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土壌微生物が奏でる陸域生命ハーモニー：「共に生きて躍進する」 
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əȢ(ĺÃBƅ��$
>�4�	Əƶ+Ėþ�ƍƄ;.Ȁÿýĉ+ŀǀƶBķ >

�&,ýĉǀŒ+ėô%ó�<?$
>����!$	ýĉŀǀƶǓǜ+ǌǉ,	Ɂ 

ƶƌă+ĄǕ&�$��%(�	ȋƳǅ)�>ŀǀƶ+ȉĎ(čƕň9Ɩȅ)�
�

>ǒǉĒđł)�(<(
����	Ƀı+PdpȥƃŚȜ+ɲȼ)8ɡA<�	ýĉ

ŀǀƶ9�?<+Ǽɨ&�$+ýĉŀǀƶÞ,¤Ƴ&�$k|v)Ë4?$
>� 
� ýĉǮȔ%	>ƊǧȔ,oqǘƏƶƊ)ŎƇ�	³ǀǝǬúĚBț
	ÿƽwkv+

ǝǬĿƿ+ɶÊÅ&(!$
>�Ʒ)	it^FuYfHp(Bradyrhizobium)ĪƊǧȔ
,	ETE+ ƶ%	>[GV+ƊǧȔ%	=	�+ɱǸȔ,ƍƄ{ɁȀÿýĉ)8Ż

ɍǉ)ǀŊ�$
>�ƈɵƿć)ɑń��ýĉǮȔ%	>� 
� Bradyrhizobium ĪƊǧȔ,ŽǂǮȔ%	!��7	Pdp^|Z� 2002 ı�<ȗǛ�
?$���[GVƊǧȔPdp(9-10 Mb)~),	ƊǧķŒ9ǝǬúĚ+ɓ�ĕ�ɨ��
$
>³ǀEGtz`(670-1000 kb)�Ėþ�>�ƷŁ%	>�	�ņȳ(�&)³ǀEG
tz`Ɣɉ,ȔƉƟ)Ǉ(>�ɃǸƉɠ+³ǀEGtz`Ơȿ);=	čǚ{čQg|

+Ť±ɖ»(IS)Bć)³ǀEGtz`Ɣɉ�ċÌ�$
��ƊǧȔ,Əƶ&+³ǀǀƦ&
ýĉ�)�>ȋǄǀƦBǻ=Ʉ�$
>�	�+ɎǙ%	³ǀEGtz`~+ IS šŰ
);>QEPdpðȺ+��(Iida et al. 2015)	Rj2ɓ�Ā[GV&+³ǀ�ïäň );>
ǝǬúĚɓ�ĕ+ƗĐ(Sugawara et al. 2018)�ǀ�$
>�&�Ź<�&(!�� 
� Əƶ&ǎ½³ǀɡ¥Bǰ/ŀǀƶ,	}Ȏ)ĝ�&+³ǀ)żɑ&(>;�ȋƳɒŞ

BǻɄ��&�ɇȬ%	>ɻDarwin 1859, Williams 1966ɼ����	~Ʌ+ǰƅ,	ĝ�
)ŎƇ�>�½ǊB��(
�cheatingɻĝ�Bɸ�ɼƊǧȔ�ǀŒ);>ǎ½³ǀet
zU+�ĘĚÌ9	ýĉǮȔ+Pdpwkv+Ǵƭ�Ȼ�$
>&ǽ�<?>�4�	 
(i) N2O ɔ¯ɗǬƦň+	>ÿƽƿć)®�
[GVƊǧȔ+üĆƿć0+ɑńěɷɎǙ
%	³ǀEGtz`ƺĽBǖò�>ǰƅ9 (ii) XvLp+ǝǬúĚJz`hDG_+Pd
pǘė);>ũǭɎǙ(Hara et al. 2019)%	ɧ�?� BradyrhizobiumĪǮȔ+ǀŏ+}Ǡ�
Ȥ�ē7��żĻ)	ɥĂǀŏǩ+ɜŀǀƶ%	> BradyrhizobiumĪǮȔ)"
$	Pd
p%Ȥ�³ǀŀǀƶ&ýĉŀǀƶ+ɋÌ&ǀƦá)"
$ǽĠ�$5�
� 
 
ØǽŲƹʀ 
Iida et al. 2015. Appl. Environ. Microbiol. 81:4143-4154.  
Sugawara et al. 2018. Nature Communications 9: 3139. 
Hara et al. 2019. Front. Microbiol. 10: 407. 

 

ʁǆƚʃ 

1979ıƂ�ĎėɁȐÌėǘÑƑ	1982ıƂ�ĎėĎėɣɁėǩǓǜǘ
ɁȐÌėĢɞȮǙ¨ĊȮǙ¨�	1986 ıɁėÕĊė�ÜĽɻƂ�Ď
ėɼ�1983 ıȒāĎėɁėɕÈŖ	1990 ıȒāĎėɁėɕÈůŦ	
1996ıƂÍĎėɓ�ǀŏǓǜWzZ|ůŦ	2001ıƂÍĎėĎėɣǀ
îǘėǓǜǘůŦ	Ƽþ)Ȍ>� 

ʁɡł+	>ºɚ{şȷʃ 

ƊǧȔPdp+ɋÌ	ŀǀƶ�Əƶǎ� ǂ	ƶȺ�ȱ&ŀǀƶƖȅ 

 



土壌微生物が奏でる陸域生命ハーモニー：「共に生きて躍進する」 
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土壌微生物が奏でる陸域生命ハーモニー：「共に生きて躍進する」 
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>��+Öö)ɡ�$	ȔɱJz`hDG_B£Ȩ��ěɷ%	�+ČǀǮȔ�ɡ��

$
>�&�ǖ�?��Ĩ�īȻƬ+ Veronaeopsis simplex Y34)Əƶ0+ƿćU_wUǿ
ňÉƅ�	!�ɻKhastini and Narisawa, 2011ɼ��+Ļ	åȔ IBAK45BȒāǏ%8ºɩ
���	åÉƅ,ȩ7<?�	ƿćU_wUǿň��,ǮȔ+Ėþ�əȢ%	>�&�

ǖ�?���?<ǮȔ+�%�Ȣ( Rhizobium pusense Y9,	V. simplex Y34&+³Ūǚź
)
$åȔ&³)¶ºɩ�?	åǮȔ,	Y34 B��$ɽƏƶƊɕ)µǀ�>ȅÅB
Ľ��&8ǖ�?�(ďǃ<, 2016)���%	_o_B£Ȩ�$ R. pusense Y9&ɃǸ%	
> Rhizobium sp. AR70DB V. simplex Y34)³ăɵŪǚ��&�@	ġƴÎ;=8 DSE+
ĚǑƻ� 20ɺĈÇ���}ŵ	Ensifer sp. 1003 9 R. pusense Y9 &ǩǳǉ)ɩ?$
>
Rhizobium sp. G-R%,ĚǑƻ,ĈÇ�(�!�� 
� }ŵ	µǀǮȔ,	�4%) 3ɞ 4�ɞ 7Ƕ 21ǌ 36ǘ 41Īǫ 73ǚ 148ǩǳ+Ȕɱ;
=ąê�?$=(ɹī<, 2015)	�+�%8	ſǓǜ%ġȵ&�> Mortierella ĪȔBè
6OKfɞȔɱ%+ąê�č
���%	MortierellaĪȔBġȵ&�	�+µǀ�>ǮȔ
B¾ľ�>�&%ȇǀȔBƏƶ³ǀȔ)ċ�	 ƶǀǁ0+½ǂBƐȧ�>�&BȨ5

$
>�ƏƶǀȄB¦ɋ�> Burkholderiaceae ǘ)Ī�>ǮȔ�µǀ�> Mortierella 
humilis S2ƉBɒŝ���Ƙ)	ŜǀƶȺ¸ƾ);=åǮȔɤ×Ɖ(S2BF2)B Œ�	_o
_)Ūǚ��ǰƅ	ǀȄ�ȏ9ȕ+Ƞċ('Bǖ��&�ȩ7<?���<)	M. 
humilis S2;. S2BF2B£ȨȔƉ&�	ɹƫ;.ƈɵU_wUƀ�%_o_0+Ūǚ
ȨɷBț!�&�@	ɹƫU_wUƀ�)
$	M. humilis S2ŪǚÎ%,_o_+ÿ~
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図1. 本研究の開拓分野 
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ȺǘʭƜʮ=C ESGʭǜē�ǻ«�^zv�iʮɍǌB�NF�x;*m�UĶǫA

0<êmȜV=#Qę*Br���ƽÞUɮ0<8ŰȢíȳ@ǻ«BĥǙAó+Ċʓǻ

«=ðŞ.RS�ŰȢíȳ@ʋǧǬƤʭSDGsʮ�BɴţUǬű0<#Q9ǓAǣʚƽś
Ô@?AǠ#lR<#Q�ʆȴȯɽʭǋȘʆŽ 12,14ʮBƸȴæſ="Q{��ƝM�g
CǑĿčĎ=���r�g��ANm¶ȟ.R<&m8ǟč(ʑĤ.R8éȂʃ(ě½

AĻï.RQ7+=@*85-DlœlRQƸȴC£ìĔÛAAʗɊʃBĔÛ8ʢſ

>Bȇð@?BāʟLŬB<#Q9 

5-=Ť�CƸȴb�]�æſB§ƈ>0<ɂʡƸȴAǲǬ08ÄðţUÐǠ0Se

irXv��@ƸȴǞǟŨɅBʋǧAêmȜV=#Q9-RI=A ���� ƜUɥBQɂʡ

ƜBi`��w�aDl8ʨ#ĔƬȳ>ƸȴǞǟȳUƋOQǰƪǱǌɂ Nannochloropsis
UɋË08ɶ¬ĞĺĠǩ@ŦƺUǠ#<ƸȴǞǟśó�&NEȴȯɽȜţBźėƠɒȉ

UɲK<FS9�ʆȴȯɽBƸȴǞǟƠɒ=C8Nannochloropsis (ƋOQ�ʆȴȯɽA
ǓǦśBʨ# Acyl - ACP thioesteraseMb - Ketoacyl ACP synthaseBêœAţÚ0S9IS8
Nannochloropsis CǮñȜŶB(íȳ="QǌAǲǬ08�ŅLĘƕBɀÔȬśɶ¬ĞU
Ǡ#@#8]Z�m�k�`g��ANQƜźėŨɅBƢȍALţÚ0S9 

Á�Nannochloropsis C�ʆȴȯɽUe>V?ǟǞ0@#(8-RlBŨɅBȠðOQ
->= C108C128C14 BÖð(ĔÛ0SźėƜBêœAţÚ0<&m8ǙČC-BŨɅ
U.lAǧĴ.48�ʆȴȯɽAʑlPŁń#ʆʉUƋOQƜBʋǧAǲŦ0<#Q9 

k�~`��w�aC8ɶ¬ĞȜŶBǞǒȉB´ǠȉBɌÑANQǞǒBęƣśǹ¹

AʍOQƺŐʭɮǽ]�m�vƺʮ=C�ɶ¬ĞȜŶBǞǒȉ�AɗŊ0@#>ɐç.

R<&m8ƃƎBǻ«ĥɇ(íȳ="Q>ȪBlRQ9IS8Ť�(Ƣȍ0SƜźėŨ

ɅC Nannochloropsis BȄȘ§ɛUÐǠ0SLB="m8ȶǎǜē�=BÖð(ę#ȄȘ
Ǉ="QǸɽşȄȘUÐǠ=F@#>#AǓŖUƋOQ->Dl8ĳĘďʤA&+QǞ

ǒĠĬ1ɬKBÝƙLƎŏ.RQ9 

� ƐǧɆ=C ESG ɍǌB�NF�x;*m�BȪBBL>8ǻ«Bë+ÆRśUȪš0
S8Nmġŗ=FQeirXv��@ɂƸǞǟŨɅʋǧBêmȜgB�ɸ>0<8

Nannochloropsis BǮñȜŶBȳAǲǬ0S8k�~`��w�aANQƜʋǧBêmȜ
gA:#<ț¥OQ9 
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 ƸȒŕǞǒ�}��o��Cit��x{Y�AĵOQǰƝǞǒ=ę·�ʣüȴȯɽB
�Ȁ="Qude�_e[�ɽUǞǟ0ȾȁOQǞǒ>0<Ƌò="Q(8ȴȯɽ¨Ę

BȴǈśǒɣAʍ0<Cǳɋ(áÌ=C@#95-=Ť�C�}��o��BǞǟOQ

ȴȯɽ¨ĘBȴǈśǒɣ>0<ir���AǲǬ0<ƠɒUɄ9S9�}��o��B

ǞǟOQir���A:#<Cǳɋ(ı@D9S(8Þǒ>ñ1*d�ir���(�

Ɋ@ir���="m8ďʤƔ©AN9<Ƚʃd�ir���(ȾȁOQ->Uǹə0

S9ƨA�}��o��Bd�ir���ǞðţȝɦUŴĤ087-s|u�d�ir��
��n`m�lUd�uOQɶ¬ĞUǓĤ0S97-s|u�d�ir����n`m�l
ɶ¬ĞUǷĕOQ->=8d�ir���B§TmA}m�� D3 BǭųBÓʦ±="Q
7-s|u�d�ir���UȾȁOQNAA@9S9-B§ɛźėƜDl 7-s|u�d�
ir���Uäʕ08șĘȥǏĮOQ->=}m�� D3 FBėŶ(íȳ="Q->Lǹ
ə08ʙÞǒǢƕB}m�� D3 BǞǟíȳś(Ǻ.RS9�Ɓ=ʨȗŅB}m�� D3
BǞǟBSKAC 7-s|u�d�ir���¨ĘA�}��o��AN9<Ǟǟ.RQ
ir���(�ȗǒ>0<ǃÆOQSK85B°ǅBSKA�}��o��BǞǟOQ

d�ir���¨ĘAõƋ.RQir���A:#<LɎƘUɲKS95BȞƙƟǒi

r���Aʡ®0S¿ʆƢɰUƋOQir���UǞǟ0<#Q->Uǹə085B¿

ʆŋţAŘɊ@�o�ßɼȘɶ¬ĞA:#<LñĤOQ->(=FS9-B�o�ßɼ

Șɶ¬ĞU.lAǷĕOQ->=�ȗǒBõƋʃCĚŁA°ǅ08ȗŅBʨ# 7-s|u
�d�ir���BǞǟ(íȳA@9S9ƐǶȃANm�}��o��B§ɛźėAN

mƋǠir���BǧɼǞǟ(íȳ="Q->(Ǻ.RS9 

  
�}��o��BʠŕʇÉǰ(A)> 7-s|u�d�ir���BȞƇÉǰ(B)  
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微生物の連携―酵母と乳酸菌 

 

ŘǬǱǥ&��6Ǯŉ#yǯƴ&ǁ¡�7�ĭ�%ďŴŬǷƁ}�Ŷ 

řǞ âǜ 

äƳ�ƖƌêĚƺâêǼâê �ƖŴÆƌêƇƓƌ 

d-watanabe@bs.naist.jp 

 
�Ƥž%ŘǬǱǥŏ#�!ƅ476ŴǭȎ�1#ȏǥ5")�.��yǯƴ&36y

ǯżǮ&3�!Ǭŉ:ǯĔ&ī
6�#"�ŘǬǮŉ�à(ďŴŬŖ��&��%5

18/"(��%<hGnhżǮ½ƭ&%6	yǯƴ)�D-<`Uǯ%$(Ŵė&3
5�ŘǬ&ůư(ȆÄ:�t�6�#1ÙÂ�7!�6�Ŵǭǥ5&��!yǯƴ#

Ǯŉ�é�6ĕƨ)ì�&)ǃı�7!�%�	ǟĀ��6ŭî(Ɛȅ(WCPg<

:Ǯŉ#�é��6�#&35�[GAR+]#Å*76Ĥîq(Ǯŉ[gAl(ĉė�ǧ
�7�Ǯŉ(DhGnKě¨ǃǽ�76#�	ĭ�%ƅǁč47�	ĶƇƓ")�

Ŵǭǥ5&Ŷ�476yǯƴ#�!ƅ476Leuconostoc mesenteroides�3+Lactobacillus 
sakei :Ŷ�!�Ǯŉ&��6[GAR+](ĉė#�(Ťƞ�ǌ,(¯Ļ& �!ǉ-6�#
:ſž#��	 
�ƻž%ŘǬǮŉ#�!ƅ476 K701Ľ#

Ŵǭ&Ÿĸ�6Km67Ľ:ŊǛ��ƣĻ���
7(ǮŉĽ1[GAR+](ĉėƭȎDgGnFl
ȐDhGH`l[inQ×Ôq"(GjTn

¡Ųȏ:Ɗ����7(yǯƴ1 [GAR+](ĉ
ė:�ǧ�6�#ı4�&%�� (¾Ð)	
ŭ&�Km67Ľ&��!Ȅƶ%[GAR+](ĉė(
�ǧǅ047��#�4�K701 Ľ#Ŋ-!
Km67Ľ(Įyǯƴ&ô�6ĒƘĔȋ��
#ƊÊ�7�	Ǯŉ(DhGnKě¨)�

DhGnK(��ž%Ŕǔ&36<hGnhżǮ(¯ű³&ǒŰ�6#Ʃ
47!�

6	�(ƅǁ#ƄƂ�6�#%��[GAR+](ĉė)DhGnKě¨(ǃǽ:Ć�ǘ�
��<hGnhżǮ(ě¨& %6�#¥ı��	<hGnhżǮ&�	@NUn

hŢă(ēš%qİ)Ǯŉưǚ:ňŝ��6�[GAR+](ĉė&3�!żǮv(Ǯŉ(
Ŵéű)ȋ�ƦĠ�7!��	�q(ƣĻ�4�Ŵǭǥ5(Ǭŉ&��6yǯƴ#(�

é&35�Ǯŉ")[GAR+](ĉė�ǧ�7!<hGnhżǮě¨�7�Ǯŉ(ňŝ
:Ǻ��#�	ĭ�%ĕƨ:ǁ¡��#"��	ŲÓ�[GAR+](ï�"�6NlXC
Ǘ(Àî:ſġ�!�5�yǯƴ[GAR+](ĉė:�ǧ�6bBTLa2�[GAR+]D
hGnKě¨:ǃǽ�6bBTLa&Ǡ5��#Ʃ
!�6	 
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ǰŎ)âǎ�÷Ȍ��3+ȇÛ:¶Ĭ&�ȍƴ�yǯƴ��3+Ǯŉ&36żǮ&3

�!ǥ476ǉÄĬ"�6	�74(ďŴŬ)�ƼȍüƎ�3+żǮüƎ&��!ǰŎ

Ǳǥ&đȂ(Ċ«:Ļ��	ƼȍüƎ")�ƷŨ�7�âǎ#ťţ�7�÷Ȍ#(Ŗ¿

Ŭ&ȍƴ Aspergillus oryzaeȎ·) A. sojaeȏĿƴ�76	ȍƴ)ưǚ(Ŵƫ&đƿ%ļ
Ȉ¢:Ɖ��6�0��.�.%Ō¢ǃǮƞ:Ŵŵ�6	ìė��ȍ)ȇÛŌ#Ŗ¿

�76�#&35ÑŕŖ¿(ǊÄ,#ç:ß
�ņ(żǮüƎ,#ƍƹ�6	ǊÄv"

)�ȍƴŴŵ��Ō¢ǃǮƞ(�Ŷ"�¶Ĭ�4ZR?Ɯ2<`UǯŜ¡�6	

�(ZR?Ɯ2<`Uǯ:ļȈś#�!�.��ǰŎyǯƴ Tetragenococcus halophilus
Ȏ�r�yǯƴȏŴƫ�yǯ:Ŵė�6	yǯ(Ƹƒ&35�ǊÄ pH 5Ǝă."�
r�6#�ņ&ǰŎǮŉ Zygosaccharomyces rouxiiȎ�r�ǮŉȏŴƫ��@NUnh2
�.�.%ȉŋė¢:Ŵŵ�6	żǮ&35ØĶž%ė¢Ŵė��ǊÄ)�ũė:Ƣ

!ǰŎ4��ȆÄ#%6	 
Ų�(ǰŎǱǥ&��!)�żǮ

KNnNn#�!yǯƴ#ǮŉǊ

Ä&ŗ�76��(3	%żǮ

KNnNn(§Ŷ%���ĳ�&

��!1�yǯƴ�4Ǯŉ,(~�

ǅ047!��3	"�6	�4

�(¶Î"Ǯŉyǯƴ&�ƕ�!

@NUnh:Ŵŵ�6#�yǯżǮ

ďć#%5�ǯÄ&Ņ��ȎÄ&

�.5(%�ȏǰŎ&%6	Ǣ&�

ǊÄv"yǯƴǨª&Ŵƫ�6#

ǮŉżǮǻñ�7�ȉ5&x��ǰŎ&%6	�(3	%ǂóƣĻ�4�ǰŎǊÄv

"yǯƴ#Ǯŉ)ğĜž%Ǹ�&�6#Ʃ
47!�6	����ǰŎ:ǥ6�0&

)�yǯƴ#ǮŉWflKƳ�ŒǙ��ǩ£&WQl: %�"14	� .5�y

ǯƴ#Ǯŉ(Ǧ�[inđƿ%("�6	 
ĶǋŞ")�ǰŎǱǥ&��6yǯƴ#Ǯŉ(Ċ«:ǃǇ�6#�&�ĄƋº5ơ

;"�6��74(ďŴŬ&Ǹ�6ƇƓ& �!Ơ����	 
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� Xl�5(ǘś)ǊǇ�5.��6000 Ā©�8(ĭƆÌĳ�#�	(ǣǇ"�	
�7."�ƑŬ:Ɔ"ƈ�ƚ&�!Ō:Ŗ�!ÏèŮ&�!ŧ�!��1(:�¼�@

J[Q")żǮ"ŴÔ:Ư4.�Xl:ŧ��#�97!�.�	Xl�5)�@J[

Q�4enjOX,�ĸ�6ǨƎ"ȋă&żù�!�Ų�(ƼXlŏ,#ƍ5ß9�!

��.�	 
ďŴŬ&ƃſ�6#�Ų�(Xl)�÷ȌƚmŌmÛmXlǮŉ:w¶Ĭ#�!�Xl

ǮŉXl:Ư4.�6Ċ«:Ğ�!�.�	oĮ�XlǮŉǳŵ�76©)��Ƥ

ž%Ƽŏ#�!÷Ȍ:)�0#��ƑŬ2Ļï%$(¶ķĬ2Ɣŋv&�6Ń�%ďŴ

Ŭ"żǮ���żǮƐȎ�'ȏ�:�ă1Ŀ
ƥ��Xl�5:�!�.��	�żǮ

Ɛ�)HknƐ�XlƐ%$#13*7�XlŴÔżǮ(KNnN#�!(Ċ«:Ġ�

!�.��	żǮ:Ğ�!��#�	�#1�5�XlǮŉ#�%� Saccharomyces 
cerevisiae ŀ¡�6�#á�3	"���7�à&�Kazachstania exigua 2
Candida humilis�yǯƴ")�Lactobacillus sanfrancisensis 2 Lb.brevis :)�0#
�!á�(Ɛȅŀ¡�7.�	 
XlǮŉ) 19 uƝ&enjOX"ǳŵæ.5�įĶ"1ĲÇ¤ĵ&Ƽǥ)�.5.
��	Xl(Ƽǥę�5�4ńľƼǥ�âǳŴŵ&ƍ5ß96%�"�żǮǤ�ë

î�6�#ō047�XlŴÔ:Ư4.�6Ċ«)żǮƐ�4XlǮŉ,ƍ6�#&

%5.��	ŲÓ")�XlǮŉuŹv(Xl�5&�97!�5�ĀǷĪŽp

Ȕ(XlǮŉ×Ȉ�7ǓÞ�76#�97!�.�	.��żǮƐ)Xl&Ǐ�
%żǮ(ȉ52Ä:�t�6�#"��ƢȊž&Xl����%6�#¢��!

�.�	ǟĀ�Ŕǔƪ&1ǅƅăq5�Xl2Ƶè:ý¦³"�61(#�!ǁƀ

�7!�.�	ĶIl^J?a")�ƼXlŁŹ"�976XlǮŉ2ǟĀŐſȋ.

�!�6żǮƐ& �!�Ơ����.�	 
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żǮȇÈ)uŹv&�5��(á�"yǯƴ#Ǯŉ�é�!�6	�(�ŴǸ�&

)Ń�%ńł�6��Õž%1((o &yǯ(Ģ»�6	Lactobacillus kefirano- 
faciens JCM6985 )�ŻǖŒ2�Ś¯Ļ:1 áƜ"�6EY=fl:Ŵŵ�6�yǯ
(Ƹƒ##1&ŴŵĔ�r�6	��"�yƜ:Ǖ³"�%�Ǯŉ Saccharomyces 
cerevisiae IFO0216 #�&åŋž&�×Ȉ��	Ǯŉ&36yǯŔǔǤă&¿9�!yƜ
:œ��yǯŢă:��ě
6�#&3�!�2/3 (×ȈĳǷ" 1.5 �(EY=fl:
č6�#"��ôƜ¹ű1 1.5�&Áq�� 1)	 

qǡ(ƇƓ(ǨƎ"�Ǯŉ#(Ŭųž%ģǄ&3�!yǯƴ(EY=flŴŵ�ǧ

�76�#ƊÊ�7�	.��Ǯŉ#yǯƴyǯ%$(ŬǗ:Ģ»�6Ǿ�¸Į

ģƃmǟģ�!�7*ŬǗ(ƍ°)¯ű³�6	ïǾ�Ǯŉ#yǯƴ:�×Ȉ�6#�

ơ/¿9�&136�ǮŉƟƬ&yǯƴƟƬƽĪģƃ�!�6Ńèǂó�76	

Ǯŉ(ƻú)w#�!_lSl"ǀ97!�6("�yǯƴ(ƻú&�7:ǅǍ�6¢

è�6#Ʃ
47�	��"�Lactococcus lactis IL1403Ľƻú(NlXCǗ:ƗĈŕv
"ŜƴǮƞ ų�6�#&3�!½Ŝ³��V>_lUnKÕ(ƜǴ:1 Ǯŉ(>l

\hNnM:Ñî��Bfa"ƛƼ��	Í¹��NlXCǗ:|ņ�ȁŋő°"¢Ȁ

��#�8�DnaK�GroEL�GAPDH%$(ĶĸƟƬǗ&øÓ�6NlXCǗÀî�7
� 2)	�74) moonlighting protein#Å*7�Ń�%ďŴŬ"1ģƃNlXCǗ#�!ń
ƭ�6�#ƅ47�5�ïǾ&ơĥ
 DnaK)Ǯŉ#yǯƴ(ģƃ:�ǧ��	 

yǯƴǮŉ&ģƃ�6#$(3	&ĒƘ�6�:ƅ6�0&�Ǯŉ&ģƃ��

Lactobacillus casei ATCC 334 (ƟƬ:Í¹�! DNA _>Cj<i>"ǃĺ��	�(ƣ
Ļ�ģƃ&3�!ƟƬàáƜ(Ŵŵ&ǸǦ�6Ǫ�è%$ upregulate�7!��	ŭ&
polyprenyl glycosylphosphotransferase#Ĥî�76Ǫ�è(żŲǳ)Ǯŉ#(ģǄ&3�!
11 �&Ü��Ǯŉ:Ū"sŒĔ³��Ú¿&1�_lSl:ŗ��Ú¿&1Ü
ǂó�7�	ǮŉȎ_lSlȏ#(ģǄ&3�!żŲǆö�7�Ǫ�è(á�)��

(]cjDyǯƴ&Ă�¢þ�!��	�(�#)�Ǯŉ#(ģǄ3�!ǆö�76

Ķƴ(ĒƘ)yǯƴoƲ&1ǘ�5č6�#:ƊÊ�!�6	 

1) S. Tada et al., J. Biosci. Bioeng., 103, 557-562 (2007). 
2) Y. Katakura et al., Appl. Microbiol. Biotechnol., 86, 319-326 (2010). 
3) S. Yamasaki-Yashiki et al., Biosci. Microbiota Food Health, 36, 17-25 (2017). 

 

ȒźŇȓ 

1984Ā âǹâêüêƇƓƌżǮüêõħ�z�Ag@lNhǮŉüŁ
vãƇƓĘ²±�1991 Ā ǝêµÝȎĹ�âêȏ�1993 Āâǹâêü
êǫĒŶŴŬüêƌ®ę�2003 Ā À�ĩĢ�2011 Ā Ǹƾâê³êŴ
ÆüêǫĩĢ�ŲÓ&Ʊ6	2019Ā 7Ĵ35įĶyǯƴê��ǵ	 

ȒǸĐ(�6¢ǲmĝǐȓ 

ďŴŬ:§Ŷ��ŬǗŴŵ�Ǯŉ(ƫƐ�yǯƴ(yǯŴŵ:ě¨�

�ȋòă×Ȉ�yǯƴ#ƮƙƟƬ(Ɓ}�Ŷ�Ěƺƪ�ųmƇƓ�ų 



�� 	~ � = �� e�  �
��� �
���
&��( D+.�

�

Legend lecture 

q4EZ,/J2�79i[l 
AW ?H 

en/G*.)�b8]/or:N 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
uw 
1962~ � 1968~ b8]/g/k� SL�  
1968~ � 1978~ b8]/g/k� S:N�  
1978~ � 1995~ b8]/g/k� :N 
1988~ � 1991~ en/P.5.) 
1992~ � 1993~ President, International Society of Chemical Ecology 
1993~ � 1995~ enq4EZ,/9.� .` 
1995~ � 2001~ b8t-]/:N 
1995~ �  b8]/or:N 
1997~ � 1999~ President, Asia-Pacific Association of Chemical Ecologists 
2001~ � 2003~ eng<,/.� .`�  
2002~ � 2011~ jG"&�!��1�Bp 
2003~ �  t,/>7QBp6)K2>7) 
2006~ � 2019~ bsEZC;�1�Bp 
2015~ �  en/G*.) 
 
MUw 
1965~ g<,/U�0�#&%(3xRlI�EZ5339>71 
1981~ en/G*U�0a\q4,El�EZ5339>71 
1992~ eng/U 
1992~ dhg/U 
1996~ Silver Medal, International Society of Chemical Ecology 
1998~ c@U�c@-/F^�� 
   0"�'$(:_V439iv[l0Ya\l�EZ>71 
1999~ Ernest Guenther Award for the Chemistry of Natural Products, American Chemical Society  
2003~ Šorm Medal for Merits in Chemical Sciences, Academy of Sciences of the Czech Republic 
2010~ Chirality Medal, Italian Chemical Society 
2010~ Xm_OT 
2013~ Life-time Achievement Award in Chemical Ecology,  
   Asia-Pacific Association of Chemical Ecologists 



�� 
 � 	[ �� ��  ������� �����
I73-:4.(6�

�

��+R*81')9.�ID����ySID�

�yS2v~5#_}��s:�C�A`�96�@� ��F�
�

 ����� ��  ����� �4!:�
w~� q>0�Q�I��I?�Iv�CI\PC����1�
�

� � b�� w~� q>�

 ����� ��  ����� �yS�j�k~�v`t;�g%@�37�
�z�A`�v~�
rB� >�0~RLn|`\Po�v�^I¢=1�
�

 ����� ��  ����� {�%h]37�yS� �zA`���
+R*81')9.��
<�� ud0X£Mm�I�¡^I�1�

 ����� ��  ����� OY�

� � b�� pe� ��0�Q�I��I?�Iv�CI\PC����1�

 ����� ��  ����� v`tcxZ%i]37�zA`�aHWtJ_�E��
¤e� �N0�Q�I��I?�Iv�CI\PC����1�
�

 ����� ��  ����� v`tG�V`t29M/�F�9J�s��gU{��
�T� �K0�Q�^�I��I?^I\P?1�
�

 ����� ��  ����� l$":� �
pe� ���

�



放線菌が生産する構造多様性に富んだ化合物とその応用への展開 

 

ıƥƸ�Ŕ�ǌųũŲÃĝǢ�è@ēŴ��åŧũ·ÃũŲų 

ķð |Ŷ 

ųōĢƽƤÃƇƏĠ 

 

 
åŧũ,	Ãĝ·Ãũ'řǘ�%Ā,MoHvRk{R@ħ!	ůÕ~ý�=%,<

Ʋā¸ƻÌ+ 6 ®ć@¼6%�;	ǩ,Ǭƻ¬ǫŽ+u{]·Ãũ+U{R'�%Ŵ,
:=%2�
Ū*	ďŲũ,ŲũŝĖũǑ+îĄ'Ê-=%�;	Ğ��Ĕ,�0),

9�)ãƎãő)Őǝ@ŀ�<·Ãũ@Ųų�<
åŧũ·ê,�ŷ@u{]�<Ğ�

Ó+�ƾ'�<êÐ¦ǧC�;	ã�+¸ƻzǚƻ�Žǂ�=%,<
�0�)�:	

�ŷ@Ç6�=:+Ɨ°ž)īƛƇƏ+ĝň+��'�%	ǛÿķǃũǑ+Žǂ�Òǲ

*)"%2%,<
�+�6	åŧũ¯ƻ£Ƶ+�6*,	ķ�)åŧũ·êĢƽ+ǫ

Ž�ŁP=%,<
ŲÃĝǢ�è@Ŵ,�ŹƎŽůĢƽ,	Ń©ŴŲÃĝǢ�èƒ+ŝ

Ŵ@ŝŴ�<�'@ÁƮ*�<)(	�+ÐǶ@ǄŚ�<Űęž)ĢƽC�<'Ƭ�:

=<
ůÕ~ý�=%,<ďŲũ�Ŕ�ǌųũŵŅ+åŧ·Ãũ+�! 7 ®,ıƥƸŵ
Ņ+·ÃũC�<�	�+|ĸCıƥƸ@ñ�*Ŵ,�ŹƎŽůĢƽ,	äưƸ@óǍ

*��7+'řǘ�<'ŃŨC�"�+,Æ6)0"�
�:*	ıƥƸŵŅ+Ŀ7�

ƾž)·ÃũC�<nKxtE]*ǭ�%,	�=:+ŲÃĝǢ�èKtRV{�ûä

C�<�Ĳ*	Kx{_yL (cosmid jKV{C,Kx{_yL�ÁƮ) �9.ĈǑǗĭ
�Ŏ6%ǲ��	Ĵ�<ƍ�0ÚÈ�,Ŧ0"�
 
Ğ�,	100 kb �<,, 200 kb @Ǔ�<ŲÃĝǢ�èKtRV{+Kx{_yL	ñ

�/+ĈǑǗĭ�ÁƮ)Ģƽ+ǫŽ@Ƽ"�Ơň	ǯŲďŲũŵŅ+nKxtE]'�

%,Ŀ7ä2) quinolidomicin +ŹƎŽů*ĝ±��
P�	ıƥƸC+�Ŕ�ǌųũŹ
ƎŽů+ĝ±ŮÅ~@Ɓž*	Ǝ�+Y{v�9.Ģƽ+ǫŽ@Ǟ6�Ơň	

PseudomonasŵŅ+·Ãũ+ŲÃĝǢ�è*ǭ�%	ıƥƸÖ�úŲÃĝǢ�èKtRV
{+Őƕ	�9. Pseudomonas ŵŅ+·Ãũ+ıƥƸC+ŹƎŽů@Ǡĝ��
�Ñ+
PymQFpC,	ıƥƸ*��<�Ŕ�ǌųũŹƎŽů	�9.ńĢƽ+ő�)ēŴ

öǫ*#,%Ɲ��<
 

 

 

ȃŸŖȄ 

1988ÿņ�ǚúäêǚêƋ¹ō	1993ÿņ�äêäêǮǚêƘƇƏƋǚ
ƶ·êôİ»àǊƍ��	»àǻǚêǼê�¿č
1993 ÿņ�äê¦è
ƜƭŲũêƇƏĠz²ġ	2006 ÿ(ū) ųōĢƽƤÃƇƏĠ	ŲũĘÚǄ
ŇƇƏTyV{z��ƇƏÎ	2016 ÿ9;ųōĢƽƤÃƇƏĠ	¯ƻƇ
ƏÙƀǣǪzƇƏLv{iǩ (įƞ)	ůÕ*ƴ<
 

ȃǭđ+�<¦ǧzĤǎȄ� åŧũ¯ƻ	åŧ·ÃũŲų+ķĢƽǫŽ 



放線菌が生産する構造多様性に富んだ化合物とその応用への展開 

 

¯ƻ@ĒÅ��ıƥƸŵŅåŧ·Ãũ+MoHvcEGxQ{ 

�ń ŕÍ 

ěĜƫÜäê Űúêǣ ŲËĘÚêƋ 

imoto@bio.keio.ac.jp 

 
MoHvcEGxQ{,ãő)Őǝ'ãĊ)ŲŰŝĖ@ŀ�<·Ãũ@Ŵ,%Ų�¦è

+œƮ@ªĎ�ǽ�+ŲũêžǄŇ0:ŲËůǍ@ǄĻ�<êÐǵ×C�<ǿ�+Ǻ°

,�*Ɯƭ)(+ƾůÖ@á·��<·Ãũ@4, �ǽ�+ŒžVydKǑÄí)(

+�ŴœŐǄŇ@ǜ�%ƜƭēƓ+ªĎqH_Sp+ǄĻ*ä2�ǏŬC2<'�>*

�<ǿ�:*ǽ�+·Ãũ�źėr[vƜƭƘC+RKu{_yLCeX\��·Ãũ

+ÛÃ*,ǽźėśżƻ+ķ�)Œž+ĬÏ*#)�< �C)�ǽ�=Ƴǖ�¦èŒ

žśżƻ+u{]·Ãũ*)<ÁƮĖ7�<ǿ�+9�)·Ãũ+īƛ*�,%,ŖÂ

ž*ďŲũ�ǌųũ�RKu{_yLU{R'�%©Ŵ�=%2�ǿǛÿ,ǽRKu{

_yLU{R+�Ş�Ãĝ·Ãũ/'Pg\�%2��'C��åŧũ¯ƻ�Ƨõ�Å*

�<',,�ǽŐǝ+ãőĖ'ãĊ)ŲŰŝĖ@Ɖ�ďŲũ�Ŕ�ǌųũ0:+RKu

{_yL,�ŧǽä2)Ǻ°��<ǿ�=PC*Ğ�,�Cm\{PR�G{\gB

Q{�Ɯƭǟǒ�~ſǬƹǗĭ)(źė*ǭ��<ƜƭēƓá·@ĨŒ*�%ǽ

MoHvcEGxQ{ƇƏ8¯ƻP{]')<õ¦è·Ãũ@�*åŧ·ÃũǽŪ*ď

ŲũØǸş0:RKu{_yL�%2�ǿ�+9�*�%ǂ, �=�·Ãũ+�*,

ķǃ·Ãũ@Ç6ǽƵÉ�<ŝĖ@ŀ�<·Ãũ�ã,ǿ�

|ĸǽ«ƐƱ�A,ŶĖ*Ūŀ+�AC�;ǽ�	�	 ÿ*,Ó¢+ƩėŮ�Ƒȁ�*)<

�'��ę�=%,<ǿ«ƐƱ�A,Ɨù8Ư0:�ơ�=<ŶĖlvry*�é�

%Þŗ�<�'0:ǽ¢Ƌž�9.âƋž½¶�ǞƼĖ«ƐƱ�A*ó�<ŒŢśżC

�<ǿ�0�ǽļǬ�Ɵ#*#=%ǽ12�0%+ŶĖ�½¶ĥģĖ«ƐƱ�A

ǻ����Ǽ'Ê-=<ŻĚ/'ǞƼ�<ǿ�+ ���� *#,%ǽ�+½¶ĥģĖŭčqH_

Sp*,Ń �Ļƅ)ǣ¦�ã�ǽŀ³)śżŜ+ƈƐ�ĕµ'�=%,<ǿńǋţC

,ǽ���� +śżƻP{]+ǫŽ@Ɓž*Ƽ"�ďŲũØǸş0:+RKu{_yL'ǽ

č:=�·Ãũ*#,%+MoHvcEGxQ{ƇƏ*#,%ŏǉ��,ǿ�

 

 

 

ȃŸŖȄ 

1978ÿøÀäêǚƶ·êƋ¹ōǽ1980ÿøÀäêäêǮǚêƇƏƋ�à
Ǌƍ��ǽ1980ÿJuyf{vŊą�Ɗ Ɗǽ1988ÿǚê»à¿čǻņ
�äêzēďƇǼǽ1989 ÿěĜƫÜäêŰúêǣēŴ·êƋ²ġǽ1991
ÿÄô�ǋþǽ1996ÿÄ²ĳĩǽ2002ÿěĜƫÜäêŰúêǣŲËĘÚ
êƋĳĩ� ůÕ*ƴ<
 

ȃǭđ+�<¦ǧzĤǎȄ 

MoHvcEGxQ{@�đ*��Ýŷǵ×/+öǫ 



放線菌が生産する構造多様性に富んだ化合物とその応用への展開 

 

ŲÃĝ£ǈǆ@ĨÅ��åŧ·ÃũǹŋĈĝœŐ+ǄĻ 

ƺø Ľ� 

ņ�äê äêǮǚêŲËƋêƇƏƋzCRIIM 

utkuz@mail.ecc.u-tokyo.ac.jp 

 
� åŧ·Ãũ,	ǀĴ+�Ķť@ÇRãő)ǹŋ@7#�'0:ő�)Ų�¦è'Ƃ�

�Ŵ�<ÁƮĖ��;	Ơň'�%ãő)ŲũŝĖ@Ɖ�
�+�6	�=PC*~ý

�=�¸ƻÌ+ƙ 6 ®,	åŧ·Ãũ*ŵŅ�%,<
P�	åŧ·Ãũ0:,�Ɔ@
ǔ��Őǝ@ŀ�<·Ãũ�ãĴŽǂ�=%�;	���"%	åŧ·Ãũ,�Č7¸

ƻÌu{]·Ãũ+Ǧǁ)īƛǐšC�;ƣ�<'Ƭ�:=<
 
� |ĸ	åŧ·Ãũ+ŲÃĝœŐ@Ļ:0*�<�'C	ďŲũ)(@Ŵ,�űÝ�ǎ

ƷÖ+ũǑŲų8įáǥƚ@©Ŵ��ķǃǷƦ�+Ãĝ�ÁƮ*)<'łċ�=%,

<
P�	ŪĐž)ǹŋ@ŲÃĝ�<ǥƚ*,	s_{K)¾ē@ǅç�<7+�ã�

éÕ�<�6	åŧ·Ãũ+ŲÃĝƟǕ+ǄĻ,�+ŐǝãőĖ@Ų4¥�¦èœŐ@

ŰǄ�<��CǦǁC�;	ŲÃĝƇƏ0:č:=�Ɔǂ@©Ŵ�%ķ�)ŲũŝĖũ

Ǒ@¯ƿ�<�'7łċ�=%,<
�:*,	ķæ)ŲÃĝ¾ē@ǅç�<ǥƚǢ�

è@ix{h'�%NapǤ§@Ōƛ�<�'C	ķ�)ŲũŝĖũǑ@Žǂ�<�'

7ÁƮ*)<
 
� ńŽƾC,	Ôß0:ºǱ�=�ıƥƸ�Ųų�<`KwGP]ƘģŲũǑ+ŲÃĝ

ǥƚ+Äí'�+¾ēœŐ+ǄĻ@�đ*	ŲÃĝ£ǈǆ@ĨÅ��åŧ·ÃũǹŋĈ

ĝœŐ+ǄĻ*ǭ�<ƇƏ*#,%Ɲ��<
 
 

 

ȃŸŖȄ1990 ÿņ�äêǚêǣǚƶ·êƋ¹ōǻ¨ĂǙĉ�ŲǼ	1995
ÿņ�äêäêǮǚêŲËƋêƇƏƋēŴŲË·êôİ»àǊƍ��

ǻŤğśŶ�ŲǼ	»àǻǚêǼê�¿č
1995 ÿņ�äê¦èƜƭŲ
ũêƇƏĠ²ġ	2003 ÿĵǣƋêƃǩłÕâƇƏÎǻƖÓ The Salk 
Institute for Biological StudiesǼ	2004ÿņ�äêŲũŲųúêƇƏTyV
{²ĳĩ	2007ÿÄ¤ĳĩ	2019ÿ9;ņ�äêäêǮǚêŲËƋêƇ
ƏƋēŴŲËúêôİĳĩ	ůÕ*ƴ<
 

ȃǭđ+�<¦ǧzĤǎȄŃ©ŴǢ�èKtRV{@ŝŴ�%Ǵķž)

ŲũŝĖũǑ@ŽĪ�<''7*	Ų�ǅç¾ē@Ļ:0*��7+$

�;*ēŴ�%,2�,
 

H
N

N

O O

O

OHHO

O
O

O OH

PO

O

HO

O

OH

NH
HO

HO

O
N
H

O
O

OH
OH

HO

HO

O

OH

O
OH

HN
HO

HO
OH

N

N

N

N

NH2
NH2

O

O

O

O
OHH

N

HO

HO

N

N

N

N

NH2
O

H
N

NH2
H2N

NH HO



放線菌が生産する構造多様性に富んだ化合物とその応用への展開 

 

ŲÃĝĦĆÖÃĝixTR+ǫŽ'œƮĖ�¦èƪ¯ƿ 

äŉ »Ř 

ņ�ǚúäê äêǮúêƇƏǮ ēŴ·êǣǪ 

h_oguri@cc.tuat.ac.jp 

ıƥƸ Streptomyces lavendulae 0:ºǱ�=�OgtnEPyǷ,ǽć°)ªIy�Ŵ
@Žů�<
ńƇƏC,ǽŲÃĝǥƚ SfmC *ǳåŧÖÙǑƪ@ǡŴ�ǽ�űĖǹŋ@?
�0ȀĺCÃĝ�<ġŜ@ǫŽ��
�ëí)�Ǭ�@ºǱ��*ìƮÙ+·êáĭ@

Ĺ�ǽ}ƘƢ+åŧũƪ+¡Ãĝ*ĝ±�� 1)
�+·êǾǥƚbEhuX]Ãĝ@öǫ

�ǽïǰ*åŧũ9;7�=� DNA CvJv·Ʈ@ŽĮ�<C^xL@¯ƿ�� 2)
 
Aspergillus ÷ƒ+ƜƸ�Ųų�<�Ǩ�CvHxE]ƪ,ǽƐ�·ê+ãőĖ*òAC

,<
�+ C2�óƌÖ�Ǩ�ÖCvHxE]ǹŋ+ȂƔĠ+Ɛ�·ê@ƘƢž*ãő·�

<Cix{WCǽƵÉŠ,ªIyŝĖ@Žů�<u{]·Ãũ@¯ƿ�� 3)
ľ*ǽ�Ǩ

�ÖCvHxE]ǹŋ*Ūŀ+´žǤăŪĖ*ƄƁ�ǽƳüƞƨ· 4)8JxiZDHvŪ

Ė 5)+ªĎ@ƁĨ��ĿǛ+ŌǇ*#,%7Ɲ��<
 

 
1) J. Am. Chem. Soc. 2018, 140, 10705. 2) Bioorg. Med. Chem. Lett. accepted. 3) ChemBioChem 2019, in 
press. VIP article. 4) Org. Biomol. Chem. 2018, 16, 9305 Front Cover. 5) J. Org. Chem. 2018, 83, 15284. 
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�(��	� 2� �(��	� Û��ßdÐÓã Rr°�B� C*$B_7U-Á�H

|£*���
q�� Ê�9w�s¡C*$�~¥:�

� � �É� ¦�� íÞ9Í�Ãv� ÃvgÖv¶äpv�~p4�1��0:�
�(��	� 2� �(�		� âº�9ì�BP<?CY@_¶�U]LMT>7Z-

uØ�
ÇÅ� �3æ�� ê�3ÇÌ� �6 3oi� m�3��Ë� ¨�3�
½Ë� �ë9É²��w�s¡:�

� � �É� ×À� Ú�9Í�Ãv� «-b¼�~JaK74�1��0:�
�(�		� 2� �)��	� QMI´MRT;IH�� ��1� � -nÕ³�

§Ëx� ¤�9®hÒ�w�s¡:�
�
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Ƴɯɰƣ"k��)§=<(�ʡ 

ʢ�ĉĆŨº&9<v�b�WɐÔȕ(ûŉ 

Đț ı 

T�b~�O��h�Dgq�U|�Y�\�Ɛľ¡Ǧ 

T_Odate@suntory.co.jp 

ÁȠɰƣ Saccharomyces cerevisiae(v�b�WɐÔ)�MALɪ¢ėȎʙv�b�Wb
}�Wu�\�MALT�v�\�ZMALS�v�b�Wŏǲőɗ¿üėMALRʚŢ�
!�<	k��6EDWL�(Þŷ"�<ʔƦ&)Đɵ(v�b�Wí1=!�;�

v�b�W@�ɇ�<�4&k��ɰƣ6EDWL�ɰƣ)v�b�WɐÔȕ@Ƅ�!

�<	ɲɠǍɰƣ(�"�Ƴɯɰƣ)ǂŋǘ%ʑð@§;Á��v�b�WɐÔȕ

ʇĵ&Ŀ�	�(�4Ƴɯɰƣ(2@¨�!k��@ɲɠ�<�#)ýʆ�#�=!�

�	�û�Ř�)čǓÀǊ&9�!Ƴɯɰƣv�b�WɐÔȕ@ûŉ�<�$	�ƕ

Ⱥ��	 
ǈĂĹ�ÅǍ�=!�<�8	�� 7æO��o&ī�<Ƴɯɰƣ(�"5ƤɘǘĿ

�v�b�WɐÔȕ@Ť�Ú¡ 1801æʙ�� K1801Ɛʚ@Ĥɋ#��čǓÀǊ&9;v
�b�WɐÔȕűø��ƐʙK1801MƐʚ@Ň�	K1801")k��@ɲɠ�<�#)
"�%��K1801M@¨	#k��ɲɠ"�<�#5ǢɁ"��	 
�8	�� 7æɰƣ(QgxɮÃ@Ć&�K1801MƐ(v�b�WɐÔȕûŉ(Þü

čǓ@ũǼ�<#�MALR@R�c�<MAL63ɪ¢ėʙ1ʚ#ǝéő(ʒ� YPR196W-2
ɪ¢ė&Þü�<�#ž:�#%��	K1801Ɛ") YPR196W-2)�ĉĆƚē&9
; Cƈƚē�!��ʙYpr196w-2pʚ�K1801MƐ")�ĉĆŨº&9;Mal63p#é
�Ĝ»ɹʙYpr196w-2Lpʚ&Ś�!�<�#?�;�ȷƍ(ȁƎ�YPR196W-2Lɪ¢ė
 K1801Ɛ(v�b�WɐÔȕûŉ(Þüɪ¢ė"�<�#@Ǯ�Ɯ4�	Ƴɯɰƣ
¶�Ť� YPR196W-2ɪ¢ė@MAL73S�ƙȕ(ûŉ�� YPR196W-2Lɪ¢ė@MAL73L
#òê��(2)	Mal73Lp)�v�b�Wb}�Wu�\�(��"�<MAL11(ɪ¢ė
Ǖǈ@ɂħ�<�#5ǢɁ��	 
%��ƳɯɰƣǈĂ5Mal73Sp&9<Ŀ�v

�b�WɐÔȕ@¯Ť�!�<�)�ž��Ƴ

ɯɲɠŝȫǢǯ(ɤǫ"�ƳɯɰƣĿ�v�b

�WɐÔȕ@¯Ť�!���#)¦��:y~_

b���#Ȑ
:=<	ɲɠŝȫ(Ǣǯ#ɰƣ

ɩş)�Ȫ�!ɢ4:=�#Ȑ
:=<�4��

	��Ɵå(êơ@MAL73Sɪ¢ėĻ&ȴ!�<
(")%���#ūƵ�!�<ʙÿʚ	 
ʙ1ʚGibson et al. (1997) Genetics, 146; 1287-1298. 
ʙ2ʚOhdate et al. (2018) PLoS ONE, 13; e0198744. 

 

ʟǒƟʠ 

2005 ķ�ɭĐĚɚĚɬŏǍǋòǨĚǨÙƖ�2010 ķ�ɭĐĚĐĚʀ
ɚĚǠǭǨÛČŅƆɃǫ°��ÛČʙɚĚʚáŇ�2011 ķżƉĚȫ
ŧȚ¡ǂÄǠǭô(PD)ƌÕȤǨĐĚŊǋǁŵğ�2013 ķT�b~�
O��h�Dgq�U|�Y�\�Ɛľ¡ǦǠǭô�ǈĂ&ș<	 

ʟɼŌ(�<Âɴ�šɍʠ 

ɲɠǍɰƣ(ȓǬ�k��ɰƣ(ƉɑǊȷ 

ÿʞƳɯɰƣMALR(čɨ 



企業研究の最前線 2 

 

lLBɰƣ@Ǎ��hDIÖȤóǋǌ 

ȲĬ ʂ� 

Ɛľ¡ǦJfJ Pharma & Supplemental Nutrition Solutions Vehicle 

hDI`Ng�V�Ǡǭś hDI�VNWǠǭO��o 
Tozo.Nishiyama@kaneka.co.jp 

 
Pichia pastoris (Komagataella phaffii))�y\g��ɐÔőɰƣ(�Ǭ"y\g��(Ʋ

Ï&9;ŀÍ&Ǖǈɂħ�=<o�z�\�Ȏ@Ƅ�!�;�ȡ¥ĊƢȕ#ȨǖɑÂƫ

ǋǌȕ5ʒ��#�:�Ȩǖɑ(ǋǌǍġ�#�!Ĺ�ǌƖÅǍ�=!�<	hDIÖ

Ȥó#)�ɪ¢ėǿŭ
Ǳ(hDI`Ng�V�ŝȫ@ÅǍ�!ǋǌ�=<ÖȤó(ȇ

Ǫ"�;��(ĳĈ)Ş¥ÖȤó@�Ō&ŗɹ@ȅ�!�<	1��¤ÂėÔŞ¥(ɺ

Ǖ%$z]~`C(ďƘÔ5ɢA"�<�4��(Ȱɠŝȫ(ʒĺÔɃʉ#%�!�

;�lLBɰƣ@ġ�#�<hDIÖȤóǋǌ&��!)Ƃ%<ʒǋǌÔ�9+ʒóɑ

Ô-(e�X�<	 
ĽǦ")ʒǋǌÔ-(ŝȫ#�!�ďɳƏʐȳƧőƐ&ȱŶ(qN\�@ħº�<�

#"Ǜǘɪ¢ė@v�^Rl�Ô�<ʒǋǌÔŝȫ@ɺǕ��	����¤ÂėÔŞ¥

(9	%ȱʅ%Ɨɠ@5�Ȩǖɑ(Ĉè)�lLBɰƣ(ɴǋƐ")×Â%ǋǌőŇ

:=%��#ď�	�(�4�èŗǋǁĚǘBo��^@Ǎ�!¤ÂėÔŞ¥(Âƫ

ǋǌɵ@ʍɖǘ&ë���<ŝȫ(ɺǕ@ɢ4�	�(ȁƎ�¤ÂėÔŞ¥(Âƫ@

ɢ��<p�i�üė6�ɝ&Âƫ@ɾĠ�<üėǱ@ȱŶȴÁ��	�=:(ɪ¢ė

(ɤÊǕǈ6ǡċ@ƃɧ&ǿè�<�#&9;�ȡ¥��;(¤ÂėÔŞ¥(Âƫɵ@

Ŷ²��&ë���<�#&ŗÎ��	1��ǞƑǋǁ"�<lLBɰƣ")Ȩǖɑ&

Ǹɷ°ʏ�<ƙƗ@Ƅ�!�;��=Ǹɷ°ʏǳś6ǸɷƗɠ(ɦ�&9<Ȩǖɑ(

�Ą�ő#�	óɑ¤�@ɒ��ȳü#%�!�<	��"�ǛǘȨǖɑ-(Ǹɷ°ʏ

&ɼ?<ɪ¢ė@ǡċ�<�#"�Ǹɷ°ʏ¥@¤ƴ�<ŝȫ@ɺǕ��	 
ƉǕȭ")��=:(ŝȫ@Ǎ��ɰǻʋ6¤ÂėÔŞ¥(ǋǌ©@Ǿ��<	 
�  

 

ʟǒƟʠ 

1997 ķ�ɭĐĚɚĚɬɚȟÔĚǨÙƖ�1999 ķ�ɭĐĚĐĚʀɚĚ
ǠǭǨŏǍǋòǨĚĦŲ°ČɃǫ°��1999 ķɸ�ƱÔĚİƖƐľ
¡ǦʙǈƐľ¡ǦJfJʚºǦ�ǈĂ&ș<	 

ʟɼŌ(�<Âɴ�šɍʠ 

Ŋǋǁ@Ǎ��ǁɑǋǌ 
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�8	7ɲɠǠǭ�:ǹǃȡ@¨��Ź�%zg��;-(Ŧř 

 ȥ ȐĒɫ 

L_R�v�Ɛľ¡Ǧ ǠǭɺǕƉɬ 

koito@mail.kikkoman.co.jp 

 
�8	7)�Đɉ#Ĩʔ#ʎĉ@Þŷ& 3Ǭ(Ŋǋǁ&9�!§:=<żƉ¢ȃ(Ǖɰ

Ʉðŷ"�<	ſ�:ȝɑ%�8	7@��<�"ɳȳ%ŝȫȳǻ@ȭ����ʕ��

Ű��ƽº=�#�	ȸȢ�<	�=)�Ȱʕʙʕ��;ʚ(ȝìȰó�8	7(

óɑ&ß0�ŃʈĐ���ÞŷÀǊ@í4�Ȱʕİǫƃ5ɳȳ"�<�#@ŕð�

<	Ȱʕ)�Þŷ&ʕȡ@ǋȓ��!�Ƙ�%ɰǻ@ǋǌ��<�#�%Ǜǘ"�

<	�8	7ɲɠ")��Ʒő(Þŷ\�iNɑ6"A,Aɑ�ʕȡ(ɰǻ&9;B

wgɱ6O�R�W-#Âȷ�=äƷÔ�<	�=:ÂȷǁǜŪǘ%ð&ɼ?<��

"%���:&�8	7�ɱȡ6�8	7ɰƣ&9�!Ƅƙɱ6ȞʑŗÂ-#�ɇ�

=��8	7(ð6ʑ;§:=<	�=Ŵ&�ʕȡ�8	7(ĆǤ@��<#��

!5ɤȸ")%�	ʕȡǋǌ�<ɰǻ)�8	7(óɑ��"%��ƝǑ1;&5Đ

��Ńʈ�<�4��8	7Þŷ(Âȷ&ɼ?<ʕȡɰǻ�ɪ¢ė(Ǡǭ6ɰǻǋǌȕ

@čÔ��<ʕȡ(ȓǬ)ã��:Ȫ?=!�<	1��ĽǦ")��(9	%ɰǻ�

ɪ¢ėǠǭ@ǰȈ&�!�Đȗȡ@ġ�#��ɪ¢ėǿŭ
ŝȫ@ǣ��ȾŸȤÂɴ&

ÅǍ"�<ɰǻ(ɺǕ%$5Ŝ�!�<	 
ʖʕȡ Aspergillus oryzae)�8	7��%��żƉɯ�ðú�:&)ɰǻǋǌ(ġ�#

�!5ÅǍ�=<	A. oryzae)ĶĹ�ǌƖ&ÅǍ�=<�4�Qgxȷƍ6ÂėǋǁĚǘ
%ŜƬ(ɺǕƮǕ&Ȫ?=!�<	�ź�ʖʕȡ Aspergillus sojae )�8	7ʕȡ#5
ñ*=��8	7�ðúɿĝǘ&¨Ǎ�=<	ǧɥ)��8	7ʕȡ A. sojae(Qgxȷ
ƍ@ĞŻ���(ɪ¢ėŔć�:�8	7ʕȡ(ě»ő6�8	7ɲɠ&��!ɳȳ%

ńË@Ǝ��ɰǻɪ¢ė(éĝ%$&ÅǍ�!��	�(9	%ɪ¢ėŔć)��8	

7ɲɠǠǭ��"%��ʕȡ@ġ�&��\�iNɑǋǌ6ƄǍǁɑǋǌ&5Īɺ�!

�<	�:&ƃɛ")�ʕȡ(ɪ¢ėů§ŝȫ@Ä(ǹǃȡ&5ŏǍ��Ź�%ƄǍǁ

ɑǋǌ&5á;ǿA"�<	ƉɆƹ")�ĽǦá;ǿA"���8	7ʕȡǠǭ�ʕ

ȡ(��:@ƮǍ��ĴĩBwgɱ(ǋǌ��:&)�ʕȡ#)Ǔ%<ǹǃȡ@ƮǍ�

�ŞĢǋȧȤÞŷǋǌ%$ƃɛ(ǠǭɺǕ@í4!Ǿ����	 
 

 

ʟǒƟʠ 

1998 ķƌ�ǊǨĐĚĆǤİĚɬÙƖ�2000 ķƌ�ĐĚĐĚʀɚĚǋ
òǨĚǠǭǨŏǍǋòİĚĦŲ°ČɃǫ°��éķL_R�v�Ɛ

ľ¡ǦºǦ� ǠǭƉɬɮī�2010 ķ(¼Ɏ) ɴǎǌƖǨĚǠǭśÁ
ë�2014ķL_R�v�Ɛľ¡Ǧ� ǠǭɺǕƉɬ�ǈĂ&ș<	 

ʟɼŌ(�<Âɴ�šɍʠ 

� ǹǃȡǋǌ�<Ƙ�%y\t�wNW#Ā¥ąʐ%$ǂŋǘ%

ąʐƬ"ǋ2Á�=<ʕȡ(ǩ4�Í@ũ;�� 
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�ĄȬčǓħºƬ�:Ƞî�� �#�O��o(ďł%ŝȫ#�Ɩ 

ƪè õŎ 

Ɛľ¡Ǧ�#�Ǡǭś 

tetsushi.kawai@chitose-bio.com 

 
ƉɆƹ")�ĄȬčǓħºƬ&9<ŊǋǁȓǬ#�(ŏǍ�©��9+hDIŝȫU

�X(�ƖÔ@Ǜť�!ȼǯ�=���#�O��o(�Ɩ¥&��!Ǿ��<	 
�ĄȬčǓħºƬ)��#�Ǡǭś(ÌƖȑ"�;ƃʒǨĚʌ÷"�<ãƺƶ(�Ą

ȬɢÔǊɅ&Ć �ǄȘ(ȓǬŝȫ"�<	DNA (ȱȰ)~�aC�Oɷ"(ɡȅèŗ
#�}M�Oɷ"(Įįm}Oy�b(èŗ@Ȁ<�ɡȅèŗ�:%<	�}M�Oɷ

)ȱʅ%ȱȰɤǫ@Ȁ<�4�G}�ɒ�;6��(")%��ʡ�#�	U�o�

%BDaBĆ&%;�ȱȰƀ(čǓǇ(�ĄȬɢÔ@Ïɟ��<#�	�ĄȬɢÔ

ǊɅǋ1=� 1)	ƉɢÔɅ&Ĥ�<ǨĚǘ%Bo��^)ǈĂ"5ɢ4:=!�;�ɛ

ķ")Ź�&�ɡȅɷ&čǓǋ�<�ǿ2ćï�=!�< 2)	�#�Ǡǭś)ƉɢÔ

Ʌ@ǄȘ(ȓǬŝȫ��ĄȬčǓħºƬ�#�!�ƖÔ�<�#&ŗÎ��	ƉƬ)ņ

ƋŝȫʙUV�čǓÈǱʚ#Ƥɘ�!�ʒ�čǓǇ�Ĺ�čǓWrNb��čǓ¥(ʒ�
ǋĘǇ#�	ǂɹ@Ť�	�(Ĥɋ5ǽȡ6ɰƣ�Jk%$(ņƋ(ǕɰÂɴ"¨Ǎ�

=<Ŋǋǁ&Ï
!�Ȧʋ6ÑǁǽȔ%$ŏǍǴþĹ�	�:&��(čǓ±¥)ɪ

¢ėǿŭ
ǋǁ&)ɀŁ�%��4�ʎóƖǐ5í4�ďƘ%ǌƖ"ÅǍ�=!�<	 
� ȓǬ�Ɩ�:ĕ1���#�Ǡǭś"����Ɖ�Ɩ@ɞ�!hDIƖǐ»¥#Ȍ

;@Ť��#"�żƉā¾�:Ĺ�ƄǍ%ŝȫ@ȴÁ��ĐĚ6�Ɩ#(½éɺǕ@

ɢ4�	��"ǋ1=�hDIŝȫU�X@Ǧ¾o�VFNbʙ�Ɩɬʚ")%�Ä¡

Ǧʙ�Ɩ¥ʚ@ȼȍ�!ɣù��O��o»¥(Ȁù�ɎÒřǒǱ@Ţ	s��aC�

OJ�ie�@ȼǯ�<�#"���#�O��o�@Ɨǵ��	�6��#�Ǡǭś

)��#�O��o&��<Ǡǭ��ƖɺǕ@Ţ	ĘĂ-#čÔ�!�<	 
ǈĂ��#�O��o)�ȦʋWl�~d(ǋǌ&9;\�iNɑÝƙ(ȷƩ&ɏǅ

�<�Ɛľ¡Ǧ\q�z�6��ǐƃʒ�q�(hDIÖȤóǋǌǍǽȔ(ɺǕ@ɞ�

!hDIÖȤóɺǕ&ɏǅ�<�Ɛľ¡Ǧ�#�hDI�VNW�%$�żƉ�U�K

u���v��UB�n�fD&èȹ 9�(�Ɩ¥@ȼǯ��ƮÑ�!�<	�(�#�
O��o-(ǕĪ)��ȴ�<#ŝȫ�:�Ɩ-Ȍ<Ư=&ȴ
<�»�ɝ"�

<	�#�O��o(ǊŐ"�<�Øķ·1"�ʋɊ�&Ɓ:�<ăǉ@ơ���

4��ǐ&Ź�%«³ȶ@ơ��4&ōȳ%�Ɩ@·&ĝȏ����"Ƨ4:=<ŝȫ

@ɺǕ��ç�Ɩ¥@ɞ�!hDIŝȫU�X@Ǧ¡&ĞȮ�<�#@Ǜť�!�<	 
1) Furusawa M and Doi H, J Theor Biol. 7;157(1): 127-133 (1992) 
2) Snedeker J et al, Annu. Rev. Cell Dev. Biol. 33: 291-318 (2017) 

 

ʟǒƟʠ 

2008 ķ ĭɽĐĚĐĚʀ ɚĚǠǭǨ°�Ņ��& JBA ��*Ǡǭğ
&! NEDO Ïɟǘ·ħ�Ɩ�ɰǻǸÔ�ÐǇǘǕɰ&ɐ�<ǠǭĆ
ǚ�&ņ��<	2014 ķ Ɛľ¡Ǧ�#�Ǡǭś&ºǦ	2017 ķ �
ɭĐĚ ǕɰǋǊß+ɲɠĚǠǭğ(½éǠǭô	2018ķ ɹĮŝȫǨ
ĚĐĚĐĚʀ İĚǠǭǨ&!ÛČʙİĚʚĚ£áŇ	ǈĂ&ș<	 

ʟɼŌ(�<Âɴ�šɍʠ 

ǌƖǍŊǋǁ�ɰǻ(ũǼŝȫ#ƃ·ǰ(hDI�ITŝȫ#(ȩè 



企業研究の最前線 2 

 

ųȉȡ@Ǎ��hDIPwJ�ǋǌo}_bmH�x(ɺǕ 

�Ɉ Ɍ 

ɹƼǌƖƐľ¡Ǧ dKY R&DY�\� 

takeshi.nakatani@nagase.co.jp 

�  
ɹƼǌƖƐľ¡Ǧ")�Wb�obvDYWīųȉȡ@Ǎ��hDIǋǌo}_bm

H�x�N-STePP®�(ɺǕ@ɢ4!�<	éǽȡ)�Şǋǁɑ(Wb�obvDU��

ŞĢǋȧȤ(Gh�yN^�Ǳ&�ȭ�=<ǋǊƮőǁɑ(ǋǌȡ"�;�ǈĂ5Źȵ

%ƄǍÔèǁ(ɪ¢ė~[�W#�!ɶŕǠǭɢ4:=!�<	�����Ȝǘ&)

Źȵ%�ƛ�ɇǌǁ@ųȉȡ@Ǎ�!ǋǌ@Ȫ	Ĉè�ǛǘÔèǁ(ɪ¢ėN}W\�

(Ǖǈ@Ċŀ�<%$(ƕȺ@ɳ'!5�Ŷ mg/LʢŶ g/L#¤�ǋǌ�q�#%<�#
5ď�	\�Q_bÔèǁ(őɑ��ÖȤóǱ#%<Ĉè)�(9	&¤�ǋǌɵ"5

�Ɩŗǯ�Ň<�ÔǶó6ʎóĳĈ%$�9;¤«ƒ(ĳĈ"ÅǍ�=<Ôèǁ%

$)�(ǋǌő(¤�Ƀʉ#%<	ď�(Ĉè�1�)�ƛ�ɇȀɕ&ƭǛ�!űč

@ɢ4<�ŕĎ&5¤ǋǌő(Þü#�!�Ǜǘ(�ƛ�ɇǌǁ(Ɗŷ#%<Bwg

ɱ�BU� CoA�ATP�NADPH%$(�ƛ�ɇȀɕ�(Ćɑ�ȯɰǻ�Gf�M�(ª
Ȃ�ɔĐ��ȳü"�<�#Â��!�!�<	����Wb�obvDYWīǽ

ȡ(�ƛ�ɇ&ɼ�<ǟȴ6��=:Ŕć@àʄ�<ƿ(ŝȫĆǚ�Đȗȡ6ɰƣ&

Ƥ.!�ɔ�!�;��=ųȉȡǏƋÔèǁ(�ƖÔ(Đ�%Ƀʉ"�<	 
� ŁǦ")�(Ƀʉ@¸ƅ�<�4&�Éǋǁ(ǋŗȀɕ(Çʁ�Ćɑ�Gf�M��

ȯɰǻ(ªȂŀÔ��ɇÆňǺ(ȷʁ�Qgx(ȊĨÔ%$(ƕȺ@ɳ'<�#"�ǋ

ǌsWb&��<�ƛ�ɇȀɕ(ƃɧÔ@ɢ4!��	�=:(á;ǿ2&9;��ƛ

�ɇǌǁ"5�10 g/L�:�\�Q_bÔèǁ&9�!) 100 g/L@ɓ
<ǋǌɵ@ɥŗ
"�<sWb(ɺǕ&ŗÎ�!�<	 
ɛķ")Ź�%á;ǿ2#�!�ŁǦsWb Streptomyces lividans TK64(QgxŔć@

Ć&�ɇza�@Ɨǵ���(za�@Ǎ�!\�Q_bÔèǁ(ǋǌUw{��U|

�@Ȫ	�#"�in silico"ǋǌő(ë�&Ģ��<�ɇűč@�Ƶ�<�#@Ǜť�!
��	ƉǕȭ")�ŁǦ"ɛķƭÍ�!�<đǀBwgɱ�G�S^IfD��(ǋǌ

ȡɺǕ@�©&ŁǦ(á;ǿ2@Ǿ��<	 
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jb&Ɣ3kmCXWȡ(Human Residential Bifidobacteria)(äȕő 
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�ǐ�"Ȫ?=!�<Ŷď�(Ǡǭ�:�ȗ¾ǽȡâ)Ř�jb(´ļ#ģŪ%ɼ?;

@Ť��#ž:�#%;�ȗ¾ǽȡâ@���´ļȆŤ&ƭǛʄ1�!�<	ŶǗ

Ǭʋ#ȸ?=!�<ȗ¾ǽȡ(�"5Bifidobacteriumīǽȡ��?7<kmCXWȡ)ʋ
�ǆ# 1500 �ķ5(ɻ½ǋɼ¬&�<�#ǥö�=!�;�ɹ�ɢÔ(ɤǫ"ưƨ�
=%���Ɵå)�Ř�(´ļ&#�!ƄǙ"�<�#@ǥ�ȿţ")%��#Ȑ
!

�<	Ï
!��(ɢÔ(ɤǫ"ʋ�ǆ&)ʋ�ǆ&ǂŋǘ%ʙ��:�ɧ��ʚkm

CXWȡȗ¾&ǋŒ�<9	&%;�ǈĂ 60 ȡǬ��&Âʋ�=<kmCXWȡ)�
jb6��ƞʋ�ʓʋ�Žȧʋ%$ǋŒ�<ġ�&9;ȡǬǓ%<�#ǟ:=!�

<	 
kmCXWȡ)�ĸ¹�ǂ&ƣ�Əʐ¹(ȗ¾")ƃµÓ(ǽȡȎ"�;��(ÜƄ

Ǉʝʛʘ@ɓ
<P�W5ĩ%�%�	�(×Ŷķ(Ǡǭ�:�jbƣ�&ĀƄ%I

~SǸʙHuman Milk Oligosaccharide, HMOʚ@kmCXWȡ��Əʐǻ#�!ɐÔ"�
<�#�(�%ǊǏ"�<�#ž:�&�=��ǐ�"ǷÍǘ%ǠǭȄȅ�=!

�<	Ř�5ǄȘ(Ǡǭ@ɞ�!��=: HMO(ɐÔő)�ĸ¹&ǋŒ�<ǂĝ(km
CXWȡǬ(Infant-type Human Residential Bifidobacteria, Infant HRB)(2¯Ƅ�!�<�
�"%��jbƣ��(2ʒƻĺ&ĘĂ�<ŞȡƮőǁɑ Lysozyme-(Ȓő@ǥ��#
5ž:�#%��	Ğʃ�jbƣ�& Infant HRB@ƲÏ�<#ʊȣ%ĊƢ@ǥ��ź
"�éī"�<�ȡǬ(kmCXWȡ)ĊƢ�%�$�>�ƠƸ�!�1	�#ǢɁ

�=!�;�Șǀ(ŮǊ#�!ɩŠ�=� HRB��jbȗ¾&ǋŒ�<�#@Ƚ�=
!�<#Ȑ
:=<	ǋǊƙȕ(ȶƾ�: HRB# non-HRB@Ƥɘ��Ĉè�HRB&ī
�<ǽȡƐ)Ȣɱ@ǌǋ�<(&Ĥ��non-HRB(Ɛ)/#A$ǌǋ�%�	1��ɛ
ķ(Ǡǭ�:ƣ�6ʎ�ǏƋ(IlIDcǍro^c�ĸ¹(´»%Ȗ(Ǖɥ&œŃ

ʈ@ß0�#ŖŐ�=!�<�HRB(ʜǬ"�< Bifidobacterium bifidum)�(IlI
DcǍro^c@Âȷ�<ȕÍ@Ƅ�!�;��ĸ¹(´6�%ŗɹ&Ģ��<�#

ǥö�=!�<	 

Ř�)�	��ĆǤǠǭ@ɞ�!�o�hDI`CNW#�!Ŭª�=<kmCXW

ȡƉŁ&jb&#�!ƄǙ"�<�#@ȿž����(´ļɹĥ&Ģ��<ȰóɺǕ

-Ȍ�!���#ÁƋ=*#Ȑ
!�<	 
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Ĵƻ�ǈƽŅġŝ=ŷ��í»ſ'ÃǙſ TCAÒǑ)žƺ 

ąŠ ĦǦ 

ÖƏƅƎǮžŝ�šŞƅƎǮžőŎ (JAMSTEC) 
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�¤Úſ TCAÒǑȃtricarboxylic acid cycleȄ�%�#n\Lz]u@3ìŘĘƗƱ(¨ą
�	D`vH|ŵŶ(��#Ǭƹ'Ď=ĥ�ǫ²ſ TCA ÒǑ�Ƅ7:9Ȇ}ĵȅTCA
ÒǑ(*çŏĘ�
8ȅ�$2ǫ²ſÒǑ%*ƁǙ(ÒǓ�9Ǥ ſ TCA ÒǑ*ȅđŃ
Ƅ7:#��6�'ōǳŴáēŵū(¨ą�9��$'�ȅř×{ǵ×(Ċ�ŵę�9

�Ƈǫǫ²Ʊƒ2«ŷ�#�9�%�Ǘĉ)ƅƎ$ĺ7�(�:	�)ǬƹĘ�į1#

ǁǉ�:#�9Ȇ�)�	ðŘſ'đĀňǿƗƱ$*¨ĂÚ)ÒǑ)óØ�Ƅ7:ȅ�

7(ȅ}ǧ�Œê���ö¢Ú2É0çŏ' TCA ÒǑ�óØ�9��)6�'çŏ'
TCA ÒǑ(��#ȅ
749ŵÌ(��9£ǚőƧ*D`vH|ŵŶ$*'��@na
ǫ3Ŋǫƒ)¬Ȁ�%'9�ǯ�ǈū)ŵŶ�$
8ȅ�)ǏŤ*ŵÌ)ǂŵ�¬)

�²ôǝ²)Ļ��(.$ǡ9ÃƧĘ�
9�ŦƤ7*ìŪĘřƕǫ²Ʊ)ŵųŵĝ=

ƅƎ�9�$	IDzǫÅĞǪƕ�ȅ�:.$)ćǉ(½�Ǥ ĵÈ(2őƧ�9%�

�ȅí»ſ'ĘǍ=Ŀ�Ĵë'ÃǙſ TCA ÒǑ=žƺ��Ȇ��#ȅ�)âŕ°Ű�Ǻ
ć(��řƕǫ²ƗƱ(��# TCA ÒǑ)ÃǙ=ǀĺ�9(*ȅ£ÆƅƎƤ�Ǯž��
Ĵ�'�ǈƽŅġŝ)Ǣŷ��ÃŒ$
!��łžƶ$*í»ſ'ÃǙſ TCA ÒǑ%�
�ȅÜǿ°Ű����1lP\KaoƅƎ�Ôǹ$
9Ŵáēŵū)�ǈƽŅ)Ŀ®'

ƽŅY|v%'9%Łď�:9Ĵƻ'�ǈƽŅġŝ("�#2Ƙ����Ȇ 
 

¼ƣĳů 

Nunoura T, et al. (2018) A primordial and reversible TCA cycle in a facultatively 
chemolithoautotrophic thermophile. Science, 359, 559-563 
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±ŋū3èƪƱ'&�CBvPȃf?|OȄ(ĜŇ�9)%Æŏ(	Ūř�)ìŪƱ

2.�	CBvP(ĜŇ�9�ThermusĀ=*�1%��ìŪĘƗƱ�ƞ�%žƺ�:�
1970 ĉ��ǲ	�:7=ú�%�9f?|O2çĲ·Ǹ�:#�������)-%>
&*	èƪƱ'&(��#ǼƠ(ƺ§�:	ľƂǵƯ)6�'čŭ$ Myo-, Podo-, 
Siphoviridae Ƌ(¨ǽ�:9 head-tail Úf?|O�-%>&$
!���)�1	ż'9
ţċÛ$2CBvPÀ(virosphere)(*è�'Ǡ�*'�	%ė<:#��� 
� �)Đ	ǐìŪÂƗƱ)CBvP�žƺ�:9%ŭś*è��}å�9�1980 ĉ��
ǲ	Sulfolobus Ā'&)ǫĘ{ìŘĘǐìŪÂƗƱ(pH2, 78�Ǘǖ)=�'ú�%�9Ĵƻ
CBvP�	]BY) Wolfram Zillig7)Jv|h(68ƞ�%žƺ�:���)�(*
wqzÚ	EUmOrINÚ	yBzk\vÚ)6�'	�:.$ƫũź$*/7:9

�%)'�!�čŭ)CBvP�ç�É.:#���Ǻć(ƭËŢ��%(	ìŪĘƗ

Ʊ(�( 70�Ǘǖ)$*èçĲ=¹19ľƂǵƯÚCBvP*	ǐìŪÂƗƱ(�( 80��
~)$*¢�ƺ§�:'�}ĵ	ìàĘÂƗƱ$*CBvP·Ǹŉ) 8 �~=¹19�
ÂƗƱCBvP*čŭ)/'7�Kaoǩ©2ƗƱCBvP%*è��ż'8	¨ǽô

~)çŏĘ2Ǻć(Ǌ�$
9�Ĳ´ŉ·Ǹ�:#�9ƗƱCBvP* 10 Ƌ(¨ǽ�:
#�9)(ý�	�� 100ŉ-&)ÂƗƱCBvP* 20Ƌ(ǟ�9� 
�)6�(ƗƱ(Bacteria)%ÂƗƱ(Archaea)�7(ƁŊŵū(Eukarya)%$* virosphere�

ĺƈ(ż'9��)�%*ŵÌ)ǏŤ3»íŵÌǝ²%2è�(ǰǜ�#�9%ƣ7

:#�92))	ÂƗƱ]pBz(��9żŏ'.$)CBvPçŏĘ��(ǏÓ�#

�9)�*.�ĺ7�('!#�'��}ĵ$	ȉ]pBz)CBvP)ŗǔ(68	

Ķ(��"�)ű�)CBvPƔƜ*ŵÌĽĐ)£ǚƊ¡ȃLUCAȄĻ�(.$ǡ:92
)2ƺ"�!#�9�}Ʈſ(ŵÌ*Ūř�) RNAy|v]$ǂŵ��%�:#�9½
ǻ	�:.$)%�;��'9ìŪĘ RNA CBvP2žƺ�:#�7�	�:* RNA
y|v]�ƿ(ŽÐ=ģ���92)%2'!#�9� 
� �Ò)žƶ$*	ÂƗƱCBvP)çŏĘ=�Ĕ(	ŵÌǝ²%)ǰǜ	'7+(ž
ƶƤƫǒ�žƺ��wqz	b`	wOPU|ÚCBvP'&=Ƙ��9� 
 
�¼ƣĳůȌPrangishvili et al., 2017. Nat Rev Microbiol.	 
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� BThwaB]*ƨťĘeUnz3jvqz'&Ǭƹ'ŵųşĘūǍ=É0	ƫũź

$Ľè)éũ²ÅūƢ$
9�BThwaB]*ŧƕĲȋ)¬Ȁ�	BTizZ^v�

uzǫȃIPPȄ%OpWv@uv�uzǫȃDMAPPȄ=ev[AzJgxXI%�#ŵ
ÅĞ�:9�	�:7)�ƛƙǑ%�#*	pbxzǫȃMVAȄƙǑ%pWvDuPu
\|vuzǫȃMEPȄƙǑ)Ȉ"�Ƅ7:#�9��)� MVAƙǑ*ƁŊŵū%@|
G@	�6+}ǧ)bIZu@(óØ�	MEP ƙǑ*èµ)bIZu@%ŋū)ƲƟ�
(óØ�9����@|G@$*	ǣ�ñ)�óŭś=2%(	ĶƄ) MVAƙǑ%*}
ǧż'9�ǯ�=ƙŹ�9åčƙǑ)óØ�ĪÏ�:#���Ǘĉ	ȂċìàĘ@|G

@%}ǧ)ìŪĘ@|G@�7�:�:ż'9ƍǽ)åč MVA ƙǑ�ƺ§�:#�9
ȃ�ÕȄ����	�:�æ)èçĲ)@|G@)Kao�(*	ĶƄƙǑ(��#Ʃ

ŧǫ½Ė=ƾî�9Ǫƕ�6+�)jqxJȃ�Õ�ư����ÑƼ$Ɖ�Ȅ)ǣ�ñ

��ó�:#�7�	ĴëǪƕ�ǰ��9 MVAƙǑ)óØ�ƉÎ�:#���ğ�*	
ŗǔKaoƽŅ=ƴ�	ǐìŪĘ@|G@ Aeropyrum pernix) MVA ƙǑ(ǰ<9ǣ�ñ
=ĩƖ����)ƚņ	¢�Ĵë'Ȉ")Ǫƕ	jPjpbxzǫ[d]tU|S%j

Pj-trans-@zd]xpbxzǫȃtAHMPȄ[FvkGNt|S)žƺ(Ƭ!�ȃ�Õ
�ǎƃº$Ɖ�Ȅ��:(68	A. pernix�Ĵë�ǈ�ǯ� tAHMP =ƙŹ�9ƑȊ)p
bxzǫƙǑ=ħ"�%�Ɖ�:��ÆƙǑ*��7�èµ)@|G@(�ó�:#�

8	pbxzǫƙǑ)¨ñǝ²(��9hx\UBh$
9ÃƧĘ�Ȃ�� 

 

 

ȍŻŔȎ 

1993ĉń³èôĄôǧ¨ñ²ôĄôƋ¶Ō	1998ĉń³èôèôǴĄ
ôƅƎƋŵūĄôþİ¸äǄƌ��	¸äȃĄôȄô�¾Ē�1998 ĉ
ń³èôèôǴĄôƅƎƋ¯ġ	2005 ĉÇÂÿèôèôǴŵÌǕôƅ
ƎƋ¯ıĨ	2007ĉÆ¦ıĨ	űØ(Ƭ9� 

ȍǰĔ)
9¨ǭ{ĤǋȎ 

@|G@(��9BThwaB]ŵÅĞ%�)¨ñǝ² 

OH

OH

OH

OPO3H-

OPO3H-
OPO3H-

OPO3H-
OH

OPO3H-

OP2O6H2-OP2O6H2-
OH

OP2O6H2-

OPO3H-

O

-O

-O

O
-O

O

-O

O

-O

O

-O

O

MVA �����!"� ������!"� IPP

DMAPP

tAHMP ���"�� �"�3-�����!"�

3,5-�������!"�

IDI
MVK PMK DMD

PMD

BM
D

M3K
IPK

M3P5K

��� CoA


�	���
������#����
Thermoplasma��

��MVA�$



好熱菌研究最前線 

 

ȃǐȄìŪĘ@|G@) RNA�Ǿ)ƅƎ 

ĈŸ Ɛ 

ěïèô èôǴųĄôƅƎƋ ūǍŵÌĄôþİ 

ahirata@ehime-u.ac.jp 

�  
� DNA ~(L|]�:�ǣ�ĚÞ*	}ĸ	RNA (Ǔ¥�:9�RNA (*	ŏ�'ƍ
ǽ�óØ�	�)ç�*Ǔ¥Đ(�Ǿ=¿�9��$2 tRNA(��9�Ǿ_IwEN]
)ƍǽ*}Ƿç�	űØ	RNA ¢�$žƺ�:#�9 112 ƍǽ)�Ǿ_IwEN])�
 105 ƍǽ� tRNA (óØ�#�9�tRNA *	Ýłſ(ĚÞåī@VhU|¨ñ%�
#	mRNA )L]z=ƽǃ�Ŭ÷)@naǫ=UzcIǍÅĞƷơukT|o(Ǟ>$
�9�tRNA �Ǿ)ƍǽ�çŏ²�#�9)*	°Ű6�UzcIǍÅĞ=ƴ��1$

9�1") tRNA(ƸĲ)�Ǿ_IwEN]�óØ�#�9�	�:7)�Ǿ(*	tRNA
ƫǒ)ŎǛ)õ÷²3 tRNA)ƍǽ(ýĖ��@naǫ)ƚÅ	mRNA)L]z=ǃ/¾
9Ƿ)œƈ'ƽǃ=ƴ�'&ŏ�'Ď�
9�.�	tRNA )�Ǿ_IwEN]*	3
")ŵū]pBzȃƁœƗƱ	@|G@	ƁŊŵūȄ(£ǚ�#�92)	2 ")ŵū]
pBzǯ()/£ǚ�#�92)	Ä]pBz(��óØ�'�2)�
9��7(	

tRNA �ǾǪƕ2çŏ²�	·Ů$őƧ�9ßÅ%ƸĲ)Ǫƕ$çŖǶſ(�Ǿ_IwE
N]=ŵÅĞ�92)	Æ��Ǿ$2ǧ�(6!#ż'9Ǫƕ�őƧ�9�1	tRNA �
ǾǪƕ* 105ƍǽ�~óØ�#�9�ìŪƱ*	ȂţŴá�$Ɲǯ'�UzcIǍ=Å
Ğ�9ĕƹ�
9�1	²ô�Ǿ(69 tRNA)ŎǛõ÷²�ĕƹ�ÃŒ$
9��ø	
ȂċìŪĘƁœƗƱ Thermus thermophilus *	tRNA ) L òÚŎǛ=čĞ�9)(Ǭƹ'
ǧ���Ǿ=¿�	tRNA ƫǒ)Ƴƽţċ=~Ĺ��#�9�Æŏ) tRNA �Ǿ�	ìŪ
Ę@|G@(2óØ�	tRNA )ŎǛõ÷²(û��#�9����'�7	80��~$
ŵƦ$�9ǐìŪĘ@|G@) tRNA�Ǿ*	Ŭ÷) tRNAƍ(��Æ÷�:#�7�	
�)Ď��ĺ'Ũ�ç����$łƅƎ$*	ǐìŪĘ@|G@ Thernococcous 
kodakarensis tRNATrp)�Ǿ_IwW]=Æ÷�	ÄŵƦţċȃ70�	85�	95�Ȅ(��
9Ä tRNATrp�Ǿ)óØÅ2ŗǔ���.�	G10�=OpWv²�9Ǫƕǣ�ñ trm11
(Ƃƀ�	trm11 ǣ�ñƆãŉ(∆trm11)=�Ğ�#�)ŵƦŬĘ=ǅ,�%�;	∆trm11
*	95�)Ȃţ�$ŵƦ�Ǳù�:���7(ĽǗ)Ƅƺ$*	�)�ǾǪƕǣ�ñ�
T. kodakarensis )ȂţŴá�)ŵƦ(Ǭƹ$
9�%2ÞÊ�:#�9�}ĵ	T. 
kodakarensis )ǣ�ñĭ�øȁƔ=«ŷ�9�%$	�ċìŪìǫĘ@|G@
Thermoplasma acidophilum ) tRNA �ǾǪƕ)ǧ�ŬżĘ=Ś÷�	.�	�@|G@$
�ó�:�Ĵë' tRNA �ǾǪƕǣ�ñ=Æ÷���łžƶ$*	²ô�Ǿ(69 T. 
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Ø  ��ayWd��LIN	$ Streptomyces coelicolor A3�2	=ŨƙJ�Ŏ�ƹ<Äa-đǜ 

� ËŝČ= LINoÏGúéàÜ<ĲƔƢ S. coelicolor A3�2	o�ñǎĮžH�30°C8 5ķǒà
ǡHO6ǣŝČ�50 µg/mL	= LIN íÛ�8(=ĲƔƢ=Ũƙ>ïª<ǔõ*Ok6�Ķ� 
ŝČ�10 µg/mL	= LIN íÛ�<"�7ÍƢ>�Ɵë<ŨƙH��Ŏ�ƹũŠ�ƠƌĤŨŠƼ	
oǣŨũ-k6(=ƠƌĤŨŠƼ$ LIN ǛíÛ�8>C9S:Ũũ*O;�(9#i�LIN
>�À;kĤƢŠƼ9H73'8;&��Ŏ�ƹŗĜ»ŠƼ9H7I§&(9$²k6 
1)  Imai Y. et al. Applied and Environmental Microbiology 81: 3869-3879�2015	. 
2)  Ishizuka M. et al. Antonie van Leeuwenhoek 111: 705-716�2018	. 
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ƼĆîüı¦��Áå�Ćî	î�Åĕ�2001Ċ ţ	ǠÓƓÌŷƀĢ š
³ŷƀÔ�2007Ċ ¥ąèîuTWr�oqk]ÙǗơģŷƀƘƙġĦ
Ş š�¸ĳ�2012Ċ ¥ąèîǁîǉ®ĳī�2014Ċ ¥ąèî©ǏǞ
ßƧÌŷƀƕrW[|lsy�ŷƀĢ®ĳīǮ2018Ċ 10Ĺ~2019Ċ 3
Ĺ Umeå èî�euY�l�	óÔŷƀÔǯ  ťÛ<Ɲk6 

ǫǓĘ=�k±Ǎ�ĥƻǬt+DBf�ZAG�zw����x����

�{uqt'DB���+DBf��~��{uq����c�O_}�wr 

 

O

OH

H

S
OH

HO

HO

NH

O
N

H

45"1 $57µg/mL8�

	
���40%62�50S)
#-3+()������

��9&5,!���7/.

'*����8����9)
	�����	�����

0� 10� 50�

45"1 $5�



生物間相互作用研究の最前線 

ŠŦűĮư$ď%ƾ(-ĲƔƢĤŨŠƼŨũ�

ÿ� ðĎ 

Ŀ�èî èîǖǁîŨÒżîŷƀż ėŨŠśÛǊƌø�Ƹč�CRIIM 

aonaka@mail.ecc.u-tokyo.ac.jp 

 
ėŨŠaz}p_�d��<"�7�ŠŦűĮư$�Û-kťƺ>C9S:ŶiO7�

;�$�ĲƔƢ=�Ŏ�ƹƶý<"�7>ŮĂǒ=ŠŦűĮư$Ǔ�H7�k 16 
ĲƔƢ>ĤŨŠƼ;:=½ƦÓo>,H9H7�çŋ;�Ŏ�ƹoƨ ƎƢ8�k6Ĳ

ƔƢ=�Ƭ;Ă8�k StreptomycesĂĲƔƢ=ª`q{Ğá#i�Ŏ�ƹũŠ=žǟ>�
Ƣń�OM 30 žǟ��9ƭſIiO7�k<I##ni.�òǢô8=ƋƇàǡ<K5
7Ũũ$ŸƵ*OO�Ŏ�ƹũŠ=Ĵ>�ǧƢń�OM/�0�Ĵžǟ<9:E57�

k6(=(9>�ļŰƭ=~p�];�Ŏ�ƹũŠ>Ɯè;ĴíÛH7�k(9oŹÕ

H7"M�(=K ;śÛű�Ŏ�ƹũŠ=Űƭ>ĵO;½ƦÓ=ǑŰB96;$k(

9$Ļē8%k6 
ŻO4>�śÛű�Ŏ�ƹoŗĜ»-kOH<�ŋ7;Úäūľ

ėŨŠ9 Streptomyces lividans9=«àǡoƨ��S. lividans$śÛ
ű<Ũũ-k(9$ŶiO7�kƽƠƠƌ�undecylprodigiocin Ä
@ actinorhodin=ŨũoĩŌ<�Ŏ�ƹŨũƶýńoĭƍHO6Ɗ
400 ń#i=ĭƍ=Ƒł�Tsukamurella pulmonis $śÛű�Ŏ�ƹ
oŗĜ»-kƢń9H7ÀǙ*OO61=Ĕ=ŷƀ<KM�T. 
pulmonis <Ǖi.�Ǝƚƪă<za��ǋoÏĺ-kƎƢ(MACB: 
Mycolic Acid Containing Bacteria)9ĲƔƢo«àǡ-k(9<K5
7ĲƔƢ=śÛű�Ŏ�ƹ$ŗĜ»*Ok(9$ĸi#9;M�

(=K ;ĲƔƢ=śÛű�Ŏ�ƹoŗĜ»-kOH< MACB 9
«àǡŕ-kģŕo8ƫÌàǡŕ99ÒÎH�1=¢ŪōŊ<6

�7*i;kƯŀoƨ5O6 
1=Ƒł�ĽƶýōŊ> MACB =Ũũ-kšñ=ŠƼ<Kk¥
Ê�Ǉ8>;&�MACB $ĲƔƢ<ŠŦű<Įư-k(9<K5
7µŜ$�Ǉ*Ok(9$ĸi#9;M�ŠŦűĮư�-;n4

ėŨŠaz}p_�d��$�ÛHO~p�];ŗĜ»ōŊ8�

k(9$ĸi#9;5O6 
1. Onaka, H. Novel antibiotic screening methods to awaken silent or 

cryptic secondary metabolic pathways in actinomycetes. J Antibiot 
(Tokyo) 70, 865-870 (2017)  
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� Ƣǟ>ŴŅŨŠ8�k6<I##ni.�ŨƙJŨÒŗ¹<ęǝ8;&�¤ĨǦ�¤

Ĩ$�ŎűōƛŔñ<ǓnkŃƠ¡�k�>ŃƠ¡ǞßoƢǟ$Ĩ6âÌ$ƭ°*O7

%O6(Oo�8r]fb��ŃƠ¡99ÑA6ƫĴ=ňŠůÃĜìÖƢ#i�ůÃĜ

J÷�šŮĜ<Ǔnkr]fb��ŃƠ¡$ƭ°*O7�k6Ƣǟ=r]fb��ŃƠ

¡>:=K <H78%�:=K ;ōƛoĨ6=8�P #ǭ 

 � Fusarium oxysporum>�ŧã�<ċ&±ćH�ž¬<�ňŠůÃĜń� ǛůÃĜń�
ŨŠǁƦġ±ńǤĺŪńǥ=K ;çŋĜoI66*i<�ňŠůÃĜ F. oxysporum
>�Ƣń)9<÷�<8%kňŠž=Ɔ×$ǕñǤ±»Þ�forma specialisǥ*Ok��
Ë±»Þ¬<I�÷�<8%kÓž$Ů;k��e=±»$ŶiO7�k6ǂĊ�(=

ůÃĜ�±»Þ�*i<>���e$�r]fb��ŃƠ¡�=ǈ�ì<K57Ŕñ*

Ok(9$áÐ*O7%O6 

ǂĊ=�SMRTd�_�d�^>�Ƣń=`q{Ưŀ�őǀoÈƛ<H�1=Ƒł�r
]fb��ŃƠ¡=ŊǄJōƛ<rv��i-k(9$Èƛ<;57%O6ňŠůÃ

Ĝ�ǛůÃĜ F. oxysporum=(OE8=Ưŀ<K57�1=�Ƃ$ĸi#<;57%O
ůÃĜŤĕJůÃĜ±»<Ǔnkr]fb��ŃƠ¡J1(<č�-kǈ�ì=Ē¶;

:<6�7Ə�-k6 

 

 

ÉØ 
mymƣ¯ůƢǤFol 4287Ǫl�h> 
GenBankl�hw�e#iǥ9�ǛůÃĜ 
ńǤW5ǥ=`q{őǀ6mymƣ¯ůƢ= 
r]fb��ŃƠ¡��k�>ŃƠ¡Ǟß 
oƽ8Ź-6 
1= 4�14ŭŃƠ¡ǤƽŵÂǥ<ůÃĜ 
Ǔǅǈ�ì$č�-k6 
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1984ĊĿ�èîǁŉŨŠżîż¿ŉ�1989ĊĿ�èîèîǖǁîŷƀ
żǁŉŨŠîüıÁåƷŽ¦��ǁîÁåî�Åĕ61989 ĊŦ»îŷ
ƀĢŷƀÔ�2000 ĊĿ�ǁĆèîǁîǉĚŪŨŠżîż¸ĳī�2010
ĊKMĿ�ǁĆèîèîǖǁîŷƀǖĳī�ťÛ<Ɲk6 
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Úä<>ǚàǡėŨŠoÏGşĴ=ėŨŠ$ŨĝH7�k6ƈŢƢ>Úä��š<ŇŁ

Úäƪă8>¨º<íÛH7"M��=ėŨŠ9«í�ƃ�H;$iŨĝßoƒĨ�ħ

èH7�k9Ɨ!iOk6H#HÚä�8�=ėŨŠ9:=K <ǓnMÌ�;$iŨ

íH7�k=#�ƈŢƢ=Ŵ=ŨĠ<ǓH7±ì�w�=ŦƯ>ǕiO7�k61(8

ŻO4=^��v8>�ƫǘ;àǡƉoòǢô8ť-k(9<KM�ŠĜű�»î

ű�1H7ŨŠű<Iƫǘ;òŧã<"�7�ƈŢƢ$:=K <ŨíH7�k=#o

Ŷkģ$#MoĕK 9ƴF7�k6ĽƸŚ8>�Ʋ=¬öoƏ�-k6 
 
ǧǥÚä<"'kƈŢƢ=ŨĠ9m��e]�vm�{=Ưŀ 
� Ǎæ8ĬÅHOÚäoŪ�7�Aspergillus nidulans =řƢÚäàǡŕoŸƁH�òŧã
8=ƈŢƢ=ŨŦ�ŨĠ=ƯŀoƴFO6(=àǡŕ<"�7�ƚìĐġĴ"K@ DNA
ñǎ#i�ĽƢ=ŨƙĜŢoįñHO6Úä8ŨƙHOƢ¡oûƺ<m��e]�vm

�{Ưŀoƨ5O9(P�ÚäšŮű;ŰťoŹ-çĴ=ǈ�ì$ĸi#<;5O6(

Oi=ǈ�ìƕ<>��Ŏ�ƹ<Ǔ�-kI=$ÏEO7"M�ŒŪű;àÜoŪ�O

àǡ8>ƭ!7(;��ƈŢƢ=ŨĠoŶkģ$#M<;k9Ɨ!iOO6*i<�Ǜ

řƢÚä<"'kƯŀoǆH7"M�Úä�=ėŨŠÆ<ûH7ƈŢƢ=Ũƙ$Äa-

đǜoƳ£HO�9Ɨ!7�k6 
 
ǨǥƈŢƢ�ƈŢƢ=ŘÌàǡŕ<KMƶý*Ok�Ŏ�ƹ=Ưŀ 
� ǂĊ�ėŨŠÍå=«àǡ<KMĈþ;�Ŏ�ƹũŠ$ĕiOk9� áÐ$ŲŎ�

8�k6nWj= Brakhage i=©ýű;ŷƀ 1,2,3) <KM�ĲƔƢ9=«àǡ<KM�A. 
nidulans= orsellinic acidŨũ$ƶý*Ok´ĖōŊ=�Ƃ$ĸi#<;57%O6ŻO4
=^��v8>�A. nidulans9 A. fumigatus<KkƈŢƢǒ=«àǡ<KM�orsellinic acid
=ŨÌġǈ�ì]�eh�=Űť$ƶý*Ok(9oĸi#<HO6H#H(=àǡ8

>�violaceols "K@ diorcinol $�<ũŨ*O7"M�Ų�¢Ū=s�mo�<K57û
Ě-k8¢M±'ōŊ9$íÛH7�k(9$ŹÕ*OO6EO�violaceols "K@
diorcinol>ĤŨŠƼŗĜoŹ-(9#i�«àǡ<KMƶý*Ok�Ŏ�ƹ=ŨĠű;ğ
Ɩ<6�7IƗ!kt�m9;k6 
 
Ref. 1) Schroeckh et al. PNAS (2009); 2) Nutzmann et al. PNAS (2011); 3) Fischer et al. eLife (2018) 
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2006ĊÎÇĀèîèîǖŨÒǁîŷƀż¦��ÁåǤǁîǥ�2007Ċ
Ŀ¼èî<"�7ķĽîƩĪƞ�š³ŷƀÔ PD�2010 Ċ�êèîŦ
ĆîǉōŊ¸ĳ�2011 Ċ¾ƥèîŴƢ½îŷƀf�h�š�¸ĳ�
2017 ĊKMƄŖèîŨÒŧãƉ®ĳīǤŰǊŷƀĢø�ƸčǩƈŢƢ
Ų�ĚƅƸčǥ�ťÛ<Ɲk6 

ǫǓĘ=�k±Ǎ�ĥƻǬ 

ƈŢƢ=ŧã�8=ŨĠo±ì�w�8ĸi#<HO� 
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� ƑÄĵ8i>8 Sulfolobus tokodaii %rÚ�áĪĥ
0�Ʊ�3�@eg8i><iL
#Ö�2ÄƥîÄĵ8i>8��2	Sulfolobus Ö$Äĵ8i>8�%�AdCiG6c
gƥ��"�ƴcgƥ� Entner-Doudoroff ţƓ ��ĸ�"{ƈţƓ6Ł�2"!�ĸé
ň"îƐ��3)�#ſ��3�����	�$ S. tokodaii$�»¹Ƣ�%ó�³#	�
�Ş 20 Þ�#ĢÌ�3�	�$BV^ðºo�%��Ɵ�Æ$Ş 20%��$ĜŮ6üÌ
�Ď"� Hypothetical Ɵ�Æ����	)��`PdĿķ${ƈţƓ�ĸ#Ŝ{ƈţƓ�
%��36Ěò�2Ƥş6CiR�2Ɵ�Æ$ß�
�ſ��3��"
��	 
� ����BV^ðº
0���%ç03"�ðº$Ļç6ŉú��Íƺň"Ɓđ#£

1Ţ7�	)��,#ŜT@e<MR©òĦî6ĉ�2 üÌ�32ŷŇƐ$o��Ĉ

-Ʃ� ST0452 ŷŇƐ$ĜŮƁđ#£1Ţ7�	�$Ťē�Ŋªî
0uī�3�AdC
iG 1cgƥ TTP6Ť©�� UDP-AdCiG6©ò�2Ħî|À#=b@QD]g 1
cgƥ68IMd��8IMd=b@QD]g 1cgƥ6©ò�2Ħî���$Ŀķ$o
��,�ſ��3�	)��8IMd=b@QD]g 1cgƥ UTP6Ť©�� UDP-8
IMd=b@QD]g6©ò�2Ħî-ª� ST0452 ŷŇƐ
0ſ��3���	�3)
��èĿķ
0°sĽ)���$Ŀķ#	�� UDP-8IMd=b@QD]g% UDP-8
IMdAdCD]g� UDP-8IMdAdCD]g 4 ;Y_biJ#/��¿þ�3�©
ò�32{ƈţƓ���Ō03���	�
��S. tokodaii $BV^ðº
0�$Ƥş%
ſ��3"
��� 
0��$8i>8#%ĂÃ" UDP-8IMd=b@QD]gĿ©
òţƓ�Ç´�2$�%"�
 üÌ��	 
� ć"2ðºƁđ$Ťē��$ S. tokodaii#%�AdCD]g 1cgƥ6=b@QD]g
1cgƥ#¿þ�2Ƥş
AdCD]g 6cgƥ6=b@QD]g 6cgƥ#¿þ�2Ƥ
ş�Ç´�2$�%"�
 üī�3�	�30$ƤşĦî%!$Ŀķ
0-ſ��3

��"�-$��BV^ðº$Ɓđ���%ſ��v%�Ď"
��	����S. 
tokodaii $¸ƹŲ�6Ł��ĲŠŭù�Ĩ6�ò��AdCD]gcgƥ ¢ì��� 
�4�AdCD]g 6cgƥ6=b@QD]g 6cgƥ#¿þ�2¢ì6ƂÅ�2Ƥş$
Ç´�Íƺň#ŏƄ�3�$Ɵ�Æ-ªÌ�3�	�30$ÍƺŤē%�ÄƥîÄĵ8

i>8 S. tokodaii #%ĂÃ UDP-8IMd=b@QD]gĿ©òţƓ�Ç´���2v6
Ő���2	Ă�#ſ��3� 3ŕ$ĂƀƤşĦî#% ECń§�zm�3�	 
� |k$Ťē%�BV^Ɓđ$Ťē%ĉ�"ðº6ý���32��ÍƺňƁđŤē

 {ƈţƓř$ðº6ĉĜň#�Ł�2v��ĂƀĦî.Ƥş$ņſ#Ť&�ƝŚ

��BV^ðº6ƒ�2ı#ëž"8[fiM� ��v6Ő���2	 

 ǂŃĞǃ 

1982ÞƳØÂÈĽÈƠĿķÈœ�Ę�1987ÞwơÂÈÂÈƮĽÈōŗ
œĿķķĽÈÓÿ�¾ƅŔåĊ�t�wơÂÈĽÈ�¾£ç	1987 Þ
ď�ÂÈƟ�ÆÍƺĄƃ�õ�1993 Þ
�� DNA ōŗôp}ōŗ
¯�1996ÞĿÛÈÛĘöŹōŗôp}ōŗË�2019Þĝn{W9<
�ŵ®ŽƙöŹōŗŢ©É�śĽƠƩ�ļ´#Ű2	 

ǂƬê$�2�ƧhøƎǃ 

ÉÌî$ƻ�ĉŁƤş$ƫņ�8i>8$aSi@"ĸî$ƁĆ 
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ąČ%nłĉĀ$į×³��1�¨µ#ŕ�$Īĥ�Ĭ����2	ĸ#į×Ħ�$Ħ

ņ"µ·#%ƻĪ$ƥîĪĥ�Ĭ����2� �Á�	ĮŪ%�3)�#ĂƀcKi

Gƫņ$jľ ������į×î$ƥîĪĥ
0ĀÁ$ÄĵÄƥî8i>8hŠŲ
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ǬʱʦĝʱǵĲbdiu 08� ċfƈɈúØǸc�´¢}¬²�Ƚýƾȩ_Ŭăa`yƑ

j>»ǻbdi]08�ŐŶbdiu´�´�� y_w]ahk_yňɘmt?ĥíb

da]d>ɋúȸŹW±²¡®�WāėɣƶĽĞÐyȱƁm>ēȋŤcĴyĎtƅa>

��³āǬ³ʦĝ³ǵĲbʑouē�´¢}¬²�c�´�bĬyat>ƈɈɋcØǸ

ʉ_ȸŹǱcʑɷŹcƇƓyʏļm>
�	�ţũes9GNNML�08��:L&�4&"-4F��&NMO4�90:�	�

y»ǻbėi]Ȇßmļnt?Èů9±²³¡®�³| °´�Wbru08�ŐŶcŬă

fƩbɸmk_bau?90:�ʵ �F44NP.��777�KF-7�EM�HN�'G-&��� &GP"IRHMRFMR�

	�-������ 6&LIMRI8MIR�����	,(�,(�N%'	�

 

 

ʶǾǈʷ 

	-�) ţȵʨĺłąłʂĆƼ>	-,� ţȵʨĺłąłʂĈĶɢȞà

¾>ĈĶʯąłʰłÓĎű?	-,� ţĥȣéɍɐǶʔųǶǬłʂ

ȐȡĞ>	-,, ţĥȣ¿ʒɐǶȐȡƃʯǲĥȣžƵȃȐȡƃʰȮ

Ɉʂʍ>
�	� ţĥȣžƵȃȐȡƃƃʍ>
�	) ţĥȣžƵȃȐȡ

ƃĖɟƃĞ>
�	 ţĥʘąȄȘȕĺłĺłʔƝƎ�� ǲħbɃ

u?AɋúȸŹ±²¡®�āėɣƶƻəÐBŪʍ?�

ʶʑŴcCuòʈ³Ɖɪʷ�

ȂĊȮɈcȆȃǃŧ>ɋúȸŹɈcƋƞ©���¨ 
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ȮɈcɋúȸŹ©���¨_rc÷Ų 

ʊƮ ÇÆ 

ĥȣžƵȃȐȡƃ ɋúȸŹȐȡ�²�´ 

suzuki-m@nih.go.jp 

 
ɵţ>ɋúȸŹ (AMR) ɈbruʝǓŹžƵȃf»ǻcéɍɐǶ·cĠʣ_aw]d

t>ǭbƈɈǓȄfģʝaȾǳɈ>ʮɄ��~ǳɈ>ȺǨƹɈ>|������´ŕ

Ɉ>ȲɀɈ>ĺȾɈd>ESKAPE ȂĊȮɈ_țlv]au?2000 ţËbŸǦbɸăyɹ

jt�®�£�¨ȬƈɈɋȸŹyĘmĹúȸŹ�¬¨ʕŹɈd>ƈɈǓȄbƭĀaɋú

fi_z`Łħmaa?ƥƯ^d>2014 ţ 9 ƬcžƵȃƙǆbda]A�®�£�¨ȸ

ŹȾíȮɈȚȮɈ (CRE) žƵȃBf 5 ʤžƵȃcçƟƇƓȁź_m]ơtbþcsv>

ĹúȸŹ�¬¨ʕŹɈcȉɖÕ÷fŬălvt?ĺȾɈyĘmȾíȮɈȚȮɈd>��

pāǬbda]ȾíȮɈĐyŭƁouŢħȮɈ^Ct>Ō½pǵĲbda]ʫaņȍŹ

_ƋƞŹyȓok_es>ʇɓa AMR ʀÑŀyÑɽŹ ¬�§�a`^ÑƗđȽaɈƷ

dĠʣ^Cu?���²yĘm¥§��²ȬƈɈɋd CRE boǋɲȇƭĀ^Ct>

ƈɈǓȄc9last resort (ƫůcƄǊ)W_m]ʇɓaŮûyƭm]auf>���²dĥ

íĸ^ŊǽbŐm]ǓȄpƁʍÝɸyȊȇ_m]ʍhǸasv]gt?2015 ţ 11 Ƭb¼

ĥ^ ¬�§�Źc¥§��²ȸŹʀÑŀ mcr-1 f��drfŊǽòʜĺȾɈƷesȆ

ɔlv>ǲħk^bĕʀÑŀd 9ȟʤcÂĩfĮęlv]au?ĥʘȇaǮǕyʥl]>

ƥƯ^d 2018 ţ 7 ƬesŊǽcƁʍÝɸú_m]c���²cØǸfȗǅlvt? 
 

MCR ʅȭd�¬¨ʕŹɈcĸȿyƾƁou LPS c lipid A b¤�¤���´®|§²

yàʧm>ɈÕɑŖcʕŹɇʞyǞœlT>���²yĘm¥§��²ȬƈɈɋȸ

Źbōºou?mcr ʀÑŀdÑɽŹ ¬�§�a`yÉm]ȮɈʐ^ÑƗm>ĕʀÑŀc

ÞƭɈƷdʈʬp��a`cľÉǶǬyÉm]»ǻ¼cǵĲbƋƞm]auk_fƦs

e_aw]gt?���²yĘmÞʖɿǸlvtç]cƈɈɋbȸŹyȓo pandrug-
resistant (ǏȸŹ) cɈƷbružƵÀÙoĥíĸ^Įęlv]g]dt>ƈɈɋfĀea

aƧË9post-antibiotic era9bȢæm[[Cu?kcrbaĥʘȇa AMR ĠʣcǮǕ¸

bda]o>�¬¨ʗŹɈ_ǿatĸȿyƭou�¬¨ʕŹɈbŐouơtaüɋdʍ

hâǤm]dt>ÆʤdĉǃȇaǮǕbȴev]au?Ưǥʣ^d>ĥíĸbdiu�

��²ȸŹɈc��¨ȀłȐȡbʑm]cǲǮyƂ@cɗƳȱƴyÄc]ȯÉm>Ƥ

ŁcƆɠɋyöǸm>MCR ǷǶĺȾɈyĘm���²ȸŹɈbružƵȃhcơta

ǓȄǗyʏȆouk_yȊȇbɎw]auƂ@cɝlb[a]o×T]ȯÉmta? 
 

 

ʶǾǈʷ 

2006 ţ>ƲÅĺłĺłʔąłȬȐȡȚȂġ³ȂǴłőƚà¾>ĈĶ 
(ął) łÓĎű>2006 ţrtƲÅĺłąȚłȐȡƃȮɈžƵòʈb]

ÿƄ>ÿƝ>2009ţrtȪĥDept. of Microbiology and Immunobiology>
Harvard Medical School b]ĈĶȐȡĞ (JSPS ǛĸǭõȐȡĞdrf·

ĊɚŷǶěȚłɫĢǛĸǼłÿƁ�´���°´)>2012ţrtĥȣ

žƵȃȐȡƃȮɈȤÁʂb]ȐȡĞ>½ÎȐȡŅyȰ]>2017 ţrt

ĕȐȡƃɋúȸŹȐȡ�²�´b]½ÎȐȡŅ>ǲħbɃu? 

ʶʑŴcCuòʈ³Ɖɪʷ 

ȮɈł>ǭbéɍɐǶ·Ġʣ_auȮɈcȂĊŹ_ɋúȸŹǃƾ 
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�²�¦}�²ȸŹȾǳɈʯVREʰ_rcɋúȸŹ ¬�§�cÑƗ 

Ŏǹ ǓɅ 

ȵʨĺł ĺłʔąłȬȐȡȚ ȮɈł³ɋúȸŹɈŇʩƣɛ 

tomitaha@gunma-u.ac.jp 

 
ȾǳɈdȏaɷʋyŭƁou�¬¨ʗŹc¯²�ǳɈŕȮɈ^>��pŊǽa`ʯā

ǬʰcȾȧícŢħɈ^Cu?ƧbŔɰžƵȃpȻɼžƵȃ>ŴíȿǨ>ɌǚžƵȃa

`cĊġ_au>axquëĩȇaƥĜɔžƵɈ^Cu?ɵţdƈɈɋcØǸbrw]

ȾǳɈcȸŹăfɸl>ǭbĹúȸŹɈ^Cu�²�¦}�²ȸŹȾǳɈʯVRE: 
vancomycin-resistant enterococciʰdäɸɤĥbda]>½ɓaʔížƵȃɭġɈ_m]ǝ

øaĠʣ_aw]au?2013 ţcȪĥbda] VRE žƵȃdţʐźȷƟf 20,000 Æ>ǉ

ȷƟd 1,300 Æbocjt>kvdǲħɞʣcĹúȸŹȲɀɈMDRP p�®�£�¨ȸŹ

ȾíȮɈȚȮɈ CRE bružƵȃc 2ʸ3 ácɕǂ^Cu?¼ĥpʠĥyĘntɵʙɤĥ

bda]o VRE žƵźȷcŸĳyɠn]au?ƥƯĥí^dţʐ 100 ÆùůcžƵȃÙ

cluf>VRE cƻñƟɂÕdĳþm]dt>ÈůcžƵȃcĳþfĉżlv]au? 
VRE c�²�¦}�²ȸŹdȢǪķǿbruȸŹǰű^dah>ǭǿȇaȸŹʀÑŀ

yĸƱŹbűuk_bruǰűȸŹ^Ct>ŃņmtȸŹŭɬ>ʫǧũɋúbŐouȸ

ŹʯʫũȸŹʰ^Cu?kvk^bƟȟʤc�²�¦}�²ȸŹʀÑŀfĮęlv]a

uf>rcĹhdÑɽŹ ¬�§�pÑɽŹ�¬²�¥�²·bŁħm>ȾǳɈʐCu

adɈȟyɯc]ÑƗou?rvs�²�¦}�²ȸŹʀÑŀcɭǢd>ƈɈɋyǷǶ

ouƛȳɈɂɱfãƱÞƌouƈɈɋȸŹʯåȀȽʰʀÑŀ^Cu_ȶcsv]au? 
ȾǳɈbdɒƟȟʤcÑɽŹ ¬�§�fȎsv]auf>�¬¨ʗŹɈ_m]dƽ

n]ȝaʫʢũƏĔÑɽŹ ¬�§�fŁħou?oaxvǜÕīĨ¼^oŃņmtƏ

ĔïʛİyŭƁouk_^ǋɲȇʫʢũ^cƏĔÑɽfđȽa ¬�§�fkvk^b

Áȟʤ>ɔ[ew]au?µ[d Enterococcus faecalis bǭǿȇa��°ª²ČŶŹ ¬

�§�>Êd Enterococcus faecium esȆɔlvt pMG1 ĩ ¬�§�^Cu?ùȷdď

ŋɈc E. faecalis fòǖouÔòŀ£ ��f ¬�§�yÞƌouÚºɈcƏĔïʛİ

ŭƁ_ ¬�§�ÑɽŹyɡŒouoc^>ȮɈbʑouŹ��°ª²cƫôcȆɔ_

awt?VRE bruĥí^ôn]cȂʔíʛĢžƵȃcĊġ_awtɈbd��°ª²

ČŶŹ ¬�§�fŁħm>�²�¦}�²ȸŹf ¬�§�cʫʢũÑɽbrw]ǰ

űlvtk_fȓlv]au?ktʙĥcĒǡ^��_ŊǽǵĲesòʜlvt VRE b

dêɶouȸŹ��°ª²ČŶŹ ¬�§�fŁħm]dt>Ŋǽes��hcȸŹʀ

ÑŀcÑƗ_Ƌƞbōºm]auk_fȓlvt?µƢ>pMG1 ĩ ¬�§�d>ștv

fĥícɁŦòʜȾǳɈesȆɔmt ¬�§�^Ct>��°ª²ČŶŹ ¬�§�

_dǿat>ɒƟcȾǳɈȟʐyÑɽđȽa ¬�§�^Cu?ĥíc VRE ui^a

h>ȪĥydnnÊĥ^òʜlvu VRE bda]oʤÒc ¬�§�f�²�¦}�²

ȸŹa`cɋúȸŹʀÑŀcÑƗ_Ƌƞbōºm]auk_fƦse_aw]au? 

 

ʶǾǈʷ 

1989 ţŗƺąȚĺłʯǲŗƺĺłʰĆƼ>ȵʨĺłąłʂʓŕȂʔąĞ

ʯĸȚłȤµʰ>1996 ţȵʨĺłĺłʔĈĶɢȞà¾>ĈĶʯąłʰà

ű?1996 ţĕĺłąłʂÿƄʯųǶǬłʰ>1997-1999 ţȪĥ§��²ĺł

Ǽł>2004 ţȵʨĺłĺłʔɥšʯȮɈžƵ÷Ųłʰ>2009 ţîƝƎʯȮ

Ɉłʰ>2011 ţrtƝƎ³ɋúȸŹɈŇʩƣɛʯƣɛʍʰ>ǲħbɃu? 
ʶʑŴcCuòʈʷ 

ȮɈcȂĊŹcòŀʀÑł>ʫʢũƏĔÑɽŹ ¬�§�>ĹúȸŹɈ? 
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ǍǵĲbdiuȾǳɈcɋúȸŹǰű³ÑƗ¥�²�«®cɜÛ 

ʊƮ Ȗť 

ŉřĺł śłʂ 

ysuzuki@cc.miyazaki-u.ac.jp 

 
ʯ�¬¨ʗŹɈcǭĀɋ^Cu�²�¦}�²bȸŹyǰűmtȾǳɈʯvancomycin-
resistant enterococciʹ VREʰbruʔížƵdĥíĸ^Ƌĺm]dtʹƫʇɓaɋúȸŹɈ

cµ[^Cu?µƢ^ʹȾǳɈdǍǵĲbdiugzÜǐƵcƍǁȮɈ^CtʹǍǵĲb

ƨɻȇbŁħou?memafsʹǍǵĲbdiuȾǳɈcɋúȸŹyɣƶmtÀÙdœ

ahʹƋĺouɋúȸŹɈbʑouǆȑaŻĮcɉȠ_rcŻĮbĬyatŐȦcȶƸ

dʹƽn]ʇɓaɢʣ^Cu?rk^ƯȐȡ^dʹǍǵĲbdiu VRE asfbɋúȸŹ

ȾǳɈcòŠǮǕ_ƋƞŇſyƇƓmʹǵĲ¼bŁħouVREesȸŹʀÑŀcÑƗcđ

ȽŹyƻəmt?ʃşǒŚʯŉřşèʇŚʰǚĪcçɣƶĨǩbda]>�²�¦}�

²ȸŹʀÑŀcµ[^Cu vanC2/C3 yÞƭou VRE fƻñlvʹťȨĤbƋƞm]au

k_fxewt?lsbʹvanC2/C3 ĩ VRE Ʒd>ĕµcʀÑŀĩ(PFGE ĩ)yƭouɈƷ

bda]oʹɋúȸŹ °�{}®fǿauk_fȑɠlvt?kvdʹǍǵĲ¼bdi

uɋúȸŹʀÑŀcÑƗyȓğouoc^Cu?ǄbʹŽņlvbuǵĲyǂƘmt in 
virto Ňʩbrw]ʹvanA Þƭ VRE cȸŹʀÑŀcÑƗ¥�²�«®b[a]ņʉȇaɜ

Ûyɝlt?rcȱƴʹ

ǒŚŨɬ_ǙŹǐǘcư

Íbda]>vanAʀÑŀ

cÑƗfȑɠlvʹÑƗ

Ǳdrvsv 10-7 _ 10-8

_ɔȠosvt?ǙŹǐ

ǘ¼cȾǳɈƟesƐŏ

ou_>Ňʘc¸ǍðǴ

ƣɛcǙŹǐǘ¼bda

] vanA ʀÑŀfÑƗl

vuđȽŹfCu?ƯȐ

ȡ^űsvtȎɔ³ŻĮ

ylsbʛȠm>őʎŊ

_êƭouk_brw]

ɋúȸŹɈcƋƞʒǅb

ōºm]agta? 

 

 

 

ʶǾǈʷ 

1989 ţĄǛɼĺłǍǷłʂǍǷăłȚĆƼ>1994 ţĄǛɼĺłĺłʔ

ǍǷłȐȡȚǍǷăłőƚĈĶɢȞà¾>ĈĶʯǍǷłʰ?2001 ţŉ

řĺł>ĈĶʯśłʰ?1994 ţŉřĺłśłʂĦƮǵĲśłȚÿƄ>

2006 ţĕÿƝƎʯ2007 ţîƝƎʰ>2013 ţrtŉřĺłśłʂȔÐ

ǵĲ���¨śłȚƝƎ>ǲħbɃu? 

ʶʑŴcCuòʈ³Ɖɪʷ 

ǍǵĲescɮʫžũaųǶǬµƠƻñǗcʏȆ 
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ǵĲ¼cųǶǬȵʛíbdiu ¬�§�ÑƗcŇſcɗƦbėi] 

ơɨ Ɯŝ 

ʟŘĺł łɏʔśłʡĪʳʟŘĺł�´²ȚłȐȡƃ 

shintani.masaki@shizuoka.ac.jp 

 ¬�§�dʱƏĔÑɽ_abǲɩbrw]ʱrvyÞƭouÚºɈesʱÞƭmaa

ďŋɈh_Ȝāouʲkvk^bʱƤŁcɋúfĀeaaźȷǺƱcɋúȸŹɈesʱ

ƿ@aɋúȸŹʀÑŀyƕɳmtȟ@c ¬�§�ʯɋúȸŹ ¬�§�ʰfȆɔlv

]gtʲkck_esʱkbmt ¬�§�cÑƗfĹúȸŹɈcñǲ³ɊūcĊġc

µ[^Cu_ȶcsv]auʲĹúȸŹɈcĠʣyȶcu·^dʱ��³āǬ³ǵĲy

µ[bmt±²¡®�| °´�fʇɓ^Cuʲmemʱkbmt ¬�§�fʱa

[ʱ`k^ʱ`cųǶǬbƏĔÑɽouce_abŻĮdʪhi`œaaʲŰw]ʱɂ

ǪǻʱǭbƂ@cɱcĚtcǵĲ^dʱ`c ¬�§�fɋúȸŹʀÑŀcÑƗyȌb

ƊbceʱrcȟʤoÑƗȰɰo¹Ʀckk^Cuʲɵţʱǥȷsdʱ ¬�§�fŌ

½bºcuǶǴȇǃȽʯɋúȸŹa`ʰyƍǁ_ouc^dahʱrcƏĔÑɽȽɂÕ

yƍǁbmt ¬�§�cčʛyɎw]gtʲrcȱƴʱ¸ǍðǴįcĿǌðǴǀpǫ

ȫĭȹʱĦĵpǠǔŨǘa`ʱ��yĎtŞhāǬpǵĲǺƱcųǶǬȵʛ^ŇʘbÑ

ƗouɂŝÑɽŹ ¬�§�yĹƟĎűmtʲǲħk^b 15 Ưc ¬�§�cçıĬʄ

óyƦsebm]au 1)ʲ4 Ưd IncP-1 ȵ ¬�§�ʱ1 Ưd IncP-9 ȵʱ2 Ưd ¬�§

�ȵfĕņlv]aaaơɕa ¬�§�^Cwtʲktʱ7 ƯdĮęÙcœaa

PromA ȵ_ab ¬�§�ȵbŕou ¬�§�^Cwtʯç 15 Ưcbvǥȷsf 7 Ư

yǑņʰʲǄbǥȷsdʱɋúȸŹʀÑŀyɺƔouk_fƤbȎsv]au ¬�§

�ʯIncP-1 ȵȥʰ__obʱơtbȆɔmtƏĔÑɽŹc ¬�§�b[a]ʱ`cr

baųǶǬbÑƗouceʱrcŌ½ĪyǋɲmtʲƏĔń¾Õcòʜbdʱǥȷsf

ÌùȑȣmtʱGFP _�®�´�´yöǸmtµȮȼ¯¢®cƄǗyǸat 2)ʲrcȱ

ƴʱIncP-1 ȵ ¬�§�_ĕƿbʱǵĲǺƱc PromA ȵ ¬�§�oʱťȨaųǶǬȟ

bÑƗouk_fȓlvtʲŰw]ʱǥȷsfɔñmt ¬�§�dʱɂǪǻ^ťhʀ

ÑŀyÑƗmbuk_fȓğlvtʲktɂǪǻbdʱʆȭǧũcÔaǵĲfťhòŠ

ouk_yȶƀm]ʱʆȭǧũyÔhmtʘc IncP-1 ȵ ¬�§�cƏĔÑɽŹb[a

]oǋɲmtʲrcȱƴʱʆȭǧũcɾabrw]ʱűsvuƏĔń¾Õcȟʤfķă

mtʲŰw]ʱĻǌưÍ_ĿǌưÍ¸^dʱ ¬�§�cɔeicŌ½Īfķăou_

ȓğlvtʲ 
Ì·ck_dʱǵĲ¼bdiuɋúȸŹʀÑŀcÑƗcŇſyǴɗoucbʇɓaȎɔ

yĘm_ȶc]auʲ 
 
1. Yanagiya et al., 2018, Front. Microbiol. 9: 2602. 
2. Shintani et al., 2014, Appl. Environ. Microbiol. 80:138-145. 

 

ʶǾǈʷ 
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生体内小分子の検出と生物間コミュニケーション 
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5(ǻƔƥĥ$Ŝ§Æ!#8`b?NMǡ$ż

Ƥ��ŭǵ<Ǩ�	`b?NMǡ%ăƧųű!Ć�$|	8ģȵ$���Ǐĉ��� 
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% ABCȐȔ�� FL¸Ɩ%�Ĭơ#¥<Ł���8�!�ƬǺ�9���6$ FL<Ã
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�6ƪƃïĘ<Ȭ��ïñ	#6($Éƽûȭ%ǯȟ ıǐ�óã�98Ɲı Ÿ��
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!���ǋ��69��8��6$ȒěŔ��³Ⱥ�9�	ƉǦȺ$ćƔ�8gRZ5
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ȨȘfrp>ǌ%H\i1óã�9	�%ª�¦�ř6�$#����frp>Đǡ
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MLSTǳŨ%Ǉũ�6ŉĉ�9�� 
� ţƠǫ &	Ȓě%Ĺ�%H\iǳŨǇũ�6Ǳ	���96gRZý�İǃǡĶ

ŪƟ �8frp>ǡ%șÈ%ŷÜ<Ǐĉ��/��� 

 

ɉƚŷɊ 

2006ěŗţûĀƔƊȇƂưĀȟƎÊĀưÍŮ	2010ěĒȩûĀȘÞƎ
ÊĀƫƵưÐ÷ǾƲ¡�	Ð÷ɁƎÊĀɂĀ�×Ĩ�2010 ěìƶĶŪ
ƟƫƵļžÄƫƵæ	2012 ěđÚûĀ¬ßƎÊĀȟVZm>XoTE
±ŏņ	2017ěßûĀ±ŏņ	Ɛî$ǝ8� 

ɉȨĬ%�8³ȣvŀȆɊ 

ÄƊƗťĶŪƟ	gRZý�İĶŪƟ 



�� 
 W �> �� V�  ������� �����
C1.'3/(#M�

�

9=-"$+%I2(�86�V\SLXOZ86�

XOZD[3G�N Y29UBR^78@47RF4:J�
�

 ����� ��  ����� :5�8�
]M� HK0T<P8�OZOEA8?;)3*�����1�
�

� � CQ� >i�SB�U~�SU�nU���

 ����� ��  ���	� �(����<|��Y�G�h�dZ��
H^�v�ylSU�pPoRz:`pm%'I.LSI!sw�

E9F;��

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

�
����
���rB���U�SU�n]U�LUu��

�

� � CQ� �t��J�ylSU�pPoRz��

 ��� � ��  �� �� *".4+# )�
) ���VWOCD-8;%;�`|j
�817�M�L��i����E{AcIp��h�

?a�����_[SU�SU�}NpPuUswu��

�
 �� �� ��  ����� G�Tq��`k��	�
	���j��h�

���=���eg�T� MS$;CR9}bX	�

�
 ����� ��  ����� ���K���� �'32��`��:fFx����

>i�SB��Q�\@�U~�SU�nU���

�

� � � I!�8�

�



微生物細胞が示す振る舞いの統合的理解に向けた可視化技術 

 

CRIF:  {ǎǡǦĊǲȄť'œēȺ 

±Ğ Ƽ 

ǄƂýă ƠÚƟôǋzĭƠƗNRY]cuYAƵƽTyU{ 

yawata.yutaka.ga@u.tsukuba.ac.jp 

 
./°!'ǎǡ(ǦĊǲ>ń�!�9�Īþƫ%ǲŲȒ>ŕ�%�!4Ãș

>Ħ!:�#"ǲ>Ō�	�	��ǦĊǲ(�ǎǡ´'üű%Myk{_

y[5�ȑơƗŌ��;�;ƘĮƫ%Ƙĵ>4��ǲ'ɅÖ�"�9��'

�3ǎǡǦĊǲ'ƘĮəǦĊǲPJ_Wq{ɚ(ǎǡ'ƺɑ5Ơƞƙĺ>ō

Ĺ&Ðř�:	�	��ƘĮ�8�ǎǡ'ǦĊǲPJ_Wq{Ȅť(ǎǡ'¸
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	26a_要旨r
	26p1_JBA
	26p1_要旨r
	26p2_細菌・環境バイオ
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