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Identification of Glycan-recognizing Proteins Using Oligosaccharide Immobilized Magnetic Beads 

Kiichiro TOTANI*1�Shino KURATA*2

ABSTRUCT :Oligosaccharides play important roles in various biological events, such as virus infection, 
immunity, disease, blood type, protein quality control etc.In these processes, the glycan recognizing 
proteins so called lectins are known as regulatory factors especially in a case of weak flexible 
binding-dissociation of an oligosaccharide ligand. In order to select unidentified lectin candidates from 
biological extracts, development of a mild enrichment procedure using oligosaccharide immobilized 
magnetic beads was conducted. The mild enrichment was found to effective compared to a conventional 
batch procedure in a model interaction experiment between maltose-magnetic beads and concanavalin A. 
Furthermore, selections of Glc1Man9GlcNAc2-specific lectin candidates from mouse liver microsomal 
extracts were carried out. 

Keywords :lectin, synthetic oligosaccharide, magnetic beads 
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O������ã*üFä (Ka = 107 to 105M-1) '��
�*+,P�QR N�O��Ï���ùúA�û\�
�Oj-���YZ\+-�IÜ�������\+ü

Fä��* (Ka = 104 to 103 M-1) N�O���ÍÎ���
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£�PCýL"#�C�¥�-�Ö×��*üFPG-

!�YZ'$%�&'\+_` (~LM+��JK-

Äýª��*N�O�H£')�\+ºj����l�

�2��1��1p�l�o�w�1p

4)
j
�lp*

�onp�p'Øh��ºj

5)
-+|�C�*+,���

�*H£'û\VA�N�O�WX',-\EF�#�

��P.çè�,�N�O�'��m�O\+ºj-/

0��* *,���N�O��üF�Û1�LMª�

üF-ã*EF��23�F��45L����*+,

PC�Ï�üF-�*EF��67-]845�9¥�

�F�:;��<�¢�=8N�O�-��\+P��

 +,P�45LÍÎ���OjL���'>R�=8

N�O��
��C�PC'�ª�\��*üF�N�

O��?@��ý)����m�O�C�P � +,
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� TíîL�rs�px��� Invitorogen Z´
Dynabeads-M280 Tosylactivated '¯h��,N�O��
Sigma Z´ ConA �Q�!�ë��[�\]3Z´Y^
_`N�O� (WGA) '¯h��,ý�ß�olp2�
���	���  SIGMA Z´0a:b�2�c�
(BSA) 'h*�,�03Y��¤�� SAM �03íî
defUB�g�C+ SAMR1 �Q� SAMP10 'hT
SLCZijLkülm���nº��op��ÐÑ�¤
�Q)�&´��,rs�px^��d�\+���q

r��ì»Z´�2op3�Q��ëF���

Glc1Man9GlcNAc2 (G1M9) <Ä��sp3��'h*
�,

*��+��	
��
��",-�

� t<� ºjuMal (100 mg, 0.292 mmol)� 'v�wx
zy��y�0±zO; (2 mL) �O]��0°CL 24¿
Àz{��,��@|����;'H}B~��zL�

ª����\+P�L¸��wx�Q���y��'


����mßa2�c��'��,�BC��mßa2

�c�'\[�*�uz (1:1) �FO� (5mL)�O]��
����wxzyVom0± (247 mg, 2.94 mmol) �Q
����ll��O2 (12.2µL, 0.15 mmol) ' 15���
��Ò
Ú�,����¿Àz{����;'H}B~

���' SepPak®C-18 (Waters Co.) (H2O to 20% MeOH)
��³´���ll��O2�'��,�*L�ll�

�O2�' 30% ��y��zO; (5 mL) � 24 ¿À
������y��Ç3'H}���Mal-Gly' 30.8 mg 
(26%, 3ìø) ��,Mal-Gly: MALDI-TOF MS calcd. For 
C14H26N2O11m/z 398.15, found 398.26. 
� Dynabeads M-280 Tosylactivated (3 mg) �Mal-Gly (50 
µg) ��ma� (0, 50, 100, 250 or 500 µg) �' 0.1M borate 
pH9.5 (1.3mL) �O]��,�����éé 37 °CL 24 
¿À���þ�po��råL�px'�������

��p' [PBS pH7.4, 0.1% BSA] �����,�����
rå�Q+�px��������p���'�B��

Ò�ª�����rs�px'��,

*��*�#����./����"01�

� ���lOþp��L Mal-rs�px (0.6 mg) '�
l���p3��; (1 mg/mL, 1mL) � 4 °C L 60 �
À�?��råL������;'
���,P�QR

���'ßp�1���� Mal-rs�px�N�O�
�'
Ú���; [0.1 mg/mLConA, 0.1mg/mL BSA, 0.1 

mg/mL WGA, 0.6mg Mal-rs�px,1 mM CaCl2, 0.5 mM 
MnCl2,  0.5 M NaCl,  20 mMTris•HCl pH 7.4]' 1 mL&
´��4 °C L 60 �À������råLMal-rs�p
x'���ÒÓ��,O;e�
������p (1 mM 
CaCl2, 0.5 mM MnCl2,  0.5 M NaCl,  20 mMTris•HCl pH 
7.4) 1mL�Q+���4 °C L 5 �À������rå
�Q+�px���' 10Ò�ª����c��� ¡�
�����	'����Mal-rs�px^�N�O�'
��m�O��,

*��2��&'()�������./����"0134

5678�9�

� ���lOþp��L Mal-rs�px (0.6 mg) '�
l���p3��; (1 mg/mL, 1 mL) � 4 °C L 60 �
À�?����;'
���,P�QR���'ßp�

1���� Mal-rs�px�N�O��'
Ú���
;[0.1 mg/mLConA, 0.1mg/mL BSA, 0.1 mg/mL WGA, 0.6 
mg Mal-rs�px, 1 mM CaCl2, 0.5 mM MnCl2,  0.5 M 
NaCl,  20 mMTris•HCl pH 7.4]� ' 1 mL&´��4 °C L
60 �À������råL Mal-rs�px'���Ò
Ó��,O;e�^QR 0.5 mL �'
������p�
(1 mM CaCl2, 0.5 mM MnCl2, 0.5 M NaCl, 20 mM Tris•HCl 
pH 7.4) 0.5 mL�Q+���4 °C L 5 �À������
rå�Q+�px���' 20Ò�ª����c��� 
¡������	'����Mal-rs�px^�N�O
�'��m�O��,

*��:��;<;=>�?��(?@)A�BC�

� ��;���m�O��^QR¤����m�O��

�px��¤�'GC�C 2 x*�v2����p (0.1�
M Tris-HClpH6.8, 4% SDS, 12% 20n2kvo��[p2,
10% �2�lp2, �ly��sp2�2p)�����
100 °C 5�À���þ�po��ATTO´ e•PAGEL (15%) 
vN��3o�2�lpW1����20mAL�I��,
�I@|��.q�ë´ Silver Stain KANTO IIIL5���
����	��I��È')���,
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� TíîL���2È��m�Oj���£')X\+

�¦�yW2���Mal-rs�px�Q+ ConA���
m�O'ÊË��,ConA �����α-Man 
�'âé
Ä��sp3<�� @�ãä�üF\+-�

Glcα1-4Glc�üF� 'âé�2op3����üF\
+P�-ABC��ª (Ka = 104 M-1)6)�����*N�
O�H£�yW2¡p3������*+,���rs

�px�����¢~�4-£�Ué��-¤BU �

¦��c��  ¡-Å ��¥#£�·C� Invitrogen
Z� Dynabeads®M280 Tosylactivated'ÊË��,P��
px�¦§¨ 2.8 µm L23���K©�²¥�'��
�*+�¦���'üF��EF�������'ª«

��¬*yW2� +P�-­®�C+,ý��px�

��H£�¯���oa2¯-ßp�1���C��ª�

���°±²³��cs¯'´n����µ�¶·'�

¸+¹�L�£º»�Lâk�vm��\+P�-L¥

+,���°±²³��cs¯'´n\+â)�â¦Á

� �j��mßa2�c�¼�½�LM+,�U� 

-B!�\+�mßa2�c��¾¦��¿dLMª�

rs�px¼�´nÀÁ����¾­Â�ÛZ Ã�À

��� ª� *,GPLMal-�mßa2�c��m�
kp���ÄÅ �csxLM+�ma�'~F�

(Mal-Gly)�G� N²³�¿d �cs¯'h*�rs�
px��üF'>RP����,

�

� �Æ¦� Mal-Gly7)�F�'>)�ñ3�p±ú÷,�
2op3'v�wxzy��y�0±zO;�O]��

zO;�LÇÈ��|!��*+��y���Q)�°

±²³'�mßa2�c�¼�½���

8)
,�mßa2

�c��¼É�
z�]�C+�¦���;'H}B~

��¹�����ll��O2���������°±

²³��ll��O2¯'´n��,é*L�ll��

O2�'��y��zO;������²³��ll¯

'�cs�\+P�L�ma�¼�½���Mal-Gly �
F�'Ê|��,T���ËÃ-Ììø 26%�¹Í�â
Ä� *-�PC��mßa2�c�-!�¦�UB


z�]'Î¦+�¦LMª�
z�]!�ÜLM+�2

op3- 40%øCÒÓ�C�*+,
� ���°±²³���¯- N��O2�2ß*c��
QR �cs��EF�ÏÐ���o�cÈ�Ñ~ Ò

£�Q)��mßa2�c�-¿d��C+,TíîL

�Ä��sp3��c�� VAN�O�'Êò\+�

¦� Glc1Man9GlcNAc2 (G1M9)-rs�px'Ó��&
´��,G�L�Ã�À�� + G1M9-Gly9)� Mal-Gly
�K��ºjLF���-�°±²³- GlcNAc LM+
�¦�ÀÔ�?j�QªËÃ�Ììø 72%LM)�,
� éÕ� Mal-Gly�G1M9-Gly �â� Dynabeads®M280
Tosylactivated� 0.1M borate (pH9.5) �L��Ö����
+P�Lrs�px^���'×á��,P�L���

-Gly� Gly'� +�F�L�px�k�vm�����
���×áÃ'¸Ø��%&��rs�px'&´��,

DE�F�� 	
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��",-
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2��*��GHI ��
��J KLM� �./NO(PQ�

2��*��+����
��R"	
STU"VW�

� rs�px^�?���×áÃ'Ùd\+�¦���

�Ý�¢�� + a-e� 5Ú�� Mal-rs�px'h*
���2È��m�Oj�Qª ConA �ÊòÛÜ'>)
�ñùÝ÷,Þ����ýÍ ConA � Mal-rs�px�
��; 1mL�Ï��rå�Q+�px�����;¢�
P�'ß�*����p�����*���2È��m

�O' 20 Ò�ª��à������,�����px
��;�^QR¤��Q��pxUB�O�¤�'��

px a-e�GC�C�Ï�� SDS-PAGEL�i���P
.��px a, b, c, d �^QR¤�ñNp� 2, 4, 6, 8÷�
��È-)��CÍ��c�� üF'à��
�L¥

�*+P�-�U)�,����px e� 20Ò��m�
O��^QR¤��â ConA ���È-�)��ªñN
p� 10÷�mÇ�È���Ý�¢-�à� P�-[B
U� )�,���O�¤���*ÍCâ ConA ���
È-)��C�-ñNp� 3, 5, 7, 9, 11÷�50 kDaáÖ�
�ÅÜ���È-Å � S/N ��Ä*�px bñNp�
5÷- ConA�Êò��?�LM+�üõ��,

�X� GHI=��
��"YZ	
STU"VW�

2��*��*��#���J&'()������"[\�

� ÀâLMal-×áÃ'?�����px b'h*��0
a:b�2�c� (BSA) �Y^_`N�O� (WGA) �
ConA �����	�F;UB ConA �ÊòÛÜ'>)
�,P�L�ÍÎ���Oj���2È��m�Oj�

��m�O�Ã'����Tj���£')X��ñù

3÷,
� ��Oj�EFñù 3A÷�����	�Mal-rs�p
x���; 1mL�Ï��;e����Q+��' 5Ò�
ª�����^QR¤�ñNp� 2u5mL ��÷�Q�

10Ò�ª�����^QR¤�ñNp� 3u10mL��÷
����<���È�)��CÍà����->/C�

*+P�-�U)�,Np� 4��Mal-rs�pxUB
�O�¤�'û��-�ConA �jã\+��È�äå
øC��U)��C U)�,

� �����2È��m�Oj'h*�EF�üæ'ù

3B�û��,P��j���ìø���+ 1Ò����
�p��¢���Oj�P¢LM+�¦�¶ºj���

¢'�ç��+����2È��m�Oj���Òè'

��Oj� 2é�êd��,G�üæ�����^QR
¤������	���È-)��C *��Ï�ñN

p� 2u5mL���Np� 3u10 mL��÷�Np� 4�
�pxO�¤��� ConA ���È-�)¥ª�#C�,
PC'ù 3A ���\+�O�¤����+��m�O
�Ã�ë*�[/LMª�Mal � ConA�QR ���
�*üF�Ï�����2È��m�Oj���£-/

J�C�,

�]� &'()������"^_`"Va�����#�

��$�%��&'()�������

�

2��*��2��bcdefgh"i6����"01�

� Tíî�?@� ,���!���; @��ì �

���	�F;��UBcd���c�� N�O�'

Êò\+P��M+,GPLA��IJ\+��2È�

�m�Oj-ÛL�!���;�Ï����LM+U'

íî\+�¦��IÜïðjã�c�lñp±¤��

ConA 'ò
��yW2����	�F;�Ï��Mal-
rs�px'h*� ConA���m�O'SR�ñù 4÷,
c�lñp±¤������03 (SAMP10uó�ôõ
yW2) lm'op��ÐÑ�¤ 10)

��öN�o' [20 
mMTris•HCl pH7.4, 0.25M Sucrose, 2 mM EDTA, 5 mM 
2-mercaptoethanol, ptrotease inhibitor cocktail (Roche), 0.5% 
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Triton X-100] ��ÛO��h*�,c�lñp±¤� (1 
mg/mL) � ConA (0.1mg) 'ò
������	�F;
(1 mL) �Mal-rs�px'
Ú���2È��m�Oj
�Q)� 20 Ò��'�ª�����^QR¤�'Np
� 2��pxO�¤�'Np� 3 �û��,G�üæ�
O�¤�� ConA 'Ý¬*�éU���È-)��C�
Mal c�� N�O�§¨'Êò\+P�-L¥�,P
C�QªTj��ì !���;�Lâ�����B�

P�-�U)�,

� � � � � �

�j� bcdef3&kD@�lm�Fno9�pq/

&'()������"^_`�

2��2� &kD@�lm�Fnogh"r+Gstu6vw�

���"01�

�

2��2��+��r+Gs ��
��R"	
STU"VW�

� Àâ�)÷�QªMal-rs�px� ConA�üF'y
W2�����2È��m�Oj���£'/J\+P

�-L¥�,TâL���2È��m�Oj'!���

;UB�VAN�O��Êò��h\+,G��¦��

N�O�WX�Ï$� +[2Ç]w'ÊË��G�ø

ù���\+TÜ���mÇ�È'âérs�px'&

´� ��� B *,A��¾×�Y�������

	=	>?Y
���+��YZ]i�ú/)�¥�

11)
,

TY
��D��N�O�-./+-�PPè×Lâ

OS912)
 Malectin13)�*)�ß�*N�O����-��
�[BU� ª�G�nk�x±û¼�]����B�

üý� N�O��WX-¹`��C�*+,GPLT

íîL��03lmjã�Y��'Ï$���Y��<

Ä��sp3���þ�éLM+ Glc1Man9GlcNAc2 

(G1M9) '�d���rs�px�Q)�N�O�§¨
�WX'>RP����,

� ýÍ�px^�?� G1M9×áÃ'Ùd\+�¦��
�03 (SAMP10uó�ôõyW2) lmQªÐÑ�¤�
�c�lñp±¤�ñY��'����\+÷�Ï��

��×áÃ'¸Ø��½���� G1M9-rs�px
A-E �Q+��2È��m�O'Àâ�K��ºjL
>*�N�O��Êò'>)�ñù 5÷,��'�� *

�px E �O�¤����È-û�)��C *��
Ï�ñNp� 11÷�G1M9'âé�px A-D��[/ 
��È-)��C�ñNp� 3, 5, 7, 9÷P�L���m
�O�C���È�G1M9c�� N�O��ÛZ£-
Ä*â��MÚBC+,ý���m�O�C���È�

[��
ß�ow3oUB��Ò�ÛÜº»���px

D-������*+P�-�U)�,

�x� r+Gs=��
��"YZ	
STU"VW�

2��2��*��y!z{|.}z{~�NO(&kD��"�

�cno�|�/01������"[\�

� G1M9-rs�px'h*���2È��m�O�Qª
�03c�lñp±¤�UBN�O�§¨'ÊòL¥�

�¦�éÕ�� +ow�3\�����03ÀL�Ê

òN�O�§¨�ë*')÷��ñù 6÷,h*��03
��Îó�yW2�03 (SAMR1) �ó�ôõyW2�
03 (SAMP10u�2����pyW2���h*BC

+) LM+,¶�03�lmQª����c�lñp±
¤�ñNp� 1�Q� 6÷�Ï��G1M9-rs�px (�
px Duù 5 �	)�Q+��2È��m�O'>)��
P.�Np� 3�Q� 4�QR N�O�§¨	-Êò
�C�,
�Lû����È-���[� N�O�§
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¨LM+-��Úµ a� G1M9c�� N�O�a�ö
l����ABC�*+k2]�a�

14) (65 kDa) �b �
G�ÛO£
yl�LM+k2N�1�þm�

15) (46 
kDa) LM+P�-û��C+,¶yW2�03jã�c

�lñp±¤�UB�BC�N�O�§¨	����ç

��*�-�
� x�û\��È� SAMP10�R�)�
�C�â�LMª�PC-�2����p @��i½

£89�c��N�O�§¨LMCµ����*üæL

M+,

��� u7/���D�����&kDgh�����

��/������"���

���
 �


� TíîL���rs�pxh*�����	�F;U
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