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Ɔ ğĭ5ƭÙƢƴƋǖǼǬƦƭƩƒçKƩǔǛǳǼƦƊƽƧņǀƾƽȁoįĴƬğĭŔƪƭ

300ȃ400 mg/mLƬç�Ʀö�Ƅ9sƐtdƘƥƎƼȀćÆğĭƪƎƋƥƭȀğĭƃÇƹİ

ÌŜĔƦğĭŔƭƖƻƪğŭƋïƋǖǭǼǖƪ9úƖƾƥƋƽȁƵƟȀğĭ5ƭȀn³Ƭ9

sƐGŎƘƥǚǅǢǯǜǎƪ,ƒěƦȀCĂƩŹ�Ļí¡ƪƊƽƧīƍƻƾƽȁƔƬƺƌƩğĭ

5ƬõkȀìƪ9sƐçyƦƊƽƔƧǽmacromolecular crowdingǾƭȀƝƬ�Ʀ,ƒķāŔƬ

ƖƵƗƵƩ�Ŕƪ�ƩƏƻƛ�Żǁ�ƍƽƧīƍƻƾƥƋƽ[1]ȁxȀğĭ5ǁÏƘƟõkƦ

ƭŧĞƬģUÝ�ƐþƩƽ"ƐiYƖƾƥƎƼȀĒ�ÌŜƹCĂ�ŔƸþƩƽSĮ�ƐČ

_ƖƾƥƋƽȁƔƾǁŗƵƍƥȀķāŔƬÐĮĀòƬǱǋǣǗǰǁMyƪôŅƚƽƟƷƪƭȀ

in vitroŋµƬŅÄƠƓƦƩƒȀğĭ5õkƪƎƓƽĒ�ÌŜƧƝƬlDƹą� øǁŅÄ

ƚƽ�ŀƐƊƽƬƦƭƩƋƏƧīƍƻƾƽƺƌƪƩƢƟȁ 

ğĭ5õkǁŎƱƽ¤ĒƥƧƘƥƭ1už�ŬƹŸsž�ŬǁøƋƟ¤ÜƐ¾ŘƧƶƪ

ŞÓƘȀ�-ƦƭƩƒxŴƬǟǼǙƪIƘƟğĭ5ƬǅǱǼǕǁăƪƚƽƔƧƸnƒƩƢƟȁƘ

ƏƘȀƟƧƍƮğĭ5ƬķāŔƬĒ�ÌŜƹǚǅǢǯǎǖƧƋƢƟȀƺƼ�łĂƦŌğƩǟǼ

ǙǁŃâƚƽƔƧƭ$éƧƘƥŹ�ƪaŷƦƊƽȁƝƬ�ƦȀNMRƭŹÞĿ�ƪ.ƾȀƏƣ

Ls9ŅĮƦƬŅÄƐSĮƩƔƧƏƻȀğĭ5õkƦƬķāŔƬŌğƩŅÄƪŢƘƥƋƽƧ

īƍƻƾƽȁxȀ�ŚƬƺƌƪin-cell NMRƧƋƌ¤ÜǁøƋƽƔƧƦȀğĭ5õkƪƎƓƽ

ķāŔƬÍƇƩŅÄƐĹƩǀƾƽƺƌƪƩƢƥƑƟ[2]ȁƖƻƪȀēĬƻƬǏǷǼǬƭin-cell 

NMRǁøƋƽƔƧƦǽoįĴğĭ5ƦƏƣoŪĀòƖƜƟƸƬƧƋƌÂ��ƦƊƽƐǾöƑƟ

ğĭ5ƬķāŔƬŌğƩĒ�ÌŜǁ�ûƦ:ƷƥČƚƔƧƐƦƑƟ[3,4]ȁƔƔƦƭȀin-cell 

NMRƧȀƔƬ¤ÜǁøƋƟoįĴğĭ5ķāŔƬĒ�ÌŜŅÄƬËüǁĠ�ƘȀƖƻƪ

in-cell NMRƪƺƽğĭÌŜöëuƬ��Ƭ�ŮƪƣƋƥƸīzƘƟƋȁ 

 

In-cell NMR 
=ŚƬƺƌƪNMRƭŹÞĿ�ƪ.ƾƟ¤ÜƦƊƽƬƦȀ�ÃƏƻöƑƟğĭǁøƋƟâ
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wƭĹǀƾƥƑƟǽ in vivo 

NMRǾƐȀŃâ{œƬ9s

ƭ	ƪ�Ő÷ëĔƬ�9

sƦƊƢƟȁ 1990��ƪ

ƩƢƥoįĴƬěǁøƋƟ

ķāŔƬoŪĀò¥ĺƐ

�ƒøƋƻƾƽƺƌƪƩƼȀƵ

ƟNMRŃâSĮƩvwV

��ǽ13CȀ15NǾƪƺƽÎő

¥ĺƧȀ13C/15NÎőķāŔ

ƪƣƋƥƬ¶ƘƋNMRâ

wÜƦƊƽþĎÆnÑ/

NMRƐċĒƘƟȁƝƬģÅȀ

2001�ƪUCSFƬDötschƻ

ƬǏǷǼǬƐȀğĭ¢æŋ

µǽ��Ȁin-cellŋµƧüňǾǁøƋƥȀöƑƟoįĴƬ�ƬķāŔƬ2D 1H-15N HSQCǖǭǎ

ǠǷǁâwƘȀƔƬ¤Üǁin-cell NMRƧWƤƓiYƘƟ[5]ȁ 

�:in-cell NMRƭoįĴƩƨƬǦǎǞǶǃƪŲƻƾƥƋƟƐȀƝƬ�ȀǃǪǶǋǝǱǌǈǷ

ƬJƎƺƯJÖğĭưvwV��ÎőķāŔƬǮǅǎǹǅǺǕǇǎǔǴǺǁĹƌƔƧƦȀćÆ

ğĭ:Ƭin-cell NMRxƂƐiYƖƾƟ[6,7]ȁ2009ƪƭȀğĭİśşǭǬǛǡƧƬĸUķā

ŔǁøƋƽƔƧƦȀgƁ^�ſğĭǁøƋƟin-cell NMRâwǁSĮƪƚƽúÀĂƩiYƐ

ƩƖƾƟ[8]ȁƵƟȀ×ĞǁøƋƥğĭİƪ�¼ĂƪĐǁƊƓȀgƁğĭƪķāŔǁ~2ƚƽ

·ÜƸiYƖƾƥƋƽ[9]ȁc1ƪƭòd¬øƖƾƥƋƽȀin-cell NMRâwƬƟƷƬğĭŋµ

ŎĽÜǽğĭ5ưƬăĂķāŔƬ~2ÜǾǁÏ�ĂƪČƘƟȁ 

In-cell NMRƬ�øėbƧƘƥƭȀ�:ƏƻȀğĭ5ƦƬķāŔƬĒ�ÌŜlDȀĪŉ�

%ƀȀhŔģUȀķāŔůą� øȀƩƨƬŃzƐ�wƖƾƥƎƼ[10]Ȁ¸ƪƖƵƗƵƩŅÄ

ģÅƐiYƖƾƥƋƽȁ 

In-cell NMRǁøƋƥȀğĭ5ƦƬķāŔƬĒ�ÌŜlDǁƧƻƍƽǃǬǹǼǛƧƘƥƭȀ

ƟƧƍƮ2Ñ/Ƭ1H-15NąŰǖǭǎǠǷǁâwƘȀNMRǔǏǢǷƬDuǔǪǠlDƦůĂƪ

ŅÄƚƽǃǬǹǼǛƧȀ	ūƹ*ūNMRǔǏǢǷǁ��ƘƟƌƍƦNOEĔƬƄÑÌŜ�iǁ

QŵƚƽĄĂƩǃǬǹǼǛǽin vitroƬŅÄƬŴƪøƋƻƾƽǃǬǹǼǛƧV�ǾƐīƍƻƾ

ƽȁƔƾƵƦƪiYƖƾƥƋƽƲƧǂƨƬin-cell NMRŅÄƦƭȀ�Ƌâw �ƧŋµƬ|\

Ƭ`ŽƏƻȀ=ĬƬDuǔǪǠlDǁŅÄƚƽ·ÜƐ¬ƻƾƥƋƽȁƘƏƘȀğĭ5ƦoƑƩ

ÌŜlDƐŕƑƟjUƪƭȀlD=ƧlD�ƬDuǔǪǠƬ{�ǁRƽƬƭaŷƪƩƽƔƧ

Ɛ�-ƖƾƽƟƷȀDuǔǪǠƪhƤƋƟŅÄƪƭıƛƧŲûƐƊƽȁ�·ƦȀƈNMRǔǏǢ

ǷƬ��ǿƄÑÌŜ�iƬR�ƉƬǃǬǹǼǛƬƟƷƪƭþĎÆ3D/4D NMRâwƐ�ŀ

c 1ȁIn-cell NMRâwƪøƋƻƾƽğĭŋµŎĽÜ  
Ɔ oįĴǁøƋƟěƦƭğĭ5ƬoŪĀòěƐøƋƻƾƽȁþ
ƩƢƟǬǹǲǼǙǼƦ<�ƖƾƥƋƽ 2 ƣƬǬǵǖǯǡǁøƋƥķ
āŔůą� øǁŃzƘƟiYƸƊƽ[17]ȁ 
Ɔ ćÆğĭǁøƋƟěƦƭȀĚĽƘƟvwV��ÎőáƶƬķ
āŔǁmťƏƻ~2ƚƽȁ 
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ƦƊƽȁ3D/4D NMRâwƭin vitroƬƄç�ƬŋµƦƊƢƥƸ³¼ůȃ³¹Ƭâw¼ůǁŀ

ƚƽƟƷȀƭƟƘƥƔƬǃǬǹǼǛƐSĮƏƨƌƏƭÉŊƖƾƛƪƊƢƟȁƝƔƦȀēĬƻƭ�

ĬƬǃǬǹǼǛƐSĮƦƊƽƔƧǁÉŊƚƽƟƷƪȀoįĴğĭǁøƋƥȀöƑƟğĭ�Ƭ

ķāŔƬĒ�ÌŜŅÄǁŮrƘƟȁ 

 

In-cell NMR+�$&������(�����  
öğĭ5ķāŔƬĒ�ÌŜƬƟƷƬǲǟǷŋµƬ'ļƧƘƥȀƵƛƄ�qêĴ�ƕƧ�

EǬǹǕǇǎǠǽhttp://www.thermus.org/j_index.htmǾƏƻȀǃǯǥŨ100ÔhÁãƦHŪ�Ʀt

dƚƽĀòƬĳqƩ20ĎƬķāŔǁţƯƠƘȀoįĴ�ƦoŪĀòƖƜƥin-cell NMRƬ�

+xƂǁĹƢƟȁƝƬ�Ʀ¾ƸĳqƩNMRǖǭǎǠǷǁ�ƍƟƬƐȀTTHA1718Ť�s÷ë

ǽ66ǃǯǥŨÔhǾƦƊƢƟȁƔƾǁǲǟǷŋµƧƘƥĒ�ÌŜŅÄǁŋƶƟȁ 

ƵƛȀ6ĎſƬ3ũ4ƅ3Ñ

/NMRǖǭǎǠǷǁŅÄƚƽ

ƔƧƦķāŔ	ūNMRǔǏ

ǢǷƬ��ǁĹƢƟȁNMR

ŋµĖ�ƦƬoįĴŋµƬ

|\ƭȀNMRŋµƬ�ťǁ

Ģ¼ĂƪǬǸǼǠƪ±Ƒöt

Ĵ³ǁǋǆǺǠƚƽƔƧƦŁ

ďƼȀĜ6¼ůƦ85%��ö

tƧƋƌ(ǁ�ƟȁƔƬ6¼ů

ƧƋƌ¼ůǁīƍƽƧȀ�ƻƏ

Ƭ¤ÕǁøƋƥ3Ñ/NMR

Ƭâw¼ůǁĵƘƒĉĦƖƜ

ƽ�ŀƐƊƽȁēĬƻƭȀ¸

ƪ�Ƭin vitroŋµƦBÅǁ

x Ŋ Ƙ ƥ Ƌ Ɵ Ȁ nonlinear 

samplingƧƋƌâw¤ÜƧ

maximum entropyƪƺƽǟǼ

Ǚ7ôƧƋƌǃǬǹǼǛǁ¬

øƚƽƔƧƪƘƟ[4,11,12]ȁƔ

ƬģÅȀ�ÃÜƬĜ1/8Ƭ¼

ůƦ09Ʃ9ŅĮƧ �ǁ©ƣ3Ñ/NMRǖǭǎǠǷǁâwƚƽƔƧƪ£?ƘƟȁ�ƻƾƟǖ

ǭǎǠǷǁŅÄƘƟģÅȀŃâSĮƩ	ūNMRǔǏǢǷƬƲƧǂƨƬ��ƪ£?ƘƟǽc2�

ƎƺƯ�pǾȁVÍƬ¤ÜǁøƋƽƔƧƦȀon³Ƭ*ūNMRǔǏǢǷƸ��ƚƽƔƧƐƦƑ

Ɵǽc2TǾȁ 

c 2ȁoįĴ5 TTHA1718Ƭ NMR ǔǏǢǷ��  
Ɔ ǽ�Ǿ1H-15N HSQC ǖǭǎǠǷȁǎǹǖǩǼǎƪƭ��ǁ�ƘƟȁ
ǽ�pǾ	ū NMR ǔǏǢǷ��Ƭ"ȁǽTǾ*ū NMR ǔǏǢǷ
Ƭ��Ƭ"ȁƝƾƞƾȀLeu41Əƻ A46 ƵƦǁČƘƟȁ 

c 3ȁoįĴ5 TTHA1718ƬǱǛǷhţ¦Ă 1HÎő  
Ɔ ǽ�Ǿ1H-13C HMQC ǖǭǎǠǷǽǱǛǷżfǾȁǎǹǖǩǼǎƪƭ
��ǁ�ƘƟȁǽTǾ*ūǱǛǷhů NOE�iƬŅÄ"ȁ 
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ÑƪȀ*ūǱǛǷhƬƶƐ1H/13CÎőƖƾȀ�Ƭť9ƭ2HÎőƖƾƟŋµǁ £ƘȀâw

ǁĹƢƟȁƔƬ¤ÜƭƄ9sŪķāŔƬNMRŅÄƦxħƐƊƽ·ÜƦƊƽ[13]ȁöğĭ5

ƭę�ƐƄƒȀStokes-Einstein-DebyeƬ�ƪ�ƢƥȀ�9sŪķāŔƦƊƢƥƸin vitroƬƄ

9sŪķāŔƬƺƌƩªCǁƚƽȁƵƟȀ	ƧƘƥŋµƬ�e��ƏƻNMRǔǏǢǷƬĤ�

Ɛ�ƋƟƷȀǔǏǢǷƬǊǼǦǼǵǜǬƸåƘƋȁƔƬƟƷȀƔƬǱǛǷţ¦Ă1HÎőÜƐÊ

Ʒƥ¿Bƪ,ƒƬƦƊƽǽcȂ�ǾȁƔƬŋµƪƣƋƥ3D 13C/13C-separated NOESYǖǭǎǠǷ

ǁâwƘȀŅÄƘƟģÅȀķāŔƬÿÙĂǑǃƬ�£ƪŰǀƽǱǛǷhůƬNOEùÃƬŖŶ

�iǁBñĂƪR�ƚƽƔƧƐƦƑƟǽcȂTǾȁƖƻƪȀe�ƪ13C/15NÎőƖƾƟğĭŋµǁ

øƋƥâwƘƟ3D 15N-separated NOESYƧ3D 13C-separated NOESYƏƻƸŖŶ�iǁR�Ƙ

Ɵȁ 

Ē�ÌŜŇĕƭȀ

NOEùÃƬŖŶ�

iȀ13CÆƬDuǔ

ǪǠƏƻ®wƘƟ	

ū2źń�iȀ2Ñ

ÌŜť9ƪ®wƖ

ƾƟÙĞģU�i

ƏƻȀ4VĊđĬƬ

Peter GüntertƐŮĀ

ƘƟĒ�ÌŜıC

ŇĕǘǪ Ǡ ǆǈǃ

CYANA v3.0[14]ǁ

øƋƥĹƢƟȁ�ƻ

ƾƟƄÑÌŜƭ	

ūRMSDƐ0.96 ÅƧ

ĳqƦƊƼǽc4�ǾȀ

îĒƪÛwƘƟĚ

ĽŋµƬƄÑÌŜƧƸŹ�ƪĳƒ�ƥƋƟȁƵƟȀǱǛǷhţ¦ĂÎőŋµƦQŵƘƟǱǛ

ǷhùÃƬNOE�iƭÊƷƥBÅĂƦƊƼȀƔƾƻǱǛǷhùÃƬNOEǁųƒƧ�ƻƾƽÌ

ŜƬǎǊǶǞǄƭĵƘƒ°Ʃǀƾƽǽc4�pǾȁ 

öƑƟoįĴ5ƬTTHA1718ƬĒ�ÌŜƭȀĘDu�ƬC&ENōƬChemical Year in 

Review 2009Ƭ�Ʀ9ƣƬǠǩǜǎƬƌơƬ1ƣƪţƮƾƟƬǁƭƙƷȀƖƵƗƵƩPŻǁ[ǂƠȁ

V¼ƪȀin-cell NMRƬ©ƣ`ŽèƪƣƋƥƸŒŏƐƩƖƾƟȁƸƢƧƸũŀłƖƾƽ`Žè

ƭǙǼǐǜǠƧƩƽŋµƬğĭ5ç�ƦƊƽȁTTHA1718ƬjUȀin-cell NMRŋµƬ�Ƭ

TTHA1718Ƭç�ƭ3ȃ4 mMƪŠƘȀƔƾƭƸơƿǂöôĂç�ƧƭƏƓŶƾƟ(ƦƊƽȁ

�ƬǽìƪoįĴǁøƋƟǾin-cell NMRĊđƪƎƋƥƸȀöôĂÂ�ƪ{ƘƥĵƘƒƄƋğ

c 4ȁöƑƟoįĴğĭ5ķāŔƬĒ�ÌŜ  
Ɔ ǽ�ǾƄ�qêĴ TTHA1718 ƬĒ�ÌŜŅÄģÅȁǽ�pǾc�Ƭ"Ƭ
ŇĕƪøƋƟÌŜ�iƏƻȀǱǛǷhţ¦ĂÎőŋµǁøƋƥ�ƻƾƟ
NOE �iǁRƼĆƑȀ6ƯĒ�ÌŜŇĕǁƘƟƸƬȁǽTǾŝūóĴ
protein G B1 ǡǱǅǺǽGB1ǾƬĒ�ÌŜŅÄģÅȁƝƾƞƾ CYANAƦŇ
ĕƘƟ 100 &Ƭ¾ġÌŜƏƻ¾ƸǈǤǷǍǼƬ�ƖƋ 20 &ƬÌŜǁ§8
ƘȀ	ūLsǁũƫUǀƜƥČƘƟƥƊƽȁƵƟȀ20 &ƬÌŜǃǺǓǺǫ
ǷƪƎƓƽȀ	ūLsƎƺƯ3ƥƬũLsƬ�ĨƬ�e�
)�Ƹ!Ɯ
ƥČƘƥƊƽȁ 
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ĭ5ç�ƦĊđƐƎƔƩǀƾƥƋƽȁ�·ƦȀǃǪǶǋǝǱǌǈǷJÖğĭƬěƦĹǀƾƟǨ

ǠTauķāŔƬŅÄƬŴƪƭȀ5 µMƧƋƌƏƩƼöôĂç�ƪŘƋç�ƦxƂƐĹǀƾƥƋ

ƽƔƧǁ�Ɠ@ƍƥƎƑƟƋ[15]ȁ 

ēĬƐīƍƽƪȀin-cell NMRƦŅÄƖƾƽƱƑmacromolecular crowdingƬBÅƭoƑƒ9

Ɠƥ2ĎƊƼȀŹţ¦ĂƩBÅƧţ¦ĂƩBÅƪo;ƦƑƽƦƊƿƌȁŹţ¦ĂBÅƧƘƥƭȀ

ƟƧƍƮ«ų�ďBÅƹÍƇƩ9sƧƬŹţ¦Ăą� øƐķāŔƬÌŜvw�ƹǑǺ

ǪǉǱǼǔǴǺ�Ļƪ�ƍƽ�ŻĔƐīƍƻƾƽȁţ¦ĂƩBÅƪƣƋƥƭȀą� øƚƽą

¤Ƭğĭ5ç�ƐũŀƦƊƽƬƦȀöôĂç�ƪƦƑƽƠƓŘƤƓƽƔƧƐ�ŀƪƩƽƦƊ

ƿƌȁƘƏƘȀŹţ¦ĂƩBÅƪƣƋƥƭȀòdƬ¤ÜǁøƋȀNMRƬ �ƐŀÚƚƽç�

ƦâwǁĹƌƔƧƭǽ�ƬƋƏƩƽ¤ÜǁøƋƥƸȀöğĭ�ƬķāŔƪƣƋƥȀNMRƐ¯

#ƚƽƲƨƄ9ŅĮƬ�iǁ�ƽƔƧƐƦƑƩƋ��ǾȀF9ƪoƑƩ�ZƐƊƽƬƭ»ƻƏ

ƦƊƽȁƘƏƘȀxƂčuĬƬ��ƧƘƥȀòdƬ¤ÜǁƖƻƪ²ĳǻ¾ŢDƚƽƔƧƪƺƢƥȀ

ƦƑƽƠƓöôĂÂ�ƪŘƤƓƽA>ƭ�ƢƥƭƩƻƩƋƧ�ƌȁƝƔƦȀƝƬ¾:ƬǖǞǜ

ǬƧƘƥȀTTHA1718Ƭğĭ5ç�ǽÒċƪƭin-cell NMRŋµ�ƬķāŔç�ǾƪØƱƥƎ

ƎƺƝ1/10Ƭç�ǽ200ȃ500 µMǾǁ©ƣȀŝūóĴprotein G B1ǡǱǅǺǽGB1Ȁ66ÔhǾƪƣ

ƋƥȀoįĴğĭ�ƦƬĒ�ÌŜŅÄǁĹƢƟȁŌğƭĆƒƐȀ¶ƘƋǱǛǷhţ¦Ă1HÎ

őÜƬŢøȀ¶ƘƋmaximum entropyƬǃǷǒǶǗǰǁøƋƟǟǼǙ7ôȀNOESYǖǭǎǠǷ

ǁøƋƟ*ūNMRǔǏǢǷƬıC��[16]ĔǁĹƌƔƧƪƺƢƥȀģÅĂƪƭTTHA1718Ƭ

jUƺƼƖƻƪƄ9ŅĮƬĒ�ÌŜǁ�ƽƔƧƪ£?ƘƟǽc4TǾȁTTHA1718�űȀ�û�

ƬƨƬǏǷǼǬƏƻƸƵƠğĭ5ķāŔƬiY"ƭƩƋƬƦȀGB1Ƭ"ƭ�ûƦ2ýăƧƩ

ƽƸƬƦƊƽȁ  

 

�
(��#

In-cell NMRǁøƋƟğĭ5ķāŔƬĒ�ÌŜŅÄ"ƭƵƠ2"ƘƏƩƋƐȀēĬƻƐċ

ĒƘƟ¤Üǁ¨�ƘƥƋƒƔƧƪƺƢƥȀğĭ5õkƪƎƓƽÍƇƩķāŔƬŌğƩĒ�Ì

ŜƹȀnÍƩöëòœƪ�ƌÌŜlDƐŅÄƖƾƽƺƌƪƩƽƧÀ�Ɩƾƽȁìƪin-cell NMR

ƪƺƽŅÄƐÀ�ƖƾƥƋƽĲZàƋķāŔĩƧƘƥȀ5dĂƪǸǍǳǵǼƩƄÑÌŜǁ©

ƟƩƋ intrinsically disordered proteins (IDPs)Ƨ[ƮƾƽƸƬƐƊƽȁòdƵƦƪȀ

macromolecular crowdingƐÌŜƪďÊĂƪ�Żǁ�ƍƟ"[18]ƧȀ�Żǁ�ƍƩƏƢƟ"

[15]ƬȀƵƢƟƒąPƚƽģÅƐiYƖƾƥƋƽƬƦȀ��ƬŌğƩĊđƐ�Ɵƾƽȁľ³Ƭ

ǡǱǅǺƐ�ƒą� øƘƥƋƽķāŔƪƣƋƥƸȀin-cell NMRƪƺƽŅÄƐũŀƩĈŁǁ�

ƍƽƔƧƐÀ�ƖƾƽȁƔƾƻƬķāŔƦƭȀäßí¡Ƨģ½�ƦǡǱǅǺůƬą{ŦĨƐþ

ƩƢƥƋƽ"ƐiYƖƾƣƣƊƼȀğĭ5õkƸą{ŦĨƪ�Żǁ�ƍƽSĮ�ƐƊƽȁ 

Ɔ ǨǠgƁğĭƬěƬin-cell NMRŅÄƦČ_ƖƾƥƋƽƺƌƪȀğĭ5õkƐķāŔƬÌ

Ŝvw�ƪǀƾǀƾƐ��ƘƥƋƟ��ƬBÅǁOƳƘƥƋƽSĮ�ƸƊƽ[8]ȁoįĴ5

ķāŔƪƣƋƥƭ15NÆƬĥ]ǧǵǱǼǙƬâwƪƺƽ	ūƬǚǅǢǯǎǖŅÄƸŞĹ�ƦƊ



ö\DuĊđǸǙǼƆ Ɔ No.39 (2012 June)  9 

ƽȁIn-cell NMRƪƺƽĒ�ÌŜŅÄģÅƧǚǅǢǯǎǖƬŅÄģÅƐĶďƘƥƋƓƮȀğĭ

5õkƬ�ŻƬwŪĂŅÄƐSĮƪƩƼȀğĭƬ�ƬķāŔƬƈćƬC¡ƉƪřƽƔƧƐƦ

ƑƽƺƌƪƩƽƦƊƿƌȁ 

ćÆğĭ�ƬķāŔƬĒ�ÌŜŅÄƸÑƬoƑƩăÎƦƊƽȁǃǪǶǋǝǱǌǈǷƬJƬ

ěƦƭ¸ƪNOESYâwƐSĮƧīƍƻƾƽƲƨƬƄƋķāŔç�ƐŠ£ƖƾƥƋƽȁoį

ĴƬěƦēĬƻƐøƋƥƋƽ¤ÜǁHĝƪǨǠgƁğĭƬěƪŢøƚƽƟƷƪƭȀ�È��

ƬķāŔ~2BñƬ�ºƐ�ŀƦƊƽȁƘƏƘȀƔƾƪƣƋƥƸNMRâw �ƬX�Ʃƨ

ÍƇƩŀĞ¥ĺƬ²ĳƹȀƄÑÌŜŅÄÜƬ²ĳƩƨǁĹƩƌƔƧƦȀƊƵƼšƒƩƋ}Ãƪ

Ē�ÌŜŅÄƐSĮƪƩƽƬƦƭƩƋƏƧÀ�Ɩƾƽȁ 
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Ɗ ƃ
ÐǔǋǝǹƭȄǰǺǣǔǄȄǥǾǆȄÔĦȄǊǺǪÚĔƬ�ƎǒǿǑąÚ^ƧûðƚȄ�Ů5����

Ƭƃ
Ð�īƓĨ�Ɯƾ�ô¸gŃÊƬŽǦǍǝǺǄó¿Ƭƃ
ÐƧƍƾȅ1), 2) ǔǋǝǹÐĜƭÃçǫ

ǹǿǍǟǿƓðñƚȄƃçŝūǂ�ƚƦf®Ƭƈ�ƁƫċĻƜƾȅÐƬ�[Ɠ´ĄƪǩǎÐƪƩƨõƪƽȄ

ßÅƬ`þǂ«ƐƦƎƾf®ƬƃòƈƓ�ĖƫÐ;ƜƾƬƧȄ�ôŃÊƬĮkƨƪƽƏƾȅ 

Ɗ ǔǋǝǹƃ
ÐƧƭȄ�øȄUKȄİŤƉùȄĈġŠ¬Ƭ
Ð÷éƬ�ȄǠǹǆǄǆǖǗǿǗȁǔǸǿƨ

OƮƿƾǔǋǝǹƃ
Ðƫè�üƪ.Ý�ńƬõ�ǂðƛƾƗƨƓƍƾȅ÷éƬV�ƭÆƸƦşƕȂś�Ȅ

®Ȁ¹ƒƼ®�ȃȄŨ÷ƫƪƾƨÏ�Ɯƾȅǔǋǝǹƃ
ÐƬ�űƓŻƚƎƬƭȄȆȃełȄƫƑƎȄNĔƧ

Ð;ƚơƈǂ23�GĭƧƍƾƗƨƺȄȇȃÐƈǂ°îƚƦƹȂæƦƹåƎƦƹȃÐ�ƭŘÜƙƿƪƎƗƨƪƩ

ƓBWƨƪƤƦƎƾȅ 

Ɗ ǔǋǝǹƃ
ÐƬ�ŁBWÐĜƭǔǋǟǌǔǿƨOƮƿȄ5Ȅ6Ȅ7Ȅ8ƑƻƯ9RïǈȁǝǻƓ13$ƭƚƘ

éƫŝĢƚơȄ�¯áĜƓ30$ǂŗƐƾ0lŬƓ3 nm��ƬƎƹĸéƬ|g0lƧƍƾȂY1ȃ.ǔǋǟǌ

ǔǿƭ1989�ƫo(ƼƫƻƽÇŜÓqƙƿƦƒƼȄ3) häƒƼƭÆƸƦ�ũƚƒ¥ŸƙƿƪƎƗƨƺȄż

� m�ǡǟǺǇǳǛǶǿǣǻƫ�òƜƾêÐ�ƨĿŹƪÇŜƫĳNƓ¡ơƿȄ�ô
ƬĊnīƫƻƽ

ÈƌƪăďƓĻǁƿƦƔơȅèƫȄ�ŮƼƫƻƽ2001�ƫaMƙƿơǔǋǟǌǔǿCTX3CƬ+I�Ƭp�

ƭèēƫ&Ɯƾȅ4), 5), 6) 

Ɗ ǔǋǝǹƃ
ÐƬ�űƬơƸƫƭȄ#ſ�ƬƇƎǔǋǝǹÐĜÄ/×ƬŭûƓ�ŁƧƍƾȅ;IçƬ

�ũÄ/×Ƭ�ƥƫȄǵǤǍǽȁǡǻ��ǂòƎơ)önüÞq×ƓƍƾƓȄƗƬ²×ƭȄÑřüĘ"

ƫƇƎÄ/��ǂćƜȅƟƗƧȄ�ƌƭȄǔǋǟǌǔǿǂƇƎÄ/��ƨèõ�ƧÄ/Gĭƪ)önüÞ

O

O

OO
O

O O
O

OH

OH

H

H
H H H

H
H

H
H

H

H
O

O

O

O

O

H H H H H

H H H H H
OH

DB C
E

F

H
I

K

M

A

R1

R2

H

HO
OH

CTX1B(1) : R1 =

CTX3C (2) : R1, R2 = H, n = 1

, R2 = OH, n = 0

G J

L

n

3 nm

51-hydroxyCTX3C (3) : R1 = H, R2 = OH, n = 1

HO
OH

54-deoxyCTX1B (4) : R1 = , R2 = H, n = 0

������

477 Å2

HRP
(A) (B)

P ������0*7+0E�KS]pv����/E8(54(?:'52(�#%0*7+0E�\I�
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q×ƬŭûƫFƽĠǃƢȅ)önüÞq×ƬŭûƫƭȄǔǋǝǹƬ�ŁBWÐĜƧƍƾǔǋǟǌǔǿƫè

õüƫƚƒƹ�6ƫĢIƜƾ��Ɠ�ŁƨƪƤƦƕƾƓȄhäƒƼƭÆ�ũƚƒǔǋǟǌǔǿǂ¥ŸƧƔƪ

ƎƗƨƓ���ľƬŶtƨƪƤƦƎơȅƟƗƧȄ�ƌƭȄ�ŮƼƨ,JƧȄǔǋǟǌǔǿƬ+I�ăďƧĄ

ĐƚơºËI�;nü�×ǂƅ�ƚƦȄǔǋǟǌǔǿƬÉüŤ�èõüƫĢIƜƾǵǤǍǽȁǡǻ��Ƭ

ŐľǂÄŊƚȄǞǓǆǿƙƿơǥǫǝǿǂ)öƜƾƗƨƫƻƽȄǔǋǟǌǔǿǂèõüƫÄ/ƜƾǵǤǍǽȁ

ǡǻ��ƬŐľƫ�7ƚơȅƙƼƫȄǔǋǟǌǔǿƬ{H	đǂŏœƜƾȇčƁƬǵǤǍǽȁǡǻ��ǂĠ

ƷIǁƞƾƗƨƫƻƽȄǔǋǟǌǔǿǂƇ��ƧÄ/ƜƾǒǿǠǆǜǛǆǳǤǄǜǗǆǂŭûƜƾƗƨƫ�7ƚ

ơȅ7), 8), 9), 10) 

 

wv;=6E�ml�XL�OW�

Ɗ �ƌƓăďǂŭjƜƾ�5ƫȄǥǾǆgnƬǮǊǱƼƭȄŔŨƪÐ½�CTX1B (1 µg)ǂòƎƦÙ�ǈǖ

ǝǻ;×ƫƻƽǙǿǧǍŕǐǿǕǷǏȁǟǂI�ƚȄƗƿǂ)öƚƦǵǤǍǽȁǡǻ��ǂ�ľƚơȅ11) Ɨƿ

ƭȄǔǋǟǌǔǿƬ;nÇŜƓÓqƙƿƾ�5ƬƗƨƧƍƽȄƟƬ¶âƧƭǔǋǟǌǔǿƫǊǻǯǌǔǻ`

Ɠƍƾƨ��ƚƦȄƗƬƻƏƪ;nd§ƓĻǁƿơȅƚƒƚƪƓƼȄǔǋǟǌǔǿCTX1BƬ;nÇŜƓ´Ƽƒ

ƫƪƤƦƷƾƨȄCTX1BƫǊǻǯǌǔǻ`ƭm[ƞƝȄǙǿǧǍŕǐǿǕǷǏȁǟI�Ƭŵƫ�ƓŖƗƤƦ

ƎƾƬƒƭ�´ƧƍƾȅƶơȄ�Ƽƿơ��ƭCTX1BƬHđǂŏœƚȄǉǊǚŦƨ�}Ù�ǂćƜƗƨƓ

´ƼƒƨƪƤơȅǔǋǟǌǔǿƬhäƒƼƬ¥Ÿƺ_Ƅƫƻƾ�ģƓÆƸƦXŻƪéÖƒƼȄ�ƌƭ�B

Óq`ƫƪƽƏƾŤ0ÇŜǂ;nI�ƚȄƗƿǂǥǫǝǿƨƚƦ)öƜƾƗƨƫƻƽȄǔǋǟǌǔǿ½�ƬÉ

üŤ�ƫĢIƜƾ��ǂ�ľƜƾ±ƚƎǄǫǽȁǛǂōƷơȅ12), 13) 

Ɗ ǔǋǟǌǔǿƫƭȄY1 (A)ƫćƜƻƏƫ{H¼đÇŜƑƻƯEïƬïÇŜƓõƪƾ4čƁƬ�ŁƪƁĥ

�Ɠm[ƜƾƓȄƶƝ¸1ƫȄ¸ƹ@ěƪÇŜǂƹƥCTX3C (2)ƬǵǤǍǽȁǡǻ��ǂ�ľƚơȅ

CTX3C (2)Ƭ	đƫèõüƫĢIƜƾ��ǂŐľƜ

ƾƫƍơƽȄ�BƋ��ĿI�ƬÇŜǂĪ�ƜƾƗƨƫ

ƻƽǥǫǝǿǂŋŉƚơȅ�ƌƭȄƗƿƶƧ��ťĜƬ

ăďǂĻƪƤƦƔƦƑƽȄ�0lǂŏœƜƾ��ƬĐ

�ÇŜƫůƜƾĂœƓƍƤơơƸȄƗƿƓŽ�ƫ�ƫ

ĐƤơȅ�BƋ��ĿI�ƬĢ·ÇŜƒƼȄ��ƨ¦

ŇƜƾ�0l�BƬĽžĎƭȄ200 � 400 Å2ƨłĎ

ƹƼƿƦƎƾȅCTX3C (2) Ƭ{'3ï�Ȅ4ï�Ȅ5ï

�ǈȁǝǻƆÂ(ABCȄABCDȄƑƻƯABCDEï)Ƭ

¦ŇĽžĎǂŉĕƜƾƨƟƿƠƿ253Ȅ318Ȅ398 Å2ƨ

ĕ/ƙƿơȂY2ȃȅ 

ABC: 253 Å2 ABCD: 318 Å2

ABCDE: 398 Å2 IJKLM: 477 Å2

P ������	� �rJ]pKOa�[qK]pM!Y

kitg�
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Ɗ CTX3C(2)Ƭ{đÇŜǂŏœƜƾ��ǂë�

ƜƾơƸƫ5ï�ƬABCDEïƒƼƪƾǥǫǝǿ

5ǂŋŉƚơȅǥǫǝǿ5ƭȄ5ï�ƬABCDEï

Ȃ¦ŇĽžĎȉ398 Å2ȃǂƹƣȄïéǄǗǙȁǻ

ǂ�ƚƦǺǿǊȁƨĢIƚƦƎƾȅ³ƫŚƲơƻ

ƏƫȄ�0lǥǫǝǿƬ�BƋ��D�ƫƑƖ

ƾ¦ŇĽžĎƭ¸gƧƑƻƟ400 Å2ƧƍƾƗƨ

ƒƼȄǥǫǝǿ5ƬA�Eïƭ�BĢIŤ�ƫ

ƜƤƵƽƨEƶƽȄ�²ȄǄǗǙȁǻƺǺǿǊȁŤƭ�BĢIŤ�Ƭeƫ/ƾƗƨƓ»�ƙƿƾȅƶơȄǥǫ

ǝǿ5Ƭ)öƫƻƽ�Ƽƿơ��ƭCTX3CƬ{đǂŏœƚȄƟƬ�ƬŤ0ƭ�BĢIŤ�Ƭe'ƫ/Ʀ

ƎƾƗƨƓ��ƙƿƾơƸȄǒǿǠǆǜǛǆǳǤǄǜǗǆǂĻƏƫƍơƽȄ¸šƪĢIÈ�ǂºƜƾƹƬƨĪƐ

ƼƿƾȅJÈƫƚƦȄCTX3CƬHđǂŏœƜƾ��ǂ�ľƜƾơƸȄ5ï�Ƭǥǫǝǿ6ȂIJKLMïȄ¦Ň

Ľž:477 Å2ȃǂŋŉƚơȅǥǫǝǿ5ƑƻƯ6ƭƎƝƿƹCTX3C(2)Ƭ+I�ƫƑƖƾI�
Ů�ǂB°ƨ

ƚƦI�ƜƾƗƨƓƧƔơȅ�ĴƫȄ�0lǥǫǝǿƭ)öB�ǂćƙƪƎơƸȄǙǿǧǍŕƫĢIƙƞƦ

)öB�ǂ��Ɯƾ�ŁƓƍƾȅƟƗƧȄǥǫǝǿ5ƑƻƯ6ǂÙ�ǈǖǝǻ;×ƫƻƽƟƿƠƿBSAǐǿ

ǕǷǏȁǟƑƻƯKLHǐǿǕǷǏȁǟǂ�ľƚơȅ 

Ɗ  

xv0*7+0E���	�Uh�#!Nhbef@:,DF9CXG�Hj7), 9) 

Ɗ 5ï�ǥǫǝǿ5ƬKLHǐǿǕǷǏȁǟ7ǂ5=ƬǱǇǖƫ3V¦čƚơ�¥ĺƚȄ¸ƹƇƎ��!ǂćƚơ

ǱǇǖƫƥƎƦ7ǂ-�¦čƚȄįıǂ©/�ȄįıĝĬƨǲǈǽȁǱƨĝĬĹIƚơȅBSAǐǿǕǷǏȁǟ

8ƫwƚƦƇƎĢIÙ�ǂćƚơǥǆǪǺǠȁǱƫƥƎƦųô~ŧ×ƫƻƽǍǽȁǢǿǎƚȄ¸ğüƫ6$Ƭ

IgGñðǥǆǪǺǠȁǱǂ�ơȅ��ƭǥǆǪǺǠȁǱǂgũ_ƄƚƦȄ_Ƅ�Ûǂ�ǱǇǖIgG+MǄǩǅǢ

ǝǅȁǍǽǱǟǎǹǩǅȁƫƻƽęľƚơȅ 

Ɗ �Ƽƿơ6čƁƬǵǤǍǽȁǡǻ��ƬĢIÙ�ƑƻƯèõ�ǂÄŊƜƾÿüƧȄƟƿƠƿƬI�ǔǋ

ǟǌǔǿŤ0ÇŜ;IçƫwƜƾņźq®(Kd)ǂÓqƚơȅ��śƽȄ6čƁƬ��ƭ)öƫòƎơ5ï

�ǥǫǝǿ11ƫwƚƦȄKdƓ0.8 nM�10.8 nMƨÆƸƦƇƎĢIǂćƚơȅƗƬ
Ƨ¸ƹƇƎĢIÙ�ǂ

ćƚơ��10C9ƫƥƎƦƙƼƫŎĝǂÄŊƚơȅ10C9Ƭ4ï�ǥǫǝǿ12ƫwƜƾKdƭ1.9 µMƨ11ƫw

ƜƾĢIƨÑƲƦ2000%���ƒƤơȅƙƼƫȄ3ï�ǥǫǝǿ13ƫwƚƦƭ73.6 µMƨ4ï�ǥǫǝǿ12ƨ

ÑřƚƦ30%Č��ƒƤơȅƗƬƻƏƫȄ��ƬI�ǔǋǟǌǔǿŤ0ÇŜ;IçƫwƜƾĢIƭȄïƓ1

ƥÜxƜƾƘƨƫĢIƓ�ƕƪƤƦƎƾƗƨƓ´ƼƒƨƪƤơȅƶơȄƗƿƼƬ��ƭƎƝƿƹCTX3CƬH

đÇŜǂºƜƾ;Iç14ƨƭ+ƕĢIǂćƙƝȄƇƎèõ�ǂºƚƦƎƾƗƨƓ2´ƚơȅ 

P 	��;=6E �u� �#!3E<,o.E1A-F7�]p�
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Ɗ JÈƫȄCTX3CƬIJKLMïÇŜǂºƜƾǥǫǝǿ6ƬKLHǐǿǕǷǏȁǟ9ǂǱǇǖƫ)öƜƾƗƨƫƻƽȄ 
IgGñðǥǆǪǺǠȁǱ3D11ǂ�ơȅ��3D11ƭ)öƫòƎơ5ï�ǥǫǝǿ14ƬƷƫĢIƚȄƇƎèõ
�ǂºƜƾƗƨƓ´ƼƒƨƪƤơȅĒIELISA×ƫƻƽKdǂÒƸơƨƗǀȄ)öƫòƎơ5ï�ÇŜǂºƜƾ
;Iç14ƫwƜƾKdƭ4 nMƧƍƽȄÆƸƦ�ƎĢIǂćƚơȅƙƼƫ��3D11ƭȄCTX3CƟƬƹƬƨƹ�
ƕĢIƚȄƟƬKdƭ122 nMƧƍƤơȅ�²ȄÇŜƬƁ�ƚơ�ƬǰǺǈȁǝǻÚñÐƨƬ�}D�ǂÄŊ
ƚơƨƗǀȄS�ǪǼǬǟǌǔǿAƨ�ƎĢI(Kd = 43 µM)ǂćƚơƓȄǪǼǬǟǌǔǿBȄǉǊǚŦȄǱǆǟǟ
ǌǔǿƨƭĢIÙ�ǂćƙƝȄƇƎŢ �ǂºƜƾƗƨƓ´ƼƒƨƪƤơȅ 

 

yv0*7+0E������#!�������������	�Nhbef@:,DF9CXG�Hj8), 9)�

Ɗ Ɗ ǔǋǟǌǔǿƫƭ{H¼đÇŜƑƻƯ EïƬÇŜƬõƪƾ 4 čƁƬ�ŁƪƁĥ�Ɠm[ƜƾȂY 1ȃȅ
ƗƿƼƭȄƎƝƿƹƇƎÐ�ǂćƜơƸȄǔǋǝǹƃ
ÐƬ�űƬơƸƫƭȄƗƿƼ 4čƁƬ�Łƪǔǋǟ
ǌǔǿǂĤĩüƫÄ/ƜƾƗƨƓƧƔƾÄ/×ƬŭûƓŨŁƧƍƾȅƟƗƧȄÌƫ M ïƫ OH `ǂºƜƾ
ǔǋǟǌǔǿƁ (CTX1BƑƻƯ 51-hydroxyCTX3CƬHđÇŜ)ǂÄ/ƜƾơƸƬ��ǂŐľƚơȅ 
Ɗ ƜƧƫȄ�ƌƬăďƒƼ´ƼƒƪƻƏƫǔǋǟǌǔǿƟƬƹƬǂŏœƜƾ��ǂŐľƜƾơƸƫƭ 5 ï�
ƻƽgƔƪǥǫǝǿȂ¦ŇĽžĎ > 400~500 Å2ȃǂ)öƜƾ�ŁƓƍƾȅƟƗƧȄ±ơƫMïƫOH`ǂº
Ɯƾ 6ï�Ƭǥǫǝǿ 15ǂŋŉȄI�ƚơȂY 5ȃȅǥǫǝǿ 15ǂÙ�ǈǖǝǻ×ƫƻƽ KLHƑƻƯ BSA
ƨħIƙƞȄƟƿƠƿǙǿǧǍŕǐǿǕǷǏȁǟ 16, 17 ǂŐľƚơȅKLH ǐǿǕǷǏȁǟ 16 ǂǱǇǖƫ 4V
¦č�Ȅq×ƫƻƽĝĬĹIǂĻƎȄ3 čƁƬǵǤǍǽ
ȁǡǻ��ñðǥǆǪǺǠȁǱǂ�ơȅǵǤǍǽȁǡǻ

�� 7C9, 8B9, 8H4ƬHIJKLMǩǹǎǴǿǟ 18ƫwƜƾ
ņźq®(Kd)ǂĒI ELISA ×ƫƻƽÒƸơƨƗǀȄƟƿ
ƠƿȄ407, 108, 48 nMƧƍƤơȅƟƗƧȄ¸ƹƇƎĢI
Ù�ǂćƚơ 8H4 ǂòƎƦŎĝǂÄŊƜƾƗƨƨƚơȅ 
Ɗ ǵǤǍǽȁǡǻ�� 8H4 ƭǔǋǟǌǔǿ CTX1BȂKd = 
20.4 nMȃƑƻƯ 51-hydroxy-Ɗ CTX3CȂKd = 13.6 nMȃƹ
�ƕŏœƚơȅ�² Mïƫ OH`ǂ¡ơƪƎǔǋǟǌǔ
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J
L

Brevetoxin A (BTX A) Brevetoxin B (BTX B)

J

G E

Okadaic acid  (OA)

L

JGE

F' E' D' C' B'

A'
Z

Maitotoxin (MTX)

G
E

P 
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ǿ CTX3CƫwƜƾĢIƭ�ƕȄKd = 3.2 µMƧƍƤơȅƗƬƗƨƭȄ�� 8H4ƓMïƬ OH`Ƭºãǂł
0ƖƦƎƾƗƨǂćƚƦƎƾȅ 8H4ƭÇŜƬƁ�ƚơÚñÐǰǺǈȁǝǻƁ (BTX-A, BTX-B, OA, MTX)
ƨƭ+ƕ�}D�ǂćƙƝȄŽ�ƫƇƎ0lŏœĭǂºƚƦƎƾȅ��ŚƲơƻƏƫ�ƌƭ CTX1B Ƒƻ
Ư 51-hydorxyCTX3CƬHđǂƇƎĢIÙ�ƧŏœƜƾ��ǂ�ľƜƾƗƨƫ�7ƚơ. 
 
zv0*7+0E ����� Uhbef@:,DF9CXG�nj 10)�

Ɗ ǔǋǟǌǔǿƬ�ŁƪȈčƁƬÇŜǂĤĩüƫÄ/ƜƾơƸƫƭȄA ïƫǕǨǠǽǌǔǪǝǢǻ`ǂºƜ
ƾ CTX1B Ƭ{đÇŜǂŏœƜƾ��ǂ�ľƜƾ�ŁƓƍƾȅCTX1B ƭȄi�Ø\^ƧûðƜƾǔǋǝ
ǹƃ
ÐƬÐƈƫƭÑřüfƕLƶƿƦƎƾƗƨƓĂƼƿƦƎƾơƸȄèƫƟƬÄ/ƭŨŁƧƍƾȅ�Ƥ

ƦȄ�ƌƹ�1ƻƽ CTX1B ǂŏœƜƾǵǤǍǽȁǡǻ��ǂ�ľƜƾơƸƫÈƌƪÄŊǂĻƤơƓȄ12) 
CTX1B Ƭ A ïŤǂŏœƜƾǵǤǍǽȁǡǻ��Ƭë�ƫƭĲƼƪƒƤơȅǥǫǝǿƬÇŜȂïƬ®ƪƩȃ
ƺǙǿǧǍŕǐǿǕǷǏȁǟƬI�×Ȅ)ö×ƪƩÈƌƪ¾�ǂÄŊƚơĢÁȄ¸ğüƫ��ƫŚƲƾ²

×Ƨ CTX1BƬ{đÇŜǂŏœƜƾ��Ƭë�ƫ�7ƚơȅ 
� �®CTX1B �l�~¥'����
¡£�$I>/OR<MuX'Y��

$���®5 �s?D9P 19 ' �Q
dt��¯?D9P 19 �7P@/¤�
469)P�f�F)1MVacr�

!#7P@/¤3P5J2R:'¢�

�$��FN)G;f'j]�� �̄®

DTSSP � BSA �$�� KLH �'cr

�®��� TCEP�!#¦\�$	�
�!#®BSA�!� KLH�L5P�f
'8,RMf�Z¬��8,RMb7

P@/¤ 22 (BSA)�!� 23 (KLH)'¢
���¯
"�	%"7P@/¤ 22 �
!� 23 �?D9P 19 �'cr
�®
BSA �!� KLH 3P5J2R: 24 �
!� 25'¢���¯KLH3P5J2R
: 25 'F*6� 4 ew�p®©����d��!#�����F*6G+ORF���'�d

�� ĒLISA�!# BSA3P5J2R: 24��d�s'��� IgG��?)CL;RF����
/OR=P0'��®I>/OR<MuX��?)CL;RF 3G8 'q�¯I>/OR<MuX
3G8�ABCDEBK0HP: 26�i�$�¨hy (Kd)'�d ELISA��!#����	& 1.5 nM
�o��d�s'���¯ 3G8�4-:.4P CTX1B� o��d����¨hy� Kd = 14.9 
nM���� S̄z®A��5A;O.4C9=Mf'v���4-:.4P CTX3C����(�
�d�®	�	��®3G8� A��5A;O.4C9=Mf�|�'�_���$	�'���
�$¯��®3G8� ABCBK0HP: 27�i�$ Kd� 410 nM��#®ABCDEBK0HP: 26
����� 270 [�d�s��k�$	��{"�����¯	��}�®3G8 � CTX1B (1)�
ABCDE �§'¡£���$	�'xv�$ ���$¯
"�®3G8 �~¥�«W��U���
�EL+R9M«(BTX-A, BTX-B, OA)��^�Tmcr'�
®ªn��_g¡£�'��	
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25: R = KLH
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��`{��¯ 

 

{v/E8(54(?:'52(�#%0*7+0E�\I 7), 8), 9), 10)�

Ɗ �0l�BȂĶçȄÐçĔȃƬÄqƧƭȄ�¿ȄǹǬǻ;ƚơ�BƨƬĒŲtƓ�ƕ4òƙƿƦƔơȅ

ƚƒƚȄ½�×ƭªŴ�2qƬǺǖǍƓƇƕȄƶơȄ��Ɠ�?0ƪƗƨƓTƀƨƪƤƦƎƾȅŔŨƪ�BƬ

bIƫƭȄǹǬǻ;�BƬ�ľCƯƟƬ�ģƓgƔƪŶtƨƪƾȅ�V�ƌƭȈčƁƬ�Łƪǔǋǟǌǔ

ǿƬ 2čƁƬ{đÇŜƑƻƯȇčƁƬHđÇŜǂèõüƫŏœƜƾǵǤǍǽȁǡǻ��ǂë�ƜƾƗƨƫ

�7ƚơȅƟƗƧȄǔǋǟǌǔǿƁƓ0lŬ 3 nm ƫƑƻư|g�0l;IçƧƍƾƗƨƫāÿƚȄ0l	

đǂƗƿƼƬ��Ƨ£¢ƚƦǔǋǟǌǔǿǂÄ/ƜƾơƸƬǒǿǠǆǜǛǆǳǤǄǜǗǆ×ǂÄŊƚơȅ�ƌ

Ɠë�ƚơ{đÇŜǂŏœƜƾ 2 čƁƬ��ƨHđÇŜǂŏœƜƾ 2 čƁƬ��ƨǂĠƷIǁƞƾƗƨ

ƫƻƽ 4 čƁƬ�ŁƪǔǋǟǌǔǿǂĤĩüƫÄ/ƜƾǒǿǠǆǜǛǆǳǤǄǜǗǆǂÇėƜƾƗƨƓƧƔƾ

ȂY 7ȃȅ 

Ɗ ƗƗƧƭȄCTX1B Ƭ{đÇŜǂŏ

œƜƾǵǤǍǽȁǡǻ�� 3G8 ƨH

đÇŜǂŏœƜƾǵǤǍǽȁǡǻ�

� 8H4 ƨǂ4òƚơ CTX1B Ƭ�ũ

Ä/ƫƥƎƦĞ�ƜƾȅELISA ǫǼ

ȁǟ�ƫZq;ƚơ�� 3G8 ǂòƎ

ƦȄCTX1B ǂ£¢ƚȄƗƿƫťĜÉ

œȂŀØǁƙƯǭǻǉǌǔǙȁǘȃƚ

ơ 8H4 ǂòƎƦÄ/Ɯƾƨà� m

üƪǔǎǡǻƬc8ƓŅÞƙƿȄÄ

/�� 0.28 ng/mL Ƨ CTX1B ǂÄ/ƜƾƗƨƫ�7ƚơȂY 8ȃȅƶ

ơȄ½Ä/×ƭȄǔǋǟǌǔǿƁĥ�ƧƍƾCTX3CƺǉǊǚŦƺǪ

ǼǬǟǌǔǿƁƨƎƤơǰǺǈȁǝǻÚñÐǂ8ƐƦƹ+ƕǔǎǡǻ

ǂ�ƐƝȄ½ǆǳǤǄǜǗǆ×ƓǔǋǟǌǔǿCTX1BƫwƚƦÆƸƦ

èõ�ƬƇƎÄ/×ƧƍƾƗƨƓŌ´ƙƿơȅJÈƫ CTX3C Ƭ{

đÇŜǂŏœƜƾ 10C9 ƨHđÇŜǂŏœƜƾ 3D11 Ȅ

51-hydroxyCTX3C Ƭ{đÇŜǂŏœƜƾ 10C9 ƨHđÇŜǂŏœ

Ɯƾ8H4ƨǂĠƷIǁƞƦȄƟƿƠƿCTX3Cƺ 51-hydroxyCTX3C

ǂƇ��Ƨèõ�ƇƕÄ/ƓGĭƧƍƾȅ54-deoxyCTX1B ƬÄ/

ƫůƚƦƭhäçƓ*�ƧƔƪƎơƸƫrŌƚƦƎƪƎƓȄ3G8 ƨ

3D11 ƨƬĠƷIǁƞƧÄ/ƧƔƾƹƬƨĪƐƼƿƾȅ 

 

|v�&$��

Ɗ �VȄ�ƌƭºËI�;nƫƻƽI�ƚơǔǋǟǌǔǿƬŤ0ÇŜ;Içǂ)öƜƾƗƨƫƻƽǔǋǟǌ

ǔǿƟƬƹƬǂèõüƫŏœƜƾǵǤǍǽȁǡǻ��Ƭë�ƫ�7ƚơȅ½�×ƭȄÉüèõü��ǂë

�ƜƾơƸƬǹǔǸǡǻƪǞǓǆǿƓGĭƧƍƾơƸŽ�ƫº9ƪ�×ƧƍƾȅƙƼƫȄ�ƼƿơǵǤǍǽ

ȁǡǻ��ƬƪƒƒƼǔǋǟǌǔǿƬ{đÇŜǂŏœƜƾ��ƨHđÇŜǂŏœƜƾ��ƨǂĠƷIǁ

[CTX1B] (µM)

A
bs

or
ba

nc
e 

(4
90

 n
m

)

P ���/E8(54(?:'52(�#

% ����� �\I�

P �/E8(54(?:'52(�#%RV_Q0*7+0E�\I�
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ƞơǒǿǠǆǜǛǆǳǤǄǜǗǆƫƻƽǔǋǟǌǔǿƬ�ũÄ/×ǂĄĐƜƾƗƨƓƧƔơȅ�Vŭûƚơ�

×ƭȄ�ƬÚñÐ�Ĵƫƹ�òƓGĭƨĪƐƼƿƾȅƶơȄǊǺǪÚÚ^ƧƑƗƾǔǋǝǹƃ
ÐƧƭȄÇ

ŜƬõƪƾǊǺǪÚ]ǔǋǟǌǔǿƓBWÐĜƧƍƾƗƨƓ´ƼƒƨƪƤƦƎƾȅí[ȄǊǺǪÚ]ǔǋǟǌ

ǔǿǂŏœƜƾ��Ƭ�ľǂŪ�ÄŊ
ƧƍƾȅƶơȄ½ăďƧŭûƙƿơǒǿǠǆǜǛǆǳǤǄǜǗǆ×

ǂǆǿǩǻǈǿǓǇǅǻǖÄ/ǌǜǟƪƩƬƻƏƪĘ"ƪǌǜǟƱyŭƜƾƗƨƹuµƧƍƾơƸȄí[Äqǌ

ǜǟƬrò;ǂŞƸƦƎƾȅƙƼƫȄǵǤǍǽȁǡǻ��ƭ��>ĶƨƚƦǔǋǝǹƃ
ÐÕúƫòƎƾƗƨ

ƓƧƔƾȅƗƿƶƧƫȄǵǤǍǽȁǡǻ��ǂòƎơǔǋǟǌǔǿƬÐ�Ƭ
Q 14) ƺǱǇǖǵǤǍǽȁǡǻ
��ƬǨǟ;ƫƥƎƦƹ�7ƚƦƎƾȅ��Ȅ�ƌƓë�ƚơ�ǔǋǟǌǔǿ��Ɠǔǋǝǹƃ
ÐƬ�ű

ƬƷƪƼƝȄÕúƫƑƎƦƹ�ƫĐƥƗƨƓ»�ƙƿƾȅ 
Ɗ ½ăďƭȄ1994 �ƫÀ<gnînŤƬ�ŮÍA¤ƓȄĉƓ�¶:ƸƦƎơĵì`ĆĊnăď�Ƭ
ƂTǂƙƿƦƎơƨƔƫĀőƎơƢƎơƬƓ,JăďƬƭƛƶƽƧȄƟƬ�Ȅĵì`ĆĊnăď�Ƭ��

ǎǻȁǫƑƻƯðç0lznăď�ƨgŰ�ĐgnƬķ�ţŷăďsƧĻǁƿơƹƬƧƍƾȅŭjƒƼ

Ě 17~8�ƒƒƤƦȄƺƤƨ�1ƬÿüǂƳƴp�ƜƾƗƨƓƧƔơȅƟƿƫƭȄºËI�;nƫƑƖƾI
��ļƬŞÎƬûyƓgƔƕv�ƚƦƎƾƗƨƭňƏƶƧƹƪƎȅƗƶƿƧȄ½ăďǂ«¨ƚƦƎơƢƎơ

�ŮÍA¤Ȅķ�ţŷ¤ƭƛƸfƕƬ,JăďīƬýÈƫ�ƒƼ�ŒƎơƚƶƜȅ 
 
}vZc�
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*7)ūĴFŚŦÖ�u�relA(U#Ɖé�ÓëūG�© FłĺQµ¿�ŜšF¨ô(U)G

.ZFÔĠƆōEī0ƙ�5@)U2B.ĎS-BDT??(T�ěúúµFĞŧQ¡Ļ�bxm

�FŻĎ.ĥŅ3V@)UBBPE�ÀůµƕJFöĻ.Ēñ3V@)U#ÓëūFěúúµE

G��� Òh��g����x��}��b�ƥ�}��ŉƓ��saf�b�Ʀ�xvk_�DCFç

ØµÙ.ŇSV@,T�2VS.,�)EŞÇ5<l����d���zru��eERU�u�

relYîú5�ŚŦEâ5@¡Ļ5@)UBţ+SV@)U#2VSFÓëūěúúµGĜ$D

ĞŧYđ7U.��AP��x�GÓëūFĺĲĦ÷F�õYĀ>@)U2B.ŇSV@)U#Ů

ŤG��x�FĞŧƐ�YÇú��qvYĻ)@ŠŢŃEŻė7U2BERT�ŵƜD��x�F

ĞŧY©$FĞŧƐ�Eµ1@ŻĎ5�3SE:2-SóSVUĜ$DĦ÷Ƒ¶ƥĦ÷��qvƦ

YÀůµƕEöĻ7U2BYŅŃEňŐYű>@/<#22AG�û$FňŐF\^u�]�Yś

�7U#�

�

����x�FµÙŻ¹�

� ��x�GŚŦĄņ�ÌÝîú�ŋŝŠ³ĺ�ŰŔċĺ�»¬ģŁQ.ZFÔĠƆōDC�ŵƜA×

ïDĺĲĦ÷Yđ7UçØµÙF<O���x�FĺĲĦ÷�bxm�YſŚEŻĎ7UEG�

©$FĞŧƐ�Eµ1@Żė5@)02B.ƔŶBţ+SV@/<#�¸RT���x�FƒŘĩ

¿ER>@óSVUµŻ��f��u�Ŝą+p�}eƂ�Çú��qvDCYĻ)<ČĤA��

x�FĺĲĦ÷Ɛ�Făř.űXV@/<ƪƦ#ŮŤSGĐPÅ0-SňŐ3V@)U��x�\]

o�`��A(U��x����� F\�{ƓƑ¶YŠŢ5< ��� ŏƠF��qvYÇú5�ŏ$FŚ

ŦYĻ)@ŚŦĄņĦ÷YſŚEž¥7U2BERT�ÏƪEŊ5<ŗ��ŏƠFĦ÷��qvYÈ

Þ5< �ƧƯƦ#Ħ÷F(><��qvFD-EGŚŦĳĿŃEĄņĦ÷QŚŦƎƃY¦ƍ7UPF�

M<]�sf��QūƁƋÒ��saf�b�Fj�tb�EĳĿŃEŞÇ7UPFDC.Ÿ?

->@/@)U#£+H��� ƖF � ĔŒF 
 ?FĸĴ�k���F�AP 	 ľŅF ��	 �k���
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FƑ¶A(U ����ƥ������������Ƴ�^l��x��� Ɩ ��������ƦG�ĳEí)ŚŦĄņĦ÷Y

Ŋ5�ŚŦFƎƃ�ĨİQ�u�rel�p���s\�nFć´Y¦ƍ39U2B�~uËĪũļ

ĖŚŦE¡Ļ5@ũĜěƌYîú39�ŋŝŚŦE¡Ļ5@ŋŝőƄ�ƗY¦ƍ39U2B����

����AÌÝîúYþ·39UDCĜ$DĺĲĦ÷Yā?2B.µ->@/<ư"ƱƦ#3SE����� .

j�tb�Y�5@ŚŦE¡Ļ7U2B.ŻĎ3V�2FƐ�.��x�µÙ�E,)@łĺQµ

¿Eƙ7UĺĹ¡ĻEī0ƙ�5@)U2B.ŊÊ3V<ƲƦ#M<���x��� Ɩ ��	 �k���

-SG�� � ]�sf��BĳĿŃEŞÇ7U ���ƥ�������������������Ƴ�^l��x���

Ɩ ��	�!���
ƦPÈÞ3V<ƯƦ#���� B ��� FĦ÷YġƇ5<B2W����� G����fěƌY�>

<ƞèEí)ŚŦĄņĦ÷YŊ7.ŚŦ�åĦ÷YŊ38���� GŚŦĄņĦ÷E¼+@\eq�

lu�l�[]|�Yîú5í)ŚŦ�åĦ÷YŊ72B.µ-><#2VSFŞĘYÕĿã¯5

<Ŝą+p�}eƂYĻ)@ĚŽ5<B2W����� B ��� G:V;V ��	 �k���FŚŦĄņĦ

÷BŚŦ�åĦ÷EƔŶDĞŧƐ�A(U2B.µ-><ƪƩƦ#�

� ķÑMAE��x�����'�
�� MAF �� ŏƠF\]o�`��.ŇSV@)U#ĐƉ���x�

���� FłķG-DTƚÞ3V<ŜšEäÑ7U2B.µ->@/@,T�ÓëūGŜšĳĿŃE

Ĝ$D��x�\]o�`��.łķ5@)U2B.ĎS-BD>@/@)U#£+H���x�

��������� GŋŝŜšĳĿŃE���x��������������� GńŪE×0���x��	����	�� GŰŔ

²ńE×0ÚÑ7U#2VSFĞŧƐ�FňŐYű*2BA�°@F��x�E±ƋE§Ú3V@

)UĞŧƐ�Q�ŋŝQŰŔ²ńDCFŜšĳĿŃE¡Ļ7UĞŧƐ�FÈÞ.Ēñ3VU#��

x����� FňŐAPŊ3V<R*E�×ïDĺĲĦ÷Yđ5@)U��x�\]o�`��EG

Ĝ$DĦ÷Ɛ�FÚÑ.ţ+SVU#��x�G]�sf���j�tb��klu�f�b�D

C��� ŏƠ��FÄà BŞÇ7U2B.ŇSV@)U#ŚŦG�ŚŦÖ�u�rel�F��x�

µÙ�(U)G�:FµŻ��f��uDCF�c�vFŏƠEö6@�ŚŦŲƟFÄà F¢)µ

1Yű)�Ĝ$Djfw�YÄà5@)U2B.ţ+SVU#�

�

�

Plate assay!

Bead assay!
A10!
A13!

A24!

A119!

A51!
A64!

B98!B31!

AG10!

B54!

B133!
A167!

B160!

C28!
C64!

C68!

AG32!

A99!

C16!

AG73!

A208!

MRGSGTGAALLVLLASVLWVTVRSQQRGLFPAILNLATN!

AHISANATCGEKGPEMFCKLVEHVPGRPVRHAQCRVCDG!

NSTNPRERHPISHAIDGTNNWWQSPSIQNGRE!

ARKAKNSVSSLLSQLNNLLDQLGQLDTVDLN!

KLNEIEGSLNKAKDEMKASDLDRKVSDLESEARKQEAAI!

MDYNRDIAEIIKDIHNLEDIKKTLPTGCFNTPSIEKP!

A1! A2! A3! A4!

A5! A6! A7!

A8! A9! A10!

C154! C155! C156!

C157! C158! C159! C160! C161!

C162! C163! C164! C165!

673 Synthetic peptides!

α1鎖!Laminin-1!

β1鎖!

γ1鎖!

Screening of 
cell adhesive 

peptides !
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�����x�Ħ÷��qvFŚŦ�ŜšæÛJFöĻ�

� ÓëūE,)@��x�G�ŚŦĄņĦ÷YG6OĜ$DĺĲĦ÷Yđ5�ÓëūF�ðŃDð

ºYĘ<5@)U#ŚŦ�ŜšæÛE,)@ÓëūĞŧYđ7UĹøŃDĕĊB5@ĢĻ3V@)

U%�u�g�&G��^l.ZŜš-Sÿ´3V<Æį¿ÓëūA���x����� Y�úµB5@

)U#%�u�g�&G�^l.ZŜšļĖA(U�-SßƛFÀŀJFöĻEGƚĽ.(U<O�

ÓëūĞŧYĝª5<Ü°DƤµÙĕĊF»Ŵ.Ēñ3V@)U#̧ ƊF��x�Ħ÷��qvY

ƤµÙ×ŕEŞÇ39�ÓëūµÙF/Y³ķ5��æÓëūF»ŴYŅĂ5<ŮŤSFÃTŜ

NYś�7U#�

� 2VMAƊK@/<��x�FĦ÷��qvGĜ$DĦ÷Yđ7U2B-SŜšæÛµƕJF

öĻ.ĒñA/U.���qvG:FMMAGµŻ3VQ70�ŜšEƗ0BCOU2BGÍƝA

(U#7DX=�2VSF��qvYŜšæÛµƕJöĻ7U<OEG��qvFĦ÷Y½Ķŭ0

ŚŦE¡Ļ39U2B.ƔŶED>@0U#:2AŮŤSG���x�FĦ÷��qvYƤµÙ×

ŕFdui�FūEÐÞ¿7U2BYĚż5<ƥÏƫƦƪƪƦ#dui�GĺµŻ÷A(T��æńŪ

DCFîA7AEŬêöĻ3V@)U#ıŰĭĴùAŚŦĄņĦ÷YĮÞ5<B2Wē¨ƢFdu

i�ūEGŚŦGĄņ5D-><#���� ÂI ��� ��qvY:V;Vdui�ūEÐÞ5<ūY¡

ú5�2VSFūEŚŦY¼+<B2W������dui�ū�AŚŦGí0Ąņ5����fěƌY

BU2B�����dui�ū�AG\eq�lu�l�[]|�Yîú5í0�å7U2B.µ->

<#M<����� YÐÞ¿5<dui�ū�E,)@ŋŝŖŚŦFŋŝőƄ�Ɨ.¦ƍ3VU.�����

dui�ū�AGŋŝőƄ�Ɨ.¦ƍ3VD)2B.µ-><#2VSFŞĘ-S"ŚŦĳĿŃD

ĺĲĦ÷FƏ)Gdui�ūEÐÞ3V<��qv.ŞÇ7UŚŦūÄà E¤Ú7U2B.X

-><#�

>u� -,$/QJ*)!#�?E:
�*)!#��"�/g�TSQJ�

�

� ��x��� Ɩ ��	 �k���G ���� Ɛ�Aj�tb�B ��� Ɛ�A�� � ]�sf��E¡
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� çØDŚŦĄņp�}eƂA(U��x�FµÙŻ¹�7DX=ŠŢŃle��x�fBĞŧ�

�qvFſŚDĺĲĦ÷FŻė�3SEG:VSFÀůµƕJFöĻYO45<ňŐFħVA�%Ś

ŦĄņµÙF��qvŌÛ&YåƘ5@)UƥÏƭƦ#ķÑ�ŮŤSG�®ƊFýĤYĻ)@�°@F�

��x�\]o�`��FŠŢŃle��x�fYű>@,T�2VMAE����ŏƠ��FÇú�
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� ŏƠFĦ÷��qvYÈÞ5@/<#2VSFĦ÷��qvF�-SßƛEÀŀ

EöĻA/UPF.´@0U2BYĒñ5@ňŐYş1@ű0�ÞA(U#�
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ŖŮwůŅÇE4_ÒÚƷƘƻň¶ŭŬťŢĖ�ŉŴQÜŮ°�ƅ�ōŨŋŢţőŸŚŨŅēŭŊƀŐŪŌ

ŗřŋŸŜņÕůÄLŅ§�\_\_ĳÅ_âÒÚÖŅm½p���ŮżŪũƘƹƥƌĚŮ¹�ƅ�ŭ

žťŨ*�ŜƁ�Ċ�·ŮĮÍŪŠŮ�ÉÒÚŭ�ƄťŨŎƀŸŜņ�ŭžƁ%^°õŮ*�·ůŅŠŮ

�ÛįÎ%ČõŮŃŘŽhę%^ŭhŜƁÂÌ�ŮŃŘŬūŮ)¿ŏſŅğtĹrŭÍoÿŚŋ%īŪ

ŬťŨŎƀŸŜņŖƂſŮ�*�·ůŠŮ8ÅŭSŧŋŨŅ\őœ2Ŧŭ%ŕſƂŸŜņŜŬƄŤŅ�%Č

�Ů�ĘSƅl�ŜƁŖŪŭžťŨ¥¦Ů°õƅ�*ŚŢ¢°m%^ũŊƁƎƻƔƟ4?ÁƅÉŋƁ�·Ņ

ŎžŲ�=fƘƹƥƌĚƅ)ÉŚŢĨ�^ƐƻƟNŮ�·Ů2ŦũŜņ 

�IůŅƎƻƔƟ4?ÁƅÉŋŢ�*�·ŏſ1TŅ�=fƘƹƥƌĚƅ)ÉŚŢ�*�·ŏſ2Tƅç

ŘŞŨŋŢţőŸŜņŠƂũůŅžƃŚœŎĿŋŋŢŚŸŜņ 

 

Spatiotemporal resolution of the Ntla transcriptome in axial mesoderm development. 

Shestopalov IA, Pitt CL, Chen JK., Nat. Chem. Biol., 8, 270–276(2012). 

 

Ĩ�^ŮÍÄƅ3Á��"ũ�ÛįÎŭ*�ũőƂŰŅŊƁĨ�^ŐÇ�"ŮŊƁU�ũŊƁ�į

ŭūŮžŌŬÇÅÎ{.ƅ©ŢŜŏŅĐæŭČ¨ŜƁŖŪŐ>õũŜņ 

�IůŅĨ�^ƅƘƻƏƛƞŪŚŢƎƻƔƟ4?ÁŏſŅƇƹƚƖƹƕ%^ŮƾŦũŊƁƱƶƫƵƢƋƵƑ

(MO)ƅÉŋŢĨ�^*�·ŪŠŮƗƧƴƦƈƛƓƲ'¤óŴŮ�ÉÒÚƅçŚŸŜņƗƧƴƦƈƛƓƲŮ

óůóÍÇŮ ¤įŭŎŋŨġ�ũŊƁŢŻŅľ�ĭ�ũ ŨŮæôƅĠěŜƁŖŪŐ>õũŊƀŅ�

*�ƅĈŜƁcłâũļíŭÉŋſƂƁƱƝƶÇÁũŜņ 

ƎƻƔƟƱƶƫƵƢƋƵƑ(cMO)ů�ÀjŭžťŨƇƹƚƖƹƕ%^ũŊƁMOƅģķŜƁ%^ũŊƀŅÏ

ÎĨ�^ŮÍÄƅ�ÛįÎŭ�*ŜƁŖŪŐ>õũŜ(K.1(a))ņÜðſůŅ÷äz�ũ�ĈŬ{.ƅ©

ŢŜĝ#J^Ntlaƅ¯ÎŪŚŢcMOƅĮÍŚŅŖƂƅƦƸƻƒƉƞưƞƵƻŎžŲƭƉƌƸƇƷƉŭèŹ?Ƅ

ŞŅƗƧƴƦƈƛƓƲŮ�óþŭŎŋŨNtlaŮƞƴƹƕƌƵƨƞƻƯƅČ¨ŚŸŚŢ(K.1(b))ņ!�ÎŭůŅŸ

ŝĀ�ýãƦƶƋƷƖƉƹƅƎƻƔƹƍŚŢƎƻƔƟƦƶƋƷƖƉƹ(cFD)ƅcMOŪŪżŭƗƧƴƦƈƛƓƲ

Ůóŭ¸�ŚŅŠŮ}Ņk¦÷äŪŬƁĻPƅåZìÀjŚŸŜņåZìÀjŭžťŨNtlaÍÄŐ�*Ř
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ƂŢæôůƦƶƋƷƖƉƹŮĀ�ƅÔŜŢŻŅƦƸƻƒƉƞưƞƵƻŭžťŨŖƂſƅħ�Îŭ%<ŚŸŜņ

%<ŚŢæôŮĨ�^ÍÄƥƘƻƹƅƭƉƌƸƇƷƉŭžťŨČ¨ŚŅŖƂƅĨ�^ÍÄŐ�*ŘƂŨŋ

Ŭŋ��ŪµĞŜƁŖŪũŅNtlaŮ�ÛįÎƞƴƹƕƌƵƨƞƻƯŐ�ſŏŪŬƀŸŜņ 

Üðſů¥�·ŭžƀŅcĵŭŅNtlaŮ�ºũŠŮÍÄŐĕßŘƂŨŋƁ�ąĨ�^ƅ100�ØwÂb

ŚŅŠƂſŮ°õČ¨ƅăŋŸŚŢņ�� ĜŮNtlaƅ�*ŜƁ~¦·ŪµĞŚŨ8���Ů�ŮĨ�^

ƅÂbũőŢŖŪŏſŅ¥�·Ů¢É�ŐÔŘƂŸŚŢņŖƂŶū[œŮĨ�^ƅÂbũőŢÅÊůŅ�À

jĻPƅĲbŚŅÍÄ�*ŘƂŢæôƅƦƸƻƒƉƞưƞƵƻŭžťŨ%<ŚŢŖŪũŅƤƛƌƍƴƊƹƟŐ�

ŐťŢŢŻŪïōſƂŸŜņŖŖŭƤƛƌƍƴƊƹƟŪůŅcĵůŅŊƁ�ĩŮæôŭŎŋŨNtlaŮ�ºũĕ

ßŘƂŨŋƁĨ�^ŐŅŠŮ�Ůæôũů�rÎŭÍÄŚŨŋƁŬūŮÅÊũŅ�� �ŮsMŪŚŨů

ĉŏŕ�NtlaŮ�ºũÍÄĕßŘƂŨŋŬŋžŌŭČ¨ŘƂƁŖŪƅ�ŚŸŜņ 

ŘſŭŅÜðſůŅŖƂŸũNtlaŮ�ºũĕßŘƂŨŋƁŪuœïōſƂŨŋŢ2ŦŮĨ�^flhŪfgf8aŐŅ

cĵŭůÐ�ÎŬĕßƅ=ŕŨŋŬŋŮũůŬŋŏŪŋŌƝƻƘƅÔŚŸŜņŜŬƄŤŅ~¦·ũů��

 �ŭƄŢťŨNtlaƅ�®ŭ�*ŜƁŢŻÇ�ŭ�ōƁ�3ŐyŜŒŅ¥¦ŬſŰNtlaŐÐ�ÎŭİƄ

ſŬŋĨ�^ŮÍÄŭŘōż�*Ů2©ŐÄƄƂŢŮũůŬŋŏŪïgŚŨŋŸŜņ 

¥Ė�ũÔŘƂŢžŌŭŅĨ�^ÍÄŮ�*�·ŭžťŨĨ�^ÍÄƅŃŋ�Ûį%Čõũ*�ŜƁ

ŖŪŐ>õŪŬƀŅ�}ƗƧƴƦƈƛƓƲŭĲſŝŠŮ�Ů��ŭŎŋŨż�ĊŮĨ�^°õŐ�ſŏŭ

ŬťŨŋœŖŪŐ5%ŭ¤|ŘƂŸŜņ 

 
Spatiotemporal control of gene expression by a light-switchable transgene system. 

Xue Wang, Xianjun Chen, Yi Yang, Nat. Methods., 9 , 266–269 (2012). 

 

ƎƻƔƟ4?ÁŭžƁĨ�^ÍÄŮ�*�·Ū@®ŮďŹůŅ�=fƘƹƥƌĚƅÉŋŢĨ�^Ɛƻ

ƟNŮ�·ũżăƄƂŨŋŸŜņƎƻƔƟ4?ÁŭžƁ�*�ŐŅ[œŮU?400 nm��ŮåZìƅ)É

ŜƁŮŭhŚŅĨ�^ƐƻƟNŮ�·ů�=fƘƹƥƌĚŮB;Â�ŏſ>ċ�ĻPƅÉŋƁżŮŐ�ũ

ŊƀŅæôŭhŜƁ´�ŅÇ�ġĤ�ŪŋŌ¿ũ¢)ŪïōſƂŨŋŸŜņŚŏŚŠŮ:ĺŅ�üŭÇ�Ɖ

ưƻƔƹƍũÉŋƁĀ�ƺÍ�ƘƹƥƌĚŮƕƪƌƞƶŐ>ċ�ĻPũŊƁŖŪƅïōƁŪŅƉưƻƔƹƍũ

� 1 (a)cxejsuotk`td(cMO)U�,S#C. (b) cMOLXWcxejnu`vg^w(cFD)\-KQ
E��/+mhxw:!&U�Hfaxq. (= XZ�F��) 
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ÉŋƁ�Ū�+¾ŭÉŋƁ�ŐƋƻƤƴƛƨŜƁŖŪůÑ�Ūż�ōſƂŸŜņ 

¥Ė�ũůŅ�ÀjŭžƀƫƱƙƉƭƻƅz�ŜƁ�=fƘƹƥƌĚVividƅ)ÉŚŨŅĝ#J^Gal4Ů

¹�4ƅ�ŭžťŨĒlŜƁ�·ƅĮÍŚŅŘſŭŅ¥�·ŭžťŨŅÂŭ>ċ�ƅġĤŚŭœŋŪŘƂƁ

ƭƊƕŮñùũżĨ�^ÍÄƅ�ĒlũőƁŖŪƅcĎŚŸŚŢ(K.2(a))ņŖƂŸũŭżŅ�=fƘƹƥƌĚ

ƅ)ÉŚŢĨ�^ÍÄŮ�*�·ůŋœŦŏTCŐŊƀŸŜŐŅÇőŢF�3Á��ƅ&ĮŬūŮÂ(

Ŭ$îŬŚŭ�ÉŚŢ,�ůŬœŅ¥�·ŮÂ�ŐŠŮŃŋ��=õŭŊƁŖŪƅÔGŚŸŜņŸŢŅ2Ù

ŀŮƘƹƥƌĚƅl�ŜƁ�ĈŐŊƁ~¦·ŪµĞŚŨŅl�ŜƁƘƹƥƌĚŐ1ÙŀũŊƁŖŪŏſŅÍÄ

ĬŮĕßŐà6ũŊƁŪŋŌ)¿żŊƀŸŜņ 

ŸŝŅÜðſůRŁæôŭŎŋŨŅĮÍŚŢ�·Ů¡Ħ4ƅďŹŸŜņŜŬƄŤŅ�=fƘƹƥƌĚŮ

ƇƮƢĪYÌŭžťŨŅƤƛƌƍƴƊƹƟŪŬƁ Ã�ũŮ
Ĭ�4ƅxŻŢYÌ�Ů�ĆƅÏ�ŚŸŚŢņ

ê©Ņ2ŦŮƇƮƢĪYÌŭžƀŅ�ÀjŭžťŨ�100�ŮĨ�^ĝ#ĬW1ƅĥ�ŚŅŘſŭ�ÀjŮ

�įŎžŲI�ŭžťŨ³ĴÎŭĨ�^ĝ#ĬƅW1ŘŞſƂƁŖŪƅcĎŚŸŚŢņ 

±ŭŅĮÍŚŢ�·ƅƭƊƕ��ŭ�ÉŚŸŜņƣƉƟƸƠƮƌƕ·ŪDŰƂƁ�·ŭžƀñùŭ�*�

ƘƹƥƌĚƅÍÄŘŞŅLED�ũÇőŢƭƊƕƅ�ÀjŚŸŚŢņê©Ņ�ÀjŭžťŨĨ�^ÍÄƅ*�

ũőƁŖŪƅÓđŚŅŘſŭInsulinŮĨ�^ƅƘƻƏƛƞŪŜƁŖŪŭžťŨŅò¼ƭƊƕŮĂá�ƅ�Àjŭ

žťŨ��ŘŞƁŖŪŭ�0ŚŸŚŢ(K.2(b))ņÄ³ĴũůƭƊƕ��ŮU?Ņ��įŭż9ų�ÀjŐ�

ÉũŊƁŬūcÉÎŬĔĽżŊƀŸŜŐŅ�}Ņ��=�ŮŘſŬƁA�ÝŭžťŨŅúvĺŴŮ�Éż¬

čũőƁŏżŚƂŸŞƆņ 

Light-based feedback for controlling intracellular signaling dynamics. 

Toettcher JE, Gong D, Lim WA, Weiner OD. Nat. Methods., 8 , 837–839 (2011). 

 

%^°õŮ�ŭžƁ*�·Ů\őŬ)¿ŮƾŦůŅ�ŮywƅYōƁŖŪŭžťŨŅ%^Ů¹�4ŸŢ

ů�¹�4ŮywƅĕßũőƁ¿ŭŊƀŸŜņŚŏŚŅŠŮ¹�4ywŮ²ÓŬĕßů[œŮU?à6ũ

ůŊƀŸŞƆņŬşŬſŅ�üŭæô"ŭÍÄŜƁ�=fƘƹƥƌĚŮ%^�ůæôŭžťŨÌŬƀŅŸŢŅ

�ō@śũŊƁŪŚŨżŅćĶŬæô"ÆV�ũů�=fƘƹƥƌĚŮ¹�4ů�ywŭhŚ` ŭì

zũůŬŋŏſũŜņ�Þywƅ	Ż²Óŭ	»ŜƁŖŪŐĸŚœŅŸŢ@śywũ�ƅÀjŚŨżæô

ŭžťŨ�ÞywŐÌŬƁŢŻŅbĬ�ŪŋŌ¿ŭ\őŬĔĽŐŊƁŮŐÄÃũŜņ 

¥Ė�ũůŅ�ÀjŚŢæôŏſŮ�ÞƅĢ�Č¨ŚŅ�ÀjŮywƅû3ũĕßŜƁŖŪŭžťŨ�

� 2 (a)��hwmb@ Vivid \-KQA���U�
�&U�,. (b)p_f56TLN[E��/+

��H. 8�hwmb@ mCherry U/+\�
�. �V mCherry \�D0TD�/+OQ�*�HU�
RJZ, �V
��?RJ[A���U;>G��(TmCherryUG�\��OQ��U�. (= XZ�
F��) 

Vivid 
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�Ů¹�4ƥƘƻƹƅĥ�ŜƁŪŋŌƳơƻƌŬ�·ƅ�«ŚŨŋŸŜņŜŬƄŤŅ�ÀjŘƂŢâŏſŮ

ƦƈƻƟƤƛƌƅżŪŭŅ�Ůywƅ�]ŭY4ŘŞŬŐſÏÎŮ¹�4ywƅĥ�ŜƁŪŋŌżŮũŜņ 

ÜðſůŅ8ÅĎ�cłŪŚŨŅæôøŮ��%ũŊƁƉƢƓƞƻƶƵƹöĚƅƵƹĪ4ŜƁƘƹƥƌ

ĚPI3KŮ�*�·ƅÔŚŸŜņ�=fƘƹƥƌĚŭůPhyBŪPIF6ŪDŰƂƁƘƹƥƌĚƅÉŋŸŜņŖƂ

ſů650 nmŮ�ŭžƀƩƜƸƙƉƭƻƅz�ŚŅ750 nmŮ�ŭžƀƩƜƸƙƉƭƻƅČķŜƁ�ĚƅżŤŸ

ŜņŠŮŢŻŅ¹�4ŚŢŋĻP�Zƅ750 nmŮ�ũÀjŚŅ�¹�4ŚŨŎœŖŪũŃŋS/Nƅĥ�ŜƁ

ŖŪŐ>õũŜņ 

ŸŝŅ2ŦŮ�=fƘƹƥƌĚŮŌŤ��ƅPI3KŐ¹�4ŜƁæôøŭnLŘŞŅ��ƅPI3KŪā?Ř

ŞæôĚŭnLŘŞŸŜņ�ÀjŭžƁPhyBŪPIF6ŮƩƜƸƙƉƭƻ4ůPI3KŮæôøŴŮnLƅĒl

ŚŅPI3Kůæôø�ũƉƢƓƞƻƶƵƹöĚ(PIP2)ƅƵƹĪ4ŚŸŜņŖŮĵŅƵƹĪ4ŘƂŢƉƢƓƞƻƶƵƹ

öĚ(PIP3)ƅđėŜƁƷƬƻƘƻŐŊƂŰŅŊƁ�ÀjŮywŭžťŨūŮØwPI3KŐ¹�4ŚŢŏƅb

ĬŜƁŖŪŐũőŸŜņŠŖũÜðſůŅPIP3ƅđėŜƁƘƹƥƌĚAktŭĀ�ƘƹƥƌĚƅā?ŘŞŅƷƬ

ƻƘƻŪŚŨPIP3ÈÇƅbĬŚŅ�ÀjywŮĕßŭÉŋƁŪŋŌ�*�ƓƕƜƯƅ�ŚŸŚŢƼK.3(a), 

(b)ƽņPIP3ÈÇŭ�ŋAktůæôøŭnLY4ŜƁŮũŅæôøŮĀ�ywƅČ¨ŜƁŖŪũà6ŭPIP3
ÈÇƅbĬũőŸŜņ�ſƂŢ¹�4ywŪ�AŜƁ¹�4ywŮqÌƅOŻƁžŌŭĢ±Îŭ�Àj

ŮywƅYōŨŋŕŰŅūŮžŌŬ¹�4ƥƘƻƹżcÄŜƁŖŪŐ>õũŜņK.3(c)ůcĵŭâŏſŮƦ

ƈƻƟƤƛƌƅ)ÉŚŢU?ŮPI3KŮ¹�4ŅŎžŲ�bŮ�ywƅÀjŚëŕŢU?ŮPI3KŮ¹�4Ņ

ŠƂšƂŮé�Y4ƅĄŜƍƴƦũŜņ400×ŮŪőŭPI3KŮıe-ũŊƁLY294002ũæôƅ$ÅŚŅ

�ÞywŮY4ƅČ¨ŚŸŚŢņê©ŅâŏſŮƦƈƻƟƤƛƌƅ)ÉŚŢU?ŭů�ÞywŐŶŷ�b

ŭŬƁŮŭhŚŅ�bŮ�ywũÀjŚëŕŢU?ŭůŅPI3KŮ¹�4ywŐ£źŵő�ÞywŭhŚ

Ũ\őœ�ſŔŖŪŐƄŏƀŸŜņ¥�·ůŅ®ŇŬÇ�"Ů�3ŭhŚŨŅâŏſŮƦƈƻƟƤƛƌƅ)É

ŜƁŖŪũŅcłðŮ£ź�ÞywƅûLŭĥ�ŜƁŪŋŌ¿ŭŎŋŨĹrŭË¤ÎũŊƀŅ�}Ņ�ŭ

žƁ%^°õŮ*�·ŭ²ÓŬbĬ�ƅ�ōƁ¿ũĹrŭy/ũŊƁŪïōſƂŸŜņ 

 

� 3 (a) PhyB S PIF6TX[ PI3K'�U�
��,�. PHAktV PIP3\;>P[ AktUjr^w\9P.I
(b)2MYUn]xjlib\	-O���\<1P[�&U".. (c)2MYUn]xjlib\	-P[��
(With feedback(%74))LXW����U�\*�O3NQ��(No feedback(%7)4))U$B. (= 
XZ�F��) 

400  800  400 800 400 800 
T (sec) 

LY294002(PI3K8 �) 

Target function:'�%.$#;�

Light(650 nm) ight(650 nm)ight(650 nm)

PIF6 

PhyB 
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-ęť ıġť ǕƉŮƇůť ƇƚƎƟǖ 

OJ{jnjnŔť }nôüø>nǓåÝ}nw��æ>n1ŋŢdôüsť Bgĭú�®ĭú 3� 

naito.toyohiro@f.mbox.nagoya-u.ac.jp 

 

ŷƋ�ƌǗåT>nôüǐƶǔūÇƊƉƃƀį¢ŬƐƋbþƋ¿�ơŜŴǗĬƊŭƜųƇůŸźŮƔŽũ÷

ƌâ^ǗOJ{jn}nôüøƋŢdX ��ƋôüsƊ^ĀŻƅűƜƔŽũŢdôüsƌǗǅƥƫǑǓ

Ƽƾ�ĝơ�æŻƅǗå�1lƋ¤ĤŤ�Ē1ŖǓ¹0�ĝƋŐîƙǗ?í1ŋƐƋ|Őơð�Żƀin 

vivoƥǈǔƲǒƬ�ĝƙ§®ĩ£ƺƿƥƳƋŐîÿǗ¤Ĥ1³�ÊǓ1³ƺƿƥƳŐîôüơĜƃƅŮƝ

ôüsƆŽũ÷ƌÞƊǗǅƥƫǑÍ�ƺƿƥƳƇSƍƞƝ@x�ĢĿƊæŮƛƞƝ;}�ĝƊƚƃƅǅƥ

ƫǑưƥƴƋÕơƘƄy`ƺƿƥƳơ�ĢŻǗƺƿƥƳƐÖÐơÍŽƁŶƆ1låÝnrţųĜŰƝƚůƉ

1³ƺƿƥƳƋŐîơð�ŻƅôüŻƅűƜƔŽũ�ZƌǗǅƥƫǑÍ�ƺƿƥƳơæŮƀǗA�ăđħ³Ǘ

ăėç²ƋDNAqŌï¹0Ǘå�ąČƋ¾"ƊŒŽƝôüơĄ�ŮƀŻƔŽũ 

 
Asymmetry and aging of mycobacterial cells lead to variable growth and antibiotic susceptibility 
B. B. Aldridge, M. Fernandez-Suarez, D. Heller, V. Ambravaneswaran, D. Irimia, M. Toner, S. M. Fortune, 

Science, 355, 100–104 (2012). 

 

ć·ƌ�őÃĐ 150���ƇŮů�èïƊƘŊģƉ$�WŝƆŭƜǗHIV/ƨƥƴǗǅǍǎƣƊ	Ƣ

Ɔ�è�j�´ìƋƎƇƄƆŽũëDƆŭƝǀƻ`ć·ėMycobacterium tuberculsisƌéƉƝ�åÝĳ�

H�ơ�ƄƀƗpÉŽƝƀƗƊ¼ŪƉ�åÝĳƊƚƝŏ®őƋÉíų�ģƊƉƜƔŽũþĐƛƌŷƋi

¼Ɖ�åÝĳ�H�Ƌá�ƌǗŚvùƉăđ�ŏŃúƊƚƝƘƋƆƌƉŮŲƇďŰǗǅƥƫǑÍ�ƺƿƥ

ƳơæŮƀăđƋ�ŏŃúĦuƇǗ�åÝĳ�H�ƊƄŮƅA�ăđǐǃǏƆƋħ³ƊƚƃƅǗǅƥƮ

ƿƫƹǎƣƋŚvù��ŏŃúƇǗ�åÝĳ�H�á�ƇƋŒŀ�ơĮƑƅŮƔŽũ 

M. tuberculsisƇş�ƋŚvù��ŏŽƝM. 

smegmatisơǉƺǏăđƇŻǗ�ŏŃúĦuŐkñ

6ƊăđĞśƋƣǆǒơ´ĖŽƝŷƇƆǗ´ĖŹƞ

ƅŮƉŮň�ơ¤Żŵ�ŏŻƀň�ƇŻƅǗſƋŚ

vùƉfÄŃúƋĦuųKĒƊƉƜƔŽũĦuƊ

ƌÀƋƚůƉ��ŮÍĵƋÜ%ƊăŮÍĵơ	Ƒ

ƀ»ĿƋǅƥƫǑÍ�ƺƿƥƳų�æŹƞǗÍĵ-

ƋăđơŞ�ŎƊƚƝ¨ĥŋűƚƏĚ)ĦuŻƅ

űƜƔŽǕ\1ǖũǅƥƫǑÍ�ƺƿƥƳƋÑŹƌǗ�

�ŮÍĵų10-17 µmǗăŮÍĵƌ0.8-0.9 µmƊƉƝƚůƊ�ĢŹƞƅűƜǗ��ŵÑŮÍĵƌăđƐƋc

_ƙ5×Ýĳ�ĈæǗÎŮÍĵƌăđƋcšƇĦuæƊ�æŻƅŮƔŽũÎŮÍĵơăđĦuæƊæ

ŮƝŷƇƆǗăđƋ=Ŵơ2Á(ïƉƘƋƊ4œŻǗA�ăđŸƇƋ�ŏŃúƋĦuųKĒƊƉƜƔŽũƔ

ƀǗt©ƊăđR[ƋäeơhŰƛƞƝƋƘǅƥƫǑÍ�ƺƿƥƳƋÞ�ƆǗăđƋ´ĖƙÞqÝĳƊƚ

 
H��4+.8Y@13+0*[�!abfLKmngQ

()O`��
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Ɲ5×ƘǗÍĵ-ƐƋÖÐx*ƁŶƆKĒƆŽũŷƞƛƋÞ�ơ3æŻƅǗ�åÝĳƊƚƝăđ5×�Ƌ

ăđƋåÃ2qƊƚƝ�åÝĳ�H�ƹƳƻơĜƃƅŮƔŽũ 

ŷƋ�ÊƊƚƜǗǅƥƮƿƫƹǎƣăđƌǗ�ŏºơHŶĉŮƁăđƌľŵǗƘů�¥ƋăđƌŁŵ�ŏŻǗ

ľŵ�ŏŽƝăđƒƈưƥƴųjŴŵƉƝ�ơ¨ƛŲƊŻƅŮƔŽũƔƀăđ1ğơčƜĺŽƒƈǗľŵ�

ŏŽƝăđƌ�åÝĳƐƋ�H�ų�ŵǗăđfÄÞ�ƋŚvù�Ƈ�åÝĳƐƋ�åÝĳ�H�á

�ƋńŮƋŒŀ�ơöVŻƅŮƔŽũć·ėƘN¼Ƌi¼�á�¿»ơ�ƄŷƇų��ŹƞǗi¼�á

�¿»Ƌħ¨ƊƚƝć·ÉíƐƋĲàų®�ŹƞƔŽũ 

 
Rapid, sensitive, and quantitative detection of pathogenic DNA at the point of care through 
microfluidic electrochemical quantitative loop-mediated isothermal amplification 

K. Hsieh, A. S. Patterson, B. S. Ferguson, K. W. Plazco, H. T. Soh, Angew. Chem. Int. Ed., 51, 4896–4900 

(2012). 

 

ǅƥƫǑÍ�ƺƿƥƳƋ¬ƘjŴƉ3ÙƋ

ƎƇƄƌǗĠĎƋy`>ƊŭƜƔŽũ1lĩ

£nǗŠUo+¹µǗäeǉƽƶǎǒƬƙ¹

êƊűŮƅƌǗǄƥǒƻƩǁƭƣ(POC)¹µƇ

SƍƞƝǗ¹�ơGƃƀſƋdƆƋëDė¹

0ƋŘģųjŴŵƉƜƄƄŭƜƔŽũǅƥƫǑ

Í�ƺƿƥƳƌǗ���Ɗ'ƞǗƔƀſƋÛ

tŌƋ�ŹŲƛÓ�äeơ�qƊ�ƂƙŽ

ŮƀƗǗPOCƊ¬ŅƉƺƿƥƳƆŽũHsiehƛ

ƌǗǅƥƫǑÍ�ƺƿƥƳơæŮƅǗŠ
Åė

Salmonella enterica entericaç²ņ�lƋ¹

0�ĝǕMEQ-LAMPǖơŐîŻƔŻƀũ 

ŷƋį¢ƆƌŗÇ>nïƊÌ�ƉƥǒƶǔƪǐǔƶǔƆŭƝǈƷǐǒǁǏǔǕMBǖơæŮƅǗLAMPÊ

ƊűŶƝDNAf�ƋǎƣǏƶƥǇĦuơŗÇ>nïƊĜƃƅŮƔŽũ½ïņ�lƋf�Ɗ�ƃƅMBų

DNAƐƇćMŽƝƇǗÖÐ
ƊŭƝDNA¯ćMƋMB1l ųÒzŻƔŽũLAMPÊơĜůǅƥƫǑưƥƴ

ƋE�dƊƌōŗºųaƗĸƔƞƅűƜǗDNA¯ćMMBƊƚƝŇ(ŗ�ơÔqŽƝŷƇƆǗDNAƋf

�ơŇ(ŗ�ƋÒzƇŻƅ�ƛƞƔŽǕ\2ǖũ�ûơyŹŵŽƝƇǗÆĞśûųjŴŵƉƝƀƗǗǅƥƫǑý

őơæŮƝŷƇƆŗºĞśƇ�æŽƝMB1l ųòvïƊiŵƉƜǗƿǏƫrţƊÆƑƅŤ��Ɖ¹0

ųKĒƊƉƜƔŽũ 

½ïņ�lơPƢƁưǒǂǏƇǗPƔƉŮưǒǂǏƋLAMPÊ
ƋŇ(ŗ�ƋĨªh>ơÔqŽƝƇǗ

½ïņ�lơPƖưǒǂǏƋŇ(ŗ�ƌªőĆŃƇƇƘƊÒzŻƅŮƝŷƇųõīŹƞƔŻƀũ�ƛƞƀ

Òz«ĊƋxŒ Ƌºy#ơŻŴŮ#ǕªőǖƇŽƝƇǗŻŴŮ#ƌ½ïņ�lƋØ�ƊvŻƅ� Œ 

ïƊÒzŻƅűƜǗĽ�ƋǎƣǏƶƥǇPCRƇN¼Ƌ¹ŌĊơ�Ɲ�ųƆŴƔŽũŷƋ�ĝƆƌǗ4 fg/µLƋ

DNAƋ¹0Ɗ�:ŻƅűƜǗ��6/ãƋǂǑƵƳơąƕĸƖ�ƆŚ�ƊæƉPOCƺƿƥƳƐƋî|

ųďŰƛƞƔŽũ 

 

 
H ���
����� 'Wd����4+.8Y@13+0'A_HnNo

%RkHnGo	���
����� 'VEFZngQ()O`o�
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Human gut-on-a-chip inhabited by microbial flora that experiences intestinal peristalsis-like motions 
and flow 

H. J. Kim, D. Hub, G. Hamilton D. E. Ingber, Lab Chip, DOI: 10.1039/C2LC40074J (2012). 
 

8Ę1ŋƆƌǗ¤ĘƋ<Ēƙ7�æƋĪ�Ǘ�İǗķļǗĆIQFƋǈƪƽƴǇħ³Ɗcšăđơæ

ŮƛƞƔŽũƺƤƸƱǋƙǗƦƧǏǂǐǔƻ�ƆcšŻƀąČăđƌǗ»ĿǗ¿ĒǗ,åăėƋÚƉƈǗ

ë�åãnïƉÞ�ųrŕƋąČƇéƉƃƅŮƝƇŮůWŝųŭƜǗƚƜ�-ƋäeƊĹŮĕYǉƺǏų

ÈƗƛƞƅŮƔŽũŷƋį¢ƆƌǗǅƥƫǑÍ�ƺƿƥƳƊƚƃƅǗ�ÐŲƛHŶƝƱƧƣƳƻǐƳƇǗě=ł

=ƋƚůƉR®ïƉ¿¸ïh�ơ.âŻƀǗƚƜå�-ƋäeƊĹŮß�ƆƋąČăđcšơĜŮǗ»

ĿïǗ¿ĒïƊrÝƊĹŮēǉƺǏǕgut-on-a-chipǖơ�ĢŻƅŮƔŽũ 

ŷŷƆæŮƛƞƝǅƥƫǑÍ�ƺƿƥƳƌǗñ�10 µmƋmơ�ƄimĳĔƇǗſƋ��ƊŭƝÖÐæÍ

ĵǗŹƛƊſƋ~LƊŭƝ]9Į¡æƋýËŲƛ»�ŹƞƅŮƔŽũimĳĔƌăđƋĴdƇŻƅ&ŴǗ

ÖÐæÍĵƌăđƐƋc_�ĈƊ�æŹƞƔŽũ°ĳƌƱǎƮǔǒƯǇƆ�ĢŹƞƅŮƝƀƗǗ]9Į¡

æƋýË-Ƌ]9ơh>ŹžƝ�ƆǗĴdơ¬j50%Ƌ�ŏųKĒƆŽũþĐƛƌǗc_ƋÍƞƊƚƃ

ƅƱƧƣƳƻǐƳơǗĴdh�Ɗƚƃƅ¿¸ïƳƻǐƳơ.âŻƅŮƔŽǕ\3ǖũ 

ǀƻyē¼ăđ¶ƋCaco-2 BBeăđơ3ƄƋ±��ǕŦƻǍǒƳƦƧǏ�ƆƋřïcšǗŧǅƥƫǑÍ�

ƺƿƥƳ-ƆžƢ£�9ơ�ŰƉųƛƋcšǗŨǅƥƫǑÍ�ƺƿƥƳ-ƆžƢ£�9Ƈ¿¸ïƳƻǐƳ

�¥ơ�ŰƉųƛƋcšǖƆcšŻƅÆĶŻƅŮƔŽũăđő1lķļơ4�ŽƝƶƥƻƲǊǒƫƱǌǒƋ

��ƌǗřïcšƆƌ21¦ŲŲƝƋƊvŻƅǗƱƧƣƳƻǐƳơ�ŰƝŷƇƊƚƜ3¦őƊóċŹƞǗŹƛƊ

ăđƋCƕƘƱƧƣƳƻǐƳơ�ŰƀdMǗ�-ƋēăđƇƒƓNżCƕƋ30-40 µmƔƆ�ŏŻƅűƜǗř

ïcšŻƀăđƋā6!ƋCƕƊƉƃƅŮƔŽũƔƀǗƱƧƣƳƻǐƳƇ¿¸ïƳƻǐƳơ�ŰƉųƛŏªő

cšŽƝŷƇƆǗrŕƋēƇNżƚůƉŻƠƇ�Ɯƀƀƕ»ĿơƘƄ�ųĦuŹƞƅŮƔŽǕ\3eǖũ¿Ēś

ƊűŮƅƘǗřïcšƊÆƑƅŅÂƉƳƻǐƳ�ƆcšŻƀăđƋ¥ųǗŗÇ>nïÔqƊƚƝƶƥƻƲǊ

ǒƫƱǌǒƋ���MŮĪ�Ɔ3-4!ŤŮ#ơöŻǗÏ>ŉĂÌ�Ƙ7!��ŤŮŷƇų1ŲƜƔŻƀũþĐ

ƛƌē-ăėLactobacillus rhamnosus GG (LGG)ƇƋ,årţƘűŷƉƃƅűƜǗƱƧƣƳƻǐƳƇ¿¸ïƳ

ƻǐƳơ�ŰƝŷƇƆƌżƗƅLGGƇ,åƆŴƀŷƇơĻƑƅŮƔŽũ 

 
H ������������������ 'Wd����������������� 'D^����������������� 'RkD^����XU]0270'>�S�

���������������� &("#Il !ab'Tei\Bn<opcCRM\Bn?op2590,-6<$j]Il 

!ab'cCRM\Bn=on0/:63:�����ongQ();hPJo 
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ĲǞėiƶȐǷȌȰȟȋǽȅșȨȮǽ8�ĚĘ�ĭĵÄ (Max Planck Institute of Molecular Physiology) 

ǝ Herbert Waldmann ÒÌǝ�ƶHsĭĵ`ǘǈǖĭĵǳŞǓǖƽǮǥǊƷ2011 ¤ 3 áǛêGy�y�

ƛŝ�ĭĵĳƶ�ĉ~āÒÌƶSĨò6ÒÌǝ�ǗHsTǳO´ǈƶX¤ 4áǬǮWaldmannÒÌǝ�ƶ

Hsĭĵ`ǘǈǖĭĵǛ³�Ǌǯó�ǳƣǀėiǛŔǮǥǊƷ�dƶġ��ƪŭǳmĸǊǯó�ǳƣǀǥ

ǈǐǝǗƶņƝ�`ǝ�J,ĚǛÀŹǊǯǘ1Ǜƶ�²ćvǗǝĭĵġ�ǳ�ãǇǰǖƺǯ�ĚǝħǇ

Ǵǝƽ®Ǜ�ǈǗǩĶǖǟǘºƺƶȞȅȐǽȞȄȃȦȮǝĖ´ƶĭĵĚĆĹǛǔƺǖĿ�ǇǌǖƺǐǑǀǥ

ǊƷ 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ȞȅȐǽ,ÿ�ǥǗ  

Ĳƿ Waldmann ÒÌǛ9ǨǖƇŁǳOǓǐǝǞƶHsŵĴ$�ǥǗľ 1 ¤ǘǚǓǐ 2010 ¤ 3 áǗǈ

ǐƷȞȅȐǽǗǞƶâóWÂF�ĦÅăǳěƺǖƶĚđĆ»zčđƿâǊǯĒĢǚnçƬíǳúƬíǘ

ǊǯFWđȨǷȘȨȩȱǝðĺǘƶǎǝĚđĆ»Ű"ǳŞƺǐƺǘŏƼǖƺǥǈǐƷǎǅǗƶ�ŭĭĵ8Ƒ

Ǘ�ňƿƹǮƶƾǔŕ]ĈƺĭĵǳŞǓǖƺǐ Waldmann ĭĵ�ǛbƺWǲǌǳŞƺǥǈǐƷWaldmann 

ǝĭĵǛytŕ]ǳÉǒƶǍǠȞȅȐǽǘǈǖĭĵ�ǛL?ǈǐƺǘƺƻ2�Ǜ?ƼƶǅǰǥǗŞǓǖǀǐ

œ8ǝĭĵ2�ǘœƀǝ¬ǦǛŬMǈǐ2�ǝȢȱȪǳßǀǥǈǐƷǥǐƶÜÊ�Ò�ǗǩƹǓǐ�ĉ

TVK<?6A#��BI�XY�G\� ����������� % ������� ������� "%JC$!�
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~āÒÌƶSĨò6ÒÌǘ$sŵĴÜǝÊ�Ò�ǗƹǓǐĘF�ĭĵÄƶƗĜš	ÒÌǛÏŜ�Ǜ

ǚǓǖƣǀƶȞȅȐǽǘǈǖPǃ.ǰǖǂǰǯƾ�ƻȢȱȪǳƅǮǥǈǐƷƅ#ƾǭ 2ƈƙ²ǛƶWaldmannÒ

Ìƾǭĭĵ�Ǜ 2¤ƙPǃ.ǰǥǊǘǝÚǝȢȱȪǳƣǀyt�ǈƾǓǐǝǳŨƼǖƺǥǊƷXÜǛġ�

Ǣǝ��ǩƹǮǥǈǐƿƶȐǷȌǢŞǂǅǘǢǝå°Ǫ~}¶ǝ×ƿ¬ƾǓǐǝǳŨƼǖƺǥǊƷù¹ǚƿ

ǭǾȨȮȏǳĖ´ǊǯǅǘǞǗǀǥǌǴǗǈǐƿƶWaldmann ÒÌǝǆI¾ǛǬǮȟȋǽȅșȨȮǽƾǭ

fellowship ǳƣǀƶėiǛŔǮǥǊƷ 

 
ȐǷȌȰȐȪȏȡȮȏǗǝĚĆ  

Ĳƿġ�ǈǖƺǯȟȋǽȅșȨȮǽ8�ĚĘ�ĭĵÄǞƶȐǷȌţƎǛ�ŋǊǯ NRW �ǝȐȪȡȮȏǛ

ƹǮǥǊƷȐȪȏȡȮȏǞ�Q 59��ǝyƏ�ǗǊƿƶũ-ǛǞŇǝǚƺƓƕîǗĤ�ǈǐȪȱȪj×ǝ

�îƏ�ǗƹǓǐǐǨƶÙçǗǞǅǰǥǗƹǥǮĬǭǰǖƺǚƾǓǐǘºƺǥǊƷėiǗǞƶȁȋǼȱÙç

�ŠǝƩ�ĪUƍÅƿÄ�ǈǖƺǯȝȪȃǵȰȐȪȏȡȮȏƿçÈjǘǈǖƺǯƏ�ǘǈǖǬǂĬǭǰǖƺǯ

ǘºƺǥǊƷȐȪȏȡȮȏǞƶ�îƏ�ǘǞºƼǚƺǤǙŅźƾǚƏ�ǗǊƷz'ǞƶÙçǝ£kýĊǬǮ

�ǂƶĒǛuqǞƋǆǈǪǊƺz'ǗǊƷ30ƵǳſƼǯǅǘǞøǴǙǚǂƶƾǔ
ďǈǖƽǮytƋǆǈǪ

ǊƺÞzǝÙƿłǀǥǊƷǈƾǈ5qǞ�Ƃǈƶ�ǇǝKǈƺþČ�ǝÙƿłǀǥǊƷ 

Ʊ ȐǷȌǝ0ěŴǞčȐǷȌŴǗƶȐǷȌŴƿ/ǂǗǀǚƺĸŐǛǞà9ǝĚĆȇȋȏǵȋșǞ�řAǗǈ

ǐƷ�Íǈƾǭ�ǥǮƶ�üĥƖƶȖȂO´ƶƔŞQªǝƘŮǚǙƶX+ǝ@ǃǳ(ǮǚƿǭŞƺǥǈǐƷà

9ǝƤǞƶȫȅȏȨȮǪȕȮ�ǇǴǛŞǓǖǩa_Yƿ8ƾǭǋƴõǈƺđǳÊ�ǈǚƿǭƶDas Bitte! (ǅ

ǰƶǂǑǇƺ!) Ǘƶ�ǘƾżƺđǳǈǖƺǥǈǐƷàƃǗǞƶ�ǈȐǷȌŴƿcǰǯǬƻǛǚǓǐýƿǈǖƺ

ǥǊƷǅǒǭǞ�Žƶđ"ǘǩǛÙçǛûǣǰǟ�ǂ (ŊȖȱȪƿľ 50 3!!) ytĚĆǈǪǊƺęrǑǘ

ºƺǥǊƷǐǑƶƽļǚǙǝÙçƨèǞ<ƭǗƶǥǐÙçƨèǗõǈƺǩǝǳŦǔǃǯǝǩŔƞǝîǗǊƷ

ÙçƨƿƨǣǐƺÜǪÙçǝđƿõǈƺÜǞƶƠƁǗ�ÜƙĴ©ǗŞǂǅǘƿǗǀǯȎȤȋȇȪȐȪȗǛ

ZƾƺǥǊƷȎȤȋȇȪȐȪȗǛǞ�ĠàyǝÙç�şƿƹǯǐǨǛƶÙçǝđǳżƻǅǘƿRŒǗǊƿƶ

ǅǒǭǩ<ƭǗǊƷǐǑƶȐȪȏȡȮȏǛǞǚƺÙçƨȫȅȏȨȮǪȨȱȢȮ�ǇǴƿƹǯǝǗƶǐǥǛƽ�Ų

ǛǚǓǖƺǥǊƷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȐǷȌǘŬƼǟƶȁȋǼȱǘȖȱȪǝǷȢȱȄƿ¬ƺƾǘºƺǥǊƷȐȪȏȡȮȏǩ!vǚǂƶȁȋǼȱǘȖȱ

ȪǳǅǬǚǂ¿ǊǯğǗǊƷȁȋǼȱÙç�ŠǝƩ�ĪUƍÅƿÄ�ǈǖƺǯȝȪȃǵȰȐȪȏȡȮȏǝȜ

3>2;?2%.?9>��M���3>2;?2% 	�&� !%*5+?@8A
>%S[N��BI��/-4A>@(3)A4@7A,��G��,=0:01=A�
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ȱȡȅȈȄǵȡƶȄǾȑȱȪȰǷȐǸȱȑȰȕȱǽǞȐǷȌǗàǩyǀƺȅȈȄǵȡǗƹǮƶȧȱȬȋȕǗǩ�Ê

ǝũ�B`ÓǳųǮƶľ 8����ǝũ�ǗȅȈȄǵȡǞlǨ�ǂǇǰǥǊȲ�ŭ�|ǝ4ĪȳƷűWÙ

Ǟưŗ (ȝȪȃǵǝȊȱȡǼȨȱ) ǝȥȒȗǺȱȡǳīǐȁȞȱȈȱǗğ�ǩlǨ�ǂǇǰǥǊƷȅȈȄǵ

ȡǞĎĔĦƾǔjƯǮǝǬƻǚ¸ÐƿłǀƶĸŐǩũÃǛŞǀǥǈǐƿƶǐǑǐǑǎǝƟeýǛh&Ǉǰǯ

ǟƾǮǗǈǐƷȐǷȌǗȁȋǼȱƿÔFǝ�ǔǘǈǖĈǂì�ƺǖƺǯǅǘǳőǗÀǉǭǰǐŻƐǚ�ƪǗǈ

ǐƷǥǐƶ¥ƊǛǩƶȝȪȃǵȰȐȪȏȡȮȏǝ 2010-2011ƶ2011-2012 ¤ȃȱȆȮǝƇťǛĶǒ�Ƽǯǅǘƿ

7éƶytŖƺºƺ7ǘǚǓǖƺǥǊƷ 

ǽȩȅȟȅȃȱȆȮǘ¤æǩÙçǛǞǚƺƟeýǳ�ƪǊǯǅǘƿ7éǥǈǐƷǽȩȅȟȅȃȱȆȮƿƃǕ

ǂǘƶğǞ�ƂǈǖśǪƾǚƟeýǛEǥǰƶwǂǝ7¨ƿƝǥǓǐǽȩȅȟȅȟȱǿȋȏƿ�ǥǮǥǊƷȐȪ

ȏȡȮȏǛǞƶ�Ġ�ǝyǀǇǳųǯǽȩȅȟȅȌȩȱ (40 m) ƿĶǒƶwǂǝ�ǗžǲƺǥǊƷǅǒǭǝyÝ

ÙƱ ƲȄȪȚȅȈȱƳƱ ǛǞƶǼǹȮȏȉǹǹȮǘ1ǛŘċǳÆǒ�ǄǖÖ¤ǳİƻŎÁƿƹǮǥǊƷȐǷȌǗǞ

%�ǗŘċǳǊǯǅǘƿă±ǗıöǇǰǖƺǯǝǗǊƿƶyÝÙǝǦŘċǳŞƻǅǘƿůǇǰǖƺǥǊƷǎ

ǝǐǨƾƶǅǅǏǘǟƾǮǛyƒǝĐķǪǭȬǿȋȏŘċǪǭƿx�ǝ 2ÜƋǁǥǗłǀƴôǝÙǝäǝƌ

ǞytǚǅǘǛƷčƶĸŐǩŘċǳïǈǦǥǈǐƷ 

ȐǷȌǛǞƮ>ĦǚğƿwǂƶȓȮȘȪǽƶȐȫȅȎȮƶǿȪȮƶȓǷȎȪȚȪǽǚǙǛ��ØŞǛŞǂǝ

ǩïǈǦǝ�ǔǗǈǐƷǥǐƶȐȪȏȡȮȏǗŞǲǰǐêGj×{£ąĀjơǝȊȣȩȍǶȱǷȚȮȏǝƽÅ

�ƺǪƶȎȤȋȇȪȐȪȗǗiĕǝÙç���ĚZǃǝĳ�Ò�ǝŸ ǳǪǭǌǖƺǐǑƺǐǮǘƶĭĵ

ĚĆ�vǛǩñƸǚ7é�ƿƹǮƶŖƺŀƪǘǚǓǖƺǥǊƷÙçǘǞ/ǂĢǚǯÔFƶęrǗ½Ãřƚ

ǈǚƿǭǩĚĆǊǯǅǘǞƶytŻƐǚŀƪǝ�ǔǑǘÀǉǖƺǥǊƷ 

 
Waldmann ĭĵ�ǗǝĚĆ  

ǅǅǗĲƿÄ�ǈǖƺǯĭĵ�ǛǔƺǖĿ�ǈǥ

ǊƷĭĵ�ǝȢȮȔȱǞ PIǗƹǯ WaldmannÒÌǝ

�Ǜ 10 YĴ©ǝǾȪȱșȩȱȉȱƿƽǮƶǎǝVǾ

Ȫȱșȩȱȉȱǝ�ǛȞȅȐǽƶ�ĚƶĭĵŢ@`ƿ

�ǀƶńC 60YƃƺȖȋǽȨȝǗǊƷÄ�ȢȮȔȱǝ

gĻǞñƸǗƶȐǷȌƶǷȈȩǵƶȅțǷȮƶȗȨȮȅǚ

Ǚǝ EU ŷgƶǷȮȐƶ�gƶȈǷǚǙǝǵȄǵŷgƾ

ǭȞȅȐǽƶPhD ǝ�ĚƿƝǥǓǖƺǥǊƷǎǝǐǨƶ

ĭĵ�Ǘǝ0ěŴǞŚŴǛǚǓǖƺǥǊƷĭĵqÄ

ǩ MPI ǑǃǗǚǂƶMPI ǛƜÎǊǯȐȪȏȡȮȏ�ĳ

y�Ǜǩĭĵ�ǳÉǓǖƽǮƶĲǞy�ǝĭĵ�Ǘ

ĭĵǛ³�ǈǖƺǥǊƷÙçǝĭĵ�ǝñǛȀǵȈ

ǷȡǞŮ�Ǉǰǖƽǭǋƶ�ÜǛéǬƻƿ�ÜǛ¡ǱƻƿƶV%�Ǜ�ǇǰǖƺǥǊƷǐǑƶ��Ǘ�ƪǳ

Şƻ�ǞfǂıöǇǰǖƺǥǊƷǥǐƶƫǂǅǘǛ·ŤǚűŝǝĄÔǩV%�Ǜ�ǇǰǖƽǮƶœĝǛűŝ

ǳĄÔǊǯǅǘƿRŒǗǊƷ 

Waldmannĭĵ�ǝĭĵŵƦǞw�ǛǲǐǮǥǊƿƶĚđĆ»�8�ǝ=Âǘǎǝ�ěó§Ūëǳ�

ǘǊǯǿȠǼȪȔǷǻȬȄȱǝĭĵ�ǗǊƷŞǲǰǖƺǯ�ƪǩzčâóFWđǝ/WÂǳ[ǧâóW

Âƾǭƶ8�Ěđ�ƶðƆĚđ�ƶȈȮȕǽ-țșȊȐĩ��ěŪëǘ¢¦ǂĭĵǳŞǓǖƺǥǊƷĲǞĭ

ĵȍȱȟǘǈǖƶÖŧ�Õū�N¸ǝƘĤǘƶǎǝN¸ǳ:ěǈǐĚđĆ»zčđǝnçƬíǳúƬíǘ

XY�ED�'3>2;?2LUHJ%FJR�
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ǊǯFWđȨǷȘȨȩȱǝðĺǳŞǓǖƽǮǥǊƷ¥ƺǛǩƶWÂǈǐFWđŌǝ�ƾǭĚđĆ»ǳĮǊF

WđƿŦǔƾǮƶėi SAR StudyƶPull Down ProbeǝWÂǘ�ěó§ŪëǳŞǓǖƺǯǘǅǱǗǊƷĭĵ

ǞnçĦǛȞȅȐǽǩ PhD ǝ�ĚǩĕĶǈǖŞǓǖƺǥǊƷĭĵ�ǗǞV%�ƿ¤dƶľ 308ƙǝĭ

ĵĤŠǳŞƻó�ƿƹǮǥǊƷMPI ǝyȜȱȪǗƶȕȭȱȞǷȮȏǳ ǓǖǝĤŠǚǝǗytŃ«ǈǥǊƷ

ĲǝqWǞǎǰǛ?ƼǖƶǾȪȱșȩȱȉȱǝ Andrey Ǜ�ȯáǛ�©ƶȟȮȌȱȟȮǗĭĵƉŞēĂǳ

p\ǈǖƺǥǊƷǥǐƶ¯ǞƥŉǛ*ǝÄǛéǖƶĭĵǝŶ�ǞǙƻȴƾǭ�ǥǮƶƥŉǛȎǶȅǼȋȃȦȮ

ǳƐǜƶĭĵǳƉǨǖƺǥǊƷǥǑǥǑÇƺŚŴǗǊƿ��ǛŦ�Ǔǖƣǀƶâ¾ōƾǔïǈƺĭĵĚ

ĆƿƅǰǖƺǥǊƷ 
 

à²Ǜ  

ȐȪȏȡȮȏǗǝĚĆǞ�¤ƿƋǁǥǈǐƿƶġ��ƪŭǳßǀǚƿǭËǮƄǓǖǦǯǘÜƙǝŀǔÛǇ

Ǜƫǂǘ1ǛƶùǮǝ�¤ǳ¼ƺǚǂƋǆǎƻǘÑǨǖºƺǥǈǐƷ 

ñƸǚÔFƶ")ũǛūǰǖǦǖǞǙƻǗǈǫƻƾȴĲǞŚŴƿoŒǗǚƺǐǨǛƶñƸǚqƢǗ�œ

ĝǊǯǅǘƶ�Åǂƺƾǋ÷ģƺºƺǳǊǯ�ǩwƸƹǮǥǈǐƷǎǰǗǩƶĲǞǅǅǗǝŀƪƿ�²ǝĽ

Ǜǚǯǘ#ǉǖƺǥǊƷǐǮ;ǝ�ǗǊƿƶœ8ǗŞBǈǚƺǘ�ǩ�ǥǮǥǌǴƷǍǠƶȊȣȮȅǳĚƾ

ǈǖćvǛƧǡ7Ǌǅǘǳ¬ǂƽDǨǈǥǊƷ 

à²ǛǚǮǥǈǐƿƶġ�ǛǐǮÏŜ�ǛǚǓǖƺǐǑǀǥǈǐêGy�y�ƛŝ�ĭĵĳƱ �ĉ~

āÒÌƶSĨò6ÒÌƶĘF�ĭĵÄƱ ƗĜš	ÒÌǛ¶ǬǮµįĞǈ�ǄǥǊƷǥǐƶĭĵ�ǛPǃ

.ǰǖǂǑǇǓǐƶHerbert Waldmann ÒÌƶǥǐĭĵĚĆǳȁȞȱȏǈǖǂǑǇǓǐǾȪȱșȩȱȉȱǝ

Andrey Antonchick Hsǘĭĵ�ǝX+Ǜǅǝqǳƽ(ǮǈǖĈǂÀŹƺǐǈǥǊƷƱ  
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第６回バイオ関連化学シンポジウム 
（第 27 回生体機能関連化学シンポジウム、第 15 回バイオテクノロジー部会シンポジウ

ム、第 15 回生命化学研究会シンポジウム） 
 http://jointsympo.csj.jp/ 

 
�}ƅ®{ſň!ďŵƋŶťdżžų@3�ŴŪť¾¦ŭƑķƔž×ŪĪħƖ�ƕŵƋŵƏūť 
 

�( 2012} 9¨ 6¡Ǌ¬ǋǐ8¡ǊZǋ 

�" 9ËĻah Şù�Ċ�Ĺ¹·Ǌ®{x9:9 17¯Ĝ 8�ìǋ 

®{xU[�Ņ=9Ą9 18¯ŝ�Ĵ �¼ 10* 

JR®{ŝ�Ĵ �¼ 25* 

�� ¡8h�–Ý�¹ČŊĸ8hĿ�ŤƳƚƝƫƞƲǅƥǉĿ�Ť 

Ý�¹ČŊĸ8hǈƳƚƝƫƞƲǅƥǉƬƙƵƥǀǆŤƶǅǆƫƙƘÝO8hîö� 

�� ¡8h�Ť¡ĕh�ŤŞ*fh�ŤŒÀ8h� 

�7 ©¹J�8h<� 

)2 %XƄƳƚƝŊĸ8hƄîöĉŤhÝƃƐƓîöèęŬƐƇğħƖėŪŤƸƷƪƮǈƩǆƴƞ

ĲǈŁýŤ*fĤĩǈĳ*fǈƾƬǃûŤĽ�fŊĸƂƁŤz�ŪƳƚƝŊĸ8hƄŹƍƄ�

]��Ƅ^Ɩ��ŶƓŲƀſŤ�ŮXƄ�Ģ*ŃƄèrƃĭÚŶƓŲƀƖìêƀŶƓťèę�

�ƅ��ĨÏŤ�ĐDřèęŤƻƦƩǉèęƄŪŷƔŭƀŵŤđ�îöĉƄĊ�ƄŹƍƄĨ

ÏıƄ��Ǝėūť 

-1$# DřèęŬƐƇƻƦƩǉèęťDřèęǊ15*èęŤ5*ĲåŤ3�^ǋƅ?0Ť1îök 1�

ƋſťŹźŵŤâĵƌƅ 2 �ƋſEťŲƄ^JƅŤèę"$Ř�Ɩ�űŤ2 �ìƄ�Mƅjė

eR�Ƅ,�ƃƐƓť 

Ŀ�ĨÏıǏÝ�¹ČŊĸ8hĿ�ũƓŪƅƳƚƝƫƞƲǅƥǉĿ�ƄŪŷƔŭƄĿ�Rƃ

Ƃżž 1}��ŮÿĺŵŤCı¤ 40½��ƄĿ�RŮmĬťı�7âĦƅèęâĵ¤Òſ

C�Ɩėūť 

��2< WEBƢƚƭǊhttp://jointsympo.csj.jp/ǋŭƑèęâĵŤ�õ?õƄ�)Ť@3éņƄŶƉžƄ�

āƖėūť 

èęâĵą+Ǐ 2012} 6¨ 19¡(Ñ) 
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�õ?õą+Ǐ 2012} 7¨ 13¡(ń)  

@3éņ�üâĵą+Ǐ 2012} 7¨ 23¡(¨) 

��6 7¨ 23¡Ǌ@3éņǊ�üǋą+ǋƋſŤĿ�RǏ�Đ 5,000(ŤhÝ 3,000(ŤŔĿ�RǏ�Đ

7,000(ŤhÝ 4,000( 

7¨ 24¡�ō…�ĠƄI@3ô-ƃ 2,000(ƷǁƦ 

*ŪŷƔƄ�´ƃƎ�õő�ńŮNƋƔžŪƋŶť*�õőƄ�1Ķƅ�iŵžŪƋŸƗť 

%3� 2012} 9¨ 7¡(ń)ţ �Į 6,000(Ǌ�1âĵƌĝǋ 

:/� ø 6VƳƚƝŊĸ8hƤǆƻƥƛƽjėeR� 

q\ľÄǊ9ËĻahŒfóhîö�ǋ 

Ũ001-0021ţ ®{x9:9 21¯Ĝ 10�ì 
TEL: 011-706-9360ţ ţ FAX: 011-706-9361 

E-MailǏ 6thbiojoint@poly.es.hokudai.ac.jp 
�

�
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第 39回国際核酸化学シンポジウム 

The 39th International Symposium on Nucleic Acids Chemistry (ISNAC2012) 
http://www.knt.co.jp/ec/2012/ISNAC2012/ 

 
��ƌöū�¿PleQDgĻŃ»¬� 
��ƌ©¦Èº¿ ·řĩéņinWBlJakJhg 
��������ƌ 

1. Chemistry of Nucleosides, Nucleotides, and Their Analogues 
2. Medicinal Chemistry of Nucleosides and Oligonucleotides 
3. DNA/RNA Chemistry and Biochemistry 
4. DNA/RNA Structure and Recognition 
5. Ribozymes, siRNAs, and miRNAs 
6. DNA/RNA Materials and Diagnostics 
7. Drug Delivery Systems and Nanotechnology of Oligonucleotides 

�(ƌ2012Ï 11ô 15íǊ¬ǋǐ11¨ 17¡ǊZǋ 
�"ƌ©¦Èº¿Şėś¶ƅ©¦Èº¿ú�Ɔ 
�9ƌ©¦ÈÎ®±pŮ©²ŀ�©¦Èº¿	pŢ�� 
��2<�

� ĜŌ×Óƌ¥ſ1!-eRTn 
� ĜŌęŤ2ìĂƌdngcnQ?ļĘ�&�ę�Ť2�"�ƅURL-�p¤ĐƆ 
� ĜŌęŤŁ�ƌ2012Ï 8ô 12íƅíƆ 
� ŏîŁ�ƌ2012Ï 9ô 2íƅíƆ 
  ¤�ĝŰxĸęŤìĂƌdngcnQ?ļĘ�&�ę�Ť2�"�ƅURL-�p¤ĐƆ 
� y�¤�ĝŰŁ�ƌ2012Ï 10ô 15íƅôƆ 
  ¤�ĝŰşƅxĬź�Ť2'Ɔ� oŉƌxĸ 25,000��Öí 30,000� 
� � � � � � � � � � � � � � � � ¿ĕƌxĸ 5,000��Öí 7,000� 
:/�ƌ©¦Èº¿º¿ŸÍ¿ģĮĨđš�ÙÍ¿Æç� Ąāąu 

 
464-8603 ©¦ÈÎ�Ī�qńĚ�  
 TEL: 052-789-2488 FAX: 052-789-2528 
 E-Mailƌasanuma@mol.nagoya-u.ac.jp 


�	��ƌhttp://www.knt.co.jp/ec/2012/ISNAC2012/ 

 ,~ƌ}ÏÒ-¿ĕ,¤�ş? 5,000�+p�1�!,'�ĭùĞ+¤��;8�¿ĕ+��&
�&!"�<.(½�1��*�dngcnQ+ŗĺ-ŕţ�<&�:1���£Ï+Ô�Ŀ

&�ĦśĎŠ6�ĦeRTnŠ5Ėá�&�:1��¹�,ì�,�¤�?�Ø#�&�:1�� 
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アンチセンス・遺伝子・デリバリーシンポジウム 2012 
http://res.tagen.tohoku.ac.jp/~antisens/index.html 

 

&'ƌ2012Ï 9ô 24íǊôǋ�26íǊüǋ 
�"ƌ�Fx¿�ŜǊ�FxœĔ:µǇt&Y 4ä 1Hǋ 

�4�ƌÂ» GǊ°9ahǋŤ�Ė¥'Ǌ��Ĉ_ahǋ 

��ƌƘǆƪƧǆƦ DNA/RNAîö� 

Ľ�fǈƬǂƳǂǉîö� 

°9ah`#ÙĲóhîö� 

��ƌǎahŌćîö�ŉŦƯƲƼƞǅÙĲǈƬƳƚƦǈƤƦƫƽ2ĚƘǁƚƘǆƦŧ Ɗŭ 

�7ƌ©¹J�8h<� Ɗŭ 

+�5*ƌ±àţ ���Ǌ9ËĻahǋŦ4'-ƪƝƝǂơǂƺƱƞǄƝƪƮĥo�ƃƐƓ³ł2ĕƈƄrňŧ 

 �s�Ő��Ǌy�ahĕhĿǋŦĳŕÇƖ.ßŵŹƬǂƳǂǉƤƦƫƽƀÄçŧ 

�=5*ƌÅţ ~òǊ°�ahǋŦRNAƢƚǄƚǆƤǆƟěJ�Ƅ��ƀ¹Čŧ 

 �u�gǊÞ¶�ĘĂJîö�ǋŦačēƄĽ�fƄƘǆƪƧǆƦ RNAƃƐƓèÛ�/ŧ 

 Áīŏ	Ǌ°�;óahǋŦ�wƜƞƨƨǉƽƃƐƓ»��³ł;ĕQƄňèŧ 

 ºPªǊ9
vx÷ahǋŦ�?�ïþċ�Ƅ`úĤĩCl�Dectin-1ƖÿáŵŹ³ł; 

 ĕƄ DDSŧ 

 Ş T�Ǌ�ŀahǋŦĽ�fǈ³ł;ĕƄƬƣƚǆƀƬǂƳǂǉƄ§ļ8ŧ 

 Ē[.£Ǌ°9ahæŎǋŦĽ�fÄçƄVśƀr«ŧ 

��6ƌ�R 3,000(Ǌ�¡ƅ 4,000(ǋŤŔ�R 5,000(Ǌ�¡ƅ 6,000(ǋŤhÝÓ�Ťİ4�Rſũ 

 ƓÆ�Ť�ðŤW�Ǐ�DƃŽů 2LƋſÓ� 

%3�ƌ9¨ 25¡ǊÑǋŤK�^ƃžţ ţ �Đ 5,000(ŤhÝ 2,000( 

5*,80�ƌ2012} 7¨ 31¡ǊÑǋ 

�ĐÏŚƀŵžDřèęǊĲåƖNƍž 15 *ǋƀƻƦƩǉèęƖ7őŵƋŶťƋŹđ�îöĉƖmĬƃc

5ıƎġűžŬƒŤDřèęŤƻƦƩǉèęŪŷƔƎƜǆƭǂǉEČſŶťdżžų�7ŰźŴŪťc5ı

ƃƜǆƭǂǉŶƓđ�îöĉſDřèęŶƓ^JŤƻƦƩǉèęƎėżžŪŹźůƋŶť 

 

����.;0�ƌ2012} 8¨ 31¡Ǌńǋ 

 

!� ���ƌƘǆƪƧǆƦǈĽ�fǈƬǂƳǂǉƤǆƻƥƛƽ 2012�6p 

Ũ980-8577ţ �FxœĔ:Ø| 2�ì 1ä 1Hţ °9ah`#ÙĲóhîö�°ǍHŜ 203HkǊTEL 

& FAXǏ022-217-5633ǌe-mailǏ antisens@res.tagen.tohoku.ac.jpǋ 

 

èęâŵĵƌAƇ@3éņ ÆƄģþŤƂƑƇƃĝ¢��ĝŗƃŽŪžƅƤǆƻƥƛƽƹǉƽƸǉƥ

Ǌhttp://res.tagen.tohoku.ac.jp/~antisens/index.htmlǋƖų@ÕŰźŴŪť 
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第 2 回アジアケミカルバイオロジー会議（第 15回 生命化学研究会） 

The Second Asian Chemical Biology Conference (ACBC2) 
http://www.chem.sci.osaka-u.ac.jp/lab/fukase/acbc2 

 

��Ɯ`noVBAġ® Ãįĺ� 
�7Ɯõþ Ã�� 
�(Ɯ2012Ô7ü4õƿ¾ǀǅ7¥6�ƿľǀ 3õƃ 
�"ƜNOo_qUeVlƔkSqXĉŐƕ
901-0305� ĉŐĮńęÓŜÐĦ1-6-1Ɩ 
� � � Ɲ~ŶƞŹŞĻĘ8:Ņ10 kmƕű'Ņ20�Ɩ 
 
 ţũwƐƜKgGl]CFnQq�Ż,û�ļįĺ+%&��s,wƎ·?và+ţŬ�;� 
Ɨ. To^IŰ�dbUY�Ƙ. Ńƀ�ŖŰ�ś«��ƙ. Āź�ƚ. ��ÀġĝĎä�À�ƛ. Ň
ŕ 

 
 §�ĩſĥųôčƜsŤ,PofQDh HP �9§�ĩſ*),ìŌ�?ř1�,'�ŦŇ
- HP ?�§Ĝs��   

http://www.chem.sci.osaka-u.ac.jp/lab/fukase/acbc2 
 §�ĩſŮƜ|�ĩſƕ5ü15õ1'Ɩ¾ÃpÅ�Ö 40,000 ���Ă 45,000 ��Ãġ 20,000 �;
ƕ5ü16õ�ƆƖ¾ÃpÅ�Ö 45,000 ���Ă 50,000 ��Ãġ 25,000 � 

 °«�: 
560-0043 ¾ƅ×ŭvÓÞ�ÏĦ1-1 ¾ƅ¾Ã¾ÃƇĠÃįĺĴ�   
ACBC2 |�ÌƕÇř¿¯Ɓ ēěđrƖTel: 06-6850-5388� Fax: 06-6850-5419�  
HP: http://www.chem.sci.osaka-u.ac.jp/lab/fukase/acbc2 
E–mail: acbc2@chem.sci.osaka-u.ac.jp 
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 ��ǊÖahahŎĎÔóhîöóţ 4�ǋ 

|�24}�ţ ¡*²8h�ţ c5ı 

ŦŭÉů�,ĒěĞ*×ä�8/ġz�Ė?�Ė�!ëőöūakn`,ųĜŧ 

Ǌ2012}9¨19¡Ť¡*²8h�ø61}�ƃŬŪžCıǋ 

 
 

�� � 
 

�	 �� 

ŢīahÜwhĿÙĲ8hó �� 

Ũ520-2194ţ ÎįíaÈxÐàaÃã¸ī1-5 

Tel: 077-543-7469ţ Fax: 077-543-7483 

E-mail: tomizaki@rins.ryukoku.ac.jp 

 

� �� 

ŠBahahŎwhîöó 8hǈÝÙ�ßwhn�ţ �ß8hƠǉƦ �� 

Ũ680-8552 ŠBxÍsã=4-101 

Tel: 0857-31-5262 

E-mail: ma2ra-k@chem.tottori-u.ac.jp 

 

�� �� 

°�w¶ahahŎÝOÜwhîöó Ý�*f¹Čwhn� �� 

Ũ224-8501 ¸Éxă:ŇÈàã4259-B55 

Tel: 045-924-5844ţ Fax: 045-924-5806 

E-mail: tueno@bio.titech.ac.jp 

 

�
 �� 

ÖahahŎĎÔóhîöó 4� 

Ũ860-8555 Öx�b:šş2-39-1 

Tel & Fax: 096-342-3872ţ Fax: 096-342-3679 

E-mail: ykita@kumamoto-u.ac.jp 
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� �³5��?Ɖ4& 39ª?�ŵ:�;�(�'�1��Řœ,ī�@��â�(�=ņø9�¤ĸ?

�¸ľ!"�!0@�:�(���1�!��

� ûŴ'-�µğėú ŧ5�*:å��*$&;8�'�¤Ĩ�Ƃ,Ŭũ,v'5 CO2,ť-Ä�+á

<¦9<&;�,8�'�#7$(tãŬ*èš+ƈ:1��MA,\qclů�´ŷ',ƓÏÈŢ���

�,¾Ƒ�-$!�"$!,'�7��3�=µğ-Ê� +��(�ť���:1��ĴÃĪ|

Ç"�'*��ðċ�ŉĕ,Ŋ3�¾�,|æ�5�$&�E[lHq°Ɛ-rŀŐ'-�*8�'���

� ƄŜ"�'*����zÑ'5�,¼ 10 %,Ƌ��Ė�Ĉ49<&1�ƕŋu�Ė5#7�) <�9

+*: �'�ƕĽƖƖ�ĳ,łıũ-��úë+é<�$!ÃġŸ+-*�*��>9*8�'�Ċ

ò?�;(ÇƒÉ,EALo� 20 °C '`lķ��&1��Ƌ�ĒŮ+5¹İ�ū���:1��9ĬąŸ

ê-�*:¥�8�'��ù��4�4�!ÂŁ?ƍÛ$&y:�:1�7��āƊ,÷�!Ĕ��ĉ

Ő'�7ü 4 � 6õ�ACBC2�Ƃ��<1���

� ĆªƕNo. 40Ɩ-�ÿĐ�@,íÜ+8:�2012Ô10üƌ,Ĩř?{Æ�&�:1��ZiqRmTqî

±,!4�ī�@�9,�ŝý��çşĿ?�Þ#�&�:1��sŤŏƉíÜ1'�ŷŊ?!"�<.

Õ'�� 

 

 {�24|6¥20� 

 ?�> 
 Óª`g`gňĉÑïgêòï 
 ƿtoshi@chem.kumamoto-u.ac.jpǀ 

 

 āŋ�� 
 Ŝ `íÝÉeƿ`Ņ`gǀ 
 Ŝ ®ÇP0ƿřB`gǀ 

 


