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FoTW5, FIBEZERTILTEELRISIENHBRBETECY ., #ETIEHO RN TE
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29* Symposium on Chemical Kinetics and Dynamics
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“Proton transfer reaction at the air-water interface”
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ZEERLI, ShIFFLLL—F =9 bbb RFEL—F—DERRITEZRMALV-EITES,

. R ERMARN—BYR TLIZECAT, ERICETENTAT7EYICERTES
MESIMIDONTIE, SHERDEBELTHRSNT=, SENFICRIRENEBHATDTATTD
RELO. ERICVELGREFOFEORRLGE . EBL-REEEERICHRL-BRES
BOARFHEENLTOHELER. RFREL—F—Z2FHLTHLLLY,

5. FUHHEREIAL
(1) Ew (RFHR) R
1. T. Kishimoto, “Towards Continuous Loading of Dense and Cold Rubidium Atoms into
an Optical Dipole Trap”, proceedings of the 10th Asian International Seminar on
Atomic Molecular Physics, Taipei, Taiwan (2012), pp.56-58
2. R. Kouno, Y. Yoshino, and T. Kishimoto, “Laser Cooling of Rubidium Atoms Using the
5S—-6P Transition”, proceedings of the 10th Asian International Seminar on Atomic

Molecular Physics, Taipei, Taiwan (2012), pp.223-224

(2) %R
MEAEREGEH A #

1.
¥ B & FAEX - %EHRIE

RBEDEH  [AERFREFEES LI UAERFREFEZEEOHERE]
B R A BENXREZEABREEKRE. VISt

H O FE B: 2012/4/17

H FE & 5. $5FE 2012-094257

B ZDMOHER (EELFRRER. RE . EFY. TLAY)—RF)
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(B2 BAFEE]

1. T. Kishimoto, “Towards Continuous production of BEC”, International Workshop on
Control of Cold Atoms and its Applications, Tokyo, Japan (2014)

2. T. Kishimoto, “Towards Continuous Loading of Dense and Cold Rubidium Atoms into an
Optical Dipole Trap”, proceedings of the 10th Asian International Seminar on Atomic
Molecular Physics, Taipei, Taiwan (2012)

[EfREERR]

3. R. Kouno, Y. Yoshino, and T. Kishimoto, “Laser Cooling of Rubidium Atoms Using the

5S-6P Transition”, proceedings of the 10th Asian International Seminar on Atomic

Molecular Physics, Taipei, Taiwan (2012)

[EREEHK]
TF BK.ER BX ““RoD5S-6PBBICHKITHAIUVIERRIER". BAYEZE
£ 2013 FMEKZ(2013)

T EKAE 2.RK Bk, “AIEFFSYTERL=ZFME Bose—Einstein
SEADERICRIT T, FORIBRI K- BB RXERIVUVRDI LI F/RFEMF EOE
—LUrERE1(2012)
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R B EE

MEELEOUVREICEFSN o —EaE O HEERZRA
MEL24T BER
e FH2F£10 A~FEFK 26 £ 3 A
wEE: INE KEE

1. HREDRLL

NITIUTHBERET, ZLOEYEKREAZERED LJIIMEMICHALT. AR OZRH
OEREED R EToTNS, EFDRELEIEN TES 400-770 nm D E-RAEE (T ATRA:
EEIENDA., S EYEERREA D ENE (ultraviolet = UV) D55, RISEMD UVA 3%
(315-400nm) ZF| AT 52EMEDEHN FIZ IXISYNFOTIVLREDERMN UV BREZEL
DIEEFEELKYESNTEY . EDHEAOFES —2 a2 (KIFBaAVN\R)IZHEATIEEZL
NTW5, —A. BHEMICEVTIXUAFIVOLIRIBEDERICEWN T, BEHE
EER - MR R - SR E DEAE DS —2 a0 SEDBHNC UV REEFIRT 5L%E
ZABNTWNDS, ECAMNMHEFEIZEVTIE UV 2RO EBMLZREZBASHHE-TEST .
HKIZEFDBEIZIETUV U — I[FFELBNESZAEZON TEz, TN TIEARSICE
ME UV RZEBATELGVDEAIMN? FAERE. T ORDT /L EICHFET HHEERFD
HZBREEETF Opns DEENZEITL., COBEEFEY OPNS A UV o H—EHBEELTH
BETHLERHLIZ,OPNS (X, ORTOUREDRYMEEZEO o —EREI7I)—
(AT DAVIN—THEID . TDRFHEETE D> TULVEM STz, OPN5 EIZFI&
EFEECLVEYMRBICEVTHBESNTOSIEMNS, EMIBTE UV ZBRENLTEE
HEREEEICES T SN HHEER LT,

T TAHETIE, E OPNS DHEREREMZBEL TIEMIIFX UV oY —IF7GL  EVSERH
EBETEICHET D, SHITYIREETILELT, OPNS FIRMAEZEIFEL. OPNS FIRHH
fad UV RIGEZRAET b, REMICIE, BIEFHRETVRZHLT OPNS A5 54
BEEDRIEZXBIET . CNoDARZEL T, WEFED UV XZEDOEEMKEIIES,

2. HIERER

(=

ARETEZET . RBRENTOBEREEIZKY. EFOPNS AUV o —BREELT
HEET BT EEBALAICLIz, COIEMD, ENMIFINETHSON TV EMN 2Tz UV BREID R
T LOFTEL. OPNS NN ZEH-TWSEHETEINS, OPNS ERE (L. ARIZHHHEH (1
EOEMN OTRon-MaIcELET HIEN, YORZRAWN=EBMSH M=, SHIZ,
INLOMEAERRIC UV ZBRALTLDMNESHEIRIIT 5=, £EE-HIED UV [EEF
D7 IVAA LEHRIT BRIEREREILLI-, 5. OPNS DBEHIEARBEEFIFRT DI LK
Y, ShETHONTLVEMN o= UV BEIV AT LDREABALHAIZLEZEDEBFEIND,
—A.ERE(SHRUYFIL)D OPNS EEFOBFHNL. Kt —EBEFI—FLAEL
splicing variant MRNA DFTENBAS Mo, ERBEANEESHEILDBIEIZE VT, OPNS
BERFNCEE T —LEFRD) Ao DEEELTEBRL-DOTIHELNEHETE SN,
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(2) 54
WMET—< A TEHERSRERICLDER OPN5 22 /0B O REMEHT

EROPNS AN UV U H—EBEMNERIIT 576, BERERRICKSHENOPNS 22 /30
B OB EITo1=. 9. EF OPN5cDNA DEIMARYZ—FHEEL., EFNBIBREDIES
#HRE (HEK293 #ERE) ICHE WLV THAKIFIRSE . #iiZEr OPNS 2V /N\JBEEREL-, CDH
BMRAVNVBEOEMEREEAATH . #
BEBITICH R GELTB/LIIENTEL, oT,
FIT. (BEEIJEND) EENMNDEELA
ETER OPN5 2/ 0B ZARL ., IRRARY
LB Z1T o1, TDFER. UV BaHZkbE
b OPN5 DIRIRARIRIVEALZRETSHIE
[ZEZHL. EROPNS AUV U —EBRETH 60!
BCEEBLMIZLI=(E1)., “TuA~ Wavelength (nm)

512, OPNS AHIRERN TE D K55 FITH 1. EFOPN5 [F UV o H—BHBETHSD
DU FIVEEET BN ERIILTz, OPNS &5
OIEHMZABLT UV XZEBEL-ECA, HEK293 MIRAIZRNET S G 2/ \ 0B DEME
DRHEINT=, G AV NNVEFAT LU OL T4 —BERELRELHEERLT. VY
FIUGREZETIZVINIET7I)—ThHY . LD DY TR FZHRESN S, 2D G AN
DEDYITAATH#RTET 516 . OPNS LS5 cAMP $E & B LS T 5—H (FA22 /1Y
B)% HEK293 fIfAICE AL T, cAMP [REZEILDBIEZETof=. COHMRAIZ UV REEEL
f=EZA, cAMP IRTFHEDFEIMNFEADLIZZEMN S, OPN5 MY Gi HTEATD G 2NV EF
LT cAMP B EERE NG T HEEZ NI, £TT. OPNS & Gi ALV -BHEREERZH
EREWNTITo1=&I A, OPNS A UV FIKFHIIC Gi & F ML T ST EMNBAL M1,

OPNS ReE

Relative Absorbance

WMET—< B [TOREFERICH TS OPNS RIRMITDYETE |

UV €24 —EBE OPN5S ANEFRADE DI, £EDHIRRICHFET MO EHET 10,
OPN5 HiiA% U= AR P R 21T o1=. T TICFAIEZT DR OPN5 (23t 24 R M7
HADERIZEIIL., £-ChERW AL/ TOYMEIZKY ., OPNS ATFEHET B YIRLE
KA (I -BRER-BEM) EH/FELTLV . Ch
5N56, MARIZHLT UV AZETHAHE
HABWES I ELTIREREENEEY. 12108
DDA FIZ OPNS Az RIS '
f=o TDHER, OPN5 [ (1) HIEICHULNTIE, CARS
FHBALUSN D=1 —O (SR ETHE - K4
fa- 7o) M) O—EICEET HIE(R
2).(2) ENIZHEWLTIEARMAEORKZMAaC
BFHETBE. Do, &5(2, OPN5 DY
TJFHIVEELNVE (GE GERE  MET

p p 50 pm

OPN5 control
2. TORMIEIZFH+5H OPNS FKIRER(L
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—<V ASH)L, OPNS RIFMBICHBET HENBALIIZHET=, COFERMN S, OPNS (X
EERRAIZBEWTE G ENLED T T IV ERBERE TS eEEN TN EEZOND,

HET—~ C TOPN5 RIFHKAD UV &2 DIREL]

EMDIAANT OPNS HY UV o3 —ELTHEBET ST LERRELT 571 £ EF-HfzD uv
KIGEZTIVEA LT BRI ERZHEILL-, — M. AN SIS DRIBIZEE
THE.HBEAD Ca BEMNLRTHIENZ L, T2 TET . ZMHIAAIC UV ZFEBES
Z DDA CatiEE LRETE—MAE I TY7ILAALGHAIT 5D TEDIHRIHRIEM
BORTLEREEL-, COVATLER

LT, I (Neuro2A) £ E 7 L4 WIEE [ 1 owsens
RELTHIRAM Ca REDAA—IV g8 PR pie | ]
EETo1=. #ilAAN Ca"REDRE DT I |
. EHES (585 nm: OPNS DEREE  smstims -04:““"' :
FHLAW) THiEShS CafERE g 12— —

X-rhod-1 % #lRAMIZEA LT, OPN5 %34 e gm- uvl OPNS () cells
HRBESE-ETIVHRRRICE T O UV g o8 1
RIBMEERE 1T oL, 380nm KBHE s 06 .
®ICHIRAN Ca™BEHN—BMIERTE O oaF” s

CeE B—@BLALTRETSILC o EEEEN 00w w e
mThLt=(E3), OPN5 O UV Z&RIZLY
Ca"IGEMNEIERRISNEEEZ NS,

— B IIDREIRIZELNT OPNS HKIBHIED UV HISEZF X576, OPN5 HITMAAH
HAETNILENZBIEFRETVRARFOEHZRA =, EERMICIE, Opns BEZFDEE
#H# &4 BAC-DNA NUA—%HEL. Opnb B FI7OE—FDETIZHNAERE Venus
BIZFEHARAATZL, 2D BAC-DNARYA—ET ) AREICEAL., B FHBATVR1R
REBITTEEITHRYILEN, BRGNS, Venus HEDELZBRHETEIENTELEMD
fzo T CRIBDBEFREVIRZILII2RHEB/ILIz, CNOEDIIRARMIZENT
OPN5 HIFHIBAMNEILSNILENTLVRIE, OPN5 FIRMAD UV RIGERERICHTHE
MNTESN, INIESHRDBRELLTHERINT -,

3. UV FlliI= &% OPN5 RIFHRD Ca"nE

HET—<D [TIOREHATO UV V20T DFE

OPN5 MED KA RREEICBI 5 I AN EfEIAT 5718, Opns BInFEHRIELIEGEF
R TR (OPN5-KO YO R) & EHE LTz, AR T— B [CHEWLVTHESN = OPNS HIF
HMBOBERICEEDNT, IORERITBWTUVIGEERTZEAONDEEBREZHTEL.
FRAERDEBEERA-, YORIZEITDH UV EBRZOERE, OPN5-KOYIATIND
UV £EBIREAEHER T EINEINDREIEIL. SEDFEELLTERINT,

BMET—VE [EREICHB\T OPNS BIEFERBTAEKIBEDIEE
ER®D OPN5 AMARDEZIZHIBLTLWADONEFARDT=0. <L HABICHE TS cDNA
(cDNA 7L A1)ZFHLT OPN5 DEEH PCREEHZITol=, BUL\V=Z&IZ, (RORTIIBEHSE
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NTW)BIETIE OPNS R IFRHIN T FFRGEDRBLI-MEBD A2 OPN5 D FIH
MELARILEASERHE ST, 1=FELZDER cDNA 7L A (X, £ TOHBNRESA TV
WIER PLMEHICAV LN RIEADORBRERRENATHTHLLLE . LKOIDEEEZHAL
Tz ZET.EMIBEVWERBETILELTZRUFILICERTREHB L. OPNS R
BOBEERAATz. DR PILOBFRLGEFRBR AR RXREEREARALVIZED BT
% OPN5 BIFDHERBOMERARI=ECH, IORERBFIZENICE N TRV AT
N INITMATHRECAIREICHEEMBRORERNIREHINT-, EFDIFELRBRIC (MDD
DREIFELGY)RIRICETHHBRIETmESAGEI oz, —A. COBRERICEVT. EED
OPN5 #2/\)BE%0—F9 % mRNA LIEEA S, [splicing variant] mRNA A=K+ )L #R 1
TSIz, 20 splicing variant mRNA [&. BE D OPN5 mRNA &Y+ EEIMIZHRIFEHL
BV FTOUBDAUNIEEI—RFLTHELT . Gt —LIZELD) Ao D#EE
FRI-TEEZ LNz, IBIT, 2D splicing variant BE D KSLGENMIEICHFET IMERAN
12ECA. (1) BERAE(ETST74v22) REH(ZTMN)) TIRBERE SNGEN ST, (2)
BEE (YR TILEE mRNA LIZIZRCLALTHRHESA, Q) ERE(CHRVFIVIZE
WTIEEEmMRNA LY 10E L ERVWRIREZRT e b otz EREANEEDHELD
BIRIZHUNT, OPNS BIEFHA (Y —LFFI D) RO DHEEEEEBLI-D TIEALD
EHEESINT=,

3. SEROEM

AHETIL, ER OPNS A UV 2o H—THAHIEMBHALNIIEY  SNETHLNATLGED
2Tz UV BRI R T LMEMIFET HIEMNTREINTz, §RIL. SO UV BRI AT LHATES
TIMRID=OICIFET HMNZEBHOMILL BEEFEMICE. AR CTHRILL-ARIMIBEME
DARTLERALT, OPNS HIBMEAEARATE UV RETEIEEFTT, TDT=HIZIL. OPN5
HEMBANBEEICEAEINILEINZBLETFRETIRRMDDETH S, £1=. OPN5 HNED
KB UV EBRRICHET I EMEEAT 518, 51#iE OPN5-KO ¥ RZE RN BT &4t
%, EBI2. 20 UV ABBEEMNENMIEFEETINEINERARNLILIZKY ., BEZ-BESFA~
DIGANEFKBIEZ0, Tz, RESEDNITHARTHZITHK R EINTz OPNS splicing variant
mRNA DR ZEEH D EIZEY ., ENOERTIZHITD OPNSEIZFDEHT=-H (Rt —LlE
Al OD) BEEEZBAS MZLT=LY,

4. M

(1) B2 &M

AKHFETIE OPN5S AERD UV o B —EHE THAHILEHRITSEMNITTHLMNIZITE
f=o CHIZEY (HFDRLEY) . ENMZE UV BEIS AT LNGFET HIENRGRE SN,
SENTAREFED S L TOBNVEFAR—3 V(o= Tz, ¥ X OPN5 DOFIRMAED
FIEX. E—HEL X)L TOOPNS D UVIGEDEERDMEILLE . ZL<DOEREEEFHIL
MTE=, LOL, BUEYRLHLNEEZTL=TOPNS D UV IS EMNED KSHEEIRE(C
BE5ETHEMNIEVSERLMREICOVTIE, BB AMANICERAZH I IENTER
Motz ZELEBROAOFEADOHY. ChELUEDOEZRBEEL TRAELS I SHEMEN

dethit

612



EEDTWS, —A. EEHED OPNS BIZFDEHIMNS., BHIXBELTLVEGN>=-ARE(E
REIZET2 OPN5 BInFDHREZHRIED TR ICEAEALEAY . BEIZESH ALY
H-LEREAZERITIENTEEEZS,

(2) ARMAE T (AARBZREICOVT, IRHBPICERE SN, F2RIOBEHIBETOFT
71—\ vOZBEFEZ DD LLTOEY. BRFTMEZETo1),

ERNMEMREUV) T RTVS"IENHMLN TS, ERIVEZFEWMTHIEFETE
UV o3 —%E->TWSEED N> Tz, ASEN TR R BT SERIC/NEHEE
F.RVRADT/LEICRELI- Y —ERF OPNS ICKUELNEHZ /IO EA, UV
oY —ELTHBEL TR I EEHRE LT,

KIEHNIFTHARTIL, 2D OPNS B FHAAMICEEFEL. ABRENTOBEERERICEK
Y.ErOPNS AS UV oY —EBBEELTHEET ST EEBALMNITLTZ, YO RTALVER
Tl.OPN5 EBREIE. ARICHLHMEH FEIEOCEN) OS<Ron-MIEICHFETHL%E
EILI-, — A ERE(SARUHYIL) D OPN5 EIEFDBFMG, o H—EOEEI—
L% splicing variant mMRNA D FEZRL. IWE (L. TOREEREBRIZO T THRESR TH S,

FI-GRRDN. FERRNEEARTHREDOLSBHERAL G Tz, CNETREIN
TWENS-ERED OPNSBEEFDRRE. TOEELEFDRTZALUTIZLYELN SR
DIRVBEDN)I—230 W0z ULMAI DIz h7E D EERO D EHREISEBLTIEN
(FTHARERT LIz, SENTHARLSLLVAREFTHY . SRENAFZTELTIDHES
EBERRLTHLL LY,

5. ERHRMERUAE

(1) #w (RZFHR) R
1. Daisuke Kojima*#, Suguru Mori*, Masaki Torii*, Akimori Wada, Rika Morishita, Yoshitaka
Fukada# (kequally contributed; #Correspondence): UV—-sensitive photoreceptor protein
OPNS5 in humans and mice. PLoS ONE, 6, 26388 (2011).

(2) % HRE
MEAEREEH 04

QR)ZDMDER (FELGFRRK. RE . EEW. TLRV—REF)
EEH 14
1. Daisuke Kojima, Yoshitaka Fukada: Molecular mechanisms of the function of pineal
organs. in “Vertebrate Photoreceptors: Functional Molecular Bases” (T. Furukawa, J. B.
Hurley, S. Kawamura , eds.) Springer Japan, Tokyo, Japan; in press.

SRX(ERRBICHIT5BFHEE) 34

1. Daisuke Kojima: Non-visual photoreception in vertebrates, in the symposium
“Evolutionary Biochemistry and Physiology of Photoreception in Animals.” The 8th
International Congress of Comparative Physiology and Biochemistry (ICCPB2011),
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Nagoya, JAPAN, June 4, 2011.

2. Daisuke Kojima: OPNb5, a photosensory protein for mammalian ultraviolet
photoreception. The 12th Congress of the International Society of Developmental and
Comparative Immunology, Fukuoka, Japan, July 9, 2012.

3. Daisuke Kojima: Photic regulation of body colour in zebrafish. The 6th Asia & Oceania
Conference on Photobiology, Sydney, Australia, November 11, 2013.

TDOMDFEFER:
Eff#E (OBEERBIVRRS—%R) 3 #
ERNSE(OBEERSIVRRI—%R) TH
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R B EE

M2k 2B80OBEHREDRIKERENFIHDER )
MEI(T EER

}f ﬁﬂF'ﬂ ER22F 108 ~FR265%3H
" E: BB RE

1. HEORLL

MBERETIE. TBADRETBIEEFE [TRIILF—DEET S ICEEFFRFRICERS
NTLES TNIEMEROBREHI LRGN B EFRER | ITKEINS2H. LWEER
[CEZONERIRLE—EBAZE2RL TR AT T IRETHS. &
SEEBZITEIVTVSERONS, LHOLENL, HEYLLIFRHESINTULELD ME
NOBCEIFTLAREARBRRICE>TRBINIONKRETHY | ILRHIL BUYRE | &(F.
MEBMIZIXTREE QRS INEBCEEEZ (TTRETHILBIRINLZ T IELESEL,

COFILENEEDRE I TEZFRIELTEEND) (TEAEME PIZELTIE 1960 FHRH
5 1970 ERFTOREIZHTH 3 FIORMENHLIDAH T BOHTHFLEHRETH D, LHL.
1990 FREN L. MEYMEZ LBOHTEELGYMEFLL TN SNATANA N EREREY)

—EOMEICEWTIEED KB IOFENERMN. RERMICHBRIINIBDTZ, COR
I:I7;UJ4’IJ*"E’iﬂ:%&b?%ﬁﬁlith% AR EN - EXEESGLE . BRAL
LEOTEELGYMHEIEIVEEZEEICSTH. IhoDYEILBEISEIRET SR
THAH=H. LLTRICHEESN-TEEDREIZNoDOMWERICRIFTENIL, FEHEBHY
N OZELEYERIEERE TELEEMN RIS, T F-ICBERBELTRIFTES
MBEEHER. HAHONIFARL. BEROTEADRE K- EF?&%O;‘&’EJE@E?&WJE&LK
HMEEOURICLERBIELILF . WERZICE TAH-LAEEMAEREMMT 5
LELEHEDITONG,

ZITAMETIE. FEABELTEENDIFEEZAL. REB (R FIRBEFOMINE
H)EDOMEERZRELT, EORI>-XIRIEDEEDRE ., LWHIETOE—L U MIEK
B IZMERNSIZBIRT A EEEEILz, ZD=OIC. FTBE/NIVAL—YF—ZRHVEE
BH-JYLTUBE VAT LEBEL, DT ICCNEBEBREBELEMAEHE T, FAUE
ARAVFILEFILOHETEROTANA MR EFEFTERERICHB TR EHDaE—L
URBREEEILTz, S5 AFEREOHEIZL>T, aE—L UM EBIO B K- KR
E DR FRE R EFIEZE BIELT=,

2. HAERER
(=
AARTIBRBOIREEELL T RFEAROHETHAIEFEFER LTINS
MEBEHICEBL. ZEJYLTUREOF EZAV T BRBEREICLI-EFEFTERRNEIC
BOREBELTHRET 2Tl A=, TOHR. S RBETEARDBMHLLTILRFON
BFAVBANOVF I LENSERICEVWTIE  BENATABICONTRDOEHDOREN
BRY ., TR ICEETIEIBILBMIRE N RO KEGIRAN LR ZEZA TUOERFIBESN
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Fzo EBIT L= — A DBREICI>TRDRBORBB CRR) ZEHICHIET S5 &ICH
BYILtz, COEE FEIVILTUBREREZELTL—F—FRIN-ROKRET. it
NTREZITHBZRZA TIRELTEY . 1OE—L U MBORE I DRIRIZEIILIZEE R
®o

(2) F+iH
HET—< AlaE—L U FREBIRIR S AT LD
KDEBZEMEDEFEALDIEEERL T L—Y =Rk THWEDIZOE—L UM
RENFEET DBBEFETILTUBRRIENS, FETYILTUBRTIIRTHELT
AHTD 2 DOEGOROBBEHRELEHNENDEEYETDET ROBEHSESEIC
HIBSE LI LT, R HIEEEL THERIRIZFHE ORI~ = KIRIEDOIRE (—ARAIIZIE

BER)ZRESEDHIENTES, BEIFFETVILTUBRERICLIFELLLERKIZ.E
FhRIEREOBENBENICILIBEELR (FELA)—BEZEICENFEAETHS
M. ZDESBED A LD BIEIEIREIMA R FIMERZ b GEHBESMEE) LAVE
SHNEEZLNTE -, LML, FFEEEBEUICEELI-SA T, B BIEZ KB AIE
RITHEHILMIGETESET L. HOEHDBENOESVICL>T, BITLIBENEDOTO
T7AIDRBIEANEZREEZDIENEINS, DFEYFEL A —HRELMNTRIZKDFE
TYIWTURELINEEILTHIENEBIYFD

BEQORSEMERABICAIYVHI TORELTIFK, ML AL—F—[2kBA /LT
FREREALz, COFETIIRRTZRTRICEDFTHBITB>T( S RF) RIAFES
Y.+ EN (1 EafRED) BEESFENZE T ERNIICEEMICAHMEE S L
Eond, ZORBESFIIYME
B DS L=hS > THERS

JL

CW Argon lon Laser
(Coherent Innova 310)

Pulse Generator

(SRS DGE45)
KET N, TORTFILEHER o
ROTO—T SERhEMEEEICA ,, m _l_ ‘

. AN =
i NIE. ZOEFHBE DR o s
Modified Sagnac ARY Sample \/ v,

FEﬁ %,ﬂ:&bf%ﬂ%ﬁﬂi'@ﬁ?&% lntil‘feroi}egterz :VN? Noten > v S 4~, / Modified Sagnac
— 9__9_%) - ttﬁf%é :/X7__ (Beam Mixer) [B—%_—{ APD — Ez:';dfica v \\ Interferometer 1
BEZFEHZEETE=4—LTL =, |FastPD§—> = . Pul::de":;G L:Js:l
BHEHRE MNEL EBDEEIC (Nﬁwﬁk%‘ié’j%%zﬁ}siﬁ“ . D) (E;spI; PL22-51)
(3:71(0:/70 L— "jg— 0) gﬁrﬁé _l%_ < active area: 940um)  gGHz Digital Oscilloscpoe (£ Osc:l!oscpoe (Agilent 54855A)

—Rac otéﬁe‘ﬁ'a,%f"@J:?rb“%*ﬁf%ﬁb\ﬁ%ﬂtﬁof:o%:F#ﬁﬂj%fiéﬁiéﬁét
. MBICERELI-EATOYUEHZEZAND, (EEOFSERYFS) T0—THDE
SIRIBEBATHHENEERLE(E 1), B 1ITRLFEHZR (KD [ RoTHELE
FTADICANTWADERLER Y Z vy I FibitE, EICRRELEESHDIVIXICAL
BEVSKRUTAI(ERD LT MLEERELLE>TND, COBKTIE Y =vy I FibstOF T
[CEOTRERELETADORBITHBEDPLENEIKEFTNLE=D ., AR DHEEENHI
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HEAWNDI LG ZHMIC 100%DREMRZRETE =, COBEICRELSNI=AAT
AZAVARITE > TIREREREIX 20 FLlbdmEL, REMEELAIREE GO Ry
THDIRIILF—ER/NRETHOTH T4 S/N LLTESMNERTED LS o1,

WMET—7 BIEFEFERICEITHaE—L U GRBI O Bk &R B

HDREMNFETEIMEELTIE, 1970 EREFTIZEERAYD L, £EBTHDHERT
A BEIZH{EIN=TVIE TN LD 3B IFHARESN TV =, LHAL. ChDYET
(. BB ERE LT BIGELRFEM. RS LV - ZREYMEF ETE
TEEORSHOBELLBEATHAENEHOTULV =, — A RATRAS MBI O R
TIIEEBEEZXEILHETIEHEMMERBOERELHY. LLIDKSHRIZTOE—L Y
MEREOREBNAFLORMEBELTEIGETLIEL BEIIKET 2 LREIEEDEIRA
MEERLHFLEMEORELRDICHFINS,

FERSENTHAEICKIL-S>T, SRBCEFOBMBLLTEMONSFAVEEANOY
FOLEEENERATANA MR EFEZFEARBRICH VT, 30K UTOBERTREED
REDFELTOSATREEA SN EEF BRI ELEZTHREL TV ZSTHET—T A
TRHLEOE—L UM ORMKRY AT LERAWTFEUBANOL T LERRNERIZE
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EEERISBONGEERERISE =, T, 77/ \—ZEERE K 5 X7 7 A N—3iRE
Bl EIChYE—LDERTEDZEEHL. FEICHTFMERREEYE T IEITED
L1z TDO—HIZER6IZRT,

ZD&ITMIZINFz L TEE866nm [T T DR REZIST—a—TA T EFMHELIZT7M/3—
ST—FAVTARIRBEBRLTEOFMZE T oz HITHIRB I R RADHIRFRIKEF
HICEB LTz, R7ISRULEERDOLSITEVRIRSBZROFHBE (=% 100 7/ /0A—4—)(Z
D> THEWILRR(50,000)ZHF T HHIRF/EFLIENTE, HUDBEEFELETLHEN

dhit
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TETz, F-INODRIRB CIIEERICER T HHIRFE—VDORRAMNZFEFERLSNGN
E(KKO0MHz) Aotz CNIET7A/N—ZRIERS B - ETHRE-BFGIMEDORERIZE
EZoN ., EERHETODREIEBELFEH 100MHz HD GHz [ZDFEoF=-CELEEZHEREL
WETHDHEER D,

o000
oo

Finesse

- n @ & o ) ~ o
—a—

"o 100 200 300 400 500 600 700
Cavity length (um)

MET—CIHRIRBF BRI SVTOERMEEEREL

AA RSV TITHELIZ D74 N—HIRBFER/ R ERICABICT7AN—HIRBEZEAL
F—ARBAF Sy T DOEREBLTIZZDR Mere
DEE.HZ R, AFEROBAHILTETOI '
H8ICAAUISYTZ2ETEBEOHEBLE TR
T, COEBOHEAITTIEIZNBIETEL
DEMMMBENREL, ZTOEMERZRLTLK XV Piezo

for aligning

BENH--HDO0, ZERMITIFT7A/3—H* aw __ Coarse

RFZHIESE T ICHAIL TIERTEIZET

Lz COEBDLSYTREEICAAIERAD  vibraiton
L—+'—(423, 375 nm), L—H —A#AEL— | isolation .|
H#—(397 nm) BLUYRLTHEL—F—@50. EL EI=fi- 3 o B}
854 nm) ZMBEIL. BE—HILL I LAAU DR ELEL EH W WL ELX
SyFITHLtz, B9ICERICr Sy Taht: B 8 —HEAA AL 7y TRETNEED
B— A4 %iRA 1= CCD Efg%ERT ., hhp ALOHE

BULWENE—(FTHY., 397Tnm DL—HF—HICHEBLTEAERELTWIONREZS, *
DETIZCRZZDIE. ST ORBEEBTHD. COLSIT,. COAA VRSV THREMNCE
— A ERSYTTHRENFEB L TWNAIENERIITE -, MY THEED ET15074/440
A—B—FITFT4HR R 40,000 DHRBORKEAIEZTEY ., TOEKRTE—(F &5t
R OEHEEDAEELRNIEILOTRELIZEE R KEL—HEHOEER D,

Z Piezo for sca nning
cavity length

ion trap

Caoven_

.‘_'?-_"hf
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X9 by ENEE—ILY T AL FLD CCD EiR

3. SEROEM

HIFAN—RIRB—ARBAFT SV TEERL ., DEANGAA SV TITHEBILIZ2 DD,
INICFFLEFERVICHEOREDAH D, T [EL—F—FEHNOI/I/OE—30FHIED
RBEIEEEY. S5ICRELIZMNSYTZ2RRTILELNHD, TO LT, I7M/\—HIRFH/EA
TUDEBERBIIOVIL ATV ERIRBOESHRELTRTET 5, STRICINILEBIESEEH
BT BHIEFTRITAEETHY . ZOENITHADDRELG D,

BIEEMNERSINLLE ZNE L EICHMOFEDLICE—(F U EE—LFORD
EFREDGEDERRICED ZENTED, FITHEESLOTIEONAMDIKEGLEHNER
TENIE. BEOEFAUA—TI—RADERICAITREERFEV, FIIHLILICEFRE
TG EDEiLHEAEHLENIE. ERAMLGEFIE—F—LLTOICRALMEFICA->TLS,
Flo B— A7 OiaFEE HIREE QED RIIE<HFLYMERTHY . BEDHZEHNIERED
MR- ICRALREINSATRER LS,

— A N—F 7 DETIEARAETIEERTRFASYTDHEHR > TEH ., KY—REHI%
BEELSYTET7TAN—RIRBROEAEHOELLEREZIAOND, BEISYTER/NMET L.
AAREEKR. TURF YT RICT7AN—RIRBERM - ERT D LT AREIZEEZ LN D,
TOEE . EROBE— (A ERFICRIRBRICHRE T SIENTE,. ChIFBEICHEERES
IR Y 11T T BE— A FLRAMRICHREES I A EREFROEHREL TREEKZELN

Fro. AR CERRMEREILLIZI7AN—RIRFIEA AUV T EDAEHLEZIFIZE
EFLT  HLOARIRBELTOBERENEZHITAELTVSLEERSO T O REDBEAE
HEBERLTLELY,

4. FHE
(1) B2 &M
AARDEDBEIE, T7AN—RIRBEHAE DB T-AA NSV TEEEL. §§‘f*A
ZEBL. SHICBAELGETFREBOEEZTIELDLDE>1=, ThiICHEANIX. &

"”‘hf
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N-FERIT LY BREOIHEICESOUY DI IZFE LWL, LALGAS, R BFICHEITE
RICHEHED ., TDEMEMEO D ENTE =, FIZ, T7AN—RIRBF—ARBEA A5 T
EEONSEREL. ERICAFTUENIVTTHECAETEIELIZCET. N—FVI7DET
F—EDTERERI=TCENTE =, SHIT, DT LT, BYDBRERST-HIRBF DO T GEEE
[ZAF &IV TSTHEVNIKEDREN . RELEAETRBENIZCEEZEKRT B, &0
THREVWEEE T DBBEENABESNATOVEVNRTIE, CORBENCOLBHTHR
DEBEY>TEYRITTVBIEAHO THLM EG o =, FHEDBRET, I7 /13—
REF|EVORBARDARIRBOEREIHZED S EANTE CHIXIFERICE T HIBELVEG
A TES, COLII, AR TIHFRDERMARIZRITTHIEDREY A HoT=&
EZ TS,

(2) AR BIETHE (RARZREIC OV T, BIREFEPICERSNT-, F2RIDBEHKETD
ST —R N\ OEBEZ DD LT OREY. BETEZEITo1) .

FRFEAFORBEERAORESE., RFEAEIRBICFHACAHSHEZLETREUEEL. H
BEUTCIERFEAFOREEADRELRESRENEIS, COLILGYERIT. B
BAZEMYEEROAEST . EFRFRAVNT—IDEBT NI RELTOHTHEEF LR
FrIERERHACRAGEDERMISEEEIN TS,

NZEEBRTHOICIETARIRBOIS—HOMRESLED . HIRFBOAKREEZ TELZTH/)
KT BILTHD. BBAREIE. KT7AN—ZFRAVEHLO R RIRSEFEENE—KIEL
EH BT Ao DAF NSV TTHI7TAN—RIRF R BAA ST IZREL. TD
BRI E{Tolz. RAEBROMBR. BETESVDRTAAUENSYTTEHILITHETIL. B
— AT ENHIRFBOEIES N ARG RZTIRD TEE LT,

MEBRTIX. BROHTLTATTEEILT H=HICIE. BATHLWEEZILS LT
CTIEBLHL, FIREATSNEE. ZOiI5 EITHENROIDERNH D, S1EHZE
BE. SENTHARPABDIFEALE T RTEEEDILL EIFICEDL, REDOH, A TEAE
EERICHILz, AR AR P IC2<ERNBOINLBVAIEESEH = F LoDV BIRE
ZRAL.SEXLOBHEMEELES. SOICEMEEDENEESZADHENTELDIENE
ENTFILELTIEDOHETH D, RSN FLEIATFAN—HIRF—ARBAFULSY
TIOIND LD BEEZLICHIFELZLY,

5. EGHRMARUAE

(1) #w (RFHRX) R
1. Hiroki Takahashi, Alex Wilson, Andrew Riley-Watson, Fedja Orugevié, Nicolas
Seymour—Smith, Matthias Keller and Wolfgang Lange
“An integrated fiber trap for single—ion photonics“ New Journal of Physics, 2013, 15, 053011
2. Hiroki Takahashi

“Towards strong coupling between a single ion and fiber cavity” The Review of Laser

Engineering, 2013, 41, 507
QO
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(2) % HRE
ZEL

QR)ZDMDR (FELZFRRK. ZE. EEW. TLR)—R%F)

1. H. Takahashi, A. Wilson, A. Riley-Watson, M. Keller and W. Lange “Fiber—coupled single
jon as an efficient quantum light source” International Conference of Laser
Spectroscopy, Aerzen, Germany (May 31 2011 )

2. H. Takahashi, A. Riley-Watson, A. Wilson, M. Keller and W. Lange “An integrated
fiber—trap for ion—photon quantum interface” The 23rd International Conference on
Atomic Physics ICAP 2012, Ecole Polytechnique Palaiseau, France (July 23 2012)

3. H. Takahashi, A. Riley—Watson, S. Begley, E. Brama, N. Seymour—-Smith, M. Keller and W.
Lange “Interfacing single ions and photons via cavity QED” The Second European
Conference on Trapped lons, Obergurgl, Austria (Sep. 11 2012)

4. Hiroki Takahashi, Stephen Begley, Ezla Kassa, Markus Vogt, Jack Morphew, Sahar

Hejazi and Matthias Keller “Interfacing ions and photons at the single quantum level”
IonTech2: Techniques for Trapped lons, Paris France (23-25 Oct. 2013)
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R B EE

[EEHEEEOI OEERFREAZBAROBEERZITET DA
MEL24T BER
e FH2F£10 A~FEFK 26 £ 3 A
WMEE S Xt

1. HREDRLL

AHEDRLWE, FLEHEDEA TWVEWLEARBEONZRADER & T DHEREMRE
WMHEILV, BEOAZEARISEHEALNITIHIEZDMRAIZTDORITEIETHD,

BHEIL. KEO—REEETHY. MDA RIBROELE IS KEEERDBAIRICERS
T5, BHEEELEYMERRIC, KPEERTIAEZFOTHREREHILH>T. KELTYL
%o FKBIZIEFENHED—MOALNEBES . CNODREEFTELTHL, ALHER
BAOHEE (SEM) EITo TSI ELHSNTUIND, 2007 FITKEBDEEIN S, FROE
BRAZEARA—LAVOLNERINT . A—LAVOLIL. DNA #EEEEENAZREEHD
EOLETVSEKENVAEZEARTHS, LHL. FRGEE(FHRBBCRAOINAZET
BEREA)TOF—LAVOLDERE, VELEERSNTELT . IGAZEZSLTIEINS
DHZBERA—LAVOLOBEEIE, WEBTHD, £=A—LAV0OLIL. DNA #HEEEEEL
D=, FDOTHROEGEFHOEROCA—LAIOLFEERVV-RALEZOND, K}
RTIE. WEEREHE LN TOWAINODFEEO S FER (BEEFORRER) ZEIELD
2. D FEYMEBMEAN=A—LA U0 LDONIKFNLG DNA #EEDORRERAETHIL
ZEMELT-,

HZRRDOER. EZRBAROEEREN. AREREFOEEOALEED=RZHEAE
HEDHIEITES T, KEDEBELLG>TWAEFER M O KRB ED RO HHATE
BEMOBENKRELGROWLNTH D,

2. HIEMRE

(1=

BALEEOFERAZBRA—LAVOLOEEL, TOF—LAI/0LOEELLES
DINGBLARNIWTHERL, RICE > THFEL LBV T I EEFHOBEEF T2z A—L
AUOLIFFETRESHEZR. AZBEEF—TTHLHLOVHDEELELAREIY. TDHE N Kk
BICHIEERFEF—TDEENICEIENEL DNA ITHEATFREICASZIENhI ST,
FI=-DNA AL . B REEF (M-RNA) RIBELERLTWSIENbh o=, F
—LA YO LN EEFLROTOE—2—EEFICHELTVWSIEN TR EINT, £1-F
BARBARA —LAVOLEF DREHOXIGERIGICOVNT, RBEANTAHLLNES A X
ZHRFEL. ZADOAFEHOBRREZRR L. BRES LUK PLE D EFEFLE DR EE
NEBMKFEHICHERFICEDERRKETRTT LIIGEIENb otz FELEHD
HATHREF DEPRILEL -A—F LU EERIT. ROBEMMESNEIEEHNY.
SRR BEFOAHELTHENHZOEYRICKRETEREZLI-OL .,

dhit
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(2) 5%
MRT Y AIFEAZBG;—LAI/DLFDOEE]

BEODRHAIICHELOREY., ZENAZEENTEY .. P FEMEMTFEAIZEIOT DNA-
RNA (%) D BN E# THS. MEFTERENTOEEROBEILEZSHED.CDS
HEORBEDNBNEIOHWEHGEADIT, MEEEBE T o=, RBRENTIENOEME
FETEHERT O BNMIZON ., FEHEBEORICRAREZERF LAV ERF ST
T/—VERW-EEZRINET HILT. MBERENICHERMT S LN AIREICE >z, F
F-ERTOEAIL. LB ENDLGEVZRBINE GBREIIBMERRICZEETIEH
WA EIT&k - THEME 5 B B AN R BEIZ %o T=,

TORRE. R EEECEEE CTHERAIBRROEBICHIIL-, A —LA VB L
2007 F(CHEESN -1 O ERERITNKIHEIZ bZIP
(basic leucine zipper) EKIEN PEEERFEEFFL.
C RImfAIIZ(E LOV (light-oxygen-voltage) L KIEN5F
BRZREREF—I7EH > TV, BEFICKD R MR
DER. A—LAVOLOFBAZEEF T EL
BEYHEDOTHAAEL D LOV2 EF—TIZEHZTHS
ZENHA ST (BT X 2. 2013), AlX DELES 1L0V motif R
ATEELEWMERED LOV EF—IMEBRTHS WM ®:Aureochrome

— ) - - #% : PhototropinLOV2
EF LOV ELVO A ZREEF L= EF—TILETETFEIL # : PhototropinLOV1
ZELEL, KVRFENRBICHSEEZOND, B
HOBRBAZBUREVSETGAEREN TR TOFTEARBTROEICEF MR
Eliot=,

BT —< BB K SEAA—L A0 LDMEART |
F—LAIOLDR OB ELT OB ES L BEMIZIER R YFHEE DS

AEBETHEOEREEICLERMEL, BEALEEN S BRI RAEEET S

CLERBIN . BEEEEVNKBICERT BT LIERBTH T2, ZOT8. A—LASOL

BETFERBEICAIE—ELTHRAAH . B HE

DABRE S EORIER AT, COB. A—LAY

FELEEOBERT BHRLEDER

OLBESRTER TN END. KB OKE ™

(DNA) IS BT B2 EMbIY ., AU/ BEOBRA

R Thot. AL, KBEOKOABEOLEEE .

EE I RBEEHEEITHERATS PTG ELVSHED O “O""

BEAEETACLICE-T, REARZL, MAHRE

BUROBERERT HCEMEED LS (ST (H2).,

KGEEHEAMMZ T HIRIF—IZIEFERFO U tag A aA—LFo0LORERRAR

L. ZLTABSE O£ B EHIHES 18°C(KBH LS

Wl 37°C) THof= TDRA—LAVOLDKEF

AT, EMMEMTE i (5%5) (2 2A—LA S0 L OB RITEToT-, £ 13RI

ddhit
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ARIBIVRIZE EBEE 18 (Dark reversion) ZBIE LTz, 2 EDFRENLFLNTIZRINARI L
L%, FEMEEIC 3 & (380, 450, 480nm) DRIIBE R Z R LTz, SHICHEEIEZEERT S
L FTHREERFTEOBEORINALLLEEH, ZD% 10 5L ENTTITORIERD X
RIMVEFHDLSITHE STz, BEREWZEICTE AN 3 REEL. Chb(E LOV AUV E
RAEBDRATAVERBEERATAVT I INERBELTWASIEN LIz (CRTAUT R I
FRRLEWISECEOZB/KRITAZRINGE red

shift B#2Z3), £-LOVRIZHFETSISEEE

DIEFEEHEFE T & FMN (Flavin mononucleotide)
ThBELbM T, B LEMTRITENT |

V5 LOV EF—JIL LM Fan DIFEIE A RS '

NTWBITERR KETEONFA—LAIDOLD

HZE LOV EF—TJIERFMTHA A O o 0

=(E3), COIEM L, DLW ERWTEDHT iy
EMREER-TOBCERERSN. ChoD o ammi i .
HREKEDEDHREDLSIZRDEALTS =g
DOMELHTRLEGITH S, SHICTHOREHRE A —LFI0LORE,

[ZRRIILT=22 0B HFRL, BLEE # 5 Transient grating (TG) ik, N WO R0 —RE
EERERARONDIARHEARINL FTIR ZZRWT, A—LA VDL KBS BRI EZRD
BEERLEHTELI, TG EITK ST AZBMHITRISVATAUTE VDR BLREN
2.8y BTHAZEL LI oz FEEARAEARIMLERAWE#TICKY. BELZERR
LOV D a-helix AURHEL . ZD % bZIP RD o-helix HMERTHIENHI 1= (FHX 3.
2013) , £ FTIR EZZ AWM Tl AERFHIZTH LT loop-loop fEIEMNEILT HIL%E
HERL.LOV A C RIFICHEETILDDEEZNO THELER LT, BELIBEYOD
LOV [ N KRimlCHEET 50, EOEELILZRL. A—LAVOLAZEAROHAT
[ZRHTDERITEE STz, SHIZEERFEF—T bZIP f215 D DNA DR EEARHTES
CHofElAh DA —LA YO LTRELI-> RXEESI (DNA #&58) LRIFRIZ TGACGT &L
SEHIHEET HIENHMN o= (ACGT EZEIXESITHSD) . cMbZHEITH]E. T/ LL
NIV TOFRLFEFLETLTLS,

SBIZINLV REFERER. BRALGRAEH T EEEL . F. K. BB B TOE
EFREOEREEZ. KUK —IV T RERWNENE T oz, AERRDBELFORERED
BELHREINENFICEKEVDO XM EEO-EMTRTTHELTLSEEALN
TLy% second messenger cAMP (BRIK7 T /20— UBR) ICEAE T 58ERFNAEH
[C&EoTHBBLTWAIEN O - (EREREYTIEHFEVARSEATULEGL),
$8TH cAMP OMIRIXIFLEALETHONTHLT . SEROFEFBICEITHEBEEROHED
BELT—ANERTEREEZONS, ML IEBICEKFEBEFEOREOEEN
Ron,. SBEFNALITOVTEMBBREL TSI ETH D, BRRICH—LAIOLEFES
T BEFEAFEEZITIORRMYFEOMAEZIT oA TKTIE m-RNA RIREED#E
BH& DNA #EEEEICET 2R D AN EBFEINIZ (T T REBEICHICEDLEI oz, &

BLNSDOBAFRLERICATTHELTIKFTETHS.
Q0
ddT
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MRT—< CIA—LA V0 LEZHFDIREDREE RICHET]
BIEFOHEBETELA—LAVOLEZR DEROAEERICODBNEZIT o= COME
DEMIX. A—LA V0 LENLEEBRIEEMDIEIZEST. EMOCTAAEDEELED
BERMTORBORPREEOERICOENIMEIZELIEEZ--OTHD. T 8%
DHREHEICDOVT, ERENTORIEEZHILIE . RALTAFH T TOMEREK
IEBRL-. BEEIE. FRIXDAH T, [ELIEY
TLOESRE (FERR)ERET S GFEARE) LN @
Hhvof=(F4) , XERICHRDH L FRBIAEHT
DEETIE. EREFIEEINT . BIFE (RIE) H
FEINLII LMoz, F-ELEMAEDOR
RHRILE XL ODHRERARECAH . FE
RIZEBFEORBZICIZHESEM Tz, LHL. F Hs BRSEOWEREE
—F L OMBNBEEEREE R CMARL, F  QemomeORTERT S
BATHEEINSETOERENERINT . KX
[CIRAFEINSILEZRR L, WEETISREMAR TIEMESN TULVELVEIT, HEMHIL
EUMBIC—RZERLDIEIZHEDIEAIEEZATIND, TI-DELETIE. KFEHD—T&
Tl FREICE-THIEOERKLA MDY HIE<Z L TILITEKREMNERGDHIEND
Motz (GEX 4, 2012) . INbIEFFRK T HEEZITERICEF T HME. LICRAM> Tk
[T T RITE D TEEFRT LRI LI EEE LS E LI LD h ofz, Tk KEHIZHE
ETHEFLFEVHBRNOEZRAKOEFHLARL-, COEFLRRICERELDAIZRIE
LT.BWERICEERAREERLEAE ., EBUOICEALTIZEENS Ok R ICEHE
HLHEHELI, CORRIE. ELENTEIHABEINTEY., FEBICRERVNVRIETHD. S5
BIEFEREBLI-A—LAV0LIEIEERFTHLIEND, COIIBRVRIEGITHMN D
THEWATEEENH D, RANDAEZEARDUHEEE RE TEDFRTHAIEEZ D,
ULBRRIGEBRBORERIGERARN. ZADREEZHRELIZ SEINODIZENDKL
[EEETODEFREMNASMNILRDIEICEH>T, BAETGHEHRDRRE OB BORERD
BIZiEof&ZEABND,

3. SHROEM

SENTEIBPICELA G o122 D LT —IAFEL TS, BEAZEBNRA—L A0
LBRZEDODN AR MYTFORRTH S A—LA VO LIXER DNA [ZEEHIT. EEZFD
FEZETOTND, KIFRCPEALREEZAVWT. A—LAIVDLEREEGERL. HIEEF (A
RGEEFR) ORBEATHETESILBAEZESTNISIEEZATNS, F-ARRETIE
BRARIGA—L A0 LBEEDEMBMGIER (ELF-£8) AN Eonf, SHITEBORIREIC
XY OMRELERBERBRENZHAEOE S LICE > THRALGIRERRE (FEFF) OEIER
MDERICHETESDTRBLINEEZONS, RAELEITHTHAMN, EEHARELOHK
FMAREFEHEELTNENEEZ TS,

4. FHE
(1) B 25l

d it
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LADAENT, BEOFHOAZEBROHEBBTZETL. BAMLISA (BIERITOEH©
FEER) ZEZERDFETHO Iz, ARBHEDHEEOLEEN . RRENTOREDOERZX
DHELICELTIFZ<DHMEZR/ON. COTENITD 3 FFTIREITEAZEEZOND, &
AIRELE AN TV REZ O N FEMZEEREMICH G —R—DEMA = EIRENG
W T BAREHATIIRALOL TG ST EELMARIC. ENTIESHERE. BIT
LHARENERLz. CHODHRDKRENFEICHIKRNET, BERKDH-LHER
AEOIMOTBIEEZZOND E<DHAREICEMEINSZETHBEFLELIZEOHEE
EHRBMBREETV. COMET)—FTESRH G =EFBZAbN D ISAMREIZENT,
SENTHRENT 2 DOTENERTELGD O, FT A —LAVOLZRAV-FRERFOL
AAVFIZEBRB - E-RREANEBARLTAEWLISARALEICELLEN o= &
BRATB DDA ZRIEL. RERNIZTNoDIGADERZHADTFETHD.

(2) AR MR (A ERREIC OV T, AIRYFPICRRSN =, F2RIOBEEZZETOT
74—k \wOZEBFZ DD UTORY., FREFHEZET o).

BT AERICKBRAEFRTEDHE5T . EDMELLETILOHIZESTELTHAL
TW%, oz, BEZELSERY ., MERNO/NREZBRBISE YT HILITHRZERLT
W5, Y. REESELLTRITMAIDARZEMART, BEEIELEYETEAREK
ZREOFREMATRIA TV EICHEDHLT | EORZRAEDRE RS TWEN 1=,

SR XHMAZRE L, 2007 FICREICHRBTOARBERERL. A—LAIOLEAMIT.
DNA HERREE AR BRRETHBLEDLETVAIEZHLMN Lz RESEN TR TIE, A GE
HOBFRAZERAEA—LAIVOLEZEBRL, EDFA—LAIOLDBERILEZV/NTELAIL
THERR . KITFHTHEEBLLZBD T HELFHDFEEIT ol FFBARBRA—L A
VOLZEFDORBOARERIGICTONT, REBEEATRVOGNSHTEREFRAEL., Z<OAFE
MOBERERERL]-.

R IR —, B8 REREICH L TOKEEYZERLEISTHMRNERIEL TS,
INSIFTRTKEEYDOKRGRFAICESINTNS, BEEHARRRELT. AZEIUN
I DRRGHERREALHICLIC LR BEZFOAHEOTIHEYBZOREDEICKETERE
=L, RERRDRAICLELARESAHY . SEROARERNSZVIZEFTNSD,

5. EGHRMRUAE

(1) /X (RZFR) FER

1. Usami H, Maeda T, Fujii Y, Oikawa K, Takahashi F, Kagawa T, Wada M, Kasahara
M CHUP1 mediates actin-based light-induced chloroplast avoidance movement in
the moss Physcomitrella patens Planta 236 1889-1897(2012)

2. Ishikawa M, Kataoka H, Takahashi F Analysis of Light-Dependent Cell
Morphology and an Accumulation Response in Ochromonas danica Cytologia
77(4): 1-9 (2012)

3. Hisatomi O, Takeuchi K, Zikihara K, Ookubo Y, Nakatani Y, Takahashi F, Tokutomi
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S, Kataoka H Blue Light-Induced conformational changes in a Light-Regulated
Transcription Factor, Aureochrome-1 Plant Cell Physiology 54: 93-106 (2013)

4. RIIERE SHBXE HEEYIDOTFIOIFOOXGERRE -SEERFELTEER
FZEBARA—LAH0L BSI-Review 4:21-28 (2013)

(2) % HRE
MEMRERRG 2 o

QR)ZDMDOER (EBLFRRER. RE . EEY. TLR))—R%H)

Eff =%

1. Takahashi F Functional analysis and application of a photoactivated transcription
regulator in diverse algae AS-JST joint workshop on innovative use of light and
nano/bio materials(2011)

2. Ishikawa M, Gartner W, Kataoka H, Takahashi F Photochemical analysis of
Ochromonas danica Aureochrome. The 5th Asia and Oceania Conference on
Photobiology(2011)

3. Hisatomi O, Takeuchi K, Murakami T , Takahashi F, Kataoka H Characterization of a
light-induced transcription factor, AUREO1, expressed in E. coli The 5th Asia and
Oceania Conference on Photobiology (2011)

4. Nozaki H, Yamada T, Takahashi F, Nakada T New Volvocacean algae progressively
identified First International Volvox Conference (2011)

ZDH3ME

N=iE (BEFEE)

1. SBEX#E EYEEEERAEEILIICLESFA? —EEDOEFEEE—
WEMFREILIHE KAV UROIL BEEEKRE (2010)

2. A EE, SBEXHE RIEE BERFELTHEI IEROTEAZERA—LAL
20/ The 34th Annual Meeting of the Japan Neuroscience Society (2011)

3. BN —RALEFEDEEEFERIGIZONT HHEEMIE (2013)

ZTOMERFRER 104

"”‘hT

647



R B EE

[ZHFRETRESEIHRARMBEREED FERBELANREHAL
MEL24T BER
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e E: dl FE

1. HREDRLL

k. EHEARELTHON T =—ERIEZE R (NO) WOIRAL KR (H,S) X, E(F. £AKRNT
BEESNTEY . EROREHFICEELGRBAZRZLTVWSIEMBEFERINDDOH D, =
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1. HRDALL
Aim of this project is the efficient utilization of
. e . Bimodal
light for life innovation through the development of imaging
novel light—sensitive fluorescent— magnetic :
bimodal nanomaterials for bioimaging and ’Visible!NlR light
phototherapy of cancer. Nanomaterials ¥/ ¢ é
. . . * 3 % 4 o € '!‘ -
formulations, also called theranostics, with more . ﬁ 2 d’
. . . . . e
than one modality for both biomedical imaging and _. "% ™. 1 0r2 photon 1.
therapy have become promising in the accurate ‘ ‘ ' " -
screening and efficient treatment of diseases such
Bimodal
as cancer. For example, nanomaterials such as imaging
silica nanoparticles, polymer nanoparticles, carbon RELE
. . G W
nanotube, graphene, gold nanoparticles, liposomes, Fig.1: Photouncaging theranostics and
etc. are extensively investigated as theranostics or their uncaging and applications aimed at

host materials for the incorporation of multiple contrast agents and drugs. These theranostics
applied in animal models show excellent contrast enhancement in bioimaging modalities such
as positron emission tomography (PET), X-ray computed tomography (CT), single-photon
emission computed tomography (SPECT), magnetic resonance imaging (MRI) and fluorescence
imaging, and improved curing of cancer under chemotherapy, photodynamic therapy (PDT) and
photothermal therapy. Among the imaging modalities, MRI and fluorescence receive great
attention in the scenario of increased health risks after biomedical imaging using ionizing
radiations such as X-rays. Furthermore, the potential of fluorescence imaging modality to be
combined with PDT is of particular interest in the management of cancers. However, as a
result of the incorporation of multiple entities, the size of theranostics easily exceeds the limit
of renal clearance, which poses a major limitation in their removal from biological systems. This
project is aimed at lifting the above limitation by developing novel photouncaging theranostics
and validating their photouncaging processes. This project is also aimed at the efficient use of
photouncaging theranostics for bimodal (MRI and fluorescence) bioimaging in vitro and in vivo
and PDT of cancer cells (Fig.1).
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By using light as an innovative tool, herein this project introduces and evaluates the concept
of photouncaging theranostics composed of fluorescent [gold quantum clusters (QCs),
CdSe/ZnS quantum dots (QDs), porphyrin, etc.] and magnetic nanomaterials (Fe;O, Gd
complex, etc.) for bimodal imaging and photodynamic therapy. Chemical caging of fluorescent
and magnetic entities into bimodal nanoparticles using photouncaging ligands, which is
followed by the conjugation of intracellular delivery vehicles, allows us for the labeling of living
cells and obtaining of MRI and fluorescence images. Selective one— or two—photon activation
of the theranostics results in the systematic uncaging of the ligands and the nanoparticles.
The potentials of photouncaging theranostics for /in vivo imaging is validated by obtaining MRI
and fluorescence images of mice subcutaneously or intravenously injected with the
theranostics. Further, photouncaging theranostics composed of Au QCs or porphyrins
efficiently produce singlet oxygen ('0,), which is the essential element for PDT. The renal
clearance and phototherapeutic potentials of photouncaging theranostics are subjects of
active research in our laboratory.
(2)
%7 —=< A [Chemical caging and photouncaging of theranostics |
At first, novel photouncaging A
and biocompatible molecules (1' it
and 2 in Fig. 2) composed of [‘0

f

biotin and coumarin, which are Ofo“‘ l °
6_ o
the linkers of magnetic and ° T € A i
" . ° s 14 Sl B ™
fluorescent entities in J:Sj\'DYV\/‘%‘r Gl find'™
. . HO 9 H © L
theranostics. The steps involved < 1 n ° [Hzo
. . A 97
in the synthesis of these oN o I @ Lcu zon MO~ D
‘ii s s MO~ ?: o u—i\o
molecules  follow  standard H b "
nucleophilic  substitution and o U

rearrangement reactions. The

structures of these linker = Magnetic
molecules are characterized

using NMR, mass and IR

spectroscopic techniques. §
o0,

Interestingly, as shown in Fig. §
=3
o

2A, these linkers efficiently

0 300 400 500
uncage under one— or two-— Wavelength, nm
Fig.2: (A) Photouncaging process of 1 and 2, (B) UV-Vis absorption
photon activation, which results spectra of 1 with time under photoactivation, and (C) the structures
and (D) photouncaging of theranostics.
in the systematic changes of

UV-Vis absorption (Fig. 2B), mass and NMR spectra. Next, photouncaging theranostics are
constructed by the conjugation of the linkers to streptavidin—functionalized super

paramagnetic iron oxide (Fe;0,) nanoparticles (SPION) followed by the conjugation of multiple
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(ca 10) CdSe/ZnS QDs or Au QCs, which provided us with fluorescent—-magnetic theranostics
(Fe;0,QD,, and Fe,0,QC,,, Fig.2C). Here, streptavidin—functionalized QDs are commercially
obtained; whereas, Au QC and its streptavidin derivative are prepared in our laboratory. In
these preparations, QDs (650 or 705 nm) and QCs (670 nm) with NIR emission are selected for
enabling efficient bioimaging both in vitro and in vivo. Further, Au QCs produce '0, in ca 15%
efficiency, which is promising for the PDT application of theranostics; whereas, theranostics
with high (ca70%) '0, production efficiency are constructed by the preparation of novel
porphyrin derivatives and their conjugation to SPION or Fe;0,QD,,. Two other
fluorescent—magnetic bimodal nanoparticles prepared in this project are QDs (NIR
fluorescent) conjugated with gadolinium (Gd®*) complex (magnetic) and SPION (magnetic)
conjugated with terbium (Tb*) complex (green fluorescent). Bimodal nature of the
theranostics is characterized by recording MRI and fluorescence images of the samples.
Finally, photouncaging of the theranostics is validated by recording and analyzing their
scanning electron micrographs (Fig. 2D).

In short, novel magnetic, NIR fluorescent and 'O,—producing theranostics are constructed

using photouncaging ligands, and their photouncaging processes are validated.

727 —< B [Bimodal bioimaging using photouncaging theranostics |

The combination of MRI and fluorescence
contrast agents in the photouncaging
theranostics prepared under theme A
allows us to use those for obtaining
combined MRI and fluorescence images in
vitro and in vivo. At first, the theranostics
for bimodal imaging and cytotoxicity in
cultured cancer cells of human or murine
origin were tested. Hormones such as

allatostatin or epidermal growth factor

2 2
o
@ o
= =
@
g >
= m
o s
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(EGF) were employed for the intracellular

deli f th ti The h Fig.3: Fluorescence images of (A,D) B16 cells/cell pellet
elivery of theranostics. The hormones are |,,qieq with Fe;0,QD,,(B,E) H1650 cells/cell pellet labeled

with Fe;04QC g, (C) H1650 cells labeled with QDs, (F) MRI of
cell pellets, (G-J) fluorescence/MRI images of BE mice injected
theranostics by following standard with Fez04QD;q: (G) subcutaneous, (H-J) intravenous.

conjugated to the surface of photouncaging

bioconjugate reactions. The «cells are treated successively with the bioconjugated
theranostics and the nucleus staining Syto dye. After the treatments, the cells are copiously
washed with buffer and the medium is exchanged with the standard cell culture medium. The
intracellular delivery of bioconjugated theranostics is investigated using fluorescence
microscopy. Figs. 3A and 3B show the fluorescence images of murine melanoma (B16) and
human lung epithelial adenocarcinoma (H1650) cells labeled with Fe,0,QD,, and Fe,0,QC,,,

respectively. The NIR fluorescence of QDs and QCs allows us for obtaining fluorescence
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images of cells without any interference of cell autofluorescence. Further, the cells are
harvested by tripsinization into cell pellets and recorded the MRI (Fig. 3F) and fluorescence
(Fig. 3D,E) images. The enhanced MRI contrast of cells, which is due to the huge magnetic
dipole moment of Fe;O, when compared with that of water and biomolecules in cells, is a
promising property that can be combined with NIR fluorescence for in vivo bimodal bioimaging.
The amounts of theranostics needed for the labeling and fluorescent—magnetic bimodal
imaging of cells are in the 0.5 to 2 nM regime, which is far below the toxic levels (>>100 nM) to
cells, are evaluated using standard cytotoxicity assays.

The potentials of the theranostics for in vivo bimodal imaging are validated by the
subcutaneous or intravenous injection in B6 mice, which is followed by the the MRI and NIR
fluorescence imaging (Fig. 3G—J). The NIR fluorescence and MRI contrast of the theranostics
enabled us for the efficient detection of the biodistribution, accumulation in the liver and renal
clearance of the particles. The renal clearance is also validated by the analysis of
fluorescence and MRI contrasts of urine samples.

In summary, theranostics are successfully delivered in living cancer cells or injected in
mice, and the NIR fluorescence and MRI contrast enhancements enabled us for validating the
potentials of the theranostics for in vitro and in vivo bimodal bioimaging with excellent signal

to noise ratios.

72T —=< C [Theranostics for singlet oxygen production and photodynamic therapy |

Theranostics composed of QCs 107

>d

produce 'O, in ca 15% efficiency, &

—

| i
. . . . = |r b
which is characterized by recording = | Qﬁa\%
810+ T638ns s,
S
o

the time-resolved fluorescence

1* t.=521ns
. lé 1,462 ns
spectra of QCs in the presence and &0_15- ,:—364 ns
absence of oxygen and under 1 2 3 4 5 1230 1260 1290 1320
Time, pus Wavelength, nm
i itati i 120
different excitation power density. e c Iemw' 50 LP. 1h o
; ; ’ < | o=
Considerable increase of QC's = 80 B Eg_
fluorescence lifetime (Fig. 4A) with g 60 %ﬂ 1 g,jo'_
. . . Z a0 O ) g T
time under nitrogen gas purging and 5 & %._ -
o 20 = R P
g - =

decrease of fluorescence lifetime with (- =l |
10nM 10nM 10n 10nM

increase of excitation power suggest Fig.4: (A) Fluorescence decay profiles of QCs with elapse (a

. . to d) of time under nitrogen purging. (B) Chemiluminescence
the quenching of the excited state of spectra of 0, produced by QCs under air saturated (red) and

. nitrogen saturated (green) conditions. Inset: decay at 1270
QCs by oxygen and the production of ; (c) Histograms of MTT assay for H1650 cells labeled
. ., . i i t | shot i d.

102' This photosensitized production with different samples and photoactivate
of '0,is further confirmed by using a '0, sensor dye molecule as well as by recording the
characteristic (1270 nm) chemiluminescence spectrum of '0, (Fig. 4B). On the other hand, the
efficiency of '0, production by QD-based theranostics is negligibly low, which is considerably

improved by the conjugation of newly prepared porphyrin derivatives to either SPION or

Fe,0,QD,,.
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The production of '0, by QC- or porphyrin— conjugated theranostics is a promising
property for PDT, which is evaluated in H1650 cells cultured in 96 well plates. Here, the cells
are labeled with 1 to 100 nM Fe;0,QC;, or porphyrin—conjugated Fe;O, or Fe;0,QD;,.
Successively, the cells are washed and photoactivated for 30 min to 1h under 450 nm
long—pass—filtered light (6 mW/cm?) from a Xe—lamp. After the photoactivation, the cells are
treated with the cell permeable 3—(4,5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide
(MTT). Viable cells convert yellow MTT into purple formazan as a result of the
NAD(P)H-dependent cellular oxidoreductase enzymes. After 4h incubation of the
photoactivated cells with MTT and the subsequent lysis of cells, the amount of formazan
produced, which is the direct measure of cell viability, is measured using a microplate reader
(Fig. 4C,D). Remarkable reduction in the viability is observed for cells treated with
porphyrin—conjugated Fe;O, or Fe;0,QD,, and photoactivated.

The production of '0, by theranostics and the associated reduction in the viability of

cultured cancer cells show the potentials of theranostics for practical PDT application.

3. SHROEFH

The new concept of photouncaging theranostics validated at an interface among light,
nanomaterials, bioimaging and photodynamic therapy in this project is expected to untangle
challenging issues in life science by the nucleation of new research projects in different
directions. The most promising direction is the in vivo application of theranostics for human use
such as imaging, phototherapy, and clearance by uncaging using light of suitable energy. In such
applications, the photouncaging properties can be combined with photo—controlled delivery of
drugs, genes, and contrast agents. Further, photouncaging ligands and nanoparticles can be
applied to microfabricated devices for the collection of cancer cells from blood samples as well
as the collection, separation and characterization of pathogens. Yet another promising aspect of
photouncaging nanoparticles is their extension towards the construction of reusable
photoresponsive micro and nano platforms for the collection and detection of biomarkers and

exosomes.

4. FHE

By combining NIR fluorescent and magnetic nanomaterials with singlet oxygen production
using photouncaging ligands, the project successfully proves the concept of photouncaging
fluorescent—magnetic theranostics. In addition to the validation of bimodal bioimaging and
photodynamic therapy, the photouncaging strategy in this project successfully lifts one of the
major challenges and concerns associated with the use of large—size theranostics in biological
systems. Following the evaluation of the bimodal nature and photouncaging, conjugation of
biomolecules to the photouncaging theranostics opened up in vitro and in vivo MRI and
fluorescence imaging potentials, which is validated in cells and mice. The choice of gold quantum
clusters not only provides non—toxic nanomaterials and NIR fluorescence but also singlet oxygen

for photodynamic therapy. The limitation associated with the low efficiency of singlet oxygen
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production by gold clusters is lifted by the preparation porphyrin conjugated theranostics. Overall,
the project is evaluated as the successful validation of photouncaging theranostics for bimodal
imaging and phototherapy with its doors opened for practical applications such as drug delivery,
phototherapy, biomedical imaging, and the construction of reusable micro and nano platforms for

the detection of cancer cells, pathogens and biomarkers.
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