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ǯǺėiYǯǺ�±¡wMȼmjƌYŭȼrTmjƫƢòǅƺʎʊoĆŀekO¢w�Ć

ŀÑƺʏʊ3<OÑYÐǀȘũ3oɆȁcpTkBroȐȮYȻƛ;iƊi;ucbcj1 
ǀŖwƑfɣȶtǔĭŬĪY²nT6jMǕĕurmpǀŖıù^YɝŧwŦɻTe1

ǯǺ�±¡w�¯�«t£�«ĽʅøǋT6kȐȮ C. u¬x¯�ƺʐʊYÐǀȘũƺʑʊo

Ȼƛcp=bcj1ÂĜM��Tw�ª¯ÑYÅɈuɫnkBr<ǮilpTky�¯

�¯ȡƵȇɡȇ(XDH)ƺʒʊoƬžcjȐȮu:TpÐǀȘũYĚĵ<ȷilbcj1XDH
wȐȮɽɠY AIN r AVJ ƺʓʊrĔ[lkČ²ńYÃĤ�¥±­¯ƺʔʊTÐǀȘũoɆȁ

cpTbcj1AIN r AVJ wÃĤ�¥±­¯T6kjeMBliY 2 nYÃĤ�¥±­

¯Y´ƽuwƖǮYǀŖĆŀ�¥±­¯<6krÈɃoǻpbcj1 
BYÈɃuĩo=ȻƛoɚejrBmMƆjtǀŖĆŀ�¥±­¯ ASG ƺʕʊ<ȷn;

jbcj1ASG YǀŖĆŀuwMƫƢòǅoĆŀek DEG/ENaC ĦƺʖʊY¢w�Ćŀ

ÑT6k DEG-1 <ɫnmpTbcj1aiuMDEG-1 oēȹ�¥±­¯ ASE ƺʎʍʊu

ŅàcjrBmMēȹ�¥±­¯ ASE <ǀŖuĄŧekh8utjbcj1ĎƧuM

DEG-1 oq�ªw�¢xu«YāƲȈȞƺʎʎʊuŅàekrMǀŖuĄŧekh8ut

jbcj1aiuȧēƾTBruMȐȮY DEG-1 uǩŝekO��Y MDEG ƺʎʏʊ3o

q�ªw�¢xu«YāƲȈȞuŅàcjrBmMǀŖuĄŧekh8utjbcj1 
Ç´YǯǺ;iMDEG/ENaC ĦY¢w�ĆŀÑ<ȐȮYÐǀȘũuɫnkBr<ȷ

n;jbcj1BlwM��ođdøǋu:Tp¢w�ĆŀÑ DEG/ENaC <ÑYǀŖ

ɝŧuɫnkBroǰeíepY|±�Te1 
aiuM��Y MDEG fǀŖuĄŧcjBr;iM��YǀŖĆŀYÄȊcgMǀŖ
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ƘǯǺůƜwM�s�ƨǂƌʏʍʏʍŔʏƒʐƈʉƈƘƌɪʗʏƒʐƈʊuMƭōë

ĹǕǋĻƫƦɀOEMBO reportsʉu¯� ª�±�ʊ3 Yv¯©s¯ɘĪǊTâɩal

bcj1�

�

ȾȗǣȲoȰTbeYTMƋɷrfCêő?kaTbeh8:ɿTǚc´Abe1���

/ƈ�ƌ0�ÆĖʏŔʏƒʒƈ�Ƶ �ʎʎƌʐʍë5��ʎƌɪǸŖ ��

/ī�ű0�ǙüĳĻ�ŋƘy¤¯��ʉȵƞȨʊ	)ċʃ (ɯ�ǕÑɆȁĻǯǺľ�

äŗǫǴŰŐƚǇúȵŋƘ ��	�

.qz��ʗ�  ++E.��---�@DC�C�,��:�"E��::<**��

ʉ:ɒT:ɐcYɰwɕɲY~s¯�±y¯{o:ÓTµaTʊ�

�	  ƘÉun=bcpwMǙüĳĻ;iMäŗǫƂȜķėÌȾȗz©�ƧMǴŰŐƀȾȗ

z©�MĳɬǶĻ°ĳĻȾȗz©�ƧuCəȍcp:jbe1�

�
 �ȾȗǣȲu:ɐcTjk@kīčwMµȾuCəȍ?kaT1�

ǙüĻġ�ŕĪɠ�

8<$ʗ�,-�)(
�
(	)� �5�B�>$ʗ@D, D,1��B�@DC�C�,��:�"E�



 


�

 

ʘǯǺYȝƎrȋȑʙ 
ǀŖwMǕÑĄŧuǨźşɺoăaeɣȶtǔĭĝĹY²nTe1hYjeMǕǋ<Ǖĺ

cpT?jeuwMǀŖıùuńcpɝìuŧȀekBr<ɣȶTe1Ô9[M��TwÑ

ǀ<nI;3/Ðµc33/utkrÈƯǍŮutkBrgMǠƴYǣǕǏgƯ¿Ǐwƴǀı

ù<ĳ=TƌƕuĮ9be1ǀŖ<ɫnkǠƴwĲƄ6jMŨǅtǀŖıùuhk�±��

§�zƯgÐÑǀǡ<ǱÌęɾrtmp:jMBliuhj¿?tilkƇwÀɗ¾Ɓuh

kƯ¿ƄhjfĲTrT8ĪĒ<6jbe1ĥǑȸƩTfMǀƏùgŉűŃèùuhjǕǋ

ǹY3ó<ȏǄYĀƫutkrĪĒalp:jMǕǋYǀŖɝŧw¸ǜ¬�«YɅɾrtm

pTbe1 
BYh8uMǕǋYǀŖŧȀgǀŖɝŧYȻƊwĲƇɸ;iƔblpTbe<M²ƇTM

��YǀŖŧȀwÑæYĲƄYȈȞ;itk���®±zTñŤalpTbe1Ô9[M�

�YÑwȆ37ÝØYȈȞTƦůalp:jMǕÑɆȁY¹ƝT6kȢwMȆ1000ÜØYǴȋ

ȈȞTƦůalpTbe1hYjeMhYȈȞɪY���®±zwɷŒuȴɴT6jM��

YǕÑæYŬĪéǒoȻƛekĳ=t�±�«utmpTbe1 
ƘǯǺ�±¡wM959ØYȈȞ;itk�¯�«t£�«ĽʅøǋT6kȐȮOʚʌu¬

x¯�3oÓTMǀŖŧȀY¢w��¡YȻƊoǧŷcp=bcj1BlbTuMÐǀȘũ

ǐɊʉĞʎʊYȻƛ;iMÐǀȘũuɫnkëĹrȊȓY���®±z<ŇcInȷn;m

p=bcj1åÑǤuwMɽɠu²ńInĺĤekASJrADLrĔ[lkŭȹ�¥±­¯<

hlilǀŖoĆŀekǀŖĆŀ�¥±­¯T6kBrMASJ;is¯�ª¯<ëƸalM

ȣ<s¯�ª¯oĆŀekBruhmpÑæYȠțɢƺʎʐʊYƦůƳoıùaJMÐǀȘũo

ÐµaJkBroȷn@bcj(Ohta et al., Nature commun., 2014; Ujisawa., PNAS, 2018; 
Okahata., Science Advances, 2019)1ƐuMȣ;iȄĹuŬĪ<ÍɜalMȄĹ<ɽɠYǀ

ŖĆŀ�¥±­¯o�r±���zñŤƺʎʑʊekBroȷn@bcj(Sonoda et al., Cell 
reports, 2016)1 

BYh8uÐǀȘũoÐµaJkÄȊcwƊi;utmp=pTbcj<MÐǀȘũoĮ

ŜaJkÄȊcw`rpsȻƛalpTbJpTcj1 

 
 

Ğʎ. ȐȮYÐǀȘũ 
ȐȮwM25/TʁȜaljŢu 2/uȔ;lkrƯǄek<M15/TʁȜaljŢu 2/uȔ;lk

rǕĺT=kʉÐǀȘũǐɊʊ1 
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ʘǯǺYæŀʙ 
y�¯�¯ȡƵȇɡȇ XDH-1 w 2 nYÃĤ�¥±­¯oÃcpÐǀȘũoñŤ 
ÐǀȘũuɫnkƆcTɞÍĹoȷn@kjeuMʁȜǀŖuÕĺcpǣǐɥoıøa

JkɞÍĹoĲƄȻƛcM��u:Tp�ª¯ÑYÅɈuɫnkɞÍĹrcpǮilpT

ky�¯�¯ȡƵȇɡȇuǩŝekMȐȮYy�¯�¯ȡƵȇɡȇT6k XDH-1 oǣȷc

bcj1 
 XDH-1 <ƬžcjıǞÑȐȮʉxdh-1 ıǞÑʊwM15/TʁȜŢu 2/YÐǀòǅo·

9krɤǕƟuƳ_pÐTǕĺǏoǰeǞŒ<ȷilbcjʉĞʏʊ1aiuȧēƾTBr

uMBY xdh-1 ıǞÑYÐǀȘũǞŒwMAIN g AVJ rĔ[lknI; 2 nYÃĤ�¥±

­¯uƮŒt xdh-1 ɞÍĹoŅàekrĜťekBr<ë;jbcj1nbjMXDH-1 w

AIN r AVJ Y 2 nYÃĤ�¥±­¯TÛ?BrTMÐǀȘũoñŤekBr<ǰĘalb

cj1 
� XDH-1 Y AIN r AVJ TYÛ=<ÐǀȘũuŦȶT6krîƊcjjeMw«�t¡s

¢±�¯{ƹƺʎʒʊrT8ßųȱTMxdh-1 ıǞÑY AIN r AVJ hlilYǀŖıùuńe

kǴȋƼøYıùoɆ_bcj1ȻƛYȌƜMXDH-1 oƬžaJjıǞÑTw AIN YǴȋ

Ƽø<ÐµekǞŒ<ȷilMAVJ TwĄńuǴȋƼø<´ƉekǞŒ<ȷilbcj1

BliYǞŒtǴȋƼũw xdh-1 ıǞÑY AIN r AVJ hliluƮŒt xdh-1 ɞÍĹo

ŅàekrĜťcbcj1nbjMXDH-1 < 2 nYÃĤ�¥±­¯ʉAIN r AVJʊYǴȋ

ƼøoñŤcpTkBr<ǰĘalbcjʉĞ 3ʊ1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Ğ 3. XDH-1 Ƭž<ǴȋYƼøoŏĊek 
xdh-1 ıǞÑY AIN �¥±­¯wĄŧ<Ðµek

ǞŒoǰcMAVJ �¥±­¯wɛƼũùekǞŒ

oǰe1BliYǞŒ< xdh-1 ıǞÑYÐǀȘũ

ǞŒoŚ=ɏBcpTkrȖ9ilk1 

Ğ 2. xdh-1ıǞÑwÐǀȘũoĚĵcpTk 
ɤǕƟwɗŒM15/ʁȜŢu 2/uȔ;l

pfǕĺT=k<My�¯�¯���­}�

±�<ƬžcpTk xdh-1 ıǞÑw 15/ʁ

ȜŢu 2/YÐǀòǅuaialkrƯǄe

k1 



 

)�

 

DEG/ENaC Ħ¢w�ĆŀÑ DEG-1 ođdÐǀȘũYƆjtǴȋĜɑ 
AIN r AVJ wǴȋŬĪoƪƿcekÃĤ�¥±­¯T6kjeMBliYÃĤ�¥±­

¯Y´ƽuwǀŖoĆŀekŭȹ�¥±­¯<ĺĤekĉȟũ<Ȗ9ilbcj1AIN r

AVJ Y´ƽuw 9 nYŭȹ�¥±­¯<ĺĤcMhY8lY 5 nYŭȹ�¥±­¯u:T

pMƫƢòǅoĆŀek DEG/ENaC ĦY¢w�ĆŀÑ<ǣǐcpTbcj1hBTMBl

iY¢w�ĆŀÑoǣǐekŭȹ�¥±­¯<ÐǀȘũuɫ·ekYTwtT;rȖ9M

¢w�ĆŀÑYȻƛoȰTbcj1ekrMDEG/ENaC ĦY¢w�ĆŀÑT6k DEG-1
YıǞÑu:TpMÐǀȘũYǞŒ<ȷn;jbcj1aiu DEG-1 oǣǐek ASG ŭ

ȹ�¥±­¯<ǀŖuŧȀcMhYǀŖŧȀw deg-1 ıǞÑu:TpÐµcpTbcj1

BYǞŒtĄŧYÐµw deg-1 ıǞÑY ASG ŭȹ�¥±­¯uƮŒt deg-1 ɞÍĹoŅ

àekBrTĜťcbcj1nbjM¢w�ĆŀÑT6k DEG-1 < ASG YǀŖŧȀuɫ

·cpTbcj1 
ASG ŭȹ�¥±­¯w AIN ÃĤ�¥±­¯Y´ƽuÏȔcpTjBr;iMDEG-1 Y

ASG ŭȹ�¥±­¯u:@kÛ=YȌƜrcpMAIN r AVJ ÃĤ�¥±­¯YƼũ<ı

ùcpTkĉȟũoȖ9bcj1hBTM¢w�ĆŀÑ DEG-1 YıǞÑu:@k AIN r

AVJ ÃĤ�¥±­¯YǀŖ^YŧȀoɆ_bcj1 
w«�t¡s¢±�¯{uhkȻƛ;iM¢w�ĆŀÑ DEG-1 <ǞŒutkr AIN r

AVJ ÃĤ�¥±­¯YǀŖuńcekĄŧ<ǞŒutkBr<ë;jbcj1hBTMdeg-
1 ıǞÑY ASG ŭȹ�¥±­¯uYcƮŒt deg-1 ɞÍĹoŅàekrMAIN r AVJ Ã

Ĥ�¥±­¯YǞŒtǴȋƼø<Ĝťcbcj1nbjM¢w�ĆŀÑ DEG-1 Y ASG ŭ

ȹ�¥±­¯u:@kÛ=YȌƜrcpMAIN r AVJ YʏnYÃĤ�¥±­¯YƼũ<ı

ùcpTkrȖ9ilbcj1 
 

¢w�ĆŀÑ DEG-1 oÃcjǀŖŧȀ 
DEG-1 < ASG ŭȹ�¥±­¯Yǀ

ŖŧȀuɫnmpTjBr;iM¢w

�ĆŀÑT6k DEG-1 <ǀŖoĆŀc

pTkrT8ÈɃoǻpbcj1BY

ÈɃoƤȿekjeuMǀŖ´Ɖuw

ĄŧctTēȹ�¥±­¯ (ASE)u
DEG-1 oŜñǣǐƺʎʓʊaJMǀŖuŧ

Ȁekh8utk;oȻƛcbcj1

w«�t¡s¢±�¯{uhkȻƛY

ȌƜMDEG-1 oŜñǣǐaJj ASE w

ǀŖ´ƉuĄŧoǰeh8utjbc

j1 
DEG-1 <ǀŖoĆŀek;oǨźǤ

uǰejeuMq�ªw�¢xu«Yā

ƲȈȞoǖTjɶƴǕǒĻǤȻƛƺʎʔʊ

oȰTbcj1ɗŒMāƲȈȞwǀŖı
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Ğ 4. q�ªw�¢xu«āƲȈȞ^Y DEG-1 ŜñǣǐYȻƛ 
DEG-1 oq�ªw�¢xu«YāƲȈȞuŜñǣǐaJMǀ

ŖuńekĄŧoǁļcj1DEG-1 oŜñǣǐaJjāƲȈȞ

wǀŖuńcp Na+Yƽàoǰcj1 
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ùuĄŧoǰcbJp<MDEG-1 oŜñǣǐaJjāƲȈȞwǀŖuńcpɶƽÙYıù

oǰeh8utjbcjʉĞ 4ʊ1aiuMȐȮY DEG-1 uǩŝekO��Y MDEG3o

ŜñǣǐaJjāƲȈȞfǀŖuĄŧekh8utjbcj1 
 
 

ʘÂŢYŊɩʙ 
ƘǯǺ;iMȐȮ;i��bT×ĺalpTkODEG/ENaCĦY¢w�ĆŀÑ3<ȈȞYǀ

ŖŧȀuɫnjMȐȮTwÑYÐǀȘũuɫnkBr<ȷn;jbcj1BYȌƜwMøǋu

:Tp¢w�ĆŀÑDEG/ENaC<ØÑYǀŖɝŧuɫnkBroǰeíepY|±�Te1 
ȐȮTwM¢w�ĆŀÑDEG-1oÃcpASGŭȹ�¥±­¯<Ć@ąmjǀŖŬĪ<My�

¯�¯ȡƵȇɡȇXDH-1<ƫȟekAINrAVJYʏnYÃĤ�¥±­¯oÃcMOÑYÐǀȘ

ũoıù3aJpTkrȖ9ilbeʉĞ5ʊ1²ƇTMÐǀȘũu:@ky�¯�¯ȡƵȇɡ

ȇʉXDHʊ:h]y�¯�¯YŠóunTpwMƖǮYǈ<ưalpTbe1 
DEG-1g��YMDEGwƫƢòǅoĆŀek¢w�ĆŀÑT6kBr;iMǀŖhYfYo

ĆŀcpTkĉȟũuö9MǀŖıùuhkȈȞȥYƽøũYıùtsoĆŀcpTkĉȟũ

fȖ9ilbe1ÂŢYDEG/ENaCoÃcjǀŖŧȀYÄȊcYȻƛ;iMǀŖĆŀÑ<ǀŖ

osYh8uŭdpTkY;oȻ=Ɗ;eɨ<ȷn;mp?kBroƕšcpTbe1 
��ođdʆǾøǋu:TpfMDEG/ENaCĦY¢w�ĆŀÑ<ƫƢòǅYĆŀgMɢēg

ĬēYĆŀuƫȟcpTkBr<ĪĒalpTbe1ƐuMƘǯǺ;iM��YMDEGfǀŖ

ĆŀuɫnkBr<ǰĘalbcj1hYjeM��u:@kǀŖŧȀYëĹ¢w��¡YȻ

ƊrMǀŖ<ɫnkƖȻƊYǟūYĂĝȻƊuȒ<krƕšalbe1 
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Ğ 5. ÐǀȘũoƮuñŤekƆjtǴȋĜɑ£�« 
DEG-1 <ǀŖoĆŀekr ASG ŭȹ�¥±­¯<ĄŧcM

AIN ÃĤ�¥±­¯oƼũùaJʉǭÿʊMAVJ ÃĤ�¥±

­¯oŴñekʉǈȐǭÿʊ1hYȌƜrcpMÑYÐǀ^

YȘũ<ǎţalk1ØÑYǀŖŧȀuɫnkƆjtǴȋĜ

ɑ<ȷn;mj1 
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ʘǯǺſŽʙ 

ƘǯǺwMƈƘûǢǯǺɩǣƫƦʉAMEDʊɹƆǤÞǼǯǺɩǣſŽ¾ƥʉPRIMEʊO¢w

��sv­�±ƫƦYȻƊuhkɹƆǤûǢƫěă]ûǢųȱYôê3ǯǺɩǣɼĨu:@

kǯǺɩǣɅɾOƆȸǀŖ�¯�±ëĹYýɵrhloǖTjŧǖųȱYôê3ʉǯǺɩǣ

ÅȲȗʗ»ĂȃʊMƅɠǶĻǪǶĻǯǺȳ÷ɦ ƆĻȱɼĨʉǯǺɼĨżƠĦʊOǀŖoĩɓ

rcjǕĕǐɊYȎčǤǒȻ3ǯǺɼĨu:@kǯǺɅɾOTRP�¤�«:h]ȥȠɎuh

kǀŖ�¯�¯{ƫƦYȻƊ3ʉǯǺÅȲȗʗłƶǬǓMǯǺëŵȗʗ»ĂȃʊYǯǺɍuh

mpȰnlbcj1 
 

ʘǖɂȻɃʙ 
 

ƺʎʊƫƢòǅ 
ƫƢòǅrwǋǒǤtõuhkòǅtsoŷe1ǥȤ^Yźȼòǅg��YæșYʇȥ^Y

Ÿøòǅts<đblk1 
 
ƺʏʊ¢w�ĆŀÑ 
øǋu:TpMǥȤgǴȋȅtsuĺĤekƫƢòǅoĆ@ąk�¯�zɎtsoŷe1ǥ

Ȥts^YƫƢòǅuhmpǕdkȈȞȥYśõoŭdpɩ=MȈȞæusv¯oɖɛaJk

sv¯�¤�«ĦY¢w�ĆŀÑts<ǮilpTk1 
 
ƺʐʊʚʌu¬x¯� 
ĢįuǕŪekɷŁǕũYȐȮT6jMƮřďǷwwu�©��r�r�°u¬x¯�1Ĉ?

;iëĹɞÍĻǤtȻƛuÓǖalpTk1ʎʖʖʕŔuwĲȈȞǕǋTíepá}�¡ DNA
YȻɄ<ȉ½cj1��YɞÍĹƄrĎǾuȆʏ³ØYɞÍĹoŶlMʀÎYɞÍĹfĲT1 
 
ƺʑʊÐǀȘũ 
� øƣǋ<Ńƕo¼jɐ9kɰuMǵYÐ?tmp=jǀŖoŭdąjMðƙekçuĐ@p

ǕÑæTÐǀ^YȘũoƦȂekǐɊ1 
 
ƺʒʊy�¯�¯ȡƵȇɡȇʉXDHʊ 
� ��TwM�ª¯ÑYÅɈȋɑT��y�¯�¯;iy�¯�¯My�¯�¯;iňɢ^Y

ÅɈoȼĸcpTk1 
 
ƺʓʊAIN r AVJ 
� C. u¬x¯�YɽɠuhlilŏĊ²ńĺĤcMŭȹ�¥±­¯<Ć@ąmjŬĪoƪƿ

cekÃĤ�¥±­¯T6k1ƘǯǺ;iMBliY�¥±­¯<ÐǀȘũuɫnkBr<ë

;mp=j1 
 
ƺʔʊÃĤ�¥±­¯ 
�¥±­¯ɪYŬĪÍɜoƪƿcek�¥±­¯1 
 
ƺʕʊASGʉǀŖĆŀ�¥±­¯ʊ 
� C. u¬x¯�YɽɠuŏĊ²ńk@ĺĤcMǔĭYŭȹŬĪoĆ@ąkŭȹ�¥±­¯T

6jMȐȮ<ĶdƵǃũɁŚǋɎoŭdk1ƘǯǺ;iMBY�¥±­¯<ǀŖoŭdkǀŖ



 

,�

 

Ćŀ�¥±­¯T6kBr<ë;mp=j1 
 
ƺʖʊDEG/ENaC ĦY¢w�ĆŀÑ 
� Degenerin/Epithelial Sodium Channel YǝǷ1ƫƢòǅtsoĆŀek 3 ɥÑY¢w�¬�

��±ʉƫƢĆŀÑʊT6jMNa+oƽàek1ƘǯǺ;iMȐȮY DEG/ENaC Ħ¢w�Ćŀ

Ñ<ÐǀȘũu:TpǀŖoĆŀekĉȟũ<ţilj1 
 
ƺʎʍʊASE ēȹ�¥±­¯ 

C. u¬x¯�YɽɠuŏĊ²ńk@ĺĤcMǔĭYŭȹŬĪoĆ@ąkŭȹ�¥±­¯
T6k1ºuĬēʉNaClʊoĆŀcMC. u¬x¯�<ɝŖtǆŖY NaCl uɳbkȰøu
ɫnmpTk1 
 
ƺʎʎʊq�ªw�¢xu«YāƲȈȞ 
ɶƴǕǒĻǤtȻƛuÓǖalkƖĆȄā1abEbtǹʀYǕǋY�¤�«gĆŀÑoǣ

ǐaJMabEbtòǅ^YĄŧoǁļT=k1 
 
ƺʎʏʊ��Y MDEG 
ȐȮ DEG-1 Y��TY�£­{ʉǩĎÑʗɞÍĹgŞŮ<ãɗYǳÞuǘƙʊ1ÐǀµTĄ

ŧ<ĮŜalkBr<ĪĒalpTk<MǀŖoĆŀek;wë;mpTt;mj1ƑɕYǯ

Ǻ;iMǀŖoĆŀekĉȟũ<ţilpTj1 
 
ƺʎʐʊȠțɢ 
ŕȕuwƷȠgȠɎtsYƦůůëT6kƓƫɢoŷe1ǕǋYÐǀµTYǕĺYȺǈu:

TpwMȠțɢYğbjgeaT6kʂĖŖ<ɣȶrȽnlpTk1¶ʂĖȠțɢwMÐǀŖ

Tfğbju?TOƷ3T6kjeMÐǀµu:TpıǀøǋwMǕÑȥ¹Y¶ʂĖȠțɢƳ

ǏoĮgcMÐǀµTfǕĺT=kh8utmpTkrȖ9ilpTk1 
 
ƺʎʑʊ�r±���zñŤ 
ǕÑ<ǔĭuɝŧekjeuMÑæYǔĭoɆȁekÄȊcY\rnT6k1ǕÑuǔĭŬ

ĪYàõ<àmjīčuMhYàõòǅ<ĳ=?tjɛ>jjņa?tjɛ>jjctTh8

uMêõuɕTƗơYȈȞ;iàõuɕT´ÏYȈȞoɆȁekÄȊcY\rn1�r±��

�zñŤuwM´ÏYȈȞoaiuƼǣuÛ;JkjeYOƮY�r±���zñŤ3r´Ï

YȈȞYƼøoŴ9kjeYOɋY�r±���zñŤ3<ĺĤek1 
 
ƺʎʒʊw«�t¡s¢±�¯{ƹ 
�¥±­¯YÛ=uɣȶT6kȈȞæYw«�t¡ǆŖYıøoȩYıùrcpȷkƇƹ

YBroŷe1ƘǯǺTwMw«�t¡sv¯rȌčcMw«�t¡YǆŖuhjȩ<ınk

ȯß�¯�zɎʉw¢¬v¯g GCaMPʊoȈȞuŅàcj1 
 
ƺʎʓʊŜñǣǐ 
ƍƱwǣǐcpTtTɞÍĹoÁŎǤuȈȞæTǣǐaJkBr1ÂĜMǌļYȈȞæu:

TpMƘƙw`rpsĺĤctTǹʀY�¯�zɎoMɞÍĹŅàuhjŜñǤuÒiJj1 
 
ƺʎʔʊɶƴǕǒĻǤȻƛ 
ǴȋȈȞgǿȚȈȞtsYɶƴǤũɎrǕǒǤtÛ=rYɫÖoɆ_kjeYȻƛŲƹo

ŷe1ƘǯǺu:TpwMȈȞæYsv¯�¤�«gĆŀÑYǌũoMǔĭòǅo·9jɰY

ȈȞæuǕdkɶƽgɶģYıùrcpǨźǤuǁļcj1 


