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ƾºººŤƳō��ƵźºººǀŬƳŻ�Ʀºººţ�ƽŵŚºººŝ��ŶºººƋ�ƽřCDÏÍźƏ�Żř�ºººƿ�Ƣ� �
�ŢƿŚºººººººſhttp://www.imgt.orgŞºººººººƃ�ǀƶ�źºººººººţƿƲ�

řƿƫƺººŝƺƬĭƺƳƺưǀƲ�ŚººƷƽ� GermlineƳŚƀººƳřƾººŤƳō�ƶººŝ�ƾ�ŵŚººŝƽ�
RituximabŚºººººſŚƴƃ�řŹ�ƾƿƵŵźºººººĩ��Żř�ºººººŝ�ǀƱō�Ʋ��ŚºººººƷ

řƿƫƺŝƺƬĭƺƳƺưǀƲ�ƽřŹřŵ�ƽŚƷ�Structures�Chothia Canonical�

�ƶŝŚƄººƯ�ƶººǀůŚƳ�Źŵ�ƽ�CDRs�ººŤƳō�Śººŝ�ƾ�ŵŚººŝƽřźººŝ�ƶººǀƫƹř�ƽ�� �
ŬƳŻ�ƹŵ�źººƷººǀƵź�ƽĮƴººſ�ǀƹ�Ʋ�Śººſ�Żř�ƵŵŚƠŤººſř�Śººŝ�ĨŞººſƿ�Ţ

http://www.bioinf.org.uk/abs/chothia.html��śŚºººººŴŤƳř
ŶººƳŶƿŵźĭ��ÏÍ��ÎÕ���Ɯţ�žĜººſººǀǀ�ƱřƺººƴƗ�ŢººŰţ�ƭŻǇ�šřź

BackmutationsƢƏŚººƴƯ�Źŵ�Interface Domain ���źººŝ
ƺĮƫř�ŽŚſřƽ�Kabat��ƹ�Vernier Zones���Ŷºƿŵźĭ�ƩŚºưƗř�

�ÏÐ��ÏÎ������ŢƿŚƸƳ�ŹŵCDRs��ŤƳō�ƾƃƺƯ�ƾ�ŵŚŝƽ�Śĩ�ƿźưƿ���ƶºŝ�Ĩ
�ƶǀůŚƳFramework�ƾŤƳō�ƽŵŚŝGermline ƳŚƀƳř�ƾ ��ŜºŴŤƴƯ

ěǀŶƳƺ��Graft�źĭ�ŶƳŶƿŵ���
ƾŤƳō�ƶŝ�ƍƺŝźƯ�Ʊĥ�ƾůřźƏ�ƵźǀŬƳŻ�Ʀţ�ƽŵŚŝ�ŶƋ�ƽř CDÏÍ��

řźŝƽ�ůřźƏ�ƾ�ŤƳō�ƾ�ŵŚŝƽ�ƳŚƀƳř�ƾ���ƵŶƃ�ŬƳŻ�ºǀƵź��ŚºƷƽ����ƹ�ĨŞºſ�

http://www.bioinf.org.uk/abs/chothia.html���ں����


�ƵŵřŻŶưůř�ƵŶǀůƹ�ƱřŹŚƨưƷ�ƹ� 

 

ƶƬŬƯ��ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƳŚƯŹƱŚºŬƳŻ�ƹŵ��ƵŹ��ƽÏÎ��ƵŹŚưƃ��ƽÕÕ���ƽŵ�ƹ�ŹŷōÎÐÖÏ 

˺˽

�Įƴºſǀ��ƶºŝ�śƺºƬƐƯ�Ʋ����Ǝºſƺţ�ƵŶºƯō�Ţºſŵ ƫǀ��źºĪƴÎÒƯō�ǀ�ƺºƴ� �
ſřǀŶƽ�Ð�GlyÑSer����ƶŝƿŶĪƿ����ƵŶºƿŵźĭ�ƪƈºŤƯ�źĮ�ƹ�����Żř�žºě
Ƹŝǀƶƴ�ŻŚſƽ�ƱƹŶĩ��Codon Usage Optimization��řźŝƽ�
ŝǀĩŚŝ�Źŵ�ƱŚźŤƽ����ƾºưƿżƳō�Ɓźºŝ�ƢƏŚƴƯ�ƱŵƹżƟř�Śŝ�ŢƿŚƸƳ�Źŵ 

�ŚƸŤƳř�Źŵƽ� Ò'Śūƿ��řźºŝ�Ɓźºŝ�ƵŚĮƽ�żºƳō�ƿ�Ʈ�MlsI (MscI�ƹ�
ŚººƸŤƳřƽ
�ÐŚūƿ��řźººŝ�Ɓźººŝ�ƵŚººĮƽżººƳō�ƿ�ƮXhoI�ƫřƺººţ��ƾ�
ţƺŘƬĩƺƳǀŶƽ�ƾŤƳō��������ºƃŹŚƠſ�šŹƺƇ�ƶŝ�źƔƳ�ŵŹƺƯ�ƽŵŚŝƾ�Ƹţ��ºǀ�ƶ

Ŷƃ���
ƾŤƳō�ƱŚǀŝ��Źŵ�ƵŶƃ�ƾƳŚƀƳř�ŜǀƧźţƺƳ�ƽŵŚŝE.Coli��ŹƺƔƴƯ�ƶŝ�

ŝǀ�ƱŚƱĥŤƳō�ƾ��ŵŚºŝƽ �ŬƳŻ�Ĩºţ�ºǀƵź�řƽƱĥ�����ºŝ�ƵŶºƃ�ƾºůřźƏ�ƶ�
E.Coli�ƺººſƿ�ƶDHÒáƭŹƺƠƀººƳřźţ� ��Śººŝ�žĜººſ�ƵŶººƿŵźĭ�
ƮƿżƳō�Żř�źĭŵƹŶŰƯ�ƽŚƷ �ƪƯŚůpUCÒÔřŶū� ƶŝƹ�ƵŶƃ �ƪƯŚů

pETÏÏb� Ɓźŝ Śŝ�ƵŶƃ�Ƶŵřŵ ƮƿżƳō�ƽŚƷ ��ƪƈºŤƯ�źƧŸºƫř�ơƺƟ 

Ŷƿŵźĭ� ƴƬĩƾ�ŚƷ ƽřźŝ řŹřŵ ƱŵƺŝƣŚŰƫř�ƶƘƐƣ�ƾ ŵŹƺƯ �źºƔƳ �ƶºŝ 

ƁƹŹ ƘţÌÌƺţ�Ʋřİƫ�� PCRƹƮƌƷ� ōżƳƿưƾ�ƩŚŝźƛ ƹ ŚſŚƴƃƾƿ 

ŵźĭƿŶƳŶ� řƿƲ ƵŻŚſ�ƽ �ºƳĥƾ �ƶºŝ ��ƽźŤĩŚºŝBLÏÎ�ƭŹƺƠƀºƳřźţ� 

�ƵŶºƃ ƹ Źŵ �ƎǀºŰƯ �ŢƄºƧ LB Broth ��ƱŶǀºſŹ�Śºţ �ƶºŝ� �
Ò�Í OD=ŶƃŹ Ƶŵřŵ Ŷƃ� žĜſ Śŝ ƱŵƹżƟř�IPTGŚŝ� �ŢºƔƬƛ�
Ò�ÍƾƬǀƯ���ŹǇƺƯƶŝ��ŢƗŚſ�ƶſ�šŶƯŶƿŵźĭ�ŚƤƫř����

�ŻŚſ�ƆƫŚųƽ�ŤƳō�ƾ��ŵŚºŝƽ�ĩźţƺƳ��ºǀŜ���řźºŝƽ��ŻŚºſ�ƆƫŚºų�ƽ�
ŤƳōƾ�ŵŚŝƽƺƳ�ĩźţǀ��Ŝƶƿƺſ�ƽƹŚů�ƽ ƵŻŚſ�ƽ �Źŵ�ƾƳŚºǀŝ ��ƮºŬů
Ʀƿ źŤǀƫ ŢƄƧ Ƶŵřŵ ƵŶƃ ƹ �žºě Żř �ŚºƤƫř ��ƎºſƺţIPTG�Śºŝ� 

ŢƔƬƛ�Ò�Í�ƾƬǀƯ�ŹǇƺƯ ƶŝ�šŶƯ Ð ŢƗŚſ ƶŝ ĥƺƠƿźŤƳŚſ�ƦưƧ 

ƽźŤƧŚŝ�ŚƷ Ɩưū�ƽŹƹō ŶƃŶƳ� śƺſŹ ƾƿŚƿźŤƧŚŝ �źƟŚºŝ�Źŵ �żºǀƫ 

�ƵŶºƴƴƧPH Õ) �ÒÍ mM NaHÏPOÑ �(ÐÍÍmM NaCl �
ƶƨǀƳƺſŶƿŵźĭ�� ��ƍƺºƬŴƯ�žĜºſ �ƹŚºůƽ �ƽźŤƧŚºŝ �żºǀƫ �ƵŶºƃ 

ĥƺƠƿźŤƳŚſ ƵŶƿŵźĭ ƹ ƶŝ ƹŵ Ţưƀƣ �ěƺºſŢƳŚţŚƳź ƹ �śƺºſŹ 

Ŷƃ�ƦǀƨƠţ� ƽřźŝ ƾě Ʊŵźŝ ƶŝ �ŢºǀƷŚƯ �ƲǀŘţƹźºě �ŵŹƺºƯ ��źºƔƳ
ƱƺǀƀººƧřźƟ�ƽŚººƷ�ěƺººſŢƳŚţŚƳźƹ��Żř�śƺººſŹ�żǀƫŚººƳō�ƢººƿźƏ�� �

SDS-PAGE�ſŹźŝ�ƾ�ŵźĭ�ƿŶƳŶ����žĜſěƺſŢƳŚţŚƳź��ƪºƇŚů�
ƱƺǀſŚƨǀƳƺſ�Żř�Żř��ƱƺŤºſ�� Ni-NTA (Qiagen��ǈŞºƣ �Śºŝ 

źƟŚŝ ƶƏƺŝźƯ ƩŵŚƘŤƯ �ƽŻŚºſ ��ŵƺºŝ�ƵŶºƃ���ŹƺºŞƗ Ƶŵřŵ �Ŷºƃ .�Źŵ
ŚƸƳƿŢ ŤƳōƾ�ŵŚŝƽĩźţƺƳ�ǀ�Ŝ�ŵŹƺºƯ �źºƔƳ �Śºŝ �ƵŵŚƠŤºſř Żř �źƟŚºŝ 

ƽƹŚů ƹŻřŶǀưƿř�ƩÏÒÍ��ƾºƬǀƯ���ŹǇƺºƯ�ƱƺŤºſ�Żř �ƽŻŚºſřŶū ƹ 
Ɩưū�ƽŹƹō ƹ�ƵŶƿŵźĭ Źŵ �źºŝřźŝ�PBS�żǀƫŚºƿŵ� �ºƃŶ.��ŢºǀƠǀƧ 

ƲǀŘţƹźě ƆƫŚų ƽŻŚſ ƵŶƃ Śŝ ƵŵŚƠŤſř Żř Ʃĥ SDS-PAGE 

ƵŵŻřƹŵ ŶƇŹŵ ƴƧƩźŤ ŵźĭƿŶ���
ƫƺƬſ�ŢƄĩƾ��ƵŵŹ�ƽƫƺƬſ�ƾ� Raji�ŝǀ�ƵŶºƴƴĩ�ƱŚ�ƽ�ºŤƳō�ƾ�Ʊĥ�

ŰƐºººſƾ�CDÏÍ��Źŵ�ºººŰƯǀ�ŢƄºººĩ�ƎRPMÎÓÑÍ�ƽřŹřŵ�
�ÎÍ(Fetal Bovine Serum) FBS�(Sigma)ƹŚººů�ƽ�

ÏÍÍƩƺƯƹźƨǀƯ� Źŵ źƷ Ʃř�źŤǀƫ��ƯŚţƺƬĭǀżǀƳ�ƹ�Ʋ ƾƴě�ƹ�ƲǀƬǀſ 

��ŹƺţŚºŝƺĪƳř�Źŵ�ƲǀƀºƿŚƯƺŤěźŤſř�ÐÔ�ƶºūŹŵ���ƾŤƳŚºſ�ƽ���ŵřźºĭƹ 
źƠƀưţř śƺƏźƯ ƽƹŚů CoÏ Ò�ŶƇŹŵ�ŢƄƧ Ƶŵřŵ Ŷƃ.��
�żǀƫŚºƳōDot blot �����ºſŹźŝ�ŹƺºƔƴƯ�ƶºŝƾ��ºŤƳō�Ƃƴºĩřƹ�ƾ��ŵŚºŝƽ�
ĩźţƺƳºººǀƵŵŹ�Śºººŝ�Ŝ�ƽƫƺƬºººſ�ƾ�Raji�Ţƀºººţ�Dot blot�� �

�ŢƟźĭ�ƭŚŬƳř��řźŝƽ�ř�ƿ��ŹŚĩ�ƲƵŚĮƿŚū�ƱŵźƧ�ƶƧƺƬŝ�Żř�žě���ƽŚºƷ
ŹřƺººƳ�ƾƇŚƈººŤųř�źººǀƛPVDF Śººŝ��Skimmed Milk�ƶººƳƺưƳ��
��ƵŶºººƃ�żºººǀƫ�ƾƫƺƬºººſRaji���ŹřŶºººƤƯ�ƶºººŝÑźºººŤǀƫƹźƨǀƯ��� �

Ŷººƃ�ƽŹřŸººĭ�ƶººƐƤƳ�ŸººƛŚƧ�ƽƹŹ�źººŝ� �ŢƗŚººſ�Ʀººƿ�Żř�ŶººƘŝ
����Śŝ�ƺƄŤƀƃ�ƹ�ƱƺǀſŚŝƺƨƳřTBST�ºŤƳō�ƾ��ŵŚºŝƽƫƹř��ºǀ��ƆƫŚºų�ƶ

����ŢŞƀƳ�ƶŝ�ƵŶƃÎ�Õ������ŹřƺºƳ�Śºŝ�ŢƗŚºſ�Ʀºƿ�šŶºƯ�ƶŝ��PVDF�
�Ŷƿŵźĭ�ŹƹŚŬƯ���Żř�žě�ƺƄŤƀƃ����������Śºŝ�ŢƗŚºſ�Ʀºƿ�ƽřźºŝ�ŹřƺƳ�� �

HRP-conjugated anti-mouse IgG���ŢºƣŹ�Śºŝ�Î�ÏÍÍÍ�
��Żř�ƂƴººƧřƹ�ŚººŤƿŚƸƳ�ƹ�ƵŶººƃ�ƶººŝƺƨƳř�ŹřƺººƳ�šŹƹŚººŬƯ�ƢººƿźƏ

�ƽřźŤƀŝƺſŚŝDABŶƿŵźĭ�ƽŻŚſŹŚƨƃō�����
��
ƿƶŤƟŚ�ŚƷ��

������ƾººŤƳō�ƱŵźººƧ�ƾƳŚƀººƳř�ƽŵŚººŝĩźţƺƳ�ººǀ�Ŝ�ŶººƋCDÏÍ��� �
ƶŝ������ƾºŤƳō�Ŷºǀƫƺţ�ŹƺºƔƴƯ������ƵźºǀŬƳŻ�Ʀºţ�ƽŵŚºŝ������ƵŶºƃ�ƾƳŚƀºƳř�ƽř
řƿƫƺŝƺƬĭƺƳƺưǀƲ��ŚºƷƽ Germline �ƳŚƀºƳřƾ�IGHVÎ-ÑÓ*ÍÐ�
ƹ� IGKVÎ-ÐÖ*ÍÎƶŝ�ŢƷŚŞƃ�Śŝ�Ŝǀţźţ�Ñ�ÔÏŶƇŹŵ��ƹ�Õ�ÓÐ�

ŶƇŹŵ�ŵ���ŹůŚƳǀƶ��ƽ�Framework��ƵźǀŬƳŻ�ƽřźŝ������ƹ�ƦŞºſ�ƽŚºƷ



ƾŤƳō�Ŷǀƫƺţ�ƵźǀŬƳŻ�Ʀţ�ƽŵŚŝ�ƵŶƃ�ƾƳŚƀƳř�ƽř��
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ƽřŹřŵ�ƹ�ƲǀĮƴſ�Structures�Chothia Canonical����Śºŝ�ƶŝŚƄºƯŤƳōƾ�ŵŚŝƽŚĩ�ƿźưƿ�ĨRituximabŶƳŶƿŵźĭ�śŚŴŤƳř����ƩƹŶūÎ�����
��

ƩƹŶū�Î��ƾŝŚƿŻŹř�Class�Canonical�CDRƵźǀŬƳŻ��ƹ�ƦŞſ�ƽŚƷ�ƲǀƫƺŝƺƬĭƺƳƺưƿř�ƲǀĮƴſ�ƽŚƷGermline ƾƳŚƀƳř��� �
�IGHVÎ-ÑÓ*ÍÐƹ�IGKVÎ-ÐÖ*ÍÎ ŝ�ƵŶƃ�ƲǀǀƘţ�ƶ�ƶƬǀſƹ�ƽ�Cothia et al. (ÎÖÖÏ)��

Canonical Class CDR Canonical       
class CDR 

? 
Similar to class 1/10A 
but:H102 (Chothia Numbering) = L (allows: 
YHVISDG) 

H1 2/11A L1 

? 
Similar to class 2/10A, but:H50 (Chothia Numbering) 
= I (allows: REWYGQVLNKA) H71 (Chothia 
Numbering) = R (allows: VAL) 

H2 1/7A L2 

?   1/9A L3 

��
�ř�ƕƺƳƿ����Źŵ�ŚƷŹŚŤųŚſ�ƲCDRs�ƵźǀŬƳŻ����ƹ�ƦŞſ�ƽŚƷ���ƲǀĮƴºſ
ŤƳōƾ�ŵŚŝƽƫƹř�ǀŢſř�źƿŻ�Ŝǀţźţ�ƶŝ�ƶ���

LÎ�Î�� Canonical Structure Î�ŻřLCDRÎ�����ƵźºǀŬƳŻ
ƦŞºººſ��ƲǀƫƺºººŝƺƬĭƺƳƺưƿř�Źŵ�ŹŚŤųŚºººſ�ƕƺºººƳ�Ʋºººƿř��ƽŚºººƷ

Germline�ŵŹřŶººƳ�ŵƺººūƹ�ƾƳŚƀººƳř���� LÏ�Îƹ�LÐ�Î�HÎ�Î�
�Canonical structure ÎŻř��) HCDRÎ�ƲǀĮƴºſ�ƵźǀŬƳŻ���
ƹHÏ�Ï Ƙţ��ǀǀ�ƲCanonical Structure HCDRÐ��ƕƺƴţ�ŢƬƗ�ƶŝ

ǇŚŝƽ���Ţſř�ƪƨƄƯ�Ʊō�����ř�śŚŴŤƳřŻř�žěƿ�ƫƺºŝƺƬĭƺƳƺưǀƲ��ŚºƷƽ�
ƳŚƀººƳřƾŝ�Śººŝ�ººǀźŤƄƿƜţ�ŢƷŚŞººƃ�Ʋººǀǀ�ƢƏŚººƴƯ�Źŵ�ƭŻǇ�šřź

Vernier zones����ƽŹřŸººĮƯŚƳ�ƽƺººĮƫř�ŽŚººſřźŝIMGT�
ƗŻř�ŶƴţŹŚŞ���

��

HÏ ,HÏÖ ,HÐÍ ,HÐÎ ,HÐÏ ,HÒÏ ,HÒÐ ,HÒÑ ,HÔÓ 

,HÔÕ ,HÕÍ ,HÕÏ ,HÕÔ ,HÎÍÒ ,HÎÍÓ ,HÎÎÕ,�LÏ, LÑ, 

LÑÎ LÑÏ, LÒÏ, LÒÐ, LÒÑ, LÒÒ, LÔÕ, LÕÍ, LÕÑ, 

LÕÒ, LÕÔ, LÎÎÕ)��ƹVH/VL Interface Domains�
�Ŷƿŵźĭ�ƩŚưƗř.����źƏ�Żř�ŢƿŚƸƳ�Źŵƿ���ƁƹŹ�Ƣ,CDR-Grafting�

CDRs��ŤƳō�ƾƃƺƯ�ƾ�ŵŚŝƽ�Śĩ�ƿźưƿ�����ƶºǀůŚƳ�ƶŝ�ĨFramework�
ƵźǀŬƳŻ��ƹ�ƦŞºſ�ƽŚƷ��ƲǀĮƴºſGermline �ƳŚƀºƳř�ƾ�ŜºŴŤƴƯ��
Graft�ŵźĭƿŶƳŶ� ��
�ƱŚºǀŝ �ƾºŤƳō��ŵŚºŝƽ��ƺºƳ �ŜºǀƧźţ�Źŵ� E.coliƹ �ƆǀºƬŴţƱō���
ƶŝ��ŝ�ŹƺƔƴƯǀ�ŤƳō�ƱŚƾ�ŵŚŝƽ��ŬƳŻ�Ĩţ�ǀƵź�řƽ�ƳŚƀƳř�ƾ���ƵŶƃ��ƶºƘƐƣ��ƽ�

�ƣŚºŰƫřƾ �ŵŹƺºƯ �źºƔƳ �žºě Żř �ŶºǀƿŚţ �ƲǀºǀƘţ �ƾƫřƺºţ�ŹƺºŤĩƹŹŵ��
pETÏÏbśŚſ� ƱƺƬƧ ƵŶƃ �ƹŹƺƌů Ʊĥ�ƽŚƷ ůŚƳǀƶ�ƽ ƜŤƯǀź 

ŬƳŻǀƵź�ƽ ĨŞſ ƹ ĮƴſǀƲ ƶŝ ƹŵ ƁƹŹ ƽƺĮƫř ƮƌƷ żƳōƿưƾ 
ƹ��ƽƺĮƫřPCR�ŵŹƺºƯ� Śţ�ºǀƿŶ �Źřźºƣ �ŢºƟźĭ ��ƪĪºƃ�Ï ƹ�Î���

ƵŻŚſ�ƽƳĥ�ƾŹŵ� �ƱŚŝżǀƯBLÏÎƭźƠƀƳřźţ� ƵŶƃ žĜſ ƩƺƬſ��ŚƷ
ƎǀŰƯ�Źŵ ŢƄƧ�ƹŚºů�ƽ �ºĜƯōƾ��ƲǀƬǀºſ �ŢƄºƧ Ƶŵřŵ �ŶºƃŶƳ ƹ�

ƶƳƺưƳ�řŵźŝƽŹ ƪŞƣ ŚƤƫř�Żř ƹÐ ��ŶºƘŝ�ŢƗŚºſ Żř �ŚºƤƫř �ŚºŝIPTG �
ƭŚŬƳř�ŢƟźĭ����ºŤƳōƾ��ŵŚºŝƽƫƺţ��ºǀ�����Ʊŵƺºŝ�řŹřŵ�ŢºƬƗ�ƶºŝ�ƵŶºƃ�Ŷ

ƱĥƺººººǀƟ�ÓHis-TagƟřźĭƺţŚººººƯƹźĩ�Ǝººººſƺţ�ƾŚººººưţ�ƿƬƾ� �
Ni+-NTAresinƬŴţ�ǀŶƃ�Ɔ����
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��
ƪĪƃ�Î��Śţƿ�Źŵ�ĬƴǀƳƺƬƧ�śŚſ�ŶǀŹƺŤƧƹ�pETÏÏb�ƁƹŹ�Śŝ�

PCR�ƱƺŤſ���ƽŚƷÎ-Õ�ƱƺƬƧ��ŢŞŨƯ�ƽŚƷscFv ��pETÏÏb��
Ö�ĩ�ƩźŤƴ��ƾƠƴƯM ��DNA�źĩŹŚƯ�żƿŚſ��

��

��
ƪĪƃ�Ï��Śţ�ŹƺƔƴƯ�ƶŝ�ƾưƿżƳō�ƮƌƷƿ�ƱŶƃ�ũŹŚų�ƹ�Ʊĥ�Ŷǀ

�Ŷǀưſǈě�Żř�ƶƘƐƣscFv�� pETÏÏb�ƱƺŤſ�ƽŚƷ��Î��Ŷǀưſǈě�
��ƵŶƄƳ�ƮƌƷ�ŜǀĩźţƺƳÏ���ƵŶƃ�ƮƌƷ�ŜǀĩźţƺƳ�Ŷǀưſǈě�

M��DNAźĩŹŚƯ�żƿŚſ���

��
ƪĪƃ�Ð���żǀƫŚƳō SDS-PAGEƾŤƳō�ŜǀĩźţƺƳ�ƽŵŚŝ�

ƱƺŤſ�ƽŚƷ�.M�ƲǀŘţƹźě���źĩŹŚƯÎ�ŚƤƫř�Żř�ƪŞƣ�ƶƳƺưƳ��Ï���ƶƳƺưƳ
ŚƤƫř�Żř�žě��(ÏÓKD��.ÐƾŤƳō��ƆƫŚų�ƽŵŚŝ ƵŶƃ���ƂƬƟ
ƱŚƄƳ�ƵŶƴƷŵ�ƽƾŤƳō��ƵŶƃ�ƾƳŚƀƳř�ƽŵŚŝ Ţſř���

��

��
�ƪĪƃÑ���ĨǀƴĪţDot blot� A ƩźŤƴĩ��ƾƠƴƯ�B���Ƃƴĩřƹ

ōƾŤƳ�ƾƳŚƀƳř�ŜǀĩźţƺƳ�ƽŵŚŝƱĥ�ƾŤƳō�Śŝ�ƵŶƃ� CDÏÍ �Źŵ
ŮƐſ ƵŵŹ�ƽ��ƾƫƺƬſ Raji��

 
Śŝ�ƱŚǀŝ�ƾſŹźŝSDS-PAGE �ƹ�Dot blot���ºſŹźŝƾŝ��ºǀ�ƱŚ

ŤƳōƾ�ŵŚŝƽĩźţƺƳ�ǀƶŝ�Ŝ�ſƹǀƶƬ�ƽƴĪţ�ǀĨSDS-PAGE �ƭŚŬƳř�
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˺̀

ŵźĭ�ƆŴƄƯ�ƹ�Ŷƃƿ�ŶŘţƹźěǀƲ ŵŹƺƯ ��ŶºƘŝ�źºƔƳ Żř �ƱŵƹżºƟř 

IPTGŝ�ƶ��šŹƺºƇ �ŶºƳŚŝ �ŰºƋřƹƾ Źŵ �ƵŵƹŶºŰƯ�ƽ ÏÓ ĩǀ�ƺºƬ 

ƳƺŤƫřŵƾ ƫƺţǀŶ�ŵźĭƿŶŢſř�Ƶ����ŹƺºŞƗ�ŢƳŚţŚƳźěƺºſ��Żř�ƪºƇŚů�
ƳƺſǀſŚĪǀźŬƴƯ�ƱƺŤſ�Żř�Ʊƺ ƆǀƬŴţ�ƶŝ ƲǀŘţƹźě ŵŹƺƯ �źºƔƳ 

ƅƺƬų�Źŵ ǇŚŝ ƹ Śŝ ŢƔƬƛ g/ml Ó�ÓÓ��ƵŻřŶƳř�ĭ�ºǀźƽ��ƵŶºƃ�
ęřŹŵƺƳŚƳ�Śŝ��Ŷƿŵźĭ ƶƧ ƶŝ�šŹƺƇ �ŶºƳŚŝ ÏÓ ĩ�ƾƳƺºŤƫřŵƺƬǀ Źŵ 

Ʃĥ SDS-PAGE ĬƳŹ ƽżǀƯō ƵŶƃ Śŝ ƾſŚƯƺƧ�ƺƬŝ �ƆŴƄƯ
Ŷººƿŵźĭ��ƪĪººƃ�Ð���ƫŚººƳōǀŚººŝ�ż�ƵŵŚƠŤººſř�ƴĪţººǀĨ�Dot blot�

ŵźĩ�ƆŴƄƯ �ºŤƳōƾ��ŵŚºŝƽĩźţƺƳ��ºǀƫƺţ�Ŝ�ºǀŶƽřŹřŵ�ƽƟř�ǀƴǀ�ºŤƾ�
��ŜºſŚƴƯ���ƶºŝ�ŢŞƀºƳō�ºŤƳƾ�Ʊĥ� CDÏÍŝ�ºǀ�ƵŶºƃ�ƱŚ ��ŮƐºſ�Źŵ
ƩƺƬſ�ŚƷƽ�Raji�ŶƳŵƺŝ��ƪĪƃ�Ñ����

��
ŦŰŝ ��
�����ººŤƳō�Ʊƺººƴĩ�Śººţ�ƶººģźĭřƾ�ŵŚººŝƽ�ŚººƷƽººƃƺƯ�ƾŻ�ººƿŵŚƽƬƗ�ººǀ�ƶ
ŤƳōƾ�Ʊĥ�ŚƷƽ�ŵŶƘŤƯ�ƽ�ƫƺţ�ǀ�ƵŶƃ�Ŷ�����ŵŹřƺºƯ�ŚºƯř��ŶƳřƽ��ŶºƴƳŚƯ�ř�ƿ��ŵŚºŬ

ř�ŲººſŚěƿººƴưƾ�ř�ŶººƋ�źººŝººƿ�ƲººŤƳōƾ�ŵŚººŝƽ�ŚººƷ�īŹżººŝ�żƿŚººſ�ƹ�
ƾŤƳō�ƽŵŚŝ�����ŚºƧ�ƪºƯŚƧ�ƽŚƷ�Ʊō�ŵźŝŹ����������ƹ�ƾƳŚºƯŹŵ�ŶºƇŚƤƯ�ŢºƸū�ŚºƷ

��Ţººſř�Ƶŵźººĩ�ŵƹŶººŰƯ�řŹ�ƾƈººǀŴƄţ��řźººŝƽ�ř�źººŝ�ƶººŞƬƛ�ººƿ�Ʋ
ŵƹŶŰƯƿŢ���ŚƷƫƺţǀ��ŶŤƳōƾ�ŵŚŝƽ��ŚºƷƽ��ƳŚƀºƳř�ƾ��ƵŶºƃ���Śºŝ�ƱŻƹ���ŚºƷƽ�
ƫƺĪƬƯƾ����ũřƹŹ�źŤưĩ�ƿŢƟŚ��ƁƹŹ���ŚºƷƽ��ŵŶºƘŤƯ�ƽ��řźºŝ�ƽ��ƳŚƀºƳř�ƾ�

ººŤƳō�Ʊŵźººĩƾ�ŵŚººŝƽ��ººƯ�ŹŚººĩ�ƶººŝ�ŚººƷƾ�ººŝ�Żř�ƶººĩ�ŵƹŹǀƱō�Ʋ�ŚººƷ� �
 CDR-Graftingƶŝ�ƱřƺƴƗ�ƿĪƾ��ƁƹŹ�Żř��ŚƷƽ��ƩƹřŶºŤƯ����ƶŤųŚƴºƃ�

Ưƾ��ŵŵźºĭ���ř�Źŵ�ºƿ���ůřƺºƳ�ƁƹŹ�Ʋƾ�CDR��ºƃƺƯ�ƾ����ůřƺºƳ�ƶºŝ�ƾ�
FrameworkººŤƳō�ƾ�ŵŚººŝƽƳŚƀººƳř�ƾě�ǀººƯ�ƵŵŻ�ŶººƳƺƾ�ŶƳƺººƃ�

�ÏÒƹÏÑ���Wei-Gang Hu�ƁƹŹ�Żř�ƂƳřŹŚºººººººĪưƷ�ƹ�� �
CDR-grafting�řźŝ�ƽƳŚƀƳř�ƾ��ºŤƳō�Ʊŵźºĩ�ƾ��ŵŚºŝƽ��ƩŚºƳƺƬĩƺƳƺƯ�

�ŶºººƋRicin�ŶºººƳŵźĩ�ƵŵŚƠŤºººſř���ř�ŹŵºººƿƱō�ƶºººƘƫŚƐƯ�Ʋ��ŚºººƷ
řƿƫƺŝƺƬĭƺƳƺưǀƲ�ŚƷƽ�Germline�ƳŚƀƳř�ƾ��ƶŝ�řŹ���Ÿě�ƱřƺƴƗƿ�ƵŶºƳź��ƽ�

ůřƺƳƾ�CDRŶƴŤƟźĭ�źƔƳ�Źŵ���řƿƫƺŞƬĭƺƳƺưǀƲ��ŚºƷƽGermline �
ƳŚƀƳřƾ����ºſŚţƺƯ�ŶºƣŚƟ�ǀƱƺ��ŚºƷƽ��ţŚƯƺºſ�ǀ����řźŝŚºƴŝ�Ƶŵƺºŝ�Ĩƿ�řŹřŵ�Ʋƽ�
ƬŝŚƣººǀř�Ţƿººƴưƾ�řŻƾººƿŶƴŤƀººƷ�ƱŚƀººƳř�Źŵ�Ʈººĩ���ř�ŹŵººƿƤŰţ�Ʋººǀ�Ƣ

řƿƫƺººŞƬĭƺƳƺưǀƲ�ŚººƷƽ�GermlineƳŚƀººƳř�ƾ�IGKVÎ-ÐÖ*ÍÎ�
ƹIGHVÎ-ÑÓ*ÍÐ �ŜººŴŤƴƯ��ƶººŝ�Ÿě�ƱřƺººƴƗƿƵŶººƳź�ƽůřƺººƳ�ƾ�

CDRººƃƺƯ�ƾ��řŹřŵƽĥƺººƫƺưƷ�ƽ�ůŚƳ�ƹŵ�źººƷ�Źŵ�ǇŚººŝ�ººǀƶ�ƽ�
Frameworksƹ� CDRs ŚŤưƷ�ŚŝƽƃƺƯ�ƾ��ƳƺƳŚºĩ�ŹŚŤųŚºſ�ƹ�ƾ�

�ŤƳō�Śŝ�ƶŝŚƄƯƾ�ŵŚŝƽƫƹř��ºǀ�ŶºƳŵƺŝ�ƶ���ƀºŝ�ŹŵǀŹŚƽ��ƳŚƀºƳř�ŵŹřƺºƯ�Żř�ƾ�
�ŤƳō�Ʊŵźĩƾ�ŵŚŝƽ�����Ɵř�ƂƷŚĩ�Śŝ�ƵřźưƷ�ŚƷǀƴǀŤƾƱō����ºŤƳō�ƶºŝ�ŢŞƀƳ�ŚƷƾ�

��Ţſř�ƝŶƷ�Ʊĥ�řźŝŚƴŝ��ƿ���ſř�ƒƠů�Śŝ�Ʋǀ�Ưř�Ŷǀƶƴ�ŚƷƽ��ƃƺƯ�ƮƸƯ�ƾ���Śºŝ�
�ſŚţƺƯ�ƩŚưƗřǀ�ŤƄĭźŝ�Ʊƺƾ�Ư�ƾ��ř�Ʊřƺţƿ�ŵƺºưƳ�ƝźƏźŝ�řŹ�ƪĪƄƯ�Ʋ��

Remy RobertƳŚƀƳř�Źŵ�ƂƳřŹŚĪưƷ�ƹ�ƾ�ºŤƳō�Ʊŵźĩ�ƾ��ŵŚºŝƽ 
WO-Ï�ººſřǀŶ�ŚººƷƽƯř�ǀººƃƺƯ�ƮººƸƯ�ƶººƴƾ��ƢƏŚººƴƯ�Źŵ�Ɩººƣřƹ�

Vernier����ŤƳō�Źŵ�řŹ�ƾ�ŵŚŝƽ�ŚƸƳ�ƾƿ�ůřźƏ�ƾ���ŶƳŵźĩ�ƒƠů�ƵŶƃ��
�ÏÔ�ƹÏÓ��ÎÒ����Ʋǀººŝ�Źŵ�Ĩººģƺĩ�šŚººƘƐƣƾººŤƳō�ƽŵŚººŝ��ƽŚººƷ

���ŜǀƧźţƺƳscFv�����šŚƘƫŚƐƯ�Źŵ�řŹ�ŵźŝŹŚƧ�ƲƿźŤƄǀŝ������ƹ�ƱŚºƯŹŵ�
�ƽŹŚưǀŝ�ƆǀŴƄţ��ŵŹřŵ� ŚƷ���ƩƺƨƫƺƯ�Ʋǀƴģ����Ɩƿźſ�ŢƧźů�ƾƿŚƷ

����śƺººų�ŷƺººƠƳ�šŹŶººƣ�ƽřŹřŵ�ƶŤººƃřŵ�Ʊƺººų�ƱŚººƿźū�ŹŵŹŵ�
ŹƺƯƺţ��������Źŵ�ƽŹřŶºƷŚĮƳ�ƂƷŚƧ��ƮƧ�ƾŤǀƀǀƳĥƺƳƺưƿř��ƝŶƷ�ƽŚƷ

���ƱŚĭŹř�źĮƿŵ�ƹ�ƶǀƬƧ��������ƝŶºƷ�źºǀƛ�ƽŚƷ����ƶºƴƿżƷ�ƹ�Ʊŵƺºŝ�ƱŚºſō
�������ŶƴŤƀƷ�ŵŚƿŻ�ŽŚǀƤƯ�Śŝ�ŢųŚſ�źŤưƧ�Î����ƶƘƫŚƐƯ�Źŵ��ƽ��źƋŚů�

ŢƸū�ĭǀźƽ�VH-linker-VL�ƹ�śŚºŴŤƳř�scFv ���ŽŚºſř�źºŝ�
Ŷƃ�ƶŤųŚſ�Ʊō�ĭ�ŢƸū�šŚƘƫŚƐƯ�ƢŞƏ�ǀźƽƱĥ���ŚƷšŹƺƇ�ƶŝ 

VH-linker-VL�Ưǀ�ŝ�Ʊřż�ºǀ��źºŤƸŝ�ƱŚƽ��ƶŤºƃřŵ���scFv�řŹřŵ�ƽ�
ƫǀ������������ƀºĩƺţ�ƲŤºƃřŵ�šŹƺºƇ�Źŵ�ƹ�źºŤƸŝ�ƩŚƈţř��ŹƺĩŸƯ�źĪƴǀƲ��

ƀĩƺţǀſƺŤǀŤƾŝ�ǀźŤƄƽ�Źŵ�řŹ�E.coliƯ�ƱŚƄƳ�ƾ�ŶƷŵ� ŝƶ�ŹƺƔƴƯ 

�ƱŚºǀŝ Źŵ�Ʊĥ �ƮŤƀºǀſ �ƾƳŚºǀŝ� E.coli�ƪºƯŚů ��ƾƳŚºǀŝpETÏÏb�
ŵŹƺƯ ƵŵŚƠŤſř Źřźƣ ŢƟźĭ�ƮŤƀǀſ�Źŵ�pET ŹƺţƺƯƹźě� ŹŚǀƀŝ 

ƹ�ƽƺƣ ƾƇŚƈŤųř �ĥŚºƟ T Ô ��ƎºſƺţRNA�ŻřźºưǀƬě��E.coli�
ƾƀººƿƺƳƹŹ�ƾººưƳ�ŵƺººƃ�ĩ�ǀƠººǀŝ�Ţººǀ�ƱŚscFvƮººƸƯ�Żř���źººţƿ�Ʋ
��šŚƗƺƋƺƯ�����ƯŻ�Źŵ�ŦºŰŝ�ƪºŝŚƣǀ�ƶºƴ��ƽ��ºŤƳō�ƾ��ŵŚºŝƽ��ŚºƷƽ���Ĩºţ�

ŬƳŻǀƯ�Ƶźƾ�Śŝ�ŶƃŚŝ ƶūƺţ ƶŝ řƿ�ƶĪƴscFv���ƾºƴǀŘţƹźě�ƕřƺºƳř�Żř�
ƬĭźǀƛǀŻƺĪƿƶƬ ƹ ŶƣŚƟ ƽŚƷŶƳŚŝ ƽŵ ƹ�Ƶŵƺŝ�ƽŶǀƠƫƺſ �ƽŻŚºǀƳ 

ƶŝ šŚůǈƇř ŶƘŝ Żř ƶưūźţ �ƱƺǀſǈǀŤſř�źǀƔƳ ��Ʊƺǀºſǈǀſō 



�ƵŵřŻŶưůř�ƵŶǀůƹ�ƱřŹŚƨưƷ�ƹ� 
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˺́

ƱƺǀſǈǀƀƧƺŝźƧ��ŵŹřŶƳ�ſ�Źŵ�ǀźŤĩŚŝ�ƮŤƀƿŚƾƿƔƳ��ºǀźE.coli �
ŝƺººų�ƶººŝƾŝ�ƪººŝŚƣ�ººǀŢººſř�ƱŚ��ÐÍ��ÏÕ�.�ººŤƳōƾ�ŵŚººŝƽ�Ĩººţ�

ŬƳŻǀƵź�řƽƳŚƀƳř�ƾ��ŶºƋ�źºŝ�ƵŶƃ��CTLAÑ (CDÎÒÏ)��Ǝºſƺţ�
ƲģƂƳřŹŚĪưƷ�ƹ� ŝƶ�ſƹǀƶƬ�ƽſ�ǀŝ�ƮŤƀǀƳŚƾźŤĩŚŝ��ºƿŚƾƿƫƺţ��ºǀ�Ŷ
��Ŷƃ�ÐÎ���řźŝŚƴŝƿ����Ƈƺƈų�ƶŝ�ƶūƺţ�Śŝ�Ʋǀ������ƹ�źºƔƳ�ŵŹƺƯ�Ʊĥ�šŚ
ƴĤưƷǀ�ƹ�ƲƿĭĦƾ��ŚƷƽ��ŝ�ŹƺŤĩƹ��ºǀƳŚƾ�pETÏÏb���ŝ�ƩƺƬºſ���ºǀƳŚƾ�

E.coli�ƺſ�ƿƶ�BLÏÎ�řźŝ�ƽ�ŝ�ǀ�Řţƹźě�ƱŚǀ���ŜſŚƴƯ�Ʋ�ŵƺºŝ��ŝ�ºǀ�ƱŚ
Ǝſƺţ�ŚƤƫř�Żř�ŶƘŝ�ŢƗŚſ�ƶſ�ŹŵIPTG ����ŹřŶºƤƯ�źŨĩřŶºů�ƶºŝ�

ſŹ�ŵƺųǀŶ��ƶŬǀŤƳ�ƽ ƱŚǀŝ ŤƳō�Ʊĥƾ�ŵŚŝƽĩźţƺƳ�ǀŚŝ�Ŝ �ƶƐºſřƹ 

�ƪººƯŚů pETÏÏbŤĜě�ƹººǀƶƳŚƄººƳ�Ŷ�ƽ�pelB�ƲǀŘţƹźººě�Ŷººǀƫƺţ�
źě�Źŵ�ƩƺƬŰƯƽƮſǈě��ŵƺŝ ƶƧ ŵƺų řŹ ŝƶ�šŹƺƇ �ƽŶºƳŚŝ Źŵ 

SDS-PAGEƱŚƄººƳ� ŵřŵ��ŚƄººƳ�ŵƺººūƹƱ��źººĭÓHis-tag�Źŵ�
ŚƸŤƳřƽ�ŤƳō�ƾ�ŵŚŝƽ�ƝŶƷ��ƬŴţǀ�����ƟřźĭƺţŚƯƹźĩ�Żř�ƵŵŚƠŤſř�Śŝ�Ʊō�Ɔƾ�
ŚưţƿƬƾ��Ni-NTA��Ƹƀţ�řŹǀŵƺưƳ�ƪ����ũŚºŤƳ Dot Blot��ƱŚƄºƳ

�ŤƳō�ŵřŵƾ�ŵŚŝƽ�ĩźţƺƳ�ǀ�ƳŚƀƳř�Ŝƾ��řŹřŵ�ƵŶƃ�ƽ�Ɵř�ǀƴǀ�ºŤƾ���ŜºſŚƴƯ
��ŤƳō�ƶŝ�ŢŞƀƳƾ���Ʊĥ�CDÏÍ�ŝ�ǀ����ƵŶºƃ�ƱŚ����ƩƺƬºſ�ŮƐºſ�Źŵ��ŚºƷƽ�

Raji���řźŝŚºƴŝ��Ƶŵƺŝƿ�Ư�Ʋ�ºǀ�ĩźţ�ƪǀ�ºŞƾ��ƺºų����ŚƤƯ�Źŵ�řŹ�ŵ�ºƿ���Śºŝ�ƶƀ
ŤƳōƾ�ŵŚŝƽƫƹř�ǀŚĩ�ƶƿźưƿŢſř�ƵŵƺưƳ�ƒƠů�Ĩ����
��
ŤƳǀƶŬ�ĭǀźƽ��

�����ƶŝ��Ƭĩ�ŹƺƏƾ�ŚŤƳ�ƿ�����ŵřŵ�ƱŚƄºƳ�źƋŚů�ƶƘƫŚƐƯ�Ū��ƶºƧ���ºŤƳō�ƾ��ŵŚºŝƽ�� �
�ŬƳŻ�ĨţǀƵź�řƽ�ƳŚƀƳř�ƾ���ſ�Źŵ�ƵŶƃ��ºǀ�ŝ�ƮŤƀ�ºǀƳŚƾ��źŤĩŚºŝ�ƽ�E.coli�

ƫƺţǀ�ƵŶƃ�Ŷ��������ŻŚºſ�ƆƫŚºų�Żř�žºě�ƽ������ŚºſŚƴƃ�ƶºŝ�ŹŵŚºƣ�ƾƿ��ºŤƳō�ƾ�
ƱĥCDÏÍ ŝ�ǀƩƺƬſ�ŮƐſ�Źŵ�ƵŶƃ�ƱŚ�ŚƷƽ Raji Ţſř���řźŝŚºƴŝƿ�Ʋ
řƿ�ŤƳō�Ʋƾ�ŵŚŝƽ�ĩźţƺƳ��ºǀ��Ŝ�ƶºŝ�ƫŵ��ºǀ����Ư�Ʊŵƺºŝ�řŹřŵ�ƪ�ºǀ�ĩźţ�ƪǀ�ºŞƾ�

���ŤƳō�ƶŝ�ŢŞƀƳ�ŜſŚƴƯƾ�����ř�šŹŶƣ�ƹ�ƝŶƷ�Ʊĥ�ƿƴưƾ�řŻƾƿ���Źŵ�Ʈĩ�
ƱŚƀƳř�Ưƾ����ƶŝ�ŶƳřƺţ���ƳŚºƯŹŵ�ƁƹŹ�ƱřƺƴƗƾ��řźºŝ�ƽ�����Źřźºƣ�ƝŶºƷ�
ř�ƱŵřŵƿŵƹŹ�ŹŚĩ�ƶŝ�ŚƯƺƠƴƫ�ƱŚƏźſ�Źŵ�źĩŹŚƯ�Ʋ����

��
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Background and Objectives: Rituximab is an anti-CD20 chimeric monoclonal antibody widely used for 

the treatment of malignant B cells lymphoma. However, the immunogenicity of murine-derived 

monoclonal antibodies and the large size of full length antibodies restrict cancer immunotherapy. 

Humanized single chain antibodies can be a solution and a promising alternative for application in 

immunotherapy. The aim of this study was to produce a humanized scFv antibody for a potential use in 

the diagnosis and treatment of B cell lymphoma.  

Materials and Methods: We used a CDR grafting�based approach to design a humanized scFv gene 

fragment. The CDRs were grafted onto the closest human frameworks. The designed sequence was 

expressed in E.coli then purified. The level of expression was analyzed by SDS-PAGE and the 

reactivity to CD20 expressing cell line was explored by immunoblotting. 
Results: Similarity analyses revealed that human germline gene IGHV1-46*03 and IGKV1-39*01 have 

the highest homology with their murine counterparts. Analysis by SDS-PAGE exhibited a high 

expression level in E. coli. Reactivity to CD20 expressing Raji cells showed that the produced antibody 

maintained the binding capacity to human CD20 marker. 

Conclusion: In our study, humanized anti- CD20 scFv indicated an original antigen-binding affinity. 

The findings serve as a basis for the development of novel therapeutic strategies in the treatment of 

CD20- expressing cancers. 
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