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S01 

ȵɷtʴˍŞƓː̂jčʃ}o_udȅ�

Ʒŀ� ɂæńΘŬʤʃɷƍʠʳǨÅčʃ�� ·ʠʳͫ͘h˙ņʠʳżƍͲżƍΙ�

 
 
� ǃ͟΅ylǕʞƌl˗ЯƑlŔǦ΅l͛͟΅��x�Ѝ̓ΖǬ΅Ρ˯˧yɨȏftt�cvl

�nŉČftt�ϛ΅ǔylǔϕƑЍ̓ƍxwlǭǳ{ºg��x�͟ƞ{ѕ͟l͙ƺ{�Û´

Ôây↓��uɪuȪtǔǬӋǔǬus�cvywl�_ɀӦftl̒ ҊŇ͟΅Ρ�Ȫ_΅Ρ�

ϭY��uyx��fnm 
 
žʹˈnǟȋjżɉ˒Ǧ�

� Τψºh�t{͟͏yɎө{ŔǦuhm͟ƞ�˧ɣfϙɻh� DNA � RNA xw{˗Ұlf

t²ßÂ¢Ѳ�˧ɣh��Ð¿Ұle�yº͟ƞ�¾Û¡â{̯us� ATP άyºΤψyƖ�

�tt�hmèɑѢxcvylΔnpy˟�c{Ƽ͚ºΤψ N2yǓtɚʬus�lΔ{΁�ӊ

�c{�uxʬºǨƺf�j�mǖӏς{ɚʬ{ǔ̃ϐɣv�ǔ]_cvx��hmĚY}l̾

ʬ�ҹʬ{ǔ̃{τ 95%º CO2uhml�yȁftlN2ºl�m� 2.7%l3.5%vȇxtmÌ

Û¬¹{oɚʬpuʽƔxʿʬºwuuf�uxԗʿʬ{ǔ̃í{ 93%º H2us�lsvÉÚ

×Ñy 7%lÒ²ßy 0.3%vϘ]lΤψº�v�wxtvtqtВtm°��lʿʬº���

�yɛĹu]�͟ƞºǨƺfYxtҜүx͜ǋx{uhmƼ͚{ǔ̃íyxkΤψyǓtxy°

ttºl˱{јyƧY��tt�hm 
� ŗʾƼ͚{̾ȑuʕœe��̄Ч̃y̤Ėvx�lǔ̃íyǓ_Ɩ��ttn CO2 yſǢ{

̢yƗƅe�nme�yĿƑɣ͟͏{œ͙y�qtę��nll{n�yԕͩ͹yǓxqnΤψ

y˹qnvm 
 
�¤�¤£��� <c

� Ƽ͚yǨƺh� 78%{Τψ�;˗͟͏ºͺʆŚ͡h�cvyu]�j�mN2 �͟͏yęY�

ŔǦyǑʉu]�{ºſ˗͟͏{ΤψƴǴύС{�uhmǔ̃í{ΤψŔǦ�ΤψŰƑ͏yǑʉ

h�cv�êͦuʻŗyǵ͙fn{º¿Û×�âā{ÄÛ¤Ùßºv��¸us�l1905 Ȧy

ӾӞƹʕӞ̑y��бt�fnmfxfc{ʣ̑ºӝvƓ˨{΢íʕӞ�ĐtlӞṭ̌ѯyˤ�

tǔ]t{yƩӭufnmº�¶�âÛ¬Ûâ�εΖǔǬ{ÀâÁâºl1909 Ȧ 7 ʼ 2 ʧy�

¬Ð×ÑцǤ�͡tt 175 ̃ƹl550guΤψv̄ψx�ͺʆ�ßÓ¼��Ƒɣh�cvyɣŦ

f�fnml{ɃÍµªÖy 1913 ȦεˣŰyɣŦflÀâÁâáÍµªÖ̑ls�tºÀâÁ

âÈÝ®¬vftȪ_΁��tt�hmÀâÁâáÍµªÖ̑ºăʧ��ßÓ¼�Ƒɣ{î⇄x

ɩ̑uhylӾ̬Ӿƹ�Ɏ⇄vh�n�Ǔ_{̬Ƕ�¬�ʃœh�cvxwyƩӭvxqtt�

hm 
 
c

c
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c

8?�KN�!OV�
@����� 
� ǔ̃í{Τψ��ßÓ¼�yǑʉh�ʢ͟ύС�Ò²ßύСyѕ͟ftΤψƴǴ�t°Ǣ�

nxy°ttºɩyx�ys��j�mnoҶ⇄x{ºΤψƴǴyȣ̬ȣƹuб���ovtu

cvuhm�nʻҊΔºloˠ͏yΤψƴǴύСvŇ͟�ºg�nʧp{cv�s�c�ɛĹf

�hmǵӔ{vc�Ŕx�xtcvo�auhylɣ ͏vΤψƴǴύСv{Ň͟y��Ň͟Τψ

ƴǴºτԓĺȦşyψưԏpredispositionԐyĘ��nvtuĊјyʈƧe�tt�h(Soltis et 
al. 1995; Werner et al. 2014)mźãѵ̯јuhmÏÒΖˠ͏{ѵ̯ºτ 6000 äȦşvч��t

t�{ull��� 4000 Ȧ�ş{cvuhmtqntl{ȼʰw{�uxˠ͏ytnuf�u

xԗψưºėulw{�uyŇ͟ΤψƴǴºѕ͟fn{uf�uxԗψư{Ƚɣx�ÏÒΖˠ͏

yœ͙h��uy 4000 äȦxx��fnyll{ӃŇ͟vαǎyϦ�ҋe�n{uf�uxԗ

�fluovfn�˘κŇ͟ςºw{�uyǮǴŰe�t]n{uf�uxԗ 
 
ãǒnƭȗ� ��¶¬¸©��

� c��uÏÒΖ{Ó¸ÛÐÕ¦£¨�͡ttŔǦҤďǬʹ΅Ρ�җ�t]tl̆ κȽɣ{Ŝɇ

ςԏ�â¹Ü¡ÖÜâªØßԐºªÝ�½»­»��¾{НӧÒÚ¬·Ñ{ŜɇςvВ_Ētt

�cv�р°at]�fnylŇ͟җŰƩӭ{ãΨ�хʫfntvϭYtlc{ʜȦlÏÒΖˠ

͏yҊϠu˘κŇ͟�fxtʢnxˠ͏�ʅft]�fnml{ϒˎlÏÒ͹yȏh�ÃÒÀ¡

Ζ{�¬ÐÃÒÀ¡ Polygala paniculataԏÂÙ�ўȖͣˈԐyǵӻʹyęY�˄ʠus�cv

yрYt]�fnmăɃń¥¿Ñхљ�ΤψƴǴύСv{ͻúĘ͡ǵӻ�ҒgtlŇ͟ΤψƴǴ

vtuãǔ�¿ÊâªØß{ãΨ�ʫ�xyu]�}vɑqtt�hm 
�

 
� ʉɄ�

βƉ� ˴ĈƏԏx�`p� �e�fԐ 
ӢȓȠ͟��m1987 Ȧ 3 ʼӢȓǔǬ͛Ǭҧ͟͏ǬΖŷˣl1992 Ȧ 3 ʼˉĀǔǬǔǬӋ͛Ǭς

΅ΡΖͻӄ͛ŰǬȃʔŻǐњΚĥölŻǐԏ͛ǬԐƆɆm1992 Ȧ 4 ʼʧ˂ǬвɾАĎ͐ř΅Ρ

ƣl1993 Ȧ 10 ʼˉĀǔǬʘӶǬҧũɩl2001 Ȧʢ̷ǔǬ͛ǬҧЍ̓͜ǋΖǬΖũʘʂl2003
ȦˉĀǔǬǔǬӋ͛Ǭς΅ΡΖ͟͏Ǭȃʔũʘʂm2009 Ȧ 4 ʼ��ǃΊ͟͏Ǭ΅ΡɨáŇ͟ª

¬·Ñ΅ΡҧӁƂ�ϛƑ΅ΡǔǬӋǔǬá͟ƞΖǬ΅ΡΖʘʂm 
c
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©µ��³ʬƚʃȵɷnƚʃŚƒnʎʃjǋgvz�

Ňʆ� ˩ƈΘƃ˹ĆʷżÅª�����Ä�Ι�

 

 

� ҒȣlӾάˠ͏ºХyǖӏĿ�̡�tĿƑɣ�h�cvuЍѽ{ɣӀyɎ⇄xʽ˯˕Ӷ�Ę�

œflƼçy˘�ȹqtƸǏx�̄Ŕv͂˯˕Ӷ�Ɨƅh�mfxflc��{ӶŔ�Ćx�Ɇ

�cvyu]�{us�}lХ�˘�Ɏ⇄yx_x�mǻ͟ˠ͏ºlĆ{Ӿάˠ͏yǻ͟fl̄

Ŕ�ӶŔ�ǝqtʶ�hˠ͏us�mǻ͟ˠ͏ºlńзǦˠ͏{τ 1%ysn� 4000 Μ�wy

΁��tt�ylíyºÙÆÜª��Ãº¿Ù{�uyǚǠxȽ{Еoa�Ơxj�ˠ͏�s�m

ǻ͟ˠ͏{íyºǻ͟{Κȯ{ͪx��{ys�l͒ ℃˕Ӷu�͟ϵu]�ˇċʹǻ͟ˠ͏vǺ

îˠ͏xfuº̚͟͜�ńuu]xtϖȁǻ͟ˠ͏ys�m�nlϖȁǻ͟ˠ͏{íu�ĿƑɣ

ϼ�ϙɻftt��{�Ŷǻ͟ˠ͏lĿƑɣϼ�Ǚqn�{�ńǻ͟ˠ͏vƝ�mÀÏ×¶ÍΖ

yºlc��{ǻ͟{Κȯyͪx�ˠ͏ΜyƖ��tw�lǻ͟ˠ͏{җŰ�΁�æuºɕǟ{

˄ʠus�m�nlÀÏ×¶ÍΖϖȁǻ͟ˠ͏{íyºlͭǷәОvft҆ˣзǷ��n�ft

t��{ys�m¬¹Ù����ÝÁß ºl�¾�¹×ÓÝ¦ªxw{Ξ͏l¹Ï¹�¼ß«

ßxw{ҷТӯyl�m�ǻ͟ftl{ƅҸ�Фvhn�lêͦƐƼuǔ]xƩӭvxqtt�m

ÀÏ×¶ÍΖǻ͟ˠ͏{ǻ͟˯˧�хʫh�cvºlǻ͟әОy��҆ˣзǷ�Ӈ`ʣ̑�р°

a�ãũvx�vϭY���m 

� ÀÏ×¶ÍΖǻ͟ˠ͏ºǺî{˘yǻ͟h�˘ǻ͟ˠ͏ulЍѽ{˘yǻ͟Ƭǲus�oƗƬp

�ĘqtǺîyĞŃfǻ͟�ɣ℃ej�mƗƬȽɣ{ª£»ÛvftlǺîύϺǍɣŔͣˈvϭ

Y��� 2.6-dimethoxy-p-benzoquinone(DMBQ)y΁��tt�mª£»Û�Ƈatl˘{ã

ҧ{ύϺ{ŔиvđӀy̚ͲŰe�l¦Ç͑{ƗƬyȽɣe��mÀÏ×¶ÍΖϖȁǻ͟ˠ͏º

î˘{˘ΨyƗƬ�Ƚɣflˇċʹǻ͟ˠ͏ºl˘{įӤyƗƬ�Ƚɣh�mƗƬºlǺî�{

śҞlćͿlϐϥŊ�{ĞŃlftҝΰ�°xb�cvy��ӶŔ{Ɨƅvtu˘vºͪx�ʢ

nx˯ϼ�ʽh�mƗƬ{Ƚɣº͒℃˕Ӷx�Ʌȏ˕Ӷ�{Ѿʉ{ҽvx�Ҷ⇄x�Êß¹us

�yll{Ƚɣ{ŔǦ˯˧ºs���_�xqttxtml{͛ͣ{ã°vftlɅˈlǻ͟ˠ

͏yºŔǦ͟͏Ǭʹxхˌyҡfnˠ͏˄ʠyx_lхˌyƲӛusqńyɽb���mΔn

pºlÀÏ×¶ÍΖǻ͟ˠ͏{ƗƬȽɣ{ąϐ��ʫ�xyh�n�yľ ċʹǻ͟ˠ͏¦ª�

�Ï�͡tnҤďǬʹхˌ{ς�℃pæbnm¦ª��ÏºêĈʰӃỳҁʹ΂_lԔĨĖlЍ

ǸƇιus�xwlҤďǬʹхˌyҡfnɓѲ�ɻqtt�m�nl¦ª��Ï{́͑˘ȽѲѾ

ʉ̑�Ή℃fncvy��lҤďǦ˯ϼхˌyƋϼyxqnm˂џ̴uºl¦ª��Ï�͡tn

хˌy��ʫ�xyxqnƗƬ{Ͳ͟{ћα˯˧y°ttώĄfntm 
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ŌŚǋǦj�Æ��Ä�

� Δnpºl¦ª��Ï{ҤďǦͲ͙хˌx�lƗƬ{Ƚɣŗʾyˠ͏ÌÛÓß�â ªßƑɣ

Үψus� YUCCA ҤďǦyͲ͙æʪh�cv�рœfnmYUCCA ҤďǦºƗƬ{ľΨҧ{

е͵ύϺćҊuɆɜʹyͲ͙ftw�lYUCCA ҤďǦ� RNAi y��¿µ¢³×ßh�cvu

ƗƬ{Ƚɣ͖yçy�cvy�xqnme�ylе͵ύϺuіȅʹy YUCCA ҤďǦ�Ͳ͙e

j�vlƗƬ͑{Ƚɟ{ȽɣyуȀe�nmǵӔyƗƬyȽɣe��v�â ªßyШΟh�c

vyʫ�xyx�lƗƬľΨҧu{�â ªßƑɣҮψ{Ͳ͙y���â ªß{ШΟyƗƬ{

Ƚɣ{ҽvxqtt�cvy΋e�nm 

 

ŌŚnǋj��ÁÄ�

¦ª��ÏyǑͪſŐ͛�fnΜǦÈâÛ�ĘɣflƗƬ{Ƚɟyͪȣyœ�ǑͪĖ{¬¢Úâ

¼ß£�бqnml{íulЫŠŐ͛y��іȅe�nƗƬy͑yӀ_x�ǑͪĖ�ԔÙ�ßź

Ӛfnm¥¿Ñªâ¤ß¬y��ſưҤďǦ�ƓǴfnvc�lԔÙ�ßv��´Üß{ª£»

ÛďҞyӄ��ҤďǦus�cvyʫ�xyxqnmǺî�{ǻ͟�ɣ℃ej�n�yºlǻ͟

ˠ͏{ƗƬºǺî{ϐϥyśҞh�Ɏ⇄ys�mǻ͟ˠ͏ºǺî{Ǩƺ�Ȁ΁ftl�´Üß{

ª£»ÛďҞς�ɭŜh�cvy��lǺî�{śҞ�Ƌϼyftt�{uºxtxlvϭY�

�nm�nlc{ǑͪĖuºlǺî�{ĞŃy�ͪȣy͟g�cvy�xqtw�lǺî�{Ğ

Ńy��´Üßª£»ÛyҶ⇄xɁţ�ˎnhcvy΋Ʀe�nm 

 

c��{ϒˎx�lǻ͟ˠ͏ºĆ{ˠ͏x�Ŕ̐e��˘ƶª£»Û͏Ѳ�єѡftlŊƺ{ˠ

͏ÌÛÓß�̚ɓŰh�cvuƗƬvtuʢftƬǲ�Ę�œftt�vϭY���mǻ͟ˠ͏

yҗŰ{ҜΚuw{�uyc{ɓѲ�͔Ɇfn{xlǺîͣˈ˘ƶª£»Ûyw{�ux�{y

s�{xlăɃ{΅Ρy��ʫ�xyftt]ntm 

 

ʉɄ�

ƒ͢� ϰǦԏ�fo� evcԐ 

ȪȖͽȪȖȠ͟��lˉĀҩȆȥȠϵpm1996 Ȧ 3 ʼˉĀǔǬ͛Ǭҧ͟͏ǬΖŷˣl2001 Ȧ 3

ʼˉĀǔǬǔǬӋ͛Ǭς΅ΡΖ͟͏ΖǬȃʔŻǐњΚĥöl͛ǬŻǐm2001 Ȧ 6 ʼЛƵ«Øß

�¾¬®ß²â®ß­ÊÚâ΅ΡɨáŻǐ΅Ρƣl2004 Ȧ 9 ʼ��º�¶ŇƟƵÐÖßÉßǔ

ǬmǔǬ¬²µÆl2006 Ȧ 8 ʼ� ͛ŰǬ΅Ρɨáˠ͏ΖǬ΅Ρ®ß²âá΅ΡƣlƓ͜ǋѱ̯

ΖǬ΅Ρ®ß²âáæχ΅Ρƣ�ϑtl2016 Ȧ��ǛВľΨΖǬɬвǔǬӋǔǬ� Á��¨�

�ß¬΅ΡΖ� ͐Čōʘʂm 



 

c

c

c

c

c
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P01  
��À�»̂dɇˍ͑ìƈnȂ̛ 2LU=�4 1 nǐĠ�

fͣƟ� ̃ˢƈhʝͣ� ȐƃˢhƖʆ� ˾ΘÎ͘żÅǘʅʃɷΙ�

q͹ʹr 
� ×�ÛªÖС B ƿСv D ƿСy͟͠h�a˿ψºlLD50y 1 ng/mouse vÍ¶Ú½¬˿ψlΆĵӰ

˿ψy˱`Ⱥt˿ψ̚ɓ�ʽflǸͧyЏƞ͖ 100%{Јɓ˿ψаͮ�ȵ]ѵchm˿ ψşӺĖvft

͟͠e�lC-ˁΨӪǁyÈÝ®ªß£e��cvy��̚ɓŰe�� pore-forming toxin us�m˂

С� 37glǥ̃ˇċçuǂӶh�cvy��lӾt˿ψͲ͙Ҹ�΋hcvx�l˂΅Ρuºa˿ψҤ

ďǦԏetxԐ{Ͳ͙Ŝɇ�ʫ�xyh�cv�͹ʹvftÈÝÓâ²âхˌ�wcxqnm 
qʣ̑áϒˎr 
a˿ψ{Ͳ͙ҸƂ� etx { mRNA Ҹ�ll�m� ELISA Ƃ� northern blot uћ�nϒˎlɞ˒ʰ

yͻȼh� 37g{�uy͜ǋíyͻȼh� 25g�� 10 ĨĉæӾtĪ�΋fnmÈÝÓâ²âӪǁ�

ћ��n�ylprimer extension y��ѾŌӂǢҧē�̊Ǵfnvc�lʫΉxÈÝÓâ²âҪŖ�

-15/-14 { TG Ó´âÆyǨƺjilÈÝÓâ²âӪǁy overlap h��uy 3 °{ phased A-tracts
vϬьӂǢ¦ºßç̜y 2 °{ phased A-tracts yǨƺh�cvyʫ�xvxqnm¦ßÅÖâ²â

хˌv PAGE y��хˌx�lc��{ phased A-tracts y��c{ DNA Ӫǁºɰ�ʹy�˧Ҕ

ԏBent DNAԐ�Ƚɣftt�cvy΋e�nm 
� ˱ylc{ Bent DNA y etx {ѾŌyéY�ɀӦy°ttˢщfnmʢсy˧γfn NanH ª�Ú

³â¯�ÜÎâ²âvft͡tnÜÎâ²â�µ®�ςylc{ Bent DNA Ӫǁ�l{˰Ǚ DNA ʡ

͌�¢Ýâ¼ß£fl×�ÛªÖС 13 ˖�ȽѲѾʉfnmc���͡ttÜÎâ²â̚ɓ�ɼ˪yѾ

ŌǌȺŪˎ{s�Ӫǁ�ћ�nϒˎlϬьӂǢ¦ºßç̜{ 2 °{ Phased A-tracts {˰Ǚy��l

ÜÎâ²â̚ɓyĔçh�cvyʫ�xvxqnmetx { Bent DNA ºÈÝÓâ²â̚ɓ�ǌȺft

t�ƋϼɓyϭY��nn�lşҌfn 5 °{ A-tract �Ө˱ϧʉflBending �Ҁ̫�nº̣Ǚe

jnÈÝÓâ²âӪǁ�ʽh�ÜÎâ²âáÈÙ¬Ðº�˧γfl͙ƺlђύyхˌftt�m 
 
 
P02   

Ņʮ¡¬£Â�¤Æ�͑ìƈɀƁt��À�»̂nɊˍʃʄmĻr`ǏͿ�

fÎȞ�Ť͕ΚȴƯ�ΗÈ�Ɩʆ� ˾ΘÎ͘żÅǘʅʃɷΙ�

q͹ʹr 
� C. perfringens ºl͙ ƺ΁��tt�ύС{xxuʻ�ғtǌ˺ғȯ�΋flǌ˺ʰy H2 : CO2 = 1 : 
1 x�x��¬�͟͠h�m�nlÃºÝ¥»â¯{Ͳ͙Ҹ{ǌǔº̄ψ�¬{͟͠yɀӦ�éYxt

cvx�l̄ψǌ͠{n�yºlǃѲvx�Æ�Üº ªßԏFdxԐ�{ӞǦěϔyҶ⇄us�vϭY

��nm˂΅ΡuºlӾt̄ψ͟͠ɓ��°˖�˧γh�n�ylC. perfringens 13 ˖{ģʽҤďǦ

x�ĈѠ�ʇ̭flNADH �ҰŰh�ƐΜ¸ÃºÝ¥»â¯ҤďǦ�ңœfll��{ҤďǦ˰Ǚy

̄ψ͟͠yƂ�hɀӦ�ћ�nm 
qʣ̑áϒˎr 
� ˰ǙejntƐΜ¸ÃºÝ¥»â¯ҤďǦ{ 5’-æ̜v 3’-ç̜�Ɩ� in-frame gene � pXM {ÏÛ

´ÈÛá¢Ýâ¼ß£á¨�¹yɿŃftƐҤďǦ{˰Ǚ͡ÈÙ¬Ðº�˧γfnmc{ÈÙ¬Ðº

u C. perfringens 13 ˖�ȽѲѾʉfl¢ÝÙÑÆ�¼¦âÛϯɓԏCmrԐ�ɼ˪yÈÙ¬Ðºy˒Г

ĖyɿŃe�n˖�¬¢Úâ¼ß£fnmc��{ÈÙ¬ÐººlC. perfringens 13 uºнмu]x

t suicide vector x{ulɆ��n Cmr¢Ýâßºl˪ ʹҤďǦ{ 5’-į�nº 3’-įӪǁuͻƓϐʉY

�ѵcflÈÙ¬Ðºy˒ГĖyɿŃe�n˖ovϭY��nmc��{¢Ýâß�l0.5%  ªÝâ

¬�Ɩ� GAM ǂƼu�×ß²â®Ü¢ªØß�бucvy��lÈÙ¬Ðº{ÛâÈ�×¹�іȅ

fnmʻϏʹy colony PCR y��ƐΜ˰Ǚ˖�¬¢Úâ¼ß£fnmт˖us� 13 ˖Ƃ�c��{

˰Ǚ˖�ǂӶfl͟͠fn�¬{�¬Ŕˌ�бqnϒˎlL-ôҰ¸ÃºÝ¥»â¯ҤďǦԏldhLԐ˰

Ǚ˖� ldhL �Ɩ�ǓҶ˰Ǚ˖º C. perfringens 13 ˖v̀ҁft̄ψ͟͠ҸyǌŧfnmldhL �˰Ǚ

fncvy�� L-ôҰͲҮ{ӔyҰŰe��ºioqnύϺŊ{ NADH yǌŧfll�yĐtҥļ

ƿ Fdx yǌŧflredox balance ϙɻ{n�̄ψ͟͠ҸyǌŧfnvϭY��nm 
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P03 
��À�»̂mx{ clostridial cellulosome ȺǦ͝ˍnʎɽ 
fΑ̮�͠ĤΚɫċ�΋œΚƖʆ� ˾� ΘÎ͘żÅǘʅʃɷΙ�

�

q͹ʹr 
� Clostridium ȏ{ãҧ{ύСºlĔŚ͡Á��Ï¬us�ˠ͏ύϺǍ�Ū͖ʹyŔхh�®ÛÙâ¯

нƑĖus�®ÛÝ°âÑ�͟͠h�mfxflĬɓǥ̃ɓСus�n�ǂӶyӛf_l�nl{Ҥ

ďǦyˤΨy AT-rich us�n�lͪΜͲ͙�Ʋӛus�mãʣulClostridium ȏ{×�ÛªÖС

ºlĬɓǥ̃ɓСus�yǥ̃⇄̇ȯyĔtn�lǥ̃´ÔßÁâάǂӶ{n�{͐˸xыĴºɎ⇄

xtmŧYtlʻҡˇċçuº͙ƺ΁��tt�ύС{xxuʻ�ғtǌ˺ғȯ�΋hС{up{ 1
Μus�lClostridium ȏ{ AT-rich ҤďǦͲ͙{n�{Ì¬¹vftlȼ΅ΡǶu˿ψҤďǦ{˰

Ǚ{n�{¥¿ÑϞӘÊ¢²â�Ͳ͙Ê¢²â{ӂͲyҗ���t]nmăƯl×�ÛªÖСy��

͏Ѳ͟͠{n�yl®ÛÝ°âÑ˧ɣҮψ�Ͳ͙ejͲ͙ҸyӾ_̀̚ɓ{ӾtҮψ{ңř�я�nm

ңřfnҮψº×�ÛªÖС{˒ГĖæ{˿ψҤďǦvϧʉflǮǴʹyͲ͙ej�cv�ˢщfnm 
qʣ̑áϒˎr 

� C. acetobutylicum ͣˈ{�ßº£Û�»â¯ҤďǦ eglA �lǔЈС-×�ÛªÖСªÔ¹ÛÊ¢

²âus� pCC13 { T7 ÈÝÓâ²âç̜yɿŃflͲ͙ÈÙ¬Ðº pCC13-eglA �˧γfnm ª

Ýâ¬y��T7 RNAÎÚÒÙâ¯{Ͳ͙yіȅe��×�ÛªÖСmT7II˖�c{ÈÙ¬ÐºuȽ

ѲѾʉfnmͲ͙іȅɃlSDS-PAGE uǂӶæ̩í{ EglA �хˌh�vv�ylǂӶæ̩í{ CMC
Ŕх̚ɓ�ћ�nvc�lӾt̀̚ɓ�΋hcvyʫ�xvxqnm˱ yl¥¿ÑϞӘÈÙ¬Ðº pXM
�͡ttb˿ψҤďǦv eglA �ϧʉfnvc�lb˿ψҤďǦÈÝÓâ²âçuǮǴʹyͲ͙ej�

cvyu]nm͙ƺlC. cellulolyticum {®ÛÝ°âÑ˧ɣҮψҤďǦy°ttlƓ˨yͲ͙ҸƂ�

Үψ̚ɓ{ˢщ�бqtt�m 
 

 
P04   

���
��� ­�¶Ä 2, ˔ņ�Ä«�̶ GNNA nȿ˯̞ȊΟ���	 jnņǦ˶Ʌǚn̞Ȥ�

fŭ̍��é̋Ȑő��͔̚Ñ��ŇȞǖΘŉżͲʃŐ́Ι�

 
q͹ʹr 
� Escherichia coli ͣˈ YggS ºÅÚº ¨âÛ 5’ ÚßҰ (PLP) �ϒƑfn˯ϼˀ΁{²ßÂ¢Ѳ

us�lÁ¢·Ú�x�Ã¹lˠ͏lҮ˽y↓�˨nx͟͏uӾȯyģǨe�tt�mc{Ӿȯxģ

Ǩɓx�lYggS y͟ĖŊywttė�x{Ҷ⇄x˯ϼ�ʽftt�cvy΋Ʀe��m͙ ƺ�u{΅

ΡulE. coli yggS ˰ʋ˖y 2-aminobutyrate (2-AB)l2-ketobutyrate (2-KB)llftl�Æ²ÛÐ

ßҰ (C-Glu-2-AB-Gly) �ШΟh�cvy΋e�tt�m�nlPLP {şӺĖus�ÅÚº ªß 5’ 
ÚßҰ (PNP) �ШΟflÅÚº ªß (PN) yȁftɞƇɓus�cvyǅƚe�tt�m�nl

yggS Ã¹ÌÓÝ£us� PROSC ҤďǦy PN ĜǨɓͱͰ{ſưҤďǦvftƓǴe�nmř{΅Ρ

uºl®ÚßÃºÝ ªÒ´Û¹Ùß¬Æ�Ùâ¯ (glyA) ҤďǦv yggS ҤďǦyЏ˷ɓË�us�

cvy΋Ʀe�nmc{�uylyggS ˰ʋ{Æ�¿²�Èy°ttºǓ_{ǅƚys�yl͙ƺ{v

c�lYggS �l{ÌÓÝ£²ßÂ¢Ѳ{˯ϼºƓǴe�ttxtm˂΅Ρuº glyA v yggS {Ƒɣ

Џ˷ɓ{⇄ưхʫ�͹ɼfnm 
qʣ̑áϒˎr�  
glyAyggS ùҶ˰ʋ˖{Ęм�я�nvc�lƓ˖ºƆɆƋϼus�lùҶ˰ʋ˖{͟ϵyӮЦyҙt

cvyʫ�xvxqnm͟ĖŊywtt GlyA º Ser v tetrahydrofolate (THF) x� Gly v
5,10-metylene-tetrahydrofolate (5,10-mTHF)�͟ɣh�ͻúǑʉ�цǤh�mglyAyggS ùҶ˰ʋ˖

{͟ϵºll{͟Ƒɣy 5,10-mTHF �⇄̇h�ŰƑ͏ϩ (´Ð«ßlÂß¹·ßҰlMetl�¿ªß) 
{ǂƼ�{̨ŧy�qtƯɈfnmglyA ˰ʋʰyºl5,10-mTHF º£Úªßӂиς (GCV) y�q

těϔe�tt�v÷ɛe�lYggS v GCV {ӄҕɓy΋Ʀe�nmlcul3-Ì¬Ì£Ú®ÚßҰ

¸ÃºÝ¥»â¯ (serA) ˰ʋ˖uº 5,10-mTHF {ěϔy GCV yĜǨh�cv�Ś͡ftlGCV
v YggS {ӄҕ�ˢэfnmserAyggS ùҶ˰ʋ˖uº GlyǨƺçu{͟ϵyӮЦyҙȳfĺ Ð«ßl

Âß¹·ßҰlMetl�¿ªß{̨ŧy�qtƯɈfnmĉæ{ϒˎx�lYggS y GCV {Ƅɐyӄ

éftt�Ƌϼɓy΋Ʀe�nm 
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 P05  
Ţŷː̂ʇȠ c�
�)��À�Ä²�²¿¾Æ��

fɵ̮ÿõ��ƷƲżť��Ɵʆʚ̓��ʣͣʗáΘÊ͢żͲʃɷ̳ɧΙ�

 
q͹ʹr�

B�(�
�£Û�ßÌ¬ÌÚÙâ Ԝ̄38"1�B�(�
�	8MG�O���A�8("�i�B�(�
�	8MG�O�(���"Lԝԏ64�)%+%(%0.Ԑ

ºԉҹГЭ{ �8�CA"A#�D�9�# 8� � 1AE�C AA8�CA"A#�D�"�!��"�#D D x�Ͳрe�nҮψus�l

B�(�
�£Û�ß�ÙÐ»Ú�Ú§ξ{ŧÚßҰŔхvl{ҐƄɐԏƑɣƄɐԐ�цǤh�mɤnº ���

9�# 8� ͣˈ 38"ԏ!H38"Ԑ{˧Ҕv˯ϼ{хˌ�˂Үψ�͡tn B�(�
�£Û�ß{Ƒɣ̑{ӂͲ�б

qt]nm˂΅ΡuºʜΜӯ{ƸǏύСy� 38" yǨƺh�cv�рœfll{͐ɓ�ћ�nm�

qʣ̑áϒˎr�

!H38" vτ ,
��{�Ð¿ҰҪŖӯĒɓ�΋h˯ϼˀ΁²ßÂ¢Ѳ{upl1��# 7�8 !!)D�%A!,",H��

 3A4�(,

0 ˖� 1��# 7�8 !!)D��!)8�#A!,E 8)D� 3A4�(,


 ˖xw , Μӯ{ƸǏύСͣˈ²ßÂ¢Ѳ

�ϐʉYǔЈСuͲ͙áνмfnvc�l+ Μӯ{²ßÂ¢Ѳy 38" {̚ɓ�΋fnmc��{ƸǏύ

Сͣˈ 38" {ǃѲ͐ͪɓº !H38" vӯĒfttnm↓ҡ̬ȯºͣˈy�qtͪxqnyԏ

c,
�Z4Ԑl

↓ҡ Q9 ºti�� /%
 şɃusqnԏ!H38" º 

�Z4��Q9�,%
Ԑm1��%A!,",H� ͣˈ 38" º”ǮǴɓy

Ũ�ҮψusqnylA�£Û¦â¬�( ÚßҰԏA�8("Ԑ{ŇǨy��”ǮǴɓyǔȤyƕæfnmã

ʣl1���!)8�#A!,E 8)D ͣˈ 38" º A�8(" {ӣǨƺçu�ǮǴxҮψusqnm�nlƸǏύСͣˈ

38" �͡tt A�8(" vÙÐ»ÚÄ�â¬�ǃѲvfnƄɐ�бqnvc�l!H38" vƓ˨y B�(�
�

£Û�ßyƑɣe�nm�

�

�

�

�

P06    
	�����
���������������� nĕƈ˭ʮndunŬʖǩ̑nͬʎmͮ`{ʠʳ�

fɐ� Ü͌ΚƄƷ� ǣΚşɃ� ˖ˢΚ˃Ē� ʚˉƈΚβȞ� ŕœΚ˃Ē� ő͗ΘÊ͢żͲʃ̳Ι�

 
q͹ʹr 
� í̬ɓ{®ÛÝâ¬Ŕхɓǥ̃ɓС Ruminiclostridium josuiԏClostridium josuiԐ�ԑϕƑÁ��

ÈÝ®¬ԏconsolidated bioprocessing, CBPԐy��l®ÛÝâ¬ςÁ��Ï¬x�{ʽ͡͏Ѳ͟͠

yŚ͡h�n�yº˂С{ȽѲѾʉς�Ή℃h�Ɏ⇄ys�m˂΅ΡuºlR. josui {ŜӊҮψ RjoI
{ɓѲ�ʫ�xfl˂С{Ū͖ʹxҤďǦȅŃς�Ή℃h�cv�͹ʹvh�m 
qʣ̑áϒˎr 
� R. josui {͂ύϺɴœ̤x� HiTrap Heparin HP Ƃ� HiTrap Q HP �ÙÑ¢ÝÏ¹£ÙÆ�ây

�� RjoI �νмfll{ɓѲ�ћ�nml{ϒˎlRjoI {єѡҪŖº A yÒ´ÛŰe�n GmetATC
us�lŕʡҧēº A v T {ӃԏGmetAhTCԐus�cvlhx�p RjoI º DpnI {�°ª±Ïâu

s�cvyŔxqnmǔЈСv Clostridium perfringens Ӄ{ªÔ¹ÛÈÙ¬Ðº pJIR751 ��vy

Ͳ͙Ê¢²âpKKM801 �˧γfnmǔЈС dam-˖x�ћмfnÈÙ¬Ðº pKKM801 DNA �͡t

tl�Ü¢¹ÝÎÜâªØß̑{ˇċˢщ�бqnϒˎlR. josui �{ÈÙ¬Ðº{ȅŃyɣŦfnm

e�y,®ÛÝ°âÑȽɣyӄéh�ºµ¢ÚßºÒ�ßӪǁ�ӌtn R. josui cel48A ҤďǦ�

pKKM801 y¢Ýâ¼ß£flR. josui �ȅŃfnvc�lRjCel48AΔdoc ºǂӶæ̩{�uͲ͙ft

t�cvyŔxqnmĉæ{ϒˎ��lR. josui {Ŝӊ/ĥӵª¬·Ñ{хˌyǃsttlŪ͖ʹxҤ

ďǦȅŃς�Ή℃flR. josui {ŔǦϵΜ{n�{ǃ͸ɬв�Ή℃fnvŘʡfnm 
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P07    
	���
�������������	�����G=���A#V���#(� �
�	� ��

��	� �,JB8R>�

�X69��F*�:M��1@OP��L+IN4��;</.��L+-U\FW3YaS]�
�

�·¶� 
� Ruminiclostridium josui �M2[YÝ3>DY`@ Fae1A  èÃÔ3>DY`@M.SZ`CE1
�Ñ�U=W`[èÃÔÆsU=W`[�CBM6	((!GC7Z^U=W`[))�*U=WY`Ü
Å��*éex èCBM6-µ¯_ÂÍ�è��u¹®�-�))���é 
��§_Æ�� 
� �ÉË-²	�µ¯��� CBM6 �u¹�- ITC �Ó"���,èCBM6  6<]`>
æ =1.4× ç'6<]L4`>æ =3.2× ç�pNP-6<]`>æ =2.4× ç

�Æs����))è6<]4Z;Ã�áÛl�À�6<]`>¢|�Æs�*�d��+�é#��

áÛl�À�6<]`>¢|� 2 �hÇ�/YLI`>
Æs��6<]FZ4`>� �	u¹�
æ =1.9× ç-½��
èáÛl�À� 3�hÇ�/YLI`>
Æs��6<]L4`>
� u¹��)��é/YLI`>'/YLI4Z;Ã���� n�u¹�-½��)��éa�è

CBM6�r¬��Ã���*Æs�- Native affinity PAGE�Ó"���,è/YLI`>�Ç��
+�	�	J`B1CG6<Y^���*u¹�
�&i�è¡	�Y0/YLI6<Y^è�&ä

	u¹�
¼Ò�+��
r¬��å/YLI6<Y^����é��Æ� �ITC ��)+�Ãà
�áÛl�À�6<]`>¢|�Æs�*�	
Æ��º¸�*é#��exk²��Y0/YLI

6<Y^��å/YLI6<Y^� Ö¶�Ø	
�*��
½w�+�é 
 
 
 
P08    
�!#(� B"(�(�E�� ���������������	���
�
���,�1�C�6TeCM�?K�

�[A27
F5QZ\FW3Y'aS]�

 
�·¶� 
� Clostridium beijerinckii /SY`@-o¦�*���E^O^-q¥oÐ��/?F^�NAI
`[�3AI`[-°±�*��+#� C. beijerinckii -�c���´¾A^K7Ôµ¯��	�	
��)}v �*
�	�+&µ¯ß
����·¶Úg��(��µ¯ß&´�*�%O]U`A

`�Ù� ÞÎ��*��»¿� C. beijerinckii 
~£��/SY`@-�ßµ¯��	*���
¨·��C. beijerinckii-�c���/SY`@�O]U`A`-²	�A^K7Ôµ¯Ä- Á�*
��-·¶���� 
��§_Æ�� 
� C. beijerinckii³��/SY`@æCbei_0664ç�O]U`A`âz-9IT DNA))7]`H^
8���O]U`A`�bª�\Q`A`Úg���� C. cellulovorans ³��?[Y`@��*
engO-×Æ��E. coli-Clostridium�<VF[P7A`��* pMTL500E��m�*��� engO
µ¯OY>SG- Á�����OY>SG-�¤�fb�(	��3\7F]Q\`<X^§-²

	� C. beijerinckii ��ÔÕ����°­ÔÈ�R`5`�(*:]H`�Ùp-Ì
����ÔÕ
�j-��� 
�)+��ÔÕ�j- 1 %CMC-t$��{y��Ë���¤�fb�{ã���������O\
`F��	�:^;`\CG�Ê-Ì��Æ��?[Y`@©�
Ï«�+������)) C. 
beijerinckii³�/SY`@O]U`A`-²	� C. beijerinckii A^K7Ôµ¯Ä- Á�*��

����
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P09    
������������
������������ ʇȠ�Ä£�À�¤Æ�ΡnŬ̶ͱƗn̞Ȥ�

fǀƳɣΚÊƎ˽ͷΘÊ͢żͲÅʃ̳Ι�

 
q͹ʹr 
� �ßº£Û�»â¯ԚԏEngEԐºǥ̃ɓύС Clostridium cellulovorans y͟͠h�ξѲŔхҮψ

us�mc{ҮψºцǤºÒ�ßlξѲϒƑÓ«ÖâÛlºµ¢ÚßºÒ�ßllft 3 °{ Surface 
layer homology ºÒ�ßvǓ_{ºÒ�ßx�˧ɣe�tw�lξѲŔхҮψ{íu�×¼â¢xҮ

ψ{ 1 °us�mlcu˂΅ΡuºlEngE {ϐʉYĖ�Ęмfll{ǃѲ͐ͪɓ{юĝvƄɐғȯ

ѝʹхˌ�бqnm 
qʣ̑áϒˎr 
� ϐʉYĖ EngE �Ęмfl˨nxǓξvƄɐejll{͟ɣ͏� TLC y��Ŕˌfnml{ϒˎl

CMC v PASC �ǃѲvfnǆƑuºîy 2 ξv 3 ξ�͟ɣfnylAvicel uº͟ɣ͏yˢœe�x

xqnmc���lEngE ºϒʳȯ{Ĕt®ÛÝâ¬�ǟ�uŔхh�®ÛÙâ¯us�vŔxqnm

�nlglucomannan � lichenanlβ-glucan �ǃѲvfnǆƑu�͟ɣ͏�ˢœfnãʣulxylan u

ºˢœe�xxqnmlichenanlglucomannanlβ-glucan {îҾyº®ÛÝâ¬vƓg£Û¦â¬˹

ǃyƖ���n�lEngE ºl��{β-1,4 £Ú¦ªºϒƑ�ŧ̄ŔхfnvϭY���m˱ tulCMC
�ǃѲvftƄɐғȯѝʹхˌ�бqnml{ϒˎlǃѲ̼ȯy 3 mg/mL ĉæyx�vÐ��Ú¬Ò

ß·ßÓ¸Ûx�ҘЃflƄɐŗғȯyĔçh�͙ѧyр��nmlculɆ��n¸â²yt_°

x{ǃѲӈǷÓ¸Û�Ľtlхˌfnvc�lҮψyǃѲy 2 °ϒƑfn ESS нƑĖx��͟ɣ͏�

͟͠h�Ó¸ÛyҡƑfnmɅqtlEngE ºǃѲӈǷ�΋flESS нƑĖx��͟ɣ͏�͟͠h�

cvy΋Ʀe�nm 
 
 
 
 
P10   

Clostridium cellulovorans tʃʄ`{Ȃ̛�Ä£�À�¤Æ� GH44A n͝ˍĮƍʒʠʳ�

fʝʆʑ˖ΚÊƎ˽ͷΘÊ͢żͲʃ̳Ι�

 
q͹ʹr 
� Clostridium cellulovorans {¥¿Ñхˌx�ʢс�ßº£Û�»â¯ҤďǦԏengGH44AԐyр°

xqnml{ҪŖəǅx� N ˁΨįy GH44 Æ�ÐÚâyȏh�ξѲŔхҮψ{цǤºÒ�ßv C ˁ

Ψįy®ÛÝ°âÑ�Ƚɣh�{yɎ⇄xºµ¢ÚßºÒ�ß�ʽftt�m�nlÈÝ·�âÑх

ˌx�̀ψ̯yΝ��xw{®ÛÝâ¬ςÁ��Ï¬uǂӶh�vͲ͙ftt�cvyʫ�xyxq

nmlcu˂΅Ρuº EngGH44A {ϐʉYĖ�ĘмflҮψŰǬʹxўɓѲ�ʫ�xyh�cv�͹

ʹvfnm 
qʣ̑áϒˎr 
� ˧γfnÈÙ¬Ðº�ǔЈСyȽѲѾʉejǂӶw��νм�бqnmfxfxy�lʰӃ{ϑҜ

vv�yºµ¢ÚßºÒ�ßºŕʡe�nylцǤºÒ�ß�Ɩ�źã{Үψ�Ɇ��n{uc��

νмҮψvft͡tnmǃѲvft CMClAvicellPASClxylan �͡ttҮψƄɐ�бtlЪȐ¢

ÝÏ¹£ÙÆ�âul��{͟ɣ͏�юĝfnml{ϒˎlAvicel � PASC �ǃѲvfnʰyº͟ɣ

͏ºˢœe�xxqnylƋ̱ɓ®ÛÝâ¬us� CMC �ǃѲvfnʰl3 ξv 4 ξ�͟ɣfnm�

n xylan �ǃѲvfnʰl4 ξ��ǔ]x�Ú§ξ�͟ɣfnmɅqtlEngGH44A º®ÛÙâ¯v

 ªÙ»â¯{̚ɓ�΋h�ßº£Û�»â¯us�cvyŔxqnme�yǃѲvft CMC �͡

tnv]↓ҡ̬ȯº 50 ȯus�l↓ҡ pH y 5 us�cvyŔxqnm 
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P11  
�����������,�3 p`9<T"��C �	�,�1�����-� lkr<IlRa'.()0# 

>c�BAnbeN 
�?2� cC 1, 3e ;Y8 1, mi ^a 2, Jd NX 3, pn =: 1 

q1y4ZBo/rTio, 2JBIC, 3s_[r�
�¡ � 
���Ç streptothricinÚSTÛÕ´]b��SF-2111B"�Ser�methyl malonate�
Ala�,�.�~ � O-acylpeptide�Ê1����-��!�Ê
�£¹
�� Ð½��.��
¥,/��.	�/%� ��"�SF-2111B �
b�ÌQr3E68J!WÑ1d' BAC3GJH1`}���-�aÌ
Qr!O��/.�¶�±�
Î­1���Î­_�!²��,�

O-acylpeptide !�b� "�ÔFA7JCi?>9<b�Î­ÚNRPSÛ
15J<�. orf 1197ÌQr^# orf 1198ÌQr
ÓM���.��1¾
Y��	��¼�"��/, NRPS ÌQr!ÉU sh�.� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
orf 1195ÌQr^# orf 1196ÌQr ¤¡��O-acylpeptide�b� ÓM
�.��ÌQr§nwØ +.�Á1»��	 

���I²�� 
BLAST �®!²��,�Orf 1195 � Orf 1196 "�/�/�S-adenosyl-L-methionine hydroxide 
adenosyltransferase� asparagine synthase ¢c�1¨���
¨g�/�
�O-acylpeptide�b�!�
!6;:> ÓM���.�"L�����	����/�/!ÌQr1 BAC 3GJHK�§n��
§n BAC 3GJHzV�!j×K�1 LCMS  �Z���	�!²��orf 1195 ÌQr§n�!
SF-2111B���
uW �p��O-acylpeptide
���b�NÒR1��ºª�.��
\���	
�!���, Orf 1195
 O-acylpeptide�b� ÓM���.��
�,� ���	�, �h�orf 
1196ÌQr ���)§nwØ1Ë(��-��!Ã¯�²� ���°P�.	 
 
 
P12  
�����������,�3 p`r<IlRaa"d7 ! �2�3��,�1	�
�� 6E@JI*+<Im]"��C�

Ajfgnl#eN�

�Mt�hh ���3e�;Y8 �smi�^a ��� Jd�NX �spn�=: ��

q�y4ZB/rTio�����
	���s_[r�

�¡ � 
� streptothricin (ST) Õ´]b���.���Ç BD-12!�b� �
���2B=¬� glycine!?>9<²b|�"�FemAB family ¢
c�1¨� Orf11  +�� Gly-tRNAGly Ss  Àq�/.ÚC. 
Maruyama et al., Appl. Environ. Microbiol., 82, 3640-3648, 2016Û	{
¦«x"�/%� �Orf11@DG4Î­����BD-12Õ´�b�Ì
QrµÚsbaÌQrµÛ�,�Sba181cv���.	Sba18±�
Î
­1����Î­!kÇ���1Å$���0��³¹��!

aminoacyl-tRNAÚaa-tRNAÛ ���"�Gly-tRNAGly  Ù�kÇ�

��1¨��	¸f���� �o·¹��! aa-tRNA1���_� ���"�Gly-tRNAGly��

����Ala-tRNAAla�Ser-tRNASer1kÇ���ÄÆ��	�!²��,�Sba18" aa-tRNAaaK!

2B=Ï������tRNA !mkÍ[*]tTÖ)ÄÆ���.��
¨g�/�	����¦«
�"�Sba18! tRNAaa y�.kÇÄÆ��!¿�1Â&�	 
���I²�� 
� E. coli"�3©Õ! tRNAGlyÌQr� 2©Õ! tRNAAlaÌQr1����³¹ S. lividans"�tRNAGly

ÌQr1 4©Õ����.
��/, 9©Õ! aa-tRNAZrW�
 Sba18!kÇ��.!�"L�
����	����Sba18
�/,!	���! tRNA1kÇ���ÄÆ�.��Á�.�( �in vitro
ÈX_� �a tRNA Zr1b����/,1kÇ��� Sba18 !Î­_�1»��	��¼�"�
�!²� ���le�.	 

SF-2111B 

BD-12 
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P13  
GH134 �>(� β-1,4-�����27XO,P`eM)o1�,EV 

�IJ�^c ���h"�K+ ���HS�[8 ���jI�&/ ���\b�<U ���)N�QB ���DR�'# ���

*b�m6 ����.48�g���.48�T@���.8l�U0g	�

�ÐÏ� 
� �.%� ��"Ē¢Ò! β-EMAAO< (Glycoside Hydrolase family 5 (GH5) �*# GH26 
 ��-) �"Ñq�1¦��	 î β-EMAAO< (Man134A) 1íe�ĒGH134 family 1 ð
�� (Shimizu et al. J. Biol. Chem. 2015)ē§ÿß"Ē¢Ò!Ýôl·fïÿß�)c�Ñq�1¦
��	�	�( ĒMan134A !Ø]¯ú�*#º�ý[³z1��������ē§ÓÖ�"Ē
GH134 �Ď� a��.�	-2FBĀ³z1û���ý[ÆÍÏ�Í1�b�-���Ē
Man134A !º� �ì�2FBĀ³z1�à��ē%�ĒMan134A !º�ý[2FBĀ³z1�
Í��� β-EMAAO<º�1¦��	 Man134A �Í] (Man134A-E61A) !±ç1ï¨��ē 
�¡¹Ná©� 
�  î GH134  ��- β-EMAAO< Man134A �*#�Ã��� GH5  ��- β-EMA

AO< Man5C 1ÿ´ Pichia pastoris  �ÍÕÎÇ��Ē�.+!zôÆÍ�ĒÄ����*# pH 
�����ÿß�Ï�ô1¶÷��ēMan134A "Ē¢Ò! Man5C �q° Ēβ-EMAM1l·f
ï�-��� β-EMAMÂ½!Ü�1\R���ē%�Ēý[ÆÍÏ�Í *,ĒMan134A !2F
BĀ�Í] 9 Õċ1^ëNï¨����/Ē�Í] Man134A-E61A ! β-EMAAO<º�
¼�
�����+ĒE61Đ2FBĀþgT! 61 ÌÐ!6K=FMĀđ
º�³z! 1 ���-��
h
£��ē�+ ès¾	�� ĒMan134A-E61A " β-EMAM1l·fï���	
Ēβ-EMAM
Â½!Ü�1À����ē%�ĒMan134A-E61A "EMAM7KêĈ!�k1À���Ē7K!?
5:>HO1�m��-��)Îí��ēXQ!á©*,ĒMan134A ��!�Í]"ĒÙVSW!
C34Å�ÉÊ$!iË")�*,Ēβ-EMAMr¦Čt!?5:>HOĐČ�đ!�u��°��
ČtÊ®$!�Ë)íø%.-�å
+.-ē 
 
 
P14 

��
		�����		����		���,���31�U-F(C�k(�Z]�

	5,G!
�?%�
f3�
_
)W�d
pnaA
i $:
�

=N29
IL�Y�

q.8g�lU0g;r�

 
�ÐÏ� 
� Fusarium graminearum"ÉæÈ}1�Ò��@J8?;MÞµß!ÊÉ1j��-�×ßWò 
�ì�üY�ä!öd1j��-AreAp!áp8M;M9:þg
µßÉp�üY�!DLGO=O
Q ���v�-���+	óm AreAp!±ç1�ì��-2FBĀĐAreAp`��2FBĀđ1
nP×ßÁ���Wò��-�	µßÊÉ"º�m�.-�U��.-���� AreAp`��2FB
Ā1Wò�-ą!µßÊÉĂ �	�ñ«��� 
�¡¹Ná©� 
� F. graminearum JCM 9873¬	 HP11²�����hep1¬	Tri6üY�Q» TEF DLGO
=O1þ�� Tef6¬	5I:=O82ĉx!õĆ1Z���� Ext¬1_Ë����!¬1:5LO
:�nP2FBĀ1r'yw ­é���yw! pH1 3.5P� a��( 2-3¤ă�� pH1ñ
Û�â�	36¤ăyč� cé]1 �	yw Ô�¥
�×ßÁ!ª¿1Ą	���+ 36¤ă
pH1p0��
+yčĐďĊ-|o¹đ���	36¤ăÐ!µßÊÉĂ� 72¤ăÐ!µßÊÉĂ1
HPLC *,¸(	ãµßĂ1Úe���āÉ¬1 AreAp`��2FBĀ L-Thr	L-Phe1Ë	�y
č�	AreApć`��2FBĀ L-Gln1Ë	�yč��{p�µßĂ1¶÷����/	L-Gln	L-Phe
�"µßÊÉĂ
~l��! ��	L-Thr�"ù µßÊÉ
¦� �j�.��P¡	Tef6¬	
Ext¬	�*#�hep1¬�" L-Thr *-µßÊÉ!�j"&+.�����
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P15  
F. graminearum mrw{¢¿� �Ä 3�* ðɊ͞Į͝ˍnŬ̶ɸʊǚ�

iʆÎóǊΜΙhεɟɣäΜΙhʆÎǎΝΙhěʆÈ̐ΜΙhȂɡ˷̾ΝΙhȢÛƑäΝΙhÎƵóÈΜΙh�

ŇǦʞÕ )ΙhͥÏßƈΜΙhƥȥŕſΜΙhƐ̋ʗƈΝΙhβȞʚΜΙ�

ΜΙŉżͲÅʃŐ́ƍhΝΙȡɚżƹʠÅɿƹʠhΞΙşʵ̒ʠ�

 
q͹ʹr 
� Fusarium graminearum ºΞӯyɞ˒fl¼ÁÜ¿âÛԏNIVԐά{ C-7 ēȳҰŰe�n²�

Èԙ¹Ú¦·®ßςx�˿�͟͠ftӱ{Ǯń�Ͼxhmc��u{΅Ρx� NIV ͟͠Сº C-8 ēy

¤¹ß��nxt F. sporotrichioides xw{²�ÈԘ¹Ú¦·®ß͟͠С�ΎľƿvflC-4 ē̄Ұ

ŰҮψ�¦âºh� Tri13 � C-8 ē̄ҰŰҮψ�¦âºh� Tri1 {˯ϼyǑŰh�cvy�qt͟

gncvy΁��tt�m˂ ΅Ρuº F. graminearum { FgTRI13 {ǃѲ͐ͪɓ�ʫ�xyflNIV
͟͠Сyw{�uy͟Ƒɣϑѻ�җŰejt]n{x�ʫ�xyh�m 
 
qʣ̑áϒˎr 

� ¹Ú¦·®ß͟Ƒɣ{ŗͲƄɐ�җ�� Tri5 w�� C-7, C-8ē{̄ҰŰ�җ�� FgTri1�ùҶ

Άǎfn F. graminearum Ǒͪ˖�͡tn feeding ǵӻy�qtlC-4 ē̄ҰŰҮψ FgTRI13 {˯ϼ

�ˢэfnmC-7 ēȳҰŰe� C-8 ēy¤¹ßvxqn¹Ú¦·®ß{ C-4 ēºͺpȳҰŰe�

nylC-7 ē�f_º C-8 ē{wp�xãʣ{�ȳҰŰe�n¹Ú¦·®ß{ C-4 ē̄ҰŰºӊǴ

ʹulƄɐºӣŪ͖ʹusqnme�ylF. sporotrichioides { FsTri13 � FgTri13 y¬ÞµÅß£

f C-8 ē�ªÛŰҮψ�¦âºh� Tri16 �Άǎfn˖�͡tt feeding ǵӻ�бqnylC-7 ēv

C-8 ēyv�ȳҰŰe�n¹Ú¦·®ß{ C-4 ē̄ҰŰºӣŪ͖ʹyfxҗ�xxqnmc��{

ϒˎ��lFgTRI13 {ǃѲ͐ͪɓº FsTRI13 ỳҁftˤ�tӾ_lC-7 ēȳҰŰe�x° C-8
ēy¤¹ß{¹Ú¦·®ßuxtvғ�xyƄɐyҗ�xtcvy΋e�nmC-4 ēȳҰŰe�n

¹Ú¦·®ßº FgTRI1 {ǃѲyºx�y_tcvx�lNIV ͟͠Сº C-7 ēlC-8 ē{ĥӵyǯö

h��u C-4 ē{̄ҰŰyҗ�xt�uyҗŰfnvϭY��nm 
 
 
P16��
·�̷spʌ̂ �������������������� nŞôūΈȎmrw{�¶¨͞æ̫j¢¿� �Äʃʄnͮú�

fÎƵóÈ 
ΚųķǭÕΜΚěʆÈ̐ (ΚͥÏßƈΜΚƥȥŕſΜΚ̘ďƺ )ΚβȞʚ 
Θ
ŉżͲʃŐ́Κ
(ȊɕżͲ́Κ)ͥɒżƍͶʬƍΙ�

 
q͹ʹr 
� Fusarium graminearum º¹Ú¦·®ßςx�˿�͟͠fΞӯ�̈˒h�mɤnºc��uy F. 
graminearum {͕θιƴĖǂӶʰy¹Ü�¼ß (Thr)xw{�Ð¿Ұ�̨ŧh�cvu¹Ú¦·®

ß{͟͠yɭŜe��cv�рœftt�me�ylc{ Thr ̨ŧy�qt¹Ú¦·®ß͟ƑɣҤď

ǦϩyѾŌÜÊÛuɭŜe��cv�Ήєfnylђft˯˧ºèʫusqnm˂΅Ρuºæъ͙ѧ

{ŔǦ˯˧�ʫ�xyh�cv�͹ʹylҤďǦͲ͙хˌ�ҤďǦΆǎǵӻхˌ�бqnm 
qʣ̑áϒˎr 
� ˂С{ƴĖǂӶʰywa� Thr ̨ŧŲywttͲ͙yǑŰh�ҤďǦϩ�ǴҸʹ RT-PCR y�qt

ћ˔fnϒˎlǂӶŗʾҜΚ͐ͪʹy¹Ü�¼ß�ÛºÙâ¯�£Úªß¸�ÛÍ ªÙâ¯ԛ¨Ç

×¼µ¹�¦âºh�ҤďǦ{ӮЦxͲ͙æʪyє���nmF. graminearum º¥¿Ñæy 3 Μӯ

{¹Ü�¼ß�ÛºÙâ¯ҤďǦ�ʽh�ylThr ̨ŧy�qtͲ͙æʪfn�{º 1 Μӯ{�us

qnmlcu�ic{¹Ü�¼ß�ÛºÙâ¯{Άǎ˖�Ęœfnvc�lThr {ѱŰϼyǔȤyĔ

çfttnme�y˂˖{ƴĖǂӶʰy Thr �̨ŧfnvc�lҷ͟˖v̀ҁft¹Ú¦·®ß͟͠

yɭŜe�y__xqncvx�c{¹Ü�¼ß�ÛºÙâ¯�Ąfn Thr ĈѠy¹Ú¦·®ß͟͠

ɭŜŪˎ�͟�œftt�cvy΋Ʀe�nm͙ƺlThr ̨ŧy��Ͳ͙æʪyє���n£Úªß

¸�ÛÍ ªÙâ¯ԛ¨Ç×¼µ¹{Άǎ˖�ĘœflƓ˨{хˌ�җ�tt�m 
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P17    
ˇɹ̂ Aspergillus nidulans ʇȠnȂ̛ poly (ADP-ribose) glycohydrolase nʎ̚jcnĂu 
fÃ��͡ɑ 
ΚƩÌǍ; 
ΚƖťͷż 
Κ͛Ûȝį 
ΚǗɊąÝ 
ΚĤ̋͸Ÿ 
� Θ
ŉũż́Ι�

 
q͹ʹr 
� ²ßÂ¢Ѳ{ÎÚ (ADP-ÚÍâ¬) (PAR) Űºԑ;˗͟͏y͐ͪʹxƋҐʹϬьɃĥӵus�Ԓc

{ƄɐyºԑPAR �Ƒɣh� poly (ADP-ribose) polymerase (PARP) vŔхh� poly (ADP-ribose) 
glycohydrolase (PARG) yӄéh�cvy΁��tt�ԒPARP ºԑҮ˽�ӌ_ńt{;˗͟͏yģ

Ǩe�ԑDNA ĥɈԑѾŌћαԑύϺ˷ԑíɍĖ{ŔиŜɇyӄéftt�vϭY��tt�ρ͑С 
Aspergillus nidulans {¥¿Ñíy�  parp {  ortholog y  1 °Ǩƺh�yԑҮ˽w��  A. 
nidulans �Ɩ�ρ͑С{¥¿Ñ{íyºʦ΁{ parg { ortholog ºрœe�xtԒ˂΅Ρuºԑρ

͑С{ parg ҤďǦ�͐Ǵfԑl{͛͟ǬʹɁţ�ʫ�xyh�cv�͹ʹvh�Ԓ 
qʣ̑áϒˎr 
� A. nidulans {¥¿Ñíx� parg ĩлҤďǦ� 7 ΜңɱfԑÚ¦ßÄ»ß¹²ßÂ¢Ѳ�ћмf

nԒc��{ PARG ̚ɓ�̭Ǵfnvc�ԑ1 Μ{� Mg2+ ĜǨʹy PAR �ŔхfnԒPAR {
Ŕх͠͏� LC-MS/MS ytхˌfnvc�ԑADP- ÚÍâ¬yˢœe�nԒc��{cvx�ԑc

{²ßÂ¢Ѳ� fungal PARG (fPARG) vƔćanԒ 
� ˱y Δfparg ˖�Ęмf DNA ʋĵŠyȁh�ɀӦ�ˢщfnvc�ԑҷ͟˖ỳ�t DNA ʋĵ

ŠyȁftɞƇɓ�΋fnԒ�nԑύϺŊȋƺ�хˌfnvc� fPARG ºîy˗yȋƺfttnԒ

ĉæ{cvx�ԑρ͑Сuº fPARG y PARG vft˯ϼftt�cvy΋Ʀe�nԒ 
 
 
 
 
 
P18  

Ǭƈ̂�������������
�������nƈƔôǋǦėȘm̥Ƥʒmʎɽ`{ȿ˯Țʞ͑ìƈt�

ƈƔôǋǦmĻr`ǏͿ�

fɃď˻̃ƈ 
Κ͛Ûȝį 
ΚȞŀą (ΚŇʆ̦ )ΚǗɊąÝ 
ΚĤ̋͸Ÿ 
�

Θ
ŉũż́Κ(ʫʆʙʵżʃɷ̳ɧΚ)ȡß́ƹż́Ι�

q͹ʹr 
� ɵǦСºԑĿ�̬ȯxw͜ǋǑŰyɐgtСρĖx�ǦǵĖ�Ƚɟ�ǑŰh�Ԓc{n�ԑύϺŔ

Űw��ȽɟȽɣ˯˧�хʫh�ysn�ԑɵǦСºˤ�tАƜ̦t΅Ρȁѧyx�vϭY���Ԓ

fxfxy�ԑɵǦС{ǦǵĖȽɣ˯˧y°ttºǯńyхʫe�ttxtԒɵǦС Coprinopsis 
cinerea ºԑ¥¿Ñəǅyхљe�tt�cvԑ΂ʾӃuǦǵĖyȽɣe��cvx�ԑɵǦСӯ{

Ó¸Û͟͏vft͡t��tt�Ԓ˂΅ΡuºԑÈÝ·�âÑхˌuрœfn C. cinerea {ǦǵĖu

͐ͪʹyͲ͙fn˯ϼˀ΁²ßÂ¢Ѳ (HP) yǦǵĖȽɣyéY�ɀӦy°ttхˌfnԒ 
 
qʣ̑áϒˎr 
� ǦǵĖȽɣŗʾy͐ͪʹyͲ͙fttn HP �¦âºh�ҤďǦ{¿µ¢³×ß˖�Ęмfnv

c�ԑͳtСĳ{ǦǵĖyȽɣe�nԒC. cinerea ҷ͟˖{СĳyºÒÙ¼ßyƖ��tt�n�Ԋ

Г�ƙh�cvy΁��tt�Ԓc{cvx�ԑǦǵĖ͐ͪʹyͲ͙fn HP ºԑǦǵĖ{ɣ“�Ò

Ù¼ß{͟Ƒɣyӄéftt�cvyϭY��nԒ 
� e�yԑHP {Ú¦ßÄ»ß¹²ßÂ¢Ѳ�ћмfԑѳа͚yȁh�̱а̚ɓ�̭Ǵfnvc�ԑ

HP º̱аĘ͡�ʽfttnԒ�nԑl{Ę͡º GlcNAc y�qtӈǷe�nԒe�yԑ;С{ύϺ

Ǎ{îɣŔus� GlcNAc x�˧ɣe�� ´ßv͐ͪʹyϒƑfnԒc��{cvx�ԑHP ºɵ

ǦС{ύϺǍíyƖ��� ´ßvϒƑftǦǵĖȽɣŗʾyė�x{˯ϼ�ˎnftt�cvy΋

Ʀe�nԒ
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P19  
8PY�1YW ¿Ä͞¿ÁÆǞůì͎ȿȺ}ä^dˇɹ̂¶¢�Ä£¿�nȿ˯̧ʾ�

fͥÏßƈΚβȞʚΚƥȥŕſΘŉżͲʃŐ́Ι 
 
q͹ʹr 
;˗͟͏yvqtÐ¹¦ßºÚ�ºlATP �ÉÑlϽϴҰxw{Ƒɣ�ĈѠyӄ��Ҷ⇄x�Û�¾

Ùus�ml{n�l͟ϵ͜ǋ{ǑŰy��Ð¹¦ßºÚ�{˯ϼĔçºʻϏʹy͟ϵĭ˳�ύϺ˷

�ȵ]ѵchmãʣl�yƵ{ұҮҳҔ͠ˣywttlρ͑С{͟ϵ�ϗϘlϙɻh�cvy͟͠ɓ

{ƕæyҶ⇄oylÐ¹¦ßºÚ�˯ϼy�n�hʽŪɓy°tt�v�wˢщe�ttxtmҊȦl

����ºl͜ǋɐήª¬·Ñ�Ś͡fnρ͑С{͟ϵġҗ�͹ʹylӄҕŜɇưǦ{ϚϨʹхˌ�

бtll{ҜΚulHis-Asp ÚßҰÚÜâəǅďҞ˯˧{Ã¬´«ß »â¯ HysA yÐ¹¦ßºÚ

�{˯ϼϙɻyҶ⇄us�cv�рœfnm˂΅Ρuº HysA ˰ʋ˖{˯ϼǑŰ�хˌfl͜ǋǑŰ

yɐήfnÐ¹¦ßºÚ�˯ϼћαyρ͑С{˴ȣx͟ϵyҶ⇄us�cv�ʫ�xyh�m 
qʣ̑áϒˎr 
ʮȦȯ{˂ĚĎulMito Tracker Red ÈÝâÇ�͡tnÐ¹¦ßºÚ�ЋӞēÜÊÛ{уȀ� ATP
Ҹ{̭Ǵx�lHysA ˰ʋ˖uºÐ¹¦ßºÚ�˯ϼyĔçftt�cv�΋fnmÐ¹¦ßºÚ�{

˯ϼĔçv̚ɓҰψΜԏROSԐͲ͟{ӄҕɓy°tt͛хh�n�ylÐ¹¦ßºÚ�uͲ͟fn ROS
�ˢœh� Mito Sox Red ÈÝâÇ�͡ttӮɉҿуȀfnvc�l˰ʋ˖{СρlŔ͟Ǧˑu ROS
{Ͳ͟�ΉєfnmӞǦďҞςºǓ_{²ßÂ¢ѲưǦu˧ɣe�tt�yll��{Ͳ͙Ҹ{ǑŰ

ºӞǦ{˴ȣx̜�yɀӦh�mHysA ˰ʋ˖uºlнƑĖ I { Alternative factors us� AifA, NdeA
{Ͳ͙Ҹyæʪh�cv�ǴҸ PCR хˌuʫ�xyfnmhx�pl×Ä ¿ß�{ҜŢxӞǦ{ď

Ҟy ROS Ͳ͟�ȵ]ѵcfnvϭY�mHysA {əǅďҞǑͪ˖{хˌvs�jlHis-Asp ÚßҰÚ

Üâ˯˧�Ąfnρ͑СÐ¹¦ßºÚ�{˯ϼћα{Ҷ⇄ɓy°ttϭȀh�m 
 
 
P20  

	�������������� �� ʇȠ̼đŜƈ FSU# ęǓ͑ìƈn˘ˡʒňƓ�

fƱ� żȶ 
hĊƲ� ƌȊ 
hÛķ� ͖ſ (hƥȥ� ŕſ )hÎͣ� ʪͷ 
� Θ
ŉżͲÅʃŐ́ÅʃŐǩ

̑h(ŉżÅ͑ìƈƔΌȄ̠��)ŉżͲÅʃŐ́ÅʃɷȿȺΙ�

 
q͹ʹr 
� ѾŌưǦºl˪ʹ DNA ҪŖy͐ͪʹyϒƑflҤďǦ{Ͳ͙�Ŝɇh�m Genomic 
SELEX-Seq(gSELEX-Seq)ºlѾŌưǦyȁftϒƑɓ�ʽh�Ӫǁ�¥¿Ðµ¢Ù�ÇÙÚâx�

in vitro u̼ϡңɲfnҪŖəǅ�Ӿɞȯyœťu]�ɩ̑us�m˂΅Ρuºlc{ gSELEX-Seq
̑�͡ttԇСͣˈ{ ªÙßĈѠŜɇѾŌưǦ XlnR {ϒƑҧē�¥¿ÑÞ�ºuхˌflXlnR y

�� ªÙßĈѠŜɇ˯˧{хʫ�͹ʹvfnm 
qʣ̑áϒˎr 
� ԇС¥¿Ðµ¢Ù�ÇÙÚâ�ћмflc{Ù�ÇÙÚâyȁft XlnR �͡tn gSELEX � 3 Ù

×ßºǵʤfnmӾғ DNA ªâ¢�ß¨ây�qtƐңɲÈâÛ{ҪŖ�ǔҸyƆɆflɆ��nҪ

Ŗ¸â²{хˌ�бqnvc�lXlnR {ʦ΁{ϒƑÓ´âÆus� GGCT(A/G)A yɴœe�nm�

nlXlnR ϒƑ̚ɓ�΋hÈÝÓâ²âҪŖ�ģʽh�ҤďǦyǓʜˢœe�nmc{ĩлŜɇҤďǦ

Ú¬¹vÏ�¢Ý�Ü�y�qtƓǴe�nͲ͙ǑūҤďǦԏDEGsԐ75 Μӯv̈́Ƒfnvc�l51
ҤďǦuҶнyΉєe�nmÈÝÓâ²âӪǁyϒƑҧē�ʽflx°Ͳ͙Ǒū�Ƈa�c��{Ҥ

ďǦº XlnR y�qtͺʆʹyͲ͙Ŝɇe��ҤďǦus�vʇǴe��m�nlXlnR ϒƑyє��

��ãҧ{ҪŖyȁft BLI ̑�͡tnϒƑ̚ɓ̭Ǵ�бtlѾŌưǦ XlnR ϒƑ{ђύxхˌ�б

qnm
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P21  
ǔʃɷĕɗǚ˳ƥˮ}ä^dː̂ːˮͭnɷ̶̿͆�� ·nȿȺ̞Ȥ�

fΎβ˷ž͗Κ̮ͪƷͷƣΚØĺ̕Ò��ʆæʹäΘͽżͲÅ˙ņʬǩΙ�

 
q͹ʹr 
� ɉ͟͏ºlЍѽ{ύϺЋx�Ŕ̐h�ÚÎ°âÑ˨˧ҔĖ Membrane vesicles (MVs)�Ś͡ftĆ

{ɉ͟͏ύϺvͻúĘ͡ftt�məǅďҞ͏Ѳ�Ӿ̼ȯyƖʽfn MVs �Ś͡h�cvy��lӚ

�nɉ͟͏ύϺyŪ͖�_͏ѲyďҞe��mc��uylɉ͟͏ύϺx�{ MV Ŕ̐˯˧ywtt

ºʜǓ_ǅƚĚys��{{lɉ͟͏y MVs �Ɔ�҈�˯˧yӄftºˀ΁xҧŔyǓtm˂΅Ρu

ºlMV ͟͠ϼyӾt£ÙÑӎɓС Buttiauxella agerstis CUETM77-167 ˖�Ó¸Ûɉ͟͏vflɉ

͟͏ύϺy�� MV Ɔ�҈�͙ѧ{ưǦ{ʅϊ�͹ʹvfnm 
qʣ̑áϒˎr 
� B. agrestis CUETM77-167 ˖��ɴœfn MVs �ЮĿГψ FM4-64 �͡tt˪ѡflƇǹСv 30 
˚C u 30 ŔӃƄɐejnmæ̩í{ˀƄɐ{ MVs �Ɔ�ӌtn{plƇǹСĖɢ̻̤{ЮĿȺȯ�̭

Ǵfc�� MV Ɔ�҈�ϼvftюĝfnm�n CUETM77-167 ˖{ύϺеȐ{˧ɣyӄéh�Ҥď

Ǧ{˰ʋ˖�Ęмflc��� MV ěéСlƇǹСvftƓ˨{ǵӻ�бqnml{ϒˎlËÚÈÙ

­Ñ΢Ӄyȋƺh�²ßÂ¢Ѳ TolB {ҤďǦ˰ʋ˖�ƇǹСvfnǆƑylҷ͟˖ỳ�t MV Ɔ

�҈�ϼyτ 1.7 Ĩƕæfnmãʣu tolB ˰ʋ˖ͣˈ{ MV �͡tnǵӻςywttºltolB ˰ʋ˖

� MV ƇǹСvfnǆƑҷ͟˖ỳ�tτ 3.7 Ĩ{Ɔ�҈�ϼ�΋fnmĉæ{ϒˎ��Ɔ�҈�y

º MVs íx��yƇǹύϺíƃʣ{ TolB yнƑʹyӄéftt�Ƌϼɓy΋Ʀe�nmTolB ºύϺ

íuǒЋvŊЋ�ːˮftt�cvx�ltolB ˰ʋ˖uºЋӃ{ːˮyǙ���cvuǒЋy˶�y

͟gll{ϒˎύϺеӤy MVs �Ɔ�҈��ht͑ɟyxqnvϭY���me�x�ђύxхˌy

��lύСύϺy�� MVs Ɔ�҈�˯˧{хʫyʾɂe��m 
 
 
P22  

ƆɉÅǔƆɉÅƇɉȟçÌmrw{°¾�¶£nǲņì͎ǚjƙÐŪn̞Ȥ�

f̺Ȑÿž͗ (ΚȨ̮ɛ̽ 
ΚÛË̩ō )ΚɊŀĲʱ *Κͣƨʪȍ *ΚżɲʕÕ +Κͥķőʪ 
�(ΚȂ̮Ǻƻ

�(�+ΚΘ
ͽżͲÅ˙ņʬǩΚ(ͽżÅƹΚ)ƖƳżǺΚ*ȡżÅʃɷƹƍ�Κ+ɿʠÅ2#3�:3�Ι�

 
q͹ʹr 
� ҤďǦϐ�ʉY¶âÛvft͡t���ÈÙ¬Ðººԑǟ̃ˇċç{ʆƑďҞɓy°ttђύy΅

Ρyҗ���t]nԒãʣԑƸǏíw��ū͏ĖŊvtqnǵ͜ǋíuɛǴe��ԑɉǟ̃áǥ̃ʹ

ˇċç{ʆƑďҞɓw��Ǻîǁy°ttº�v�w΅Ρyxe�ttxtԒɅqtԑɉǟ̃áǥ̃

ˇċ{ÈÙ¬Ðº{ʆƑďҞɓӬȯ�Ǻîǁºԑʦ΁{�{vºͪx�Ƌϼɓys�Ԓ˂΅Ρuºԑ

Ұψ̼ȯ{ҟty��ԑl��yǑŰh�xwuxˢэh�cv�͹ʹvfnԒ 
qʣ̑áϒˎr 
� ěéСyºϖȁǟ̃ɓС Pseudomonas putida KT2440 ˖{̛͟˖us� SMDBS ˖ԑ�nºҒɓ

ǥ̃ɓС P. stutzeri �͡tԑÈÙ¬Ðºyº pBP136::gfp v pCAR1::gfp �͡tnԒƇǹСyºҒɓ

ǥ̃ɓ�΋hС˖�͡ttʆƑďҞǵӻ�бtԑɆ��nʆƑǯöĖʜ�ěéСvƇǹС{Οuӌf

n�{�ďҞӬȯvftίœfԑƐˇċçùҁ�fnԒl{ϒˎԑɉǟ̃áǥ̃ˇċ{ʆƑďҞӬ

ȯºԑǟ̃ˇċ��� 101~104 Ĕçfԑl{ĔçȯƑtºěéСvƇǹС{ϐ�Ƒ�jy�qtͪx

�cvy΋Ʀe�nԒ�nԑP. putida SMDBS(pBP136::gfp)�ěéСvfԑ͍ο�Ò²ßͲҮ˩Ŋ{

£Ù¼ÖâÛí{ɉ͟͏ϩӘ�ƇǹСĩлvftǟ̃áɉǟ̃ˇċuʆƑǵӻ�бtԑЮĿ�ɼ˪y

ftԑʆƑǯöĖ�ƴĖ˕ӶǂƼæyÆÝâ¨�¹Ò¹Úâ�͡tt°â·�ß£fnԒȽɣfn¦

Ý¼ây°ttÈÙ¬Ðº{ʽ͂�ΉєɃԑ16S rRNA ҤďǦ�ǌȤftҪŖ�хљfԑȏÜÊÛ{

ƓǴ�бqnԒl{ϒˎԑǟ̃áɉǟ̃ˇċuÈÙ¬Ðº{ǺîǁyǑŰfԑҰψ̼ȯ{ҟtyÈÙ

¬Ðº{ǺîǁyɀӦ�Ƃ�hcvy΋Ʀe�nԒ  
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P23     
°¾�¶£tƙÐn MP=ULYY }ŹĮzb{ķŜŜƈnňƓ�

¯~·Å��ÆÅ�·Å¼Ä 
ΚÁÆÅ �ÆÅ�ÄÅ¢�Æ
Κͥķőʪ 
ΚȂ̮Ǻƻ 
�(�

�
ͽżͲÅ˙ņʬǩΚ(ͽżÅƹΚͽż�¿ÆÄʠ	c

 
q͹ʹr 
� ÈÙ¬ÐººŔǦ͟͏Ǭ{Ɏө{¶âÛvft͡t��tt�{yȁfԑǓ_{͜ǋˇċçuºԑ

ÈÙ¬Ðº�ģɻh�cvºǺîyvqtѨПvx�ԑÈÙ¬Ðº{Ǻî{ fitnessԏҡɐȯԐyĔç

h�Ԓɤn{ľб΅ΡuԑIncP-1 ϩÈÙ¬Ðº pBP136::gfp vԑIncP-7 ϩÈÙ¬Ðº pCAR1::gfp y°t

tԑl�m��ʽh� Pseudomonas putida KT2440 ˖vԑl{̛͟˖us� PpY101 ˖vuºԑǺî{

fitness {ǑŰyͪx�͙ѧ�рœftt�Ԓ2 °{С˖y°tt¥¿ÑҪŖ�̀ҁfnvc�ԑPpY101
˖uºԑprophage1 vʇǴe��ӪǁvԑkguKE ҤďǦ�Ɩ�Ӫǁy˰Фftt�cvyŘʫfnԒ˂

΅Ρºԑc��{Ӫǁ�˰Ǚfn KT2440 ˖�ĘœfԑÈÙ¬Ðº��°cvuԑl{ fitness yw{

�uyǑŰh�x�ˢэh�cv�͹ʹvftбqnԒ 
qʣ̑áϒˎr 
� KT2440 ˖v PpY101 ˖�ǺîvfԑpBP136::gfp v pCAR1::gfp l�m�y°ttԑÈÙ¬Ðºģɻ

˖vӣģɻ˖{ΩƑяӻ�бqnԒƐС˖�ƓҸyx��uy LB ̤ĖǂƼy̧Ƒfԑɣ Yϗ^�Ϧ�

ҋfnԒɣ Yϗ`ӔyԑÈÙ¬Ðºģɻ˖vӣģɻ˖{ţƑ�ћ�ԑl{ţƑ{ǑŰ� competitive index 
(CI) vftԑǺî{ fitness �юĝfnԒl{ϒˎԑKT2440 ˖�ǺîvfnǆƑԑfitness ºĔçxtf

ɺɯ�΋fn{yȁfԑPpY101 ˖uºǌŧfnԒlcuԑKT2440@P1 ˖ԏʇǴ prophage1 ˰ʋ˖Ԑԑ

KT2440@kguKE ˖ԑKT2440@P1@kguKE ˖ԏùҶ˰ʋ˖Ԑ{ 3 °{˰ʋ˖�Ęœfԑc��{˰ʋ˖

y°ttԑpBP136::gfp v pCAR1::gfp {ÈÙ¬Ðº�ɻ°ǆƑ{ fitness ǑŰ�ΩƑяӻuюĝfnԒl

{ϒˎԑpBP136::gfp {ǆƑԑ3 °{˰ʋ˖v� fitness yǑŰfxxqnԒl�yȁfԑpCAR1::gfp {

ǆƑԑKT2440 ˖v̀�ԑKT2440@P1 ˖v KT2440@kguKE ˖{ fitness yǌŧfnyԑKT2440@P1@
kguKE ˖uº fitness {ǑŰºĒnĶƕ�΋fnԒɅqtԑprophage1 v kguKE ӪǁæyºԑpCAR1::gfp
{Ǻî{ fitness ǑŰ��n�hſưưǦyǨƺh�Ƌϼɓy΋Ʀe�nԒ 
 
 
 
P24    

¹¡ÀŢŷ�¾¿Æmrw{ĕ̞°¾�¶£nĩǡ̞Ȥ�

fƊʟȊ 
ΚÎɫ΋ä 
Κͥķőʪ 
ΚȂ̮Ǻƻ 
Θ
ͽżͲÅ˙ņʬǩΙ 
 
q͹ʹr 
� ʆƑďҞɓÈÙ¬Ðººԑɉ͟͏wuf{ʆƑ�Ғftԑͪx�ɉ͟͏Ӄ�ďҞƋϼxҤďưǦu

s�Ԓ�nԑӛŔхɓʽ˯ŰƑ͏{ŔхҤďǦºÈÙ¬Ðºæx�Ǔ_рœe�tt�Ԓc��uԑ

Ó¸Û͜ǋ̄ywa�ŔхÈÙ¬Ðº{ʆƑďҞɓvl{Ǻî{Ŕхɓ{ǑŰºюĝe�ttnyԑ

Ó¸ÛƸǏíywa�ɽūºŴŔxюĝyxe�tw�iԑl{ūɟ÷̭yu]xt{y͙͑us�Ԓ

lcu˂΅ΡuºԑÓ¸ÛƸǏ¬ÙÚâ�ĘмfԑŔхÈÙ¬Ðºvl{Ǻî{ūɟхˌ�я�nԒ 
qʣ̑áϒˎr 
� ÈÙ¬Ðºvft�ÛÁ±âÛ(CAR)ŔхÈÙ¬Ðº pCAR1::rfpԏKm ϯɓԐ�ę͡fԑěéСv

ft Pseudomonas putida SM1443ԑƇǹСvft P.putida KT2440 �͡tnԒzgćяӻΰyÓ¸

ÛƸ 1.0 g �Ń�ԑ̤Ė͂˯ǂƼ 1.0 mL ŧYnԒϏ̼ȯ 250 mg/L vx��uy CAR �ŧYԑСĖ

̤� 106 CFU/mL vx��uyŧYnԒl��{яӻΰ�ԑӢϧˇċvԑƯѾˇċ(10 rpm)vu 48 hԑ
30>C u�ß ÖÊâ¹fnԒ48 h Ƀ{˹Ǩ CAR ̼ȯ� GC-FID ṷǴfԑʆƑǯöĖʜ� MPN ̑

ṷǴfnԒl{ϒˎԑӢϧˇċuº CAR ̼ȯyτ 40ԍy�u̫ȇfԑěéС?ƇǹСsn� 10-12

{ӬȯuʆƑǯöĖyˢœe�nԒƯѾˇċuº CAR ºˢœu]iԑěéС?ƇǹСsn� 10-12{

ӬȯuʆƑǯöĖyˢœe�nԒӢϧˇċvƯѾˇċ{ʆƑǯöĖʜyʽɜȞºxxqnԒc{cv

x�ԑƯѾy��ʆƑďҞ{ǑŰºр��xxqnyԑƯѾy�� CAR Ŕх{ġҗy΋Ʀe�nԒ
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P25 
ś̼ŧ�¾¿Æª��¿���}ʅodñɦȟçÌmrw{ɔɎȧŢŷɞĮnΎ͇Į�

fÊƆóƃ 
ΚɟʆȐƏ (ΚȂ̮Ǻƻ�(Κͥķőʪ (Θ
ͽżÅƹΚ(ͽżͲÅ˙ņʬǩΙ�

 
q͹ʹr 
� ̍ӯ{̜œy��ƸǏ̈˒ºԑêͦuҶǔxƩӭvftƆ�æb��tw�ԑl{х̊ʣ̑{~v

°vftԑ÷�̍ŔхϼyΉєe�tt�ɉ͟͏�Á��мŠvfẗ˒ƸǏyɮŃh�Á���â

£Òß·âªØßys�Ԓc�ºĔ¦¬¹áĔ͜ǋѨПus�ãʣԑ͜ǋˇċyȝƎe��htcv

�̝ŰʾӃy÷̭u]xtvtucvx�ΉǵɓyĔtvtuƩӭ́ys�Ԓɤnº Rhodococcus 
erythropolis yȏh� 2 Μӯ{̍ŔхС�͡ttԑ15g{Ĕ̬ӢϧˇċçuÓ¸Û̈˒ƸǏ{ A Ҷ̍

{Ŕх�ΉєfnԒ˂΅Ρuºԑc{ A Ҷ̍{ŔхŪ͖�ƯѾƿ{Ú�¢²�Ś͡h�cvy��ƕ

æej�cv�͹ʹvftбqnԒ 
qʣ̑áϒˎr 
� ѳ͗Ƹ 300 gԑД͹΄ 200 gԑ͂ ˯ǊǂƼ{ W ǂƼ 332 ml �̧ƑfnÓ¸Û¬ÙÚâ�ћмfԑ15g
u 1 ʧʑɶf̧ƑʐĘ�бqnɃԑRhodococcus erythropolis { 2 ˖{̼ϡС̤�l�m� 1.0?
108cells/g-soil yx��uyʆΜfԑA Ҷ̍� 2500mg/kg ŧYnԒ15g{̬ȯˇċu 6 ʧӃŔхяӻ

�бtԑãǴʾӃdvy A Ҷ̍˹Ǩ̼ȯw��Сʜ{̭Ǵ�бqnԒA Ҷ̍˹ǨҸºÉ ¨ßɴœfԑ

GC-FID �͡ttŔˌáǴҸfnԒСʜ{ш̭ºԑɴœfnС̤� 1/3 yȢҴfn LB ǿǕǂƼæyǈ

ȡfԑ͟gn¦Ý¼âʜ�ш̭fnԒl{ϒˎԑA Ҷ̼̍ȯº 6 ʧ͹�uy 96%ĉæy̫ȇfnԒӢ

ϧˇċuº 12 ʧӃxx�ŔхʾӃyԑƯѾƿÚ�¢²�͡t�cvu΂ϡƋϼus�cvy΋Ʀe�

nԒ�nСʜºԑŗʾ{Сʜx�̍Ŕхyб��tt�ʾӃyǌŧfԑŔхyϏöh�v̫ȇh�v

tuϒˎyɆ��nԒ 
 
 
 
P26 

Ƚʓ˅Įʄɷn¸�Äʎ͝ɸǚmÍT{ǏͿn̞Ȥ�

fȼʆǙ΄ 
ΚżŲʦÈ͗ (ΚÎȞ͸œ (ΚÎƲʆ̯ )ΚĤ̋ˋÈ )ΚȂ̮Ǻƻ 
�ͥķőʪ 
�

Θ
ͽżÅƹΚ(ȴȥ˙ʠΚ)ǂżͲÅĆʷΙ 

 
q͹ʹr 
� ͙ƺԑˀŚ͡ʿѲÁ��Ï¬{̫ǹŰv�¾Û¡âǑʉ�͹ʹvfnÁ��ÈÝ®¬y̔͹e�t

t�Ԓfxfԑ˭͵yº²ß¼ßvƝ}��ЖӸʥŰƑ͏yƖ��tw�ԑҮψӈǷĘ͡w��˼С

Ūˎ�ɻ°vǅƚe�tt�cvx�ԑ͟͏ǬʹŐ͛�{ɐ͡ºƲӛus�ve�t]nԒ˂΅Ρu

ºԑʿѲÁ��Ï¬{�¾Û¡âŚ͡�͹ɼfԑ¬¡˭͵{ξŰ͠͏�ſʠvftÒ²ßͲҮh�c

vuԑ˭͵ɣŔyÒ²ßͲҮyw{�uxɀӦ�éY�xћ�nԒ 
qʣ̑áϒˎr 
� ˂΅Ρuºԑæƕ̜ǥ̃ɓ̈̓Ȭ(UASB)Ò²ßͲҮvÁ��Û͝�͡tnƯŔǵӻ�бqnԒ

UASB Ò²ßͲҮuºԑ¬¡ɍ˄ξṲ̋u£Ù¼ÖâÛ�ӹӶfnɃԑ˭͵ξṲ̋{Ҹ�Ʉnyæʪ

ejԑͲҮ͐ɓ�{ɀӦ�ћ�nԒ˭ ͵ξṲ̋�ɮŃɃԑÒ²ßͲҮy��͟ɣfn�¬{ϐɣº CH4 

60~70%ԑCO2 9~17%uǮǴŰfnԒ�¬͟ɣҸº˭͵ξṲ̋� 100%yfnɃ�Ȟͪºє���xx

qnԒÁ��Û͝�͡tnƯŔÒ²ßͲҮuºԑ¬¡ɍ˄ξŰ͠͏v˭͵ξŰ͠͏{ţƑ�ǑYtÒ

²ßͲҮ�бqnԒʿѲÁ��Ï¬ξṲ̋yӹŰfn̈̓vˀӹŰ{̈̓�͡tԑ̈̓{Μӯy��

ͲҮ͐ɓ{ҟtvξŰ͠͏í{˭͵ɣŔ{Ҹ{ҟtyͲҮyƂ�hɀӦ�ћ�nԒˀӹŰ{̈̓�ę

͡fnǆƑԑÒ²ß�¬{͟ɣҸºɍ˄ξŰ͠͏{ţƑyǔ]t�wĻēɓyє���nԒʿѲÁ�

�Ï¬ξṲ̋yӹŰfn̈̓�ę͡fnǆƑԑΤψ̯{ɮŃ{ʽ͂y���¬͟ɣҸyҟtyє��

�ԑɮŃ͂fuº˭͵ξṲ̋{ţƑyǔ]t�wĻēɓyє���nԒ 
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P27  
őɁƯʙȅΎťȃnˉƸl|a^nʎ͍͝ʭmrw{̂ĿnŹ͐�

fŢÛ͒ƾ 
ΚƄȞʚ̓ (Κ̋ʆʞöƈ (ΚɊͣɛä (ΚËķ̇ (ΚͣȞɖ 
Κʯ̆Θ̮ͪƷΙȯƈ 
Κ�

ʯŨʁʱ 
ΚƲʆȉÕ 
Κͦβǖ 
ΚȇƷÞǗ 
ΚÎƷȐ̐ 
�

Θ
ưͯżͲΥ˵ɰʬƍΚ(ưͯżÅǘʃΙ�

 
q͹ʹr 
� Ɵ˲ȑͽ�Ĉеh�ҨƸʠ͛{ã°yσγx�ifys�Ԓσγx�ifºԑ1 àʼĉæǊ̵ayf

n¨Á� 1 ȯǊɱ]ftǊӲ{æyòjԑ�®{Хuů�ԑӓӃx_ʿ˛yʝ]ѐ�ԑҶf�ftʜ

ҖӃ�w°a҈�ԑЍ̓ͲҮej�ďϕʹxͲҮӱơus�ԑăxwΐø{Ӕxwyº˰xjxt�

{vftтf��tt�Ԓc��uԑʧ˂{˨nxx�if{ͲҮҜΚywa�Сƈxwyхˌe�

t]nyԑƟ˲ȑͽʧӾƼʣ{σγx�ifyӄh�ђύxǅƚĚº�v�wxtԒ 
� lcuԑ˂΅ΡuºƟ˲ȑͽʧӾƼʣ{σγx�if{ͲҮҜΚywa�СƈǑҢ�íɍyхˌ�

бqnԒ 
qϒˎáϭȀr 

� σγx�if{ͲҮҜΚywa�Сƈ{ǑҢ�хˌh�n�ԑͲҮӂǢx� 0ԑ2ԑ5 ʧ͹{¨ß

ÈÛ�Ńɩfԑl�m�{СƈǑҢ�ҎѺfnԒσγx�ifí{͟СʜºԑMRS ǂƼywtt 0 ʧ

͹uº 5.8?107 cfu/g us�ԑ5 ʧ͹yº 2.6?108 cfu/g yǌŧfnԒ�nԑl{Ӕ{Сƈ{ǑҢ� 16S 
rRNA Ò²¥¿Ñхˌ�͡ttуȀfnvc�ԑͲҮӂǢş{ 0 ʧywttº Staphylococcus ȏyń

Ė{τ 40 %�ż��ĻżΜus�yԑͲҮyҗ�y°�t Lactococcus ȏxw{ôҰСyʒҪʹyx

�ԑ5 ʧ͹{ʰ́uºńĖ{τ 90%yôҰСuż���nԒ�nԑͲҮ 5 ʧ͹yº Lactobacillus ȏy

ӮЦyǌŧfnԒĉæ{cvx�ԑx�ifí{Сƈº 5 ʧ͹yºǯńyôҰСyĻľΜvx�cv

yΉєe�ԑͲҮyҗ�y°� Lactococcus ȏx� Lactobacillus ȏyǑҢh�cvyʇȀe��Ԓ 
 
 
P28  

jưͯy^zk}͟`ȂƂjưͯż͝Ɇknͬʎjcnʎ͝ɸǚ�

fƄȞʚ̓ 
ΚƾÛ̃Ț 
Κďʆ²l² 
ΚŇȞȊɠ (ΚɫÛˢí (Κɂβőſ (ΚØʧəŬ )ΚɺˠƦǕ )Κ

Ŋʆɪ *ΚÊÛàń *ΚʯŨʁʱ 
ΚƲʆȉÕ 
ΚȇƷÞǗ 
ΚÎƷȐ̐ 
�

Θ
ưͯżǘʃΚ(ưͯʙʄȸǩ̑�Ä�ÆΚ)ΔĉƲż́Κ*ƱƯɿżɿΙ�

q͹ʹr 
� ̩ҫ{oħɓpºҮ˽{ɻ°˨nxϼťy�qt̊Ǵsa���ԒĚY}ԑ̩ҫ{҅͞�̼̥ºҮ

˽yҳh�Û¦âÛvҰ{̼ȯy��̊Ǵsa��ԑ�nl{ӰƜºҮ˽yҳhӸƜɣŔy��ȝƎ

e��Ԓ°��ԑãБʹx]�uxtҮ˽vºͪx�͐ɋʹxͲҮ͐ɓ�ɻ°ʢǚx̩ҫҮ˽�ӂͲ

fԑl{ϼť�ʻǔӊy̚͡h�cvuԑ��ħɓʹuԀťʹx̩ҫ{ӂͲyƋϼyx�Ԓ 
� Δnp{΅Ρ£ÛâÈuºԑȒӅ{Ԁť�ͲĤh�n�{ƼǁÇÙßº{Ή℃�͹ɼfԑoȒӅ�f

ep�ҳj�oȒӅǔҮ˽p{ӂͲyƕaԑȒӅͽƐƼx�ʢǚx̩ҫҮ˽{¬¢Úâ¼ß£�я�

tt�Ԓ˂΅Ρuºԑc��uźӚfnoȒӅǔҮ˽p{ҤďǬʹ͐ɋe�yºҳҔ͐ɓy°ttх

ˌ�бtԑoȒӅǔҮ˽p{̩ҫҮ˽vft{oħɓp�юĝfnԒ 
qʣ̑áϒˎr 
� ȒӅͽƐƼ{ 600 ĉæ{¨ßÈÛx� 22 ˖{ Saccharomyces cerevisiae �͔Ɇfԑl{íx�Ͳ

Үťw��ͲҮӸ�ɼ˪y 4 ˖�ȒӅǔҮ˽{ĩл˖vft 1 ˱ңɱfnԒc�� 4 ˖{ҤďǬʹ͐

ɓ�ԑ¥¿ÑÜÊÛ{ςϕӄĠ�Ƅʭh� THI7ԑZAP1ԑPXL1ԑGLG1ԑYRR1 �ɼ˪yςϕхˌ�

бqnvc�ԑGY-115 ˖y]�uxtҮ˽yʻ�ҊϠusqnԒ�n GY-115 ˖º̩ҫ{�ÆÆÜâ

Áâus� 4-Ä¼Û£��Õ¦âÛԏ4-VGԐ�͟ɣfxxqnԒc���Ѽ�YԑăƯԑGY-115 ˖

�ңɱfԑϛθ 10 kg ytяӻҳҔ�бqnԒl{ϒˎԑGY-115 ˖º͒͐xҰϐɣ�ɻ°̩ҫ�ҳfԑ

Ĕ ԏ̬ʻӾ 10.2ºCԐytͲҮej�cvu͞Ɖu͋�xxҰƜ{̩ҫԏ�Û¦âÛȯ 14.9ԑҰȯ 2.27Ԑ
�ҳҔh�cvyu]nԒ
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P29  
ͣɒ̃ɩwnʎ͝mîp̂ĿnŹĮjĈʋ̧ʾõʅqnǏͿ�

fɮƲʞ͡ 
ΚƯțöƃ 
��ΏȾȷΉ 
��ɥ͂ˋ (ΚBayanjargal Sandagdorj(ΚʆÎɑȐ 
�

Θ
ýżͲ˙ņɿƹΚ(́ʠȿȺÅΆ˙ʠΙ�

 
q͹ʹr 

ȼ΅ΡǶuºĤγ{ďϕҷТus�ҷ̌Тy IFN-Cw�� IL-10 �͟͠іȅfԑӀʾͲҮejnҷ

̌Т̵au IFN-C͟͠Ҹyǌŧh�cv�ʫ�xyft]nԒôҰСº̵a͏{ͲҮҜΚuǌŧfԑ

¨�¹��ß͟͠іȅ�Ɩ�Ǔ_{ŁͫћαĘ͡yǅƚe�tt�cvx�ԑҷ̌Т̵aywa�¨

�¹��ß͟͠Ҹ{ǌŧyôҰСyӄéh�cvy÷ɛe��Ԓlcu˂΅ΡuºԑͲҮҜΚywa

�¨�¹��ß͟͠vύСƈ{ͻӄхˌ�бucvuԑ¨�¹��ß͟͠yӄéh�ҷ̌Т̵aͣˈ

ôҰСΜ{ʇǴ�я�nԒ 
qʣ̑áϒˎr 
� ҷ̌Тſʠ�Ǌ̵̄afԑſʠv̵a҈�Ƀ 3ԑ7ԑ14ԑ21ԑ28 ʧ͹yƐҷ̌Т¨ßÈÛ�Ưƅf

nԒƐ¨ßÈÛy°tt pH Òâ²â�͡tt pH �̭ǴfԑȥˋǂӶ̑ytôҰС͟Сʜ�̭Ǵfn

vc�ԑ̵a҈�y�� pH {ĔçvôҰСʜ{ǌŧy΋e�ncvx�ԑôҰСy��ôҰͲҮy

ѵcqncvyʇȀe�nԒ�nԑ̲СÚßҰϟг͛͟ӱǊ̄uɢ̻fnƐ¨ßÈÛ{ɢ̻̤�яʠ

ſ̤vfԑύС{ 16S rRNA ҤďǦҪŖ� MiSeq uхˌfnvc�ԑͲҮyĐqt L. curvatus v

L. plantarum yĻŮvx�cvy΋e�nԒe�yԑҠɍŔӚuɆnяʠſ̤{ËÜµ¹ͥŔ�Ï×

¬ЅЌύϺy̨ŧfԑIFN-Cw�� IL-10 ͟͠Ҹ�̭Ǵfnvc�ԑſʠu� IFN-Cw�� IL-10
{͟͠yΉєu]nyԑ̵a҈�y�qtƐ¨�¹��ß͟͠ҸyǌŧfnԒŧYtԑСΜ͐ͪʹÈ

Ù�Ïâ�͡tn qPCR y��ύС{ϖȁǴҸ�бtԑƐ¨�¹��ß͟͠ҸvôҰС{ϖȁʜ{ͻ

ӄ�хˌfnvc�ԑҷ̌Т{¨�¹��ß͟͠yîyǻéh�СΜº L. curvatus uºx_ԑL. 
plantarum v L. brevis us�cvy΋Ʀe�nԒ 
 
 
P30  

Isolation and Identification of Indigenous Yeast Fermenting Ethanol 
from Vegetable and Fruit Wastes 

 
NFannisa Putri1, 2, Makiko Sakka1, Naoto Isono1, Emi Kunitake1, Tetsuya Kimura1,  

Kazuo Sakka1, Sunardi2 and Yuli Astuti Hidayat2 (1Grad Sch Bioresources, Mie Univ,  
2Dept Environ Sci, Postgrad Sch Univ Padjadjaran, Indonesia)�

 
 The acceptance of vegetables and fruits each day in Bandung City, Indonesia, from various 
regions reaches hundreds of tons and produces a lot of organic wastes. In addition to the approach of 
waste product, recycling of vegetable and fruit wastes can be pursued through the concept of waste to 
energy. Vegetable and fruit wastes have the biological and chemical potential to produce bioethanol. 
Biological potency owned by indigenous microorganisms was examined for fermentation of the 
vegetable and fruit wastes. Among 8 yeast strains isolated from the wastes, 2 indigenous yeast strains 
S1.2 and S2.2 showed an excellent ability of ethanol fermentation while 6 other yeasts did not show a 
good result on this experiment. Strains S1.2 and S2.2 could ferment glucose in the medium consisting 
of 20% glucose, 1% peptone and 0.5% yeast extract to accumulate ethanol about 9.5 to 10% in the 
medium, indicating high ethanol recovery close to theoretical value. They grow best on 25-30 °C in 
pH 3-6 and are capable of fermenting various monosaccharides such as glucose, xylose, mannose, 
galactose, fructose, and arabinose to produce ethanol. Physiological properties and PCR-based 18S 
rRNA gene sequences showed that strain S1.2 was closely related to Hanseniaspora opuntiae and 
strain S2.2, Pichia fermentans.
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P31     

Ύţmxehǈu̹yz|{ːˮƥŚƒǵāĻpţĢ˨ǚn 76" ͝Ɇ}ʅod̝ƞ�

iƏ̨ͣΘưͯżƍͲ˵ɰʬƍǩ̑ʠʳʬʃŐʬƍÅĮƍƢǹΙ�

 
q͹ʹr 
� Ӿƹºɉ͟͏y͛͟ʹxɀӦ�lʋĵ�éYl͟ϵӈǷ�ύϺ˷�ѵchm�nlύϺЋyɀӦ�

éYlύϺ�Û�¾Ùyʋĵy͟g�cvyc��uyʇǴe�tt�mlcu˂΅ΡuºύϺ�Û

�¾Ùyȋƺh�lGFP �ЯƑejn²ßÂ¢Ѳ�ɼ˪vftlӾƹçywa�ύϺ�Û�¾Ù{ʋ

ĵƂ�ƹťϯɓ�юĝfnm 
 
qʣ̑áϒˎr 
� ˂΅Ρº Saccharomyces cerevisiae BY4741 ˖lw��ƐҤďǦy GFP ҤďǦ�ɿŃfn Yeast 
GFP Clone CollectionԏThermoFisherScienceԐ�Ś͡fnmƐҮ˽º̤Ė YPD ǂƼu˂ǂӶflȁ

ʜǌ˺ʾύϺlǴȣʾύϺlȁʜǌ˺ʾύϺ{Ãâ¹ªØµ¢Ő͛ύϺ�͡tnmGFP ҤďǦ{зЯ

ƑҤďǦvftºl˗uº ROX3ԏYBL093CԐl˗Ћuº NIC96ԏYFR002WԐlȆϺĖuº PHO86
ԏYJL117WԐl§Û«Ėuº SEC7ԏYDR170CԐ�Ś͡fnmҮ˽{Ӿƹçu{ƐύϺȆƬǲ{ʋĵ

�ћ��n�yl̅íu 50 MPal100 MPal150 MPal200 MPa á30 Ŕ{ˇċuҮ˽�Ő͛fl

ȣƹyɧfnɃyЮĿӮɉҿuуȀ�бqnmƓʰy͟Сʜ�̭ǴflӾƹçu{Ү˽{͟Сʜ{Ǒ

Ű�юĝfnm 
l{ϒˎ 50 MPa uºύϺŊ{ύϺȆƬǲ{˧Ҕy�uºɀӦºуȀe�xxqnm100 MPa uºl

˗l˗ЋyʋĵyуȀe�nm150MPa §Û«ĖyʋĵyΉєe�nm200 MPa uº��h�t{ύ

ϺȆƬǲ{˧ҔyɀӦyє���nm�nȁʜǌ˺ʾύϺlǴȣʾύϺlȁʜǌ˺ʾύϺyÃâ¹ª

Øµ¢�snYn�{ńty 100MPa u˗ЋyʋĵyуȀe�nmƹťŐ͛Ƀ{͟Сʜºlȁʜǌ˺

ʾύϺỳ�ǴȣʾύϺlÃâ¹ªØµ¢Ő͛ύϺuӾtcv�Ήєfnm 
 
 
 
P32    

͝Ɇ}ʅodǰ˗ʒlɳ�¢Á�mƠ`{ɢˮȺ͈nŹĮn̞Ȥ�

fʟÛǍ;ΚƷÛɿâΚͣʆ͏ΉΚʸʆ˷ƾΚβȞɚƈΘͽƱżͲǺΙ�

 
q͹ʹr 
� œИҮ˽ywttºԑ΂ʰӃuºs�yЏ˷ʹx̬ȯ(Ě 50gԑ10-20 Ŕ){”¬¹Ü¬�éY��

nǆƑvԑӀʰӃԑɻϘʹyýЏ˷ʹx̬ȯ(Ě 40-41gԑʜʰӃ){”¬¹Ü¬�éY��nǆƑuºԑ

Ӈɇ˯˧yͪx�cvyϭY���ԒɃϮ{ɻϘʹx”¬¹Ü¬yȁftºŴŔxҸ{×Ä ´ßy

Ɏ⇄us�cvyǅƚe�tt�yԑˀ΁{ҧŔyǓtԒăƯԑc{”¬¹Ü¬{ύϺɐή˯˧�х

ʫh�n�ԑύϺŊ{ǑŰ�уȀfnԒ 
 
qʣ̑áϒˎr 
� ”¬¹Ü¬Ƀԑ̤Ϻ{ȽɟǑŰyЦf_ԑőŒ{̤ϺЋ�ӍŃyуȀe�nԒc{ӍŃ˧Ҕºԑ�

â¹Æ�«â{ҤďǦ˰ʋǑͪ˖u�ѵ]ttnyԑESCRT ς{ŔǦ{Ǒͪ˖uºԑр��xxqnԒ

ӞǦӮɉҿхˌy��ԑҷ͟˖uºԑ̤ϺŊyȆϺyʜ͑͘yϤ^Ƒ�e�tt�ӍŃ˧Ҕys�c

vyʫ�xyxqnԒ”¬¹Ü¬ʰyº̤ϺЋv�ßº°âÑЋ{ЯƑyӬϢy͟g�cvy÷ɛe

�ԑc{�ux̤Ϻ{ȽɟǑŰºԑ̤ϺеӤΟ{ɒ̺xǌŧyȁɐftt�Ƌϼɓy΋e�nԒ
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P33 
Ύˋǃ .�¬£Â����¯¾³Ä΅̣̊nͬʎ�

fɶƱƜǂ 
ΚȢțǝƔ 
ΚÎŲƑǗ 
ΚƾȢʗá (ΚƱʆĘƌ (ΚÎŲ͊È 
��

Θ
ͪ˹���Ä�ȫǇëʥΚ(ȫǇëʥȡɚʎ͝Ι�

 
ͲҮǔѥíyº�°ÆÙÍßӼ˙{ 8 ēȳҰǃuҰŰe�n 8-Hydroxydaidzein (1) 1)

l

8-Hydroxyglycitein (2) 2)
l8-Hydroxygenistein (3) 1)

ά{ɯҰŰɣŔys�mҊȦlc��{ŰƑ͏yl

Genistein � Daidzein ���ȺťxɯҰŰĘ͡lɯǑͪſ̚ɓlύϺǌ˺ɭŜĘ͡�΋flǔѥͲҮ

ӱơ{˯ϼɓ{ŰǬʹ˘ɷvft̔͹e�tt�mlcu˂΅ΡuºlͲҮǔѥx� 1,2,3 � HPLC
άy��źӚνм�бqnvc�lTLC ŔˌlHPLC Ŕˌl1H-NMR y�� 99ԍĉæ{Ӿφȯul

£ÙÑźē{͟͠yƋϼvx�l͛̚͟ɓ{хʫ�ǴҸά{΅Ρ{n�{ӾφȯяЫ{ӂͲyɣŦf

n{uǅƚh�m 

 
 
 
 
 
 
 
 
1) Hideo Esaki et al., Biosci. Biotechnol. Biochem., 62(4), 740-746 (1998). 
Akira Hirota et al., Biosci. Biotechnol. Biochem., 68(6), 1372-1374 (2004). 
 
 
 
 
P34 

Ύˋǃ·ő˰ˬ̣̊͞nͬʎ�

f̋ͣőƌhƖʆÿōhȢțǝƔhÎŲƑǗhÎŲ͊ÈΘͪ˹���Ä�ȫǇëʥΙ�

 
� ӴƟϽϴҰºˠ͏�ū͏yȤȪ_ǨƺflΜy�qtϽϴҰ{̀ψʜ{Μӯ�Ǩƺ̀xwyͪxq

tt�me�yϽϴҰº̨ŧŠvftӱơlǈʠlųЫơ�ŰμơxwyȪ_Ś͡e�tw�ll{

Ćy�̸̳ŠlƋǇŠlôŰŠxw˨nx͡ґyŚ͡e�tt�m 
�nlϽϴҰº͟ĖŊuҶ⇄xɁţ�ˎnftt�ŰƑ͏ϩ{ҧŔ˧Ҕ�Ƚɣftw�lĚY}ύ

Ϻ{ª£»ÛďҞ{ћαxw�бqtt��ß£Ú�ªºlύϺЋ{î⇄x˧ɣɣŔus�ÚßϽѲl

ύϺЋuϽѲЋ�Ƚɣh�vv�yª£»ÛďҞ͏Ѳvft˨nxĘ͡�ɵu®ÙÐºxwys�m

c��{ŰƑ͏�ƑɣfųЫơxwyŚ͡h�yºφȯ{Ӿt�{yɎ⇄us�lӾφȯϽϴҰẏ

���tt�m 
� ϽϴҰºǓ_{ΜӯyȠѫe�tt�yll{ǔŶºʜԍźē{̀ψʜ{ͪx�èφ͏ά�Ɩ�u

t�{ule�x�ӾφȯŰ�Ҟɣh�_ϽϴҰ{νм�бqnm 
φȯ̭Ǵº TLClHPLC Ƃ� NMR uŔˌfnmHPLC ŔˌywttӴƟϽϴҰyºȺt UV Ɨƅ

y͂_ˢœfy_tn�lϋǒϝ�ßºƗƅ̑*�͡ttŔˌ�бqnml{ϒˎlİʜϽϴҰvv�

yǚʜϽϴҰ�Ɩ�n C10:0 x� C30:0 �u{ӴƟϽϴҰ�l�m�φȯ 99.5ԍĉæ{νмyɣŦf

nm�nlǔҸŰ�Ƌϼyx� kg źēu{͟͠yƋϼyxqn{uǅƚh�m 
 

* ˊ˂ɖǵ, íǉҗã, FOOD Style 21, 17(3), 87-89(2013). 
ˊ˂ɖǵ, ЬҷƟǩ, ͎ȓǾȪ, íǉҗã, LONMSTP 8 7 4R9:P(H26.10.30).
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fɌÛïő 
ΚƼƷʇȽ 
��ǿΊǛƾ (��ƩƯČÈ )��Ł̲őń *��̈́̋Ǚͷ (��ŇʆÑˢ (�

�
ŉżÅǞůʬƍh(ŉżÅǞůƍh)ŉżÅɷş�h*ŉżÅʃŐ́ƍ	�

 
q͹ʹr 

ɤnºѳ�­ Μ͵yƖ���ϋГГψ{źӚƂ�˧Ҕ̊Ǵ�͹ʹvft΅Ρ�бqtt�m2017
Ȧȯ{ʧ˂҆ЗŰǬĎǔĎ(Āҩ)ywttlϋГГψ{ĿŔх͏{˧Ҕ�ʫ�xyflc�yǃstt

�· ¿ÅÙ¿ª�¼«ß A(1){˧Ҕ�̊Ǵfnm�· ßvª�¼«ßyϡƑfnʢсӼ˙�ɻq

tt�cvyʫ�xyxqnmăƯlɉҸГψ�· ¿ÅÙ¿ª�¼«ß B(2)vl{ĿŔх͏{˧Ҕ

хˌ�бqnm 
 

qʣ̑áϒˎr 
� ѳ�­ (Vigna angularis, ơΜԖ�ÚÓªØ×­)�̬̄u̘̝ɃlҭҰ�´ÛuГψ�ɴœfnm

c�� Toyopearl HW-40C w�� ODS �ÙÑ¢ÝÏ¹£ÙÆ�ây�qtνмfl24 kg {õ͉ΜǦ

x� 4.6 mg { 1 �l2.4 mg { 2 �ɆnmNMR хˌw�� CD ¬Ë¢¹Ûx� 2 º 1 vƓgͲГƱ

�ɻpl1 {«�¬·Ü�Ïâus�cvyŔxqnme�yl1 �˨nx pH { 50% Ò²¿âÛ-
ϟг̤y̱хejlUV/Vis ¬Ë¢¹Û�̭ǴfnmҒȣ{�ß¹ª�¼ßvͪx�lpH 5 {ˇċç

u 5 ʧɃ�τ 80%{Г�ģqttnm͙ƺlϋГͲГ˯˧�Гψ{ǮǴɓ{хʫ{n�lͲГƱ�Ɩ

�Ó¸ÛŰƑ͏{Ƒɣ�бqtt�m 
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Study on the color and stability of 3-O-substition of cyanidin  
fAsmaa B. El-Meligy, 1,2 Takehiro Ishihara,1 Kin-ichi Oyama,3 Ahmed M. El-Nahas,2 Ahmed H. Mangood,2 

and Kumi Yoshida1 

(1 Graduate School of Informatics, Nagoya University, 2Faculty of Science, El-Menoufia University, Egypt, 
2Research Institute for Materials Science, Nagoya University) 

 
The purpose: 

Anthocyanin natural dyes are important pigment that can be used as a food colorant, as well as a dye for dye 
sensitized solar cell. The main drawback is their instability; they are highly reactive by degrading under normal 
condition of storage. 3-O-glycosilation of anthocyanidin is considered to increase stability. To clarify this, we 
compared the stability of cyanidin (1) with 3-O-glucosylcyanidin (2) and 3-O-methylcyanidin (3). We also 
analyzed the effect of presence of co-pigments on the color and stability of pigment.  
 
Method and Result: 
2 was isolated from black soy bean (Glycine max). 1 was obtained by acidic hydrolysis of 2. 3 was synthesized 
from rutin (4). After tetra-benzylation of 4, sugar moiety was hydrolyzed, then 3-OH was methylated with CH3I. 
After removal of Bn-protection group, our transformation method using Zn-reduction followed with air 
oxidation to be obtained 3. 1-3 were dissolved in aq. buffer solution of pH 1 and the stability of the solutions 
were investigated by recording UV-Vis Spectra. The results reveal that the 3-O-glycoside substitution of 
anthocyanin is the most stable followed by 3-methylation while the 3-hydroxyl is the least stable. Thus, 
3-O-substition plays a role in retarding decomposition of anthocyanin. Addition of co-pigment, flavocommelin 
(5, 1-10 eq. to each pigment) gave increase in stability with bathochromic effect even in strong acidic condition.
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¯�ɇ ¢Â£¢��ÄnǳƓʃņǦÎͭônĮƍņǦʠʳ�

fƖŦǙ̜ΚƐʵȉˁΚ̘ƷûſΘŉżͲʃŐ́Ι�

q͹ʹr 
� ·¹Ýº¹ ªß(TTX)ºlӞēĜǨɓ Na+´Ô¾Ûyȁh�ȺťxӈǷŠus�lÆ£��ÓÚl

²¦xw{͟͏yģʽftt�mãʣlTTX {͟Ƒɣ΅ΡºǓʜб��tt�y�ӄ��il͙ƺ�

l{͟Ƒɣϑѻºˀхʫus�mҊȦlˉűǔǬ{ȑç�ºl� »ÞªÚ¤ß�ÓÚ(Cynops 
ensicauda popei)x� Cep-212 w�� Cep-210 �źӚfnml{͐ɋʹx˧Ҕx�lc��ù°{Ǖ

̓͏ºlTTX {͟ƑɣíӃĖ{Ƌϼɓyɼʎe�tt�mfxflźӚe�n Cep ӯ{Ҹºˤķxu

s�l�nϖȁ℃ĖҪϧyˀ̊Ǵus�mlcu˂΅ΡuºlŰǬƑɣy��Ҹʹěϔw��ϖȁ℃

ĖҪϧ{̊Ǵ�͹ʹvftlc��{Ƒɣ�ˢщfnm 
qʣ̑áϒˎr 
� ¥Ù¼�âÛ�œͲſʠvftlåҕϘèʟíɍ{℃Ėңɲʹ˧γv£�¼«ßŰ�ϑtlCep-212
{èʟńƑɣ�Ҟɣfnm͙ƺlƑɣơ�͡ttϖȁ℃ĖҪϧ{̊Ǵw��͂˿�ÓÚ�{ɮéǵӻ

�ŇƓ΅Ρuбqtt�m�nlƑɣíӃĖx� Cep-210 {Ƒɣ�ˢщíus�m 
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ªÄÁ��ʬ��¢�¥Ä���	�T>JVUPU�nņǦʠʳ�

fˊǨȇǊ̄ 
ΚǌŦɧ 
Κȕ͘ǜƦ (��ʚŶʪȁ 
�

ΘýżͲ˙ņɿƹ 
Κß͙̊ʬż� čňĘʅȿŚ�Ä�Æ(Ι�

q͹ʹr 
� (+)-Muconin (1)ºÁßÜ�ªŰˠ͏ Rullinia mucosa x�źӚe�n�®¹¥¼ßus�, α,β-è
ӴƟ-γ-Ù¢¹ß͜Ƃ�ͺϒh� THF-THP ͜, lftņ°{ҕϘh�èʟ́�ʽftt�. ˂΅Ρº, 
ҽƄɐvft℃Ėңɲʹ� ªÂÙ¸âªØß�͡t, 1 {Ū͖ʹxƑɣ�бucv, Ƃ�l{͛̚͟

ɓ{Ͳ͙Ò�¼­Ñ{хʫ΅Ρyɐ͡h�cv�͹ʹvh�. 
qʣ̑áϒˎr 
� Acrolein (2)�œͲ͏Ѳvft, Sharpless èʟ�Î ªŰƂ� Sharpless èʟ«ÃºÝ ªÛŰ�

Ɩ� 14 ˻ӑ{Ƅɐy��͜ŰşӺĖ 3 �Ƒɣfn. Ϙtt, 2ĝ{PdцǤ�͡tn℃Ėңɲʹ� 

ªÂÙ¸âªØßy��͜ŰćŧĖ 4 �Ƒɣfn. �n (S)-(-)-glycidol (6)�œͲ͏Ѳvft 3 ˻
ӑ{Ƅɐy���Î ªº 7 �Ƒɣfn. ăɃTHF-THP͜×¼µ¹ 5 Ƃ�, γ-Ù¢¹ß͜×¼µ¹ 
9 {Ƒɣ�ǯöf, ë×¼µ¹{¢Ý¬Ò²®ª¬y��(+)-muconin (1) {Ƒɣ�бu÷Ǵus�. 

H

O

2

O
C12H25

OMOM

O

OH O
3

Cl2Pd(CH3CN)2
(10 mol%)

O O
C12H25

OMOM
4

8

OTBS

I

OH

Pd, CO, base
THF OTBS

O

O

9

O O
C12H25

OMOM

5

OH

HO
O

6

O O
C12H25

OH
O

O

OHOH

muconin (1)

14 steps

OPMB

7

O

3 steps

O O
C12H25

OMOM
5

OH
OTBS

O

O
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�u	u��
(����	��
	)
, m6)�6h�¡ XIj*�

1@ng% �taAEc �t_3^l �tUY.& ���tf'2 ���t]:al ����

r�+B;od6[C"k<>Nt�+B;-np9g6`be��� ���!`bMs�

 
�§¦�� rª¯o� WÎ
dÏ� proanthocyanidinÑ/��]x�(��N]x����zº¤
�w/¾K����	M¼ª¯�(* epigallocatechin oligomer ��ÑIJ��"Õ�zº¤�w
/¬��#���È]q
h���+��,��w
Õ#+��
Q���	�,)/Å#
�ª¯

� 3 ÉJV]��N]x�(+;@3@B?f�le����zº¤�w�¨Ì�¾K�Y!N]
xg`
�� epigallocatechin tetramer (1)�N]x/¿$�	 
���A³��� pÃa 2 /P¥���� 4476<�OÆSÒJ 3 /]x��	3 /®����T
�?14ÇleC¶]���´�¹LÂ�(*§¦� 3ÉJV]� 7Ö8Ö9 /u�	#� 6 �WÉ
J�Ðk/£��^��Zv/¼� epigallocatechin tetramer (1)/u�	7Ö8Ö9 �zº¤�w¿
Ó�)�w
�°>968��Çf�le����¨Ì���+��
�)�����	Gt (1)�z
º¤�w¿Ó/¼	Fn��+	 

 
P40 

Quinocidin�VT16Z�=2�tT/�E05eip�

�YPhct$A� ,tio4Gt?q� #r7;o\8ks�

 
�§¦� 
� Quinocidin Ö}µ» Actinomyces sp. TP-A0019�
¡¢�+²·�w�Ä��*Öi��� �&
�­� 3,4-dihydroquinolizinium Ô�/����+×y� ÖQuinocidin 
Ew���EÖo��
2-mercaptoethanol �(! N-acetyl-L-cysteine � Michael HUJ/sx�+��/½P��×�©½ Ö
Quinocidin /R£����� cysteine |{T/Ê¥��+[¸w/¬b�+'���+×����ª
¯� ÖQuinocidin���V]���+ 1/]x�Ö��Zvw/Á"+��/§¦���× 
 
���A³�� 
� ��V]� 1 Ö3,5-lutidine/P¥X~��� 5�Í�]x��×#�Ö1/ PBS (pH 7.4) Eo�
� 10±É� 2-mercaptoethanol��]����Zv�/ HPLC�(��Q�����-Ö2�Ë� 1

mN��j�Ö���¡x�/D
+��
«À�,�×\®�cQ��)Ö¡x� 2��n�,Ö
1 Quinocidin�^��MichaelHUZv�(��52B?/|{�+��
¬b�,�×�eÖcysteine
/_%\®0=:Ç� 1��HUZv����'Á"��*Ö��³�'].��g`�+× 
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1��
3
��I2����+@G	#0+���@�,���	A&D8�

�:F9" 	K�2�! 	��K/*%) 	�� C47 �K�$156 �K.J��L�

	',H�<(EK�;?K��-/=,�<3�

���� 
� @G8'B1K A (PRM-A) �Å>9Z�P[)(I2 (HIV) �©p�mg�"ÂAK=M2h�
»�¢b�"���y HIV�v%��ÆPRM-A��»%����"^W���y HIV¨HM:��
���
#��"
ÅPRM-A�ÂAK=M2h�»�¢b�s�~ 	�������Æ³rÅx	
� PRM-A
�»h�!�]qhAK=+H0��t�¢b�"��%¬\��Æ��������Å
ÂAK=M2h�»�NÇT�	 �"]qhAK=+H0�E5M?� PRM-A ��&?'<7'
M%­X�ÅPRM-A�ÂAK=M2h�»��¢b�s�½�"�¬%u"��%�����Æ 

�}�L¢�� 
� ÂAK=M2h�»�]qh+H0�E5M? (1-3) %bw�ÅPRM-A ��¢b�v%­X��Æ
��¢�ÅPRM-A�N� 1�!�f� 2, 3�t�¢b�Å¿¸Y��AK=M2�i��¼�²¾

º«��"`¦v
�e
#�Æ�gT� 4 �bw%¶���!Å��¢b®Á�¢��b$��j
d�"Æ 
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1��
3
��>B2���	#0+���@�,���	A&D8�

�/*%) 	��2�! 	����:F9" 	��$156 �� C47 ��.J�� 	�
	',H�<(EK�;?K�-/=,�<3�

���� 
� @G8'B1KÀ (PRMs) �Å�§�¡¥kAK;K�¢b��y�§�v%��F<M-�y�
�±¤��"Æx	��³ÅPRMs �¡¥kAK;K�AK=M2ÃManÄ�i�GK4C�¢b�
"�����Å]qhAK=+H0�¹]�·z��¢b�"��%¬\���"Æ�������

�Å�§AK;K���]qhAK=+H0�% £��_nbw�ÅPRMs �o�"&?'<7'
M%­X�"���ÅPRMs�+H0�¯°D,<3C�½�"�¬%u"��%�����. 
�}�L¢�� 
� Candida albicans�¡¥kAK;K��´	 ]qhAK=+H0�E5M?%{\��_nbw
��Æa+H0�� PRMs �o�"&?'<7'M%­X��¢�Å¿¸Y�� Man �i�|
l
�+H0��� PRMs�t�¢b�"��
~ 	����Æ
 �Å9H*5JK.H/MI�Q
�� Man %µ¢��AK=+H0�BB6-
R]qhAK=+H0��c��&?'<7'M%
������¯
#�ÆUO�¢��!ÅPRMs�ª|�¿¸Y��Man�i�c���SV��"
����]qhAK=+H0��t�¢b���"��
�e
#�Æ  
 
 
 
 
 
 

]qhAK=+H0� 

� 

AK=+H0�BB6- 
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2PY���UP=XVWOLUBS	�"OVYWOVXHCP.H=L�}ɍ⁺ƈĝsf��£ɧj^hĘʅ^d�

">TTLXLX�ŧ̼ðnͬʎ�

fʟķʰžȖΚųċƌÒ��ȢăʚáΘŉũż́Ι�

q͹ʹr 
� Pummerer Ѿēº¬ÛÌ ªºẏӞǦŠ�Ę͡ej�cvu α ϧʉ¬ÛÆ�º�vǑʉh�Ƅɐ

us�m˨nẋ˗Š�͡t�cvuͪx�ǲϼǃ�ȅŃh�cvyu]�yl˂ Pummerer Ѿēy

���«ºǃ�ȅŃfnǅƚºc��uy 2 Ěfxxtm1) 
� ãБylA-�«º¬ÛÆ�ºº A-ÀÝ¬ÛÆ�ºv͊Ͳɓ�ʽh��«ºŰŠv{ϧʉƄɐy�

qtƑɣe��mãʣlp-NO2DPPA ºÚßſǦ{Ę͡y��ǮǴŰe�n�«ºŰŠus�l˂яЫ

ͣˈ{�«ºǃ�̇˗Švft͡tn Pummerer Ѿēyҗбh�}lǮńx°ζğy A-�«º¬Û

Æ�ºyƑɣu]�mlculp-NO2DPPA �̇ӞǦŠx°�«º̯vftŚ͡fn Pummerer Ѿē

y�� A-�«º¬ÛÆ�º{Ƒɣ�я�nm 
qʣ̑áϒˎr 
� Μnˢщfnϒˎlp-NO2DPPA {ǨƺçlǊǃvft DABCO �͡t�cvu Pummerer Ѿēy

җбfl͹ʹ͟ɣ͏yƅ͖В_Ɇ���cvy�xqnm˨nx¬ÛÌ ªº�ǃѲvftƄɐ�я

�nvc�lÒ´Û¬ÛÌ ªº�͡tnӔy͹ʹ͟ɣ͏yƅ͖В_Ɇ��nmÒ´Û¬ÛÌ ªº

yǃѲ�ϓ�lǃѲ{ҡ͡βƳ�ћ�nvc�lЖӸʥáϽϴʥ¬ÛÌ ªºv�yƄɐºӷȉВ_

җбflÒ´Ûǃ{�uңɲʹy�«ºŰyҗбh�cvyʫ�xyxqnm˱ylƑɣfn�α-�«

º¬ÛÆ�º�͡tt Click Ƅɐ�бtl͟͏̚ɓ͏Ѳ�Ƒɣfnm 
 
 
 
 
References 1) (a) Shimada, K. et al. Tetrahedron Lett. 2000, 41, 4637. (b) Jiao, N. et al. Org. Lett. 2015, 17, 6186. 
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˂ˆ�Ä«�̶o�Á� ÂÆÀæ̫ǸŘõʅ}ʎǴ`{ 
○ɻ ŇĢɸΚͪƱ ĘΘưͯżÅǘʅʃɷʬƍ͘Ι�

q͹ʹr 
θπ²ßÂ¢ѲԏRBPԐ{¦Ü¬·ÝâÛԏCHOLԐĈѠyȁh�ɀӦy°tt{ǅƚºȇxtm˂΅

Ρuºlin vivo Ƃ� in vitro ǵӻy�� RBP { CHOL ĈѠʓƪĘ͡˯˧�хʫh�cv�͹ʹvh�m 
qʣ̑áϒˎr 
<ǵӻ 1> Wistar ςӖÙµ¹y RBP �̨ŧfnӾ CHOL ӱ�éYlа̩ϽѲlοí¬·Ý�ºʃœҸ�

ǴҸfnm�nlRBP { in vitro { CHOL Ð®Û̱хɓƂ�Ϸ̆ҰϒƑϼyȁh�ɀӦ�юĝfnm 
<ǵӻ 2> RBP �Ϸ̆ҰϒƑ�ÙÑy��l�Æ�¼·�â¢ÝÏ¹£ÙÆ�â�бtl̚ɓ²ßÂ¢

Ѳ�ƓǴfnm<ǵӻ 3> RBP � HiLoad 26/60 Superdex 200 pg �ÙÑu¥Û�Ҝ¢ÝÏ¹£ÙÆ�â�

бtlRBPF1ԞRBPF6 { CHOL Ð®Û̱хɓyȁh�ɀӦ�юĝfnm�nlRBPF3 � SOURCE 5RPC 
ST 4.6/150 �ÙÑy��Ґͻ¢ÝÏ¹£ÙÆ�â�бtlå°{ͥŔyŔalCHOL Ð®Û̱хɓy

ȁh�ɀӦ�юĝfnml{ϒˎl<ǵӻ 1> RBP ºа̩ϛ CHOL �ʽɜyĔçejlοí¬·Ý�º

ʃœҸ�ʽɜyǌŧejlCHOL Ð®Û̱хɓ�ʽɜyĔçejlϷ̆ҰϒƑϼ�ɻ°cv�ʫ�x

yfnm<ǵӻ 2> RBP ͣˈh�Ϸ̆ҰϒƑ²ßÂ¢ѲyɆ��lHypothetical  protein OsJ_13801 (NCBI 
accession no. EAZ29742l54.5KDa) vƓǴfnm<ǵӻ 3> RBPF3 ºĆ{ͥŔv̀ҁft CHOL Ð®Û

̱хɓ�ʽɜyĔçejnmRBPF3A �nºlRBPF3B v̀ҁft RBPF3C º CHOL Ð®Û̱хɓ�

ʽɜyĔçejlNon-specific lipid-transfer protein 1 (LTP1) (NCBI accession No.A2ZHF1l11.3KDa) v 
Lectin (NCBI accession No.Q01MB6l22.7KDa) �Ɩ�cv�ʫ�xyfnm 
� ˂΅Ρy��lRBP º in vivo uºlοí¬·Ý�ºʃœҸ�ǌŧej�cvuа̩ CHOL yĔçh

�cvlin vitro uºlϷ̆ҰvϒƑft CHOL Ð®Û̱хɓ�Ĕçej�cv�ʫ�xyflʢсϷ

̆ҰϒƑ²ßÂ¢Ѳvft Hypothetical protein OsJ_13801lʢс CHOL Ð®Û̱хɓӈǷɓ²ßÂ¢Ѳ

vft LTP1 Ƃ� Lectin �ŗ�tƓǴfnm˂΅ΡulRBP yƖ��� CHOL ĈѠʓƪĘ͡�Ͳʊh

�ʽŪɣŔ�Ɩ�Ę͡˯˧�хʫfnm 

R S Me

p-NO2DPPA (2.5 eq.)
DABCO (2.5 eq.)
toluene, reflux, 2 h R S N3

O

20 examples
up to 88% yield

alkyne
Cu+ (cat.) Bioactive

Compounds
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Ö̂͞�¿� 4 1 jʃ̊ĕƈn̗ņômx{΍ȮʻĕĮ̥Ƥ�

f͊ŸǍ̄ 
��ȲɫČØ 
�(��Ì͡ĜŸ )��Ύ̮Ȑ˽ 
�(�

Θ
ýƸż́��(ýƸżª��¸¡��Àʠ��)ýƸż̂΅Åǔʃɷ�Ι�

 
q͹ʹr 

ѶӾԋŰΌĎuºŧԋɓέǣϡ�ĐuÝ¦Ó·�Çͮĩϩyɒǌftt�mέť�έҸ�ϙɻh�

yºlʧn{ӱø�Ąfn÷ӇyҶ⇄us�mӼ˙έϐϥºlέИύϺvƝ}��ľӺύϺ{ǌ˺v

ŔŰy�qtɔȣɓyģn�tt�mlcuɤnºlǓȿx͛͟Ę͡�΋h�Ú§ DNAԏODNԐy

Ϳ͹flέИύϺyĘ͡h� ODN ҪŖ{ʅϊvхˌ�бqnm 
qʣ̑áϒˎr 

Ï×¬έϐϥx�ʄƆáǂӶfnέИύϺ�яӻy͡tnm¬¢Úâ¼ß£yºlôҰС

Lactobacillus rhamnosus GG {¥¿ÑҪŖyͣˈh� ODN �ěfnm96 ΠÈÜâ¹yʏΜfnέ

ИύϺy ODN �ɮéfl48 ʰӃɃyӼ˙έ{ʻϏŔŰÏâ�âus�Ð�ªßҶҾԏMHCԐ{Łͫ

˒Г�бqnml{ϒˎlMHC ӏɓέύϺ{ţƑ�Цf_ǌŧej� ODN ϩ�рœflmyoDN
ԏmyogenic ODNԐvƞƔfnm 

myoDN º”ǑɓuǙ̚h�cvx�ll{̚ɓº℃Ė˧ҔyĜǨh�cvy΋Ʀe�nmŔǦªÐ

ÖÜâªØß{ϒˎlmyoDN º G ¬²µ ß£�ʽh�͐ɋʹx℃Ė˧Ҕ�Ɔ�cvy΋e�nm

e�ylɣ ͏ɓ͟ЫyƖ����Û�Ý�º{ãΜylmyoDN {Ę͡�ӮЦyǌȺh�cv�рœf

nm�Û�Ý�ºźĖyºέŔŰġҗĘ͡ºє�xtcvx�lc{�Û�Ý�ºº myoDN vϒƑ

fll{˧Ҕ�ǮǴŰej�cvu myoDN {Ę͡�ǌȺh�vϭY���m�nlãҧ{Ǌǃ�˰

Ǚ�nºϧʉfnǑͪ myoDN {ˢщ�бtl̚ɓyɎө{Ǌǃ�l�Û�Ý�ºyȁh�Ƅɐɓy

èƋ˰xǊǃ�ƓǴfnm 
myoDN-�Û�Ý�ºнƑĖºlύϺ{έŔŰ�ġҗh�ń_ʢft˯ϼɓŔǦvftlÝ¦Ó·�

Çͮĩϩ{÷Ӈlӱϲ{ǌ͠lˬυέϲЇ{ǌ˺ɭŜxw�{ҡ͡yʾɂe��m 
 
 
P46   

Ö̂͞�¿� 4 1 mx{ʻĕĮ̥Ƥ}ɜʅ^dΓ˫ŵʄɘnͬʎ�

fØȾóʢ 
Κ͊ŸǍ̄ (ΚƥͣɼÓ (Κͩŏ̕ (ΚȲɫČØ (�)ΚÌ͡ĜŸ *ΚΎ̮Ȑ˽ 
�(�)�

Θ
ýƸżͲ́Κ(ýƸż́Κ)ýƸżª��¸¡��ÀʠΚ*ýƸż̂΅Åǔʃɷ�Ι�

 
q͹ʹr�

έϐϥºέИύϺ{ǌ˺vŔŰy�qtȽɣe��mɤnºc��ulŽ͡Ԅv̀�tϲ͡Ԅuº

έИύϺ{ǌ˺áŔŰyғtcvlӼ˙έ{ʻϏŔŰÏâ�âus�Ð�ªßҤďǦ{Ͳ͙yӾtc

v�рœft]nmϲ͡Ԅ{έȽɣ�ɵuέИύϺ{ŔŰ�e�yġҗu]�}lӱϲ{ǌ͠y°x

y�cvyʾɂe��mɤnºʻҊlôҰС -�8EA7�8 !!)D�C��"#AD)D�88 {¥¿ÑҪŖyͣˈh��

Ú§ 5 2ԏN<P5 ԐylÏ×¬έИύϺ{ŔŰ�Ⱥťyġҗh�cv�рœfnm˂΅ΡuºlN<P5 

{έŔŰĘ͡y¼Þ¹ÚέИύϺu�є����x�ˢщfnm�

qʣ̑áϒˎr�

ϲ͡Ԅ{(
ʧϹ{Ђҧέϐϥx�Ӽ˙έȨύϺ�ʄƆflŗĈǂӶftɆnέИύϺ�ǵӻy͡tnm

έИύϺy N<P5 �ɮéflύϺʜ�ϑʰʹyш̭fnϒˎlN<P5 ɮéɃ +/ ʰӃyºӮЦxύϺǌ

˺{ɭŜ�є�nm˱ylǌ˺í{ˀŔŰxέИύϺy N<P5 �ɮéfl+/ ʰӃɃyÐ�ªßҶҾ{

Łͫ˒Г�бqnmN<P5 ɮéϩuºlÐ�ªßҶҾӏɓ{έύϺ{ţƑyʽɜyǌŧfttnmN<P5 

ĜǨʹxҤďǦͲ͙{ǑŰ� R"4A uћ�nϒˎlN<P5 ɮéϩuºlӼ˙έ{Ï¬²âưǦ .5��� {

Ͳ͙Ҹy 
%
 ĨlέŔŰ�іȅh�ѾŌưǦ .5�� y )%/ ĨlғέƿÐ�ªßҶҾ .5�� y )%. Ĩlέ

ύϺЯƑyɎө{Ћ²ßÂ¢Ѳ �.
.�( y 
%) Ĩyǌŧfttnmĉæ{ϒˎx�lN<P5 ºƥôӯo

aux_ԃӯ{έИύϺ{ŔŰ�þҗh�cvy΋e�nme�yɤnºʻҊlN<P5 {Ę͡�ǌȺh

�ˠ͏ɓŔǦ�Ͳрfn{uǅƚh�mN<P5 yºlǸΒ{έͲ͟áέȽɣ�ġҗflӱϲ{ǌ͠y°

xy�ӳʠҪƑ͏vft{Ƌϼɓyʾɂe��m
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P47    
˓ŀǶľ���À�¿Äo̸ͅʧ˓}ä^hΎ̏ţ˵ɰʎʍ¾�¢n̏ţ}Ìx{�

fƯŀ˥ƾ (��Ȣțÿʜ (��ɥ͂Ȉ (��ͣƨǝ̳ (��ÎȞɠ̉ 
�(�

Θ
ýƸż́Κ(ýƸżͲ́Ι�

[͹ʹ] 
� ɤnºϑƉʍƆ�®´Û¦ÚßԏAchl10-8 mol/kgԐyӾаƹЍ̓ͲͮÙµ¹ԏSHRԐ{аƹæʪ

w��ІÿɞΏϑ̚ū�ɭŜh�cv�l·ÜÒ¹Úâ̑�͡ttʫ�xyfnm˂΅ΡuºϑƉʍ

Ɔ Ach {ӉƹÒ�¼­Ñ�lAch ƇǹĖӈǷяӻw��ҍѴΏϑԏ̣ŰƬy°xy�šÿɞΏϑԐŕ

ʡяӻw�� Ach ƄɈϑƉɮéяӻɃ{͟ĖɣŔ̼ȯǑŰuˢщfnm 
[ʣ̑] 
1lAch ƇǹĖӈǷяӻԖ� Ӗɓ 11 Җԋ SHR y AchԏAch ɮéϩԐ�nº M3 ƇǹĖ�ß²§¼¬

¹á1,1-Dimethl-4-diphenylacetoxypiperidiniumԏ4-DAMPԐw��l{ëϮԏAch+4-DAMPԐ�l

l�m� 10-8 mol/kg vx��uyźƯϑƉɮéflаƹ̭Ǵ�бqnm 
2lҍѴΏϑŕʡяӻԖ� ԈҬçuӖɓ 15 Җԋ SHR �ӂЉɃlɩвϩuºҍѴΏϑ�ˬӒЋv϶{

ƭӁҧ{Ӄuŕʡfnmıɩвϩԏȁ̈́ԐuºӂЉɩв{��бqnmɩвɃ 1 ҖӃ{ƯɈʾӃ�ы

al10-8 mol/kg ͡Ҹ{ Ach �ëϩyźƯϑƉɮéflаƹ̭Ǵ�бqnm 
3lƄɈϑƉɮéяӻԖ� SHR �ĈѠ¤â«uӳϵlAch10-8 mol/kg � 30 ʧӃƄɈϑƉɮéftаƹ

v͟ĖɣŔ�̭Ǵflȁ̈́ϩԏ̄ɮéԐv̀ҁfnm 
[ϒˎ] 
� ҍѴΏϑŕʡfnɩвϩ{аƹºlϑƉʍƆ Ach y��ɀӦ�Ƈailƅϡʾаƹyıɩвϩv̀

ҁftʽɜxӾĪ�΋fnm�nl4-DAMP Ő͛y�qt Ach {ӉƹĘ͡yǔ]_̫ȸfnmƄɈϑ

ƉɮéяӻuºlаƹĔçyĐtаƹxwyӄéh�͟ĖɣŔ̼ȯylȁ̈́ϩỳ�tʽɜyǑŰf

nmĉæ{ϒˎx�ϑƉʍƆ Ach º̣Űΰæ{ M3 ƇǹĖ�Ę͡flšÿɞΏϑԏҍѴΏϑԐ�þҗ

ejlӉƹĘ͡�΋hcvy΋Ʀe�ll{ϒˎl͟ĖɣŔ̼ȯyǑŰfnvʇȀe�nm 
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¤�n���À�¿ÄŋͤjǫΎ̏ţõʅ�
fȢțÿʜ (ΚƯŀ˥ƾ (ΚȇƳż̽ (ΚÎȞɠ̉Μ�(�ΜýƸż́Κ(ýƸżͲ́	�

�

q͹ʹr� ɤnºԑΏϑďҞ͏Ѳvft΁��tt��®´Û¦Úß(AcCh)yԑӾаƹЍ̓ͲͮÙµ

¹(SHR)ywttԑˤĔ͡Ҹ{ϑƉɮéuɯӾаƹĘ͡��n�hcv�ʫ�xyfԑAcCh ºʢnx

ӱơ˯ϼɓɣŔvftʾɂu]�cv�΋fnԒ͟ Ԃ҆͠͏�ȁѧyAcChƖҸћ˔�бqnvc�ԑ

AcCh ºńt{҆͠͏yƖ��tw�ԑ͐ y»¬yl{Ć{҆͠͏{ 1,000 ĨĉæƖʽfttnԒ˂ ΅

ΡuºԑAcCh ӾƖʽ҆͠͏á»¬{ɯӾаƹĘ͡�ԑSHR �͡tnаΰάȈɓȹťяӻw��źƯ

ϑƉɮéяӻԑƄɈϑƉɮéяӻy�qtюĝfnԒ 
qʣ̑r� ǔӆȮӆŹȠ͠á̏γ̄»¬�nºӾ΁ͽ͠áƸĕԅ»¬{Ŏϒõ͉ιˁ�φ̄yɢ̻e

jtĉӉ{яӻy͡tnԒ»¬í{ AcCh ƖҸºԑŎϒõ͉ιˁ{ɾvuɴœ̱̤�ӏ��ßÿʉ�

â¹Úµ«uƴͻɴœfnɃԑ̱ œ̤� LC-MS/MS ǓҶƄɐÓ¼²Úß£ԏMRMԐÓâºuŔˌfԑ

˪̨̰ŧ̑�͡ttбqnԒаΰάȈɓȹťяӻ: Æ�¼ÜÆÚßƅϡejnӖɓ 14 Җԋ SHR ͣˈ

ϻҧǔūЀаΰÚß£˪˂yԑ»¬Ŏϒõ͉͏�όΟ̨ŧfԑȹťǑŰ�ъҼfnԒźƯϑƉɮéя

ӻ: ϖӱɃ{Ӗɓ 14 Җԋ SHR yԑ»¬Ŏϒõ͉͏�nºφ̄�źƯϑƉɮé(n=6)fԑƅϡʾáɸȹ

ʾаƹ�·�Û�Æ̑uϑʰʹy̭ǴfnԒƄɈϑƉɮéяӻ: Ӗɓ 10 Җԋ SHR � 4 ҖӃĈѠ¤â

«uӳϵfԑ˾ʧԑ»¬Ŏϒõ͉͏�nºφ̄�ϑƉɮéf (n=6)ԑɮéӂǢ 1 ҖӃ˾y·�Û�Æ

̑uаƹ̭Ǵ�бqnԒ 
qϒˎr� яӻy͡tn»¬Ŏϒõ͉ιˁí{�®´Û¦ÚßƖҸº̏γ̄»¬y 2.25 mg/gԑƸĕԅ

»¬y 1.78 mg/g usqnԒаΰάȈɓȹťяӻuºԑ»¬Ŏϒõ͉͏º AcCh ˪̰ơvƓÜÊÛ{

аΰɸȹĘ͡�΋fԑаΰɸȹÂ²âß�˪̰ơvƓ˨usqnԒźƯϑƉɮéяӻԑƄɈϑƉɮé

яӻuºԑ»¬Ŏϒõ͉͏ɮéϩ{ƅϡʾаƹyȁ̈́ϩv̀ҁftʽɜxĔĪ�΋fnԒӱϑӻѦǾ

uѽҊxҷТus�»¬ºԑăɃӾаƹ÷Ӈ�͹ʹvfn˯ϼɓӱơψ˄vft{ɐ͡yʾɂu]�Ԓ
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P49  
°Â��¥�Ä 2( �ÁÆ¢mx{ B ːˮȿ˯ęǓ¸�¥�·n̞Ȋ�

fŁƬ˻Ȓ 
ΚƯțöƃ (ΚƯʆő̾ 
ΚʚŶʪȁ 
ΚʆÎɑȐ 
Θ
ýżͲ˙ņɿƹΙc

 
q͹ʹr 
� ÎÚÆ�¿âÛ{ãΜus�ÈÝª�¼«ß B2ԏPCB2ԐºÏ¢ÝÆ�â«{―ͮɓ¨�¹��ß

͟͠�ɭŜfԑҜŢx―ͮɐή�Ŝɇh�cvu˨nx―ͮɓͬɘ{ʓƪŪˎ�΋hcvyʾɂe�

tt�Ԓãʣuԑ�Üâ¹ǃ�ʽh� PCB2 ºԑ̄Ұǃ�ѦǾy�°cvx�˯ϼʹus�cvy÷

ɛe��yԑT ύϺ{˯ϼŜɇ�{ӄéy°ttºˀoхʫe�ttxtԒlcu˂΅ΡuºԑPCB2
�Üâ¹y�� T ύϺ˯ϼyȁh�ɀӦ�ʫ�xyh�cv�͹ʹvfnԒ 
qʣ̑áϒˎr 
� PCB2ԑPCB2 3-OGԑPCB2 3"-OGԑPCB2 3,3"-di-OG � 25 µM uÏ×¬ЅЌύϺy̨ŧfԑɯ CD3
ɯĖŝ̺fnvc�ԑǂӶæ̩í{ IFN-Cv IL-17 ͟͠ҸºԑPCB2 3,3"-di-OG {̨ŧy��ɯ CD3
ɯĖź͒ŝ̺v̀ҁftʽɜy̫ȇfnyԑIL-10 ͟͠ҸºǑŰfxxqnԒ�nԑźӚfn CD4 ӏ

ɓ T ύϺywtt�ԑPCB2 3,3"-di-OG {̨ŧu IFN-Cv IL-17 ͟͠ҸºʽɜyĔçfnyԑ IL-10
͟͠yʽɜxɀӦº���xxqnԒlcuԑIFN-C{ѾŌưǦus� T-betԑw�� IL-17 {ѾŌ

ưǦus� RORCt {Ͳ͙�хˌfnvc�ԑT-bet v RORCt {Ͳ͙º PCB2 3,3"-di-OG {̨ŧy

��ʽɜyĔçfnԒĉæ{ϒˎx�ԑPCB2 3,3"-di-OG º T ύϺyͺʆĘ͡ft T-bet w�� ROR
Ct {Ͳ͙�ɭŜfԑ―ͮɓ¨�¹��ßus� IFN-Cv IL-17 {͟͠�͐ͪʹyŜɇh�cvuԑT
ύϺӄҕͬɘ{ʓƪĘ͡��°Ƌϼɓy΋Ʀe�nԒ 
 
 
 
 
P50  

4 1 ñ¸�ÀĮmîp 4 1 ǵāȿȺn̞ȊΟ�¨·˛͹ǩ̑mx{͑ìƈɀǵːˮnõ̖j̞Ȥ�

fȕ͘ȷ�
ΚʸȥǢÈ͗�(Κȩʆ͵̯�
Κ˚ȃ͊�
Κ˚ȃɂá�(ΚƄȞćˋ 
�

Θ
Ê͢żͲʃ̳Κ(Ê͢żͲİΙ�

 
q͹ʹr 
� ˕ӶɣŔ{˰ñάy���Å«�¾·�¢¬ͪȣv̚͟ϫɠͭxw{ͬɘv{ӄҕɓyҊȦ̔͹e

�tt�Ԓɤnº�Å«�¾·�µ¢ĥӵ{ã°us�¥¿Ñ DNA {Ò´ÛŰyĔçh�v DNA ù

˂Ҿŕʡyѵc�cv�рœfԑl{ŔǦ˯˧Ó¸Û�ʈ˚ftt�ԒDNA {Ò´ÛŰºϙɻÒ´Û

ŰƄɐy��ԑǮǴyϗɫe�tt�ԒDNA нмͺɃԑù˂Ҿ DNA {һƿҾ{�yÒ´ÛŰe�n

ÉÐÒ´ÛŰ DNA y͟gncv� UHRF1 yєѡfԑϙɻÒ´ÛŰҮψ DNA methyltransferase 1 
(DNMT1)yÚ¢Ûâ¹e�ԑʢ͟ҾyÒ´ÛŰ�ćéh�Ԓ˕ӶɣŔ{˰ñy�qtԑύϺŊ{Ò´

ÛŰǃѲ{ěϔèѸ� DNMT1 {Ͳ͙Ĕçy��ԑÉÐÒ´ÛŰ DNA y UHRF1 yϒƑfn��˱

{ DNA нмʾ�҉Y�v DNA ʋĵyѵc�vtuÓ¸Ûus�Ԓ˂΅ΡuºԑåΜ{ DNA Ò´Û

ŰҮψy˰ʋfԑ¥¿Ñ DNA yń_Ò´ÛŰyxt ES ύϺ(TKO)� UHRF1 �˰ʋejn TKO �

Ęмfԑc���͡tt DNA ʋĵіȅÓ¸Û�ˢэh�cv�͹ʹvfnԒ 
qʣ̑áϒˎr 
� �iԑTKO {нмí{ DNA ҾyÒ´ÛŰ dCTP �Ɔ�҈�jԑ¥¿Ñ DNA æyÉÐÒ´ÛŰҧ

ē�͟gejnԒŁͫЮĿ˒Г̑y��ύϺ˗ŊyȽɣe�� γ-H2AX (DNA ù˂ҾŕʡÏâ�â²

ßÂ¢Ѳ){ȋƺʜ��×ß¹fԑDNA ʋĵÜÊÛ�хˌfnԒl{ϒˎԑȋƺʜº˱{ DNA нмʾ

ĉӉyʽɜyǌŧfttnԒhx�pԑÉÐÒ´ÛŰҧēy UHRF1 yϒƑfn��˱{ DNA нм

ʾ�҉Y�vнмйϧyгΣfԑDNA ù˂Ҿŕʡyȵ]ѵce��Ó¸Û{ǡȼɓ�΋jnԒ 
˱yԑUHRF1 vнмйϧ{гΣy DNA ʋĵ{ſưus�cv���ʫΉyh�n�yԑ¥¿ÑϞӘ

ɬвus� CRISPR/Cas9 ª¬·Ñ�Ś͡ft Uhrf1 �˰ʋejn TKO �ĘмfnԒ͙ƺԑ˰ʋe

jncv�ҤďǦw��²ßÂ¢ÜÊÛuΉєáхˌftt�Ԓc{Ó¸Û{хʫºԑ�Å«�¾·

�¢¬ͪȣy̚͟ϫɠͭά{ͬɘ�ȅ_Ƌϼɓ�ʒɻh�Ԓ 
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P51    
ʃudΕ̂}ʅodȂ̛°Âª�� ���nx{ƙÐn˲ďæ̫ɷĻpː̂ĿnŹĮ�

f͙ʿ�˥ 
��Ưʆ�őǂ 
��Ύʆ�ʚʇΉ 
��Ȟʆ�û̽ 
��͛Û�ȝį 
��ÏÛ�̅ƈ 
��ͪɫ�Ζƀ 
��

�ɴƯ�ʀÕ (��ÏƯ�ɪÈ (��ĊƲ�ƌȊ )��Îͣ�ʪͷ )��ȥ�Ęœ 
��ǗɊ�ąÝ 
��Ĥ̋�͸Ÿ 
�

ΘΜŉũżǺ��ΝȡżͲǺ��ΞŉżͲΎΙ�

�

q͹ʹr 
�yƵuºƊ_x�Ɯƫ, Ҳ̍xw{ͲҮӱơ�̚͡fn͒Ѝ{ӱʞŰ�Ƚɣft]n. c��{

ďϕм̑{ͲҮӱơíuºԇСy͟Ǩftt�ǆƑys�, l���ӱhcvuʧ˂āºԇС�͟]

n��ʍƆfttncvyϭY���. �n, ԇСw��ҊϠ{ A. nidulans ºĔҰψˇċçu�͟

Ǩf, �Ð¿Ұ�ʽ˯Ұ�ͲҮ͟͠h�cvyʫ�xyxqtt�. c��{cvºԇСỳҁʹĔ

Ұψˇċçus�ЈŊywtt�̚ūu]�cv�΋Ʀftt�. 
˂΅Ρuº, Ï×¬y͟]nԇС�ʍƆej�cvy��, ԇСy͟]n��ЈŊyȌ_{x, ̀

ҁʹĔҰψus�ЈŊ͜ǋuԇСº̚ūu]�{x, l{ǆƑ, ЈŊ{ĈѠ͏{ǑŰ�ύСƈ�{ɀ

Ӧºw{�ux�{x�ʫ�xyh�cv�͹ʹyfn. 
 
qʣ̑áϒˎr 

āε϶̤�ћмf, ԇСy͟Ǩu]�{xюĝfnvc�, ԇСº pH1 {϶Ұy 3 ʰӃʷӟe�

t�, 50 % ĉæ͟Ǩfttn. c{cvx�, ԇСºӾt϶Ұϯɓ�ʽh�cvy�xqn. 
͛͟ӱǊ̄{� (¦ß¹ÝâÛ), �nº͛͟ӱǊ̄yɢ̻fn͟]nԇС{ϺǦ 5.0?102, 103, 104 
ħ�l�m� 30 ʧӃ˾ʧÏ×¬yϑƉɮéf, οğ�Ưƅfn. GC-MS y��οğí{ĈѠ͏{

хˌx�, ԇС�éYn�{uº Ala, Val, w��¦À¢Ұxwyǌŧfttn. �n, οğí{ύ

Сƈ�Ò²¥¿Ñхˌfnvc�, ͟]nԇС�éYn�{uº Bacteroides Ӂyȏh�ύСyǌŧ

fttn. c��{cvx�, ԇСyЈŊu̚ūfЈŊ͜ǋyɀӦ�éY�cvy΋Ʀe�n. 
 
 
P52   

4�1YW t˲ďː̂ĿmÍT{ǏͿj˲ďː̂tʃôď 4�1YW mÍT{ǏͿn̞Ȥ�

fƯțöƃΚé̋ȐőΚ͔̚ÑΚŇȞǖΘŉżͲʃŐ́Ι�

 
q͹ʹr 
� ҊȦƥôӯ{ĖŊyǨƺh� D-�Ð¿ҰyԑǓ˨x͛͟˯ϼ�ɵqtt�cvyʫ�xyxqt]

nԒD-Ser º N-Ò´Û-D-�¬ÂÙ¡ßҰԏNMDAԐƇǹĖ{¦�§¼¬¹vftĸ_cvuԑъɡ

�Ǭϫyӄéftt�ԒD-Asp ºÌÛÓß{ƑɣáŔ̐�ŜɇfԑΏϑďҞ͏Ѳvft˯ϼftt�Ԓ

�nЈŊύСy��͟͠e�� D-�Ð¿ҰyԑȆЈæ͵{ D-�Ð¿Ұ� ª³-¯ԏDAOԐ�Ąfã

ҧ{ЈŊύС{Ŝɇyӄéh�cvyǅƚe�nԒ˂΅ΡuºԑD-Asp {ϑƉɮéy��ЈŊύСƈ

yw{�uxɀӦ�Ƈa�x�хˌfnԒ�nˀo͟ĖŊ D-Asp {Ƒɣ˯˧yèŔʫus�cvx�ԑ

͟ĖŊ D-Asp ÜÊÛyЈŊύСyɀӦ�éY�x�ˢэfnԒ 
 
qʣ̑áϒˎr 
� C57BL/6 Ï×¬y D-Asp �nº L-Asp � 4 ҖӃϑƉɮéfnԒϑʰʹyа̩í{ D-Asp w��

L-Asp ̼ȯ�̭Ǵh�vv�yԑοğí DNA {хˌy��ЈŊύСƈ{ǑŰ�хˌfnԒD-Asp ɮ

éϩuº Control ϩԏAsp ӣɮéԐ� L-Asp ɮéϩv̀�аí D-Asp ̼ȯºτ 2 ĨæʪfnԒD-Asp
ʍƆy��ЈŊύСƈ{ӮЦxǑŰºє���xxqnãʣuԑL-Asp ɮéϩu Prevotella ȏ{ǌŧ

ɭŜyє���nԒ˂΅Ρuº�nԑɯ͟͏Ѳ�ϑƉɮéfЈŊύС�ӌƀfn C57BL/6 Ï×¬{ԑ

а̩ԑνțԑǔЄԑȆЄí{ D-Asp ̼ȯ�хˌfnԒЈŊύСӌƀϩv Control ϩӃ{ԑD-Asp ̼ȯ

yʽɜȞºє���xxqnԒfnyqtЈŊύСº͟ĖŊ D-Asp {î⇄xěϔ̯uºxtƋϼɓy

΋Ʀe�nԒ
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¸��n˒˞ŧ�Ä«�̶ȦȾĮ͝ˍn͑ìƈɀǵŹʊôõ̖j̞Ȥ�

Ƅ̮ēʱ 
hɥ͔Ąƈ 
hβÌǺá (h̀Ʒ˽Ƚ 
hȾțơŃ (hiá̚ɤ͵ 
�

Θ
 ŉżͲÅġ̊ʬƍh( ßżͲǺh) ŉżÅʃɷȿ˯ͬʎĘʅʠʳ�Ι�

 
q͹ʹr 
� ²ßÂ¢ѲːˮŰҮψ�º²ßÂ¢ѲӃyèƋҐʹxːˮȽɣ�цǤh�ҮψÆ�ÐÚâulc��

˧ɣh�l�m�{��°©�Ñyа̤ŏƴ�е͵ȽɣlύϺ˷xwyӄéh�mÃ¹uº / Μӯ{

ҮψϩyǨƺflíu�ńt{ϐϥyǨƺh�ϐϥƿԏC8)Ԑy°ttºlѾŌћαlύϺ˷lΏϑ̚

ūxwǓȿx͟ƞ͙ѧyӄ����°©�Ñus�mҊȦÓ¸Û͟͏vftƆ�ɪ��tt�lÒ³

���C,- �D�!�E %�D�y� C8) yͻȼh���°©�Ñԏ�Û°Ý£ԐyǨƺflɤnºc��uϐʉ

Y²ßÂ¢Ѳ�ĘмftҮψ̚ɓxw͟ŰǬʹɓѲ�ʫ�xyft]nm˂΅ΡuºͲ͙Ŕȡ�Łͫ

ϐϥǬʹyћ��vv�ylԔΜӯ{¥¿ÑϞӘy��ǑͪĖ{Ęм�я�l{хˌ�͹ʹvfnm 
 
qʣ̑áϒˎr 
� νмfnϐʉY²ßÂ¢Ѳ�ɯſvftÎÚ¢Ýd»ÛɯĖ�ɆtlÒ³�ϐϥŕ͌�хˌfls

�jtϐϥɴœ͏{�Ñ¿ÇÝµ·�ß£�бqnml{ϒˎlÃ¹ C8) ºńϐϥyͲ͙ftt�yl

Ò³�uºЁӽ�ºg�vh�͐ͪʹxϐϥͲ͙�΋fnme�y C2;6 w�� 4A�"BA	4ET0 ̑y�

�ͪx�˨ȴu{ǑͪĖ�ĘмfnmÌÓǑͪĖºti��ǒрæ{ǑŰºxxqnylҚ̖бūy

ҷ͟ƿvͪx�Ķƕ�рœfnmlcu,ŔӃ{Қ̖бū�ҎѺfl{ѹӚ�ǴҸŰхˌh�cvul

ǑͪĖyҷ͟ƿ���Қ̖ѹӚy΂_қū˯ϼyɀӦ�Ƃ�ftt�cv�΋fnmc{Ķƕº�¬

{Ò³�u��ӮЦus�lăɃl{Ò�¼­Ñ�Ͳ͙ϐϥ{΁рvƑ�jtхˌh�m�
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�À��·��¤Àmx{ĕɗ˓̻nȂ̛ęǓ¸�¥�·̞Ȥ�

fȂƫ̕ˢΉ 
ΚÛËşƈΜΚΎķɱʗ 
ΚȩʆʪȽ 
Κɶɂǻ 
Θ
ŉżͲʃŐ́Ι�

 
q͹ʹr 

͟ĖŊulŔ̐ϑѻº¦Ùâ¥ßxw{Ŕ̐²ßÂ¢ѲyvqtҶ⇄xɁţ�ˎnftt�mҊȦl

ȆϺĖ(ER)x�§Û«Ė{ŗʾŔ̐ϑѻywttl�Ûª×Ñª£»Û�ĄfnŜɇyʫ�xvxq

t]nm�Ûª×ÑϒƑ²ßÂ¢Ѳ ALG-2 ºlŗʾŔ̐ϑѻ{�Ûª×Ñ®ß¨âvft˯ϼh�v

ϭY���yll{ђύx˯˧º�_Ŕxqttxtm 
ɤnºlALG-2 {ʢсͻúĘ͡ưǦvft MISSLlMAP1B �рœfnmMISSL º˯ϼˀ΁{²

ßÂ¢ѲusqnylMISSL {Ͳ͙ɭŜy��lER x�{œИҧēԏERESԐ� ERGICl§Û«Ė

{ȋƺyǑŰh�cvyʫ�xvxqnm�nlɉȆΰ{ūɟyӄéh� MAP1B yl�Ûª×ÑĜ

Ǩʹy ALG-2 v MISSL yϒƑh�cv�рœft]nm˂΅ΡuºlALG-2 yŔ̐ϑѻyӄéh�

cvx�lALG-2lMISSLlMAP1B {Ŕ̐ϑѻywa�˯ϼхʫ�͹ʹvfnm 
qʣ̑áϒˎr 

ALG-2lMISSL {ŗʾŔ̐ϑѻ�{ӄé�ћ��n�yl˴ȣÃ¹ϝϙИύϺԏIMR-90Ԑ�͡t

t¦Ùâ¥ß{҄ҏ�Ó¼²âfnmALG-2lMISSL �Ͳ͙ɭŜh�vl¦ß¹ÝâÛỳ�t¦Ù

â¥ß{§Û«Ė�{҄ҏyҙ�nm 
�nlɔȣʹŔ̐²ßÂ¢Ѳus� SEAPԏŔ̐ƿ�Û�ÚÌ¬Æ�²â¯Ԑ�ǮǴʹyͲ͙h�

HeLa ύϺ�͡ttlύϺǒ�{Ŕ̐ţƑ�̭ǴfnmMISSLlALG-2 �l�m�Ͳ͙ɭŜh�vl

¦ß¹ÝâÛyȁf SEAP {Ŕ̐ţƑy 7Ԟ8 ţ�wyĔçfnmëϮ�ƓʰyͲ͙ɭŜfnǆƑ�

ź͒{Ͳ͙ɭŜ{ǆƑvƓΚȯus�lMISSL º ALG-2 vŇƓftŔ̐ϑѻyӄ�qtt�vϭY

��nme�ylMAP1B {Ͳ͙ɭŜ�ϐ�Ƒ�jt SEAP {Ŕ̐ţƑ�̭Ǵfnvc�lMISSLl
ALG-2 ź͒{Ͳ͙ɭŜuр��nŔ̐ţƑ{ĔçylMAP1B {Ͳ͙ɭŜy��ƯɈfnm 
c��{ϒˎx�lALG-2lMISSLlMAP1B {�Ûª×ÑĜǨʹxϒƑy��l¦Ùâ¥ßxw{

Ŕ̐²ßÂ¢Ѳ{҄ҏyŜɇe��ʢnxąϐ��рœfnm
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�å��Ä 1

 jcn 1�A ͉ͮŹʊôn͍ğʎɽtvdy`�À��·²¸�����qnǏͿ�

iȥț�Ǿż��ȩʆ�ʪȽ��Ύķ�ɱʗ��ɶ�ɂǻ��ŉżͲÅʃŐ́	�

 
q͹ʹr�¾ ªß A11 (AnxA11)ºl�ÛÍ ªˁΨįӪǁy�¾ ªßÆ�ÐÚâyŇҒ{Ϧ�ҋ

fҪŖus��¾ ªßÚÅâ¹�ɻpll�y�qt�Ûª×ÑĜǨʹyÚßϽѲyϒƑh�²ß

Â¢Ѳus�m�nlǸʥɓƂ�ǫͲɓέǣϡɓįϊΈŰͮ(ALS)ɘϮyl6 °{ AnxA11 ҤďǦ{Ǒ

ͪ(G38R, D40G, G175R, G189E, R235Q, R346C)yƓǴe�tw�lăƯ{΅Ρuºll{ǑͪĖv

Ca2+̼ȯ{ӄҕy°ttlҷ͟ƿv{ҟt�хˌfnm 
qʣ̑rHeLa ύϺyϜГЮĿ²ßÂ¢Ѳ SGFP2 �іȅejn AnxA11 (AnxA11-SGFP2)v Ca2+̼

ȯ�ɞ΁h�®ß¨â²ßÂ¢Ѳ R-GECO1 �Ͳ͙ejl�Ûª×Ñ��¿Æ��us� ionomycin
{ŝ̺şɃ{lAnxA11-SGFP2 {ȋƺvύϺŊ{ҚӚ Ca2+̼ȯ{ǑŰ{˨ȴ�хˌfnm 
qϒˎrAnxA11-SGFP2 �Ͳ͙ejttxtύϺuºlionomycin y�qtæʪfn Ca2+̼ȯyl

{Ƀғ�xy̫жfttqnmãʣlAnxA11-SGFP2 �Ͳ͙ejnύϺuºlæʪfn Ca2+̼ȯy

Ӿt��ϙɻe�ll{ɃlAnxA11-SGFP2 {ȋƺylʰӃ�wttύϺѲx�ύϺЋl˱yl˗Ѳ

x�˗Ћ�vǑŰfnmCa2+̼ȯ{æʪv AnxA11-SGFP2 {ȋƺǑŰyºãǴ{²�ÑÙ£ysq

ncvx�lc{Ӄyė�x{˯˧yĸtttncvyϭY���m 
AnxA11 {ǑͪĖywttºlҷ͟ƿvƓ˨læʪfn Ca2+̼ȯyӾt��ϙɻe�n�{(G38R, 

D40G, G189E)vlæʪfn[Ca2+]yɄnyϟ�xy̫жftt_�{(G175R, R235Q, R346C)yр�

�nmãʣlȋƺǑŰy°ttºlR235Q ĉǒ{ǑͪĖywttlCa2+̼ȯ{æʪɃyҷ͟ƿvƓ˨

{ȋƺǑŰ�΋fnmc{cvx�lAnxA11 ҤďǦ{t_°x{ǑͪywttlύϺŊ�Ûª×Ñ

ÌÒ�¬²ª¬yɀӦ�éY�Ƌϼɓy΋e�nm�Ûª×ÑÌÒ�¬²ª¬{ͪȣy ALS {Ͳͮy

ӄ�qtt�x�f�xtm 
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ǔƥʽ˔ņ�Ä«�̶ �1"
2 ďn 3Hae}ä^dȂ̛ȿ˯΂ŪnňƓj̞Ȥ�

fɓͣͷž 
ΚȂƫ̕ˢΉ 
ΚΎķɱʗ 
ΚȩʆʪȽ 
Κɶɂǻ 
Θ
ŉżͲʃŐ́Ι 
 
q͹ʹr 
� ɉȆΰϒƑ²ßÂ¢Ѳ MAP1B ºΏϑςywttɉȆΰ{ūɟŜɇ�lª£»ÛďҞ²ßÂ¢Ѳv

ft{˯ϼxw˨nx˯ϼ�ʽh�cvyʫ�xyxqtt�mɤnºc��uy�Ûª×ÑϒƑ²

ßÂ¢Ѳ ALG-2 v MAP1B yϒƑh�cv�рœfnmALG-2 ºύϺŊ�Ûª×Ñ®ß¨âvft

ĸ]�Ûª×ÑĜǨʹy˨nx²ßÂ¢ѲvͻúĘ͡h�cvx�lALG-2 v MAP1B v{ϒƑº�

Ûª×Ñª£»ÛyɐήfnɉȆΰūɟŜɇ{ʢftŔǦǃ͸us�vʇ̭e��mc��u ALG-2
ϒƑÓ´âÆvft ABM-1 v ABM-2 { 2 °yŘʫftt�ylMAP1B yºc��{Ó´âÆyǨ

ƺfxtm˂΅ΡuºlMAP1B Ŋ{ʢс ALG-2 ϒƑÓ´âÆ{ƓǴ�бucvy��lMAP1B v

ALG-2 v{ϒƑ˨ȴ�ђύyхˌh�cv�͹ʹvfnm 
qʣ̑áϒˎr 
� MAP1B ywa� ALG-2 {ϒƑӪǁ�ϓ�҈�n�ylMAP1B ńӀ�Μn{ MAP1B ʡ͌v

ALG-2 v{ϒƑϼ�Łͫ̋Ӊǵӻy��хˌfnml{ϒˎlALG-2 {ϒƑʻȆӪǁvft MAP1B
{ 1813-1848 yͻȼh� 36 �Ð¿Ұ˹ǃ�ƓǴfnme�yc{Ӫǁywtt�Ð¿Ұϧʉ�бq

n MAP1B ǑͪĖ�нʜĘмf ALG-2 v{ϒƑхˌ�бqnml{ϒˎlALG-2 v{ϒƑyɎ⇄x

�Ð¿Ұ˹ǃ�ƓǴfnme�y Far-Western blotting хˌy�� MAP1B v ALG-2 vyͺʆʹy

ϒƑh�cvyŔxqnmc��{cvx� MAP1B {ʢс˯ϼӪǁvft ALG-2 ϒƑӪǁ�ƓǴf

nm 
e�yʦ΁ ALG-2 ǑͪĖv MAP1B {ϒƑϼ�Łͫ̋Ӊǵӻy��хˌfnmҷ͟ƿ ALG-2 uº

MAP1B ʡ͌v{ϒƑyΉєe�nyǑͪĖuº Pocket 2 yǑͪfnMGF ǑͪĖ{�yϒƑfnm

c{ϒˎx��MAP1Bv{ϒƑ˨ȴºALG-2{ʦ΁ϒƑ²ßÂ¢Ѳ{�{vºͪx�cvy΋Ʀe

�nm 
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�������������"33�-�*( ʇȠ˰ˬ͞ʃʄȫnȊȓŎȘȟçinʃ˭o�

ūťsyn͋ͺ˰ˬ͞ͳĸmxzǸŘ`{�

fŇʆő̕ΚȢɟˢʨΚΒɯőʪΚĤ̋ȊƑΚΎ̮ýÒΚěʆʚÈΚƥþ͎ʈΘŉżͲʃŐ́Ι�

 
q͹ʹr 
� ÙßЭ{ acyl-ACP ƑɣҮψ(Aas)�˰ʋejtǔЈСͣˈ{ thioesterase(‘TesA)�ȅŃh�vԑÁ

��͈ʠ{ſʠvx�ҚӚϽϴҰ(FFA)�ύϺǒ�ʕœh�. fxfԑSynechococcus elongatus PCC 
7942 x�c{�uyftĘмfn FFA ͟͠˖ dAS1T ºԑ12L/12D � 8L/16D {ʫʵƛʾˇċuº͟

ϵyЦf_ӈǷe�ԑFFA ��v�wʕœfxxqnԒc�ºԑȄˈʹyȍǒ{çu{ɻϘƋϼxÁ

��͈ʠ͟͠�бuæuºх̊fxa�}x�xtƩӭus�Ԓ˂΅Ρ{͹ʹºԑdAS1T {ʫʵƛʾ

ˇċu{͟ϵ�ʓƪh�cvus�Ԓ 
 
qʣ̑áϒˎr 
� ÙßЭ{ύϺŊy FFA yШΟh�vĿŰǬς IIԏPSIIԐyèǮǴŰe��ԒҕϘĿˇċçu�ǂӶ

Ƀʾyx�v FFA yӾШΟft dAS1T {͟ϵºӈǷe��yԑc{͟ϵӈǷºԑǂӶ̤yÐÚ¬´

ßҰ�°ÈÝÅÛ(IM)�ҶȐfԑǂƼí{ FFA � IM ȐyƗƅejԑFFA {ύϺǒ�{Ƈūɸʙ�ġ

җej�cvy��ϟƟe�n 1)Ԓ ˂΅ΡuºԑIM �ҶȐfn͑ɟu dAS1T {ʫʵƛʾˇċu{͟

ϵ�ћ�ԑЦft͟ϵӈǷ�ȵ]ѵch 8L/16D ˇċu�ùͻǂӶy�qt dAS1T {͟ϵyǔȤyʓ

ƪe��cv�ʫ�xyfnԒc{cvx�ʫʵƛʾç{͟ϵӈǷy°tt�ԑύϺŊ FFA {ШΟy

îſưus�cvyŔxqnԒ�nԑʫʵˇċu{ PSII {ҸǦƅ͖�̭Ǵfnϒˎԑʵʾx�ʫʾy

Θбh�Ӕy dAS1T uº WT ỳ�tЦf_ Fv/Fm yĔçfԑIM {ҶȐy��l{ĔçyϟƟe

�nԒ°��ԑdAS1T uºԑШΟfn FFA y�qtʵʾy PSII yèǮǴŰe�ԑʫʾ{ӂǢʰyĿ

ӈǷ�Ƈa�ƋϼɓyϭY��nԒ 
1) Kato et al. Biotechnol. Biofuels. 10: 141. 2017. 
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�

�������������"33-�*( mrw{�ÂÂ¯�Àn˱¯�¢ÆÀĮ�

fËÒș̌���Ύ̮ýÒ���̋ʆʦÈ���ƥþ͎ʈ��ŉżͲʃŐ́	�

 
q͹ʹr� ¢ÝÝÆ�Ûº¢ÝÝÆ�ÚºyÆ�¹âÛy�¬·ÛϒƑfn˧Ҕ�ftt�y, ÙßЭ

uºÆ�¹âÛ{ЃӚvŋϒƑyȣyб��tw�, ȺĿˇċuc{²âß�âÁâyġҗe��c

vyǅƚe�tt�. fxf, ÙßЭywa�ЃÆ�¹âÛҮψºˀoƓǴe�tw�i, ¢ÝÝÆ

�Û{²âß�âÁâ{͛͟ǬʹɜϪºèʫus�. ʻҊ, ªÝ�½»­»ywttʢс¢ÝÝÆ�

ÛЃÆ�¹âÛҮψ CLD1 yͲрe�n . ˂΅Ρ{͹ʹº , ÙßЭ Synechococcus elongatus 
PCC7942 ywa� CLD1 ÌÓÝ£us� Synpcc7942_1028 {ЃÆ�¹âÛ̚ɓ�ћ�, ͛͟ǬʹɁ

ţ�ʫ�xyh�cvus�. 
 
qʣ̑áϒˎr� His-tag �ćŧfn Synpcc7942_1028 {ϐʉY²ßÂ¢Ѳ (His6-1028) � in vitro
u¢ÝÝÆ�ÛvƄɐejnϒˎ, His6-1028 �ŧYnƄɐ̤uºŧYxtƄɐ̤��Ǔ_{¢ÝÝÆ

�Úº{͟ɣyΉєe�n. c{cvx� His6-1028 yЃÆ�¹âÛ̚ɓ�ɻ°cvyʫ�xvxq

n. ˱y His6-1028 � S. elongatus PCC7942 uҜŢͲ͙ejn˖ (1028OX ˖) �Ęмf, ͟ϵ�{

ɀӦ�ћ�n. ȸĿˇċuºȁ̈́˖ (VC˖)v 1028OX˖v{͟ϵ{Ȟºр��xxqny, ȺĿˇċ

uº VC ˖ỳ� 1028OX ˖{͟ϵyЦf_Ĕçf, ¢ÝÝÆ�ÛƖҸy VC ˖{ 60%yĔçftt

n. ăɃ, ˰ʋ˖�Ęмf, ͛͟ǬʹɁţ�хʫftt_÷Ǵus�. 
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ʴˍŞƓǚ��¨ª� ¿�����������������������mrw{�

¢¾Ä�´�Ä��Ä�ŹʊƤċˈnʡʵ�

fǧȢĲȌ 
ΚËŦÈΊ (ΚÛķ͖ſ (��ŢƬǖ )�*��̋ʆʦÈ 
�

Θ
ŉżͲʃŐ́Κ(ŉż͑ìƈ��)ßżͲťɾʂŴ��*ßżͲáͭʂŴΙ�

 
q͹ʹr 
� ª�¿Á¢·Ú�ºҰψͲ͟ƿĿƑɣ�бuſ˗͟͏us�ll{τŶʜΜyΤψƴǴϼ�ʽh�m

ΤψƴǴƄɐ�цǤh�¼¹Ý¥»â¯ºҰψyӣȣyϿȸxҮψus�cvx�lҰψ�Ͳ͟h�

ĿƑɣvҰψyȸtΤψƴǴ{ë℃vtueҰψÂÙº¢¬I�ė�x{ŔǦ˯˧uϕɇftΤψƴ

Ǵʹ͟ϵ�Ƌϼvftt�mfxfÉ·Ýª¬¹ӣȽɣƿª�¿Á¢·Ú�ywa�΁рº�v�w

Ɇ��ttxtm˂΅ΡuºlÉ·Ýª¬¹ӣȽɣƿª�¿Á¢·Ú� Leptolyngbya boryana yw

tt¹Ùß¬Î±ß²¡ß£ǑͪȅŃς�Ή℃flΤψƴǴʹ͟ϵyͪȣy͟gnǑͪ˖{źӚvl

{ſưҤďǦ{ʅϊ�бqnm 
 
qʣ̑áϒˎr 
� Ӿ̚ɓ¹Ùß¬Î¯â¬�ʽh� mini-Tn5 Ê¢²âpKUT-Tn5-Sm/Sp � Escherichia coli x� L. 
boryana yʆƑďҞy��ȅŃfl¬¹ÜÈ¹Ï�ªßuңɱfnml{ϒˎl¬¹ÜÈ¹Ï�ªß

ϯɓԏSmRԐ�΋hǑͪ˖�ǓʜźӚflc{up 13 ˖y°tt¥¿ÑÚªâ¤ß¬y�qt SmR

�â¹Úµ«{ɿŃҧē{ƓǴ�бqnml{ϒˎlti��¥¿Ñ{˨nxҧēy SmR�â¹Úµ

«yɿŃe�tt�cvyΉєu]nmc{ʣ̑y¹Ùß¬Î±ß²¡ß£ǑͪȅŃςvftʽŪu

s�vϭYle�yǑͪ˖Ù�ÇÙÚâτ 2,000 ˖x�ΤψƴǴˇċu{͟ϵ�ɼ˪y¬¢Úâ¼ß

£�бtlƓˇċu͟ϵèВ�f_º͟ϵġҗ�΋hǑͪ˖�źӚfnmc��{Ǒͪ˖y°ttſ

ưҤďǦ{ƓǴáхˌ�бqn{uǅƚh�m 
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¬¸�¿�å��ΣΣΤ˛͹ŜƈnΤ΢Π̤̬ȿȺn̞Ȥ�

fȢʆǭÕ 
Κεʆ̭ 
hÈɯʁʱ 
��(Θ
ŉżÅ͑ìƈΚ(ŉżÅE"9�9BI�Ι�

 
q͹ʹr 
� Pentatricopeptide repeatԏPPRԐ²ßÂ¢Ѳº PPR Ó´âÆvƝ}��Ϧ�ҋf˧Ҕ��°ҪŖ

͐ͪʹx RNA ϒƑ²ßÂ¢Ѳulɣ ͏�Û�¾Ùywtt RNA ϞӘ�Ɩ�˨nxѾŌɃŜɇyӄé

ftt�mҊȦlin silico хˌy�� PPR Ó´âÆŊ{͐Ǵ{�Ð¿ҰË�y RNA Ǌǃ{єѡyǻ

éftt�cvy΋Ʀe�nyll{ǵӻʹxˢэºt�oèŴŔus�m˂΅ΡuºlÃÒ¶Ú�

¾§¤{ RNA ϞӘyӄéh� PPR ²ßÂ¢Ѳ�͡tt RNA Ǌǃєѡ{ǃ˂ſ͛�ʫ�xyh�c

v�͹ʹvftt�m 
 
qʣ̑áϒˎr 
� RNA ϞӘưǦ PpPPR_56 ºÐ¹¦ßºÚ�{ nad3 v nad4 RNA �˪ʹvh�ylnad3 RNA Ҫ

Ŗ�͐ͪʹyєѡh��uyнʜ{ PPR Ó´âÆ�ʓǑfn PpPPR_56 �¸©�ßfnmҷ͟ƿv

ʓǑƿ PpPPR_56 {ϐ�ʉY²ßÂ¢Ѳ�͡tt in vitro RNA ϒƑǵӻ�бxqnϒˎlwp�{

²ßÂ¢Ѳ� nad3lnad4 RNA {ëʣyϒƑfnylʓǑƿºҷ͟ƿ�����Ⱥ_ nad3 RNA y

ϒƑfttnmfxflc��{²ßÂ¢Ѳ� nad3 ҧēv nad4 ҧē{ RNA ϞӘy˰ʋfn

PpPPR_56 ҤďǦΆǎ˖uͲ͙ejnvc�lҷ͟ƿ PpPPR_56 º RNA ϞӘ˰ʋ�ǯńyͻлfn

ylʓǑƿ PpPPR_56 º÷ɛyƄft nad3lnad4 RNA v�y RNA ϞӘ̚ɓyуȀe�xxqnm

c{ſư�ћ�nϒˎlʓǑfnнʜ{ PPR Ó´âÆ{uplC ˁΨį{ PPR Ó´âÆŊ{�Ð¿

Ұϧʉy RNA ϞӘyɀӦh�cvyʫ�xyxqnm



 36 

P63  
͚Ėɸʊʒl # 1 ˔ņ¹�Æ¯}Ęʅ^d�À�å¾͑ìƈn¨����Äˈnʡʵ�

fʟÏǠɿ 
hÈɯʁʱ 
�(hεʆ̭ 
Θ
ŉżÅ͑ìƈh(ŉżÅE"9�9BI�Ι�

 
q͹ʹr 
� ˠ͏�Û�¾Ùus�ХϜĖvÐ¹¦ßºÚ�º˗vºřy͒Ѝ{¥¿Ñ�ɻ°ylc��{�Û

�¾Ù DNA �ʓǑh�cvºӣȣyƲӛus�m˂΅ΡuºlČɜ{ RNA ҪŖ�єѡh� RNA ϒ

Ƒ²ßÂ¢Ѳ�Êâ¬y�Û�¾ÙΘбҪŖv RNase ºÒ�ß�ʌ҂fnoāε RNA ŜӊҮψp�

Ťмfl�Û�¾ÙҤďǦ{Ͳ͙� RNA ÜÊÛuŜɇh�¿µ¢³×ßς{Ή℃�͹ɼfnm 
 
qʣ̑áϒˎr 
� āε RNA ŜӊҮψy͡t� RNA ϒƑ²ßÂ¢ѲvftlRNA ǊǃvҪŖ͐ͪʹyϒƑflҊȦ

l{Ǌǃєѡ{ǃ˂ſ͛yʫ�xyxqt]n Pentatricopeptide repeatԏPPRԐ²ßÂ¢Ѳ�ңɲf

nm˱ylRNase ºÒ�ß�ʅϊfnmϐ�ʉY²ßÂ¢Ѳ�͡tn in vitro RNA Ŕхǵӻбqnϒ

ˎlNYNºÒ�ßy1˂ҾRNA�ӣ͐ͪʹyŕʡh��ßº½¢Ü�â¯us�cv�Ήєu]nm

lculČɜ{ RNA ҪŖ�єѡh��uy�¬²Ñfn PPR ²ßÂ¢Ѳv NYN ºÒ�ß�͡ttl

�Û�¾ÙҤďǦ�²â¥µ¹vfnāε RNA ŜӊҮψ�Ęмfnm͙ƺl͟ĖŊuāε RNA Ŝӊ

ҮψyʽŪyĘ͡h�x�ˢэh�n�ylнʜ{āε RNA ŜӊҮψ�ˠ͏ĖŊuͲ͙ejl²â¥

µ¹ RNA {ШΟҸyǑŰh�xћ�tt�m 
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¬¸�¿�å��ǹ̆ôǋǦ}Ǫę`{ØǦĕęǓˈnʠʳ�

fΗȉǗ 
Κͣțļń (Κǒ̋ļ̛ 
ΚÈɯʁʱ )�*Κò̋ÿä +�εʆ̭ )ΚƯˀ̱Ń (�ͼβǶÒ 
�+Θ
ŉ

żͲǞʬΚ(ŉżͲʃŐ́��)ŉż͑ìƈΚ*ŉż 9BI�Κ+ŉżͲǞůΙ�

 
q͹ʹr 
� ùɣŔŜɇςºlȪ_ģǨe�n͜ǋɐήáύϺŊəǅ{ª£»ÛďҞ˯˧us�mc{˯˧yw

ttlª£»ÛºÚßҰǃ{ѾΘ�ĄftÃ¬´«ß »â¯ԏHKԐx�Ü¬Îß¬Ü¡ÖÜâ²â

yďҞe��m¦¤ˠ͏ÃÒ¶Ú�¾§¤ºˠ͏uʻ�Ǔ˨x HK ��°yll��{˯ϼºs��

�xqttxtmΔnpº PASԏPeriod-Arnt-SimԐºÒ�ß��° 2 °{ HKԏPpHK3a v PpHK3b
vh�Ԑ{˯ϼхˌ�͹ʹvfnm 
 
qʣ̑áϒˎr 
� PpHK3a v PpHK3b {�Ð¿ҰҪŖ�͡ttlŔǦςϕхˌ�бqnmPAS ºÒ�ß�ɻ° HK
ºl¦¤ˠ͏vª³ˠ͏ĉǒ{ˠ͏x�ºр°x�xxqnm�nlc��{ PAS ºÒ�ßºlˠ͏

uºˀͲр{ PAS ºÒ�ßus�cvy΋Ʀe�nmPpHK3a v PpHK3b {˯ϼ�ћ��n�lͻ

ƓϐʉY�͡ttll�m�{ź͒áùҶǑͪ˖�ĘœfnmǑͪ˖�ʫʵˇċçu͟ϵejnvc

�lНХĖͲ͟{ʨʾŰyуȀe�nmlculНХĖyŔŰh��×Ý¾ÏύϺ{ŔȒ�ћ�nv

c�lǑͪ˖{�×Ý¾ÏύϺ{ŔȒȽɣ͖yӾ_xqttnmǴҸ PCR {ϒˎlǑͪ˖uºНХĖ

ӧΨŔиύϺ{Ï¬²âŜɇưǦ APB ҤďǦϩ{Ͳ͙yĔçfttnmfnyqtlPpHK3a v

PpHK3b ºlAPB ҤďǦϩvºͪx�ϑѻy�qtlНХĖͲ͟�Ŝɇftt�cvyʫ�xyxq

nm 
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P65  
Ύʺȵɷ�Â�¦¤�¤mrw{ȹȅȎ̟Ŝƈ "##- nÁ�ÆªÆȻ£¸�Änȿ˯̞Ȥ�

fΎʆʦ̽ΚƶͣͷʏΚĤ̋˥ƈ��ãȞˢļΚͣțļń��Ưˀ̱ŃΘŉżͲÅʃŐ́Ι�

�

q͹ʹr� Ǔ_{͟͏º )+ ʰӃƛʾuǑūh�ǒͦ{͜ǋǑŰyҡɐh�n�yl˥ʧÚ­Ñ�͟ɣ

h�˯˧�͔ɆáҗŰejt]nmªÝ�½»­»ywttl"AA	"TI9HP�AITQPOTI�AI-9ME8PS�º˥

ʧʰшª¬·Ñ�˧ɣh�î⇄xɾūĖvftĸ_cvy΁��tt�m"AA {ɻ°ÜªâÁâ˨ºÒ

�ß	A;5�ºňƿʹx AA	AITQPOTI�AI-9ME8PS�yǨƺh�ÜªâÁâºÒ�ß	A5�vã˱ҪŖ{ͻƓ

ɓºӾtylÚßҰǃѾΘy��ĥӵ�Ƈa�cvyu]xtmhx�plA;5 º˂ˈ{ A5 vft{

˯ϼ�Ǚqtt�ylA;5 �ģɻh� "AA ²ßÂ¢ѲºϜГˠ͏ςϕyȪ_ģǨe�tt�cvy΁�

�tt�mc{cvx�lA;5 º "AA {͛̚͟ɓyҶ⇄xɁţ�ˎnftt�cvyʇǴe��yll

{˯ϼy°ttºń_�xqttxtmlcul˂΅Ρuºc{ "AA yģǨe�n A;5 {͛͟ʹ˯ϼ

�хʫh�cv�͹ʹvfnm�

qʣ á̑ϒˎr� ˄ʠvft 1��� { G5 2 ńӀv 92 ²£�¦âºh�ЯƑҤďǦ  #E�8E�1���	�
�vl

l{ A;5 �¦âºh�ǊǃҪŖ�˰ʋejn 1���.�-�	�
 �l�m� 1��� ÈÝÓâ²âʒҪçuŜ

ɇh�¦ß¬¹Ù¢¹� %CC	%CC�%CC��åҶǑͪĖyȅŃfnȽѲѾʉĖ�Ęмfnm7MP:ISLO-�

CLNI�lϹѿӀl˥ʧÚ­Ñ�̭Ǵfnϒˎl #E�8E�1��� ȅŃ˖uº %CC	%CC� ùҶǑͪĖvƓ˨{е

͙ƿ�΋f 1��� {˯ϼ�ƯɈh�cvyu]nyl1���.�-� ȅŃ˖uº 1��� {˯ϼ�ͻлh�cv

yu]ilт˖us� %CC	%CC�%CC� åҶǑͪĖvƓ˨xе͙ƿ�΋fnmĉæx� A;5 º 1��� {í

ɍɾūĖvft{˯ϼyɎ⇄us�cvy�xqnmѾŌɭŜưǦvft{ 1�� {˯ϼywa� A;5

{ӄé�ћ��n�lÃ¬¹ß 9
 �®´ÛŰɯĖ�͡tt "AA {²â¥µ¹ҤďǦÈÝÓâ²âҊĲ

u 4.�" ǵӻ�бqnϒˎl #E�8E�1��� ȅŃ˖�ҷ͟˖uº�®´ÛŰ͑ɟºʰӃ͐ͪʹyǑūft

tnyl1���.�-� ȅŃ˖uºȣy�®´ÛŰÜÊÛyӾt͑ɟusqnmĉæ{хˌx�lA;5 ºÃ

¬¹ßĥӵyӄéfl²â¥µ¹ҤďǦ{ѾŌŜɇyɎ⇄xºÒ�ßus�cvy΋Ʀe�nm�

�

P66  
������¢-��^����¡�����\,� �{~�OS�Y=,�
*:9c

fãȞ�ˢļhƲʆ�ʇ̃͡hŁƷ�ĵ̛hƯˀ�̱Ń�ŉżͲʃŐ́	��

q͹ʹr 
� ªÝ�½»­»�Ɩ�Ǔ_{ΜǦˠ͏uºl̆ �Нxw{ѿɓƬǲywttđӀɣӀ(ã˱ɣӀ)vv

�yϳžɣӀ(ù˱ɣӀ)yуȀe��mù˱ɣӀºlѿɓƬǲŊҧ{ϙΰˆȽɣȐlƂ�ŊӥύϺyͣ

ˈh�ύϺyѵ́vx�lŔиáŔŰyϘ_cvy��ȵ]ѵce��mˠ͏ÌÛÓß{ã°us�

¨�¹��¼ßºlύϺ{Ŕи̚ɓћαáϙɻyӄéh�cvy��lù˱ɣӀ�̚ɓŰh�cvy

΁��tt�yll{Ę͡˯ȭ{ђύºʫ�xvxqttxtmlcu˂΅Ρuºù˱ɣӀ�¨�¹

��¼ß{͛̚͟ɓ� in vivo uюĝh�n�{Ó¸ÛςvftʀYlύϺ{Ŕи̚ɓŜɇ�ʒY�Ŕ

Ǧǃ͸�͛хh�cv�͹ʹvfnmхˌysnqtºl¨�¹��¼ßəǅďҞ�ɵu B ƿ ARR
ѾŌưǦ{ç̜u˯ϼh�ҤďǦyͿ͹flù˱ɣӀ�іȅh�ҤďǦ{ʅϊ�бucvvfnm 

qʣ̑áϒˎr 
� trans - zeatin Ő͛ 3 ʰӃɃ{ªÝ�½»­»˘ywa�¹Ùß¬¢ÚÈ¹âÑ¸â²yǃstt¨

�¹��¼ßɐήɓ�΋hѾŌŜɇưǦ�нʜƓǴfnmc{upʻ�¨�¹��¼ßyȁh�ɞƇ

ɓ{ӾxqnҤďǦ LBD3 y°ttll{ÌÓÝ£us� LBD4 vv�y˯ϼхˌ�бqnmÜÎâ

²â�µ®�ì�y¹Ùß«�ß¹�µ®�y��lLBD3lLBD4 ҤďǦº˘{íɍ˓ŊҧuͲ͙h

�cvlLBD3lLBD4 ²ßÂ¢Ѳº˗ȋƺ�΋hcvyʫ�xyxqnm�nc��{ҤďǦ{˯ϼ

˰ʋǑͪĖuº˘{ϳǔɣӀyɭŜe��vv�ylŔиʾyŃqtt�ύϺ{ţƑ{̫ȇlƂ�Ŕ

Űқƞys�vʇǴe��ύϺ{ţƑ{ǌŧy���nme�yc{ǑͪĖuºlCYCD3;1lWOX4l
AINTEGUMENTA (ANT) vtqnlʦ΁{ù˱ɣӀӄҕҤďǦ{Ͳ͙ҸyĔçftt�cv�l

qRT-PCR хˌy��ʫ�xyxqnmĉæ{ϒˎx�lLBD3lLBD4 º˘{íɍ˓ywa�¨�¹

��¼ßəǅďҞϑѻç̜u˯ϼh�ѾŌưǦvftύϺŔи{̚ɓŜɇyӄ��cvy΋Ʀe�nm
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�� �����*=25 
� >p?b=>p�

CAJ 	f,1;9J 	f_(U& 	fEZR' 	f2[/5 ���fD!@Q �f�f3O8V 	f��

d	,4cMN.f�	
��1���f�,04cyf�#4cyf�,4]%Se�

�

�ÍÌ� 
� ĂÅ ®À����ēÊnç �ª���,ą��Ú!½õ ��ē�¿Où(Đ¹�	��Ä{

i»# �Ú't±�āî��+ē�-* �Ú�!�-�-ÁØ��²° ĄP
Òò.-�	,Ĕ

L�ēå¾Ä{N�!Å�/ä��í� îw
t¡�ËÅ�,��
�+ēć*-�G:K8/r

�Ú����� )
��+g,, ��	
¼'āî��,�á�*-,Ĕ� �&ēr�Ú²°

 ă�!¥Ð môÌh�²°
�x�ē�z/Ýs�,���£þ��Ú/ë��	, �!�	

��R�.-,Ĕ�Åç �ª��Ú��Å�,6G<HĀđSAĒ�Ú�bÈ²°
ýøæaN��
h.-,���*ē� ó��!øæa74>H ĄP
Óv.-�	,Ĕ���ē��!øæap

�\B0=3IDđphyĒ�ÏÍ�ēSA74>H# �čo"� E2?9D ï /ÍÌ��,Ĕ 
��¶JÜ©� 
� phy Sā³�|Ç\ phyAphyB� SA fÃ/ë����.ēĂÅy®À�´û�� NPR1
Ďé�
êÖ��Ĕ®À!�Åç �ª��Ú�� SA/Å��ēúeìjw~��, NPR1 Ûâ÷� L¡
Ì�êÖo"� � ¬dÔë/`���� SA�Ú�ÿY~à/ËÂ�,Ĕ� ���*ēNPR1 
ĐêÖ! SA �Ú� bÈ/Đ&,�á�*-�
ēphyAphyB !Ênç Pseudomonas syringae ���
,���o"ēSA�Ú�ÿY~à ËÂ ¸�/Ó��Ĕ$�ē;A5/Æ	� BiFCï¨�! phyB
� NPR1  Üs
Ûâ÷�Òò.-�ĔWM Ü©�*ēphy !Ûâ÷� NPR1 �ÎT]Æ�ēNPR1
 ¬dÔë/`���� SA�Ú�ą��Ú/·�l�,�á��	,Ĕ 
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� �����3��5IG+hX:?4HL)PT3a25WF�

,DBY 	f_(U& 	fEZR' 	��`AT< ���3O8V 	����

d	,4cMN.f�"^4>N���,4]%Se�

 
�ÍÌ� 
� ®À!��Ćċ(Ên\ _c�)+Å�,²­i»�¢.-�	,	�ċ Q�!}� Ên\
u

$-��®À!ċ�),²­i»/òö�ÉÊą��Ú/·�l�,²°/���	,��
R�.-

,	�.*���®À
²­i»/òö�,²°�����kÀ
\µ/V��²­i»/òö�, �ď

Z����èČ =F15KD
ĄP��	,qã�
á�*-,	�¦Ñ×!, ®À
²­i»/òö
�ÉÊą��Ú/·�l�,�, $�, ²­i»òö�=F15KD
ĄP�,���	�ô«�,
��/ÍÌ��,. 
��¶JÜ©� 
� ®À
Ćċ�),²­i»/òö�, ÉÊą��Ú/·�l�,��
��,�¯ð�,�&, 7
I1@>9> ĂÅy Col-0 ®À���, U�Ì�ċ�),fÃ/ë	, RT-qPCR �),ÿY~ËÂ
ï¨�^ñ��. � Ü©, ċ�),²­i»�)��ÉÊą�ĄüÿY~ ËÂ
¤��M��,
��
Òò.-�. 
� $�, ²­i» òö�èČ =F15KD
ĄP�,�/ô«�,�t¡�, ĆċfÃ�u$-
,¹�[N(º�§XÙ îw/Ĉ��èČ# ²­i» �č %/¯ð�,�&, Col-0®À�=
F15KD/���	Col(gl1)®À èČ���, CF7�),²­i»fÃ/ë	, RNA-seqï¨�
)��ÿY~ËÂ|k/ÞßÌ�ï¨��. � Ü©, Col-0 ®À�!ÉÊą��ĄP�,}� ÿY
~ ËÂ
M��, Col(gl1)®À�!� M��
Ďé�[N�,��
Òò.-�. ���, ²­i
»
�Ċ�Ê����/ó��,�¯ð�,�&, Col-0®À� Colđgl1Ē®À���� Psm ES4326
/�Õ�, L� ¡ăăĉ�²­i»fÃ/ë��Ü©, Col-0 ®À %�¤��Ê����
ó�.
-,��
Ó.-�. 
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�#��C����A%D�D�CAA(��%���C"�!����C���!!D��
/
AC�(� ���� �")C�����#�C���.���!��D����A���D�
C������.���������C" �D����ACC��A�2�A((����

�AD����D��� ����� �#��
�C )D�
C�������x��1#�G�CD�(-�A��-A(D��"��
�C"�#-]��1"�.�-!�#(�����#�����#(C���

�H���#y�

���� 
� Polar nuclear movement at the subcellular level is crucial during multiple events in eukaryotic 
development. In most cases, components and regulators of the cytoskeleton as well as nuclear 
envelope proteins are major components involved, as demonstrated by severe developmental 
disorders in respective mutants. In the Arabidopsis root epidermis, the nucleus initially assumes a 
position at the inner lateral membrane during cell elongation and moves towards the root hair 
after hair bulging. Except for its actin-dependence demonstrated by pharmacological studies, little 
is known about dynamic hallmarks and regulatory mechanisms underlying this polar nuclear 
migration. 
�q�?�{� 
� Here, we report that nuclear auxin signaling and Rho-of-Plant (ROP) signaling direct 
actin-dependent polar nuclear migration towards the root hair bulge. Time-lapse imaging reveals 
that the nucleus located at the inner lateral membrane starts its actin-associated movement 
towards the outgrowing root hair in an ACTIN7 (ACT7)-dependent manner. Loss of ACT7 function 
as well as reduced or enhanced activation of ROP signaling alter polar nuclear migration. High 
auxin concentration or reduced CTR1 kinase function induce nuclear mis-positioning that is 
suppressed by ARF7 ARF19 loss of function, revealing that nuclear auxin signaling regulates 
nuclear migration. Our findings establish a mechanistic framework of auxin- and 
ROP-signaling-directed, ACT7-dependent polar nuclear migration in the Arabidopsis root 
epidermis. 
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bdMhAPTOik>RTS4r �.-- NgoMpa�

/wtn �]fU	vf@C ���]:mlV �];BcM ��

x�Y?ue=s���	�%�C("�#(�A��-!�#(�����#��D��1#�G�CD�(-�A��,I�AC�y�

 
���� 
� }��L�l¹��� §¾�a¶R*`�\�½Q�'�¢�'� ��'	}��¡�¬t*�

pª��}�| NR23 *­o���³"���	��´���;>·�Du�}�� �À¥���
�'pª1>6-¯ SRPP�Vc�(�	µFb�n| srpp*«d����)�;>·�Du�}�
��
^��$�
��b�¤���£��JC*���	���"�SRPP �}���b*®'K
�*�'�mc��	x�����SRPP �Rb�¡*¬t�'A�����}���»²µFb*
X"���_T��i	% ��¨|�	�'�b�§�[?�£��Zh����¬z��	 
 
�q�?�{� 
� ¸�|*°fyE
&;>·�DyE�~�v�'��}��À¥�H¹�' 5r�
& SRPP�
wk���Bs�©&(�	!��Nº4@1�	�� SRPP��O����Y�(�}���j�
Á� 2��7-2>92<,/3:@0#V���}�H¹�G�� SRPP����V�1+8>.
�����	�b������srpp|� SRPP*�?��?¿�����������¨|�	���
§�[?�£��À¥�Zh�©&(�	!��WT� SRPP*¶I����eM��´S��|�
���P�*¦��¼��b��£��WB��	srpp|��� ]�±��f�©&('��
&�
SRPP�� ]*gU�'�����\/5=/
&}�?�b*®'�¡��'�m���	
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®Â¿Ä̈͞ʲtǈu̹y`�Â�¦¤�¤nǋǡŹĮjʴˍɧn͉ͮ�

fʩʆ˿ʇ 
ΚɯËˑřΜΚ1SP�6LX4HUP(��ěƲɂˤΜΘ
ŉżͲÅʃŐ́Κ(ȡßƍ˼żÅǼ˭ÅʃŐΙ�

 
q͹ʹr 
� ˠ͏{̤ϺЋyȋƺh� H+-pyrophosphatase (H+-PPase) ºԑÅÝÚßҰ (PPi) {ŧ̄Ŕхv H+Îß

È{ 2 °{˯ϼ�Ƒ�j�°. PPi º˗Ұ�²ßÂ¢ѲԑǓξxw{ƑɣƄɐ{š͠͏us�ԑύϺŊ

yҜŢyШΟh�vԑc��{ӾŔǦƑɣ{Ƅɐ�ŰǬȥдѝʹ͛ͣy��ɭŜh�. fnyqtԑl

{ҡŕx̼ȯ{ϙɻºύϺyvqtɎөus�. H+-PPase ҤďǦ�˰ʋfnªÝ�½»­» (fugu5) 
uºԑªØξ̨͂ŧǂƼywa�ǦХ{ȽɟǑŰvlͲИĉӉ{¬·â«ywa��ixx͟ϵ{ҙ

ȳy΁��tt�y(Plant Cell 2011, Frontiers Plant Sci. 2016)le�yl·Ұ��ß�źã{Τψ̯vh

� MGRL ǂƼu͟ϵfn fugu5 ºlPPi ШΟ�ſưvfnȺt͟ϵèń�΋hcv�Ͳрfn. lcu

˂΅Ρº PPi vˠ͏{ΤψĈѠ{ӄĠ{хʫ�ǔ]x͹ʹvfn. 
qʣ̑áϒˎr 
� Ѵ˔ƿӞǦӮɉҿy��уȀv¹ÚÂßÇÛâ˒Гy��ԑMGRL ǂƼu͟ϵejn fugu5 uº˂

Х{ŔиϐϥύϺyǎ˷fԑc�y�qt˂Хy˴ȣyȎӂfx_x�cvyŔxqn. �nԑ˂ Х{

е͵ύϺ{˧Ҕy�ͪȣy͟gtw�ԑe�yХ{еӤ{¢´¢ÙȐ�ҧŔʹy˰ʋfttn. c��

{ãҕ{͙ѧºԑ�ßÓ¼×Ñ��ß (NH4
+) �Ɩ�ǂƼuºѵc�iԑҷ͟˖vƓ˨{͟ϵ�΋fn. 

lcuΤψ{ĈѠϑѻy̔͹fԑPPiyӄҕh�Ƅɐ{ĈѠ͟͠͏�ǂƼy̨ŧft͟ϵяӻ�бqn. 
l{ϒˎԑȩ°x{ĈѠ͠͏y� NH4

+vƓά{е͙ƿɭŜŪˎys�cv�рœfn. MGRL ǂƼy

wa� fugu5 {ãҕ{͙ѧºԑNH4
+�ψ˄vh�ĈѠϑѻ{ PPi y��ӈǷl�nºΤψĈѠϑѻx�

ҜŢ͟͠e�n PPi � H+-PPase ˰ʋçuºŐ͛f]�x_xqnn�us�v÷ɛftt�. 
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fȕ͘�Ȱƈ 
hò̋�Üɑƈ 
h#L>YJOLX�A=LMHU
�(hȴ�âǗ 
hʐɃ�ī̕ 
hěƲ�ɂˤ 
hɓď�ˢȽ

�
�)�Θ
ŉżÅʃŐ́h(ŉżÅʃɷȿ˯�h)ŉżÅΎʺʠΙ�

 
q͹ʹr 
� ӀȦƓgǆɨu͟ϵh�ʿ˂ˠ͏yvqt˕Ӷψ{ŋѾ̜˯˧ºҶ⇄x͟Ǩɥͨus�. ãʣu, 
ɉҸɎөļψus�Ì×ψ{ˠ͏ĖŊywa�ΘūȯºĔ_, КtХ�ϳǔϐϥ�íɍyÌ×ψ˰ñ

ͮyf}f}уȀe��. Ì×ψ{ɁţºîyύϺǍ{˧ҔǮǴŰus�, ˰ñh�vɣӀӕǷ�è

ΛxwҶεxзǷy�n�e��. нʜΜ{ˎ˭�ȁѧvfnХŊļψ{ϑʼхˌ{ϒˎ, ÁÙΖ{

ˠ͏us�ÓÓ(Prunus persica)yФХşyÌ×ψ�ŋѾ̜ftt�Ƌϼɓy΋e�n. lcuÓÓ

ywa�҄ҏĖ�ĄfnÌ×ψ{ΟˤʹxŋѾ̜{Ƌϼɓ�ћ��n�, ªÝ�½»­»{Ì×ψ҄

ҏĖ(BORs, NIPs){ÓÓ{ÌÓÝ£ҤďǦ�ƓǴf, Ͳ͙{ǪαǑŰ�хˌfn.  
qʣ̑áϒˎr 

� Ì×ψ҄ҏĖĩлҤďǦ{˾ʼ{Ͳ͙хˌ{ϒˎ, PpeBOR4 yФХşyӮЦyǌŧftw�, Ф
Хʾ{ÓÓХŊÌ×ψҸ̫ȇv{ͻӄy΋e�n . lcu , PpeBOR4 {˯ϼ�ћ��n�y , 
PpeBOR4 �Ү˽yͲ͙ejnvc�, ύϺЋyȋƺf, Ì×ψʃœ҄ҏĖvft˯ϼh�cvyʫ�

xvxqn. �n, ХŊ{è̱ɓÌ×ψvƋ̱ɓÌ×ψ{ƖҸ�ћ�nvc�lФХʾyºè̱ɓÌ×

ψy̫ȇh�cv�ʫ�xvxqn. e�y, ФХʾyË¢´ßŔхҮψ PME {Ͳ͙yǌŧh�cv, 
£Ú¦ª³â¯xwύϺǍŔхyӄ��vʇ̭e��ҮψyͲ͙ftt�cvyÚ�Û²�Ñ PCR, 
ÈÝ·�Ð¢¬хˌx�l�m�ʫ�xvxqn. c����, ɣӀʾyÌ×ψ�ŋŚ͡h�n�y

ФХyľ℃qtХŊ{ύϺǍÌ×ψyƋ̱Űe�, PpeBOR4 �ĄftΟˤʹy˭Ė�vŋѾ̜e�t

t�Ƌϼɓy΋e�n.�
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Analysis of flavonoid content in Oenothera’s flower during senescence 
	TEPPABUT Yada1, OYAMA Kin-ichi2, KONDO Tadao1, YOSHIDA Kumi1 

(1Graduated School of Informatics, 2Research Institute for Materials Science, Nagoya University8 
 
	Purpose� 
� Flower of tsukimisou (Oenothera tetraptera) begins to bloom around 20:00 and fades in the morning. 
The full-blooming flower is white, and then the color is changed to red during senescence. Other 
Oenothera flowers, such as komasuyoigusa (O. laciniata) and matsuyoigusa (O. stricta) also change 
the color from yellow to orange during senescence. Our research group is interested in this 
phenomenon of coloration, so the analysis of pigments in O. tetraptera’s petals was done. 
	Methods and Results� 
� Petals of were collected at 0, 4, 7 and 12 hours after blooming and extracted with acidic condition 
(3% TFA in 50% acetonitrile). The extract was analyzed using 3D-detected HPLC with Develosil 
RPAQUEOUS-AR-3 reverse phase column. In the white petal extract, flavonol derivative was detected. 
In the red petal extract, a peak of anthocyanin was observed with the flavonol. Using LC-MS analysis 
with authentic samples clarified that the flavonol was quercitrin with m/z = 449 [M+H]+, and anthocyanin 
was cyanidin 3-glucoside (Cy3G) with m/z = 449 [M]+. During senescence, the content of Cy3G 
increased, whereas the content of quercitrin was not changed. The same experiments were carried out 
using O. laciniata and O. stricta. In both flowers Cy3G was detected. The color change was clarified to 
be the de novo biosynthesis of Cy3G. 
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ȵɷnɉƉƛǃ}ęǓ`{±°�£²À¹Ä Y=VTHNLU n¶¶��±°�£n̠̟�

fȵʆÿžΚ̈́̋ʶǌΚƥΔÈΘŉżͲÅʃŐ́Ι�

 
q͹ʹr 
� ̃ǧºĿƑɣ�ƝƗlЧʙvtqnˠ͏{͟ӀyɎөx̚ū�ћαh�Ƭǲus�mˠ͏ºl̃ǧ

{ǽȯ�ћαh�cvy�qtlc��{͟Ė͙ѧ{Ū͖�Ŝɇftt�cvyʫ�xyxqt]t

t�mɤnºlªÝ�½»­»{̃ǧǽȯ�æʪej� 45 ˹ǃ{ËÈ´ºÌÛÓß stomagen �ƓǴ

fnme�yl˧Ҕ̚ɓͻӄ΅Ρ�бqnϒˎlstomagen {ÛâÈ˧Ҕ{íǘҧŔyǨƺh� 6 ˹ǃ

yl̚ɓͲ͙yҶ⇄us�cv�ʫ�xyfnm˂Ͳеuºlstomagen {ÛâÈíǘҧŔ{℃Ė˧Ҕ

yͿ͹flstomagen {̃ǧǽȯæʪ̚ɓ�ÐÐµ¢u]�΂ҾËÈ´º�Ɇ�cv�͹ʹvfnm 
 
qʣ̑áϒˎr 
� ˂΅Ρuºlstomagen vƓã{Æ�ÐÚâyȏflstomagen vΩƑʹyƇǹĖyϒƑh�cvy

ǅƚe�tt� EPF2 yͿ͹fnmëϮ{�Ð¿ҰҪŖ�̀ҁh�vlEPF2 y{�ÛâÈíǘҧy

«¬ÛÆ�ºϒƑyǨƺh�mstomagen ywttȁɐh�˹ǃ�ª¬·�ßyϧʉfl«¬ÛÆ�º

ϒƑ�ȅŃfnËÈ´º stomagen-CC ºlstomagen v��Ɠά{̚ɓ�΋fnmc{ϒˎºl

stomagen {ÛâÈҧŔ{̚ɓƿ℃Ė˧ҔylEPF2 {�uy«¬ÛÆ�ºϒƑuƴǴe�n℃Ė˧Ҕ

vҊt�{us�cv�΋Ʀftt�mlculstomagen-CC �ļylǮǴҪȰхˌ�бqnmɆ�

�nǮǴҪȰ�ļyl΢ӃʹyҊʆfn˹ǃË��ϧʉftl«¬ÛÆ�ºϒƑ�ȅŃfnãҕ{΂

ҾËÈ´º�ышw��Ƒɣfl̚ɓ�ћ�nϒˎlʽɜx̃ǧǽȯæʪ̚ɓ�΋hËÈ´ºyɆ�

�nmc{ϒˎºlstomagen {ÛâÈíǘҧ{℃Ė˧Ҕ�˫fnȆËÈ´ºy�qtlstomagen {

̃ǧǽȯæʪ̚ɓ�ÐÐµ¢u]�cv�΋Ʀftt�m 



 



 

HIaY0=,'eEe _/*Lp)1lmq 

 :h	#���% @jUVC http://www.amano-enzyme.co.jp/jp/ 

 ����% UViSe http://www.ichibiki.co.jp/ 

 %+Z8 QRIe http://www.itoen.co.jp/ 

 +dn6BL%� �http://www.kantenpp.co.jp/�

 .Z0=% D[e http://www.katokagaku.co.jp/ 

 %@j����\cC 6`-]e http://www.gifushellac.co.jp/ 

 ��#�$ % 32?B9 http://www.kirin.co.jp/ 

 %&50=UVC &gUVC http://www.skk-net.com/ 

 FA\�#% UVe http://www.pasconet.co.jp/ 

 %T^ http://www.shinsei-ip.ne.jp/ 

� GHI0=BL%�UVe�  

 ;k0=% ��$��	�#(Le http://www.taiyokagaku.com/ 

 b\N% http://www.tsuji-seiyu.co.jp/ 

 JOPR% n6UVC http://www.tokaibsn.co.jp/ 

 'HIMX% http://www.nakahyo.co.jp/ 

 %���#
$# http://www.nippongene.com/ 

 �
HIWX% UViS> http://www.fnsugar.co.jp/ 

 PR�$���	#�% http://www.bfsci.co.jp/ 

 ������"�$����!�
% http://www.pokkasapporo-fb.jp/ 

 ��	�
����
��	����'<UVC http://www.mizkan.co.jp/company/ 

 ����% K3B9 http://www.yamamori.co.jp/ 

 o4f\c% 76iS�#
$ http://www.yomeishu.co.jp/

UViS�#
$ 

'<UVC 
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ˍ� ŚƢ ƔǀǔǬ҆Ǭҧ 
ԁ� ĤǬ� Ӣȓͽ℃ǔǬӱơ˕ӶΖǬҧ�

;ǍΓʞ� ĤγǔǬǔǬӋϛƑ͛εǬ 
� � � � � � ԏĈѢƣԐ�

Ź� Żҝ ΃βͽ℃ǔǬ͟͏ѱ̯εǬ΅Ρɨ 
�

Ƿ͘ĹÍ��+	 ;΀	�

̞ҷ̕ï� Ǿȑͽ℃ǔǬ͟͏εǬ΅Ρ®ß²â�

� ԏÆ�ÝâԑͷøԐ�

ӲȖĤƏ� ƔƊȍǔǬǔǬӋεǬ�

̉͢˴ā� ĤγǔǬǔǬӋϛƑ͛εǬ�

΃͢Γ̎� ȒӅǔǬɐ͟͡͏ΖǬҧԏĈѢƣԐ�

üæĢҘ� ʝȖмÂßԏ˖Ԑ΅ΡӂͲҧ�

Ȕˮ� ƾ� ȒӅǔǬɐ͟͡͏ΖǬҧ�

Ȕ˂ɗɏ� ȒӅǔǬɐ͟͡͏ΖǬҧ�

̂͢� Λ� Ɣǀǔ҆Ǭҧ�

˜βҘā� åҶǔǬǔǬӋ͟͏ѱ̯Ǭ�

˦˂Ģ˭� ΃βͽ℃ǔǬ͟͏ѱ̯͜ǋǬҧ�

ҠЬŀΕ� Ϊ˂̍Ͻ(˖) 
ǔƉĮƏ� ˡȑǞǬƷǔǬ̚͟ΖǬҧ�

ǔ̹ĢȾ� ɝ΁ǬӋǔǬɍѽΖǬҧ�

ǖ͢ʫɊ� íҧǔǬɐ͟͡͏ǬҧԏͻќɁԐ�

ǔǉ˴Ͷ� ¨ß��ξŰ	˖��

ǔоŚȧ� ӢȓǔǬ҆Ǭҧ�

ȓɦĤǗ� ʢʧ˂ŰǬεˣ	˖�� ΅Ρҧ�

ȓ˂ɊӐ� stp͠ˣΖǬɬвϛƑ®ß²â�

� ӱơεˣɬв®ß²â�

ǜ˅ŀφ� åҶǔǬǔǬӋ͟͏ѱ̯Ǭ�

ȆĦĿӖ� ˉ̢ǔǬ̢̗΅Ρɨ�

ηѤƟȶ� ҇м̍ԏ˖ԐΫã΅Ρɨ�

͌ȑʢǖ� ƔƊȍǔǬ�¦¹Å�ΖǬ΅Ρɨ�

ŧЬӗǐ� ƔǀǔǬ҆Ǭҧԏ Ǭв̚ūȺŰǣƣ�

� ĎȨøԑ͠ǬǲǬвÿ̜ǣƣԐ�

ŧЬȱǗ� Ǿȑͽ℃ǔǬεǬҧ�

Й͢ĥã� åҶǔǬǔǬӋ͟͏ѱ̯ǬԏĈѢƣԐ�

ҹʖ� ;� íҧǔǬɐ͟͡͏Ǭҧ�

Ώ͢ǱƟ� �¬·Ù¬Æ�âÏ·µ¢ԏ˖Ԑ�

� Ǿȑɬв®ß²â 
űȖ� Į� ƔƊȍǔǬǔǬӋ͟ƞ҆Ǭ�

ʿçɌó� ŧЬŰǬ	˖��ɬвҧ�

ʿ˅Ƥó� åҶǔǬǔǬӋ͟͏ѱ̯ǬԏЛʞѓ

 ϞӘǣƣԐ�

̹ͅМŞ� Ӣȓͽ℃ǔǬӱơ˕ӶΖǬҧ�

Ħ˘ӐãҦ� íҧǔǬɐ͟͡͏Ǭҧ�

ʈƽкǦ� čЬƷ	˖��íǘ΅Ρɨ�

ƽü͢Ɵк� Îµ�¨µÎÝÆâºԎÄÁÜµ«�

� ԏ˖ԐћҞҧԏĈѢƣԐ�

ҵ˅˵β� ΑüǔǬǔǬӋεǬ�

ĕҷļʯ� ҹ̌εˣǔǬ¥¿Ñ͟͏εǬ΅Ρɨ�

ǊѤМĤ� ˉ̢͏͠	˖��ӱơ΅Ρɨ�

çēӸĈǦ� Ӣȓͽ℃ǔǬӱơ˕ӶΖǬҧ�

çƽ� ї� ĤγǔǬϣϙǬҧ�

ç˅ƒ̎� ƔƊȍǔǬǔǬӋ͟ƞ҆Ǭ�

ӄ˘� Χ� Ζ΅мЫ	˖��͟͠ɬв΅Ρɨ�

ŵ� РǗ� ĤγǔǬ҆Ǭҧ�

ҺʿЛ͟� ʝȖ¬²â´	˖�͟͠ɬвҧɬвњ�

Һʿǔѱ� Ɣξ͠ˣ	˖�ӱơӂͲҧ�

Һʿ� Ɍ� ȒӅǔǬɐ͟͡͏ΖǬҧ�



 

 

Ӿ͢˴ģ� ʧ˂ӱơŰε	˖��΅Ρɨ�

Μҧ�ŭ� ˉ̗ω	˖�ʚѰÁ��΅Ρɨ�

͢˅Ȳā� ƔǀǔǬ҆ǬҧԏĈѢƣԐ�

γƼ҃Ǘ�  ÚßÄâÛ	˖�ƔƊȍεǆ�

Ɋȑ;̎� ӢȓǔǬ҆Ǭҧ�

Ӏȓ� Ś ȒӅǔǬɐ͟͡͏ΖǬҧ�

íβ� Δ� ȒӅǔǬɐ͟͡͏ΖǬҧԏĈѢƣԐ�

íβʴб� ȒӅǔǬɐ͟͡͏ΖǬҧ�

íҷΓӖ� ƔƊȍǔǬǔǬӋ͟ƞ҆ǬԏǬв̚

� ūȺŰǣƣĎȨø, ЛʞѓϞӘǣƣԐ�

í˅̠Щ� ĤγǔǬǔǬӋϛƑ͛εǬ�

í˅ǱãҦ ĤγǔǬǔǬӋϛƑ͛εǬ�

í˅ƻđ� ͏͠Æâº¨��ß¬ԏ˖Ԑ�

íȑĢк� 	˖�ȒӅ®Ùµ¢мҔɨơѲģэҧ�

íȑȧʲ� 	˖�åƟŰǬ΅Ρɨ�

ŹˇʞӖ� åü҆ˍ	˖�ӱơϛƑ΅Ρɨ�

оβĢǗ� ƔƊȍǔǬǔǬӋ͟ƞ҆Ǭ�

о̗͢θ� Ǿȑͽ℃ǔǬ͟͏εǬ΅Ρ®ß²â�

� ԏĈѢƣԐ�

о˅εȂ� �´Ä 	˖��ɬвӂͲҧ�

˃� Ԍ̙� ӢȓǔǬ£ÚâßΖǬɬв΅Ρɨ 
 ԏЛʞѓϞӘǣƣԐ 
–ҷƒŴ� Αüͽ℃ǔǬ͟͏ѱ̯ǬҧԏǬв̚ū�

 ȺŰǣƣ�ȪǅǣƣԐ�

ſ� ˴Ɵ� ӢȓǔǬ҆Ǭҧ 
 

ʧҷ;Ƙ� ӢȓǔǬ҆Ǭҧ�

ȥü̠ʞ� ӢȓǔǬ҆Ǭҧ�

ΑüʗǗ� íʧ˂̅ξ	˖��

Ь͢ʴð� ĤγǔǬǔǬӋϛƑ͛εǬ�

ģƽ� Ξ� ĤγǔǬǔǬӋϛƑ͛εǬ�

ʬҷãǰ� ǾȑǔǬǔǬӋ͛εǬ΅Ρҧ�

˂Ǔкð� ƔƊȍǔǬǔǬӋεǬ�

şȖ˴Ϫ� ƔƊȍǔǬǔǬӋ͟ƞ҆Ǭ�

͎� ˴ʗ� ƔƊȍǔǬǔǬӋ͟ƞ҆Ǭ�

� ԏĈѢƣԑī͛ǣƣԑÆ�ÝâԐ�

ˊ͢� Ȩ� ƔƊȍǔǬǔǬӋ͟ƞ҆Ǭԏ͛ø��

� ѩŬǣƣԐ�

ˊр� Ϣ� ӶƞҫмҔԏ˖ԐƨơӂͲ®ß²â�

ˊ˂кǦ� ÕÏÓÚ	˖��ӂͲ΅Ρɨ�

å̌ňȾ� ΃βͽ℃ǔǬ͟͏ѱ̯εǬ΅Ρɨ�

å̹Żð� �¨ÃÄâÛ	˖��ƔƊȍεǆ�

˅æ� М� Αüͽ℃ǔǬ͟͏ѱ̯Ǭ�

˅̹ïƏ� ʩˊӱơ	˖�ӱơ΅Ρɨ�

˞æ� ʚ� ƔǀǔǬ҆Ǭҧ 
˞ȑԌã� íҧǔǬɐ͟͡͏Ǭҧ�

ȑƉΓʫ� ƔǀǔǬ҆Ǭҧ�

ȑ͢ȱȶ �¾À¶ӱơԏ˖Ԑɬвҧ�

ˬѷЛȾ� íҧǔǬɐ͟͡͏ΖǬҧ�

θ͢΍ȱ� 	˖�¼µÎß«âß�

Ɵ͢� ˴� Æ«ʧ˂νξԏ˖Ԑ΅ΡӂͲǶ�

� ԏĈѢƣԐ�

�
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