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成虫羽化

宿主体内で成長＆乗っ取り

103



Press Release !
!

2 

/”Ù?&ı´|T âÜ RsePI?Zñ„Z|ˆâÜ˜¯Œ˘/‰ÂyÃÕâÜ˙EWF
y˚Ü¸˝|˛¢?d|ˇ!âÜ"Èk#H$%y–—âÜ¸˝y&é¢'É?&ı´
/)(|Ë)k]\lYQaâ�RseP |ò°¢I?*ƒ?+/Àöyß®Ü-.Ñ“€û
¢•~}fÑ?%vwxÑzg{|ké¢°k{éffî?bcd/’ÔaÖQ6kÜd]
\lYQyáàâÜ¶}°äãåIm{é¢°~,-a}f� 

 
!",- 

RseP I.õ}Œâh/0Ñ12k]\lYQa÷Üfî?*ƒwxn3Ñ4-a°~,
-a}fÑ?π-.aI?56|¥µ}f7vŸ89:ÿ9G/0˙Zÿ;¿PA ]E˙Z
ÿ;«!1y<=âÜ£6a?›>?aáà@õyAéf RsePy/0âÜ£6|∫B}~}
f�+}¢?ÖQ6CD}fwxy∂Ù?qrs6}¢Ifgh£6ÑEFùû¢°fMu
9 Batimastat yG˛âÜ£6aHQ/IJyAÉ~}f�~f?π-.aI?KBõb´
Kangiella koreensisLM/ RseP/NO◊E]\lYQ¿KkRseP«|ò°¢∂ Batimastaty
G˛}¢IJyAÉ?£ûg 2ò/]\lYQ/%vwxy XPIJn3!2|Çé¢QR
}~}f�RsePŒ KkRseP/IJI?d]\lYQiS/TUIJa÷éf£6{g?&V
WXYZ[ SPring-8 /K-]Gï\ñ]\lY]G;^V\ BL32XU!3y<=}¢›/?
k XPÅ_`G]yëa}~}f� 

ÄÅ/wxn3aI?RseP Œ KkRseP /bvwxÑzg{|kéfèêakh?ÖQ6
kÜd]\lYQÑ RseP|Ø/Ç”|IuâÜ/{|ò°¢∂cÈkdÑ{ÉÑagû~
}f�#H$%6CD}fMu9a÷Ü BatimastatI?e•fgùûfhia RseP/d’
jk|÷Ü !-˙Gñ6lmA=}¢°~}f�~f?RsePŒNO◊E]\lYQÑ_n}
¢∂é¢°ÜŸZl^o\pÖ¿&ı´ RseP aI 394 qr/ŸZl^o\pÖ«Ñ
Batimastatysît/Ç”|uR}¢°Ü£6∂m{É~}f�£/ŸZl^o\pÖy.
©ù,Ü£6aÖQ/áàvwÑ&•hxy}f£6{g?ÖQ6kÜd]\lYQ∂
RseP/ !-˙Gñ|Çé¢e•fgùû?ŸZl^o\pÖ|Çé¢uRùûfhiaáà
ùûÜôöõÑ›°£6Ñm{É~}f� 

ùg|?RseP6 KkRseP/wxyz{}f6£|?RsePIÖQyëÉíì}|UVWX
\Y|wxÑ.MâÜôöõÑ÷Ü£6∂m{É~}f�RseP aI?#‡H^~;�/d
Ä%ÅV\¿PDZ-N6 PDZ-C«?dÇÉ|T âÜ "-Ñ‡\YZ¿PCT-H2«?+}¢?4π
r/dÖnÑ‡\YZ¿TM4«Ñ?d’Ô|ÜáâÜ@õeàyâ°äâÇ”kãáy6é
¢°~}f�+/‘åa?KkRsePaI?PDZ-N?C%ÅV\Œ PCT-H2?TM4/ãáÑ&•
h.M}?@õeàÑçé}¢°~}f�èêç°£6|?IJ’aëÉu”í/ KkRseP

mì/ TM4Ñ?ÖQ/Ç”|îÜïé¢?@õeà/ñh|óÉí-a°Ü£6∂m{É
~}f� 

π-.aI?£ûg/wxòE|Ö†°¢?M'ôöõú!4yLù™|“°?PCT-H2Œ
PDZ-N?C %ÅV\|ôûõÑ÷Ü£6yü{î~}f�ùg|?RseP /mì’|†°y
¢ó}¢ PDZ-NŒ PCT-H2/ãáyuRâÜ6?ÖQ/áàvwÑxyâÜ£6∂zg{

Press Release !
!

3 

|}~}f�£ûg/IªI?PDZ-N?C%ÅV\Œ PCT-H2?TM4Ñ?ÖQy@õeà|
ëÉíìfî|¥£}?ïGñ6}¢§hôöõÑ›°£6yú}¢°~â�~f?PCT-H2

/.©|Çé¢ÖQ/ëÉíå|©§Ñ••f RseP.©v/e|I?PDZ-C%ÅV\/ã
áÑ.MâÜ∂/Ñ÷Ü£6∂¶ìßT®n3{gúùû~}f�£/IªI?ïGñyw
∫âÜ%ÅV\`©/lmA=|Çé¢ÖQ/ëÉíåÑÃÕùûÜ£6y™óâÜ∂/
aâ�ùg|?£/ïGñÑ¥£âÜ}|I?PCT-H2 6 TM4 Ñ 446 qr/ŸZl^o\
´pÖy¨}¢≠¶™|lmA=}¢‘Æ|ûh£6∂ØRùû~}f�õ}|?£/ŸZ
l^o\´pÖ/.©|ÇÉ@õÑ&•hxyâÜ£6∂úùû?PCT-H2 6 TM4 /lm
A=ÑcÈa÷Ü£6Ñü{îgû~}f� 

ŸF∞±V≤G≥ŒÑ-|Ó€Üd’áàH◊ÿŸG⁄a÷Ü #-[Y„]G⁄|∂?ï
Gñy¨}¢ÖQ6kÜd]\lYQyëÉíìäãåŒd/eaÖQye•fg}¢u
RâÜäãåÑ÷Ü£6Ñm{é¢°~â�ÄÅ/ RsePŒ KkRseP6qrs/tuv/w
xn3|Çé¢?ŸX¥´ãµŒáà∂˜/∑∏ÀwÑ©kÜ RseP 6 #-[Y„]G⁄Ñ?
π§|ÇhDfäãåaÖQ/ëÉíåŒáàyÃÕ}¢°Ü£6Ñúùû~}f� 

 
789):;<= RseP >?@AB;<=CDEFGHIJKL7KkRseP9C X MNOPQRSTUVW

XYZ[LC\]^_>`aCEbcd$

Press Release !
!

4 

RseP> KkRsePCPQefgPDZ-NgChijIgPCT-H2gTM4Cklm)nopq]gKkRsePefN

OCres]tuvC wxyz{| }~C TM4 mg�ArÄCÅoÇÉ]^ÑeÖZdRseP m[L>qZÜ

HIJKLá�ArÄà>\]^âäÇãgPDZ-NgChijIå PCT-H2gTM4áçéèCêuÇëíì

Z>îïUYZdñógòCçéèCëíCäÇfgTM4> PCT-H2áôöõúJùûIü†[7D9m°

¢q£§á•u>îïUYZd¶ßj®I7Zn9mNtìZ�ArÄÇ\]^ñYó[LfgÜ©™´Ç

¨Z !-≠éèÇÆnØ∞XYgyz{| åDEFGHIJKLm±≤≥¥µ∂¥ÖZõúJùûI†[7N9

Çê∂¥∑WXY¥g`aXYZ>VWXYZd$

 
./'01 

RseP /NO◊E]\lYQI?∫yªîù~·~k)9|T }¢'É?ŸX¥´ãµ
/z{{g?+ûgNO◊E]\lYQ/ÌhÑÖQyëÉíìfî/ïGñyóò6Ø
Rùû~â�+/‘åa?Àº'Ω|ÇÜwxæø|Ö†°¢z{âÜ6?ïGñ6ØRù
ûÜjk/wxI4M™|¿°)9aI&•h©ké¢°Ü£6∂ú¡ùû¢°~â�}
fÑé¢?Äü?ïGñy¨}fÖQ/ëÉíå/äãåy¶}hß®¢°h£6a?RseP

ŒNO◊E]\lYQ/Àöyi©™|qrâÜ£6Ñôö|kÜ6∑∏ùû~â�i|?
I¬´Œ‚„^´kØ/≥√´Ñ∂ò RseP/NO◊E]\lYQI?b´¨≠Æ|Óƒâ
Ü£6∂EFùû¢°Ü£6{g?≥√´/NO◊E]\lYQ|i©™|A=âÜqr
sI?∞≈/¨≠Æ±≤∆6}¢˜=a•ÜôöõÑ÷É~â�ùg|I?Äü?ïGñ|
«r}¢?#-[Y„]G⁄kØ?»/d’áàH◊ÿŸG⁄/§•yß®¢°h£6a?Ÿ
F∞±V≤G≥ŒÑ-kØ?ù~·~k≥…/µÆÀw/KnŒ∞fk±≤≥/¥µ|ò
kÑÜ£6∂∑∏ùû~â� 

 
!"2 

π-.I?,- ?AMEDÀ∆fi™ÃÕŒÖœH^\ñ8–G;—“¿PDIS«? AMEDÀ
∆fi”‘ÕŒ™ÃÖœH^\ñ8–G;¿BINDS«?AMED )*,'œÀ∆-.™ÃÖœ—
“¿BINDS Phase II«?’÷◊ÿ?ŸZÿ^Z≥i‰Â-.Ÿ?µo-.:/™Ãy⁄ê¢õ
Zùû~}f� 

 
3456 

]VñF€ Mechanistic insights into intramembrane proteolysis by E. coli site-2 protease 

homolog RseP 

‹›€ Imaizumi Y, Takanuki K, Miyake T, Takemoto M, Hirata K, Hirose M, Oi R, Kobayashi T, 

Miyoshi K, Aruga R, Yokoyama T, Katagiri S, Matsuura H, Iwasaki K, Kato T, Kaneko MK, Kato 

Y, Tajiri M, Akashi S, Nureki O, Hizukuri Y, Akiyama Y, Nogi T. 

æøfifl€ Science Advances 

DOI€ 10.1126/sciadv.abp9011 

 

%"

!
ÈîÚ À`I<ÇÌÿlde0={Qíìπ5!
IJRKL<MNOP<ÇlàâIäãålVPÍéÌÿ"##élO7TRíìyèä±øÄöbÜd
ëzÌç$|l={Qy~�|ëá!
!
!

!
ÈÀÚ`Ia EÊ„Âø 12XemOK:RâõÄìºÇê!
ìºl∆ºåy˘Ä12XÜæÄ EÊ„Âø yemOK:R|ëíìcdNRÎ7TwDEÊ„Âø à˙´â
Bk|}®ÄíìHb©ï}dii ®ìºâùªëá!
! !

!"#$%&'()

*+,-./0#
123456

789:/;#
<=>?@A

!"#$%& '()*+
,-./0"

!"#$%&

!"#$%& '()*+
,-./0"

'"#$%&

104



Press Release !
!

3 

|}~}f�£ûg/IªI?PDZ-N?C%ÅV\Œ PCT-H2?TM4Ñ?ÖQy@õeà|
ëÉíìfî|¥£}?ïGñ6}¢§hôöõÑ›°£6yú}¢°~â�~f?PCT-H2

/.©|Çé¢ÖQ/ëÉíå|©§Ñ••f RseP.©v/e|I?PDZ-C%ÅV\/ã
áÑ.MâÜ∂/Ñ÷Ü£6∂¶ìßT®n3{gúùû~}f�£/IªI?ïGñyw
∫âÜ%ÅV\`©/lmA=|Çé¢ÖQ/ëÉíåÑÃÕùûÜ£6y™óâÜ∂/
aâ�ùg|?£/ïGñÑ¥£âÜ}|I?PCT-H2 6 TM4 Ñ 446 qr/ŸZl^o\
´pÖy¨}¢≠¶™|lmA=}¢‘Æ|ûh£6∂ØRùû~}f�õ}|?£/ŸZ
l^o\´pÖ/.©|ÇÉ@õÑ&•hxyâÜ£6∂úùû?PCT-H2 6 TM4 /lm
A=ÑcÈa÷Ü£6Ñü{îgû~}f� 

ŸF∞±V≤G≥ŒÑ-|Ó€Üd’áàH◊ÿŸG⁄a÷Ü #-[Y„]G⁄|∂?ï
Gñy¨}¢ÖQ6kÜd]\lYQyëÉíìäãåŒd/eaÖQye•fg}¢u
RâÜäãåÑ÷Ü£6Ñm{é¢°~â�ÄÅ/ RsePŒ KkRseP6qrs/tuv/w
xn3|Çé¢?ŸX¥´ãµŒáà∂˜/∑∏ÀwÑ©kÜ RseP 6 #-[Y„]G⁄Ñ?
π§|ÇhDfäãåaÖQ/ëÉíåŒáàyÃÕ}¢°Ü£6Ñúùû~}f� 

 
789):;<= RseP >?@AB;<=CDEFGHIJKL7KkRseP9C X MNOPQRSTUVW

XYZ[LC\]^_>`aCEbcd$

Press Release !
!

4 

RseP> KkRsePCPQefgPDZ-NgChijIgPCT-H2gTM4Cklm)nopq]gKkRsePefN

OCres]tuvC wxyz{| }~C TM4 mg�ArÄCÅoÇÉ]^ÑeÖZdRseP m[L>qZÜ

HIJKLá�ArÄà>\]^âäÇãgPDZ-NgChijIå PCT-H2gTM4áçéèCêuÇëíì

Z>îïUYZdñógòCçéèCëíCäÇfgTM4> PCT-H2áôöõúJùûIü†[7D9m°

¢q£§á•u>îïUYZd¶ßj®I7Zn9mNtìZ�ArÄÇ\]^ñYó[LfgÜ©™´Ç

¨Z !-≠éèÇÆnØ∞XYgyz{| åDEFGHIJKLm±≤≥¥µ∂¥ÖZõúJùûI†[7N9

Çê∂¥∑WXY¥g`aXYZ>VWXYZd$

 
./'01 

RseP /NO◊E]\lYQI?∫yªîù~·~k)9|T }¢'É?ŸX¥´ãµ
/z{{g?+ûgNO◊E]\lYQ/ÌhÑÖQyëÉíìfî/ïGñyóò6Ø
Rùû~â�+/‘åa?Àº'Ω|ÇÜwxæø|Ö†°¢z{âÜ6?ïGñ6ØRù
ûÜjk/wxI4M™|¿°)9aI&•h©ké¢°Ü£6∂ú¡ùû¢°~â�}
fÑé¢?Äü?ïGñy¨}fÖQ/ëÉíå/äãåy¶}hß®¢°h£6a?RseP

ŒNO◊E]\lYQ/Àöyi©™|qrâÜ£6Ñôö|kÜ6∑∏ùû~â�i|?
I¬´Œ‚„^´kØ/≥√´Ñ∂ò RseP/NO◊E]\lYQI?b´¨≠Æ|Óƒâ
Ü£6∂EFùû¢°Ü£6{g?≥√´/NO◊E]\lYQ|i©™|A=âÜqr
sI?∞≈/¨≠Æ±≤∆6}¢˜=a•ÜôöõÑ÷É~â�ùg|I?Äü?ïGñ|
«r}¢?#-[Y„]G⁄kØ?»/d’áàH◊ÿŸG⁄/§•yß®¢°h£6a?Ÿ
F∞±V≤G≥ŒÑ-kØ?ù~·~k≥…/µÆÀw/KnŒ∞fk±≤≥/¥µ|ò
kÑÜ£6∂∑∏ùû~â� 

 
!"2 

π-.I?,- ?AMEDÀ∆fi™ÃÕŒÖœH^\ñ8–G;—“¿PDIS«? AMEDÀ
∆fi”‘ÕŒ™ÃÖœH^\ñ8–G;¿BINDS«?AMED )*,'œÀ∆-.™ÃÖœ—
“¿BINDS Phase II«?’÷◊ÿ?ŸZÿ^Z≥i‰Â-.Ÿ?µo-.:/™Ãy⁄ê¢õ
Zùû~}f� 

 
3456 

]VñF€ Mechanistic insights into intramembrane proteolysis by E. coli site-2 protease 

homolog RseP 

‹›€ Imaizumi Y, Takanuki K, Miyake T, Takemoto M, Hirata K, Hirose M, Oi R, Kobayashi T, 

Miyoshi K, Aruga R, Yokoyama T, Katagiri S, Matsuura H, Iwasaki K, Kato T, Kaneko MK, Kato 

Y, Tajiri M, Akashi S, Nureki O, Hizukuri Y, Akiyama Y, Nogi T. 

æøfifl€ Science Advances 

DOI€ 10.1126/sciadv.abp9011 

 

Press Release !
!

5 

!"78 

"#$%&' &'()*+,'-., 

345! 0! 12 

45! z‡! ·ì 

78&' +)9'-.: 

! 45! ;<! => 

! D4! @A! BC 

J7&' &'(K'L-., 

! 45! ‚∆! K 

KM'-.: WXY,'-.[\]G 

! „‰ÕÂ! CÊ! Á) 

&N&' OPQ-.: 

! 45! ˛Ë! ÈÍ 

i‰-.Î¿§Ï«! ÌÓ! Ôª 

RS&' )TUVWXYZ-.[\]G 

45! Ò! Ú± 

J^&' &'(+'L-., 

! 45! ˛Ë! Û∫ 

 
9:;< 
!1! 7vŸ89:ÿ9G/0˙Zÿ;¿PA]E˙Zÿ;«€ 

‹ñLMÙ%H^:\/Ômãµa÷Ü PA]E6^\ñLM/O¥Y◊GWF NZ-17v
y<=}f/0˙Zÿ;�12ŸX¥´pÖ{gkÜ PA]Eyıu}f]\lYQy?NZ-

17v6/π§|›°ˆ2õy<=}¢›>?|/0âÜ�PA]EIFGHh/wxaNZ-

17v6IuâÜiõÑ÷Ü£6{g?r™/]\lYQ/˜‘|ıuâÜèêakh?F
GHjkkØ|¯óâÜ£6∂ôöa÷Ü� 

 
!2! XPIJn3€ 

IJM}f9Q| X Py˘X}¢Å_l]G\yn3}?%vwxyQRâÜ-.d≥�
¶ì˙?≤\H|Ö†°¢mìO`Fyw˚âÜ£6a?√ì√/Iu¸˝ŒIu˛|Ó
âÜ/˙kòEÑagûÜ�]\lYQ/Ç”kˇ&kmìŒ+/tuv|∂!=ôök
-.d≥a÷Ü� 

 
!3! &VWXYZ[ SPring-8/K-]Gï\ñ]\lY]G;^V\ BL32XU€ 

&VWXYZ[SPring-8|[áùûf)v›mìXPIJwxn3=]G;^V\/‘ò�
10 µm "y/TUIJ{g/#PÅ_`G]/$%yôö|âÜfî|?›8^\YZ/
#P]G;y 1 µm "y|%Ya•ÜÇ”|[&ùû¢°Ü�2010 ƒ|'G(G<=Ñ¥

&"

! 6789! !
¸ÍH!g12Xwx!
de0yCñ�Ä={Qtuyv˘ë–âd̨ ltul»Ü‚l˚¸à12XyNT˝|}®ÄlÌy
wx�Äöbáde0¶âcd12Xl<¢y∏Ò�Ä˚¸ide0C£y˛çë˘l˚¸ù‚d±ô
˙ôùhil˚¸àæÄlÜd={Q tuljÇTˇiùû±≤ë ¥{Q tuy¨bâ|}d12X˚
¸ywx�Äq«àæÄá!

¸^H!óò7ô⁄ö!
de0¶lí!l={QtuàÉùÄöbáde0y^QmÎcç†ç≤"ìIpÜcd^/l#ºì
à.∫l={QtuÜæÄbc$ÿù®ë˘dde0¬4lœâÍçl}%àÍçl&‘âv∞±≤ù
®öbàæÄáôëdÍéG¶lIp'(Ìÿ ={Q y~�|ë}⁄âcdíì)bâ ={Q tuà*
ú+köàæÄáóò7ô⁄öàl®öbcdde0={Qtuà∫Ö3âv∞±≤ëöby,-�Äá!

¸îH!≤/≥¥{Qµ∂5D¥{Q‰ 5H!
BkylH±øë®12Xb.∫l&‘tuy&�Ä≤/≥¥{Qy[\Zˆ˜â⁄˝�Äöbâõª
}d˛l12XlBkàüÉ3â∑∏±≤Ä¢byz{|ë12XBk¬45á!

!
! "#:;! !
/9:cd)/4?@A.=49:/Yñ01!‘’9:D2H… À`Iaàqr89:;9:<u¡
hâŸ⁄�Äˆ˜üÉ3[\ÿ8‹Mw34l¬4ÃD9:/56 '°7#†%8#d9:fl9Ú"#'°:"#"# $
ÆHdü;9:<=>/…`Ialfl®”|‡`Iy˘Äˆ˜?@3KAÎT8PŸ⁄BXl.∞bU{
BCl¬√ÃD9:/56 "'E'#°¶(d9:fl9Ú"#"':"#"" $ÆHdEFG ±#àé…Iìâ≥éÄDE
XlBkb∏ÒDDEXHÃ˚¸D‹MRÎ56 EFñEF¥'¶G%d9:fl9Ú"#'¶H"#"" $ÆHdIÀ=4
J=49:/Yñ014?ÇK˚¸9:…4?9:LM‘’NñÃOƒde0¬49:ØƒœMmÎˇP
T0lLMâõ¥nQ±≤ô|ëá!
!
! <=>?! !
Rá! ST!UA„BEVFEÂ„DE! ?EWÏEÂS‰ÂF! CÂCBø?‰?! CÂX! @>„Á„S„B! Y„>! ¥{Q! ‰ÂÁE>YE>EÂSE! „Y! ÁAE!

EÂX„@C>C?‰Á„‰X!ZC?@!Q?„ÊC>C!RC@„Â‰SC!
! D À`IaIJRKL<MNOP<Çlgde0tu¬4b¥{Qµ∂5œ7ÎNwH!
R[.ST!7CD‰øCDCü!GC‚ÏD‰D¶\!]^d7834!I_Û`=49:=!abcdDefHHdFA‰DCXCV

{‰ZCü!gÏ‚„DUVV[\!WXd7834!IJKLMNOP9:QRST!YZHdGCÂC‚Cü!
G‰>„øÏ‚‰DV»!Whdij¿134!I_≈¿4k!9:<Hd7CÁCøCDCü!ñ‰ÂCD‰Dl\!m
nd7834!I_Û`=49:=!obcdDefHHd7ÏZCÊC>Cü!GC‚Cø„?A‰Dpq!rsd
7834!I_Û`4π!Ip4©DefHHdñ„>‰ü!G‰Á„ACDt!∫ud7834!≈¿f*I
_4?kZI_§•=49:π!Ip440œ7‹M0!obcdHd7ÏÂ‰A‰?Cü!Q‚C>‰Dvw!
xyd7834!I_Û`4π!Ip4©DefHHdzÁ„Aü!GC‚EA‰‚„D{|!}~dij¿1
34!I_≈¿4k!Z_HdG„ø„XCü!QÁ?Ï?A‰D�V!Äd121249:%!üÅZ_Hd{‰ZCü!
¥øÏ?Ï‚ED[\!]^d7834!IJKLMNOP9:QRST!Z_H!

RÇÉÑT!={Q!¥E?EC>SA!
RÇÉ)T!"#"" $ %& '# )!
R=ÖzT! '#õ'#¶ïÜXÂC>E?ÜX?CS#'¶!

! !

105



Press Release !
!

4 

RseP> KkRsePCPQefgPDZ-NgChijIgPCT-H2gTM4Cklm)nopq]gKkRsePefN

OCres]tuvC wxyz{| }~C TM4 mg�ArÄCÅoÇÉ]^ÑeÖZdRseP m[L>qZÜ

HIJKLá�ArÄà>\]^âäÇãgPDZ-NgChijIå PCT-H2gTM4áçéèCêuÇëíì

Z>îïUYZdñógòCçéèCëíCäÇfgTM4> PCT-H2áôöõúJùûIü†[7D9m°

¢q£§á•u>îïUYZd¶ßj®I7Zn9mNtìZ�ArÄÇ\]^ñYó[LfgÜ©™´Ç

¨Z !-≠éèÇÆnØ∞XYgyz{| åDEFGHIJKLm±≤≥¥µ∂¥ÖZõúJùûI†[7N9

Çê∂¥∑WXY¥g`aXYZ>VWXYZd$

 
./'01 

RseP /NO◊E]\lYQI?∫yªîù~·~k)9|T }¢'É?ŸX¥´ãµ
/z{{g?+ûgNO◊E]\lYQ/ÌhÑÖQyëÉíìfî/ïGñyóò6Ø
Rùû~â�+/‘åa?Àº'Ω|ÇÜwxæø|Ö†°¢z{âÜ6?ïGñ6ØRù
ûÜjk/wxI4M™|¿°)9aI&•h©ké¢°Ü£6∂ú¡ùû¢°~â�}
fÑé¢?Äü?ïGñy¨}fÖQ/ëÉíå/äãåy¶}hß®¢°h£6a?RseP

ŒNO◊E]\lYQ/Àöyi©™|qrâÜ£6Ñôö|kÜ6∑∏ùû~â�i|?
I¬´Œ‚„^´kØ/≥√´Ñ∂ò RseP/NO◊E]\lYQI?b´¨≠Æ|Óƒâ
Ü£6∂EFùû¢°Ü£6{g?≥√´/NO◊E]\lYQ|i©™|A=âÜqr
sI?∞≈/¨≠Æ±≤∆6}¢˜=a•ÜôöõÑ÷É~â�ùg|I?Äü?ïGñ|
«r}¢?#-[Y„]G⁄kØ?»/d’áàH◊ÿŸG⁄/§•yß®¢°h£6a?Ÿ
F∞±V≤G≥ŒÑ-kØ?ù~·~k≥…/µÆÀw/KnŒ∞fk±≤≥/¥µ|ò
kÑÜ£6∂∑∏ùû~â� 

 
!"2 

π-.I?,- ?AMEDÀ∆fi™ÃÕŒÖœH^\ñ8–G;—“¿PDIS«? AMEDÀ
∆fi”‘ÕŒ™ÃÖœH^\ñ8–G;¿BINDS«?AMED )*,'œÀ∆-.™ÃÖœ—
“¿BINDS Phase II«?’÷◊ÿ?ŸZÿ^Z≥i‰Â-.Ÿ?µo-.:/™Ãy⁄ê¢õ
Zùû~}f� 

 
3456 

]VñF€ Mechanistic insights into intramembrane proteolysis by E. coli site-2 protease 

homolog RseP 

‹›€ Imaizumi Y, Takanuki K, Miyake T, Takemoto M, Hirata K, Hirose M, Oi R, Kobayashi T, 

Miyoshi K, Aruga R, Yokoyama T, Katagiri S, Matsuura H, Iwasaki K, Kato T, Kaneko MK, Kato 

Y, Tajiri M, Akashi S, Nureki O, Hizukuri Y, Akiyama Y, Nogi T. 

æøfifl€ Science Advances 

DOI€ 10.1126/sciadv.abp9011 

 

Press Release !
!

5 

!"78 

"#$%&' &'()*+,'-., 

345! 0! 12 

45! z‡! ·ì 

78&' +)9'-.: 

! 45! ;<! => 

! D4! @A! BC 

J7&' &'(K'L-., 

! 45! ‚∆! K 

KM'-.: WXY,'-.[\]G 

! „‰ÕÂ! CÊ! Á) 

&N&' OPQ-.: 

! 45! ˛Ë! ÈÍ 

i‰-.Î¿§Ï«! ÌÓ! Ôª 

RS&' )TUVWXYZ-.[\]G 

45! Ò! Ú± 

J^&' &'(+'L-., 

! 45! ˛Ë! Û∫ 

 
9:;< 
!1! 7vŸ89:ÿ9G/0˙Zÿ;¿PA]E˙Zÿ;«€ 

‹ñLMÙ%H^:\/Ômãµa÷Ü PA]E6^\ñLM/O¥Y◊GWF NZ-17v
y<=}f/0˙Zÿ;�12ŸX¥´pÖ{gkÜ PA]Eyıu}f]\lYQy?NZ-

17v6/π§|›°ˆ2õy<=}¢›>?|/0âÜ�PA]EIFGHh/wxaNZ-

17v6IuâÜiõÑ÷Ü£6{g?r™/]\lYQ/˜‘|ıuâÜèêakh?F
GHjkkØ|¯óâÜ£6∂ôöa÷Ü� 

 
!2! XPIJn3€ 

IJM}f9Q| X Py˘X}¢Å_l]G\yn3}?%vwxyQRâÜ-.d≥�
¶ì˙?≤\H|Ö†°¢mìO`Fyw˚âÜ£6a?√ì√/Iu¸˝ŒIu˛|Ó
âÜ/˙kòEÑagûÜ�]\lYQ/Ç”kˇ&kmìŒ+/tuv|∂!=ôök
-.d≥a÷Ü� 

 
!3! &VWXYZ[ SPring-8/K-]Gï\ñ]\lY]G;^V\ BL32XU€ 

&VWXYZ[SPring-8|[áùûf)v›mìXPIJwxn3=]G;^V\/‘ò�
10 µm "y/TUIJ{g/#PÅ_`G]/$%yôö|âÜfî|?›8^\YZ/
#P]G;y 1 µm "y|%Ya•ÜÇ”|[&ùû¢°Ü�2010 ƒ|'G(G<=Ñ¥

'"

! @ABCD! !
R9:â,�ÄöbT!
UV!WXD|ôŒ!áúöH!
7834!IJKLMNOP9:QRST!YZ!
à¥âä!AÁÁ@?äÜÜ?‰ÁE?õF„„FBEõS„DÜã‰EZÜøÏ‚„?A‰DCXCÜ!
!
RìåZ*+â,�ÄöbT!
7834ç*é!
Gèâä!#"¶V°†ïV"#(#!
èVDC‰Bä!‚„A„?‰ÁÏêÏÂõÁ?Ï‚ÏÊCõCSõR@!
!
=4>?@ABC!ç*c!
GèâÚ#ïV†"'(V°(#(! ! ! ëQíÚ#ïV†"'(V°(ï"!
èVDC‰BÚR?Á‚„A„êR?ÁõF„õR@!
!
REFG01â,�Ä–ìOT!
=4>?@ABC!∑∏9:ØƒÀ!MLˇLeYT89R‹wTœ!
˛V!îXDi�Œ!ïçöH!
GèâÚ#ïVï†'"Vï†"%! ! ! ëQíÚ#ïVï"""V"#%(!
èVDC‰BÚ@>E?Á„êR?ÁõF„õR@!
!
!

106



Press Release !
!

6 

)ùû¢"*?⁄+vŒñ^\ZÙG]GkØ?ÏÌh/d]\lYQ/IJwxÑQRù
û¢•f� 

 
!4! M'ôöõú€ 

]\lYQ/iR/,öÖy-∆|ÇÉM'™|ôöâÜ£6a?+/Àöy.Mù,f
É?wxòEy.åëÜõúd≥�π-.aI?�/| SHÖy∂ò˙ZÿV\pÖyiR
/Üá|¢ó}f RseP.©vyLù™|A0}?)•fbceaµÍù,?0V~ŒõQ
/©kÜ SHÖôö-∆|ÇÉ˙ZÿV\pÖÑôöùûÜ?u°yß®Ü£6a?bcd
|ãåí~ûfhi/ RseP|'êÜ1%ÅV\/ãáyØø}f� 

 

 

 
2'3°u€,”4 
"#$%&'! 5E6*! 78‘9: 

Tel€045-787-2414! koho@yokohama-cu.ac.jp 

 
78&'! ;<Ô5E6! =}5E> 

Tel€075-753-5729! comms@mail2.adm.kyoto-u.ac.jp 

 
J7&'! &'(K'L-.,œK'Ô! 5E> 

Tel€03-5841-8856! kouhou.s@gs.mail.u-tokyo.ac.jp 

 
KM'-.:! 5E>! E?&@ 

ex-press@riken.jp 

 
&N&'! OPQ-.:! 5E> 

Tel€06-6879-4317! kouhou@protein.osaka-u.ac.jp 

 
RS&'! 5EA 

Tel€029-853-2040! kohositu@un.tsukuba.ac.jp 

 
J^&'! &'(+'L-.,œ+'Ô! 5E> 

Tel€022-717-8032! press@pr.med.tohoku.ac.jp 

!

!

!

"#$%&'()&*!

!

+,-.! /0!

!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 123456! 7834!

123456! 9:34!

!

!"#$%&'()*+,-./0123

!"#$%&'()*+,-./01234567!!

!

"#$%&'!
!! ()*+,-./0123456789:-;<3=,./0126>?*@AB
C,DEFGHIBJBKL!

!! 12MN&OPQRST "#$%&#'()U-./012GVWX*YZB-/[\]^_
G`abTKc*de8f%gP5RSTEFGhij*BJBKL!

!! ./0123klmnU-op*qrBKstu3vwxyz{|3}~ji01
2G�ÄbTÅÇGÉKbEF6;jÑJBKL!

!
"ÖeÜh'!
áàâäãåçéèäêëíì"*+,-.'3îïñóòôöõúù-ûüâä]†

°$¢£PQêë§%f•3¶ß®©úùi3êë™´•¨U-12MN&OPQ

"#$%&#'() 6-./012≠Æ3klmnGìØbTEFR-/[3opG∞±≤*8
T≥ò3¥µRSTEFG∂hBJBKLàêë∑ÉU-opBK./012xmn

≥òG∏XFBK/[3opπ∞∫`aª3yºuFµ86TEF6WΩæ:JbL!
!
/[U-MX∫øXQ&¿QG¡*¬√86iƒ-≈∆*w«B-»…G ÀbT

_GZµ¿ÃOÕ%Q3Œ,œ–3¥µRb6-()FFƒ*>?*—3^_G“”

BC,‘JbLîïiU-ç’êë*÷,C-./012*U-;<3=,◊ÿ-Ÿ

,◊ÿ3—:⁄:6†€bTEFGHIB-./012*;<‹›¥46STEFG

fiflBC‘JBKLàêëRU-‡µ3./0123◊ÿ·‚%QG„‰mn≥òF

BC12MN&OPQRST "#$%&#'()6ÂeRSTEFGIºBJBKL!
!

! àêë3∑ÉU-/-01!+234567Ê* 8988Á :9Ë 8;È :<Í"ÈàÍÎ'*Ï%‚
$%ÌÓæ:JbL!
!
ÔàêëU-ÈàèêëÓHíì3ÒÚXçéêëÓHÛÙıˆ"=-/>(

?+*-/˜@?!"#$%""&&"%'-¯˘˙ä˚˙äêë¸˝∑ıˆ"89A9B8CC-89D88CE<-
:)A9ECB:-:CA9CCC9'˛3ÛÙG¬√Cˇ!BJBKL!

107



Press Release !
!

6 

)ùû¢"*?⁄+vŒñ^\ZÙG]GkØ?ÏÌh/d]\lYQ/IJwxÑQRù
û¢•f� 

 
!4! M'ôöõú€ 

]\lYQ/iR/,öÖy-∆|ÇÉM'™|ôöâÜ£6a?+/Àöy.Mù,f
É?wxòEy.åëÜõúd≥�π-.aI?�/| SHÖy∂ò˙ZÿV\pÖyiR
/Üá|¢ó}f RseP.©vyLù™|A0}?)•fbceaµÍù,?0V~ŒõQ
/©kÜ SHÖôö-∆|ÇÉ˙ZÿV\pÖÑôöùûÜ?u°yß®Ü£6a?bcd
|ãåí~ûfhi/ RseP|'êÜ1%ÅV\/ãáyØø}f� 

 

 

 
2'3°u€,”4 
"#$%&'! 5E6*! 78‘9: 

Tel€045-787-2414! koho@yokohama-cu.ac.jp 

 
78&'! ;<Ô5E6! =}5E> 

Tel€075-753-5729! comms@mail2.adm.kyoto-u.ac.jp 

 
J7&'! &'(K'L-.,œK'Ô! 5E> 

Tel€03-5841-8856! kouhou.s@gs.mail.u-tokyo.ac.jp 

 
KM'-.:! 5E>! E?&@ 

ex-press@riken.jp 

 
&N&'! OPQ-.:! 5E> 

Tel€06-6879-4317! kouhou@protein.osaka-u.ac.jp 

 
RS&'! 5EA 

Tel€029-853-2040! kohositu@un.tsukuba.ac.jp 

 
J^&'! &'(+'L-.,œ+'Ô! 5E> 

Tel€022-717-8032! press@pr.med.tohoku.ac.jp 

!

!

!

"#$%&'()&*!

!

+,-.! /0!

!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 123456! 7834!

123456! 9:34!

!

!"#$%&'()*+,-./0123

!"#$%&'()*+,-./01234567!!

!

"#$%&'!
!! ()*+,-./0123456789:-;<3=,./0126>?*@AB
C,DEFGHIBJBKL!

!! 12MN&OPQRST "#$%&#'()U-./012GVWX*YZB-/[\]^_
G`abTKc*de8f%gP5RSTEFGhij*BJBKL!

!! ./0123klmnU-op*qrBKstu3vwxyz{|3}~ji01
2G�ÄbTÅÇGÉKbEF6;jÑJBKL!

!
"ÖeÜh'!
áàâäãåçéèäêëíì"*+,-.'3îïñóòôöõúù-ûüâä]†

°$¢£PQêë§%f•3¶ß®©úùi3êë™´•¨U-12MN&OPQ

"#$%&#'() 6-./012≠Æ3klmnGìØbTEFR-/[3opG∞±≤*8
T≥ò3¥µRSTEFG∂hBJBKLàêë∑ÉU-opBK./012xmn

≥òG∏XFBK/[3opπ∞∫`aª3yºuFµ86TEF6WΩæ:JbL!
!
/[U-MX∫øXQ&¿QG¡*¬√86iƒ-≈∆*w«B-»…G ÀbT

_GZµ¿ÃOÕ%Q3Œ,œ–3¥µRb6-()FFƒ*>?*—3^_G“”

BC,‘JbLîïiU-ç’êë*÷,C-./012*U-;<3=,◊ÿ-Ÿ

,◊ÿ3—:⁄:6†€bTEFGHIB-./012*;<‹›¥46STEFG

fiflBC‘JBKLàêëRU-‡µ3./0123◊ÿ·‚%QG„‰mn≥òF

BC12MN&OPQRST "#$%&#'()6ÂeRSTEFGIºBJBKL!
!

! àêë3∑ÉU-/-01!+234567Ê* 8988Á :9Ë 8;È :<Í"ÈàÍÎ'*Ï%‚
$%ÌÓæ:JbL!
!
ÔàêëU-ÈàèêëÓHíì3ÒÚXçéêëÓHÛÙıˆ"=-/>(

?+*-/˜@?!"#$%""&&"%'-¯˘˙ä˚˙äêë¸˝∑ıˆ"89A9B8CC-89D88CE<-
:)A9ECB:-:CA9CCC9'˛3ÛÙG¬√Cˇ!BJBKL!

F"#G!
$K%]&3'3(ƒ.)**+bT/[U-M,F3$%f•-.$QFBCU

Ki‘-/0x1&323ji'øG�ÄbTÅ4GÉKBJbL/[3·O5í^

U()FFƒ*67B-/0*8D8Ñ-9:xst6;EÑxbD8ÑJbL/[

U-Œ,\]^GZµœ–3¥µRb6-yz{|^_U()FFƒ*67BJbL

/[U-()3<=6M>*ƒ?:xb,EFji-¥@X*ƒop*A,qB6Z

K:C,JbL!
E3C‰8/[3\]∫ À_"¿ÃOÕ%Q!"#'GÛDTEBXÅ4GÉKb

36»…012!$#RbL»…012U-]F*9KGCHIJKF;p123L]

G’‰12R-»…3M¡X8f•%Ï•·•x7zNÀ*UKi‘JbL¥O-(

)*+,»…0123í^667bT?PUQQR§´Õ$Ã%™!%#FBCSi:-

/[-TU-VW-XY0128ZGEBFBCqr[\6]DC,JbL!
^_3012`a´RU-»…012U;<bcG6DbTEFR-;<*+‰Q

&¿QxopG dBC,TFeDi:C‘JBKL—‰BKER-îïiUE:J

R*-NfQ./RU;<bc36,12g√R8D-hH*;<bT12ƒ012

FBCUKiDEFGIºBJBKLBjB-./0123;<bc3i,*CÑo

p3Qj•k618T3j-Z3C‰8≥ò6—3`a*q9T3jU‹hRBKL!
!
Fêë3ølF∑ÉG!
àêëRU-m7*nbF÷Ñ-‚$-o•QGpqKVWX812rs∂t!&#

x&‚%QPO¨&•R∂t!'#G’,-()*+‰./012uv3wp*q9T

;òxyz{R3¥éG∂hBJBKL!
!
!"#$%&'()*+,-./012345678#

|c*-NfQ3}›~�RST‡ÁÎ*9KT12rs∂tG’GKFEÄ-(

)FFƒ*;<bc3Œ,./0126>?*”9:TEFGHIBJBKLÅ)/

[*÷,CU-;<bc318T./0123ñ◊ÿUŒc*ÇÉpB-Ñ,3ÖÜ

u3áuUàâ;EÑJäã6-Œ)/[RUn,GJK±På•%6>çæ:JB

KLE3C‰8012¿é´R3wpF¥èBC-;<bc318T./012◊ÿ

6êÑºb»…3ÖÜpgf•%6ë:C,TEF6;jÑJBKLæi* +H=í•
PÕ%Q∂t*CGC-;<bc318T./012◊ÿ*ôì3;òwpGIºB

JBKLÅ)3./012RUî`æ:C,T./;pxïñó∑*q9Tòôòö

3H?6-Œ)3./012RU]Aæ:C,TEFji-opBK./012RU

õ;púv3YZx12*ùì35$a%QûQû6789:C,Tü^46n†æ

:JBKL!
!
9"#./0123$%6:;<-12=>?@A) BCDEFCGHI 3JK#

°*-()*+,H?6wpbTòôòö3Eji/[*÷√Tí^6õSRSG

K12MN&OPQ!(#"#$%&#'()*¢ÇBJBKLI#$%&#'()G£7BKNfQRU-;
<bc3Œ,./012På•%3@A6§•bTFFƒ*-yz{|6Ÿ¶bT8

Z-op/[ß3.?®GnbEF6;jÑJBKLI#$%&#'() 6VWX*./012

108



!
!"

!
!
!

!"!! # $! % !! &'
()*+,-.'

/012345612'
/0789:34/0;<=>78?@AB'

'
!"#$%&'()*+,-)./012345678

9!":;<:=>&?@ABCD98
!

!"#$%&'()*+,-./!"$)0123()4#5601789:;<./=>?@'$
)56;<ABCDEF*GHIJKJL!"MNOMPQRST./U82VWXYZJ.[\]\H
!"^_#`a8L/bc$de-'!"#$f#g2hiL/*Rjk/HBCDEF#lm89no
pq,GUXJrsW]RIXYZJtur\v[wxyrGHz{@|}~�Ä'kÅIÇ*NOÉ
+ÑZYH!Ö2Üá\vàâRäÅY�Äãåäçéèêf#|}~2^_./=>?@+ëíì
î\J\v[UXJrïñWXYZvèd2óò#ôörGLiHõé$g#!"$)012bc$
de-RúT./U8+ùZû\J\v[IWRH!"$)01#eü+†°\vJJ BCDEF 2c
¢/£§•ã9¶L$)56;<ß®©™´¨≠™Æ®BCDEFØ2^_RS∞/U8+sW]R\J\v[®
U#9n±≤≥¥µ+sW]R./v∂R∑∏}~$)01+ÑZYH!ÖÜá+π∫\vªºΩ
æø2H¿!¡01z¬≤¬r√/ƒ≈∆« »£+…ÅYBCDEF+ À./U8® Ã01Õ015#Œ
œ+†°./–—“2H©™´¨≠™Æ®BCDEF#opR”‘r√/U8+’÷á∂J\v[®
wxyRäçH!"^_#`a8L/bc$d#◊ÿ2!"$)01r√/U8HIWR$)01
# BCDEF 2!"^_í#!"MNOMPQRúT./U82sW]RLçJ\v[Ÿ⁄H©™´¨≠™Æ®
BCDEF#€0L±≤≥¥µ+‹s./U8RäçHBCDEF+›¶8\vH!"^_#bvLfifl‡
·»RÇL2/8‚„IXJ.[®

!
' 78CD,' '
"#$%&'()*+,-./0123!
45!67! 89:;<=>?@ABC./0123! DEFGHIJKL! MNO!
PQ!RS! 9:!
!
!

' '

!

!

!

"#$%&'()&*!

!

+,-.! /0!

!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 123456! 7834!

123456! 9:34!

!

!"#$%&'()*+,-./0123

!"#$%&'()*+,-./01234567!!

!

"#$%&'!
!! ()*+,-./0123456789:-;<3=,./0126>?*@AB
C,DEFGHIBJBKL!

!! 12MN&OPQRST "#$%&#'()U-./012GVWX*YZB-/[\]^_
G`abTKc*de8f%gP5RSTEFGhij*BJBKL!

!! ./0123klmnU-op*qrBKstu3vwxyz{|3}~ji01
2G�ÄbTÅÇGÉKbEF6;jÑJBKL!

!
"ÖeÜh'!
áàâäãåçéèäêëíì"*+,-.'3îïñóòôöõúù-ûüâä]†

°$¢£PQêë§%f•3¶ß®©úùi3êë™´•¨U-12MN&OPQ

"#$%&#'() 6-./012≠Æ3klmnGìØbTEFR-/[3opG∞±≤*8
T≥ò3¥µRSTEFG∂hBJBKLàêë∑ÉU-opBK./012xmn

≥òG∏XFBK/[3opπ∞∫`aª3yºuFµ86TEF6WΩæ:JbL!
!
/[U-MX∫øXQ&¿QG¡*¬√86iƒ-≈∆*w«B-»…G ÀbT

_GZµ¿ÃOÕ%Q3Œ,œ–3¥µRb6-()FFƒ*>?*—3^_G“”

BC,‘JbLîïiU-ç’êë*÷,C-./012*U-;<3=,◊ÿ-Ÿ

,◊ÿ3—:⁄:6†€bTEFGHIB-./012*;<‹›¥46STEFG

fiflBC‘JBKLàêëRU-‡µ3./0123◊ÿ·‚%QG„‰mn≥òF

BC12MN&OPQRST "#$%&#'()6ÂeRSTEFGIºBJBKL!
!

! àêë3∑ÉU-/-01!+234567Ê* 8988Á :9Ë 8;È :<Í"ÈàÍÎ'*Ï%‚
$%ÌÓæ:JbL!
!
ÔàêëU-ÈàèêëÓHíì3ÒÚXçéêëÓHÛÙıˆ"=-/>(

?+*-/˜@?!"#$%""&&"%'-¯˘˙ä˚˙äêë¸˝∑ıˆ"89A9B8CC-89D88CE<-
:)A9ECB:-:CA9CCC9'˛3ÛÙG¬√Cˇ!BJBKL!

F"#G!
$K%]&3'3(ƒ.)**+bT/[U-M,F3$%f•-.$QFBCU

Ki‘-/0x1&323ji'øG�ÄbTÅ4GÉKBJbL/[3·O5í^

U()FFƒ*67B-/0*8D8Ñ-9:xst6;EÑxbD8ÑJbL/[

U-Œ,\]^GZµœ–3¥µRb6-yz{|^_U()FFƒ*67BJbL

/[U-()3<=6M>*ƒ?:xb,EFji-¥@X*ƒop*A,qB6Z

K:C,JbL!
E3C‰8/[3\]∫ À_"¿ÃOÕ%Q!"#'GÛDTEBXÅ4GÉKb

36»…012!$#RbL»…012U-]F*9KGCHIJKF;p123L]

G’‰12R-»…3M¡X8f•%Ï•·•x7zNÀ*UKi‘JbL¥O-(

)*+,»…0123í^667bT?PUQQR§´Õ$Ã%™!%#FBCSi:-

/[-TU-VW-XY0128ZGEBFBCqr[\6]DC,JbL!
^_3012`a´RU-»…012U;<bcG6DbTEFR-;<*+‰Q

&¿QxopG dBC,TFeDi:C‘JBKL—‰BKER-îïiUE:J

R*-NfQ./RU;<bc36,12g√R8D-hH*;<bT12ƒ012

FBCUKiDEFGIºBJBKLBjB-./0123;<bc3i,*CÑo

p3Qj•k618T3j-Z3C‰8≥ò6—3`a*q9T3jU‹hRBKL!
!
Fêë3ølF∑ÉG!
àêëRU-m7*nbF÷Ñ-‚$-o•QGpqKVWX812rs∂t!&#

x&‚%QPO¨&•R∂t!'#G’,-()*+‰./012uv3wp*q9T

;òxyz{R3¥éG∂hBJBKL!
!
!"#$%&'()*+,-./012345678#

|c*-NfQ3}›~�RST‡ÁÎ*9KT12rs∂tG’GKFEÄ-(

)FFƒ*;<bc3Œ,./0126>?*”9:TEFGHIBJBKLÅ)/

[*÷,CU-;<bc318T./0123ñ◊ÿUŒc*ÇÉpB-Ñ,3ÖÜ

u3áuUàâ;EÑJäã6-Œ)/[RUn,GJK±På•%6>çæ:JB

KLE3C‰8012¿é´R3wpF¥èBC-;<bc318T./012◊ÿ

6êÑºb»…3ÖÜpgf•%6ë:C,TEF6;jÑJBKLæi* +H=í•
PÕ%Q∂t*CGC-;<bc318T./012◊ÿ*ôì3;òwpGIºB

JBKLÅ)3./012RUî`æ:C,T./;pxïñó∑*q9Tòôòö

3H?6-Œ)3./012RU]Aæ:C,TEFji-opBK./012RU

õ;púv3YZx12*ùì35$a%QûQû6789:C,Tü^46n†æ

:JBKL!
!
9"#./0123$%6:;<-12=>?@A) BCDEFCGHI 3JK#

°*-()*+,H?6wpbTòôòö3Eji/[*÷√Tí^6õSRSG

K12MN&OPQ!(#"#$%&#'()*¢ÇBJBKLI#$%&#'()G£7BKNfQRU-;
<bc3Œ,./012På•%3@A6§•bTFFƒ*-yz{|6Ÿ¶bT8

Z-op/[ß3.?®GnbEF6;jÑJBKLI#$%&#'() 6VWX*./012

GYZbT©»™G´∂bTKc-"#$%&#'() £7NfQ3/[ji¨≠BK./01
2GÆ,C-+H= í•PÕ%QGˇ!BJBKL—3ØÉ-"#$%&#'() £7NfQRU-
∞±fin-≤$&y$%L]8Zstqròôòö3H?6≥¥BC,JBKLmµ

3[\R-/[3stvw3¥˘FBC-./012345G∂∑bTòôòö3H

?1¡6[\æ:C,JBKLE:i3N•y•òôòG∂tbTF-Œ)NfQR

Ii:Tô∏X8;òwpRST./;pN•y•3]A8Z6-"#$%&#'() £7Nf
QRUπ∫)3ªºRΩ*?:C,JBKLµJÑ "#$%&#'() £7NfQRU-;ò¿
é´Rƒ./0123op.?®6(æBC,Tü^46n†æ:JBKL!
!
L"#MCDEFCGHI N12=>?@A)OPQARSTUVW./0123XYZ[6:;<-#

I#$%&#'()3]päX8í^Ghij*bTKc*-"#$%&#'()FØøbTf%gP5G
5-ûzQû•PåN&™‚-û•F5¿;t*CÑ¡∑BKFEÄ-¬√ƒìTf

%gP5-]≈∆«≥ò-N&O§´‚•f%gP5-N&OPQ;∂»…6 J:

C,JBKLI#$%&#'()U¬√ƒìTf%gP5RST ,4&&JK2'! *L8ZFÀÑêÆGn
B-"#$%&#'() £7NfQRU¬√ƒ3‹∂Ã8ÕŒgf•%xH?1¡6]qC,J
BKLE:i3ØÉji-"#$%&#'() U12MN&OPQf%gP5F3&´X8ÀÑ
êÆGpqC-./0123klmnGYZBC,TEF6;jÑJBKL#

(œ*-./0123–—12GÆ,-"#$%&#'() G“”H?æä-./012*�
ÄX8êÆG‘âbü^4*µ,C’÷BJBKLI#$%&#'() G“”H?BK./01
2Uõ;pjµ6;<úvRYZæ:TEF-]≈F;p3`aU "#$%&#'() f%gP
5318Tkx$%*◊†BC,TEF6næ:JBKLæi*-opBK/[3k

lmnGÿŸbTKc-6U⁄JKUstßQ&¿Qmn7R3<=G∆€KFEÄ-

"#$%&#'() U,‹:3›fi*÷,Cƒ-./0123]≈G6DYZbTEF6hij
*8ÑJBKLm≥-"#$%&#'() U./012^_GVWX*YZbTfl∞opN&O
PQ‡FBCUKiDü^46n†æ:JBK"·'L!
!

F‚ÓG!
àêëU-./0123;<bcFopF3q„Ghij*B-—3`a≥òFB

C/[3∞op*êÆbT12MN&OPQ "#$%&#'() x—3Øøf%gP5G¡∑B
JBKLI#$%&#'() G‰BK./0123klmn3`aU-/[3Â4stxyz{
|‹Ê-()4/[ÁË3{∏XFBCìÆ8ÈÍF8Tü^46SÑJbL!

Press Release !
!

1 

 

 

 

 

 

 

 

 

!"#$%&'()*+,-./0123456$ 
7894: 

;!<=>?$@(-ABC$DEFGH; 
 
"#$%&'&'()*+,'-.,/0 12345678&'+)9'-.:/;
< =>45?@A BCD4/EFGHI?J7&'&'(K'L-.,?KM'-.:?
&N&'OPQ-.:?RS&')TUVWXYZ-.[\]G?J^&'+'L-.,6
/_`-.a?bcd/eaIfghijk]\lYQmnop RseP6qrs/tuvw
xyzg{|}~}f� 

ÄÅ/-.|ÇÉ?RseP ÑÖQ6kÜ]\lYQyáàâÜäãå/KnÑç~éfè
êakh?RseP ÑÖQyëÉíìfî/ïGñyóòôöõÑúùû~}f�Äü?%v
wx|Ö†°¢£/ïGñ/§•y¶}hß®¢°h£6a?RseP yi©™|qrâÜ£
6Ñôö|kÉ?b´¨≠ÆkØ/∞fk±≤≥/¥µ|∂òkÑÜ£6Ñ∑∏ùû~â� 
! π-.∫ªI?ºScience AdvancesΩ|æøùû~â�¿¡π¬√ 2022ƒ 8≈ 25¡¿∆«
»… 3¬« 

 
!"#$ 

bcd|T âÜ]\lYQ/Àö/ÃÕŒmnœ–—y“”äãå/‘ò|ºd’]\
lYQáàΩÑ÷É~â�£/d’]\lYQáàI?bcd/eaIfghijk]\l
YQmnop¿d’áàH◊ÿŸG⁄«|Çé¢“€û¢°~â�d’áàH◊ÿŸG⁄I?
‹ñkØ/›fi)9{gflYÿ‡Ÿ~aù~·~k)9|T }?‚„Zÿ◊GF/‰Â
yIÊî6}¢)*/Áó|ËÈkÍÎ|ÏÌhÓ€é¢°~â�d’áàH◊ÿŸG⁄

2022 ! 8 " 23 #$
% & ' ( ) *$
+ , ) *$
- + ) *$
. / * 0 1 2$
) 3 ) *$
4 5 ) *$
- 6 ) *$

!"%&'()*+ 

!! bcd/eaIfghijk]\lYQmnop¿RseP«6qrs/tuvwxy
nz}f� 

!! RsePÑÖQ6kÜd]\lYQyëÉíìfî/ïGñy∂òôöõÑúùûf� 

!! RsePÑ]\lYQyd’ÔaáàâÜÀw/nz|h€?b´¨≠Æ±≤≥/¥
µkØÒ/ÚÛ∂∑∏ùûÜ� 

109



#"

' 78EFG' '
TUVWXYZ[\]^TUW_`abcd_eVfg`ahijklm]^no0-pq^W_f
glm;rstuv=rstwxyz{|}{~xw~uz�zsÄyÅÇ}{!vÉ}s�|x|wsOÑÖTUÜáàÜ1â!"#äãåçéèê
ëíZìîçãïÖñóÖTUòôKöVõúiùçûü†°çå¢]£§•¶ê rstuvÑÖß)®©
)1v™ ~́¨;xÉ}s�≠wÉÇ|sÆ!ÆÉwØxy!≠}ÄxwÉ~∞zx}OV±≤b≥¥k]^µip&∂^∑∏π¶ê∫kªi
ºΩ†°çå¢]bÖ∏π¶êæøiùçVLj¶W_fglm;¿}Éx|}{!rstuvOb¡G¬√ƒäêï
≈^æøiùç∆«†°»…çå¢]£ù ùÖ¿}Éx|}{!rstuvVjÀÃ©ÕŒœä–åçÑ∑—êƒb
“”ÖTUCøhV‘’÷j îçå¢◊ÿ£¢ŸÖTU⁄€Võúiê^‹&W›!$#fifl‡[·Ö‹
&W›‚\„VTUÜáàÜ1â‡[V‰`ä–åçÑÖ†¢Â¢êÊÁb†°çãïÖË§†°ŸÈº
bêåVb<æp]£!
!
' 78HIJKL' '
Í./âÎ3nÑ¢ÏÖÌÓÔVÒ-äÚÛÙıˆZ˜¯ùÖT˘Z˙˚†◊ÖıˆL¸ï˝˛ˇV
⁄€!"L#V‹&W›‚\ä¸^TU⁄€Vno0-Z$„%&ù¢ùŸ£⁄€'(VI) * Ófp
ÑÖTUW_`aäÖfge`aV3©321+,,pq^-~.u/iTUW_`aV3©3pq^
`a01jÀ 2r3/u b4K<]^ii÷äÖT5`a3©3pq^ 3678 bK<ùçå¢ùŸ£⁄
€b9≤»…^I) :;<Óäê^iÖ‹&W›`aäÖ-~.u/i 2r3/uV=>bK<ù¢ùŸ£¢
ŸÖıˆùŸÚÛÙpÑÖv™ ~́¨V±≤b≥¥kùçå^µi ?Örstuvb‹&W›V‚\ä@’ù
çå^∏A¥bB†°¢ùŸ£CäÖ‹&W›`aV9DiTUW_`aiV‘E¥ZFG]^Ÿ…äÖ
TUW_`aeHºIJ-Kœ;Lr~3}tyzÉ|s!M3ty8N~O/3~3Éz%&'(~P.P~r™´2Ò-OZQåçÚÛÙ
ıˆZ¯åÖRSTU†°ŸTUW_`ab⁄€Vno0-pVµäWX]^V ZºIù¢ùŸ£YV
ıZÖ‹&W›`ab r™´2 pTU†°^µi ?ÖTUW_`ab‹&W›ä@’ùçãïÖTU⁄
€Võúpq^µib[”B\†°¢ùŸ£!
†?äÖ&]pVT˘˙˚Ö]ê^_W_`ahV`abæcä¸^deZfg^Ÿ…äÖh®ÛÙW
_`aZQåç`abæøZij]^iÖ3678 K<Zk≈ rstuvbl≤9µ†°^µibj ï¢ù
Ÿ£mnçÖ3678 VoÜ1akpb≥¥q'¶äÖ`a›dV`a01jÀ |sxzÆÉ|s-** VK<ij
iÖ|sxzÆÉ|s!!*!Wú¥rs21+,,pq^ .t/u2vw iVxy]‚\bz!†°^µipÖTUW_
`a{|V01b}~†°Ö¿}Éx|}{!rstuvV�~äéèêëíZìîçå^µiZ—? äù¢ùŸ£
TUW_`aÄÅ¶ê t|≠*-ÇÉÒ-pÑÖ‹&W›‚\bÑÖ†°^µi ?ÖTU⁄€VKöä
`abÜáJâ*Îb‘’ùçå^iàn?°¢]£!
!
' MNEO9' '
Í./ÑÖTU⁄€Võúiê^‹&W›V‚\ä‘^^`abÖTUW_`aâäpq^µiZ—?
 äùÖrstuvbTU⁄€„VTUÜáàÜ1âä@’]^µiZBù¢ùŸ;ãàåO£ç)ÖTUW
_`a‚,Z}~ùŸ¢¢V ¿}Éx|}{!rstuvV‰`êÃ©ÕŒœVº—ä¸ïÖrstuvZT¶iùŸT
U⁄€V‹Ÿê¡GéJKä–êb^i(è†°¢]£!
! !

F"#G!
$K%]&3'3(ƒ.)**+bT/[U-M,F3$%f•-.$QFBCU

Ki‘-/0x1&323ji'øG�ÄbTÅ4GÉKBJbL/[3·O5í^

U()FFƒ*67B-/0*8D8Ñ-9:xst6;EÑxbD8ÑJbL/[

U-Œ,\]^GZµœ–3¥µRb6-yz{|^_U()FFƒ*67BJbL

/[U-()3<=6M>*ƒ?:xb,EFji-¥@X*ƒop*A,qB6Z

K:C,JbL!
E3C‰8/[3\]∫ À_"¿ÃOÕ%Q!"#'GÛDTEBXÅ4GÉKb

36»…012!$#RbL»…012U-]F*9KGCHIJKF;p123L]

G’‰12R-»…3M¡X8f•%Ï•·•x7zNÀ*UKi‘JbL¥O-(

)*+,»…0123í^667bT?PUQQR§´Õ$Ã%™!%#FBCSi:-

/[-TU-VW-XY0128ZGEBFBCqr[\6]DC,JbL!
^_3012`a´RU-»…012U;<bcG6DbTEFR-;<*+‰Q

&¿QxopG dBC,TFeDi:C‘JBKL—‰BKER-îïiUE:J

R*-NfQ./RU;<bc36,12g√R8D-hH*;<bT12ƒ012

FBCUKiDEFGIºBJBKLBjB-./0123;<bc3i,*CÑo

p3Qj•k618T3j-Z3C‰8≥ò6—3`a*q9T3jU‹hRBKL!
!
Fêë3ølF∑ÉG!
àêëRU-m7*nbF÷Ñ-‚$-o•QGpqKVWX812rs∂t!&#

x&‚%QPO¨&•R∂t!'#G’,-()*+‰./012uv3wp*q9T

;òxyz{R3¥éG∂hBJBKL!
!
!"#$%&'()*+,-./012345678#

|c*-NfQ3}›~�RST‡ÁÎ*9KT12rs∂tG’GKFEÄ-(

)FFƒ*;<bc3Œ,./0126>?*”9:TEFGHIBJBKLÅ)/

[*÷,CU-;<bc318T./0123ñ◊ÿUŒc*ÇÉpB-Ñ,3ÖÜ

u3áuUàâ;EÑJäã6-Œ)/[RUn,GJK±På•%6>çæ:JB

KLE3C‰8012¿é´R3wpF¥èBC-;<bc318T./012◊ÿ

6êÑºb»…3ÖÜpgf•%6ë:C,TEF6;jÑJBKLæi* +H=í•
PÕ%Q∂t*CGC-;<bc318T./012◊ÿ*ôì3;òwpGIºB

JBKLÅ)3./012RUî`æ:C,T./;pxïñó∑*q9Tòôòö

3H?6-Œ)3./012RU]Aæ:C,TEFji-opBK./012RU

õ;púv3YZx12*ùì35$a%QûQû6789:C,Tü^46n†æ

:JBKL!
!
9"#./0123$%6:;<-12=>?@A) BCDEFCGHI 3JK#

°*-()*+,H?6wpbTòôòö3Eji/[*÷√Tí^6õSRSG

K12MN&OPQ!(#"#$%&#'()*¢ÇBJBKLI#$%&#'()G£7BKNfQRU-;
<bc3Œ,./012På•%3@A6§•bTFFƒ*-yz{|6Ÿ¶bT8

Z-op/[ß3.?®GnbEF6;jÑJBKLI#$%&#'() 6VWX*./012

GYZbT©»™G´∂bTKc-"#$%&#'() £7NfQ3/[ji¨≠BK./01
2GÆ,C-+H= í•PÕ%QGˇ!BJBKL—3ØÉ-"#$%&#'() £7NfQRU-
∞±fin-≤$&y$%L]8Zstqròôòö3H?6≥¥BC,JBKLmµ

3[\R-/[3stvw3¥˘FBC-./012345G∂∑bTòôòö3H

?1¡6[\æ:C,JBKLE:i3N•y•òôòG∂tbTF-Œ)NfQR

Ii:Tô∏X8;òwpRST./;pN•y•3]A8Z6-"#$%&#'() £7Nf
QRUπ∫)3ªºRΩ*?:C,JBKLµJÑ "#$%&#'() £7NfQRU-;ò¿
é´Rƒ./0123op.?®6(æBC,Tü^46n†æ:JBKL!
!
L"#MCDEFCGHI N12=>?@A)OPQARSTUVW./0123XYZ[6:;<-#

I#$%&#'()3]päX8í^Ghij*bTKc*-"#$%&#'()FØøbTf%gP5G
5-ûzQû•PåN&™‚-û•F5¿;t*CÑ¡∑BKFEÄ-¬√ƒìTf

%gP5-]≈∆«≥ò-N&O§´‚•f%gP5-N&OPQ;∂»…6 J:

C,JBKLI#$%&#'()U¬√ƒìTf%gP5RST ,4&&JK2'! *L8ZFÀÑêÆGn
B-"#$%&#'() £7NfQRU¬√ƒ3‹∂Ã8ÕŒgf•%xH?1¡6]qC,J
BKLE:i3ØÉji-"#$%&#'() U12MN&OPQf%gP5F3&´X8ÀÑ
êÆGpqC-./0123klmnGYZBC,TEF6;jÑJBKL#

(œ*-./0123–—12GÆ,-"#$%&#'() G“”H?æä-./012*�
ÄX8êÆG‘âbü^4*µ,C’÷BJBKLI#$%&#'() G“”H?BK./01
2Uõ;pjµ6;<úvRYZæ:TEF-]≈F;p3`aU "#$%&#'() f%gP
5318Tkx$%*◊†BC,TEF6næ:JBKLæi*-opBK/[3k

lmnGÿŸbTKc-6U⁄JKUstßQ&¿Qmn7R3<=G∆€KFEÄ-

"#$%&#'() U,‹:3›fi*÷,Cƒ-./0123]≈G6DYZbTEF6hij
*8ÑJBKLm≥-"#$%&#'() U./012^_GVWX*YZbTfl∞opN&O
PQ‡FBCUKiDü^46n†æ:JBK"·'L!
!

F‚ÓG!
àêëU-./0123;<bcFopF3q„Ghij*B-—3`a≥òFB

C/[3∞op*êÆbT12MN&OPQ "#$%&#'() x—3Øøf%gP5G¡∑B
JBKLI#$%&#'() G‰BK./0123klmn3`aU-/[3Â4stxyz{
|‹Ê-()4/[ÁË3{∏XFBCìÆ8ÈÍF8Tü^46SÑJbL!

!
!
·! 12MN&OPQ "#$%&#'()G‰BK./012`a!
()*+,-;<bc3Œ,./012◊ÿ6”9:-012◊ÿ3‹›Î6]qTL

I#$%&#'() U-./012≠Æ3klmnGìØB-MX∫øXQ&¿Q*ÏBC./
012G�ÄbTí^GZµL!
!
!
!
!FÆÌ∂ÜG!
Óπ'¿ÃOÕ%Q!

Q&¿QxÔíX8ú*ÏBC-B8xj*ÒwB- ÀBCÚ*ÛT_L

]&ä*÷√T¿ÃOÕ%QU-Ù>H= 7zxıpQ&¿Q˛312¿é´R
;ETQ&¿Qx/0-ˆ»…7z-˜¯-˘M˙F,GK»…∫˚'¿é´

R¸æ:T¥“X-jµ˝43≥ò*ÏbT]'vwFBC∂˛æ:TL!
Ó‡'»…012!

∑'012Fƒˇ!:TL∑'3œ–x»…*÷,C-HIJK^"012H

"GVWX*]xb^_'F;p^";p∫∑#BK12GL]bT^_'G

$%&DK12L»…3\]x7zNÀG„‰L!
Ó''QQR§´Õ$Ã%™!

()*+GC-»…3âÚ312RST012H"6í^67x()G;EB-

op3±≥F8GC,TF,‰ÜL!
Ó*'12rs∂t!

ÇX312GòôäX*∏+B-12,�G-.bT/ªL»…0123HI

JK∫;p^G∆€TÇXR0Ææ:TLπµ312*1_bTò212G 

3◊ÿGPå•%Fˇ4L!
Ó5'&‚%QPO¨&•R∂t!

12x»…ø3òôòH?gf•%G67X*∂tbT/ª3EFL°89í

•PÕ%≤•GÆ,K +H=í•PÕ%Q∂txN$På5¿$∂t8Z6 J
:TL!

Press Release !
!

1 

 

 

 

 

 

 

 

 

!"#$%&'()*+,-./0123456$ 
7894: 

;!<=>?$@(-ABC$DEFGH; 
 
"#$%&'&'()*+,'-.,/0 12345678&'+)9'-.:/;
< =>45?@A BCD4/EFGHI?J7&'&'(K'L-.,?KM'-.:?
&N&'OPQ-.:?RS&')TUVWXYZ-.[\]G?J^&'+'L-.,6
/_`-.a?bcd/eaIfghijk]\lYQmnop RseP6qrs/tuvw
xyzg{|}~}f� 

ÄÅ/-.|ÇÉ?RseP ÑÖQ6kÜ]\lYQyáàâÜäãå/KnÑç~éfè
êakh?RseP ÑÖQyëÉíìfî/ïGñyóòôöõÑúùû~}f�Äü?%v
wx|Ö†°¢£/ïGñ/§•y¶}hß®¢°h£6a?RseP yi©™|qrâÜ£
6Ñôö|kÉ?b´¨≠ÆkØ/∞fk±≤≥/¥µ|∂òkÑÜ£6Ñ∑∏ùû~â� 
! π-.∫ªI?ºScience AdvancesΩ|æøùû~â�¿¡π¬√ 2022ƒ 8≈ 25¡¿∆«
»… 3¬« 

 
!"#$ 

bcd|T âÜ]\lYQ/Àö/ÃÕŒmnœ–—y“”äãå/‘ò|ºd’]\
lYQáàΩÑ÷É~â�£/d’]\lYQáàI?bcd/eaIfghijk]\l
YQmnop¿d’áàH◊ÿŸG⁄«|Çé¢“€û¢°~â�d’áàH◊ÿŸG⁄I?
‹ñkØ/›fi)9{gflYÿ‡Ÿ~aù~·~k)9|T }?‚„Zÿ◊GF/‰Â
yIÊî6}¢)*/Áó|ËÈkÍÎ|ÏÌhÓ€é¢°~â�d’áàH◊ÿŸG⁄

2022 ! 8 " 23 #$
% & ' ( ) *$
+ , ) *$
- + ) *$
. / * 0 1 2$
) 3 ) *$
4 5 ) *$
- 6 ) *$

!"%&'()*+ 

!! bcd/eaIfghijk]\lYQmnop¿RseP«6qrs/tuvwxy
nz}f� 

!! RsePÑÖQ6kÜd]\lYQyëÉíìfî/ïGñy∂òôöõÑúùûf� 

!! RsePÑ]\lYQyd’ÔaáàâÜÀw/nz|h€?b´¨≠Æ±≤≥/¥
µkØÒ/ÚÛ∂∑∏ùûÜ� 

Press Release !
!

2 

/”Ù?&ı´|T âÜ RsePI?Zñ„Z|ˆâÜ˜¯Œ˘/‰ÂyÃÕâÜ˙EWF
y˚Ü¸˝|˛¢?d|ˇ!âÜ"Èk#H$%y–—âÜ¸˝y&é¢'É?&ı´
/)(|Ë)k]\lYQaâ�RseP |ò°¢I?*ƒ?+/Àöyß®Ü-.Ñ“€û
¢•~}fÑ?%vwxÑzg{|ké¢°k{éffî?bcd/’ÔaÖQ6kÜd]
\lYQyáàâÜ¶}°äãåIm{é¢°~,-a}f� 

 
!",- 

RseP I.õ}Œâh/0Ñ12k]\lYQa÷Üfî?*ƒwxn3Ñ4-a°~,
-a}fÑ?π-.aI?56|¥µ}f7vŸ89:ÿ9G/0˙Zÿ;¿PA ]E˙Z
ÿ;«!1y<=âÜ£6a?›>?aáà@õyAéf RsePy/0âÜ£6|∫B}~}
f�+}¢?ÖQ6CD}fwxy∂Ù?qrs6}¢Ifgh£6ÑEFùû¢°fMu
9 Batimastat yG˛âÜ£6aHQ/IJyAÉ~}f�~f?π-.aI?KBõb´
Kangiella koreensisLM/ RseP/NO◊E]\lYQ¿KkRseP«|ò°¢∂ Batimastaty
G˛}¢IJyAÉ?£ûg 2ò/]\lYQ/%vwxy XPIJn3!2|Çé¢QR
}~}f�RsePŒ KkRseP/IJI?d]\lYQiS/TUIJa÷éf£6{g?&V
WXYZ[ SPring-8 /K-]Gï\ñ]\lY]G;^V\ BL32XU!3y<=}¢›/?
k XPÅ_`G]yëa}~}f� 

ÄÅ/wxn3aI?RseP Œ KkRseP /bvwxÑzg{|kéfèêakh?ÖQ6
kÜd]\lYQÑ RseP|Ø/Ç”|IuâÜ/{|ò°¢∂cÈkdÑ{ÉÑagû~
}f�#H$%6CD}fMu9a÷Ü BatimastatI?e•fgùûfhia RseP/d’
jk|÷Ü !-˙Gñ6lmA=}¢°~}f�~f?RsePŒNO◊E]\lYQÑ_n}
¢∂é¢°ÜŸZl^o\pÖ¿&ı´ RseP aI 394 qr/ŸZl^o\pÖ«Ñ
Batimastatysît/Ç”|uR}¢°Ü£6∂m{É~}f�£/ŸZl^o\pÖy.
©ù,Ü£6aÖQ/áàvwÑ&•hxy}f£6{g?ÖQ6kÜd]\lYQ∂
RseP/ !-˙Gñ|Çé¢e•fgùû?ŸZl^o\pÖ|Çé¢uRùûfhiaáà
ùûÜôöõÑ›°£6Ñm{É~}f� 

ùg|?RseP6 KkRseP/wxyz{}f6£|?RsePIÖQyëÉíì}|UVWX
\Y|wxÑ.MâÜôöõÑ÷Ü£6∂m{É~}f�RseP aI?#‡H^~;�/d
Ä%ÅV\¿PDZ-N6 PDZ-C«?dÇÉ|T âÜ "-Ñ‡\YZ¿PCT-H2«?+}¢?4π
r/dÖnÑ‡\YZ¿TM4«Ñ?d’Ô|ÜáâÜ@õeàyâ°äâÇ”kãáy6é
¢°~}f�+/‘åa?KkRsePaI?PDZ-N?C%ÅV\Œ PCT-H2?TM4/ãáÑ&•
h.M}?@õeàÑçé}¢°~}f�èêç°£6|?IJ’aëÉu”í/ KkRseP

mì/ TM4Ñ?ÖQ/Ç”|îÜïé¢?@õeà/ñh|óÉí-a°Ü£6∂m{É
~}f� 

π-.aI?£ûg/wxòE|Ö†°¢?M'ôöõú!4yLù™|“°?PCT-H2Œ
PDZ-N?C %ÅV\|ôûõÑ÷Ü£6yü{î~}f�ùg|?RseP /mì’|†°y
¢ó}¢ PDZ-NŒ PCT-H2/ãáyuRâÜ6?ÖQ/áàvwÑxyâÜ£6∂zg{

110



$"

' PQR' '

!
å! ÚÛÙıˆ„äãê^TU⁄€Võúiê^‹&W›‚\Vëí!
ìdîW=ìïÚÛÙ;P3/OZñpóòıˆ;{|Æ}x|wsO]^µiä¸ïT˘Z˙˚†◊^ÚÛÙı⁄
€áàÎ£ôïÚÛÙ;u3/OÑıˆùêåŸ…ÖöõúùiùçûQ]^£I)Ö˝˛;ü†OˇVL
#;=°¢Lj=£§OZ•¶ùçºIäQå^£!
då=TUW_`a;r3�OÖ2}Éx|}{!rstuvi 3wÇ¿{zxz!rstuvpK<ùçå^jÀ3©3!
ßå=ÚÛÙıˆ)V⁄€V!¯®yåiTUW_`aV‘’£I) * Ófp vsx|Ç};W›OWVTU
W_`aäãåçÖLj¶êW_fglm;¿}Éx|}{!rstuv!©!36<*)™-.u/)™3678)Ob%&†°Ö:~<
Ófp‹&W›;wvOV`ab´¨ùÖ7Óf≠®p3wÇ¿{zxz!rstuvy hi!¯ùÖ‹&W›b‚\†
°^£r{}�x|Ä!≠|∞zÉ;Æ¥Ø}OÖtÅ¿w∞|};`abOÖuzt|};˝›OÖ/t±zsx|x|};≤›OÖ!u}ÄÉw¿y}Æz
;,o≥¥3µO£!
!

' STUV' '
∆∂OTUÜáàÜ1â!
∑∏Vπ∫äú]^ÖTUZ[\]^`a;W_`aÖªºΩ`aÖØ}æ`aO·`a≤®Ü,-
V∫kZkîŸÖTUV[ø¿¡‡A∫k£!
∆¬O‹&W›!
TU√s)ä‚\†°^TUƒZ[\]^`a≈£!
!
' '

GYZbT©»™G´∂bTKc-"#$%&#'() £7NfQ3/[ji¨≠BK./01
2GÆ,C-+H= í•PÕ%QGˇ!BJBKL—3ØÉ-"#$%&#'() £7NfQRU-
∞±fin-≤$&y$%L]8Zstqròôòö3H?6≥¥BC,JBKLmµ

3[\R-/[3stvw3¥˘FBC-./012345G∂∑bTòôòö3H

?1¡6[\æ:C,JBKLE:i3N•y•òôòG∂tbTF-Œ)NfQR

Ii:Tô∏X8;òwpRST./;pN•y•3]A8Z6-"#$%&#'() £7Nf
QRUπ∫)3ªºRΩ*?:C,JBKLµJÑ "#$%&#'() £7NfQRU-;ò¿
é´Rƒ./0123op.?®6(æBC,Tü^46n†æ:JBKL!
!
L"#MCDEFCGHI N12=>?@A)OPQARSTUVW./0123XYZ[6:;<-#

I#$%&#'()3]päX8í^Ghij*bTKc*-"#$%&#'()FØøbTf%gP5G
5-ûzQû•PåN&™‚-û•F5¿;t*CÑ¡∑BKFEÄ-¬√ƒìTf

%gP5-]≈∆«≥ò-N&O§´‚•f%gP5-N&OPQ;∂»…6 J:

C,JBKLI#$%&#'()U¬√ƒìTf%gP5RST ,4&&JK2'! *L8ZFÀÑêÆGn
B-"#$%&#'() £7NfQRU¬√ƒ3‹∂Ã8ÕŒgf•%xH?1¡6]qC,J
BKLE:i3ØÉji-"#$%&#'() U12MN&OPQf%gP5F3&´X8ÀÑ
êÆGpqC-./0123klmnGYZBC,TEF6;jÑJBKL#

(œ*-./0123–—12GÆ,-"#$%&#'() G“”H?æä-./012*�
ÄX8êÆG‘âbü^4*µ,C’÷BJBKLI#$%&#'() G“”H?BK./01
2Uõ;pjµ6;<úvRYZæ:TEF-]≈F;p3`aU "#$%&#'() f%gP
5318Tkx$%*◊†BC,TEF6næ:JBKLæi*-opBK/[3k

lmnGÿŸbTKc-6U⁄JKUstßQ&¿Qmn7R3<=G∆€KFEÄ-

"#$%&#'() U,‹:3›fi*÷,Cƒ-./0123]≈G6DYZbTEF6hij
*8ÑJBKLm≥-"#$%&#'() U./012^_GVWX*YZbTfl∞opN&O
PQ‡FBCUKiDü^46n†æ:JBK"·'L!
!

F‚ÓG!
àêëU-./0123;<bcFopF3q„Ghij*B-—3`a≥òFB

C/[3∞op*êÆbT12MN&OPQ "#$%&#'() x—3Øøf%gP5G¡∑B
JBKLI#$%&#'() G‰BK./0123klmn3`aU-/[3Â4stxyz{
|‹Ê-()4/[ÁË3{∏XFBCìÆ8ÈÍF8Tü^46SÑJbL!

!
!
·! 12MN&OPQ "#$%&#'()G‰BK./012`a!
()*+,-;<bc3Œ,./012◊ÿ6”9:-012◊ÿ3‹›Î6]qTL

I#$%&#'() U-./012≠Æ3klmnGìØB-MX∫øXQ&¿Q*ÏBC./
012G�ÄbTí^GZµL!
!
!
!
!FÆÌ∂ÜG!
Óπ'¿ÃOÕ%Q!

Q&¿QxÔíX8ú*ÏBC-B8xj*ÒwB- ÀBCÚ*ÛT_L

]&ä*÷√T¿ÃOÕ%QU-Ù>H= 7zxıpQ&¿Q˛312¿é´R
;ETQ&¿Qx/0-ˆ»…7z-˜¯-˘M˙F,GK»…∫˚'¿é´

R¸æ:T¥“X-jµ˝43≥ò*ÏbT]'vwFBC∂˛æ:TL!
Ó‡'»…012!

∑'012Fƒˇ!:TL∑'3œ–x»…*÷,C-HIJK^"012H

"GVWX*]xb^_'F;p^";p∫∑#BK12GL]bT^_'G

$%&DK12L»…3\]x7zNÀG„‰L!
Ó''QQR§´Õ$Ã%™!

()*+GC-»…3âÚ312RST012H"6í^67x()G;EB-

op3±≥F8GC,TF,‰ÜL!
Ó*'12rs∂t!

ÇX312GòôäX*∏+B-12,�G-.bT/ªL»…0123HI

JK∫;p^G∆€TÇXR0Ææ:TLπµ312*1_bTò212G 

3◊ÿGPå•%Fˇ4L!
Ó5'&‚%QPO¨&•R∂t!

12x»…ø3òôòH?gf•%G67X*∂tbT/ª3EFL°89í

•PÕ%≤•GÆ,K +H=í•PÕ%Q∂txN$På5¿$∂t8Z6 J
:TL!

Ó:'12MN&OPQ!
123M*;€bTŒ;òJø'3<=R-»…x123í^`a*d>3Å

4GÉKbLo‚•?%x@f%gP5-¨åQÏ™Oy%8Z-Aß8;ò

jiì∑æ:TL!
!
"B¯C['!
B¯D˜MN2!2O65JP2&&%&J5!QJ65#O!"#$%&#'!)!QJ#'6J#'7!23#R25QJ&!762Q!P2&&!N26254K2'2#6S!R%5#'K!
7T#'!JK#'K!
!UE¯f$&´˜12MN&OPQ "#$%&#'()U-/[op*÷√T./0123‹›¥
4YZ*UKiDV!
!
FG˜/5'J!+JWJX!Y43JT%QJ5!,NJ'KJ5J6N#&X!ZJ&NJ$J!1#'JQX!@%'!M7%'2[%Q#X!\2'!]%J'!HK4X!
+S%6J54!*7N##X!MJTJT4!.J7JT#X!DS4T4!*QJ'JTJ(\47N#RJX!A#54Q#!\J'JK#7J^JX!=#T4!.JRJ!
!
HIÊ˜/-01!+234567!
!
R4#˜:9_:E8E8`2Q$5_8988EE;)a!
!
b+Z˜N6637c``^^^_2Q$435277_45K`R4#`:9_:E8E8`2Q$5_8988EE;)a!
!
!
!

J÷K,ø9äçL!
!"#$%&'()$*+,-."#$%&/0 12345!
67#$89:;<=>?*+@ABC0 DE345!
FGHIJ0 KLM.NO0 PQR/!
!
67#$89:;<=>?*+@ABC0 45!
FGHST0 UV.WXYNZ0 [\]/!
!

!!

!

Press Release !
!

1 

 

 

 

 

 

 

 

 

!"#$%&'()*+,-./0123456$ 
7894: 

;!<=>?$@(-ABC$DEFGH; 
 
"#$%&'&'()*+,'-.,/0 12345678&'+)9'-.:/;
< =>45?@A BCD4/EFGHI?J7&'&'(K'L-.,?KM'-.:?
&N&'OPQ-.:?RS&')TUVWXYZ-.[\]G?J^&'+'L-.,6
/_`-.a?bcd/eaIfghijk]\lYQmnop RseP6qrs/tuvw
xyzg{|}~}f� 

ÄÅ/-.|ÇÉ?RseP ÑÖQ6kÜ]\lYQyáàâÜäãå/KnÑç~éfè
êakh?RseP ÑÖQyëÉíìfî/ïGñyóòôöõÑúùû~}f�Äü?%v
wx|Ö†°¢£/ïGñ/§•y¶}hß®¢°h£6a?RseP yi©™|qrâÜ£
6Ñôö|kÉ?b´¨≠ÆkØ/∞fk±≤≥/¥µ|∂òkÑÜ£6Ñ∑∏ùû~â� 
! π-.∫ªI?ºScience AdvancesΩ|æøùû~â�¿¡π¬√ 2022ƒ 8≈ 25¡¿∆«
»… 3¬« 

 
!"#$ 

bcd|T âÜ]\lYQ/Àö/ÃÕŒmnœ–—y“”äãå/‘ò|ºd’]\
lYQáàΩÑ÷É~â�£/d’]\lYQáàI?bcd/eaIfghijk]\l
YQmnop¿d’áàH◊ÿŸG⁄«|Çé¢“€û¢°~â�d’áàH◊ÿŸG⁄I?
‹ñkØ/›fi)9{gflYÿ‡Ÿ~aù~·~k)9|T }?‚„Zÿ◊GF/‰Â
yIÊî6}¢)*/Áó|ËÈkÍÎ|ÏÌhÓ€é¢°~â�d’áàH◊ÿŸG⁄

2022 ! 8 " 23 #$
% & ' ( ) *$
+ , ) *$
- + ) *$
. / * 0 1 2$
) 3 ) *$
4 5 ) *$
- 6 ) *$

!"%&'()*+ 

!! bcd/eaIfghijk]\lYQmnop¿RseP«6qrs/tuvwxy
nz}f� 

!! RsePÑÖQ6kÜd]\lYQyëÉíìfî/ïGñy∂òôöõÑúùûf� 

!! RsePÑ]\lYQyd’ÔaáàâÜÀw/nz|h€?b´¨≠Æ±≤≥/¥
µkØÒ/ÚÛ∂∑∏ùûÜ� 

Press Release !
!

2 

/”Ù?&ı´|T âÜ RsePI?Zñ„Z|ˆâÜ˜¯Œ˘/‰ÂyÃÕâÜ˙EWF
y˚Ü¸˝|˛¢?d|ˇ!âÜ"Èk#H$%y–—âÜ¸˝y&é¢'É?&ı´
/)(|Ë)k]\lYQaâ�RseP |ò°¢I?*ƒ?+/Àöyß®Ü-.Ñ“€û
¢•~}fÑ?%vwxÑzg{|ké¢°k{éffî?bcd/’ÔaÖQ6kÜd]
\lYQyáàâÜ¶}°äãåIm{é¢°~,-a}f� 

 
!",- 

RseP I.õ}Œâh/0Ñ12k]\lYQa÷Üfî?*ƒwxn3Ñ4-a°~,
-a}fÑ?π-.aI?56|¥µ}f7vŸ89:ÿ9G/0˙Zÿ;¿PA ]E˙Z
ÿ;«!1y<=âÜ£6a?›>?aáà@õyAéf RsePy/0âÜ£6|∫B}~}
f�+}¢?ÖQ6CD}fwxy∂Ù?qrs6}¢Ifgh£6ÑEFùû¢°fMu
9 Batimastat yG˛âÜ£6aHQ/IJyAÉ~}f�~f?π-.aI?KBõb´
Kangiella koreensisLM/ RseP/NO◊E]\lYQ¿KkRseP«|ò°¢∂ Batimastaty
G˛}¢IJyAÉ?£ûg 2ò/]\lYQ/%vwxy XPIJn3!2|Çé¢QR
}~}f�RsePŒ KkRseP/IJI?d]\lYQiS/TUIJa÷éf£6{g?&V
WXYZ[ SPring-8 /K-]Gï\ñ]\lY]G;^V\ BL32XU!3y<=}¢›/?
k XPÅ_`G]yëa}~}f� 

ÄÅ/wxn3aI?RseP Œ KkRseP /bvwxÑzg{|kéfèêakh?ÖQ6
kÜd]\lYQÑ RseP|Ø/Ç”|IuâÜ/{|ò°¢∂cÈkdÑ{ÉÑagû~
}f�#H$%6CD}fMu9a÷Ü BatimastatI?e•fgùûfhia RseP/d’
jk|÷Ü !-˙Gñ6lmA=}¢°~}f�~f?RsePŒNO◊E]\lYQÑ_n}
¢∂é¢°ÜŸZl^o\pÖ¿&ı´ RseP aI 394 qr/ŸZl^o\pÖ«Ñ
Batimastatysît/Ç”|uR}¢°Ü£6∂m{É~}f�£/ŸZl^o\pÖy.
©ù,Ü£6aÖQ/áàvwÑ&•hxy}f£6{g?ÖQ6kÜd]\lYQ∂
RseP/ !-˙Gñ|Çé¢e•fgùû?ŸZl^o\pÖ|Çé¢uRùûfhiaáà
ùûÜôöõÑ›°£6Ñm{É~}f� 

ùg|?RseP6 KkRseP/wxyz{}f6£|?RsePIÖQyëÉíì}|UVWX
\Y|wxÑ.MâÜôöõÑ÷Ü£6∂m{É~}f�RseP aI?#‡H^~;�/d
Ä%ÅV\¿PDZ-N6 PDZ-C«?dÇÉ|T âÜ "-Ñ‡\YZ¿PCT-H2«?+}¢?4π
r/dÖnÑ‡\YZ¿TM4«Ñ?d’Ô|ÜáâÜ@õeàyâ°äâÇ”kãáy6é
¢°~}f�+/‘åa?KkRsePaI?PDZ-N?C%ÅV\Œ PCT-H2?TM4/ãáÑ&•
h.M}?@õeàÑçé}¢°~}f�èêç°£6|?IJ’aëÉu”í/ KkRseP

mì/ TM4Ñ?ÖQ/Ç”|îÜïé¢?@õeà/ñh|óÉí-a°Ü£6∂m{É
~}f� 

π-.aI?£ûg/wxòE|Ö†°¢?M'ôöõú!4yLù™|“°?PCT-H2Œ
PDZ-N?C %ÅV\|ôûõÑ÷Ü£6yü{î~}f�ùg|?RseP /mì’|†°y
¢ó}¢ PDZ-NŒ PCT-H2/ãáyuRâÜ6?ÖQ/áàvwÑxyâÜ£6∂zg{

Press Release !
!

3 

|}~}f�£ûg/IªI?PDZ-N?C%ÅV\Œ PCT-H2?TM4Ñ?ÖQy@õeà|
ëÉíìfî|¥£}?ïGñ6}¢§hôöõÑ›°£6yú}¢°~â�~f?PCT-H2

/.©|Çé¢ÖQ/ëÉíå|©§Ñ••f RseP.©v/e|I?PDZ-C%ÅV\/ã
áÑ.MâÜ∂/Ñ÷Ü£6∂¶ìßT®n3{gúùû~}f�£/IªI?ïGñyw
∫âÜ%ÅV\`©/lmA=|Çé¢ÖQ/ëÉíåÑÃÕùûÜ£6y™óâÜ∂/
aâ�ùg|?£/ïGñÑ¥£âÜ}|I?PCT-H2 6 TM4 Ñ 446 qr/ŸZl^o\
´pÖy¨}¢≠¶™|lmA=}¢‘Æ|ûh£6∂ØRùû~}f�õ}|?£/ŸZ
l^o\´pÖ/.©|ÇÉ@õÑ&•hxyâÜ£6∂úùû?PCT-H2 6 TM4 /lm
A=ÑcÈa÷Ü£6Ñü{îgû~}f� 

ŸF∞±V≤G≥ŒÑ-|Ó€Üd’áàH◊ÿŸG⁄a÷Ü #-[Y„]G⁄|∂?ï
Gñy¨}¢ÖQ6kÜd]\lYQyëÉíìäãåŒd/eaÖQye•fg}¢u
RâÜäãåÑ÷Ü£6Ñm{é¢°~â�ÄÅ/ RsePŒ KkRseP6qrs/tuv/w
xn3|Çé¢?ŸX¥´ãµŒáà∂˜/∑∏ÀwÑ©kÜ RseP 6 #-[Y„]G⁄Ñ?
π§|ÇhDfäãåaÖQ/ëÉíåŒáàyÃÕ}¢°Ü£6Ñúùû~}f� 

 
789):;<= RseP >?@AB;<=CDEFGHIJKL7KkRseP9C X MNOPQRSTUVW

XYZ[LC\]^_>`aCEbcd$

111



%"

' 78WX' '
Í./ÑÖ∆ÍFG./JK‡[;/ur6O@ABòô«»…C &≥ÀÃCúÕŒQk./œ–—`
a≤®Ü,-Z¬ùŸTUÜáàÜ1â‡[Vº—imÔ∫kVºI“Ö”.‘«’÷./MONÖ∆Í
ÜQpb◊ÿÖŸ⁄”%€‹›fiÖu.6 &fl”%›fiÖD!F‡./€‹›fiÖ ênF‡€‹›fiÖ
·‚ÎK„-”%€‹›fiÖ‰ÂÊÁ”%›fiÖËCF%./›fiÖÈV./noµÍ,®V§Aiùç
Œ˜†°¢ùŸ£!
!
' YZ[\' '
ÎÏ! ÌÓ!2}Éx|}{!zstwxyz{|}{~xw~Çz�zsÄyÅÇ}{!xÉ}s�|x|ws!MrstuvN!Çzt|}xzt!∞Å!tv´~|stÔÄzt!3678!

|s!szw|sx|Ç}!≠wÉÇ}x|ws!Ô¿ws!Ä}Éwx|t!}ÉxzÉÅ!{|Æ}x|ws!
! ;ÚÛÙıˆ)V‹&W›ÑÖ`abij¥V3678 K<ä¸^Lj¶êW_fglmä¸

ï‚\†°^O!
ÎÒÚÌÓ!Ûw�y|xw!Û}Ç}�y|ÉwÙ!ı}É|s}!u}Ç|ÉzˆÙ!ı}ˆÔ}˜|!w}Æ}Å}Ç}Ù!w}w˜w!t}xxwÉ|Ù!ÛÔ~ÛÔ!P|ÔÙ!.y|s¯|!

u}x�Ôs}Æ}Ù!.yÔyz|!vwÇ|x}Ù!Ûw�y|}˜|!ıÔ∞wx}!}st!t|ÉwÇ|!Û}s}Æ|�}Ø}!
Î˘˙˚Ó!3}Ét|w±}�ÄÔ{}É!uz�z}ÉÄy!
Î˘˙∆Ó!:¸:: ó *: ˝ :¸ ∆;˛1ˇ)1D¯!JO!
Î6"vÓ! *¸*¸#<™Ä±É™Ä±}Ä*#¸!
!
' ]^_`a' '
Î./ä‘]^µiÓ!
45! 67;·¢ù$! ¸ùiO!
>?@ABC./0123! DEFGHIJKL! MN!
%uP©!yxx¿�©™™ÄyÔÉ}~ÉyÅxyÇÄwÇ!
!
PQ! RS;·ê&†^! '$(O!
"#$%! &'()*+,-./0123! 9:!
%uP©!yxx¿�©™™ØØØ�}ÆÆÅÇwÔ�zy˜Åx�Ô˜Ô∞}ÄwÇ!
!
Î¶)«Ê*ä‘]^µiÓ!
"#$%+ÊW!
vrP©!¸:#~Ì8<~:¸7¸!
r~Ç}|{©!˜wyw�|xÔ,Ôsx�Ô˜Ô∞}}Ä¯¿!
!
>?./JKé7>?@ABC./0123!
-.$/L+Ê-.M!
vrP©!¸0~0*1¸~*¸0#;<**:¸O!
r~Ç}|{©!˜wÔywÔ,Ç{sÄ±ÄÆw¯¿!

!
!
·! 12MN&OPQ "#$%&#'()G‰BK./012`a!
()*+,-;<bc3Œ,./012◊ÿ6”9:-012◊ÿ3‹›Î6]qTL

I#$%&#'() U-./012≠Æ3klmnGìØB-MX∫øXQ&¿Q*ÏBC./
012G�ÄbTí^GZµL!
!
!
!
!FÆÌ∂ÜG!
Óπ'¿ÃOÕ%Q!

Q&¿QxÔíX8ú*ÏBC-B8xj*ÒwB- ÀBCÚ*ÛT_L

]&ä*÷√T¿ÃOÕ%QU-Ù>H= 7zxıpQ&¿Q˛312¿é´R
;ETQ&¿Qx/0-ˆ»…7z-˜¯-˘M˙F,GK»…∫˚'¿é´

R¸æ:T¥“X-jµ˝43≥ò*ÏbT]'vwFBC∂˛æ:TL!
Ó‡'»…012!

∑'012Fƒˇ!:TL∑'3œ–x»…*÷,C-HIJK^"012H

"GVWX*]xb^_'F;p^";p∫∑#BK12GL]bT^_'G

$%&DK12L»…3\]x7zNÀG„‰L!
Ó''QQR§´Õ$Ã%™!

()*+GC-»…3âÚ312RST012H"6í^67x()G;EB-

op3±≥F8GC,TF,‰ÜL!
Ó*'12rs∂t!

ÇX312GòôäX*∏+B-12,�G-.bT/ªL»…0123HI

JK∫;p^G∆€TÇXR0Ææ:TLπµ312*1_bTò212G 

3◊ÿGPå•%Fˇ4L!
Ó5'&‚%QPO¨&•R∂t!

12x»…ø3òôòH?gf•%G67X*∂tbT/ª3EFL°89í

•PÕ%≤•GÆ,K +H=í•PÕ%Q∂txN$På5¿$∂t8Z6 J
:TL!

Ó:'12MN&OPQ!
123M*;€bTŒ;òJø'3<=R-»…x123í^`a*d>3Å

4GÉKbLo‚•?%x@f%gP5-¨åQÏ™Oy%8Z-Aß8;ò

jiì∑æ:TL!
!
"B¯C['!
B¯D˜MN2!2O65JP2&&%&J5!QJ65#O!"#$%&#'!)!QJ#'6J#'7!23#R25QJ&!762Q!P2&&!N26254K2'2#6S!R%5#'K!
7T#'!JK#'K!
!UE¯f$&´˜12MN&OPQ "#$%&#'()U-/[op*÷√T./0123‹›¥
4YZ*UKiDV!
!
FG˜/5'J!+JWJX!Y43JT%QJ5!,NJ'KJ5J6N#&X!ZJ&NJ$J!1#'JQX!@%'!M7%'2[%Q#X!\2'!]%J'!HK4X!
+S%6J54!*7N##X!MJTJT4!.J7JT#X!DS4T4!*QJ'JTJ(\47N#RJX!A#54Q#!\J'JK#7J^JX!=#T4!.JRJ!
!
HIÊ˜/-01!+234567!
!
R4#˜:9_:E8E8`2Q$5_8988EE;)a!
!
b+Z˜N6637c``^^^_2Q$435277_45K`R4#`:9_:E8E8`2Q$5_8988EE;)a!
!
!
!

J÷K,ø9äçL!
!"#$%&'()$*+,-."#$%&/0 12345!
67#$89:;<=>?*+@ABC0 DE345!
FGHIJ0 KLM.NO0 PQR/!
!
67#$89:;<=>?*+@ABC0 45!
FGHST0 UV.WXYNZ0 [\]/!
!

!!

!

!

!

!

!

!"!! # $! % &'(

(

)*+,)*-./(01(

!
!

!

!

23456789:;(

<=>?@9AB>CDEFGHIJKLMNH OPQR$STU=U>VWXYU$Z!"6[\]D^_`abc

def #"Sg6hi6efZj,klmno`pqr`,efsntpuvwxyz{`a|(

<}6}~�Ä,OPQR$ ÅÇH=>?@9AB>CÉÑSÖ[\]ÜáàâäãefåmÅçéHCèÉÑZ

nbcdef6klàêëÅíìMNH}~Dîï`{`a|(

<bcdefj,ñó_òàgôöÅõGHefúùûü~`y6†°n¢£wxyz{G|345�Ä,=

>?@9AB>Cnbcdef6§•Å¶Jãß®©ÉÑ6™´MNH}~DÜ¨`{`a|(

(

245≠J;(

ÆØhè†°ê∞±è≤6≥¥µ∂∑,∏3π∫ª∂SºΩ,ê∞Cè45æZ,ø¿hèhè¡¬è4

5¡6√ƒ≈∆«∂∑,»…hèêë 8ÀÃ-Õ45Œ9œU6–—“”∂∑Ä6‘>U’j,œ9÷-

◊6=>?@9AB>CÉÑng6hiMNHbcdef6klàêëÅíìMNH}~DïÄ�Å`{

`a|(

bcdefj,≥ÿbcŸD⁄€GH@‹U›9à‘fi=efDêfl‡GiÅãHefMG|=>?@9

AB>CKL OPQR$ jbcdefM·‚Åë„`{Gn,bcdef6¶Jã‰◊6™´,efklÅÂÊ

Håmjé�Áyz{ËÈM`a|Í}M345Mj,bcdefMÎÏÌÅ OPQR$ D^_wËaÓÔÕ

SOPQR$ÒÚZDÛz,bcdefÙıˆ˜ÅÇHef6klm¯˘àg6˙˚èÌî¸Dˆ˝`{`a|(

Í6˛ˇ,!ê"ÓÔÕ#$6efÅ%&,OPQR$ÒÚ efjklmno`pqrGH~'Å,efsn

uvwxH}~né�({`aS) $Z|}6}~j,OPQR$ ÅÇH=>?@9AB>Cn,bcdef6ê

ëàklÅíìMNH}~D*`yz{G|™+,-–z}~Å,OPQR$ÒÚ ÓÔÕ./g0ÅÂzy,b

cdefj12ãklà34D*G}~n56wx{`aS) !Z|}678˛ˇj,OPQR$ÒÚ ÓÔÕg0

Åjbcdef6sD9:GH;2‰§•6<˙flnNH}~D*=`yz{G|Í}M,OPQR$ÒÚ ÓÔ

Õg06>ı?]àef@3A?]6ÜáDB&a~}C,ef@Ó:fiD-Õ6™´MN(bcdef

6klE6FGnHIwxyzH.Ã@96⁄€[\]6™´ JKLK$ 6ÜánMNÅkO`yzH}~n

é�({`aS) PZ|(

ºΩÇ(,S$ZbcdefÅÂzy,OPQR$ jef6klàêëDQRGH}~nïÄ�ÅãÁaSÊM

ãp,S!ZOPQR$ ^_g0Mj,g6ÜTà;2‰§•6aUÅ,Vbcdef6êëDªÊHÇWãXY

�ÊZn[YyzH}~n*=wx{`a|\©645Mj,S$ZS!Z6]+Å´zywÄÅ^5GH}~

M,úùûüÅ°zHbcdef6B_+`6aΩ~zÁabê¬èEcdGH}~n¢£wx{G|(

345€ˇj,'3ef !"!! # $$ % $" 'Å ghijklmhn(lj(omphinqlmjqm r6s9.89tMÜuwx

{`a|(

!"#$%&'()*+,-./0123&45678
"#$%&'(#)*+,-./0123456789:(

Press Release !
!

2 

/”Ù?&ı´|T âÜ RsePI?Zñ„Z|ˆâÜ˜¯Œ˘/‰ÂyÃÕâÜ˙EWF
y˚Ü¸˝|˛¢?d|ˇ!âÜ"Èk#H$%y–—âÜ¸˝y&é¢'É?&ı´
/)(|Ë)k]\lYQaâ�RseP |ò°¢I?*ƒ?+/Àöyß®Ü-.Ñ“€û
¢•~}fÑ?%vwxÑzg{|ké¢°k{éffî?bcd/’ÔaÖQ6kÜd]
\lYQyáàâÜ¶}°äãåIm{é¢°~,-a}f� 

 
!",- 

RseP I.õ}Œâh/0Ñ12k]\lYQa÷Üfî?*ƒwxn3Ñ4-a°~,
-a}fÑ?π-.aI?56|¥µ}f7vŸ89:ÿ9G/0˙Zÿ;¿PA ]E˙Z
ÿ;«!1y<=âÜ£6a?›>?aáà@õyAéf RsePy/0âÜ£6|∫B}~}
f�+}¢?ÖQ6CD}fwxy∂Ù?qrs6}¢Ifgh£6ÑEFùû¢°fMu
9 Batimastat yG˛âÜ£6aHQ/IJyAÉ~}f�~f?π-.aI?KBõb´
Kangiella koreensisLM/ RseP/NO◊E]\lYQ¿KkRseP«|ò°¢∂ Batimastaty
G˛}¢IJyAÉ?£ûg 2ò/]\lYQ/%vwxy XPIJn3!2|Çé¢QR
}~}f�RsePŒ KkRseP/IJI?d]\lYQiS/TUIJa÷éf£6{g?&V
WXYZ[ SPring-8 /K-]Gï\ñ]\lY]G;^V\ BL32XU!3y<=}¢›/?
k XPÅ_`G]yëa}~}f� 

ÄÅ/wxn3aI?RseP Œ KkRseP /bvwxÑzg{|kéfèêakh?ÖQ6
kÜd]\lYQÑ RseP|Ø/Ç”|IuâÜ/{|ò°¢∂cÈkdÑ{ÉÑagû~
}f�#H$%6CD}fMu9a÷Ü BatimastatI?e•fgùûfhia RseP/d’
jk|÷Ü !-˙Gñ6lmA=}¢°~}f�~f?RsePŒNO◊E]\lYQÑ_n}
¢∂é¢°ÜŸZl^o\pÖ¿&ı´ RseP aI 394 qr/ŸZl^o\pÖ«Ñ
Batimastatysît/Ç”|uR}¢°Ü£6∂m{É~}f�£/ŸZl^o\pÖy.
©ù,Ü£6aÖQ/áàvwÑ&•hxy}f£6{g?ÖQ6kÜd]\lYQ∂
RseP/ !-˙Gñ|Çé¢e•fgùû?ŸZl^o\pÖ|Çé¢uRùûfhiaáà
ùûÜôöõÑ›°£6Ñm{É~}f� 

ùg|?RseP6 KkRseP/wxyz{}f6£|?RsePIÖQyëÉíì}|UVWX
\Y|wxÑ.MâÜôöõÑ÷Ü£6∂m{É~}f�RseP aI?#‡H^~;�/d
Ä%ÅV\¿PDZ-N6 PDZ-C«?dÇÉ|T âÜ "-Ñ‡\YZ¿PCT-H2«?+}¢?4π
r/dÖnÑ‡\YZ¿TM4«Ñ?d’Ô|ÜáâÜ@õeàyâ°äâÇ”kãáy6é
¢°~}f�+/‘åa?KkRsePaI?PDZ-N?C%ÅV\Œ PCT-H2?TM4/ãáÑ&•
h.M}?@õeàÑçé}¢°~}f�èêç°£6|?IJ’aëÉu”í/ KkRseP

mì/ TM4Ñ?ÖQ/Ç”|îÜïé¢?@õeà/ñh|óÉí-a°Ü£6∂m{É
~}f� 

π-.aI?£ûg/wxòE|Ö†°¢?M'ôöõú!4yLù™|“°?PCT-H2Œ
PDZ-N?C %ÅV\|ôûõÑ÷Ü£6yü{î~}f�ùg|?RseP /mì’|†°y
¢ó}¢ PDZ-NŒ PCT-H2/ãáyuRâÜ6?ÖQ/áàvwÑxyâÜ£6∂zg{

Press Release !
!

3 

|}~}f�£ûg/IªI?PDZ-N?C%ÅV\Œ PCT-H2?TM4Ñ?ÖQy@õeà|
ëÉíìfî|¥£}?ïGñ6}¢§hôöõÑ›°£6yú}¢°~â�~f?PCT-H2

/.©|Çé¢ÖQ/ëÉíå|©§Ñ••f RseP.©v/e|I?PDZ-C%ÅV\/ã
áÑ.MâÜ∂/Ñ÷Ü£6∂¶ìßT®n3{gúùû~}f�£/IªI?ïGñyw
∫âÜ%ÅV\`©/lmA=|Çé¢ÖQ/ëÉíåÑÃÕùûÜ£6y™óâÜ∂/
aâ�ùg|?£/ïGñÑ¥£âÜ}|I?PCT-H2 6 TM4 Ñ 446 qr/ŸZl^o\
´pÖy¨}¢≠¶™|lmA=}¢‘Æ|ûh£6∂ØRùû~}f�õ}|?£/ŸZ
l^o\´pÖ/.©|ÇÉ@õÑ&•hxyâÜ£6∂úùû?PCT-H2 6 TM4 /lm
A=ÑcÈa÷Ü£6Ñü{îgû~}f� 

ŸF∞±V≤G≥ŒÑ-|Ó€Üd’áàH◊ÿŸG⁄a÷Ü #-[Y„]G⁄|∂?ï
Gñy¨}¢ÖQ6kÜd]\lYQyëÉíìäãåŒd/eaÖQye•fg}¢u
RâÜäãåÑ÷Ü£6Ñm{é¢°~â�ÄÅ/ RsePŒ KkRseP6qrs/tuv/w
xn3|Çé¢?ŸX¥´ãµŒáà∂˜/∑∏ÀwÑ©kÜ RseP 6 #-[Y„]G⁄Ñ?
π§|ÇhDfäãåaÖQ/ëÉíåŒáàyÃÕ}¢°Ü£6Ñúùû~}f� 

 
789):;<= RseP >?@AB;<=CDEFGHIJKL7KkRseP9C X MNOPQRSTUVW

XYZ[LC\]^_>`aCEbcd$

Press Release !
!

4 

RseP> KkRsePCPQefgPDZ-NgChijIgPCT-H2gTM4Cklm)nopq]gKkRsePefN

OCres]tuvC wxyz{| }~C TM4 mg�ArÄCÅoÇÉ]^ÑeÖZdRseP m[L>qZÜ

HIJKLá�ArÄà>\]^âäÇãgPDZ-NgChijIå PCT-H2gTM4áçéèCêuÇëíì

Z>îïUYZdñógòCçéèCëíCäÇfgTM4> PCT-H2áôöõúJùûIü†[7D9m°

¢q£§á•u>îïUYZd¶ßj®I7Zn9mNtìZ�ArÄÇ\]^ñYó[LfgÜ©™´Ç

¨Z !-≠éèÇÆnØ∞XYgyz{| åDEFGHIJKLm±≤≥¥µ∂¥ÖZõúJùûI†[7N9

Çê∂¥∑WXY¥g`aXYZ>VWXYZd$

 
./'01 

RseP /NO◊E]\lYQI?∫yªîù~·~k)9|T }¢'É?ŸX¥´ãµ
/z{{g?+ûgNO◊E]\lYQ/ÌhÑÖQyëÉíìfî/ïGñyóò6Ø
Rùû~â�+/‘åa?Àº'Ω|ÇÜwxæø|Ö†°¢z{âÜ6?ïGñ6ØRù
ûÜjk/wxI4M™|¿°)9aI&•h©ké¢°Ü£6∂ú¡ùû¢°~â�}
fÑé¢?Äü?ïGñy¨}fÖQ/ëÉíå/äãåy¶}hß®¢°h£6a?RseP

ŒNO◊E]\lYQ/Àöyi©™|qrâÜ£6Ñôö|kÜ6∑∏ùû~â�i|?
I¬´Œ‚„^´kØ/≥√´Ñ∂ò RseP/NO◊E]\lYQI?b´¨≠Æ|Óƒâ
Ü£6∂EFùû¢°Ü£6{g?≥√´/NO◊E]\lYQ|i©™|A=âÜqr
sI?∞≈/¨≠Æ±≤∆6}¢˜=a•ÜôöõÑ÷É~â�ùg|I?Äü?ïGñ|
«r}¢?#-[Y„]G⁄kØ?»/d’áàH◊ÿŸG⁄/§•yß®¢°h£6a?Ÿ
F∞±V≤G≥ŒÑ-kØ?ù~·~k≥…/µÆÀw/KnŒ∞fk±≤≥/¥µ|ò
kÑÜ£6∂∑∏ùû~â� 

 
!"2 

π-.I?,- ?AMEDÀ∆fi™ÃÕŒÖœH^\ñ8–G;—“¿PDIS«? AMEDÀ
∆fi”‘ÕŒ™ÃÖœH^\ñ8–G;¿BINDS«?AMED )*,'œÀ∆-.™ÃÖœ—
“¿BINDS Phase II«?’÷◊ÿ?ŸZÿ^Z≥i‰Â-.Ÿ?µo-.:/™Ãy⁄ê¢õ
Zùû~}f� 

 
3456 

]VñF€ Mechanistic insights into intramembrane proteolysis by E. coli site-2 protease 

homolog RseP 

‹›€ Imaizumi Y, Takanuki K, Miyake T, Takemoto M, Hirata K, Hirose M, Oi R, Kobayashi T, 

Miyoshi K, Aruga R, Yokoyama T, Katagiri S, Matsuura H, Iwasaki K, Kato T, Kaneko MK, Kato 

Y, Tajiri M, Akashi S, Nureki O, Hizukuri Y, Akiyama Y, Nogi T. 

æøfifl€ Science Advances 

DOI€ 10.1126/sciadv.abp9011 

 

112



!
!"

!
!
!

!"!# $ !% !& '(
)*+,-./(

0123456723(
0123458923(
3:45;<=23(

(
!"#$%&'()*+,-./012%3456

789,:;<=>?@ABC%DE76
!

!"#$%&'()*+,-./0*123456789:;<#6=>*?5@ABCDCEF
GHI'JKBLC-MNON6FPQ8RST=>8UVWXBL6!9:'JK-.YZ[\]#
^A_O23`CabMc
defgefhiV#6jk'^23Yl8mn_opqOr[stuvwxy z{|}z~�`ÄÅ
ÇÉÑT_oBL6ÖLT!Ü'áàBL.�(âäpq8ãâTåBLC-MçéèV#6Ö8jk
êëGE|}z_o�(âäpq8ãâ'#6í'ìî-.ï8UVñóÇòôtl{öï~TõúG
'JK*ùû.Ö�*ü†NCN°M¢Ç£tl{§yfï~8•*¶ß-.íV®©N°™´Vñ6
¨≠ÆØtÇ∞±≤�≥¥L.&µ∞±V¢Ç£tlTóÇòôtl'∂∑BL6ÖLT6mn_op
q'ë∏-.π∫áà>VªºBL3|}z8_o*åN3456¢Ç£tlΩ?æTø¿_¡�6(
âäpq8ãâ4^¬√!#ƒ≈∆BLCabVN°Mc
«»8…ö#6>nV rL°ï*mT̈ πÀÄ≤Ö�VÃÕŒœ*ªº-.Ö�6ÖLTjk'^
.(â8ƒ≈∆'–—V“.Ö�*6“r”.‘’*÷◊3ÿŸ3⁄-ñ8V-M≠ÆØtÇ∞±#6
‘’€'OOÀr‹›∆G'fiëBL°&µ∞±V“56óÇòôtl*ªº-.π∫áà>#6fl
ô*¶‡·‚‘’8mn_opq'ñë∏N3`C-MflôV#mn_opqOr_oBL.ÅÇÉ
ÑT(ƒ„‰Â8ÊÁ'Ëù-.Ö�Or6ÈÍÊÎN°YZ[\]#6flô8(âÏ&µ8ÌÓ6B
r'(ƒ„‰ÂÊÁ8Xü'ñÔET.�ÒBLC-Mc

!
( >?@A-( (
"#$%! &'()*+,-./0123!
45!67! 89!

:;$%! &<=>./?!
@A!6B! 89!

CDE$%! FG&HI%./?!
JK!LG! MN!

( (

Ó:'12MN&OPQ!
123M*;€bTŒ;òJø'3<=R-»…x123í^`a*d>3Å

4GÉKbLo‚•?%x@f%gP5-¨åQÏ™Oy%8Z-Aß8;ò

jiì∑æ:TL!
!
"B¯C['!
B¯D˜MN2!2O65JP2&&%&J5!QJ65#O!"#$%&#'!)!QJ#'6J#'7!23#R25QJ&!762Q!P2&&!N26254K2'2#6S!R%5#'K!
7T#'!JK#'K!
!UE¯f$&´˜12MN&OPQ "#$%&#'()U-/[op*÷√T./0123‹›¥
4YZ*UKiDV!
!
FG˜/5'J!+JWJX!Y43JT%QJ5!,NJ'KJ5J6N#&X!ZJ&NJ$J!1#'JQX!@%'!M7%'2[%Q#X!\2'!]%J'!HK4X!
+S%6J54!*7N##X!MJTJT4!.J7JT#X!DS4T4!*QJ'JTJ(\47N#RJX!A#54Q#!\J'JK#7J^JX!=#T4!.JRJ!
!
HIÊ˜/-01!+234567!
!
R4#˜:9_:E8E8`2Q$5_8988EE;)a!
!
b+Z˜N6637c``^^^_2Q$435277_45K`R4#`:9_:E8E8`2Q$5_8988EE;)a!
!
!
!

J÷K,ø9äçL!
!"#$%&'()$*+,-."#$%&/0 12345!
67#$89:;<=>?*+@ABC0 DE345!
FGHIJ0 KLM.NO0 PQR/!
!
67#$89:;<=>?*+@ABC0 45!
FGHST0 UV.WXYNZ0 [\]/!
!

!!

!

!

!

!

!

!"!! # $! % &'(

(

)*+,)*-./(01(

!
!

!

!

23456789:;(

<=>?@9AB>CDEFGHIJKLMNH OPQR$STU=U>VWXYU$Z!"6[\]D^_`abc

def #"Sg6hi6efZj,klmno`pqr`,efsntpuvwxyz{`a|(

<}6}~�Ä,OPQR$ ÅÇH=>?@9AB>CÉÑSÖ[\]ÜáàâäãefåmÅçéHCèÉÑZ

nbcdef6klàêëÅíìMNH}~Dîï`{`a|(

<bcdefj,ñó_òàgôöÅõGHefúùûü~`y6†°n¢£wxyz{G|345�Ä,=

>?@9AB>Cnbcdef6§•Å¶Jãß®©ÉÑ6™´MNH}~DÜ¨`{`a|(

(

245≠J;(

ÆØhè†°ê∞±è≤6≥¥µ∂∑,∏3π∫ª∂SºΩ,ê∞Cè45æZ,ø¿hèhè¡¬è4

5¡6√ƒ≈∆«∂∑,»…hèêë 8ÀÃ-Õ45Œ9œU6–—“”∂∑Ä6‘>U’j,œ9÷-

◊6=>?@9AB>CÉÑng6hiMNHbcdef6klàêëÅíìMNH}~DïÄ�Å`{

`a|(

bcdefj,≥ÿbcŸD⁄€GH@‹U›9à‘fi=efDêfl‡GiÅãHefMG|=>?@9

AB>CKL OPQR$ jbcdefM·‚Åë„`{Gn,bcdef6¶Jã‰◊6™´,efklÅÂÊ

Håmjé�Áyz{ËÈM`a|Í}M345Mj,bcdefMÎÏÌÅ OPQR$ D^_wËaÓÔÕ

SOPQR$ÒÚZDÛz,bcdefÙıˆ˜ÅÇHef6klm¯˘àg6˙˚èÌî¸Dˆ˝`{`a|(

Í6˛ˇ,!ê"ÓÔÕ#$6efÅ%&,OPQR$ÒÚ efjklmno`pqrGH~'Å,efsn

uvwxH}~né�({`aS) $Z|}6}~j,OPQR$ ÅÇH=>?@9AB>Cn,bcdef6ê

ëàklÅíìMNH}~D*`yz{G|™+,-–z}~Å,OPQR$ÒÚ ÓÔÕ./g0ÅÂzy,b

cdefj12ãklà34D*G}~n56wx{`aS) !Z|}678˛ˇj,OPQR$ÒÚ ÓÔÕg0

Åjbcdef6sD9:GH;2‰§•6<˙flnNH}~D*=`yz{G|Í}M,OPQR$ÒÚ ÓÔ

Õg06>ı?]àef@3A?]6ÜáDB&a~}C,ef@Ó:fiD-Õ6™´MN(bcdef

6klE6FGnHIwxyzH.Ã@96⁄€[\]6™´ JKLK$ 6ÜánMNÅkO`yzH}~n

é�({`aS) PZ|(

ºΩÇ(,S$ZbcdefÅÂzy,OPQR$ jef6klàêëDQRGH}~nïÄ�ÅãÁaSÊM

ãp,S!ZOPQR$ ^_g0Mj,g6ÜTà;2‰§•6aUÅ,Vbcdef6êëDªÊHÇWãXY

�ÊZn[YyzH}~n*=wx{`a|\©645Mj,S$ZS!Z6]+Å´zywÄÅ^5GH}~

M,úùûüÅ°zHbcdef6B_+`6aΩ~zÁabê¬èEcdGH}~n¢£wx{G|(

345€ˇj,'3ef !"!! # $$ % $" 'Å ghijklmhn(lj(omphinqlmjqm r6s9.89tMÜuwx

{`a|(

!"#$%&'()*+,-./0123&45678
"#$%&'(#)*+,-./0123456789:(

) $v(bcdef6klm¯˘SÙırZ((

bcdefnkl`yw€wxHefxV@‹U›ÕyY=Z$%"6z{|r78|(OPQR$ ^_Mj@‹U›

ÕyY=6}<hYw~~Å�Ä`yza|‘.yj@‹U›ÕyY=ÅÇ6ÉÑ˛ ŠjÖ$""v(ÜÜÜÜáà"v"""$Z(
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