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FEOICLETHRUL, B R ERITETIEREERLILAE K. BRETORAERERFAZREI
S, RAEE—HF—DRERTYTEREEFTRULICKEERELCIEEHAL,ICL, BEFEEZFHEE
EREZEADLTHIELGMREZEA .. RAEEBAROBERNICETEYUTILERAEZOALET S
C&ET, TAADREETMS U2 DEBEBITICHKITILE:. EEREFEEBIREE (cryo-ET)ICKYBEIZL-
FEJUVABEBELEERRZLEVAILTEZOEBZETIEAREICLY, FlERAEE—2—BEETIL
DERZEIT 2. ChETHMBICHESNATOS Y ILERSEELETVAEDE—4—EED LTS E
MTEL.

A02-2 FEREHEM: NATVYFEEYPE—F—DAF 2 BIRE B S FH# 4 0 7 87

HMAODARAEE—F—ITRREIIELGDI—MHFA L TRETEINATVIRBRE—F—DNRERINT=Z
LI2&Y, CORBFIEHFH-LBBERICA-Tz. KAROEMIL, 1F7I/LAYHE Bacillus BB D /NAT1) b3
NAEE—F—EBIEFLFH Y Bacillus BHEDE—DAA L DHEFIHATEINAEE—F—EBEEFDA
FUBBIRBBDEVNETRRATHIE, BIC, ChETHREFOLGWL_MOHFA BB HELTRIATSE
BRAEEFTHHBMEORETHD.

MERHABAIZ, 177 )L AV Bacillus BHIE D Na'& K'TERETHNATVIRBRAEBEFDAAL
VERMICEETATI/BEREEREL:. £z, VS LBEMEHE TIE#H T Bacillus alcalophilus @
MotS 47 1=wb® C RimF KB DOFHERILIZHIILz. COMIC, FHHHAR CTHIRERLFTIL
AUHEHIE BHRO Na'BREN B E EF MotPS D EIEEREN N DK EICEELTI/BMEEDEELHENB &
UHERRAEE—F—BEFIIEITAMFVRARRICEAETA7I/BREEOHEICHTILE. BIZ,
Ca?NEELRRKMNSDEELT= Paenibacillus sp. TCA20 # 5%, HREHD Mg? > Ca? &L o= i D
NWFAUTEHEITERAEE—R—ZTFITHEEHALH,ICLE.

A03-1 AINEHEM : NVTAAT—TRAHEDBEEEG TS T —OBEEFA(FSIX
NITAAT—TAMMBAICEFNIZOMBE ILERKREZBEL TEKEEN GEEEBR) ' HD
M, TDANZAXLIZDOWTIRIFEAEDL N> TWVEN o=, BARKREIZIESprBEWLNSTATAV NIV NI E
H&HY, SprBRIEM TILBEEFHRENEONDIIENLID ANV ENBEEEICREFRTEIENDH

S2TW5. ZCTHEMN EEEFFIORETSpBREENDREAV/NVEEHAZHEL, ERHTEN
(TIRF) BEMERICTZEDEHZ) 7 ILIALTEHREL, BEEHAN=XLEZHLNCTEHILEHAT-.
SprBE HNIFH LA ETILSpBAEREREEEEEI LU KICIREILGASEMKIEEZRR L. &
f=, BARE AR /N EFjoh_0697% & A ZHL-MRATERENLEEE T IRICTADRANLORSE
REFETEIY TERELTLSIEN M ofz. I5IT, HNEDRY TSR LBAIZIEGIAIZV N IEEZEDTILTF
L—ILBENHY, SprBIATAVINIDBELEHZL TSI LA hhofz. SOTILFL—ILIEEIFE
BESEKICHEEL, SprBIATAVINZOBEITR>TEKEELIC, BRKREICHBETHETRAD
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BB ZSISET EEBALMICL.

A03-2 EHREEM MR BRSEE YL —DREHEEMEE

HMEMEOERMSEE, BRERO Input 2B BT 50— F )T T RM—L1L, EBEE
ELTOutput' 2B 43 2BV T —TRAEIEVI2DDBH FEAKRDERICL-THAEEELST
W5, KMROBMIE, TRT RN —LIORE - HERRO P LHEEIZRIZLTLSTIF U EMamK
MR EROMEEFMRBAL, 512, £HMBIZHETHITTREY—LA], TMamK fifaE#K ], TRAEID3D
DEAFHEERDOBELHEL, BMRBRICOMBEZHONCTEIILETHS.
HEHEAIZ, BEAFM ZAW T RN —LABLVEMBS FAA—DUTICRIL, £ RETRINE
MBERANIT RN —LDOEMBBERAA—DUTEORRBICERTILE. FICEHRERAA—DY
JTIE, REMIOERBN BT, £S-MIEADOII RN —LOEEEZEETHIENTREERY,
TR —LIZHEET D MamK Hila B8 0 BRI EEZ SN ICLTz. —FA, BT M.
magneticum AMB-1 BENZEZE THINAEDEEES D AIRILICEIIL, RIRE A DB A EDEER
DHELTHIET D-DDHENEEAHTEERALMICLLZ.

A03-3 FHEEMWH : 7A—N\ERZEZHBI ST IF U BESRTO S —

BERMREDTIFOT4TAUNE, BERETIFEEIINVEABP)EHEERL, TIIZE->THR
EEINDSHEHAEEZIES. bhbhld, BEDABPN IASAVMRDTHIF oS TAZwNIEET &,
ZDABPIZH L= BB E E AR EDY T 1y MIEEL, FI/EILOKSICRIE#R#ICHT=>
TIDABPHES LIZTASAVII SN, FOFUT4SAVMDEHEDHEEELBEENBIRSh R ELLS
NEDTIFRWAEEZ-. RETEFEDBMIE, CORMEERMICIRIIL, SOICF0EEMEEE
BALMIZTEHIETHS.

ZOMHE, UTO=Z20FEBELRREEF LIFAIENTE. (1)ATAIVIETIFUT4F AV MR EMN
[CHEEBLTISREI—ERBL, ATV IFRI—RNDIT(TAV DL BAEYFEEHBSE LD, BiR
AFMBZEDHER, SEAEYFOEBNAT IO DFEELTOERVWEEETEREL, Thick->TEE%5
A4 UREEDFEINIATAIVIFREI—DEETHIELERLIZ. THITKY, TIFUT4TAV D
FMBEECENLTATAIUNTIFUIT4SAV NGRS TEHENBLHITHEST=. (2) ATP
BHETOIFAIUSIUETIFUI4TAVREBERMICLMESLIELD, FRICK>TTIFU T4 AURME
BRIBICHEELZEL, a7 A TELRREBIEETRLE:. ThiZkY, EHEDABPHY, 7OF2 745
AVRDBEIMBEEILENLTHELHIADZXLDEALNZEST=. QMERNDTIFULI«TA00E
BEZRMELDOILEMHREL, LEDin viroD RBRERNEBEMLEKREF DL R INT .
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3. MABEHOARMEROMBER EHAFORGRE (1 X=JLRA)
RFEHEEIRG | RIRE S T3 BT, 2 ORIBLR & TN A MRS 2 720123 U T RIERF IS oW C RIS L T< 72
S, Ffo, MBEEETo72HAIE, BECEDPHRICOVTHIIEL T HEE,

R 1 HRMICRANGRIEAVD LT R RIEH)
BIREMELTRRTILRFICTRMARERREToLRERBL TUAEFREBBE T, FED
BRISHEIAEANIDLERAWNTE. LHL, 2012 F(THRMEA) D LBERZBICHE- =126, BIURS R T L4
DONTWVENHERFEEITITRIEANY LOFEANFRI SN GG 0T, KEETIE, RIEAYILZEH
Y BHEE RDYISKARERERAVDHEDEAZREL-. TOHER, BMICISCTZ DDA EERE
W T, FILKRARLI-IXZTISET, BEGEENGONDSKLIITGoT. 2014 FIZFAYILF R
BHEh, KYBLIARMININEELDOD, 2011 FLRTERBRICHIGESN D RIITHo1=F=0, LYTLFS
EUTA—DEVWSRATLERBET HENTE. BERF, KRTIXFRAOTODIIMLT, HiffD

FFELMIEZERITTLS.

BREM 2 NITYT D ibEE, SecDF 3 /0B OB 9 @R (FIE)
REEAN—XLEESVNEETERT H0I1C, FEREDPEAOHERNIOESREEDEIFEERD
BENH>-. AAETIEESBEDRFTEESZEREBL=OIC, 1)BLKEEBEEOEHRED
SecDF #U /I BERIILE:. 2) SR ITAREE (S-SR ENFRITHHASIE S EITLY, Fo0E
DEEEHIBL TR S LEITEER/DIZLICHRILL.

BERA 3 NITIVTFRAZEBEFORERT (RE, FBEY)
BAVNIBTHAEAEFESERDIBFHEIL, AFRELARKET LMD, EAZEOHADPTHAS
NTW:z. REICZEICREUTICUIARHETRIEETHD. COHIT, EMMAREOE L RIHE
L, ERICNHOERTHIELIZEEZONTWSBIFRAMDO /NI TIT7 THS Aquifex BORAEZ N
DEERAWNAIET, RIBLES LR AT BEENBRAZBAVNRVBEZOELENEL>TNDILEE,
85°C TH#J90um/sec ELVIELVEEKBEZ EIEBRTL, EFHEMBHERICE ST, BITHLTEEN - H#EEHN
[CREERAEFFDILETRLIESZELI-. A. aeolicus ® MotA/B % KZHE motAB R THRIFE -8
(2, TRUD LR ERAEE—F—ELTHBET A EMNBHALMICL, FUNVEDHEBEE{To1-L25, &
NFETLEFELST, KEICHHEITHIENTREE G-, CORMERAW, HBREBDIZEITHUMLE. L
L, X{ZET CTORBEIBERTICIE TR TR0, REEOREETO>TNS. ETJULED
PomAB &K, 57 ILAYNFILAE D MotPS EEARDIBE L, XM LKLFEHODN TN A IFILY
JLAVRORTFUILTILMN R EZE>TIToTULED, BE, BEShE=RARVFIILT)I—ILREE
EHRIZRANAILET, YT AyMEEZ BT ST LG LICHEE T A LA ATREL STz,

B4 POFUI4SAV DB EL R M OERICOVNT(LH)

B AFM BT, 7OF VT4 AV NI BAEYTFOELEEIBES A DH D LIXHEILTES:
N, ZDEE, TOHFUTAM—DRFBENEDISIZEILLTLSDH, AAEZHAMAIZILEHATEL
Motf=. TNIFEELT, BMHABRIZES. POFUI4SAV D E D BREMESERITIE, BRK-#EHE
BUHRD 2, 3OMETIL—TT, PHFUEEIVNRIBEALENEESDRURFEENEILDDOHS
ELVSOMNRIRTHY, WTHIBEZEHEICOWTEHELMNZIE-TLSELFLTLAS.

-, HBRDOTIFUIT4TAVMDEESREICDONTH, SEHMEZBASAIZTEILETELED - IR
K-MEEzELIC&KSE, ERMBROTIFUI(SAVEDEIENET 7 —BRIIFHHMELINS
E1E21=DT, REDFELT, P FAFRET ZHRAALETIFUEMBBIZEAL, MIENTHEES RN
HHEIFHERL-GAXERBRT)LOD, COHREMEBETIEENAREoT-.
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4. EERROFRRUFHEAFEOFRREFTHMBERTLEEAOHBRER (2X=JLR)
FEREROFT R I OPRFHEIC I CTHH % 21 72 A B - 2B AL, Uik A2 b RO~ OGS % % filil L
TS,

<EERROFRICBEVTHERBZRTL-EEAORERR>
<EEHREOFRICBVLVTEFEEZZT-BE>
(RIB&) — AT, MEB-HELEEBRIIL—TOIEZNLGITIL—TEOMELEETHS. AR TH
KEBDEHEDFIVFT) BRIV N\ VEOHBRBERITOEMREMATLEVD TIHGL
M. Ffz, SHREHBBACEEMNLGRBERERRTILODAHEL, EOLILGTLIIRIL—%
BiedT OMIZBAEICTRETHD.

BREAHAHFICOVTIE, AFMFRICTHIELz. $74bhs, BRMEOSELAHRE (BRfEE
R)EMBERE L GIMER), 2/ VER#SBERREOMK BFELT HEEMIK), X B REHRELH
BOHFHRCHEL(ERR)DEAVN—ITMA Tz, £z, FHRLARMOEETHIS HBESIZE (KRX)
EERITEEE LY REZEDT-.

BT RETLAVRIL—ITDTIE, BHUFHETHo-BEEARIBORES VRO ILIZMAT,
A—1)2 1) X k& Facebook M &5 B EMZEREITL, UTORERES - HRBEE—F—2/10EFH
NITUTRABE—F—LUNZLEHOEREFHARLEL, MEBFEELTLS. LHL, THILEFHIR
[CHIR-EELEOTIEES BHOEMZONTIF 17 BELGWIIIRETES. Tho 17IEEDHEEA
HA=XLOHBRIE, XTLAFREEDMKD ECEEMESILERTUOvILICKDIFVRTEL
5, BTG ESOEZFIEL, $hELS NI —O2 AZFALTWSIETHS. T LU THMAS]
NORFATHZSy—O o hbhn, AREEEICVEEL 17T BEOESKREEEAELTVWSHBEREL,
HERDFR, £EHFHE, MREELEORTRISTVWSNEEBRBETHS. T, S DT/ LIEFEHRD
EBEHND, thIk EOLTOEMDRENESMNZLEYDDEH S (Spang A et al. 2015 Nature, PMID:
25945739, Hug LA et al. 2016 Nature Microbiol, PMID: 27572647). ARfig(L, ChoDIEHRERIC, 1]
BIERETDETEMBTHLEHMADBZELL. FHlAARE, BEEAVN—DZIDHEIC
SMe5mXELT, BEEBERDTHD.

<PRFAMOFMREFTHEBEZ TLEEADOHBRE>
2016 &£ 10 AlcHSn=hREHEIX A-THo1f=. RRDIERHERZT1=1=8, SHIZEEICEBHREERT,
ZTRRDEFHDBRERELS:.
<P RFETHEBEZIT-EE>
(FTE) STEHRIFENENON B THOMNGHRZRFAL TV SHARE THEEIN ., HEHAKEZS
OTERICTHRZ LT TS, FHERARBZHRLLET SHARMBRUICILIERDFEBERED-HODE
NLEMICHELTEY, FHETED, SRIFSOICHEBNTODESEZHEL. REBMICEHL
BEHREOHENAFIND, — A 1 DOFHERRREN ST ERREBMOEEREAH =
A ZDZHEITODVTEF+HILREANEEND,

ABMHERICRAOERBZRIT--, TOKICHIGLT-.
<PHEFBmTHEBEZIT-FIE>
(BTBE) — . STEMERRESHADESTEH IR T —DEBRANZ X LIZDOVNTIERERBAL R
HLE SLHEDMARADERETRD D,
PRERERFIIERIN-BA~OXREEZZAT, STEMOERZRBLLAROON LGN £2
T, BEERBTICEBOHIEHHENEELLTHAREHLL-. I5IC, BEEFHEIREE (cryo-ET)
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DEERMICEEOHARETIFHAKZED Jun Liu EXFERAETAHIET, HLLVRRTOMRAEE
BERL £, HUOFHENZLEREYAHFBE-1-0, BEFEEEFE/\VE FIIGC DB ERRERRT
[CERZTSHEITRYAREEDDLICLE:.

FTHHERICREADIERZZIT-1-8, TOKIIHGLT.
(BTIBE) LA, FOFUIASAVRDBEEIENEDKSIBREIZEIEDTHLIONTFTHATH S,
MR ERFICT IF U TAIAV D RECREE LT D LIEZLDOABEICL>THRFTSINTEY.
MEYRRLI-DEFICHE->TWS, SEIE. 274V EVHDO R FITHER>TWSER, COMR
DEBIZEVEDLSBAU NI DHEIERDEOESNEZDONEHELSMZL. CORHF~ADERE
FUKRECFBHILERDD, CNODRESFAT. IL—VRIL—%110FT L5BITREED. 5k
DHARABT-RADORELEZED,
(DT IFUIASADEEEIENEDISIBERICEIKEDTHIONFHATHS.
CHREDOLEY, TUFUT4TAV DB R RERERITE /A BRICELES2FT, LBOMES
IW—TIZEYRBURERFLAILOEENASNZENDDHEIELNSIDNZDONBORKTHS. LHLEIL
RLDODHY, TUFUIT4FAVMDBREMBEELEZRFLANIILTERT L0, lRX-HEHIRT IL—
TEHRMARZERMIBLTLS.
(2) MREERICT IF o T4 AV RELR
BYRRLEDHFITHE->TLS.
RYUEVWGTHHITHS. MIBBRTIFUI(SAVDARYRT = DMELE L CGRIE, 54, HBE#EE
F)[IBIHAEATNSD, THITHEST, BRDIAFAVIBNEDISITHEEEILT HMNITDONTIE, Fo
ECHREAEL. WSETHHL, AMBETHRELTLIDIE, BREDEELLTHS. EHLEI5LE
WRICFEIFRVWTW=hITTIEES PHBERICHESNIEEFEML, 5FA FRET ##ARAAT
TOFODOMBRBREECT, MBRRTIFUI(SAVNIEBESRENHHIEIEHEILL - GRXXER
B). SEORENELATHS.
()T FLHD R FICHIZR->TNSER
AKBRRTIEL, ATV EIF IV N T ERDEMARELED, TIIE, ChoNEBHICEELRTIFUHE
BAVINVETHAHILITMA, RITHARICEKY, TNEDEEDNTIFUI(TAV DB EEELSESDS
EDRHBNTW =D THS. AMETIE, RERENLZDDTIFUEEIVINIBEITKDZEITE
T, EEHOEVNDFHBICELSIBEELGRRELFLIENTEL. COLIITHRER>THERED
AEITEZEWNST7TO—F(F, MAT—EZBELAAV A TOWS (FAOEYYEZ-EWIEIL How
DOHF | EHPEZ LA, EIHAR, 2003) K312, £EMPEZOEELEEEZS.
(D) EDEIBAVININDHEIERENE0SNEDHERELMNIL, CONHFADEMELYKETSHIE
BRIF ATPHEETOIADY SIS, PUFUTAIAVNDBERILENLT, T4V ETIFU T4
SAVIDEEEZE invitro THRPAETRIEEBLMNICL-. COREFETHHTRALDT, HMERTOHD
TA)DESAT U NI DB RELGEICKEKEFETHHALTNS. COHRAEZEREIZARHT S
ERFBSTIIGEWD, ERDBEY, ERNTIFUITAVMIBEZRUNHDHILERT EFTE:
DT, MOTIFAMEEIVNIE~DRALED T, SHEL3IEHE, BHLTLERL.

N\

BRIETIIELEIZLDOMARFICL>THETSNTEY, »
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5. TLHMAERR (RARUVRHZEL) (MREBSELICHERR - AERAOIEICEEHT 5]

(8R—TLIA)

AWM (MBI A ET) 2L 0 HBLNHERE EUROHTEET) 12OV T, H LV b 02 b IEICREEK
EENOIEY, REREEHCCHEER 2 L ICEHERIZE - AT OEICER L, BAMICTE LT ESW, 2B, 8
Bk O SERRFFESEIC & AR RIS O W TR Z D E 23k LT 2 &0, ko Y- - Tk, AFEBREICEIVEL T
bOWHICIESD = b L LET,

HRIEE A1 RIEETF)—

A01-1 (GHE- B )]

" YAATSXATBEE—FI—DEE X000 EHRHE
BEEBOANEEEEFRISAANET ST — LB ETHRELIZE
2B, TENKOBENMREZREINSI—HL, EENLTREE
BEICDHENODTWAIENALSMZHST=. TENIKDEBENSEE
DE—RZ—LEZAONSNFEEMLTEFRMRE CTRITLIZESS,
ATP &REERLABH TLLBST=RERD, fIZHDLENT—LTOR
Do EREHELTOZ(AR). COILE, COBFBEAN=XLD, ATP ERBREEFIVINVEN
HABEHIHILETHILIZCEEZRLTLNS.

A01-2(GtE - )]

-Vibrio B#iE SecDF /NTAJ DB H ) S #RE S 1H: A02-1 &#

VemPM BRI R FLT: SecOF2D R E RVIK

o
EJUABEEAE DA BRIEERITT 52/ SecDF /85050 | 0 >
FREEEBEFALNICL, ZORBRAGRELRALE P
(PNAS2015). *4’ wut

A0 (A% R
MR IAATSATOEBIVINVBEEZRELEE A1, AV AE FIFHLERHE
RKIBETORERIHRFMILL, SAXS ZHETEOTHYI-HEFENEETHLIZEERLT-.

HZRIER A02 [EER<L F!)—
A02-1 (BHE - AF8)]
IRYTVPRABE—S—DOHBEBERA AV 2F -, ACBLAE - H, ZREARTE
2.6 us DD fREEE 1 nm O ERI D REENEH> =D FE—2—BEMBEHEEL, BAFTEHTT300
Hz THRESBLTWAIRAEE—F—DRBEZARILTHILICHYILE:. RTYTHREEF LR OE
AER TDBEFTIND, RABE—F—XBELEDIRILT—%F
ALTEEMESSRT L, OV DOFTRNICHBLTELIBEEFE
EE5FDEGEE/EAL B EEES E —ARICNAT TS
ODSFIIRTHIIENTRE SNz, FLEENRELBIFE
M E Aquifex aeolicus HXEDEIE F&E, fTI52¢T, BE
FOIMFEED, REEEHFIORREEZFL--"EEEBE"L, +
TIRORBEEXH ODT7T—FROMEEREE LD, ZDDMEEMNS
TETWWAHIEEBSMIZLT=. (SciRep2015, 1 H#FHR)

A02-2 (GHE- i ExiS)]

i AFA TR TIMERAEE—F—DREEHBEEMRE
iy

~AE
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CNETHREF DL Mg** 4 Ca”* L= ZlDNHFA U2 FAL THENAEZEESEHIENTE
HHMEDEREZBMELT, ChoD ZMAFA L EEBIZERT S Paenibacillus sp. TCA20 #ZB AR
KYRBELTz. T/ LERETDILETRAEZEE—F—BEFDERFEREL, TOBREFNAZMMAFA
VERAVWTRAEE—S—ZRYTELTHERDFKIRREZALTIEALT= (Genome Announc2014 , Sci
Rep2016, Extremophiles2017, BF| T %3#E, £E#HE)

A02 (A EE-iER)|

-IERE T O X B E

AARTEH. BEEMNEDOEEFHIEEBERELARET(/OFVTERKL. BEMLRSBE S FE—
A—BEERDEODOHLN 1 D FEHARDMHEINLToT-. ZELT. FE ATP EREBREZHAENREL. KE
MBI RS FE—F—EEROETOERNMEEDHERET o, (Nat Commun2014, BT T XF/H,
HEYHE BREXHHE £SEHR)

HRIEE A03 HEHRII S — | -
[A03-1 (3@ - F L) '
NI TAAT—TAHMEOEEEES LTI —OEEELSY
AF2HR:X00, A03 A5 -f1H, PREJARBRE
BEEEME Flavobacterium johnsoniae [$EAREIZ 150
nm DEIDT4FAVMRE N0 E, SprBE#HT 5. 2D SprB
&, TORVERBIAZIRIILX—RELT, BARREEBH ST
A, EBZEQLEAITH>TIL—TIRIZENE, SprB MNEREEET HIEITKY, BADREA R~ il &
ENELHILEHRR L. T, NN HLBEZEFHEMBETARIETHILITHIILEZ. 6l Thb
DIFHELEIC, BEETIILEHEEL, EROBETETLITIIaL— M HIEITHDILT- (PNAS2013,
Physical Review Letters2013, Nat Commun J/\f X&),

A03-2(GHE- B BF)

MamK # i & #& O B BE i 47

MamK &, BB OHMAT LA RS THEIIT RN —LICKHEET MR ERBHEERTEIT7IF
BREAETHD. ERFEXAEMBERAVENXAA—DUTI2EY MamK O &R TOEERTE(T
ofz. TR, MamK Ml EHIE, T RN —LZHBDPRICEERICOLGEFLHDHILT, TR
—LAHBERNICENICHBTHILENE, RELGBETZL OMENLGHEI LY —LLTHEESE TS
CENBALMIZHE STz, IHIZ, BEAFM AT, MamK #ii D ESBFEZ in vitro TEEL-EI A,
MamK #iDESITBENH S E, MamK fEHEARL YRS )L EBITHIEEHLMICLT-.
IA03-3 (§tE - L )|
TFOFUEERIVNIBICEDTIFU74F A0 MO HBREMNE
EEEDHE X000 LERBHE

THOFUIT4TAVNE, ATV BB K THBAE Y FDEHE
FESHREIMEBELILERITH, S FRAFMEE(IZKY, Z5L1
BEZIENTASAVD PIRARIC—ARMICEEL, 274U
DSRI—D— ARG HBRERETEIEEHKRL. FLATPHEETOIAD Y I E—F—FA/UNH,
TIFT4TARDLHAEYFEMIEL, DT EEEEPEFTHIELREL, FIOFUHEEIUN
DBIZCKDTIFUT4TAVNDHBREIMBERIED, DT IFUEE IV N IVBEDHEEERETHLED
BS%rEILTz. (eLife 2015)

A03(AE- ER)]

B-End
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SREHERHEH IS FT)—-ATLRTA—OERMBEFEHOMRA A LAE - AR L+ EH

x

HRESRGE T FILVAFORGERETIRTLRT—H P RIZESITHBESLTZDH

FHIEEEZEBESMNZLT=. (Journal of Cell Biology 2013, 1 B #r& 2013)

AO3 (A E-FX)]

HMRMEEICSTS R REEELMAERDHEIL: A02-1, X00 LH# FHE

BAAA—DUTHRDLELIFHABRMORBILICELY, MM EOREEMESRFZH S HEETERITSE

S fiiEwEILLT=. (mBio2016) RN > (TR0 T BT

%03({&%_%**)‘ HOFx /A F@?Eh‘@m&%ﬁ?ﬁ’&%ﬁ?ﬂ?’é
3220 NOF )+ KRS

VIEFETFTRAOABAAD=XLEREH

DFIREFTADNEREERTRICEDIII2RDHEED

HEAEEZALONEEHEL-. TOHBER, ERLEMIC ) man }— man

BGTOWEEN BT LIZERY, TANEDERMEEAD w 0

EXEDRLOTIZEZ TSI EN LMoz, E5IT,

EAEDEANHERERICTEOEE/ROBTAL, H  w T |

NLUXELTIRAES O, AZBRARETEITETHE

REMPAERGLGVWERRAMEZEZERRBT HIEN DA 1. (PNAS2016, BIFE#HH)

A03 (NS - E4B))|

HEAIOF—LIT—TDEBAHD_XLEEHR

WEAZIOFT—IL V=T DEBENDLEELY VLY THEEDO LN L TRETESZLE R

F=, VI LUHEES —MRIZLT2RITMICYT—T 8L, MEESOSEYINT5E9T—TH

5kt H % RLT=. (Cytoskeleton 2015)

03 (A5 - B3]

TIFUOBRGFOBELEILEEE

FIOFUI4TAVMAEBDT IF B FOENGHEEEILEESRETAA—D0T 5012, Bl

FRET EDBFKZEITo1=. Rk FRET ZDRARIBIET, 19F FRET &Ik 5 F1-ATPase DHEEER

DFEMETL, BEBROMXFEREZITo=. (PNAS 2016)

A03 (NS - RE))|

W7 OFo DB #ME [ % iEA

YRR ERAGEET IV F oM ORIERAFEEMRFREMLGIAO U XI O 3IENGNE, 75

FUHNEE T > TEEMERL, REERBEENEESINSILZBALHNIZLT-. (Plant Cell

Physiology2016)

IA03 (AZE - hiR))|

EEOEHANXLEZMHA:-ACBLAE - BHALERHAE
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(RO ->TLVEL. KIETIHE, COERERET, BOLILBLDOMEML TSI LA FIRME T T

BMIZLTz. ENEIXAIIZ, Synechocystis 73 E TERIND, EEDESI—DDEH THAREESICD

WTEZDHIHAN= X LZEHESHIZLIz. (PNAS2017)
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