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Abbreviations 

 

Ab    antibody 

Ag    antigen 

BCR    B cell receptor 

bp    base pair 

BSA    bovine serum albumin 

CH    heavy chain constant domain 

CL    light chain constant domain 

CDR    complementarity determining region 

CIAP    calf intestinal alkaline phosphatase 

DCC    dicyclohexyl-carbodiimide 

DMEM Dulbecco’s modification of Eagle’s medium 

DMSO�    dimethyl sulphoxid 

DTT    dithiothreitol 

D segment   diversity gene segment or region 

EDTA    ethylen diamine tetaracetic acid 

ELISA    enzyme-linked immunosorbent assay 

ELISPOT   enzyme-linked immunospot  

FACS    fluorescence activated cell sorter 

FBS    fetal bovine serum 

FITC    fluorescein isothiocyanate 

HBSS    Hank’s balanced solt solution 

HEL    hen egg lysozyme 

HPLC high performance liquid chromatography 

HRP    horseradish peroxidase 

HSA    human serum albumin 

Ig    immunoglobulin 

IgH    immunoglobulin heavy chain 

IgL    immunoglobulin light chain 

Igλ    immunoglobulin lambda chain 

Igμ    immunoglobulin mu chain 

Igδ    immunoglobulin delta chain 

Igε    immunoglobulin epsilon chain 

IMDM     Iscove’s modified dulbecco’s medium 

ITC    isothermal titration calorimetry 



Ka    association constant 

Neo    neomycin 

NH-Osu    N-hydroxysuccimide 

NP    (4-hydroxy-3-nitrophenyl) acetyl 

NP-Cap    ε  

N-Free    nuclease free water 

O.D.    optical density 

OPD    o-phenylendiamine dihydrocloride 

PA    paraformaldehyde 

PBS    phosphate buffered saline 

PBST    PBS/0.1%Tween20 

PCR    polymerase chain reaction 

PE    phycoerythyrin 

sAv    streptavidin 

SHM    somatic hypermutation 

TD  thymus-dependent 

TI  thymus-independent 

TdT  terminal deoxyribonucletidyl transferase 

Tris  tris(hydroxymethyl) aminomethane 

V segment  variable gene segment or region 

VH  heavy chain variable domain 

VL  light chain variable domain 

Zeo    zeocin 
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�����}��� � 4 §�"��4�D�����¯��§}�

V(D)JMNO��õ�1�����V�D�JMNO�}¯������MNO��Za

� �S��*��´��'��]�¹��4��S��*�RÔ'>�]¹�Z�

Ë�����HÙ�Ò´�65���"#b�VHMNO���� 27���DHMNO

���6 �� JHMNO��Ú��� 11,000 ���65×27×6 10,530��S��* VH

!"Z>��¾��/§i}�MNO��#Zj´���$�/%&�'��DÎ

�()�*+���)},ø�4�j´Ô��������:&<-³Sb�./=

'0!F]��1ác�¥MNO��� RAG-1 � RAG-2 }�V(D)J :0&23!4'

0!F ����2��¹�MNO×;}:&<-Z
·56�'ôõ �)��Ë��

�[\����RAG-1� RAG-2Þ��}�µDNA789Ã:«�&F; Í;!4�

<�����&< =��õ��� RAG �&< =ó´�}�/§�=>���1

á?@3ª(recombination signal sequence; RSS)'åæ �DNAA;B&�C'ôõ

 �RAG�&< =ó´�¡��&F; Í;!4�c��4��V&DE�ÛF�>

�]��3��¹�jk�G-b�()�H5 ZDÎ�P-; Í£ØF'ôõ *I

��!J3ªK£8?; Í£ØLª�V&B��V!4(TdT)�4�ð� 20���()

��õ��� N-; Í£ØF �M+ZÌ¹��4��¦§Ï}��Nõ'òáOP�"

#'Q§ H Ù� L Ù�V&DE���´���4���
��
·j´ÔÛ���

�}���Ü�]��5��ðI��c�¥��?ØL&R;JS9Ã (activation 

induced cytidine deaminase ; AID)ZTU]� SHM Z�¨����6��SHM }��§

�MNO�4��0!F���
���R!"�;JSVWX���ô�ZåÏ��

*¹�Ú�Y�Ú���*�7��Z[`a�(thymus-dependent ; TD)
·'�I�

�Ê���:&<\«]^�<�_¡`��c�¥ * B XY��@ºE:&MN

O��R!"�am���³�G-�be!" (complememtarity determining 

region : CDR)� CDR1 � CDR2�cde�RSZÌ¹��8�9��CDR3 } DH»@Ó

&�� JH »@Ó&��fgi�ÛF ���õh�j´�4��; Í£ØF�iÆ«

M+ZDÎ�*Ï�¹�!"� SHM 'Y�Ú�]�¹�}é )�SHM �[\}��

ºj!�!!"�}��k<l��m�¯� 1.5Kbp no����@ºE:&MNO

� V(D)J �8�&�¯�deZð�cµ�3’nop�}qr]��κsÙ«ÄÙMN

O�V(D)J�8�&�e	!"�8�&�#�}t)�&�º&Za�]�*Ï�e	

!"MNO(Cκ�*}CH)�� SHM}åÏ���)Z�10��λsÙMNO�}¹��

&�º&Zu)(1.2Kbp)*Ï��de}v)�Z��e	!"�8�&(Cλ)�RSZ

åÏ����11��SHM �\ÔÛ�}³wZ���<:&Fº!E�C« RGYW j

Ø!�(R }�º:&� A/T�G�Y }B:JL&� C/T�W } A/T)� CAGCT/A�� µ



} AAGTT'xy DNA!"�z¡ �Ì¹�{|Z���9�12�13�14��0F&�¡

�} AGC � AGT Zð�c)de� SHM Z\]��15��� SHM �4� B XYo

±�}~RSZ�®��* BCR '[\ �¯� BCR ZRS�®�� BCR 4��


·��j´�ZÜ �)�$�����'5��¯�BCR'[\]�XY}ÜÝ«

�¥�?@3ª'5�����*���RS'Ì¹ �
��
·j´ÔÛ�
��

���ZD����¹�\�}
���¢�õ��¿í���¹�
���¢��

õ���}�D!A©&��¥	���]�¹�Ú���
������¢��õ�

'
���¥�¿5�¯�#�' evoluvability �¿k�)�(Joice, 1997)� 
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�¥����be���¯�I�DÎ��XYcde}~RS�4��78'5�

�� ��¯�ö²�} V(D)J ��1á}DÎ�)� *Z���¯� B XY�O�

XY}P���� VHMNO'[\]���6�������� B XYZõ� 

ÜÝ]��§���¯� B XY�O�XY�})µ§Ú�S��*e	Ô�����

Z[\���µ��BXY�4��ðñ�[\���
·Í»��!} IgM� IgD��

������4��ðñ�CD���
�}	� IgM  VB��������I

��}��Nõ *�Î�RÔMNO��Z IgG�IgA��)} IgE� �[\����

¹�R¥' VBB��Ø��)}�����B��Ø�)÷��O�O��nY��L

�n�
ú���<1\]^���O^2~P ¸
ú���<LP���

��<� o1Z�ÝY)�7h^Ô£h^a-b^�"qp=7)
xr

�����<LPô{q¸2\�r¸�
ú�&&w1ÁÂ�OPijsa^

ê�������<#!q]r
ú���<� o1p=7,-Z�ÝÝ�Q

°^=1\~���nY���
ú���<&&w1ÁÂ�O-b�nY��

Ý�Q°��xLP ���x&!q~$g1\]^¿6��Or ��

l !"1(N-b4Z�Ý�$%LBC""q^�#!q]^2~P LP

TUP��t�uU1vbh^;wh^2~P@ABCDEl|IqGH)-

rhPx��1yh^yg%�,z"q¯�n���){,*%K)¿6�h

¼-b LP;|MU 1}~P����1æ�;|MU1Ô£hU5$%&

h^��j),-b LP��W�������u�T~��1;w,-��

��WTMU��³´h��_1�£,- ��%1ùú1�a456l��

hP��hr ;<LP$g���%&h^�è\R1q-b� Q�\R1P

Z�ÝÝ�Q°#kQ-Q&lêN$g1yh^!q]r��P!q]r��

�12a^P�n�BCDE)ijkQ,Q&#��1q-�lV-bñà~

$%L�����wñ$g��#&P
ú��#wñ��ËZY^�&�
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$�%&}���¥u�=����89:;�&< =�j´���¹�� T XY`

ab���'��] � ¹ � ZL � � 2-phenyloxazol-5-one (phOx) � 

p-azophenylarsonate (Ars) �phosphorylcholine (PC) �<������$�%&.Z

SHM «
���¢�õ�"��PY�()���Ë*�C57BL/6 @AB� 

(4-hydroxy-3-nitrophenyl)acetic acid (NP)����¸]����} clonal 

dominance '� ��µÚ�+,���)�ÀU�jKª���§����C57BL/6 @

ABÚ�¾���
 NP 
�}�
��RÔ� VH186.2�DFL16.1�JH2�V 1�J �'�

S¤�ªMNO� �Q§¹�ZY�Ú����)��16��¯��á��SHM«�¢�

�õ��PY'ib� *+,�()������Zc)�C57BL/6 @AB�

NP-CGG '� *I��hb�XY�´7�$�E:F!@'>? �
��MN

OWX��¢�' X�^��11�17��¯�K!�')�
���¢�õ�Z<�

4÷��k�)µ�Ú'�¡¥ub��CD�ub�¢£ �)��¯�jk�
 NP


��;JSVWX'.¤G�Q]���/§�S��z¥��Ú���§�@ª!

�}�¦��z¡b�\��¯��¢�}_XY§
��¨© � 10ª100 «

�ecµ����÷�§�@ª!�}�I��³�/¬�I�\deZcµ�

��_XY§
�4� 1000 «ö²�
·�¢�Zc)�¹�/§�@ª!��;JS

V)'PQ]���HÙ��RÔ'�õ]� VMNO� DMNO�j´ÔÛ��

� 95 ®i�;JSV)�³wZ���¦�§
�@ª!�}Øº?&)(Tyr)�

���I�§
�@ª!��}@:?&)(Gly)���*�¯¹��¹�/§�@ª!

�' Tyr95§
��Gly95§
��¯Õ]�¹�� *�¹� 95®i�;JSV)}�

DFL16.1 MNOKL�� µ}�N !"°Ï�0F&� � TdT �4��M+��*�

lá����Tyr95§
��÷±��I 1²iÚ�¾�����}³µvde� SHM

 Úl���)Z�16�18���I 2²iö´�\]���}µÛ�HÙ� 33®

i�;JSV)Z�:���¶&)(Trp)Ú�º�?&)(Leu)�F1�����

(W33L)��¢�Z_XY§
��¨��� 10«²· �)��16�19���6�I�

�\]� Gly95§
�}�H Ù� 33®i�RS}am��m�¯�¸� H Ù�

RÔ�45 LÙ�RÔ�cde� SHMZ¹º���_XY§
�4� 1000«ö²

��¢�'²·����§���
 NP 
���¢�õ�}����S��B%!

L��)��r�µ�� 2 .¤�
�ZTU ��» �)��¼á�� 

$�%&}�¯�Þ�'@AB�� �����'Ì¹��)Z��½�89:

�&< =�¾Àj´����]�¹��ñÏ����'ÊËÌ¹]�89:;�

 �} Keyhole lympet hemocyanin (KLH)�Bovin serum albumin (BSA)�Hen egg 



lysozyme (HEL)�Ficall�caproic acid ¿�½��=��®£�'R¥���¾Àj

´���¹��4�������
·'^_]�¹�ZL��
�}�¢�Z²·]

�¹���4�vÀe�
·�j´]�¹�ZL�¹�Ú��ÀeR¥'�( ��¢

�'¢£]�¹�ZL���*�
·ÀeR¥�+á��89:;�¾Àj´���

NP £�'R¥���¹����¢�� avidity ��Î*j´'¢£]�¹�Z�Ë��

§����¢��v)
�}cÀe�c£��
·�¸ �}c�¢��
���

¿�j´]�¹�Z�Ë�Z�vÀe�v£��
·�¸ �}c�¢��
���

Zj´]�¹�Z�Ë��¹�·¡'�(]�¹���î¡�
 NP 
��G¸b��

¢�' ELISA �de]�¹�«��Á� Ú¾���)
������PQ]�¹�

Z�#�����*�Âî-«XY�<�� NP '�®]�¹�Z�#���¹�Ú��


����� �!"#�Ãáí-�c�¥#�de�<��#���� 

 

1-5 -�. 

 

� 
��
¬c�#'ÄÅÆ]�Ç�)÷�¹ÈÚ�UÉ���*-�}�
����

��� �!G��Ë��	îÊ¡�a�]�Ë�Ì)õ�� � 100Íö²��[

l��*�¯�I����ñ��
���a�n��c�¥���¹�ZPY��*�

-�.}�µ�S��îÊ�&< =Ú�õ�H±�GÎ>( ��¶·��£��¤

&¥�Ï¬�¯ ����Ð
]�ú�����Ñ�ÒÓ'������µ�¹�.

�³w}�ó��-��&< =Z¯�ý�³e��º%;!4��P���c�

¥����º%;!4���¹�����c���)9Ã}�Ô9Ã� µ}Õ�jÖ

&�¿í���~«�×P��Øµ�Ù �)��-�Zc�¥����Ú���Ò

Û}¶·�¿�o±����-��BÜ!F�}�Ëµ¦����ÝZa�]���

���Ý}�
�«-�õ���� C1q Z¶·�o±�
·
�ó´�'åæ]

�¹��4��������Þ�Ý�����/Z@&S!Bj´Í Ø&(MBL)«�

©0:&�<�ßÙj´��&< =Z¶·�o±²�ßÙ�j´]�¹��à°�

��Í Ø&�Ý�����¦Z�ý~�c�¥���)�îÊ¡�-�.áO��

�C3Z¶·�o±�j´]�¹�������� 2�Ý����¹����Ý}à°

�$ �}S���O�`a]�Z�'����%&�âã ������� �!

�O���-��&< ='Dõ]���®ñÏ�[l��*���¹�Ú�UM��

�*�Þ�Ý}�ý~��=���ä6�TU]���Þ�Ý�4�-�c�

¥�ðñ�õ�} C1 ����¹�í C1q�C1r�C1s �¼÷ 3����&< =Ú��

�ó´�����C1r�C1s �� 2 �OZ 1 �O� C1q �v´ ����¶·��o

±�j´ *
�� C1q Zj´]�¹��4��-�c�¥Zà°����§���

C1q Z
·
�ó´��j´]�¹��4���~�=���-�.'f)�)��

�Þ�Ý}�*ý~�����)��c�¥����¹�}��µZv�¢� IgM



 VB���ý~
��¿í��
�ZTU ����Y�Ú���Zþµ��ýåh

5¶·��¸ �Øæ�³S�'Q§
�� ��.�4�DC����C1q }

IgM�� IgG��j´ ÷�Z�C1q��Cb³��*Ï)m��������~G�

}-�'c�¥�Ë�)�c�¥�ÑÙ'�}�
�Zçè�é	}¶·��o±

��£��j´ �)�Ò´���à°����C1q �O}-ê�ëÔ�0V!Ö&

�O��*�©VÓ&�ê�t)FÓ�&'Q�* 6 ���OZ¯�ì�íî�v´ 

*�C' �)��-ê�ëÔ��½Z�§� Fc FÓ�&�j´�Ë�r�µ��¯�

2�ö²Zj´]�¹��4��C1q�O}c�¥����îÊ¡� IgMïÁ�}ð

ñ��C' ����C1q 'j´]�¹�}�Ë�)� Ú �¶·��o±�j´]

���IgM ïÁ�}�CR¥'Ì¹ �ò�Ø8B�4÷�ô����¯�jk C1q �

ëÔ��j´ÔÛZó����C1q}�Ô� IgGôE VB�}~G��v)�¢

��j´ ¾�Z�C1q c�¥�õ��j´�öªÚ!}�1 �O� C1q Z
·�

�j´�4�� 30~40nmö��÷è *r�µ�� 2�Oö²� IgG�j´]�¹�

�4��}ÎÏ�øõ����¹�*Ï�}��µ� IgG �OZ 1 ��¶·�o±�

j´ �)�µ�}���)�¹�Z�IgM �6Z IgG 4�ùÚ�Ðú4µ-�.'c

�¥�Ë�¡K����C1q Zc�¥����(C1r/C1s)2ó´��H��CR¥ZÊ

ËÌ¹���C1r �O�ýåûü��9Ãc�Zc�¥����¹�c�¥ C1r �4

���v´ �)� C1s Z�P���c�§»:&�º%;!4ZDõ]������¹

� C1s } C4¬)� C2 '�P � C4b � C2a � 2 §��Ë��V@Ó&�'Dõ �

¹��Z�ý�����Þ�Ý� C3 þ19ÃZ>����<��Ý�ñ�'��4

�� C3þ19Ã'Dõ �c�§-�õ� C3b ZDõ�����Á� C3b �OZ

¶·�o±�j´]�¹�Z-�.c�¥��������Ä��'�����¶·

��j´ * C3b '³Sb-�Í»��!'� �äãXYZåæ �äã]��

C3�C4 h5³� C5 ��e�P�4�����V@Ó&�}��Û��äãXY'û

ü �¦Á� G �&< =j´Í»��!'� �c�¥]��¹����^>(�

4���¶·��äãXY�4�Åã���Z������C3 þ19Ã�j´ *

C3b ý�}��� C5 �j´ �C2a « Bb �4� C5 ��e�P'�]¹��4��

��§'�'��]��C5��Ë)�V@Ó&�C5b�4����ó´��ôõZ

à°���¹��4������¶·���PZ�*�����¹��-�õ��c�

}��Ñ�	��&< =�4�÷�µ^\������Å��XYZ�¶·�o±Ú

��
�*c�§-�õ�«îÊ¡�ý~c�¥��*-�õ��4���½��

��'�)�)�� 
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2-1 $�%&-89:;�&< =�>? 

 

� NP-89:;�&< =�>?}�NP ' 0.1mol �����1ml � Dimethyl sulfoxide 

(DMSO) (Wako, Japan)�ÏP *�¯¹� 0.1M Dicyclohexylcarbodiimide (DCC) 

(Wako)� 0.1M� N-Hydroxysuccinimide ester (OSu) (WAKO)'�´ ���� 1~2h

#'����NP'ô ?�JF¥ *(NP-OSu)�¹�' 0.1M �V�Ã3�:AE���

¶!�ÏP *Chicken-γ-globulin (CGG) (Wako)�*}Bovine serum albumin (BSA) 

(SIGMA, USA)��´ ���� 1h#'���*���� NP-OSu «�Dõ�'�

Q]�¹����øË�Ú§�ðòÀe 0.05%�;L¥3�:AE'xy PBS �F1 

*�NP};ª�:���n�O.D.430nmM÷���e�B! Z������ 280nm

���âZ���é	��&< =} 430nm ��â}þ)*Ï��NP �jªÀe}

O.D.430nm ��'�O���� 4.23x103M-1cm-1��������NP � O.D.280nm

���e}�O.D.430nm ���e�GTZ���� O.D.280 - O.D.430 x 1.077(1.077

} NP KL� O.D.280nm ��' O.D.430nm ��Ú�-�]�*Ï�e�)�4º!

-��Ë��4���NP � O.D.280nm �de�'89:;�&< =� O.D.280 �d

e�Ú�Êµ¹���89:;�&< =���O.D.280nm �Z�����&< =Àe

'be]�¹�Z�Ë��¹�$� CGG }�OÁ 150KDa��O���e�� 1.4 

M-1cm-1� ��BSA}�OÁ 67KDa��O���e�� 0.667 M-1cm-1� �" 

*� 

� phOx-89:;�&< =�>?}�4-ethoxymethylene-2-phenyl-2-oxazolon-5-one 

(Aldrich Chem, USA)'89:;�&< =�S��jª¨� 2 h#'���*I��

PBS �¸ ��Q *�phOx �Àe} 348nm ���e'de ��O����

3.20x104M-1cm-1�" *�phOx Z¾Àj´ *89:;�&< =Àe}�280nm

���e'de �� O.D.348 x 0.221��Ï��� phOx� 280nm���e'# 

Êµ¹��" *�c£�� phOx-OVA }�O�z´�'ôõ]���Z\��¹

�Ú��$�O� phOx-OVA'Öª%��4��I? �&( *� 

 

2-2 @AB�� 

 

'01�()* C57BL/6 @AB} CREA Japan (Tokyo, Japan)Ú�(® �)*¡

+�u DT+u+,Û�Ô���þ¬��n�û�,-./�,- *�AIDi

Æ@AB}�20��C57BL/6 @AB� 10 01ö²2W *��'&( *�P��@A



B}��¬�� � 100μg�NP30-40-CGG' 100μl�AlK(SO4)2��3��� alum

¥ �NP-CGG/alum��45�67(intraperitoneal, i.p.)�4�8U *�9+�}

100μg� NP30-40-CGG/PBS '�45�67 *� 

 

2-3 ELISA 

 

XY:;~¡�
�Á�de}�2.5μg/ml� PBS�<= *>Ú
@AB IgG


�� µ}>Ú
@AB IgM 
�' 50μl/well �+á�4 e��?@çè * ELISA

�Í!�'()�»�*�PBST(0.05% tween 20 / PBS)� 3 ABCI�3% skim milk 

(Wako)�Eº�8&@ *���� 3 ABCI���½�<= *ÀeZDE�0&�

º!ª
��� µ}�:;²ï'��� 2h#'���*�j´ *
�} HRP°

æ>Ú
@AB Igλ
��F *� 

� 
�� NP��j´} NP-BSA' 50μl/well�+á�4e��?@çè * ELISA

�Í!�'()�»�*�¯�$� NP-BSA Àe}�01�4� 0.1�1.0�10μg/m �

&( *��*�NP �£�(��O�89:;�&< =�¾Àj´ * NP �O�) 

��01�4�&)��*�PBST(0.05% tween 20 / PBS)� 3 ABCI�3% skim 

milk (Wako)�Eº�8&@ ���� 3 ABCI��I?
�} PBST ��
�xÀ

:;²ï'()*$�}:;~� 0.1μg/ml � µ} 1.0μg/ml �Àe'¯Èá���

�� 2h#'���*�j´ *
�}HRP°æ>Ú
@AB Igλ
��F *� 

�¶!LÏ~¡� Fab [\�¶!L�eÁ}�2μg/ml � PBS �<= *>Ú
@

AB Igλ
�' 50μl/well�+á�4e��?@çè * ELISA�Í!�'()�»�

*�PBST�4ABCI�3% skim milk�Eº�8&@ *����4ABCI���½

�<= *�¶!LÏ~' 3% skim milk � 2:1��´ ���� 2h#'���*�

j´ * Fab [\�¶!L} HRP °æ
 M13 
��F *�¾��*jkÚ�

O.D.�Z�e���4÷��¶!LÏ~'<= �NP��j´'ELISA�de *� 

 

2-4 ������

� whèL )ÛÜÝ1BChP �¾�����)��hrb

&

)Úa^ ��)��hP ���

# �ælV-Q&) l��hrb$g k�� L!BCÛÜ

Ý�����1P �γ¡)¢£h^0�hrb � ��)Pμ

� whèL P � &U1 �.01àj¤

�P �e¥¦l �§¥§¾1 μ �

)?xP�N1 �§¥§hrb )Ú



a^��¢1¨~¤àOr©£¡êº%)	
hrb )BChrÛ

ÜÝÞß��������LP �����& μ � P

whèL ) �.01àj¤�P

�e¥¦l �§¥§¾1 μ � )?xP�N1

�§¥§h^��¢1¨~¤àOr©£¡êº%)	
hrb

 

2-5 
 NP 
�CD$�E:F!@�GH�
��I? 

 

� ¦��������$�E:F!@>?�}NP-CGG/alum'�I�7Gi�14

Gi�]^'H �/¬�������$�E:F!@} 53 Gi��9+�

I 3 G�]��±ñA�Ú� 56 GI�]^'H �&( *�]^'$�XY

� � PEG1500 (Roche Diagnostic, Germany)'()� SP2/0-Ag14 J�º!@XY�

�´ *�XY�´I 2 Gi� HT medium spplement � aminopterin (Sigma, USA)

'xy Iscove’s modified Dulbecco’s medium (IMDM)� (Sigma)�:I21 �XY�

´J���'»�*� 2 ²#I� NP-BSA 'çè * U96 MAXISORP 

NUNC-IMMUNO PLATE (Nunc)'()* ELISA�4��
NP
�CD$�E:F!

@J'B :!¤&@ *�¹�$�&( **F(
�}�Horseradish peroxidase 

(HRP�°æ>Ú
@AB IgG 
���45�HRP °æ>Ú
@AB IgM 
�����

IgG �ôE VB� LÙ� VB'�e]�$��¯���� VB³Sb
�'&(

 *(Southern Biotech, USA)�NP-BSA �j´ �BSA �j´ �) º!&'�J

<=7�ôE º!¤&@ �$� º!&���¹�'Kå *� 

� $�E:F!@ º!& N1G9 } K. Rajewsky LM(Harvard Medical school, Boston, 

MA, USA)Ú�NO �)*Þ)*�9TG�B2�9L11�9L18�C6�9T7�E11�9T13 }�

)P�QRÛÀ�J'&(���)*Þ)*�17�18��N1G9-IgM�B2-IgM [\X

YJ}��m�IgG1'[\]� N1G9�45 B2$�E:F!@JÚ� cDNA'^_ �

VH-D� JH2��Ô'xyMNO'VH-S2�V�@!� JH2-A�V�@!'()�PCR

�4�ÜS *���� C57BL/6@AB�]^XYÚ�^? * cDNA'()� JH2�

Cμ'0!F]�MNO' JH2-S�V�@!� 3'Cμ�V�@!'()�ÜS �¯���

�ÜSMNO'�´ � VH-S2�V�@!� Cμ-A3�V�@!��ÜS]�¹��è

T �VH-CμMNO'>? *�¹�MNO'UV�XY[\(W �!���

pBudCE4.1 W �!(Invitrogen)� EF1-α�ºj!�!�no��� º!¤&@ÔÛ

�X® �[\W �!'>? *�¹���0&B�V �'�Í �ºÖÍ!?Y&�

4��_XY§λ1L Ù'Z	b�[\]� J558L J�ô=�® �ðòÀe

1.0mg/ml � G418(Wako Chemicals, Japan)'xy IMDM :I'()��� �
�

'Z	b�[\]�XYJ'GH *�� mAb 'CD]�XYJ} 10% Fetal 

bovine serum (FBS)� (Invitrogen)'xy IMDM�:; �NP-BSA;�©¤%©!�V



E'()�I? *�01�4��}�XYJ:;²ï¡�
�Àe'eÁb

ELISA�4�de �&( *� 

 

2-6 $�E:F!@JKL�
�MNOPQ 

 

� �$�E:F!@JÚ� Trizol reagent (Invitrogen)'()� total RNA '^_ �

oligo-dT�V�@!� Reverscriot reverse transcriptase (Wako Chemical, Japan)'()

� cDNA¥'»�*�HÙMNO} VH186.2³Sb��V�@!� � VH-S1'»&

B�V�@!� ��;&Ø»&B�V�@!}e	!"³Sb��� Cμ-A1�Cγ1-A1�

Cγ2b-A1 �)m�Ú'
� VB��Î�&( *�L ÙMNO} Vλ³Sb��V�

@!� � Vλ-S1 '»&B�V�@!� ��Cλ1 ³Sb� Cλ1-A1�� µ}�Cλ2�3

³Sb� Cλ2,3-A1 ';&Ø»&B�V�@!� ��ôE VB��Î�&( *��

V�@!WX}�Table 3-1 �� *�PCR �4�ÜS *MNO��';[º!BÖ

ª Ú � I ?   � Cμ-A2(Cμ) � Cγ1-A2(Cγ1) � Cγ2b-A2(Cγ2b) � Cλ1-A2(Cλ1) �

Cλ2,3-A2(Cλ2 � Cλ3)�V�@!'()�ACE2000XLE DNA sequencer (Beckman 

Coulter, USA)�()WX'be *� 

 

2-7 RS
��>?�RS
��TU7 

 

� $�E:F!@J N1G9�9TG�B2�9L11�9L18�8B5�C6�9T7�E11�9T13 Ú�

RNA'\ (QuickPrep micro mRNA purification kit, Amersham)�Oligo-dT�V�

@!'()�]þ^9Ã�4� cDNA¥'»�*�HÙ}BudHs�V�@!�BudHa

�V�@!'()��L Ù} Bud-IgL-NotI-F �V�@!� EFLa �V�@!'()��

PrimeSTAR DNA polymerase (Takara, Japan)� PCR ÜS'»�*�P��!RS�

45iÆ�®
�}£!�!V�� PCR 7�»)�¯�$�&( *�V�@!'

Table 2-1 ��]�¹���
�MNO' pBudCE4.1 W �!(Invitrogen)�X® �

[\W �!'�_ *�HEK293TXY' 24-well�Í!�� 1well�*� 2.5x105X

Y+á�LÙMNO[\(0&B�V �' HilyMax transfection reagent (Dojin, Japan)

'()�ô=�® *�24 h#I� 96-well �Í!���Ëç �0.4mg/ml �4£?

&(Invitrogen)'xy:I(10%FCS / DMEM)�ô=þ1J'�� *�2²#I�4

£?&`� º!&Ú� FITC °æ>Ú
@AB Igλ
�'()*XY��a�4�B

 :!&@ *�L Ù'Z	b�[\]� HEK293T XY� H Ù[\0&B�V �'

HilyMax transfection reagent '()�ô=�® �24h#I�:;~'21 ���

� 48 h#I�:;²ï'Aâ *�:;²ï¡�
�Àe}eÁb ELISA �4�

de *� 

� ;JSV)}�xboc�») Kabat �
�;JSV)®d'&( �¯�Ô



Û'� *�RS'�® �F1 *;JSV)}ÔÛ®d�çI��xboc�

� *�;JSV)�iÆRS
�}�iÆ��*;JSV)�ÔÛ®d�çI

�Δ�� *�RS�®��;JSV)'c®]�õ�Z��$�}ÔÛ®d�ç

��� *��$�E:F!@JKL� HÙ�LÙ}¯��� Hclone name�Lclone name�

4÷��Ù�çI�$�E:F!@JU'²MËxb�� *�N1G9�B2�9TG � L

Ù} SHM�4�;JSV)�F1ZPµþµ�V-J �§�gi�;JSV)���

�_XY§λ1 Ù���¹�Ú��LGL � *�Ãáí�HN1G9(33L 95G 96Δ 100aΔ 

100jH) LGL
�}�H Ù} N1G9 KL� 33®i�;JSV)'º�?&)��95®

i'@:?&)��96®i� 100a®i'iÆ �100j®i'�BØL&)�F1

 ����LÙ}_XY§λ1 Ù���
�'o]� 

 

2-8 	


)ªÚhrbe^�«��

ÌL iM1ü�hP¬�h^0�hrb �®¯�lP whè

L � iM)$%iM1yh^ õ õP °ñ±�h^

	
hrb 1y,- ±��)�²³´µ)¶hijP

·� l��hrb

 

2-9 �����������

� !BCàrL ¸?BC¾� C57BL/6@ABÚ�]^'H �$�X

Y� �Trizol reagent (Invitrogen)'()� total RNA'^_ �oligo-dT�V�@!

h5 Reverscriot reverse transcriptase (Wako Chemical, Japan)'()� cDNA¥'»

�*�VH-CH1� VL-CL!"'¯��� Table 2-4 �� *£:e�V�@!'&( �

PCR �4�ÜS *�VH-CH1MNO��}	�9Ã SfiI � NotI�VL-CLMNO��

} NcoI � BamHI �f¥I�;[º!BÖªÚ�I? *�Fab [\(�¶!LJFW

 �!pRIBS101�n 2-11-A��VL-CLMNO��'�¯�no�VH-CH1MNO��

'X® ��g¬�HST02 J��ô=þ1 *� 

� _XY§
 NP 
� N1G9 �*}hTG MNO� VH!"h5 VL!"��VH!"

} T7-term comp �VH-XhoI-R�V�@!�VL!"} pRIBS-seq-F�musλ-seq-R�V

�@!'()� Error prone PCR�GeneMorphiRandom Mutagenesis Kit, Agilent 

Technologies��4��!}~RS'�® *�PCR �4�ÜS *MNO��}�¯

��� VH!"}	�9Ã SfiI � XhoI�VL!"} AvrII � EcoRV �f¥I�;[º

!BÖªÚ�I? �Fab[\(�¶!LJFW �!pRIBS-Fab-casette�n 2-11-B��

X® ��g¬�HST02 J��ô=þ1 *� 



ô=þ1 *�g¬}ðòÀe 5%� Glucose h5 100μg/ml � Ampicillin 'xy

2YT jk:I��?@:;I�~�:I�:; �M.O.I.=20 �Aª<!�¶!L

'����*�����50μg/ml�Kanamycinh5 100μg/ml�Ampicillin'xy 2YT

~�:I��?@:; ��¶!L~'^_ *� 

 

2-10 �VW@XYZ[\]�
�PQ 

 

� NP-CGG �I�@ABÚ�]^'H �$�XY� �CD138+ plasma cell 

isolation kit�45VarioMACS equipment (Militeny Biotech, Germany)'()� PC'

Àl *�����fixation and permeabilizationÏ~(Biolegent, USA)'()�çe�

permeabilize  �Ú� FITC °æ>Ú
@AB Igλ
�� R-phycoerythrin (PE)°æ>

Ú
 IgM 
�(Southern Biotech)��a �FACS Vantage cell sorter (BD Bioscience, 

USA)'()� IgM+
� Igλ+XY� µ} IgM-� Igλ+XY'�� *��� * PC}�º

%;!4 K (Signa)�f¥I�MNO��õ * VH186.2 MNO' 2%&� PCR �

4�ÜS *�1 %&i�&( *�V�@!}�VH-S3 � µ} VH-S4 '»&B�V�

@!� ��;&Ø»&B�V�@!} 3’JH1-A�3’JH2-A�3’JH3-A�3’JH4-A � 4 ��

��V�@!'�´ �&( *�2%&i}�VH-S4 � µ} VH-S5'öB�»&B�

V�@!� ��;&Ø»&B�V�@!} 1%i�&( *;&Ø»&B�V�@!�

�§'()*�&( *�V�@!WX' Table. 3-1 ��]�ÜS *MNO��'

	�9ÃKpnI�XbaI�f¥I�;[º!BÖªÚ�I? �pBluescriptII (KS+)W 

�! (Stratagene, USA)�X® ��g¬�ô=þ1 *��VBJF'^_ �

Genetic Analyzer 3130 (Applied Biosystems, USA)�()WX'PQ *� 

� PCÚ�¾*VHMNO' IgM
�� �[\]�*Ï��C57BL6@ABKL�Cμ

MNO'pEF1/Myc-HisW �!�X® �VHMNO'¯�²o���mkÞ�¯�

[\0&B�V �'�Í �ºÖÍ!?Y&�4��_XY§λ1L Ù'Z	b�[\]

� J558LJ�ô=�® �ðòÀe 1mg/ml � G418(Wako Chemicals, Japan)'xy

IMDM :I'()��� �
�'Z	b�[\]�XYJ'GH *�� mAb '

CD]�XYJ} 10% Fetal bovine serum (FBS) (Invitrogen)'xkÞ IMDM�:;

 *�XYJ:;²ï¡�
�Àe'eÁb ELISA�4�de �&( *� 

 

2-11 NP-SRBC �^_�
�`ab-�c�de 

 

� �nLÂî-(SRBC)}(J)G'D�23»&�!(Tokyo)Ú�(® *�5x Wº3

!ªop~B�� Ï~(5VB)}�0.71M NaCl�25mM Brrbital Sodium�17.5mM HCl

Ï~'�NaOH � pH=7.3-7.4 �^_ �>? *�500x Ó�ªB�� Ï~(MSB)}�

2M CaCl2q2H2O�0.1M MgCl2q6H2O Ï~�4VØ&Wº3!ªop~ (GVB2+)}



0.1%4VØ&�1xVB�1xMSB�0.01M EDTA 4VØ&Wº3!ªop~ (EDTAq

GVB2+)} 0.1%4VØ&�1xVB��1xMSB 0.1M EDTA�@ª0!B4VØ&Wª3!

ªop~(GGVB2+)} 0.1%4VØ&�1xVB�1xMSB�5%@ª0!B(Wako)� 

� SRBC' EDTA/GVB2+Ï~�BC �56r� 30�#�st �Z��nLîïKL

�-�'uc�¥ *��e EDTA/GVB2+Ï~�BC �3�º&Ó�?v#200(;W

+u�Japan)'()�uw�øùI� GGVB2+�Ï~F1 �xa *�SRBC '

NP¥]�$�}��V3�:AEÏ~(0.1M NaHCO3�0.71M NaCl �pH8.5)� 3AB

C �OP�GGVB2+Ï~'øË�1x109
� SRBC/ml���4÷�^? �1ml� SRBC

Ï~�¸ � NP-Osu ' 0.01mM(NPlo-SRBC)� µ} 1mM(NPhi-SRBC)+á� 30r

� 30 �#'���*�'�I} GGVB2+�F1 �xa *�Ïîc�de}�

96-well �Í!�� GVB2+Ï~�<= *
�' 10μl/well �+á*I� 5x108
�

NP-SRBC/ml ���4÷� GVB2+Ï~�^? * NP-SRBC ' 40μl/well �+á�s

t �y²� 90 �#'���*�GVB2+Ï~�BCI�GVB2+Ï~�<= *Aô

Úîï Low-Tox-H Rabbit Complement(CEDARLANE�Canada)' 50μl/well�+á�

stI�37r� 30 �#'���*�¯�I�200μl/well � GVB2+Ï~'+á�Ú�

z` �²ï 100μl '{*��Í!��| � O.D.415nm ���e'de *�

NP-SRBC��
�j´Á}�FITC °æ�nL
@AB Igλ
�(Sothern Biotech.)�

�a � FACS Calibur (BD Bioscience)�de *� 
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)ùÑÒY�/Z[&h^PÛÜÝTß�Ì�Î� )ÑÒY�/Z
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NOr lV- P P P L VH186.2�DFL16.1�JH2�V 1�J

�MNO�0!F�� CDR 3H� V�D�JMNO�§�gi�()WX������

¹�Ú���Î_XY§
�'}~
��Q§�lá����Sagawa(43)��4��9T7

� 9T8 }����� NP �¸]��¢�'À �9T10 « 9T13���¢�õ���

�mAb���¹�Z�����)��4�� VH�VL�a�]�<� SHMZ�¢�'

²·���)�Ú'PQ]��)23����¯¹��¹��� mAb�}~��*��

SHM 'À��)_XY§
�� H Ù(H9TG)� L Ù(L9TG)'>? ����¯��P�

� mAb �¾é]� SHM 'À]�
�� � H9TC�45 L9TC'>? *(Fig. 2-1)�

H Ù� L Ù���´��'Rá�¹���H9TGL9TG(9TG)�H9TCL9TG�H9TGL9T7�

H9TCL9T7�H9T8L9T8(9T8)'J�º!@XY SP2/0 J��	[\���I?I� ITC '

()� ε  �NP-Cap���j´�'PQ *(Table. 2-2)�


�Ï~� NP-Cap '�n �)µ��j´��)Ë'� �ËÁB! ����am

����¹�ËÁB! ��±ºÚ��NP-Cap�n���[D]�<=Ë'# Ê)

*�¹��'�n * NP-Cap ��jª¨�¸ ��º��]�¹���e��'¾*�
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