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ŵ 1ų ÷Ƽ 

ŵ 1Ź Tv`Gǃ#ƊƲĀ�ǵ 

� Tv`Gǃ$œÄ#�! 9įč�6�č¤# 1 ���5��# ã9őƭ

�6��$İ�!œÄŐǀ9ƌæ�6{�ăǱ��6	Tv`Gǃ$�I]m

{"Ġ
7�Ǜ�ĉÐ��6Ǜ�Ú�ǉ¢�ƊƲ�7�»č�7�<l]ǟǣ

��6	2003ô�Watson� Crick����Wilkins4� NatureƷ" DNA#�Ǡ

ơěįǓ9šƥ�� 1953 ô
4 50 Âô#ô"�aYI]m#ƭƺÞ��áƯ

�7�	aYI]m#ƭƺÞ�"35+, �#Ǜ�Ú�őƭ�7�JyZ�

7��6Tv`Gǃ#zĴįǓ��!8�<l]ǟǝ¦�őƭ�7�	aYI

]m#ƭƺ$ę�!Ǜ�Ú2Tv`Gǃ#šƪ91�4��¤ÚœōÜ2ſƐ

œōÜ����ÜÈ¤ǡ#ší"×��ä~��	�
�Tv`Gǃ# ã9

őƭ�6{�$�I]m#ƭƺ���$}±¤����	œ�¡"ÛÌ�6T

v`Gǃ$�ºTv`Gǃ"ǚ��Ų�įǓ9�6���§0�Ĳƒ9Ģ�6	

Ö�#Tv`Gǃ$ĵ��Ų�įǓ9�6�0"�İ�!°ÜŢ�ǵ9¸�6	

�#�ǵ#��9ƊƲĀ�ǵ�Ã(	�!8��Ö�#Tv`Gǃ$ƊƲĀ�

ǵ9¸�ĵ��Đ5Ř-76����§0�Ĳƒ9Ģ�63�"!6	�-5

Tv`Gǃ# ãƭĝ"$�ƊƲĀ�ǵ#őƭ�ăǱ��6	 

� ƊƲĀ�ǵ"$ÖĖ#ŰǴ�ÛÌ�6	��%rvǟ°$��"ſƐ¡MH

[s�ǘ#Ǫ"ǠƩ���6Tv`Gǃ�¨#�6Tv`Gǃ9rvǟ°��

�4"�#rvǟ°�7�Tv`Gǃ�¨#Tv`Gǃ9rvǟ°�6���

��3�"ǔǣŢ"ǅ�6Ñ»�Ö�[1-4]	-��pbEUv°1�ƥŢ!Ɗ

ƲĀ�ǵ# 1 ���K48 ÍpbEUv°$Tv`Gǃ¤ƭ"Ǧ~�[5-7]�-�

K63ÍpbEUv°$ DNA�ā"ǠƩ��6[8]	�#3�"�Ű�#ſƐŐǀ

9¤Úths�őƭ�6�0"$�ƊƲĀ�ǵ9őƭ�6���ăƩ}¹ĳ�

�5�ƊƲĀ�ǵ#Ũű$35zï�#ǠƩĆ9Ò�����6	 

 

ŵ 2Ź żǣ�ǵ 

� żǣ�ǵ$ƊƲĀ�ǵ# 1 Ű��5��6Ŏß#<l]ǟ"żǣ��®�6
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�ǵ��6	żǣ$�Ĭǟ�Tv`Gǃ"Ƅ�ŵ 3 #œÄǣ�Ã%7�ŵ 1 #

ǣ��6Ĭǟ�ŵ 2 #ǣ��6Tv`Gǃ9ƭĪ�6���$¤
4!�Ö�

#œÄŐǀ��ŵ 3 #ǣ��6żǣ9őƭ�6���§0�őƭ£ĩ6	�#

3�"�żTv`Gǃ#ƭĪ�œÄŐǀ9őƭ�6{�ǭó"ǠƩ��7�	

5�Ŀţ9ǫ0��6	 

� żǣ�ǵ$�"�¤ĽÍxƘǁǑÍTv`Gǃ�ǅ�6	¤ĽÍxƘǁǑÍ

Tv`Gǃ#Ö�$��# NĦŴ" signal peptide�Ã%76�Ǥ�Ė±#řĻ

Ć<l]ǟ�ÛÌ�6	Signal peptide 9Ģ�6Tv`Gǃ$�ƊƲĀǒ2
"

êƐ�(ER)Ƙ9ǁǑ��signal peptide�¥Ę�76����Ƅ�<l]ǟ$ ER

¡)�ǋǐ�76	ER "ǋǐ�76�¼ğ"��6�$ǋǐĀ�ER ¡#Ǟž

#��"35żǣ�ǵ�ǅ�6[9-11]	żǣ�ǵ�7�Tv`Gǃ$��#ĀK

sN�)�ǋǐ�7�KsN�¡��4!6®ñ�ǅ�[10]��#ĀſƐÕ)¤

Ľ�7�5ſƐƘ2rSSym)�ǋǐ�76(Fig. 1-1)	żǣ�ǵ$Tv`Gǃ

#dAysX=vH�ÝßĆ�¤Ľ�Ɯŋ�Ś¶Ą9ŀĆ°��6Ǫ#Ƹƽ@

cYyf! "Ǧ~���6[12-15]	�#�0��#Tv`Gǃ"����ż

ǣ�ǵ#ŏČ9ƭĪ���#Ĳƒ9őƭ�6��$�żTv`Gǃ9őƭ�6

{�ǭó"ǠƩ�!���6	 

� ŐÌŧ47��6żǣ�ǵ"$�N Í�O Í�C Í���� GPI <vCyÍ

# 4 ŰǴ��6(Fig. 1-2)	�#¡ GPI <vCyÍ$�żǣ�Ɠǃ
4!6żƓ

ǃ�ǵ��6	GPI <vCyÍ�$�HrJMsiOd;UNs>]MYys

(GPI)�Ŏß#Tv`Gǃ"Ƃ»���4"Ɠǃǜ¤9���ſƐƘ"Ƃ»�6

����GPI<vCyÍTv`Gǃ9ſƐƘ"�!
�06þ¬9đ�����

�#żǣ�ǵ"$!�ŎĶ!įǓ9đ�	ħƼė�$��#ŎĶįǓ��6 GPI

<vCyÍ9Ǩ��� N Íżǣ�ǵ (N-glycosylation)�O Íżǣ�ǵ

(O-glycosylation)�CÍż�ǵ(C-mannosylation)"�����7�7Ŏß#Tv`

Gǃ"Ŋň9ú�Ũű9ƣ��	  



 3 

 

 

 

Fig. 1-1. Mechanism of protein glycosylation. 

 

 

Fig. 1-2. Variation of protein glycosylation in vertebrate. 
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1) N-glycosylation 

� N-glycosylation$ĺǊŢƞ�ƭĪ�7�żǣ�ǵ���#�ǵnC\Pm2Ʈ

Ù�6Ǟž"���1ƭĪ�Ǖ:��6	N-glycosylation�$�309ǆ�6Ǟž

�Ĵ�����"35�ż#�®�YrlvH�ƣ87�čŌ��żǣ"čǤ

����(Fig. 1-3)[15-18]	N-glycosylation$-��ſƐǃ�# UDP-GlcNAc
4

ERƘ{"�6ZrJysrvǟ(Dol-P)" GlcNAc-P��®�6�
4Ø-6	

�#Ā�ER Ƙ{#ſƐǃ�� GDP-Man 
4 mannose � 5 ż�®�6���

Man5GlcNAc2-PP-Dol��476	Ĵ"��#Man5GlcNAc2-PP-Dol� ERƘ{9

¶ǉ�� ER¡Ɣ9¾���4"ż��®�čŌ����[19-21]	�#¶ǉ9ǅ

��Ǫ"ăƩ!Ǟž� flippase ��6 RFT1 ��6[22]	¶ǉ� ER ¡Ɣ�9¾

��Man5GlcNAc2-PP-Dol"$��4" Dol-P-Man
4 ALG3, ALG9, ALG12"

35 mannose� 4ż�®��Ƅ�� Dol-P-Glc
4 ALG6, ALG8, ALG10"35

glucose� 3ż�®�6[22-28]	���� Glc3Man9GlcNAc2-PP-Dol�!5��#

14ż#żǣªǶ� Glc3Man9GlcNAc2� oligosaccharyltransferase (OST)"35Tv

`Gǃ#<O`qFv(Asn)ķÏ"ǉů�6��N-glycosylation�ǅ�6[29,30]	

�4"�#Ā# ER-�$KsN�¡�#Ǟž¶Ą"35��4!6ż#�®2

YrlvH�ƣ87�35čŌ��żǣ�Þč�6[10]	 

� N-glycosylation$Tv`Gǃ# AsnķÏ�ǅ�6���7$ # AsnķÏ�1

ǅ�6Ʋ�$!�	N-glycosylation$�¤ĽÍxƘǁǑÍTv`Gǃ#¡��#

<l]ǟǝ¦�" Asn-Xaa-Ser/Thr (Xaa: Pro9Ǩ��Ċ#<l]ǟ)#JvQv

LOǝ¦9đ�Ñ»"#.ǅ�6[10]	�
��JvQvLOǝ¦9đ� �#

Tv`Gǃ� N-glycosylation �7��6Ʋ�$!��JvQvLOǝ¦$

N-glycosylation#ăƩĨ���5�±¤Ĩ��$!�	  
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Fig. 1-3. Mechanism of N-glycosylation. 
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2) O-glycosylation 

� O-glycosylation 1 N-glycosylation ��'ƭĪ�Ǖ:��6żǣ�ǵ��6	

N-glycosylation �$�Asn ķÏ"ŤēƂ»�6ż$ GlcNAc ��6��

O-glycosylation �$ Ser/Thr ķÏ"ŤēƂ»�6ż"İ�!ŰǴ��6[10]	ġ

1zƝŢ!1#$�GalNAc�Ƃ»�61#(O-GalNAcylation)��mUv9Ø0

���Ö�#Tv`Gǃ{�šƪ�7��6	�#�"1 mannose �Ƃ»�6

1#(O-mannosylation)2�glucose�Ƃ»�61#(O-glucosylation)�GlcNAc�Ƃ

»�61#(O-GlcNAcylation)! ����
#ŰǴ�ÐÁ�7��6��ħƼė

�$ fucose�Ƃ»�61#(O-fucosylation)"Ŋň9ú�Ũű9ƣ���0��Ā

ƶſ9Ǐ*6	 

� 1975ô�Hallgren4�aYë�35 Glc-Fuc# 2ż��ǵ�7�OtB\v9

šƪ������O-fucosylation$šƪ�7�[31]	�#Ā�epidermal growth factor 

(EGF)-like repeat9đ�ƨĖ#Tv`Gǃ��O-fucosylation�Ĵ��ÐÁ�7�

[32-35]��ƶſ!żǣ#ƭĪ#Ƃī�EGF-like repeat "Ƃ»�6żǣ$

NeuAc-α2,3/α2,6-Gal-β1,4 -GlcNAc-β1,3-Fuc
4č6 4ż����[35]	ġ§"š

ƪ�7� Glc-Fuc# 2ż�Ƃ»�6Tv`Gǃ$Ǥ4�}ĝ#--������

2001ô�Hofsteenge4� thrombospondin-1"	�� Glc-Fuc
4č6 2ż"36

O-fucosylation 9šƪ��[36]	�#šƪ"35�thrombospondin type-1 repeat 

(TSR1)9đ�Tv`Gǃ# Glc-Fuc# 2ż"36 O-fucosylation�Ĵ��ÐÁ�

7�[37-39]	�74#šƪ
4�EGF-like repeat� TSR1"	�6 O-fucosylation

�ŗ!6żǣ��ǵ�76���ūÆ�7�àǪ"ºZn>v9�ǵ�6Ǟž

��7�7¼ß�7�����O-fucosylation "$ 2 �#ŗ!6ƁǇ�ÛÌ�6

���ū�7�	�!8��EGF-like repeat# O-fucosylation9ƮÙ�6Ǟž�

protein O-fucosyltransferase1 (Pofut1)��5�TSR1# O-fucosylation9ƮÙ�6Ǟ

ž� Pofut2��6���¼ß�7�[40-42]	 

� N-glycosylation�¼İ�O-fucosylation"1JvQvLOǝ¦�ÛÌ��Pofut1

�$ EGF-like repeat �# Cys-Xaa4-5-Ser/Thr-Cys�Pofut2 �$ TSR1 �#

Cys-Xaa2-3-Ser/Thr-Cys-Xaa2-Gly# Ser/Thr"ç� O-fucose�Ƃ»�6[40-42]	�
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7�7# O-fucose$��#Ā�4"ǰĴǞž������ġƀŢ"$�EGF-like 

repeat"ç��$ NeuAc-α2,3/α2,6-Gal-β1,4 -GlcNAc-β1,3-Fuc# 4ż��TSR1"

ç��$ Glc-β1,3-Fuc# 2ż�Ƃ»�6(Fig. 1-4)[43]	 

 

 

 

 

 

Fig. 1-4. Two independent O-fucosylation pathways. 
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3) C-mannosylation 

� 1994ô�Hofsteenge4$�aY RNase2# 7Ŗţ# TrpķÏ#>vZysŒ#

2�#Ňž9����Ňž-ŇžƂ»�³ż# hexose���ęƫż�ǵ9šƪ�

[44]��#Ɖô"$�#ż� mannose��6��9ÐÁ��(Fig. 1-5)[45]	ęƫ

ż�ǵ������
4��#Ā1 Hofsteenge 4"3��İ�!ĮƱ�!�7

�Ƃī�C-mannosylation �aY�k?O�eT�^mOTy�Ls! Å�Ǵ

¯ō#ſƐ�$ǅ�5�ĭō�ĜƠ�×ƖƟ! �$ǅ�4!���[46]�

C-mannosylation # mannose Z[y� Dol-P-Man ��5��#¶Ą� ER 9Ö�

À/ŕ¤��6lGuSymŕ¤"ÛÌ�6Ǟž#��"35ǅ�6���ū

�7�[47]	�4"$�RNase2 # 7 Ŗţ# Trp ķÏÂǌ#<l]ǟ9Ôŗ��

� C-mannosylation �ǅ�6
¿
9ƻ*�Ƃī
4�C-mannosylation $

Trp-Xaa-Xaa-Trp #ġ§# Trp ķÏ�ǅ�6���ū�7[48]�C-mannosylation

#JvQvLOǝ¦�ĔÇ�7�	�74#Ƃī
4�ŐÌ C-mannosylation#

nC\Pm$Ĵ#3�"ƌ�47��6(Fig. 1-6)	-��dolichol kinase (DOLK)

"35 dolichol�rvǟ°�7�Dol-P�»č�76	��"�dolichol-phosphate 

mannosyltransferase (DPM)ƨ»�"35�GDP-Man
4 Dol-P" mannose�ǉů

�7�Dol-P-Man �»č�76	�7��flippase "35 ER Ƙ{�¶ǉ�6�

���Dol-P-Man �ſƐǃ�
4 ER ¡Ɣ�9¾�	ġĀ"�Dol-P-Man 
4

C-mannoseǉůǞž"35JvQvLOǝ¦{#TrpķÏ"mannose�ǉů�6

���C-mannosylation �Þ��6[49]	ǎô"!5�ƆƠ"	�� TSR1 �#

TrpķÏ"ç�6 C-mannoseǉůǞž��� Dpy19�ÐÁ�7�[50]���#œ

ōŰ"	��$ĥ� C-mannoseǉůǞž$¼ß�7��!�	  
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Fig. 1-5. Structure of C-mannosyltryptophan. 

 

Fig. 1-6. Putative C-mannosylation pathway.  
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� Krieg 4$�1998 ô" RNase2 # Trp7 # C-mannosylation #ƭĪ
4�

C-mannosylation #JvQvLOǝ¦��� Trp-Xaa-Xaa-Trp 9ÐÁ��[48]��

Ƨ�ƨ»�įčÊÚ��6 C62 C7Tv`Gǃ! "	��$��#JvQv

LOǝ¦"©4!� TrpķÏ"	��1 C-mannosylation�ÐÁ�7��6[51]	

Julenius$�2007ô-�"C-mannosylation�ÐÁ�7���Tv`Gǃ"�6�

69 wĎ# C-mannosylation site #Âǌ#<l]ǟ9ƃưŢ"ƭĪ��Ƃī�

Trp-Xaa-Xaa-Cys�#ġ§#TrpķÏ�1Ǹǳø"C-mannosylation�ǅ�6��

9ÐÁ��[52]	���ħƼė"	��$�C-mannosylation#ǅ�6ăƩĨ�9

¤ĽÍxƘǁǑÍTv`Gǃ#¡�Trp-Xaa-Xaa-Trp/Cys #JvQvLOǝ¦9

Ģ�6�����	 

 

� �{#3�"�ºżǣ�ǵ$�7�7JvQvLOǝ¦�ĔÇ�7�	5�

±¤"Ũű�Ǖ:��6
#3�"ą876	�
��àǪ"$�74#Jv

QvLOǝ¦9Ģ����1�żǣ�ǵ�ǅ�4!�Ñ»1�6	�-5�º

Tv`Gǃ� #3�!żǣ�ǵ9¸���6
$�àǪ"��#Tv`Gǃ

"���ƭĪ�6ăƩ��6	-��żǣ�ǵ$İ�!Ĳƒ9Ģ���6��


4���#Tv`Gǃ"�����#żǣ�ǵ� #3�"ýǯ���6


$��7�7"���ƶſ!ƭĪ9ƣ�ăƩ��6	���ħƼė�$�1) 

cathepsin V# N-glycosylation��#þ¬#ƭĪ�2) CCN1# O-fucosylation��

#þ¬#ƭĪ�3) R-spondin1# C-mannosylation#þ¬�ǂ�Ǟž#ƭĪ�# 3

�#Wyk"���Ũű9ƣ��	Ĵ"�ºTv`Gǃ#ƶſ"���Ǐ*6	 

 

ŵ 3Ź Cathepsin V 

� Cathepsin V (CTSV)$�cathepsin (CTS)d;lry"î�6MOW>vfuW

<yR# 1Ű��6[53,54]	CTSd;lry$B, C, D, E, F, G, H, K, L, O, S, V, W, 

X# 14ŰǴ�ŧ47��6���#¡ CTSD, CTSE, CTSG�Õ# 11ŰǴ$M

OW>vfuW<yR��6	-��CTSE�@vZSym�CTSG�ſƐƥǮ

"ÛÌ�6�Õ$ �rSSym"ìÌ���"$rSSym"	�6Tv`
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Gǃ¤ƭ"Ǧ~���6[55-58]	zƝ" CTSǴ$}ŀĆ!ªǶ����»č�

7�N ĦŴ�# pro-peptide �¥Ę�76���ŀĆÍ�!6[57,59]	�#¥Ę

$�rSSym)ǋǐ�7�Ā�ǟĆĨ�|"�4�76���ƜòŀĆ°��

	��"¥Ę�6Ñ»��¨#fuW<yR"35¥Ę�76Ñ»# 2 Ǒ5�

�6	 

� CTSǴ#��1Ŏ" CTSB$�Š#ĈĆ°�#Ǧ~� 30ô�{1Ğ
4Ēĕ

�7��6[58,60]	�4"�#Ā#Ũű"35�İ�! CTS Ǵ�Ǘ«šŐ��

�6����ĖÖ�#Š���%�Š�ƎŠ�×ƖŠ�nq]yk! �ÐÁ

�7��6[61,62]	Ö�#ƛöXyT�àǷŢ!k?OŠoXs"35�CTS

Ǵ$Š#Ǖƣ�Łņ# �4"���1ǠƩ!þ¬9ī����6���ū�

7��6[61,63]	�4"�CTS Ǵ#šŐths�Šćƍ#�Ā}ƞ"$ťǦ�

�5�CTSǴ�Š#�Ā9�Ņ�6kyCy"!5�6���ū�7��6[64]	

Ŏ" CTSB, CTSL$Ɯǈ#ǞžŀĆ�1��$ uPA! #�#fuW<yR9

ŀĆ°�6��"35�ſƐÕkYrGO9¤ƭ��ŠſƐ#ǖǄ2Łņ9�

Ǖ�6[65,66]	 

� CTSV $§0�ƑƗµ'Żð�#šŐ�ŪƸ�7[53]��#ĀǠŝŷŉ­ŝ�

IÍżëŜ�ŬƁÔĆść�#Ǧ��ū�7��6[67,68]	Š�$��Š2×Ɩ

Š"	��ǸšŐ�ŪƸ�7��6[53]	�4"aY CTSV$�Š#ĈĆ°�Ǧ

~�ŧ476aY CTSL�Ž 78%#ť¼Ć��6��
4�CTSV1¼İ"Š#

ĈĆ°"Ǧ8���6���ƌ�476[53,54]	�4"�k?O CTSL �aY

CTSL#ť¼Ć�ĺǊ��Ƃī�k?O CTSL�aY CTSV�#ť¼Ć#Ě�Ǹ

��-�k?O"$ CTSV�ÛÌ���!����¤
��[69]	�74#�à


4�CTSV$ CTSL�¼İ#Ĳƒ9đ��CTSL"$!�ǠƩ!Ĳƒ9Ů0�

�6¹ƒĆ�ƌ�47��6	 

� CTSǴ"	���N-glycosylation�7��6���ƴĝ�7��6Tv`Gǃ

$���
�6���#¡ N-glycosylation#þ¬�ƻ*47��6#$qVY#

CTSE#.��6	qVY CTSE# N-glycosylation$��#fuQMvH�ſƐ

¡ìÌ�Tv`Gǃ#čŌ"ǠƩ��6���ū�7��6[70,71]	�7�Õ
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# CTSǴ�Ŏ"aY CTSǴ"	�� N-glycosylation#þ¬�ū�7��61#

$ŉ�	aY CTSV $��#<l]ǟǝ¦�" Asn221 � Asn292 # 2 wĎ#

N-glycosylationJvQvLOǝ¦9Ģ���6(Fig. 1-7)	�
���# 2CĎ�

N-glycosylation�7��6
¿
$ū�7�	4���#þ¬"���1}ĝ�

�6	���ħƼėŵ 2ų�$�CTSV� N-glycosylation�7��6
¿
9ƭ

Ī���4"$�#Ĳƒ"~�6ýǯ9ƭĪ�6�����	CTSV�Š2żë

Ŝ! �Ǧ���6���ūÆ�7��6��
4�CTSV# N-glycosylation#

ƭĪ��ę�!śćļşľ#ǥš"�!�6���Ĥÿ�76	  
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Fig. 1-7. Schematic of human CTSV. 

A black box, a hatched bar, three asterisks, and two sugar chains denote the signal 

peptide, the pro-peptide, active sites, and putative N-glycosylation sites, respectively. 

  

1 17 18 113 114 334 

Signal 
peptide�

pro-peptide� Putative N-glycosylation sites�

* * *
Cys138� His277� Asn301�

Asn292�Asn221�
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ŵ 4Ź CCN1 

� CCN1$�¨½ Cyr61���1ŧ47�ſƐÕkYrGO(ECM)ǲÎ"ÛÌ�

6kYrQsqyTv`Gǃ��5�MOW>v�ƿå"À-76¤ĽÍTv

`Gǃƈ�CCNd;lry"î�6[72]	CCNd;lry$ CCN1~CCN6# 6

�
4č5�NĦŴ" signal peptide9Ģ��Ƅ�� 4�#ĲƒZn>v9Ģ�

��6(Fig. 1-8)[72,73]	CCN1 #�74 4 �#ĲƒZn>v$��7�7�

integrin�g`qvũǟfuWBHrCv(HSPGs)�TGF-β! �#Ƃ»2�CCN

Tv`Gǃ¼Ó#ÖǢ�°! "Ǧ~���6[74,75]	�#�0�ſƐÒĸ2

ſƐēŦ�ǖǄ�Łņ�ƢŸęœ�ſƐƋ°�<jYyMO! ǭó"õź"

ń6Ĳƒ9Ģ���6[72,73,76]	CCN1 $�#3�!Ĳƒ9Ģ���6��


4��#ŗó!ŀĆ°�ƕŞûč2ƕŞčǤ�����Š#ĈĆ°"ä~��

�6�����Š2ƏŠ�ƙƚŠ! �ÐÁ�7��6[77-79]	�74#ÐÁ


4�CCN1$Š#ļşıŢ2ƳĘkyCy���#ĄŔ�Ĥÿ�7��6	 

� aY CCN1 $ TSR1 Zn>v9Ģ��-�<l]ǟǝ¦�# Thr242" Pofut2

"36 O-fucosylation#JvQvLOǝ¦9Ģ���6(Fig. 1-8)	�
��CCN1

#O-fucosylation$ū�7�	4���#þ¬"���1ĝ4
"�7��!�	

���ħƼėŵ 3ų�$�CCN1� O-fucosylation�7��6
¿
9ƭĪ��

�#Ĳƒ"~�6ýǯ9Ƶ���	CCN1�Š#ļşıŢ2ƳĘkyCy)�Ą

Ŕ�76¹ƒĆ��6��
4�CCN1# O-fucosylation#ƭĪ$�ę�!Šļ

şľ9ǥš�6{�ǠƩ!ŧƪ9Ĕ��6���£ĩ��4"$àǪ#ļşľ

#ǥš"�!�6¹ƒĆ1Ů0��6	 
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Fig. 1-8. Schematic of human CCN1. 

A black box, a gray box, a hatched bar, a checked bar, a dotted bar, and a hexagonal 

shape denote the signal peptide, the insulin-like growth factor binding protein (IGFBP) 

N-terminal domain, the von Willebrand factor type C repeat (vWC), the 

thrombospondin type-1 repeat (TSR1), the cysteine knot motif (CT), and the putative 

O-fucosylation site, respectively. 

  

Signal peptide�

1 24 25 94 98 286 164 228 273 

Thr242 

360 381 

IGFBP N-terminal�

vWC�

TSR1�
CT�

Putative O-fucosylation site�



 16 

ŵ 5Ź R-spondin1 

� R-spondin1 (Rspo1)$ 2004ô�Kamata4"3��šƪ�ÐÁ�7�[80]	aY

"	��$�Rspo$Rspo1~Rspo4#4ŰǴ�ÛÌ���#<l]ǟǝ¦$40~60%

��Û�7��6	 �# Rspod;lryTv`Gǃ$��# NĦŴ" signal 

peptide��#Ā 2�# furin repeatZn>v� 1�# TSR1Zn>v9Ģ�6(Fig. 

1-9)	Rspo$ 2�# furin repeat9���zinc and ring finger protein 3 (ZNRF3)�

leucine-rich repeat-containing G-protein-coupled receptors (LGR) 4~LGR6"�7�7

Ƃ»�6���ÐÁ�7��6[81-83]	ZNRF3 $Ǒó�Wnt #¸ã���6

frizzled 9pbEUv°��fuW<Sym"36¤ƭ9������Wnt MH

[s9ŃƦ��6WntMH[s#<vTK\OY���Ĳƒ���6	Rspo$

ZNRF32 LGR4~6�ƨ»�9ûč�6��"35��#ƨ»�#ſƐ¡)#·

5Ǎ.�¤ƭ9�Ǖ�6����ZNRF3 #pbEUvrDyRŀĆ9ǧâ��

�#ƂīWnt#¸ã���6 frizzled#Ýß°9�Ǖ�6[82-84]	3���Rspo

$Wnt²ƻŢ"�����WntMH[s9Òù�6�Wnt<K\OYŀĆ�Ð

Á�7��6[85,86]	 

� zƝ" Wnt MH[s$�§Ĥšœ2ûČûč#Ű�#Ĺǩ"	��ǠƩ��

5�WntMH[s"35šŐƹé�76Ǜ�Ú"$�myc2 cyclin D1 ! ��

6	�
���74#ŗóŀĆ°$Š"Ǧ~�6���ÐÁ�7�	5��#

�0WntMH[s#ŗó!ŀĆ°$Š#´Ê�!6[87,88]	Ŏ" Rspo�Š�#

Ǧǔ$�ǎô"!5ŀš"ƾƼ�7��6[89-91]	 

� Rspo1 $��#<l]ǟǝ¦�# Trp153� Trp156# 2 wĎ" C-mannosylation

#JvQvLOǝ¦9Ģ���6(Fig. 1-9)	�
��Rspo1 # C-mannosylation

$ū�7�	4���#þ¬1ÐÁ�7��!�	���ħƼėŵ 4 ų�$�

Rspo1 � C-mannosylation �7��6
¿
9ƭĪ���#Ĳƒ"~�6ýǯ9

Ƶ���	Rspo1�WntMH[s#<K\OY��6��
4�Rspo1�Š#Ĉ

Ć°"Ǧ8���6¹ƒĆ$Ǹ��àǪ" Rspo �Š#Ǧ~1ū�7���6	

�-5 Rspo1# C-mannosylation#ƭĪ$�èĩ#Šļş#ıŢ"!6¹ƒĆ�

�6	 
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Fig. 1-9. Schematic of human Rspo1. 

A black box, two hatched bars, a gray box, and two hexagonal shapes denote the signal 

peptide, furin repeats, the thrombospondin type-1 repeat (TSR1), and two putative 

C-mannosylation sites, respectively. 

  

1 20 34 85 91 263 

Signal peptide�

Furin repeat�

135 147 207 

TSR1�

Trp153 Trp156 

Putative C-mannosylation site�
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ŵ 6Ź ħŨű#ţŢ 

� Ĭǟ�Tv`Gǃ"Ƅ�ŵ 3 #œÄǣ��6żǣ$�Tv`Gǃ"İ�!Ĳ

ƒ9�~��	5�Tv`Gǃ#őƭ�&��$œÄ#őƭ"$żǣ�ǵ#�

4!6ƭĪ�ăǱ��6	ǎô#ŭÜďƤ#šǘ"35�tGUv2Ǹċø!

ǃǢ¤ĪưŶ9Ŕ��żTv`Gǃ#ƅƇŢőƭ”Hq>JfuWBlGOƭ

Ī”1Ǖ.���6	�
��ĂǢTv`Gǃ#Į£2�ê�!żǣ#�®#Į

£�Ŏ" O-fucosylation2 C-mannosylation#Į£$�ŐÌ#ďƤ���$ĥ�}

±¤��5�ƅƇŢƭĪ$ËǬ��6	-��Tv`Gǃ� #3�!żǣ�

ǵ9¸���6
$�JvQvLOǝ¦
4���$¤
4����#Tv`

Gǃ"����¨"ƭĪ�6ăƩ��6	�4"$�żǣ�ǵ�Ģ�6Öü!

Ĳƒ�ºTv`Gǃ"~�6ýǯ"Ǧ��$��7�7"���ƶſ!ƭĪ9

ƣ8!�7%¤
4!�	���ħƼė�$�1) cathepsin V # N-glycosylation

��#þ¬#ƭĪ�2) CCN1# O-fucosylation��#þ¬#ƭĪ�3) R-spondin1

# C-mannosylation#þ¬�ǂ�Ǟž#ƭĪ�# 3�#Wyk"���Ũű9ƣ

��	�7�7 NÍ�OÍ�CÍ# 3�#żǣ�ǵ"���Ũű9ƣ�����

żǣ�ǵ Ɲ"���#őƭ9ł06���!��ºżǣ�ǵ�đ�Ĳƒ#Ǵ

�ňxťǙň"���ƌæ9ƣ�	-���ÉŦţ�6 3 �#Tv`Gǃ$ 

71Š! #ść#ļşıŢ2_>BkyCy���ĢģƬ�7��61#�

���5�ºżǣ�ǵ#Ĳƒ"~�6ýǯ9Ƶ��6����ħŨűčī�è

ĩ#ļşľ#ǥš"�!�6���Ĥÿ£ĩ6	 
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Ĝ 2Ě Cathepsin V N-glycosylation�� Ä� ŀâ 

� Ģš�Ŭ p�)Û)ĵ
ēĘ���/��. N-glycosylation!�é��Ih

U<ň�Ŋ�.���¬£�/�� ìİ����)çŁ��/��.	VN

cathepsinY3`djIhU<ň�	��)�cathepsin B* L���
�
�	

�� N-glycosylation µ§!ĕ�/��.��� ìİ1ŀâ��|!��	Ą

�VN cathepsin V�ţ��!�N-glycosylation ¬£)�
�ìİŀâ)��/

����	���Ĝ 2Ě�! cathepsin V�đĐ��cathepsin V� N-glycosylation

�/.
¡
�N-glycosylation�/��.­��!� ìİ�n�.Ãũ���

�Ń}��	 

 

Ĝ 1Ğ Cathepsin V N-glycosylation ĔŅ 

� VN cathepsin V (CTSV) 4`SŜŚ�1MjI\jD+-�Ç��� Ś�

1ŀâ����0�CTSV  221 ċĐ�" 292 ċĐ 4DUc;hî«�

N-glycosylation ?hFhADŚ���. Asn-Xaa-Ser/Thr (Xaa ≠ Pro)1ý��

���(Fig. 2-1)	N©Ģš!²Ģ
,èË�/�1� N©Ģš�	+� 2~3 kDa

 ňŠ��.	�&-�SDS-PAGE�IhU<ň1�ŧ��Ŧ�N-glycosylation

 Üā�+-4<de4`O>el� IhU<ň Ė�Á!°��.	kØ�

N-glycosylation  Ť¹���� tunicamycin (TM)�Ē,/��.[92]	����

CTSV� N-glycosylation�/��.
¡
1�TM1�Ć��Ŧ 4<de4`

O>el� CTSVIhU<ň Ė�Á�Ń}��	 

� &��CTSV CÞě� myc�" his6 I=1t��� CTSV-MHIhU<

ň ŕ�ĎąĦį1ëę��(Fig. 2-2)	� ŕ�ĎąĦį� N-glycosylationŤ¹

���. TM1�Ć����0�CTSVIhU<ň x�´ŠØ # BYN�

Ŀº�/�(Fig. 2-3)	ul ��
,�CTSV N-glycosylation�ĕ¤�/�	  
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Fig. 2-1. Amino acid sequence of human CTSV. 

N-glycosylation consensus sequences are indicated by underlines. The locations of two 

putative N-glycosylation sites (Asn221 and Asn292) are indicated in red. 

 

 

Fig. 2-2. Establishment of a CTSV-overexpressing cell line, HT1080-CTSV-MH. 

Exponentially growing HT1080-neo and HT1080-CTSV-MH cells were lysed and each 

cell lysate was electrophoresed and immunoblotted with anti-c-myc antibody. The 

membrane after immunoblotting was visualized with CBB. 

MNLSLVLAAF CLGIASAVPK FDQNLDTKWY QWKATHRRLY GANEEGWRRA 
VWEKNMKMIE LHNGEYSQGK HGFTMAMNAF GDMTNEEFRQ MMGCFRNQKF 
RKGKVFREPL FLDLPKSVDW RKKGYVTPVK NQKQCGSCWA FSATGALEGQ 
MFRKTGKLVS LSEQNLVDCS RPQGNQGCNG GFMARAFQYV KENGGLDSEE 
SYPYVAVDEI CKYRPENSVA NDTGFTVVAP GKEKALMKAV ATVGPISVAM 
DAGHSSFQFY KSGIYFEPDC SSKNLDHGVL VVGYGFEGAN SNNSKYWLVK 
NSWGPEWGSN GYVKIAKDKN NHCGIATAAS YPNV 
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Fig. 2-3. Human CTSV was N-glycosylated. 

HT1080-neo and HT1080-CTSV-MH cells were treated with or without 10 µg/mL 

tunicamycin (TM) for 24 h. Cells were lysed, and each cell lysate was electrophoresed 

and immunoblotted with the indicated antibodies. 
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� í��CTSV�¸Ŧ� N-glycosylation�/��.
¡
��" N-glycosylation

�/.4`SŜ Ą·1�.�(�ňŠ�â�+-ŀâ��	&��CTSVŕ�

ĎąĦį1³Šªŭ��� ªŭlù+- Ni-NTA agarose�+.4Y5QL5

jġĽ1Ļ��	ġĽ��Ah[e1 SDS-PAGE�+-�ŧ��CBBäĶ1Ļ

��	� Ĩã�Ĥ 40 kDatŏ� CTSV�Ĭ�,/.ThO�ĔŅ�/�(Fig. 

2-4)	����ġĽAh[e�»��N-glycosylationŘÐď�Öśĥ��. PNGase 

F1�Ć���,�[gL4jG��. Achromobacter protease I (API)1�Ć�

.����][JOÖă�1Ļ��	�/,][JOÖă�»��MALDI-TOF 

MS�"MS/MSŀâ1Ļ��	MALDI-TOF MS Ĩã+-�PNGase FÝ�Ć

�!ĔŅ�/��PNGase F�ĆÚ�×��ą/�Xj<� 2�(m/z 2123.0�"

2292.0)ĔŅ�/� (Fig. 2-5)	�,��/�/ Xj< m/z !�
213YRPENSVADDTGFTVVAPGK232 �" 274NLDHGVLVVGYGFEGANSDNSK295

 Ćņ�(�/�/ m/z 2123.0�" 2292.0)�¶��kĴ��(D! N-glycosylation

�/� Asnî« N©Ģš� PNGase F�+-�Ö�/�Aspî«#°����

�1ļ�)	ul+-�CTSV � 221 ċĐ�" 292 ċĐ Asn î«�	��

N-glycosylation�/��.���ĕ¤�/�	 

� CTSV Asn221�" Asn292� N-glycosylation�ĕ¤�/��(��/�/ 

][JOÖă Ś� ĔŅ�" N-glycosylation site  �· �(�MS/MS ŀâ

1Ļ��	� Ĩã�Fig. 2-6�ĕ��/�/ ][JOÖăĉá b-ions�"

y-ions�ĔŅ�/�	Ą��221ċĐ�" 292ċĐ Asnî«!�PNGase F�

Ć�+- Dî«#�ňŠ�°���][JOÖă���ç��/�	ul+-�

CTSVŕ�ĎąĦį+-ġĽ���ñ�/� CTSV!�Asn221�" Asn292 2i

Ì�	�� N-glycosylation�/��.���ĕ�/�	  
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Fig. 2-4. Purification of recombinant CTSV protein from the conditioned medium 

of HT1080-CTSV-MH cells. 

HT1080-CTSV-MH cells were cultured in serum-free DMEM for 24 h, before the 

cultured medium was collected. The obtained cultured medium was incubated with 

Ni-NTA agarose, and the bound proteins were eluted with 300 mM imidazole. The 

proteins were electrophoresed on an SDS-polyacrylamide gel, and detected by CBB 

staining.  
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Fig. 2-5. Representative MALDI-TOF MS data for N-glycosylation of Asn221 and 

Asn292. 

Purified cathepsin V was treated with (lower) or without (upper) PNGase F, and 

subjected to SDS-polyacrylamide gels. Samples were digested with API, and the 

resulting peptides were analyzed by MALDI-TOF MS. Fragments converting Asn221 

and Asn292 with Asp by PNGase F had the expected masses of 2123.0 and 2292.0, 

respectively. Underlined “D”s indicate Asp residues converted from glycosylated Asn 

residues after treatment with PNGase F. 
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Fig. 2-6. Representative MS/MS data for N-glycosylation of Asn221 and Asn292. 

Fragment 1 (upper) and Fragment 2 (lower) (see Fig. 2-5) were analyzed by MS/MS. 

Observed peaks of these fragments are indicated b-ions and y-ions. Underlined “D”s 

indicate Asp residues converted from glycosylated Asn residues treated with PNGase F. 
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Ĝ 2Ğ Cathepsin V N-glycosylation�ìİ�n�.Ãũ 

1) Cathepsin V°Čy ŕ�ĎąĦį ëę 

� Ĝ 2Ě Ĝ 1Ğ�	���CTSV� Asn221� Asn292 2iÌ� N-glycosylation

�/.��1ĕ��	����CTSV Asn221�" Asn2921�/�/=eI`h

(Gln)�°Č�� N-glycosylation �Ŋ�,�
��°Čy(�/�/ N221Q �"

N292Q)��2iÌ�� Gln�°Č���°Čy(2NQ) CTSVŕ�ĎąĦį1ë

ę��(Fig. 2-7)	CTSV ĎąŠ��mRNAf\e��ėÁ��.Ħįå1Ř·

�(Fig. 2-7 A)�uÅ ¸Ů�Ĉ�.�����	CTSV IhU<ňf\e� 

ĎąŠ!�şć©��°Čy�!�ėÁ����(Fig. 2-7 B)	&��SDS-PAGE

� CTSVIhU<ň ThO Ė�Á!�N221Q�"N292Q�!½�¯���

2NQ�!�,�¯���(Fig. 2-7 B)	ul ��
,��ñ�/� CTSV��

é��CTSV!Ħį��	��) Asn221�" Asn292 2iÌ� N-glycosylation�

/.���ĕ�/�	&��N221Q �" N292Q � 2NQ  IhU<ňThO 

Ė�Á Ŗ�
,�N221Q�" N292Q�!r��)�kØ N-glycosylation!

~Ò�/��.���ĕ¤�/�	  
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Fig. 2-7. Establishment of mutant CTSV-overexpressing cell lines. 

(A) Total RNAs were isolated from each cell line and semi-quantitative RT-PCR was 

performed. 

(B) Each cell was lysed, and aliquots of the cell lysates were electrophoresed and 

immunoblotted with anti-c-myc antibody. The membrane after immunoblotting was 

visualized with CBB. 
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2) Cathepsin V �°Čy N-glycosylation ĔŅ 

 ëę�� CTSV  �°Čy�ţ����/�/ N-glycosylation 1ĔŅ��	

&��şć©� 2NQ  CTSV ŕ�ĎąĦį�»��N-glycosylation Ť¹���

. TM1�Ć��western blotting1Ļ��(Fig. 2-8)	� Ĩã�2NQ�! TM1

10 µg/mL��Ć��)CTSVIhU<ň Ė�Á!°���
��	�,�!�

şć©� TM1 10 µg/mL��Ć��Ŧ CTSVIhU<ň Ė�Á!�2NQ 

IhU<ň Ė�Á�kĴ����	ul 2Ā
,�CTSV!Asn221�"Asn292

 2 iÌu±�! N-glycosylation �/�������ĕ�/�	�/!�

N-glycosylationŘÐď�Öśĥ��. PNGase F1�Ć��­��)�é Ĩã

�Ç,/���
,)ÔÒ�/�(Fig. 2-9)	 

� í��N221Q�" N292Q �°Čy��r��)�kØ N-glycosylation1

~Ò���.
¡
1ĔŅ��	şć©�N221Q�" N292Q°Čy �/�/

�»��N-glycosylationŤ¹� TM1�Ć����0�şć©�TM1 10 µg/mL

��Ć��Ŧ CTSV IhU<ň Ė�Á� N221Q �" N292Q  �°Čy�

TM1 10 µg/mL��Ć��Ŧ CTSVIhU<ň Ė�Á!kĴ�.���Ĕ

Ņ�/�(Fig. 2-10)	ul ��
,�CTSV N221Q�" N292Q �°Čy

!�r��)�kØ N-glycosylation1~Ò���.���ĕ�/�	�/, 

Ĩã1&�(�CTSV şć©�"�°Čy N-glycosylation site1&�(�ļ

1 Table 2-1���ĕ��	  



 29 

 

 

Fig. 2-8. Inhibition of CTSV N-glycosylation by the treatment with TM. 

HT1080-neo, HT1080-CTSV-MH, and HT1080-CTSV/2NQ-MH cells were treated 

with the indicated concentrations of TM for 24 h. Cells were lysed, and aliquots of the 

cell lysates were electrophoresed and immunoblotted with the indicated antibodies. 

 

 

Fig. 2-9. Deglycosylation of CTSV by PNGase F in vitro. 

HT1080-neo, HT1080-CTSV-MH, and HT1080-CTSV/2NQ-MH cells were lysed, and 

aliquots of the cell lysates were treated with or without PNGase F for 3 h. Samples were 

electrophoresed and immunoblotted with anti-c-myc antibody. 
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Fig. 2-10. CTSV was N-glycosylated at both Asn221 and Asn292. 

HT1080-neo, HT1080-CTSV-MH, HT1080-CTSV/N221Q-MH (upper), and 

HT1080-CTSV/N292Q-MH (lower) cells were treated with the indicated concentrations 

of TM for 24 h. Cells were lysed, and aliquots of the cell lysates were electrophoresed 

and immunoblotted with the indicated antibodies. 

 

Table 2-1. N-glycosylation status of wild-type and each mutant CTSV. 

○ and × mean glycosylated and non-glycosylated site, respectively.  

Wild-type N221Q N292Q 2NQ
Asn221 � � � �

Asn292 � � � �

43 

36.5 

28 

0 　10　  0　 10　  0　  0.1　  1　 10 
(kDa) 

neo wt N221Q 

CTSV-MH 

neo wt N292Q 

43 

36.5 

28 

0 　10　  0　 10 　 0　  0.1 　 1　 10 
(kDa) 

CTSV-MH 

TM (µg/mL) 

TM (µg/mL) 

α-tubulin 

α-tubulin 

CTSV-MH 

CTSV-MH 
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3) Cathepsin V N-glycosylation�Ħį�¾§�n�.Ãũ 

� CTSV !�s cathepsin Y3`dj��é�q�dHHja�¾§��Ih

U<ň �ŀ�ţn���.���ĕ¤�/��.[57,58]	����CTSV Ħ

į�¾§� N-glycosylation�Ãũ���.
¡
1Ń}�.�(��čĹ�äĶ

ò1Ĉ��CTSV Ħį�¾§1Ĕ
(�	¾§1Ĕ
(�7e9Rc!�CTSV

�¾§�.�Ĭ�,/.dHHja��dHHja�ŎŐ�/.� 7e9R

c��.@eCy����Ĕ
(�	 

� &��Ï GRASP65Ïy(@eCy_j8j)1Ĉ��@eCy1ŉ�äĶ��

Ï mycÏy1Ĉ�� CTSV1Ī�äĶ��Ĩã�şć©�"�°Čy ���

	��oĭ!�äĶ�/�
��(Fig. 2-11)	ul ��
,�CTSV!@eC

y�!¾§������ĕ�/�	 

� í��dHHja ¾§�n�.Ãũ1Ń}��	LysoTracker(dHHjaĄ

ČďäĶńĸ)1Ĉ��dHHja1ŉ�äĶ��Ï mycÏy1Ĉ�� CTSV1

Ī�äĶ��Ĩã�şć© CTSV �!oĭ��äĶ�/ů�äĶ�/�OKN

�²Õç��/�(Fig. 2-12)	&� N221Q°Čy CTSV�!��äĶ�/�ů 

OKN!ç��/���şć©�ïō�� Š!ú½��(Fig. 2-12)	�/�»

��N292Q�" 2NQ°Čy CTSV�!��äĶ�/�ů OKN!$�2�ç

��/�
��(Fig. 2-12)	ul ��
,�CTSV N-glycosylation�Ą� Asn292

 N-glycosylation! CTSV dHHja# ŎŐ�Şľ��.���ĕ�/�	  
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Fig. 2-11. Effect of N-glycosylation on Golgi apparatus localization of CTSV. 

Each cell was fixed and stained with Hoechst33258 (blue; nucleus), anti-c-myc 

antibody (green; CTSV-MH), and anti-GRASP65 antibody (red; Golgi apparatus). The 

samples were observed by fluorescence microscopy. Bar, 10 µm. 

  

neo 

wt N221Q 

N292Q 2NQ 
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Fig. 2-12. Effect of N-glycosylation on lysosome localization of CTSV. 

Each cell was cultured with LysoTracker (red; lysosome) and fixed. The samples were 

further stained with Hoechst33258 (blue; nucleus), and anti-c-myc antibody (green; 

CTSV-MH). The samples were observed by fluorescence microscopy. Bar, 10 µm. 
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wt 

N292Q 

N221Q 
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4) Cathepsin V N-glycosylation��ñ�n�.Ãũ 

� CTSV!�ñ©IhU<ň��-�Ħį±#��ñ�/.��)Ē,/��.	

����CTSV Ħį±�ñ�N-glycosylation�Ãũ�.
¡
1Ń}�.�(�

western blottingò1Ĉ�� CTSV Ħį±�ñŠ1Ń}��	CTSV şć©�

"�°Čy ŕ�ĎąĦį1āĺùª¨� 24ÚŢªŭ��24ÚŢ� �ñŠ1

ïō����0�şć©�ïō� N221Q�!�ėÁ �ñŠ����(Fig. 2-13)	

kØ�N292Q �" 2NQ �!şć©�ïō���ñŠ�ūķ�Î��/�(Fig. 

2-13)	ul ��
,�CTSV N-glycosylation�Ą� Asn292 N-glycosylation

! CTSV �ñ�Şľ��.���ĕ�/�	  
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Fig. 2-13. Effect of N-glycosylation on the secretion of CTSV. 

Each cell was cultured in serum-free DMEM for 24 h, before the cultured media and 

cell lysates were collected. Samples from the conditioned media and aliquots of the cell 

lysates were electrophoresed and immunoblotted with anti-c-myc antibody. The 

membrane after immunoblotting was visualized with CBB. 
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5) Cathepsin V N-glycosylation�śĥõÊ�n�.Ãũ 

� CTSV !BDL6h[gL4jG��� śĥõÊ1Ü�.[53,54]	����

CTSV N-glycosylation��śĥõÊ�n�.Ãũ1Ń}��	Brömme, ¬

£�� CTSV õÊü·ò1�Ĭ��7-[(Cbz-L-Phe-L-Arg-)4`S]-4-bJe<_

dh (Z-FR-MCA)1«ň���ü·��[69]	şć©��°Čy śĥõÊ ï

ō�!��/�/ d?hWPhNIhU<ň1�ŕ�ĎąĦį+-ġĽ��

IhU<ňŠ1Ó�.Éľ�.	�
��Fig. 2-13 �ĕ��+���CTSV  

N292Q * 2NQ !�şć©* N221Q �ïō��ñŠ�ūķ�ú½����	�

���N292Q* 2NQ°Čy ġĽ�!�şć©* N221Q°Čy+-	+� 5~10

�ėÁ²
 Ħįªŭlù1Ĉ��ġĽ1Ļ��	Fig. 2-14 �ĕ�+���ş

ć©�"�°Čy1�ėÁ ÿÁ�ġĽ��	����� d?hWPhNI

hU<ň1Ĉ���CTSV śĥõÊŃ}1Ļ��	&��śĥõÊü·ģ ç

ł �(�BDL6h[gL4jGŤ¹���. E-641�Ć��Ah[e1?

hNgje���{Ĉ��[93]	� Ĩã�şć© CTSV1zĈ���Ŧ�ç�

�/���Ĺ�!�E-64 1��Ć�.���ç��/�
�����
,�Ĕ


�ßģ�	�� CTSV  śĥõÊ�ü·����.���ĔŅ���(Fig. 

2-14)	í��şć©��°Čy śĥõÊŃ}1Ļ��	� Ĩã�N221Q°

Čy!şć©�ïō��	+� 7 �ėÁ�õÊ�ú½��(Fig. 2-14)	kØ�

N292Q�" 2NQ°Čy!şć©�ïō��1�~2�ėÁ�&�ūķ�õÊ�ú

½��(Fig. 2-14)	ul ��
,�CTSV  N-glycosylation�Ą� Asn292  

N-glycosylation! CTSV śĥõÊ�Şľ��.���ĕ�/�	  
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Fig. 2-14. N-glycosylation at Asn292 is required for the enzymatic activity of CTSV. 

Each cell was cultured in serum-free DMEM for 24 h, before the culture media were 

collected. The obtained cultured media were incubated with Ni-NTA agarose, and the 

bound proteins were eluted with 300 mM imidazole. Samples were dialyzed to assay 

buffer for 3 h. The amount of each protein was evaluated by western blotting using 

anti-c-myc antibody (inset). Recombinant proteins were incubated with 20 µM substrate 

(Z-FR-MCA) for 1 h at 37°C, and methylcoumarylamide hydrolysis was monitored at 

excitation and emission wavelengths of 380 nm and 460 nm, respectively. Closed 

circles, opened circles, closed triangles, opened triangles, and closed diamonds indicate 

CTSV-MH, CTSV/N221Q-M, CTSV/N292Q-MH, CTSV/2NQ-MH, and CTSV-MH in 

the presence of 10 µM E-64, respectively. 
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Ĝ 3Ğ &�( 

� Ĝ 2Ě�!�VN CTSV1ŕ�Ďą��Ħį1Ĉ���CTSV N-glycosylation

����ŀâ1Ļ��	N-glycosylation Ť¹���. TM 1Ĉ��¸Ů*�

MALDI-TOF MS �+.ŀâ Ĩã
,�CTSV � Asn221� Asn292 2 iÌ�

N-glycosylation �/��.��1�(�Ù,
���	�,��N-glycosylation

� CTSV  ìİ�n�.Ãũ1Ń}��	N-glycosylation  Ŋ�. Asn î«1

Gln�°Č���NQ°Čy1Ĉ��¸Ů
,�CTSV N-glycosylation� CTSV

 Ħį�ŎŐ�Ħį±# �ñ�śĥõÊ�Şľ��.��1Ù,
���	

Ą��Ħį�ŎŐ��ñ�śĥõÊ ��/�	��)�N221Q !şć©�$

%�ĝ���� �»��N292Q �!ūķ�Ãũ1���	�&-�CTSV  

Ą� Asn292 N-glycosylation � CTSV  é��ìİ1�È���.�Ĭ�,/

.	 
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Ĝ 2Ě ¸ŮØò 

1) Ħįªŭ 

� VNīĩĮĲĉá HT1080 Ħį!�DMEM � 10% (v/v) FBS�100 units/mL 

penicillin G�100 mg/L kanamycin�600 mg/L L-glutamine�2.25 g/L NaHCO31ø�

��ª¨1{Ĉ��37°C�5% CO2àvm�ªŭ��	 

 

2) Cathepsin Vŕ�Ďą[cD`O èğ 

� CTSVřw´!�HT1080 cDNAc6Zcd+-¯À��	mycI=�" his6

I= CÞě# ¼�!�ŗ��[c6_j1{Ĉ� PCRò�+-Ļ��	myc

I=�" his6I= Ś�!�um�ĕ�œ-��.	 

myc: GAACAAAAACTCATCTCAGAAGAGGATCTG 

his6: CATCATCACCATCACCAT 

CTSV-myc-his6 (CTSV-MH)řw´!�pCI-neo\<Ij(Promega)�AZ<gjQ

h=1Ļ��	&��CTSV-MH �°Čy(N221Q, N292Q, N221Q/N292Q (2NQ))

 zĽ!�um�ĕ�[c6_j1Ĉ�� PCRò�+-Ļ��	 

N221Q: 5’-GAGAATTCTGTTGCTCAAGACACTGGC-3’ (forward) 

5’-GCCAGTGTCTTGAGCAACAGAATTCTC-3’ (reverse) 

N292Q: 5’-GGAGCAAATTCGCAAAACAGCAAG-3’ (forward) 

5’-CTTGCTGTTTTGCGAATTTGCTCC-3’ (reverse) 

 

3) ŕ�ĎąĦį ëę 

� HT1080Ħį��[cD`O1 Lipofectamine LTX (LifeTechnologies)1Ĉ��

řw´¼���400 µg/mL G418(Roche Applied Sciences)�ŘÐªŭ1Ļ��	

	+� 2 ŔŢ ŘÐªŭÅ�ťĊ¿ŝò1Ĉ���<gjhĦį

(HT1080-CTSV-MH, HT1080-CTSV/N221Q-MH, HT1080-CTSV/N292Q-MH, 

HT1080-CTSV/2NQ-MH)1ëę��	 
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4) Western blot 

� Ħį� lysis buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1% SDS, 1% Triton 

X-100, 1% sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride)1��ŋ

Ũó�Ć1Ļ����Ħį1þŀ��	Ħįþŀ÷! Coomassie Brilliant Blue 

(CBB) G-250 (Bio-Rad Laboratories)1Ĉ��IhU<ňÿÁ1·Š���Ah[

eÿÁ1Ó��	�Ah[e� 5� 1Š loading buffer (350 mM Tris-HCl, pH 

6.8, 30% glycerol, 0.012% bromophenol blue, 6% SDS, and 30% 2-mercaptoethanol)1

���98°C�3� Ă�ĆÅ�SDS-PAGE�+-IhU<ň1�ŧ��	IhU

<ň1 PVDF ĳ�Ō�Å�5%D:a`e<�ZgK:h=1Ļ��	1 íÏy

�!�Ï c-mycÏy(#sc-40; Santa Cruz Biotechnology)��.�!Ï α-tubulinÏy

(#T5168; Sigma)1Ĉ��	&��2 íÏy�! HRP êŇÏ mouse IgG Ïy

(Amersham Biosciences) 1 Ĉ � � Ď Ķ � ! Immobilon Western (Millipore 

Corporation)1Ĉ��	Ď�ç��!�LAS4000 mini (GE healthcare)1{Ĉ��	 

 

5) Cathepsin V Ħį±
, ġĽ 

� HT1080-CTSV-MH Ħį1³Šªŭ��āĺùª¨� 24 ÚŢªŭ��	24 Ú

ŢÅ�¥���ªŭlù� Ni-NTA agarose (Qiagen)1���CTSV-MH1 Ni-NTA 

agarose�Ĩ����	Ni-NTA agarose�Ĩ���� CTSV-MH!�PBS�Wj

E1+
ôöÅ�300 mM imidazole1ø��� PBS�þ�1Ļ��	ġĽ 

ĔŅ!�Ah[e1 SDS-PAGE��ŧÅ�CBB R-250�äĶ�.���Ļ��	 

 

6) MALDI TOF-MSŀâ 

� ġĽ��Ah[e�»� 1% SDS1ø���95°C� 5�ŢĂ�Ć1Ļ���

�Ă°Ê��	1% Triton X-100þ÷1Ĉ�� 10��¿ŝÅ�PNGase F (Roche 

Diagnostics GmbH)1�Ć�.����NĔĢš �Ö1Ļ��	NĔĢš�ÖA

h[e�"Ý�ÖAh[e oØ1 SDS-PAGE�+-�ŧ��CBBäĶ1Ļ�

�	CBB äĶ�+-�ThO Ė��ĔŅ�/�IhU<ň1>e
,�-�

��0.1 M Tris-HCl, pH 9.0p�37°C � 12ÚŢ�0.2 µg API1�Ć�.���
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][JOÖă�1Ļ��[94]	� Å�Zip TipC18µ (Millipore Corporation)1Ĉ�

�ı®���α-cyano-4-hydroxycinnamic acid 1_NdK<D���{Ĉ��

Ultraflex TOF/TOF MS (Bruker Daltonics)1Ĉ��ňŠ�â1Ļ��	 

 

7) RT-PCR 

� RNA! Trizol (LifeTechnologies)1Ĉ��Ħį+-Ñ���	1 µg RNA1{

Ĉ��High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems)1Ĉ��

őŌ�1Ļ��	PCR¯À�! rTaq DNA^dbcjG(Takara Bio Inc.)1{Ĉ�

�	RT-PCR �Ĉ��[c6_j�A6<eÕ�4Qjdh=ûÁ! Table 2-2

�ĕ�	 

 

Table 2-2. The sequences of the primers, annealing temperature, and the number 

of cycles for RT-PCR 

 

 

8) PNGase F�Ć 

� Ħį1 4) ÍŪ�Æ� lysis buffer�þŀÅ�Ni-NTA agarose1Ĉ��ĠġĽ

1Ļ��	300 mM imidazole1ø��� PBS�þ�Å�0.1% SDS�50 mM 

2-mercaptoethanol1¢' 50 mM phosphate buffer (pH 7.5)�Œâ��	Œâ��A

h[e1 5�ŢĂ�Ć��0.75% Triton X-1001����,� 2.5 units PNGase 

F (Sigma)1��� 37°C� 3ÚŢ�N©Ģš �Ö1Ļ��	� Å 4) ÍŪ�

Æ� western blot�+-ç���	 

 

9) �čĹ�äĶ 

� �Ħį!8Tj9cDl�ªŭ��	dHHja¾§ ĔŅ!�Ħį1¦·

����āĺùª¨p� 100 nM LysoTracker Red DND-99 (Molecular Probes)1�

Target gene Primer sequence Annealing
temperature

Number
of cycles

5’-TATGTCAAGGAGAACGGAGG-3’ (forward)
5’-GTGATGGTGATGATGCAGATCCTCTTCTGAGATGAG-3’ (reverse)
5’-TGAAGGTCGGAGTCAACGGATTTGGT-3’ (forward)
5’-CATGTGGGCCATGAGGTCCACCAC-3’ (reverse)

56°C 23CTSV

GAPDH 56°C 25
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�� 2ÚŢªŭ�.���Ļ��	Ħį1¦·�Å�0.1% Triton X-1001Ĉ��

ĳŒŕ�Ć1Ļ��2% BSA�ZgK:h=1Ļ��	CTSV-MH äĶ�! 1

íÏy���Ï c-mycÏy1{Ĉ��2íÏy��� Alexa Fluor488-conjugated 

anti-mouse IgG (Molecular Probes)1{Ĉ��	&��@eCy¾§ ĔŅ�!�1

íÏy���Ï GRASP65Ïy(#sc-30093; Santa Cruz Biotechnology)1Ĉ��2í

Ïy���Alexa Fluor568-conjugated anti-rabbit IgG (Molecular Probes)1{Ĉ��	

æäĶ�! 2 µg/mL Hoechst 33258 (Polysciences, Inc.)1Ĉ��	 

 

10) Cathepsin V śĥõÊ ü· 

� � CTSVIhU<ň1 Ni-NTA agarose1Ĉ��ġĽ��assay buffer (50 mM 

potassium phosphate, pH 6.5, 2.5 mM EDTA, and 2.5 mM dithiothreitol)�Œâ��	

«ň�! 20 µM Z-FR-MCA (AnaSpec)1{Ĉ��37°C�1ÚŢ� CTSV �

ð�ŀõÊ1ü·��	E-641��.­�!ħÿÁ 10 µM��.+�����

[93]	1ÚŢÅ�380 nm��Ŋ���Ŧ 460 nm Ĺ�ÂÁ1ü·��	 
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ď 3Č CCN1 O-fucosylation�� ½� ĮÕ 

� O-glycosylation!�N-glycosylation�h"pĪĂ�ēŏzś 1���,	d

ĤĂ� O-glycosylation !�Ser (��! Thr â£�²��GalNAc 
ė���*

�,ēŏ tŐ
ĩ/-,	�	��O-fucosylation !ē ĸ«Ň
 GalNAc �

!�� fucose ��+�$�ÎĆ�=bBb>@ň�� %zś
ĩ/-,�

O-glycosylation  i�(õá�zś��,	CCN1 CbO:Ķ! O-fucosylation

 =bBb>@ň�0Ð����
�Ñ�� Ðò����ĮÕ!��-��

�	��	ď 3 Č�!PI CCN1  O-fucosylation �Ąă��CCN1 


O-fucosylation�-��,	�	��"� ßğ�g�,¼Ř����ıx��	 

 

ď 1Đ CCN1 O-fucosylation ĆĲ 

� CCN1 ! N Òč�?;K_XUEJ0Ð�,�ä¡CbO:Ķ��?;K_

XUEJq¾� 4� ßğJ\4b0Ð�,CbO:Ķ��,(Fig. 1-8)	� 4

� J\4b � 1 ���, thrombospondin type-1 repeat (TSR1)�!�

Cys-Xaa2-3-(Ser/Thr)-Cys-Xaa2-Gly  =bBb>@ň�0Ð�,¥��Ser/Thr â

£���� O-fucosylation
ĸ�,��
¤��-��,[42]	PI CCN1 2

ZMŊň�0HcCWc@)+�À��� ň�0ĮÕ����.�CCN1  

TSR1 i 242 ýă @`6Lbâ£
eİ O-fucosylation  =bBb>@ň

�0ï�����(Fig. 3-1)	����PI CCN1
 O-fucosylation�-��,	

�	0�ĶŎ�Õ�)+ĮÕ��	$��CCN1  C Òč� myc �" his6 C

;0o��� CCN1-MHCbO:Ķ ł�ā÷ĖĞ0Þċ��(Fig. 3-2)	����

CCN1!�ĖĞĢĪŖ��,VO]bąŊ� ė�
¤��-��,[75]	m�

Þċ�� CCN1 ł�ā÷ĖĞ(�Ŀ¸¢ŜÓrf�! CCN1 0¢Ŝeëi�Ć

Ĳ�,��!�Ô�	��
�VO^b0ĖĞ��ø�,����ĖĞĢĪŖ

�VO]bąŊ0n��ė����� CCN1 0ĎlĂ�Łŕ��,��
�Ô

�(Fig. 3-3)	  
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Fig. 3-1. Amino acid sequence of human CCN1. 

O-fucosylation consensus sequence is indicated by underline. The location of putative 

O-fucosylation site (Thr242) are indicated in red. 

 

 

 

Fig. 3-2. Establishment of a CCN1-overexpressing cell line, HT1080-CCN1-MH. 

HT1080-neo and HT1080-CCN1-MH cells were lysed, and each cell lysate was 

electrophoresed and immunoblotted with anti-c-myc antibody. The membrane after 

immunoblotting was visualized with CBB. 
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Fig. 3-3. CCN1 bound to cell surface HSPGs. 

Each cell was cultured with or without 50 µg/mL heparin, and each cell lysate and 

conditioned media were electrophoresed and immunoblotted with anti-c-myc antibody. 

The membrane after immunoblotting was visualized with CBB. 
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� CCN1
ĖĞĢĪŖ VO]bąŊ�ė�������	*�CCN1 Ēī�

!VO^bBS1ac@QcA0ú�,�����	CCN1ł�ā÷ĖĞ0ªŎ

¢Ŝ��òĨë¢ f�VO^bBS1ac@QcA� 24Ïő�¢Ŝ�,��

���ä�-� CCN10VO^bBS1ac@QcA#�ė����	24Ïő

¾QcA0����QcA çè�ð�¾�Ę�� Ni-NTA agarose�),2S

3LG3cĒī0ĩ��	Ēī��>bU_0 SDS-PAGE �)+�ŕ��CBB

×ĥ0ĩ��	� ėÖ�Ĕ 40 kDaoļ� CCN1�Ĝ�*-,NbJ
ĆĲ�

-�(Fig. 3-4)	����Ēī>bU_�²�I^U?b0�ø�,����XU

EJÌô�0ĩ��	�-*XUEJÌô�²��MALDI-TOF MS�"MS/MS

ĮÕ0ĩ��	MALDI-TOF MS ėÖ	*�m/z 2706.4�" 2868.5�ĭî�-

�Rc:!�Thr242â£0�&XUEJÌô��, 229*CIVQTTSWSQ*CSKT*CGT 

GISTR250�²��fucose (dHex)�" fucose-glucose (dHex-Hex)
zś�-�XU

EJ m/z øĳ{�Şº�dģ��(T! O-fucosylation
kÃ�-, Thr2420

Ī��*C!UaR6b2ZJ��-�?@G4b0Ī�	)(Fig. 3-5)	$��ē

ŏzś0�
����XUEJÌô(m/z 2560.4)!ĭî�-�	��	qe �

�)+��ä�-��� CCN1! 242ýă Thrâ£� O-fucosylation�-�

�,��
ć��-�	$��dHex: dHex-Hex ãö!�MS@X:I_)+�

)� 1:2��,��
ć�-�	 

� CCN1  Thr242� O-fucosylation 
ć��-��'�XUEJÌô ň� 

ĆĲ�" O-fucosylation site �¯ �'�MS/MSĮÕ0ĩ��	� ėÖ�Fig. 

3-6�ć�y-ions
ĆĲ�-�	õ��y846b$�!ĶŎ §�!ĆĲ�-��

y946bqŒ� 146 Da (dHex)�" 308 Da (dHex-Hex) ĶŎ§�
ĆĲ�-�	

qe)+�CCN1ł�ā÷ĖĞ)+Ēī���ä�-� CCN1!�Thr242���

� O-fucosylation���,��
ć�-�	  
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Fig. 3-4. Purification of recombinant human CCN1 protein from the conditioned 

medium of HT1080-CCN1-MH cells. 

Cells were cultured with heparin sepharose beads for 24 h, and the beads were collected. 

The proteins bound to heparin were washed and eluted, and CCN1-MH was purified 

with Ni-NTA agarose. Samples were electrophoresed on an SDS-polyacrylamide gel 

and visualized with CBB. 
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Fig. 3-5. Determination of O-fucosylation site within CCN1. 

Purified CCN1 was digested with trypsin, and the resulting peptides were analyzed by 

MALDI-TOF MS. The observed masses (m/z 2706.4 and 2868.5) corresponded well to 

the expected masses of the trypsin-digested peptide 229CIVQTTSWSQCSKTCGTGIST 

R250, which contains a putative O-fucosylation site (Thr242), modified by dHex and 

dHex-Hex. Putative O-fucosylation site (Thr242) is underlined and propionamide 

cysteine is indicated in *C. 

  

0 

1 

2 

3 

4 

5 

1000 2000 3000 4000 5000 

2868.5 

2706.4 
229*CIVQTTSWSQ*CSKT*CGTGISTR250 + dHex 

229*CIVQTTSWSQ*CSKT*CGTGISTR250 + (dHex-Hex) 

m/z 

In
te

ns
ity

 (×
10

3  a
.u

.) 



 49 

 

 

 

 

Fig. 3-6. Determination of O-fucosylation site within CCN1. 

The peptides modified by dHex (upper) and dHex-Hex (lower) were analyzed by 

MS/MS. Observed peaks of these fragments are the indicated y-ions. Putative 

O-fucosylation site (Thr242) is underlined and propionamide cysteine is indicated in *C. 
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ď 2Đ CCN1 O-fucosylation
ßğ�g�,¼Ř 

1) CCN1¨þu ł�ā÷ĖĞ Þċ 

� ď 3Č ď 1Đ�����CCN1
 Thr242���� O-fucosylation�-,��0

ć��	����CCN1 Thr24202]Lb(Ala)�¨þ�� O-fucosylation
ĸ

�*����¨þu(T242A) CCN1 ł�ā÷ĖĞ0Þċ��(Fig. 3-7)	CCN1

 ā÷Ŏ
 mRNA`W_��ĉº��,ĖĞØ0ń¯�(Fig. 3-7 A)�q¾ °

ŝ�ú�,�����	CCN1  CbO:Ķ`W_� ā÷Ŏ!�ōù¡�

T242A¨þu��ĉº����(Fig. 3-7 B)	  
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Fig. 3-7. Establishment of an O-fucosylation-defective mutant CCN1- 

overexpressing HT1080 cell line, HT1080-CCN1/T242A-MH cell. 

(A) Total RNAs were isolated from each cell line and semi-quantitative RT-PCR was 

performed. 

(B) Each cell was lysed, and aliquots of the cell lysates were electrophoresed and 

immunoblotted with anti-c-myc antibody. The membrane after immunoblotting was 

visualized with CBB. 
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2) CCN1 O-fucosylation
ĖĞĢµ��g�,¼Ř 

� CCN1!ĖĞ©#��ä�-�ĖĞĢ VO]bąŊ�ė���ĖĞĢ�yÈ

�-��,��
¤��-��,[75]	Fig. 3-3 �����VO^b0�ø��

Ŕ %�ä�� CCN1 0Ú������	*(�� ¤�!ÊÈ�-,	��

��CCN1 ĖĞĢµ�� O-fucosylation
¼Ř�,	�	0ıx�,�'�~

ÿħ}×ĥå0ú��CCN1 ĖĞĢµ�0Ć	'�	�ĖĞ0�¯�¾�Triton 

X-100�),ĖĞĢľł�ø0ĩ/���c-mycÅu0ú�� CCN10Ě�×ĥ

��	ĖĞĢľł�ø0ĩ������'�Åu!ĖĞĢ0ľł����ĖĞ

©#��ä�-ĖĞĢe�ė��� CCN1  %
×ĥ�-,	� ėÖ�ōù

¡ CCN1 !Ě ħ}?;K_
»�ĭ±�-�
�T242A ¨þu�!� ħ}

?;K_
řĦ�ì´��(Fig. 3-8)	$�� Ě ħ}?;K_!�ĖĞ¢ŜÏ

�VO^b0ê��,���ĭ±�-�������	*��ä�-� CCN1

!Ć	�ĖĞĢ VO]bąŊ0n�ė����,��
ĆĲ�-�(Fig. 3-8)	

qe ��	*�ĖĞ©#��ä�-� CCN1 !ĖĞĢe�yÈ�-��+�

CCN1 O-fucosylation!ĖĞĢµ��ŌĬ��,��
ć�-�	  
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Fig. 3-8. Effect of O-fucosylation on cellular membrane localization of CCN1. 

Each cell was cultured with or without 50 µg/mL heparin. After 24 h, unpermeabilized 

cells were fixed and stained with Hoechst 33258 (blue) and anti-c-myc antibody (green). 

The samples were observed by fluorescence microscopy. Bar, 10 µm. 
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3) CCN1 O-fucosylation
�ä�g�,¼Ř 

� CCN1  ĖĞĢµ�� O-fucosylation 
ŌĬ������	*�CCN1  

O-fucosylation 
ĖĞ©# �ä0�Á���,�ğÂ
ć��-�	����

)+¯ŎĂ�ıx0ĩ��'�western blottingå0ú�� CCN1 ĖĞ©�äŎ

0ıx��	CCN1  ōù¡�" T242A ¨þu ł�ā÷ĖĞ0�VO^b�

øf�òĨë¢ � 24Ïő¢Ŝ��24Ïő� �äŎ0ãĻ����.�ōù

¡�ãĻ� T242A¨þu�!�)� 25%ĉº$��äŎ
ì´��(Fig. 3-9)	

qe ��	*�CCN1  O-fucosylation !�CCN1  �ä�ŌĬ��,��


ć�-�	  
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Fig. 3-9. Effect of O-fucosylation on CCN1 secretion. 

Each cell was cultured with 50 µg/mL heparin. After 24 h, each cell lysate and 

conditioned media were collected, and the samples were electrophoresed and 

immunoblotted with anti-c-myc antibody. The membrane after immunoblotting was 

visualized with CBB. 
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ď 3Đ Pofut2�), CCN1 O-fucosylation
�ä�g�,¼Ř 

� CCN1 O-fucosylation!�TSR1J\4bi�ĸ�,��	*�O-fucose ĺ

Ĉŉĕ! Pofut2��,��
kÃ�-,	T242A¨þu CCN1!� �ä
Ä

��-���
(Fig. 3-9)�� ėÖ! Thr0 Ala�¨þ������),¼Ř 

�ğÂ0�¯����	����CCN1  ōù¡ł�ā÷ĖĞ���� Pofut2

0MF:D5b��Ŕ��T242A ¨þu��Ü��äŎ
ì´�,	�	0ı

x��	CCN1  ōù¡ł�ā÷ĖĞ�²��ň� þ�, 2 ĊŚ Pofut2 �

²�, siRNA��,�! siCtrl0�ø��Pofut20MF:D5b��	mRNA`

W_� Pofut2
MF:D5b�Ô��,��0 RT-PCR�ĆĲ�(Fig. 3-10 A)�

� Órf� western blottingå0ú�� CCN1 ĖĞ©�äŎ0ıx��	�

siRNA0�ø��ĖĞ0�VO^b�øf�òĨë¢ � 24Ïő¢Ŝ��24Ï

ő� �äŎ0ãĻ����.�siCtrl 0�ø��ĖĞ �äŎ�ãĻ��2 Ċ

Ś siPofut2 0�ø��ĖĞ�!���*(�)� 20%ĉº$��äŎ
ì´

��(Fig. 3-10 B)	�-!�T242A¨þu ėÖ�dģ��	qe ��	*�

CCN1 Pofut2�), O-fucosylation!�CCN1 �ä�ŌĬ��,��
ć�

-�	  
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Fig. 3-10. Knockdown of Pofut2 decreased CCN1 secretion. 

(A) Knockdown of Pofut2 using siRNAs. HT1080-CCN1-MH cells were treated with 

the indicated siRNAs for 72 h. Total RNAs were isolated from each cell line, and 

semi-quantitative RT-PCR was performed to confirm the knockdown efficiency of each 

gene. 

(B) Effect of knockdown of Pofut2 on CCN1 secretion. Each cell was cultured with 50 

µg/mL heparin. After 24 h, each cell lysate and conditioned media were collected, and 

the samples were electrophoresed and immunoblotted with anti-c-myc antibody. The 

membrane after immunoblotting was visualized with CBB.  

Pofut2 

β-actin 

si
Ct

rl 
si

Po
fu

t2
#1
 

si
Po

fu
t2

#2
 

43.0 

36.5 

(kDa) 

43.0 

36.5 

CCN1-MH 

CCN1-MH 

si
Ct

rl 
si

Po
fu

t2
#1
 

CBB 
staining 

Cell lysates 

Conditioned 
media 

si
Po

fu
t2

#2
 

43.0 

36.5 

A 

B 



 58 

ď 4Đ $�' 

� ď 3Č�!�PI CCN10ł�ā÷��ĖĞ0ú���CCN1 O-fucosylation

����ĮÕ0ĩ��	CCN1ł�ā÷ĖĞ)+Ēī��^=bQKbICbO

:Ķ MALDI-TOF MS �),ĮÕ	*��ä�-��� CCN1 ! Thr242�

O-fucosylation�-,��0�'�Î*	���	�*��O-fucosylation
 CCN1

 ßğ�g�,¼Ř0ıx��	O-fucosylation  ĸ�, Thr â£0 Ala �¨þ

��� TA¨þu0ú��°ŝ	*�CCN1 O-fucosylation
 CCN1 ĖĞĢ

µ��ĖĞ©# �ä�ŌĬ��,��0Î*	���	�*��CCN1  

O-fucosylation �-� Thr242 
 TSR1 J\4bi�®���Pofut2 �),

O-fucosylation
ĸ�,��
kÃ�-��'�siRNA0ú�� Pofut20MF:

D5b��	Pofut2 MF:D5b����(�CCN1 �äŎ! TA¨þu�

�ĉº$�ì´��	�$+�CCN1 O-fucosylation! Pofut2�į¬�-��

 Thr242��
, O-fucosylation
 CCN1 �ä0�Á���,�Ĝ�*-,	  
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ď 3Č °ŝÍå 

1) ĖĞ¢Ŝ 

� PIěęĝġûÔ HT1080 ĖĞ!�DMEM � 10% (v/v) FBS�100 units/mL 

penicillin G�100 mg/L kanamycin�600 mg/L L-glutamine�2.25 g/L NaHCO30ê�

��¢ 0wú��37°C�5% CO2Órf�¢Ŝ��	 

 

2) CCN1ł�ā÷U]@ZJ Ûđ 

� CCN1Ņs­!�PIjĀûÔMDA-MB-231ĖĞ cDNA]4T]^)+§

¹��	myc C;�" his6C; C Òč# ³�!�Ń��U]4Yc0wú

� PCRå�)+ĩ��	mycC;�" his6C; ň�!�qf�ć�Ŀ+��

,	 

myc: GAACAAAAACTCATCTCAGAAGAGGATCTG 

his6: CATCATCACCATCACCAT 

CCN1-myc-his6 (CCN1-MH)Ņs­!�pCI-neoW:Cc(Promega)�>T:acL

b;0ĩ��	$��CCN1-MH  ¨þu(T242A) vī!�qf�ć�U]4

Yc0ú�� PCRå�)+ĩ��	 

T242A: 5’-GTCCCAGTGCTCAAAGGCCTGTGGAACTGGTATC-3’ (forward) 

5’-GATACCAGTTCCACAGGCCTTTGAGCACTGGGAC-3’ (reverse) 

 

3) ł�ā÷ĖĞ Þċ 

� HT1080ĖĞ��U]@ZJ0 Lipofectamine LTX (LifeTechnologies)0ú��

Ņs­³���400 µg/mL G418(Roche Applied Sciences)�ńÆ¢Ŝ0ĩ��	

�)� 2 ŀő ńÆ¢Ŝ¾�œü·ŋå0ú���:acbĖĞ

(HT1080-CCN1-MH, HT1080-CCN1/T242A-MH)0Þċ��	 

 

4) Western blot 

� ĖĞ� lysis buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1% SDS, 1% Triton 

X-100, 1% sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride)0��Ĺ
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ŗæ�ø0ĩ����ĖĞ0ðĮ��	ĖĞðĮé! Coomassie Brilliant Blue 

(CBB) G-250 (Bio-Rad Laboratories)0ú��CbO:Ķñº0¯Ŏ���>bU

_ñº0É��	�>bU_� 5� 1Ŏ loading buffer (350 mM Tris-HCl, pH 

6.8, 30% glycerol, 0.012% bromophenol blue, 6% SDS, and 30% 2-mercaptoethanol)0

���98°C�3� ó�ø¾�SDS-PAGE�)+CbO:Ķ0�ŕ��	CbO

:Ķ0 PVDF Ģ�ĺ�¾�5%@9[Z_:�TaF9b;0ĩ��	1 àÅu

�!�Å c-myc Åu(#9E10, DSHB)0ú��	$��2 àÅu�! HRP ÝĴÅ

mouse IgG Åu(Amersham Biosciences)0ú��āĥ�! Immobilon Western 

(Millipore Corporation)0ú��	ā}Ú��!�LAS4000 mini (GE healthcare)0

wú��	 

 

5) CCN1 ĖĞ©�ä Ú� 

� �ĖĞ� 50 µg/mL VO^b0�ø��òĨë¢ � 24Ïő¢Ŝ�,��

��ĖĞ©#��ä�ĖĞĢ VO]bąŊ�ė��� CCN1 0Łŕ���	

24 Ïő¾�¢Ŝeë0����4)�¿� western blot 0ĩ������ä��

CCN10Ú���	 

 

6) CCN1 ĖĞ©	* Ēī 

� HT1080-CCN1-MHĖĞ0ªŎ¢Ŝ��òĨë¢ � 1% (v/v) heparin sepharose 

6 fast flow (GE Healthcare)0ê���24Ïő¢Ŝ��	24Ïő¾����� heparin 

sepharose0 PBS�)�çè��buffer A (900 mM NaCl, 2.7 mM KCl, 10 mM 

Na2HPO4, 1.8 mM KH2PO4, and 20 mM imidazole)0ú�� CCN10ð���	�-

� Ni-NTA agarose (Qiagen)0���CCN1-MH0 Ni-NTA agarose�ė����	

Ni-NTA agarose�ė���� CCN1-MH!�buffer A�QcA0)�çè¾�500 

mM imidazole0ê��� buffer A�ð�0ĩ��	Ēī ĆĲ!�>bU_

0 SDS-PAGE��ŕ¾�CBB R-250�×ĥ�,���ĩ��	 
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7) MALDI TOF-MSĮÕ 

� Ēī��>bU_0 SDS-PAGE�)+�ŕ��CBB×ĥ0ĩ��	CBB×ĥ

¾�CbO:ĶNbJ0<_	*�+���0.1 M Tris-HCl, pH 8.0i�37°C �

12Ïő�0.05 µg sequencing-grade TPCK-trypsin (Worthington Biochemical)0�

ø�,���XUEJÌô�0ĩ��Ę
�ņ|UaR6b2ZJ�0ĩ��	

�  ¾ � Zip TipC18µ (Millipore Corporation) 0 ú � � Ġ ¦ � � �

α-cyano-4-hydroxycinnamic acid 0YI^F:@���wú��ultrafleXtreme 

TOF/TOF MS (Bruker Daltonics)0ú��ĶŎ�Õ0ĩ��	 

 

8) RT-PCR 

� RNA! Trizol (LifeTechnologies)0ú��ĖĞ)+Ç���	2µg RNA0w

ú��High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems)0ú��

Ľĺ�0ĩ��	PCR §¹�! Quick Taq HS DyeMix(Toyobo)0wú��	

RT-PCR�ú��U]4Yc�>4:_Ë�2Lc^b;íº! Table 3-1�ć

�	 

 

Table 3-1. The sequences of the primers, annealing temperature, and the number 

of cycles for RT-PCR 

 
 

9) ~ÿħ}×ĥ 

� �ĖĞ!7Nc8]@e�¢Ŝ��	ĖĞ0�¯�¾�Ģľł�ø!ĩ/�

��3% BSA�TaF9b;0ĩ��	CCN1-MH ×ĥ�! 1àÅu���Å

c-myc Åu0wú��2 àÅu��� Alexa Fluor488-conjugated anti-mouse IgG 

(Molecular Probes)0wú��	Ù×ĥ�! 2 µg/mL Hoechst 33258 (Polysciences, 

Target gene Primer sequence Annealing
temperature

Number of
cycles

5’-ATGAGCTCCCGCATCGCCAGGGCGCTCGCCTTAG-3’ (forward)
5’-GTGATGGTGATGATGCAGATCCTCTTCTGAGATGAG-3’ (reverse)
5’-ATGGCGACACTCAGCTTCGTCTTCCTGCTGCTG-3’ (forward)
5’-TCAGTAGGTGATCTTCCAGTGGGTGGGTTGCTC-3’ (reverse)
5’-CTTCTACAATGAGCTGCGTG-3’ (forward)
5’-TCATGAGGTAGTCAGTCAGG-3’ (reverse)

β-actin 58°C 20

CCN1 63°C 25

Pofut2 63°C 31
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Inc.)0ú��	 

 

10) Pofut2 MF:D5b 

� HT1080-CCN1-MH ĖĞ�²��20 nM  siRNA 0 Lipofectamine RNAiMAX 

(LifeTechnologies)0ú��³���	siRNA ³��ö!�8) RT-PCR�¿�

ĆĲ0ĩ��	wú�� siRNA ň�0qf�ć�	 

siPofut2#1: GUACUACAGAGGAUGGUUUdTdT 

siPofut2#2: CGUCAGAAAGGAAUAUGAAdTdT 

siCtrl (#4611G)! Life Technologies)+¶ĵ�0ķ���	 
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ŉ 4Ň R-spondin1! C-mannosylation!â¦�Ƃ�ƞő!ŴĂ 

� C-mannosylation"�1994Ü ¡)�Â¸�0��đƊĸø��ŏ�Ʊ��/	

C-mannosylation "�ĩÍ!MrZ@ƃ{!Sn`S^4rďÁ!7rTtoĮ

! 2 �!Ĥő2���«ŏ! mannose 
 C-C ŕ³�ŕ³�/����

N-glycosylation+O-glycosylation "ĥ�ĩçĸ�ĈƔ2ý�/(Fig. 1- 5)	uù�

C-mannosylation !Čš ƥ��"�%�3�Â¸�0����	R-spondin1 M

rZ@ƃ" C-mannosylation!CrJrEHƝ 2ý�/
�C-mannosylation�

0��/	¶	 ���ŴĂ"��0���	��	ŉ 4Ň�"[S R-spondin1

! C-mannosylation ļĺ��R-spondin1
 C-mannosylation�0��/	¶	�

®#�!Čš y�/áƭ ���Ÿ���	 

 

ŉ 1Ō R-spondin1! C-mannosylation!ĿŻ 

� [S R-spondin1 (Rspo1)!5gWƟƝ 2RtMbtH,.°å���!Ɲ 

2ŴĂ����1�Rspo1 ! TSR1 {! 153 ĳĺ®# 156 ĳĺ! Trp ďÁ


C-mannosylation!CrJrEHƝ ��/ Trp-Xaa-Xaa-Trp/Cys2Ġ�����

(Fig. 4-1)	����[S Rspo1
 C-mannosylation�0��/	¶	2�ƃƣ�

Ă ,.ŴĂ��	&��Rspo1 ! C ÿň myc ®# his6!MA2�§��

Rspo1-MHMrZ@ƃ!Ɨ¥ķĬŒŠ2ċņ��(Fig. 4-2)	Rspo1"�ŒŠŦů

ƫ �/aZmrľƟ�!ŕ³
Â¸�0��/[95]	�»ċņ�� Rspo1Ɨ¥

ķĬŒŠ*�ƒÚÀƲĀ�w�" Rspo1 2ÀƲvĜ{ ĿŻ�/��"�ā�

	��
�aZnr2ŒŠ �ĭ�/����ŒŠŦůƫ aZmrľƟ2�

��ŕ³���� Rspo12ƖƩ��/��
�ā�(Fig. 4-3)	  
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Fig. 4-1. Amino acid sequence of human Rspo1. 

C-mannosylation consensus sequence is indicated by underline. The locations of two 

putative C-mannosylation sites (Trp153 and Trp156) are indicated in red. 

 

 

 

Fig. 4-2. Establishment of an Rspo1-overexpressing cell line, HT1080-Rspo1-MH. 

HT1080-neo and HT1080-Rspo1-MH cells were lysed, and each cell lysate was 

electrophoresed and immunoblotted with the indicated antibodies. 
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Fig. 4-3. Rspo1 bound to cell surface HSPGs. 

Each cell line was cultured with or without 50 µg/mL soluble heparin, and all lysates 

and conditioned media were electrophoresed and immunoblotted with anti-c-myc and 

anti-α-tubulin.  
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� Ď Rspo1
 C-mannosylation�0��/	¶	2�ƃƣ�Ă ,.ŴĂ�/

�)�Rspo1 Ɨ¥ķĬŒŠ2ÇƣÀƲ��aZnr2ě§��ĥŭĜÀ¾� 24

ûƤÀƲ�/����Rspo12ÀƲvĜ{ ƖƩ���	ƖƩ��� Rspo12�

Ni-NTA agarose 2İ��5^6VQ6tŎŰ��	ŎŰ��Er`o2

SDS-PAGE ,.�Ʃ��CBBĄũ2Ů��	�!ŕă�Ő 38 kDa�ƍ Rspo1

�ś�-0/YrT
ĿŻ�0�(Fig. 4-4)	����ŎŰEr`o Ð�Sn`

Fr� Asp-N 2�ĭ�/����c`OT÷ħ©2Ů��	�0-c`OT÷

ħ Ð��LC-MS ®# MS/MS ŴĂ2Ů��	Rspo1 2Sn`Fr� Asp-N �

c`OT÷ħ©�/��C-mannosylation
~ê�0/ Trp153®# Trp156ďÁ2·

(c`OT÷ħ���" 152EWSPWGPCSK161
å-0/	�!þ�Ʊc`OT

! 2�7<r! m/z" 624.27��/
�LC-MS�"�!,��c`OTıā!

]t@"ć��0�	��	uù�152EWSPWGPCSK161 Ð� 1 �®# 2 �!

mannose (Hex)
�Ʊ�0�c`OT! 2�7<r(m/z 705.31®# 786.33)
�0

�0ųğ�0� (Fig. 4-5)	�v!��,.��ē�0���! Rspo1 "

C-mannosylation�0��/��
ŀº�0�	 

� Rspo1 ! C-mannosylation 
ŀº�0��)�c`OT÷ħ!Ɲ !ĿŻ®#

C-mannosylation site!´Í!�)�MS/MSŴĂ2Ů��	�!ŕă�Fig. 4-6 

ŀ� y-ions
ĿŻ�0�	&��1�! mannose!�Ʊ
ĿŻ�0� m/z 705.31

!c`OTıā!MS/MS�"�y87<r&� mannose!�Ʊ ,/ 162 Da

!Ä§
ĥ���
ĿŻ�0�(Fig. 4-6 A)	�&.�1�! mannose" Trp156�

"�� Trp153 ŕ³���/��
ŀ�0�	Ď �2�! mannose!�Ʊ
Ŀ

Ż�0� m/z 786.33!c`OTıā!MS/MS�"�y7®# y87<r� 1�!

mannose �!ƃƣ!Ä§
ĿŻ�0�C-mannosylation �ĩçĸ ųğ�0/

cross-ring cleavage ,/-120 Da!]t@*´û ųğ�0�(Fig. 4-6 B)[39]	

�&.�2�! mannose" Trp153®# Trp156 ƴ���ŕ³���/��
ĿŻ

�0�	�v,.�Rspo1Ɨ¥ķĬŒŠ,.ŎŰ���ē�0� Rspo1"�Trp153

!'
 C-mannosylation �0�*!� Trp153 ®# Trp156 ! 2 sî� 

C-mannosylation�0�*!! 2Ńư
Ê½�/��
ŀ�0�	  
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Fig. 4-4. Purification of recombinant human Rspo1 protein from the conditioned 

medium of HT1080-Rspo1-MH cells. 

Cells were cultured with 50 µg/mL heparin for 24 h, and the conditioned medium was 

collected. Secreted Rspo1-MH was purified with Ni-NTA agarose, and samples were 

electrophoresed on an SDS-polyacrylamide gel. The gel was visualized with CBB 

staining.  
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Fig. 4-5. Representative LC-MS data for C-mannosylation of Rspo1. 

Samples were digested with trypsin and Asp-N, and the resulting peptides were 

analyzed by LC-MS. The selected m/z (705.31 (A) and 786.33(B)) and the retention 

times were shown. Putative C-mannosylation sites are underlined. *C indicates 

propionamide cysteine. 
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Fig. 4-6. Representative LC-MS/MS data for C-mannosylation of Rspo1. 

The selected ions were further analyzed by LC-MS/MS. Indicated y-ions were detected, 

and only Trp153- (A) and both Trp153- and Trp156- (B) C-mannosylated peptides were 

observed. Putative C-mannosylation sites are underlined. *C indicates propionamide 

cysteine.  
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ŉ 2Ō R-spondin1! C-mannosylation
Čš y�/áƭ 

1) Lec15.2ŒŠ2İ���ē$!áƭ!ćŶ 

� �¤!Â¸	-�punctin-1  ����C-mannosylation 
�ē2£æ���/

��
ŀ�0��/[39]	����Rspo1! C-mannosylation*´ĉ �ē2£æ

���/��
ś�-0�	C-mannosylation"�mannoseTUt���Dol-P-Man

2İ���/��
Â¸�0��.�Dol-P-Man ³íėé!čõ�� CHO-K1

ŒŠ!�ą��� Lec15.2ŒŠ
Â¸�0��/[47]	�����0-ŒŠ2İ

�� C-mannosylation
 Rspo1!�ē y�/áƭ2Ÿ���	 

� Dol-P-Man³íėé!čõ" N-glycosylation$!áƭ*Â¸�0��.[96]�

&��ŮĽŅ	- Rspo1 ! N-glycosylation 
�ē2ƀ £æ���/��
ŀ

�0��/[97]	����N-glycosylation!áƭ2ƧÆ�/�)�Rspo1! Asn137

2AoMgr(Gln) ÅĴ�� N-glycosylation 
Ɔ�-����ÅĴ�(N137Q)

2İ��[97]	Ųą��/ CHO-K1 ŒŠ�®#�!�ą Lec15.2 ŒŠ Ð��

Rspo1/N137Q 2uƗĸ Ɨ¥ķĬ���!ŒŠÆ�ēƣ2 western blotting Ĕ2

İ��Ÿ���	�!ŕă�Dol-P-Man ³íėé!čõ ,. C-mannosylation


Ɔ�-����� Lec15.2ŒŠ�"�Rspo1/N137Q!�ēƣ
ƯŪ ĝÓ��

(Fig. 4-7)	�v!ŕă	-�Rspo1! C-mannosylation
�Rspo1!�ē ơű�

�/��
ŀº�0�	 
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Fig. 4-7. Effect of C-mannosylation on Rspo1 secretion using CHO-K1 and Lec15.2 

cells. 

CHO-K1 and Lec15.2 cells were transiently transfected with 

pCI-neo-Rspo1/N137Q-MH vector for 6 h and then cultured in serum-free medium with 

50 µg/mL heparin for 18 h. The protein samples were electrophoresed and 

immunoblotted with anti-c-myc and anti-α-tubulin. 
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2) R-spondin1ÅĴ�!Ɨ¥ķĬŒŠ!ċņ 

� ŉ 4 Ň ŉ 1 Ō ����Rspo1 
 Trp153 ®# Trp156 ! 2 sî ���

C-mannosylation �0/��2ŀ��&�ŉ 4 Ň ŉ 2 Ō 1) ��� Rspo1 !�

ē
 C-mannosylation  ,.£æ�0��/��2ŀº��	����

C-mannosylation !Čš2,.źŒ ŴĂ�/�)�Rspo1 ÅĴ�!Ɨ¥ķĬŒ

Š2ċņ��	¤Ʈ�İ�� Lec15.2ŒŠ" N-glycosylation$!áƭ
�/��

	-�C-mannosylation «Ī!ČšŴĂ "xµ�����	����Rspo1 !

Trp153®# Trp15625mVr(Ala) ÅĴ�� C-mannosylation !'2Ɔ�-��

��ÅĴ�(W153A/W156A: 2WA)! Rspo1Ɨ¥ķĬŒŠ2ċņ��(Fig. 4-8)	

RT-PCR  ,.�Rspo1 !ķĬƣ
 mRNA pbo�´łÞ��/ŒŠą2ƙÍ

�(Fig. 4-8 A)��ã!ÎƳ İ�/�����	  
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Fig. 4-8. Establishment of a C-mannosylation-defective mutant Rspo1- 

overexpressing HT1080 cell line, HT1080-Rspo1/2WA-MH cell. 

(A) Total RNA was isolated from each cell line, and semi-quantitative RT-PCR was 

performed. 

(B) Each cell was lysed, and aliquots of the cell lysates were electrophoresed and 

immunoblotted with the indicated antibodies.  
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3) R-spondin1! C-mannosylation
ŒŠ�Õ½ y�/áƭ 

� Rspo1"�ē¿MrZ@ƃ��/��	-�ŒŠ��"ÒŠ�(ER)�/�"D

oG� Õ½�/��
~ê�0/	����Rspo1 !ŒŠ�Õ½ 

C-mannosylation 
áƭ�/	¶	2Ÿ��/�)��ĵŬ�ĄũĔ2İ��

Rspo1!ŒŠ�Õ½2Ŀ	)�	 

� &��ð KDELð�(ERft=t)2İ�� ER2ƅ Ąũ��ð mycð�2

İ�� Rspo1 2Ř Ąũ��	�!ŕă�Ƣį¿�"zŜ"�Ąũ�0�	�

�! Ð��2WAÅĴ��"uƜ
�Ąũ�0�(Fig. 4-9)	�v!��	-�

2WAÅĴ� Rspo1"�!uƜ
 ER Õ½�/��
ŀ�0�	 

� Ď �DoG�!Õ½ y�/áƭ2Ÿ���	ð GRASP65 ð�(DoG�

ft=t)2İ��DoG�2ƅ Ąũ��ð mycð�2İ�� Rspo12Ř Ą

ũ��	�!ŕă�Ƣį¿ Rspo1"Ì� �Ąũ�0�! Ð��2WAÅĴ�

�"uƜ
�Ąũ�0�ď."ŒŠ�� Ý
���/ĉÉ
ųÏ�0�(Fig. 

4-10)	2WA ÅĴ� Rspo1 !DoG� Õ½�����MrZ@ƃ"�Fig. 4-9

!ŕă2ƈ&�/� ER  Õ½���/*!�ś�-0�	�v!��	-�

Rspo1 ! C-mannosylation " ER 	-DoG�$!ƋƏ ơű��/��
ŀ�

0�	  
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Fig. 4-9. Effect of C-mannosylation on ER localization of Rspo1. 

Cells were fixed and stained with Hoechst 33258 (blue), anti-c-myc antibody (green), 

and anti-KDEL antibody (red). The samples were observed by fluorescence microscopy. 

Bar, 10 µm. 

 

 

Fig. 4-10. Effect of C-mannosylation on Golgi apparatus localization of Rspo1. 

Cells were fixed and stained with Hoechst 33258 (blue), anti-c-myc antibody (green), 

and anti-GRASP65 antibody (red). The samples were observed by fluorescence 

microscopy. Bar, 10 µm. 
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4) R-spondin1! C-mannosylation
�ē y�/áƭ 

 Rspo1!ER	-DoG�$!ƋƏ C-mannosylation
ơű������	-�

Rspo1!C-mannosylation
ŒŠÆ$!�ē2£æ���/±šé
ś�-0�	

����western blottingĔ2İ�� Rspo1!ŒŠÆ�ēƣ2Ÿ���	Rspo1!

Ƣį¿®# 2WA ÅĴ�!Ɨ¥ķĬŒŠ2�aZnr�ĭw�ĥŭĜÀ¾� 24

ûƤÀƲ��24 ûƤ�!�ēƣ2đƊ����1�Ƣį¿�đƊ� 2WA �"

�,� 20%łÞ&��ēƣ
ĝÓ��(Fig. 4-11)	&��Rspo1!�ēƓÞ y

�/ C-mannosylation !áƭ2Ÿ��/�)�Rspo1 !�ēƣ2ŔûÅ©�Ÿ�

��	�!ŕă�Ƣį¿�đƊ� 2WAÅĴ��"�Rspo1!�ēƓÞ
ƯŪ 

ĝÓ��(Fig. 4-12)	�v!��	-�Rspo1! C-mannosylation"�Rspo1!�

ēƓÞ ơű��/��
ŀ�0�	  
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Fig. 4-11. Effect of C-mannosylation on Rspo1 secretion. 

Each cell was cultured with 50 µg/mL heparin. After 24 h, each cell lysate and 

conditioned media were collected, and the samples were electrophoresed and 

immunoblotted with the indicated antibodies.  
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Fig. 4-12. Effect of C-mannosylation on the kinetics of Rspo1 secretion. 

Cells were cultured with 50 µg/mL heparin, and conditioned media were collected at the 

indicated times, electrophoresed, and immunoblotted with anti-c-myc antibody. Protein 

bands were quantified by using ImageJ software. The amount of wild-type Rspo1 at 24 

h was defined as 100%.   
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5) R-spondin1! C-mannosylation
Wnt/β-cateninFAUoÄàėé y�/áƭ 

� Rspo1 " Wnt3a �ªŽĸ ������Wnt/β-catenin FAUo2Ļ}ĸ Ä

à�/ėé2ý�/��
Â¸�0��/[85,86]	����Wnt/β-cateninFAU

o!petMt��/ TopFlash 2İ���Rspo1 ! C-mannosylation 


Wnt/β-cateninFAUoÄàėé y�/áƭ2Ÿ���	Fig. 4-11 ŀ��,�

 �2WAÅĴ� Rspo1"Ƣį¿�đƊ���ēƣ
ƯŪ ĝÓ����	��

��Ƣį¿� 2WA ÅĴ��Ŋƣ! Rspo1 2İ�� Wnt/β-catenin FAUoÄà

ėé y�/áƭ2Ÿ��/�)�Ƣį¿®# 2WAÅĴ�!Ɨ¥ķĬŒŠ2�

0�0ÇƣÀƲ��²nCr\UrSMrZ@ƃ2ŎŰ��	Fig. 4-13  ŀ�

,� �Ƣį¿� 2WAÅĴ�
´łÞ!ĢÞ ŎŰ�ā�	�����!nC

r\UrS Rspo1 2İ���Wnt/β-catenin FAUoÄàėé y�/áƭ2Ÿ

���	TCF/LEF èŋƝ !£æw oF^9mtKƚ�É2œ'ƌ3�pe

tMtb@Mt��/ TopFlash��/�"�! TCF/LEFèŋƝ  ÅĴ2§�

�petMtb@Mt��/ FopFlash 2 293T  ƚ�ÉÑ���´û Wnt3a

®#ŎŰ��nCr\UrS Rspo1 2�ĭ�/����oF^9mtKėé2

ğÍ�/�� ,.�Rspo1 ! Wnt/β-catenin FAUoÄàėé2Ÿ���	�

!ŕă�Ƣį¿ Rspo1!ėé©ƣ�đƊ��2WAÅĴ��"�,� 15%łÞ!

ėé©����(Fig. 4-13)	�v!��	-�Rspo1! C-mannosylation" Rspo1

!Wnt/β-cateninFAUoÄàėé ơű��/��
ŀ�0�	  
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Fig. 4-13. Effect of C-mannosylation on Rspo1-mediated enhancement of Wnt 

signaling. 

Recombinant Rspo1 and Rspo1/2WA were purified from each cell line, and the 

amounts of proteins were equalized by western blot (inset). 293T cells were transfected 

with TopFlash or FopFlash in the presence of 10% Wnt3a conditioned medium and 

treated with equal amounts of purified Rspo1. After 24 h, luciferase activities were 

measured and normalized to Renilla luciferase. Non-C-mannosylated Rspo1 slightly 

enhanced Wnt signaling activity. Data shown are means ± s.d. *, P < 0.05 compared 

with FopFlash of vehicle control treatment. **, P < 0.05 compared with TopFlash of 

vehicle control treatment. ***, P < 0.05 compared with TopFlash of vehicle control and 

wild-type Rspo1 treatments. 
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ŉ 3Ō R-spondin1! C-mannosylation2ŵÈ�/ƞő!´Í 

1) S2ŒŠ2İ��Ɨ¥ķĬÎƳ ,/ćŷ 

� ƍÜ�řū ��� TSR1 Ti7r{!Sn`S^4rďÁ Ð�/

C-mannose!ƉŁƞő����Dpy19
´Í�0�[50]	�	��[S ���

"þ� C-mannoseƉŁƞő"´Í�0����	řū! Dpy19![SdjqA

���"�DPY19L1~L4 ! 4 �!57L^;th
�/	�&.�[S Rspo1

! Trp153®# Trp156! 2�! C-mannosylation ƥ��*�[S DPY19L1~L4!

��0	
ŵÈ�/±šé
���	���Ď �Rspo1 ! C-mannosylation 2

ŵÈ�/ƞő!´Í2Ź'�	 

� Fl8Gl8Y:şıā!ŒŠ��/ S2 ŒŠ"�ƒÚ C-mannosylation "Ɔ

�-����
Â¸�0��/[46]	�	��S2 ŒŠ C-mannose ƉŁƞő2

ƚ�ÉÑ��/����C-mannosylation2ß�Ɔ����
�ā�Buettner-


řū!Dpy19
C-mannoseƉŁƞő��/�Â¸��ƨ * S2ŒŠ
İ�-0

��/[50]	����S2 ŒŠ [S DPY19L1~L4 2�0�0ƚ�ÉÑ���ð

įĨƃ2İ��Jp@Flr2Ů�����DPY19L1~L4 !²Ɨ¥ķĬŒŠ2

å�	²Ɨ¥ķĬŒŠ!ċņ"�RT-PCR  ,.ĿŻ��(Fig. 4-14)	�0-!

ŒŠ �[S Rspo1 ƚ�É2�Ñ����!ÀƲvĜ,. Rspo1 2ŎŰ��	

ŎŰ��Er`o"ŉ 4 Ň ŉ 1 Ō! LC-MS �´ĉ!ùĔ�ŴĂ2Ů��	&

��DPY19L1~L4 !��0*ķĬ�����ŒŠ(mock),. Rspo1 2ŎŰ�

LC-MS ŴĂ2Ů��ŕă�þ�Ʊc`OT!'
ųğ�0�mannose !�§"

ĿŻ�0�	��(Fig. 4-14)	�!ŕă��0&�!Â¸�uŨ��S2ŒŠ�"

Ŀ	 C-mannosylation
Ɔ�-����
ĿŻ�0�	Ď �DPY19L1~L4!

²Ɨ¥ķĬŒŠ,.ŎŰ�� Rspo1! LC-MSŴĂ2Ů��	�!ŕă���0

!ŒŠ,.ŎŰ�� Rspo1*þ�Ʊc`OT
ųğ�0�(Fig. 4-14)	§���

DPY19L3!Ɨ¥ķĬŒŠ,.ŎŰ�� Rspo1!'�1�! mannose!�§
Ŀ

Ż�0�(Fig. 4-14)	2�! mannose�§c`OT ƥ��"���0!ŒŠ,

.ŎŰ�� Rspo1�*ć��0�	��(Fig. 4-14)	  
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Fig. 4-14. Identification of DPY19L3 as a C-mannosyltransferase of Rspo1. 

Human DPY19L1-L4- or empty vector (mock)-expressing Drosophila S2 cells were 

transiently transfected with pMT-Rspo1-MH, and protein expression was induced by 

200 µM CuSO4 for 72 h. Rspo1-MH protein was purified by tandem affinity 

chromatography, heparin sepharose, and Ni-NTA agarose. The samples were digested 

with trypsin and Asp-N, and the resulting peptides were analyzed by LC-MS/MS. 

Mono-mannosylated peptide was observed only when the protein was synthesized in 

DPY19L3-expressing S2 cells. *C indicates propionamide cysteine. 
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� Ď �1�! mannose�§
 Trp153®# Trp156!��-�Ɔ����/	2´

Í�/�)�MS/MS ŴĂ2Ů��	MS/MS ŴĂ"�DPY19L3 !Ɨ¥ķĬŒŠ

,.ŎŰ�� Rspo1!þ�Ʊc`OT�®# 1�! mannose!�§
ĿŻ�0

�c`OT Ð�Ů��	�!ŕă�Fig. 4-15  ŀ� y-ions 
ĿŻ�0�	&

��y57<r&� mannose!�Ʊ ,/ 162 Da!Ä§
ĥ���
ĿŻ�0

�	&��þ�Ʊc`OT�ųğ�0� y67<r
 1�! mannose!�Ʊc`

OT�"ųğ�0��������®# y7, y87<r�"mannose ,/ 162 Da

!Ä§	- cross-ring cleavage ,/-120 Da2×�ß���42 Da!Ä§!]t

@
ųğ�0���	-��! 1 �! mannose " Trp156 ŕ³���/��


ĿŻ�0�(Fig. 4-15)	�v,.�Rspo1! Trp156 Ð�/ C-mannoseƉŁƞő

����DPY19L3
´Í�0�	  
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Fig. 4-15. Identification of DPY19L3-mediated C-mannosylation site of Rspo1. 

Unmannosylated (upper) and mono-mannosylated peptides (lower) derived from 

DPY19L3-expressing S2 cells were further analyzed by LC-MS/MS. Indicated y-ions 

were detected, and signals resulting from the characteristic cross-ring cleavages were 

observed at the y7 and y8 ions in mono-mannosylated peptide. #W and *C indicate 

C-mannosyltryptophan and propionamide cysteine, respectively. 
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2) siRNA2İ��WP@N8rÎƳ ,/ćŷ 

� S2ŒŠ2İ�/��� Rspo1! Trp156 Ð�/ C-mannoseƉŁƞő����

DPY19L3
´Í�0�	���[SŒŠ ���*�DPY19L3
 Rspo1! Trp156

 Ð�/ C-mannoseƉŁƞő���Čš���/	¶	2ćŷ��	 

� &���»ċņ�� Rspo1 Ɨ¥ķĬ HT1080 ŒŠ �
/ DPY19L1~L4 !

mRNAķĬƣ2 RT-PCR�đƊ��	�!ŕă�DPY19L2"��!�! DPY19

^4gntƚ�É�đƊ��ķĬƣ
�	��(Fig. 4-16)	&��Ɨ­!Â¸	

-�DPY19L2"ŎÖĩĴĸ�ķĬ
Â¸�0��/[98]	S2ŒŠ2İ��ÎƳ

 ,��*�DPY19L2" Rspo1 Ð�/ C-mannoseƉŁƞő�"����
ŀ

º�0��.��0-!��2śì��v���ã!ÎƳ�" DPY19L2"ÎƳ

Ðſ	-ƧÆ��	 

 

 

Fig. 4-16. Expression of DPY19 members in HT1080-Rspo1-MH cells. 

Total RNA was isolated from HT1080-Rspo1-MH cells, and semi-quantitative (left) 

and quantitative (right) RT-PCR was performed. Absolute copy number of mRNA 

transcript per 10 ng of total RNA was calculated by quantitative RT-PCR. DPY19L2 

expression was lower versus the others.   
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� Ď DPY19L1�DPY19L3�DPY19L42WP@N8r��ŒŠ!ÀƲvĜ,.

Rspo12ŎŰ�MSŴĂ2Ů�����Trp156! C-mannosylation
ĝÓ�/	¶

	2Ÿ���	&��² siRNA 2�ĭ��ŒŠ �����0�0!ƚ�É


ĩĴĸ WP@N8r�ā��/	2�RT-PCR ,.ĿŻ��	�!ŕă��

0�0Ċĸ��/ƚ�É2ĩĴĸ WP@N8r�/��
�ā�(Fig. 4-17)	

�!Ā�w ����² siRNA 2�ĭ��ŒŠ!ÀƲvĜ,.ŎŰ�� Rspo1

!MALDI-TOF MSŴĂ2Ů��	ŉ 4Ň ŉ 1Ō� LC-MS ,.ĿŻ�0�ŕ

ă�´ĉ���!Er`o ��� Trp153!'
 C-mannosylation �0�c`O

T(mono)� Trp153� Trp156! 2sî
 C-mannosylation�0�c`OT(di)! 2Ń

ư!]t@
ųğ�0�(Fig. 4-18)	&��! 2Ńư!]t@2�]t@ƫń 

,.Íƣ�đƊ��ŕă�siLuc�ĭ�" mono: di" 42: 58����! Ð��

siDPY19L1®# siDPY19L4�ĭ�" 44: 56�55: 45��Ç��Å©�/��"ĥ

	��(Fig. 4-18)	�0 Ð��siDPY19L3�ĭ�" mono: di" 92: 8�Ç��

Å©��Trp156
 C-mannosylation�0�c`OT
Ç��ĝÓ��(Fig. 4-18)	

�v!��	-�[SŒŠ ���*�DPY19L3 
 Rspo1 ! Trp156  Ð�/

C-mannoseƉŁƞő���Čš���/��
ú-	����	  
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Fig. 4-17. Knockdown of DPY19L1, DPY19L3, and DPY19L4. 

Total RNA was isolated from each cell line, and quantitative RT-PCR was performed. 

Significant knockdown efficiency was observed for each siRNA against its target gene. 
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Fig. 4-18. Identification of C-mannosyltransferase of Rspo1 in human cells. 

HT1080-Rspo1-MH cells were treated with the indicated siRNAs, and conditioned 

media were collected. Recombinant Rspo1 was purified with Ni-NTA agarose, and the 

samples were digested with trypsin and Asp-N. The resulting peptides were analyzed by 

MALDI-TOF MS. siDPY19L3 changed the ratio of 2 peptides compared with siCtrl: 

the signal intensity from the di-mannosylated peptide at W153 and W156 (m/z 1919.0) 

declined, although that of the mono-mannosylated peptide at W153 (m/z 1756.9) 

increased. #W and *C indicate C-mannosyltryptophan and propionamide cysteine, 

respectively. The ratio of mono-mannosylated: di-mannosylated Rspo1 was calculated 

from each peak area.  
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ŉ 4Ō DPY19L3!ŵÈ�/ R-spondin1! C-mannosylation
�ē y�/áƭ 

� ŉ 4Ň ŉ 2Ō 1)®# 4) ����Rspo1! C-mannosylation"�ē ơű�

�/��2ŀ��	&��ŉ 4Ň ŉ 3Ō�"�Rspo1! Trp156! C-mannoseƉ

Łƞő��� DPY19L3 2´Í��	����DPY19L3  ,/ Rspo1 ! Trp156

! C-mannosylation
 Rspo1!�ē y�/áƭ2Ÿ���	 

� &��Fig. 4-17��İ�� siRNAs2İ��²ƚ�É2WP@N8r��Rspo1

!�ē y�/áƭ2Ÿ���	�!ŕă�siLuc �đƊ��siDPY19L1 ®#

siDPY19L4 !�ĭ�"�ēƣ Å©"���uù siDPY19L3 !�ĭ�" Rspo1

!�ē"ƯŪ ĝÓ��(Fig. 4-19)	�- <^MtBPS¨ă2śì��

siDPY19L3�"¢!Ɲ 2ý�/�DPY19L3 Ð�/ siRNA(siDPY19L3#2)2Ǝ

§��´ĉ!ÎƳ2Ů��	�0�0! siRNA
�DPY19L32ĩĴĸ WP@

N8r�ā��/	2 RT-PCR  ,.ĿŻ��ŕă��0�0 siRNA "

DPY19L3!'2¨ăĸ WP@N8r��(Fig. 4-20)	�����0-! siRNA

2�ĭ��ƨ! Rspo1 !�ē y�/áƭ2Ÿ���	�!ŕă���-!

siDPY19L32�ĭ��ƨ�*�́ ĉ Rspo1!�ē"ƯŪ ĝÓ��(Fig. 4-21)	

�v!ŕă	-�DPY19L3 ,/ Rspo1! Trp156! C-mannosylation
�Rspo1

!�ē ơű��/��
ŀ�0�	  
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Fig. 4-19. Effect of knockdown of DPY19L1, DPY19L3, or DPY19L4 on Rspo1 

secretion. 

HT1080-Rspo1-MH cells were treated with the indicated siRNAs, and cell lysates and 

conditioned media were electrophoresed and immunoblotted with the indicated 

antibodies. 
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Fig. 4-20. Knockdown of DPY19L3. 

HT1080-Rspo1-MH cells were treated with the indicated siRNAs. Total RNA was 

isolated from each cell line, and quantitative RT-PCR was performed. Significant 

knockdown efficiency was observed for each siRNA against its target gene. 
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Fig. 4-21. Effect of knockdown of DPY19L3 on Rspo1 secretion. 

HT1080-Rspo1-MH cells were treated with the indicated siRNAs. Each cell line was 

cultured, and cell lysates and conditioned media were electrophoresed and 

immunoblotted with the indicated antibodies. 
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ŉ 5Ō DPY19L3!ŵÈ�/ R-spondin1! C-mannosylation
Wnt/β-catenin 

       FAUoÄàėé y�/áƭ 

� ŉ 4 Ň ŉ 2 Ō 5) ����C-mannosylation !Ɔ�-��ÅĴ���/

Rspo1/2WA2İ�/����Rspo1! C-mannosylation"�!Wnt/β-cateninFA

UoÄàėé ơű��/��2ŀ��	�	���0" 2 sî! Trp 2 Ala

 ÅĴ����� ,/áƭ!±šé2¶Í����	�����!±šé2

ƧÆ�/�)��w ŀ� 2Ńư!ùĔ�ćŶ2Ů��	 

 

1) S2ŒŠ2İ��Ɨ¥ķĬÎƳ ,/ćŷ 

� ŉ 4Ň ŉ 3Ō 1)�ŀ��,� �Fl8Gl8Y:şıā��/ S2ŒŠ2

İ�/����C-mannosylation!Ɔ������ Rspo12�Ű���&� S2Œ

Š DPY19L32Ñ��/����Trp156!' C-mannosylation�0� Rspo12�

Ű��/(Fig. 4-14, 4-15)	�����0-2ŎŰ��Ŋƣ! Rspo12İ�/��

��DPY19L3 ,/ Rspo1! Trp156! C-mannosylation
Wnt/β-cateninFAUo

Äàėé y�/áƭ2Ÿ���	ŉ 4Ň ŉ 2Ō 5)�´ĉ!ùĔ�Ÿ���ŕ

ă�DPY19L3 2Ɨ¥ķĬ�� S2 ŒŠ,.ŎŰ�� Rspo1 "�mock �đƊ��

ýë ėé
Ä§��(Fig. 4-22)	�v!��	-�DPY19L3  ,/ Rspo1 !

Trp156! C-mannosylation 
 Wnt/β-catenin FAUoÄàėé ơű��/��


ŀ�0�	 
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Fig. 4-22. Effect of C-mannosylation of Rspo1 at W156 on Wnt signaling enhancing 

activity. 

Recombinant Rspo1 proteins produced by mock- or DPY19L3-transfected S2 cells were 

purified, and the amounts of proteins were equalized by western blot (inset). 293T cells 

were transfected with TopFlash or FopFlash in the presence of 10% Wnt3a-conditioned 

medium and treated with equal amounts of purified Rspo1 proteins. After 24 h, 

luciferase activities were measured and normalized to Renilla luciferase. 

C-mannosylated Rspo1 at W156 (produced by DPY19L3-expressing S2 cells) had 

increased activity compared with non-C-mannosylated Rspo1 (produced by 

mock-transfected S2 cells). Data shown are means ± s.d. *, P < 0.05 compared with 

FopFlash of vehicle control treatment. **, P < 0.05 compared with TopFlash of vehicle 

control treatment. ***, P < 0.05 compared with TopFlash of vehicle control and 

mock-produced Rspo1 treatments. 
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2) siRNA2İ��WP@N8rÎƳ ,/ćŷ 

� ŉ 4Ň ŉ 3Ō 2)�ŀ��,� �DPY19L3 Ð�/ siRNA2�ĭ��ŒŠ

!ÀƲvĜ,.ŎŰ�� Rspo1"�| Trp153!'
 C-mannosylation�0��

/(Fig. 4-18)	����² siRNA2�ĭ��ŒŠ!ÀƲvĜ,.Rspo12ŎŰ��

Ŋƣ!Rspo12İ�/����DPY19L3 ,/Rspo1!Trp156!C-mannosylation


 Wnt/β-catenin FAUoÄàėé y�/áƭ2Ÿ���	ŉ 4 Ň ŉ 2 Ō 5)

�´ĉ!ùĔ�Ÿ���ŕă�DPY19L32WP@N8r��ŒŠ,.ŎŰ��

Rspo1"CrSqto�đƊ��ėé Å©"�	��(Fig. 4-23)	�&.�Trp153

!'
C-mannosylation�0�Rspo1"�2sî� C-mannosylation�0�Rspo1

�´Ŋ!ėé2ý����	�v!ŕă�¤Ʈ!ŕă2ƈ&�/��Rspo1 !

Trp153� Trp156! 2sî! C-mannosylation!����0	ħù
 C-mannosylation

�0��/��
�Wnt/β-catenin FAUoÄàėé ơű��/��
ŀº�

0�	 
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Fig. 4-23. Effect of C-mannosylation of Rspo1 at W153 on Wnt signaling enhancing 

activity. 

HT1080-Rspo1-MH cells were treated with siGFP or siDPY19L3, and conditioned 

media from each cell was collected. Rspo1 proteins were purified from the conditioned 

media of siGFP- or siDPY19L3-treated cells, and the amounts of proteins were 

equalized by western blot (inset). 293T cells were transfected with TopFlash or 

FopFlash in the presence of 10% Wnt3a-conditioned medium and treated with equal 

amounts of purified Rspo1 proteins. After 24 h, luciferase activities were measured and 

normalized to Renilla luciferase. W153-C-mannosylated Rspo1 (produced by 

siDPY19L3-treated cells) had almost same activity compared with wild-type Rspo1 

(produced by siGFP-treated cells). Data shown are means ± s.d. *, P < 0.05 compared 

with FopFlash of vehicle control treatment. **, P < 0.05 compared with TopFlash of 

vehicle control treatment. ns, not significant. 

(kDa) 

36.5 
43.0 

Rspo1 

si
G

FP
 

si
DP

Y1
9L

3 

R
el

at
iv

e 
lu

ci
fe

ra
se

 a
ct

iv
ity

 
(F

ol
d 

ch
an

ge
) 

0 

1 

2 

3 

4 

5 

6 

1 2 3 

FopFla
sh 
TopFla
sh 

FopFlash 

TopFlash ** 

*** 

*** 

ns 

siGFP siDPY19L3 Vehicle 
control Rspo1 

0 

2 

4 

6 



 97 

ŉ 6Ō &�) 

� ŉ 4Ň�"�[SRspo12Ɨ¥ķĬ��ŒŠ2İ���Rspo1!C-mannosylation

 ���ŴĂ2Ů��	Rspo1Ɨ¥ķĬŒŠ,.ŎŰ��nCr\UrSMrZ

@ƃ! LC-MS  ,/ŴĂ	-��ē�0���! Rspo1 "�Trp153!'��/

�" Trp153� Trp156! 2 sî
 C-mannosylation �0/��2¡)�ú-	 �

�	&��C-mannosylation 
 Rspo1 !Čš y�/áƭ2Ÿ���	

C-mannosylation!Ɔ�/ Trp153®# Trp156! 2sî! TrpďÁ2Ala ÅĴ��

� 2WA ÅĴ�2İ��ÎƳ+ Lec15.2 ŒŠ2İ��ÎƳ	-�Rspo1 !

C-mannosylation 
�Rspo1 !ŒŠ�ƋƏ�ŒŠÆ$!�ē�Wnt FAUo!Ä

àėé ơű��/��2ú-	 ��	�- �řū �
/ C-mannose Ɖ

Łƞő��� Dpy19 
Â¸�0���	-��![SdjqA��/

DPY19L1~L4!{ Rspo1! Trp153®# Trp156!C-mannoseƉŁƞő
Ê½�/

!�"�ś��C-mannosylation!Ɔ�-�� S2ŒŠ2İ��ćŶ2Ů��	�

!ŕă�[S Rspo1! Trp156 Ð�/ C-mannoseƉŁƞő��� DPY19L32´

Í��	�- �DPY19L3 2WP@N8r��ŒŠ!ÀƲvĜ	-ŎŰ��

Rspo1�*�Trp156! C-mannosylation!ĝÓ
 MALDI-TOF MS�ĿŻ�0�	

üã �DPY19L3 2WP@N8r��ƨ! Rspo1 !�ēƣ2Ÿ���ŕă�

Rspo1 !�ē" 2WA ÅĴ��´ĉ ĝÓ��	�&.�Rspo1 ! Trp156 !

C-mannosylation" DPY19L3 ,.ŵÈ�0��! C-mannosylation
 Rspo1!

�ē2£æ���/��
ś�-0/	  
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ŉ 4Ň!ÎƳùĔ 

1) ŒŠÀƲ 

� [SřŗŝŤıā HT1080 ŒŠ®#[SŞ�ţŧvĹıā 293T ŒŠ"�

DMEM 10% (v/v) FBS�100 units/mL penicillin G�100 mg/L kanamycin�600 mg/L 

L-glutamine�2.25 g/L NaHCO32ě§��À¾2�İ��37°C�5% CO2Ā�w�

ÀƲ��	 

� Ok7VtIXhHMt¬Öıā CHO-K1ŒŠ®#�!�ą Lec15.2ŒŠ"�

Ham’s F-12K 5% (v/v) FBS�100 units/mL penicillin G�100 mg/L kanamycin�2.5 

g/L NaHCO32ě§��À¾2�İ��37°C�5% CO2Ā�w�ÀƲ��	 

� Fl8Gl8Y:şıā S2 ŒŠ" Schneider’s Drosophila medium (Life 

Technologies) 10% (v/v) ƪ�© FBS�100 units/mL penicillin G�100 mg/L 

kanamycin2ě§��À¾2�İ��25°C�ÀƲ��	 

 

2) Ɨ¥ķĬ`mHgT!Ĉō 

� Rspo1 ƚ�É"�[S¤ņťĶıā PC3 ŒŠ! cDNA m7_mn,.ÄÛ�

�	mycMA®# his6MA! Cÿň$!Ñ�"�Ƙ��`m7ft2�İ� PCR

Ĕ ,.Ů��	mycMA®# his6MA!Ɲ "��w ŀ�ƒ.��/	 

myc: GAACAAAAACTCATCTCAGAAGAGGATCTG 

his6: CATCATCACCATCACCAT 

Rspo1-myc-his6 (Rspo1-MH)ƚ�É"�pCI-neob@Mt(Promega) E_@qtV

rA2Ů��	&��Rspo1-MH !ÅĴ�(W153A/W156A (2WA))!�Ű"��

w ŀ�`m7ft2İ�� PCRĔ ,.Ů��	 

W153A: 5’-GTGAAATGAGCGAGGCGTCTCCGTGGGGGC-3’ (forward) 

5’-GCCCCCACGGAGACGCCTCGCTCATTTCAC-3’ (reverse) 

W156A: 5’-GTCTCCGGCGGGGCCCTGC-3’ (forward) 

5’-GCAGGGCCCCGCCGGAGAC-3’ (reverse) 

 

� S2ŒŠ$!Ɨ¥ķĬİ "�Rspo1-myc2 PCRÄÛ��pMT-PURO (RIKEN 
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BioResource Center) E_@qtVrA2Ů��[99]	 

� [S DPY19L1, DPY19L3, DPY19L4ƚ�É"�HT1080ŒŠ! cDNAm7_m

n,.ÄÛ��	&�[S DPY19L2ƚ�É"�PC3ŒŠ! cDNAm7_mn,

.ÄÛ��	�0�0!ƚ�É! Cÿň " mycMA2 PCR ,.Ñ���pIZ

b@Mt(LifeTechnologies) E_@qtVrA2Ů��	 

 

3) Ɨ¥ķĬŒŠ!ċņ 

� HT1080ŒŠ ²`mHgT2 Lipofectamine LTX (LifeTechnologies)2İ��

ƚ�ÉÑ���400 µg/mL! G418(Roche Applied Sciences)�ƙñÀƲ2Ů��	

�,� 2 ƕƤ!ƙñÀƲã�ƦĲÙƠĔ2İ��²@qtrŒŠ

(HT1080-Rspo1-MH, HT1080-Rspo1/2WA-MH)2ċņ��	 

 

4) Western blot 

� ŒŠ lysis buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1% SDS, 1% Triton 

X-100, 1% sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride)2§�Ƈ

Ƭĕ�ĭ2Ů����ŒŠ2ġŴ��	ŒŠġŴę" Coomassie Brilliant Blue 

(CBB) G-250 (Bio-Rad Laboratories)2İ��MrZ@ƃĢÞ2Íƣ��²Er`

oĢÞ2ó��	²Er`o 5�! 1ƣ! loading buffer (350 mM Tris-HCl, pH 

6.8, 30% glycerol, 0.012% bromophenol blue, 6% SDS, and 30% 2-mercaptoethanol)2

§��98°C�3�!Ħ�ĭã�SDS-PAGE ,.MrZ@ƃ2�Ʃ��	MrZ

@ƃ2 PVDF Ŧ Ɖ�ã�5%H?hgo@�_qP?rA2Ů��	1 Ďð�

 "�ð c-mycð�(#C3956; sigma)�/�"ð α-tubulinð�(#T5168; Sigma)2İ

��	&��2Ďð� " HRPĊžð mouse IgGð�(Amersham Biosciences)�

/�" HRP Ċžð rabbit IgG ð�(Amersham Biosciences)2İ��ķũ "

Immobilon Western (Millipore Corporation)2İ��	ķ�ć� "�LAS4000 mini 

(GE healthcare)2�İ��	 
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5) Rspo1!ŒŠÆ�ē!ć� 

� ²ŒŠ 50 µg/mL!aZnr2�ĭ��ĥŭĜÀ¾� 24ûƤÀƲ�/��

��ŒŠÆ$��ē�ŒŠŦ!aZmrľƟ�ŕ³�� Rspo1 2ƖƩ���	

24 ûƤã�ÀƲvĜ2»¯��4) ä� western blot 2Ů������ē��

Rspo12ć���	 

 

6) Rspo1!ŒŠÆ	-!ŎŰ 

� HT1080-Rspo1-MHŒŠ2ÇƣÀƲ��50 µg/mL!aZnr2ě§��ĥŭĜ

À¾� 24ûƤÀƲ��	24ûƤã�»¯��ÀƲvĜ!MrZ@ƃ2ľËĒĐ

 ,.ĒĐ���PBS �ġŴ��	�� 8M!Ôő2§���- Ni-NTA 

agarose 2§�� Rspo1-MH 2 Ni-NTA agarose  ŕ³���	ŕ³ã�Ni-NTA 

agarose2 buffer A (900 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, 

and 20 mM imidazole)�\tI2,�ĖĘã�500 mM ! imidazole 2ě§��

buffer A�ġ�2Ů��	ŎŰ!ĿŻ"�Er`o2 SDS-PAGE��Ʃã�CBB 

R-250�Ąũ�/���Ů��	 

 

7) LC-MSŴĂ 

� ŎŰ��Er`o2 SDS-PAGE ,.�Ʃ��CBBĄũ2Ů��	CBBĄũ

ã�MrZ@ƃYrT2Bo	-�.���0.1 M Tris-HCl, pH 8.0{�37°C �

12 ûƤ�0.05 µg ! Asp-N (sequencing grade, Roche)� trypsin (TPCK-treated, 

Worthington Biochem. Co.)2�ĭ�/���c`OT÷ħ©2Ů��Ŗ
�ƛ�

`q]<r5gT©2Ů��	�!c`OT÷ħĚ³Ĩ2 nano ESI spray column 

(NTCC analytical column, C18, φ75 µm x 100 mm, 3 µm, Nikkyo Technos Co., Ltd.)2

İ�� nanoflow LC (Easy nLC, Thermo Fisher Scientific) ,.�Ʃ��Ŗ
�

nanospray�7<r©�� Q-Exactive mass spectrometer (Thermo Fisher Scientific)

�ć���	 
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8) CHO-K1ŒŠ®# Lec15.2ŒŠ2İ��uƗéƗ¥ķĬ 

� CHO-K1ŒŠ®# Lec15.2ŒŠ pCI-neo-Rspo1/N137Q-MH`mHgT[97]2

Lipofectamine LTX2İ��ƚ�ÉÑ���	6ûƤã�²ŒŠ2 PBS�ĖĘ��

50 µg/mL !aZnr2ě§��ĥŭĜÀ¾� 18 ûƤÀƲ�/����

Rspo1/N137Q2ŒŠÆ$��ē���	ƚ�ÉÑ�	- 24ûƤã�ÀƲvĜ2

»¯��4) ä� western blot2Ů������ē�� Rspo1/N137Q2ć���	 

 

9) RT-PCR 

� RNA" Trizol (LifeTechnologies)2İ��ŒŠ,.ò���	2 µg! RNA2�

İ��High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems)2İ��

ƐƉ�2Ů��	PCR ÄÛ " Quick Taq HS DyeMix(Toyobo)2�İ��	

Semi-quantitative RT-PCR İ��`m7ft�E7@oö�5VtnrAĞÞ

" Table 4-1 ŀ�	 

 

Table 4-1. The sequences of the primers, annealing temperature, and the number 

of cycles for semi-quantitative RT-PCR. 

 
 

� &��quantitative RT-PCR" KOD SYBR qPCR Mix (TOYOBO)2�İ��ABI 

7500 Real-time PCR System (Applied Biosystems)2İ��Ů��	Quantitative 

RT-PCR İ��`m7ft®#5VtnrAĞÞ2 Table 4-2 ŀ�	 

Target gene Primer sequence Annealing
temperature

Number of
cycles

5’-CTCTGCTCTGAAGTCAACGG-3’ (forward)
5’-GTGATGGTGATGATGCAGATCCTCTTCTGAGATGAG-3’ (reverse)
5’-GGCATCACTGATCTGCTCAA-3’ (forward)
5’-AAGGGAGTTTTCCCAGCATT-3’ (reverse)
5’-ATGAGAAAACAAGGAGTAAGCTCAAAGCGG-3’ (forward)
5’-CAATGTAAAATTGCCACAAAGACAG-3’ (reverse)
5’-AGTTCTGGCCAGGAATGATG-3’ (forward)
5’-ACGTAGGGAGGCAGGTTTCT-3’ (reverse)
5’-GCCAAATTGCTGCACTTACA-3’ (forward)
5’-GCAGGGATTCTTGACAGAGG-3’ (reverse)
5’-CTTCTACAATGAGCTGCGTG-3’ (forward)
5’-TCATGAGGTAGTCAGTCAGG-3’ (reverse)
5’-GTCCTATGATGAAATTAAGGCCAAG-3’ (forward)
5’-GTCGTACCAAGAGATCAGCTTCAC-3’ (reverse)

GAPDH2 60°C 25

DPY19L4 60°C 25

β-actin 58°C 20

DPY19L2 60°C 25

DPY19L3 60°C 25

Rspo1 63°C 25

DPY19L1 60°C 25
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Table 4-2. The sequences of the primers and annealing temperature for 

quantitative RT-PCR. 

 
 

10) �ĵŬ�Ąũ 

� ²ŒŠ"=Yt>mHv�ÀƲ��	ŒŠ2¼Í©ã�0.1% Triton X-1002İ

��ŦƑƗ�ĭ2Ů��3% BSA�_qP?rA2Ů��	Rspo1-MH!Ąũ 

" 1Ďð����ð c-mycð�(#sc-40; Santa Cruz Biotechnology�/�"#C3956; 

sigma)2�İ��	DoG�Õ½!ĿŻ "�1 Ďð����ð GRASP65 ð�

(#sc-30093; Santa Cruz Biotechnology)2İ��	ERÕ½!ĿŻ "�1Ďð��

��ð KDELð�(#ADI-SPA-827; Enzo Life Sciences)2İ��	² 1Ďð� Ð

�/ 2Ďð�����Alexa Fluor488-conjugated anti-mouse IgG (Molecular Probes)

�/�" Alexa Fluor568-conjugated anti-rabbit IgG (Molecular Probes)2�İ��	

ĆĄũ " 2 µg/mL! Hoechst 33258 (Polysciences, Inc.)2İ��	 

 

11) Luciferase assay 

� Luciferase assay "�Rspo1!Ɨ¥ķĬ,.ŎŰ��nCr\UrSMrZ@

ƃ2�İ��	&��²ŒŠ2ÇƣÀƲ��ĥŭĜÀ¾ 1% (v/v) heparin 

sepharose 6 fast flow (GE Healthcare)2ě§��24ûƤÀƲ��	24ûƤã�»¯

Target gene Primer sequence Annealing
temperature

5’-CTCTGCTCTGAAGTCAACGG-3’ (forward)
5’-CACTCGCTCATTTCACATTG-3’ (reverse)
5’-GGCATCACTGATCTGCTCAA-3’ (forward)
5’-AAGGGAGTTTTCCCAGCATT-3’ (reverse)
5’-GAAAAGGCTTGGAGCTAGAGGTG-3’ (forward)
5’-GATGAGAGGTGAGAGAAATGACGA-3’ (reverse)
5’-CCCTGAAATATGGGAGTTACTTCTG-3’ (forward)
5’-CACAGCCTTTCTTGGAGTGTTAG-3’ (reverse)
5’-GCCAAATTGCTGCACTTACA-3’ (forward)
5’-GCAGGGATTCTTGACAGAGG-3’ (reverse)
5’-CTTCTACAATGAGCTGCGTG-3’ (forward)
5’-TCATGAGGTAGTCAGTCAGG-3’ (reverse)

DPY19L4 60°C

β-actin 58°C

DPY19L2 60°C

DPY19L3 60°C

Rspo1 63°C

DPY19L1 60°C
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�� heparin sepharose2 PBS�,�ĖĘ��buffer A (900 mM NaCl, 2.7 mM KCl, 

10 mM Na2HPO4, 1.8 mM KH2PO4, and 20 mM imidazole)2İ�� Rspo12ġ��

�	�0 Ni-NTA agarose (Qiagen)2§��Rspo1-MH2 Ni-NTA agarose ŕ³

���	Ni-NTA agarose ŕ³��� Rspo1-MH"�buffer A�\tI2 3»Ė

Ęã�500 mM! imidazole2ě§�� buffer A�ġ�2Ů��	�02VIVASPIN 

500 (Sartrius)2İ��ƦÆģƗ2Ů�����MrZ@ƃ!ĢŚ� PBS$!YP

^4t�ô2Ů��	MrZ@ƃĢÞ" western blot2Ů�����ŽŰ��	 

� Ď �293TŒŠ Super 8×TopFlash (Addgene plasmid 12456)�/�" Super 

8×FopFlash (Addgene plasmid 12457)[100]� phRL-TKb@Mt(Promega)2�ķĬ

���10% (v/v) Wnt3a conditioned medium[101]Ê½w�Ŋƣ!nCr\UrS

Rspo12�ĭ��	24ûƤãŒŠ2ġŴ��oF^9mtKėé2ğÍ��	 

 

12) S2ŒŠ ķĬ��� Rspo1!ŎŰ 

� S2ŒŠ Ð��pIZ (mock)�pIZ-DPY19L1 (DPY19L1)�pIZ-DPY19L2 (DPY19L2)�

pIZ-DPY19L3 (DPY19L3)�pIZ-DPY19L4 (DPY19L4)2 FuGENE HD Transfection 

Reagent (Promega)2İ��ƚ�ÉÑ���	�!ã 150 µg/mL ! Zeocin 

(LifeTechnologies)�ƙñÀƲ2Ů��	�,� 2 ƕƤ!ƙñÀƲ ,.�²

DPY19^4gntƚ�É!Ɨ¥ķĬŒŠ2å�	 

� Ď �0-!Ɨ¥ķĬŒŠ Ð��pMT-Rspo1-MH2´ĉ ƚ�ÉÑ���6

ûƤã ĥŭĜÀ¾$��ô�/�´û �200 µM! CuSO4� Rspo1-MH!ķ

ĬżÑ2Ů��	72ûƤã�²ŒŠ!ÀƲvĜ	- 11) ŀ��ùĔ ä���

Rspo1-MH MrZ@ƃ2ŎŰ��	�!ã! LC-MS ŴĂ"�7)�´ĉ!ïĔ�

Ů��	Luciferase assay"�´ĉ!ïĔ�ŎŰ�� Rspo12İ��western blot

�MrZ@ƃĢÞ2ŽŰã�11) ŀ��ïĔ ä��Ů��	 

 

13) DPY19^4gntƚ�É!WP@N8r 

� HT1080-Rspo1-MH ŒŠ Ð��20 nM ! siRNA 2 Lipofectamine RNAiMAX 

(LifeTechnologies)2İ��Ñ���	siRNA!Ñ�¨ī"�9)! RT-PCR ä�
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ĿŻ2Ů��	�İ�� siRNA!Ɲ 2�w ŀ�	 

siLuc, CGUACGCGGAUACUUCGAdTdT 

siDPY19L1, GCACUUCGGCCCAUUGUGAdTdT 

siDPY19L3, GGAUAUGUAUAAUGCGAUAdTdT 

siDPY19L3#2, GAAACUGCCUACAACUUAAdTdT 

siDPY19L4, GGUGUGUACUCUGACAAUAdTdT 

siGFP (#AM4626)" Applied Biosystems,.ØƁ¹2Ƅ���	 

 

14) DPY19^4gntWP@N8rŒŠ	-! Rspo1!ŎŰ 

� 13)!ùĔ ä�� DPY19^4gnt2WP@N8r��ŒŠ2ÇƣÀƲ��

6) ŀ��ùĔ ä�� Rspo12ŎŰ��	ŎŰ��Er`o"Ď ŀ�ùĔ�

MALDI-TOF MSŴĂ��	 

 

15) MALDI-TOF MS 

� ŎŰ��Er`o2 SDS-PAGE ,.�Ʃ��CBBĄũ2Ů��	CBBĄũ

ã�MrZ@ƃYrT2Bo	-�.���0.1 M Tris-HCl, pH 8.0{�37°C �

12ûƤ�0.05 µg! sequencing-grade modified trypsin (Promega)� Asp-N (Roche 

Diagnostics)2�ĭ�/���c`OT÷ħ©2Ů��Ŗ
�ƛ�`q]<r5

gT©2Ů��	�!ã�Zip TipC18µ (Millipore Corporation)2İ��ŢÃ©��

α-cyano-4-hydroxycinnamic acid 2fSnP@H����İ��ultrafleXtreme 

TOF/TOF MS (Bruker Daltonics)2İ��ƃƣ�Ă2Ů��	 



 105 

ĥ 5Ĥ ı× 
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ò��0	UO@R^"Ŏŕ´r!{��[FO@R^ĜĢ���WfM<]

>FŎé�Ė4!ň210-�! /�IgT>ř"ñļĊŎ#ţ4��0	
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� 4 ġŷ�±¤��ĨŮ3íÑ�0Ĩ+kî� �©��­���
.�ćµ

"ĨŮ�Ÿ!ĄĂ3Ä��Ŏé3ň������*�Ĕō�0����è0©

�+­�	���Ņķ#�N¥�O¥�C¥" 3�"ĨŮ�Ÿ!Ěė���1�

1"ĨŮ�Ÿ"ïĕ�ŊIgT>ř!����ĨŮ�Ÿ"äă"Ŏé��"ñ

ļ!�'�ÆŴ!���Œ���	Đ 0 3 ġŷ"ĨŮ�Ÿ!���Ŏé3ň

�����ĨŮ�Ÿ�ń!���ĊŎ3ü*�ĨŮċĆ²"Ĕ¾!ŘĈ�0�

�� 
��ĨŮ�Ÿ�Ø�ñļ"ŷ|ĂięŦĂ!���"Ķº�åÈ�1

�	çĜĢ#�3ġŷ"�÷¥IgT>ř!	�0�Đ 0 3ġŷ"ĨŮ�Ÿ"

Ŏé��"ñļŒ�!Ű�0+"��/�ĜĢĮê3Ōĩ�0�ó"-�! 

0	 

 

1) UOĲįĸľčè HT1080ĬĻ!UO CTSV3ť�Ĕĉ���ť�ĔĉĬĻ

3ðģ��N-glycosylation "äă!����"ű·���0 TM !-0Ŏé

3ň��Įê�CTSV" N-glycosylation�Ğ¡�1�	(��ħŋ�� CTSV

3MALDI-TOF MS, MS/MSŎé��Įê�CTSV# Asn221� Asn292" 2hÒ

� N-glycosylation�1��0��3á.
!��	 

2) CTSV " Asn221�$ Asn2923 Gln !«Đ��� N221Q�N292Q��$ 2NQ 

(N221Q/N292Q)«Đ}"ť�ĔĉĬĻ3ðģ���«Đ}" N-glycosylation

"äă!��� TM 3Č��Ŏé3ň��Įê�N221Q �$ N292Q «Đ}
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#�u�!+�kà" N-glycosylation#�Ø�1��0���Ğ�1�	�

(/��1�1" N-glycosylation#u�!Àþ��2 ����Ğ¡�1�	

(��2NQ«Đ}ť�ĔĉĬĻ!»� TM3�Ċ��+�SDS-PAGE!	�

0 CTSVIgT>ř"ğ�Â�«�� 
����
.�CTSV# Asn221�

$ Asn292y¬! N-glycosylation�1�� ����Ğ�1�	 

3) CTSV "�ť�ĔĉĬĻ3Č���CTSV " N-glycosylation ��"ñļ!n

�0ÆŴ3Œ���Įê�CTSV " N-glycosylation #cHHj^%"ŝŠ�

ĬĻ¬%"�÷��.!#ũĪùÌ!»�ūŌ Ç�3Ö���0���Ğ

¡�1�	(��v£Œ��� CTSV"��1"ñļ!»��+�CTSV"

Asn221� Asn292" N-glycosylation "��ć! Asn292" N-glycosylation ��ñ

ļ!»�®�
ÆŴ������
.�Asn292" N-glycosylation � CTSV "

ñļĔĉ!Ëŵ��0���Ğ¡�1�	 

4) HT1080 ĬĻ!UO CCN1 3ť�Ĕĉ���ť�ĔĉĬĻ3ðģ���"ť

�ĔĉĬĻ"¦Źlý
.ħŋ�� CCN1 " O-fucosylation "äă!���

MALDI-TOF MS, MS/MSŎé3ň��Įê�O-fucosylation�1�� �YW

KPÞą#ì��1��fucose�Ĩ��0�# fucose-glucosetĨ��Ÿ�1

�YWKPÞą�ì��1���
.��÷�1���" CCN1# Thr242!

	�� O-fucosylation�1��0��3á.
!��	 

5) CCN1 " Thr2423 Ala !«Đ��� T242A «Đ}"ť�ĔĉĬĻ3ðģ��

Ŭċ¥ť�ĔĉĬĻ�õŜ�0����CCN1" O-fucosylation��"ñļ!

n�0ÆŴ3Œ���Įê�CCN1" O-fucosylation� CCN1"ĬĻ¬%"�

÷�$ĬĻ¬%"�÷É"XTbgĝŪ3w��ĬĻŀ½¤!»��ūŌ 

Ç�3Ö���0���Ğ¡�1�	�.!�CCN1" O-fucosylation3ŏ¯

�0śğũĪ�sĀ�1� Pofut2"RL>J9g3ň��Įê�Pofut2RL

>J9gâ"CCN1"�÷ŭ#T242A«Đ}��ĠÂ(�ÿ¼����
.�

Pofut2!-0CCN1" Thr242"O-fucosylation��÷!ūŌ��0���Ğ�

1�	 

6) HT1080 ĬĻ!UO Rspo1 3ť�Ĕĉ���ť�ĔĉĬĻ3ðģ���"ť
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�ĔĉĬĻ"¦Źlý
.ħŋ�� Rspo1 " C-mannosylation "äă!��

� LC-MS, MS/MSŎé3ň��Įê�C-mannosylation�1�� �YWKP

Þą#ì��1��Trp153")��0�# Trp153�$ Trp156" 2hÒ��Ÿ�

1�YWKPÞą�ì��1���
.��÷�1���" Rspo1 #

C-mannosylation�1��0��3á.
!��	 

7) Rspo1" Trp153�$ Trp1563Ala!«Đ��� 2WA(W153A/W156A)«Đ}"

ť�ĔĉĬĻ3ðģ��Ŭċ¥ť�ĔĉĬĻ�õŜ�0����Rspo1 "

C-mannosylation ��"ñļ!n�0ÆŴ3Œ���Įê�Rspo1 "

C-mannosylation � Rspo1 "BdE}%"ŝŠ�ĬĻ¬%"�÷��$ Wnt

D?QdªÃùÌ!»��ūŌ Ç�3Ö���0���Ğ¡�1�	 

8) Da9Ea9S:ĺčè S2ĬĻ3Č��UO Rspo1" C-mannosylation3ŏ

¯�0śğũĪ"�µ3œ)�Įê�UO DPY19L3 � Trp156 !»�0

C-mannoseśğũĪ��0���Ğ�1�	�.!�Rspo1ť�Ĕĉ HT1080

ĬĻ!»� DPY19L3" siRNA3�Ċ��RL>J9g3ň��ĬĻ"¦Ź

lý-/ħŋ�� Rspo1"MALDI-TOF MSŎé"Įê
.�UOĬĻ!	

��+ DPY19L3� Rspo1 " Trp156!»�0 C-mannose śğũĪ���ñļ

���0���Ğ�1�	 

9) Rspo1ť�Ĕĉ HT1080ĬĻ!»��siRNA3Č�� DPY19L33RL>J9

g��Įê�Rspo1"�÷ŭ�ŶŅ!ÿ¼��	 

10) Rspo1 " Trp156" C-mannosylation 3ŏ¯�0śğũĪ�Ğ�1� DPY19L3

"RL>J9g3ň��Įê�DPY19L3 RL>J9gâ" Rspo1 "�÷#

2WA«Đ}��î!ÿ¼����
.�DPY19L3!-0 Rspo1" Trp156"

C-mannosylation��÷!ūŌ��0���Ğ�1�	 

 

� yl"Įê
.�çĜĢ!-/Ĕō�� 3 ġŷ"IgT>ř!»�0�1�

1Đ 0ĨŮ�Ÿ!���Ķº�0	 

� (��CTSV" N-glycosylation!Ű����" N-glycosylation��÷,ũĪù

Ì!ÆŴ�0���Ğ�1�	ć!�CTSB, CTSL�#��"ũĪùÌ�ē"
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ÏÌ�!ūŌ��0���Ğ�1�	/��1.3ű·�0���ē"ûā,

ŤŚ�Õ�.10[65,66]	kà CTSV # CTSL �ĩ 78%"ę�Ì��0IgT

>ř��CTSV"źĔĉ�qē,®Ŀē�¨��1��0[53]	ĉ¤ CTSV�ē
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