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ɇ�Ʉ  ɰ˂  

ƄɄ͹΀͓βϝϟϣΰɗτΜΡϒΰ͟ΑͿτΜΡΟζςϣϝȇȈ

Ϳ͍sȂxͽ˟ͬΓƄ˒ŠͿĤɼΗŭΑ͟ͽͬΓ͔1.1 ͹΀͓Ορ

ϝΥϣ×P9̫ΎĽɩ�ʆͼȱ'ͺ͛͵ͲXȇΟρϝΥϣ͠Ę

ʷͺͩΔΓȱ'ȘͼʄŴͽͶ͛͸ˏŭ͓ͪXȇΟρϝΥϣͽͥ͞Γ

τΜΡϒΰͿ̕ʷĞͽͶ͛͸˅͔ͬ1.2 ͹΀͓Ƅȩȿ_̖ͿÖȍ

Ϳu�͞ΐ΃ÖʭȘʄŴͽͶ͛͸ƞʾͬΓ͔ͰΔΑΗ˩Ή͝͸ 1.3

͹΀͓ƄȩȿͿȞȘͺĤɼ͓sƍͽͶ͛͸ŭΑ͟ͽͬΓ͔1.4 ͹

΀͓ƄȩȿͿ̀ʬťǇ͓ƎɡΊͽͶ͛͸˅͔ͬ1.5 ͹΀͓Ƅ˒Š

ͿƟĩΗȰ͔ͬ  

1.1 ȱ'ȘʄŴ  

1.1.1 ΟρϝΥϣ×P9̫  

ȃ Ϳ͍ÿxͩΔͲȱ'ȘΜϡωϛΗ»ȜͺͬΓŠŭȇǏ΀ÇÈͼΟρϝΥϣ

͹ŗ͝ΑΔ͸͛Γ͔ΟρϝΥϣ΀ʏǴȍͽÕ´ͬΓĉĦͿ΍ͿΗ�ƨΟρϝΥϣ

(ʈǊϪȨǂ͓Ȩǯ͓ÉǴΣΰ͓ƸͿ,ɹΟρϝΥϣ͓ΝϛϡɉŚçĞ�,Jɜ͓

Ę̂Mͼͻ ) ͓Ͱͪ͸ͰΔΑΗeȉͪΎͬ͛ĉĦͽÅŎϢqóͩΔͲ΍ͿΗ�ƨΟ

ρϝΥϣ(ʈǊϪ̰o͓ΣδϜϡ͓ΪϣΦΰͼͻ)ͽ_ͥΑΔΓ͔�ƨΟρϝΥϣ4ɦu

�΀	ȍǽǃͽΐΒÈͣ͡Åuͪ͸͞Β͓͟Ͷ͸Ϳʙ²ȈƜ̷  (1800 ü̺ )!ď͓

�ʷͼ�ƨΟρϝΥϣ͹͚͵ͲȨǯ΀ȨǂϢÉǴΣΰ͓Ͱͪ͸�Óo΅ͺÅÞͪ͸

͡Ͳ͔  

Ī͠²ͽͥ͞ΓȨǂ4ɦͿu�ͺͪ͸͓Êûǌī�ƀͽψϣΦ͹͚͵ͲȨǯ΅

Ϳ5Õ͓͠1950 ü ͽÐΉΓ͍ÿɢǙĩ̝ƀͽȨǂ΅Ϳ5Õͽɹ͡ŎΖΒ͓

1973 üͽ΀ȨǂͽåͬΓ5ÕȂ͠ə 73ϤͽΉ͹͍Ή͵Ͳ 1)͔͓ͪͪ͟1973 üͽt

ȔͪͲɇ¬ƨ�Ɗī�ͽΐ͵͸Ȩǂ6Ɩ΀ 1 τϞϝ 3.01 ξϝ(USD)͟Α 11.65 ξ

ϝ΅͍͓͌ͪͩΑͽ 1979 üͽˤ͡ͲΜϛϡ̷ ͽΐΒ 1 τϞϝ 30 ξϝ�Ή͹�Ŭͪ

Ͳ 2)͔ͧͿΡΜϝήϚιΦΗÍƦͺͪͲȨǂ źśɊΎȡΟρϝΥϣśɊͿŉ˿ͽ

ΐΒǚëͪͲ͓͠1980 ü ď{ͽ΀�ǂ6ƖͿ�ʟͽ)͵͸Àqͽ˭ͫͲ͔1990

ü {΁!̣΀͓Ȩǂ źΟρϝΥϣeȉͿ˿ìɉͽΐΒǚë»ˑ͹ŉȷͪͲ͔
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Ǔ˞u�ͺͪ͸͓�ǂͿ·ͺΘͻ͠ʣȎϢɔʵͽΐΒȨǂʵ¢ͽ˭ŎͩΔ͸˛Äͩ

Δ͸͞Β͓ͰͿȨǂʵ¢΀˲Oͺ˲^͠ʬΖΔ͸͛Γ͔2012 üÿͽ˛ÄͩΔͲȨ

ǂʵ¢΀Ǹšǂ�˃͹ 1 H 9752 � kL ͹͚Β͓2000 ü ͽOΒǚëD�ͽͼ͵

Ͳ͔ǂȺd˛ÄƟĩΗΊΓͺ͓BϢC ̕ǂͼͻͿ˛Ä̗͠ɇ�ƨΡΜϝήϚιΦ!h

͹΀ 5 m!�Η�Ό͸͛Ͳ͓͠ͰͿď͓ΣδϜϡ͓οωά͓˯ǂɉͿǓ˞͠Àq͓ͪ

Ȗǂx͠˿Θͳ͔2012 üÿͿ˛ÄƟĩΗΊΓͺ͓BϢC ̕ǂ˛Ä̗Ϳm�΀

14.0ϤΉ͹ǚëͪ͸͛Γ 3)͔ͰͿͲΌ͓Ȩǂ!Æ͓ͬͼΖʹ͓�Óo͓ÉǴΣΰ͓Ȩ

ǯͿeȉ͠ŉ˿ͩΔ͓2010üͿ�ƨΟρϝΥϣͿVˇ΀Ȩǂ 40Ϥ͓�Óo 11Ϥ͓

ÉǴΣΰ 19Ϥ͓Ȩǯ 23ϤͺͼΒ 1)͓ΟρϝΥϣǡͿÇƠx͠˿ʬͪͲ͔Ǽͽ͓ÉǴ

Σΰ΀Ṵ̏ȉͽə 7 m͓̎öΣΰȉͽə 3 m͠2ΖΔͲ͔ÉǴΣΰ΀͓�ƨΟρ

ϝΥϣͿ4ɦǡÇƠxśɊͿ�Ȇͺͪ͸͓ͰͿeȉ͠ÀqͪͲ͔̎öΣΰͿȉ˺

d˛Ä̗ͺͪ͸΀͓2000 ü̺Ή͹΀Ýāȉ͠ŻÈͿήΞΚΗ�Ό͸͛Ͳ͓͠˵ü

΀óƜȉ͠ĝÀͪ͸͞Β͓ŻÈͿήΞΚΗ�Ό͸͛Γ͔͓ͪͪ͟2011 ü 3 ż 11 Ũͽ

ȔȇͪͲƊŨƄÈ̲Ǯ (!�͓3Ϣ11 ͺʱ˅ͬΓ )ͽΐΒ�ÓoṴ̏͠�ũ΀P̶

AƪͩΔ͓ͰͿ źŊɹͺͪ͸xȨǸšͿ2ȉm�͠ÀqͪͲ 3)͔�ƨΟρϝΥ

ϣͽ͚ͲΓʏu˫ȉͿǸš΍ÇƠx͠˿Θ͹͞Β͓ĐƉ͟Α2ȉͩΔ͸͛ΓΣδϜ

ϡͽq͝͸͓§ḭ̏o͚Γ͛΀Ƹɜ̰ƽͽΐΓ EV(Electric vehicle)͓ΣδϜϡͺʤ

̰ƽͿσΜϊϜιξ˫͓ÉǴΣΰ˫͓ͺ͛͵Ͳʏu˫͞ΐ΃ΟϡίϡͿ̞ȔϢÚȉx

͠ŉ˿ͩΔ͸͛Γ͔Ͳͳ͓ͪͰΔͱΔͿŤʺįʭͽ΀Ƃͳː̿͠Ç͓ͣEV ͹΀̰

ƷΰζϡξͿų�Ȃ͠-͛ͺ͛͜¨̿͠îȾͩΔ͸͞Β͓2015 üÿƃͿ²V9Ž

�Ş΍ə 8 ��͹͚Β 4)͓ͧΔ΀�ȉ˫9Ž�ŞͿ͜ʹΖͭ͟ 0.13Ϥ͹͚Γ 5)͔Ƹ

ɜ̰ƽ EV ΀ƸɜΰζϡξͺͰͿ×PɌȅͺ͛͜ː͚̿͠Β͓9Ž�Ş΀Ζͭ͟

630 �͹͚Γ 4)͔2016 üͿ	ȍŤ˫˛Äͽ�ΌΓ EV ͿƳȂ΀ 0.5Ϥͽ͓ͬͭ͢

σΜϊϜιξ˫Η�ΌͲ̰u˫P.͹΍ 3ϤĆͽͺͻΉΓ͔̰ƽͿΪΰν͠Οϡίϡͽ

ƳΆ͸ΉͳΉͳ͍͓ͣ�­ͿK̰͹ˣΔΓ˧̮΍ȧ͛ͺ͛ͧ͜ͺ΍È͡ͼː̿͹͚Ε

͔ͧ͜Ϳΐ͜ͽ͓5Ǵͺͪ͸ȨǂȋƉͿΣδϜϡͽåͬΓ5Õÿ΀͍͔͛Ͱ΍Ͱ΍͓EV

ȉͿƸɜϢ̰oͿʵ˽ΟρϝΥϣǡͺͼ͵͸͛Γ΍Ϳ΀xȨǸšȋƉ͹͚Γ͔3͝

΁͓Ƹɜ΀ƸͿ̰Ʒ_ˀ͓͚Γ͛΀ϕζϡ CH4Ϳ_ˀ͠ ʱȘ͹͚Β͓ďʀ͹΀k

ƨȘͼ�̒xǯɜϥCO2ϦͿŃ^ͺ͛͜ίϞϡϒ΍͚Γ͔ͰͿͲΌ͓ͰΔΑͿʵ˽ť

Ǉʏ.Ϳ4ɦǡͽ�ΌΓxȨǸšͿm�͠ǚΑͼ̤͛Β͓ƕƄȘͼΟρϝΥϣͿ

ÇƠxͽ΀ɶ͠Αͼ͔͛ΉͲ͓ʓɀǸšͽ̠ͪ͸΀͓ΟρϝΥϣáÿͿ͍ͩϥ},

̗̕ĈͲΒͿȔǷ̗͠È͛ͧ͡ͺϦ͠ƻΌΑΔΓͲΌ͓ȃǽ΀xȨǸšȋƉͿυϛ

ωΛϡíΎοωλϡíͿΐ͜ͼǯxƸɜ͠Ę̼͹͚Γ͔  

2015 üͿ	ȍ��΀ə 74 H�ͺŉ˃ͩΔ͸͞Β͓2050 üΉ͹ͽ΀ə 32ϤÀ

qͿə 98 H�ͺͼΓͧͺ͠�ģͩΔ͸͛Γ 6)͔��Àq΀ GDP Àqͽɶ͠Β 7)͓
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èƉͽĘʷͺͩΔΓΟρϝΥϣ̗΀ΉͬΉͬÀqͬΓ͔�ƨΟρϝΥϣ̱ʷ΀

2010 ü͹ə 12 toeϥ tonne of oil equivalentϥȨǂŎɋνϡϦϦͺŉ˃ͩΔ͸͛Γ͓͠

2050 üͽ΀ 1.8 <Ϳ 21 toeϥͰͿ͜ʹȨǯΎ�ǂ͓ÉǴΣΰ͠ə 14 toe Η�ΌΓϦ

ͺͼΓͧͺ͠�ģͩΔ͸͛Γ 8)ϥ° 1-1Ϧ͔ŨƄͿ 2013 üͿŻɠΟρϝΥϣǓ˞̗΀

ə 0.33 toe ͹͚Β͓2000 ü h{Ϳ}üÿψϣΦə 0.36 toe ͽƳΆ͸ǚëD�

ͽ͚Γ 3)͔ͧΔ΀ 3Ϣ11 !̣Ϳɍ̰Ĥ˕Ϳ͍ΉΒͿɣƍͺͩΔ͸͞Β͓�űȘͼȃ˘

ͺ΍ɿ͝ΑΔΓ͔͓ͪͪ͟ŨƄ΀ͧΔΑͿΟρϝΥϣͿÈ̍_Η˓Æ²͟ΑͿ˲Oͽ

5Õͪ͸͞Β͓3͝΁͓ǒÆ͟ΑͿxȨǸšͽåͬΓ5Õÿ΀͓ȃ´ə 88Ϥ

ϥ2013 üÿϦ͹͚Β͓ɇ�ƨȨǂήϚιΦűϥə 76ϤϦΐΒ΍͍͛Ş?ͺͼ͵͸͛Γ͔

ΉͲ͓ŨƄͿΟρϝΥϣʏɦȂ΀ 2013 üűǰ͹ 6.0ϤͺƝɅͽ-͛?ϥOECD q

ț 34 ͟²�͓2 ȑȞͽ-͛ƸǢϦͺͼ͵͸͛ΓͲΌ͓ɍ̰Ϳsƍ΀̤ÙȘ͹͚Β͓

ȃ ͿȇǏΗɪĽͬΓͲΌͿĘʷŻ-̤ͿΟρϝΥϣΗȮ9ͬΓͧͺ͓ͬͼΖʹ

ΟρϝΥϣ×P9̫΀�ƦȘͼǽĦͺ˂͝Γ 3)͔ʹͼΊͽ͓²̪ΟρϝΥϣƦ̠

(IEA: International Energy Agency)ͽ ΐ Γ ͺ ͓ Ο ρϝΥϣ× P 9 ̫ (Energy 

Security)ͺ΀͓͖Ȇ¿΅ͿĊ̹Η̕ʻͪͶͶ͓�Þ�ʆͼ6ƖͽΐΓΟρϝΥϣǡ

Ϳ2ȉ�ʆĞΗ�ţͩΔΓͧͺͼͣɪĽͬΓͧͺ͔ (Ɉʀ̌ˇ )͗ (ʈǊ :  �Š :  The 

IEA defines energy security͓  as the uninterrupted availability of energy sources 

at an affordable price.)ͺÙɼͩΔ͸͛Γ 9)͔ΉͲ͓�˅ͪͲΐ͜ͽȃ´Ϳ�ƨΟρ

ϝΥϣͿÇͣͿm�ΗȨǂ͠�Ό͸͛Γ͓͠Õ´͠ȮˌͩΔ͸͛ΓȨǂͿ¸ʥ̗

ͽ΀̤ȍ͚͠Β͓Ūͣ͸΍ 50 ü͓̝ͣ͸΍ 150-200 üȸÿ͹ƏǘͬΓͧͺ͠�Ǟͩ

Δ͸͛Γ 10)ϥ° 1-2Ϧ͔΍ʹΕΘ͓ǂȊͿŇɝͺ̞Ȕ΀ͧΔΉ͹!�ͽ˿΋ͺ΀ɿ͝

ΑΔΓ΍ͿͿ͓͛ͭΔ΀Əǘ͚Γ͛΀̱ʷͽ4ɦ͠˸Đͪͼ͛ǽĦͽ̧Γͧͺ΀z

_ͽ�ģͩΔΓ͔"ͽŻ΍̝ƀ2ȉ͠�ʆͼήοϜΡΗģÙͪͲ½�΍͓ņńΪΰ

ν͠�ŬͬΓ�ʆĞ΀͍͓ͣȃ´ͺ�ƠͿƈ#͹2ȉͪɩͥΓͧͺ΀¯̯͹͚Γ 11)͔

ͰͿͲΌ͓ȃ´ͿȨǂͽ̃ÿͽ5ÕͬΓ.f΀ȧƀȘͽ΀ĩɃͪđ͸΍͓�Ϣ̝

ƀȘͽ΀ȫɬͬΓ�ʆĞ΀ƝΌ͸͍͔͛!�Ϳΐ͜ͽĪ͠²ͽ͛͞͸΀͓˟ǡͿ

È{ͿÆ²5Õ͓�Ɗµ¹ͿśĢ�×͓3Ϣ11 !ďͿ×PϢ×ėͿĸ9͓xȨ˟

ǡͿƏǘ¨͓̿ͼͻΗʄŴͺͪ͸ΟρϝΥϣ×P9̫ͿȮ9΀ªɭͿː̿͹͚Γ͔  
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° 1-1Ϫ1 ƨΟρϝΥϣ̱ʷ�Ǟ  

ąȉŠȁ 8 ΐΒ°ΗąȉϥʡʀͽΐΒɳˮ},ΗŘÅϦ  

 

 

 
° 1-2Ϫ	ȍͿü̟ȨǂȇȈ̗Ϳ�Ǟ°  

ąȉŠȁ 10 ΐΒ°Ηąȉϥɳˮ},΀Ɉʀ̌ˇϦ͔	ȍͿü̟ȨǂȇȈ̗ͽ̠

ͪ͸͓�ȺͿυϛϕϣζϣͽ»ͷ͛Ͳ 36 Ⱥ́Ϳ̝ƀȇȈήοϜΡΗȰͪͲ͔  
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1.1.2 Ľɩ�ʆͼȱ'ͺXȇ�ʆΟρϝΥϣ 

�ƨΟρϝΥϣͺͪ͸xȨǸšͿ5ÕÿͿ͍ͩͽåͬΓΟρϝΥϣ×P9ˈ

¨̿΀͓ŨƄͿΊͼΑͭ²̪Șͼ¨̿ͺͪ͸Ľɩ�ʆͼȔìͺ͛͜ʾǰ͟Α΍̕

ʷͼː̿͹͚Γ͔Ľɩ�ʆͼ̞Ȕ (Sustainable Development)ͺ΀͓1987 üͽ͖Ȇ

¿ ͺ ̞ Ȕ ͽ ̠ ͬ Γ 	 ȍ Ñ £ ' ͗ (World Commission on Environment and 

Development)͠�ėȘȅěͺͪ͸�Β�ͦͲƞě͹͚Β͓͖èƉͿ	 ͿƩƻΗ

ǠͲͪͶͶ͓ȃ´Ϳ	 ͿƩƻ΍Ǡ˦ͩͮΓΐ͜ͼ̞Ȕ͗ͺÙɼͩΔ͸͛Γ 12)͔�

́ȱ'ͿĽɩȘͼȔìΗĹ΋ʷɜͺͪ͸͓h˷ͪͲxȨǸšͿƏǘͽq͝͸͓x

ȨǸšͿÈ̗Ǔ˞ͽΐΓµȄǝŶx͠ĿͦΑΔΓ͔µȄǝŶxͽΐΓϜΰΦͽ΀͓

ǒƸ̶�ŬΎƷ˘ǮÜͿÀq͓Ƹ˟ǡΎ̓š˟ǡͿ�˦ͼͻ͠ĿͦΑΔ͸͛Γ͔

΍ͪͧΔΑͿϜΰΦͽåͬΓåɊΗÚŦͪͼ͛½�΀͓	ȍɢǙͿ GDP Ϳ 20Ϥ͟Ͱ

Δ!�ͿőÜΗʲΓͧͺ͠�ģͩΔ͸͛Γ 13)͔sƍȘͼµȄǝŶxåɊΗ�Αͼ

͟͵Ͳ½�͓3͝΁͓Ƿ�ȓΗ̊ͥΓͲΌͿɢǙȘőË΀͓�	ɘƃͽŻÈ͹	

ȍP.Ϳ²VɮȇȈϥGDPϦͿ 4Ϥͽ�ΓͺͿˊɋ͠^ͩΔͲ͔�ť͓²̪Șͼǝ

ŶxåɊͿƎɡΊ͖υϜ|Ù͗͹ŋͦΓȞƢͿ˻Β͓ȈƜ̷ h͟ΑͿƷǝ�Ŭ

Η 2 ÿƂǠͽİ͝Γͧͺ͠͹͡Δ΁͓őË΀ 0.5Ϥ!�͹Ǚ΋ 14)͔ͧͿΐ͜ͽ͓Ʒ>

ÅuͽΐΓƷǝ�Ŭ΀	ȍ�ͿɢǙĩ̝ͽć͛Ċ̹͚͠Γ͔3͝΁͓Ʒ>Åu

͹ŨƄͿ GDP ΀ 35ϤǚëͬΓ�ť͓ϟήΚ͹΀ 419ϤÀqͬΓͧͺ͠˒ͫΑΔ͸

͛Γ 15)͔ͧͿµȄǝŶx΀µȄͿǝÿˑɍƦʆ͠�́ͿǏuͽΐΒÈͣ͡�ΔΓ

ͧͺ͹ą͡ˤͧͩΔΓ͔µȄ΀͓µ̶͠Ę̂͟ΑͿǷΗ��͓ͪÈƷ�ͿƸʣƷΎ

�̒xǯɜͺ͛͵ͲǝÛsƍΣΰ͠µ̶͟ΑŚ^ͩΔΓǷΗ��ͬΓͧͺ͹͓ǝΌ

ΑΔ͸͛Γ͔ͧͿǝÛsƍΣΰͿ ʱ͹͚Γ�̒xǯɜ΀xȨǸšͿǸǵͼͻͽ

ΐ͵͸ÈƷ�ͽÈ̗ͽŚ^ͩΔΓ͔ͧΔͽΐΒµȄP.ͿǷ��̗͠Àq͓ͪƷ

ǝ ͠�ŬͬΓ͔ȃ ´ ͽͥ͞ΓÈƷ�Ϳ�̒xǯɜǫÿ΀û¶Șͽ΀E͟

400ppm ȸÿ͹͚Γ͠ 16)͓ͰͿǝÛsƍ΀ 33�ȸÿͺɿ͝ΑΔ͸͛Γ 17)͔ǝÛs

ƍΣΰͿǚë΀͓µȄP.͠[ɣͬΓΰςϣϐϣϝΚϣΰͿ�®ͽͼ͵Ͳͧͺ͠¼

�ͩΔ͸͛Γͧͺ͟Α΍͓�̒xǯɜ΀͓µȄͿƷǝͽåͪ͸ÇÈͼĊ̹Η�͝͸

͛ΓÕ´͹͚Γ 18 ,19 )͔ÈƷ�Ϳ�̒xǯɜ΀͓µȄP.ͿǯɜēȆ͓ͬͼΖʹƚ

ǻɉͿM�ĩͽΐΓ�̒xǯɜͿ��͓ǯƸxǻͿ�ĩͽΐΓ˜ʥ͓ƚǻɉͿ

_ˀΎuƚǻͿ��ͽΐΓŚ^ͽΐ͵͸ȷuͪ͸͛Γ 20)͔ͧͿǯɜēȆ΀ƄƉ·

ΈûʯǽĦͽ͚ΓΆ͡΍Ϳ͹͚Γ͔͓ͪͪ͟ʙ²ȈƜ̷ !ďͿxȨ˟ǡ΅ͿƝ

ÿͿ5Õͽΐ͵͸͓ûʯ΀Èͣ͡ñΔ͸͛Γͺɿ͝ΑΔΓ͔Ͱͪ͸͓ʏǴͿǯɜēȆ

ͽˤ®ͪͼ͛�ǱȘͼ�̒xǯɜͿŚ^΀͓�ď΍À͝ɩͥΓͧͺ͠�ģͩΔ͸
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͛Γ͔ͰͿɣƍ͓Ʒ˘Åuͽ̠ͬΓ²̪śþ̟υρϝ (Intergovernmental Panel 

On Climate Change: IPCCϦɇ 5 ƨˉ6¼�Ź͹΀͓1880 ü͟Α 2012 üͿ̟ͽ

µȄͿû¶Ʒǝ΀ 0.85��ŬͪͲͧͺ͓͞ΐ΃ 1950 ü͟Α 2100 üΉ͹ͽŻÈ͹

4.8��ŬͬΓͺ͛͜�Ǟ͠¼�ͩΔ͸͛Γ 20 ,21 )ϥ° 1-3Ϧ͔ͧͿΐ͜ͼ�ǞΗ­̊ͬ

ΓͲΌ͓xȨǸšȋƉͿ�̒xǯɜΗŃ^ͪͼ͛γϟϢΟϓιήϚϡȱ'͓�̒x

ǯɜͿŃ^Ηİ͝Ͳ-ǯɜȱ'͓ĂƘǻͿŃ^İfϢX2ȉϢXeȉΗ8˿ͬ

ΓēȆ·ȱ'͓ͰΔΗwļͪͲƞě͹͚ΓĽɩ�ʆͼȱ'ΗÚȃͬΓͧͺ΀͓P

	ȍS˻ͿªɭͿː̿͹͚Γ͔  

ͰͿΐ͜ͼː̿ͽåͪ͸ƀčͩΔ͸͛ΓˀƾɊͿ΂ͺͶ͠Xȇ�ʆΟρϝΥϣ

ͿǏȉ͹͚Γ͔Xȇ�ʆΟρϝΥϣͺ΀͖ɨͭ͝ʴKͩΔΓʏǴͿ1ȉͽȋƉͬΓ

΍Ϳ͗ͺÙɼͩΔ͸͞Β 22)͓Ę̂M͓Ę̂Ƿ͓Ƹo͓͂o͓ǧo͓ǈo͓ǒǐ͓µǷ͓

τΜΡϒΰͼͻƠ͕ͼȺ́͠Õ´ͬΓ͔Xȇ�ʆΟρϝΥϣΗȉ͛ͲṴ̏͹΀͓τ

ΜΡϒΰͼͻΗ̦͛͸�̒xǯɜȔȇ̗΀γϟ͹͚Γ͔ͰͿτΜΡϒΰ͹΀͓ͰΔ͠

ǸǵͪͲ̪ͽȔȇͬΓP͸Ϳ�̒xǯɜ΀͓τΜΡϒΰƚǻͿĩ̝̃ȸ͹ÈƷ

͟Α��ͪͲ΍Ϳ͹͚Γ͔ͧͿͧͺ͟Α͓τΜΡϒΰǸǵͽΐΓ�̒xǯɜͿÀqͿ

�ŗ΀γϟ͹͚Β͓ǯɜēȆͿʾǰ͟Α΀Ń^γϟͺͬΓ΢ϣϐϡπϘϣνϛϝͿɿ

͝ť̇͠ĚͩΔΓ͔ΉͲ͓ó½Ϳăˆͺ͛͵ͲṴ̏ͽ̠ΖΓP͸Ϳóȸ͹ȔȇͬΓ

�̒xǯɜΗɿħͪͲ�̒xǯɜŃ^̗΍͓ǬoṴ̏Ϳ 519-975g-CO2/kWh ͺ

Ƴ˰ͪ͸͓Ę̂MṴ̏͠ 17-48g-CO2/kWh͓͂oṴ̏͠ 25-34g-CO2/kWh͓Ƹo

Ṵ̏͠ 11g-CO2/kWh ͺŻÈ͹ 88 <ȸÿͿ�̒xǯɜŃ^̗Ϳgǚ͠ʹ˴Ή

Δ͸͛Γ 23)͔ͬͼΖʹ͓XȇΟρϝΥϣͿeȉ8˿΀͓ŨƄͿΟρϝΥϣ×P9

̫åɊͺͼΓͳͥ͹ͼ͓ͣµȄǝŶxͽåͪ͸΍È͡ͼeǰ͠ƀčͩΔΓ͔Ę̂M

Ṵ̏͹ȃ´Ż΍ǊȞͩΔ͸͛ΓͿ͓͠ÈʺƣĘ̂MṴ̏ϥϕΣδϣϛϣϦ�Ɯ͹͚

Γ͔͓ͪͪ͟2013 ü 6 żűǰ͹ȻFͪ͸͛ΓϕΣδϣϛϣͿˌÙɮ^o΀ə 56 �

kW ͹͚Β͓ǬoṴ̏Ϳ 1Ϥȸÿ͹͚ΓͿ͠ȃǽ͹͚Γ 24)͔͂oṴ̏΀͓2012 ü

űǰ͹Ϳɮ^o͠ 265 � kW ͹͚ΒĘ̂MΐΒų�͠˿Θ͹͛Γ̸͔͓ͪͪ͊͟Ύ

˥-�ǈ̸͓ȀȲ́ͿǩɁϥτϣξΰνϛΜΦϦͺ͛͵ͲǝŶxͺ΀ȒͼΓȆ¿¨̿

͠ȔȇͬΓͧͺ͠¨̿ǰ͹͚Γ 25)͔ΉͲ͓Ę̂MϢ͂oͿ
ʀͿ¨̿ǰ΀͓Ʒ˘ƈ

#ͿÅxͽćͣĊ̹ͩΔΓͲΌ͓ύϣΰ̰oͿΟρϝΥϣǡͺͪ͸ͿċmΗƍͲͬ

ͧͺ΀̯ͪ͛ͧͺ͹͚Γ͔ͰΔͽå͓ͪƸoṴ̏΀Ʒ˘Åxͽåͪ͸×ÙͪͲṴ̏

͠ǼĖ͹͚Γ͔ƸoṴ̏΀Ī͠²ͽ͛͞͸Ƭ�̝ͣ͠ŧͽ 1920 ü̺͟Α 0.5kW

Ϳ^oΗ^ͬƸ˫·ͿƸoṴ̏͠ʬΖΔ͞Β͓Ƀµƈ#ͺͪ͸΍ƸǡͽġΉΔ͸

͛ΓͲΌ̞Ȕ͠˿Ί͓10 � kW !�ͿÈ·ͿƸoṴ̏͠eȉͩΔΓΐ͜ͽͼ͵Ͳ

ͧͺ͹͓Ṵ̗̏P.Ϳ 10ϤȸÿͿm�Η�ΌΓ 26)͔͓ͪͪ͟ǬoṴ̏ͺƳ˰ͪ͸

Ṵ̏}6͍ͣ͠ʺƣ΍êͩ͛ɉͿ¨̿ǰ͟Α͓ͧΔ!�Ϳų�͠˿Θ͹͛ͼ͛Ϳ
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͠ȃǽ͹͚Γ͔Xȇ�ʆΟρϝΥϣͿṴ̏Ϊΰν΀͓ˆC6ƖͿ͍ͩΎŨǶű̟

ɉͿʏǴǽǃͽô�ͩΔΓͧͺ͹eȉȂ͠-ͣͼΓɉͿː͚̿͠ΓͲΌ͓ǬoȔ

̰ͼͻͿŧÕͿΟρϝΥϣͺƳ˰ͬΓͺ͍ͣͼ͵͸͛Γ͔ΉͲ͓^o͠�×Ù͹µ

ĉɉͿƈ#͟Αˆɹ͹͡Γµǰ΍̤ΑΔ͸͛Γͧͺ΍μϕϜινͺͼΓ͔ͩΑͽ͓Xȇ

�ʆΟρϝΥϣ͠È̗ͽéOͩΔͲ½�͓&Ũͼͻ̱ʷͿëͼ͛űƀͽ0l̰

o͠ȔȇͬΓͧͺΎ͓É>ͼͻͿĊ̹͹^o͠Èͣ͡-�ͬΓͧͺ͹̰ƷͿ×Ù4

ɦͽ¨̿͠ȇͫΓ�ʆĞ͚͠Γ͔ͰͿͲΌ͓Ṵ̏^oͿİfΎʤ̰ƽͿˆɹɉͿ

åɊ͠ĘʷͽͼΓͺɿ͝ΑΔΓ͔ͧͿΐ͜ͼː̿ΗNžͬΓͲΌ͓²ͽΐΓƠ͕ͼŗ

ŐŦɊ͠ʬΖΔ͸͛Γ͔2009 ü 11 żͽÝāΎ�ƜĬɉͽ͛͞͸Ę̂M͹Ṵ̏

ͩΔͲ̰ƷͿ͜ʹ͓2͛`Δͭͽ0͵Ͳ̰ƷͿ˝�ΒΗ̰o'ȱͽɼvͷͥΓ͖Ê

̨MṴ̏Ϳ0l̰o˝�fÿ̞͗͠ÐͩΔͲ͔ΉͲ͓2012 ü 7 ż͟ΑXȇ�ʆ

ΟρϝΥϣͿ±Ù6Ɩ˝�fÿΗéO͓ͪXȇ�ʆΟρϝΥϣͿÈùͼéOĻ

È͠˿ΌΑΔ͸͛Γ͔±Ù6Ɩ˝�fÿͿéOͽΐΒ͓ı˟­�Ϳʹ˴Ί͠×Ù

xͪͲͧͺ͹%ƜͿ�O͠Ƞƨ͛͹͛Γ͔ͩΑͽ͓Xȇ�ʆΟρϝΥϣΎͧΔΑ͹

1ΑΔͲ̰ƷΗʤ͓͝×ÙȘͽ4ɦͬΓͲΌͿʤ̰ƽͿéOͽ̠ͬΓΪΰνgǚ

Ύ͓Ğʆ��ɉͿͲΌͿȩȿ̞Ȕ΍ȾƝȘͽŉ˿ͩΔ͸͛Γ͔ͧΔΑΗ˩Ή͝͸͓

Ī͠²͹΀ 2015 üͽ͖̝ƀΟρϝΥϣ̱ɦʹ˻ͪϥΟρϝΥϣϓιΦΰϦ͗͠ɊÙͩ

Δ͓�ΟρϝΥϣΗτϛϡΰΐͣɡΊ�ΖͮͲ̰ǡƟĩͺͬΓͧͺ͹͓2030 üͿX

ȇΟρϝΥϣͿm�Η 10Ϥϥ2010 üϦ͟Α 22-24ϤͽĻÈͬΓͧͺΗʹ˴Θ͹͛Γ
27)ϥ° 1-4Ϧ͔  
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° 1-3Ϫǝÿ�ŬͿ�ǞήοϜΡ  

ąȉŠȁ 21 ΐΒ°Ηąȉ͔4Ⱥ́Ϳ RCPϥRepresentative concentration pathwayϫ

 ʱǫÿɢ˨ήοϜΡϦͽΐΒ�ǞͩΔ͸͛Γ͔̳ɱϪRPC2.6ϥ-,×ÙxήοϜΡϦ

΀Ʒǝ�ŬΗ 2�!�ͽİ͝ΓͧͺΗȞƢͽͪͲŃ^̗ͿŻ΍-͛ήοϜΡ͓

RCP8.5ϥ͍,�ǶήοϜΡϦ΀ 2100 üͽͥ͞ΓŻÈŃ^̗ͽȠĈͬΓήοϜΡ͹

͚Γ͔ͰͿ�̟͠ RCP4.5ϥ�,×ÙxήοϜΡϦ͞ΐ΃ RCP6.0ϥ͍,×ÙxήοϜ

ΡϦ͹͚Γ͔  

 
° 1-4Ϫ2030 üÿͿ̰oƟĩʹ˴Ί  

ąȉŠȁ 27 ΐΒ°Ηąȉ  
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1.1.3 τΜΡϒΰͿ̕ʷĞϢŽsĞ  

Xȇ�ʆΟρϝΥϣͿÇͣ͠Ṵ̏ͽeȉͩΔ͸͛ΓͿͽåͪ͸͓ǸšͿΐ͜ͼ

͖ǻ͗ͺͪ͸eȉ�ʆͼ˟ǡ͠τΜΡϒΰ(Biomass)͹͚Γ͔τΜΡϒΰͺ΀ȇĦÖ͹

΀͖�Ùɀ̟VͽȃÕͬΓuƚǻͼͻȇǻ.ͿP͸ΗŽƦǻͽŎɋͪͲ̗͗ͺÙ

ɼͩΔ͸͛Γ͓͠Xȇ�ʆΟρϝΥϣ_̖ͽͥ͞ΓÙɼ΀ŨƄśþͽΐΔ΁͖Xȇ

�ʆͼ͓ȇǻȋƉͿŽƦĞ˟ǡ͹xȨ˟ǡΗ̦͛Ͳ΍Ϳ͗ͺͩΔ͸͛Γ 28 ,29 )͔eȉ

�ʆͼτΜΡϒΰͿȺ́΀͓ÈdͬΓͺĂƘǻɗ˟ǡ͓Ƃeȉɗ˟ǡ͓ȇȈɗ˟

ǡͿ 3 Ⱥ́ͽ_ͥΑΔΓ͔ĂƘǻɗ˟ǡͺͪ͸΀ÝȏŃǄǻΎ̓¢ĂƘǻ͓�

ɛ͓�ƸƼǉ͓ăɎĂƅ͓Ƃeȉɗ˟ǡͺͪ͸΀ΜοϠϛΎƌµƭƅ͓τΣΰϥάν

ΝΤχœƺďͿƭǜϦ͓ȇȈɗ˟ǡͺͪ͸΀ƁˠΎʛƄɗτΜΡϒΰ͠ĿͦΑΔΓ͔

 ʱȘͼǼĖͺͪ͸΀!�Ϳ 4 ǰ͠ĿͦΑΔΓ͔  

1ϨµȄǝŶxåɊ  

M�ĩͽΐΒ CO2 Η��ͪ͸ĩ̝ͬΓτΜΡϒΰ˟ǡͿeȉ΀͓͖�̎˖Ù

Ź͗ͽͥ͞Γ�Į�͓CO2 ΗŃ^ͪͼ͛΍ͿͺͩΔ͸͛Γ͔  

2ϨēȆ·ȱ'ͿƟɎ  

ƂǏȉͿĂƘǻΗǸšͺͬΓτΜΡϒΰṴ̏΀͓ĂƘǻͿXeȉΎǚëͽ

Ͷͼ͠Β͓ēȆ·ȱ'ƟɎͽÈͣ͡à�ͪ͸͛Γ͔  

3Ϩ˳îǥƆͿǏĞx  

ÝȏŃǄǻ͓ΜοϠϛ͓ƌµƭƅͼͻ͓²VͿ˳îǥƆͽÕ´ͬΓτΜΡϒ

ΰ˟ǡΗeǏȉͬΓͧͺͽΐΒ͓˳îǥƆͿʏǴēȆȆ¿ƦʆΗɪĽÀ˿͓ͪ

ͰͿĽɩȘȔìΗ°Γͧͺ͠�ʆͺͼΓ͔  

4Ϩµ¹Ȇ¿ͿŘ©  

ÝȏŃǄǻΎȇΫϓͼͻ͓ł͸͸͛Ͳ΍ͿΗ˟ǡͺͪ͸ǏȉͬΓͧͺ͹͓µ¹

Ȇ¿ͿŘ©ͽ˚ȁ͹͡Γ͔  

ͧΔΑ˟ǡͿeǏȉΗ8˿ͬΓͲΌ͓2002 ü 12 żͽT.Șͼ�ΒɡΊΎʬu

˃Ȍ͖͠τΜΡϒΰϢπιϑϡɮ�īȐ͗ͺͪ͸ɇ 1 ƨêǅV̡͹̡˖ƾÙͩΔ͓

2006 ü 3 żͽ΀²ȈτΜΡǸšͿƄƖȘͼéOͼͻΗȚΒ˴ΘͳŤͲͼɮ�ī

Ȑ͠ɊÙͩΔͲ 29)͔�τΜΡϒΰ˟ǡͿΟρϝΥϣeȉĉĦͽ΀Ṵ̏ΎǷeȉ΍

͚Γ͓͠h˷ͪͲǸšͺͪ͸Ϳeȉ͠ǼͽƀčͩΔ͸͛Γ͔τΜΡϒΰΗ�šͺͪͲ

ǸšͿȺ́ͽ΀τΜΡΟζςϣϝ͓τΜΡμΛϣγϝ͓τΜΡίΞινǸš͓τΜΡΣ

ΰͼͻ͚͠Γ͔τΜΡǸšͿeȉ΀ƾͪ͸Ťͪ͛΍Ϳ͹΀ͼ͓ͣτΜΡΟζςϣϝeȉ

ͿL˿²ͺ΍͛͝Γϊϛίϝ΀ 1930 ü�b̾ͽ͛͞͸͓ŧͽΣδϜϡͽΟζςϣϝΗ

5ϤǕ�ͪͲ E5 ǸšͿeȉ͠ɼv�ͥΑΔ͸͛Ͳ 30)͔ͰͿď͓1973 üͽˤ͡Ͳɇ
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1 ƨΡΜϝήϚιΦͽΐΓ�ǂ6ƖͿ͍͌Ύ͓1975 üͽfÙͩΔͲ͖²ÝΚϝΪϣϝ

˃Ȍ͗ͽΐΒȇȈ̗΀ĝǩͽ*΃͸͛Γ͔�Ơͽ͓ΚϕϜ΢͹΀ 1919 üͽ	ȍ͹Ż

bͽÈ̗ȇȈͩΔͲʏu˫͹͚Γ T ·ωΠϣξͿ�ͽŧͽΟζςϣϝΗǸšͽͬΓ

ζΜϋ͚͠Γͼͻ͓Ū͛Ư̩͹τΜΡǸšͿeȉ͠ÐΉ͵͸͛Ͳ 31)͔ΡΜϝήϚιΦΗ

ÍƦͽͰͿeȉͩ͠ΑͽďĶͪͩΔ͓1978 üͽ Energy Tax Act ͠ĩɃͪͲ͔ͧΔ

ͽΐΒ͓τΜΡΟζςϣϝΗ 10ϤǕ�ͪͲΣδϜϡ͹͚Γ E10 Ϳ2ȉͽåͬΓǚȹ]

ɹ͠�ΑΔͲ͔
²΀ͰͿď΍τΜΡǸšΗÀȈͪɩ͓ͥ2000 üͽ΀ȨǂŎɋͺͪ

͸ϊϛίϝ 521 �νϡϢΚϕϜ΢ 299 �νϡΗȇȈͪ͸͞Β͓	ȍ͹ȇȈͩΔΓτΜΡ

ǸšͿə 90ϤΗ
²Ý͹�Ό͸͛Γ 32)͔ͩΑͽ͓ΚϕϜ΢͹΀ 2006 üͿϊιήϘÈ

ɧ̽Ϳ�ʔŜŹͽ͛͞͸ 2025 üΉ͹ͽ�ƊȈȨǂͿ5ÕÿΗ 25Ϥ!�ͽͬΓ

ȞƢ͠ˆÙͩΔ͓ϊϛίϝ͹΀ 2003 ü!̣ͽΣδϜϡͺΟζςϣϝΗ$ĤͿm�͹

Ǖ��ʆͼωϞιΦΰ˫ϥflexible-fuel vehiclesϦ͠éOͩΔͲ͔ͰͿɣƍ͓2000 ü

 ď{ͽ
²ͿȇȈ̗΀ĝǩͽ�Ŭ͓ͪ2015 üͽ΀ϊϛίϝ 1,764 �νϡ͓ΚϕϜ

΢ 3,098 �νϡͺͼ͵͸͞Β͓ΚϕϜ΢΀	ȍŻÈͿȇȈ²ͺͼ͵Ͳ 33)ϥ° 1-5Ϧ͔Ͳͳ

͓ͪˋɟ΀ď˷ͬΓ͓͠
²ͿτΜΡΟζςϣϝ΀�̓Ğ˟ǡ͹͚ΓμϡϋϡˠΗ

�šͺͪ͸ȇȈͩΔ͸͛Γͧͺ΀È͡ͼ¨̿͹͚Γ͔�̓Ğ˟ǡͿǸšeȉ΀̓š

eȉͺͿɆ�ͽɶ͠Β͓̓š6ƖͿ�ŬͼͻdͿ¨̿Ηą͡ˤ͔ͧͬͰͿͲΌ̵͓

�̓ĞτΜΡϒΰ˟ǡΗ�šͽͪͲτΜΡΟζςϣϝȇȈįʭͿ̞Ȕ͠ƻΌΑΔ͸

͛Γ͔  

ŨƄ͹΀ΣδϜϡ źǸšͺͼΓτΜΡΟζςϣϝͿéOɼvͺͪ͸͓2017 üͽ

ü̟ 50 � kLϥΣδϜϡǓ˞̗Ϳə 1.2ϤȠĈϦ͓ΟρϝΥϣ»Ƅ˃Ȍ͹ÙΌΑΔͲ

śþȞƢͺͪ͸ 2020 üűͿΣδϜϡǓ˞̗Ϳ 3Ϥ!�éOͬΓͧͺΗŋͦ͸͛Γ͔

͓ͪͪ͟ΣδϜϡ΅ͿǕ�eȉͽ̠ͪ͸΀͖ŏȔǂɉͿ¢ˠͿȮ9ɉͽ̠ͬΓǇĎ͗

ͽΐ͵͸ E3 ΉͲ΀ E10 ͹Ϳeȉͽ̤ÙͩΔ͸͛ΓͿ͠ȃǽ͹͚Γ͔	ȍȘͼǔ.

ǸšͿ̱ʷ΀ș͕*΃ɩͥ͸͛Γǽǃͽ͛͞͸ 34)ϥ° 1-6Ϧ͓τΜΡϒΰͿeǏȉ

΀͓ŨƄ΀΍ʹΕΘͿͧͺ͓	ȍȘͽ΍ΟρϝΥϣ×P9̫͞ΐ΃γϟϢΟϓιήϚϡ

Ηę�ͪͲĽɩ�ʆͼēȆ·ȱ'Ϳĉĩͽåͪ͸Èͣ͡˚ȁͬΓͧͺ͠͹͡Γ͔˟

ǡ͠ý͛µ¹ͽ_ŝͪ͸͛ΓͲΌ͓�̬Ϣ̂ŒϢɌȅͽΪΰν͟͟͠Γêʺƣ_ŝ

·ͿˆCͽͼΒ͠ʹͺ͛͜ƛ˄�̻΀͚Γ΍ͿͿ͓ͰͿͼ͟͹΍τΜΡΟζςϣϝͿȇ

ȈĞ��ͺóƜȘÈ̗ȇȈ.fͿȮɃ΀ªɭͿː̿͹͚Γ͔  
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° 1-5Ϫ	ȍͿτΜΡǸšȇȈ̗  

ąȉŠȁ 33 ΐΒ°ΗąȉϥɈʀͽΐΒˮʱȰ͞ΐ΃\3ʱ˅ΗŘÅϦ͔° AϪµ¹

ƲͿτΜΡǸšȇȈ̗͓° BϪτΜΡΟζςϣϝͺτΜΡμΛϣγϝͿȇȈ̗͔  
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° 1-6Ϫ	ȍͿΟρϝΥϣǓ˞̗�Ǟ  

ąȉŠȁ 34 ΐΒ°ΗąȉϥɈʀͽΐΒɳˮʱ˅Η˸qϦ͔CPPϥClean Power PlanϦ

΀̰o�Ɯʀ͠ȔȇͩͮΓ�̒xǯɜ̗ͿgǚΗȞȘͺͪͲśɊ͹͚Β͓ǰɱ΀

CPP ̇͠ȉͩΔͲ½�Ϳ�Ǟ͹͚Γ͔  

1.2 ÖʭȘʄŴ  

Ƅɍ͹΀τΜΡϒΰͿͼ͟͹΍τΜΡΟζςϣϝͿȇȈ̃ȸ͓ǼͽĔȇǻȋƉͿ̑

ɜͽΐΓτΜΡϒΰͿ_ˀ͓͞ΐ΃Ͱͧ͹ȇȈͩΔΓɕΗeȉͪͲΟζςϣϝȔ̑ͿÖ

ȍͿu�ͺͰͿʄŴͽͶ͛͸ƞʾͬΓ͔  

1.2.1 τΜΡΟζςϣϝͿƬ�  

͖τΜΡΟζςϣϝ͗ͺ΀͓άνΝΤχΎνΝϖϟΪήͼͻͿτΜΡϒΰΗȔ͓̑ͩͮʣ

Ȏͪ͸ȇȈͩΔΓΟζςϣϝΗ�ʔȘͽʱ͔ͬ˵ü͓τΜΡΟζςϣϝͺ͛͜�ȶ΀͓

ΟρϝΥϣǡͺͪ͸ͿXȇ�ʆĞΎ΢ϣϐϡπϘϣνϛϝĞΗě̾ͽ͛͞͸2ΖΔ

Γͧͺ͠Ç͔͓͛ͪͪ̃͟�ͽ΀τΜΡϒΰ˟ǡ͹͚ΓϖϛβΰϥĂɕʪϦ͟ΑȇȈͩ

ΔΓΟζςϣϝ͓�ʹ�˅ͿÙɼͽͥ͞ΓτΜΡΟζςϣϝ̈́͠šȉͽ΍2ΖΔ͸
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͛Ͳ͔ͰͿͲΌ͓Ȕ̑ϥΉͲ΀̓˽ϦΟζςϣϝ͞ΐ΃τΜΡΟζςϣϝͺ͛͜�ȶͽ

ÖʭȘͼyd΀ͼͩΔ͸͛ͼ͓͛͠Ƅ˒Š͹΀˵üȘͼĤ��͛͹τΜΡΟζς

ϣϝͺ͛͜�ȶΗ2ȉͬΓͧͺͺͬΓ͔  

τΜΡΟζςϣϝ΀͓Xȇ�ʆͼʏǴΟρϝΥϣ͹͚Γͧͺ͓͞ΐ΃ͰͿǸǵͽΐ

͵͸ÈƷ�Ϳ CO2̗ΗÀΎͩͼ͛ǰ͟Α͓ΟρϝΥϣǡͺͪ͸ͿèƉĞ͠ƀčͩΔ

͸͛ΓͿ΀h˷ͪͲͺ͞Β͹͚Γ͔�ť͓ȇȈ̃ȸP.Η˻ͪ͸ΊͲ½�Ϳ CO2 g

ǚsƍ͓ΟρϝΥϣȇȈĭƯͺͪ͸ͿsȂĞ͓̓šͺͿɆ�͓ͺ͛͵Ͳ¨̿ǰ΍ľ

ŔͩΔ͸͛Γ͔̈́šȉ˺ͺͪ͸ͿΟζςϣϝȇȈ͓ͬͼΖʹΚϝΪϣϝ̓˽΀͓�̓

ĞͿτΜΡϒΰ˟ǡ͹͚ΓɐΎʢʞͼͻΗ�šͺ͓ͪͰͧͽ�ΉΔΓɕ́ͽåͪ͸

ĔȇǻΗȉ͛͸ɕxϢȔ̑ͬΓͧͺ͹ͼͩΔΓ͔Ǹšȉ˺ͿτΜΡΟζςϣϝ΍»

Ƅ�ȅ΀��͹͚Β͓άνΝΤχΎϖϛβΰͼͻͿɕˠ�šΎνΝϖϟΪήΎίϗΣΜ

ϖͼͻͿμϡϋϡˠ�šΗȉ͛ͲȇȈįʭ΀ 1970 ü ͟ΑʬΖΔ͸͛Ͳ͔͓ͪͪ͟

μϡϋϡˠ�šͺͼΒ͜ΓτΜΡϒΰ΀̓šͺͪ͸΍eȉͩΔΓͲΌ͓ǸšeȉͺͿ

Ɇ�͠ˤ͡Γͧͺ͠ŻÈͿ¨̿ͺͼ͵͸͛Ͳ͔τΜΡǸšͺͪ͸Ϳ̱ʷ΀ͰΔΑͿ6

Ɩͽ΍È͡ͼĊ̹Η�͝͸͞Β͓²̪̓šśɊȩȿĬͿ¼�͹΀ȼǻͿû¶6

ƖͿ�ŬͿ͜ʹ 30Ϥ͠τΜΡǸšͽˤ®ͬΓͺʹȾ΍ΑΔ͸͛Γ 35)͔ΉͲ͓̓šΗ

ǸšͽeȉͬΓͺ͛͜@ȅȘͼ¨̿΍È͔͛͡Ͱͧ͹͓ͧΔΉ͹ͽeȉͩΔ͸͛ͼ͛

̵�̓Ğ˟ǡ͹͚ΓβϝϟϣΰɗτΜΡϒΰ͓̓͠šΎͅšͽɆ�ͪͼ͛ŤͲͼ

Xȇ�ʆͼΟρϝΥϣ˟ǡͺͪ͸ǊȞͩΔͲ͔βϝϟϣΰɗτΜΡϒΰͺ΀͓ƚǻ

ͿɟʅÁΗƟĩͬΓβϝϟϣΰϥCelluloseϦϢόϓβϝϟϣΰϥHemicelluloseϦͺ͛͵

ͲÇɕ́ϑϜϒϣΗ�ʷͼƟĩĩ_ͺͪ͸�΋τΜΡϒΰ͹͚Βϥ° 1-7Ϧ36)͓-6

Ɩ͹È̗ͽeȉ�ʆͼβϝϟϣΰɗτΜΡϒΰͺͪ͸΀νΝϖϟΪήͿƭǜ͹͚ΓΪ

ϣϡΰνϣτϣΎάνΝΤχΗœƺͪͲďͿƭǜ͹͚ΓτΣΰ͓ɐΎê͎Ϳʨͼͻ͠

ĿͦΑΔΓ͔βϝϟϣΰɗτΜΡϒΰΗsȂȘͽeȉͬΓͲΌ͓!�ͽ˅˷ͬΓŤ

Ͳͼįʭ̞͠ȔͩΔͲ͔  
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° 1-7ϪβϝϟϣΰɗτΜΡϒΰͿɟʅÁϖμϝ°  

ąȉŠȁ 36 ΐΒ°Ηąȉ͔  

1.2.2 ϜΧςβϝϟϣΰȋƉτΜΡΟζςϣϝͿȇȈː̿ͺͰͿåĚɊ  

τΜΡΟζςϣϝȇȈͽ͛͞͸ŻÈͿː̿΀Ϊΰν͹͚Γ͔τΜΡΟζςϣϝΗ΀

ͫΌ͓τΜΡμΛϣγϝ͓τΜΡίΞινǸšͼͻͺ͛͵Ͳų�ͿͲΌͽ΀͓ŧÕͿΣ

δϜϡ͓˯ǂ͓ίΞινǸš!�ͽΉ͹ΪΰνΗ�ͦΓĘʷ͚͠Γ͔͓ͪͪ͟βϝϟϣΰ

ɗτΜΡϒΰ΀ͧΔΉ͹eȉͩΔ͸͡Ͳμϡϋϡˠ�šͺȒͼΒ̯_ˀĞǻˠ͹͚

ΓͲΌ͓ΟζςϣϝͿȇȈΪΰν̵͠øͽ͍ͣͼΓͧͺ͠È͡ͼː̿͹͚Γ͔  

βϝϟϣΰɗτΜΡϒΰͿƟĩĩ_͹͚Γβϝϟϣΰ΀͓R}ɕ͹͚ΓΧϝΪϣ

ΰͿϑϜϒϣͺ͛͜ǰ͹΀μϡϋϡͺ��͹͚Γ͔͓ͪͪ͟ͰͿɣ�ƠĄ͠ȒͼΒ͓μ

ϡϋϡ͠ α-1, 4-ΧϜΪήξɣ�͹͚ΓͿͽå͓ͪβϝϟϣΰ΀ β-1, 4-ΧϜΪήξɣ�

ͪͲȟ̜ǽϑϜϒϣ͹͚Β͓͍ÿͽɣŵxͬΓͧͺ͹×ÙͪͲƟ˽ΗͺΓͲΌ̵øͽ

_ˀͩΔͽͣ͛ϥ° 1-8Ϧ͔ͧΔΗȔ̑�ʆͼΧϝΪϣΰΉ͹_ˀͪͼͥΔ΁͓Ȕ̑Η

˻ͫ͸ΟζςϣϝͽÅŎͩΔͼ͛ͲΌ͓ćoͼqƸ_ˀoΗ΍Ͷǫȭ̒͠ȉ͛ΑΔ

Ͳ͔ͧͿťǇ΀βϝϟϣΰΗØPͽ_ˀͬΓͧͺ͠�ʆ͹͚Γ͓͠ɕͿ̃_ˀ͓�

¡űͽȔȇͬΓȨʌͿ]ȅ͓ʧ¢ʁĞϋϛϡνͿĘʷĞ͓ȭ̒­�űͿǓ˞Ο

ρϝΥϣ͠È͛ͧ͡ͺͼͻ͠¨̿ͽͼ͵͸͛Ͳ 37 ,38 )͔Ͱͧ͹ŤͲͽ̑ɜ_ˀǇ̞͠

ȔͩΔͲ 39)͔ƄǇ΀ǫȭ̒ǇͺƳ˰ͪ͸͓�Ěǝÿ͠-ͣϥə 50� Ϧ͓È̗Ϳx
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Öʧ¢Ηȉ͛ͼ͛ǝ¡ͼ�ĚΗʬͧ͜ͺ͠͹͡Γ͔͓ͪͪ̑͟ɜ_ˀǇ΀̑ɜΪΰν

Ϳ͍ͩ͠¨̿ͺͼ͵Ͳ͔ͰͿͲΌ͓1.3 ͽď˷ͬΓΐ͜ͽ̑ɜ-ǚxͿͲΌͿȩȿ

̞Ȕ͠ͼͩΔ͸͡Ͳ͓͠ȃǽͽ͛͞͸΍óƜȘͽeȉ�ʆͼϞύϝΉ͹Ϊΰν΀-

�ͪ͸͛ͼ͔͛ͰͿͲΌ͓Ȕ̑óȸͿŘ©ΎȇȈϋϟβΰͿŻ̇xͼͻ͓ͰͿ�Ϳ

óȸͿͩΑͼΓsȂxϢ-ΪΰνxͿͲΌ�˅ͿåĚɊ͠ÚŦͩΔͲ͔  

βϝϟϣΰɗτΜΡϒΰ΀μϡϋϡˠ�šͺȒͼΒÇƠͼɕ́͠�ΉΔ͸͛ΓͲ

Ό 40)͓�šͽ�ΉΔΓɕ˟ǡΗP͸eȉͬΓͧͺ΀ȇȈΪΰνͿ-ǚxͿͲΌͽ̕

ʷ͹͚Γ͔βϝϟϣΰɗτΜΡϒΰͿɕĩ_ͽ΀͓βϝϟϣΰͿƟĩĩ_͹͚ΓΧ

ϝΪϣΰͽq͝͸͓όϓβϝϟϣΰͿƟĩĩ_͹͚ΓΤήϟϣΰΎΚϛχςϣΰͼͻͿ

�}ɕ͠�ΉΔ͸͛Γ͔ͧΔΑͿ�̗΀͓ΧϝΪϣΰ͠Pɕ́Ϳ 50-70Ϥȸÿ͹͚

ΓͿͽå͓ͪ20-40ϤͺͰͿ{_ȸÿΗ�ΌΓͲΌ͓ΤήϟϣΰΗȔ̑ͬΓͧͺ͠͹͡

Δ΁�šͿeȉsȂ͠Èùͽ�ŬͬΓ 38)͔͓ͪͪ͟óƜȘͽΟζςϣϝȔ̑ͽȉ

͛ΑΔ͸͛Γ^ʗ̑Ʊ Saccharomyces cerevisiae ΀͓R}ɕͿΊeȉ�ʆ͹͚Β͓

�}ɕ΀eȉ͹͡ͼ͔͛Ͱͧ͹͓ɐ² Purdue ÈÖͿ Ho ΑͽΐΒΤήϟϣΰ˟xĞ

ʆΗ��ͪͲ̉(ÓɡŎ̑͝Ʊ͠1ʵͩΔͲ 41)͔S. cerevisiae ΀Τήϟϣΰ˟x

ͽĘʷͼΤήϟϣΰϞηΦζϣγϥXylose Reductase͔!� XR ͺʱ˅ͬΓϦ͞ΐ΃

ΤήϜνϣϝμφξϟΩοϣγϥXylitol Dehydrogenase͔!� XDH ͺʱ˅ͬΓϦΗŽ

ͪ͸͛ͼ͔͛Ͱͧ͹͓Τήϟϣΰ˟xĞ̑Ʊ Pichia stipitis ȋƉ XR ̉(Ó͞ΐ΃

XDH ̉(ÓΗ S. cerevisiae ͽȒȺȔȃͩͮͲ͔ͩΑͽ͓S. cerevisiae ΀ΤήϝϟΤ

οϣγϥXylulokinaseϦͿǏĞ͠Ć͛ͲΌ͓ͰΔΗʴ͜ͲΌͽ̉(ÓɡŎ͝ͽΐΓ

̃lȔȃ͠ͼͩΔͲ͔XRϢXDH ̉(ÓͽΐΓΤήϟϣΰ ˔΀ȢƔȇǻͽΊΑΔ

Γ͓͠�Ɣȇǻ͹΀ΤήϟϣΰΜδϕϛϣγϥXylose Isomerase͔!� XI ͺʱ˅ͬΓϦ

ͽΐΒΤήϟϣΰ͟ΑΤήϝϟϣΰΉ͹�Ư̩͹ÅŎͬΓ�Ě͠ȦΑΔ͸͛Γ͔ͧͿ

�Ě΀ XRϢXDHɗͺƳ˰ͪ͸ʴ̑ɜͿ�¶ʯΗɿħͬΓĘʷ͠ͼ͛ͲΌȅ˒�

΀ΐΒsȂȘ͹͚Γͺɿ͝ΑΔ͸͞Β͓Delft ÈÖͿ Pronk ΑͽΐΒȢʝȋƉͿ XI ͠

ʹ^ͩΔ͓sȂȘͽΤήϟϣΰΗ˟xͬΓ̉(ÓɡŎ̑͝Ʊ͠1ʵͩΔͲ 42 ,43 )͔

ͧͿΐ͜ͽ͓βϝϟϣΰɗτΜΡϒΰ͟ΑͿΟζςϣϝȇȈͽͶ͛͸΍Ⱥ͕Ϳįʭ̞

Ȕ͠ʬΖΔ͸͛Γ͔  

τΜΡΟζςϣϝͿȇȈΪΰνΗ-�ͩͮΓͲΌͿįʭ̞Ȕʷɜͺͪ͸͓L˷ͪͲ

ȇȈϋϟβΰͿŻ̇x΀��Ƨ͹͚Γ͔βϝϟϣΰɗτΜΡϒΰΗȉ͛ͲτΜΡΟ

ζςϣϝȇȈͿ�ʔȘͼϋϟβΰ΀͓h]ȅϢɕxϢȔ̑ϢɔʵͿ 4 Ư̩ͽ_ͥΑ

ΔΓ͔ͧͿͼ͟͹΍͓ǼͽɕxͿhͽʬΖΔΓh]ȅͺΐ΁ΔΓǢCóȸ͠Ę̼͹

͚Β͓Ƅ˒Š͹΀ƄǢCóȸΗɕxh]ȅͺ�ȶͬΓ͔ɕxh]ȅΗŦͪ͸͛ͼ

͛βϝϟϣΰɗτΜΡϒΰ΀͓z_̗Ϳɕx̑ɜ͹]ȅͪͲͺͪ͸΍ͨͣΖͭͪ͟͟

ɕxͩΔͼ͔͛ͰͿ�ͼȅȋ΀όϓβϝϟϣΰΎϜΧπϡĩ_ͿÕ´͹͚Γ͔ͧΔΑ
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Η̦�ͬΓͲΌͽĘʷͺͩΔΓͿ͠ɕxh]ȅ͹͚Β͓Ƅ˒Š͹΀ɕxh]ȅͩ

ΔͲτΜΡϒΰΗh]ȅτΜΡϒΰͺ�ȶͬΓ͔ͧͿ]ȅ͠ć͛ͺβϝϟϣΰ΍ËΖ

Δ͸ͪΉ͓͜͠Ć͛ͺsƍȘͼ̑ɜɕx]ȅΗʬͧ͜ͺ͠͹͡ͼ͔͛ΉͲτΜΡϒΰ

Ⱥͽΐ͵͸ƈ#΀ȒͼΒ͓ťǇͽΐ͵͸΀]ȅ�ʆͼʺƣͽf̤͚͠Γ͔ıOΟρ

ϝΥϣΎˆCΪΰν΍�ΌͲĔÏͼτϛϡΰͿ�͹Ϳ̈ĳ͠Ęʷͺͼ͵͸ͣΓ͔ΉͲ͓

ȇȈϋϟβΰͿ͜ʹ͓ɕxϢȔ̑ϋϟβΰͽ΀ɕxΗʬ͵͸͟ΑȔ̑Ηʬ͜ɕxȔ

̑ϥSeparate Hydrolysis and Fermentation͔!� SHF ͺʱ˅ͬΓϦͺɕxͺȔ̑Η

�űͽʬ͜�ʬʶȔ̑ϥSimultaneous Saccharification and Fermentation͔!�

SSF ͺʱ˅ͬΓϦ͚͠Γ͔SSF ΀ 2 ϋϟβΰΗ 1 ͶͿ�Ěơ͹ʬ͜ͲΌˆC˞Ϳ-

ǚ͠Ǿ͝ΓͧͺΎ͓ɕx�ĚͿȇĩǻ͠˼Ύ͟ͽȔ̑Ϳ»ˠͺͪ͸eȉͩΔΓͧͺ

͹ɕxóȸͽȉ͛ΑΔΓ̑ɜͿȇĩǻ̢Ü͠ˀ̦ͩΔΓͧͺͼͻ͠ϕϜινͺͪ͸Ŀ

ͦΑΔΓ͔Ͳͳ͓ͪɕx̑ɜͿǏĞ͠ŻÈͺͼΓŻ̇ǝÿ͠ə 50�͹͚ΓͿͽå

͓ͪS. cerevisiae ͿŻ̇ǝÿ΀ə 30�͹͚ΓͲΌ͓Ȕ̑ͿŻ̇ǝÿ͹�ĚΗʬ͜

ͺɕxsȂ͠Èͣ͡-�ͬΓ 44 ,45 )͔ͧΔΗ̑ɜıO̗ͿÀq͹ˀƾͬΓͺȇȈΪ

ΰνͿÈùͼÀqͽɶ͠Γ͔Ͱͧ͹͓ʁǷĞ̑ƱͿ̞Ȕ͠˿ΌΑΔ͓Úȉ̑ƱͿ

˾ɩº͈ͽΐΓʏǴɁǴÅȒͽΐΒ 41�ͽͥ͞ΓȔ̑ʆΗ��ͩͮͲƓͿ�đ

Ύ 46)͓͍ǝʁĞ̑Ʊ Kluyveromyces marxianus47)ͼͻ S. cerevisiae !ÆͿĔȇ

ǻͿeȉͼͻ͠¼�ͩΔ͸͛Γ͔  

 

 
° 1-8ϪβϝϟϣΰͺμϡϋϡͿɣ�ƠĄͿ̅͛  

(A)βϝϟϣΰ͐ (B)μϡϋϡ  
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1.3 ƄȩȿͿĤɼϢȞȘ  

ƄȩȿͿȞȘ΀̵͓�̓Ğ˟ǡ͹͚ΓβϝϟϣΰɗτΜΡϒΰΗ͍sȂ͹_ˀ

ͬΓ̑ɜΗ̞Ȕ͓ͪτΜΡΟζςϣϝͿȇȈΪΰνΗ-ǚ͓ͩͮτΜΡϒΰͿóƜȘ

ͼeȉΗÚȃͬΓͧͺ͹͚Γ͔βϝϟϣΰɗτΜΡϒΰͿ_ˀͽȉ͛ΑΔΓɕˠq

Ƹ_ˀ̑ɜ͹͚ΓβϝϛϣγΎόϓβϝϛϣγ΀͓ŧͽƠ͕ͼ_̖͹§Ɯeȉͩ

Δ͸͛Γ͔3͝΁͓Ǎiȉ˺ͺͪ͸ʰ́ͿɵɪΗ_ˀͬΓͧͺ͹ɵɪͿÎͽOΒ˴

ΘͳƼΔΗ_ˀͬΓͧͺΎ͓ɵɪͿɟ͛͟ƴɽɃʹΗ_ˀͬΓͧͺ͹ʰ́ͽƼΔ͠

�͡ͽͣͣͬΓ1ȉ͓̓¢ǖqǻͺͪ͸Ί͟ΘƍƺͿǗǨxΎυϡͿʍΑΊΗ��

ͩͮΓ1ȉ͚͠Γ͔ͧΔΑ΀Ơ͕ͼ̑ɜϕϣ΢ϣ͟Α˛ÄͩΔ͸͛Γ͓͠τΜΡϒΰ

_ˀȉͿ̑ɜͺͪ͸ƻΌΑΔΓƦʆ͠ȒͼΓͲΌ͓τΜΡϒΰ_ˀͽǼxͪͲ̑ɜ

Η̞ȔͬΓĘʷ͚͠Γ͔ȃűǰ͹ÚȉȘͼτΜΡϒΰ_ˀͿͲΌͿ̑ɜ΀Ƃͳ̞

Ȕ˺�ͿƯ̩͹΀͚Γ͓͠	ȍȘͼ̑ɜ̞ȔɆ�Ϳ�͹ɐ² Genencor ȱϥȃ

DowDuPont ȱͿÓ'ȱϦ͞ΐ΃μϡϒϣΦ Novozymes ȱ͠�ΗÈͣ͡Ϝϣξͪ͸

͛ΓͿ͠ȃǽ͹͚Γ͔2 ȱͿ̞ȔͽΐΒ̑ɜΪΰν΀ͧΔΉ͹ΐΒÈͣ͡-ǚͬΓͧͺ

ͽĩpͪͲ͓͠ȃÚȘͼτΜΡΟζςϣϝȇȈϋϟβΰ͓ͬͼΖʹ�š˲˹˞Ύ�

šh]ȅ˞ȉ͓ʝ.ͿÀƮ͓̑ɜȇȈ͓�ǐóȸͼͻĘʷͼϋϟβΰΗP͸�Ό

ͲˊɋͽΐΓɢǙĞ_ƋϥTechno-Economic AnalysisϦͽΐΓͺ͓̑ɜΪΰνͿͩΑ

ͼΓ-ǚx͠ƻΌΑΔ͸͛Γ 48)͔̑ɜΪΰνΗ-ǚͬΓͲΌͽ΀͓ɕxóȸͽ2ȉ

ͩΔΓ̑ɜ̗ΗǚΑͬĘʷ͚͠Γ 49 ,50 ,51 )͔ͰͿͲΌƄȩȿ͠ȞȘͺͬΓ̑ɜͿ͍

Ʀʆx͓ͬͼΖʹ��̗ͿτΜΡϒΰΗΐΒë̗Ϳ̑ɜ͹_ˀͬΓ̑ɜͿ̞Ȕͽ

ĩpͬΓͧͺ΀͓τΜΡΟζςϣϝȇȈΪΰνͿ-ǚxͽÈͣ͡à�ͬΓͳΕ͔͜ΉͲ͓

ŨƄͿΟρϝΥϣ×P9̫Ϳ,ɹ�ͥ͹ɿ͝Γͺ͓τΜΡΟζςϣϝʵ˽Ϳ̕ʷ

ͼįʭʷɜ͹͚Γɕx̑ɜ̞ȔΗŨƄȔͿįʭͺͪ͸˿ΌΓͧͺ΀ƝΌ͸̕ʷ͹

͚Γ͔ͰͿͲΌ͓Ƅȩȿ͹΀̑ɜ̞ȔͿύϣΰͺͼΓʝƓͺͪ͸|¡Ȕ̑ȱϥȃ|

¡Ȕ̑ΤϜϡȱϦͽ͸̝üʃȺͩΔ͸͡Ͳ̑ɜȇȈƓ Trichoderma reesei  PC-3-7

ƓΗȉ͓͛ŨƄͿįʭΗύϣΰͽͪͲ̑ɜ̞ȔΗʬ͔͜ΉͲ͓τΜΡϒΰ_ˀ̑ɜ

Ϳ̞Ȕ΀͓τΜΡΟζςϣϝͿÚȉxͳͥͿ˚ȁͽƪΉΑ͓ͭ×6ͼɕ�šͿ4

ɦͽΐΓτΜΡύϣΰξΨϓ΢ϝϥBio-based chemicalsϦ_̖΅Ϳǈ�sƍ͠ƀč

ͩΔΓ͔τΜΡύϣΰξΨϓ΢ϝͺ΀͓�šͺͪ͸Ȩǂ͹΀ͼͣȇǻ˟ǡΗȉ͛͸ȇ

ȈͩΔͲxÖ¢͹͚Γ͔ͰͿÚȉx3ͺͪ͸΀͓ɐ DuPontȱ͠ϑϜΟΰλϝͿ�š

ͺͼΓ 1, 3-ϋϟυϡίΡϣϝΗΪϣϡήϘΣϣ͟Α̉(ÓɡŎ͝ÈʋʝΗȉ͛͸ȇ
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ȈͬΓͧͺͽĩp ͪͲ3Ύ 52)͓BioAmber ȱͿ̑ƱͽΐΓΪσΦ̒ʵ˽ 53)͓

NatureWorks ȱͿϑϜ�̒ƥʇ Ingeo54)ͼͻ͠ĿͦΑΔ͓ƨ͕ͺŤͲͼτΜΡϋϟ

βΰ̞͠ȔͩΔ͸͛Γ͔ͰΔΑͿ̞Ȕͽ΀͓ƄƉĔȇǻ͠ȇȈ͹͡ͼ͛ǻˠΗ͓̉

(ÓɡŎ͝įʭͽΐΒŤͲͼ ˔ɢ˨Ηɡ˴΋ͧͺ͹ȇȈΗ�ʆͽͬΓ�ĩȇ

ǻÖȘͼΚϋϟϣθͽ ʱͩΔΓĔȇǻʃȺįʭ̕͠ʷ͹͚Γͧͺ΀̟̅͛ͼ͔͛

͓ͪͪͩ͟Αͽ̕ʷͼͧͺ΀͓̞Ȕ¢ȞΗ¨ΖͭͽS˻ͬΓ̕ʷͼʷɜ͠×6ͼɕ

ǡ΅ͿΚΦβΰ͹͚Γ͔˟ǡ͠ëͼ͛Ī͠²ͽ͛͞͸͓ͧΔΉ͹Ǐȉ͹͡͸͛ͼ͛

̵�̓Ğ˟ǡ͹͚ΓβϝϟϣΰɗτΜΡϒΰΗǏȉ�ʆͽͬΓ͍Ʀʆ̑ɜͿ̞Ȕ

΀È͡ͼĤɼ͚͠Γ͔βϝϟϣΰɗτΜΡϒΰͿǏȉͽΐΓȨǂ˟ǡ5Õ͟ΑͿʉ

�΀͓	ȍȘͼ¨̿͹͚ΓµȄǝŶx΅Ϳˀƾͽ΍Èͣ͡˚ȁͬΓͳΕ͔͜ΉͲ͓

τΜΡϒΰeȉϢ̑ɜ̞ȔͿȩȿΗ˻ͫ͸̑ɜóÖΎȇǻ˟ǡeȉÖͿȔìͽ

ƀč͠͹͡Γ͔  

1.4 ƄȩȿͿÚŦťǇ  

Ƅȩȿ΀ T. reesei PC-3-7 Ɠ͠_ǆͬΓβϝϛϣγ͞ΐ΃όϓβϝϛϣγͿτΜ

Ρϒΰ_ˀʆͿ��ͽͶ͛͸ÚŦͬΓ͔ͰͿͲΌͽ΀͓T. reesei  PC-3-7 ƓȋƉ̑

ɜͿƦʆŘ©ͺͰͿˉ6ƛ˄͓͞ΐ΃Ř©ǰΗŭΑ͟ͽͬΓͲΌͿ�ĚˀƋƛ

˄΀̕ʷͼʷɜ͹͚Γ͔Ͱͧ͹Ƅȩȿ͹΀P.ΗͶ͢Ϳΐ͜ͽÈͣ͡�ͶͿȩȿ̻

Ȟͽɟ_xͪ͸ÚŦͬΓ͔  

ɇ�ͽ͓Ƅȩȿ͹ύϣΰͺͼΓ͍Ʀʆx̑ɜͿƟɎͺͰͿˉ6͹͚Γ͔ƟɎͽ

΀ʽƓͺͪ͸ T. reesei PC-3-7 ƓΗȉ͛Ͳ͔ƄƓͿƧǰ΀�ɕ͹͚ΓβϟχΡϣΰ

Η}ɕ͹͚ΓΧϝΪϣΰͽ_ˀͬΓ β-ΧϝΪήηϣγϥ!�͓BGL ͺʱ˅ͬΓϦǏ

Ğ͠Ć͛ͧͺ͹͚Γ͔ͧΔΗćxͬΓͲΌ͓ƄƓȋƉ BGLϥ!�͓TrBG1 ͺʱ˅ͬ

ΓϦͺƳ˰ͪ͸͓ƳǏĞ͠ 10 <!�͍͛ Aspergillus aculeatus ȋƉ BGLϥ!�͓

AaBG1 ͺʱ˅ͬΓϦͿȒȺß�ȔȃΗÚŦͪͲ͔̑ɜȔȃͿϋϟϖϣζϣͽ΀͓

Τήϛοϣγ̉(ÓͿȔȃΗ�Γϋϟϖϣζϣ͹͚Βͼ͠Αβϝϛϣγ̉(Óͺ�

ˑͪ͸ƦʆͬΓ xyn3 ϋϟϖϣζϣΗeȉͪͲ͔ƟɎͪͲ BGL ćx̑ɜͿʆoˉ

6ͺͪ͸͓̑ɜǏĞ͞ΐ΃τΜΡϒΰɕxʆoΗǞÙ͓ͪͰͿɣƍΗö˛̑ɜͺƳ

˰ͪͲ͔ö˛̑ɜͽ΀ȃűǰ͹Oĭ�ʆͼŻŤ·Ϳö˛τΜΡϒΰɕx̑ɜ 2

Ⱥ́Ηȉ͛Ͳ͔�ǏĞǞÙǇ΀QûĞΗ9ͶͲΌτΜΡΜϡηΰνϜϣ|'Ͷͣ΁

ȩȿÛ͹ƢǢxͩΔͲÚ͋ĭǇͽĐ͵͸ÚŦͪͲ 55)͔  

ɇ�ͽ͓T. reesei ͠_ǆͬΓ}�Ϳβϝϛϣγϥ!�͓ĩ_̑ɜͺʱ˅ͬΓϦ͠

τΜΡϒΰͿɕxͽ�͝ΓĊ̹ΗŭΑ͟ͽͬΓͧͺ͹͚Γ͔βϝϟϣΰɗτΜΡϒΰ
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ΗsȂȘ_ˀͬΓͲΌͽ΀͓ƦʆͿȒͼΓʶŞͿĩ_̑ɜ͠Ęʷ ͺͼΓ͔ T. 

reesei ΀ŞzȺ́Ϳĩ_̑ɜΗ_ǆͬΓ͓͠�ĩ_̑ɜ͠τΜΡϒΰɕxͽͻͿ

ȸÿĊ̹ͪ͸͛Γ͟΀ŭΑ͟ͽͼ͵͸͛ͼ͔͛Ͱͧ͹͓Ƅȩȿ͹΀ĩ_̑ɜͿ�͹

βϝϟϣΰ_ˀͽŻ΍̕ʷͺɿ͝ΑΔΓ 2 Ⱥ́ͿβϟχΡφξϟϛϣγϥ!�͓CBH

ͺʱ˅ͬΓϦͺ͓1 Ⱥ́ͿΟϡξΧϝ΢οϣγϥ!�͓EG ͺʱ˅ͬΓϦΗå˘ͺͪͲÚ

͋Ηʬ͵Ͳ͔βϝϛϣγͽΐΓβϝϟϣΰ_ˀͿǼĖ΀͓ʶŞͿĩ_̑ɜ͠Ƞ�

Șͽ1ȉͬΓͧͺ͹͓}�Ϳĩ_̑ɜ͹΀đΑΔͼ͍͛͛_ˀǏĞ͠ȃΔΓͧͺ

͹͚Γ͔ͰͿͲΌ͓}ǿͿĩ_̑ɜΗȉ͛ͲτΜΡϒΰɕx�Ě͹΀͓Ƞ�sƍΗ

�ΌͲƄƉͿɕxʆΗˉ6ͬΓͧͺ΀͹͡ͼ͔͛Ͱͧ͹Ƅȩȿ΀͓å˘ͺͪͲĩ_

̑ɜͿ̉(Ó͠ƧőͪͲβϝϛϣγϥ!�͓}�ĩ_Ƨőβϝϛϣγͺʱ˅ͬΓϦ

Η2ȉͪͲ͔}�ĩ_Ƨőβϝϛϣγ΀͓ƢȘͺͪͲ}�ĩ_!ÆͿĩ_̑ɜͿ

Ƞ�sƍ͠9ĽͩΔ͸͛Γ͔}�ĩ_ƧőβϝϛϣγΗȉ͛ͲτΜΡϒΰɕx�

ĚΗÚŦ͓ͪJƓȋƉͿPĩ_Η�΋̑ɜͺɕxȂΗƳ˰ͬΓͧͺ͹͓�ĩ_̑

ɜͿĊ̹ÿΗŭΑ͟ͽͪͲ͔  

ɇ�ͽ͓LͽƟɎͪͲ BGL ćx̑ɜͿΤήϛοϣγǏĞΗćxͪͲ̑ɜͿƟ

ɎͺͰͿˉ6͹͚Γ͔BGL ćx̑ɜ΀ AaBG1 ͿȔȃͿͲΌ͓ͰͿ̉(ÓΗ xyn3

̉(ÓĀͽȠ�ɡŎͪ͝͸͞Β͓Τήϛοϣγϥ!�͓XYN ͺʱ˅ͬΓϦIII ͠Ƨő

ͪ͸͛Γ͔Ͱͧ͹͓XYN III ͠ƧőͪͲ BGL ćx̑ɜͿόϓβϝϟϣΰ_ˀʆ͠K

_͹͚Γ͟ΗȮˌͬΓͲΌ͓ɔʵͪͲ XYN III ΗƟɎͪͲ̑ɜͽǖq͓ͪόϓβϝ

ϟϣΰΗÇͣ�΋τΜΡϒΰͿɕx�ĚΗÚŦͪͲ͔ʝƓͿƟɎͽ΀͓h˷ͺ�Ơ

ͽ T. reesei  PC-3-7 ƓΗʽƓͺ͓ͪxyn3 ϋϟϖϣζϣΐΒ΍Ȕȃʆ͠ć͛ egl1 ϋϟ

ϖϣζϣΗeȉͪͲ AaBG1 Ϳ̉(ÓȔȃΗÚŦͪͲ͔ͧΔͽΐΒ͓XYN III Η9Ž

͓ͪAaBG1 ͠ΐΒÇͣȔȃͪͲ̑ɜΗƟɎͪͲ͔ƟɎͪͲ̑ɜΗʆoˉ6ͬΓͲΌ͓

τΜΡϒΰɕxʆΗŻŤͿö˛̑ɜͺͿƳ˰ΗÚŦͪͲ͔  

1.5 Ƅ˒ŠͿƟĩ  

Ƅ˒Š΀P 6 ͿɄ͹ƟĩͩΔΓ͔  

ɇ�Ʉ͹΀͓βϝϟϣΰɗτΜΡϒΰ͟ΑͿτΜΡΟζςϣϝȇȈͿ͍sȂxͽ

˟ͬΓƄ˒ŠͿĤɼΗŭΑ͟ͽͬΓ͔  

ɇ�Ʉ͹΀͓βϝϟϣΰɗτΜΡϒΰ͟ΑͿτΜΡΟζςϣϝȇȈͿ͍sȂxͽ

̠ͬΓLʬȩȿΗƞʾͬΓ͔  

ɇ�Ʉ͹΀͓T. reesei ȋƉ̑ɜͿĆǰ͹͚Γ BGL ǏĞͿ-ͩΗʴćͬΓͲΌ

ͽ AaBG1 ͿȒȺß�ȔȃΗˊΊ͓ƟɎͪͲʝƓΗ T. reesei  X3AB1͓ƄƓȋƉ
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̑ɜΗ JN11 ͺ͓ͪͰͿʆoˉ6ͪͲɣƍͽͶ͛͸˅͔ͬ  

ɇ¬Ʉ͹΀͓T. reesei ͠_ǆͬΓ�ʷͼĩ_̑ɜ͹͚Γ CBHI͓CBHII͓EGI ͠

�ȺͿτΜΡϒΰͿɕx�ĚͽͻͿȸÿĊ̹Η�͝Γ͟ΗŭΑ͟ͽͪͲɣƍͽͶ

͛͸˅͔ͬ  

ɇ�Ʉ͹΀͓AaBG1 ͿȒȺß�Ȕȃͽ cbh1 ͞ΐ΃ egl1 ϋϟϖϣζϣΗeȉ

ͪ͸ƟɎͪͲ T. reesei  C1AB1 Ɠ͞ΐ΃ E1AB1 Ɠ͓͞ΐ΃ƄƓȋƉ̑ɜ JN12 ͞

ΐ΃ JN13 Ϳʆoˉ6Ͷ͛͸˅͔ͬ  

ɇRɄ͹΀͓ƄȩȿͿΉͺΌΗ˅ͬ  
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ɇ�Ʉ  LʬȩȿɉͿˑƑ  

ƄɄ͹΀͓βϝϟϣΰɗτΜΡϒΰ͟ΑͿτΜΡΟζςϣϝȇȈ

Ϳ͍sȂxͽ̠ͬΓLʬȩȿΗƞʾͬΓ͔2.1 ͹΀͓βϝϟϣΰɗ

τΜΡϒΰͿLʬȩȿˑƑͿȞȘΗ˷ΆΓ͔2.2 ͹΀͓βϝϟϣΰ

ɗτΜΡϒΰͿ»ȯȅ˒ͽͶ͛͸˅͔ͬ2.3 ͹΀͓βϝϟϣΰɗτ

ΜΡϒΰΗ_ˀeȉͬΓ̪ͽȉ͛ΑΔΓɕxȉͿh]ȅǇͽͶ͛

͸˅͔ͬ2.4 ͹΀͓βϝϟϣΰɗτΜΡϒΰΗɕxͬΓ̑ɜΗȇȈ

ͬΓʝƓͽͶ͛͸˅͔ͬ2.5 ͹΀͓ɕx̑ɜͿ̞ȔͽͶ͛͸˅͔ͬ

2.6 ͹΀͓ƄɄͿΉͺΌͽͶ͛͸˅͔ͬ  

2.1 ΀ͫΌͽ 

ƄȩȿͿȞȘ΀͓-ǯɜȱ'Ηę�ͪͲΟρϝΥϣ×P9̫¨̿ͽåͬΓȃ

ÚˀͿ΂ͺͶ͹͚ΓτΜΡΟζςϣϝͿȇȈsȂͿ��ͽ˟ͬΓ»ȯƛ˄Ηʬͧ͜

ͺ͹͚Γ͔τΜΡΟζςϣϝͿ�šͺͼΓτΜΡϒΰͽ΀͓ήϚɕΎμϡϋϡΗÇͣ�΋

�̓ĞͿ˳1ǻͿĂƘǻΎ͓βϝϟϣΰͿΐ͜ͽ�͠Ǔx͹͡ͼ̵͛�̓ĞͿΟ

ρϝΥϣ˟ǡ1ǻ͠eȉͩΔ͸͛Γ͔˳1ǻȋƉͿτΜΡϒΰ͟ΑȇȈͩΔΓΟζ

ςϣϝ΀ɇ�	 τΜΡΟζςϣϝͺ�΁Δ͸͞Β͓άνΝΤχΎνΝϖϟΪή͓ê͎͓

λϡάΜͼͻ͠eȉͩΔ͸͛Γ͔ɇ�	 Οζςϣϝ΀͓ǸšͼͻͿΟρϝΥϣ˟ǡ

ΗđΓͧͺͿΊΗȞȘͺͪͲΟρϝΥϣ˟ǡ1ǻΗ�šͺ͓ͪͰͿƟĩĩ_͹͚Γβ

ϝϟϣΰ΀µȄ�͹Ż΍˗âͽÕ´ͬΓτΜΡϒΰ͹͚ΓͲΌ źΟρϝΥϣͺͪ͸

ͿϑλϡήϗϝΗK_ͽȵΌͲ˟ǡͺͪ͸ƀčͩΔ͸͛Γ 56)͔Ͱͧ͹ƄɄ͹΀ɇ�

	 τΜΡΟζςϣϝͽ̠ΖΓLʬȩȿͺͪ͸͓βϝϟϣΰɗτΜΡϒΰͿeȉͽ̠

ͬΓ»ȯȅ˒͓βϝϟϣΰɗτΜΡϒΰͿɕxh]ȅ͓͐ ̑ɜȇȈʝ͓ɕx̑ɜ̞

ȔͽͶ͛͸ˑƑϢƞʾͪ͸LʬȩȿɉͽåͬΓƄȩȿͿ,ɹ�ͥΗŭΑ͟ͽͬ

Γ͔  
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2.2 βϝϟϣΰɗτΜΡϒΰͿ_ˀeȉͽ̠ͬΓ»ȯȅ˒  

2.2.1 τΜΡϒΰͿȺ́ͺɡɷƟ˽  

ɇ�	 τΜΡΟζςϣϝȉ�šͺͪ͸ȉ͛ΑΔΓτΜΡϒΰͽ΀͓˳ƜȉĂƘ

ǻϥΪϣϡΰνϣτϣ͓ΜοϠϛϦͺΟρϝΥϣ1ǻϥΟϜΚϡάΰϢϓΰ΢ϡάΰϢρψΚ

ΧϛΰͼͻͿÇ�̗ʛƄƚǻ 57 ,58 )͓ϑϋϛϢϙϣ΢ϜͼͻͿŪȇýʠƥ 59 ,60 )ϦͽÈ

dͩΔΓ͔ΟρϝΥϣ1ǻͿÇͣ΀ȇȈĞ̵͠øͽ͍͛ͧͺ͠ǼĖ͹͚Β͓Ǽͽϙϣ

΢ϜΎΟϜΚϡάΰɉ΀�ǹ̗̕͹ü̟ĈͲΒͿȇȈ̗͠ŞzνϡΉͲ΀ͰΔ!�

ͿȇȈĞΗȰͬ 61 ,62 )͔  

µȄ�ͿƚǻͽΐΒŻ΍˗âͽȇȈͩΔ͸͛ΓŽƦǻ͓ͰΔ͠ɕˠ͹͚Γ͔ɕˠ

ͿÇͣ΀͓Çɕͺͪ͸Ɓ͓ʛ͓Ĕɟʩ́ͼͻͿτΜΡϒΰͽβϝϟϣΰ͓όϓβϝϟϣ

ΰ͓μϡϋϡͺͪ͸Õ´ͬΓ͔ͧΔΑÇɕΗÅŎͪ͸͓ΟρϝΥϣΎϒλϜΚϝͽeȉ

ͬΓˊΊ͠ͼͩΔ͸͛Γ͓͠Ήͭ�šͺͬΓτΜΡϒΰͿɕɡĩΗˑΆΓͧͺ͠ʂʷ

͹͚Γ͔βϝϟϣΰ΀ƚǻͿɟʅÁΗƟĩͬΓĩ_Ϳ 1 Ͷ͹͚Γ͔ɟʅÁͽ΀͓΍͜

ϩͶͿƟĩĩ_͹͚Γ͍_ÓͿωΞςϣϝĞx�ǻϜΧπϡ͠Õ´͓ͪβϝϟϣΰͺ

ɥΊ�͵͸Õ´ͬΓͧͺ͟Α͓βϝϟϣΰɗτΜΡϒΰ΀ϜΧςβϝϟϣΰɗτΜΡϒ

ΰͺ΍�΁ΔΓ͔βϝϟϣΰ΀ β-ΧϝΪϣΰ͠ β-1, 4 ɣ�͹ȟ̜ǽͽɶ͠͵ͲϏϖ

ϑϜϒϣ͹͚ΒB̜ΗĽͲͼ͛ϥ° 2-1Ϧ63)͔ϏϖϑϜϒϣ΀�ÙͿŞ͠Ƈ;ΑΔ͸ϓ

ΦϟωΛϊϜϝͺ�΁ΔΓ}ɣŵɵɪͺͪ͸Õ´ͬΓ͔͍ɉƚǻ͹΀�ʔͽŞzƄ

Ϳ_Ó̜͠�ĩͩΔ͸͛Γͺ˂ΖΔ͸͞Β͓ù 3-4 nm ͿϓΦϟωΛϊϜϝ͠»Ƅ},

ͽͼΓͺɿ͝ΑΔ͸͛Γ 64 ,65 ,66 )͔όϓβϝϟϣΰͽ΀͓Τήϟϣΰ͠ β-1, 4 ɣ�ͪ͸͹

͡ͲΤήϛϡΎ͓ϒϡςϣΰ͠ β-1, 4 ɣ�ͪ͸͹͡Ͳϒϡοϡͼͻ͠Õ´ͬΓ͔ͧΔΑ

΀ÇͣͿ½�ʶŞͿɕ́͟ΑƟĩͩΔ͸͞Β͓ÉǴ͹΀ΚϛχςΤήϛϡΎΧϝΪς

Τήϛϡ͓ΧϝΪςϒϡοϡɉ͠Õ´͓ͪƚǻȺͽΐ͵͸ÇƠĞ͚͠Γ͔  
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° 2-1ϪϓΦϟωΛϊϜϝͿƟ˽  

ąȉŠȁ 63 ΐΒ°Ηąȉ͔βϝϟϣΰͿ̬�.͹͚ΓβϝϟϣΰϓΦϟωΛϊϜϝΗ

Ȱ͔ͬȥ�΀ϓΦϟωΛϊϜϝͿɓƸ̶͹͚Β͓βϝϛϣγ͠ɣ�ͬΓ̍,ͺͼΓ͔  

2.2.2 βϝϟϣΰɗτΜΡϒΰͿ̑ɜɕx  

βϝϟϣΰɗτΜΡϒΰͽ�ΉΔΓβϝϟϣΰΎόϓβϝϟϣΰΗ_ˀͬΓͲΌͽ

΀͓F͡ͿȒͼΓʶŞͿɕˠqƸ_ˀ̑ɜϥGlycoside hydrolaseϦ͠ĘʷͺͼΓ͔

Glycoside hydrolase ΀ 100 Η˥͝Γ family ͽ_́ͩΔΓ͠ 67)͓ͰͿ�͹΍ ʱȘ

ͼF͡ΗͬΓ̑ɜΗĿͦΓϥʱ 2-1Ϧ͔Ή͓ͭβϝϟϣΰ_ˀΗĸ͜βϝϛϣγͿ�͹

Ż΍̕ʷͼF͡Ηͪ͸͛Γ̑ɜ΀͓βϝϟϣΰͿɣŵ̽¹Ϳ_ˀͽĘʷͺͼΓ 2 Ⱥ

́Ϳ CBH ͹͚Γ 44)͔CBHI ΀ Glycoside hydrolase familyϥ!�͓GH family ͺʱ

˅ͬΓϦ7 ͽíͬΓβϝϛϣγ͹͚Β͓βϝϟϣΰͿ̋JƃɅ͟Α1ȉͬΓ͔CBHII

΀ GH family 6 ͽí̵͓ͪ̋JƃɅ͟Α1ȉͬΓ͔CBH ΀ͻʹΑ΍ΟΤδ·ͽ1ȉ

ϥ_Ó̜ͿɅ͟Α_ˀϦͬΓβϝϛϣγ͹͚Γ͔βϝϟϣΰ̜ͽåͪ͸͓νϡρϝƟ˽

ΗͪͲǏĞ̍,ͽ�Β˴΋ͧͺ͹͓βϝϟϣΰ̜Ηą͡jͪ͠ͼ͠ΑβϟχΡϣΰ}

,͹˾ɩȘͽ`ţͬΓ 68)͔
ʀͺ΍ǏĞξϕΜϡͺβϝϟϣΰɣ�ξϕΜϡ͠Ϝϡ΢ϣ

͹ɶ͠͵ͲƟ˽ΗͺΒ͓βϝϟϣΰͽ�ȣͬΓͧͺ͹˾ɩȘͼqƸ_ˀϥϋϟβιήχ

λΛϦ͠ʬΖΔΓϥ° 2-2Ϧ69 ,70 )͔EG ΀͓βϝϟϣΰͿ̵ɣŵ̽¹ͽ1ȉ͓ͪβϟνϜ

ΡϣΰͼͻͿβϟΡϜΫɕ},͹`ţͬΓβϝϛϣγ͹͚Γ͔EG ΀ÇȺÇƠͼ GH 

family ͽíͪ͸͞Β͓ͰͿ�͹΍ EGI (family 7)͓EGII (family 5)͓EGIII (family 

12)͓EGV (family 45)͠βϝϟϣΰͿ̵ɣŵ̽¹ͽåͪ͸U·ȘͼΟϡξ·Ϳ1ȉ

(_Ó̜ͿV̍͟Α_ˀ )ΗĽͶͺ͛ΖΔ͸͛Γ 71 ,72 )͔ΉͲ͓EG Ϳ�͹΍ EGIV ͞ΐ

΃ EGVII ΀ GH family 61 ͽíͬΓβϝϛϣγ͹͚͵Ͳ͓͠Quinlan ΑͿ¼�ͽΐΒ
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̒xȘͼ_ˀΗʬ͜ϖςΡΤήηϣγ͹͚Γͧͺ͠¼�ͩΔ͸͞Β͓Auxiliary 

Activity Family 9 ͽ_́ͩΔͲ 73)͔EGVI (family 74)΀ΟϡξΧϝ΢οϣγǏĞΐ

Β΍ΤήϟΧϝ΢οϣγǏĞ͠ć͛ͲΌ͓βϝϛϣγΐΒ΍΋ͪΕόϓβϝϛϣγͽ˵

͛F͡Ηͪ͸͛Γͺɿ͝ΑΔΓ 74)͔ͧΔΑ CBH Ύ EG ͽΐΒ�ǣĞͿΡϜΫɕ΅_ˀ

ͩΔͲďͽ͓BGL ͠βϝϟϣΰͿŻêƟĩ},͹͚ΓΧϝΪϣΰͽ_ˀͬΓ 75)͔ͧ

Δ͠βϝϛϣγͽΐΓβϝϟϣΰ_ˀͿ�˾ͿǐΔͺͼΓϥ° 2-3Ϧ63)͔  

h˷ͪͲȟňȘͼ_ˀΗʬ͜βϝϛϣγͺ΀dͽ͓ƚǻ΀ΟΦΰυϡήϡ

ϥExpansinϦͺ�΁ΔΓɟʅÁΗɲΌΓ̑ɜΗ9ŽͬΓ͔ΟΦΰυϡήϡ΀ɟʅͿ*

̝ͿͲΌͽɟʅÁͿÇɕ̟ͿƸɜɣ�Η`ţͬΓF͡ΗĽͶ 76)͔ͧΔͺ�ƠͿF

͡ΗĽͶΟΦΰυϡήϡƠζϡυΦˠϥExpansin-like proteinϦ͠ΰΡϞπϡ

ϥSwolleninϦ͹͚Γ͔ΰΡϞπϡ΀βϝϟϣΰͿqƸ_ˀΗʬΖͼ͛΍ͿͿ͓h˷ͪͲ

F͡ͽΐΒ�Ϳ̑ɜͽåͪ͸Ƞ�sƍΗĽͶͧͺ͠¼�ͩΔ͸͛Γ 77)͔  

όϓβϝϟϣΰͿ_ˀͽ΀͓ͰͿȺ́ͽΐ͵͸Ęʷͼόϓβϝϛϣγ͠ȒͼΓ͔ƚ

ǻɟʅÁͽ�ΉΔΓ�ʷͼόϓβϝϟϣΰ͹͚ΓΤήϛϡͿ_ˀͽåͪ͸΀͓GH 

family 11 ͽíͬΓ XYNI ͞ΐ΃ II78 ,79 )Ύ GH family 10 ͽíͬΓ XYNIII80)͠Τ

ήϟΡϜΫɕͽ_ˀͬΓ͔GH10 ͺ 11 ͹΀»ˠͿB̜ˌ˕͠Ȓͼ͵͸͞Β͓GH10

΀ˌ˕ͽĘʷͺͼΓB̜Ϳͼ͛Τήϟϣΰƭ»͠ GH11 ͺƳ˰ͪ͸ëͼ͛ϥ° 2-4Ϧ
81)͔ͰͿɣƍ͓̑ɜ͠ˌ˕͹͡Γ̍,͠ GH11 ΐΒÇͣͼΓͲΌ͓͟ΤήϛϡͿŻÈ

_ˀ̗΍͍ΉΓͧͺ͠¼�ͩΔ͸͛Γ͔ͧΔΑΤήϛοϣγ͠ȇĩͪͲ�ǣĞΤήϟ

ΡϜΫɕΗ͓β-Τήϟήηϣγϥ!�͓BXL ͺʱ˅ͬΓϦ͠Τήϟϣΰͽ_ˀͬΓ͔Ͱ

Ϳ�ͽ͓ΤήϛϡͿB̜ͺͪ͸ɣ�ͪͲΚϛχςϣΰΗ`ţͬΓ α-L-Κϛχςωϛςή

ηϣγ 82)Ύ͓ϒϡοϡΗ_ˀͬΓϒϡοοϣγ 83)ͼͻÇȺÇƠͼόϓβϝϛϣγ͠

Õ´ͬΓϥ° 2-5Ϧ͔  

βϝϟϣΰͺόϓβϝϟϣΰ΀͓h˷ͪͲΐ͜ͽɥΊ�͵ͲƟ˽Ηͪ͸͛ΓͲΌ͓β

ϝϟϣΰͿ_ˀͿͲΌͽ΀όϓβϝϟϣΰͿ_ˀ͓͠όϓβϝϟϣΰͿ_ˀͿͲΌͽ

΀βϝϟϣΰͿ_ˀ͠Ę̼ͺͼΓ͔ͰͿͲΌ͓
ʀΗ�ŽͬΓβϝϟϣΰɗτΜΡϒ

ΰͿ_ˀͽ΀βϝϛϣγͺόϓβϝϛϣγ͠|ÌȘͽ1ȉͬΓͧͺ̕͠ʷͺͼΓ 84)͔  
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ʱ 2-1ϪT. reesei ͠_ǆͬΓ�ͼ̑ɜ�ʼ  

ϧGHϪGlycoside hydrolase͓AAϪAuxiliary Activity 

 

 
° 2-2ϪβϟχΡσΜξϟϛϣγ 1 ͿƟ˽  

ąȉŠȁ 70 ΐΒ°Ηąȉ͔CBHI ΀ˁÒξϕΜϡϥCatalytic DomainϦͺβϝϟϣΰ

τΜϡμΛϡΧϖίϘϣϝϥCBM; Cellulose Binding ModuleϦ͠Ϝϡ΢ϣϥLinkerϦͽ

ΐ͵͸ɶ͠͵ͲƟ˽ΗͺΓ͔  

 

 

̑ɜ�  Ȑȶ  _́  ̑ɜǏĞ  

βϟχΡσΜξϟϛϣγ 1 CBHI GH7 
ΟΤδΧϝ΢οϣγ  

βϟχΡσΜξϟϛϣγ 2 CBHII GH6 

ΟϡξΧϝ΢οϣγ 1 EGI GH7 

ΟϡξΧϝ΢οϣγ  ΟϡξΧϝ΢οϣγ 2 EGII GH5 

ΟϡξΧϝ΢οϣγ 3 EGIII GH12 

ΟϡξΧϝ΢οϣγ 4 EGIV 
AA9 

ϥGH61Ϧ  
ΡΤήΩοϣγ  

ΟϡξΧϝ΢οϣγ 5 EGV GH45 ΟϡξΧϝ΢οϣγ  

ΟϡξΧϝ΢οϣγ 6 EGVI GH74 ΤήϟΧϝ΢οϣγ  

ΟϡξΧϝ΢οϣγ 7 EGVII 
AA9 

ϥGH61Ϧ  
ΡΤήΩοϣγ  

β-ΧϝΪήηϣγ 1 BGLI GH3 βϟχΚϣγ  
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° 2-3Ϫĩ_̑ɜͽΐΓβϝϟϣΰ_ˀ  

ąȉŠȁ 63 ΐΒ°ΗąȉϥʡʀͽΐΒ�̍ŘÅϦ͔�Ȑˎ΀ƨͿ˻Β͔CBH1 ͞ΐ

΃ 2 ΀βϟχΡσΜξϟϛϣγ 1 ͞ΐ΃ 2͓CBM ΀βϝϟϣΰɣ�ϖίϘϣϝ͓EG ΀

ΟϡξΧϝ΢οϣγ͓C1 ͞ΐ΃ C4GH61 ΀ β-ΧϝΪϣΰͿ 1 ,͞ΐ΃ 4 ,Η̒xͬ

Γ GH family 61ϥȃ´΀ Auxiliary Activity Family 9Ϧͽ_́ͩΔΓ̑ɜΗȰ͔ͬ  

 

 

 

 
° 2-4ϪGH ωΙϓϜϣ10 ͺ 11 Ϳ»ˠˌ˕ͿƞȐ°  

ąȉŠȁ 81 ΐΒ°ΗąȉϥʡʀͽΐΒ\3ΗŘÅϦ͔GH10 ͞ΐ΃ GH11 ͿɃ.Ɵ

˽�͓ͰΔͱΔͿ̑ɜ΀B̜ΗĽͲͼ͛Τήϟϣΰƭ»͠ĘʷͺͼΓ͔  
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° 2-5ϪΤήϛϡϢϒϡοϡͿƟ˽ͺ̠�ͬΓ̑ɜ  

ąȉŠȁ 81 ΐΒ°Ηąȉ͔A ͠Τήϛϡ͓B ͠ϒϡοϡΗȰ͔ͬΤήϛϡͽͥ͞Γ R1

΀ H͓α-ΧϝΦϟϡ̒ϥ4-ϕθϝϦ͓α-ΚϛχςϣΰΉͲ΀Κβθϝ»͓R2 ΀ H͓α-Κϛ

χςϣΰΉͲ΀Κβθϝ»ΗȰ͔ͬϒϡοϡͽͥ͞Γ R1 ΀ H ΉͲ΀Κβθϝ»͓R2

΀ H ΉͲ΀ α-ΣϛΦνϣΰΗȰ͔ͬ  

2.2.3 βϝϟϣΰɗτΜΡϒΰȋƉɕ˟ǡͿeȉťǇ  

̑ɜ_ˀͽΐΒđΑΔͲɕ˟ǡ΀͓Ȕ̑Η˻ͫ͸ǸšȉͿΟζςϣϝΎƠ͕ͼx

ĩ¢Ϳ�šͺͪ͸eȉͩΔΓ͔ǸšȉΟζςϣϝ΅ͿÅŎ΀̈́šȉΟζςϣϝͿʵ

˽ťǇͺ»ƄȘͽ��͹͚Β͓̑Ʊ͹͚Γ S. cerevisiae Ηȉ͛ͲΟζςϣϝȔ̑

ͽΐΓΧϝΪϣΰ͟ΑΟζςϣϝ΅ͿÅŎ͠ʬΖΔΓ͔S. cerevisiae ΀̵øͽ͍s

ȂͼΟζςϣϝȔ̑Ηʬ͜ͳͥ͹ͼͣ 85)͓100 g/L Η˥͝Γ͍ǫÿΟζςϣϝͽ΍ʁ

Ğ͚͠Γͧͺ͠ǼĖ͹͚Γ 86)͔  

ɕx�Ě͞ΐ΃ΟζςϣϝȔ̑Ϳ 2 ͶͿϋϟβΰͽ΀͓ɕxͺȔ̑ΗͰΔͱΔǿ

Ƀͪ͸ʬΖΔΓ SHF ͺɕxͺȔ̑Η�űͽʬ͜ SSF ͚͠Γϥ° 2-6Ϧ87)͔τΜΡΟζ

ςϣϝȇȈϋϟβΰͿ�3ͺͪ͸͓τΜΡϒΰ�ͽ�ΉΔΓβϝϟϣΰΗόϓβϝϟϣ

ΰΎϜΧπϡ͟Α_̮ͬΓɕxh]ȅ͓ͰΔͽɩͣ̑ɜɕx͓ΟζςϣϝȔ̑ͺ͛͜

3 ͶͿƯ̩͠˩ΉΔΓ͔Ƅϋϟβΰͽå͓ͪSHF ͹΀ͰΔͱΔͿóȸͽ�Ě«͠ˆ
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ɹͩΔΓ͔ͪͪ͟ͼ͠Α͓3 ͶͿ�Ě«Ηȉ͛Γͧͺͽΐ͵͸͓ˆCΪΰν΍ÀÈ͓ͪ]

ȅű̟΍̝ͣͼΓͧͺ͠¨̿ͺͼΓ͔ͧΔͽåͪ͸͓̑ɜɕxͺΟζςϣϝȔ̑Η�ű

ͽ˿ʬͩͮΓ SSF ͚͠Γ͔SSF ͿeǰͿ 1 Ͷ΀͓ɕx�ĚͿȇĩǻ͹͚ΓΧϝΪϣ

ΰ̑͠Ʊͽΐ͵͸ȟʹͽΟζςϣϝ΅ÅŎͩΔΓͧͺ͹͓ΧϝΪϣΰͽΐΓ BGL Ϳȇ

ĩǻ̢Ü͠­̊ͩΔΓǰ͹͚Γ 88)͔ΉͲ͓ȇȈϋϟβΰ͠ 1 ͶǚëͬΓͧͺ͹͓Ęʷ

ͼˆCΪΰνͿ-�͠ƀčͩΔΓ͔Ú̪ͽ͓ΟζςϣϝȇȈͿˆCı˟˞΀�š˞

ͺ�ȸÿͿm�Η�Ό͸͛ΓͲΌ͓P.ͿΪΰνͽ�͝ΓĊ̹΀̵øͽÈ͛ͧ͡ͺ͠

ΟζςϣϝȇȈͽ̠ͬΓɢǙĞˉ6ͽΐΒŭΑ͟ͽͼ͵͸͛Γ 89)͔Ͳͳ͓ͪ�űͽɕ

xͺȔ̑Η˿ʬͩͮΓͲΌͽȆ¿ƈ#͓ǼͽǝÿͿʐ̇ǝÿͿȠ̅͠¨̿ǰͺͪ

͸ĿͦΑΔΓ͔T.Șͽ΀͓S. cerevisiae ͺ̑ɜͿʐ̇ǝÿ΀ͰΔͱΔ 30��˵

ͺ 50��˵͹͚Β͓ǝÿʁĞ͠-͛ S. cerevisiae  ͽƈ#Η�ͮΓͺ̑ɜ�ĚͿ

sȂ͠Èͣ͡őͼΖΔΓ͔ͰͿͲΌ͓  S. cerevisiae Ϳ͍ǝʁĞƓͿ�đͽ̠ͬΓ

ȩȿΎ͍ǝʁĞ̑Ʊ͹͚Γ Kluyveromyces ɉΗeȉͬΓȩȿ͠ÇͣͼͩΔ͸͛Γ
46 ,47 )͔  

 

° 2-6Ϫ�ʬʶȔ̑ΗeȉͪͲΟζςϣϝȇȈϋϟβΰ  

ąȉŠȁ 87 ΐΒ°Ηąȉ͔̑ɜϥEnzymesϦ͠Ȕ̑ζϡΦϥFermentationϦͽ΍ǖq

ͩΔΓͧͺ͹͓ɕxͺȔ̑͠�űͽʬΖΔΓ͔  
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2.3 βϝϟϣΰɗτΜΡϒΰͿɕxh]ȅͽ̠ͬΓLʬȩȿ

ͿˑƑ  

2.3.1 ̑ɜɕxͽ�͝Γɕxh]ȅǇͿĊ̹  

βϝϟϣΰɗτΜΡϒΰͿ̑ɜɕx΀͓τΜΡϒΰͿƠ͕ͼǻĞͽΐΒͰͿsȂ

͠Èͣ͡ÅuͬΓ͔3͝΁βϝϟϣΰͿɣŵĞΎβϝϟϣΰͿ̕�ÿ͓ʱ̶Ⱦ͓ϜΧ

πϡ�̗ɉ͠ĿͦΑΔΓ 90 ,91 ,92 ,93 )͔�ʷɜ͠ɕx�Ěͽ�͝ΓĊ̹Ϳȸÿͽ̠ͪ

͸͓Ơ͕ͼ˖˒͠ͼͩΔ͸͛Γ͔3͝΁͓Chang Α΀βϝϟϣΰͿɣŵĞ΀ȧű̟

Ϳ�Ěͽ΀È͡ͼĊ̹Η�͝Γ͓͠ŞŨ̟Ϳ�Ěͽ΀·ͺΘͻĊ̹ͪͼ͛ͧͺΗ¼

�ͪ͸͛Γ 90)͔ΉͲ͓Caulfield Α΀ɒÓάΜαͿǚëͺͰΔͽ)͜ʱ̶ȾͿÀq

͓͠ɣŵĞΐΒ΍ɕx�ĚͽÈ͡ͼĊ̹Η�͝͸͛ΓͧͺΗ¼�ͪ͸͛Γ 94)͔ΉͲ͓

τΜΡϒΰͽÕ´ͬΓϑΚάΜα΍ɕx�ĚͿsȂͽ̠�ͪ͸͞Β͓̒]ȅͽΐΓϑ

ΚάΜαͿÀÈ΀ʲɕxĞΗ��ͩͮΓͧͺ͠¼�ͩΔ͸͛Γ 95)͔ϜΧπϡͽ̠ͪ͸

΀͓βϝϟϣΰΎόϓβϝϟϣΰ΅Ϳ̑ɜͿřŕΗ̢ÜͬΓͧͺ͹ɕxȂͰͿ΍ͿΗ

ǚëͩͮΓͧͺ͠¼�ͩΔ͸͛Γ 90)͔Ͱͧ͹͓ͧΔΑͿ̢Üʷ®ΗŃ̦Ϣɲ¡ͬΓͲ

Όͽ͓̑ɜɕxͿhƯ̩ͽǢCóȸΗˆͥΓͧͺ͠Žs͹͚Β͓ͰͿǢCóȸͺͪ

͸ɕxh]ȅ͠ʬΖΔΓ͔  

2.3.2 ʧiͽΐΓɕxh]ȅǇ  

ɐ²ΟρϝΥϣȡϥDOEϦͿ²ɃXȇ�ʆΟρϝΥϣȩȿĬϥNational 

Renewable energy laboratory͓!�͓NREL ͺʱ˅ͬΓϦ΀͓ΪϣϡΰνϣτϣΎτ

ΣΰͼͻΗå˘ͽ÷ȭ̒]ȅǇΗ̞ȔͪͲϥ° 2-7Ϧ͔ͰͿťǇ΀͓1 ű̟ĈͲΒ�

ǹ̗̕͹ 32 kg ]ȅ͹͡ΓυΜϟινΰΨϣϝͿˆCΗȉ͓͛ΪϣϡΰνϣτϣΗ�

˴Ίǫÿ 20Ϥϥw/wϦ͓ǝÿΗ 165-195�͓ȭ̒ǫÿΗ 0.5-1.4Ϥ͓ǤȎű̟ 3-12

_̟͹]ȅͬΓ΍Ϳ͹͚Γ͔ͧΔͽΐΒ͓όϓβϝϟϣΰͺͪ͸�ΉΔΓΤήϟϣΰĩ_

ΗŻÈ͹ 77Ϥ�ǣx͓ͪ̑ɜɕxϢȔ̑óȸͽΐΓβϝϟϣΰÅŎȂ΀ŻÈ 87Ϥ

͹͚͵Ͳͺ¼�ͩΔ͸͛Γ 96)͔ͧͿΐ͜ͽ͓÷ȭ̒]ȅǇͿǼĖ΀όϓβϝϟϣΰΗ

�ǣxͬΓͧͺ͹τΜΡϒΰͿʲɕxĞΗ��ͩͮΓͧͺ͹͚Β͓ϜΧπϡ΀τΜΡϒ

ΰͽƭȎͪͲǽĦͺͼΓ͔ͰΔͽå͓ͪΚϝ΢Ϝ]ȅǇͿǼĖ΀͓ϜΧπϡΗ�ǣx

ͬΓͧͺ͹ʲɕxĞΗ��ͩͮΓͧͺ͹͚Γ 97)͔Κϝ΢Ϝ]ȅͽȉ͛ΑΔΓʧiͺͪ͸
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΀Ƹ̒xονϜΝϔϥNaOH)ΎΚϡϖπΚ͓Ƹ̒x΢ϝήΝϔɉ͠ȉ͛ΑΔ͓ͰΔͱ

ΔȒͼΓsƍ͠đΑΔΓ͔Ż΍ýͣȉ͛ΑΔ͸͛Γʧi͠Ƹ̒xονϜΝϔ͹͚Β͓Ϝ

ΧπϡͺÇɕ̟Ύ͓Çɕ̟ͽ͚Γɣ�Η`ţͬΓͧͺ͹͓ʉϜΧπϡsƍ͞ΐ΃βϝ

ϟϣΰͿ̕�ÿΎɣŵÿΗ-�ͩͮΓͧͺ͠¼�ͩΔ͸͛Γ 98Ϧ͔ΚϡϖπΚΗȉ͛

Ͳɕxh]ȅǇͽ΀˥ʎȍΚϡϖπΚ]ȅ̞͠ȔͩΔ͸͞Β͓βϝϟϣΰͿɣŵƟ

˽Η I ·͟Α III ·ͽÅxͩͮΓͧͺ͹͓βϝϟϣΰͿ̑ɜɕxsȂ͠ƖƯͽ��

ͬΓͧͺ͠¼�ͩΔ͸͛Γ 99)͔ͧΔ΀͓βϝϟϣΰͿɣŵƟ˽ͿÅxͽΐΒ͓CBHI Ϳ

βϝϟϣΰ΅Ϳ�ȣ̗Ϳ��͞ΐ΃�ȣ̑ɜͿƳǏĞͿ��ͽˤ®ͬΓ͔Ƹ̒x

΢ϝήΝϔΗȉ͛ͲťǇ΀͓�̒xǯɜ͹ÞŮͽ�¡ͬΓͧͺ͠͹͓͡ȇĩͪͲǯ

̒΢ϝήΝϔ΀ƿưͬΓͲΌ±ǔ_̮ͽΐΒ­�͹͡Γͧͺ͠ǼĖ͹͚Γ͔­�ͩΔ

Ͳǯ̒΢ϝήΝϔ΀Ƿ]ȅͽΐΒ̒x΢ϝήΝϔͺͼΒXeȉ͠�ʆͺͼΓͧͺ͠e

ǰ͹͚Γ͔ͧͿǼĞΗeȉ͓ͪ²Ƀȩȿ̞ȔǇ�˳ƜϢ̓¢ȈƜįʭɮ�ȩȿƦ

ƟͿĕ×Α͓͠ŨƄȔͿŤʺɕxh]ȅǇͺͪ͸ CaCCO ϋϟβΰΗ̞ȔͪͲ
100)͔Ƅϋϟβΰ΀͓�šΗƸ̒x΢ϝήΝϔ͞ΐ΃ƸͺǕ�ͪͲďͽ 95ϭ100͒͹

qǷͬΓͧͺ͹�šͿ̑ɜɕxĞΗ��ͩͮΓ͔ͰͿď͓�̒xǯɜΗ�͡�ͥ͸

�¡ͺ̑ɜɕxΗʬ͜ͺ͓͛͜ɏɜ͹Ȇ¿ͽIͪ͛óȸΗÚȃͩͮͲ͔ͧͿϋϟβΰ

΀͓ΜοϠϛ͓ΟϜΚϡάΰɉͿÇƠͼ1ǻͿʚʠ̍ͿΊͼΑ͓ͭμϡϋϡϢήϚɕͼ

ͻΗ�΋͓μϡϋϡɔʵƭǜ͓άνΝΤχτΣΰͼͻͿ̓¢ʵ˽ƭǜͽ΍åĚ͹͡

Γ͔ͩΑͽ͓ǟĄɑȪįʭͿéOͽΐ͵͸͓͍͛Ƹ_̗Ϳ�š΍]ȅ�ʆͽͼ͵

Ͳ͔Ήͩͽ͓êʺƣ͹Ơ͕ͼ�šΗå˘ͺͬΓµ¹͹΍2͝Γ͓ωϞΤήϊϝͼɕǔ

ʵ˽įʭ͹͚Γ͔ͧΔΑͽΐ͵͸đΑΔΓɕǔ΀͓τΜΡΟζςϣϝΎÇƠͼóƜʵ

¢Ηʵ˽ͬΓͲΌͿȔ̑�šͺͪ͸eȉ͹͡Γ͔µ¹˟ǡ͟ΑͿɕǔʵ˽Η˻ͫ

͸͓²V͹ͿτΜΡŤȈƜΗn^ͬΓͲΌͿ͓ÇƠͼȩȿϢįʭ̞ȔΗq˼ͬΓ΍

ͿͺƀčͩΔ͸͛Γ͔  
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° 2-7ϪNREL ̞͠ȔͪͲ÷ȭ̒h]ȅǇ  

ąȉŠȁ 96 ΐΒ°Ηąȉ͔ΪϣϡΰνϣτϣϥCorn StoverϦ͠÷ȭ̒ϥSulfuric 

AcidϦͺǕ�ͩΔ͓ɕxh]ȅ�ĚơϥPretreatment ReactorϦͽ͸ɕxh]ȅ͠

ʬΖΔΓ͔  

2.3.3 ʧiΗ2ȉͪͼ͛ɕxh]ȅǇ  

βϝϟϣΰɗτΜΡϒΰΗ̑ɜɕxͬΓ̪ͽ΀͓τΜΡϒΰͽåͬΓɕxh]ȅ

͠��Ƨ͹͚Γͧͺ΀h˷ͪͲͺ͞Β͹͚Γ͔ͰͿ͜ʹ͓ʧiΗȉ͛ͼ͛ɕxh]ȅ

Ǉͺͪ͸΀ƸǷ]ȅǇΎʣƷǺȪǇ͠ĿͦΑΔΓ͔ƸǷ]ȅǇ΀τΜΡϒΰΗq

³ǷƸ�ϥ200�hďϦ͹]ȅͬΓͧͺ͹τΜΡϒΰͿɡɷƟ˽ΗȫÂ͓ͪͰͿďͿ

ɕx]ȅͿ�ĚsȂΗ�ͦΓͧͺ͠͹͡Γ 101)͔ͰͿeǰͺͪ͸͓ʧiΗ2ȉͪͼ͛

ͲΌȆ¿˙ʜ̵͠øͽ-͛ͧͺΎ͓όϓβϝϟϣΰΗ�ǣĞͿΡϜΫϒϣͽ_ˀͬΓ

ͧͺ͠ĿͦΑΔΓ 102)͔ʣƷǺȪǇ΀q³ƸǷ]ȅͽq͝͸͓Ȥ̟Șͼǚ³ͽΐΓ

ƦƗȘ1ȉΗq͝Γͧͺ͹͓�ɡɷƟ˽Ϳ-_ÓxΗ8˿ͬΓͧͺ͠ǼĖ͹͚Γ

103)͔Ͳͳ͓ͪ¨̿ǰͺͪ͸΀͍ǝ]ȅͽΐΒβϝϟϣΰΎόϓβϝϟϣΰ͠ͰΔͱΔ

Ȕ̢̑Üǻˠ͹͚Γ 5-φξϟΤήϕθϝωϝωϛϣϝΎωϝωϛϣϝΉ͹̃_ˀͩΔ
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ΓͧͺΎ͓ϜΧπϡ͟ΑτπϜϡɉͿȔ̢̑Üǻˠ͠ȇĩͩΔΓͧͺ͓ΉͲʣƷǺȪǇ

΀ʳɹͿΰΨϣϝΚιϋ͠¯̯͹͚Γͧͺ͠ĿͦΑΔΓ 104 ,105)͔  

ǻȅȘͼȫȪ]ȅͿΊ͹ɕxh]ȅΗʬ͜ťǇͺͪ͸΀ϕ΢ςΨϓ΢ϝ]ȅ͠Ŀ

ͦΑΔΓ͔�ʔȘͼɕxh]ȅǇ΀͓ʧ¢2ȉͿŽǲͽ̠ΖΑͭτΜΡϒΰΗŞ

ȗ µm ͽɑȪͬΓóȸ͠�ΉΔΓ͔ͧͿɑȪ]ȅ΀͓˻ø΀}ͽĔɑȪxͬΓͧͺ

͹ʱ̶ȾͿ�ŬͼͻͿsƍ͠ǾΖΔΓ͓͠ϕ΢ςΨϓ΢ϝ]ȅ΀Ƹɜɣ�Ϳ`ţɉ

ͿxÖ�ĚΗą͡ˤͧͬ 106)͔T.3ͺͪ͸΀͓̚ȄΎβϛϓιΦΰȄͺτΜΡϒΰΗ

Þ«V͹­˭ͩͮΓͧͺ͹ͬΒͶ΄ͪΗʬ͜ϐϣϝϓϝΎ͓ȨʒͿΐ͜ͽͬΒͶ΄ͬͧ

ͺ͹ɑȪΗʬ͜μΛΰΦϓϝͼͻ͚͠Γ͔͓ͪͪ͟ͰͿƦ«ͿɔáͩΏ͝ͽóƜxͿͲ

ΌͿΰΨϣϝΚιϋ̵͠øͽ¯̯͹͚ΓͲΌÚȉxͽ΀ʐ͵͸͛ͼ͛ 107)͔Ơ͕ͼ

ː̿΀͚Γ΍ͿͿ͓ͧΔΑͿɕxh]ȅΗʬͧ͜ͺͽΐ͵͸βϝϟϣΰΗʸ͜όϓβϝ

ϟϣΰΎϜΧπϡ͠_ˀ /�ǣxͬΓͧͺͼͻͽΐΒ͓̑ɜͽΐΓ_ˀsȂ͠�Ŭͪ2

ȉͬΓ̑ɜ̗Ϳ-ǚxͽͶͼ͠Γĩƍ͚͠Γ͔ͪͪ͟ͼ͠Α͓�ť͹΀ͧͿ��Ƨ

ͼϋϟβΰ͹͚Γɕxh]ȅ̑͠ɜɕxΗʶ̭ͽͪ͸͛Γ�®ͽ΍ͼΓ͔ͰͿ�®

΀͓ɕxh]ȅͿȺ́ͽΐ͵͸τΜΡϒΰͿɡĩΎĞˠ͠Èͣ͡ȒͼΓͲΌ͹͚Γͺ

ͩΔ͸͛Γ͔  

2.4 ̑ɜȇȈʝͽ̠ͬΓLʬȩȿͿˑƑ  

βϝϛϣγ΀ɟʝΎȢʝͼͻÇͣͿȇǻ͠ȇȈͬΓͧͺ͠ȦΑΔ͸͛Γ͔Ȣʝͺͪ

͸΀h˷ͪͲ T. reesei !Æͽ͓Ǎiȉ̑ɜͺͪ͸ŽȉĞͿ͍͛ Humicola í 108)

Η΀ͫΌ͓Aspergillus í 109)Ύ Rhizopus í 110)ͼͻÇŞ¼�ͩΔ͸͛Γ͔ɟʝȋƉ

βϝϛϣγ͟Α΍Ǎiȉ̑ɜͺͪ͸eȉͩ͸͛Γ Bacillus íȋƉͿΚϝ΢Ϝβϝϛϣ

γ 111)Ύ Clostridium íȋƉͿʶŞͿĩ_̑ɜ̑͠ɜǏĞΗĽͲͼ͛ϙπινͽ

ɣ�ͪͲ̑ɜʶ�.βϝϟδϣϔ 112)ͼͻǼĖȘͼβϝϛϣγΗȇȈͬΓͧͺ͠¼

�ͩΔ͸͛Γ͔ΉͲ͓ͧΔΉ͹΀βϝϟϣΰΗƒ͈ǡͺͬΓΝήΎήϟΚϜ΀ȇ.VͿ

Ĕȇǻ͠ͰͿ_ˀΗĸ͜ͺɿ͝ΑΔ͸͛Ͳ͓͠ήϟΚϜ΀ʏ˪͠βϝϛϣγΗȇȈͬ

Γͧͺ͠¼�ͩΔ͸͛Γ 113)͔ͧΔΑͿ�͹΍͓βϝϟϣΰɗτΜΡϒΰͽåͬΓÚȉ

Șͼ̑ɜ̞ȔͽǳǰΗɤΓͺ͓T. reesei ̑͠ɜȇȈʝƓͿß�ͺͪ͸ˠȘϢ̗Ș

ͽ�Η³=ͪ͸͛Γ͔T. reesei ͿȩȿͿÐΉΒ΀͓ɇ�ƨ	ȍÈī�ͽυϋΚπϘ

ϣΥπΚϢϊϣΩϡχϝð͹ɐˬͿ Natick ȩȿĬͿΧϝϣϋ͠}̮ͪͲͧͺ͹͚

Γ͔ͧͧ͹}̮ͩΔͲ̖ȇƓ T. reesei  QM6a Ɠ͠ʽƓͺͼΒ 114)͓ͰͿď	ȍ�͹

ʬΖΔΓʝƓʃȺͿS˻ͿʽƓͺͼ͵Ͳϥ° 2-8Ϧ115)͔Żbͽ Natick ȩ͹ʬΖΔ

ͲʃȺͿɣƍͺͪ͸͓ɱĉq˼«ͽΐΓÅȒͽΐΒ͓ʝ.Æͽ_ǆͩΔΓζϡυΦˠ
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̗͠ʽƓͿ 2-4 <ͽΉ͹ÀćͩΔͲ T. reesei  QM9414 Ɠ͠đΑΔͲ 116 ,117)͔²Æ

Ϳ�ɡΊͺͪ͸΀ QM9414 ƓΗʽƓͺͪͲωΛϡϛϡξ²Ƀįʭȩȿβϡζϣͽ͞

ͥΓʃȺΎ 118)͓QM6a Ɠ͟ΑȟňʃȺͪͲ Rutgers ÈÖͿ T. reesei  RUT-C30119)

ͼͻ͠ĿͦΑΔΓ͔Ͱͪ͸͓ŨƄ͹΀ 1980 üͽˆɃͩΔͲ͖ŤǸšǂ̞Ȕįʭȩ

ȿɡ�͗ϥRAPADϦͽ͛͞͸ 7 üͽǛΓÈ·²ÝϋϟίΞΦνͺͪ͸ŨƄ·ͿÅȒ

ƓͿ̞Ȕ͠ÚŦͩΔͲ͔T. reesei ͿʃȺ΀|¡Ȕ̑óƜƓĄ'ȱϥȃ|¡Ȕ̑

ΤϜϡƓĄ'ȱϦ͹ÚŦͩΔ͓T. reesei  QM9414 Ɠ͟Α}�ΪϟπϣͿ_̮͓UV

Ƕç͓N-ϕθϝ-N'-πνϟ-N-πνϟδΧΚπίϡϥNTGϦ]ȅͽΐΓʃȺΗɢ͸͓Æ_

ǆζϡυΦˠͿÀq͓̑ɜǏĞͿÀć͓΢ζϐϛΜνϜϋϞιήϚϡϥȒx ˔Ȉǻİ

fϦͿ-ǚ͠ʬΖΔ͓ʽƓͿ 2 <!�ͿζϡυΦˠȇȈĞ͞ΐ΃̑ɜǏĞΗŽͬ

ΓƓ̞͠ȔͩΔͲ 120 ,121 ,122 )͔Ͱͧ͟Α͓ͩΑͽ NTG ]ȅ͠ʬΖΔ͓ŻɠȘͽ L-

sorbose ͽΐ͵͸ćoͽβϝϛϣγ͠ˍéͩΔΓ T. reesei  PC-3-7 Ɠ͠ƟɎͩΔ͸

͛Γ 123)͔  

 

 
° 2-8ϪT. reesei ʝƓʃȺͿɗɧƥ  

ąȉŠȁ 115 ΐΒ°Ηąȉ͔T. reesei  QM6a ƓΗʽƓͺ͓ͪ	ȍ�Ϳ�Ʀ̠ͽ͸

ʃ Ⱥ ̞ Ȕ ͠ʬ ΖΔͲ ͔Ȑ ȶ ͿĤ � ΀ƨ Ϳ˻ Β ͔ L/A Ϫ ɱ ĉ q ˼ « ϥ Linear 

acceleratorϦ͓colonyϪΪϟπϣ_̮͓UVϪɞÆɱǶç]ȅ͓NTGϪN-ϕθϝ-N‘-πν

ϟ -N-πνϟδΧΚπίϡ͓EMSϪΟθϝϕζϡΰϝϏϡ͓̒HNO2Ϫ�Ȭ͓̒DESϪίΟ

θϝȭ͓̒gammaϪΣϡϒɱ͔  
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2.5 ɕx̑ɜ̞Ȕͽ̠ͬΓLʬȩȿͿˑƑ  

2.5.1 Trichoderma ȋƉɕx̑ɜͿ̞Ȕ  

h˷ͪͲΐ͜ͽ͓βϝϟϣΰɗτΜΡϒΰͿɕxͽȃűǰ͹Ż΍ÚȉȘͼ̑ɜ΀

ɖǽʝ Trichoderma ͠_ǆͬΓɕx̑ɜ͹͚Γ͔§ȉeȉΗȞȘͺͪͲɕx̑ɜ

Ϳ̞Ȕ͹Ż΍˿Θ͹͛ΓͿ͓͠ɐ² Genencor ȱ͞ΐ΃μϡϒϣΦ Novozymes ȱ

͹͚Γ͔2000 üͽ DOE ͠
ȱͽ 4 ü̟Ϳ�˃͹ə 40 HWΗō4͓ͪ÷ȭ̒]

ȅΪϣϡΰνϣτϣΗ�šͺͪͲΟζςϣϝȇȈͽĘʷͼ̑ɜΪΰνΗə 20 _Ϳ 1

͟Α 30 _Ϳ 1 Ή͹ǚëͪͲͧͺ͠¼�ͩΔ͸͛Γ 124 ,125)͔
ȱ΀ 2008 üͽͩΑͽ 4

ü̟͹ə 35 HWͿrĩΗ�͓ͥGenencor ȱ͟Α Accellerase ήϜϣα̑ɜ

ϥAccellerase 1000͓1500͓DUET͓TRIO ɉϦ͓Novozymes ȱ͟Α Cellic ήϜϣα̑

ɜϥCellic CTec͓CTec2͓CTec3 ɉϦ̞͠ȔͩΔͲ͔ͧΔΑβϝϟϣΰɗτΜΡϒΰÅ

ŎͽŻ̇xͩΔͲö˛ͿβϝϛϣγˑʵǻΗ2ȉͪ͸͓͍ǫÿͿh]ȅτΜΡϒ

ΰΗ̑ɜɕxͬΓͧͺ͹͓βϝϟϣΰÅŎȂ΀ŭΑ͟ͽŘ©ͩΔͲ͔ͧΔΑͿ̑ɜ̞

ȔͿˋɟͽ̠ͪ͸΀͓ƶ̟%Ɯͽΐ͵͸̞ȔͩΔ͸͛ΓͲΌQʱͩΔ͸͛ͼ͓͛͠

̞ȔͿť�Ğ΀̉(ÓɡŎ͝ɉͿĭǇͽΐΒ_ǆͩΔΓĩ_̑ɜΗćxϢŘÅͬ

ΓťǇͺ͓ĩ_̑ɜͿ̗ƳΗŻ̇xͬΓťǇͿ 2 Ⱥ́ͽÈdͩΔΓ͔  

2.5.2 ĩ_̑ɜͿćx  

ĩ_̑ɜͿćxťǇͺͪ͸΀Æ̍͟ΑΐΒǏĞͿ͍͛̑ɜͿ̉(ÓΗéOͬΓ

ťǇΎ͓V´ͬΓ̑ɜΗ˿xóÖȘͽŘÅͬΓťǇ͠ĿͦΑΔΓ͔βϝϛϣγͿ

Ⱥ́ͽ΀̵͓ɣŵĞβϝϟϣΰͽ1ȉͪ͸βϝϟϣΰ̜ͽ`ΔȞΗOΔΓ EG͓ͼΑ

΃ͽɣŵĞ͞ΐ΃̵ɣŵĞͿβϝϟϣΰ̜ͿƃɅ͟Α͓βϟχΡϣΰ},͹ɕΗ`

Β^ͬ CBH ͚͠Γ͔ΉͲ͓ͧΔΑ̑ɜͿ1ȉͽΐΒȇĩͪͲβϟχΡϣΰΗqƸ_ˀ

ͪ͸ΧϝΪϣΰΗȇĩͬΓ BGL ͚͠Γ͔ĩ_̑ɜͿćxͺͪ͸Ż΍Çͣ¼�ͩΔ͸

͛ΓͿ͓ͧ͠Ϳ BGL ͹͚Γ͔ͰͿȅȋ΀͓T. reesei ͠_ǆͬΓ BGL ΀ͰͿ�Ϳ_

ǆͩΔΓĩ_̑ɜͺƳ˰ͪ͸Ȕȃ̗͠ëͼ͓ͣǏĞ΍̵øͽ-͛ͲΌ͹͚Γ 77)͔

BGL ǏĞ͠�z_ͼͲΌɕx�Ěǔ�ͽβϟχΡϣΰ͠ʤȾ͓ͪͰͿβϟχΡϣ

ΰ͠ CBHI Η̢ÜͬΓͧͺ͹βϝϟϣΰP.Ϳ_ˀ͠İfͩΔΓ 126)͔ͧͿ BGL Ǐ

ĞͿ�˦Ηʴ͜ͲΌͽ͓T. reesei ȋƉͿ̑ɜͽ A. niger ȋƉͿ BGL ΗǖqͬΓ

ˊΊ͠¼�ͩΔ͸͞Β͓NaOH ]ȅνΝϖϟΪήʨΗɕxͪͲűͿɕxȂ΀ BGL ǲ
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ǖqƈ#Ϳ 1.2 <ͺͼΓ 81Ϥͽ�ŬͪͲ 127)͔͓ͪͪ͟2 Ⱥ́Ϳ̑ɜΗd˺1ʵͪ

Ǖ�ͬΓͧͺ΀̑ɜȇȈóȸ͠ 2 <ͽͼΓͲΌÚȉxͽ΀�eͽͼΓͧͺ͠�ģͩ

ΔΓ͔Ͱͧ͹͓Zhang Α΀ T. reesei ͠9ŽͬΓ BGL Ϳ͜ʹ bg11 ̉(ÓΗ͍Ȕȃͬ

Γͧͺ͹͓BGL ǏĞͿ�˦Ηʴ͵Ͳ 128)͔̉(ÓȔȃͽȉ͛Ͳ cbh1 ϋϟϖϣζϣ΀

T. reesei ͠_ǆͬΓPζϡυΦˠͿə 60ϤΗ�ΌΓ CBHI ΗȔȃͬΓćoͼȔȃ

ϋϟϖϣζϣ͹͚Β͓cbh1 Ϳ mRNA ͿȔȃϞύϝ΍P̑ɜ̉(ÓͿ�͹Ż΍͍͛

ϥ° 2-9Ϧ129)͔cbh1 ϋϟϖϣζϣΗeȉͪͲ BGL Ϳ͍ȔȃͽΐΒ͓ʽƓ͹͚Γ T. 

reesei RUT-C30 Ϳ 1.8ϭ3.7 <͍͛ BGL ǏĞΗŽͬΓÅȒ.Ϳ�đͽĩp͓ͪν

ΝϖϟΪήͿȽˮͽåͬΓɕxʆo΀ 11ϭ29Ϥ�ŬͬΓͧͺΗ¼�ͪ͸͛Γ͔�Ơ

ͽ͓Wang Α΀͓T. reesei Ϳ BGL ǏĞΗʽƓͿ 106 <Ή͹͍Ό͓νΝϖϟΪήȽˮ

ͽåͬΓɕxʆoΗʽƓͿ 70Ϥ͟Α 84Ϥͽ�ŬͪͲͧͺΗ¼�ͪ͸͛Γ 130)͔ͪ͟

͓ͪBGL ǏĞ͠Èùͽ�ŬͪͲͽ΍̠ΖΑ͓ͭτΜΡϒΰͽåͬΓɕxʆ΀
¼�

ͺ΍ŞzϤͪ͟�Ŭͪ͸͛ͼ͔͛ͰͿ�®΀͓̉(ÓɡŎ͝ͽΐΒβϝϛϣγ̉(Ó

Ϳϋϟϖϣζϣ͠ʶŞΪψϣΩςϔ�ͽɡΊ˴ΉΔΓͧͺ͹͓Xyr1 Ϳΐ͜ͼ�̉(Ó

S˻Ϳ˭YǏĞx®Ó͠�˦ͬΓ͓ͬͼΖʹζΜνϞϣήϚϡ͠ȇ͓ͫCBHI ͿȔȃ

̗͠-ǚͬΓͧͺ͹͓_ǆͩΔΓ̑ɜP.ͿǏĞ͠-�ͬΓͲΌͺɿ͝ΑΔΓ 131)͔

ͰΔΑͿ¨̿ǰΗ­̊ͬΓͲΌͽ͓Rahman Α΀̑ɜȔȃ΅ͿĊ̹͠Ƴ˰Șêͩ

͛ͧͺ͠ȮˌͩΔͲ egl3 ϋϟϖϣζϣ͞ΐ΃ xyn3 ϋϟϖϣζϣΗȉ͛Ͳ bgl1 ̉(

ÓͿ͍ȔȃΗʬ͵Ͳ 132)͔ͰΔͽΐΒ͓̑ɜP.ͿǏĞΗ-ǚͩͮΓͧͺͼ͓ͣBGL

ǏĞ΀ͰΔͱΔ 4.0 <͞ΐ΃ 7.5 <ͽ�ŬͪͲ͔ͧͿ T. reesei ȋƉͿ BGLIϥ!

�͓TrBG1 ͺʱ˅ͬΓϦΗȉ͛Ͳćxͽ΀ TrBG1 ͿǏĞͿ-ͩͿͲΌ̤ȍ͚͠Γ͔

Ͱͧ͹͓�ͿĔȇǻ͠ŽͬΓΐΒćoͼ BGL Η T. reesei ͹ȒȺß�ȔȃͩͮΓͧ

ͺ͹ɕxʆΗćxͩͮΓˊΊ͠ͼͩΔ͸͛Γ͔Ma Α΀ T. reesei ȋƉ BGL ΐΒ΍Ǐ

Ğ͍͛͠ Penicillium decumbens ȋƉ BGL ΗȒȺß�ȔȃͩͮΓͧͺ͹͓ʽƓͺ

Ƴ˰ͪ͸ BGL ǏĞΗ 6-8 <͓βϝϛϣγǏĞΗ 30Ϥ!�Àq͓ͩͮνΝϖϟΪήͿ

ʚͿɕx�Ě͹ȇĩͩΔΓΧϝΪϣΰ̗Ηə 1.6 <ͽ�ŬͩͮͲ 133)͔Ͳͳ͓ͪ�

¼�͹΀�˅ͺ�Ơͽ cbh1 ϋϟϖϣζϣΗȉ͛͸ BGL ͿȒȺß�Ȕȃ͠ʬΖΔ

͸͛ΓͲΌ͓̑ɜͿȔȃτϛϡΰ͠ñΔΓɉͿ¨̿ǰ͠ȇͫ͸͛Γ�ʆĞ΀�Ù͹

͡ͼ͔͛T. reesei ͽͥ͞ΓȒȺß�Ȕȃ΀�ʔȘͽ̯ͪ͛ͲΌ͓�ː̿Ηˀƾͪ

Ͳĩ_̑ɜͿćx͠ͼͩΔ͸͛ͼ͛Ϳ͠ȃǽͿː̿ͺ˂͝Γ͔  
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° 2-9ϪT. reesei  PC-3-7 Ɠͺ QM9414 ƓͿȔȃˀƋ  

ąȉŠȁ 129 ΐΒ°Ηąȉ͔ƙΧϛω΀ʝƓͺ̑ɜͿˍéǻˠͿ̅͛ΗȰ͔ͬPC-

3-7Ɠ΀Ȗʖ͠δϏϟϣΰ͓Ţɱ͠ L-δϝϐϣΰ͓QM9414Ɠ΀ȖʖŢɱ͠δϏϟϣ

ΰ͓͏ʖŢɱ͠ L δϝϐϣΰΗȰ͔ͬ  

2.5.3 ĩ_̑ɜͿŻ̇x  

βϝϟϣΰɗτΜΡϒΰΗsȂȘͽ_ˀͬΓͲΌͽ΀͓ÇȺÇƠͼβϝϛϣγϢ

όϓβϝϛϣγ͠ĘʷͺͼΓ͔ͰͿ�®Ϳ 1 Ͷ΀͓»ˠ͹͚ΓβϝϟϣΰɗτΜΡϒ

ΰ͠ΧϝΪϣΰΎΤήϟϣΰ͓ΚϛχςϣΰͼͻʶŞͿɕ́͟ΑĩΓͲΌ͹͚Γ͔ͰΔ

ΑͿɕ́͟ΑƟĩͩΔΓβϝϟϣΰΎΤήϛϡϢϒϡοϡͼͻͿ�ȺόϓβϝϟϣΰͿ

_ˀͽåͪ͸͓ȒͼΓ̑ɜ͠ĘʷͺͼΓͧͺ΀ĈǴͺ˂͝Γ͔ΉͲ͓βϝϟϣΰͺ͛͜ 1

Ⱥ́Ϳ»ˠ�͹΍͓ɣŵĞ̍,ͺ̵ɣŵĞ̍,͠Ǖ´ͬΓͼͻ͓ͰͿǽĦ΀�Ơ

͹΀ͼ͔͛΍͜ 1 ͶͿ�®ͺͪ͸΀͓βϝϛϣγͿȠ�1ȉ͠ĿͦΑΔΓ͔βϝϟϣΰ

Ϳ_ˀͽåͪ͸͓1 Ⱥ́Ϳβϝϛϣγ͠}ǿ͹F͛Ͳ̪Ϳ_ˀǏĞ΀̵øͽ̤Α

ΔͲ΍Ϳ͹͚Γ͔͓ͪͪ͟ʶŞͿƦʆͿȒͼΓĩ_̑ɜ͠�űͽFͣͧͺ͹͓ͰͿ_

ˀǏĞ΀ͰΔͱΔͿǏĞΗ˦ͪͲ΍ͿͿŞ<!�ͽ͍ͣͼΓ͔3͝΁͓ΟΤδ1ȉ

Η΍Ͷ CBH ΀Οϡξ1ȉΗ΍Ͷ EG ͠βϝϟϣΰ̜ͽ`ΔȞΗOΔΓͧͺ͹ΚζιΦ

͹͡Γ̋JƃɅ͠À͝ΓͧͺΎ̫ÜΗ�Β̦ͣͧͺ͹}ǿ͹FͣΐΒ΍Ş<͍͛̑ɜ

ǏĞΗʱͬϥ° 2-10Ϧ134)͔  

ͧͿȠ�sƍ΀͓ĩ_̑ɜͿƳȂŻ̇xͺć͛Ƞ̠͚͠Γͧͺ͠Çͣ¼�ͩΔ͸

͛Γ͔ͰͿͲΌ͓_ǆͩΔͲ̑ɜɻͿ�͹�ĩ_̑ɜ͠ͻͿȸÿƦʆͪ͸͛Γ͟Η
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ˑΆΓͧͺ΀͓̑ɜŘʕͿͲΌͿ̕ʷͼĢ¼ͺͼΓ 135 ,136 ,137)͔͓ͪͪ͟�ĩ_̑ɜ

̑͠ɜɻ�͹τΜΡϒΰͿ_ˀǏĞͽͻͿȸÿà�ͬΓ͟ΗŭΑ͟ͽͬΓͧͺ΀͓

̵øͽ¯̯͹͚Γ͔ͰͿ�®΀͓�ĩ_̑ɜͿˁÒƦʆ͠ȒͼΓͽ΍̠ΖΑ͓ͭĩ

_̑ɜͿǏĞΗǿɃͪ͸ǞÙ͹͡ͼ͛ͲΌ͹͚Γ͔3͝΁͓βϝϛϣγͿ̑ɜǏĞ

ǞÙǇͺͪ͸�ʔȘͽȉ͛ΑΔΓωΛϝζϣώϣυϣ_ˀǏĞϥ!�͓FPU ǏĞͺ

ʱ˅ͬΓϦ΀͓βϝϟϣΰ_ˀͽ̠�ͬΓP͸Ϳĩ_̑ɜ 138)Ϳɮ�ǏĞΗʱ͔ͬ

΢ϝϐΤήϕθϝβϝϟϣΰ_ˀǏĞϥ!�͓CMC ǏĞͺʱ˅ͬΓϦ΀ EG Ϳΐ͜ͼ

ΟϡξǏĞΗŽͬΓĩ_̑ɜP͸ͿǏĞ͠ƛ^ͩΔΓ 139)͔ΉͲ͓βϝϟϣΰ_ˀǏ

ĞΗŽͪͼ͛ BGL Ϳΐ͜ͼ̑ɜ΍͓�Ϳĩ_̑ɜ͠ȇĩͪͲΡϜΫɕΗ_ˀͬΓͧ

ͺ͹h˷ͪͲ 2 ȺͿǞÙťǇͽćͣĊ̹ͬΓ 132)͔ͩΑͽ͓p-nitrophenyl-β-D- 

Glucopyranoside Ύ p-nitrophenyl-β-D- lactopyranosideϥ!�͓pNPL ͺʱ˅ͬΓϦ

ͼͻͿ̵ÉǴǻȋƉͿ�ó»ˠΗȉ͛Ͳ̪΍͓�ƠͽʶŞͿĩ_̑ɜ͠1ȉͬ

Γ 140)͔ͧΔΑͽq͝͸͓ΰΡϞπϡͿΐ͜ͼĩ_̑ɜʏ˪ͽ΀_ˀǏĞΗĽͲͼ͛

̑ɜ΍͓�Ϳ̑ɜͺȠ�sƍΗʱͬʴrȘͼċmΗͬΓͧͺ͹͓̑ɜǏĞͽ̠�

ͬΓ 77)͔ͧͿΐ͜ͼȅȋͿͲΌ͓ʶ�̑ɜɗͽͥ͞ΓǼÙĩ_̑ɜͿĊ̹ΗŭΑ͟

ͽͬΓͧͺ΀̵͓øͽ¯̯͹͚Γ͔  

ĩ_̑ɜͿƳȂΗŻ̇xͬΓĭƯͺͪ͸͓T. reesei ͠_ǆͬΓ̑ɜΗͰͿΉΉ

ȉ͛ͭͽ͓ĩ_̑ɜΗd˺ˑʵ͓ͪ$ĤͿƳȂ͹̑ɜΗǕ�ͪͲ΢Φλϝ̑ɜ͠

ȉ͛ΑΔΓ½�͚͠Γ͔Banerjee Α΀͓»ˠͿȺ́ͽ�ΖͮͲŻ̇xΗʬ͜ͲΌ͓5

ȺͿτΜΡϒΰϥΪϣϡΰνϣτϣ͓ΰΜιθΧϛΰ͓ϓΰ΢ϡάΰ͓ʣȎ�ǹȼǻ͓ϑ

ϋϛϦͽ 3 ȺͿΚϝ΢Ϝ]ȅϥAFEX͓NaOH͓Κϝ΢Ϝ̃̒xǻϦΗɡΊ�ΖͮͲ�

˃ 15 Ⱥ́Ϳh]ȅτΜΡϒΰͽå͓ͪ6 ȺͿ�ʷͼĩ_̑ɜϥCBHI͓CBHII͓

EGI͓BGL͓XYN͓BXLϦͽq͝͸ 10 ȺͿʴrȘͼċmΗĸ͜ĩ_̑ɜͿƳȂͿ

Ż̇xΗˊΊͲ 141)͔ͰΔͽΐΒ͓ö˛̑ɜΐΒ΍͍sȂͼ_ˀΗʬ͜Ż̇̑ɜĩ

_ͿˑʵťǇΗŭΑ͟ͽͪͲϥ° 2-11Ϧ͔͓ͪͪ͟T. reesei ΀ŞzȺ́Ϳĩ_̑ɜ

Η_ǆͪ͸͛Γͧͺ͠¼�ͩΔ͸͛Γ 142)͔ͧͿβϝϛϣγͿÇƠĞ΀͓·ͺΘͻͬΆ

͸Ϳβϝϟϣΰ_ˀʝͽS˻ͪ͸͞Β͓ÉǴβϝϟϣΰͿ̑ɜ_ˀ̃ȸͽ͛͞͸

΀͓ͰΔͱΔͿβϝϛϣγĩ_Ϳċm_ĸ͠Õ´ͬΓ΍ͿͺĜΖΔΓ͔ͧͿΐ͜ͽ͓

̑ɜͿȺ̤́͠ÙͩΔͲ΢Φλϝ̑ɜΗȉ͛͸�ĩ_̑ɜͿƦʆΗŭΑ͟ͽͬΓ

ͧͺ΀̵ȃÚȘ͹͚Γͺɿ͝ΑΔ͓ɕx̑ɜ͠΍Ͷ͍ÿͼȠ�1ȉ͍͠Ʀʆͼ̑

ɜͿ̞ȔͿÈ͡ͼÁͺͼ͵͸͛Γ͔  
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° 2-10Ϫβϝϟϣΰ_ˀͽͥ͞Γ CBHI ͺ EGI ͿȠ�sƍ  

ąȉŠȁ 134 ΐΒ°Ηąȉ͔ʣƷ]ȅͪͲνΝφϥ̘ʠƥϦΗ CBHIϥCel7AϦͺ EGI

ϥCel7BϦΗȉ͛͸ɕxͪͲ͔
·Ϳ CBHI ͺ¬ʿĉͿ EGI ΗqɋͬΓͺτκ�ͽͼ

Γ͓͠2 ̑ɜΗ�űͽ1ȉͩͮΓͺȠ�sƍ͠ʱΔ͸�ʿĉͿήϡϐϝΉ͹ȇĩɕ

̗͠��ͬΓ͔  

 

 
° 2-11ϪAFEX ]ȅΪϣϡΰνϣτϣͿɕxͽŻ̇xͪͲ 16 ĩ_̑ɜͿƳȂ  

ąȉŠȁ 141 ΐΒ°Ηąȉ͔A ΀ΧϝΪϣΰ͓B ΀ΤήϟϣΰͿ�ȂΗŻÈxͪͲƳ

Ȃ͔ŞÔ΀P.ͽ�ΌΓm�ΗȰ͔ͬ�Ȑˎ΀ƨͿ˻Β͔CBH1 ͞ΐ΃ 2ϪβϟχΡ

σΜξϟϛϣγ 1 ͞ΐ΃ 2͓EG1ϪΟϡξΧϝ΢οϣγ 1͓  Cel5AϪΟϡξΧϝ΢οϣγ

2͓Cel12AϪΟϡξΧϝ΢οϣγ 3͓  Cel61AϪΟϡξΧϝ΢οϣγ 4͓  BGϪβ-ΧϝΪή

ηϣγ͓EX2 ͞ΐ΃ 3Ϫβ-Τήϛοϣγ 2 ͞ΐ΃ 3͓BXϪβ-Τήϟήηϣγ͓Abf2ϪΚϛ

χςωϛςήηϣγ͓ α-Glr Ϫ α-ΧϝΦϟπηϣγ͓ β-Mann Ϫ β-ϒϡοοϣγ͓ γ-

AmylaseϪΚϓϟΧϝΪήηϣγ͓Cip1͞ΐ΃ 2ϪβϝϟϣΰˍéζϡυΦˠϥCellulose 

induced proteinϦ͔  
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2.6 ƄɄͿΉͺΌ 

βϝϟϣΰɗτΜΡϒΰΗǸšȉΟζςϣϝΎxĩ¢ͽÅŎͬΓͲΌͽ΀͓�ʷ

ͼƟĩĩ_͹͚ΓβϝϟϣΰΎόϓβϝϟϣΰΗ͓ΧϝΪϣΰͼͻͿȔ̑�ʆͼɕǡ

ͽÅŎͪͼͥΔ΁ͼΑͼ͔͛Ͱͧ͹͓τΜΡϒΰΗeȉͬΓͲΌͿįʭͺͪ͸͓Ơ͕ͼ

ɕxh]ȅĭǇΎ̑ɜɕxįʭ͠ȩȿ̞ȔͩΔ͸͡Ͳ͔Ǽͽ͍ΪΰνͿ�®ͺͼ

Γɕx̑ɜͽåͬΓȩȿ΀Şzüͽ�΄ʝƓͿʃȺ̞Ȕ͠ͼͩΔ͓˵üͿÇÈ

ͼȩȿ̞Ȕı˟ͽΐΒɕxͽĘʷͺͼΓ̑ɜͿ̗΀ĐƉͿŞz_Ϳ 1 ͽΉ͹ǚë

ͪ͸͡͸͛Γ͔͓ͪͪ͟óƜȘͼeȉͿͲΌͽ΀ͩΑͼΓΪΰνͿ-�͠ĘʷͺͩΔ͸

͞Β͓ȃ´͹΍Ơ͕ͼ%ƜΎÈÖ͠ΐΒćoͼ̑ɜͿ̞ȔΗʬ͵͸͛Γ͔ͰΔͽ΍

̠ΖΑ͓ͭɕx̑ɜͿȇȈʝͺͪ͸ýͣeȉͩΔ͸͛Γ T. reesei Ϳ̉(ÓɡŎ͝

įʭͿ¯̯ͩͿͲΌ͓_ǆͩΔΓ̑ɜτϛϡΰΗñͬͧͺͼ͍ͣ͛τΜΡϒΰɕxʆ

ΗȰͬ̑ɜΗ̞ȔͬΓͧͺ΀̵øͽ¯̯͹͚Γ͔ÇͣͿ¼�͹΀å˘ͺͪͲ̑ɜǏ

Ğ͠Èùͽ�ŬͬΓ�ť͹͓τΜΡϒΰɕxʆͿÈùͼ��΀ͼͩΔ͸͛ͼ͔͛Ͱ

ͿͲΌ͓Ż̇ͼτϛϡΰΗɪĽ͓ͪ͟ͶƳǏĞ͍͛͠ͼͻͿ͍Ʀʆͼĩ_̑ɜΗȔ

ȃͬΓĭǇ͠ſΉΔ͸͛Γ͔ΉͲ͓βϝϛϣγ΀Ƞ�sƍΗŽͬΓͲΌͽ͓Ǖ�̑

ɜɗͽͥ͞Γ}ǿ̑ɜͿċm΀ǞÙͬΓͧͺ͠��ʆ͹͚Γ͔͓ͪͪ͟βϝϟϣΰɗ

τΜΡϒΰͿ_ˀͽåͬΓ�ĩ_̑ɜͿĊ̹͠_͟Δ΁͓ĩ_̑ɜƳȂͿŻ̇

xͽɶͦΑΔΓ�ʆĞ͚͠ΓͳΕ͔͜ȃǽ΀͓ĩ_̑ɜͿ΢ΦλϝͽΐΒˉ6ͩΔ͸

͛Γ͓͠_ǆ̑ɜͿʶ̭ͩΗɿħͬΓͺÇͣͿ¨̿ǰΗĴ͝͸͛Γ͔ͰͿͲΌ͓Ťʺ

ˉ6ĭǇ͹đΑΔͲɣƍΗ T. reesei Ϳ̉(ÓɡŎ͝ͽĚȉͬΓͧͺ͹͓ë̗Ϳ̑

ɜ͹K_ͼτΜΡϒΰ_ˀʆΗŽͬΓ͍Ʀʆͼ̑ɜͿ̞Ȕ͠ƀč͹͡ΓͳΕ͔͜  
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ɇ�Ʉ  BGL ǏĞÀćɕx̑ɜ JN11 ͿƟɎͺʆoˉ6  

ƄɄ͹΀͓T. reesei ȋƉ̑ɜͿĆǰ͹͚Γ BGL ǏĞͿ-ͩΗ

ʴćͬΓͲΌͽ A. aculeatus ȋƉ BGL ͿȒȺß�ȔȃΗˊΊ͓

ƟɎͪͲʝƓ T. reesei  X3AB1 ƓȋƉ̑ɜ JN11 Ϳʆoˉ6ͪ

ͲɣƍͽͶ͛͸˅͔ͬ3.1 ͹΀͓T. reesei  PC-3-7 ƓͿ BGL ǏĞ

Ϳćx͞ΐ΃ƟɎͪͲ̑ɜͿʆoˉ6ͿťǇ˒ͽͶ͛͸˅͔ͬ

3.2 ͹΀͓Ú͋Ŗ1ͽͶ͛͸ˏŭͬΓ͔3.3 ͹΀͓JN11 Ϳ̑ɜǏ

Ğ͞ΐ΃τΜΡϒΰɕxʆΗö˛̑ɜͺƳ˰ͪͲɣƍΗ˅͔ͬ3.4

͹΀͓ƄɄͿΉͺΌͽͶ͛͸˅͔ͬ  

3.1 ΀ͫΌͽ 

ΟρϝΥϣ1ǻΗå˘ͺͪͲÚȉȘͼτΜΡϒΰɕx̑ɜͽƻΌΑΔΓǼĞ΀͓

βϝϟϣΰϢόϓβϝϟϣΰͽåͬΓ͍͛_ˀʆoΗ-Ϊΰν͹̄ĩͬΓͧͺ͹͚Γ͔

3͝΁͓ɕx͠¯̯ͼƁˠĩ_͟ΑβϝϟϣΰΗ_ˀͪ͸ΧϝΪϣΰΗ�Β^ͬͲ

Όͽ͓͟Ͷ͸΀ȭ̒ͼͻͿć̒Ηȉ͛Ͳ̒qƸ_ˀǇ͠�ǐ͹͚͵Ͳ͔ͧͿťǇ΀

βϝϟϣΰͿ_ˀ˼ÿͿfĒ̯͓ͪͣ͠ȇĩͪͲΧϝΪϣΰ̃͠lͽ_ˀͩΔ͸�

Ȃ͠-�ͪ͸ͪΉͧ͜ͺ͓ΉͲ�Ěǔ�ͽƨͿóȸ͹͚ΓΟζςϣϝȔ̑Η̢ÜͬΓ

ǻˠ͠ȇĩͪ͸ͪΉͧ͜ͺ͠ː̿͹͚Γ͔ͩΑͽ͓2ȉͬΓǣÒ͠ć̒͹͚Γͧͺ͟

Α͓�ĚÞ«͠ʊ̓ͩΔ͸ͪΉͧ͜ͺΎ͓­�ͪͲȭ̒Ϳ]ȅ΀Ȇ¿˙ʜ͍͓ͣ͠]

ȅΪΰν΍͍ͣͼ͵͸ͪΉͧ͜ͺͼͻ͠È͡ͼ̢Üʷ®͹͚͵Ͳ͔Ͱͧ͹͓ȃ´͹΀Ȇ¿

˙ʜͿëͼ͛̑ɜɕxǇ͠ȩȿ̞ȔͿ�ǐͺͼ͵͸͞Β͓βϝϟϣΰΗ_ˀͬΓβ

ϝϛϣγͺ͛͜ʶ�̑ɜΗ2ȉͬΓ͔βϝϟϣΰɗτΜΡϒΰ΀͓βϝϟϣΰ͠ɣŵ

Ɵ˽ΗĽͶͧͺΎ͓ϜΧπϡΎόϓβϝϟϣΰͺʶ̭ͼƟ˽Ηͪ͸͛ΓͲΌͽ͓̑ɜ_

ˀͽ΍ć͛ĵĲĞΗŽͬΓ͔ͰͿͲΌ͓ɑȪΗͪ͸ʱ̶ȾΗÀΎͬͼͻ͓βϝϛϣγ

͠F͡Ύͬ͛ǽĦͽͬΓͲΌͿɕxh]ȅ͠ĘʷͽͼΓ͔ͧͿįʭͺͪ͸͓ɑȪ]

ȅ͓Ρεϡ]ȅ͓ƸǷ]ȅ͓ǺȪ]ȅ͞ΐ΃˥ʎȍƸ]ȅͼͻƠ͕͠ȩȿͩΔ͸

͛Γ͔Ͳͳ͓ͪͧΔΑ΀̒qƸ_ˀǇͺƳ˰ͪ͸͓ͩΑͽ]ȅΪΰν͍ͣ͠ͼ͵͸ͪΉ͜

ͧͺ͟Α͓ȃ´ͿΟζςϣϝȇȈͽ̠ΖΓȩȿ͹΀͓͹͡ΓͳͥΪΰνͿ͟͟Αͼ͛s

ƍȘͼɕˠ_ˀįʭͿƟɎ͠ȩȿ̞ȔͿŻ̕ʷϑΜϡνͽͼ͵͸͛Γ͔  
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ÚȉȘͼβϝϟϣΰɗτΜΡϒΰ_ˀ̑ɜͿ̞Ȕͽ΀͓T. reesei ̑͠ɜȇȈʝ

ͺͪ͸ýͣȉ͛ΑΔ͸͛Γ͔T. reesei ΀βϝϟϣΰɗτΜΡϒΰͿ_ˀͽĘʷͺͼΓ

ÇȺÇƠͼ̑ɜΗʝ.Æ΅_ǆ͓ͪͰͿȇȈ̗͠͡ΖΌ͸͍͛ϥϭ100 g/LϦͼͻ͓

�ͿʝƓΗ³=ͬΓϕϜινΗŽͬΓ͔͓ͪͪ͟BGL ǏĞͿĆͩ͠ÚȉxΗ̢΋È͡

ͼ¨̿ͺͼ͵͸͛Γ͔ͰͿͲΌ͓ćoͼ̉(ÓȔȃʆΗŽͬΓ T. reesei Ϳ cbh1 ϋ

ϟϖϣζϣΗȉ͛͸ bgl ̉(ÓΗȔȃͬΓͧͺ͹͓BGL ǏĞΗÈùͽ��ͩͮΓͼ

ͻ͓BGL ǏĞΗćxͪͲ�3͠ÇŞ¼�ͩΔ͸͛Γ 128 ,130)͔Lʬȩȿ͹΀ CBH ͺ

BGL ͠S˻ͿϋϟϖϣζϣΗeȉͪͲͧͺ͹ζΜνϞϣήϚϡ͠Ȕȇ͓ͪͰͿŘʕs

ƍ΀ŞzυϣβϡνͽȎΉΓ͔ͰͿͲΌ͓̑ɜȔȃͽ΀τΜΡϒΰ_ˀͽ̠ΖΓ̑

ɜȔȃͽĊ̹Η�͝ͼ͛ϋϟϖϣζϣΗȉ͛Γͧͺ͠ƻΌΑΔΓ͔T. reesei  PC-3-7

ƓͽǼȒȘͽȔȃͬΓ xyn3 ͿϋϟϖϣζϣȔȃʆ΀ cbh1 ϋϟϖϣζϣͿ 10Ϥͺ

Ć͛ͲΌ͓ζΜνϞϣήϚϡͿ­̊͠ƀčͩΔͲ 143)͔BGL ͿȔȃͽ xyn3 ϋϟϖϣζ

ϣΗȉ͛ͲͺͧΕ͓BGL ǏĞ΀ʽƓͿ 7.5 <͓FPU ǏĞΗ 1.3 <�ŬͩͮΓͧͺͽ

ĩpͪ͸͛Γ 132)͔ͩΑͼΓćxͿͲΌͽ΀ȔȃͩͮΓ BGL ͿȺ́ͰͿ΍ͿΗÅ͝Γ

ͧͺ͠ɿ͝ΑΔΓ͔TrBG1 ͺ�ʝƓͿ BGL ΗƳ˰ͪͲ3ͺͪ͸΀͓A. japonicus ͞ΐ

΃ P. verruculosum ȋƉ BGL ͺͿƳ˰͠¼�ͩΔ͸͞Β͓βϟχΡϣΰͽåͬΓu

oÖȘυϛϕϣζϣKcat/Km΀ TrBG1 Ϳ 56 ͽåͪ͸͓ͰΔͱΔ 368 ͞ΐ΃ 74 ͹͚

͵Ͳ 144)͔Ƅȩȿ͹΀͓A. aculeatus ȋƉ BGL ͹͚Γ AaBG1 ΗeȉͪͲ͔AaBG1

΀͓T. reesei Ϳ BGL ͹͚Γ TrBG1 ͺƳ˰ͪ͸ 10 <!�ƳǏĞ͍͛ͧ͠ͺ͠ǼĖ

͹͚Γ 145 ,146)͔ͩΑͽ͓ΧϝΪϣΰΗ BGL ͿΜϡφχζϣͺͪ͸ȉ͛Ͳ½�͓AaBG1

Ϳ̢ÜÙŞ Ki?΀ TrBG1 ΐΒ΍ 1.8 º͍͔͛Ͱͧ͹͓ƄɄ͹΀ AaBG1 Ϳ̉(Ó

ɡŎ͝ͽ xyn3 ϋϟϖϣζϣΗȉ͛Γͧͺ͹͓̑ɜͿ͍ƦʆxΗˊΊΓ͔  

ƟɎͪͲ̑ɜͿʆoˉ6΀̑ɜǏĞǞÙͽq͝͸͓L˷ͪ͸͡Ͳΐ͜ͽ͓Ƅȩ

ȿͽ͛͞͸̕ʷͺɿ͝Γh]ȅτΜΡϒΰΗȉ͛Ͳɕxˊ͋ΗÚŦͪͲ͔ĐƉͿÇ

ͣͿȩȿ͹΀͓ˊʧͺͪ͸ö˛ͩΔ͸͛ΓĔɣŵβϝϟϣΰΗȉ͛Ͳɕxʆˉ6͠

ʬΖΔ͸͛Ͳ͔͓ͪͪ͟ĔɣŵβϝϟϣΰͺÚ̪ͿτΜΡϒΰ͹΀όϓβϝϟϣΰͺϜ

ΧπϡͿÕ´ͿŽǲΎ͓βϝϟϣΰͿÕ´ǽĦͿ̅͛ͼͻͰͿĞǽ΀PͣȒͼ͵͸

͛Γ͔Ƅȩȿ΀óƜȘͽ2ȉ�ʆͼ̑ɜͿƟɎΗȞľͬͲΌ͓τΜΡϒΰΗȉ͛

ͼͥΔ΁ͰͿʆoˉ6΀��ʆ͹͚Γͺɿ͝Ͳ͔ͩΑͽ͓τΜΡϒΰͿȺ́ͽΐ͵͸

΍ͰͿĞǽ΀Èͣ͡ȒͼΓͺɿ͓͝ʛƄͺͪ͸ΜοϠϛϢΟϜΚϡάΰ͓ƁƄͺͪ͸ϙϣ

΢ϜϢΰΥͿ 4 Ⱥ́Ηˊ͋ͪͲ͔ΉͲ͓ɕxh]ȅͿƈ#΍óƜxΗģÙͪͲ΍Ϳ͹

͚Γͧͺ͠ſΉ͔ͪ͛Ͱͧ͹͓ɕxh]ȅƈ#ΗƾÙͬΓˉ6»Ǣͺͪ͸ɕxȂͺ­

�ȂΗŅͥ�ΖͮͲ?ϥeȉȂϦ͠ŻÈͺͼΓΐ͜ͼǝÿϢ]ȅű̟Ϣ̒ /Κϝ΢Ϝǫ

ÿƈ#͹1ʵͩΔͲƢǢh]ȅƢ¢Ηȉ͛Ͳ 55)͔Ƴ˰å˘ͺͼΓ̑ɜͺͪ͸ʽƓ

΀΍ʹΕΘͿͧͺ͓ö˛ͩΔ͸͛Γ̑ɜͿ�͹΍ΐΒ§ȉȘͽeȉͩΔΓ�ʆĞ͍͠
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͛ͺɿ͝ΑΔΓ Novozymes ȱͿ Cellic CTec ͺ Genencor ȱͿ Accellerase 1500 ͺ

ͿƳ˰ΗÚŦͪͲ͔  

3.2 Ú͋Ŗ1  

3.2.1 ʝƓͺ̑ɜͿˑʵ  

ɕx̑ɜȇȈʝƓͺͪ͸͓ºµͽϑλνμΤΰνϟϣΰãÉϥ!�͓PDA ͺͬΓϦ

ϋϞϣνΉͲ΀ΰϛϡν�ͽÀƮͩͮͲ T. reesei  PC-3-7 ƓΗȉ͛Ͳ͔T. reesei  PC-

3-7 ƓͿʅÓϥ107;ϦΗ 1ϤͿ Avicel Ηǯɜǡͺͪ͸�΋ basal ºµ 123)50 mL ͽ

ňȺ͓ͪŀȝƈ# 220 rpm͓ǝÿ 28�ͽ͸ 7 Ũ̟º͈ͪͲ͔º͈ď͓º͈ǔΗ̆

ė_̮͹ʝ.Η�Β̦͛Ͳ�ǗΗɕx̑ɜͺͪ͸ȉ͛Ͳ͔TrBG1 Η͍ȔȃͩͮͲ

ʝƓ�Η X3TB1 ͺ͓ͪ�Ơͽ̑ɜΗˑʵͪͲ͔  

ö˛̑ɜ Accellerase 1500 ͞ΐ΃ Cellic CTec ΀ͰΔͱΔ Genencor ȱ (ΚϕϜ

΢)͞ΐ΃ Novozymes ȱϥμϡϒϣΦϦ͟ΑˡOͪͲ͔  

T. reesei Ϳĩ_̑ɜ΀͓ͰΔΑͿ̉(ÓΗ A. oryzae ͞ΐ΃

Schizosaccharomyce pombe Ηß�ͺͪ͸ȔȃͩͮΓͧͺ͹ˑʵͪͲ͔CBHI ͺ EGI

ͽͶ͛͸΀͓�̉(ÓΗɡŎ͝Ͳ A. oryzae ΗÈ̠ȱ͟ΑˡOͪͲ͔9ÕʝƓΗ

4ϤΧϝΪϣΰºµ 100 mLϥ4 % glucose͓1 % peptone͓0.1 % Tween 80͓0.5 % 

KH2PO4͓0.1 % NH4Cl͓0.05 % MgSO4ϦͽňȺ͓ͪ30� Ϣ200 rpm ͹ 3 Ũ̟hº

͈ͪͲ͔hº͈ǔͿ͜ʹ 12 mL Η 1.2 L Ϳ 4ϤΧϝΪϣΰºµΗq͝Ͳ 2 L ίϗϣ

ωΙϣϕϡζϣͽňȺ͓ͪ30� Ϣ400 rpm ͹ 3 Ũ̟º͈ͪͲ͔º͈ǔΗ Miracloth 

(Calbiochem)Ηȉ͛͸ωΛϝζϣΕ͓̃ͪΕǔͽ 80ϤͺͼΓΐ͜ȭ̒ΚϡϖπΝϔΗ

ǖqͪͲ͔̆ė_̮ϥ30 _͓9000 rpmϦͽΐ͵͸�ǗΗ­�͓ͪͰͿ�ǗͽϜϡ̒ʍ

ǦβϝϟϣΰϥPSCϦΗ 10 g ǖqͪͲ 148)͔PSC ΗǖqͪͲ�ǗΗƹ�͹ 1 ű̴̟

ɹ͓ͪ10 _Ϣ4000 rpm ͹̆ė_̮͓ͪͧΔΗ 5 ­ɸΒ˶ͪͲ͔ƿưͪͲ PSC Η 1 

mM ̐̒ονϜΝϔɲʮǔϥpH 5.0Ϧ20 mL ͽĨǪ͓ͪ37� Ϣ150 rpm ͹ŀȝͪͼ͠

Α9ǝͪͲ͔9ǝď͓ĨǪǔΗ̆ė_̮ϥ10 _Ϣ4000 rpmϦͪ͸�ǗΗ­�͓ͪͧͿ

Ŗ1Η 3 ­ɸΒ˶ͪͲ͔đΑΔͲ�ǗΗɔʵ̑ɜͺͪ͸ȉ͛Ͳ͔CBHII ͽͶ͛͸

΀͓cbh2 ̉(ÓΗɡŎ͝Ͳ S. pombe Ϳº͈ǔΗūȬÓȱ͟ΑˡOͪͲ͔º͈ǔ

Η 80Ϥ͆¡ȭ×_ȌͽΐΒɔʵ͓ͪƿưΗ 10 mM ΦΟϡ̒ɲʮǔϥpH 5.5Ϧͽǣ

ˀͪͲ͔ǣˀǔΗ΢ϛϔΦϟϒνΧϛωΛϣϥDEAE-toyopearl 650 S͓HiTrap Phenyl 

HP͓Mono Q columnsϦͽΐΒɔʵ͓ͪǏĞȌ_Η­�͓ͪǫɴͬΓͧͺ͹ɔʵ̑ɜ

ͺͪ͸ȉ͛Ͳ͔  
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3.2.2 Full-length aabgl1 ͿȔȃύΦζϣƟɎ  

aabgl1 ͿP̝ cDNA ̏a΀ pABG7148)ΗλϡϋϞϣνͽȉ͓͛ʱ 3-1 ͽȰͪͲ

ϋϛΜϒϣΗȉ͛͸ PCR ͽΐ͵͸ÀùͩͮͲ͔Ȕȃ΢βινωϛΧϕϡνͿˑʵͿͲΌ

pBxyn3aq-D0149)ΗλϡϋϞϣνͽȉ͓͛ʱ 3-1 ͽȰͪͲϋϛΜϒϣΗȉ͛͸Μϡτϣ

ΰ PCR Ηʬ͵Ͳ͔Aabgl1 Ȕȃ΢βιν pBxyn3aabl1 ΗƟɎͬΓͲΌ͓ÀùͪͲ

aagbl1 Μϡάϣνͺ΢βινωϛΧϕϡνͿʫ�Η In-fusion PCR advanced kitϥζ΢ϛ

τΜΡϦΗ�ĮˏŭŹͽĐ͵͸ʬ͵Ͳ͔Aabl1 ͺ xyn3 ϋϟϖϣζϣ͓amdS ϒϣ΢ϣ

Ϳ¾»̏a΀͓GenomeLabTM Dye Terminator Cycle Sequencing Quick Start kit

͞ΐ΃ CEQTM 2000XL DNA sequencer (Beckman Coulter)Η2ȉ͓ͪPCR Οϛϣ

͠ȇͫ͸͛ͼ͛ͧͺΗȮˌͪͲ͔ĉˠ˭ŎΗʬ͜hͽτιΦΧϛΝϡξύΦζϣͿĊ̹

ΗŻê̤ͽİ͝ΓͲΌ͓ωϛΧϕϡν΀ EcoRI-SalI Ηȉ͛͸ϋϛΰϓξΐΒ`Β^ͪͲ͔  

 

ʱ 3-1ϪAabgl1 ȔȃύΦζϣƟɎȉϋϛΜϒϣ̏a  

ϧêŠÔ΀ In-fusion ΦϟϣπϡΧȉͿȠ�̏a  

3.2.3 T. reesei PC-3-7 ƓͿĉˠ˭Ŏ  

T. reesei  PC-3-7 ƓͿĉˠ˭Ŏ΀͓ϋϟνϋϛΰν-PEG ǇͽΐΒÚŦͪͲ 150)͔Ȕ

ȃύΦζϣͽ΀βϞΦήϚϡϒϣ΢ϣͺͪ͸ΚβνΚϓηϣγ̉(Ó͠Õ´ͬΓͲΌ͓

ΚβνΚϓξΗ¦�ͿɂɜǡͺͬΓºµ͹ȇʃͪͲƓΗĉˠ˭Ŏ.ͺ͓ͪđΑΔͲ_

ȇÓϥconidiaϦΗ PDA ϋϞϣνͽƚʝͪͲ͔ȔȃύΦζϣͿΪψϣŞ͞ΐ΃Ƞ�ɡ

Ŏ͝ͿȮˌ΀͓AlkPhos Direct kit (GE Healthcare Bio Science)ͽΐΓάέϡϊϟι

νǇͽΐΒʬ͵Ͳ͔EcoRI Ηȉ͛͸`ţͪͲƐʖ. DNA Η̰ƷǋuͪͲͿʹ͓

Hybond N+ membraneϥGE Healthcare Bio ScienceϦͽ˭Y͓ͪΚϝ΢ϜωΠΰωΙζ

ϣγ͹ϛύϝͪͲ xyn3 Ϳ HincII ωϛΧϕϡνϥ0.5 kbϦΗσΜϊϜηΜαͪͲ͔  

ȉ˺  ϋϛΜϒϣ̏a  

Aabgl1 ͿP̝Àùȉ  5’ - tgagt t tcaa t tgaggcggacaatATGAAGCTCAGTTGGCTTGAG-3’  

5’ -c tgcca taccca tg tagcagagcatTCATTGCACCTTCGGGAGCG-3’  

Ȕȃ΢βινωϛΧϕϡν

Àùȉ  

5’ -ATGCTCTGCTACATGGGTATGGCAGGGTCGG-3’  

5’ -ATTGTCCGCCTCAATTGAAACTCAGTGGAAAGATGGTAG-3’  
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3.2.4 ˭YˀƋ  

RNA ķ^ͺ cDNA Ϳ�ĩ΀͓�òΑͿťǇͽĐ͵Ͳ 151)͔Ù̗ϜΚϝζΜϔ PCR

΀͓LightCycler 480 System (Roche Diagnostics)Ηȉ͛͸ʬ͵Ͳ͔Àù�Ě΀Ż

ɠÞ̗ 20 µL �ͽ͓LightCycler 480 SYBR Green I Master kit (Roche 

Diagnostics)Ηȉ͛͸ 0.5 mM ωΠϣϠϣξϋϛΜϒϣͺϜτϣΰϋϛΜϒϣ  (ʱ 3-2)

͞ΐ΃ 2 µL Ϳ 100 <÷̔ͪͲ cDNA Ηȉ͛͸ʬ͵Ͳ͔άϣϒϝάΜΦϛϣͿƈ#

΀ 95� 5 _→͘95� 10 ȴ→60� 10 ȴ→72� 10 ȴ͙×45 ͹ʬ͵Ͳ͔P͸Ϳƈ#

͹͓ϋϛΜϒϣΗǖqͪͼ͛άϡϋϝΗρΣλΛϊΪϡνϟϣϝͺ͓ͪͰΔͱΔ 3 ͶͿ

ǿɃͪͲάϡϋϝͽåͪ͸ˀƋΗʬ͵Ͳ͔PCR ÀùͿǼȒĞ΀ʫˀŷɱ_Ƌͽ͸

Ȯˌ͓ͪͩΑͽΚΣϟϣΰΩϝ̰Ʒǋuͽΐ͵͸ PCR ȈǻΗȮˌͪͲ͔  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



– 51 – 

 

 

 

 

 

 

 

 

 

 

 

3.2.5 ̑ɜǏĞǞÙͺζϡυΦˠǞÙ  

βϝϛϣγǏĞͽ΀͓ΚχβϛϣγǏĞͺ pNPL _ˀǏĞͿ 2 Ⱥ́ͿǞÙǇΗ

ȉ͛Ͳ͔ΚχβϛϣγǏĞ΀ 0.5 % CEOLUS PH-101 (!�͓Avicel ͺʱ˅ͬΓ)

ϥūxĩƓĄ'ȱϦΗ»ˠͺ͓ͪ50 mM ̐̒ɲʮǔϥpH 5.0ϦΗȉ͛͸͓50�͹ 60

_̟�ĚͩͮͲ͔ȇĩͪͲ̋Jɕ΀͓ίπνϟάϜθϝ̒Ǉϥ!�͓DNS Ǉͺʱ˅ͬ

ʱ 3-2ϪqRT-PCR ͽȉ͛ͲϋϛΜϒϣ�ʼ  

�h  ̏a  ȞȘ̉(Ó  

cbh1  F 

cbh1  R 

cttggcaacgagttctctt 

tgttggtgggatacttgct 
cbh1 

egl1  F 

egl1  R 

cggctacaaaagctactacg 

ctggtacttgcgggtgat 
egl1 

trbgl1  F 

trbgl1  R 

agtgacagcttcagcgag 

ggagaggcgtgagtagttg 
trbg1 

aabg1  F 

aabg1  R 

tcctacaaccagatcaacaacagc 

gccaaagcagagccaacac 
aabg1 

xyn1  F 

xyn1  R 

ggttggacgactggatct 

ggttgtcctccatgatgtag 
xyn1 

xyn2  F 

xyn2  R 

ccgtcaactggtccaact 

acacggagaggtagctgtt 
xyn2 

xyn3  F 

xyn3  R 

gtacaagggcaagattcg 

aaggcaatcgagacaaact 
xyn3 

xyn4  F 

xyn4  R 

gggtggcgagagatactt 

tgcccactcagtctgtatg 
xyn4 

xyn30B  F 

xyn30B  R 

gacagtgggcaattatggt 

agtggtgccacagagataac 
xyn30B 

bxl1  F 

bxl1  R 

acatcaagcctggtcactc 

cagactcgtcggtgttca 
bxl1 

bxl2  F 

bxl2  R 

tggctacggactgcatta 

gttgcgaaagttgctaggt 
bxl2  

bxl3  F 

bxl3  R 

gttgcttgctcggatgt 

ccctccatcgacacacta 
bxl3  

FϪωΠϣϠϣξϋϛΜϒϣ͓RϪϜτϣΰϋϛΜϒϣ 
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ΓϦͽΐ͵͸ǞÙͪͲ 152)͔pNPL _ˀǏĞ΀ 1 mM Ϳ pNPLϥSigma-AldrichϦΗ»

ˠͺ͓ͪ50 mM ̐̒ɲʮǔϥpH 5.0ϦΗȉ͛͸͓50�͹ 10 _̟�ĚͩͮͲ͔ȇĩͪ

Ͳ p-πνϟωΞςϣϝϥ!�͓pNP ͺʱ˅ͬΓϦ΀�Mÿϥ410 nmϦͽΐΒǞÙͪͲ͔

CMC ǏĞͿǞÙ΀ 1.0ϤCMC(low viscosity͓50-200 cps͓Sigma Chemical)Η»

ˠͺ͓ͪ50 mM ̐̒ονϜΝϔɲʮǔϥpH 5.0ϦΗȉ͓͛50�� 15 _̟̑ɜ�Ě

͓ͪDNS ǇͽΐΒ̋JɕΗǞÙͪͲ͔ΤήϛοϣγǏĞ΀͓Ήͭ»ˠͿˑʵͿͲΌ

birch wood xylanϥSigma ChemicalϦΗɚƸͽ 3.0Ϥϥw/vϦq͓͝ǁ͌Ƹ�͹ 1 _

̟qǷͪͲ͔ͰͿď͓̆ė_̮ϥ23͓000 gϢ10 _̟Ϧͽΐ͵͸�ǗΗ­�ͪͲ͔ͧͿ

�ǗΗ 1.5Ϥϥv/vϦͽͼΓΐ͜ͽ 50 mM ̐̒ονϜΝϔɲʮǔϥpH 5.0Ϧͽǖq͓ͪ

50�͹ 10 _̟�Ě͓ͩͮȇĩͪͲ̋JɕΗ DNS ǇͽΐΒǞÙͪͲ͔BGL ǏĞ΀

20 mM βϟχΡϣΰΗ»ˠͽ͓50 mM ̐̒ονϜΝϔϥpH 5.0ϦΗȉ͛͸͓50�͹ 10

_̟�ĚͩͮͲ͔ȇĩͪͲΧϝΪϣΰ΀͓ΧϝΪϣΰ CII λΰνϠΪϣϥ¡MɚʧƓ

Ą'ȱϦΗȉ͛͸ǞÙͪͲ͔ΤήϟήηϣγǏĞ΀ 1 mM 4-Nitrophenyl-D-

xylopyranoside (!�͓pNPX ͺʱ˅ͬΓ)ϥSigma Chemical)Η»ˠͺ͓ͪ50 mM ̐

̒ɲʮǔϥpH 5.0ϦΗȉ͛͸͓50�͹ 10 _̟�ĚͩͮͲ͔ȇĩͪͲ pNP ΀�Mÿ

ϥ410 nmϦͽΐΒǞÙͪͲ͔̑ɜǏĞ 1 ϙπινͿÙɼ΀ 1 _̟ͽ»ˠΗ_ˀͪ͸

ȇĩͬΓ 1 µmol Ϳ̋JɕΉͲ΀ pNP ̗ͺͪͲ͔Ͳͳ͓ͪBGL ǏĞ΀ 1 _̟ͽȇ

ĩͬΓ 2 µmol ͿΧϝΪϣΰ̗Η 1 ϙπινͺͪͲ͔  

ζϡυΦˠǫÿͿǞÙ΀ϊϛιξωΠϣξǇ 153)Ηȉ͓͛Quick Start Bradford 

protein assay kit (Bio-Rad Laboratories)Η�ĮˏŭŹͽĐ͵͸2ȉͪͲ͔ƛ̗ɱ

ͽ2ȉͬΓƢǢζϡυΦˠͺͪ͸͓ΝήΣϡϒΧϟϊϜϡΗȉ͛Ͳ͔  

ζϡυΦˠͿ̰Ʒǋu΀ 12.5ϤͿϑϜΚΦϜϝΚϓξΩϝΗȉ͛Ͳ SDS-PAGE Η

ʬ͵Ͳ 154)͔Ɛʖ΀ΦϒήϣϊϜϜΚϡνϊϝϣR250ϥBio radϦΗȉ͛͸ʬ͵Ͳ͔_Ó

̗ϒϣ΢ϣ΀ Precision Plus Dual Standard Marker kit for SDS-PAGE (Bio-Rad 

Laboratories)Ηȉ͛Ͳ͔  

JN11 ͽĩ_̑ɜΗǖqͪͲΚχβϛϣγǏĞǞÙͽ΀͓ĩ_̑ɜΗ 0.2 µM ͺ

ͼΓΐ͜ͽ2ȉͪͲ͔  

3.2.6 τΜΡϒΰͿɕxh]ȅͺɡĩ_ƋȉάϡϋϝͿˑʵ  

βϝϟϣΰɗτΜΡϒΰͺͪ͸ΜοϠϛ͓ΟϜΚϡάΰ͓ϙϣ΢Ϝ͓ΰΥΗȉ͛Ͳ͔�τ

ΜΡϒΰ΀ɓɑȪƦϥΡϜΟϡνɑȪƦƓĄ'ȱϦ͞ΐ΃ĔɑȪƦϥϏδ΢ϠϓΦϟϡ

ƓĄ'ȱϦͽΐ͵͸ɒČə 100-200 µm ͽɑȪͩͮͲ͔ɑȪͪͲτΜΡϒΰͿ͜ʹ͓

ΜοϠϛϢΟϜΚϡάΰϢϙϣ΢Ϝ΀τιθĄΡϣνΦϞϣϊϥƓĄ'ȱƊǌ͍³ϦΗȉ
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͛͸̒ϢΚϝ΢Ϝ͓ƸǷ]ȅͪͲ͔Ͳͳ͓ͪΜοϠϛͿΚϝ΢Ϝ]ȅͺƸǷ]ȅ΀

flow-through reaction test apparatus (ƓĄ'ȱƊǌ͍³ )Ηȉ͛Ͳ͔̒]ȅ΀

1.0Ϥȭ̒ϥw/vϦ͓Κϝ΢Ϝ]ȅ΀ 0.5ϤNaOH ϥw/vϦΗȉ͓͛τΜΡϒΰͿ�˴Ί

ǫÿ΀ 3.0ϤͺͪͲ͔ˑʵǝÿͺ]ȅű̟΀͓ΜοϠϛͿΚϝ΢Ϝ]ȅ͠ 120͒Ϣ5

_͓̒]ȅ͠ 170͒Ϣ5 _͓ƸǷ]ȅ͠ 200͒Ϣ10 _͹͚Β͓ΟϜΚϡάΰͿΚϝ΢Ϝ

]ȅ͠ 140͒Ϣ12 _͓̒]ȅ͠ 170͒Ϣ5 _͓ƸǷ]ȅ͠ 200͒Ϣ15 _͓ϙϣ΢ϜͿ

Κϝ΢Ϝ]ȅ͠ 200͒Ϣ10 _͓̒]ȅ͠ 180͒Ϣ5 _͓ƸǷ]ȅ͠ 220͒15 _͹͚

͵Ͳ͔ΰΥ΀ɑȪǻ 200 g ΗƸʣƷǺȪʳɹϥŨƄ̰ǷƓĄ'ȱϦͽΐ͵͸ɕx

h]ȅΗͪͲ͔]ȅű̟΀ 10 _͓ǝÿ΀ 240͓͒³oƈ#΀ 3.35 MPa ͺͪͲ͔�

τΜΡϒΰ΀]ȅďͽ±ĉ_Η­�͓ͪƸ͹ǍǑͪ͸ɕx�Ěͽȉ͛Ͳ͔  

h]ȅτΜΡϒΰͿɕɡĩ΀ȭ̒ͽΐΒqƸ_ˀ͓ͪHPLC ͽ͸ɕΗÙ̗ͪͲ͔

Ήͭˊš 100 mg ͽ 1 mL Ϳ 72Ϥȭ̒Ηǖqͪ͸Ǖ�͓ͪ30�ͿĠǝơͽ͸ 1 ű

̟�ĚͩͮͲ͔�Ěď͓28 mL Ϳ˥ɚƸΗǖqͪ͸Ǖ�͓ͪΡϣνΦϞϣϊϥ121� Ϣ

1 ű̟ϦͪͲ͔qƸ_ˀǔΗΣϛΰΕɛ͹Ε̃ͪ͸đͲΕǔΗǯ̒΢ϝήΝϔ͹ pH 

5-6 ͽˑş͓ͪ̆ė_̮ϥ10000 rpmϢ10 _Ϧ͓ͪͰͿ�ǗȌ_Η HPLC _Ƌȉά

ϡϋϝͺͪͲ͔  

3.2.7 ɕx�Ě  

ɕx�ĚͿ�Ěƈ#΀͓20 mL ϋϛΰθιΦÞ«ͽ»ˠǫÿΗ�ǹ̗̕͹ 5Ϥ

ϥw/vϦq͓͝100 mM ̐̒ονϜΝϔɲʮǔϥpH 5.0ϦΗq͝͸Þ̗Η 2 mL ͺ͓ͪ̑

ɜ̗Η 3-10 mg/g-τΜΡϒΰͺ͓ͪǝÿ 50������ 150 rpm͓�Ěű̟Η 72

ű̟ͺͪͲ͔JN11 ͽĩ_̑ɜΗǖqͪͲɕx�ĚͿƈ#΀͓1.5 mL ϒΜΦϟθϘ

ϣϊϥEppendorfϦͽǺȪ]ȅΰΥΗ�ǹ̗̕͹ 5Ϥϥw/vϦͺ͓ͪ100 mM ̐̒ονϜ

ΝϔɲʮǔϥpH 5.0ϦΗ2ȉ͓ͪ̑ɜ̗΀ JN11 Η 1 mg/g-τΜΡϒΰ͓ĩ_̑ɜΗ

0.2 µM ͺͪͲ͔̑ɜ�Ě΀ 50� Ϣ1500 rpm ͹ 72 ű̟�ĚͩͮͲ͔�Ěď͓̑ɜ

�ĚΗAƪͩͮΓͲΌ 95�͹ 5 _qǷ͓ͪ̆ė_̮ϥ15000 rpmϢ5 _Ϧͽΐ͵͸�

ǗȌ_Η­�͓ͪȇĩͪͲΧϝΪϣΰ͞ΐ΃ΤήϟϣΰΗ HPLC ͽΐ͵͸ǞÙͪͲ͔

ɕxȂ΀͓τΜΡϒΰͽ�ΉΔΓβϝϟϣΰ͞ΐ΃Τήϟϣΰ͟ΑŎɋͪͲ�ɕ̕

̗ϥgϦͽåͬΓȇĩͪͲɕ̗̕ϥgϦͿm�ͺͪͲ͔ͼ͓͞ȇĩͪͲɕ΀qƸ_ˀͽ

ΐΓƸ_ÓͿ�qΗɿħ͓ͪΧϝΪϣΰͿ_Ó̗ 180 ͞ΐ΃ΤήϟϣΰͿ_Ó̗

150 ͽåͬΓƸͿ_Ó̗ 18 ͟ΑͰΔͱΔ 0.90 ͞ΐ΃ 0.88 <ΗŅͥͲ?Ηȉ͛

Ͳ͔  
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3.2.8 HPLC _Ƌ  

ɕx�ĚͿ�Ǘ͞ΐ΃τΜΡϒΰͿ̒qƸ_ˀǔ�ǗΗ 0.2 µm ωΛϝζϣ͹Ε

͓̃ͪHPLC ProminenceϥƓĄ'ȱðǎʵ1ĬϦΗȉ͛͸_ƋͪͲ͔ɕx�Ě͹

ȇĩͪͲΧϝΪϣΰ͞ΐ΃Τήϟϣΰ΀͓Shimpak ISA-07/S2504ϥƓĄ'ȱðǎί

ϣΟϝήϣϦ͞ΐ΃ ISA-07͓OPTI-GUARD DVB (ϛϐϛϐ΢ϡυπϣƓĄ'ȱ )Η

΢ϛϔ͞ΐ΃Σϣξ΢ϛϔͽȉ͛Ͳ͔_Ƌƈ#΀͓ǝÿ 70�͓ǐ̗ 0.5 mL/min ͺ

͓ͪȷuȠ΀ǣǔ Aϥ0.15 M ϏΝ͓̒pH 8.0Ϧ͞ΐ΃ǣǔ Bϥ0.7 M ϏΝ͓̒pH 9.0Ϧ

ΗǕ�ͪͲΧϛίΟϡνǣ̮ͺͪͲ͔ΧϛίΟϡν΀ 30 _̟ͽ AϪB (30:70͓v/v) ͟Α

AϪB (20:80͓v/v)Ή͹ɱĉÅxͩͮͲ͔τΜΡϒΰͿ̒qƸ_ˀǔͽ�ΉΔΓΧϝ

ΪϣΰͺΤήϟϣΰͿ_Ƌ΀͓Asahipak NH2P-50 4E (Ű¡̰óƓĄ'ȱ )͞ΐ΃

Asahipak NH2P-50G 4A (Ű¡̰óƓĄ'ȱ )͓OPTI-GUARD DVB Η΢ϛϔ͞ΐ

΃Σϣξ΢ϛϔΗȉ͛Ͳ͔_Ƌƈ#΀͓ǝÿ 45�͓ǐ̗ 0.8 mL/min ͺ͓ͪȷuȠͺ

ͪ͸ 0.3ϤϜϡ̒ϪΚβνπνϜϝǕ�ǔϥ15Ϫ85͓v/vϦΗȉ͛Ͳ͔  

3.3 ɣƍ͞ΐ΃ɿä  

3.3.1 xyn3 ϋϟϖϣζϣΗȉ͛Ͳ aabg1 ̉(ÓȔȃ T. reesei ͿƟɎ  

T. reesei  PC-3-7 Ɠ͠_ǆͬΓβϝϛϣγͿ BGL ǏĞΗÀćͬΓͲΌ͓xyn3 ϋ

ϟϖϣζϣfĒ�ͽ͛͞͸ aabg1 ̉(ÓΗȔȃͬΓ T. reesei X3AB1 ƓΗƟɎͪ

Ͳ͔Xyn3 ϋϟϖϣζϣfĒ�ͽ aabg1 Ϳ cDNA Ηɡ˴ΘͳȔȃ΢βιν

pBxyn3aabg1 Ηȉ͛͸ T. reesei  PC3-7 ƓΗĉˠ˭ŎͪͲ͔đΑΔͲĉˠ˭Ŏ.

Ϳ͜ʹ͓xyn3 ͿĀ,ͽ aabg1 ΗήϡΧϝΪψϣ͹9ŽͬΓĉˠ˭Ŏ.ϥX3AB1 ƓϦ

ΗđΓͲΌ͓ΚβνΚϓξΗ�΋̈ĳºµ͟ΑđΑΔͲ 9 ͶͿĉˠ˭ŎƓΗάέϡσ

ΜϊϜηΜγϣήϚϡͪͲϥμϣζƂŋ˱Ϧ͔  

3.3.2 T. reesei X3AB1 ƓͿȔȃȮˌ͞ΐ΃ JN11 ͿǏĞ_Ƌɣƍ  

͐ T. reesei  X3AB1 Ɠ΀βϝϛϣγ͠ȔȃˍéͩΔΓΐ͜ 1%Ϳ Avicel Η�΋ºµ

Ηȉ͛͸ 7 Ũ̟º͈ͩͮͲ͔ͰͿº͈ǔ�ǗΗ SDS-PAGE ͽ4ͪͲͺͧΕ͓JN11

ͽ΀ʽƓȋƉ̑ɜϥ!�͓WT ͺʱ˅ͬΓϦͽ΀Õ´ͪͼ͛ AaBG1 ͺɿ͝ΑΔΓə

130 kDa Ϳτϡξ͠Ȯˌ͹͡Ͳϥ° 3-1Ϧ͔ͧͿ_Ó̗΀ AaBG1 ͿΚϓς̒̏a͟Α
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ŉ˃ͩΔΓ_Ó̗ 91 kDa ΐΒÈ͓͛͡͠A. aculeatus ͹ȮˌͩΔͲ_Ó̗ͺ�ʑ

ͬΓ 145)͔ͰͿͲΌ͓T. reesei ͺ A. aculeatus ́͠+Ϳɕx�qƦƟΗĽͶ�ʆ

Ğ͠Ȱ¥ͩΔͲ͔WT ͽʹΑΔΓ 32 kDa Ϳ XYNIII ͠ JN11 ͹΀ʾäͩΔͼ͟͵

Ͳ͔ͧΔ΀͓aabg1 ̉(Ó͠ xyn3 ̉(ÓĀͽɡΊŎ͝ΑΔͲͧͺ͹ XYNIII ͠Ƨ

őͪͲͧͺΗĤ�ͬΓ͔ζϡυΦˠȇȈ̗΀ JN11 ͽ͛͞͸΍ɪĽͩΔ͸͞Β͓SDS-

PAGE Ϳτϡξćÿ͟Α�ĩ_̑ɜͿ_ǆυζϣϡͽ΍Åx͠ͼ͛ͧͺ͟Α͓ʽƓ

ͿǼĞΗɪĽͪͲȒȺȋƉ̑ɜͿȔȃͽĩpͪͲͺɿ͝ΑΔΓϥ° 3-1͓ʱ 3-3Ϧ͔  

̑ɜǏĞ΀ FPU ǏĞ͓CMC ǏĞ͓BGL ǏĞ͓ΤήϛοϣγǏĞͽͶ͛͸ǞÙ

ͪͲϥʱ 3-3Ϧ͔JN11 Ϳ BGL ǏĞ΀ WT Ϳ 63 <ͽ��͓ͪΤήϛοϣγǏĞ΀

70Ϥͽ-�ͪͲ͔ͧΔ΀͓AaBG1 ͿȔȃͺͰΔͽ)͜ XYNIII ͿƧőͿĊ̹͠ȃΔ

Ͳͺɿ͝ΑΔΓ͔ͩΑͽ͓BGL ǏĞͿÀćͽȟň̠7͠ͼ͛ͺĜΖΔΓ FPU ǏĞ͞

ΐ΃ CMC ǏĞ΍͓ͰΔͱΔ 1.7 <͞ΐ΃ 1.2 <ͽ��ͪͲ͔ͧͿ�®΀͓ǏĞǞ

Ù͹ȇĩͪͲ̋JɕΗ DNS Ǉ͹ǞÙͪͲͲΌͺɿ͝ΑΔΓ͔DNS ǇͿǼĞͺͪ͸͓

3͝΁�ɕͿβϟχΡϣΰͽåͬΓȔʖÿ΀}ɕͿΧϝΪϣΰͽåͪ͸ə 1.5 <͍

͛ 55)͔ͰͿͲΌ͓2 mol ͿΧϝΪϣΰ΀͓2 mol _ͿΧϝΪϣΰΗŽͬΓ 1 mol Ϳβ

ϟχΡϣΰΐΒ΍̋Jɉ̗͠Ç͛ͺcţͩΔ͸ͪΉ͔͜ͰΔͽΐΒ͓βϟχΡϣΰ͠

BGL ͽΐ͵͸ΧϝΪϣΰͽ_ˀͩΔΓͺȔʖÿͺͪ͸΀͍ΉΓͲΌ͓ʹͲȞͿ̋Jɕ

̗΀͍ͣͼΓ͔JN11 Ϳ BGL ǏĞͿ��ͽ)͛_ˀȈǻ͠ΧϝΪϣΰͽ̬ə͓ͪͰ

Ϳɣƍͺͪ͸βϝϟϣΰ_ˀǏĞ͠��ͪͲͺɿ͝ΑΔΓ͔ͩΑͽ΀βϟχΡϣΰͽΐ

Γ CBHI Ϳȇĩǻ̢Ü͠ǲͣͼ͵Ͳͧͺ΍βϝϟϣΰ_ˀʆ��Ϳ�®͹͚Ε͜
126)͔  
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° 3-1. JN11 ͞ΐ΃ WT Ϳ SDS͑PAGE 

Ϟϣϡ MϪ_Ó̗ϒϣ΢ϣ͓Ϟϣϡ 1: WT͓Ϟϣϡ 2Ϫ  JN11͔ȥ�͹ȰͪͲ AaBG1

Ϳτϡξ͠ə 130 kDa ͹͚Γ͔ΚϋϛΜͪͲ WT ͺ JN11 ͿζϡυΦˠ̗΀�̗͹͚

Γ͔  

 

 

ʱ 3-3ϪJN11 ͺ WT Ϳ�Ⱥ̑ɜǏĞ  

̑ɜ  

ζϡυΦ

ˠǫÿ

ϥmg/mLϦ  

ƳǏĞϥU/mg-ζϡυΦˠϦ  

FPU CMC BGL XYN BXL 

WT 1.6±0.1 1.2±0.2 37±0.5 0.14±0.03 99±2.3 - 

JN11 1.6±0.1 2.0±0.0 43±2.1 8.8±0.60 71±1.6 0.48±0.03 
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3.3.3 T. reesei X3AB1 ƓͿβϝϛϣγ͞ΐ΃όϓβϝϛϣγ̉(ÓͿȔȃˀ

Ƌ  

T. reesei  PC3-7 Ɠͺ X3AB1 ƓͿ̉(ÓȔȃΗ˭YϞύϝΗˀƋͬΓͲΌ͓Ù

̗ϜΚϝζΜϔ PCRϥqRT-PCRϦͽΐΒǞÙͪͲϥ° 3-2Ϧ͔Ȕȃ̗΀ĠøȘͽȔȃͬ

ΓσΝΰΤϣψϡΧ̉(Ó͹͚Γ β-ΚΦθϡΗΪϡνϟϣϝͺͪ͸ςϣϒϛΜγϣήϚϡ

Ηʬ͓͛cbh1 ͿȔȃ̗ͽåͬΓȠå?ͺͪ͸ʱͪͲ͔ͰͿɣƍ͓X3AB1 ƓͿ xyn3

Ȕȃ̗΀Pͣƛ^͹͡ͼ͟͵ͲͲΌ͓X3AB1 ƓͿ xyn3 ΀Ƞ�ɡŎ͝ͽΐΒØPͽ

aabg1 ͽɹ͡ŎΖ͵͸͛Γͧͺ͠Ȯˌ͹͡Ͳ͔ΉͲ͓aabg1 ͿȔȃ̗΀ʽƓͿ xyn3

Ȕȃ̗Ϳ 50ϭ70Ϥ͹͚͵Ͳ͔TrBG1 Η xyn3 ϋϟϖϣζϣ͹ȔȃͩͮͲ X3TB1 Ɠ

Ϳº͈ͽδϝϐϣΰΗȉ͛Γͺ͓ trbg1 ̉(ÓͿȔȃϞύϝ΀ xyn3 ̉(ÓͿə

80Ϥ͹͚͵Ͳͧͺ͠¼�ͩΔ͸͛Γ 143)͔ͰͿͲΌ T. reesei ͽͥ͞ΓȒȺß�Ȕȃ

΀ͧΔΉ͹ÇͣͿ¨͚̿͠Γͧͺ͠¼�ͩΔ͸͛Ͳ͓͠ƄȩȿͿ aabg1 ΀sȂȘͽ

˭YͩΔ͸͛Γͧͺ͠ŭΑ͟ͺͼ͵Ͳ 155 ,156)͔AaBG1 ͺ TrBG1 Ϳ�̉(ÓͿ

mRNA Ȕȃ̗΀͓AaBG1 ͠ 32 <͍͓ͣ�̑ɜͿƳǏĞ΀ AaBG1 ͠ 9.5 <͍͛

ͲΌϥƂQʱμϣζϦ͓X3AB1 ƓȋƉ̑ɜ΀ʽƓΐΒ 300 <!�͍͛ BGL ǏĞ

͠ƀčͩΔͲ͔͓ͪͪ͟ÚǞ?ΗƳ˰ͬΓͺ͓JN11 Ϳ BGL ǏĞ΀ WT Ϳ 60 <͹͚

͵Ͳ͔ͧͿͧͺ΀ AaBG1 Ϳə 20ϤͿΊ͠ǏĞΗŽͬΓǽĦ͹ȔȃͪͲͧͺΗĤ�

͓ͪƭΒͿ 80Ϥ΀̵sȂͼɾˇΎζϡυΦˠͿωΠϣϝμΛϡΧ͓ɕ̜:͇͓_ǆ

ɉͿĊ̹ͽΐΒͰͿǏĞ͠ËΖΔͲ�ʆĞ͚͠Γ͔ͩΑͽ͓ȔȃͪͲ xyn3 ͠P͸

XYNIII ͺͪ͸_ǆͩΔ͸͛Γͺ"ÙͬΓͺ͓ǏĞ· AaBG1 ΀˭Y͓ɾˇ͞ΐ΃_

ǆͿPóȸΗɢͲ�͹ XYNIII Ϳ 10�14ϤsȂ͹ȈȇͩΔͲͺʹȾ΍ΑΔͲ͔  
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° 3-2Ϫĩ_̑ɜͿ mRNA Ȕȃ̗ˀƋ   

βϝϛϣγ̉(Óͺͪ͸ cbh1͓egl1͓ trbg1͓aabg1͓Τήϛοϣγ̉(Óͺͪ͸  xyn1͓

xyn2͓xyn3͓xyn4͓xyn30b͓xyn11c͓bxl1͓bxl2͓bxl3  ͿȔȃϞύϝΗˑΆͲ͔A ΀

T. reesei  PC-3-7 Ϳ 1ϤAvicel ˍéƈ#͓B ΀ X3AB1 ƓͿ 1%Avicel ˍéƈ#

͹͚Γ͔Aabg1 ̉(Ó΀ˢʖ͓xyn3 ̉(Ó΀ɯʖͿƙΧϛωͽȰͪͲ͔Ȕȃ̗΀

cbh1 ͽåͬΓȠåȘͼm�ͺͪ͸Ȱ͓ͪβ-ΚΦθϡΗΪϡνϟϣϝͺͪ͸ƢǢxͪͲ΍

Ϳ͹͚Γ͔  

3.3.4 JN11 ͺö˛̑ɜͿǏĞͿƳ˰  

JN11 ͿǼĖΗŭΑ͟ͽͬΓͲΌ͓JN11 Ϳ̑ɜǏĞΗö˛̑ɜ͹͚Γ

Accellerase 1500͓͞ΐ΃ Cellic CTec ͺƳ˰ͪͲ͔ǞÙͪͲ̻Ȟ΀͓Κχβϛϣγ

ǏĞ͓pNPL _ˀǏĞϥ!�͓pNPLase ǏĞͺʱ˅ͬΓϦ͓CMCase ǏĞ͓BGL Ǐ

Ğ͓ΤήϛοϣγǏĞ͞ΐ΃ β-ΤήϟήηϣγǏĞ͹͚Γϥʱ 3-4Ϧ͔JN11 Ϳ̑ɜǏ

ĞͿǼĖ΀͓ΚχβϛϣγǏĞ͞ΐ΃ pNPLase ǏĞ͍͛ͧ͠ͺ͹͚Γ͔ͧͿ

pNPLase ǏĞͽ΀ CBHI ͞ΐ΃ EGI ̠͠�ͬΓ͓͠pNPL ͽåͬΓ EGI ͿǏĞ΀

CBHI ΐΒ͍͛ 157)͔EGI ͿǏĞΗΐΒȟňȘͽʱͬ CMCase ǏĞ΍͍͛ͧͺ͟Α͓

JN11 ΀ΟϡξΧϝ΢οϣγǏĞ͍͛͠ͺ˂͝Γ͔ͧͿD�΀ Accellerase 1500 ͹΍

�Ơ͹͚Β͓
ʀͿ̑ɜ΀βϝϟϣΰ_ˀǏĞ͠�Ϳ̑ɜͺƳ˰ͪ͸͍͛ͺ͛͝
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Γ͔ͰΔͽåͪ͸͓Cellic CTec ΀ΚχβϛϣγǏĞ͞ΐ΃ pNPLase ǏĞ͠Ż΍-

͛ͧͺ͠ǼĖ͹͚Γ͔  

BGL ǏĞΗƳ˰ͬΓͺ͓JN11 ΀ WT ΐΒ΍ 65 <͍͓ͣö˛̑ɜ 2 ȺͿ̟Ϳćͩ

͹͚Β͓BGL ǏĞ͠ÈùͽÀćͩΔ͸͛Ͳ͔ͧͿ BGL ǏĞͿćx͠�˅Ϳβϝϟ

ϣΰ_ˀǏĞͿ͍ͩͽÈͣ͡˚ȁͪͲͺɿ͝ΑΔΓ͔ͰͿ�®΀h˷ͪͲ DNS Ǉͽ

ͥ͞ΓΧϝΪϣΰͺβϟΡϜΫɕͿȔʖÿͿ̅͛ͺɿ͝ΑΔΓ͔ΉͲ͓Ú̪ͽɔʵͪͲ

AaBG1 Η WT ͽǖqͬΓͺ͓CMCase ǏĞ͠ÀqͪͲϥμϣζƂŋ˱Ϧ͔ͶΉΒ͓

JN11 ΀βϝϟϣΰ_ˀͽĊ̹Η�Έͩͼ͛ XYNIII ΗȔȃͬΓϋϟϖϣζϣΗȉ͛

͸ BGL ǏĞΗćxͬΓͧͺ͹͓βϝϟϣΰ_ˀǏĞP.ΗÀćͬΓͧͺͽĩpͪͲ

ͺcţ͹͡Γ͔Ͳͳ͓ͪCellic CTec ΀ BGL ǏĞ͠Ż΍͍͓͛͠ΚχβϛϣγǏĞ͠

Ż΍-͔͛ͰͿͲΌ͓BGL ǏĞͿĊ̹΀ͰΔͱΔͿ̑ɜ͠ĽͶĩ_̑ɜͿȺ́Ύ

ĩ_Ƴͽΐ͵͸ÅxͬΓͧͺ͠Ȱ¥ͩΔͲ͔  

JN11 ͿΤήϛοϣγǏĞ΀ WT ΐΒ-�ͪ͸͛Ͳ͓͠ö˛̑ɜͿΤήϛοϣγǏ

Ğ͞ΐ΃ β-ΤήϟήηϣγǏĞͺƳ˰ͬΓͺ͓ͰΔͱΔ 3.2ϭ5.6 <͓1.1ϭ4.5 <ͺ

͍͛ͲΌ͓JN11 ΀͍͛Τήϛϡ_ˀʆΗŽͬΓͺcţ͹͡Γ͔  

!�Ϳͧͺ͟Α͓JN11 ΀βϝϟϣΰ͞ΐ΃Τήϛϡ_ˀǏĞ͠P.Șͽ͍͓ͣ

Accellerase 1500 ΀Τήϛϡ_ˀǏĞ͠Ć͛͠βϝϟϣΰ_ˀǏĞ΀Ż΍ć͓ͣ

Cellic CTec ΀Ż΍͍͛ BGL ǏĞΗŽͬΓ͠βϝϟϣΰ͞ΐ΃Τήϛϡ_ˀǏĞ΀

ͺ΍ͽ-͛ͧͺ͠ŭΑ͟ͺͼ͵Ͳ͔  

 

ʱ 3-4ϪWT͓JN11͓ö˛̑ɜͿ̑ɜƳǏĞϥU/mg-ζϡυΦˠϦ  

ϧÊÔ΀�̑ɜǏĞ͠Ż΍͍͛̑ɜΗȰͬ  

3.3.5 �̑ɜΗȉ͛ͲτΜΡϒΰɕx�Ě  

�̑ɜͿτΜΡϒΰͽåͬΓɕxʆoΗƳ˰ͬΓͲΌͽ͓̒ϢΚϝ΢ϜϢƸǷϢƸ

ʣƷǺȪɉͿɕxh]ȅΗͪͲΜοϠϛϢΟϜΚϡάΰϢϙϣ΢ϜϢΰΥΗȉ͛ͲτΜ

 ̑ɜǏĞ  

̑ɜ  Κχβϛϣγ  pNPL CMC BGL XYN BXL 

WT 0.45±0.02 0.33±0.01 35±2.0 0.12±0.0 88±0.0 0.59±0.01 

JN11 0.68±0.06 0.38±0.01 53±1.0 7.8±0.5 67±6.0 0.54±0.02 

Accellerase 

1500 

0.77±0.02 0.41±0.00 56±3.0 5.6±0.3 21±1.0 0.12±0.01 

Cellic CTec 0.27±0.03 0.30±0.01 41±2.0 14±1.0 12±0.0 0.51±0.03 
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ΡϒΰͿɕx�ĚΗʬ͵Ͳ͔ͰΔͱΔͿh]ȅτΜΡϒΰͿɕɡĩ΀ʱ 3-5 ͽȰͪ

Ͳ͔  

NaOH ]ȅΜοϠϛͿɕx�ĚͿɣƍ͓JN11 ΀ΧϝΪϣΰϢΤήϟϣΰɕxȂ͠

ͺ΍ͽö˛̑ɜΗ�­͵Ͳϥ° 3-3Ϧ͔ΤήϟϣΰɕxȂ΀ WT ΍ö˛̑ɜΗ�­Γ

ͲΌ͓JN11 ͞ΐ΃ WT ͿΤήϟϣΰɕxȂͿ͍ͩ΀Τήϛοϣγ͞ΐ΃ β-Τήϟή

ηϣγǏĞͿ͍ͩͽˤ®ͪ͸͛ΓͿ͹͚Ε͜ 158)͔ö˛̑ɜͿΤήϟϣΰɕxȂ΀͓

Cellic CTec Ϳ β-Τήϟήηϣγ͠ WTϢJN11 ͺ�Ϟύϝ͹͚Γͽ΍̠ΖΑͭ JN11

ͺ�ȸÿ͹͚͵Ͳ͔ͧΔ΀͓Cellic CTec ͿΤήϛοϣγǏĞ͠-͛ͲΌ͓Τήϛϡ͠

_ˀ͹ͭ͡ͽΤήϟϣΰȇĩͽɶ͠Αͼ͟͵Ͳͧͺͽˤ®ͬΓ͔ΉͲ͓Accellerase 

1500 ΀ β-Τήϟήηϣγ͠-͛ͲΌ͓ΤήϛϡΗ_ˀͪ͸ȇĩͪͲΤήϟχΡϣΰɉ

ͿΤήϟΡϜΫɕ͠Τήϟϣΰͽ_ˀͩΔͭͽʤȾͪ͸͛Γ�ʆĞ͚͠Γ͔JN11 ͿΧ

ϝΪϣΰɕxȂ΀ö˛̑ɜͺÈ͡ͼõ͠ȇͫͲ͔͓ͪͪ͟JN11 ͿβϝϛϣγǏĞ

΀͓Accellerase 1500 ͺŭȮͼõ͠ͼ͔͛ͧΔ΀͓JN11 Ϳ͍͛ΧϝΪϣΰȇĩʆͽ

΀͓�˅ͿΤήϛϡ_ˀǏĞ͠Èͣ͡˚ȁͪ͸͛ΓͧͺΗȰ¥ͪ͸͛Γ͔ͼͯͼΑ΁͓

βϝϟϣΰͺΤήϛϡ΀ͰΔͱΔǿɃͪ͸Õ´͓ͮͭ�͛ͽɥΊ�͵Ͳ͍ƨƟ˽Η

ĉĩͪ͸͛ΓͲΌ͓βϝϟϣΰͽ̑ɜ͠ň˵ͬΓͲΌͽ΀ΤήϛϡΗ_ˀͬΓĘʷ͠

͚Γ͟Α͹͚Γ͔Ú̪ͽ͓ö˛Ϳόϓβϝϛϣγ͹͚Γ Cellic HTecϥNovozymesϦΗ

Accellerase 1500 ͽǖqͪ͸ NaOH ]ȅΜοϠϛͿɕx�ĚΗʬ͜ͺ͓Τήϟϣΰͺ

�űͽΧϝΪϣΰͿɕxȂ΍ÀqͪͲϥμϣζƂŋ˱Ϧ͔Ͳͳ͓ͪCellic HTec ǖq

ƈ#ͽ͛͞͸΍ΧϝΪϣΰɕxȂ΀ JN11 ͠�­ΓͲΌ͓̑ɜǏĞ͹΀ʱΔͼ͟͵

Ͳõ͠τΜΡϒΰΗ»ˠͽͬΓͧͺ͹ŭΑ͟ͽͼ͵Ͳ͔ƸǷ]ȅΜοϠϛͽåͬΓ

JN11 ͺö˛̑ɜͿΤήϟϣΰɕxȂͿ̅͛΀͓NaOH ]ȅΜοϠϛ͹ʹΑΔͲõΐ

Β΍êͩ͟͵Ͳϥ° 3-4Ϧ͔ͧͿ�®΀͓ƸǷ]ȅΜοϠϛͿόϓβϝϟϣΰɡĩ͠

NaOH ]ȅΜοϠϛͿ{_ȸÿ͹͚ΓͲΌ͓ɕxͽͥ͞ΓόϓβϝϛϣγǏĞͿĘ

ʷĞ͠êͩͣͼ͵ͲͲΌ͹͚Ε͔͜  

ȭ̒]ȅΜοϠϛͽåͬΓɕx�ĚͿÈ͡ͼǼĖ΀͓72 ű̟͹ͿΧϝΪϣΰɕ

xȂ͠ JN11 ͺ Cellic CTec ͠ɉͪ͛ͧͺ͹͚Γϥ° 3-5AϦ͔JN11 Ϳ͍͛ΧϝΪϣΰ

ɕxȂ΀ JN11 Ϳ͍͛βϝϛϣγǏĞͽȋƉͬΓ΍Ϳͺɿ͝ΑΔΓ͓͠Cellic CTec

΀βϝϛϣγǏĞ͠Ż΍-͔͛ͰΔͽ΍̠ΖΑͭ Cellic CTec ͿΧϝΪϣΰɕxȂ

͍͠ JN11 �Ίͽ͍ͣͼ͵Ͳ�®΀͓͍͛ BGL ǏĞͽȋƉͬΓͺɿ͝ΑΔΓ͔JN11

΀ BGL ͿΊΗćxͪͲ̑ɜ͹͚Γ͓͠ȭ̒]ȅΜοϠϛͿɕxȂ΀ WT Ϳ 2.8 <

ͽ͍Ή͵Ͳ͔ΉͲ͓WT ͽ AaBG1 Ηë̗ϥ0.025 mg/g-τΜΡϒΰϦǖqͬΓͳͥ͹

NaOH ]ȅΜοϠϛͽåͬΓΧϝΪϣΰɕxȂ΀͆¡ͪͲ͓͠ȭ̒]ȅΜοϠϛͿ

ɕxȂΗ͆¡ͩͮΓͲΌͽ΀ WT ͽ�˅ͪͲ̗Ϳ<Ϳ̗͠Ęʷ͹͚͵ͲϥμϣζƂ

ŋ˱Ϧ͔ͧΔΑͿͧͺ΀͓BGL ǏĞ΀ȭ̒]ȅτΜΡϒΰͿɕx�Ěͽ̕ʷͼ̑ɜ
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ǏĞ͹͚ΓͧͺΗȰ¥ͪ͸͛Γ͔BGL ΀ϜΧπϡͽ�ȣͬΓͧͺ͹ͰͿ̑ɜǏĞ͠Ë

ΖΔΓͧͺ͠¼�ͩΔ͸͛Γ 159)͔ȭ̒]ȅΜοϠϛͿϜΧπϡ�̗΀ NaOH ]ȅΜ

οϠϛͿ 5.5 <͍͛ϥʱ 3-5Ϧ͔ͶΉΒ͓ɕxh]ȅͿ̅͛ͽΐΓϜΧπϡ�̗Ϳ̅͛

͓͠ɕxͽƻΌΑΔΓ̑ɜǏĞͿ̅͛ͽɶ͠Γͺɿ͝ΑΔΓ͔ͧͧ͹͓ɕxh]ȅƈ

#ΗĆΌΓͧͺ͹βϝϟϣΰͿʲ_ˀĞΗ-�ͩͮͲh]ȅτΜΡϒΰΗ1ʵ͓ͪ

BGL ǏĞ͹΀ͼͣβϝϟϣΰ_ˀǏĞͽΐ͵͸õ͠ȇͫΓ͟Ηƛ˄ͪͲ͔ȭ̒ǫÿ

Η 1.0Ϥ͟Α 0.5Ϥ͓]ȅǝÿΗ 170͒͟Α 150�ͽͰΔͱΔ-�ͩͮͲȭ̒]ȅ

ΜοϠϛΗ»ˠͽ͓JN11 ͺ Cellic CTec ͿɕxʆΗˉ6ͪͲ͔ͰͿɣƍ͓JN11 ͿΧ

ϝΪϣΰȇĩ̗΀ Cellic CTec ͽåͪ͸ 1.2 <͍͟͵Ͳϥ° 3-5BϦ͔ͰͿͲΌ͓

JN11 Ϳβϝϟϣΰ_ˀʆo΀ Cellic CTec Η�­Γͺɣ˒�ͥΑΔΓ͔ƢǢƈ#

Ϳȭ̒]ȅΜοϠϛΗȉ͛Ͳ̪΍͓JN11 Ϳ�Ě 24 ű̟ďͿɕxȂ͠Ż΍͍͛ͧͺ

΍ͧͿɣ˒ΗŗĽͬΓ͔  

!�ͿɣƍΐΒ͓JN11 ΀͍͛ΤήϟϣΰǏĞ͞ΐ΃ΤήϟχΚϣγǏĞͽΐΒ

NaOH ]ȅ͞ΐ΃ƸǷ]ȅΜοϠϛͽåͪ͸͍͛ɕxǏĞΗŽ͓ͪȭ̒]ȅΜοϠ

ϛͽåͪ͸΀ Cellic CTec Ϳ͍͛ BGL ǏĞͿͲΌ Cellic CTec ͺ·Έ�ɉͿʆo

ΗĽͶͧͺ͠ŭΑ͟ͺͼ͵Ͳ͔  

ΟϜΚϡάΰΗ»ˠͽȉ͛Ͳ̑ɜ�ĚͿD�΀͓NaOHϢƸǷ]ȅΟϜΚϡάΰ͠

ΜοϠϛͺ�ͫ͹͚͵Ͳ͔ͰΔͽåͪ͸͓ȭ̒]ȅΟϜΚϡάΰͽåͪ͸΀͓JN11 ͿΧ

ϝΪϣΰɕxȂ͠ Cellic CTec Η�Ě 72 ű̟ď΍�­͵͸͛Ͳϥʱ 3-6Ϧ͔2ȉͪ

Ͳ̑ɜ̗΀ΟϜΚϡάΰϢΜοϠϛ͹�̗ϥ3 mg/g-τΜΡϒΰϦͳ͓͠ɕxȂ΀ȭ̒

]ȅΜοϠϛ͠ 90ϤΗ˥͝ͲͿͽåͪ͸ȭ̒]ȅΟϜΚϡάΰ͠ 65Ϥͺ-͟͵Ͳ͔

ͶΉΒ͓ɕxh]ȅͿćÿΗĆΌͲȭ̒]ȅΜοϠϛͺ�Ơͽ͓ΟϜΚϡάΰ΀Μο

ϠϛΐΒ_ˀͩΔͽͣ͛»ˠ͹͚ΓͲΌ͓βϝϟϣΰ_ˀǏĞ͠ɕxʆoͿõͽɶ͠

͵Ͳͺɿ͝ΑΔΓ͔ͧͿD�΀ϙϣ΢Ϝͽåͪ͸΍�Ơ͹͚Β͓JN11 ΀βϝϟϣΰ_

ˀǏĞ̕͠ʷͽͼΓͺɿ͝ΑΔΓτΜΡϒΰͽåͪ͸͓ö˛̑ɜΗ�­ΓʆoΗŽ

ͬΓͧͺ͠ŭΑ͟ͺͼ͵Ͳ͔ΉͲ͓όϓβϝϟϣΰΗ�ŽͬΓh]ȅτΜΡϒΰͽåͪ

͸΀͓ͰͿʆoõ΀ΐΒ̀ʡͽͼ͵͸͛Ͳϥʱ 3-6Ϧ͔  

 

 

 

 

 

 

 

 



– 62 – 

ʱ 3-5ϪτΜΡϒΰͿĩ_ɡĩϥϤ͓w/wϦ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

τΜΡϒΰ  ɕxh]ȅ  βϝϟϣΰ  
όϓβϝϟ

ϣΰ  
ϜΧπϡ  ǭ_  

ΜοϠϛ  

Ƃ]ȅ  30.8 17.0 9.50 18.9 

ȭ̒  49.4 0.33 20.9 23.9 

NaOH 52.6 24.2 3.80 5.40 

ƸǷ  47.6 9.57 14.7 14.8 

ΟϜΚϡάΰ  

Ƃ]ȅ  34.3 21.5 18.6 5.26 

ȭ̒  51.6 2.19 35.4 5.49 

NaOH 56.0 22.2 6.20 1.58 

ƸǷ  50.9 7.20 29.8 2.17 

ϙϣ΢Ϝ  

Ƃ]ȅ  40.3 15.8 19.8 0.77 

ȭ̒  57.8 0.23 36.1 0.76 

NaOH 64.8 12.1 9.70 1.10 

ƸǷ  60.9 0.56 34.1 0.33 

ΰΥ  
Ƃ]ȅ  36.0 13.5 42.7 0.35 

ƸʣƷǺȪ  40.1 0.41 53.4 0.09 
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ʱ 3-6ϪΟϜΚϡάΰͺϙϣ΢ϜͿɕx�ĚϥϤϦ  

ϧ�Ěƈ#Ϫ̑ɜ̗ 3mg/g-τΜΡϒΰ͓�Ě 72 ű̟  

 

 

 

 
° 3-3Ϫ  NaOH ]ȅΜοϠϛͿɕx�Ě  

�Ěƈ#΀̑ɜ̗ 3 mg/g-τΜΡϒΰ͓�Ěű̟΀ 72 ű̟͹͚Γ  

 

 

τΜΡϒΰ  ɕxh]ȅ  WT JN11 
Accellerase 

1500 

Cellic 

CTec 

ΧϝΪϣΰɕxȂ      

ΟϜΚϡάΰ  

ȭ̒  20 65 51 49 

NaOH 26 76 40 45 

ƸǷ  35 76 43 52 

ϙϣ΢Ϝ  

ȭ̒  11 55 35 42 

NaOH 28 73 48 48 

ƸǷ  11 71 40 40 

ΤήϟϣΰɕxȂ      

ΟϜΚϡάΰ  

ȭ̒  -  - - - 

NaOH 56 62 32 36 

ƸǷ  62 61 38 40 

ϙϣ΢Ϝ  

ȭ̒  -  - - - 

NaOH 69 74 44 56 

ƸǷ  -  - - - 
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° 3-4ϪƸǷ]ȅΜοϠϛͿɕx�Ě  

�Ěƈ#΀° 3-3 ͺ�Ơ͹͚Γ  

 

 

 
° 3-5Ϫȭ̒]ȅΜοϠϛͿɕx�Ě  

�Ěƈ#΀̑ɜ̗ 3 mg/g-τΜΡϒΰ͔ɕxh]ȅƈ#΀ A ͠ 1 Ϥȭ̒Ϣ

170 � Ϣ5 _͓B ͠ 0.5Ϥȭ̒Ϣ150� Ϣ5 _͹͚Γ͔  

3.3.6 }�ĩ_̑ɜΗǖqͪͲɕx�Ě  

JN11 ͿτΜΡϒΰɕxʆ΀͓ö˛̑ɜΗ�­Γͧͺ͠ŭΑ͟ͽͼ͵Ͳ͔ͧΔ΀͓

WT Ϳ BGL ǏĞΗ̇`ͼϋϟϖϣζϣΗȉ͛͸ȔȃͩͮΓͧͺ͹͓P.Ϳτϛϡΰ

ΗñͬͧͺͼͣβϝϛϣγǏĞΗ͍ΌΓͧͺͽĩpͪͲͧͺΗĤ�ͬΓ͔ͪͪ͟ͼ͠Α͓
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Accellerase 1500 ͿβϝϛϣγǏĞ΀ WT ΐΒ 47 <΍͍͓ͣP̑ɜͿ�͹΍Ż΍͍

͛ͧͺΗɿħͬΓͺ͓βϝϛϣγǏĞͿ͍ͩͿΊ͹΀ JN11 Ϳ͍͛τΜΡϒΰ_ˀʆ

Ηˏŭ͹͡ͼ͔͛ͧΔΉ͹Ϳɣƍ͟Α͓̑ɜɕxΗ�ͥͽͣ͛τΜΡϒΰΗȉ͛Γͧͺ

͹̑ɜʆoͿõ͠ΐΒ̀ʡͽͼΓD�͚͠͵Ͳ͔Ͱͧ͹͓ͩΑͽ̑ɜȘͼ_ˀΗ�ͥ

ͽͣ͛ƸʣƷǺȪ]ȅΰΥΗȉ͛Ͳ�ƠͿˉ6Ηʬ͵Ͳϥ° 3-6Ϧ͔72 ű̟ďͿ

Accellerase 1500 ͿɕxȂ΀ WT ͺ�ȸÿ͹͚ΓͲΌ͓βϝϛϣγǏĞͺτΜΡϒ

ΰɕxʆͽȠ̠͠ͼ͛ͧͺ΀ŭΑ͟͹͚Γ͔ͧͿ�®΀͓βϝϛϣγǏĞͿǞÙͽ

2ȉͪͲö˛ͿɣŵĞβϝϟϣΰ͹͚Γ Avicel ͺτΜΡϒΰͺ͹΀͓_ˀͽĊ̹ͬ

Γ®Ó͠ȒͼΓͲΌͺ�ģͩΔΓ͔ͧͿ"ÙΗƛˈͬΓͲΌ͓βϝϟϣΰ_ˀͽåͪ

͸�ʷͼċmΗĸ͜ͺɿ͝ΑΔ͸͛Γ 3 Ⱥ́Ϳĩ_̑ɜϥCBHIϢCBHIIϢEGIϦΗ

JN11 ͽǖq͓ͪ̑ɜ�ĚΗʬ͵Ͳ͔�ĩ_̑ɜͿˑʵťǇͺͪ͸͓WT Ύ JN11

͟ΑɔʵͬΓͺ�Ϳĩ_̑ɜ͠ǕOͬΓ�ʆĞ͚͠Γ͔Ͱͧ͹͓ͧΔΑͿ̑ɜΗȔ

ȃͪͼ͛ A. oryzae ͞ΐ΃ S. pombe Ηß�ͺͪ͸�̉(ÓΗɡŎ͝ͲʝƓΗȉ͓͛

�ĩ_̑ɜΗˑʵͪͲ͔Avicel ͞ΐ΃ƸʣƷǺȪ]ȅΰΥΗ»ˠͽɕx�ĚΗ

ʬ͵ͲͺͧΕ͓»ˠͿ̅͛ͽΐ͵͸ĩ_̑ɜͿĊ̹͠ȒͼΓͧͺ͠ŭΑ͟ͽͼ͵Ͳ

ϥ° 3-7Ϧ͔Avicel ͽåͬΓ�ĩ_̑ɜͿĊ̹΀͓CBHII ͿǖqͿΊʘúͿÀć

sƍ͠ʹΑΔ͓CBHI ͺ EGI Ϳǖq΀Åx͠ͼ͟͵Ͳ͔ͰΔͽå͓ͪƸʣƷǺȪ]

ȅΰΥͽåͪ͸΀͓P͸Ϳ}�ĩ_̑ɜ͠ɕxȂͿ�ŬsƍΗȰͪͲ͔ͰͿͲΌ͓

̑ɜǏĞͺτΜΡϒΰɕxͿ̵Ƞ̠Ğ΀͓��Ěͽȉ͛Γ»ˠͿ_ˀͽĊ̹ͬΓ

ĩ_̑ɜ͠Èͣ͡ȒͼΓͧͺͽˤ®ͬΓͺɣ˒�ͥΑΔΓ͔  

Avicel ͺΰΥ΀Ɵ˽Ύɡĩ͓βϝϟϣΰͿɣŵĞͼͻÇͣͿȒͼΓĞˠΗŽͬ

Γ͔q͝͸͓�ĩ_̑ɜͿ�ĚĞ΀ɕxh]ȅΎτΜΡϒΰͿȺ́͛ΐ͵͸ȒͼΓ

ͺɿ͝ΑΔΓ͔ϜΧπϡΎόϓβϝϟϣΰͿƟ˽΍ΉͲɕxh]ȅͿȺ́ͽÈͣ͡5

ÕͬΓͳΕ͜ 160)͔ϜΧπϡ�ŽͿŽǲͿΐ͜ͼɡĩͿ̅͛΍̑ɜ�ĚĞͽ̅͛Η�

͝Γ�®ͺͼΒ͜Γ 161)͔ΉͲ͓�­΀ 3 Ⱥ́Ϳĩ_̑ɜͿΊȉ͛Ͳ͓͠T. reesei ͠

_ǆͬΓ�Ϳĩ_̑ɜͿĊ̹΍»ˠͿȺ́ͽΐ͵͸ȒͼΓͧͺ΀ÞŮͽģG͠͹

͡Γ 72)͔ͰͿͲΌ͓τΜΡϒΰΗsȂȘͽ_xͬΓ̑ɜΗ̞ȔͬΓͲΌͽ΀͓�h

]ȅτΜΡϒΰͽŻ̇xͩΔͲĩ_̑ɜͿȺ́ϢɡĩΗŽͬΓ̑ɜΗ̞ȔͬΓĘ

ʷ͚͠ΓͳΕ͔͜  
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° 3-6ϪƸʣƷǺȪ]ȅΰΥͿɕx  

�Ěƈ#΀̑ɜ̗ 10 mg/g-τΜΡϒΰ  
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° 3-7ϪJN11 ͽĩ_̑ɜΗǖqͪͲɕx  

ĩ_̑ɜ΀ CBHI͓CBHII͓EGI Ηȉ͓͛ͰΔͱΔ 0.2 µM ͺͼΓΐ͜ͽ JN11 ͽǖq

ͪͲ͔A ΀ Avicel Η»ˠͺͪͲ̑ɜǏĞ͓B ΀ǺȪ]ȅΰΥΗ»ˠͺͪͲɕx�Ě

Ϳɣƍ͹͚Γ͔  
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3.4 ƄɄͿΉͺΌ 

ƄɄ͹΀͓ϜΧςβϝϟϣΰτΜΡϒΰͿɕxͽŻ̇xͩΔͲ̑ɜΗ̞ȔͬΓͲ

Ό͓T .reesei  PC-3-7 ƓͿ BGL ǏĞΗćx͓ͪBGL ćx̑ɜͺö˛̑ɜͿτΜΡ

ϒΰɕxʆΗƳ˰ͪͲ͔BGL ǏĞͿćxͿͲΌͽ΀͓͍͛ BGL ǏĞΗŽͬΓ A. 

aculeatus ȋƉ BGL ͹͚Γ AaBG1 Ηȉ͓͛T. reesei ȋƉ xyn3 ϋϟϖϣζϣΗȉ

͛Ͳ AaBG1 ͿȔȃΗʬ͵Ͳ͔ͧͪ͜͸đΑΔͲ̑ɜ JN11 ΀ BGL ǏĞ͠Èùͽć

xͩΔ͓ͰΔͽ)͍͛͜βϝϛϣγǏĞͺʽƓȋƉͿ͍͛ΤήϛοϣγǏĞΗŽͪ

Ͳ͔ͧͿ͍͛̑ɜǏĞΗ�ůͬΓΐ͜ͽ͓JN11 ͿΜοϠϛϢΟϜΚϡάΰϢϙϣ΢ϜͿ

NaOHϢȭ̒ϢƸǷ]ȅτΜΡϒΰ͞ΐ΃ƸʣƷǺȪ]ȅΰΥͽåͬΓɕxʆ΀͓

ö˛̑ɜΗZ͉ͪͲ͔ͪͪ͟ͼ͠Α͓JN11 ͿβϝϛϣγǏĞ΀ö˛̑ɜ͹͚Γ

Accellerase 1500 ΐΒ΍-͛ͲΌ͓̑ɜǏĞͳͥ͹΀ JN11 Ϳ͍͛τΜΡϒΰ_ˀ

ʆΗˏŭͬΓͧͺ΀͹͡ͼ͔͛Ͱͧ͹͓̑ɜǏĞǞÙͿ»ˠ͹͚ΓɣŵĞβϝϟϣΰ

Avicel ͺƸʣƷǺȪ]ȅΰΥͽåͪ͸͓ɕxͽ̕ʷͼċmΗĸ͜ͺɿ͝ΑΔΓ 3 Ⱥ

́Ϳĩ_̑ɜϥCBHIϢCBHIIϢEGIϦ͠ͻͿΐ͜ͽĊ̹ͬΓ͟Ηƛ˄ͪͲ͔ͰͿɣƍ͓

Avicel ͽåͪ͸΀ CBHII ͿΊʘúͿĊ̹͠ΊΑΔͲͿͽå͓ͪƸʣƷǺȪ]ȅΰ

Υͽåͪ͸΀P͸Ϳĩ_̑ɜ͠ɕxͽÈ͡ͼĊ̹Η�͝ΓͧͺΗŭΑ͟ͽͪͲ͔Ή

Ͳ͓�­ƛ˄͹͡ͼ͟͵Ͳ T. reesei ͠_ǆͬΓ�Ϳĩ_̑ɜ΍Ċ̹͠ȒͼΓ�ʆ

Ğ΀È͛͡ͺĜΖΔΓ͔»ˠͿȺ́ͽΐ͵͸ĩ_̑ɜͿĊ̹͠ȒͼΓͼΑ΁͓ĩ_

̑ɜͿȺ́ΎƳȂΗ»ˠͽ�Ζͮ͸Ż̇xͬΓͧͺ͹͓ΐΒ͍͛τΜΡϒΰ_ˀʆ

ΗŽͬΓ̑ɜΗ̞Ȕ͹͡ΓͳΕ͔͜  

JN11 ΀ȃűǰ͹ö˛̑ɜΗ�­Γ͍͛ɕxʆoΗŽͪ͸͞Β͓τΜΡΟζςϣ

ϝȇȈͽ2ȉͬΓ̑ɜΪΰνͿgǚͽÈͣ͡à�ͬΓͺɿ͝ΑΔΓ͔ΉͲ͓JN11 ͿŸ

ͼΓŘʕͿͲΌͽ΀͓ǼÙͿh]ȅτΜΡϒΰͽǼxͪͲŘʕΗʬ͜Ęʷ͚͠Γͳ

Ε͔͜  
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ɇ¬Ʉ  T. reesei ȋƉ�ʷĩ_̑ɜͿτΜΡϒΰ_ˀʆoͿɫ

ɺȘˀƋ  

ƄɄ͹΀͓T. reesei ͠_ǆͬΓ�ʷͼĩ_̑ɜ͹͚Γ CBHI͓

CBHII͓EGI ͠Ơ͕ͼh]ȅτΜΡϒΰͿɕx�ĚͽͻͿȸÿĊ

̹Η�͝Γ͟ΗŭΑ͟ͽͪͲɣƍͽͶ͛͸˅͔ͬ4.1 ͹΀͓τΜΡϒ

ΰɕxͽĩ_̑ɜ͠�͝ΓĊ̹ͿˀƋťǇͽͶ͛͸͓ĐƉͿ¨

̿ǰͺƄɄ͹ȉ͛ͲĭǇͽͶ͛͸˅͔ͬ4.2 ͹΀͓Ú͋Ŗ1ͽͶ

͛͸ˏŭͬΓ͔4.3 ͹΀͓ɣƍΗ˅͔ͬ4.4 ͹΀͓ƄɄͿΉͺΌͽͶ

͛͸˅͔ͬ  

4.1 ΀ͫΌͽ 

T. reesei ͠_ǆͬΓÇȺÇƠͼĩ_̑ɜ΀ͰΔͱΔÇƠͼ̑ɜǏĞΗŽ͓ͪ

�ĩ_̑ɜ͠Ƞ�ȘͽƦʆͬΓͧͺ͹βϝϟϣΰɗτΜΡϒΰͽå͍ͪ͛ɕxʆ

Ηʱͬ 162)͔ͧΔΑÇŞͿĩ_̑ɜͿ�͹βϝϟϣΰ_ˀͽ̕ʷͼċmΗĸ͜ͺɿ

͝ΑΔ͸͛ΓͿ͓͠βϝϟϣΰͿɣŵ̍,ͽå͍ͪ͛_ˀǏĞΗŽͬΓ CBHI Ύ

CBHII163 ,164)̵͓ɣŵ̍,ͽ͍͛_ˀǏĞΗȰͬ EGI ͼͻ͹͚Γ 71)͔ͪͪ͟ͼ͠

Α͓/zȺ́ͺ͚Γ�ĩ_̑ɜ͠ɕx�ĚͽͰΔͱΔͻͿȸÿ˚ȁͪ͸͛Γ͟ȅ

ˀ͠˿Θ͹͛ͼ͛Ϳ͠ȃǽ͹͚Γ͔ͧΔΗŭΑ͟ͽͬΓͲΌ͓ɔʵͪͲĩ_̑ɜΗ

$ĤͿm�͹Ǖ�ͪͲ΢Φλϝ̑ɜΗȉ͛Γͧͺ͹͓ͰΔͱΔͿ˚ȁÿΗŭΑ͟ͽ

ͬΓ�ɡΊͼͻ͠ʬΖΔ͸͡Ͳ 141 ,165)͔ƄǇͿ¨̿ǰͺͪ͸͓T. reesei ͠_ǆͬΓ

ĩ_̑ɜΗP͸�Θͳ΢Φλϝ̑ɜΗ1ʵͬΓͧͺ΀¯̯͹͚Β͓2ȉͬΓĩ_

̑ɜͿȺ̤́͠ÙͩΔΓͧͺ͠ĿͦΑΔΓ͔3͝΁͓ʶ̭ͼƟ˽ͿόϓβϝϟϣΰΗ

�ΘͳτΜΡϒΰΗsȂȘͽ̑ɜ_ˀͬΓͲΌͽ΀͓�šǼĞͽåĚͩͮ͸ʶŞ

Ϳ̑ɜΗǕ�ͪͲ΢ΦλϝΗȉ͛ΓĘʷ͚͠Γ͔ͰͿΐ͜ͼ̑ɜ΢ΦλϝΗ×Ù4

ɦͬΓͧͺ΀ƝΌ͸¯̯͹͚Β͓�šͽåĚͪͲŻ̇x̑ɜ΢ΦλϝͿʵ˽Ϊΰν

΀ƝΌ͸͍͛΍ͿͺͼΓ͔ͩΑͽ͓ΉͳǼÙͩΔ͸͛ͼ͛ĩ_̑ɜ͠τΜΡϒΰɕx

�ĚͽĊ̹Η�͝͸͛Γ�ʆĞ΀ł͸͡Δͼ͔͛ͰͿͲΌ͓T. reesei ͠ƄƉŽͬΓ

ɕxʆoΗƫͪͣˉ6ͬΓͲΌͽ΀͓�ØPͼ΢Φλϝ̑ɜͿeȉ΀̇`͹΀ͼ

͛ͺɿ͝ΑΔΓ͔Ͱͧ͹ƄɄ͹΀͓CBHI͓CBHII͓͞ΐ΃ EGI ͠τΜΡϒΰɕxͽ
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�͝ΓĊ̹ΗŭΑ͟ͽͬΓͲΌͽ͓T. reesei Ϳ cbh1͓cbh2͓egl1 ̉(ÓΗͰΔͱΔ

ȫÂͪͲƓ͟Α_ǆͩΔΓ}�ĩ_ƧőβϝϛϣγΗȉ͛Ͳˉ6ǇΗ̞ȔͪͲ

143)͔}�ĩ_Ƨőβϝϛϣγ΀ȫÂͪͲ̑ɜ!ÆͿP͸Ϳĩ_̑ɜ͠�ΉΔ͸

͛ΓͲΌ T. reesei _ǆ̑ɜɗͿ�͹Ϳˉ6͠�ʆͺͼΒ͓�˅ͪͲ΢Φλϝ̑ɜ

͹ΊΑΔΓ¨̿΀̊ͥΓͧͺ͠͹͡Γ͔  

τΜΡϒΰͿ̑ɜ_ˀ͹΀͓̑ɜͿʶ̭Ğͽq͝͸»ˠͺͼΓβϝϟϣΰɗτΜ

ΡϒΰͿʶ̭Ğ͠È͡ͼ¨̿ͺͼΓ 166)͔βϝϟϣΰ΀ɣŵ̍,ͺ̵ɣŵ̍,͟Α

ĩΒɃʹ͓ͰͿɣŵƟ˽΀τΜΡϒΰȺͽΐ͵͸Èͣ͡ȒͼΓ 167)͔ͰͿ�Ϳ�ʷͼ

Ɵĩĩ_͹͚ΓόϓβϝϟϣΰΎϜΧπϡ΍�Ơͽ͓τΜΡϒΰȺͽΐ͵͸ͰͿƟ˽

͠ȒͼΓ͔ͩΑͽ͓τΜΡϒΰɡĩ΀ɕxh]ȅͿȺ́ͽΐ͵͸΍Èͣ͡ÅxͬΓ͔

3͝΁͓NaOH ]ȅ͹΀ϜΧπϡ͠ǣˀͩΔ͓÷ȭ̒]ȅΎƸǷ]ȅ͹΀]ȅǫ

ÿΎǝÿͽ5Õͪ͸όϓβϝϟϣΰ͠_ˀͩΔΓ 168)͔ͰͿͲΌ͓�ĩ_̑ɜ͠ɕ

x�Ěͽ�͝ΓĊ̹΀͓τΜΡϒΰΎɕxh]ȅͿȺ́ͽ5ÕͬΓͧͺ͠�ģͩ

ΔΓ͔Ͱͧ͹ƄɄ͹΀͓4 Ⱥ́ͿτΜΡϒΰϥΜοϠϛϢΟϜΚϡάΰϢϙϣ΢ϜϢΰΥϦͺ

4 Ⱥ́Ϳɕxh]ȅϥNaOHϢȭ̒ϢƸǷϢƸʣƷǺȪϦΗɡΊ�Ζͮ͸ˑʵͪͲ

h]ȅτΜΡϒΰͽåͪ͸͓}�ĩ_ƧőβϝϛϣγͽΐΓɕxˊ͋ΗÚŦͪͲ͔

ͧΔͽΐΒ͓ƧőͩͮͲĩ_̑ɜͿ�˦͠τΜΡϒΰɕx�ĚͽͻͿΐ͜ͽĊ̹Η

�͝Γ͟ΗŭΑ͟ͽ͓ͪ�ĩ_̑ɜͿĊ̹ÿΗŭΑ͟ͽͬΓͧͺ͠ƄɄͿȞȘ͹͚

Γ͔  

4.2 Ú͋Ŗ1  

4.2.1 ʝƓͺ̑ɜͿˑʵ  

T. reesei ͟ΑͿ̑ɜˑʵǇ΀ 3.2.1 ͽ˅˱ͪͲťǇͽǢͫͲ͔  

4.2.2 ̑ɜǏĞǞÙͺζϡυΦˠ̗ǞÙ  

3.2.5 ͽ˅˱ͪͲťǇͽǢͫ͸͓DNS ǇͽΐΓ̋JɕǞÙ͓ζϡυΦˠͿǞÙ͞

ΐ΃ BGL ǏĞͿǞÙΗʬ͵Ͳ͔  
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4.2.3 τΜΡϒΰͿɕxh]ȅͺɡĩ_Ƌ  

3.2.6 ͞ΐ΃ 3.2.8 ͽ˅˱ͪͲťǇͽǢͫͲ͔  

4.2.4 ɕx�Ě  

ɕx�Ě΀͓20 mL ϋϛΰθιΦÞ«ͽ�Ěǔ̗Η 2 mL ͺ͓ͪ»ˠΗ�ǹ̗̕

͹ 5Ϥϥw/vϦͺ 100 mM ̐̒ονϜΝϔɲʮǔϥpH 5.0ϦΗq͝͸ʬ͵Ͳ͔̑ɜͿǖ

q̗΀ BGL ǏĞ͹Ō͓͝1 g Ϳ�ǹτΜΡϒΰ̗̕ĈͲΒ 0.6-3.6 U ΗǖqͪͲ͔

�Ěƈ#΀ 50�͓150 rpm ͺ͓ͪ0͓6͓24͓48͓72 ű̟ͽάϡϋϜϡΧͪͲ͔ɕxǔ

Ϳ̑ɜ�ĚΗAƪͩͮΓͲΌͽ 95�͹ 5 _̟qǷ͓ͪ̆ė_̮ϥ5 _Ϣ15000 rpmϦ

͹�ǗȌ_Η­�͓ͪȇĩͪͲ̋JɕΗ DNS ǇͽΐΒǞÙͪͲ͔ͼ͓͞ɕxȂͿ

ɋ^Ǉ΀͓3.2.7 ͽ˅˱ͪͲťǇͽǢͫͲ͔  

4.3 ɣƍ͞ΐ΃ɿä  

4.3.1 }�ĩ_ƧőβϝϛϣγͿ BGL ǏĞǞÙ  

Rahman ΑͽΐΒ͓}�ĩ_Ƨőβϝϛϣγ΀̉(ÓŘÅͪ͸͛ͼ͛ʽƓͺ�ͫ

m�͹ĩ_̑ɜ͠�ΉΔ͸͛Γͧͺ͠¼�ͩΔ͸͛Γ 143)͔͓ͪͪ͟ζϡυΦˠͿɨ

å̗͹Ƴ˰ͬΓͺ͓ʽƓȋƉ̑ɜ WT ͺ}�ĩ_Ƨőβϝϛϣγͽ�ΉΔΓ�ĩ

_̑ɜͿ̗΀ȒͼΓ͔ͰͿ�®΀͓CBHI ͿζϡυΦˠ̗͠Pĩ_̑ɜͿə{_

Η�ΌΓͲΌ͹͚Γ 169)͔ͰΔͽΐΒ͓CBHIΗƧőͩͮͲβϝϛϣγϥ!�͓CBHIƧ

őβϝϛϣγͺʱ˅ͬΓ͔�Ơͽ CBHII Ƨőβϝϛϣγ͓EGI Ƨőβϝϛϣγͺʱ

˅ͬΓ͔Ϧ͹΀͓CBHI !ÆͿĩ_̑ɜͿ�Ž̗͠ WT ͺƳ˰ͪ͸Èùͽ�ŬͬΓ

ͲΌ͹͚Γ͔ĩ_̑ɜͿ̗Șτϛϡΰ͠ñΔͲƈ#͹΀͓WT ͟Α�ĩ_̑ɜΗƧ

őͩͮͲĊ̹ΗƫͪͣcţͬΓͧͺ͠͹͡ͼ͔͛ͰͿͲΌ͓ƄɄ͹΀̑ɜ2ȉ̗Ϳ

»Ǣͺͪ͸ BGL ǏĞΗȉ͛Ͳ͔BGL ǏĞ΀�­Ƨőå˘ͺͪͲ CBHI͓CBHII͓

EGI ͿĊ̹ΗPͣ�ͥͼ͛ͲΌ͓ǿɃͪͲ»Ǣͺͪ͸ǞÙͬΓͧͺ͠�ʆ͹͚Γ 170)͔

BGL ǏĞΗ»ǢͺͬΓͧͺ͹͓}�ĩ_Ƨőβϝϛϣγ΀P͸Ϳĩ_Η�̗�Ž

ͪͼ͠Α͓Ƨő̑ɜͿΊ�Žͪͼ͛ǽĦͺͼ͵Ͳ͔  

ʱ 4-1 ͽ}�ĩ_Ƨőβϝϛϣγͺ WT Ϳ BGL ǏĞΗȰ͔ͬBGL ǏĞͽ»ͷ

͛͸ɋ^ͪͲ�ĩ_̑ɜͿɡĩƳ΀͓CBHIϪCBHIIϪEGIϬ60Ϫ43Ϫ9 ͹͚͵Ͳ͔
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Rosgaard ΑͿ¼�͹΀ CBHII Ϳm�͠ŻÈ͹΍ 2 m͹͚͵ͲͲΌ͓2 <!�Ϳ̅

͛͠ʹΑΔͲ 169)͔T. reeseiͿ̑ɜͿˍéƦƟͽͶ͛͸΀Ƃͳ�ŭͼǰ͠Ç͓͛͠

ğΑͣ̑ɜͿˍéƈ#ͿȠ̅͠�®ͺĜΖΔΓ 171)͔BGL ǏĞ͟Αé͛ͲƳȂ͠

ƫͪ͛͟ΗƛˈͬΓͲΌͽ͓̰ƷǋuͽΐΒ�̑ɜΗ�ʻxͪͲ͔ǖqͬΓζϡυ

Φˠ̗Η BGL ǏĞ͹Ō͝Γͧͺ͹͓WT ͺ�}�ĩ_ƧőβϝϛϣγͿ CBHI͓

CBHII͓EGI Ϳτϡξćÿ͠·Έ�ɉͺͼ͵ͲͲΌ͓�ʷͼĩ_̑ɜͿ�Ž̗͠

�ɉ͹͚Γͧͺ͠Ȯˌ͹͡Ͳϥ° 4-1Ϧ͔Ͳͳ͓ͪCBHI ƧőβϝϛϣγͿ XYNI ͺ

XYNII Η�΋τϡξćÿ΀͓�Ϳ̑ɜͺƳ˰ͪ͸E͟ͽʦͣͼ͵͸͛Γ͔ͰͿͲΌ͓

�ĩ_̑ɜͿ̗͠ØPͽ�ʑͪ͸͛ΓΖͥ͹΀ͼ͓͛͠P.ͺͪ͸΀ƞ;�ʑͪ

͸͛ΓͲΌ͓̑ɜ̗Η BGL ǏĞ»ǢͺͬΓͧͺ͹͓�ĩ_̑ɜͿĊ̹Ηˉ6͹͡

ΓͺcţͪͲ͔ͼ͓͞1.0 U Ϳ BGL ǏĞΗζϡυΦˠ̗͹ʱͬͺ͓WT͓CBHI Ƨő

βϝϛϣγ͓CBHII Ƨőβϝϛϣγ͓EGI Ƨőβϝϛϣγ΀ͰΔͱΔ 8.3͓3.3͓4.8͓

7.7 mg ͺͼΓ͔ɕx�ĚͽǖqͬΓ̑ɜͿ̗΀»ˠͿȺ́ͽΐΒˑş͓ͪͰΔͱ

ΔͿ»ˠ͹ WT ȋƉβϝϛϣγ͠ 24 ű̟űǰ͹ə 80ϤȸÿͽͼΓΐ͜ͽˆÙͪ

Ͳ͔ͧͿȅȋ΀͓P͸Ϳ»ˠ͹�ͫ̑ɜ̗ͽˆÙͬΓͺ͓͚Γ»ˠ͹΀̃l̗ͺͼ

Γͧͺ͹Ƴ˰͠͹͡ͼ͛·ͻɕx�Ě͠˿Ί͓�åͽ͚Γ»ˠ͹΀̃ë̗ͺͼΓͧ

ͺ͹ɕx�Ě͠·ͺΘͻ˿ΉͭƳ˰͹͡ͼ͓͛ͺ͛ͧ͜ͺ͠ˤͧΒ͜ΓͲΌ͹͚Γ͔ΉͲ͓

80Ϥͺ͍͛͛͜?Η»ǢͺͪͲȅȋ΀͓ȉ͛Ͳ»ˠͿÈ̍_Η_ˀ͹͡Γƈ#�

͹͓�ĩ_̑ɜ͠ͻΔ·ͻĊ̹ͪ͸͛Γ͟ΗŭΑ͟ͽͬΓͲΌ͹͚Γ͔  

 

 ʱ 4-1ϪWT ͺ}�ĩ_ƧőβϝϛϣγͿ BGL ǏĞ�ʼ  

̑ɜ  ƳǏĞϥU/mgϦ  WT ͽåͬΓȠå?  

WT 0.12 1.0 

CBHI Ƨőβϝϛϣγ  0.30 2.5 

CBHII Ƨőβϝϛϣγ  0.21 1.8 

EGI Ƨőβϝϛϣγ  0.13 1.1 
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° 4-1Ϫ}�ĩ_ƧőβϝϛϣγͿ SDS-PAGE 

MϪ_Ó̗ϒϣ΢ϣ͓Ϟϣϡ 1ϪWT͓Ϟϣϡ 2ϪCBHI Ƨőβϝϛϣγ͓Ϟϣϡ 3Ϫ

CBHII Ƨőβϝϛϣγ͓Ϟϣϡ 4ϪEGI Ƨőβϝϛϣγ͔ζϡυΦˠͿΚϋϛΜ̗΀

BGL ǏĞ͹Ō͝Ͳ͔  

 

4.3.2 NaOH ]ȅτΜΡϒΰͿɕx�Ě  

NaOH ]ȅτΜΡϒΰͿɕxͽåͬΓ�ĩ_̑ɜͿĊ̹ΗŭΑ͟ͽͬΓͲΌ

ͽ͓WT ͞ΐ΃}�ĩ_ƧőβϝϛϣγΗȉ͛Ͳ NaOH ]ȅΜοϠϛ͞ΐ΃ϙϣ΢

ϜͿɕx�ĚΗʬ͵Ͳϥ° 4-2Ϧ͔ͼ͓͞�τΜΡϒΰͿɡĩ΀ɇ�Ʉͽ˅˱ͪͲ?

ͺ�Ơ͹͚Γϥʱ 3-5Ϧ͔�ĚͿɣƍ͓CBHII ƧőβϝϛϣγΗȉ͛Ͳ NaOH ]ȅΜ

οϠϛͿɕxȂ͠ WT Ϳ 95Ϥ͹͚ΓͲΌ͓CBHII ͠ɕx�Ěͽ�͝ΓĊ̹΀̵ø

ͽêͩ͛ͧͺ͠Ȱ¥ͩΔͲϥ° 4-2AϦ͔CBHII ΀ĩ_̑ɜͿ�͹΍ CBHI ͽƨͤ̕

ʷĞ͚͠Γͺɿ͝ΑΔ͸͛ͲͲΌ͓�ģÆͿɣƍ͹͚͵Ͳ 172)͔ͧͿ CBHII ͿĊ̹

΀�Ěű̟ͽΐΒȒͼΒ͓ɕx�ĚͿbƀƯ̩ϥ6Ϣ24 ű̟ďϦ͹΀ WT ͿɕxȂ

ͺͿõ͠ 72 ű̟ďΐΒÈ͛͡ͲΌɕx�Ěͽ�͝ΓĊ̹΀È͛͡ͺɿ͝ΑΔΓ͔Ͱ



– 74 – 

Δͽå͓ͪď{ϥ48Ϣ72 ű̟Ϧ͹΀ WT ͺͿõ͠ɴΉ͵ͲͲΌ͓�Ϳĩ_̑ɜ͠

CBHII ͿċmΗ źͪ͸͛Γͧͺ͠ɿ͝ΑΔΓ͔NaOH ]ȅϙϣ΢ϜͿɕx�Ě͹

΀͓CBHII Ƨőβϝϛϣγͺ WT Ϳõ΀�Ěű̟ͽΐΑͭÈ͡ͼ̅͛͠ΊΑΔͼ

͔͛�Ě 72 ű̟ď΍ WT ΐΒə 20Ϥ-͛ɕxȂ͹͚ΓͲΌ͓CBHII Ϳɕx�Ě

΅Ϳ̕ʷĞ΀ NaOH ]ȅϙϣ΢Ϝ͹ΐΒ͍͛ͧͺ͠ŭΑ͟ͺͼ͵Ͳ͔ϥ° 4-2BϦ͔

CBHI ΀͓
ťͿh]ȅτΜΡϒΰɕxͽåͪ͸Ż΍͍͛Ċ̹Η�͝͸͛Γ͔CBHI

΀ɣŵĞβϝϟϣΰͽåͬΓϋϟβιήχλΛͿΐ͜ͼƦʆȘͼʾǰΎ͓Ͱ΍Ͱ΍ T. 

reesei ͠_ǆͬΓĩ_̑ɜͿ�͹Ż΍Çͣ�ΉΔΓͺ̗͛͜Șͼʾǰ͟Α̕ʷͺɿ

͝ΑΔ͸͛Γ̑ɜ͹͚ΓͲΌ͓Ƅˊ͋͹΍ͰͿ̕ʷĞ͠Ȯˌ͹͡Ͳ͔ͰΔͽå͓ͪ

EGI ΍τΜΡϒΰɕxͽåͬΓ̕ʷĞ΀ÇŞ¼�ͩΔ͸͛Γ͓͠ͻʹΑͿτΜΡϒΰ

ͽåͪ͸Ż΍Ċ̹͠êͩ͟͵Ͳ 134)͔ͧΔ΀͓EGI Ϳɕx�ĚͽåͬΓ˚ȁÿ͠ê

͓ͩ͛͟ΉͲ΀�Ϳĩ_̑ɜ͹ͰͿƧő͠ ź�ʆ͹͚Γ�ʆĞ͠ɿ͝ΑΔΓ͔ͼ

͓͞ΜοϠϛͺ�ͫʛƄ́͹͚ΓΟϜΚϡάΰͿ NaOH ]ȅǻ΀ΜοϠϛͺ·Έ�Ơ

ͿɕxυζϣϡͿͲΌμϣζ΀ȡȐ͓ͪ!��ƠͺͪͲ͔  
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° 4-2ϪNaOH ]ȅΜοϠϛ͞ΐ΃ϙϣ΢ϜͿɕx�Ě  

A ͠ NaOH ]ȅΜοϠϛ͓B ͠ NaOH ]ȅϙϣ΢ϜͿɕx�ĚΗȰ͔ͬA Ϳ̑ɜ̗

΀ 0.6 U-BGL ǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WTϪ  5 mg/g-τΜΡϒ

ΰ͓CBHI Ƨőβϝϛϣγ :  2 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  2.8 mg/g-τ

ΜΡϒΰ͓EGI Ƨőβϝϛϣγ :  4.5 mg/g-τΜΡϒΰͺͼΓ͔B Ϳ̑ɜ̗΀ 2.4 U-

BGL ǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WT: 20 mg/g-τΜΡϒΰ͓CBHI

Ƨőβϝϛϣγ :8 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  11 mg/g-τΜΡϒΰ͓

EGI Ƨőβϝϛϣγ :  18 mg/g-τΜΡϒΰͺͼΓ͔  
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4.3.3 ȭ̒͞ΐ΃ƸǷ]ȅτΜΡϒΰͿɕx�Ě  

ȭ̒͞ΐ΃ƸǷ]ȅτΜΡϒΰͿɕxͽåͬΓ�ĩ_̑ɜͿĊ̹ΗŭΑ͟ͽ

ͬΓͲΌ͓WT ͞ΐ΃}�ĩ_ƧőβϝϛϣγΗȉ͛Ͳȭ̒͞ΐ΃ƸǷ]ȅΜο

Ϡϛ͞ΐ΃ϙϣ΢ϜͿɕx�ĚΗʬ͵Ͳϥ° 4-3͓4-4Ϧ͔ͰͿɣƍ͓CBHI ͠ȭ̒͞

ΐ΃ƸǷ]ȅΜοϠϛͿɕxͽ�͝ΓĊ̹΀ŭΑ͟ͽêͩ͛ͧͺ͠ŭΑ͟ͺͼ͵Ͳ͔

ͰͿD�΀ɕx�Ěďƀ͹Ǽͽ̀ʡ͹͚ΓͲΌ͓�Ěďƀͽ΀�Ϳĩ_ͽΐ͵

͸ CBHI ͿF͡͠ źͩΔ͸͛Γ�ʆĞ͠Ȱ¥ͩΔͲ͔CBHII ͿĊ̹΀͓ȭ̒͞

ΐ΃ƸǷ]ȅΜοϠϛͽ͛͞͸ê͓ͩͣȭ̒͞ΐ΃ƸǷ]ȅϙϣ΢Ϝͽ͛͞͸΀�

ȸÿ͹͚Β͓CBHI ͺ�Ơͽ�Ϳĩ_̑ɜͿF͡ͽΐΓ ź1ȉ͠Ȱ¥ͩΔͲ͔

EGI ͠ȭ̒]ȅΜοϠϛͿɕx�Ěͽåͪ͸�͝ΓĊ̹΀͓�Ěbƀ͹ͬΑ WT

ͺͿõ̵͠øͽê͔ͩ͛EGI ΀�Ϳh]ȅτΜΡϒΰͿɕx�Ěͽåͪ͸΀êͩ

͛ͼ͠Α΍͚ΓȸÿĊ̹ͪ͸͛ΓͲΌ͓ȭ̒]ȅΜοϠϛͿɕx�Ěͽ΀ EGI ͠Ę

ʷͼ͛ͧͺ͠Ȱ¥ͩΔͲ͔  
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° 4-3Ϫȭ̒]ȅΜοϠϛ͞ΐ΃ϙϣ΢ϜͿɕx�Ě  

A ͠ȭ̒]ȅΜοϠϛ͓B ͠ȭ̒]ȅϙϣ΢ϜͿɕx�ĚΗȰ͔ͬA Ϳ̑ɜ̗΀

1.8 U-BGL ǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WTϪ  15 mg/g-τΜΡϒ

ΰ͓CBHI Ƨőβϝϛϣγ :  6 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  8.6 mg/g-

τΜΡϒΰ͓EGI Ƨőβϝϛϣγ :  14 mg/g-τΜΡϒΰͺͼΓ͔B Ϳ̑ɜ̗΀ 3.2 U-

BGLǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WT: 27 mg/g-τΜΡϒΰ͓CBHI

Ƨőβϝϛϣγ :  11 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  15 mg/g-τΜΡϒΰ͓

EGI Ƨőβϝϛϣγ :  25 mg/g-τΜΡϒΰͺͼΓ͔  
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° 4-4ϪƸǷ]ȅΜοϠϛ͞ΐ΃ϙϣ΢ϜͿɕx�Ě  

A ͠ƸǷ]ȅΜοϠϛ͓B ͠ƸǷ]ȅϙϣ΢ϜͿɕx�ĚΗȰ͔ͬA Ϳ̑ɜ̗΀

1.8 U-BGL ǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WTϪ  15 mg/g-τΜΡϒ

ΰ͓CBHI Ƨőβϝϛϣγ :  6 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  8.6 mg/g-

τΜΡϒΰ͓EGI Ƨőβϝϛϣγ :  14 mg/g-τΜΡϒΰͺͼΓ͔B Ϳ̑ɜ̗΀ 2.4 U-

BGLǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WT: 20 mg/g-τΜΡϒΰ͓CBHI

Ƨőβϝϛϣγ :  8 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  11 mg/g-τΜΡϒΰ͓

EGI Ƨőβϝϛϣγ :  18 mg/g-τΜΡϒΰͺͼΓ͔  
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4.3.4 ƸʣƷǺȪ]ȅΰΥͿɕx�Ě  

Ƅȩȿ͹ȉ͛ΓτΜΡϒΰͿ�͹Ż΍ɕxͩΔͽͣ͛ΰΥͽåͬΓĩ_̑ɜͿ

Ċ̹ΗŭΑ͟ͽͬΓͲΌ͓WT ͞ΐ΃}�ĩ_ƧőβϝϛϣγΗȉ͛ͲƸʣƷǺ

Ȫ]ȅΰΥͿɕx�ĚΗʬ͵Ͳϥ° 4-5Ϧ͔�ĩ_̑ɜͿ͜ʹ͓CBHI ͞ΐ΃ CBHII

Ƨő̑ɜͿɕxυζϣϡ΀h]ȅϙϣ΢ϜͽåͬΓD�ͺ�Ơ͹͚ΓͿͽå͓ͪ

EGI ΀ WT ͺPͣõ͠ǲ͛ͧͺ͠ǼĖȘ͹͚͵Ͳ͔ͧͿ EGI ͿD�΀ȭ̒]ȅΜο

Ϡϛͽ́+ͬΓ͓͠ɕxbƀ͟Α EGI ͿĊ̹͠PͣʹΑΔͼ͛Ϳ΀ǺȪ]ȅΰΥ

ͿΊ͹͚͵Ͳ͔ǺȪ]ȅͽΐ͵͸̑ɜ_ˀͽåͬΓĥ�Ğ΀��ͬΓͺ¼�ͩΔ

͸͞Β͓Ú̪ͽ�Ϳɕxh]ȅͽƳΆ͸̑ɜɕxͽsƍȘͼĭǇ͹͚͵Ͳ 173)͔

ͰΔͽ΍̠ΖΑ͓ͭƄƛ˄͹΀ EGI ͽΐΓĊ̹ΗPͣ�ͥ͸͛ͼ͛ͲΌ͓ͧͿ EGI

ͿĿu΀ƸʣƷǺȪ]ȅΰΥ͠ĽͶǼŽͿĞˠ͹͚Γ�ʆĞ͠Ȱ¥ͩΔͲ͔  

 

 

° 4-5ϪƸʣƷǺȪ]ȅΰΥͿɕx  

̑ɜ̗΀ 3.6 U-BGLǏĞ /g-τΜΡϒΰ͹͚Β͓ͰͿζϡυΦˠ̗΀ WTϪ  30 mg/g-

τΜΡϒΰ͓CBHI Ƨőβϝϛϣγ :  12 mg/g-τΜΡϒΰ͓CBHII Ƨőβϝϛϣγ :  

17 mg/g-τΜΡϒΰ͓EGI Ƨőβϝϛϣγ :  28 mg/g-τΜΡϒΰͺͼΓ͔  
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4.4 ƄɄͿΉͺΌ 

ƄɄ͹΀ T. reesei ͽ�ΉΔΓĩ_̑ɜͿ͜ʹŻ΍τΜΡϒΰɕx�Ěͽ˚ȁͪ

͸͛Γͺɿ͝ΑΔ͸͛Ͳ CBHI͓CBHII ͞ΐ΃ EGI ͠τΜΡϒΰΎɕxh]ȅͿȺ

́ͽΐ͵͸ͰΔͱΔͿĊ̹ÿ͠Èͣ͡ȒͼΓͧͺΗŭΑ͟ͽͪͲϥ° 4-6Ϧ͔ͧΔΑͿ

ɣƍ΀͓ɇ�Ʉͽ͛͞͸˷ΆͲ Avicel Ύ CMC ɉͿ»ˠΗȉ͛Ͳ̑ɜǏĞǞÙ

ͺτΜΡϒΰΗ»ˠͽͪͲɕx�Ě͠Ƞ̠ͪͼ͛ȃ˘Ϳć͛ƕĺͺͼΓ΍Ϳ͹΍͚

Γ 174)͔ͰͿͲΌ͓Ƅȩȿ͹đΑΔͲȦʹ΀̑ɜǏĞͿΊͽ»ͷ͛͸đͲĐƉͿ

ȦʹͺƳ˰ͪ͸͓τΜΡϒΰɕx̑ɜͿ̞ȔͽΐΒŽȉͼĢ¼͹͚Γͺɿ͝ΑΔΓ͔

ƄɄ͹đΑΔͲ̑ɜ̞Ȕͽɶ͠ΓȦʹ΀͓EGI ͿĿu͹͚Γ͔EGI ͠τΜΡϒΰɕ

xͽ�͝ΓĊ̹΀ģÙΐΒ΍̤ÙȘ͹͚͵ͲͿͽå͓ͪegl1 ̉(ÓͿȔȃ̗΀

cbh1͓cbh2 ͽƨ͍ͤͩ͹͚ΓͲΌϥ° 2-9Ϧ͓egl1 ϋϟϖϣζϣΗ BGL Ύόϓβϝϛ

ϣγɉͿ�ͿŽȉͼĩ_̑ɜͿȔȃͽŽȉ͹͚Β͓Ƞ�ɡŎ͝ͽΐ͵͸ egl1 ͠

ȫÂͩΔͲͺͪ͸΍ͰͿĊ̹΀ê͔ͩ͛CBHII ΀ɕx�ĚbƀͿɕxȂͽÈ͡ͼ

Ċ̹Η�͝Γͧͺ͠Ȱ¥ͩΔͲͲΌ͓CBHIIͿćxͽΐΒ�Ě˼ÿΗ��ͩͮΓͧͺ

͹͓ɕȇȈĞͿ��ͽɶ͠Γͧͺ͠�ģͩΔΓ͔ͩΑͽ͓ƄɄͿɣƍ͟ΑŤͲΌ͸

ͰͿ̕ʷĞ͠ŭΑ͟ͺͼ͵Ͳ CBHI ͹͚Γ͓͠ȭ̒]ȅʛƄτΜΡϒΰͿɕxͽå

ͪ͸΀͓ͰͿĊ̹ÿ͠�Ϳh]ȅτΜΡϒΰȺͺƳ˰ͪ͸êͩͣͼΓͧͺΗŭΑ͟ͽ

ͪͲ͔cbh1 ϋϟϖϣζϣ΀ T. reesei ͿβϝϛϣγΗˍéͬΓϋϟϖϣζϣͿ�͹Ż

΍ćo͹͚ΓͲΌ͓CBHI ͿĊ̹͠êͩͼh]ȅτΜΡϒΰͽåͪ͸΀ϋϟϖϣζϣ

Ηeȉ͹͡Γͺɿ͝Α͝Γ͔!�Ϳΐ͜ͽ͓̑ɜͿ͍ƦʆxͿͲΌͽ΀͓2ȉͬΓτ

ΜΡϒΰΎɕxh]ȅͿȺ́ͽåͬΓ�ĩ_̑ɜͿĊ̹ΗʹƝΌΓͧͺ͹͓Žȉ

ͼĩ_̑ɜΗȔȃͩͮΓͲΌͿȠ�ɡŎ͝Ηʻ̖ͽOΔ͸ϋϟϖϣζϣΗ̈ĳͬ

Γͧͺ̕͠ʷ͹͚Γ͔ƄɄ͹đΑΔͲȦʹΗȉ͛Γͧͺ͹͓ɇ�Ʉ͹̞ȔͪͲτΜΡ

ϒΰɕxȉ̑ɜ JN11 ͿͩΑͼΓ͍ƦʆxΗ˿ΌΓͧͺ͠͹͡ΓͳΕ͔͜  
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° 4-6Ϫ}�ĩ_ƧőβϝϛϣγΗȉ͛Ͳɕx�ĚͿΉͺΌ  

�ɕxh]ȅτΜΡϒΰͽåͬΓ WT Ϳ 72 ű̟ďͿɕxȂΗ 1.0 ͺͪͲűͿ�

ƧőβϝϛϣγͿɕxȂΗȠå?͹ʱͪͲ͔̳ʖ͠ǫ͛·ͻå˘ͺͼΓĩ_̑ɜ

͠ƧőͪͲűͿɕxͽ�͝ΓĊ̹ÿ͠È͓͛ͬ͡ͼΖʹ̕ʷÿ͍͛ͧ͠ͺΗĤ�

ͬΓ͔  
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ɇ�Ʉ  BGL ǏĞÀćɕx̑ɜ JN12 ͞ΐ΃ JN13 ͿƟɎ͞ΐ΃

ʆoˉ6  

ƄɄ͹΀͓AaBG1 Ϳ̉(ÓɡŎ͝ͽ cbh1 ͞ΐ΃ egl1 ϋϟϖ

ϣζϣΗeȉͪ͸ƟɎͪͲ C1AB1 Ɠ͞ΐ΃ E1AB1 Ɠ͓͞ΐ΃Ƅ

ƓȋƉ̑ɜ JN12 ͞ΐ΃ JN13 Ϳʆoˉ6Ͷ͛͸˅͔ͬ5.1 ͹

΀͓ʝƓƟɎ͞ΐ΃1ʵͪͲ̑ɜͿʆoˉ6ͿťǇ˒ͽͶ͛͸

˅͔ͬ5.2 ͹΀͓Ú͋Ŗ1ͽͶ͛͸ˏŭͬΓ͔5.3 ͹΀͓JN12 ͞ΐ

΃ JN13 Ϳ̑ɜǏĞ͞ΐ΃τΜΡϒΰɕxʆΗö˛̑ɜͺƳ˰ͪ

ͲɣƍΗ˅͔ͬ5.4 ͹΀͓ƄɄͿΉͺΌͽͶ͛͸˅͔ͬ  

5.1 ΀ͫΌͽ 

Ƅȩȿͽ͛͞͸̑ɜ̞ȔͿJƓͺͪ͸ȉ͛Ͳ T. reesei  PC-3-7 ƓͿǼĖͿ 1 Ͷ

΀͓Τήϛοϣγͺͪ͸ XYNI ͞ΐ΃ XYNII ͽq͓͝GH ωΙϓϜϣͿȒͼΓ XYN 

III ΗȔȃͬΓͧͺ͠ĿͦΑΔΓ 80)͔PC-3-7 Ɠ΀  QM9414 Ɠ͟ΑͿÅȒͽΐΒ1ĩ

ͩΔͲƓ͹͚Β͓
ʀͽ xyn3 ͠ήϡΧϝΪψϣͺͪ͸Õ´ͬΓ͓͠QM9414 Ɠ͹΀

mRNA Ϟύϝ͹ͿȔȃ͠ˌΌΑΔ͸͛ͼ͛ 123)͔Τήϛοϣγͽ_́ͩΔΓ xyn3 ͹

΀͚Γ͓͠ΤήϟϣΰΎΤήϟΡϜΫɕ͓Τήϛϡ͹΀ˍéͬΓͧͺ͠͹͓ͭ͡Avicel

ΎδϏϟϣΰ͓L-δϝϐϣΰͽΐ͵͸ˍéͩΔΓ͔ͧͿˍéυζϣϡ΀ xyn1 ͞ΐ΃

xyn2 ͺ΀ȒͼΓ͓͠βϝϛϣγ̉(ÓͺS˻ͪ͸͛Γ 80)͔Ͳͳ͓ͪβϝϛϣγ̉(

ÓΗȫÂͬΓͺɣŵĞβϝϟϣΰͽåͬΓ_ˀǏĞ͠ǚëͬΓͿͽåͪ͸͓xyn3

ͿȫÂ΀ǏĞ-ǚͽɶ͠Αͼ͛ 132)͔ͰͿͲΌ͓xyn3 ϋϟϖϣζϣ΀βϝϟϣΰɗ

τΜΡϒΰͿ_ˀǏĞΗ��ͩͮΓ�ͿŽȉͼ̑ɜΗȔȃͬΓͲΌͽŻ̇͹͚Γ

ͺɿ͝ΑΔΓ͔Ú̪ͽ͓xyn3 ϋϟϖϣζϣΗȉ͛͸ A. aculeatus Ϳ AaBG1 ΗȔȃ

ͩͮͲ BGL ćx̑ɜ JN11 ͿτΜΡϒΰ_ˀʆ΀͓ö˛̑ɜΗÈͣ͡�­͵͸͛

Ͳ͔  

ͧͿΐ͜ͽ BGL ǏĞͿÀć͞ΐ΃ͰΔͽ)͜τΜΡϒΰ_ˀǏĞͽĩpͪͲ͓͠

JN11 ΀ aabg1 Η xyn3 ͺȠ�ɡŎͬ͝Γͧͺ͹ XYNIII ΗƧő͓ͪƄƉͿΤήϛϡ

_ˀǏĞ΀-�ͪ͸͛Γ�ʆĞ΍ɿ͝ΑΔΓ͔ͪͪ͟ͼ͠Α͓Κϝ΢Ϝ]ȅΜοϠϛ

Ϳΐ͜ͼΤήϛϡΗ�΋τΜΡϒΰͽåͬΓ xyn3 ȫÂͿĊ̹΀ΉͳȮˌͩΔ͸͛ͼ
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͔͛Ͱͧ͹ƄɄ͹΀͓h]ȅτΜΡϒΰͿ_ˀͽ�͝Γ XYNIII ͿĊ̹ΗȮˌ͓ͪ

XYNIII ͠τΜΡϒΰ_ˀͽ̕ʷͼĊ̹Η�͝ΓͧͺΗŭΑ͟ͽͪͲ͔XYNIII ǏĞ

ΗɪĽͬΓǱͽ͓A. aculeatus ȋƉͿ aabg1 ̉(ÓΗȒͼΓϋϟϖϣζϣΗȉ͛͸

ȔȃͩͮͲ͔1 Ͷ΀ egl1 ϋϟϖϣζϣ͹͚Γ͔ͧΔ΀͓ɇ¬Ʉ͹Ȧʹͺͪ͸đΑΔͲ

EGI ͿτΜΡϒΰɕxͽ�͝ΓĊ̹Ϳêͩͩͺ͓ĐƉͿȦʹ͹͚Γϋϟϖϣζϣͺͪ

͸ͿȔȃ̗Ϳ͍ͩͽˤ®ͬΓ͔Ͳͳ͓ͪxyn3 ͞ΐ΃ egl1 ϋϟϖϣζϣͿȔȃ̗΀

cbh1 ϋϟϖϣζϣͿȔȃ̗ͺƳ˰ͬΓͺ΀Γ͟ͽ-͛΍Ϳ͹͚Γ 143)͔Ͱͧ͹ cbh1

ϋϟϖϣζϣ΍eȉͪ͸ AaBG1 ΗȔȃͩͮΓ 2 ͶͿɡŎ͝ʝƓΗƟɎͪͲ͔ͧΔΑ

ͿƓͺɇ�Ʉ͹ƟɎͪͲ T. reesei  X3AB1 Ɠ͞ΐ΃ö˛̑ɜΗƳ˰͓ͪΐΒ͍Ʀ

ʆͼτΜΡϒΰ_ˀ̑ɜͿƟɎ͞ΐ΃ͰͿˉ6ΗˊΊͲ͔  

5.2 Ú͋Ŗ1  

5.2.1 ʝƓͺ̑ɜͿˑʵ  

T. reesei ͟ΑͿ̑ɜˑʵǇ΀ 3.2.1 ͽ˅˱ͪͲťǇͽǢͫͲ͔Ͳͳ͓ͪʝƓͿº

͈ͽȉ͛Γºµͽ΀ǯɜǡͺͪ͸ 1ϤAvicel ΉͲ΀ 1ϤAvicel ͞ΐ΃ 0.5ϤΤήϛ

ϡΗºµͺͪ͸�΋ basal ºµΗȉ͛Ͳ͔ΉͲ͓ö˛̑ɜͺͪ͸ŤͲͽ Cellic CTec2

Η Novozymes ȱ͟ΑˡOͪͲ͔  

5.2.2 Τήϛοϣγ 2 ͞ΐ΃Τήϛοϣγ 3 ͿȔȃͺɔʵ  

XYNII ͞ΐ΃ XYNIII ΗÈʋʝͽ̉(ÓɡŎͬ͝ΓͲΌ͓xyn2 ͞ΐ΃ xyn3 Η

ȔȃύΦζϣͽΦϟϣπϡΧͪͲ͔ Full-length xyn2 ͞ΐ΃ xyn3  ΀͓ T. reesei  

QM9414 first strand cDNA library ͟ΑđΑΔͲ RT-PCRȈǻΗ pT7Blue T-vector 

ͽŁOͪ͸đΑΔͲ 175 ,176)͔xyn2 ͞ΐ΃ xyn3 Ϳ¾»̏aͿƾÙΗʬ͓͛GenBank

Ϳ accession number ΀ͰΔͱΔ S67387 ͞ΐ΃ AB036796 ͺͪ͸ư̏ͪͲ͔ƟɎͪ

Ͳ pT7Bluexyn2 Η̙·ͺͪ͸ PCR ÀùΗͪͲ cDNA Η͓pTrc99A ȔȃύΦζϣͽ

ŁOͪͲ͔ÈʋʝȔȃ͹΀ T. reesei Ϳ_ǆήΧοϝ̏a΀Ʀʆͪͼ͛�ʆĞ͠

͍͛ͲΌ͓ήΧοϝ̏aΗΪϣξͬΓ DNA ̏aͿ̦�͞ΐ΃ NcoI/HindIII Ϳf

̤̑ɜάΜνΗ�qͬΓΐ͜ˆ˃ͪͲϋϛΜϒϣϥʱ 5-1ϦΗȉ͛͸͓PCR Ηʬ͵Ͳ͔

đΑΔͲÀùȈǻΗ BspHI ͞ΐ΃ HindIII Ηȉ͛͸`ţ͓ͪNcoI ͞ΐ΃ HindIII

͹`ţͪͲ pTrc99A ȔȃύΦζϣͽŁOͬΓͧͺ͹ pTrcmxyn2 ΗđͲ͔xyn3 ͿΦ
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ϟϣπϡΧ͞ΐ΃ÈʋʝΗȉ͛ͲȔȃ΀¼�ͽ˅˱ͩΔͲ˻Βͽʬ͵Ͳ 149)͔  

E. coli  Rosetta-gami B (DE3) pLacI ͽ XYNII ͞ΐ΃  XYNIII ȔȃύΦζϣΗé

O͓ͪ�ĉˠ˭Ŏ.Η�Ųhº͈ͪͲº͈ǔ 2.5 mL Η 100 µg/mL ΚϡψήϜϡ͓

15 µg/mL ΢οϒΜήϡ͓30 µg/mL ΦϟϛϔωΞπΪϣϝΗ�΋ 2×YT ºµϥ1.6% 

tryptone͓  1% yeast extract͓  and 0.5% sodium chlorideϦ50 mL/300 mL �ʿω

ϛΰΪͽƚʝ͓ͪ20�͓120 rpm ͹º͈ͪͲ͔OD600 ͠ 0.4ϭ1.0 Ϳ̟Ή͹ÀqͪͲ

ď͓ɠǫÿ 1 mM ͽͼΓΐ͜ͽ IPTG Ηǖqͪ͸ 24 ű̟º͈ď͓ʝ.Η­�͓ͪ

˥̸ǈȫȪ]ȅΗʬ͵Ͳ͔̆ėď͓10 mM Tris-HCl ɲʮǔ ϥpH 8.0Ϧ͞ΐ΃

Resource S Ηȉ͓͛ûʯxɲʮǔͿ NaCl ǫÿΗ 0ϭ0.5 mM ͺͼΓΐ͜ΧϛίΟϡ

νΗʬͧ͜ͺ͹�ȣͪͲζϡυΦˠΗǣ^ͩͮͲ͔­�ͪͲȌ_Ϳ͜ʹǏĞȌ_Ηɔ

ʵƢ¢ͺͪͲ͔  

 

ʱ 5-1ϪϋϛΜϒϣͿ̏a  

5.2.3 τΜΡϒΰͿɕxh]ȅͺɡĩ_Ƌ  

3.2.6 ͞ΐ΃ 3.2.8 ͽ˅˱ͪͲťǇͽǢͫ͸͓NaOH ]ȅΜοϠϛ͞ΐ΃ȭ̒]

ȅΟϜΚϡάΰΗˑʵ͓ͪɡĩ_ƋΗʬ͵Ͳ͔  

5.2.4 ɕx�Ě  

BGL ćx̑ɜͽ XYNII ΉͲ΀ XYNIII ΗǖqͬΓ½�΀͓̑ɜ̗ΗͰΔͱΔ

1 mg/g-τΜΡϒΰ2ȉ͓ͪDNS ǇͽΐΒȇĩɕͿÙ̗Ηʬ͵Ͳ͔  

BGL ćx̑ɜͿτΜΡϒΰɕxĞʆΗˉ6ͬΓ½�΀͓̑ɜ�ĚΗ 3.2.7͓ȇ

ĩͪͲɕͿÙ̗ťǇΗ 3.2.8 ͽ˅˱ͪͲťǇͽǢͫ͸ÚŦͪͲ͔̑ɜͿτΜΡϒΰ

ɕxʆͿˉ6Ǉͺͪ͸͓ɕxȂ͠ 80ϤͺͼΓΐ͜ͼ̑ɜ̗ΗƻΌΓͲΌ͓̑ɜ̗΀

ŞƯ̩ͽˑɍͪͲ͔ɕxȂ΀ȇĩɕΗ HPLC ǇͽΐΒÙ̗ͪͲ͔ɕxȂ 80Ϥͺͼ

Γ̑ɜ̗Ϳɋ^ťǇ΀͓̑ɜ̗ΗƤˮͽ͓ɕxȂΗɳˮͽϋϟιν͓ͪͰͧ͟Αđ

ΑΔͲ˵+ĄΗȉ͛Ͳ͔ͼ͓͞ɕxĞʆˉ6ͽ΀Ϊϡνϟϣϝͺͪ͸ Avicel Η2ȉ

ͪͲ͔  

ȉ˺  ϋϛΜϒϣ̏a  

Ȕȃ΢βινωϛΧϕϡν

Àùȉ  

5 '-GGTCATGAACACGATTCAGCCCGGCACGGG-3' 

5'-GGAAGCTTAGCTGACGGTGATGGAAGCAGA-3'  
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5.2.5 Aabg1 ̉(ÓȔȃ΢βινͿƟɎ  

Full-length aabg1 ΀͍ȊΑͽΐΒƟɎͩΔͲ pABG7 Η̙·ͺͪ͸ PCR ͽΐΒÀ

ùͪͲ 148)͔cbh1 ͞ΐ΃ egl1 ϋϟϖϣζϣ̽¹ΗŁOͬΓͲΌͽʱ 5-2 ͽȰͪͲϋ

ϛΜϒϣΗȉ͛Ͳ͔In-fusion PCR advanced kitϥTaKaRaϦΗȉ͛͸͓Rahman Α͠1

ĩͪͲȔȃύΦζϣpTcbh1gus ͞ΐ΃ pTegl1gus Η̙·ͺͪ͸ʱ 5-2 ͽȰͪͲϋϛ

ΜϒϣΗȉ͛ͲΜϡτϣΰ PCR ͽΐΒđͲωϛΧϕϡνͺ˾ɣͬΓͧͺ͹͓aabg1 Ȕȃ

΢βιν pTcbh1aabg1 ͞ΐ΃ pTegl1aabg1 ΗƟɎͪͲ͔cbh1 ͞ΐ΃ egl1 ϋϟϖϣ

ζϣ͓aabg1͓amdS ϒϣ΢ϣͿ¾»̏aͿȮˌ΀ CEQTM2000XL DNA sequencer 

(Beckman coulter)Ηȉ͛͸ GenomeLabTM Dye Terminator Cycle sequencing with 

Quick Start kit Η2ȉ͓ͪ�ĮˏŭŹͽĐ͵͸ʬ͵Ͳ͔ĉˠ˭Ŏͽȉ͛Γhͽđ

ΑΔͲȔȃ΢βιν΀ XhoI Ηȉ͛Ͳf̤̑ɜ]ȅͽΐΓɱǽxΗʬ͵Ͳ͔  

 

ʱ 5-2ϪAabg1 ̉(ÓȔȃ΢βινͿƟɎͽ2ȉͪͲϋϛΜϒϣ�ʼ  

ϧêŠÔ΀ In-fusion ΦϟϣπϡΧȉͿȠ�̏a  

5.2.6 T. reesei PC3-7 ƓͿĉˠ˭Ŏ  

3.2.3 ͽ˅˱ͪͲťǇͽǢͫͲ͔cbh1 ΉͲ΀ egl1 ̉(ÓΗȫÂͪ͸͛ͼ̵͛Ƞ

�ɡŎ͝.ͿȮˌ΀͓CriterionTM TGX Stain-FreeTM Precast Gels 4-20% ϥBio-

RadϦΗȉ͛Ͳ SDS-PAGE ͽΐΒ͓�ĩ_̑ɜͿτϡξΗȮˌͬΓͧͺ͹ʬ͵Ͳ͔  

ȉ˺  ϋϛΜϒϣ̏a  

cbh1 ϋϟϖϣζϣ

ŁOȉ  

5 '-gtcaaccgcggactgcgcatcATGAAGCTCAGTTGGCTTGAG-3' 

5'-ctttcgccacggagcactagtTCATTGCACCTTCGGGAGCG-3'  

egl1 ϋϟϖϣζϣ

ŁOȉ  

5 '-cttagtccttcttgttgtcccaaaATGAAGCTCAGTTGGCTTGAG-3' 

5'-acagaccagaggcaagtcaacgctTCATTGCACCTTCGGGAGCG-3' 

cbh1 Μϡτϣΰ

PCR ȉ  

5 '-AGCGTTGACTTGCCTCTGGTCTGTC-3' 

5'-TTTGGGACAACAAGAAGGACTAAGATAGGGG-3' 

egl1 Μϡτϣΰ

PCR ȉ  

5 '-AGCTCCGTGGCGAAAGCCTGACGCACC-3' 

5'-GATGCGCAGTCCGCGGTTGACTATTGG-3' 
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5.2.7 ̑ɜǏĞǞÙͺζϡυΦˠǞÙ  

3.2.5 ͽ˅˱ͪͲťǇͽǢͫ͸ CMC ǏĞ͓ΤήϛοϣγǏĞ͓BGL ǏĞ͓β-Τ

ήϟήηϣγǏĞǞÙ͞ΐ΃ζϡυΦˠ̗Ηʬ͵Ͳ͔Ͳͳ͓ͪFPU ǏĞ΀ National 

Renewable Energy Laboratory ͟ Α ¼ � ͩ Δ ͸ ͛ Γ Laboratory Analytical 

Procedure ͽ˅˱ͩΔͲťǇͽĐ͵͸ʬ͵Ͳ 177)͔  

5.3 ɣƍ͞ΐ΃ɿä  

5.3.1 NaOH ]ȅτΜΡϒΰͿɕxͽåͬΓΤήϛοϣγ 3 ͿĊ̹  

ɇ�Ʉͽ͸ƟɎͪͲ T. reesei  X3AB1 Ɠ͠_ǆͬΓ̑ɜ JN11 ΀͓xyn3 ϋϟϖ

ϣζϣ͞ΐ΃ζϣϓρϣζϣ̽¹΍�ΌͲ XYN III ΗΪϣξͬΓ DNA ̏aͺ aabg1

̉(ÓΗȠ�ɡŎͬ͝Γͧͺ͹ BGL ǏĞ͠ćxͩΔͲ͔JN11 ΀ȭ̒]ȅΜοϠ

ϛΗ̦ͣP͸Ϳh]ȅτΜΡϒΰͽåͪ͸͓ö˛̑ɜΐΒ΍sȂȘͽɕxͪͲ͔ͪ͟

͓ͪJN11 ͿȠ�ɡŎ͝ͽΐΓ XYNIII ƧőͿΤήϛϡ�ŽτΜΡϒΰͽåͬΓĊ̹

΀Ȯˌ͹͡͸͛ͼ͔͛Ͱͧ͹͓ΤήϛϡΗ�ŽͬΓh]ȅτΜΡϒΰͿɕxͽåͬΓ

XYNIII ͿɕxʆΗˉ6ͪͲ͔ɕxʆˉ6ͽ΀͓ΤήϛοϣγǏĞΗŻÈͽͪͲ̑

ɜΗȉ͛ΓͲΌ͓ǯɜǡͺͪ͸ 1ϤAvicel ͽq͝͸ 0.5ϤΤήϛϡΗ�΋ºµΗȉ

͛͸ T. reesei  X3AB1ƓΗº͈ͪͲ͔Ƅº͈ƈ#͹ˑʵͪͲ̑ɜ JN11H΀͓XYNI͓

XYNII ͞ΐ΃ BXL ͠ˍéͩΔΓͧͺ͹ JN11 ΐΒ΍Τήϛϡ_ˀͽ̠�ͬΓ̑ɜΗ

Çͣ�Θ͹͛Γ͔  

JN11H Ϳ̑ɜ̗Η 1 mg/g-τΜΡϒΰͺ͓ͪɔʵͪͲ XYNII ΉͲ΀ XYNIII ΗͰ

ΔͱΔ 1 mg/g τΜΡϒΰͺͼΓΐ͜ͽ JN11H ͽǖq͓ͪNaOH ]ȅΜοϠϛͿɕx

�ĚΗʬ͵Ͳϥ° 5-1Ϧ͔ͰͿɣƍ͓XYNII ͿɕxȂ΀ǲǖqƈ#ͺƳ˰ͪ͸ 5Ϥ

ƂǠͿÀq͹͚͵ͲͿͽå͓ͪXYNIII ΀ 20Ϥ!�ÀqͪͲ͔ͬͼΖʹ͓JN11H ͽ

ŧͽ�ΉΔ͸͛Γ XYNII Ϳ̑ɜǏĞ΀ŧͽK_̗Õ´ͬΓ͓͠Ƨőͪ͸͛Γ

XYNIIIͿ̑ɜǏĞ΀ƧőͪͲ XYNIII͹ͪ͟ʴ͝ͼ͛ͧͺ͠Ȱ¥ͩΔͲϥ° 5-3Ϧ͔

Ͱ΍Ͱ΍͓XYNII ΀ GH family 11 ͽíͬΓ͓͠XYNIII ΀ GH family 10 ͹͚Β͓


ʀ΀ˁÒǏĞͿȒͼΓ̑ɜ͹͚Γ 178)͔GH family 11 ͽíͬΓΤήϛοϣγ΀Κϛ

χςΤήϛϡ�̜ͿƂɹŎ̽¹ΗILȘͽ`ţͬΓ͓͠GH family 10 ͽíͬΓΤ

ήϛοϣγ΀ɹŎ̽¹Ϳ`ţΗʬ͓͛Τήϛϡ�̜ͿɹŎ»͹͚Γ 4-o-ϕθϝ-D-

ΧϝΪϡ̒Ύ͓̐̒α-L-ΚϛχςωϛςήϝB̜ͽΐΓ̢Ü΀êͩ͛ 179)͔GH family 
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10 ͽíͬΓΤήϛοϣγ΀͓GH family 11 ͽíͬΓΤήϛοϣγͽΐΒ̮́ͩΔͲ

ΚϛχςΤήϛϡB̜Ϳ`ţ΍ʬ͔͜ͰͿͲΌ͓XYNIII Õ´�ͽͥ͞Γ̋Jɕ̗Ϳ

Àq΀͓GH family 11 ͽíͬΓ XYNI ͞ΐ΃ XYNII ͹΀`ţ͹͡ͼ͛̽¹Η

XYNIII ͠`ţͬΓͧͺ͹͓̮́ΤήϟϣΰͿÀqͽɶ͠͵Ͳͺ�ģͩΔΓ͔ΉͲ͓Τ

ήϛϡͿ_ˀ͠˿΋ͧͺͽΐ͵͸βϝϛϣγ͠ňˁ�ʆͼβϝϟϣΰʱ̶͠ŤͲͽ

ȃΔΓͧͺΐΒ͓̮́ΧϝΪϣΰ͠ÀqͪͲ�ʆĞ΍ɿ͝ΑΔΓ͔ͧΔΑͿɣƍΐΒ͓

Τήϛϡ�ŽτΜΡϒΰͿɕxͽåͪ͸ XYNIII̕͠ʷͼċmΗƍͲͪ͸͛Γͧͺ͠

ŭΑ͟ͽͼ͵Ͳ͔ΉͲ͓XYNIII Η9ŽͩͮͲΉΉ AaBG1 ΗȔȃͩͮΓͧͺ͹͓Τήϛ

ϡ�ŽτΜΡϒΰͿɕxͽǼxͪͲ̑ɜΗ_ǆͬΓ T. reesei ͿɡŎ͝Ɠ͠ƟɎ͹

͡Γͧͺ͠Ȱ¥ͩΔͲ͔  

 

° 5-1ϪNaOH ]ȅΜοϠϛͿɕx�ĚͽåͬΓ  

XYNII ͞ΐ΃ XYNIII Ϳǖqsƍ  
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5.3.2 Ťʺ AaBG1 ͍ȔȃƓͿƟɎ  

T. reesei ͠_ǆͬΓ̑ɜͿτΜΡϒΰɕxʆΗ JN11 ͟ΑͩΑͽŻ̇xͬΓͲ

Ό͓T. reesei  C1AB1 Ɠ͞ΐ΃ E1AB1 ƓΗƟɎͪͲϥʱ 5-3͓° 5-2Ϧ͔ͰΔͱΔͿ

Ɠ΀ aabg1 ̉(Ó͠ cbh1 ΉͲ΀ egl1 Ϳϋϟϖϣζϣ͞ΐ΃ζϣϓρϣζϣͿŗ̏

�ͽŁOͩΔͲȔȃ΢βινΗȉ͛͸͓cbh1 ΉͲ΀ egl1 ̉(ÓΗȫÂͬΓͧͺ͠ͼ

͛ΐ̵͜Ƞ�ȘͽȒȺß�Ȕȃ͠ʬΖΔͲ΍Ϳ͹͚Γϥ° 5-2B͓5-2CϦ͔cbh1 ϋϟ

ϖϣζϣ΀ T. reesei ȋƉϋϟϖϣζϣͿ�͹Ż΍ć͛΍Ϳ͹͚Β͓xyn3 ϋϟϖϣζ

ϣͿə 10 <ćo͹͚Γͧͺ͠¼�ͩΔ͸͛Γ 143)͔Ƅˊ͋ͽ͛͞͸΍͓T. reesei  

C1AB1 Ɠ͠_ǆͬΓ̑ɜ JN12 Ϳ AaBG1 ͽȠĈͬΓτϡξćÿ΀͓JN11 Ϳ

AaBG1 τϡξćÿΐΒ΍ć͛ͧͺ͠ SDS-PAGE ͽΐΒȮˌͩΔͲϥ° 5-3Ϧ͔Ͳͳ͓ͪ

Τήϛοϣγˍéƈ#͹ˑʵͪͲ JN12H ΀͓JN12 ΐΒ΍ AaBG1 ͿȔȃ͠-�ͪ

͸͛Ͳ(° 5-3 ͿϞϣϡ 4 ͞ΐ΃ 5)͔T. reesei  E1AB1 Ɠ͠_ǆͬΓ̑ɜ JN13 ͺ

JN11 Ϳ AaBG1 τϡξćÿ΀�ȸÿ͹͚ΓͲΌ͓egl1 ϋϟϖϣζϣͺ xyn3 ϋϟϖϣ

ζϣͿˍéʆ͠�ȸÿ͹͚Β͓ͧͿɣƍ΍̃�Ϳ¼�ͺ�ʑͬΓ΍Ϳ͹͚͵Ͳϥ°

5-3 ͿϞϣϡ 2 ͞ΐ΃Ϟϣϡ 6Ϧ132)͔�˅ͪͲΐ͜ͽ͓T. reesei   C1AB1 Ɠ͞ΐ΃

E1AB1 Ɠ΀ͰΔͱΔ cbh1 ͞ΐ΃ egl1 ̉(ÓΗ9Ľͪ͸͞Β͓SDS-PAGE ΐΒ

JN12 ͽ CBHI͓͞ΐ΃ JN13 ͽ EGI ͠Ȯˌ͹͡Ͳϥ° 5-3Ϧ͔XYN III ͽȠĈͬΓτ

ϡξ΀͓JN11 ͞ΐ΃ JN11H !ÆͿ JN ήϜϣα̑ɜP͸ͽȮˌͬΓͧͺ͠^ƉͲ

ϥ° 5-3 Ϟϣϡ 4-7Ϧ͔JN12 ͺ JN12H ΗƳ˰ͬΓͺ͓ºµͽΤήϛϡΗǖqͬΓͧͺ

͹ XYNIII ͠ÀqͪͲ͓͠ƄƉ xyn3 ̉(Ó΀Τήϛϡͽΐ͵͸ˍéͩΔͼ͛ϥ° 5-

3 Ϟϣϡ 4 ͞ΐ΃ 5Ϧ80 ,180)͔ͧͿΤήϛϡǖqͽΐΓˍéͿ�®΀ΉͳŭΑ͟ͽͼ͵

͸͛ͼ̵͓͛͠Ƞ�ɡŎ͝͠/Α͟ͿĊ̹Η�͝Ͳ�ʆĞ͠ɿ͝ΑΔΓ͔2 Ⱥ́Ϳ

ö˛̑ɜͿΤήϛοϣγΗȮˌͪͲͺͧΕ͓XYNIII ͽȠĈͬΓτϡξ΀ͻʹΑ΍ʾ

äͩΔͼ͟͵Ͳϥ° 5-3 Ϟϣϡ 8 ͞ΐ΃ 9Ϧ͔ͰͿͲΌ͓ɇ�ɄͽȰͪͲö˛̑ɜͿ

Τήϛϡ�Žh]ȅτΜΡϒΰͽåͬΓɕxʆͿ-ͩ΀͓XYNIII Η9Ľͪ͸͛ͼ͛

ͧͺͽˤ®ͬΓͺɿ͝ΑΔΓ͔  
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ʱ 5-3Ϫ�ʝƓͿ̉(Ó·ͺ̑ɜ�  

ϧ�ʝƓ΀ǯɜǡͺͪ͸ 1%Ϳ Avicel Η�΋ºµ͹º͈ͪͲ΍Ϳ͹͚Β͓ºµͽ

0.5ϤΤήϛϡΗǖqͪͲƈ#͹º͈ͪͲʝƓȋƉͿ̑ɜ͠ JN11H͓ JN12H͓

JN13H ͹͚Γ͔  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʝƓ  ̉(Ó·  ̑ɜ�  

PC-3-7 Wild-type WT 

X3AB1 
amdS͓  xyn3p::aabg1͓  

Δxyn3 ::aabg1  

JN11 

JN11H 

C1AB1 amdS͓  cbh1p::aabg1  
JN12 

JN12H 

E1AB1 amdS͓  egl1p::aabg1  
JN13 

JN13H 
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� 5-2<�����
 �)
�  

(A)! X3AB1 ��(B)! C1AB1 ��(C)! E1AB1 �-�#����* xyn3p ! xyn3 6:9;1;�aabg1 ! A. aculeatus ��

BGL ����xyn3 t ! xyn3 1;85;1;�amdS !.03.847;/;�cbh1p ! cbh1 6:9;1;�cbh1 t ! cbh1 1;85;

1;�egl1p ! egl1 6:9;1;�egl1 t ! egl1 1;85;1;-�#���&�"$����
 (+,���/023)	��

�*��"%�'��  
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� 5-3��G:c SDS-PAGE 

��� 1: WTL��� 2�JN11L��� 3�JN11HL��� 4�JN12L��� 5�JN12HL

��� 6� JN13L��� 7� JN13HL��� 8�Accellerase 1500L��� 9�Cellic 

CTec2M�#�G:o5�_6V[M[\VL�DG:c#�G:d�%_NlM  

5.3.3 JN t}�vG:`�DG:cG:+!c*E  

T. reesei  C1AB1 )Qie E1AB1 )S12WlG:c.!o%jRbWl[g

bLBGL +!o��V[ JN t}�vG:Qie@)3'cG: WTL2 8Jc�

DG:cG:+!-�o=OYmZm*EV[�> 5-4�MfXL JN12 Qie

JN13 c BGL +!dLYmZm WT c 333 	Qie 100 	��c��a��S

aUm^O[MJN11 c BGL +!`*EV^h JN12 Qie JN13 dYmZm 5 	

Qie 1.5 	_N][M�DG:`c*E_dLAccellerase 1500 ik 2-7 	KR

][SLBGL +!S&hKOcd JN12 ` Cellic CTec2 _NkLJN13 d Cellic 

CTec2 c9 3 �c 1 _N][MTmb�V^Lw~��uc�A+!o>W FPU +

!Qiep�zs~q{�x+!o6W CMC +!c;(o*EWl`LJN t}�

vG:d BGL+!b?jm[��a�d?jmXLWT `*EV^9 1.5�2.0	

cFO_Nk�7�c
_N][Mf[Lrt|��AbI�Wlrt|{�x+

!Qie β-rt�ty�x+!o*EWl`LJN-H t}�vG:d JN t}�vG
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:`*EV^9 2�4 	b��Um[T`o%jRbV[M[\VLJN13H crt|

{�x+!dLXYNIII o�$V^OlbhInjXLJN11H Rj 20���V[7

�_N][MXYNIIIcrt|{�x+!b�WlC/�c�Uc��dLrt|�

,�bik�G:bQO^ XYNI Qie XYNII S��b��V[T`S<Pjm

lMTc���bikLXYNIII c
(S�hm^Vf][T`S�"UmlMf[L

JN12H crt|{�x+!d XYNI Qie XYNII c40HS�O[gLXYNIII

o�$V^O^h JN11H ik9 15��O
_N][M&hrt|{�x+!SKO

G:d Cellic CTec2 _NkLrt|{�xB�Qie XYNIII �$c
(S j

m[ JN13H `*EV^h 20���KOSLβ-rt�ty�x+!d JN13H S 6 	

��KO
_N][M  
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� 5-4#�

���������� U/mg-�����!  

"JN11 ����� 1.0 ������

�����	��  

 

 



  FPU ��  CMC ��  BGL ��  ��������  ���������  

 ���  ���

* 

���  ���  ���  ���  ���  ���  ���  ���  

WT 1.1±0.02 0.58 35±2.0 0.66 0.12±0.0 0.015 88±0.0 1.3 0.59±0.01 1.1 

JN11 1.9±0.06 1.0 53±1.0 1.0 7.8±0.5 1.0 67±6.0 1.0 0.54±0.02 1.0 

JN11H 1.8±0.06 1.0 46±2.0 0.87 8.8±0.1 1.1 140±6.0 2.1 1.6±0.07 3.0 

JN12 1.9±0.03 1.0 57±2.0 1.1 40±0.3 5.1 50±2.0 0.75 0.69±0.03 1.3 

JN12H 1.8±0.06 1.0 55±2.0 1.0 22±0.1 2.8 120±5.0 1.8 1.8±0.05 3.3 

JN13 1.9±0.05 1.0 52±2.0 1.0 12±0.2 1.5 67±2.0 1.0 0.45±0.02 0.83 

JN13H 1.6±0.05 0.84 48±2.0 0.91 7.1±0.1 0.91 170±4.0 2.5 1.7±0.02 3.2 

Accellerase 

1500 

1.8±0.05 1.9 56±1.0 1.1 5.6±0.1 0.72 21±1.0 0.31 0.12±0.01 0.22 

Cellic CTec2 1.5±0.02 0.79 66±2.0 1.2 40±1.0 5.1 210±2.0 3.1 0.25±0.04 0.46 
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5.3.4 ;2ħȻȖțɅȩǾŚEŮƉ�  

ÓſǽõŗǬǴ BGL ¤EƲşǾȻȖțɅȩŚEŮȒƉ�ǮȎǴȈǙNaOH 2

ħȖȷɐɌǡȋȁńƳ2ħșɍȔɑȥȩǽ�ǮȎŚEP±ȒŹǶǴǚNaOH 2ħȖ

ȷɐɌǿɂɆȫɎɏɔȩǾ\âƵǣŝ 24ɕǙɍȡȸɑ\Ƶǣŝ 3.8%ǹǝȍǙǲȏǳ

ȏńƳ2ħșɍȔɑȥȩǾɂɆȫɎɏɔȩ\ƵǾŝ 10 !ǔǥǙɍȡȸɑ\ƵǾŝ 10

!�ǞǺǞǟğ¬ǣǝȎɖŻ 5-5ɗǚȫɎɏɔȩJ�ȒŚEǮȎǴȈǽ¯ŽǼƲşǾ

ğ²ȒÚȌǢǽǮȎǴȈǙȞȧɌɑɓɍȡȸɑȒ-ǥ\âǬǼǞ�ƘǾ«ŢÝȫɎɏ

ɔȩǹǝȎ Avicel ȉqƝǺǬǸīǞǴǚƲşǾȻȖțɅȩŚEŮǾƉ�qėǿǙŚ

EP± 72 Ûƺ¨ǽŚEĤ 80ɕǺǼȎƲşƵǺǬǴǚǩǾƉ�qėǿŚEĤǣ

80ɕǹǝȎǴȈMÒǾ6īĤǣǔǥǙŚEÛƺȒƿ�ǮȎǩǺǹĩĪƧ ȉū·

ǬǴȉǾǹǝȎǚ  

�ƇǬǴ 3 ŌǐǾqƝǽ�ǬǸŚEP±ȒŹǶǴŢíǙJN ȧɍɔȪƲşǿ WT

ǡȋȁ�ƘƲşǺĀơǬǸ 80ɕŚEǽ¯ŽǼƲşƵǿǢǼȍ�ǫǞǩǺǣÚȌǢǺ

ǼǶǴɖŻ 5-5ɗǚğǽ JN13HǿǙȞȧɌɑ\âƵǾǔǞ NaOH2ħȖȷɐɌǾ 80ɕ

ŚEǽ¯ŽǼƲşƵǿ%Ǣ 3.8 mg/g-ȻȖțɅȩǹǝȍǙ�ƘƲşǾŝ 3ɛ22 4

Ǿ 1 ǾƲşƵǹǝǶǴǚȅǴǙJN11H ǽ�ǬǸȉ¯ŽǼƲşƵǿ 30ɕ�ēǬǸǞ

ȎǴȈǙÖ�ƹĳƲşǾǫȌǼȎǔúŮEǽ¸@ǬǴǩǺǣÚȌǢǺǼǶǴǚǩȏǿǙ

JN11H ǽ XYNIII Ǿč²ǣƥAǫȏǴCíǣŻȏǴǺūǠȌȏȎǚǴǵǬǙJN13H

Ǿ'�²ǿ NaOH 2ħȻȖțɅȩǾŚEǽ�ǬǸǾȆǹǝȍǙAvicel ǡȋȁńƳ

2ħșɍȔɑȥȩǽ�ǬǸǿ JN11 ǣáȉ�ǼǞƲşƵǹŚEǹǤǴǚǷȅȍǙ

JN13H ǿȉǺȋȍȞȧɌɑ\âȻȖțɅȩǽğEǬǸúŮȒ[�ǫǰǴǴȈǙġǞƦ

ȍǾƲşǾõŗǽ¸@ǬǴǩǺȒ´_ǮȎǚ  

JN12 ǡȋȁ JN12H ǿ Cellic CTec2 ǽüǦ BGL č²ǾǔǫȒâǮȎǣǙAvicel

ǾŚEŮǿ JN ȧɍɔȪƲşǾ�ǹáȉ�ǞǩǺǣÚȌǢǺǼǶǴɖŻ 5-5ɗǚǩǾŢ

íȋȍǙcbh1 ɁɏɉɔȮɔǾ6īǿǙT. reesei ǣ4ĉǮȎƲşǾý_ǾȫɎɌɔȬ

č²Ǿ{�Ǽ��ǽŪǣȎǩǺǣŇdǫȏǴǚǲǾǴȈǙYöǽȫɎɏɔȩǣ�¸

4ǹǝȎńƳ2ħșɍȔɑȥȩǽ�ǬǸȉâCǽ&ǢǼǞǺūǠȌǠȎǴȈǙŚE

ƊǓǿ�ÕǬǸǞǼǞǚJN12 Ǻ JN12H ȒĀơǮȎǺǙJN12H Ǿ Avicel 4ƃǽ¯

ŽǼƲşƵǿ JN12 ǺĀơǮȎǺ 1.5 !ǺǼȍǙ�Ǿ JN ȧɍɔȪƲşȋȍȉƲşƵ

ǣǏŵǽuAǬǴǚǩȏȌǾǩǺǿǙŠÇǠŴñǽǡǧȎƲşǾĳĥ7ªǿǲȏǳ

ȏıǼȍǙJN12H ǾȋǟǼğþǼĠ¶ǽ#ǶǴƲşǽǼȍǟȎǩǺȒŇdǬǸǞȎǚ  
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Ż 5-5ɚƲşǾȻȖțɅȩŚEŮƉ�  

ɘWqƝǾ¸4Š¸ǿȫɎɏɔȩɚɂɆȫɎɏɔȩɚɍȡȸɑɚĚ4ǺǬǸŇǬǴ  

ɘĻ�"ǿ JN11 ǾƲşƵȒ 1.0 ǺǬǴÛǾWƲşǾĻ�"ǺǬǸŇǬǴ  

ɘ|�ǿWqƝǽǡǞǸáȉ�ǼǞƲşƵȒŇǬǴ  

5.3.5 JN13H ȒīǞǴȻȖțɅȩŚEǽǡǧȎȞȧɌȷɔȬ 3 Ǿ¥ǌ  

T. reesei  X3AB1 ñǡȋȁ E1AB1 ñǣ4ĉǮȎ JN11 Ǻ JN13 ǾĀơȒƦǭǸǙ

XYNIII ǣȞȧɌɑȒzǥ\ȇ NaOH 2ħȻȖțɅȩǾŚEǽǉ�ǽ{ǤǼ¥ǌȒ

�ǠǸǞȎǩǺȒÚȌǢǽǬǴǚNaOH 2ħȻȖțɅȩǾŚEǽáȉCíĶǹǝǶǴ

JN13H ǽ\ȅȏȎ XYNIII ǾƵǣ(4ǹǝȎǢȒŅƌǮȎǴȈǽǙ JN13H ǽ

XYNIII ȒĐAǬǴè�ǹ NaOH 2ħȖȷɐɌǾŚEȒŹǶǴɖk 5-4ɗǚǲǾŢíǙ

XYNIII ǾĐACíǿȄǺȓǻžȌȏǼǞǴȈǙ JN13H ǽ\ȅȏȎ XYNIII ǿ

NaOH 2ħȖȷɐɌǾŚEǽ(4Ƶ�lǬǸǞȎǺūǠȌȏȎǚ  

 NaOH 2ħȖȷɐɌ  Avicel ńƳ2ħșɍȔɑȥȩ  

¸4Š¸  52.6ɚ24.2ɚ3.8ɚ5.4 100ɚ0ɚ0ɚ0 51.6ɚ2.2ɚ35.4ɚ5.5 

 ƲşƵ

ɖmgɗ  

Ļ�"  ƲşƵ

ɖmgɗ  

Ļ�"  ƲşƵ

ɖmgɗ  

Ļ�"  

WT 40±0.1 5.4 270±0.05 48 31±0.03 7.7 

JN11 7.4±0.1 1.0 5.6±0.03 1.0 4.0±0.03 1.0 

JN11H 5.0±0.1 0.7 6.0±0.01 1.1 5.2±0.03 1.3 

JN12 7.8±0.1 1.1 8.2±0.05 1.5 - - 

JN12H 7.2±0.1 1.0 12±0.2 2.1 - - 

JN13 4.6±0.05 0.6 6.0±0.05 1.1 4.5±0.02 1.1 

JN13H 3.8±0.05 0.5 7.4±0.1 1.3 5.2±0.07 1.3 

Accellerase 

1500 

83±0.3 11 16±0.2 2.9 10±0.09 2.5 

Cellic 

CTec2 

11±0.05 1.5 38±0.1 6.8 8.8±0.08 2.2 
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k 5-4ɚNaOH 2ħȖȷɐɌǾ JN13H ȒīǞǴŚEP±ǽ�ǮȎ XYNIII ǾĐ

ACí  

5.4 æŐǾȅǺȈ 

æŐǹǿǙɂɆȫɎɏɔȩȒ\âǮȎ NaOH 2ħȻȖțɅȩǾŚEǽ�ǮȎ

XYNIII ǾƴŽ²ȒÚȌǢǽǬǴǚNaOH 2ħȻȖțɅȩǾŚEȒŹǟǂǽ XYNIII

Ȓ\ȅǼǞ JN11H ǽ XYNIII ȒĐAǮȎǺǙŚEĤǿŝ 20ɕ[�ǬǴǚǲǩǹǙ

AaBG1 ȒĳĥǮȎǴȈǾɁɏɉɔȮɔǺǬǸ xyn3 ɁɏɉɔȮɔǾ�ȑȍǽ egl1 Ɂɏ

ɉɔȮɔȒīǞǸǉĻYĶǼŠÇǠȒŹǶǴǚǲǾȋǟǽõŗǫȏǴ T .reesei 

E1AB1 ñǣ4ĉǮȎƲş JN13H ȒīǞǸŚEȒŹǶǴǺǩȐǙŚEǽ¯ŽǼƲ

şƵȒŝ 30ɕ�ēǫǰȎǩǺǽ¸@ǬǴǚȅǴǙ�ƘƲşǺĀơǬǸȉ NaOH 2ħ

ȖȷɐɌǾŚEǽ¯ŽǼƲşƵǿ{�Ǽǽ:ēǹǤȎǩǺǣÚȌǢǺǼǶǴǚæŐǾ

Ţíȋȍ egl1 ɁɏɉɔȮɔǾâī²ȉÚȌǢǽǼǶǴǴȈǙ
¨ AaBG1 ǺYöǽ

ŚEǽ�ǬǸâīǼƲşǣž3ǫȏǴsXǙegl1 ɁɏɉɔȮɔȒ6īǬǸǫȌǼȎ

ǔúŮEǣTŮǽǼȎǵȐǟǚ  
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œ.Ő  ŢƄ  

æŐǹǿæłŎǾȅǺȈȒƇǮǚ6.1 ǹǿǙæłŎǾ¸íȒȅǺȈ

Ȏǚ6.2 ǹǿǙ
¨Ǿ�ãȒŇǮǚ  

6.1 æłŎǾŢƑ  

ÀŦTŮǼŉ�Ȃ[ǢǟǴȈǽǿ0ĩTŮǼƛĖǣ�®ĶǼ¦>ȒíǴǮǩ

ǺǣăȈȌȏǸǞȎǚǲǾǼǢǹǙȻȖțɅȩǢȌĎ�ĜÒȊȻɎȠȢɆȜɎȒšđ

²ŲǥǙǔCĤǹĩĪǮȎ¿źǾƹĳǣä§ǫȏǸǞȎǚğǽǙȫɎɏɔȩŜȻȖ

țɅȩǿǙ��ĶǼ�ţǣTŮǹǝȍǙǒśǺőXǬǼǞƛĖǺǬǸ6čīǣãȅ

ȏǸǞȎǚȫɎɏɔȩŜȻȖțɅȩȒ6īǮȎǴȈǽǿǙõ¸¸4ǹǝȎȫɎɏɔȩ

ȊɂɆȫɎɏɔȩȒȡɎȤɔȩȊȞȧɏɔȩȂ4ƃǮȎ¯ŽǣǝȎǚǩǾ4ƃ�ŋǽ

ǿ«ĩĞǣĩĪǮȎȫɎɌɔȬǡȋȁɂɆȫɎɌɔȬǺǞǶǴŚƝAĂ4ƃƲş

ǣīǞȌȏȎǣǙǔǞƲşȤȩȵǣȫɎɏɔȩŜȻȖțɅȩǾeīĶ6īǽǡǧȎ

ǃvǾ 1 ǷǺǼǶǸǞȎǚǲǾǴȈǙY�ƵǾȻȖțɅȩȒ�ƵǾƲşǹ4ƃǮȎ

ǩǺǣTŮǼǔúŮEƲşǾƹĳǣăȈȌȏǸǞȎǚ  

æłŎǹǿǙƲşĩĪŴñǺǬǸ×æǹŭŌƹĳǫȏǴ T. reesei  PC-3-7 ñȒ

īǞǴǚT. reesei ǿǙǲǾĩĪ²ǾǔǫȊȻȖțɅȩ4ƃǽ¯ŽǺǼȎzöǼƲş

Ȓ-Ǹ4ĉTŮǼǩǺǢȌǙ�īĶǼƲşĩĪŴñǺǬǸáȉâãƀǫȏǴŴñ

ǹǝȎǚT. reesei ǣ4ĉǮȎƲşǿǔǞȫɎɏɔȩ4ƃŮȒâǮȎǣǙBGL č²

ǣ�ǞǩǺǣûěǹǝȎǚǲǩǹǙT. reesei ǣ4ĉǮȎ BGL ǾÐF!ǾĀč²Ǿ

âǮȎ A. aculeatus ĭéǾ BGL ǹǝȎ AaBG1 Ǿ T. reesei ǽǡǧȎĳĥȒ�ÕǬ

ǴǚAaBG1 Ư��ǹǝȎ aabg1 ǿ xyn3 ɁɏɉɔȮɔǽȋǶǸĳĥǮȎȋǟǽ xyn3

Ư��¡ǽĻYŠÇǠǬǴǚŠÇǠŴñ T. reesei  X3AB1 ñǣĩĪǮȎƲş

JN11 ǿǙƯ��ŠÇǠŴñǽƻǮȎǩȏȅǹǾr^ǽǝǶǴȋǟǼƲşǾĳĥȻ

Ɍɑȩǣ�ȏȎǩǺǼǥǙBGL č²ȒƁñǾ 65 !ǽ�ÙǫǰȎǩǺǽ¸@ǬǴǚǫȌ

ǽǙȻȖțɅȩŚEŮǿǙáÓǾȻȖțșȮȺɔɎĩĪīǽƹĳǫȏǴ�ƘƲşǺ

ĀơǬǸ 1.3-2.0 !ǺǼǶǴǚ  

ƲşǾǫȌǼȎǔúŮEǽ¯ŽǼ³rȒ©ȎǴȈǙT. reesei ǣ âǮȎ�ŽǼ

¸4Ʋş CBHIǙCBHIIǙEGI ǣ;2ħȻȖțɅȩǾŚEǽ�ǠȎ¥ǌȒƐȃǴǚ

÷ĶǺǬǴ¸4Ʋş�yǾ-ǸǾƲşȒ\ȇJ�¸4ûÉȫɎɌɔȬȒīǞǸ
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ȻȖțɅȩŚEȒŹǶǴǺǩȐǙCBHI ǿńƳ2ħȖȷɐɌȒǁǥ-ǸǾ;2ħȻȖ

țɅȩǽ�ǬǸƴŽǼ¥ǌȒ�ǠǸǞȎǣǙCBHII ǡȋȁ EGI ǿȻȖțɅȩȊŚE

;2ħǾŌǐǽ��ǬǸǲǾ¥ǌ ǣ{ǤǥxEǮȎǩǺǣÚȌǢǺǼǶǴǚğǽ

EGI ǿǙńƳ2ħȖȷɐɌȊŶāĝŃ2ħȩȟǾŚEǽ�ǬǸ-ǥ¥ǌǣǼǢǶ

ǴǚǲǾĳĥɁɏɉɔȮɔǹǝȎ egl1 ɁɏɉɔȮɔǿ T. reesei Ǿ�ǹ 3 İĺǽ¤

?ǹǝȎǴȈǙ�ǾƯ��Ȓ6īǮȎǂǾŠÇǠɁɏɉɔȮɔǺǬǸâ?ǹǝȎǩ

ǺǣŇdǫȏǴǚ  

T. reesei X3AB1 ñǿ AaBG1 Ǻ XYNIII ȒĻYŠÇǠǬǸǞȎǴȈǙæñǾȞ

ȧɌɑ4ƃƲşǾƎ�è�ǹĩĪǫȏȎƲş JN11H ǿ XYN III ȒûÉǬǸǞȎǚ

ǬǢǬǙřżǬǴ XYN III Ȓ JN11H ǽĐAǮȎǺǙɂɆȫɎɏɔȩȒzǥ\ȇ NaOH

2ħȖȷɐɌǾŚEĤǣ[�ǮȎǩǺǣÚȌǢǽǼǶǴǚǲǩǹǙȻȖțɅȩŚEȂ

Ǿ¥ǌǿ�ǫǞǣĳĥŮ?ǣǔǞ egl1 ɁɏɉɔȮɔȒ6īǬǸ AaBG1 ȒĳĥǮ

Ȏ T. reesei E1AB1 ñȒõŗǬǴǚæñǣȞȧɌɑ4ƃƲşǾƎ�è�ǹĩĪǮ

ȎƲş JN13H ǿǙJN11 ǾG4ǾƲşƵǹY�ƵǾ NaOH 2ħȖȷɐɌȒ4ƃ

ǬǙ�ƘƲşǺĀơǬǸȉ¯ŽǼƲşƵǿ 3-22 4Ǿ 1 Ǻ{�ǼƲş�īƵǾ:

ēǽ¸@ǬǴǚ  

��ȒȅǺȈȎǺǙæłŎǹǿǙǩȏȅǹjǅǹǝǶǴ T. reesei ǽǡǧȎıŌƯ

��Ǿĳĥ¾ĊȒŅŏǬǴǚǲǾŢíǙȫɎɏɔȩȒ��ǺǬǴȻȖțɅȩǾ4ƃ

ǽğEǬǴ JN11ǙǡȋȁɂɆȫɎɏɔȩȒzǥ\ȇȻȖțɅȩǾ4ƃǽğEǬǴ

JN13H ǺǞǟ 2 ŌǐǾƲşǾƹĳǽ¸@ǬǴǚȅǴǙJ�¸4ûÉȫɎɌɔȬȒ

īǞȎǩǺǹǙȻȖțɅȩŚEǽ�ǮȎ¸4ƲşǾ¥ǌȒÚȌǢǽǮȎ¾ĊȒƹĳ

ǬǙæ¾ĊǢȌ egl1 ɁɏɉɔȮɔǾčīǼǻǙƲşǾǫȌǼȎǔúŮEǾǴȈǾĿ

žȒ©ȎǩǺǽ¸@ǬǴǚæłŎǾ¸íǣǙ�īĶǼ×æoŚEƲşƹĳǾ�

BǺǼȍǙȻȖțșȮȺɔɎǣeôĶǽ6īTŮǼ�àĜÒǺǬǸÜOǮȎǩǺȒ

ä§ǮȎǚ  

6.2 �ã  

æƑÑǹǿœ 2 ��ȻȖțșȮȺɔɎǾMÒǹǝȎȫɎɏɔȩŜȻȖțɅȩǾč

īȒĺĶǺǬǙǲǾ6īǾ{ǤǼǃ�ǺǼǶǸǞȎƲşȤȩȵǾ��ǽŪǣȎƲş

ǾǔúŮEȒƊȆǴǚT. reesei  PC-3-7 ñȒɃɔȩǽǬǴƲşǾŮ?ȔȱɁǽ¸@

ǬǴǣǙ
gǾÌŲǿƲşǾȰɊɔȸɑȡǽ­ǬǸǡȍǙæƝĶǼȫɎɏɔȩ4ƃ

ŮȒ�ǨȎȋǟǼÌŲǹǿǼǢǶǴǚǩȏǿ BGL Ǿ¤EǽȋȍȫɏȽțɔȩǾŷō

ȒƽǦǩǺǹƾ�ŽhȒQȍǁǞǴǩǺȊǙƁñǾğ¬ǹǝȎ XYNIII ȒčǢǮǩǺ
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ǹȞȧɌɑ4ƃŮȒǔȈǙǲǾŢíȫɎɏɔȩǣŻǊǽǈ3ǮȎǩǺǹȫɎɏɔȩ

4ƃƲşǣȋȍȋǥ&ǥĨtȒ�ǶǴǩǺǹǝȎǚǩǾȋǟǽƲşǣƮ5ǽ&ǥĨt

ȒÅǠǴ�ǹǙǫȌǽƲşǾ4ƃŮ?ȒǔȈȎǴȈǽǿȫɎɏɔȩ4ƃǲǾȉǾȒ

ȋȍCĤEǮȎ¯ŽǣǝȎǚǲǾÔĊƑǺǬǸǙȮɑȼȠƝ��ĶǼ¾ĊǽȋȎ¸

4ƲşǾúŮÌfȊǙ
g�,ǬǴ AaBG1 ǾȋǟǼȋȍǔč²ǼƲşǾ�,Ǽ

ǻǣūǠȌȏȎǚǫȌǽǙȫɎɏɔȩ4ƃč²ǣǔǞǺr^ǫȏǸǞȎȻȠȳɍȔǾȫ

ɎɏȭɔɇǾȋǟǼğþǼƲşúõǾ�,ȉä§ǫȏȎǚƤ�ǽǡǞǸǿǙƲşĩ

ĪǙŚE ǙĳƲǾĩE�ĶxÇƫŋȒǮȃǸŤXEǬǴ CBP ɖConsolidated 

BioprocessingɗǣóƆǫȏǸǡȍǙȻȖțșȮȺɔɎĩĪȒáȉCĤEǹǤȎɁɏȫ

ȩǺǬǸä§ǫȏǸǞȎǚȅǴǙŚȊșȮȺɔɎǾĩĪɁɏȫȩ-�Ȓū·ǮȎǺǙÌ

ŲǾ�ƖǿŴñǲǾȉǾȉŖĲǽ,ȍǙȋȍCíĶǼƲşĩĪĊǾƹĳǣãȅȏ

ȎǵȐǟǚǩȏȌǿ
¨ǾťŦĶǼłŎƏǎǺǬǸÃǠǷǷȉǙƲşǡȋȁŴñȒ

ŧXĶǽúŮ[�ǮȎǩǺǣǙ�īĶǼȫɎɏɔȩŜȻȖțɅȩǾčīǽŪǣȎǺ

ūǠȌȏȎǚ  
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