá¯1¯>

EUXK*qrAiKY²M ZP2 dKk�ØMOP*qrAiF�*��+�

M,= ZP2 6�T��dpNq«6,B6èR1�5EF4,1��>*dË

hiUXK (Baibakov et al., 2007)YÂ�ÃÄ6¯>Ksù�D�MYEULFp

N*6±w1��¢�78dÂ�ÃÄMY�EUXK*X=Ö×èÙLx�h

iU�� (Hirohashi et al., personal communication)F�.6��ZMZ[UèÙd

^<K*X= ¡:F�ó+,�91vÆ*E¨Ö×?: in vitro¡¢Z6£¤

¥}dèÙM¡�5¦§1�rUXK>*1ËEU��F¡¢¥¨dèÙ1©

ªEUXKþÿ'd·«hiKY 

! mnÞ,BM:FÂ�ÃÄMÂ¬[U capacitation*X=ÅÆdH¶JKYm

nÞ,B:���ó+,?��Fin vitro?L­,®¯6°±?:Â�ÃÄ1¯

>J>*:?�<XY²À6()³ó6�´µ��G¶�D12�·¸´?~

¹0º»JK>*?Â�ÃÄÿ1ýK>*d?�F�6,B6+,ÿ¼ý6¨

36]n1 capacitation*X=Ycapacitation6½M:F,Bí�6cEÀÁ¾û

G¿6ÀEX�Á (Flesch et al., 2001)FHCO3
-
, Ca

2+ùÂD6ÃÊd¯>K>*d

1Ai (Visconti et al., 1999; Gadella et al., 2008)F�iM,[UíÄ$6ÅÆ`^

KØd¯>K (Tesarik and Flechon, 1986; Cross et al., 2003)Y capacitation@�6J

K:\]M:MNhiUX<XL66FÂ�ÃÄMHI?�K>*ÐAF�i

@�dÂ�ÃÄ6uô?�K*LqrAiKY¹[UFmnÞ«6mn6½MF

Â�ÃÄ6��6uôd capacitation*EU�Ði¨þÿ'd��F�6¯Çd
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�ÈÉ�96Â�ÃÄ6´MH¶JK>*LqrAiKY
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Fig 1-3 aA FSP6G²^¾Kk (Vilela-Silva et al., 2002Z�) 

!  
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1-4 83ú4M��KÂ�ÃÄá¯ 

! �Ö×?:F&'�96´?LÂ�-¯6/hd/5 (Ê¡Ë 20 µm)FÂ�

ÃÄ6á¯6&�6��daAZ�LÌÍ<3ú4Þ?F¡¿M��B1ýA

iK83ú4 A. amurensis1%X¨ (Fig. 1-4)YÂ;Ö×Z�F83ú46Â�

ÃÄM:()û*´MH¶JKr|6Ø� ARIS, Co-ARIS >? asterosap dY

S[UXK>*d1AiUXK (Hoshi et al., 1994; Matsumoto et al., 2008)YARIS

: 10
4
 kD 1ÎrK ¡<deny¾ÁÂ�)ÏDV�B?�� (Matsui et al., 

1986)FÐ pH ³ÑFÐ Ca
2+³Ñ´*X[¨¡¢£¤ÒM�XUÌÓMÂ�ÃÄ

1á¯��K>*ÐAFÂ�ÃÄá¯6$ÔB*EUH¶EUXKY([£¤

ÒM�XUF>6 ARIS6Â�ÃÄá¯h'M:�ÔBdHP?��F�iAd

Co-ARIS, asterosap?�K (Figs. 1-5, 1-6)YCo-ARIS:denÀÁ¾ù{øCAD

?��Fasterosap: 34��keD�ÐA<Kxyz{Õ?�K (Nishiyama et al., 

1987b; Nishigaki et al., 1996)Yasterosap:�6+Ì�*EU 130 kD6 Guanylate 

cyclase d<}hiU��F,BÖ×MØÙMH¶EUXK>*d�Ð[UXK 

(Nishigaki et al., 2000)YGuanylate cyclaseM asterosapdJK>*? cGMP_(d

¯>�F�iMZ[UÒÃ6 cyclic nucleotide dependent K
+
 channel dÚ5YEÐ

E<dAFARIS`Co-ARIS M|XU6,B6+ÌJK:ÛpNAÐMhiUX

<X (Fig. 1-7)Y 
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Fig 1-4 83ú4>?�6��B 

! A. ØÜ83ú4 B. 83ú4¢>?()û* C. Â�ÃÄÝ6,B D. ¢(

)ûÞ[MZ[UÂ�ÃÄ1á¯E¨,B 
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Fig 1-5 Co-ARIS6Kk 

A. Co-ARIS I  

B. Co-ARIS II  

C. Co-ARIS III  
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Fig 1-6 asterosap6Kk (Matsumoto et al., 2008Z�) 
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Fig 1-7 Â�ÃÄá¯9XÕ6,B«6ß%JK! UVW 
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!�#! ARIS6ÐÝKk*Â�ÃÄá¯h'  

 

2-1 àá 

! ARIS :`Ð�6�B¿d 10
4
 kD *X= ¡<y¾ÁÂ�)ÏDV�B?�

�FÂ�ÃÄá¯$ÔB?�K>6 ARIS6Kkd¢!,B06²^¾<¼½J

K1L[UXKYARIS6h':y¾âû(ãnMZKsDtöXäå6�M1

;<[ULæªhiF!¨�çaTeenMZKfg6Úè�éden<êM

Z[U:Æ=>*Z�FdenfgM�6h'dH¶JK>*dËhiUXK

(Matsui et al., 1986)Y�6ÊÁh'fg6KkM|XU:Fy¾âû(ãnE¨

ARIS (P-ARIS) MÎëìÞ[1íEFùÂDî{ö¾8ú�ïbðû?h'ñ�

1,òJK>*?F"4)-!Xyl-(1"3)-"Gal-(1"3)-"Fuc-4(SO4
-
)-(1"3)-"Fuc 

-4(SO4
-
)-(1"4)-"Fuc-(1" *X=ófdË 10 ôi�jhi¨®g§6fgKk

Fragment 1 (Fr. 1)dýAi¨ (Koyota et al., 1997) (Fig. 2-1)Y>6 Fr. 1d ARIS*

<VMÐ pH ³ÑLE5:Ð Ca
2+³Ñ´?ÌÓ?Â�ÃÄ1â�¯>J>*Ð

AF>6 Fr. 1dÂ�ÃÄh'6��?�K*qrAiUXKY 

! ARIS6h':�6fg Fr. 1dL[U��Fc�sDtöXô�M:h'd�

X*qrAiKYEÐE<dAFõtöX1`*EUFÌ�hi¨ Fr. 16h'

d ARISZ�L÷5<K*X=èÙdýAiUXK (Fig. 2-2)Y>6ød 0.1 ù 

10 µg sugar/ml�26fú26÷Xäå?ûÀ?�K>*ÐAFARIS�B�6

Fr. 1 fg:c�sDtöXMZ[Uüý¾Mþ3AiU��FöïÀsûeÙ

MZ[U÷Xú2?LefZ5Â�ÃÄ1á¯?�K*X=ÿ�dqrAiKY 
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! öïÀsûeÙ*:fg1!E¨¼½¿ÀÁlM�XUZ51AiKÅÆ?

��Ff)"D{*�6+Ì�6#XèRdF4$6èRøùú6H¶MZ[

U%&hiK>*?�K (Lee, 1978; Lee et al., 1984)Y�#?:F!'FFr. 1f

g1/(¾MÐ)2nhTK>*?Fh'6�*d¯>K>*1+¼EFÿ�

1,-�¨Y!¨F¯}?:Fc�sDtöXMZ[U�ßAiK ARIS6Kk

1.B0/û£0?��E¨YARISsDtöXMZ[U�ßAiKÐÝKk6

�M Fr. 1fgd1ËhiK*X=24G1qrF()û*�3*X=Â�ÃÄ

á¯6¼½6°M|XU�%JKY 
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Fig. 2-1 Fr. 1fg6Kk 
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Fig. 2-2 ARIS* Fr. 16h'645 

! 67: Â�ÃÄf, 87: fú2 
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2-2 u9 

! �#:Ò!ï#!?F�Ö×?;%E¨<=Þ:²M�A<X>�F?@Í

=(A (Japan) >?FâÏïùÁÀö (Japan) 6²BCD6L61;%E¨Y!

¨FEM`FGM|XU²MHId�X°R:FElix 3 Water Purification System 

(Millipore, USA) >?FMilli-Q Water Purification System (Millipore, USA) 1%X

U,òE¨éùÂDÑ1%X¨Y 

 

83ú4 

! �Ö×?%X¨83ú4 A. amurensis :F()JM�KL61%X¨  (Fig. 

1-4A)YJ<SßF¡KL`MNL?rOF!¨:ÂûÀúï)�6sÀ8A�

P?QOMRþhi¨��?�KY 

 

³Ñ6ST 

! 83ú46UVWª%³ÑM:F¾ûú8)DãIwaki Co. Ltd., Japanå1%X

K>**EFTomo§³ÑX%YZãTokyo momoki, JapanåMZ[U4O1³Ñ

MRSTUFGE¨L61;%E¨Y¡¢M:/(³Ñ ASW (423 mM NaCl, 9 

mM KCl, 9 mM CaCl2, 25 mM MgSO4, 23 mM MgCl2, 10 mM EPPS-NaOH, pH8.2) 

1;%E¨Y 

 

¢()û6Rþ 

! Â;Ö×M¹[U;[¨ (Ikadai and Hoshi, 1981)YØÜE¨�83ú4Z�¢

[1\�EF1 µM6 1-MA (Sigma-Aldrich Co., USA) / ASW M 3 hr �2]EF
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¢ØÜ^+¢1á¯E¨ (Kanatani, 1973)Y_�<+¢1+¼E¨¯F̀ >E*"

û(1%XUaJ>*?ØÜ¢bcµdýAiFde1f[U�¸1�ÀgE

ûsû?b�FASW1hrUijJK*X=�?�2kl1;[¨YÊ¯6k

l¯F¢*m¿�2!? ASW1hrFijE<dA 0.1 N HCl / ASW1hrK

>*? pH1 5.5!?n�ÐMÒ7¨YpH 5.5M­EFij6üÄrd]nJK

>*1+¼E¨¯F®ßM 0.2 N NaOH / ASW1ijE<dAhrK>*? pH

1 8.2MoEF 2,000 g, 5 min 6pqMZ[U¢1bX¨�¸1ý¨Y>i1h

AM 10,000 g, 30 min?pqEF78r6s�bÐi¨�¸1()ûEµã¢(

)ûå*EU%X¨Y 

 

ARIS6,ò 

! Â;Ö×M¹[U;[¨ (Hoshi et al., 1994)Y83ú4¢ÐARþhi¨()

ûEµ1FSepharose CL-4BL� (GE Healthcare, UK) 1%X¨jGt�ö¾8

ú�ïbðû (#4.5 # 68 cm; 0.1 M NaCl, 15 mM Tris-HCl, pH8.2?nun) ?�

�EFfMÙ�TÉ�ñ�1éùÂDÑ?pv¯FwèxyEFz ARISøDy

G*E¨Ypv:Fpví  Seamless cellulose Tubing 30/32 LE5:  18/32 

(Viskase Co. Inc., USA) 1%XFwèxy: Bio Freeze BF-3 (Ray & company Inc., 

Japan) 1;%E¨Y�6¯FÊ÷>6éùÂDÑMEME¨z ARIS 1

DEAE-Toyopearl L� (M÷û{V|}, Japan) 1%X¨~ùÂDî{ö¾8ú

�ïbðû (#3.0 # 53 cm; 0.1 M NaCl, 50 mM Tris-HCl, pH8.2?��n) MZ[

UhAM,òE¨Y50 mM Tris-HCl, pH 8.2 nuµ´?6 NaClú2�� (0.1 M 

" 1 M) ?E�1;XF�E�ñ�6fú21¯�6E@G¿kûGde9MZ
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[U�}EF�6gûö-Ò1^?pv`wèxyE¨L61 ARISøDyG*

E¨Y 

 

��f6}¿ 

! resorcinolde91%XUFL-fucose (L-Fuc) {�6fú2*EU�}1;[¨Y

<�Eµ 20 µlM 6 mg/ml resorcinol (YMn�, Japan) ÑEµ1 20 µlhrFhA

M 75%de1 100 µl1hr¨YZ5PRE¨¯F85°C? 30 minÃÄhTF450 nm

6�@2Z�F L-Fuc EµÐA6�¿�1�Mfú21��E¨Yfú26Ì

Q: sugar g/l *�HJKY 

 

C)�ö)G��{���� (SDS-PAGE) 

! SDS-PAGE: Laemmli6u9 (Laemmli, 1970) M¹[¨YSeparating gel: 0.1% 

SDS, 0.375 M Tris-HCl, pH8.8EµMFStacking gel: 0.1% SDS, 0.375 M Tris-HCl, 

pH6.8EµM�i�i Acrylamide Eµ (Acrylamide : Bisacrylamide = 29 : 1?Ñ

E) 1��<ú2?PREFTEMED* 10% APS1hrK>*?ßØE¨Y�� 

buffer: 25 mM Tris, 192 mM Glycine, 0.1% SDS Eµ1;%EF��%øDyG

:F2#sample buffer (20% glycerol, 10% !-melcaptoethanol , 0.4% SDS, 0.0001% BPB, 

125 mM Tris-HCl, pH6.8) *m¿PREUÐA�yïùE¨Y��:�Ç�R

myPower500 (Atto Co., Japan) 1%XU 15 mA6}�Ã?;XFBPBdjGÐA

Ãi�K!?I�¨YsDtöX�B¿8ûÏû: Prestained Protein Markers 

(Broad Range) for SDS-PAGE (âÏïùÁÀö, Japan) 1%XFZ�,)<�B¿

�}M: Protein Markers (10#) for SDS-PAGE (âÏïùÁÀö, Japan)1%X¨Y
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!¨FCBB��M: Rapid Stain CBB Kit (âÏïùÁÀö, Japan)1%X¨Y 

 

P-ARIS6,ò 

! ¢()ûEµM��¿6 EtOH1hr-30°C?u�+RE¨¯F4°C, 15,000 g, 

30 minpqEUF��de1ý¨Y>6de6Oh1�}EF15 mg/ml*<K

Z=M 5 mM Tris-HCl, pH 8.2EµMEMEFActinase E ãKaken pharmaceutical Co. 

Ltd., Japanå �Z? NaN31 0.3 mg/ml, Toluene1 2.5 ml/lM<KZ=MhrFh

AM 24 hr�*M Actinase E1<¿�hE<dAF37°C? 96 hry¾âû(ãn

1;[¨Y100°C,  20 min?��JK>*?<�T1ÆhhT¨¯F4°C, 15,000 

g, 30 min ?pqEF�¸1þ3¨Yþ3¨�¸1¾ûs)ûõ�CEûs

NVC-2000 (Tokyo rikakikai, Japan) MZ[USepharose CL-4BL� (GE Healthcare, 

UK) 1%X¨jGt�ö¾8ú�ïbðû (#4.5 # 68 cm; 0.1 M NaCl, 15 mM 

Tris-HCl, pH8.2?nun) ?��EFfMÙ�TÉ�ñ�1ô�E¨Y>i1é

ùÂDÑ?pvE¨¯FwèxyEFz P-ARISøDyG*E¨Y�6¯FÊ÷

>6éùÂDÑMEME¨z P-ARIS1 DEAE-ToyopearlL� (M÷û{V|}, 

Japan) 1%X¨~ùÂDî{ö¾8ú�ïbðû  (#3.0 # 53 cm; 50 mM 

Tris-HCl, pH8.2?��n) MZ[UhAM,òE¨Y50 mM Tris-HCl, pH 8.2 n

uµ´?6 NaClú2�� (0 M " 1 M) ?E�1;XF�E�ñ�6fú21

Ý�6 resorcinolde9MZ[U�}EF�6gûö-Ò1^?pv`wèxy

E¨L61 P-ARISøDyG*E¨Y 
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Fr. 16,ò 

! P-ARIS 30 mg1éùÂDÑ 10 mlMEÐE¨µ�1FÎëì��J Branson 

Sonifier 250 (Branson Ultrasonics Corporation, USA) 1%XU��?Îëì��Þ

[ ãDuty cycle 50%, output 5, 10 min # 3å E¨Y�i1 DEAE-ToyopearlL�1

%X¨~ùÂDî{ö¾8ú�ïbðû  (#3.0 # 53 cm; éùÂDÑ?��n ) 

M�yïùEFéùÂDÑ´?6 0 1.0 M NaClú2��?E�EU,òE¨Y

resorcinol de9MZK��f6}¿M�XUfú2gûö*<Kñ�1þ3U

éùÂDÑ?pvFwèxyEU Fr.1øDyG*E¨Y 

 

dry sperm 6ST 

! �683ú4ÐA,[1s��EU±wM|X¨Ñ�1t¡?�Xs[UÐ

A��6¿¢ûEMs�F@£M¤z�¨,B1 dry sperm*EU%X¨Y 

 

Â�ÃÄf6�} 

! ��MUF³Ñ 1 mlM dry sperm 10 µl1hrF¥5¦jEU,Bbcµ1§

¨E¨Y5 min©R¯FASWMEME¨�}<� 80 µlMF20 µl6,Bbcµ

1hrU¥5¦jE¨Y5 minÃÄ¯F20 µl 5% glutaraldehyde / ASW1hrF5 min, 

on ice?ª}E¨YÊ¯M 0.5% erythrosine / 70% ethanolEµ1 3 µlhrU,B

1��EFNomarski§û£01%XU 1000�?,B1��E¨YÂ�-¯6:

[��`r¨L61«Â�ÃÄE¨,B¬*EF200,B´6«Â�ÃÄE¨,

B¬1~rUÂ�ÃÄf1�E¨Y 
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­c¾ù{ Fr. 16ßØ 

! Au-Fr. 16ßØ:en­6��ÃÄ?;[¨Y!'F0.04%6 Fr. 1EµM 1/20

¿6 0.02 M hydrogen tetrachloroaurate tetrahydrateEµ1hr¨YhAM�>M

1/20¿6 0.04 M NaBH4 Eµ1hrK*<¹M®E5PRE¨YÊ¯M 0.22 µm 

Millex-GP filter unit (Millipore, USA) ?bðGsût�1;XFAu-Fr. 1*E¨Y 

 

¯�6 Fab fragmentn 

! FabßØ:HIM¹[U;[¨ (Harlow and Lane, 1988)Y!'F100 mM cysteine, 

2 mM EDTA, 200 mM sodium acetate-acetic acid, pH 5.5Eµ 100 µl* 0.5 µg/ml ¯

Fr. 1¯�Eµ 100 µl1PREF�>M 0.5 mg/ml papain  1 1 µlhrUF37°C

? 12 hr ��E¨Y�6¯FÃÄ1°±hTK¨3M iodoacetamide 1²ú2d

75 mMM<KZ=MhrF³´? 30 min©RE¨YSDS-PAGEMUFFab, Fcº

bï�²Dú6(Ø1+¼EFÊ¯MProtein AÏïl Affi-Gel Protein A MAPS II 

Kit (Bio-Rad Laboratories Inc., USA) 1%XU Fcbï�²Dú1�ñ`bcEF

¯ Fr. 1¯�6 Fabbï�²Dú1,òE¨Y 

 

AFM�� 

! øDyG:µ£8ùÏ (The Nilaco Co., Japan) �?��1;[¨Y!'FøD

yGM 1/9¿6 100 mM MgCl21hrK>*?F10 mM MgCl212�Z=MST

E¨Y�EUFË 1 cm¶u68ùÏ�31·ÚEF1 ml éùÂDÑ?óôJJ

X?klE¨¯F10 mM MgCl21 20 µl¸ÒEFN2"À?xyhT¨Y�>«<

�1 20 µl¸ÒE 5 min ©RE¨¯F1 ml éùÂDÑ? 5ôJJX?klEF
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^? N2"À?xyhTF��¹!?4¿¹ûsû?æHE¨YAFM��: AFM 

SPI3800 (Seiko Instruments Inc., Japan) 1;%EFcDsöú2û{?;[¨Yº

»: OMCL-TR800PSA (Olympus Optical Co., Japan) 1%X¨Yä¼½ì~: 0.5

 3.0 Hz*EFýAi¨ñ¾: Gwyddion 2.10ãhttp://gwyddion.net/å1%XU¿

À�ÁFkùÂ�Á1;XF<÷bú1%XUMvE¨Y 

 

�¾@ÃÄMZK�BÅ�} 

! �¾@ÃÄ9:ZETASIZER nano series ZEN3600 (Malvern Instruments Ltd., UK) 

1%XU;[¨YøDyG: 1,000 g, 15 minpq¯6�¸1;%EFyïÀzB

öÆÇFBú (Sansyo, Japan) MÊiU�}1;[¨Y
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2-3 èÙ 

2-3-1! ­c¾ù{�B1%X¨ Fr. 1fg6öïÀsûn 

! Fr. 16öïÀsûnMZ[UFÂ�ÃÄfd�*JKÐÈÐ1<¢E¨Yß

ØE¨ Au-Fr. 1:�3yïÂ2DÑÉ6¥¡Êd 522.5 nm?�[¨>*Z�F

�6}Åd 30 nm �2*|}hiF!¨Ffú26�}6èÙFu|6­�B

�¨� Fr. 16ófËABúd 1.9 # 10
4�H¶EUXK*X=èÙM<[¨YFr. 

1d 10ËABú'|ÐAØK*ÿ}JK*Fu|6 Fr. 1fgdS&JK3Ì:

6 nm
2*<�F_�MÐ)2nhiUXK*qrFÂ�ÃÄ�BÍù1;[¨Y 

! 0.1 µg sugar/ml6ú2M��KÂ�ÃÄá¯f?Au-Fr. 11ARIS, Fr. 1*45

JK*FAu-Fr. 1: Fr. 1Z�L&sMÐXÂ�ÃÄá¯f1ËEF�EÎ ARIS

6h'6uMÒÐ[¨ (Fig. 2-3)Y­c¾ù{6¦§M|XU6cDú¾ûG*

EUFheparin sulfate6­c¾ù{µR� (Au-Hep.) � chondroitin sulfate6­c

¾ù{µR� (Au-Chon.) 1ßØEUÂ�ÃÄ�BÍù1;[¨dF>iA6­

c¾ù{µR�:Â�ÃÄá¯ÿ1Ëh<Ð[¨YZ[UFFr. 1 ÐA Au-Fr. 1

«6Â�ÃÄá¯ÿ6]n:FFr. 1 6öïÀsûn²^¾<L6?�K*qr

AiKY 

! Au-Fr. 1:,B*6èR'L&5ª[U��Fû£0��´M Au-Fr. 1MÏþ

JK,Bd45`AiF!¨Â�ÃÄ1¯>EUX¨ (Fig. 2-4A)Yuu?Au-Hep.

� Au-Chon.M:�6Z=<,B:Ð*oê`Ai<Ð[¨ (Fig. 2-4B)Y 
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Fig. 2-3 ­c¾ù{�BMZKöïÀsûn6eÙ 

! 67: Â�ÃÄf, n=6, bars: SD 
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Fig. 2-4 ,B*PR¯6­c¾ù{�B 

! A. Au-Fr. 1 (Ñ�) MèRE¨,B (gDö�)Y 

! B. Au-Hep.�BY,B*PREU��E¨dF,B6�B«6èR:`Ai<

Ð[¨Y 

! bar: 2 µm 

 

! "
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2-3-2! ¯ Fr. 1¯�1%X¨ Fr. 1fg6öïÀsûn 

! ¯ Fr. 1¯�8aÀ IgG:�$? Fr. 1MèRJK>*?ÒÓdþÿ?��F!

¨ Fr. 1:óf6i�jEÐAØK¨34$6õgúûy1&EUXK*qrA

iKY¹[UF¯ Fr. 1¯�6ÔhMZ[U Fr. 1dþR�1�ØJK>*dÕÖ

hiKY 

! Fr. 1M¯ Fr. 1¯�1ÔhE¨°R6Â�ÃÄá¯h'1<¢E¨èÙF­c

¾ù{�B1%XU Fr. 1fg1öïÀsûnE¨°R*<VMFÂ�ÃÄf6

�*d`Ai¨ (Fig. 2-5)YÂ�ÃÄf: ARIS*45EUL&sød`Ai<

X�?��F̄ Fr. 1¯�MZKöïÀsûnd Fr. 16h'�*1â�¯>J>

*dË×hi¨Y 

! papain ãnMZ[U(ØE¨"$6¯� fragment ?�K Fab 1ÔhE¨°R

M:>6Â�ÃÄá¯h'�*d`Ai'F�$6¯�MZKÒÓdh'�*

MYS[UXK>*1Ë×EUXKYhAMF¯8aÀ IgG(F(ab))¯�ØÙ IgG 

(Bethyl Laboratories Inc., USA) 1%XUF¯ Fr. 1¯�8aÀ IgG 6 Fabbï�

²Dú1ÒÓnJK*F̂ ?Â�ÃÄá¯h'd ARIS*<�2!?�*JK>

*dF¯�MZKöïÀsû�Ød Fr. 16Â�ÃÄá¯h'1Ú�hTUXK

>*1,-�UXKY 
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Fig. 2-5 ­c¾ù{�BMZKöïÀsûn6eÙ 

! Ab.(Anti-Fr. 1): ¯ Fr. 1¯�8aÀ IgG 

! Fab.(Anti-Fr. 1): ¯ Fr. 1¯�8aÀ IgG-Fabbï�²Dú 

! Ab.(Anti-Fab): ¯8aÀ IgG(F(ab))¯�ØÙ IgG 

! 67: Â�ÃÄf, n=6, bars: SD
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2-3-3! AFMMZK ARISÐÝKk6�� 

! ÝÛ!?M�XUF­�B`¯�1�i�i%XUFFr. 1fg1öïÀsû

nJK>*?FZ�ef¾MÂ�ÃÄá¯?�K>*1ËE¨YARIS�6 Fr. 1

fgLc�sDtöXMZ[UöïÀsûnhiUXK>*dqrAiF�Û

?:FARIS6KkMYJK�%1ö3K¨3F.B0/û£01%XU®�¾

M ARIS6Kk1��JK>**E¨Y 

! ARIS, P-ARIS, Fr. 16*KKk1ú21]r<dA AFM��1;[¨èÙ1

Fig. 2-5MËJY��6èÙF�GÞ6ÜWd��hiFu|:®Å 2 ù 5 nm

�2ãÝXÜWå (Fig. 2-6, Þßà)FL=u|:®Å 0.5 ù 1.5 nm�2ã7X

ÜWå (Fig. 2-6, áßà)6L6?�[¨YÝXÜW: ARIS, P-ARIS?`AiF

Fr. 1 ?`Ai<Ð[¨Yuu?F7XÜW:rG6øDyG?ÑÉMH¶EU

X¨YP-ARIS ?`Ai¨ÝXÜW: ARIS 6L6Z�Lâ5�rnEU��F

!¨7XÜW:ÝXÜWMèREUH¶EUXKZ=M��hi¨>*ÐAF

¹[UFÝXÜWd ARISc�sDtöX?��F7XÜWdfgô�?�K>

*dÕ�hiKY 

! ÝXÜW: 1 ù 5 µg sugar/ml MÐ�UARIS6��M�XUú2ãH¾M»

XMèREFäBúåûö°6Kk1�ØE¨Y²M 50 µg sugar/ml1ÎrK*

]U6ÜWdèREU8ùÏ�3u3MÕd[UXK6d��hi¨Y!¨F

7XÜWLFFr. 16��M�XU: 50 µg sugar/ml1ÎrK*FþR�1�ØE

¨Y 
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Fig. 2-6 ARIS, P-ARIS, Fr. 16 AFM¾ 

! AFM��èÙ:�6úæ?Ðh1�EUXKY(ª¦6 bars) 

A-D: ARIS6 AFM��¾ (�i�i 1, 5, 50, 100 µg sugar/ml) 

E-F: P-ARIS6 AFM��¾ (�i�i 50, 100 µg sugar/ml) 

G-H: Fr. 16 AFM��¾ (�i�i 50, 100 µg sugar/ml) 

Þßà: ÝXÜW, áßà: 7XÜW 
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3$%!,%-.,/01'2 !$$%!,%-.,/01'2

45()*+ 60/,'7&8%!

9#$

$%&'



 33 

2-3-4! �¾@ÃÄ1%X¨öïÀsû�Ø6Mv  

! AFM��MZ[U ARIS� Fr. 1dú2ãH¾MKk�Ø1JK>*dNAÐ

*<[¨Y�Û?:F�¾@ÃÄ1%XUFARISFP-ARIS>? Fr. 16þR�

�Ø1Z�}¿¾M�}JK>*1òçE¨Y 

! �¾@ÃÄ:F¶ïaD©�6@èéYÐA�BÅ1��JK*X=.[�F

H¶JK�BÅd�K�2êu?�KHP'd��F!¨�Bdµ´M�K�

26)2?H¶EUX<�i�<A<XY�ôFARISMYEU:F5 ù 10 µg 

sugar/ml 6ú2å?FP-ARISMYEU:F1 ù 100 µg sugar/ml 6ú2å?F

Fr. 1MYEU:F200 ù 400 µg sugar/ml 6ú2å?6ëì'6�K4ûs1*

K>*d?�¨ (Figs. 2-7, 8, 9)YARIS:F�BÅMYEUÐ*oêú2ãH'

d`Ai<Ð[¨>*ÐAF5 µg sugar/ml6ú2ÐAíMµR�1�ØEUXK

*qrAiK (Fig. 2-7)YP-ARISM|XULFú2ãH'dÐ*oê`Ai'F

<VMF1 µg sugar/ml 6¹î?íMµR�1�ØEUXK*qrAiK  (Fig. 

2-8)YP-ARIS6�ØE¨�Bd ARISZ�L¤h<�BÅ*<[¨6:c�sD

töX6�MMZK¦§*qrAiF AFM 6��6èÙ*uïE¨Y ARIS, 

P-ARISøDyGdF�i�i 5 µg sugar/ml:ÒF1 µg sugar/ml:Ò?ëì'6

�K�}èÙ1ýK>*d?�<Ð[¨[ð:F�B�Ød¯>[UXKL6

6F�6ñv¾<~dÁ<X¨3M¶ïaD©���6 Count d_�MýAi

<Ð[¨¨3?�KYFr. 1fg6�}èÙ:Fuu?ú2ãH'1ËEU��F

200 ù 400 µg sugar/ml*X=Ðú2M�XUFFr. 1dµR�1�ØJK*X=

>*1Ë×EUXK (Fig. 2-9)YFr. 1M|XULF200 µg sugar/ml 1ÎrK!?

ëì'6�K�}èÙdýAi<Ð[¨dF>iL�:�F¶ïaD©���
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6 Countd_�MýAi<Ð[¨¨3?�[¨Y,òE¨ Fr. 1:Fc�sDt

öX1bcEF!¨ÎëìÞ[1EUXK¨3F<=fú2?L ARISZ�LÐ

<�¤hX*qrAiF�BÅL ARIS, P-ARIS*45EU¤hXÊ1*[UX

KY 
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Fig. 2-7 ARIS6�¾@ÃÄ�}èÙ 

! 67: �BÅ, 87: fú2, n=6, bars: SD 
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Fig. 2-8 P-ARIS6�¾@ÃÄ�}èÙ 

! 67: �BÅ, 87: fú2, n=6, bars: SD 
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Fig. 2-9 Fr. 16�¾@ÃÄ�}èÙ 

! 67: �BÅ, 87: fú2 
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2-4 q� 

! ­�BMZKöïÀs)D�M�XULF¯�1%X¨öïÀs)D�M�

XULFFr. 16Â�ÃÄá¯h'6�*d`Ai¨>*:FFr. 1d ARIS6°

±?LöïÀsûeÙMZ[U&Xh'1òóEUXK>*1Ë×JKY 

! AFM?`Ai¨ÝXÜW:c�sDtöX?��F7XÜWd Fr. 1fg?�

K*qrAiKYARIS6��M�XUÝXÜWdú26�**ÑM»XMèR

EUX[¨*X=��èÙ:FARISc�sDtöXdé»ß%EUOREUX

5V1ËEUXKY!¨FÝXÜWMvEU7XÜWdµ~èREUXK¾d

`AiF>i:c�sDtöXMµ~6 Fr. 1fgôõøùúdH¶EFFr. 1f

gdÐ)2nhi¨°±dßAiUXK>*1ËEUXKY 

! ARIS M�XUFAFM ��¹MÝXÜWdé»ß%1EU8ùÏ]3MÕd

[UX[¨ 1 ù 5 µg sugar/ml*X=ú2:FÂ�ÃÄfLDÎM�*JKú2

?�K (Fig. 2-10, `¶ö)Y¹[UFKk�Ødh'MYS[UXK>*dË×

hi¨Y!¨FFr. 1fg6 AFM��M�XULF50 µg sugar/ml1ÎrK*7

XÜWdµR�1�ØE÷3K>*dËhi¨Y50 µg sugar/ml�26ú2ÐA

Fr. 1fg6ø®<Â�ÃÄf�*d¯>K¨3 (Fig. 2-11, `¶ö)FKk�Ød

®�¾MÂ�ÃÄh'MYS[UXK>*dùªhi¨Y@èþR�Kk1*

K>*?FFr. 1 fgdöïÀsûnhi¨°±M<�Fh'6�*dzAiK

*qrAiF­�B`¯�1%X¨Ö×6èÙ*uïd`Ai¨Y 

! �¾@ÃÄM�XUFARIS, P-ARIS:�i�i 700 nmÝ¯, 500 nmÝ¯6�

BÅ1ËEUFú2M�ãH¾?�[¨Y>6ú2M�XUFÂ�ÃÄfdy

ïúûM­EUXK6: (Fig. 2-1)FµR�6¡�hdu}?°±EUXK>*
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d[ð*qrAiKY>i:FAFM6Z=<�Ý�MúE|�¨�?<X°R

:F�K�26øùÂ?µR�6Ø/d±!K>*1ËEUXKY¨pEFµ

£M�XU:¢*X=û36�Mª}hi¨°±<6?FAFM6��èÙd@

£�6°±1�EUXKþÿ'dÐXYuu?FFr. 16�BÅ: 300 nmÐA 500 

nm�2!?Fú2ãH¾M%hd`Ai¨Y�}E¨ 200 ù 400 µg sugar/ml

*X=ú2:FFr. 16Â�ÃÄfd!pú2ãH¾M�*EUXK��?��F

µR�dú2ãH¾MØ/JK>*?FöïÀsûndmzFZ�efZ5Â

�ÃÄá¯d;rKZ=M<[UXKÐA?�K*qrAiKYSpring 8M��

K X�ôü¡¢Z�FFr. 1d�;�OýþKk1*K>*dË×hiUXK>

*ÐA (Matsumoto et al., unpublished)F#Xé»ß%MZ[U>6Z=<Kk�

1�ØEUXKþÿ'd�KYc�sDtöX<ÿ6&Xé»ß%* Fr. 1fg

<ÿ6#Xé»ß%dyRShK>*?FARIS]�6KkdK!hiUXK*

qrAiKY 
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Fig. 2-10 ARIS6Â�ÃÄ�BÍùèÙ 

! 67: Â�ÃÄf, 87: fú2, 
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Fig. 2-11 Fr. 16Â�ÃÄ�BÍùèÙ 

! 67: Â�ÃÄf, 87: fú2, 
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!r#! 83ú4 ARISsDtöX6<} 

 

3-1 àá 

! ARIS6h':�6fg Fr. 1dL[U��Fc�sDtöXô�M:h'd�

X*qrAiU�¨dFÝ#M�XUc�sDtöXMZKöïÀsûnd

ARIS 6ÐXÂ�ÃÄá¯ÿ1æ|¨3MHP?�K>*dËhi¨Y!¨F

AFM ��èÙ: ARIS c�sDtöXdé»ß%JK>*?ÐÝKk1�ØE

UXK>*1Ë×EU��FARIS c�sDtöXM|XUMv1;=>*?F

ARIS6Kk�ØJKM|XUF!¨()û*]�6KØdNAÐM<K*qr

AiKY 

! ¢±çKk�ØJKM|XUF8aÀ?:"7MMNdØhiU��F ZP1, 

ZP2, ZP3 sDtöX: ZP domain 1!EU#°Kk1ßK>*d1AiF

ZP2-ZP3 6$Á¾%ù8û6C)8û1 ZP1 dÒÓJK*qrAiUXK 

(Greve and Wassarman, 1985; Wassarman, 1988)YZP domain6 Nv¦w:²M ZP-N

*��iFuÚ'1ª[UèRJK>*?ÜW°6C)8û1�ØJK&'1

L[UXK>*d X �è(KkMv1%X¨Ö×ÐAËhiUXK (Monné et 

al., 2008)Y 

! ARISsDtöXô�M|XU:FFr. 1fgd Ser/ThrD�1!EU O-èR§

fg*EUH¶EUXK>*d1AiUXKd (Muramatsu, 1965)FuÝ�)ê

>ÎÐKØØ�LÛ1?�KY�#?:�6Kk1NAÐMJK¨3MF

SDS-PAGEMZKMv1;XYARISdX'iL Fr. 1fg1&JKr|6sDt
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öXÐAKØhiK>*1ËE¨Y!¨F�6�)1l}EFr|6sDtö

XMÑÉJK ARIS domainFAR-N>? AR-C1`�E¨Y>6 ARIS domain6

�):4ûsFûÀ�*MZ[U+6�9GMLæHhiUXK>*dNAÐ

M<[¨dF�6Jÿ:Û1?��F�C6x�*<KY 
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3-2u9 

 

83ú4, ³Ñ6ST, ¢()û6Rþ, ARIS6,ò, ��f6}¿,  

! !�#Ú, 

 

C)�ö)G��{���� 

! sDtöX6 SDS-PAGE:!�#Ú,Y 

! Native-PAGE6½:F25 mM Tris, 192 mM GlycineEµ1��buffer*EFsample 

bufferM: 20% glycerol, 0.0001% BPB, 0.0001% XC, 125 mM Tris-HCl, pH6.8Eµ

1%XFXCdÃi�K!?��1I�¨Y 

! -e6����:F�� buffer*EUTAE (2 M Tris-HCl, 1 M acetic acid, 50 mM 

EDTA (pH 8.0)) 1%XF÷�B¿6°R: 5% acrylamide (Acrylamide : 

Bisacrylamide = 29 : 1) 1 APS, TEMED?ª3¨L61;%EFÐ�B¿6°R

: 1% Agarose-LE (âÏïùÁÀö, Japan) / TAE 1%X¨YAcrylamidejG6°

R:SDS-PAGE*<V6�R? 200 V, 20 min��1;XFAgarosejG6°R:F

ø¶8)D§�����RMupid-2plus (Advance Co. Ltd., Japan) 1%XU 100 V, 

30 min6��1;[¨¯FEthidium bromide (Nippon Gene Co. Ltd., Japan) LE5

:FCyber green (life technologies, USA) ?��1;[¨Y!¨F.�vøùÂ8

ûÏû*EUF1kb DNA ladder (life technologies, USA) 1%X¨Y 

 

PAS�� 

! PAS ��6¨3M:FSDS-PAGE 1;[¨jG1FÍ�{ïùV¶¾BÁð
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D��R Trans-Blot SD Semi-Dry Electrophoretic Transfer Cell (Bio-Rad Laboratories 

Inc., USA)1%XU PVDF membrane Hybond-P!ãGE Healthcare, UKåM�/E¨Y

�/M:FTransfer buffer (48 mM Tris, 39 mM glycine, 20% methanol) 1%XF20 V, 

30 min6£¤?;[¨Y�/¯6 membrane1!' 0.5% sodium periodate Eµ?

2 hr01EF�6¯ 0.5% di-sodium hydrogenarsenate, 5% acetic acid Eµ? 30 min

01F0.1% di-sodium hydrogenarsenate, 5% acetic acid Eµ? 20 min 01 # 2Fh

AM 5% acetic acid Eµ? 10 min 01E¨¯FSchiff’s reagent solution (âÏïù

ÁÀö, Japan)M]�Uu�01E¨YÊ¯MF0.6% sodium pyrosulfite, 0.1 M HCl 

EµM]EF��1;[¨Y 

 

Western Blot 

! PAS ��*<V<u9?jGÐAsDtöX1�/¯F 5% skim milk / 

TBS-Tween (150 mM NaCl, 0.05% Tween 20, 50 mM Tris-HCl, pH 7.4) M membrane

1 1 hr]EU01EF¶¾BÆD�1;[¨Y�6¯F0.2 µg/ml ¯ Fr. 1¯�8

aÀ IgG, 5% skim milk / TBS-TweenM membrane1�EF4°C?u�01E¨Y

_�¿6 TBS-Tween? 10 min # 3 ôkl1;[¨¯FHRP~½¯8aÀ IgG¯

�ØÙ IgG (Santa Cruz Biotechnology Inc., USA), 5% skim milk / TBS-TweenM]E

U 30 min01E¨Y^?_�¿6 TBS-Tween? 10 min # 3 ôkl1;[¨¯F

ECL Plus Western Blotting Detection System (GE Healthcare, UK) MU�TÃÄ1

;XFjG�âïù2ûMolecular Imager FX (Bio-Rad Laboratories Inc., USA) ?

��E¨Y 
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ARIS6éde 

! 1 mg/ml ARISEµ1¡�36 0.1 M pyridinium acetate-acetic acid, pH 5.4 Mv

EU 4°C, 2daypvE¨Ywèxy¯F.1 10 mg/mlM<KZ=M 10% MeOH / 

DMSOMEMEF50°C, 12 hr��1;[¨Y�6¯FÃÄµ1 0.1 N NaOH?¸

}EU pH 9�2MEF^?wèxyE¨YÊ¤>6éùÂDÑMEM¯FÊ¯

M Bio-Gel P-2L� (Bio-Rad Laboratories Inc., USA) 1%X¨jGt�ö¾8ú

�ïbðû (#1.1 # 5 cm, éùÂDÑ?nun) 1;XFTÉ�ñ�1ô�Fw

èxyE¨L61 dS-ARISøDyG*E¨Y 

 

Nv¦�)Mv 

! PAS��`Western blot6°R*<VMjGÐA membraneM�/1EFRapid 

Stain CBB KitF>? Rapid CBB Destain Kit (âÏïùÁÀö, Japan) 1%XUò¾

sDtöX�D{1��EF���E¨YMembraner: Rapid CBB Destain Kit

1%XU\]Mé�EFéùÂDÑ?_�MklE¨Y�6¯F4³5¡�Ñ

%J6³[ÍDsû78�vô9«:-EF@���ke�)�v6  Procise 

492 (Perkin Elmer Inc., USA) MZK Nv¦��ke¿û¹D¿D�1;[¨Y 

 

hydroxylamine�M 

! CrimminsA6HIM¹[U;[¨ (Crimmins et al., 2005)Y!'F����¯

Mò¾äå1���EFjGr1�ÍúAú)GM 15 min]E¨Y�6¯F<

K�5]U6�ÍúAú)G1s�bXUÐAFjGr1pqõ�CEûsû

?xyhT¨Yxy°±6jGrM hydroxylamine Eµ (20% Hydroxylamine 
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Solution (Sigma-Aldrich Co., USA), 2 M NaOH, 2% Na2CO3-HCl, pH 9.0)1]K�2

MhrUF40°C ? 5 hrÃÄhT¨Y�M¯6jG: SDS-PAGE sample bufferM

5 min ]E¨¯MF^? SDS-PAGEMÐ�¨Y 

 

83ú4¢[ÐA6 RNA;�* cDNARØ 

! !'F\�E¨83ú4¢[1F��?<�E¨ 10 ml 6 D-solution (4 M 

guanidine thiocyanate, 0.5% sodium N-laurylsarcosinate, 25 mM sodium citrate, pH 7.0 

/ DEPCÑ) M]E¨YDEPCÑ:F0.1% DEPC / éùÂDÑ1ÂûúöEû¶

BS305 (TOMY SEIKO Co. Ltd., Japan) ? 120°C, 3 hrÞ[EUßØE¨Y¢[y=

1C)ú¾D>2?âù2ûPT2100 (Ishii Laboratory Works Co. Ltd., Japan) ?�

�E¨¯F10 ml6@? phenol, 666 µl6 3M NaOAc pH 4.5, 2 ml 6 CHCl31hr

UPREF15 min ��?©RE¨Y�6¯F8,400 g, 20 min6pq1;XF�6

�*1m¿6 2- propanol*PREF-30°C? 1 hrRX¨Y8,400 g?pq¯F�

2:de1ô�EF5 ml D-solution, 70 µl !-melcaptoethanol1hrU®E5PR

JK>*?EMEF̂ ?m¿6 2- propanol*PREF-30°C? 1 hrRX¨Y�E

UF8,400 g?pqE¨de1xyhTUÐAF300 µl6 DEPCÑMEMEF30 µl 

3 M NaOAc* 1 ml 100% ethanol1hrUZ5PRE¨¯MF-30°C? 15 min©

RE¨Y�6¯F15,000 g, 30 min6pq¯M�¸1AUF80% ethanol 1hrU

Z5PREF^? 15,000 g, 10 min6pq1;[¨¯M�¸1AUUxyE¨Y

Ê¯MF100 µl6 DEPCÑMEMEF83ú4¢[ total RNAøDyG*E¨Y

æH:-80°C?;[¨Y 

! ýAi¨¢[ total RNAÐAFReverTra Ace (Toyobo Co. Ltd., Japan) 1%XU
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cDNARØ1;[¨Y!¨FRØÝM: RQ1 RNase-Free DNase (Promega, USA) ?

Þ[1EUjkl DNA6PB91bX¨Y 

 

ARISNOB�)6l} 

! !' ARIS1* 3M|XUFNv¦>?Fóô�)ÐACOyïù8û1¥¨

EFQuick Taq HS DyeMix (Toyobo Co. Ltd., Japan)1%X¨ PCR9 (denature: 95°C, 

annealing: 40-50°C gradient, elongation: 68°C; 30 cycle) MZ[U%ÔE¨Yøû8

Gøùöïû: iCycler (Bio-Rad Laboratories Inc., USA) 1;%E¨Yyïù8û

6�): Table 3-1 6Z=M¥¨EFÂ)DEöEÂz{: Greiner bio-one 

(Germany) MRØ178E¨Y 

! RACE9MZK ARIS1, 2, 36]/�)sýM½EU:FSMART RACE cDNA 

Amplification Kit (Takara Bio company, Japan) 1;%EUF83ú4¢[ total RNA

ÐA RACE%6ÁDyEûú cDNA1RØEFAdvantage 2 PCR Kit (Takara Bio 

company, Japan) 1%XUFsBz%aD PCR9(denature: 95°C, annealing: 72°C 

gradient, elongation: 72°C; 5 cycle " denature: 95°C, annealing: 70°C gradient, 

elongation: 72°C; 5 cycle " denature: 95°C, annealing: 68°C gradient, elongation: 

72°C; 25 cycle)MZ�%ÔE¨Y;%E¨yïù8û: Table 3-26�)?��F

Â)DEöEÂz{: Greiner bio-one (Germany) MRØ178E¨Y 

! .��)l}: Sanger-dideoxy9?;XFBigDye Terminator Cycle Sequencing 

Ready Reaction Kit (life technologies, USA)F>? ABI PRISM 3100 Genetic Analyser 

(life technologies, USA)1%XU;[¨Y 
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�)4ûs6FG 

! ARIS1, 2, 3NOB6.��)F>?]/��ke�): DDBJ64ûsFûÀ

MFGE¨ (http://sakura.ddbj.nig.ac.jp/top-j.html)Y�öÍB¿HDIJ:�i�

i AB602892, AB602893, AB602894?�KY 

 

�)Mv 

! .��)`sDtöX�)ÑMFGENETYX software (GENETYX, Japan) 1%

XUMv1;[¨Yé<'�*M:FBLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) 

1;%EFdomain�*M: InterProScan (http://www.ebi.ac.uk/Tools/InterProScan/), 

Psi-BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) >?F TMHMM (http://www.cbs. 

dtu.dk/services/TMHMM/) 1%X¨Y 
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Table 3-1 COyïù8û6¥¨ 

 

yïù8ûK �) 

ARIS1-forward GCNTTYGGIGAYAAYATGGA 

ARIS1-reverse TTRTGRTCICCDATNCC 

ARIS3-forward GSNTTYGGIGAYGAYAT 

ARIS3-reverse TTRTTRTCICKRAANCCRTC 
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Table 3-2 RACE%yïù8û6¥¨ 

 

yïù8ûK �) 

ARIS1-5R GGAAGGGCTGGAAGTCGAGGATCCAGAC 

ARIS1-3R GCGAAGGTCACCCCGAGTGTTTTACCG 

ARIS2-5R GTNACYTTRTCRTCDATNGTYTGNCCRAANGC 

ARIS2-3R GCNTTYGGNCARACNATHGAYGAYAARGTNAC 

ARIS3-5R TTAGTTGTCCGTCCAGCTCATTGACAGG 

ARIS3-3R CAAAGGATTCCTTCGATGTCGAAAGCGG 
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3-3 èÙ 

3-3-1 ����MZK ARISKØ9X6Mv 

! ARIS6L�¾<KØ9X1NAÐMJK¨3F!':����MZKMv1

;[¨Y,òE¨ ARISMvEU 7.5%jG? SDS-PAGE1;XFCBB��?s

DtöX6��1;[¨*>ÎF145 kD, 127 kD, 105 kD6r�6�D{d��

hi¨YPAS ��MZ[UL<VM��hiK>*ÐAF>iA6�D{:f

sDtöXÐAØK*qrAiK (Fig. 3-1A, ÞßM)Y 

! Â�ÃÄá¯h'1L= Fr. 1fgdê6sDtöXMH¶EUXK6Ð1S

�K¨3F¯ Fr. 1¯�8aÀ IgG1%XUWestern Blotting1;=*Fr|]U

6�D{d��hi¨ (Fig. 3-1A)Y|!�Fr|6fsDtöX:êiLd Fr. 1

fg1&EU��F¹[UÂ�ÃÄá¯ÿ1ª|*qrAiKY!¨F ¡�

B ARIS:rGÞ6 Fr. 1ôõhi¨fsDtöXdµR�1�ØJK>*?K

ØhiUXK>*dËhi¨Y:¯F>iA6sDtöX1�B¿6NM ARIS1, 

ARIS2, ARIS3*�O>**JKY 

! >i!? ARIS 6,òM:µ~��683ú4�ÐARþE¨()û*1%

XUX¨¨3FARIS1, 2, 3:^<K��ð�6L6?�Kþÿ'L�[¨YE

ÐE<dAF"��ð�6¢ÐA()û*`ARIS1,òEULF�:�r|6

sDtöXd��hi¨¨3 (Fig. 3-1B)F�i�i6��dr|6 ARIS1, 2, 3

1&EUXK>*d+¼hi¨Y 
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Fig. 3-1 ARIS6����MZKMvèÙ 

! A. CBB��, PAS��, ¯ Fr. 1¯�1%X¨Western BlottingMZ[U�i�

i��1;[¨èÙY 

! B. ARISKØ9X6��ø6MvèÙY1-3: �� No. m: �� 1-3ÐASTE

¨ ARIS6PR9Y 

! ]U6èÙM|XU 7.5%�ö)G��{1%X¨Y
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3-3-2 Native-PAGE1%X¨ ARIS6'°Mv 

! jGt�ö¾8ú�ïbðûM�XUFARISdÌu69X*EUF!¨Ð�

B¿6¡�XPù{ñ�*EUýAiK>*ÐAFARIS1�ØJKrG6sD

töX:QAÐ6é»ß%1EF ¡<µR�1�ØEUXK*qrAiKY

SDS-PAGE MZ[U�6��d��hiK>*ÐAFSDS MZK�B6]'�

!-melcaptoethanol MZK��dsDtöX0é»ß%M¦§EUXKþÿ'd

�K*qrF!-melcaptoethanol MZK��1bX¨ SDS-PAGEF>? SDS1%

X<X Native-PAGEMZKMv1;[¨Y 

! !-melcaptoethanolMZK]'1;S'M SDS-PAGE1;=*Fr|6 ARISs

DtöX6��2:êiL�ÁE¨ (Fig. 3-2A, ÞßM"áßM)YEÐE<dA

�D{6~d]nE<Ð[¨>*:F�B06 disulfide èRdH¶E<X>*

1ËEUXKY��26�Á:�Bó disulfideèR6H¶1Ë×EU��FSDS

MZK]'¯L�.6rÝ�KkdD�F`Ð�6�B¿d¡�5<[¨*q

rAiKY 

! Fr. 1fg:RMq�E¨de�1ª|¨3FFr. 1?ôõhi¨ ARISsDt

öX: SDS MãHE<X�Sd45H¶JK>*dÕÖhiKYNative-PAGE

9MZ[UF>6 Native<�S6zMZ[U����1;[¨*>ÎFARIS:

r|6�BM��Ai¨ (Fig. 3-2B, lane 1áßM)YjG6�ÐANMN1, N2, N3

*K-�F���EUFSDSMZK]'1hrU^2����1;=*FN1, N2, 

N3:�i�i ARIS2, ARIS1, ARIS3*<=sDtöX?�[¨>*dËhi¨ 

(Fig. 3-2B, lane 2-5, ÞßM)Y|!�rG6sDtöX6M�M: SDS6Y�:

�5F¨p����MZ[UjG1É�JK>*dM�1â�¯>EUXK*
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qrAiKY¹[UFr|6 ARISsDtöX:�Ñ&èR¾<#Xé»ß%M

Z[U ¡<µR�1�ØEUXK*|�hiKY 
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Fig. 3-2 ARIS6 SDS-PAGE, Native-PAGEMZKMvèÙ 

! A. !-melcaptoethanolH¶ÒF�H¶ÒM��K SDS-PAGEèÙY 

! B. lane 1: Native-PAGEèÙ, lane 2-4: �i�i N1-36 SDS-PAGEèÙ, lane 5: 

ARIS6 SDS-PAGEèÙY 

! ]U6èÙM|XU 7.5%�ö)G��{1%XU��F��: CBB��?;

[¨Y 
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3-3-3 éden ARIS6Mv 

! Fr. 1 fgd ARIS 6h'1L[UXK*X=LT6u|MFédenhi¨

ARISdh'1Æ=*X=x�dH¶JKdFédenÃÄ6½M ARIS6sD

töXô�d intact<°±?�KÐ:UVdD[UX¨Y�W?:FédeÞ[

MZ[U ARIS6sDtöXô�d�MhiUX<X>*1+¼EF�6h'1

zK>*?FARISsDtöXô�dÂ�ÃÄá¯MYEU®�¾<h'1ª¨

<X*X=>*1XNJKY 

! Â;Ö× (Koyota et al., 1997)Z�FÃÄ´21SWJK>*?FFr. 16"ËA

Bú6ª|�|6de�6=ßFrup�1YZ¾MédenJK>*d?�

KY>6[�ÐMédenhi¨ ARIS 1 dS-ARIS *K-�F;%JK>**

E¨YSDS-PAGEMZ�+¼1JK*FdS-ARIS: intact< ARIS*Ð\<V<

øùÂ6r�6�D{M��hiFú26�ÁLÐ*oê`Ai<Ð[¨ (Fig. 

3-3A)Yuu?F¯ Fr. 1¯�1%X¨Western Blot?:>iA6�D{d��h

i'FFr. 1fgd²^¾M�]hi¨*X=>*d+¼hi¨ (Fig. 3-3B)Y 

! Native-PAGE ?Mv1;=*F��26ødN+M`AiFdS-ARIS : ARIS

*45EU��2d�ÁEUX¨ (Fig. 3-3C)YdS-ARIS?: Fr. 16ru6de

�dÆSi¨>*MZ�FARIS1, 2, 3�i�i6^�Sd�ÁE¨>*¯ÔJ

K*qrAiKY 

! Ê¯M>6 dS-ARIS 6Â�ÃÄá¯h'1S�¨*>ÎFÐ*oêh'd�

X*X=èÙdýAi¨ (Fig. 3-3D)Y|!�FsDtöXô�d®�¾Mh'

M¦§E<X*X=>*d&5ùªhi¨Y
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Fig. 3-3 éde ARIS6��èÙ*Â�ÃÄh' 

! A.dS-ARIS6 SDS-PAGEèÙYB. dS-ARIS6Western BlotèÙYC. dS-ARIS

6 Native-PAGEèÙY 

D. dS-ARIS1%X¨Â�ÃÄ assay! 67: Â�ÃÄf
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3-3-4 ARIS6��ke�)Mv 

! ARIS1KØJKr|6 ARISsDtöX6¡�11K¨3Fõ{8D�MM

ZK N v¦��ke�)¿û¹D¿D�1;XFô���ke�)1ýK>*

*E¨YNv¦��ke�): Table 3-36Z=<èÙ*<�FBLAST1%X¨

>2¾?û�*1;[ULÞ_sDtöX:`�T<Ð[¨Y 

! �>?FÝMsDtöXóô6��ke�)1ýK>*1qrFglycine D�  

– asparagineD�06xyz{èR1YZ¾M��JKÃÄ?�K hydroxylamine

�M1;[¨Y�6èÙFARIS1, 2, 3�i�id hydroxylamine�MMZ[Uµ

~6�r1(ØJK>*dËhi¨  (Fig. 3-4, `ßM )Y>6ýAi¨�r

ARIS1a, ARIS1b, ARIS3c (Fig. 3-4, Þ¶ö) 6 Nv¦�)1¿û¹DÀJK>*

?FARISsDtöX6óô��ke�)dýAi¨ (Table 3-3)Y>iA6�)

: Nv¦M asparagineD�1&EU��Fhydroxylamine�MMZ[U²^¾M

ýAi¨*qrAiKY 
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Fig. 3-4 ARIS1, 2, 36 hydroxylamine�MèÙ 

! `ßM: hydroxylamine�MMZ[U(ØE¨�rY 

! Þ¶ö : õ{8D�M6¨3M_�<ú2dýAi¨�D{  (ARIS1a, 

ARIS1b, ARIS3c)Y 

! 15%�ö)G��{jG1%XF��: CBB��?;[¨Y 
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Table 3-3 Nv¦��ke�)¿û¹D¿D�èÙ 

 

ARIS1 NH2-AFGDNMDDK 

ARIS2 NH2-AFGQTIDDKVTDF 

ARIS3 NH2-GFGDDI 

ARIS1a NH2-GXXLVAE 

ARIS1b NH2-GIGDHN 

ARIS3c NH2-GDGFRDNKIT 
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3-3-5 ARISNOB`ARISsDtöX]/�)l} 

! ô���ke�)d�Ïý:�ýAii�FCOyïù8û1¥¨EF PCR

MZ[Ua!iU%rU5Käå6ö¾ûAD�:ÌÍ?�KYZ[UF!'

Table 3-36ô���ke�)1�MFCOyïù8û1¥¨EFARIS1, 31c

û{JKNOB�r1ö¾ûAD�E¨YhAM RACE91%XUFARIS1, 2, 3

1cû{JKNOB6]/�)1sýEFARIS1, 2, 36sDtöX�)Ll}

E¨(Fig. 3-5, 6, 7)Y 

! ýAi¨�)MvEUFí1 domain6º*1;=*FSignal peptideäå (Fig. 

3-8A, ÑÒ�; Fig. 2-8B) * Transmembraneäå (Fig. 3-8A, Ñ�Ò�; Fig. 3-8B) 

dr|6sDtöXMÑÉM`Ai¨:±M:FARIS1 6zM FA5/8C domain 

(Coagulation factor 5/8 type C domain) (Fig. 3-8A, bÒ�; Fig. 3-8B) * Kringle 

domain (Fig. 3-8A, ìÒ�; Fig. 3-8B) dH¶E¨6zp[¨YEÐE<dAFr

|6 ARIS M:]åMc[Ué<'d��Fserine, threonine (Fig. 3-8A, ÞÈ), 

cyctein (Fig. 3-8A, áÈ) D�d²MæHhiUX¨Y ARIS1 6�|6í1

domain1ao?FNv¦w1 AR-N domain (Fig. 3-8A, ÞÒ�; Fig. 3-8B), Cv¦

w1 AR-C domain (Fig. 3-8A, áÒ�; Fig. 3-8B) *K-�¨Y 

! y=d6òÅMv1;=*F,[�efg?: ARIS1,2,3 6òÅ:`Ai'F

¢[²^¾MòÅEUXK*qrAiK(Fig. 3-8C)Y 
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Fig. 3-5 ARIS1NOB`ARIS1sDtöX6�) 
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Fig. 3-6 ARIS2NOB`ARIS2sDtöX6�) 
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Fig. 3-7 ARIS3NOB`ARIS3sDtöX6�) 
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Fig. 3-8 ARISsDtöX`NOB6MvèÙ 

! A. ARIS1, 2, 36��ke�)45YÑÒ�: Signal peptideäå, ÞÒ�: AR-N 

domain, bÒ�: Coagulation factor 5/8 type C domain, ìÒ�: Kringle domain, á

Ò�: AR-C domain, Ñ�Ò�: TransmembraneäåYÞÈ: serine, threonineD�, 

áÈ: cysteineD�YB. r|6 ARISsDtöX6 domainKkYC. ARISNOB

6òÅMvYO: ¢[, T: ,[, HP: efgY 
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3-3-6 ARISÞ_NOB6º* 

! BLAST 1%X¨4ûsFûÀº*Z�Fr|6 ARIS NOB*�i�iÞ_

E¨NOBÕd`|Ð[¨ (Table 3-4)Y&'�99M;JK Patria miniataã3

ú4hå, 8â8c Apostichopus japonicusãâ8chå1÷3*EUFÈ*�9

9-M*�9:96 Branchiostoma floridae�&i�996 Pleurobrachia pileusÐ

A ARIS1, 2, 3�i�iMÞ_E¨NOBdò`hiF�9�6´?&i�9Ð

AM*�9!?6ÔÕXjk?ARISNOBdæHhi¨L6?�K>*1Ë×

EUXKY!¨F>iA6NOB6 ORF:êiL AR-N domain* AR-C domain

12o?��F�|6�C domain6æH'L+Ð3Ai¨YEÐE<dAF>

iA6NOB_96Jÿ:]UÛ1?��F83ú4M�XUò`hi¨FÂ

�ÃÄá¯9X ARIS M��Ky¾ÁÂ�)ÏD6c�sDtöX*X=Jÿ

:�EX1`?*<KY 

! ARIS1, 2, 3�i�iMvÄJKé<NOBdH¶JKZ=?��F83ú4:

±6�9M�XULµ~6 ARISNOBdH¶EUXK>*dË×hi¨Y 
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Table 3-4 é<'�*MZ[UýAi¨ ARISÞ_�) 

 

Database ID (e-value) 

 ARIS1  ARIS2  ARIS3  

Pa. miniata, 

Ovary, 

EST 

gb|Ex453272.1 

gb|Ex453780.1 

(2e-66) 

(5e-49) 

gb|Ex453212.1 

gb|Ex453426.1 

(2e-121) 

(1e-28) 

gb|Ex453426.1 

gb|Ex453212.1 

gb|Ex453177.1 

(9e-87) 

(8e-57) 

(1e-56) 

Ap. japonicus, 

Regenerating 

Intestine, EST 

gb|DY625277.1 

gb|DY624999.1 

(6e-52) 

(6e-43) 

gb|DY625177.1 

gb|DY624999.1 

gb|DY625100.1 

(3e-28) 

(2e-25) 

(0.016) 

gb|DY625177.1 

gb|DY624999.1 

gb|DY625100.1 

(1e-19) 

(2e-15) 

(3e-4) 

Br. floridae, 

Genome 

gb|ABEP02005790.1 

gb|ABEP02005788.1 

gb|ABEP0214901.1 

(5e-22) 

(8e-20) 

(2e-19) 

gb|ABEP02003667.1 

gb|ABEP02002508.1 

gb|ABEP02006590.1 

(3e-11) 

(2e-6) 

(2e-6) 

gb|ABEP02006590.1 

gb|ABEP02002508.1 

(2e-11) 

(2e-6) 

Pl. pileus, 

Whole, 

EST 

emb|CU424142.1 (0.01) emb|CU422317.1 

gb|FP992593.1 

emb|CU424142.1 

(5e-8) 

(0.005) 

(0.006) 

emb|CU422317.1 

emb|CU421302.1 

emb|CU416679.1 

(2e-9) 

(6e-6) 

(7e-6) 

 

!  
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3-4 q� 

! ARIS:`Ð�6�B¿d 10,000 kD1ÎrKÎ ¡�B?�KdF�6KØ

PT?�K ARIS sDtöXFARIS1, 2, 3 : 100 kD Ý¯6�B?�[¨Y

Native-PAGEMZKMv6èÙFARIS1, 2, 3:�Ñ&èRMZ[UµR�1ßK

>*dË×hi¨dF>6 ¡�B ARISdê6Z=<JK?�ØhiK6Ð:

!¨SÐA<XYEÐE<dAFr|6sDtöXMæHhi¨ ARIS domainF

AR-N, AR-C6Y�EUXKþÿ':ÐXYBLAST�*ÐAýAi¨ ARISÞ_

NOBÕL>iA ARIS domain 1&EU��FJÿ¾MæHhi¨ËABú?

�K>*dJfhiKY!¨F3D-Jigsaw (http://www.bmm.icnet.uk/~3djigsaw/) 1

%X¨ domain bðB¿D�1;=*F AR-N d C-cadherin 6 untangling 

desmosomal knots *Þ_JKKk?�K>*dË×hiK>*ÐALF ARIS 

domain6Kk�Ø«6Y�dùªhiKY 

! Native-PAGE M�XUFARIS :�B¿N?:<5F��26Á<XNÐA

ARIS2, ARIS1, ARIS3*lopYARIS2dÊL��2dÁ<Ð[¨[ð*EUF

Fr. 1fgm6R�SdÁ<X¨3*qrAiKY¡½FARIS2* ARIS3:��

ke�)ÐAÕ�hiK�B¿d�i�i 80.2 kD* 81.8 kD*?Ð\<=?�

KMLYSA'FARIS2 6ud SDS-PAGE ?L��2dÁ<Ð[¨>*:F

ARIS2* ARIS360M:�SFLE5:ôõ¯6�B¿M¡�<ød�K>*

1ËEUXKY>>?Féde ARIS6 SDS-PAGEèÙd intact< ARIS*Ð*

oê]nd�Ð[¨>*ÐAFfg6�S:�M<oAÐ6ôõ6øLH¶J

K*qrAiKYARIS2*ARIS3: domainKØM�XUød<XMLYSA'F

>6Z=<mXdH¶JK>*:�nMõtöXY�i�i6 ARISsDtöX
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MH¶JK Fr. 1fg6èRøùú��6+6ôõøùú1�¯MNEUX5H

Pd�K*qrKYAFM��6èÙÐA:FsDtöXô�Mfgdµ~èR

EUXK¾d`AiU��FARISc�sDtöX?�K ARIS1, 2, 3�i�iM

µ~6 Fr. 1fgôõøùúdH¶EFFr. 1fgdÐ)2nhi¨°±dßAi

UXK*qrAiKY 

! �ôí1 domain *EUò`hi¨ FA5/8C domain :L*L*ÏèÔB V *

VIII 6 C v¦w6æHäå*EUò`hi¨L6?�K  (Toole et al., 1984; 

Jenny et al., 1987)YÏèÔB6èRôQ*EU1AiU��FRMq�E¨)D

oX� von Willebrand ÔB*6èRd1AiUXK (Pratt et al., 1999)YpòJ�

�Jÿ*EUFendo-!-1, 3-glucanase6 FA5/8C domain6�GÏD«6èRd1

Ai (Cheng et al., 2009)FFA5/8C domaind galactose binding-like superfamilyM;

JK>*ÐAFf«6èRd��¾<Jÿ*LÕ���KYL=u u6í1

domain?�K Kringle domainL�:�èR domain*EU1AiFfibrinogen�

prothrombinFurokinase-type plasminogen activatorFhepatocyte growth factorm6é

»ß%MYS[UXK (Patthy et al., 1984; Donate et al., 1994)Y¹[UFFA5/8C 

domain, Kringle domaindF»XMF!¨: AR-N, AR-C*èR'1ËJþÿ'd

Ë×hiFARIS6Kk�ØMOP<&'1EUXKþÿ':ÐXYÝ#6 AFM

��M�XUFARISc�sDtöXdú2ãH¾MORE¨Vé1qEFhA

Mý.MÒÓKkd`AiK>*d>i1ùªEUXKY 

! mnÞM��K ZP domain6Z=MFARIS1, 2, 3MÑÉEUæHhiUXK

AR-N, AR-C  domaindC)8û�ØMYS�F�Øhi¨ÜW1 ARIS16�|

6í1 domaindÒÓJK>*?FÐÝKk1�ØEUXKþÿ'd�KYéd
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e ARIS�Fhydroxylamine�ME¨ ARIS1 AFM��JK>*?F�6Kk]

nÐAhAM"7< ARIS6Kk�ØJKdMNhiK*qrAiKY 
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!r#! ARIS domain6�9�M��KÕd� 

 

4-1 àá 

! Ý#M�XU ARIS sDtöX6��ke�)1l}EF�6�)1%X¨

BLAST�*6èÙFé_6sDtöX�)1cû{JKNOBdÕX(9ÐA

`|Ð[¨Y²M AR-N domain* AR-C domain:Õ5é<'1ª[UæHhi

U��F�£?:<5QAÐ6JÿdH¶JK>*?F�)6æH'd�K*

qrAiKY 

! ÈÉ�9?: ZP domain1&JK ZPsDtöXÕd¢±çM2!iKL6*

EUÕ5æHhiUXK (Wong and Wessel, 2005)Y�#?:F83ú4 ARISM

�XUò`E¨ AR-N, AR-C domaindFÈÉ�9M��K ZP domain6Z=MF

�ÈÉ�96+,M�XUæHhiUXK*qrFÂ�ÃÄá¯9X`ARIS N

OB6Mv1!':+63ú4Þ?;X (Fig. 4-1)F&'�9]�FhAM:¯

s�9�&i�9M!?Õ7U;[¨ (Fig. 4-2)YÊ¯M�iA1t!rF+,

6Â�ÃÄá¯¼½¿ÀÁl6mnM|XUÿ�1¬UU�%JKY 
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Fig. 4-1 �Ö×M%X¨3ú4Þ6YuW 
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Fig. 4-2 �9�6Zo¾YuW 
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4-2 u9 

 

�9 

A>D3ú4 Distolasterias niponFõ@3ú4 Aphelasterias japonicusF8â8c

Apostichopus japonicusFv"GaA Glyptocidaris crenularis:wxLÐAFùú8

Æ3ú4 Asterina pectiniferaF2�?"ù Astropecten scopariusFABCDa�¿

%Oxycomanthus japonicusFlïøÆaA Anthocidaris crassispina:MNLÐAF

A>Dö23ú4 Ophioplocus japonicus :yzLÐAFÂA3ú4 Acanthaster 

pulanci:{|PÐAF¿2%ÙP¿l¿Balanoglossus simodensis:}~LÐAF

Ï¶úöïj Bolinopsis mikado:��LÐARþE¨L61%X¨Y 

 

dry sperm 6ST 

! !�#Ú, 

 

³Ñ6ST, ()û*6Rþ, ARIS6,ò, ��f6}¿, C)�ö)G��{

����, ����jG6��,  Western Blot ,  Nv¦�)Mv 

! !r#Ú, 

 

Â�ÃÄ6�� 

! aA6,BM��K��9 (Yokota and Sawada, 2007) 1ÚqMEU;[¨Y

1% glutaraldehyde ?ª}E¨,BøDyG1 1500 g, 15 min 6pq?ô�EF

0.05% Triton X-100, 0.2 units Alexa Flour 488 phalloidin (life technologies, USA), 1 
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mg/ml BSA, 20 mM glycine / PBS (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 

1.76 mM KH2PO4, pH7.4) MbcEF�@°±? on ice, 2 hr ©RE¨YÊ¯M�

@û£01%XUFG �¯6ñ¾1��EF�özD'6-¯6&�1+¼E

¨Y 

 

RNA;�* cDNARØ 

! \�E¨y=ÐAFSepasol - RNA I Super (nacalai tesque, Japan)FLE5:FTrizol 

Reagent (life technologies, USA) 1%XU total RNA1,òE¨YýAi¨ total 

RNAÐAFReverTra Ace (Toyobo Co. Ltd., Japan) 1%XU cDNARØ1;[¨Y

!¨FRØÝM: RQ1 RNase-Free DNase (Promega, USA) ?Þ[1EUjkl

DNA6PB91bX¨Y 

 

ARISÞ_NOB6º* 

! ARIS Þ_NOB6º*M:F:Ò6COyïù8û1%XF Quick Taq HS 

DyeMix (Toyobo Co. Ltd., Japan) 1%X¨ PCR 9 (denature: 95°C, annealing: 

40-50°C gradient, elongation: 68°C; 30 cycle) MZ[U%ÔE¨Yøû8Gøùö

ïû: iCycler (Bio-Rad Laboratories Inc., USA) 1;%E¨Yyïù8û6�):F

ARIS1%M ARIS1aF, ARIS1bF, ARIS1cF, ARIS1dF, ARIS1bR, ARIS1cR, ARIS1dR, 

ARIS1eR 1FARIS2 %M  ARIS2aF, ARIS2bF, ARIS2cF, ARIS2bR, ARIS2cR, 

ARIS2dR1FARIS3%M ARIS3aF, ARIS3bF, ARIS3cF, ARIS3cR, ARIS3dR1¥¨

EFÂ)DEöEÂz{: Greiner bio-one (Germany) MRØ178E¨ (Table 

4-1)Y 
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�)4ûs6FG 

! ARIS1, 2, 3Þ_NOBÕ:F>?�6��ke�): DDBJ64ûsFûÀM

FGE¨ (http://sakura.ddbj.nig.ac.jp/top-j.html)Y�i�i6�öÍB¿HDIJ

1 Table4-2MËJY 

 

�)Mv 

! .��)`sDtöX�)ÑMFGENETYX software (GENETYX, Japan) 1%

XUMv1;[¨Yé<'�*M:FBLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)

1;%EFdomain�*M: InterProScan (http://www.ebi.ac.uk/Tools/InterProScan/) , 

Psi-BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) >?F TMHMM (http://www.cbs. 

dtu.dk/services/TMHMM/) 1%X¨YjklwxÐA6NOBäå6;�M:1

GeneScan (http://genes.mit.edu/GENSCAN.html) %X¨Y 

! ZoMv:FPhylip software (http://evolution.genetics.washington.edu/phylip/ 

getme.html) 1%X¨Ê�|}?;XFbootstrapô~: 100ô?;[¨Y 
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Table 4-1 ARISÞ_NOBº*%COyïù8û6¥¨ 

 

yïù8ûK �) 

ARIS1aF TGGGTNYTNGAYTTYCARCCNTT 

ARIS1bF AAYACNACNYTNTAYATGACNAAYGT 

ARIS1cF TAYATGACNAAYGTNMGNCC 

ARIS1dF CCNATHGAYGCNACNGGNAAY 

ARIS1bR ACRTTNGTCATRTANARNGTNGTRTT 

ARIS1cR GGNCKNACRTTNGTCATRTA 

ARIS1dR RTTNCCNGTNGCRTCDATNGG 

ARIS1eR CKNARRAAYTCNGGRAARAA 

ARIS2aF TGGGTNGTNGAYTTYGARCCNTAY 

ARIS2bF ATHACNATHCARACNGTNGTN 

ARIS2cF GNGGNGTNAAYCAYYTNGAR 

ARIS2bR NACNACNGTYTGDATNGTDAT 

ARIS2cR YTCNARRTGRTTNACNCCNC 

ARIS2dR RTANACNGTNGTDATNGTRTA 

ARIS3aF TTYGCNAAYATGGGNCARGTNAC 

ARIS3bF TGGATHYTNTTYCARCCNTAY 

ARIS3cF CAYATHGARYTNATHTGGMGNYT 

ARIS3cR ARNCKCCADATNARYTCDATRTG 

ARIS3dR ACNGTNGTYTGDATNGTDAT 
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Table 4-2 ARISÞ_NOBÕ6�öÍB¿HDIJ 

 

NOBK! �öÍB¿HDIJ!

ApjARIS1 AB602895 

ApjARIS2 AB602896 

ApjARIS3 AB602897 

AspARIS1 AB602898 

AspARIS2 AB602899 

AspARIS3 AB602900 

AcpARIS1 AB602901 

AcpARIS2 AB602902 

AcpARIS3 AB602903 

AtsARIS3 AB602904 

BsARIS3 AB602905 

MlARIS AB602906 

OxjARIS1 AB602907 

OxjARIS2 AB602908 

OxjARIS3 AB602909 

AhjARIS1 AB603742 

AhjARIS2 AB603743 

AhjARIS3 AB603744 

DnARIS2 AB603745 

DnARIS3 AB603746 

OpjARIS3 AB603747 
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4-3èÙ 

4-3-1 3ú4hM��K ARIS 

! 83ú4?ò`E¨ ARIS MZKÂ�ÃÄá¯Z6�9�6´?6ÑÉ'1

NAÐMJK¨3F+6�9M��KÂ�ÃÄá¯9X1MvJK>**E¨Y

:¯F�d6¨3F�#M�XU:83ú46 ARIS1 AaARIS*�?Fr|6

ARISsDtöXL AaARIS1, 2, 3*�HJKY 

! !'F83ú4*<= Asteriidae9M;JKL66F83ú4*Â�ÃÄdî

�E<XABCD3ú4 D. nipon1%XK>*ME¨ (Fig. 4-1)Y83ú4<V

M¢()û1M�EUô�EFö¾8ú�ïbðû6fMÙ�ñ�*EUÂ�

ÃÄá¯9X1,òJK>*MØ�E¨ (Fig. 4-3A)Y>6ABCD3ú4 ARIS 

(DnARIS) 1 SDS-PAGEMZ[UMvJK*F83ú46°R (Fig. 3-2) *<V

Mr|6�D{d��hi¨ (Fig. 4-3B)YPAS ��?��hiK>*ÐAfs

DtöX?�K*qrAiKdF¯ Fr. 1¯�1%X¨Western BlotMZ[U�

�?�<Ð[¨>*ÐAFFr. 1 fg*:m=Kk6fgMZ[UôõhiUX

K*qrAiK (Fig. 4-3B)Yfg6mX?Â�ÃÄ6²^'d(z�hiUX

K*X=ÿ�1ùªJKèÙdýAi¨Y 

! ÝMF3ú4h?:�KdF83ú4�ABCD3ú46;JK Forcipulatida

ò*:^<K Valvatida òM;JKùú8Æ3ú4 Asterina pectinifera 1%X¨ 

(Fig. 4-1)YABCD3ú4<VMF83ú4?%XAiKü91%XK>*?F

¢()û`ARIS6,òMØ�E¨ (Fig. 4-4A)YýAi¨ùú8Æ3ú4 ARIS  

(AspARIS) 1 SDS-PAGE ?MvJK*F�:�r|6�D{d��hiFPAS

��?��hi¨>*ÐAFfsDtöX?�K*qrAiK (Fig. 4-4B)Y!
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¨F̄ Fr. 1¯�1%X¨Western BlotMZ[U��?�<Ð[¨>*ÐAFFr. 1

fg*:m=Kk6fgMZ[UôõhiUXK>*dËhi¨ (Fig. 4-4B)Y 

! DnARIS1, 2, 3>?FAspARIS1, 2, 36õ{8D�MMZK Nv¦��ke�

)Mv1;[¨èÙ1 Table 4-3MËJYAaARIS1, 2, 36èÙ (Table 2-3) *�

i�iÐ<�6Þ_d`AiFDnARIS * AspARIS M`Ai¨sDtöXÕ:

AaARIS1, 2, 3*é<<sDtöX*|�hiKY¢[ RNAZ�ßØE¨ cDNA

ÐA ARISé<NOB1ö¾ûAD�JK*FAaARIS1, 2, 3NOBMvÄE¨N

OBFDnARIS1, 2, 3! (Sakaya H., in preperation) >?FAspARIS1, 2, 3 (Fig. 4-5)6

�rd�i�iýAi¨Y!¨FAspARIS1, 3M|XU:FRACE9MZ[U]

/�)1l}E¨ (Fig. 4-5)Y�6 ORF6cû{JKsDtöX6 Nv¦��

ke�): AspARIS1, 36õ{8D�MMZK Nv¦��ke�)MvèÙ*

uïEF�|d<u6L6?�K>*dËhi¨Y 

! +63ú4M�XULF¢[ RNAZ�ßØE¨ cDNAÐA ARISé<NOB

6ö¾ûAD�1;[¨èÙFForcipulatidaò Asteriidae9 Asteriinae:96õ@

3ú4 Ah. japonicusZ� AhjARIS1, 2, 3d (Sakaya H., in preperation)FValvatida

ò6ÂA3ú4 Ac. pulanciZ� AcpARIS1, 2, 3 (Fig. 4-6) dýAi¨ (Fig. 4-1)Y

!¨F83ú4*Lùú8Æ3ú4*L^<K Paxillosida òM;JK2�?"

ù At. scopariusZ� AtsARIS3dýAi (Fig. 4-7)F3ú4hóM�XU ARISN

OBdæHhi¨L6?�K>*dNAÐ*<[¨Y 
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Fig. 4-3 DnARIS6MvèÙ 

! A. DnARIS 6jGt�ö¾8ú�ïbðûèÙY67:fú2F87:ñ�

IJY `�6ñ�1ô�E¨Y B. CBB��, PAS��, ¯ Fr. 1¯�1%X¨

Western BlottingMZ[U�i�i��1;[¨èÙY7.5%�ö)G��{1%

X¨Y 
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Fig. 4-4 AspARIS6MvèÙ 

! A. AspARIS6jGt�ö¾8ú�ïbðûèÙY67:fú2F87:ñ�

IJY `�6ñ�1ô�E¨Y B. CBB��, PAS��, ¯ Fr. 1¯�1%X¨

Western BlottingMZ[U�i�i��1;[¨èÙY7.5%�ö)G��{1%

X¨Y 
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Table 4-3 DnARIS, AspARIS6 Nv¦��ke�)¿û¹D¿D�èÙ 

 

DnARIS1 AFGDNMDHGIDD 

DnARIS2 AFGQTINDKV 

DnARIS3 NFGDDISEDNED 

AspARIS1 AFGDVNLHGKDD 

AspARIS2 AFGQEVDDKVTD 

AspARIS3 AFGDDISQDNED 
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Fig. 4-5A AspARIS1NOB`AspARIS1sDtöX6�) 
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Fig. 4-5B AspARIS2NOB`AspARIS2sDtöX6�) 
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Fig. 4-5C AspARIS3NOB`AspARIS3sDtöX6�) 
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Fig. 4-6A AcpARIS1NOB`AcpARIS1sDtöX6�) 
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Fig. 4-6B AcpARIS2NOB`AcpARIS2sDtöX6�) 
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Fig. 4-6C AcpARIS3NOB`AcpARIS3sDtöX6�) 
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Fig. 4-7 AtsARIS3NOB`AtsARIS3sDtöX6�) 
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4-3-2 &'�99M��KÂ�ÃÄá¯9X  

! ÝÛM�XUFARISsDtöX:3ú4hM�XUFÂ�ÃÄá¯9X1�

ßKÑÉ6�B*EUæHhiUXK>*1ò`E¨Y3ú4h:&'�99

M;EU��F<9M:+Mö23ú4h`â8ch`aAh`a�Ë)hd

H¶JK (Fig. 4-2)Y�Û?:>iA&'�996�9M|XU6Â�ÃÄá¯

9X1MvE¨Y 

! !'F45¾��øùÂd¡�5��B1¡¿MýAiK8â8c Ap. 

japonicusãâ8chå1%XUF83ú4<VM¢()û1M�EUô�EFj

Gt�ö¾8ú�ïbðû6fMÙ�ñ�1,òE¨*>ÎFÂ�ÃÄá¯ÿ

1ËE¨ (Figs. 4-8A, 4-9A)Y>68â8c ARIS (ApjARIS)1 SDS-PAGEMZ[

UMvJK*F3ú4M��K°R*<VMr|6�D{d��hi¨  (Fig. 

4-9B)Y 

! a�Ë)hM;JKABCDa�¿% Ox. japonicus L+¢M,[UF¡¿6

�µ*EU¢±ç1+�JK¨3F¡¿6¢±ç6ô�dþÿ?�[¨YýA

i¨¢±çÐA<VMjGt�ö¾8ú�ïbðû6fMÙ�ñ�1,òE¨

*>ÎFÂ�ÃÄá¯ÿd+¼hi¨ (Figs. 4-8B, 4-10A)Y>6ABCDa�¿

% ARIS (OxjARIS) 1 SDS-PAGE MZ[UMvJK*F�:�3ú4M��K

°R*<VMr|6�D{d��hi¨ (Fig. 4-10B)Y 

! aAhM�XU:Fv"GaA G. crenularis 1%XUMv1;XFjGt�

ö¾8ú�ïbðûMZ[UýAi¨fMÙ�ñ� 1ù4 (Fig. 4-11A, `¶ö):

+ÐMÂ�ÃÄá¯ÿ1ª[UX¨L66FSDS-PAGE MZKMvM�XU:

N+<�D{d��hi<Ð[¨ (Fig. 4-11B)YaA6Â�ÃÄá¯9X?�K
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FSP :sDtöXØ�1Ð*oê2!<X*hiU��  (Keller and Vaquier, 

1994)F�i*uïE¨èÙ?�KY 

! DKÊ¯6uh?�Kö23ú4hM|XU:FA>Dö23ú4 Op. 

japonicus 1¡¿MRþEU¢()û6ô�1;[¨L66F��d¤h5¢6

¿L>AiUX¨6?F�<K,ò:;r<Ð[¨YEÐE<dAF ¢()û

M:Â�ÃÄá¯h'd�K>*:+¼E¨ (Fig. 4-8C)Y 

! 8â8c̀ ABCDa�¿%ÐA�i�i,òE¨ ARIS:_�<¿d�[¨

6?Fõ{8D�MMZK N v¦��ke�)Mv1;[¨YýAi¨�):

AaARIS1, 2, 3 *Þ_E¨�)?��  (Table 4-4)FAaARIS 6é<NOBd

ApjARIS, OxjARIS1KØJKsDtöX1cû{EUXK>*d&5Ë×hi

¨Y 
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Fig. 4-8 Â�ÃÄá¯hi¨,B 

A. 8â8c,B, B. ABCDa�¿%,B, C. A>Dö23ú4,B 

á�Hoechst?-��! b�Alexa-phalloidin? F-actin1�� 
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Fig. 4-9 ApjARIS6MvèÙ 

! A. AspARIS6jGt�ö¾8ú�ïbðûèÙY67:fú2F87:ñ�

IJY `�6ñ�1ô�E¨Y B. CBB��, PAS��MZ[U�i�i��

1;[¨èÙY7.5%�ö)G��{1%X¨Y
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Fig. 4-10 OxjARIS6MvèÙ 

! A. OxjARIS6jGt�ö¾8ú�ïbðûèÙY67:fú2F87:ñ�

IJY `�6ñ�1ô�E¨Y B. CBB��, PAS��MZ[U�i�i��

1;[¨èÙY7.5%�ö)G��{1%X¨Y 
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Fig. 4-11 v"GaAÂ�ÃÄá¯9X6MvèÙ 

! A.jGt�ö¾8ú�ïbðûèÙY67:fú2F87:ñ�IJY `�

6ñ� 1ù41ô�E¨Y B. ñ� 1ù4ñ�6 SDS-PAGEèÙY7.5%�ö)G

��{1%XF���E¨Y
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Table 4-4 ApjARIS, Oxj ARIS6 Nv¦��ke�)¿û¹D¿D�èÙ 

 

ApjARIS1 YFGKPLAYGQDD 

ApjARIS2 QFGASISDEVAD 

ApjARIS3 VFGDDISQDNED 

OxjARIS1 GFGD 

OxjARIS2 AFGDPIDDKV 

OxjARIS3 KFGEDISANNED 
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4-3-3&'�99M��K ARIS!"# 

! ÝÛM�XUF8â8c •ABCDa�¿%M��KÂ�ÃÄá¯9X

ApjARIS, OxjARISd AaARIS1, 2, 3NOB6é<NOB6_9?�K>*dË×

hi¨¨3F>iA6�9M��K ARISNOB1sýEF45JK>*1qr

¨Y 

! 8â8c:¢[ EST 4ûsFûÀdH¶JK>*ÐAF�i1\%JK>*

?FApjARIS1, 2, 36]/�)6sýMØ�E¨ (Fig. 4-12)Y¢[ RNAÐAßØ

E¨ cDNA 1%XU�)6+¼1;[¨èÙFuïE¨6?�):��?�K

*qrAiKYýAi¨�)6 Nv¦�):õ{8D�MMZK Nv¦��k

e�)Mv6èÙ*uïE¨>*ÐAFApjARIS1, 2, 3d�i�i ApjARIS1, 2, 3

1cû{EUXK>*dXNhi¨YAaARIS1, 2, 3* ApjARIS1, 2, 36��k

e�)145JK*FApjARIS2, 3: AR-N, AR-C* Cv¦6í0Éäå*X=

domain KØ?uïJK6MvEUFApjARIS1 : AR-N, FA5/8C, AR-C *X=

domainKØ?��FKringle domain1#ÆE¨�Ø*<[UX¨ (Fig. 4-13)Y 

! ABCDa�¿%`A>Dö23ú4M|XU:F4ûsFûÀdH¶E<

Ð[¨6?FCOyïù8û1%XU PCR%Ô1<z¨YèÙ*EUABCD

a�¿%ÐA OxjARIS1, 2, 3 6�r (Fig. 4-14)F�Z?A>Dö23ú4ÐA

OpjARIS36�rdýAi¨ (Sakaya H., in preparation)YX'iLF�6 ORF6

��ke�): ARIS domain 1&EU��FOxjARIS1 : ApjARIS1 *<VM

Kringle domain1#ÆE¨Kk*<[UX¨Y 

! aAhM|XU:Fv"GaA*lïøÆaA A. crassispina6¢[ RNAÐA

ßØE¨ cDNA1�i�i%XU ARISNOB6º*1;[¨dFé<NOB6



 108 

ò`M:�A<Ð[¨Yjkld\]M�hiUXK�²)ÏlïøÆaA

Storongylocentrotur purpuratus64ûsFûÀº*ÐA ARISé<NOBd`|Ð

A<Ð[¨>*ÐALFaAÞM: ARISNOBdH¶E<X>*d&5Ë×h

iKY 
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Fig. 4-12A ApjARIS1NOB`ApjARIS1sDtöX6�) 
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Fig. 4-12B ApjARIS2NOB`ApjARIS2sDtöX6�) 
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Fig. 4-12C ApjARIS3NOB`ApjARIS3sDtöX6�)
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Fig. 4-13 ApjARISsDtöX6 domainKØ�) 
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Fig. 4-14A OxjARIS1NOB`OxjARIS1sDtöX6�) 
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Fig. 4-14B OxjARIS2NOB`OxjARIS2sDtöX6�) 
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Fig. 4-14C OxjARIS3NOB`OxjARIS3sDtöX6�) 
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4-3-4 �6+6�9M��K ARISNOB 

! BLAST �*6èÙF&'�9p�?<5M*�9�&i�9ÐAL ARIS é

<NOBdò`hi¨Y�W?:F&'�99*��Õ1ØJ}*�99F>

?é<NOBd�*?`|Ð[¨M*�9:9`&i�99M��K ARISNO

B1MvE¨ (Fig. 4-2)Y 

! }*�9:¿2%ÙP¿l¿ B. simodensis1%X¨YØÜ¢1ª|�� (Fig. 

4-15) 6¢[ RNA1%XU cDNA1ßØEFCOyïù8û? PCR%ÔE¨è

ÙFBsARIS36ö¾ûAD�MØ�E¨ (Fig. 4-16)YýAi¨�r�)M:AR-C 

domaind2!iUX¨Y 

! M*�9:b¾)%â²ö?aÂ Br. floridae6jkl4ûsFûÀdH¶J

K6?FARIS1, 2, 3*é<<NOB�r6`Ai¨äåÐA�i�i Genescan

1%XUFBrfARIS1, 2, 36]/�)1l}E¨ (Fig. 4-17)YAR-N, AR-C* Cv

¦6í0Éäå:r|MÑÉMæHhiU��Fé<NOB*XrKpÎ=  

(Fig. 4-18)YAaARIS1*45EU BrfARIS1: FA5/8C domain* Kringle domain

6ºu1#XU��FARIS1M:mn¾M domain�Êd¯>[¨*qrAiK 

(Fig. 4-18)Y 

! &i�9M|XU:F4ûsFûÀ�*èÙÐAýAiK P. pileus6 ARISé

<NOB6�r1|<�RSTK>*?PpARIS6Ð\]/�)dýAi¨(Fig. 

4-19)YhAMF��Woods Hole6Marine Biological LaboratoryÐA Mnemiopsis 

leidyi 6��]�ÐA,òE¨ RNA düMÊ[¨6?FcDNA 6RØÐACO

yïù8û? PCR%ÔEFMlARIS6ö¾ûAD�MLØ�E¨ (Fig. 4-20)Yê

ßAL ARIS domain12o?��F&i�9M�XU ARISNOB:+ÐMæH
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hiUXK*árKpÎ=Y!¨F&i�96+,JKM|UÐ*oêNAÐ

M<[UX<Ð[¨6?FÏ¶úöïj Bo. mikado 1%XU¢`,B6��1

;[¨Y�6èÙFÏ¶úöïj6¢:&'�9�}*�9*<VM()û°

6¢±ç1ª|>*F!¨¢MèRE¨,Bd�özD6OR1;=>*dN

AÐ*<[¨ (Fig. 4-21)Y 
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Fig. 4-15 B. simodensis 

! A. B. C. 'ØÜE¨��, D. ØÜ¢ 
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Fig. 4-16 BsARIS3NOB`BsARIS3sDtöX6�) 
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Fig. 4-17A BrfARIS1NOB`BrfARIS1sDtöX6�) 
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Fig. 4-17B BrfARIS2NOB`BrfARIS2sDtöX6�) 
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Fig. 4-17C BrfARIS3NOB`BrfARIS3sDtöX6�) 
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Fig. 4-18 BrfARISsDtöX6 domainKØ�) 
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Fig. 4-19 PpARISNOB`PpARISsDtöX6�) 
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Fig. 4-20 MlARISNOB`MlARISsDtöX6�) 
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Fig. 4-21 Bo. Mikado6+,�� 

! A. ¢±µ*PRE¨,BY 

     á�Hoechst?-��! b�Alexa-phalloidin? F-actin1�� 

! B. +,¢YO: ¢FPV: k¢�FJ: ()û°6¢±ç 
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4-3-5 ARISNOBÕ6Zo�¾Mv 

! Ê¯MFýAi¨ ARISNOBÕ6Zo¾Mv1;[¨YORF6��ke�)

1%XUMv1;=>**EFARIS: 1, 2, 3?�i�ié<'1&EUXK6

?F!':&'�9ó? ARIS1, 2, 3�i�i6�BZo�1ßØE¨Y&'�

9ó?ßØE¨ ARIS1, 2, 36�BZo�:F+6�B8ûÏûÐA1�hiU

XKmnZo*Ð\uïEF»Xdé<NOB?�K>*dËhi¨ (Figs. 4-1, 

2; 4-22A, B, C)Y 

! ÝM91Îr¨451;[¨Y&'�99ã��*EU AaARIS1, 2, 3åF}*

�99  (BsARIS3)FM*�9:9  (BrfARIS1, 2, 3)F&i�99  (PpARIS, 

MlARIS) ?�BZo�1ßØE¨èÙF�:�FíH6mnZo*Ð\uïEF

»Xdé<NOB?�K>*dËhi¨ (Figs. 4-2, 4-22D)Y&'�9`}*�

9`M*�96 ARIS1, 2, 3:�i�id�Gûy1�ØJK�?��F¯s�

96¯ÇM�XUFJ?M ARIS:r|H¶EUX¨*qrAiKYuu?F&

i�996�GÐA:�i�i"|6 ARISNOBEÐ`|ÐA<Ð[¨dF�

BZo�M�XUFARIS1, 2, 36�Gûy6±wMQREU��F&i�9:

ARIS1, 2, 3d��JKÝ6.÷¾< ARIS1&EUXK*qrAiKY 
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Fig. 4-22 ARIS��ke�)6�BZoMvèÙ 

! A. &'�9 ARIS1 6�BZo�FB. &'�9 ARIS2 6�BZo�FC. &

'�9 ARIS36�BZo�FD. �991Îr¨ ARIS6�BZo� 

! bars: ��keR{f , ��QR6~È: bootstrap+f 



 135 

4-4 q� 

! 3ú4hF&'�99F�EU�9�«*Õ7¨MvZ�F83ú4?ò`

E¨ ARIS sDtöX`ARIS NOBd�9�M�XUÐ2MæHhi¨L6?

�K>*dNAÐ*<[¨Y�BZoMv6èÙFÐ\íH6mnZo�M¹

[¨�6�BZo�dýAi¨>*ÐAFýAi¨]U6 ARISNOBdÌu�

Âð�6é<NOB?�K>*dËhi¨Y>>?F&i�996 ARISd+6

�996 ARIS1, 2, 3d��JK±MQRE¨>*:F&i�9*¯s�9d�

�JK!?6��6ê>Ð? ARIS NOB6Oµd¯>�Fr|6 ARIS NOB

6Zod_!i¨>*1ËEUXKY!¨FARIS1 183ú4`8â8c`A

BCDa�¿%`b¾)%â²ö?aÂ?45JK>*?FM*�9*&'`

}*�9d��E¨¯M FA5/8C domain 6�Êd¯>�F�EUFâ8c`a

AÞ*3ú4̀ ö23ú4Þ6��6¯M Kringle domain6�Êd¯>[¨*Õ

�hiK (Fig. 4-23)Y�2L domain�Êd¯>[¨>*1qrK*FARIS16

H¶JKjkläå:�Êd¯>��JXKk1ª[UXKþÿ'd�KY:

�1Zo��MT[EU Fig. 4-24MËJY 

! aAÞd ARISsDtöX1ª¨<X>*d¡¢ÐAË×hi¨dF�L�L

aAÞ6¢±ç:3ú4�â8c*^<�FÐ<�Kk¾MnX>*d1Ai

UXKYJ<SßFaAÞ6,B:Â�ÃÄÝM¢±ç6}�!?mÊJK>

*dþÿ?��F¢M¬­JK¨36Â�-¯LF3ú4�â8c*45JK

**ULâX (Figs. 4-25A, B, C, D)Y¹[UFaAÞ?: ARISdH¶E<X>

*?F¢±ç6KkdnXL6«*]nEFÂ�-¯6â¤nd¯>[¨*|

�hiFXS� ARISMZK¢±çKk*Â�-¯�Ø*1vÄE¨L6*qr
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K>*d?�KY�ô6��?:A>Dö23ú4:âX-¯EÐ�ØE<Ð

[¨d (Fig. 4-8C)FÀâö23ú4 Amphipholis kochii1%X¨Ö×?: 30 µm

6Â�-¯�Ød��hiUXK (Yamashita, 1983) (Fig. 4-25E)Y&'�9:±

M�XULFARIS NOBdò`hi¨}*�9�M*�9F&i�9?L�i

�iÂ�-¯�ØdHIhiU�� (Colwin and Colwin, 1963; Morisawa et al., 

2004; Franzen, 1956) (Figs. 4-26, 27)FARIS*Â�-¯�Ø6Y�'dùªhiKY

ARIS*Â�-¯�ØdÑmnEUXK*ÿ}JK*F�MÂ�-¯�ØJK�

9M: ARISdH¶JKþÿ'd�KY5r�F�*�9:9?ÊL.÷¾*h

iK��h6Âs8PØÞ:Â�-¯1&JK (Holland, 1988) (Figs. 4-24, 28)Y

!¨F-./0L2!iKÈÉ�9:9M�XULF� Þ6Øv²aâÙÞ`

EsaâÙÞ:Â�ÃÄMZ[U-¯1�ØJK>*d1AiF¡¢XÞ?L

.÷¾<£X:hM;JKzHa2²Þ?:Â�-¯�Ødx�hiUXK  

(Kille, 1960; Cherr and Clark, 1985; Morisawa and Cherr, 2002; Psenicka et al., 2009) 

(Figs. 4-24, 29)Y>iA6(9M�XU: ARISNOBdH¶JK>*dJf?�

KY 

! mn��6õtöXî:F�ÈÉ�9?>>!?Õ5æHhiUX¨ ARISd

ÈÉ�9mn6��6ê>?ãr¨Ð?�KYÐ*oê6¡¢XÞM:Â�Ã

ÄdH¶E<X>*�F!¨º(Þ:¤6Â�ÃÄ:Â�86Ús�´6z?

-¯�Ø1,S<X>* (Onitake et al., 2000; Ueda et al., 2002)F>iA1!*3

UqrK*FXÞ?Â�ÃÄ:u¥ÆSiF�¨<d6ÅÆ*EUº(Þ:¤

6Â�ÃÄdÅi¨*|�hiKY>6Â�ÃÄ6ãÆ**LM ARISLaP*

<[U¦§hi¨*qrK6d@£?�KYº(Þ:¤6�Â*Ò¨?�K©
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ªÞ6+,6Ö×1;=>*?FÂ�ÃÄdu2ãÆE¨«¬dhAMN+M

<K*qrAiKY 

! XÞ«6mnM,[UÂ�ÃÄdÆSi¨.Ô*EU:F 

1. XÞMu�¾M`AiK¢9¿ÀÁld_!i¨ÐA 

2. ¡¢XÞMmnJK½MæÑ(h1;[¨¨3F,BÂ�86]p­¾<W

ªd®¯M<[¨¨3 

3. Ø�6°±6²6ò­MZ�F^'1¼½JK>*dþÿ*<�F��B0

?G¼X1JKHP'd³i¨ÐA 

md67AiKdF]UdµR¾MÂ�ÃÄ1ÆSTKuÚM´X¨6?:<

XÐ*|�hiKYARISdÆSiKPÔL>>M�K*qrAiF¢±ç6µ

Bnd¡�<PÔ?�K>*dÕÖhiKY¯s�96¢145JK*F&'

�9`}*�9`�*�9:�nMÌÍ<¢?��Fû°6¢1u*6¢±ç

d�o?XKp�?�K (Figs. 4-30A, B, C, D)YEÐE<dAF.÷¾<ÈÉ�

9?�KØv²aâÙ?:¢:s8D§?FMµô*�i:±6ô�?¢±ç

6�dd��F+,6CùDúLMµô6zM>AiUXK (Fig. 4-30E, F)Y�

EUFØv²aâÙ"EsaâÙ"zHa2²*¢±ç145JK*F¶.M

¢96¿ÀÁld?��d[UX56d`AiF�6�31��JK*FzH

a2²?:¢±çdr*ÐAKØhiUXK (Fig. 4-30E, F, G, H)Y>6¢±ç6

µBn:FARIS :±6¢±çKØsDtöX6�Å1,[UXK*qrAiF

¢±ç6&'d¼½p�?<5FæÑM��E¨>*MZK]p­ÐA6�·

�¸|«6�ñ*X[¨4�McKZ=M<[¨¨3*qrAiKY>64~

_!i¨¢±çsDtöX6´?FARIS sDtöX:¦§hiF!¨ ZP sD
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töXdmnÞ«6Zo?:D[¨*|�hiKYZPsDtöX6mn1qr

¨°RFXÞÐAº(ÞMÐ�U�6Oµd¯>�F¢±çKØsDtöX*

EU6Jÿ1+¬EUX[¨*qrAiKY¹[UF�:�XÞÐA6mn6

��?¢±çKk`Â�ÃÄVVM¡Ô<]nd¯>[¨*qrAiF>iA

¹��9M��K+,1Z�"E5MvJKHP'1°=KY 

! ARIS1&JK�9M�XU:FæHhi¨ ARISc�sDtöXdKk1º

�F�>«èRE¨fgdÂ�ÃÄá¯1L=**LMFG064V'1�ß

[UXK*qrAiK (Fig. 4-32)Yfg:èRVV`ôõ?Ð\�>64Vnd

þÿ?�K¨3F�nM)ûÂâ¶G<JK*XrKY&i�9ÐAÈ*�9

!?Õ5æHhiUXKþÿ':õtö5FÔÕX�9GM��K ARISNOB

6ö¾ûAD�:mn�¾MZo¾QR6a»}<&i�96QR1l}JK

¼�*<K>*dJfhiKYÂ�ÃÄá¯ÿ1ª|fg6Kk6GMZK]

n6MvL>iÐAØhiK��?�KY 
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Fig. 4-23 83ú4, 8â8c, ABCDa�¿%, b¾)%â²ö?aÂ6

ARIS1 domainKk645 
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Fig. 4-24 �9�6Zo¾YuW* ARIS 

! ÞÈ�ARISdH¶EFÂ�ÃÄá¯1EUXKYáÈ�ARISNOBdH¶J

KYbÈ�Â�ÃÄM,[U�özD'6Â�-¯d�ØhiKY
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Fig. 4-25 &'�9,B6Â�ÃÄ 

! A. 83ú4,B (Ikadai and Hoshi, 1981)  

! B. 83ú4,B! b�Alexa-phalloidin? F-actin1�� 

! C. aA,B (Bonnell et al., 1994) 

! D. aA,B (Yokota and Sawada, 2007) 

! E. Àâö23ú4,B (Yamashita, 1983) 
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Fig. 4-26 }*�9`M*�96,BÂ�ÃÄ 

! A. Saccoglossus kowalevski (}*�99) 6,B (Colwin and Colwin, 1963)  

! B. Branchiostoma belcheri (M*�99) 6,B (Morisawa et al., 2004) 
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Fig. 4-27 &i�96,B 

! ©: Beroe cucumis, ª: Pleurobrachia pileus6,B (Franzen, 1956) 

! a: Â�-¯, n: -, g: �� 
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Fig. 4-28 �*�99��h6,BÂ�ÃÄ 

! A. åÏEÂs8PØ Oikopleura dioica6,BÂ�ÃÄ (Holland, 1988) 

! B. ¢±çÉ�6UVW (Holland, 1988) 
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Fig. 4-29 ÈÉ�9,B6Â�ÃÄ 

! A. Lampetra fluviatilis (Øv²aâÙ) 6,B (Kille, 1960)  

! B. Eptatretus burgeri (EsaâÙ) 6,B (Morisawa and Cherr, 2002) 

! C. Acipenser fulvescens (zHa2²) 6,B (Cherr and Clark, 1985) 
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Fig. 4-30 ¯s�96¢ 

A. ùú8Æ3ú46¢ (½¾MZ[U¢±ç1þ¿n) 

B. 8â8c6¢ (½¾MZ[U¢±ç1þ¿n) 

C. åÏEÂs8PØ6¢ (Holland, 1988) 

D. ¿2%ÙP¿l¿6¢ 

E. L. fluviatilis (Øv²aâÙ) 6¢6UVW (Kille, 1960) 

F. L. fluviatilis (Øv²aâÙ) 6¢ (Kille, 1960) 

G. E. burgeri (EsaâÙ) 6¢6¢9ô� (Morisawa, 1999) 

H. Aci. fulvescens (zHa2²) 6¢6¢9ô� (Psenicka et al., 2009) 
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Fig. 4-31 ¯s�9M��K ARISÐA ZP«6�; 

(Wong et al., 2006ÐAÀÁ\%) 
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Fig. 4-32 ARISMZK¢±çKk*Â�ÃÄ¼½24G 
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!ó#! ARIS+Ì�6Mv 

 

5-1 àá 

! !�ùr#M�XU:Â�ÃÄá¯9XM|XU��¨dFÂ�ÃÄá¯9

X:,Bw6+Ì�*XS�"v6ÍBú?��F,B6L|Â�ÃÄá¯9

X+Ì�1<}EFMvJK>*dÂ�ÃÄ6¼½JK1\]<[M«�5*

XrKY 

Â�ÃÄá¯9X6+Ì�M|XUL8aÀ`aA?FZ5Ö×d;SiU

�¨Y8aÀM�XUFZP3 1Â�ÃÄá¯9X*qrKÖ×Ü­:F���

v¦6 N-�ÍzG�Gcø�DD�dÂ�ÃÄ1â�¯>J*JK�M�ÂX

UF,B�36"ïöúûÀ���TãGalTåd+Ì�?�K*X=�1Ãr

U�¨ (Lu et al., 1997)Y>6 GalTd ZP3*6èRMZ[U,Bí�?|RJK

>*MZ[U�678ó{²ùD6 G sDtöXh'n2zûbdh'nEF

hAM Gi1h'nJK*X=¿�âG«ÄdËhiUXK (Gong et al., 1995)Y

EÐE<dAFÝ�6Z=MÂ�ÃÄá¯ÔB`¿�äGO­«ÄMµ~6�

�dx�hiUXK>*dÖ×6mÅ6Æ7*<[UXKZ=?��F+}¾

<Ö×èÙ:ýAiUX<XY 

! aAM�XU:FÂ�ÃÄÇÈ¯�6~¾*EUýAi¨ suREJ-1daA6Â

�ÃÄá¯9X?�K FSP*É?'1&JK (Podell et al., 1985) >*dNAÐ

MhiUXKY>6 suREJ-16NOB�): PKD1*X=3ú4òÊ8'ËÌÍ

6.ÔNOB*é<'1ª[U��(Moy et al., 1996)F�6 PKD16_9?�K
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polycystin-1:polycystin-2*$Á¾µR�1�ØEUí´?�YZ¾ÎùÂDz

¢äG*EU´5>*ÐAFsuREJ-1L<VM´5þÿ'd�KdFÛpM�6

+¼x�:<XY!¨FsuREJ-1Mé<'1ª| suREJ-3d suPC2 (aA polycystin

>2¾�) *é»ß%JK>*:+¼hiUXKd(Mengerink et al., 2002; Neill 

et al., 2004)F�M FSP*6é»ß%:+¼hiUX<X*X=°±?Ö×d°

±EUXKY 

! �Ö×?%XUXK3ú4M�XU:F�6Â�ÃÄá¯6$&*<K ARIS

MvJK+Ì�dÛpM<}hiU�A'FARIS1èRhT¨­�B1,B*

PREU�Bû£0?��JK>*?F�6ü¶d,BMôÂ�8½¨ô?�

K6z>*dx�hiUXK (Longo et al., 1995) (Fig. 5-1)YÂM��¨Z=M8

aÀ`aAM��KÂ�ÃÄá¯9X+ÌJK6MNM:ÏVÐd�KdF3

ú4M�XU:Â�ÃÄMHP<fgKkd�Ð[U��F�ÔBL:[��

*l}hiUXKY>63ú41%XK>*?Z�N+MÂ�ÃÄá¯JK6

]ÑdMN?�K*qrAiF�6¨3ML>6 ARIS+Ì�6<}:ÒøM<

hiK��ÓÐ?�KY�ô ARIS1%X¨�bðAÁðûö¾8ú�ïbðû

MZ[U ARIS+Ì����B1º*EFFr. 1fg*6é»ß%1;= 38 kD6

sDtöX1<}E¨Y>6sDtöX:,Bí�8ùö¾{²ùDMü¶E

U��F¿�âGO­Z6Ú÷î*EU6>6ü¶:�nMstöXY 
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Fig. 5-1 ARIS+Ì�6ü¶ (Longo et al., 1995Z�) 
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5-2 u9 

 

P-ARIS6,ò, Fr.16,ò, dry sperm6ST, ­c¾ù{ Fr. 16ßØ 

! !�#Ú, 

 

83ú4, ³Ñ6ST, ()û*6Rþ, ARIS 6,ò, ��f6}¿, C)�ö

)G��{����, hydroxylamine�M, Nv¦�)Mv 

! !r#Ú, 

 

ARIS resin6ßØ 

! Epoxy-activated Sepharose 6B (GE Healthcare, UK) 5 g1 500 ml6éùÂDÑM

bcEF4ô washE¨Yresin6}�6¿6 4 mg/ml ARIS / coupling buffer (200 mM 

NaCl, 100 mM Na2B4O7̀ 10H2O-NaOH, pH 10) 1hrU 4°C? 2�ô�ijE¨Y

Control resin:>6¹M coupling buffer6z1hrUXKYÝMF�¸1s�b

XU�2: blocking buffer (200 mM NaCl, 100 mM Na2B4O7`10H2O-HCl pH 8.0) 

1hrU 4!?"�ô�ijE¨Y�6¯Fresin6 50�¿6 wash buffer I (1 M 

NaCl, 200 mM sodium acetate-acetic acid, pH 4.0) ? 3ôFwash buffer II (1 M NaCl, 

200 mM Tris-HCl pH 8.3) ? 3ôFéùÂDÑ?�ô wash1;[¨YÊ¯M 15 ml

zÇû¶Mô�EF4°C?æHE¨Y 

 

sperm lysate6ST 

<wæHE¨ dry sperm Ë 500 µlM lysis buffer (5 mM octyl-!-glucoside / ASW) 
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1 800 µlhrF%aDÀ>2jâù2û?>2jâùÂE¨¯MFÎëì��

J Branson Sonifier 250 (Branson Ultrasonics Corporation, USA) 1%XU��?Î

ëìÞ[ (Duty cycle 90%, output 4, 30 min # 4) 1;<[¨Y�EUFÊ¯M 1,500 

g, 5 minpqEF�6�¸1 sperm lysate*E¨Y 

 

�bðAÁðûö¾8ú�ïbðû 

! !' 100 µl6 ARIS resin>? control resinM�i�i 800 µl6 sperm lysate1

hrF8ùö¾zÇû¶¾ûÁûsû MTR-103 (Matsuura seisakusho. Ltd., Japan) 

1%XU 4°C?ô�¦jEF12 hr¯, 24 hr¯MÔ�¤§£¿pqJyz!KQ

ãWakenyaku Co. Ltd., Japanå?pq1EF�¸1AUU 1 ml6 lysis buffer?R

{EF^? 4°C?ô�¦j1I�K*X=�?kl1;[¨Y36 hr¯Fpq*

lysis buffer«6R{MZKkl1ïôi�jEFÊ¯M ASW?R{1EUÐA

�¸1AU¨Y>iM sample buffer (20% glycerol, 10% !-melcaptoethanol , 0.4% 

SDS, 0.0001% BPB, 125 mM Tris-HCl, pH6.8) 1 resin*m¿hrF100°C? 5 min 

ÕÖE¨¯6�¸1����%øDyG*E¨Y 

 

����jG6�� 

! CBB��: Rapid Stain CBB Kit (âÏïùÁÀö, Japan)1%X¨Y!¨F��

�M: Silver stain 2 Kit wako (Wako pure chemical industries Ltd., Japan)1;%E¨Y 

 

Smiss�M 

! øDyG1 6 M Urea, 0.1 M ammonium acetate-acetic acid, pH 4.0EµMEME
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UF�>«²ú2d 15 mM*<KZ=M NaIO41hrF�i1 7 day,r°C?0

1E¨YÊ¯MF5% sodium borohydrate?r°C , 18 hr��E¨Y 

 

8ùö¾{²ùDñ�6ST 

! 500 µl6 dry spermMvEU 1% Triton-X100 / TNE buffer (0.15 M NaCl, 5 mM 

EDTA, 10 mM Tris-HCl, pH 7.5) 1 1 mlhrUF%aDÀ>2jâù2û?>2

jâùÂEFhAMPGÁBöÀ?Z5ijE¨Y1,500 g?pqE¨¯6�¸

Mm¿6 85% sucrose TNE buffer 1hr¨L61 Centrifuge Tubes Ultra-Clear 

(Beckman Coulter Inc., USA) 6Ê÷ôM 3.3 mlÊiF�6�M 30% sucrose / TNE 

buffer1 6.6 ml, 5% sucrose / TNE buffer1 3.3 ml*©ÐMO*EFÎpqJOptima 

L-100XP Ultracentrifuge (Beckman Coulter Inc., USA)1%XUF100,000 g, 21 hrp

q1;<[¨Ypq¯M 30% sucrose / TNE buffer* 5% sucrose / TNE buffer60

M�X*d(ØEU��F�iA1þ3Upv`wèxyE¨L618ùö¾

{²ùDñ�*E¨Y 

 

ARIS+Ì�øDyG6úC 

! �bðAÁðûö¾8ú�ïbðû6 washd\×E¨°±6 resin 1 mlMv

EUF;� buffer (10% !-melcaptoethanol , 0.4% SDS, 125 mM Tris-HCl, pH6.8) 1

1 mlhrF5 minÕÖE¨Y�6¯Fpq 500 g, 5 min6�¸1ô�EFAmicon Ultra 

Ultracel-10k (Millipore, USA) 1%X¨>±t�M��FéùÂDÑ?¶.MR{

JK>*? SDS 1�ÁhT¨YÊ¯Mwèxy1;XFÊ÷>6¿6 sample 

buffer (20% glycerol, 10% !-melcaptoethanol , 0.0001% BPB, 125 mM Tris-HCl, 
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pH6.8) MEME¨L61úC sample*EU SDS-PAGEM%X¨Y 

 

PVDFí«6�/ 

! SDS-PAGE 1;[¨jG1FÍ�{ïùV¶¾BÁðD��R Trans-Blot SD 

Semi-Dry Electrophoretic Transfer Cell (Bio-Rad Laboratories Inc., USA) 1%XU

PVDF membrane Hybond-PãGE Healthcare, UKåM�/E¨Y�/M:FTransfer 

buffer (48 mM Tris, 39 mM glycine, 4% SDS) 1%XF20 V? 45 min6£¤?;[

¨Y 

 

trypsinÞ[ 

! jG6xy!?6üN: hydroxylamineÞ[*<VM;[¨Y�6¯Ftrypsin

Eµ (0.02 g/l trypsin (Trypsin Gold, Promega, USA), 40 mM NH4HCO3, 10% 

acetonitril) 1hrU 37°C? 2.5 min��JK>*?�M1;<[¨Y
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5-3èÙ 

5-3-1 ARISèR�B6º* 

! ARISMvJK�bðAÁðûö¾8ú�ïbðû1%XU ARIS+Ì�6º

*1;[¨Yresin6klô~Fsperm lysate6£¤�Ø6èÙF^Å'd��ë

Ù?�K¡¢u91+¬E¨ã5-2WFu91Ú,åYARIS resin, Control resin1

%XU�bðAÁðûö¾8ú�ïbðû1;[¨èÙFARIS resinÐA6E�

ñ�M6z²^¾MÅiK 38 kD 6sDtöX�D{d��hi¨  (Fig. 5-2, 

ÞßM)Y38 kD:±6�D{:ARIS resin, Control resinºÜ*LM�ÅJK6?F

resinMvEUèREUXK*qrAiKYuu?F>6 38 kDsDtöX:ARIS

²^¾<èR'1ª[UXK*qrAiKY 

! 20 kD�2M:�M Control resinM6z²^¾MÅiK�D{dH¶E (Fig. 

5-2, áßM)F^Å'1ª[UÅiK>*ÐAcDs�äû¿HD?<X*qr

AiKdF�6¡±:aN?�KY 
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Fig. 5-2 �bðAÁðûö¾8ú�ïbðûèÙ 

! ÞßM: ARIS resin²^¾MèRJK 38 kD6sDtöX 

! 15% jG?���MZ���Y
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5-3-2 G²^'6Mv 

! !"#M��¨Z=MF83ú46()û*::9EFG?6Â�ÃÄá¯

²^'1&EU��F:96^<KABCD3ú4�ò6^<Kùú8Æ3ú

46,BMvEU:Â�ÃÄá¯?�<XY>i:Â�ÃÄá¯1L=fgd

^<K>*M¯ÔJK*qrAiF¹[U83ú4 ARIS :ùú8Æ3ú46

ARIS+Ì�1h'nJK>*d?�<X*qrAiKYùú8Æ3ú4,B1

%X¨�bðAÁðûö¾8ú�ïbðû1;=>*?FARIS resin1%X¨¡

¢Z6�X1;=>**E¨Y 

! ùú8Æ3ú46,B6 lysate 183ú4*<VMßØEF 5-3-1 *<u6

resin 1%XU�bðAÁðûö¾8ú�ïbðû¡¢1;[¨dF ARIS resin

²^¾MèRJKsDtöX:��hi<Ð[¨ (Fig. 5-3)Y¹[UFùú8Æ

3ú46,BM:83ú4 ARIS ²^¾<èR'1ª|sDtöXdH¶E<

X*X=FÝ�6:9²^'*uïE¨èÙdýAiFARIS resin1%X¨�b

ðAÁðûö¾8ú�ïbðû6��'dùªhi¨Y 
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Fig. 5-3 83ú4,B6ùú8Æ3ú4,B*645 

! ÞßM: 83ú4,BÐA6zýAiKARIS resin²^¾MèRJK38 kD6

sDtöX 

! 15% jG?���MZ���Y
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5-3-3 Smiss�M1%X¨Ffg*6é»ß%Mv  

! ARIS1%X¨�bðAÁðûö¾8ú�ïbðûMZ[U ARISèRsDt

öX*EU 38 kD6sDtöX1`�E¨Y38 kDsDtöXd ARIS6sDt

öXô�*fgô�êßAMèR'1ª|Ð:OP<VÐ?��FN+ME<

5U:<A<XY�>?FARISMvEU Smiss�Mã�çaTeen`ÑT�

�Þ[MZKfg6Ú�å1;<=>*?�6fgKk6z1Ú�E¨

smiss-ARIS1ßØEFsmiss-ARIS resinMvJK 38 kDsDtöX6èR'1�

ØE¨Y 

! �bðAÁðûö¾8ú�ïbðû6èÙFsmiss-ARIS resin«6 38 kDsD

töX6èR': ARIS resin*45EUNAÐM�ÁE¨ (Fig. 5-4)Y¹[UF

38 kDsDtöX: smiss�M¯MD[UXK ARISc�sDtöXô�?:<

5Fsmiss �MMZ[UÆSiK ARIS 6fgô�MèR'1ª|sDtöX?

�K>*dËhi¨Y>i: 38 kDsDtöXd ARIS+Ì�?�K>*1ùª

JKèÙ?�KY 
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Fig. 5-4 Smiss-ARIS* ARIS645 

! ÞßM: 38 kDsDtöX 

! 15% jG?���MZ���Y 
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5-3-4 Fr. 1fg*6é»ß%6Mv 

! !�#?��¨Z=MFFr. 1fg: ARISc�sDtöXô�FLE5:/(

¾M­�B<êMZ[Uüý¾M)þhTK>*d�6Â�ÃÄh'MOP?

�K>*dËhiU��F��hi¨°±?:�6h'd®�JKY>6h'

6]n: ARIS+Ì�* Fr. 1fg*6èR6VVM¹[UXK*qrAiFFr. 1

fg6üý¾<Ð)2ndOP*<K*ÕÖhiKY�>?F�bðAÁðû

ö¾8ú�ïbðû6¡¢ZM ARIS resinMvJKÚ¯ÇÈÛ*EU ARIS, Fr. 

1, Au-Fr. 11hrUFARIS resin«6èR¿145JK>*MZ�F38 kDsD

töX6 ARIS, Fr. 1, Au-Fr. 1*6èR'1+¼E¨Y 

! ÜRÇÈÛ*EU 10 µg sugar / ml6 ARIS, Fr. 1, Au-Fr. 11hr¨èÙ?:F

ÇÈÛ1hr<Ð[¨°R*ø:`Ai<Ð[¨ (Fig. 5-5)Y!¨FZ�Ðú2

6 100 µg sugar / ml6 Fr.1?L 38 kDsDtöXd��hiFÇÈ:¯>A<Ð

[¨ (Fig. 5-5)YEÐE<dAF100 µg sugar / ml6 ARIS* Au-Fr.11ÔhEU

;[¨�bðAÁðûö¾8ú�ïbðû?: 38 kDsDtöXd��hi'F

38 kD sDtöX* ARIS resin 6èRMvJKÇÈd¯>[¨*qrAiK  

(Fig. 5-5)Y>6>*ÐAF38 kDsDtöX: Fr.1fg*6èR'1ªßF�i

:��hi¨ Fr.1fg?:<5FARIS6°±� Au-Fr.16Z=MöïÀsûn

1+�¨ Fr.1 fgM>Ai¨L6*XrKY>i:!�#M�XUNAÐME

¨ Fr.1fg6Â�ÃÄá¯h'MYJK([�¾1`*LuïJKY 

! :�61`ÐA 38 kDsDtöX1:¯ARIS+Ì����B*�O>**EF

�6Ì�`<}1òçE¨Y
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Fig. 5-5 ARIS, Fr.1, Au-Fr.16 38 kDsDtöX*6èR45 

15% jG?���MZ���Y 



 164 

5-3-5 ,Bí8ùö¾{²ùDMü¶JKsDtöX6Mv  

! ARIS+Ì�:FÂ�ÃÄ«6¿�âGO­6Ú÷î?��F,B�3?²}

6ôQMü¶EUXK*qrAiFÂ;Ö×MZ[UFARIS+Ì�d,BMô

Mü¶EUXK>*d1AiUXK (Longo et al., 1995) (Fig. 5-1)Y¿�âGO­

6yïBúbÝûl*<KíKk6��*EU�3h'ÛÞ'ñ�*EUýA

iKFXSßK8ùö¾{²ùDñ�dZ51AiU��FÌ�E¨ïbúñ

�d ARIS+Ì����B1ØÙM2o?XK>*dJf?�KY 

! dry spermÐA�3h'ÛÞ'ñ�*EU68ùö¾{²ùD1Ì�E¨Y�

6 SDS-PAGEèÙÐA8ùö¾{²ùDñ�: 38 kD6 ARIS+Ì����B

12o?XK>*dNAÐM<[¨ (Fig. 5-6, ÞßM)Y 
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Fig. 5-6 ,B8ùö¾{²ùDñ�M2!iKsDtöX6Mv 

! M: 8ùö¾{²ùDñ� 

! 15% jG?���MZ���Y 

! ÞßM: ARIS+Ì����B
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5-3-6Â�ÃÄ¹M+�hiKsDtöX6Mv  

! ARIS+Ì�:Â�8½¨äåMH¶JK*hiK>*ÐAFÂ�ÃÄ¹6Ú

s�´MZ[Uí*<¹M,BÐAàdiUXKþÿ'd�KYÂ;Ö×MZ

�FÂ�ÃÄ¹M²^¾M,BÐA+�hiKsDtöXñ�dËhiU��F

ARIS+Ì�dH¶JKÐ1�ØJK>**E¨Y 

! ARIS�¢()û?6Â�ÃÄá¯?:Fá¯9X´6sDtöXdPÊEU

E!=¨3F10 µM Ionophore, 50 µM Monensin / ASW1,BMß%hTK>*?F

/(¾M,BMÂ�ÃÄ1á¯EF�6�¸1%XK>**E¨YýAi¨ñ

�6 SDS-PAGE èÙ?:FARIS +Ì�*Ð\<=QRM�D{d��hi¨ 

(Fig. 5-7, ÞßM)YEÐE<dAF+6�D{*45EU�6H¶ú2:³5F

Dá<dA ARIS+Ì�6¡¿,òM:ÚXUX<X>*dNAÐ*<[¨Y,

B6 SDS-PAGE èÙ?L ARIS +Ì�:��?�<X>*dËJZ=MF,B

6&JK ARIS+Ì�dñv¾MÁ<XÐA?�K*qrAiKY
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Fig. 5-7 Â�ÃÄMZ�+�hiKsDtöX6 SDS-PAGEèÙ 

! rane 1: Â�ÃÄ¹M+�hiKsDtöXñ�, rane 2: �bðAÁðûö¾

8ú�ïbðûMZ[UýAi¨øDyG,  

! Þßà: ARIS+Ì����B 

! 15% jG1%XF���MZ[U��E¨Y
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5-3-7 ARIS+Ì����B6úC*�)Mv  

! �bðAÁðûö¾8ú�ïbðû6 resinÐA6 ARIS+Ì����B6é

�: Fr. 1Eµ� ARISEµMZ[U:aþÿ?�[¨6?F+¡M resinÐAM

�JK>*6?�K SDS1%XK>**E¨YARIS+Ì����B1M�E¨

EµMvEUF>±t�MZ[UúC̀ SDS6FG1;=>*?úCMØ�EF

Fig. 5-8 MËJ�? CBB ��?L��þÿ?�[¨Y>6u9MZ[UýAi

¨�D{1õ{8D�MMZK Nv¦��ke�)MvMÐ�¨*>ÎF 

NH3-AELVLA 

*X=�)dýAi¨YEÐE<dAFBLAST�*MZ[UF&sMé<'1

ª[¨í1�):`|ÐA'F¹[UFóô�)6sýÐACOyïù8û1

¥¨FPCR%ÔMZ[Uö¾ûAD�*X=üÎ1*A<�i�<A<XY 

! �>?ÝMFtrypsinÞ[>?Fhydroxylamine�MMZ[Uóô��ke�)

sý1òçE¨Ytrypsin Þ[6èÙF4~6�r�D{d`Ai¨6MvEF

hydroxylamine �M?:Þ[¹01%�EULS'Ð<�r�D{EÐ(Øhi

<Ð[¨ (Figs. 5-9, 5-10)Y 
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Fig. 5-8 úCE¨ ARIS+Ì����B6 SDS-PAGEèÙ 

! 15% jG? CBB��MZ���Y 

! ÞßM: ARIS+Ì����B
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Fig. 5-9 ARIS+Ì����B6 trypsinÞ[èÙ 

! ! Trp: �MM%X¨ trypsinEµ1�yïùE¨ lane,  Sample: trypsinÞ[E

¨ ARIS+Ì����B1�yïùE¨ laneYÞßà: ARIS+Ì����B! á

ßà: ARIS+Ì����B6 trypsinãn�r 

! 20% jG?���MZ���E¨Y
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Fig. 5-10 ARIS+Ì����B6 hydroxylamineÞ[èÙ 

! Þßà: ARIS+Ì����B 

! áßà: hydroxylamineÞ[MZ[U(=¨FARIS+Ì����B6�rY 

! 20% jG?���MZ���Y
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5-4 q� 

! �Ö×M�XUFARIS1%X¨�bðAÁðûö¾8ú�ïbðû1;=>

*?ò`E¨ 38 kD6sDtöX:FFr. 1fg*²^¾<é»ß%1JK>*

ÐAFARIS+Ì�?�Kþÿ'dÐXYFr. 1*6èR'M|XULFFr. 1Z�

L Au-Fr. 1*&5èRJK*X=èÙ:F!�#?��¨öïÀsûeÙdH¶

EUXKXT?��F¡½6,B6¼½JK*uïEUXK*qrAiKY 

! �#¯}?:>6 ARIS +Ì����B6<}1òçEV.<�y¾ûz1

;[¨YèÙ*EUF8ùö¾{²ùDñ��FÂ�86Ús�´MZ[U+

�hiKñ�«6ü¶1ËE¨dFÞ_6øùÂ6úX�D{dÒ�EU��F

Mv:®¯?�[¨Y!¨F8ùö¾{²ùDñ�MH¶JK*X=>*:¿

�âGO­6Ú÷î?�K+Ì�MâhSEXü¶?�KYhydroxylamine �M

:Þ[¹01ã/EULÐ*oê�rdýAi<Ð[¨>*ÐAF�¯: trpsin

ãnMZ[Uóô�)6sý1;=>*?F�)l}M�K>*dJfhiKY 

! Dá<dA]/�)l}M�K>*:<Ð[¨dFARIS+Ì����B6 N

v¦��ke�)6l}:Ø�E¨YBLAST�*MZ[UÞ_�)d`|ÐA

<X*X=èÙ:F>6sDtöXd�C6L6?�K>*1Ë×EUXKY

!r#?��¨Z=MFæHhi¨ ARISc�sDtöX*4V'6�Kfgd

Â�ÃÄá¯6¼½1L=*X=JKd�9�MÕ5æHhiUXKþÿ'd

�KY¹[UF�6éü?�K ARIS+Ì�LæHhiUXK*qrAiF�ô

ò`E¨ ARIS+Ì����B6<}ÐAF+6456�9M��KÂ�ÃÄá

¯9X+Ì�6ò`M|<dK*ÕÖhiKY!¨FG²^¾M4V'1ß�

�EUXKfgô�MvEUF+Ì�dê6Z=MmnEUXKÐ1MvJK
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>*?FG�n1C}JKÑmn6��dNAÐM<K*qrAiKY 
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!ï#! Â�ÃÄá¯�ÔB Co-ARIS6ß%JK 

 

6-1 àá 

Co-ARIS :()û*´M2!iK÷�BÂ�ÃÄá¯�ÔB*EUKkl}

hi¨�B?��F�6�BKkÐAdenÀÁ¾ù{øCADM�ÞhiK

(Fujimoto et al., 1987)YKk¾MÌu?:<5F$*EU 3GÞ6�ù÷bÝû

lÐAØ�F�i�i Co-ARIS I, II �Z? III *KÂ�Ai¨  (Fig. 1-5)  

(Nishiyama et al., 1987b)YCo-ARIS6h'M:�3'd��Fu}6ú2>�ó

?:ú2ãH¾MÂ�ÃÄ1á¯E¨dFÐú2å?:�6�3h'Û¾ß%

MZ[U,BMvEU78ä'1ËJ (Fig. 6-1)Y!¨Fh'6]n:r|6�

ù÷bÝûlMZ[U^<Kú2ãH'1`TK (Fig. 6-1)YfgKk6å]:

h'M¦§1�r<X>*ÐAFfg:ÉÑ'äå1�ØJK&'1EUXK

p�M��<X*qrAiFÀÁ¾ù{wg6Kk6æÐ<mXdh'M¡�

5¦§JK>*FC-3Q6de�dh'MHP?�K>*ÐA>iA6ô�dÂ

�ÃÄá¯�ÔB*EU6h'MOP<ô�*qrAiUXK (Nishiyama et al., 

1987a)YARIS * Co-ARIS :ç<¾M,BMÂ�ÃÄ1á¯JK*hiFARIS

* Co-ARIS6ß%î:)�MYuEUXK*èSiKY 

øCAD:ú)ÁGxDèLE5:ÀÁ¾ù{è1ª|uÕ6�f�?��F

$Mé9ð�6L6d1AiF�9?:3ú4`â8c`³êM6zH¶d1

AiUXK (Ohtsuki, 1984)Yú)ÁGxDè`ÀÁ¾ù{è (jADô�) Mh

rUÉÑ'äå*EU6fg1ª|¨3MºÉë'�B*<[ U��F�3h
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'1ª|>*d1AiKYú)ÁGxDøCAD?:�ÍG�Øß%d²ì¾

?��F78íMíÊE¨øCAD* Cholesterol dèREUî°6�ÍGKk

1�ØJK (Ohtsuki, 1984)YEÐE<dAFCo-ARIS6;JKÀÁ¾ù{øCA

D?:�=X[¨78íïðh':x�hiU�A'F^<[¨JK?íMß

%EUXK*qrAiKY 

! !ó#M�XU ARIS+Ì�dü¶E¨8ùö¾{²ùD:F8aÀ6,BM

�XULOP<&'1ª[UXK*hiFÂ�ÃÄ�¢*6®RMHP<X5

|L6ÔBdü¶EUXK>*dNAÐMhiUXK  (Trevino et al., 2001; 

Sleight et al., 2005; Tanphaichitr et al., 2007; Young et al., 2009; Baker et al., 2010)Y²

MFcapacitation M�XU:F,Bí6 cholesterol d�ÁEF8ùö¾{²ùD

6Kk]nd¯>KY 

! Ã�22ùö24GM�XUF78í�6oX�sDtöX:êuM�ñ`

Ã�JK*qrAiU�¨d (Singer and Nicolson, 1972)F8ùö¾{²ùD*X

=òád�Êhi¨>*MZ[UFí�69Xdêu?:<5F�i�i�ñ

dró[UH¶EUXK*Å¶:qrAiUXK (Simons and Ikonen, 1997)Y8

ùö¾{²ùDäåM:¿�âGO­MHP<sDtöXÕdþÌEUXUF

±ÐA6wxMÃÄEU�>ÐAefZ5óô«*wxdOS[UX5Z=M

<[UXKY8ùö¾{²ùD:oXØ�M�XU786�6+6ô�*mX

d��F�6Kk:F78±w: sphingofoX* sphingomyelin (Fig. 6-2, Þ) *

cholesterol (Fig. 6-2, ô�) ÐA<�FGM1� GM3*X[¨ SphingofoX (Fig. 

6-2) * sphingomyelindMô?é»ß%MZ[U|REUXUF�6L�6õ0

1ØÙ< cholesterold=3UXKY78Xw?:�)Í¾)DoX (Fig. 6-2, b) 
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* cholesterold45H¶EUXUF�:�é»ß%E�[UXKY 

! �#?:F8ùö¾{²ùDMØÙM2!iK cholesterol * Co-ARIS 6é»

ß%1`�EF�>ÐA Co-ARIS 6~¾d,BÂ�8½¨ôMü¶JK8ùö

¾{²ùD?�K>*1Ë×E¨YhAMFº»78Z�/(í1%XUF

Co-ARIS díM�rK9[n�¾<¦§1MvJK>*?F,Bí�M�XU

Co-ARIS* ARIS*dç<¾M´524G11�JKY 
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Fig. 6-1 Co-ARISh'6ú2ãH'! �ù÷bÝûl0645 

(Nishiyama et al., 1987b Z�) 

! 67: Â�ÃÄf, 87: Co-ARISú2 

! ARIS1 0.1 mg sugar/ml?%X¨Y 
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Fig. 6-2 8ùö¾{²ùD6íKk24G 

(Simons and Ikonen, 1997 1å]) 

! Þ: sphyngofoX`sphyngomyeline 

! b: �)Í¾)DoX!  

! ö or ô: cholesterol 
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6-2 u9 

 

dry sperm6ST, Â�ÃÄf6�} 

! !�#Ú, 

 

83ú4, ³Ñ6ST, ¢()û6Rþ,  ARIS6,ò, ��f6}¿ 

! !r#Ú, 

 

Co-ARIS6,ò 

! Â;Ö×M¹[U;[¨ (Nishiyama et al., 1987b)Y3 l6¢()ûEµM��

¿6 EtOH1hru�-30°C?+RE¨¯F4°C, 15,000 g, 30 minpqEF�6�

¸1¾ûs)ûõ�CEûsû NVC-2000 (Tokyo rikakikai, Japan)? 900 ml�2

!?úCE¨Y�i1FODSL� (LC-SORB SP-C-ODS, Chemco Scientific Co. Ltd., 

Japan) 1%X¨�éÏïlö¾8ú�ïbðû (#1.0 # 10 cm; 30 ml Chl-MeOH 

(1:2) " 30 ml MeOH " 30 ml 5% MeOH ?kl) 1;=>*?Fé.1;[¨Y

]¿1�yïùE¨¯F30 ml 5% MeOH, 30 ml 50% MeOH ?�i�iklEF

40 ml 80% MeOH ?E�1;[¨F>i1¾ûs)ûõ�CEûsû?xªE

¨L61 M8 ñ�*�OY�6¯FM8 ñ�1 DEAE-Sephadex A-25 L� (GE 

Healthcare, UK) 1%X¨~ùÂDî{Ïïlö¾8ú�ïbðû  (#3.0 # 20 

cm; 50 mM sodium acetate-acetic acid, pH4.0?��n) 1;=>*?hAM,ò1

;[¨Y�yïù¯M 100 ml 50 mM sodium acetate-acetic acid, pH4.0?klEF

0.5 M NaCl12�<nuµ?E�1;XF�H ODSÏïlMZ[Ué.¯F¾
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ûs)ûõ�CEûsûxªE¨YÝMFAKTA purifier (GE Healthcare, UK) M

COSMOSIL 5C18-PAQ (âÏïùÁÀö, Japan) 1yzRST¨ HPLC1%XUF

�<K,ò1;[¨YHPLC: 20% acetonitrile?��n¯FCo-ARISñ�1 inject

EF20% " 50% actonitrile 6ú2��1 20 min, Ã÷: 6 ml?;XF243 nm6

��MZ[U Co-ARIS 6gûö1��E¨YHPLC %6Eµ:]U�ÀgEû

sû?é�1EF<¹M PTFE sùy²D¶EDbðGsû  (ðÅ 0.5 µm, 

H050A047A; Advantec, Japan) 1%XUt�E¨Y>>?ýAi¨ Co-ARIS 1

Co-ARIS I, II, III6PR9*EU;%E¨Y 

! Co-ARIS II 6Ì�6¨3M:FhAMù�ú¾øûÂ  6RS-8060 (Mitsubishi 

Chemical Medience Corp., Japan) 1L�*EU%X¨Ïïlö¾8ú�ïbðû 

(#1.0 # 10 cm; Chl-MeOH-éùÂDÑ (10:5:1)?��n)1;[¨YCo-ARIS I, II, 

III6PR91�yïùEFÃ÷ 1.5 ml/min? 10 ml '|ñ�1RþEFTLC?

Co-ARIS II62!iKñ�1º*EFô�E¨YTLCù: TLC"ïÀyEûú 

¿)ÏjG 60 (MERCK, Germany) F��*: Chl-MeOH-2.4 N AmmoniaÑEµ 

(60:35:8) ?;XF0.2% orcinol / 2 M de1úûEUÐA 100°C MhüEU

Co-ARIS2�f1��E¨Y>6 TLCMZ[UýAiK Co-ARIS II6 RfÊ:

0.3�2?��FCo-ARIS II6z12�ñ�1þ3F¾ûs)ûõ�CEûsû

?xªE¨L61 Co-ARIS IIøDyG*E¨Y 

 

asterosap 

! asterosap : SUNBOR Ö×ý þuÿ! "ÿ6�#sMZ�n�RØ,òh

i¨L61%X¨Y�): P15�ù÷bÝûl6L6 (Fig. 1-6)FJ<Sß 
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NH2-GQTQFGVCIARVRQQHQGQDEASIFQAILSQCQS-COOH 

?�KY 

 

[
3
H] -Co-ARIS II6ßØ*,B«6s�$z¿6�} 

! 1 mg 6 Co-ARIS II 1 4 ml 6 0.75% [
3
H] -NaBH (American Radiolabeled 

Chemicals Inc., USA) MEMEF 5 hr ³´M©RE¨Y�6¯F ODS L� 

(LC-SORB SP-C-ODS, Chemco Scientific Co. Ltd., Japan) 1%X¨�éÏïlö¾

8ú�ïbðû (#1.0 # 5 cm; 30 ml Chl-MeOH (1:2) " 10 ml MeOH " 10 ml 5% 

MeOH ?��n) 1;XF�yïù¯M 10 ml 50% MeOH ?klEF10 ml 80% 

MeOH ?E�1;[¨YÊ¯M%&CDy  Laboport pump (KNF Neuberger Inc., 

USA) ?xªEF[
3
H] -Co-ARIS IIøDyG*E¨Y 

! 40 mg/ml [
3
H] -Co-ARIS II1,BM 5 minß%hTFpq—ASW«6R{1�

2;[UklE¨¯Fµ�¿DzEû¿HDÏaDsû Tri-Carb 2910TR liquid 

scintillation analyzer (Perkin Elmer, USA) 1%XUF [
3
H]¿�âG1�}EF

QuantaSmar software (Perkin Elmer, USA) 1;%EUMvE¨Y 

 

filipinMZK Cholesterol�±Mv 

! �AÐ=3 600 µl6 ASWM 30 µl6 dry sperm1bcEF��? 5 min©R

E¨Y>6,BEµ1�m�EFru6 300 µlM: 500 µl6 64 µg/ml Co-ARIS

Eµ1FD�6 300 µlM:cDú¾ûG*EU ASW1hr¨Y5 min¯F1,500 

g, 5 minpqEFxEBú*EUô�E¨,B1 240 µl6 ASWMbcE¨Yh

AM!¨}�1¶ïDö*EUæHEFD�6 120 µl M: 195 µM filipin 
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(Sigma-Aldrich, USA) / ASW1 5 µlhrF3 hr, on ice?©RE¨Y¶ïDö`ø

DyGÑM 1,500 g?,B1ô�¯F�2 ASW? washEF10�FGEU�@

2�}1;<[¨Yfilipin6 323 nm6�@26ÊMZ[U,BMèRE¨ filipin

6}¿1;<[¨ (Severs and Robenek, 1983; Fujita et al., 1984; Castanho et al., 

1991)Y 

 

,Bí sterol6;�*}¿ 

! ,BíÀÁ¾ûG: aceton-hexane91%XU;[¨YCo-ARISÞ[1EUF

pq?ô�E¨,B 100 µlM 5 ml acetonehrF�¸1ô�EF̂ ? 5 ml acetone

1hrF�6�¸Lô�E¨Y¾ûs)ûõ�CEûsû? 2 ml�2MúC¯F

2 ml hexane 1hrUF�µ'(MU hexane *1ô�E¨YhAMF2 ml 5% 

NaHCO31hrU hexane *1*K>*?F.1bcEF¾ûs)ûõ�CEû

sû?xªE¨L61,Bí steroløDyG*E¨Y 

! }¿:F�Ñ)e!deMZKq�ÃÄ?;[¨Y;� sterol <�1 400 µl 

chloroformMEMEUF5% de / �Ñ)e1 20 µlhr¨Y³´? 10 min©R

¯MF600 nm 6�@21�}EFí1ú26 sterol ~*6�¿�*45JK>

*?ú21��E¨Y 

 

,B sterol`8ùö¾{²ùD6�� 

! ��MUF³Ñ 1 mlM dry sperm 10 µl1hrF¥5¦jEU,Bbcµ1§

¨E¨Y5 min©R¯FASWMEME¨�}<� 80 µlMF20 µl6,Bbcµ

1hrU¥5¦jE¨Y5 minÃÄ¯F5% glutaraldehyde / ASW 20 µl1hrF5 min, 
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on ice?ª}E¨YÏ�û"ïÀ�MtByxD?®Å 2 cm�6î1+�F�

6óô1 BD CellTak (Becton, Dickinson and Company, USA) ?cûúE¨*>Î

MFª}E¨,BEµ1�EF30 min, on ice ?,-6´M©REU,B6Ï�

û"ïÀ«6èR1f[¨Y�6¯F�¸1AUF 50 µg/ml FITC-CTx / ASW 

(Sigma-Aldrich Co., USA) LE5:F50 µg/ml Filipin / ASW 1hrF30 min, on ice 

?,-6´M©RE¨YÊ¯M�2 ASW?R{JK>*?klEF�@û£0

?��1;[¨YFITC-CTx��6��M: B�¯FFilipin��6��M: UV

�¯1%X¨Y 

 

ARIS-fluosphere6ßØ*,B«6èRMv assay 

! ARIS-fluosphere:HI1ÚqMßØE¨ (Ushiyama et al., 1993)Y600 µl 0.2% 

FluoSpheres carboxylate-modified microspheres, 0.02 mm, red fluorescent (life 

technologies, USA) / 15 mM sodium acetate - acetic acid, pH 5.0 1 250 µl 3.2 mg/ml 

ARIS / 15 mM sodium acetate - acetic acid, pH 5.0 *PREF15 min01E¨Y�

6¯FEDC1 5 mghrUijEF0.01 N NaOH1%XU pH 7.0MEUÐAn

´?u�01E¨Y./FL-glycine1 100 mMM<KZ=MhrU 30 minij

EFÃÄ1°±hTF40,000 g, 10 min6pq?�6|X¨*1 ARIS-fluosphere

*EUô�E¨Y 

! }¿MvM:FSpectrofluorophotometer RF-540 (Shimadzu Corp., Japan) 1%X

UF580 nm6�¯@MvJK 605 nm6�@&21�}EF}¿n6ç~*E¨Y 
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Caveola breaking assay 

! º»78Zo CHO-K1MFpN-luc-CAV1, pC-luc-CAV1-Hygr1�ÊEFluciferase

6 Nv¦w}�* Cv¦w}�6êßAÐ* CAV1dcD?Çjûúhi¨L

66ºudòÅhiUXK°±1ß[¨Yº0:F450 ml DMEM nutrient mixture 

F12 (life technologies, USA) M 50 ml FBS (life technologies, USA)F >? 500 µl 

Hygro Gold (life technologies, USA) *��<¯(9X1hrUFbðGsû12

EUÐA;%E¨Y<�:>6º0MPQUß%hTK>**EFluciferase h

':FBright Glo luciferase assay system (Promega Corp., USA) 1;%EFGlo Max 

96 microplate luminometer (Promega Corp., USA) ?��1;[¨Y!¨<¹M78

(H1 CellTiter-Glo luminescent cell viability assay (Promega Corp., USA) 1%XU

+¼E¨Y 

 

/(í6ßØ 

! /(í:HI1ÚqMEUßØE¨ (Yuan et al., 2002; Iijima et al., 2009)Y140 # 

100 mm
2
 6 Langmuir §úïb (USI Co. Ltd., Japan) >?FCompaq Presario 

(Compaq computer Corp., USA) ?3·hi¨ Film balance controller FSD-220 (USI 

Co. Ltd., Japan) F÷´Ð´Ñ4 UA-100S (Tokyo rikakikai, Japan) ?KØhiK¿

ÀÁl1%X¨YoXÞ: chloroform MEME¨L618ùö¾¿)D??ß

[5�*¸ÒEFLB Lift Controller FSD21 (USI Co. Ltd., Japan) 6 LB2û{?3

·E¨�)�ûMUF12 cm
2
/min6÷2?­CEUÌ�Bí1ßØE¨Y 
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AFM�� 

! øDyG:µ£8ùÏ (The Nilaco Co., Japan) �?��1;XF1 cm # 2 cm�

268ùÏ�31·ÚEU%X¨Yu*ò:úïb6|M8ùÏ1R�F�6

�M 35 mN/m?ßØE¨ POPC6Ì�Bí1F5ÑJK>*?µ31Ò7UF

8ùÏwdÉÑ�M<KZ=M-ñhT¨¯F4¿¹ûsû?u�æHE¨Y

�*ò:F POPC-cholesterol-sphingomyeline-GM1 (10:7:2:1)  + ��<ú26

Co-ARIS6yØ6Ì*í1 30 mN/m?ßØEF�ÐA8ùÏ1úE$o?-ñ

1;=>*?F8ùÏ�MoX�O*1KØE¨YAFM ��: AFM SPA300 

(Seiko Instruments Inc., Japan) 1;%EFcDsöú2û{?;[¨Yº»:

SN-AF01 (Olympus Optical Co., Japan) 1%X¨Y<�:<�6M¿)cD�)û

À?ª}EFéùÂDÑ´?�}1;[¨YMv:b)û÷bú Image SXM 

(http://download.cnet.com/Image-SXM/) 1%XU;[¨Y 

 

/(í«6 CTx-binding assay 

! /(í CTx (Sigma-Aldrich Co., USA) *6é»ß%1F�3yïÂ2DÑÉ1

%X¨¿ÀÁl Biacore X (Biacore AB, Sweden) MZ[U�}E¨Y

POPC-cholesterol-sphingomyeline-GM1 (10:7:2:1)  + ��<ú26 Co-ARIS *X

=yØ?Ì�Bí1ßØEFµ£8ùÏ1úE$o?-ñ1;=>*?F8ù

Ï�MoXuO*1KØE¨YÍDøûzBy*EU Au-coated chips SIA Kit Au 

(Biacore AB, Sweden) 1;%EFGM1�E6/(í1�²^¾<èRMvJK

control*EU%X¨Y 
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6-3 èÙ 

6-3-1 cholesterolÔhMZK Co-ARISh'6ÇÈ 

! ú)ÁGxDZøCADd cholesterol*é»ß%JK*X=>**F,B8ù

ö¾{²ùDdÂ�ÃÄMYS[UXK*X=>*1µREUqrF Co-ARIS

6~¾d,B8ùö¾{²ùD?�K*X=ÿ�1¬U¨YmnÞ?:

capacitation 6½M cholesterol d,BÐA�ÁEF8ùö¾{²ùDKkd]n

JK>*d1AiU��F83ú4?LÞ_6ÅÆd¯>[UXK*X=|�

6L*FcholesteroldÂ�ÃÄá¯M�rK¦§1��JK>**E¨Y 

! Â�ÃÄá¯Z:¢()ûFARIS+asterosapFARIS+Co-ARIS6r|dqrA

iF�i�iMvEU 20 µg/ml6 cholesterol dZ´MH¶E¨°R6]n1M

vE¨YèÙ*EUF¢()ûFARIS+asterosap6Â�ÃÄá¯Z: cholesterol

Ôh6&�?,BÂ�ÃÄfM]n d`Ai<Ð[¨  (Fig. 6-3A)YuuF

ARIS+Co-ARIS 6Â�ÃÄá¯: cholesterolÔhMZ[U&sM�ÁEU��F

cholesterolMZ[U73hiK>*dËhi¨ (Fig. 6-3A)YCholesterolH¶Ò?

6 ARIS+Co-ARIS 6Â�ÃÄá¯h': ARIS 6z6°R*Ð\<=?�[¨ 

(Fig. 6-3A)Y!¨Fcholesterol6ú2ãH¾<ÇÈeÙd�K>*L+Ð3Ai

¨ (Fig. 6-3B)Y 

! ARIS+asterosap* ARIS+Co-ARIS?6¦§6mX:Fasterosap* Co-ARIS*

X=�|6�ÔBd![¨5^<K«Ä?ß%EUXK*X=>*1,-�U

��F>i:�EXò`?�KY 

! cholsterol Ôhd,BM¦§EUXK6ÐFCo-ARIS M¦§EUXK6ÐFd

UV*<KdFcholesterol * Co-ARIS 6,B«6Þ[6sù�D�1'AE¨
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¡¢ÐAFcholesterol6ÝÞ[:ÇÈeÙd�XdF¯Þ[:ÇÈeÙ1ËJ>

*dNAÐ*<[¨ (Fig. 6-4)Y|!�FCo-ARIS*,BdÑHE¨°±M6z

cholesterol:¦§1�r=K6p*qrAiKY 
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Fig. 6-3 cholesterolÔhMZKÂ�ÃÄá¯«6¦§ 

! A. EJ, ARIS+asterosap, ARIS+Co-ARIS6Â�ÃÄá¯Z«6¦§ 

67: Â�ÃÄf, n=10, bars: SD, *p<0.001YARIS: 0.1 mg sugar/ml, asterosap: 100 

nM, Co-ARIS: 40 µg/ml?;%Y 

! B. ARIS+Co-ARIS6Â�ÃÄá¯Z«6 cholestrolú2MZKÇÈ645Y 

67: Â�ÃÄf, n=3, bars: SD, ARIS: 0.1 mg sugar/ml 
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Fig. 6-4 CholesterolÔhsù�D�MZK Co-ARISh'6ÇÈ645 

! A. Co-ARISÞ[¯M cholesterolÞ[! B. Co-ARISÞ[ÝM cholesterolÞ[ 

! 67: Â�ÃÄf n=14, bars: SD, *p<0.001YARIS: 0.1 mg sugar/ml
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6-3-2 ,Bí sterolMvJK Co-ARIS6¦§ 

! cholesterol MZ[U Co-ARIS 6h'dÇÈhiK*X=>*ÐAFCo-ARIS

d,Bí sterol«QAÐ6�?ß%EUXKþÿ'd�KY3ú4Þ6ª| strol

: cholestrol *:�OèR6QRd^<K $-7 sterol ?�Kd (Ikekawa et al., 

1979) (Fig. 6-5)F,BíÐA;�E¨ sterol 1ÝW6 cholesterol6�S�MÂ�

ÃÄZMÔhE¨°RLF<VM Co-ARIS h'1ÇÈJK*X=èÙdýAi

¨¨3 (Fig. 6-6)FCo-ARISd,Bí sterol«ß%JKþÿ':ÐXY 

! Filipin: sterolu�MèRJK�B*EU1AiU��F!¨�@2MZ[U

}¿ndþÿ?�K (Tesarik and Flechon, 1986)YCo-ARISÞ[1E¨,B«6

Filipin 6èR'1�}E¨*>ÎFCo-ARIS ÛÞ[,B*45EU�6èR'

:DÎM8ßUX¨ (Fig. 6-7A)Y>i:,Bí sterold�ÁE¨FLE5:Fsterol

d+69X*µR�1�ØEUXK¨3M Filipin dèR?�<X*X=°±M

�K*qrAiKY 

! mnÞ*<=VM,Bí sterol 6�Ád¯>[UXKÐ1N+MJK¨3MF

,B sterol1}¿nEFCo-ARISÞ[MZK]n1MvJK>**E¨YEÐE

<dAF�6èÙF&s<,B sterol¿6�Á:`Ai' (Fig. 6-7B)Fsterold

Filipin *èR��<X°±M�K>*dFFig. 6-7A 6èÙ1(z�E¨*qr

AiKY¹[UFCo-ARISd,BíMÊ�$zFsterol*µR�1�ØEUXK

>*dË×hi¨Y 
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Fig. 6-5 sterol6��Kk 

! A. cholesterol ($-4) B. $-7 sterol 
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B
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Fig. 6-6 ,Bí sterolÔhMZK Co-ARISh'«6¦§ 

! 67: Â�ÃÄf, n=10, bars: SD, *p<0.001YARIS: 0.1 mg sugar/ml, Co-ARIS: 40 

µg/ml?;%Y
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Fig. 6-7 Co-ARISÞ[MZK,Bí]n6MvèÙ 

! A. FilipinèR�BÍùèÙ! 67: OD323 (FilipinèR¿), n=4, bars: SD!  

! B. ,Bí sterol¿6�}èÙ! 67: ÀÁ¾ûG¿, n=4, bars: SD 
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6-3-3 ,B6 Co-ARISs�$z¿6Mv 

! ÝÛM�XUFCo-ARISd,BíMíÊEF,Bí sterol*µR�1�ØJK

>*dË×hi¨YCo-ARIS 6,B«6s�$z1Z�N+MJK¨3MF+

­'<Q� (RI) ïFGE¨ Co-ARIS 1ßØEF,B«6s�$z¿1�}J

K>*1qr¨Y 

! ARIS II: NaBH4MZK��MZ[UFwg6�OèRd��hiK>*d1

AiU�� (Nishiyama et al., 1987a) (Fig. 6-8A)F!¨F>6��§Co-ARIS II (red. 

Co-ARIS II) :FL*6 Co-ARIS II*Ð\]SA<Xh'²'1ª[UXK>*

dËhiUXK (Nishiyama et al., 1987a) (Fig. 6-8B)Y>6��ÃÄ6½M[
3
H]ï

FGhi¨ NaBH41%XUF[
3
H]-Co-ARIS II1ßØE¨Y 

! >6[
3
H]-Co-ARIS II 1,B*ÃÄhTUFZ5klE¨¯Mµ�¿DzEû

¿HDÏaDsû? Tritium¿1�}JK*F+ÐM,BMs�$!iUXK*

X=>*dËhi¨ (Fig. 6-9)Y>6s�$z:Fcholesterol 6H¶Ò?�ÁJ

K>*ÐA (Fig. 6-9)Fcholesterol: Co-ARIS6,Bí«6íÊ1ÇÈEUX¨

>*dSÐKY|!�F cholesterol 1ÔhE¨°RM:Fµ´6b)û6

cholesterol d Co-ARIS *µR�1�ØJK>*?,Bí«6íÊ173EUX

¨*qrAiKY 
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Fig. 6-8 Co-ARIS II6��*�6h' 

! A. Co-ARIS II *�6��§ red. Co-ARIS 6Kk! B. Co-ARIS II * red. 

Co-ARIS6h'45 

! ARIS1 0.1 mg sugar/ml?;%Y 
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Fig. 6-9 Co-ARIS6,B«6s�$z¿6�}èÙ 

! 67: DPMÌQ6 Tritium��¿, n=5, bars: SD, *p<0.05 
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6-3-4 ,Bí8ùö¾{²ùD6�� 

! >>!?6èÙÐAFCo-ARISd,BíMíÊEF!¨ sterol*é»ß%JK

>*d9NE¨Ysterol*6é»ß%d78íMê6Z=<¦§1�rK6Ð1

qr¨°RF!'78í�? sterolMÙ�8ùö¾{²ùDd67AiKY8ù

ö¾{²ùD:!¨Fsterol p�?<5FÀbðDDoX GM1 L452�>*

ÐAF�6�GÞ6�B6ù²û?D�1;=>*?F8ùö¾{²ùD1þ

¿nEFCo-ARISÞ[MZK]n1��JK>**E¨Y 

! !'FFITC-CTx 1%XU GM1 1þ¿nJK*F�úcD{)�äå*Â�

8½¨äåd��hiF�6äåM8ùö¾{²ùDdH¶JK>*dË×h

i¨ (Figs. 6-10A, C)YCo-ARISÞ[E¨,B?��1;=*FõtöX>*M

Â�8½¨äå6¿�âG6zdãÆJK*X=èÙdýAi¨  (Figs. 6-10B, 

D)YCo-ARIS Þ[MZ[U>6äå68ùö¾{²ùDM]nd�[¨*qr

AiKY 

! FilipinMZK sterol6þ¿n:F,B]�M{Bú�6¿�âGd��hi¨ 

(Figs. 6-10E, H)YFilipin:µ~6 sterol�B*µR�1�ØJK¨3FÁ+<�

ñ1�%JK>*:¯EXdF,BMôÝud�![¨,Bd45`Ai¨  

(Figs, 6-10F, I)YCo-ARISÞ[,BM�XU:F,B:Ð*oê��hi' (Figs, 

6-10G, J)FFilipindèR?�<5<[¨*qrAiKY>6]n: Fig. 6-7A6

èÙ*uïE¨Y 

! ,BÂ�8½¨ô: ARIS+Ì�dH¶JKäå?��Fù²û?D�MZU

NAÐME¨8ùö¾{²ùD6]n:F+Ì�6H¶°±ML¦§1�rU

XKþÿ'd�KYARIS 1�@øûÂ fluosphere èRhT¨ ARIS øûÂ:,
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BMôÂ�8½¨äåMèRJK (Fig. 6-11A)Y>6 ARIS-fluosphere6,B«6

èR¿MZ[UF,B6 ARIS*6èRÉ?'1}¿nJK*FCo-ARISÞ[E

¨,BM�XUFARIS-fluosphere6èR¿6%hd`Ai¨ (Fig. 6-11B)Y¹[

UFCo-ARIS Þ[MZ[U,BMôÂ�8½¨äå68ùö¾{²ùDKkd

]nEF�id ARIS+Ì�6�R`KkM¦§JK>*?F,B6 ARIS+Ì

ÿd%hE¨*X=>*dË×hi¨Y 
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Fig. 6-10 Co-ARISÞ[MZK,Bí8ùö¾{²ùD6��èÙ 

! C, D. FITC-CTx6��èÙFA, B. �6N¿:¾! H, I, J. Filipin6��èÙF

E, F, G. �6N¿:¾! B, D, G, J. Co-ARISÞ[¯! ßM:Â�8½¨ô6 GM1

öïÀsû! ßà: cholesterol6öïÀsû
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Fig. 6-11 ,B6 ARIS+Ìÿ6 Co-ARISÞ[MZK]n6MvèÙ 

A. ARIS-fluosphere6èRE¨,B! ßà: fluosphere 

B. fluospereèR¿645èÙ control?~§n n=4, bars: SD, *p<0.001 
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6-3-5 Caveola breaking assay 

! ÏFÂïKk:786õD{øùúû¿ÀMYSKô�?��FÏFÂ)D

sDtöXdþÌJK8ùö¾{²ùD6uG?�KYº»78Zo CHO-K1

M�XUFÏFÂï6¿1}¿nJK¿ÀÁldÚòhi¨6?F�i1%X

U Co-ARIS68ùö¾{²ùD«6¦§1MvJK>**E¨Y 

! 78íÐA cholesterol 1À�sK M!CD �F78íMíÊEU cholesterol *

µR�1�ØJK Filipin MZKÞ[:ÏFÂïKk1�]JK*qrAiFc

Dú¾ûG*EU%X¨*>ÎF+ÐMG¿b;ïû(h'6� Ád��hi

¨ (Fig. 6-12A)Y5 µg/ml Co-ARISÞ[?:FG¿b;ïû(h'6]n:`A

i<Ð[¨dF40 µg/ml� 200 µg/ml Co-ARISMZKÞ[:G¿b;ïû(h'

6¡Ô<�Á1â�¯>E¨ (Fig. 6-12A)Y¹[UFCo-ARIS: CHO-K178Z

M|XUF�68ùö¾{²ùD6uG?�KÏFÂïKk1ÄJh'd�K

*XrKY 

! M!CD Þ[E¨78?:F�6¯6º06î{MZ[UÏFÂïKkdô<

JKdFFilipin Þ[E¨78?:º01î{EUL78íM Filipin dD[UE

!=¨3Mô<:¯>A<X (Fig. 6-12B)YCo-ARISÞ[78?LFFilipinÞ[

*<VMô<dÐ*oê`Ai<Ð[¨¨3FCHO-K178M�XUL Co-ARIS

:78íMíÊJK>*?´XUXK*qrAiKY 
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Fig. 6-12 Caveola breaking assayèÙ 

! A. Caveola breaking assay6èÙ! n=10, bars: SD, *p<0.001 

! B. º0î{MZK rescue¡¢èÙ n=10, bars: SD, *p<0.001 

! 67: luciferaseh' control?~§n 

  MBCD: 1%, Filipin: 5 µg/ml
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6-3-6 /(í8ùö¾{²ùD1%X¨Mv  

! Ê¯MFCo-ARIS d8ùö¾{²ùDMvEU9[n�¾Mê6Z=<]n

1¯>EUXK6Ð1FAFM1%XK>*?��E¨Y>i!?F/(í�M

8ùö¾{²ùD1ßØEF�6 AFM��1;[¨Ö×Z�F8ùö¾{²ù

D6´M GM1döïÀsû1�ØJK>*d1AiU��F!¨ GM1öïÀ

sûM:sDtöXdÑü¶JK¿Úd�K>*dËhiUXK  (Yuan et al., 

2002; Fujita et al., 2007; Iijima et al., 2009)YCo-ARISÞ[MZ[U,B6 ARIS+

Ì'd]nE¨>*:FARIS+Ì�6H¶°±d]nE¨>*1stEU��F

Co-ARISdGM1öïÀsû6Z=<sDtöX6þÌô�6Kk]n1¯>E

¨þÿ'dÐXY¹[UF/(í�M�XUF>6 GM1öïÀsû6KkMv

JK Co-ARIS6¦§1S�K>**E¨Y 

! ,BM�XU Co-ARISdh'1òóJK*�6,Bí sterol* Co-ARIS6H

¶¿64: Fig. 6-7B* Fig. 6-96èÙZ�Fsterol : Co-ARIS = 150 : 1 *��h

iKY>6ú26 Co-ARIS 1ÔhE¨/(í1ßØEF��JK>**E¨Y

control6/(í POPC-cholesterol-sphingomyeline-GM1 (10:7:2:1) ?:F8ùö¾

{²ùD�MÐh 0.3 nm�2? GM1öïÀsûd`Ai (Figs. 6-13A, C)F8

ùö¾{²ùD�36 1.42 ± 0.96% (n=4)1S3UX¨ (Figs. 6-14A, C)Yuu?F

Co-ARIS1ÔhE¨/(í?:F8ùö¾{²ùD�M 0.7 nm�26Ðh6ô

�dÅi (Figs. 6-13B, D)F!¨F�iA:8ùö¾{²ùD�36 11.6 ± 7.01% 

(n=5) 1S3UX¨ (Figs. 6-14B, D)Y>6èÙ:FCo-ARISd GM1öïÀsû

1=z$��?öïÀsû�Ø1EUXK>*1Ë×EUXKY 10 �¿6

Co-ARIS1ÔhE¨/(í (sterol : Co-ARIS = 15 : 1) ?:FZ�¡�<öïÀs



 204 

ûd�ØhiU��F�6Ðh:ÊÐ 2.3 nmM­EFÐ<�4V?�[¨ (Figs. 

6-15A, B)YöïÀsû:8ùö¾{²ùD�36 15.9 ± 9.64% (n=10) 1S3U

�� (Figs. 6-15C, D)F/(í�3d®EX>?1ªßFCo-ARISd78ä'1

òóJK¹6°±1�EUXK*qrAiKY 

! Co-ARIS d8ùö¾{²ùD�MöïÀsû1�ØJK>*dNAÐ*<[

¨dFGM1öïÀsû*6é»Yu:!p:[��EUX<XYCo-ARISdGM1

*Ñü¶JK>*ËJ¨3F/(íMvJK CTx-binding assay1;[¨Y�6

èÙFCo-ARISÞ[MZ[U/(í* CTx*6èR'd8ßK>*d9NE¨ 

(Fig. 6-16A)YKk6^<K digitonin1ß%hT¨°RM:èR'6]nd<X

>*ÐA (Fig. 6-16B)F>6eÙ: Co-ARIS²^¾*qrAiFhAM Langumuir

y¾Bú?MvE¨*>Î (Fig. 6-17)FCo-ARISÔhMZ[U/(í* CTx6

M�}~M]n:<XL66F�6èRøùú~d®�EUXK>*dNAÐ

*<[¨Y¹[UFCo-ARISdí�3M�XU GM1*é»ß%JK>*?8À

öEUXK>*dË×hi¨Y>i:FFigs. 6-10AùD6 CTx-FITC1%X¨ù

²û?D�6èÙ*LuïEFCo-ARIS :,BMôÂ�8½¨äå68ùö¾

{²ùDM²^¾MíÊEF�6 GM1öïÀsû*Ñü¶JK>*?Kk]n

1â�¯>EUXK*qrAiKY 
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Fig. 

6-13 /(í8ùö¾{²ùD

6��èÙ 

! A, C. control B, D. Co-ARIS-cholesterol (1:150)! C, D. �i�i A, B6á�6

�3 á@d©w 

! ßM: GM1öïÀsû 
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Fig. 6-148ùö¾{²ùD* GM163Ì45 

! A, C. control! B, D. Co-ARIS-cholesterol (1:150) A, B. 8ùö¾{²ùDäå!

C, D. GM1öïÀsûäå 
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Fig. 6-15 Co-ARIS-cholesterol (1:15) 6/(í8ùö¾{²ùD6Mv 

! A. AFMñ¾ ßà: GM1öïÀsû B. A6á�6�3 á@d©w C. D, �

i�i8ùö¾{²ùDäåFGM1öïÀsûäå 
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Fig. 6-16 SPR¡¢èÙ 

! A. /(í* CTx6é»ß%6 Co-ARIS6&�?645 

! B. digitoninH¶Ò?6/(í* CTx6é»ß% 

! 67: Resonance per unit, /(í«6èR¿M45 
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Fig. 6-17 SPR¡¢èÙ6Mv! Langmuir plot 

! 67: CTxú2/��°±6 RU! 87: CTxú2 

! n=3, bars: SD 
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Table 6-1 SPR¡¢6MvèÙ!*3 

 

 

 

 

 control Co-ARIS digitonin 

KD (pM) 115.64 116.15 118.67 

RUmax (pg/mm
2
) 38.5 6.78 40.0 

CTx-binding sites (/mm
2
) 5.71#10

7
 1.01#10

7
 5.93#10

7
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6-4 q� 

! �#M�XUF�!?Û1?�[¨ Co-ARIS 6,BÂ�ÃÄ«6ß%JKd

NAÐM<[U�¨Y,BíÐA6 cholesterol 6�Á`+�:mnÞ6

capacitation ?OP<&'1EUXK>*d1AiU��F83ú4M�XUL

Þ_6JK?�K*ÕÖE¨YEÐE<dAFcholesterol ¿:]nEU�A'F

�6°±d]nJK*X=MvèÙ?��FCo-ARIS d,Bí8ùö¾{²ù

DMíÊJK>*?Kk]nd¯>�h'1òóJK*X=>*dËhi¨Y

mnÞ6 capacitation M�XULFcholesterol 6+�ÐAÊ²¾M:8ùö¾{

²ùD6Kk]n«*m�>*1qrK*F capacitation *83ú4M��K

Co-ARIS 6ß%:FÚ÷JK:^<KL66Ê²¾<]n:<=?�K>*d

Ë×hiKYGM16ü¶]n*X=st?LÑÉîd`AiFGM16,BÂ�

8½¨äå«6ü¶dF�:�8aÀ�AlÀsû6 capacitation6½MLãÆ

JK>*F!¨ capacitation°±M<K>*1��y¾ÍÀ?�K decapacitation

M�XULOP?�K>*dx�hiUXK (Selvaraj et al., 2007; Kawano et al., 

2008)Yº(Þ6 Bufo arenarum6,B?LF�:� capacitationV6íKk]n

d1Ai (Krapf et al., 2007)F,BÂ�ÃÄ��F>?�6Õ¨ÎÏM��K,

BíKk6]n:�9�M�XUÕXÅÆ?�Kþÿ'dË×hi¨Y 

! CTx-binding assay6èÙÐAFCo-ARIS: 83%L6 CTxèRøùú1¶¾B

öEUXK>*dËhi¨Y>>ÐAF"�B6 Co-ARISd 17�B6 GM1M

¦§1�rUXK>*d��hiFCo-ARIS d cholesterol *�nM)�<B�

MXK>*dË×hi¨YCo-ARIS6ÉÑô:fg?�K¨3M GM1*é»ß

%dJfhiF!¨CÑô:ÀÁ¾ù{¢D?�K¨3M cholesterol*é»ß%
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?�K*qrAiKYÉÑô6é»ß%: GM36Z=<fg?L<VM¯>K

*qrAiF8ùö¾{²ùD�6G.6foXöïÀsûM¦§1�r=KY

V.<íyØ6/(íM Co-ARIS1ÔhEU AFM��1;=>*?FCo-ARIS

6é»ß%JK6Z�N+<�%?�K*qrKY 

! !ó#M�XUFARIS+Ì����B:,B8ùö¾{²ùDñ�M2!i

UXK>*dNAÐM<[¨Y!¨FÂ;Ö×? ARIS+Ì�d,BMô6Â�

8½¨äåMü¶JK>*dË×hiUX¨ (Longo et al., 1995)Y¹[UF,B

MôÂ�8½¨äåM8ùö¾{²ùD6uGdH¶EUXK>*dË×hi

KYFig. 6-10M�XUFFITC-CTx1%X¨����èÙL�:�,BMôÂ�

8½¨äåM GM1MÙ�8ùö¾{²ùDdH¶JK>*1ËEU��F�|

6�y¾ûzdDd[¨*XrKY<¹MFARIS* Co-ARIS*d,BMôÂ�

8½¨äå678í8ùö¾{²ùDM�XUç<¾M´5>*dNAÐM<

[¨YARIS+Ì�:8ùö¾{²ùD�6foXöïÀsûMü¶JK*|�

hiFCo-ARIS 68ùö¾{²ùD«6íÊMZ[UfoXöïÀsû<ÿ0

6��dhònhiFARIS+Ì�<ÿ!¨:�6~¾�B*6|RE2d�d

K>*?FÂ�ÃÄd¯>��JX°Fd?�K*X=ÿ�dqrAiK (Fig. 

6-18)YARIS+Ì�1<}EF�68ùö¾{²ùD�?6"7<ü¶1MvJ

K>*?�Xdþÿ*<K*qrAiKY 

! øCAD:ÒÓF�6&X([h'ÐApòhiUXKY5r�FË)9é

9ð�øCAD`ú8úð�øCAD6¯GHh'F/ÚøCAD6·³IJ

ß%Fâ8cøCAD678�ñÇÈ<ê*X=Z=<([h'dÖ×hiU

XK (Mimaki et al. 1996; Kuroda et al. 2001; Ito et al., 2007)YEÐE<dAF@£
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�?6%6st?6øCAD6ß%*X=L6:�!�1AiUX<XYøC

AD645:é9ð�*EU,òhiU5KdF�K�2678ä'1ËJ>

*ÐAL*L*:¯29X`ä9*EU´XUXKL6*qrAiKYZ[U

é9:@�­«*øCAD1�´JKS�?:<5F±KMvEU6�·*E

U�´EUXK>*d|�hiKY>i:�9ð�6øCADMLXrF³ê

?x�d�KZ=M (Kubanek et al., 2002)FCo-ARISLL*L*:@�6L1M

K¨36L6?�[¨*èSiKY�idFmn6��?83ú4M�XU:

Â�ÃÄá¯�ÔB*EU6&'1¼ýEF>6QRM�h![¨*qrAi

KY��ä'1ËJøCAD1@�­6¨3M�´JK*X=>6^56øC

AD6%NdQO¯>�rK6Ð1qrK�?F3ú4Þ678ÀÁ¾ûGd

+6(9G*^<K*X= ¡dOP?�KY3ú<ê456(9: P-5 6

cholesterol (Fig. 6-5A) 1ª[UXK6MvEU3ú4?:P-7 6 sterol (Fig. 

6-5B) 1ª[U��F83ú4ÐALP-76 sterol*EU asterosterol (Fig. 6-19A) 

* amuresterol (Fig. 6-19B) dò`hiUXK (Ikekawa, 1979)YP-7 sterol:F&

'�996´?LøCAD1�´JK3ú4`â8cM�XU6z>6`AiF

mn¾M>6�|60MQRJKaA?:`Ai<X (Ikekawa, 1979)Y>6>

*:F>6Kk6mXdøCAD678ä'MvJKÞ'*<[UXKþÿ'

1Ë×EU��F±KÐA6�·6¨3M�´JKøCADMZ[U@�dQ

È1+�<X¨3M¼ýE¨�X?�K*qrAiKYCaveora breaking assay?

: CHO-K1 7868ùö¾{²ùDd�]hiK*X=èÙ?��F8ùö¾

{²ùD6�]*X=>*:83ú4,BM��KÂ�ÃÄá¯*X=ß%*

éÃJKZ=MèSiKYEÐE<dAF83ú4,BdøCADMvEU6
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Þ'1ª[UXK*ÿ}JK*FCo-ARIS:P-7 sterol1ª|3ú4,B?:8

ùö¾{²ùD6�]M:�A'F²^¾<°±1ß[UXKþÿ'd�KY

ÀÁ¾ûG6Kk6mXMZKøCAD*6é»ß%6]n*X=st?õt

öXY 

! Co-ARIS: Asterosaponin A (ASA)*L��iF83ú4M�XU+¢73ß%

1ª|>*d1AiUXK (Ikegami 1976)Y83ú4M��K+¢:FR«ÐA

�´hi¨()ST®>G2D GSS (Gonad-stimulating substance) d¢1k�t

878« 1-methyladenine (1-MA) 6�´1UEF�6 1-MAd¢[í6�C1á

�JK>*Z[U¯>K (Kanatani et al., 1973)Y1-MA:<¹M¢ØÜÔB*E

UL´5dFASA :+¢6z173EU¢ØÜ:73E<X>*1qrK*  

(Ikegami et al., 1976)FASA: 1-MA6¢[«6´�173EUXK*qrAiKY

>673eÙL+6�3h'Û�â8cøCAD?:ýAi<X>*ÐA

Co-ARIS (ASA) ²^¾<([h'MZK*qrAiF,BíM��KL6*Þ

_<>*d¢[?¯>[UXK*ÕÖhiKY+MLt8786@ò¾< 1-MA

�´1ASA:73JK>*L1AiUXK>*1qrK* (Ikegami et al., 1976)F

¢[�,Bp�?:<583ú4678:]�¾M>6 Co-ARIS (ASA) MvJ

K°+'1ª[UXKþÿ':ÐXYõtöX>*M;6^<Kùú8Æ3ú

4M��K+¢73ÔB: L-�Gs�De?��FCo-ARIS (ASA) :+¢73

eÙ1ª¨<XY>i:ùú8Æ3ú4,BM Co-ARIS d�ÔB*EU´Ð<

X>**uïEFCo-ARIS MvJK°+':83ú4Ò¨GM>Ai¨²^¾

<L6*qrAiKY 

! u�6øCADÕdê6Z=<²ÏAÂl?(�íMvEUeÙ1òóJK
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! !�#ù!r#M�XU ARIS6KØ9X*Kk1MNEF!r#?:¢±ç

Kk6mn1MvE¨YuuF!ó#?:�6+Ì�*<K�B1º*EF!

ï#?:,BMZK ARIS6¼½6°*<K8ùö¾{²ùDKk1MvEF,

Bw6+ÌJKMYJK�%1;[¨Y�%:�i�iFÝ}:!r#F¯}

:!ï#6q�MU_�M��¨6?F>>?:Xi<XY 

! ]�1ÉEUF+,JK6�9�M��KÑÉ'd`Ai¨YÂ�ÃÄá¯

9X*EUò`E¨ ARIS:�ÈÉ�9?Õ5æHhi¨�B?��F!¨,B

í8ùö¾{²ùD6%ùâ�öÀL83ú4*mnÞ?Þ_ JKL6?�[

¨Y�¨<��1_z�Jò(*X=ÅÆ6ÊY6ÎÏ?�K+,:F+¡'

dZ3AiKÅÆ?��F[\<²ÏAÂldæHhiUH¶EUXK��?

L6�KY²MÂ�ÃÄ:¢±çM¬ñE¨sù�D�?FÐ|G²^¾Má

¯hi<�i�<A<X¨3FÁ+<¼½*]÷<ÃÄdHP?�KY�%Ç

?:Xi<Ð[¨dF,BÂ�ÃÄ6,Bóô6¿�âGO­Z:�^Þ�9

ÐAmnÞ!?Ð2MæHhiUXKY¿�âG6Ê/6ô�Mp�FG6¼

½6¨364V'dH¶EF¿�âG6Ê/d^<KL66�6¯6«Ä`_

ñÂd<=?�K*X=ÿ�dF�Ö×?NAÐME¨ ARIS6�ÈÉ�9M�

�KæH'F>?,Bí8ùö¾{²ùD6Kk]n683ú4*mnÞ6Ñ

É'MZ[U&5ùªhiK*qrAiK (Fig. 7-1, 7-2)Y!hM(96ÌZo

'*4V'6Åi?:<XÐY 



 219 

�Ö×?`[¨Â�ÃÄ:F�Cc�sDtöX6�ßKy¾ÁÂ�)ÏD

Kk`8ùö¾{²ùD6%ùâ�Bö<Kk]n`ÀÁ¾ù{øCAD6(

[h'*X[¨(n�¾MõtöXúgBö12o?��FARIS+Ì�<ê6

�<KMvMZ[UF�¯ýAiK1`:(n�6�:1¡�5Õ7K>**

<K>*dJfhiKY!¨F+,: Sexual conflict1ÊL&5+�K°?��F

+,MYSK�BM:ÐX¦§­dÐÐK>*d1AiUXKYARIS*�6+

Ì�6�Bmn:>6 Sexual conflict1¡�5ÃaEUXK*qrAiFG�n

M|XU6MvdõtöXY&i�9<êFZo¾QRd:[��E<X(9

Õ6MvML&¬|*ÕÖhiFARISdmn�¾<ç~*<K>*LJfhi

KY 



 220 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7-1 +,6ÑÉ'*4V' 



 221 
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