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� Tatsp^d5G�Q@�Kf�sp^d' ɔ�:9@�Kf�'ī2Ȧ

ȹȿʉʐśsp^d (AR-CPPs))�äġǹƧƳ5ɗõ©Ōť'6 "�\�j

Lɷ5sp^d�ƫʞ��uZ�x&%(ǮǬǈśˈÏğ=áǪ6��§ƻś

#ȦȹÈ'įÃ#�9�3�ɂłřǰ4ƙŐ�:"�9[1]��7'�ʄŀ#)�

G�Q@�Kf�sp^d'6 "�CRISPR-Cas9 (ȡ 160 kDa) [2]5 TALEN (ȡ

100 kDa) [3](6	&Ě�&\�jLɷ5ˈÏğɗõ©=ȦȹÈ'įÃ�9�$

'6 "�Ohxȯʰ
ʒť�:"�9� 

� 0��AR-CPPs (ȦȹÈȏɑȩɻ'!�"4Ł�Ȃȓ�:"�8�L�V�

�°ĠśE�dRBc�TV[4]�HrG�°ĠśE�dRBc�TV[5]�6+

vL�mhRBc�TV[6, 7]&%(E�dRBc�T=��9ȩɻ$�ǽźȿ

ʉʐ�9Eg�K�ʵ°Ġǹ&ȩɻ[8](ˎ!
Đü�:"�9�AR-CPPs (Ȧ

ȹÈ-(ï8ʃ1)�sp^d(ǙŅ'68�ȩɻ
Ėä�9�$
Ȁ7:"

�9�sp^dǙŅ
Ƽɽǹˈ�ˉÇČǹ&đõ)ǼĢ$�" 10 µM¡�ˊ$

�')ǽźǹ&Ōɷȿʉʐ
�'17:9('ĭ�"�sp^dǙŅ
§�̄ Ǽ

Ģ$�" 5 µM¡�ˊ$�')�E�dRBc�TV
�ȩɻ$&9[9, 10]�0

��ȦȹÈ'įÃ�9ǥɷ(Ïğʡ
Ě��&9$�E�dRBc�TV(ĩ

�
Ě��&8�\�jLɷʇʒ')E�dRBc�TV
�ȩɻ$&9$ȶ


7:"�9�����AR-CPPs (E�dRBc�TV'ʩ<9ðĨ©)�Ɛ

#�9�AR-CPPs (E�dRBc�TV'69ï8ʃ1'ǦǶǹ&ðĨ©
Ġ

Ċ�:*��(ðĨ©$(ɝÿś=ˈ39�$'6 "�68áƦǹ&ȦȹÈ

-(ï8ʃ1
òȺ$&9�E�dRBc�TV#ï8ʃ0:� AR-CPPs��

6+ȦȹÈ-(ʇʒ=Ǽǹ$�9H�Q)��ZZ�x'Ʉ9Õ'E�dZ�

x�7ȼÎ�"Ȧȹɷ'ȏɑ�96	'&9�$
�ƙŐ�9ǮǬǈś=Ŕ9

�#ʠə#�9�ðĨ©(÷ģ'6 "��(Ïğ=v�H�$���AR-CPPs

(ȦȹÈʀʇ5�:=áǪä�9�3(Ȁɛ
Ŕ7:9$ȶ
7:9�0��

ȦȹǦǶǹ&ðĨ©
Ŕ7::*�AR-CPPs (Ǧģ(Ȧȹ-(Ʊǹä
òȺ'

&9�4�:&�[11]�  

� ÁƧƳǃ)��I�d-ðĨ©5\�jLɷ-\�jLɷʨǾ�«ǰ(ɟƤ'�
�"ŊÜ&`��#�9[12, 13]�Áířď$�"U@U���r�[nDh�

5@Ud
Đü�:"�9
[14, 15]�U@U��)ířś
ʵľ'ˈ��ȁƓ
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ʨ( UV ǞĮ#ʄº'ĠĊ�9Ïğ$íř�"�ƛíř(ǈśä©)ƾ'68

LE�^�:9�$�7�ǮȦȹ'��9ƧƳ'Ɨá#�9[16]�0��șȷ(

ŧĶȂȓĥ#)�ÁířďU@U��=įÃ�� AR-CPPs(dbH@�Kf� 

(R12)=ǰ��ƭɢ'6 "�R12(ȦȹÈï8ʃ1'C-X-C chemokine receptor 4 

(CXCR4)
ðĨ©$�"ʩ��9�$=Đü�"�9[17]�����R8 (Ȧȹ

Èȏɑ') CXCR4(ʩ�)ɪ37:��Ó(ðĨ©(ʩ�
ȇĀ�:�[17]�

��#�ƝȂȓ#)�68�ɇǹ'ǰ�7:"�9GL\@�Kf� (R8)(Ȧ

ȹÈï8ʃ1'ʩ<9ðĨ©(÷ģ=Ǽǹ'ÁƧƳǃ=ǰ�"ƭɢ=ɑ �� 

� α�Ȗ#)�R12(ðĨ©=÷ģ��ʯ$÷ư(Ƌǃ#R8(ðĨ©(÷ģ=ɑ

 ���Ş'í�"�ÁƧƳ'68Ŕ7:�\�jLɷ)Ȧȹɷ'ĠĊ�9

LanCL1#�9
��(\�jLɷ
R8(ȦȹÈï8ʃ1=³ʏ�9áƦ=Ɨ�

9$�	Ɇý�9Ȁɛ
Ŕ7:�� 

� α�Ȗ#)�ʵǦǶǹ&\�jLɷ(ǏÃ
Ǽǹ(ðĨ©(÷ģ=ĝ�"�

9�$=ȶŢ�"�ÐƉ��H�$�"U@[r�Y�=įÃ��ÁířśR8

=ɤɡ�"�õť�9$$4'�ȿǴÏ'ĠĊ�9\�jLɷ=�ŗ'ɟƤ��

R8$Ǿ�«ǰ�9ȿ\�jLɷ$�"Syndecan-4=÷ģ���:=��9ȦȹÈ

ȏɑȩɻ'!�"ƭɢ=ɑ �� 
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α�Ȗ  
ÁƧƳǃ'69GL\@�Kf�(R8)$Ǿ�«ǰ�9  

Ȧȹɷ\�jLɷ(÷ģ  
�  

� Õʆ(6	'�R8)ǮǬǈśǥɷ(áǪǹ&ȦȹÈįÃ=ʒť#�9ʇʒJ

{�@$�"Ł�ǰ�7:"�8[18]��(ȦȹÈȏɑȩɻ$�"L�V��°

ĠśE�dRBc�TV[19]5vL�mhRBc�TV
ȇĀ�:"�9[20]�

0���(ȏɑʐȐ'��"�p�aGM�H�=��9sp^d(Ȧȹɔʶ

-(ʰȒ(ʠəś
ȇĀ�:"�9[20]��(�Ƌ#�R8 (áǪǹ&ï8ʃ1

'ĩ��9ðĨ©'ʩ�")ˋƛ�÷ģ�:"�&����#�U@U��=

įÃ��Áířś R8'68 R8(ðĨ©(÷ģ=ɧ1� (Figure 1-1)� 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1. Identification of the receptor for the endocytic uptake of octaarginine (R8).  
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� ÁƧƳǃ)\�jLɷ(Ǿ�«ǰɟƤ'��"Ɨǰ&Ƌǃ#�8�Áířď

$�"@Ud�r�[nDh�5U@U��
Ȁ7:"�9[21]��:7(	�

#�U@U��)ířś
ʵľ'ˈ�ȁƓʨ#íř��ƛíř(ǈśȑ)ƾ'

68LE�^�:9[22]��(Ǧś=ǈ���$'6 "�ǮȦȹ'��9

AR-CPPs(ðĨ©ŹȤ
òȺ#�9$ȶ
7:9�U@U��)�UVǞĮ'6

8Ȕȣȼʱ=Ň�ɹ��"�H�r�=Ǯť��ʄº(\�jLɷ$ÆƗȪõ

=Ōť�9�șȷ(ŧĶȂȓĥ#)�Áířď=įÃ�� R12=ǰ�"� R12

$Ǿ�«ǰ�9\�jLɷ$�"Myosin-9=÷ģ����7'�Myosin-9$Ǿ

�«ǰ�9NzHB�ðĨ© CXCR4' R12
Ȫõ�9�$'6 "�vL�m

hRBc�TV'69 R12 (ȦȹÈï8ʃ1
ɫį�:9�$=Đü�"�9

[17]�����68�ɇǹ'ǰ�7:9 AR-CPPs#�9 R8$ CXCR4$(Ǿ�

«ǰ'69 R8 (ï8ʃ15vL�mhRBc�TV(ɫį)ɪ37:&� 

����#�ƝȂȓ#)�ÀɑȂȓ#ǰ�� R12( <8' R8=Ǿ�«ǰp�

�o$�"įÃ�� Biotin-Photo-R8'6 "�R8(ðĨ©=÷ģ�9�$=ɧ

1�� 

� ÁƧƳď$�")�sp^dõť-(įÃ
ĨƑ# R12 ðĨ©÷ģ(ʯ4ǰ

�7:� trifluoromethyl diazirine phenylalanine [(Tmd)Phe] [23]=­ǰ�� (Figure 

1-2)�Ǿ�«ǰ\�jLɷ$ƧƳ�9�3((Tmd)Phe =�M�T�=Vs�R

�'�"�R8( NƜȗ'įÃ���0��CƜȗ)ɴʳɊ=&���3'@w

d'����7'�ƧƳ��\�jLɷ=Vc�pc@lU�l�W#Ȟɖ�

9�3(\M=$�"�γ-aminobutyric acid (GABA)=��" biotinamidohexanoic 

acid=(Tmd)Phe-R8-amide( NƜȗ'įÃ���Biotin-Photo-R8)ÀɑɭƇ#ǰ

��Ƌǃ[17]'ʻ�" FmocĈǾõťǃ'68õť��� 
� Biotin-Photo-R8=ǰ��Ǿ�«ǰ\�jLɷ(÷ģŨʻ= Figure 1-3'ȇ��

Biotin-Photo-R8=Ȧȹ'ǐÞ�"�B�J|r�c��ő�UVǞĮ'6 "Á

ƧƳ=ɑ ��Ȧȹ=òǖä��ƧƳ\�jLɷ=Vc�pc@lU�l�W

#Ȟɖ�"Ǚȱ��SDS R�p�i_n?�'68ǖÎ���ǖÎ�:�\�

jLɷ= SDS-PAGE #ĵʧ��O�=ƨɉő�ƭÎ�:�i�d=Ð8Î��

c�pT�ǌä���Ŕ7:�sp^dƉǣ=MALDI-TOF MS'68ɟƤ��
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ɷʡÏƤ(ȪƦ=\�jLɷ=÷ģ�9�3(b�\r�V#�9 MASCOT

#Ǟõ�9�$'6 "�\�jLɷ(÷ģ=ɑ �� 

 

 

 

 

 

 

 

 

 

 

Figure 1-2. Stracture of Biotin-Photo-R8. 

Figure 1-3. (B) The procedure for identification of proteins interacted with Biotin-Photo-R8. Cells are treated with 
Biotin-Photo-R8 and irradiated with UV. Cells are lysed, followed by isolation with streptavidin-coated beads. 
Crosslinked proteins are subjected to gel-electrophoresis. Protein bands are trypsinized, followed by MALDI-TOF 
MS analysis. Protein identification is performed on MASCOT.  

 

Biotin� Spacer� (Tmd)Phe� Gly-(Arg)8-NH2�
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� Õʆ(6	'�R8 (ȦȹÈȏɑȩɻ) R8 (ǙŅ°Ġǹ'Ėä�9�ŧĶȂ

ȓĥ#(ÀɑȂȓ'��"�R8
Ƽɽǹ§ǙŅ (ǼĢ$�" 5 µM¡�)(đõ

')�E�dRBc�TV
�ȩɻ'&9�$
Ȇɪ�:"�9[24]�ƝȂȓ#

)�E�dRBc�TV(ðĨ©=ŹȤ�9�3'�Biotin-Photo-R8 (ȦȹŪ

�Ɠ(ǙŅ= 2.5 µM'ɤģ���§ǙŅ'��"4�ǽźȿʉʐ(ȩɻ
�ʚ

ȇĀ�:"�9�$=ȶŢ�"[10]�Ȧȹȿ(ǽźʉʐ(ˆâÜ$&9ȿʳ¦=

ɟǌ�9áƦ=4! K+-rich buffer [24]=ȦȹėǍ$�"ǰ���K+-rich buffer

�#�HEK293TȦȹ= 2.5 µM Biotin-Photo-R8# 37°C�30ȎʨÍǬ���(ő

365 nm( UV= 5ÏʨǞĮ���ǞĮőȦȹ= 0.5 mg/mLqj��úƗ K+-rich 

buffer (+)#ǆǊ��RIPA buffer'68ȦȹǖɟǍ=ɬɖ���ƧƳ\�jLɷ

=Vc�pc@lU�l�W#Ȟɖ�"Ǚȱ��SDS R�p�i_n?�#ǟ

ǂ�"=ǖÎ���ő�SDS-PAGE =ɑ "�CDV\�o�_c'68ƭÎ

����(ȪƦ�sp^dǐÞƓ'ūlG^�ū©'6 "�ǦǶǹ&i�d


 40 kDa(¦ȴ'ƭÎ�:� (Figure 1-4A �́�(i�d
ȇ�\�jLɷ=ʣ

ƨɉ#(ƭÎ=ɧ1��CDV\�o�_c$÷ư(ířơ¢#�HEK293TȦ

ȹ=sp^d$ÍǬ�"ʣƨɉ=ɑ ���(ȪƦ�CDV\�o�_c#ƭ

Î��i�d'ĭř�9¦ȴ'i�d=ƭÎ�� (Figure 1-4B �́ 

�  

 

 

  

Figure 1-4. Western blot (A) and silver-stain SDS-PAGE (B) analysis of HEK293T lysates photo-crosslinked with 
Biotin-Photo-R8. Arrows indicate the presence of a band at ~37 kDa, which is specific to Biotin-Photo-R8-treated 
cells.  
 

(A) (B) 
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� ʣƨɉ'68ƭÎ��i�d=Ð8Î��c�pT�'68O�Èǌä�"�

Ŕ7:�sp^dƉǣ=MALDI-TOF MS'68Ǖģ��ɷʡÏƤ(ȪƦ=\�

jLɷ÷ģ(�3(b�\r�V#�9 MASCOT #Ǟõ�9�$'6 "÷

ģ=ɧ1���(ȪƦ�Lanthionine synthetase component C-like protein 1 (LanCL1) 

(45 kDa)=÷ģ��[25]�LanCL1)ȿʄº'ĳĊ�9\�jLɷ#�9�LanCL1

) Src-homology 3 dyB�=Ɨ���ǻēƹĆğðĨ©Ƞ(�ʚ$�"ƴȺ�

"�9 Epidermal growth factor receptor kinase substrate 8 (EPS8)$Ǿ�«ǰ��ɗ

õ©=Ōť�9òȺś
ȇĀ�:9��(ɗõ©Ōť=ʋ�"��ǻēƹĆğ

&%(ēƹĆğ(ðĨ©TMe�¥ʒ'ʩ��9òȺś
Đü�:"�9[25]� 
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C&D� 25���!��O LanCL1
 R8
EH.AK�
6% 
 

� ÷ģ�� LanCL1
Ĥʯ' R8sp^d(ȦȹÈï8ʃ1'ʩ��"�9(�

'!�"ɬ.9�3'�LanCL1=ŊÔǸǫ���Ȧȹ#(ȦȹÈï8ʃ1(ɦ

±=ɑ ��0��HeLa Ȧȹ'ǸǫrL\�$�"Óʊ«ɖ�� LanCL1_pCI

=įÃ�"�LanCL1 =ŊÔǸǫ����0��pCI =įÃ�� HeLa Ȧȹ=P

�c���Ȧȹ$���LanCL1(Ǹǫ)CDV\�o�_c'6 "Ȇɪ�� 

(Figure 1-5A)���"�c��VnDLT~���Ȧȹ=�ǜɐǑĎċ (�

-MEM(-), 200 µL)#ƖȧǙŅ 1 µM'ɬɖ�� R8-Alexa488$B�J|r�c��

R8-Alexa488(ȦȹÈ-(ï8ʃ1ʡ=n��RBcyc��#ɦ±����(

ȪƦ�LanCL1 =ŊÔǸǫ��Ȧȹ'��"�R8-Alexa488 (ȦȹÈï8ʃ1(

ȡ 25 %(�Ə
Ȇɪ�:� (Figure 1-5B)��(ȪƦ�7��ą÷ģ�� LanCL1

) R8sp^d(ȦȹÈï8ʃ1'ʩ��"�9òȺś
ȇ�:�� 

 

 
 
 
 
  

(A) (B) 

Figure 1-5. Cellular uptake of R8 increases in LanCL1-overexpressing cells. (A) Western blot analysis of cells 
transfected with pCI or LanCL1_pCI. (B) Overexpression of LanCL1 led to promotion of cellular uptake of 
R8-Alexa488. HeLa cells were transfected with pCI or LanCL1_pCI, and then treated with 1 µM R8-Alexa488 for 
30 min at 37°C. R8 uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were 
normalized to pCI-transfected cells. Means ± standard devision (SD) of three independent experiments are 
shown. 
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� Áířď#�9U@U��$ R8 $(P�U|O�c=ǰ�9�$'6 "�

R8 $Ǿ�«ǰ�9\�jLɷ$�"ȿɔĊś(Ȧȹɷ\�jLɷ( LanCL1 


÷ģ�:��LanCL1 =ŊÔǸǫ��9�$'6 "�ɎÁƱɱ�� R8 (Ȧȹ

Èȏɑʡ
ēÞ���$�7�LanCL1 ) R8 (ȦȹÈȏɑ'ʩ<9�$
ȇĀ

�:��LanCL1$ EPS8(ɗõ©)ēƹĆğ(ðĨ©TMe�¥ʒȠ'ʩ��

9�$�7�vL�mhRBc�TV(ɫį'ʩ��"�9òȺś
ȶ
7:

�� 

� 0��¡Õ(Ȃȓ'��"4�R12 'U@U��=įÃ�9�$'6 "�

Myosin-9 
÷ģ�:��$�7�Áířď$�"U@U��=ǰ��ÁƧƳǃ

)G�Q@�Kf�(Ǿ�«ǰ\�jLɷ=÷ģ�9�#Ɨǰ#�9$ȶ
7

:9����&
7�Myosin-9 4 LanCL1 4Ȧȹɷ'ĳĊ�9\�jLɷ#�

9�$�7�ÁƧƳǯǥ$�"ȿ\�jLɷ=áƦǹ'æʱ�9�3(Ũǃ(

ƂɈ
Řə$ȶ
7:9� 
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GL\@�Kf�(L�V��°ĠśE�dRBc�TV  

ðĨ©(÷ģ  
 
� R8(ȦȹÈȏɑ'ĩ��9ðĨ©=÷ģ�9�$'6 "��(ðĨ©=�

�9ȦȹÈȏɑȩɻ5E�dZ�x�7(ȼÎƴƯ(ɟƐ'!&
8�ƴȺś

Ïğ(ȦȹÈʇʒ(áǪ=��9�3(Ȁɛ
Ŕ7:9$ƙŐ�:9��7'�

÷ģ�:�ðĨ©=\�O_c$�9�$'6 "ȦȹȑǦǶǹ&ȦȹÈʇʒ


òȺ'&9$ȶ
7:9� 

� α�Ȗ'��"�ÁƧƳǃ'68 R8(Ǿ�«ǰ\�jLɷ(÷ģ'ťÝ��


�R8(ȦȹÈȏɑ'ǽźǹ'ʩ<9Ȧȹɔʶ(ðĨ©)Ŕ7:&� ���

(éĆ$�"�(1)ȦȹǲƢ\�jLɷ(ʵʖŮǹ&Vc�pc@lU�l�W

-(Ȫõ$ǖÎ��6+(2)ȿ\�jLɷ¡ė(\�jLɷ(ǏÃ
ȶ
7:��

��#�α�Ȗ#)��ɣ(�Ǜ=ɟƿ�9Ɗ�&Ũǃ(ʧǸ$��:=ǰ�

� R8 (ȦȹÈȏɑ'ʩ<9ðĨ©(÷ģ=Ǽǹ$�"Ȃȓ=ɑ ���7'�

�(ðĨ©=��9ȦȹÈȏɑȩɻ'!�"4ɩȦ'ƭɢ��� 
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/:9,089

���� ��!
NL 

 

� lG^�äR8$ÁƧƳ�:�Ŗʡ(R8Ǿ�«ǰ\�jLɷ)�Vc�pc@

lU�l�W=ǰ�:*éǬǹ')áǪɈ�æʱǙȱ#�9)�#�9���

��Ǽǹ\�jLɷ(l�W�7(ǖÎ(ʯ')�ŊÜ&Ėśơ¢#lG^�–

Vc�pc@lU�Ǿ�«ǰ=ɟǌ�&�:*&7��Ǿ�«ǰ��\�jL

ɷ'ĭ�"ĚʐÙ'ĠĊ�9ÈĊś(lG^�ä\�jLɷ5�l�W'ʵǦ

Ƕǹ'ûǿ��\�jLɷ(ǏÃ
Ŗʡ\�jLɷ(æʱ=ćʲ'�"�9

[26]�α�Ȗ'��"4�ǖÎő(O�ƨɉ'��"�p��oǐÞ(Ɨǜ'�

�<7�ˈ�i_LM�C�d
ƭÎ�:��l�W$Ʊǹ\�jLɷ(ʨ(

Ȫõ=ʖŮǹ'ÐƉ#�:*�Ʊǹ\�jLɷ=i_LM�C�d\�jLɷ

(ǏÃ&�æʱòȺ$ȶ
7:9[27]� 
� ��#ƝȖ#)�R8$Ǿ�«ǰ�9ȿ\�jLɷ=÷ģ�9�3'�Vc�

pc@lU�l�W�7ƧƳ\�jLɷ=ʖŮǹ'ǖÎ#�9lG^�µ˃Á

ířś R8 (PhotoR8CL)(ɤɡ=ɑ � (Figure 2-1A)�Áířď$�")�UVǞ

Į'68p��o$Ȫõ\�jLɷ(ʨ'ÆƗȪõ=Ōť�9U@U��=­

ǰ��R8( NƜȗ' 4-[3-(trifluoromethyl)-3H-diazirin-3-yl]benzoic acid [(Tmd)BA]

=ǰ�"įÃ���ƧƳ\�jLɷ=ʖŮǹ'ǖÎ�9�3(ÐƉ��H�$

�")�ʘ¾Ö#�9�U^G�ʞec�Cx (Na2S2O4)#ÐƉòȺ&U@[
r�Y���H�[28]=�R8 ( C Ɯȗ'įÃ���U@[r�Y���H�'

!�")��I�dȪõ\�jLɷ(@nAfaA�Ȟɖ'��9Ɨǰś)Ȇ

ɪ�:"�9
�ÁƧƳǯǥ(æʱ'řǰ�:�®)Đü�:"�&���7

'�C Ɯȗ�T�(¹ʤ'�Vc�pc@lU�l�W'68Ȟɖ�9�3(

lG^�\M=įÃ���PhotoR8CL =ǰ��Ǿ�«ǰ\�jLɷ(÷ģŨʻ

) Figure 2-1B'ȇ�6	'ɡǴ��� 

� PhotoR8CL ( õ ť ) ¡ � ( 6 	 ' ɑ  �  (Scheme 2-1) �

4-[5-(N-fluorenylmethyloxycarbonyl-2-amino-ethyl)-2-hydroxy-phenylazo]-benzoic 

acid (Fmoc-Azo)=¡ÕĐü�:�Ƌǃ'68õť��[28]��:=ǰ�"�

Fmoc-[Arg(Pbf)]8-Azo-Lys(Mtt)-resin=FmocĈǾõťǃ'68õť���NƜȗ(

Fmoc=piperidine'68ȼ´ɳ��(Tmd)BA=ȱõíř'68NƜȗ'įÃ��

(Tmd)BA-[Arg](Pbf)]8-Azo-Lys(Mtt)-resin = õ ť � � � � T � Ƹ ď ( Mtt 
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(4-methyltrityl)ď=HFIP/DCM (1:4)(ȼ´ɳHLa�#ʖŮǹ'ȼ´ɳ��[29]�

Ƶ�#�biotinamidohexanoic acid N-hydroxysuccinimide ether$íř��9�$#�

�T�¹ʤ(ε@whď=biotin#µ˃���TFA/EDT (95:5)=ǰ�"sp^d(

Ɩȧȼ´ɳ$ƲȻ�7(Ð8Î�=ɑ �ő�RP-HPLC#Ȟɖ�"Ǽǹ(

PhotoR8CL=Ŕ�� 

 

  

Figure 2-1. Combination system of photocrosslinker and cleavable linker for identification of R8 receptors. (A) 
Structure of PhotoR8CL, the photoaffinity probe for the identification of R8-interacting proteins. (B) The procedures 
for identification of proteins interacted with PhotoR8CL. Cells are treated with PhotoR8CL and irradiated with UV. 
Cells are lysed, and then isolated using streptavidin-coated beads. Crosslinked proteins are detected by reductant 
from beads prior to gel-electrophoresis. Protein bands are trypsinized and the crosslinked proteins are identified by 
LC-MS/MS analysis.  
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Scheme 2-1. Synthesis scheme for PhotoR8CL. 
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� p��o
bSB�ʋ8'Áířś$Na2S2O4'69ÐƉòȺś=¬�ų!

���#ƴȺ�9(�%	�'ʩ�"�íř=HPLC$MS'68zf\��9

�$#ƭɥ=���0��ƛíř(PhotoR8CL=HPLC'68ÏƤ��$�;�

22Ï'm�L
ƭÎ�:� (Figure 2-2A, left)�Ŕ7:�m�L'ĭř�9R�

p�=MALDI-TOF MS#ÏƤ��ȪƦ�ɷʡ2213.36$2185.73'ĭř�92!(

m�L
ƭÎ�:� (Figure 2-2A, right)�2213.36(m�L)PhotoR8CL(ƛĖä

©#�8�2185.73'ĭř�9m�L)�MALDI	
 TOF MS(��S�ǞĮ'68

U@U��
ǠÏɟ�:"Ȕȣ
ȼʱ��4($ȶ
7:�[13]�Ƶ'�

PhotoR8CL'365 nm(ȥėȮ=5ÏʨǞĮ�"HPLC#ÏƤ��$�;�21Ï�ʄ

'o��d&m�L=ƭÎ��  (Figure 2-2B)��(m�L(R�p�=
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L)�¡Õ(Đü'�96	'�UVǞĮ'68U@U��
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'ĭř�9$ȶ
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7(m�L'!�"MALDI-TOF MS#Ǖģ��$�;�604.14�1602.25$�	
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'��"4�U@[r�Y���H�)Na2S2O4'68ÐƉ�:9�$
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Figure 2-2. Reduction cleavage of PhotoR8CL. (A) HPLC chromatogram and MALDI-TOF MS spectrum of 
PhotoR8CL. (B) HPLC chromatogram and MALDI-TOF MS spectrum of PhotoR8CL irradiated with 365 nm light for 
10 min. PhotoR8CL reacted with H2O. (C) HPLC chromatogram and MALDI-TOF MS spectrum of PhotoR8CL 
incubated with 25 mM Na2S2O4 for 15 min after UV irradiation.  

(A) 

(B) 

(C) 
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C&D� ,;=>	
�R8�@'*?��I�!��O
25 
 
� R8(E�dRBc�TV'69ï8ʃ1'ʩ��9Ȧȹɔʶ\�jLɷ (ð

Ĩ©)=÷ģ�9�3'�E�dRBc�TV'69ï8ʃ1=ũÔ�9§ǔơ

¢�#�α�Ȗα�ț$÷ư'ǽźȿʉʐ'69Ȧȹɷ-(ȏɑ=ʫ��3'

K+-rich buffer [24]=ėǍ$�"ǰ�"ÁƧƳ=ɑ ��HeLaȦȹ=K+-rich buffer

�#1 µM PhotoR8CL#4°C�5ÏʨÍǬ���(ő10Ïʨ�365 nm(UV=ǞĮ�

��Ȧȹ=PBS#ǆǊő'Ȅȃ���Ƶ�#�Ǿ�«ǰ\�jLɷ$�"ȿ\�

jLɷ=áƦǹ'÷ģ�9�3'�ɺʓŗ'6 "ȿ\�jLɷǴÏ=Ŕ��

Ǽǹ\�jLɷ=Vc�pc@lU�l�W#Ȟɖ�"Ǚȱ��Na2S2O4'68

l�W�7ǖÎ�����(ő�ǖÎ�:�\�jLɷ=SDS-PAGE#ĵʧ��

ʣƨɉ'6 "ƭÎ�� (Figure 2-3A, B)��(ȪƦ�PhotoR8CL=ǐÞ��R

�p�#)�PhotoR8CL=ǐÞ�"�&�R�p�$Ƽɽ�"7Ɲ(ǦǶǹ&i

�d
ƭÎ�:� (arrows in Figure 2A)�0��Na2S2O4ÍǬ'68ǖÎ=ɑ �

ő(Vc�pc@lU�l�W=SDSR�p�i_n?��#ǟǂ��ƸĠ�9

\�jLɷ=ǖÎ��"ǖÎ��R�p�= SDS-PAGE=ɑ �$�;� 

PhotoR8CL(ǐÞ(Ɨǜ'��<7��l�W'ĭ�"ʵǦǶǹ'ûǿ��\�

jLɷ5�ÈĊś(lG^�ä\�jLɷ$Ś<:9i�d
ƭÎ�:� 

(Figure 2-3B)� 

� Ƶ'�Na2S2O4ÍǬ'6 "Ŕ7:�i�d=Ð8Î��O�Èǌä��ő'

LC-MS/MS'68ɟƤ�9�$'6 "�17ȑˁ(ȿ\�jLɷ
÷ģ�:� 

(Table. 2-1)�÷ģ�:�\�jLɷ')���!�(p�aGM�H�
ú0:

"����:7(\�jLɷ(R8$(Ǿ�«ǰ)ȅʞäĘȟ$@�Kf�(M

@fUhď$(ˈ�ɝÿś (~10 nM)'694($ȶ
7:�[30]� 

� �(6	&ȪƦ)�U@[r�Y���H�(Na2S2O4'69ÐƉ'6 "�

Vc�pc@lU�l�W'ʵǦǶǹ'ûǿ�:�\�jLɷ(ǏÃ=ĚĿ'

§ǒ��Ō#�ƧƳ\�jLɷ
½Àǹ'ǖÎ�:�òȺś=ȇĀ�9� 
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(A) (B) 

Figure 2-3. Combination of (i) use of membrane fraction and (ii) Na2S2O4-cleavable azobenzene linker may reduce 
contamination of non-specific proteins bound to streptavidin beads. (A) SDS-PAGE of proteins liberated from 
streptavidin-coated beads and cleaved by the Na2S2O4-treatment. HeLa cells were treated with 1 µM PhotoR8CL at 
4°C for 5 min and were irradiated with 365 nm UV light for 10 min. The cells were lysed and membrane fractions 
were collected. The crosslinked proteins were liberated from streptavidin beads by the cleavage with Na2S2O4. The 
proteins were analyzed with SDS-PAGE and visualized by silver staining. (B) SDS-PAGE of proteins remaining on 
the streptavidin beads after Na2S2O4 cleavage. 
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Band No. Protein 

1 Glypican-1 (GPC1) 

 

Syndecan-2 (SDC2) 

 

Syndecan-4 (SDC4) 

 

Chondroitin sulfate proteoglycan 4 (CSPG4) 

 

Transforming growth factor beta receptor type 3 (TGFR3) 

 

Collagen alpha-1(V) chain (COL5A1) 

2 Glypican-5 (GPC5) 

 

Myoferlin (MYOF) 

 

Laminin subunit gamma-1 (LAMC1) 

3 Zinc transporter ZIP10 (ZIP10) 

4 Transferrin receptor protein 1 (CD71) 

 

Semaphorin-3C) (SEMA3C) 

5 4F2 cell-surface antigen heavy chain (CD98) 

6 Choline transporter-like protein 2 (CTL2) 

7 Interferon-induced transmembrane protein 1 (IFITM1) 

 

Interferon-induced transmembrane protein 3 (IFITM3) 

 

Vesicle-associated membrane protein 1 (VAMP1) 

Table 2-1. Identified proteins by photocrosslinking experiments 
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C$D�  R8
EH.AK	�	
 �Syndecan-4 (SDC4)
6% 
 

� ÷ģ��\�jLɷ(�'�R8(ȦȹÈȏɑ'ʩ��9\�jLɷ
�9�

%	�'!�"ƭɢ�9�3'�÷ģ��\�jLɷ=ĭř�9siRNA'68h

_L]C�� (Figure 2-4A)��(Ȧȹ'��9R8-Alexa488(ȦȹÈȏɑʡ=n

��RBcy�\'68Ǖģ����(ȪƦ�SDC4=h_L]C���Ȧȹ'

��"�R8-Alexa488(ï8ʃ1
ȡ30%§��9�$
Ɛ7�'& � (Figure 

2-4B)���#�SDC4=Ʊǹ$�9Ó(ʜÑ(siRNA (siSDC4-2)#h_L]C�

�� (Figure 2-5A)$�;�R8(ȦȹÈ-(ï8ʃ1
÷ư'§����$�7�

(Figure 2-5B)�R8(ȦȹÈȏɑ'��9SDC4(ĩ�(òȺś
ȇĀ�:�� 

� SDC4h_L]C�'69R8-Alexa488(ï8ʃ1(§�)ÆǝǛˀŖʥɞĬ

'6 "4Ȇɪ�:��Figure 2-4(siRNA=ǰ��SDC4h_L]C�Ȧȹ=1 

µM R8-Alexa488$B�J|r�c��ÆǝǛˀŖʥ'68ɞĬ��$�;�

SDC4h_L]C���Ȧȹ#)�P�c���(Ȧȹ'Ƽ."d_cư(ɎÁ

TMe�(ǒı
17:� (Figure 2-6)�ȝǧTMe�)�'E�dZ�xÈ'

´ų�:�R8-Alexa488(TMe�#�9$ȶ
7:�SDC4(h_L]C�'6

 "E�dRBc�TV'69R8-Alexa488(ȦȹÈï8ʃ1
§����$


ȇĀ�:9��:7(ȪƦ=ȭõ�"�SDC4)R8(E�dRBc�TV'69

ȦȹÈï8ʃ1'ʩ��9�$
ȇĀ�:�� 
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Figure 2-4. Possible involvement of SDC4 onto the cellular uptake of R8. (A) Quantitative real-time PCR 
measurement of mRNA of proteins in siRNA-transfected cells. The mRNA levels of proteins identified by 
photocrosslinking (Table 2-1) were analyzed. All data were normalized for the expression of β-actin. Means ± SD of 
three independent experiments are shown. (B) Effect of downregulation of proteins in (A) on cellular uptake of 
R8-Alexa 488. HeLa cells were transfected with siRNAs for specific proteins or non-targeting sequence (siNTC), and 
then treated with 1 µM R8-Alexa488 at 37°C for 30 min. Uptake of R8-Alexa488 was analyzed by flow cytometry. The 
amounts of cellular uptake of R8-Alexa488 were normalized to the siNTC-transfected cells. Means ± SD of three 
independent experiments are shown.  

(A) 

(B) 
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Figure 2-5. Decrease in cellular uptake of R8 by the SDC4 knockdown. (A) SDC4 expression levels on cell surfaces. 
HeLa cells transfected with siSDC4-1, siSDC4-2 or siNTC were treated with anti-SDC4 antibody and then labeled 
with anti-mouse IgG conjugated with Alexa488. Cells were analyzed by flow cytometry and the values were 
normalized to those of the siNTC-transfected cells. Means ± SD of three independent experiments are shown. (B) 
Involvement of SDC4 in cellular uptake of R8-Alexa488 is confirmed by using distinct siSDC4. HeLa cells transfected 
with siSDC4-1, siSDC4-2 or siNTC were treated with 1 µM R8-Alexa488 and incubated at 37°C for 30 min. Cellular 
uptake of R8-Alexa488 was analyzed by flow cytometry. The amounts of uptake of R8-Alexa488 were normalized to 
the siNTC-transfected cells. Means ± SD of three independent experiments are shown. siSDC4-1 is identical with 
that employed for Figure 2-4. 
 

Figure 2-6. Decrease in endocytic uptake of R8-Alexa488 by SDC4-knockdown cells. HeLa cells were transfected 
with siNTC or siSDC4, and then treated with 1 µM R8-Alexa488 for 30 min at 37°C. Cells were imaged by confocal 
microscopy. Scale bar: 20 µm. 
 

(A) (B) 
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� Ȧȹ=Ĉģ�9�$'6 "�ɎÁƱɱ��AR-CPPs)E�dZ�x�7ŭ�

"Ȧȹɷ-$űƅ�9�3�ƶ��ĳĊ
ɞĬ#�&�&9�$
Đü�:"

�9[31]���#�R8ÍǬ'6 "SDC4
ÈĊä�9�'ʩ�"antibody feeding 

assay=ɑ "�ǮȦȹ#ɦ±�� (Figure 2-7A) [32]��(Ƌǃ)�Ȧȹėdy

B�=ūé$�9ū©=ǰ�"Ȧȹȿ�(ðĨ©=Ʊɱ�9�$#��I�d

'69ðĨ©(Ȧȹɔʶ�7ȦȹÈ-(ȏɑ=ɦ±�94(#�9�Ȧȹɔʶ

(SDC4=ūSDC4ū©#Ʊɱ���7'Alexa488�r��:�2Ƶū©#Ʊɱ�

���(Ȧȹ=tetramethylrhodamine (TAMRA)Ʊɱ�:�R8 (R8-TAMRA)#ÍǬ

��30Ïő'ÆǝǛˀŖʥ#Ȧȹ(ɞĬ=ɑ ���(ȪƦ�SDC4$R8
d_

cǧ(TMe�$�"ȦȹÈ#ÆĳĊ�"�9�$
ɞĬ�:�(Figure 2-7B)�

��
 "�30Ï(R8ÍǬ'6 "�SDC4)R8$Æ'ÈĊä�9�$
ȇĀ�

:�� 

 

 

�   

Figure 2-7. (A) Schematic diagram of the antibody feeding assay. Cell-surface SDC4 were labeled with anti-SDC4 
antibody together with Alexa488-labeled secondary antibody. Colocalization with TAMRA-labeled R8 was then 
analyzed. (B) Punctate signals of R8-TAMRA colocalizing with SDC4. Cells were treated with SDC4 antibody, 
followed by treatment of Alexa-labeled secondary antibody and the cells were subjected to 30 min incubation with 1 
µM R8-TAMRA at 37°C. Cells were analyzed by confocal microscopy. Scale bar: 20 µm. 
 

(A) 

(B) 
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Figure 2-8. Decrease in contribution of SDC4 to cellular uptake of R8 at more than 5 µM. (A) Downregulation of 
SDC4 expression has no significant effect on cellular uptake of R8-Alexa488 at 5 µM and 10 µM. HeLa cells 
transfected with siNTC or siSDC4 were treated with 5 µM or 10 µM R8-Alexa488 and incubated for 30 min at 37°C. 
Cells were analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the 
siNTC-transfected cells. Means ± SD of three independent experiments are shown. Confocal microscopic imaging of 
the cell treated with 5 µM (B), or 10 µM (C) for 30 min iat 37°C. 

(A) 

(B) (C) 
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Figure 2-9. The effects of endocytosis inhibitors on the R8-Alexa488 uptake. HeLa cells were pretreated with respective 
inhibitors (or DMSO using as a control), and then incubated with 1 µM R8-Alexa488 at 37°C for 30 min. R8-Alexa488 
uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the control. 
Means ± SD of three independent experiments are shown. 
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Figure 2-10. Effect of downregulation of SDC4 on cellular uptake of R8-Alexa488 in cells treated with endocytosis 
inhibitors. (A-F) HeLa cells were transfected with siNTC or siSDC4 for 48 hr prior to pretreatment with endocytosis 
inhibitors (or DMSO as a control). Cells were incubated with 1 µM R8-Alexa488 at 37°C for 30 min. R8-Alexa488 
uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the 
siNTC-transfected cells. Means ± SD of three independent experiments are shown.  
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Figure 2-11. R8 and SDC4 are internalized by clathrin-mediated endocytosis. (A) Colocalization of R8-TAMRA with 
antibody-labeled SDC4 decreased by treatment with a clathrin-mediated endocytosis inhibitor (MDC). Cell-surface 
SDC4 was labeled by sequential pretreatment of HeLa cells with anti-SDC4 antibody for 30 min and with 
Alexa488-conjugated anti-mouse IgG as secondary antibody for 30 min in serum-free a-MEM containing 0.5% (w/v) 
bovine serum albumin. After pretreatment, cells were treated with MDC for 30 min and were treated with 1 µM of 
R8-TAMRA for 30 min at 37°C, and were subjected to microscopic analysis. Cellular localization of these signals 
were analyzed by confocal microscopy. (B) Pearson’s correlation coefficients were obtained for the quantification of 
colocalization between R8-TAMRA and SDC4 in eight cells. Scale bars: 20 µm. 
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Figure 2-12. Colocalization of R8 signals with those of SDC4 and transferrin in endosomes. Cell-surface SDC4 was 
labeled by sequential pretreatment of HeLa cells with anti-SDC4 antibody for 30 min and with Alexa405-conjugated 
anti-mouse IgG as secondary antibody for 30 min in serum-free a-MEM containing 0.5% (w/v) bovine serum albumin. 
After pretreatment, Cells were then incubated with 1 µM R8-TAMRA and 25 µg/mL transferrin-Alexa488 and 
observed by time-lapse imaging. Arrows indicate vesicles containing SDC4, transferrin and R8. Scale bar: 5 µm. 
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Figure 2-13. (A) Schematic representation of the reporter gene construct of Flp-In loxP HEK293 stable cell line. Cre 
deletes the loxP-flanked DsRed segment, thereby activating EGFP gene. (B) Design of expression cassettes of Cre 
fusion proteins. Both constructs encode Cre recombinase and a His-tag as represented by white boxes. Black boxes 
represent R8. The gray box represents a nuclear localization signal (NLS) (myc; EQKLISEEDL) to facilitate 
translocation of Cre proteins into nucleus and promote gene rearrangement. (C) SDS-PAGE analysis of the purified 
Cre or CreR8 through Ni(Ⅱ)-affinity chromatography. (D) Internalization of CreR8 lead to gene rearrangement and 
expression of EGFP in the cells. 
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Figure 2-14. Decrease in gene rearrangement by CreR8 in SDC4-knockdown cells. Flp-In loxP HEK293 cells 
transfected with siNTC or siSDC4 were incubated for 30 min in medium containing 5 µM Cre or CreR8. After 
incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP expressing cells were analyzed 
by flow cytometry and the values were normalized to siNTC-transfected cells treated with CreR8. Means ± SD of 
three independent experiments are shown. 



 -36- 

C-D� R8�
J1�!��O
����!+49�!����"��	�	
 
�SDC4
6% 
 

� Ƶ'�R8'69Cre\�jLɷįÃ'��"�R8sp^d$÷ư'�L�V�

�°ĠśE�dRBc�TV��6+�vL�mhRBc�TV
ĩ��"�

9�'ʩ�"��:�:(ʬħÖ=ǰ�"ƭɢ=ɑ ��L�V��°ĠśE

�dRBc�TVʬħÖ(VL��V�0�)vL�mhRBc�TVʬħÖ

(EIPA#ÍǬ��CreR8'69Ȩ1ż
áǪ=ɦ±����(ȪƦ�VL��V

�6+EIPA#ÍǬ�9�$'6 "ôE�dRBc�TV=ʬħ�9�$#�

EGFP
Ǹǫ��Ȧȹ(Úõ
ǒı�� (Figure 2-15A, B)���
 "�R8'6

9Cre(ȦȹÈʇʒ'4L�V��°ĠśE�dRBc�TV��6+vL�m

hRBc�TV
ʩ��"�9�$
ȇĀ�:�� 

 

 

 

 

 

 

 

 

Figure 2-15. The effect of endocytosis inhibitors on CreR8 transduction. Flp-In loxP HEK293 loxP cells were 
pretreated in the presence and absence of (A) sucrose, (B) EIPA, and then incubated with 1 µM R8-Alexa488 at 
37°C for 30 min. After incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP 
expressing cells were analyzed by flow cytometry and the EGFP expressing cells were normalized to the control 
(DMSO-treated cells). Means ± SD of three independent experiments are shown. 
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Figure 2-16. Effect of downegulation of SDC4 on CreR8 transduction into cells with inhibitor treatment. Flp-In loxP 
HEK293 cells were transfected with siNTC or siSDC4, followed by 48 hr incubation. Transfected cells were 
pretreated with or without (A) sucrose, and (B) EIPA, and then incubated with 5 µM CreR8 at 37°C for 30 min. After 
incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP expressing cells were analyzed 
with a flow cytometer and the values were normalized to siNTC-transfected cells without inhibitor treatment. Means ± 
SD of three independent experiments are shown. 
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N,N-dimethylformamide (DMF)��3Ɠʨĥǔ#ąɼǏÿ�"ɑ �� 

 

Ɩȧȼ´ɳ�ƲȻ�7(Ð8Î���6+Ȟɖ˖ 

� Ɩ ȧ ȼ ´ ɳ � 6 + Ʋ Ȼ � 7 ( Ð 8 Î � ) � trifluoroacetic acid 

(TFA)-ethanedithiol (EDT) (95˖5)#ĥǔ 3ƓʨÍǬ�9�$'68ɑ ��ȼ´

ɳ��sp^d)�ʈǾ HPLC '6 "Ȟɖ��H�x')eH�BaVLȉ

( Cosmosil 5C18-AR-II (10 × 250 mm)�sp^d(ÏƤ') Cosmosil 5C18-AR-II 

(4.6 × 150 mm) =ǰ��� 

 

sp^d(ɎÁƱɱ˖ 

� ɎÁƱɱ) C Ɯȗ(TVaB�¹ʤ(^G��ď' Alexa Fluor 488 

C5-maleimide = DMF-methanol (1:1)ǖǍ�# 1.5Ɠʨíř��"ɑ��ířǥ=

ʈǾ HPLC'6 "Ȟɖ�� [20]� 
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sp^d(÷ģ˖ 

� ʈǾ HPLC '68Ȟɖ��sp^d)�ÌȪ�ǡő�vc�LVƁŽ��S

�ȼʱBG�äǃ-˂ɑƓʨČɷʡÏƤ (MALDI-TOF MS)'68ɷʡ=Ǖģ��

Ǭɭ¸$(�Ʌ=Ȇɪ���õť��ôsp^d(@whʞʜÑ�6+ɷʡÏ

Ƥ(ȪƦ=¡�'ȇ�� 

 

Biotin-Photo-R8: biotin-GABA-Tmd(Phe)-Gly-(Arg)8-amide 

´ųƓʨ: 25.5Ï [H�x: Cosmosil 5C18-AR-II (4.6 × 150 mm); ǖÎǍ: A = 0.1% 

TFAƾǖǍ, B = 0.1% TFA CH3CNǖǍ; %Bãʜ: 5-85% 80Ï; ǉʌ: 1 mL/min; 

ƭÎǄʦ: 220 nm] 

MALDI-TOF MS: 2003.5 [calcd. for (M+H)+: 2003.1]  

 

R8-Alexa488: H-(Arg)8-Gly-Cys(Alexa)-amide 

´ųƓʨ: 17.5Ï [H�x: Cosmosil 5C18-AR-II (4.6 × 150 mm); ǖÎǍ: A = 0.1% 

TFAƾǖǍ, B = 0.1% TFA CH3CNǖǍ; %Bãʜ: 5-85% 80Ï; ǉʌ: 1 mL/min; 

ƭÎǄʦ: 220 nm] 

MALDI-TOF MS: 2126.5 [calcd. for (M+H)+: 2126.2] 

 

ȦȹĎ˄  

� kcȸÂǲƢȽɁ�ǻȦȹ (HEK293TȦȹ))�10% (v/v)ʵ»äCTȸÂɐǑ 

(Gibco)=ú2]�r_PĖǃB�M�Ďċ (DMEM�f_VB)�#Ď˄���

kcğĦʾʚǷǲƢ( HeLaȦȹ)�10% (v/v) ʵ»äCTɐǑ (Gibco)=ú2@

�n?ƖİŘʼĎċ (α-MEM�Gibco)�#Ď˄���37°C�5% CO2ơ¢�#Ď

˄��80-90%P�n�E�c(ǧš# 3-4ƍ�$'ȫ =ɑ �� 

 

ÁƧƳĤˇ 
� 1.0 × 106 cells( HEK293TȦȹ= 100 mmĎ˄bA_T|'ſȑ��48ƓʨĎ

˄��ő'­ǰ���ȿʳ¦=ǌĜ��9�3'�Ca2+�Mg2+=ú2ˈǙŅH

�CxBG�=ú2ȰɓǍ  (K+-rich buffer (+) [100 mM L-glutamic acid 

monopotassium salt monohydrate, 43 mM KCl, 20 mM HEPES (pH7.4), 5 mM 

glucose])=ǰ���Ďċ=ʮê��K+-rich buffer (+)#Ȧȹ= 3ąǆǊ��ő�Ɩ

ȧǙŅ
 2.5 µM'&96	' K+-rich buffer (+)'ǖɟ�� Biotin-Photo-R8=Þ
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�37°C# 30ȎʨÍǬő�4°C# 3Ïʨ UVǞĮ (Ǆʦ 3̟65 nm�Eg�K�˖

7 mW/cm2�̍ �̟ 5 cm)=ɑ ��ǞĮő�Ȧȹ= 0.5 mg/mLqj��úƗ K+-rich 

buffer (+)#ǆǊ��Complete Mini, EDTA-freep�a@�YʬħÖ (Roche)=

Þ
� RIPA buffer (150 mM NaCl, 10 mM Tris-HCl (pH 7.2), 0.1% SDS, 1 % NP-40, 

1 % deoxycholate, 5 mM EDTA)#òǖä���BCA Protein Assay Kit (Pierce)'6

8\�jLɷǙŅ=Ǖģ��\�jLɷǙŅ 2.5 mg/600 µL(ȦȹǖɟǍ=ɬɖ

���1 % ǤɐǑ@�ow� (BSA) úƗ RIPA buffer #ǆǊ�� streptavidin 

magneshere (Promega, 300 µL)=ȦȹǖɟǍ'Þ
�4°C# 1Ɠʨ�ąɼǏÿ���

�(ő�vMg_cV\�d=ǰ�"�1 % BSAúƗ RIPA buffer# 3ą�RIPA 

buffer# 3ąl�W(ǆǊ=ɑ��lG^�ä\�jLɷ (Biotin-Photo-R8$(

ÁƧƳ©)=Ȟɖ���Ȟɖ��l�W' 2 × SDSR�p�i_n?�= 20 µL

Þ
�85°C(ǠĖś= 5Ïʨɑ��r ƽǅâR�p�$����:= SDS-PAGE 

(15%@L��@wdO�)#ĵʧ��ő�Xwd�Bņo�_aA�Mǃ'68

polyvinylidene difluoride (PVDF)ȿ (GE Healthcare)'ɼÉ���ɼÉ�:� PVDF

ȿ=�5% BSAúƗ 0.1% Tween-20úƗ phosphate buffered saline (PBS-T)'ǋ��

1 Ɠʨĥǔ#Ŷ$	�"o�_J�M=ɑ ���(ő�ǖǍ=ʮ��5%BSA

úƗ PBS-T �'ū biotin ū© (Bethyl Laboratories) (1:1000)=ļʟ��ǖǍ= 1

Ƶū©$�"ǐÞ��ĥǔ# 1 Ɠʨíř����PVDF ȿ( PBS-T '69 5 Ï

ʨ(ǆǊ= 3 ąȳ8ʅ��horseradish peroxidase (HRP)ƱɱūCRK IgG ū© 

(Cell Signaling Technology) (1:2000)$ 5% BSAúƗ PBS-T�# 1Ɠʨíř����

�7'�PVDFȿ( PBS-T'69 5Ïʨ(ǆǊ= 3ąȳ8ʅ��ECL Plus (GE 

Healthcare)'68äġǸÁ=ƭÎ���0��ɬɖ��ÁƧƳɗõ©R�p�=

SDS-PAGE (15%@L��@wdO�)#ĵʧ��ő�ʣƨɉ=ɑ �� 
 
\�jLɷ÷ģ 
� ʣƨɉ'68ƭÎ�:�i�d=Ð8Î��1.5 mL^|�o'ąî���30 

mM K3[Fe(CN)6]-100 mM Na2S2O3 (1:1)=Þ
" 2Ïʨʴȴ�"ȼƨ���100 mM 

NH4HCO3#O�ǣ=ǆǊ�"�Ǒ=ï8ʮ��ʘ¾Ö (10 mM dithiothreitol, 100 

mM NH4HCO3)=Þ
�60°C# 1Ɠʨíř�����Ǒ=ï8ʮ��@�J�ä

Ö (55 mM iodoacetamide, 100 mM NH4HCO3)=Þ
�ĥǔʕÁ�# 30ÏʨŶ$

	���Methanol-H2O-acetic acid (5:4:1, v/v/v)'68O�ǣ=ǆǊ���Ǒ=ï

8ʮ��Speedvac#ǒĉʓŗǙȱ����(ő�sequencing grade modified trypsin 
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(Promega)'68O�Èǌä=ȧęɑ��Ŕ7:�sp^dƉǣ'!�"

MALDI-TOF MS=ǰ�"ɷʡ=Ǖģ��b�\r�VˉMASCOTˊ#Ǟõ�9

�$'6 "\�jLɷ=÷ģ��� 

 
p�Vwd«ɖ 
� HeLaȦȹ68 total RNA=ůÎ���RNA�7 cDNA-(ʈɼÉíř) High 

-Capacity cDNA Archive Kit (Applied Biosystems)=ǰ�"ɑ��cDNA�Bo��

�=«ɖ���LanCL1 ʗ¥ğ)�cDNA �Bo���68 polymerase chain 

reaction '68«ɖ���LanCL1 ʗ¥ğ= Nhe1/Sal1 RBc'68 pCI 

Mammalian Expression Vector (pCI) (Promega)'RoL��f�M�� 

(LanCL1_pCI)� 

 
\�jLɷǸǫ(Ȇɪ 
� 5.0 × 104 cells(HeLaȦȹ=24CD�p��c'ſȑ��24ƓʨĎ˄����

(ő�pCI-LanCL1=Lipofectamine2000 (Invitrogen)'68c��VnDLT~�

���7'24ƓʨĎ˄���PBS (-)#ˎŅǆǊ��ő'�0.01%c�pT�#5

ÏÍǬ�"�Ȧȹ=ąî����Ǒ=ʓŗʮê��RIPA buffer'68òǖä��

4°C�17000 × g#30Ïʨʓŗ���(�Ǒ=ąî���BCA Protein Assay Kit 

(Pierce)'68\�jLɷǙŅ=Ǖģ��10 µg/well'&96	'@p�B�"

SDS-PAGE #ĵʧ��ÁƧƳĤˇ$÷ư'PVDFȿ'ɼÉ���ɼÉ�:�PVDF

ȿ=�5%BSAúƗPBS-T'ǋ��1Ɠʨĥǔ#Ŷ$	�"o�_J�M=ɑ ��

�(ő�ǖǍ=ʮ��5% BSAúƗPBS-T�'ūLanCL1ū© (Gene Tex) (1:1000)

0�)ūactinū© (Invitrogen) (1:10000)=ļʟ��ǖǍ=1Ƶū©$�"ǐÞ��

4°C#ȧęíř����PVDFȿ(PBS-T'695Ïʨ(ǆǊ=3ąȳ8ʅ���:

�:HRPƱɱū�l_cIgGū© (Cell Signaling Technology) (1:2000)�HRPƱɱ

ūvCVIgGū© (Invitrogen) (1:20000)$5%BSAúƗPBS-T�#1Ɠʨíř��

���7'�PVDFȿ(PBS-T'695Ïʨ(ǆǊ=3ąȳ8ʅ��ECL Plus (GE 

Healthcare)'68äġǸÁ=ƭÎ��� 

 
R8-Alexa488sp^d(ȦȹÈȏɑʡ(ɦ±  

� 5.0 × 104 cells( HeLaȦȹ= 24CD�p��c'ſȑ��24ƓʨĎ˄���

\�jLɷǸǫʡ(ɦ±(ʯ$÷ư'c��VnDLT~����7' 24Ɠʨ
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Ď˄���Ďċ=ʮê��ɐǑ=ú0&�α-MEM (α-MEM (-))#Ȧȹ= 2ŅǆǊ

��ő�1 µM( R8-Alexa488=ú2 α-MEM (-) ǖǍ#Ȧȹ= 30ÏʨB�J|

r�c�� (37°C�5% CO2)�0.5 mg/mL(qj��=ú2 PBS (-)# 3ŅǆǊ��

0.01%c�pT�=Þ
" 10ÏʨĎ˄ő�Ȧȹ= 1.5 mL^|�o'ąî���

�:=ʓŗ��s�_cǧ'& �Ȧȹ= PBS'Ťǘ�" 2ąǆǊ��ő�Ɩ

ȧǹ' PBS#ļʟ�"�FACScalibur (BD Bioscience) (àɹǄʦ˖488 nm�ûî

nA�\�˖515-545 nm)'68ôR�p���8 1�¶(Ȧȹ(ɎÁʡ=Ǖģ

��� 

 
α�Ȗ'ʩ�9Ĥˇ  

 
sp^d(õť  

sp^dƲȻ(õť˖ 

� sp^d(õť'ǰ�� Fmoc-Arg (Pbf)�Fmoc-Gly�Fmoc-Cys (Trt)� 

N-hydroxybenzotriazole (HOBt) � � 6 + 2-(1H-benzotriazole-1-yl)-1, 1, 3, 

3-tetrametyluronium hexafluorophosphate (HBTU))�sp^dȂȓŧ�7ɸÃ���

Fmoc-Lys (Mtt))ǓʂäġĺƮ�7ɸÃ��� biotinamidohexanoic acid 

N-hydroxysuccinimide ether ) Sigma-Aldrich �7ɸÃ���Alexa Fluor 488 

C5-maleimide sodium salt�6+ tetramethylrhodamine-5-maleimide) Invitrogen�

7ɸÃ��� 4-[3-(trifluoromethyl)-3H-diazirin-3-yl]benzoic acid [(Tmd)BA])īķ

Ě ġ ɍ ġ ʚ ǵ � À Ǯ 6 8 Ż ¯ � : � �

4-[5-(N-fluorenylmethyloxycarbonyl-2-amino-ethyl)-2-hydroxy-phenylazo]-benzoic 

acid (Fmoc-Azo))Ƈǩ [28]'œ "õť����(�(ɧɍ)ÿÁȢɍ�7ɸ

Ã����U�) TGS-RAM (ĸǇɖ«ŧ)=ǰ��sp^d)�." CƜȗ@w

dČ#�9��U�$�" N,N-dimethylformamide (DMF)#ɀǗ��3 ŋʡ(

Fmoc-Lys(Mtt)�3ŋʡ( HBTU�3ŋʡ( HOBt�6ŋʡ( DIEA=ú2 DMFǖ

Ǎ=Þ
�3 Ɠʨĥǔ#ąɼǏÿ�9�$'6 " Fmoc-Lys(Mtt)(įÃ=ɑ 

��Fmoc(ȼ´ɳ)�20% piperidine/DMF�# 20Ïʨĥǔ'"ąɼǏÿ�9�

$'6 "ɑ ���U�=DMF#ǆǊő�3ŋʡ( Fmoc-Azo�3ŋʡ(HBTU�

3ŋʡ( HOBt�6ŋʡ( DIEA=ú2 DMFǖǍ=Þ
�3Ɠʨĥǔ#ąɼǏÿ

�9�$'6 " Fmoc-Azo=įÃ���Fmoc(ȼ´ɳ)�20% piperidine/DMF

�# 20 Ïʨĥǔ'"ąɼǏÿ�9�$'6 "ɑ ��8 ƸďÏ( Arg(Pbf)=
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÷ư'sp^dʤ-įÃ��H-[Arg(Pbf)]8-Azo-Lys(Mtt)-resin=Ŕ���7'� 3

ŋʡ((Tmd)BA�3ŋʡ( HBTU�3ŋʡ( HOBt�6ŋʡ( DIEA=ú2 DMF

ǖǍ=Þ
�3 Ɠʨĥǔ#ąɼǏÿ�9�$'6 " N Ɯȗ-((Tmd)BA (į

Ã=ɑ ��Mtt (4-methyltrityl)ď(ȼ´ɳ)�1,1,1,3,3,3-hexafluoro-2-propanol 

(HFIP)-dichloromethane (DCM) (1:4)(ȼ´ɳHLa�=Þ
�ĥǔ# 3Ɠʨąɼ

Ǐÿ�"ɑ ��Ƶ�#�3ŋʡ( biotinamidohexanoic acid N-hydroxysuccinimide 

ether( DMFǖǍ=Þ
�3Ɠʨĥǔ#ąɼǏÿ�" biotinµ˃=ɑ �� 
 

Ɩȧȼ´ɳ�ƲȻ�7(Ð8Î��6+Ȟɖ˖ 

� Ɩȧȼ´ɳë+ƲȻ�7(Ð8Î�)�trifluoroacetic acid (TFA)-ethanedithiol 

(EDT) (95̟ 5)#ĥǔ 3ƓʨÍǬ�9�$'68ɑ ��ȼ´ɳ��sp^d)�

ʈǾ HPLC '6 "Ȟɖ��Ɩȧȼ´ɳë+ƲȻ�7(Ð8Î�) TFA-EDT 

(95˖5)#ĥǔ 3 ƓʨÍǬ�9�$'6 "ɑ ��ȼ´ɳ��sp^d)�ʈ

Ǿ HPLC'6 "Ȟɖ��H�x')eH�BaVLȉ( Cosmosil 5C18-AR-II 

(10 × 250 mm) �4��)y�Lȉ( Chlomolith Performance RP-18e (4.6 × 100 

mm)=ǰ���sp^d(ÏƤ')�Cosmosil 5C18-AR-II (4.6 × 150 mm)=ǰ�

�� 

 

sp^d(ɎÁƱɱ˖ 

� ɎÁƱɱ) C Ɯȗ(TVaB�¹ʤ(^G��ď' Alexa Fluor 488 

C5-maleimide 0�) tetramethylrhodamine-5-maleimide = DMF-methanol (1:1)ǖ

Ǎ�# 1.5Ɠʨíř��"ɑ��ířǥ=ʈǾ HPLC'6 "Ȟɖ�� [20]� 

 

sp^d(÷ģ˖ 

� ʈǾ HPLC '68Ȟɖ��sp^d)�ÌȪ�ǡő�vc�LVƁŽ��S

�ȼʱBG�äǃ-˂ɑƓʨČɷʡÏƤ (MALDI-TOF MS)'68ɷʡ=Ǖģ��

Ǭɭ¸$(�Ʌ=Ȇɪ���õť���:�:(sp^d(@whʞʜÑ�6

+ɷʡÏƤ(ȪƦ=¡�'ȇ�� 

 

PhotoR8CL: (Tmd)BA-(Arg)8-Azo-Lys(biotin)-amide 

´ųƓʨ: 27.5Ï [H�x: Cosmosil 5C18-AR-II (4.6 × 150 mm); ǖÎǍ: A = 0.1% 

TFAƾǖǍ, B = 0.1% TFA CH3CNǖǍ; %Bãʜ: 5-85% 80Ï; ǉʌ: 1 mL/min; 
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ƭÎǄʦ: 220 nm] 

MALDI-TOF MS: 2214.6 [calcd. for (M+H)+: 2214.6]  

R8-Alexa488: H-(Arg)8-Gly-Cys(Alexa488)-amide 

´ųƓʨ: 17.2Ï [H�x: Cosmosil 5C18-AR-II (4.6 × 150 mm); ǖÎǍ: A = 0.1% 

TFAƾǖǍ, B = 0.1% TFA CH3CNǖǍ; %Bãʜ: 5-85% 80Ï; ǉʌ: 1 mL/min; 

ƭÎǄʦ: 220 nm] 

MALDI-TOF MS: 2126.5 [calcd. for (M+H)+: 2126.2] 

 

R8-TAMRA: H-(Arg)8-Gly-Cys(TAMRA)-amide 

´ųƓʨ: 23.5Ï [H�x: Cosmosil 5C18-AR-II (4.6 × 150 mm); ǖÎǍ: A = 0.1% 

TFAƾǖǍ, B = 0.1% TFA CH3CNǖǍ; %Bãʜ: 5-85% 80Ï; ǉʌ: 1 mL/min; 

ƭÎǄʦ: 220 nm] 

MALDI-TOF MS: 1908.1 [calcd. for (M+H)+: 1908.0] 

 
PhotoR8CL(ÐƉĤˇ  

� PBS (pH 7.4)'ǖɟ��PhotoR8CL (5 nmol/10 µL) =4°C#10ÏʨUVǞĮ (Ǆ

ʦ˖365 nm�Eg�K�˖7 mW/cm2�ˈ�˖5 cm)ő�ířǍ=����'ʈǾ

HPLC#ÏƤ�9�$#�PhotoR8CL(UVǞĮ'69Áířś(Ȇɪ=ɑ ��

4°C#10ÏʨUVǞĮ (Ǆʦ˖365 nm�Eg�K�˖7 mW/cm2�ˈ�˖5 cm)��

PhotoR8CL (5 nmol/10 µL)$50 mM Na2S2O4 úƗPBS (10 µL)=Ǐõ��15ÏʨB

�J|r�c�"�ířǍ=����'ʈǾHPLC#ÏƤ�9�$#U@[r�

Y���H�(UVǞĮő(ÐƉ(Ȇɪ=ɑ ���:�:Ŕ7:�m�L=

MALDI-TOF MS'68Ǖģ���ʈǾHPLC(ơ¢)¡�'ȇ�ʋ8#�9�[H

�x: Cosmosil 5C18-AR-II (4.6 × 150 mm); ǖÎǍ A= 0.1% TFAƾǖǍ�B=0.1% 

TFA� CH3CNǖǍ; %B ãʜ: 10-40% 30Ï; ƭÎǄʦ: 220 nm]� 

 
ȦȹĎ˄ 
� kcğĦʾʚǷǲƢ( HeLaȦȹ)�10% (v/v) ʵ»äCTɐǑ (Gibco)=ú2

@�n?ƖİŘʼĎċ (α-MEM�Gibco)�#Ď˄���Flp-In loxP 293Ȧȹ)10% 

(v/v)ʵ»äCTȸÂɐǑ (Gibco)$ 100 µg/mL hygromycin B=ú2]�r_PĖ

ǃB�M�Ďċ (DMEM�ÿÁȢɍ)�#Ď˄���Ĥˇ=ɑ	Õ)�ūǮǥɷ

=ŭ�"Ď˄���Ȧȹ) 37°C�5% CO2ơ¢�#Ď˄��80-90%P�n�E
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�c(ǧš# 3-4ƍ�$'ȫ =ɑ �� 

 
ÁƧƳĤˇ 
� 1.0 × 106 cells(HeLaȦȹ=100 mmĎ˄bA_T|'ſȑ��48ƓʨĎ˄��

ő'­ǰ���ȿʳ¦=ǌĜ��9�3(ȰɓǍ$�"�Ca2+�Mg2+=ú2ˈ

ǙŅH�CxBG�=ú2ȰɓǍ (K+-rich buffer (+) [100 mM L-glutamic acid 

monopotassium salt monohydrate, 43 mM KCl, 20 mM HEPES (pH7.4), 5 mM 

glucose])=ǰ���Ďċ=ʮê��K+-rich buffer (+)#Ȧȹ=3ąǆǊ��ő�Ɩ

ȧǙŅ
1 µM'&96	'K+-rich buffer (+)#ɬɖ��PhotoR8CL=Þ
�4°C#

5ÏʨÍǬő�4°C#10ÏʨUVǞĮ (Ǆʦ˖365 nm�Eg�K�˖7 mW/cm2�ˈ

�˖5 cm)=ɑ ��ǞĮő�Ȧȹ=0.5 mg/mLqj��úƗÊK+-rich buffer (+)

#ǆǊ��Complete, Mini, EDTA-freep�a@�YʬħÖ (Roche)=ú>�§

ŉʳɟɷǖǍ [10 mM Tris-HCl (pH7.4) , 4 mM EDTA] (1 mL/dish)�'Ȧȹ=Ť

ǘ��25G���10Ïʨ�4°C�1000 × g#ʓŗ��ƫ5ƛȄȃȦȹ=ʮê���

Ǒ=10Ïʨ�4°C�17000 × g#ʓŗ�9�$#�wcP�d�@ǴÏ=ʮê���

�(�Ǒ=12 mLɺʓŗ^|�o (Beckman)'Ã:�SW 40 Ti rotor=ǰ�"1Ɠ

ʨ4°C100000 × g#ɺʓŗ (Beckman)=ɑ���Ǒ=ʮê���Ŕ7:�s�_

c=�p�a@�YʬħÖ$�"Complete, Mini, EDTA-free (Roche)=ǐÞ��

RIPA buffer [25 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.1% SDS, 1% NP-40, 1% 

deoxycholate, and 1mM EDTA] (500 µL)'68òǖä��30Ïʨ4°C�17000 × g#

ʓŗ���Ǒ=ąî���BCA Protein Assay Kit (Pierce)'68\�jLɷǙŅ=

Ǖģ��\�jLɷǙŅ450 µg/450 µL(ǖɟǍ=«ɖ���1%BSAúƗ RIPA 

buffer'68ǆǊ��500 µg/50 µL(Dynabeads MyOne Streptavidin T1 (Invitrogen)

=ǖɟǍ'ǐÞ��4°C#1Ɠʨ�ąɼǏÿ����(ő�vMg_cV\�d

=ǰ�"�RIPA buffer#3ąǆǊ=ɑ��25 mM Na2S2O4úƗ100 mM��ʞȰɓ

Ǎ (pH 7.4)=7.5 µLǐÞ��15Ïʨĥǔ#B�J|r�c�"��Ǒ=ąî���

�(ǖÎ«Ʈ=2ąɑ ��ąî���Ǒ$4 × SDSR�p�i_n?�=Ǐõ��

95°C(ǠĖś=5Ïʨɑ ��0��ÍǬő(l�W=RIPA buffer'68ǆǊ��

�Ǒ=ʮê�"�2 × SDSR�p�i_n?�=20 µLÞ
�95°C(ǠĖś=5Ï

ʨɑ��ʳƽǅâR�p�$����:7(R�p�=�:�:SDS-PAGE 

(5-20%@L��@wdO��ÿÁȢɍ)#ĵʧ��ʣƨɉ (ÿÁȢɍ)'68ƭÎ

��� 
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p�aGwLVɟƤ  

� ʣƨɉ'68ƭÎ�:�i�d=Ð8Î��1.5 mL^|�o'ąî���30 

mM K3[Fe(CN)6]-100 mM Na2S2O3 (1:1)=Þ
 2Ïʨʴȴ��ȼƨ���100 mM 

NH4HCO3#O�ǣ=ǆǊ���Ǒ=ï8ʮ��ʘ¾Ö (10 mM dithiothreitol, 100 

mM NH4HCO3)=Þ
�60°C# 1Ɠʨíř�����Ǒ=ï8ʮ��@�J�ä

Ö (55 mM iodoacetamide, 100 mM NH4HCO3)=Þ
�ĥǔʕÁ�# 30ÏʨŶ$

	���Methanol-H2O-acetic acid (5:4:1, v/v/v)'68O�ǣ=ǆǊ���Ǒ=ï

8ʮ��Speedvac#ʓŗǙȱ����(ő�Trypsin Gold (Promega)'68O�

Èǌä=G�i�eBc#ɑ���Ǒ=ąî����:=�LC-MS/MS '68

ɟƤ��\�jLɷ÷ģb�\r�V#�9MASCOT$Ǟõ��\�jLɷ=

÷ģ���LC-MS/MSTVax')�Eksigent Ekspert nano-LC 400 HPLC system 

(AB SCIEX)=!&�� quadrupole time-of-flight (QqTOF) TripleTOF 5600+ mass 

spectrometer (AB SCIEX)=ǰ��� 

 
�@�\BxģʡPCR'69mRNAh_L]C�áǪ(Ǖģ  

� � 5.0 × 104 cells(HeLaȦȹ=24CD�p��c (Iwaki)'ſȑ��24ƓʨĎ˄

���siRNA)Sigma-Aldrich�6+Santa Cruz68ɸÃ���Lipofectamine2000 

(Invitrogen)=ǰ�"10 nM(siRNA=Ȧȹ'įÃ��4Ɠʨő'Ďċ�ż���7

'24ƓʨĎ˄���c�\�RNA=RNeasy Mini Kit (Qiagen)'68�ąî���

500 ng(c�\�RNA=PrimeScript RT reagent Kit with gDNA eraser (TaKaRa)'

68cDNA'ʈɼÉ���ģʡPCR)SYBR Green PCR Master Mix (Applied 

Biosystems)'687300 Real Time PCR System (Applied Biosystems)=ǰ�"Ǖģ

=ɑ ��ǠRBL��M)10Ï (95°C)�[15Ȏ (95°C)$1Ï (60°C)]=40RBL

�ȳ8ʅ�ơ¢#ɑ ��ířő�95°C0#ǔŅ=�Ə������760°C0

#Œ�'ǔŅ=��9�$#�ɏɟǔŅ=Ǖģ��p�Bv�]Bv�5�(

�(Øǯǥ
&��$=Ȇɪ����:�:(ʗ¥ğ'ǦǶǹ&p�Bv�X

_c)¡�'ȇ���

�

�

�

�

�

�
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�

p�Vwd«ɖ 
� loxP-DsRed-loxP-EGFP-N1 =P�d��p�Vwd) loxP-DsRed-loxP ʜÑ=

Sac1/EcoR1 RBc'68 EGFP-N1 (Clontech)'ŷÃ�9�$#«ɖ���

loxP-Ds-Red-loxP-EGFP-N1_pcDNA5/FRT) loxP-DsRed-loxP-EGFP-N1( 5’Ɯȗ�

3’Ɯȗ' pcDNA5/FRT( Nhe1�BamH1(ÔʭʝȣRBc$÷ư(ʜÑ=!&�

� DNAn�My�c= PCRǃ'68ēĿ���(Ɖǣ$Ôʭʝȣ Sac1/EcoR1

'68ÐƉ�� pcDNA5/FRT= Gibson Assembly (New England Biolabs) '68

� B O � T ~ � � 9 � $ # « ɖ � � � Cre-His_pET-42b(+) � 6 +

Cre-R8-His_pET-42b(+)) Cre-His 0�) Cre-R8-His =P�d�9 DNA Ɖǣ=

Nde1/EcoR1RBc'68 pET-42b(+) (Novagen)'ŷÃ�9�$#«ɖ���  

 

 

Protein name Forward primer Reverse primer 

Glypican-1�  5'-CTTCCGGGACCTGTACTCAG-3' 5'-CAGGTAGTCATCAGGCAGCA-3' 

Syndecan-2 5'-GAGTGTATCCTATTGATGACGATGACTAC-3' 5'-CTCTGGACTCTCTACATCCTCATCAG-3' 

Syndecan-4 5'-GTCTGGCTCTGGAGATCTGG-3' 5'-CACCAAGGGATGGACAACTT-3' 

Chondroitin sulfate proteoglycan 4 5'-CACACAGAGGAACCCTCGAT-3' 5'-CTTCAGCGAGAGGAGCACTT-3' 

Transforming growth factor beta receptor type 3 5'-ACA TGG ATA AGA AGC GAT TCA GC-3' 5'-AAC GCA ATG CCC ATC ACG GTT AG-3' 

Collagen alpha-1(V) chain 5'-GCATTGTCTGTGGTGTGACC-3' 5'-ATGACTGAACGGCTTGGAAC-3' 

Glypican-5 5'-GGTCGTTGGAAGAACTCTCG-3' 5'-GCGGCCACAAATCCTATTTA-3' 

Myoferlin 5'-GGCTTGCTCTTCACATCCTC-3' 5'-GGAAAACATCCACCCACATC-3' 

Laminin subunit gamma-1 5'-CAGGCTCCATGAAGCAACAGA-3' 5'-GCACTTCTCTCACTGTATGTCCCAC-3' 

Zinc transporter ZIP10 5'-TCCTTGCTAGGCGTGATCTT-3' 5'-TGATCATGTCCACCCTGAGA-3' 

Transferrin receptor protein 1 5'-TCCCAGCAGTTTCTTTCTGTTTT-3' 5'-CTCAATCAGTTCCTTATAGGTGTCCA-3' 

Semaphorin-3C 5'-ATC GCA GCG CTG AGA TTC CTT TAC-3' 5'-GATGCGCTTGTGTCTCCAGTCC-3' 

4F2 cell-surface antigen heavy chain 5'-CAGGTTCGGGACATAGAGA-3' 5'-GAGTTAGTCCCCGCAATCAA-3' 

Choline transporter-like protein 2 5'-CTGTGGGATACGTCATGTGC-3' 5'-TGGACAGGAAGACAGCAGTG-3' 

Interferon-induced transmembrane protein 1 5'-ACTAGTAGCCGCCCATAGCC-3' 5'-GCACGTGCACTTTATTGAATG-3' 

Interferon-induced transmembrane protein 3 5'-CAAGGAGGAGCACGAGG-3' 5'-TTGAACAGGGACCAGACG-3' 

Vesicle-associated membrane protein 1 5'-CTCCTCCTTGCCTAATGCAG-3' 5'-GGACAGAAACCCAGGAATGA-3' 
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h_L]C�Ȧȹ'��9R8-Alexa488sp^dȏɑʡ(Ǖģ  

� 5.0 × 104 cells(HeLaȦȹ=24CD�p��c (Iwaki)'ſȑ��24ƓʨĎ˄�

��Lipofectamine2000 (Invitrogen)=ǰ�"10 nM(siRNA=Ȧȹ'įÃ��4Ɠʨ

ő'Ďċ�ż���7'48ƓʨĎ˄���Ďċ=ʮê��ɐǑ=ú0&�α-MEM 

(α-MEM (-))#Ȧȹ=2ŅǆǊ��ő�1 µM(R8-Alexa488=ú2α-MEM (-) ǖǍ

#Ȧȹ=30ÏʨB�J|r�c�� (37°C�5% CO2)�0.5 mg/mL(qj��=

ú2PBS (-)#3ŅǆǊ��0.01%c�pT�=Þ
"10ÏʨĎ˄ő�Ȧȹ=1.5 mL

^|�o'ąî����:=ʓŗ��s�_cǧ'& �Ȧȹ=ÊPBS (-)#Ť

ǘ��"�2ąǆǊ��ő�Ɩȧǹ'PBS#ļʟ�"�FACScalibur (BD Bioscience) 

(àɹǄʦ˖488 nm�ûînA�\�˖515-545 nm)'68ôR�p���81�

¶(Ȧȹ(ɎÁʡ=Ǖģ��� 

 
R8-Alexa488(ȦȹÈÏĻ(ɞĬ  

� 1.5 × 105 cells(HeLaȦȹ=35 mmI�VtcxbA_T| (Iwaki)'24CD�

p��c'ſȑ��24ƓʨĎ˄���Lipofectamine2000 (Invitrogen)=ǰ�"10 

nM(siRNA=Ȧȹ'įÃ��4Ɠʨő'Ďċ�ż���7'48ƓʨĎ˄���Ď

ċ=ʮê��α-MEM (-)#Ȧȹ=2ŅǆǊ��ő�α-MEM (-)#ļʟ��

R8-Alexa488=Ȧȹ'Ū���30ÏʨB�J|r�c�� (37°C�5% CO2)��

(ő�0.5 mg/mL(qj��=ú2PBS (-)#3ŅǆǊ��ɐǑúƗĎċ(α-MEM 

(+))=1 mL=bA_T|'Ã:�ȦȹĈģ)ɑ<�'ɞĬ=ɑ ��ˀŖʥɞĬ

)�ɎÁˀŖʥ IX-81 (Olympus)'ÆǝǛ}f_cFV-1000D=žɾ��ÆǝǛ�

�S�ˀŖʥ=ǰ��ĭǥ��W$�" UPlanSApo (60 ×, NA 1.35, oil)=ǰ��� 

 
Ȧȹɔʶ\�jLɷ(Ǹǫʡ(ɦ±  

� 5.0 × 104 cells(HeLaȦȹ=24CD�p��c (Iwaki)'ſȑ��24ƓʨĎ˄�

��Lipofectamine2000 (Invitrogen)=ǰ�"10 nM(siRNA=Ȧȹ'įÃ��4Ɠʨ

ő'Ďċ�ż���7'48ƓʨĎ˄���1 mM EDTA/PBS#15ÏʨB�J|r

�c��Ȧȹ=p��c68×
��1.5 mL^|�o'ąî���Ȧȹ=ʓŗ��

�Ǒ=ʮê��0.5% (w/v)BSA=ú>�Ê5��PBS (ÊBSA-PBS)#ǆǊ��o

�_J�M���ʓŗ'68�Ǒ=ʮê��PBS#ļʟ��ūT�bH�4ū©

(5G9) (Santa Cruze) (1:50)#1Ɠʨ�4°C#B�J|r�c���ʓŗ'68�Ǒ

=ʮê��ÊBSA-PBS#3ąǆǊ��2Ƶū©$�"�PBS#ļʟ��Alexa488
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ƱɱūvCVIgGū© (1:400)=ǐÞ��1Ɠʨ�4°C#B�J|r�c���ʓ

ŗ'68�Ǒ=ʮê��ő�ÊBSA-PBS#3ąǆǊ��Ɩȧǹ'PBS#ļʟ�"�

FACScalibur (BD Bioscience) (àɹǄʦ˖488 nm�ûînA�\�˖515-545 nm)

'68ôR�p���81�¶(Ȧȹ(ɎÁʡ=Ǖģ��� 

 
\�jLɷŊÔǸǫȦȹ'��9R8-Alexa488sp^dȏɑʡ(Ǖģ  

� 8.0 × 104 cells(HeLaȦȹ=24CD�p��c (Iwaki)'ſȑ��24ƓʨĎ˄�

��LipofectamineLTX (Invitrogen)=ǰ�"p�VwdDNA=Ȧȹ'įÃ��4Ɠ

ʨő'Ďċ�ż���7'24ƓʨĎ˄���Ďċ=ʮê��α-MEM (-)#Ȧȹ=

2ŅǆǊ��ő�1 µM(R8-Alexa488=ú2α-MEM (-) ǖǍ#Ȧȹ=30ÏʨB�

J|r�c�� (37°C�5% CO2)�0.5 mg/mL(qj��=ú2PBS (-)#3ŅǆǊ

��0.01%c�pT�=Þ
"10ÏʨĎ˄ő�Ȧȹ=1.5 mL^|�o'ąî���

�:=ʓŗ��s�_cǧ'& �Ȧȹ=ÊPBS (-)#Ťǘ��"�2ąǆǊ��

ő�Ɩȧǹ'PBS#ļʟ�"�FACScalibur (BD Bioscience) (àɹǄʦ˖488 nm�

ûînA�\� 5̟15-545 nm)'68ôR�p���81�¶(Ȧȹ(ɎÁʡ=Ǖ

ģ��� 

 
sp^dǐÞ'69syndecan-4(ĳĊĖä(ɞĬ  

� � 2.0 × 105 cells(HeLaȦȹ=35 mmI�VtcxbA_T| (Iwaki)'24CD

�p��c'ſȑ��24ƓʨĎ˄���Ďċ=ʮê��α-MEM (-)#Ȧȹ=2Ņ

ǆǊ��ő�0.5% (w/v)BSA=ú>�α-MEM (-)#ļʟ��ūT�bH�4ū©

(5G9) (Santa Cruze) (1:50)#30Ïʨ�37°C#B�J|r�c����Ǒ=ʮê�

�ő�PBS#3ąǆǊ��0.5% (w/v)BSA=ú>�α-MEM (-)#ļʟ��Alexa488

ƱɱūvCVIgGū© (Invitrogen) (1:200)=ǐÞ��30Ïʨ�37°C#B�J|r

�c����Ǒ=ʮê��ő�PBS#3ąǆǊ��α-MEM (-)#ļʟ��

R8-TAMRA (1 µM)=Ȧȹ'Ū���30ÏʨB�J|r�c�� (37°C�5% CO2)�

ʬħÖ (50 µM MDC)=ǰ�9đõ)sp^dǐÞÕ'�30Ïʨ�37°C#ʬħÖ

ÍǬ��sp^dǐÞƓ4÷ʡ(ʬħÖ=ǐÞ����(ő�0.5 mg/mL(qj

��=ú2PBS (-)#3ŅǆǊ��ɐǑúƗĎċ (α-MEM (+))=1 mL=bA_T|

'Ã:�ȦȹĈģ)ɑ<�'�ÆǝǛ��S�ˀŖʥ'68�syndecna-4�6+

sp^d(ĳĊ=ɞĬ���ˀŖʥɞĬ)�ɎÁˀŖʥ IX-81 (Olympus)'Æǝ

Ǜ}f_cFV-1000D=žɾ��ÆǝǛ��S�ˀŖʥ=ǰ��ĭǥ��W$�
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" UPlanSApo (60 ×, NA 1.35, oil)=ǰ���Ǵ¼ÍǬ)Fiji software (ImageJ; NIH)

=ǰ���ÆĳĊ'!�")�Fiji'Ã "�9Coloc 2 plug-in=ǰ�"�m@Z

�Ǿʩ²Ɔ=ȚÎ�ɦ±��� 

 

ʬħÖÍǬ  

� Ȧȹ=ɐǑʵúƗĎċ#2ąǆǊ��ő�L�V��°ĠśE�dRBc�T

VʬħÖ#�9monodansylcadaverine (MDC, 50 µM) (Sigma)�sucrose (0.45 mM)�

HrG�°ĠśE�dRBc�TVʬħÖ#�9filipin (1 µg/mL) (Sigma)�

nystatin (50 µM) (Sigma)�vL�mhRBc�TVʬħÖ#�9

5-(N-ethyl-isopropyl)amiloride (EIPA, 100 µM) (Sigma)�IPA-3 (20 µM) (Sigma)�

wortmannine (500 nM) (Sigma), Gö6983 (2 µM) (Sigma)=�:�:37°C'"30Ïʨ

ÕÍǬ��ôȑʬħÖĠĊä#sp^d0�)\�jLɷ=ÍǬ����(ő�

sp^d(ï8ʃ1�0�)�Ȩ1ż
áǪ=FACScalibur (BD Bioscience)'6

8Ǖģ��� 

 

Syndeca-4�transferrin�6+R8(ȦȹÈŵâ(ɞĬ  

� � 2.0 × 105 cells(HeLaȦȹ=35 mmI�VtcxbA_T| (Iwaki)'24CD

�p��c'ſȑ��24ƓʨĎ˄���Ďċ=ʮê��α-MEM (-)#Ȧȹ=2Ņ

ǆǊ��ő�0.5% (w/v)BSA=ú>�α-MEM (-)#ļʟ��ūT�bH�4ū©

(5G9) (Santa Cruze) (1:50)#30Ïʨ�37°C#B�J|r�c����Ǒ=ʮê�

�ő�PBS#3ąǆǊ��0.5% (w/v)BSA=ú>�α-MEM (-)#ļʟ��Alexa405

ƱɱūvCVIgGū© (Invitrogen) (1:200)=ǐÞ��30Ïʨ�37°C#B�J|r

�c����Ǒ=ʮê��ő�PBS#3ąǆǊ��α-MEM (-) (100 µL)#Ȧȹ=ǋ

���bA_T|=ˀŖʥVa�U�'ɤȴ��B�J|r�\MI-IBC 

(Olympus)È'ȏ��Ȧȹ�6+B�J|r�\È(ǭĒ
Ģģ��$Ś<:95

Ïő'�α-MEM (-)#ļʟ��transferrin-Alexa488 (25 µg/mL)�6+R8-TAMRA 

(1 µM) (100 µL�Äʡ#200 µL)=Ȧȹ'Ū���ɞĬ=ʧĞ���ˀ ŖʥɞĬ)�

ɎÁˀŖʥ IX-81 (Olympus)'ÆǝǛ}f_cFV-1000D�6+ɺˈŠŅbAa

L\(GaAsP PMT)=žɾ��ÆǝǛ��S�ˀŖʥ=ǰ��ĭǥ��W$�" 

UPlanSApo (60 ×, NA 1.35, oil)=ǰ��� 
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Flp-in loxP HEK293Ȧȹ(«ɖ  

� 2.0 × 105 cells(Flp-In 293Ȧȹ=35 mmbA_T| (Iwaki)'ſȑ��24ƓʨĎ

˄���Lipofectamine3000 (Invitrogen)=ǰ�"

loxP-DsRed-loxP-EGFP-N1_pcDNA5/FRT$pOG44 (1:4)=÷Ɠ'Ȧȹ'įÃ���

7'48ƓʨĎ˄���ēƹ��Ȧȹ=5Ï(1'ļʟ��100 mmbA_T| 

(Iwaki)'ſ�ǽ��400 µg/mL hygromycin BúƗDMEM (+)�#�10ƍʨĎ˄��

Ōť��P�f�=^_p#ąî��96CD�p��c (Iwaki)'ȏ��Ď˄ő�

24CD�p��c (Iwaki)'ȏ���ē5��Ȧȹ'��9DsRed(Ǹǫʡ=

FACScalibur (BD Bioscience) (àɹǄʦ˖488 nm�ûînA�\�˖546-606 nm)

'68Ǖģ��ģľǸǫȦȹ#�9�$=Ȇɪ��Ȧȹ'!�"��7'Ď˄

��Ĥˇ'­ǰ��� 

 

Cre recombinease(Ȟɖ  

� Cre-His_pET-42b(+)0�)Cre-R8-His_pET-42b(+)=BL21 (DE3)ƪĚȾɋ'Ō

ɷɼż��ő�OD600
0.6'&90#�37°C#Ŷ$	Ď˄��ő�0.5 mM IPTG

=ǐÞ��37°C#4ƓʨŶ$	Ď˄���ʓŗ'68ʰɋ��Complete, Mini, 
EDTA-freep�a@�YʬħÖ��[^�x (ÿÁȢɍ)� DNase I (ÿÁȢɍ)

�6+RNase A (ÿÁȢɍ)=ǐÞ��Buffer A [10 mM Tris (pH 8.0), 100 mM 

NaH2PO4, 500 mM NaCl, 10 mM imidazole]#Ťǘ��ɺʸǄȄȃő�ʓŗ'68

òǖäǴÏ=ąî��Akta Start (GE Healthcare)=ǰ�"His-trap FFH�x (GE 

Healthcare)'"Ȟɖ�� [binding bffuer: Buffer A; elution buffer: 10 mM Tris (pH 

8.0), 100 mM NaH2PO4, 500 mM NaCl, 500 mM imidazole]�DMEM-HEPES buffer 

[20 mM HEPES (pH 7.4), 1 M NaCl] (1:1) =ǰ�"4°C#ȧę�ʉƤ=ɑ��

SDS-PAGE#ȢŅ=Ȇɪ���ǙŅ)BCA Protein Assay Kit (Pierce)'68Ǖģ�

�� 

 
Syndecan-4h_L]C�Ȧȹ'��9Cre�P�le�Y'69\�jL

ɷʇʒáǪ(ɦ±  

� 6.0 × 104 cells( Flp-In loxP 293Ȧȹ=BioCoat Poly-D-lysine 24CD�p��c 

(Corning)'ſȑ��24ƓʨĎ˄���Lipofectamine2000 (Invitrogen)=ǰ�"10 

nM(siRNA=Ȧȹ'įÃ���7'48ƓʨĎ˄���Ďċ=ʮê��DMEM (-)

#Ȧȹ=2ŅǆǊ��ő�DMEM (-)#ļʟ��Cre0�)CreR8=Ȧȹ'ǐÞ��
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30ÏʨB�J|r�c�� (37°C�5% CO2)��(ő�0.5 mg/mL(qj��=

ú2PBS (-)#3ŅǆǊ��0.01%c�pT�=Þ
"10ÏʨĎ˄ő�Ȧȹ=1.5 mL

^|�o'ąî����:=ʓŗ��s�_cǧ'& �Ȧȹ=PBS (-)#Ťǘ

��"�2ąǆǊ��ő�DMEM (+)'Ťǘ��24CD�p��c'ſ�ǽ���

37°C#24ƓʨĎ˄ő�Ȧȹ=c�pT�'68ąî��FACScalibur (BD 

Bioscience) (àɹǄʦ˖488 nm�ûînA�\�˖515-545 nm)'68ôR�p�

��81�¶(Ȧȹ(ɎÁʡ=Ǖģ��� 
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