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Ty — ) LTEL OWEFICHRA SN TE /. BIFEETIZ, GFP 2k 7T 57 X VBO—H % hoT I/
FRICEH L= GFP ORNOLEBRARNEL AR SN, T, Fraef X Fy s 84 v e 75704
DI SAOEMFRENSH LNER T VT ERBRINTE ., LD DTREREOSNERT HHa00EH %
ZIL 2008 D ) —~NALFEEEAZE LT-a Yy — - Y = VR L o TEE B AN, EaBEIEIC K
T HEBRLTEZ[6].

68 JLUEE K F R PR PR FRe Ay P RS LR (Y R O K B, B RRH I Je s A B0 J0 T O FHl 36 [H
W7 v 7 BTED ARARE ORI & & O ILFENFE

69 STNIZTFIEL, HORHTEONERN L TR SN E®EERTDH I L OTE HEERN. —RICE#EL
ST T EES L HEEGOBVIELIO S n BTHERE LR TENGRS. AT 7 T 5 HFRKD GFP
IZBWTIE, vV, Fuvy, U 03 SO7 /BN HECHMBEACERE, K, BLEITV, S6%R
EHIBNEREND 2 ENRMONTND.

70 Sirius OWIR AL 355nm, HEME AL 424nm TH Y, 1994 FEICHE SN-F QAL Z v /375 BFP @
380nm B L PN450nm LV b S HIZEKREMIZBIT L.

NS XL =B )., =R A F—fLER (FF—) LRy v RV EORE= RN F =R R F
—ZRE (T IeTE ) LRDRIOENE R E~BET L84, FRET N ELH7DIZE N F—e7 7
T =N 10nm LANIZEET L huiEe biawn. £72, RFP—0®AEART M ET 72T 2 —DOWIL ALY
MVOERY BNRKEVIEE FRET RN K& <725, FRET # 5 £<FIHT DL LIk~ T, Iy oastr
HOER T OREECERNICIFET B 7 L X EORSEE - MEERZR EE2EESTMANTY T
A DITBETDHLENTED.
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‘B H 2. Sirius # & ir 4 DOENH //\7 I C4ERBLE HeLa i)
MR P OFZIC Sirius, /IMEARIZ mseCFP, I k= KU 71 Venus, f/NMEIZ mCherry ZF88L X
H, TNENAPUE L. ERIZIN L OEGZELRGDEZLO. 4 BRALTH, TNENOHM
J/NRE B L O R EEWIREIC AL T2 Z E N TE T

http://www .es.hokudai.ac.jp/news/img/2009-04-07-nagai.pdf

() HRAEEORHEREZEL DAL ILSF oY —"H A LA V-Nano” DRIFIZAEN
HIFRN O EMOM: T/ E—T )L ULD BV T AA A (Ca2) DT e A L%
EEE IR T 5 2 ENTE DM Caz v v —% BT D Z LITREI L7, Zhic
£V, ERITIA D Z ENTE R 72 Mt O IEHICI T 5 Ca2REEDIEN"" K
B EARIE B O BRI, EX B O v b U — 7 AR OIS B 2 — 2 D[FH
REEhll, "KBUER v U — 7 ICB T DA S 7 T AR EEFHANMIC AN Lz,

1. B A LA -Nano O ERAK
H A LA -Nano Tik CaM (JKfa) & M13 X7 F RERE)D DX B D
T2 BBERERCTIETHAY T ALY () ORENEENESE TV

[ALiERF 7 L A U U — R http://www.hokudai.ac.jp/news/2010/08/lab-2.html]

(d) & & FOHRIXZHRTIESMREHELNE Cat oY —2 /Y BORKICHI

ﬂ#% BTGB DFEIE & 722 Ca2 A PIHUCIRINT 2 Z &N TEDH, ik, KRREDOKHE
HOEME Ca2 e U —DOBRICEI L7Z[8]. =BEHEWiT 52 LIk - T, OOk
TWEFHZS NS, o v — AR DbED 2 LT, MREET0% < OMIED
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B X 2 ZmMICEREIEST 2 2 ERFRRICR D, £72, ERIIRKTI0EThH =% &K
K 26 {5 F Tl L & H72[9]

(e) EEBEEALERNZ V/INVEF /-T2 U (Nano-lantern)D B

RFRNE LRI B LRI H T EoenAT Yy M52 LT, (LR LOFRE RN
KLV b 1052 EA S D BEEE IS N E T/ -T B 2 (Nano-lantern) 4 [
L0l 2OF /) =T 2 ra7u—7IfH1T 522 Lo THBITE FIZB T o~y
RN DR A ERFRMRHT 2 Z LIk Le, BIZ, 7/ =T 020 2WEL T Carre
cAMP, ATP ZMHTE5FNT m—T OHBICORII L. Zhb DR v — 7 13k
HEMBEL LW, @ F RV ETIETERDSTEBIEBIC L DET B AN S
5.

a b

480 nm 530 nm
o
Cfﬁﬁﬂﬁ

RLuc

Cs
AR

R INTE WZRLuc
(Venus)

00 MNano-lantern

i 400

S

200

" Riw

0 S S

400 500 600
B (nm)

X 2. F ) A7 —LDIIR T -F L H DI A T = R L E I IRE
a  PERIL RLuc ICEL SN TR II R E MK, 480nm (F) OXEMI RN S MHT 5.
b /-T2 5 T, 8 RLuc IZHME S VT2 RO EVE O = 31— [ IREE T D #OE # /37 B (Venus)
WCBEIT S, w6 Z Vo BITRNEI RN E W2, 530nm (EE) DAL 5.
¢ BRLEZ U ARIETARY MEHIET D ET /-T2 Z 306K RLue £V & 10 5L EFAS <
B ENHLNZ 2T,

http://www jst.go.jp/pr/announce/20121212/index.html

312 AERRDEFEH M OES~DEBK

(1) SEAT TEOFAEYMEMN - £antkae) fE

2008 F, S & HTF (ORI & WM EL - ZEMmPERE) SEI(IFZTREE - RIS S T
J A KBRS A IR O BHFE & A migRes I ~DISH ) (2008~2015)ICH W LA TV S, Z
DOIFFERBETIL, RIRT /BN F LRI ETHDHN Y7 =T — B ORI %2 R R E N1tk
BIZ X0 RiEIin LS, hotkx RIERERKLBARET L2 L2 BIET. 2o OSSR
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W N EHT ) A=V RETIRIDER” E LCRIAT 5 2 & T, EMlaNo X N7 E 1
o3 TR0/ NEVEIR N O A B RE 2 RIF CHBIZE T o L O IC L, F7o, BIEEMIEA
TEASED ZLTHNOTEAIEL” b ENR LIBRD NS FA A= ZIEOMHENL 2 AR

2) MIAEHRFMBAEIDBEENFEELSHORMABY LT EMRROER— (FEEA

& K FHEIE) (2011~2015)
http://paradigm-innovation.jp/outline/outline_index.html

M8 & DM T DD BARDEFR /3T 5% D 72 IHALFEPOGE S A7 L IZHER L, BR0EE,
MEMS T2, #OtEbsy:, GARIY, ¥ "7 BT, MlaEws, A7 DM,
BERFOF B 2MET 5 2 LIS L0 HIRBAYER & KRR, HEmARDOHMEN T 244, M
NERS 25 —7y e Ui IDBWEYDT) LFd DR Efsikzmk L. fric, &
BOEMEDF IO RDACFERIET AT MBS 20 FRIOBFEME, Bae—L 2, 3Ok
e, K7V oM, =va— N, ZEEEFRMALERR EOBRNOOT 7 —F 2D TV 5.

AT R

4th International Symposium on Photonic Bioimaging 2012.9.17
14th international congress of histochemistry 2012 .8 .27
£ 52 A A A B B DAL 2012 .8 .25
24 RS VAR YT A 2012 .8 23
519 Ml E e — 2 v a v T 2012 8 .6
KBRF SR 2012 .8 .1-3
Alberta University 2012.7 .16
Bk (BEENA AT 87T FE—REFNRE L AR T L 20127 4
SPIE Smart Nano + Micro Materials and Devices 2011 2011 .12.5
The 14th Oriental COCOSDA Conference 2011 .10 .28
53D A=Y BT HEER S AR DT A 2011 .10 .21
55 84 [l H AR LR KR 2011 .9 21
2011 Promega NewTechnology Seminar 2011 .9 .20
5 49 [l AL B R R 2011 .9 .17
5520 [BISA A A A =D T 2011 .9 .1-2
5520 [B1SA A A A — 2 F L OB R IE 2011 .8 .31
514 PHEARER R EAT A IR b= A« 23— 2011.8 .9
FARELT 150 A R Y D A 2011 .7 .15
KK GE %7 a7 4 T v 2 — 2011.7 .11

58



% 63 [EHI A E e 2011 .6.28

Academia Sinica (Taiwan) 2011 .5.26
IUPAC EESHT A4 2011 2011 .5.24
5 44 R AEEE R 2011.5.19
0— X TRRS 2011 4.19
2nd International Symposium on Photonic Bioimaging 2011 .2.6-10
A H T F— FRECFEFR 2011.1.25
BT 2011.1.21

[(WF7e=R HP % F:12 1B

313 #HEBEEF~DER

(1) HEEDOREFAHEEANDSAAREE

KIEO DI L TE T Hixr D Cazrtr v — 3k 4 R B ORRFACIRRICEIRT 5 2 &
HMEasnsg. THRREOREBREZEL D CatoHY— “AA LA U-Nano” DB 1%, L
VU LA G UBED BE BB T DRk 4 R (TADARIESREE S O, fEREER, 7L
R, NWERE R E) OJFKRFEHSLAITER 7 V== TICOoRB 5 b D LI,
o, [F, & FORNXZHRITLIESMHRERLYE CatoY—42 R VEORK] 1T6EE
LA & A G T, T8, BB, GUIE e SRR EE LR B o ARSI AR B o0 3,
FRIRIEEE DEIE A J7 = X L ORI — @S, Kt - MR ORI O - RIS > &
BRI B [9].

(2) HNTO—TDSHLGATRESE

KIFLMBAF L CEIHAT m—T7 bIAFR A ATRRERE 2 b d. HFaREY v
B U AL GFP O X D kD 2 v Ry g L3 B 0, BIZRZRWERINR(UV-A) %2 %
NTHDT, ZHEHNDZ LIZE > TRADENROIR S 28I A TH D T < ATk
ML T B R =M 72 EOBIRIC RN D Z N sn5. £72, BUERE T TLLE
ROT, HOWO X DI TIZdH DT Do F LD R R BIETE D HeM
N5, Hlzx, AFEREZHWTE e UEREBRAEIIET D A =X LEMHTT HED
TR D, oMy, R EHROFABHEL TOWTHRERI LD,
TN L — B A VRN OB DOE=Z U L ST H N TE D LD ITR DR
bbb, ZORFOEEE R EY ) v RAIIFoeH M, BB, BT TESNEZR SR 20
MICFERENER SN, FICHREETM D 2009 FHM b L RE RIS S H[12]7 &£
fEoFER BV [13] .

—J, T/ =T BRI OEINLELB IR T 0 =T TEIE I RS T
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D7, EEOEMDO LRI T DFHZ WTREIC L, £ < ORI D IRIKZEH R RAY 72
AR ) == 7 ORISR,

@) ZavNAAA A= 5 —Rk

KHDHUL & 2> THRRE RPN, R T3FHDO=a A A= 72 —7 (i
BERF=AUNAFAA=D TR H—) YRS IFEE DL E 72> TRL L T2,
(2005411 A 1 BICBHFT. ) FlE v ¥ —I%, =22 %2015 < O S TS 4 421t
SN, WAL A A= THICET 2 E R 2 HITHRE, SO TEEIBRE S L2 o
PR GE~DIGH 2T 2 L2 HME LTS, F2, MR A A A=V Tk
AREIZT D 4 DORT—va raER L, RERFOAL ST HARENIIDOZ  OW5EE
CHEEHIRICBL LA CE Y B2t L T 5.

LB SR

[1] T. Nagali, et al., Nature Biotechnology, 20, 1, 87-90, 2002)

[2] T. Nagai, et al., Proc. Natl. Acad. Sci. USA , 101, 10554-10559 , 2004
[3] K. Okamoto, et al., Nature Neuroscience, 7, 1104-1112, 2004

[4] T. Matsuda, et al., Nature Methods, 5 339-345, 2008

[5] W. Tomosugi, et al., Nature Methods, 6:, 351-353, 2009

[6] http://www .nips.ac.jp/contents/release/entry/2009/04/post-6.html

[7] K. Horikawa, et al., Nature Methods, 7, 729-732, 2010

[8] Y. Zhao, et al., Science, 333, 1888-1891, 2011

[9] http://www.jst.go.jp/pr/announce/20121212/index.html

[10] H AR ##R 2011 459 H 15 H

[11] K. Saito, et al, Nature Communications, 3, 1262, 2012

[12] http://paradigm-innovation.jp/outline/outline_index.html
[13] H % PE 3971 2010.01.14

[14] AtimE R HP

PALRERF L (R)=a v A VAT v 7 LOEFEBEIC L D, KIE « == FRZ, BN - AT
NN TR E RS MR T=FRO=a A A= T F—.
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http://www.nips.ac.jp/contents/release/entry/2009/04/post-6.html
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32 RAaATSAIBEEFDNFAN=XL]

EHEAN(RKRWIKFRFR BEFHEZFER)

321 AERBRDHEEIKR
1) SEATHARIZHBIFAELHERER

(@ HLLNY T 7HESHOEEZTHRR

TERM BN TWDHIERN R & B 5EEMWE PO TV T O ThoH~A a7 XA~OHfd
IO T A=A LEEHA LT, BT A EERBETDH~A 27T X~ OB FLE iR
THEERIZEL, MiE2B0 B 2 sicky, AFvEHL TE Wy “I—2 8 207
ARIHER LT, 20 “I—RA N ICATP(T T/ v 2V Ui E Mz b2 itk ~1ar
T A OEEBZHBE LX), XTIV T ThoL~A a7 T A~ DEHHPATPO TR /LF—(T X
L2 LRI [12]. ZALOMAIZESE, BHLHITE v/ a7 I A~vE—E LOFEE
RS- 5 350X L EOWN, FICGl349[3-5] TR S i-d LAY, ATPOIK S fRIZ &
STHEULIENZE>TENEN, HTA~ORG, A e—27, i, L0 20k TH
FaZRICB 28D EWHET NV EHRE LIZ( 2)7.

F—Ak AE U= — Ak

Bo A a7 T X< ) AOHEIEESIRC Z N E TICRE SN EBNCET 5 % v o7 BofEiE» L, filao /5o
MU “BEERE S X VIEEOMAIZIZ Y i E E WBEE EITO) A a7 T A~vOESITE— ¥ —EAE
ERTTIVTORUVEE—Z—DELLDLEDE LR RRDAN=ZALTHDEZZ BN TV,

“% L OEIMENRT T VT TRLND" X7 T U T D) RABEH"CTIE, HIRIERDDNEE~DA 4 Dith
WCE W RABET—F—NEET 5, & ZAR, BEaOA T ) 7oL, A4 roihTian, BEgL
MERUEIICATP Z= R X —HE LTEIK bODHFENTRBIN TNV, LOELAERL, ZTRETIZEN
BiFHENT-Z L3 ho iz,

BOEHOIE I E TSI EEBCERE ST 2 =D OE KRR ¥ /Y B % Mycoplasma mobile 725 [AljE, Hiff
L7, Gli123, Gli349, Gli521 &£ S bz 35D F 7L, FHEROEE (neck) ICRELTEY, BE
HDE LRI F IR B b0 1HEEE > T0WAZ LB LM LT,
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1 “F—= N OFIEME(E[2]

Gli123 P42
|
Glis2 —
Gl AkO—42
A3
Ak—ILh
/:r;ma‘.ér $h:(<10 ms] {27 pN)

ﬁ E
HUBHOES L E
£
+—
e A el Sl

X2 EHLICLD YA a7 T A igEEIHTT L

T, TOX NN IEOIEE6], JIFHIME7) M Lz, IS, #EEOREM[8], ~
A 27T A KD EROBUNEHLRE — ¥ — ORERL DT[]/ ERE I e 21T -
7-.

(b) R4 A TS XV BEEBEDEEHEN

~ A AT T A RO R EIEE 5> D A Al 76 LR BAMEEIC & 0 ISR 73 5
ZET, K DITHEE (X A TE b =— I R E L D 2 LA LT LTZ[10-11].
O L HITFHE DS E RS & e 0, MR AMER LIBED N EZ T LD TnD EEZ bR
%5[12] .

6 <A 27T A MlROE FEIEHERCED L, DNA 20 #RE TR 0L Z &Itk y, WEEEDOA %
EFEMEE TSR L, FEICIT 2 Z LITkE LT,

T A 37T A~ MR PNER IR R S DM AR ME O 72 AV B R DNA R ERMHET D72, THRET
OEHY 2 RWICE TBEMERE CIIHalEig o s T X MRS LD 0T, £ 2T S DNA &%
NENREIEEA & DNA 3R ThRE L, MIREREEOREKT HiEEZ LY, TRHETRWEERP-T
M RS ARIEE 2 R T 2 2 L ITE L72(X 3),
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M3 < BIFRE”

(2) ETENTRTEROFEEIKR

SENTMER S~ A a7 T XA~ OEEMEB ORI E 2 HIZEED, ERIETWD.
BUE, B HOITEITRE L EEMGR 2 S, S OB imeiglss, dalk, —ofit
W, PSS, Bl FEER EEARmAICAFZEICIY IAA T A I = X LORE IR IAZ DD &
5.

72, 2010 FEIEEBE~ A 27T X~ 4, VA AT — 2 XE(Louis Dienes Award ), 2012
IS 15 BHEARE B2 Z BT 570 Y, ZoEKTIFRICBWTHLEFHIshTnD. 2012
0 ORI E B AN A 22 DR EE & L THIEZ I L, S EDNTMREORMRRITEICHEREL
TS, LUFICEHAIE B i s FE OB 2 Z SV Tl %

M EHZMEEAE RESHESF I+ U —DEY 23R & L8l (2012~2016)7

AEE ORI, MECRALEYOREEDCHKER R ED L DI, “B—F—F N
" DHTEBHATERNAD =X LNEZEHAFAE L TV D, BT st 78 DEE)
DI =R e & SRRYE ) T, EREEIOA D =X LDOFTINETICHE
0B DG DAL TV RN S O & Bl DN EAT 2 BE 35 Z L IZ Ko TRF L b B+
BERL VORI L VAT 22 L2 HIEEL TV, E#)j~ > F U —Z28FENEE LTH
TH—FT, B—F—Z VBN A N— NORSEH~OS ANZHAHET 5. BRI,
INFETENENEL OB CIHHE L QW EEE Yy -~ v ) —ORFEE N —RIZE L,
WMAEWY, B5%, HF, BT, MEEDTRETHh LN HIiE~VTF R r—1
WCHW TR Z T 5.

Z DWFZES B DR BIZAR AR H T F ) A— bV R — )L RS 2 m[ LT 5 =D
i, $720bb 7 IAFEFHRNES T 74—, QIREHE L 7Y VEFBEMEIE, & AFM (R
TEDBEMED) OISHBEMIC O THER - XET 5.

EHOLIZ, INETITHLNC L TERIBEDEE L 2O Y 78, BEEOTRLX
—IR, FEARISRe LB IICIRE LIS A 7 = X A OEEIGUIC & DB A ATe 728, BT
WERBIZRIC L DI EE O ZoeiR, EAREMT, JerBaMEE L miE AFM IZ X5 ATP
IR G RN S Vo 2L O E AN IRV M A TV D, Z OFEEAFFEO T TIZ S E AT T4
1O L HHE | FEI CHFE 21T o T IR EEEIF 7R3 & L QI SEE OS2 bt 241
BLTHRY, IENT EERSFOI LR D, LTV D725 % 5[13).

BRARKT: « ARG L EHIR (B—NEEHE) 200 L AR SN2, BN~ A a7 XA~ %21T
RN A AT T R REE~SRKIERE SR SRS &b,
79 2012 FE-2016 1,162,600 TH
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RFLALTORBELISZORNR
- ~

E—H—F0H
HRIFZ/A—F}
f=A=l (et o Tl R
BT Y)—WE

WY
TET

| (W;E‘ﬁrﬁﬂﬂim!ﬁﬂ—r.-t%a.ﬁ}

HET
Fle—n2 2 200 Z0W

=N 2B DY
Hi—0F 2% RE 0V

8, JW, TATT, UI—AQRE
a Ld

I BRER |1— 2 N e ad

1 1
[#F /A bnFRLEROBER - 1E |

X 4  FHIFE B F AT sE DEBE S~ > U =25k 0 22438 & 2hEME ) EAX[13]

322 AERMEDFZEBMDES~DEE

(1) SENTHAERROMZRMOES~DEM

(@ RAATSXAIBEEHAN=XLDETIVIRIE

331 THRIBLZL IS, BEHLIZINE CITIFEEIICE#EE ST 25 = >OE K27 A1EL
'H Gli12, Gli349, Gli521 % Mycoplasma mobile 7> HRIE « HEEL7Z. 2 b =20 AL E
1%, TR OIR (neck) IZRTELTER Y (X 5), BEAOIZ X E &38R by %
FFoTWH Z & [15]R° 50 7/ A— hLVED"H L EREEM 2L neck M HREH L TER
D, ENENOIEG T T ARENTHE L TWDHERTFI6] b LN LTS, 5T, AmEiEtE
I CHIBIIIZ R & S, MIlREZ & D OB W="T—Z K" ATP ORI LY, b & L[E Ul
JETHET LI LaR L. INOORREZBEZ T, HHHIE, [FIC Gli349 THER L
LA, ATP OIIKZFRC L > TELEAC I > TENEN, T A~DEG - Aba—7 -
fRfE - bV EZ< VIRLUTHZANZEI 21E2] EWOIEFETAVERELEZNIZOLIIE, “<
A 2T T X OWEEE) &0 IR E 2L Uiz 2 & I3RMRENIC BT 2 RE T & H ik
LWz b,

K5 ~A 277 X<l oXX[2]
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(b) XA ATSATBEEDEERATOMLAY

HHON [~A 27T X~ OEEES)] OMREEDT 1997 FEHIZIE, ZOBHEDORA =X
DZOWTOMFEBNIIE E otz BHLIE, KEEO~A 27T X~ « E—E L& ERH
BHIWT, W\EEE L7 7, J15RE, REA RS, = —k, MIaEsms,
“BHL7 OEBEOEE 2 EEEMHEICK L EHLMNCL, v 27T A OEEHN, Zh
EFTICHANONZZ DR NVELF LWAD =R LA TRI A TVWAEZ EEFFHLTEL. &5
2, TOAD=ALEHHTHEERRTHD, [AHTETN (RXU—R =T ET)L) |
IBELZ. 2, TbEWATLT, & MiROWEE CHO~A 2T TAv « =a—EFE=
TOWEEBEOME, WED “DL” THHA L IE, MRS EEZHL N L.
PNAS [ZHB# N7 HHR - EHOWMXL [~A a7 7 XAv=F— b LOMIEHK “< bIFfE” |
BT 2 X d A AR 22 72 £ OBRICGEE, Micribiology and Immunity OFEME — 5128 H S
N5 72 ERFROLMMEEEDOFRMICE Y EFon<Tna. (K 5) BI/E, B OIXZ OEEGEE
_,mm@f® = TERMBEEIEE, ik, RN, BAREL, B TEUER & A2

ICELDAA T A B = R DDOKREIZIEHRIAIRHSDH 5.

ZOXIITEHOAHEIEICI D A TE I OER EEREICLY, OB ERERE
FAC BRI 72 G0 & ENERRGET D12 D DO EBRGIH AL TH I ENTEL L IThoTz. Th
1%, B OMIEE N ENENORETZ OELKER D F A = X LRGBS ATED

THIRTE I Z E2ERL[15], 4%, MIESWOERLIERPEIFFSND.

= T IATIZTERE
— B

X 6 A5 FEEATMERS O MU HB# S 72 = 1 D DOAFFERR

2) HEBF~DERODEEL

(@) YA TS AIMHEBICHT 2HNEADHRF

2011 En e, A a7 T A RIENDO TRV 22 KIRIT & 2> T DA%, ZHuEimE
HOHBNFRKEEZEZ LN TS, BHOBH LML TE e~ A a7 7 XD EERIT
~A AT TATPHETHRRARBIG TH D LFRIIFIC~ A 27T A< il 2 5 < B #ét
~A AT T RAERICB W TEBRVEL HD DL, v 277 A< igEEHICONTOMfEZ
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WD Z LE, NRICBTL2ZRMEDORERNW~A 27T XA RENIEOBRRBIZORN D EHE XL
D, Fiz, BB EORA e~ A 27T A< WEREBICRHT 2 R2h3BIRIC BV T H EE A
RIZ7e 2 EWIFESIND[2,11]. FEBBICEHDLIE, A 7V FI A L AORHEE LTHiED
NTW5, V7Y THEEEEMN, ~A 2T T AORHIE720 252 L &R L
72[16].

b)) IAMATSAIBEEHA N XLARZREIZLEZICARAE

BHOOMEE LI LIS L IAE > TEBY, —2i~vA a7 7 X~0 “b L7 Oy
DENRIEEE =Ty NI A AT TRAOIRFEEERERL LI LI bDTHY, 95—
DI~ A aF T A EMEMSO#E /& LTHEER S L0 ) DO TH H[17]. BHEIZOWTIIT TIZ
M. mobile ClEl#ET MU NE— 2 —PMEL LTV S 80[18-19].

(c) MIRERDOHE

PNASIZH S 7z PR - BHOML (A 277 Xv=%— L OMIEK “< bIHE
[10]) (THEOBL S HEONHKD = = — A8 FETH, FEoeai, f Fosi, B ARG 72
EEZL D—ThHBE SNz, £72, Mik~A 27T X< (Mycoplasma pneumoniae) 0>'5-E
LENH ST L EOBEFAL T BT 6D R b OERITE.

EESGN

[1] A. Uenoyama & M. Miyata, Natl. Acad. Sci. USA., 102, 12754-12758 , 2005
[2] http://www.jst.go.jp/pr/announce/20050823/

[3] A. Kusumoto et al., Microbiology, 150, 4001-4008, 2004

[4] A. Uenoyama, et al., J. Bacteriol. 186, 1537-1545, 2004

[5] S. Metsugi, et al., Biophysics 1, 33-43, 2005

[6] J. Adan-Kubo, et al., J. Bacteriol., 188, 2821-2828 , 2006

[7] S. Seto, et al., J. Bacteriol., 187, 3502-3510 , 2005

[8] R. Nagai, et al., ]. Bacteriol., 188, 6469-6475, 2006

[9] Y. Hiratsuka, et al., Natl. Acad. Sci. USA, 133, 13618-13623, 2006

[10] D. Nakane & M. Miyata , Proc. Natl. Acad. Sci. USA 104, 19518-19523, 2007
[11] http://www.jst.go.jp/pr/announce/20071120-2/index.html
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33 &Y/ LBRZERELVTOTA IV RICEDILLHROEGHESE
REBEDRETTE EMERITA D X LD ]

mAR B (RERXZFXRFR HEFRHARHR)

3.3.1 AERRDODERERKR

(1) SENTHRPOHAERR

BG5S FEREREICB VT, RNA 1I7 vtk v/, EBEHREM, 7 /7 ubd%) T
= LT, ZROOFBRREICE O CABERIEIIH OV AERB LRI L -
THifEL = P LIC THERE] 2R L TWDZENRBEN TS, £2T, #iEs ) o8
FRBIOT BT A I AEFE LT, FHOBER SEEEE L FE L, EESROERESE
IR L, BERERBLO A D= X L& FF L~YULTH LN T 5 2 L2 BIE L. T ORE, (1) 8
R AFYE RNA AR Y 2 7 — B ROSHEREOfRIA[L], (i) ATP &7 2 VNS T 2 /) 7 3L AMP
AT 5 glutamyl-tRNA &S (GIuRS) D 4 2B B ikl i & I C ATP & GIuRS B3 O
HAERZMRIAR], (i) 7—7 4V tRNA /7= h T A7) av b—RA LfEA L7z t(RNA
Dt S OFRNT & & OTEVEERAL 2 HEE U [3], MWEEMNT & MR RO AR 2 50\ /-

(2) ETEATRTEOFEEKR

MBS A e L~V TR 5 Z L A HINE LC, AW EE R Y VX7 ] -
IR DN G 2 X MRS ST IC KV RE L, ZOBMICESE, HIEFREBLO A I =X 4
IZOWT, (I)FEFHER RNA B, (i) & o~ 8, (i) ¥ 7 T/ REE &4 HOIcifge 4 e
L. Z< ORERREEHTND.

(i) JEEHER RNA BE&E

(@ TERY DILIRNA ERIZHE T HEROEXR DD FHEEERE] [4]

2 FHORKRT I /bR TWbhE R Y DU VT BERITHAA N DB,
> tRNA R°7 X/ 7 2 /VIRNA GRlER & SOnd 5 2 L7 <, ©'r U P tRNA(tRNAPyl)
LB R Y U tRNA Gl (PyIRS)IE ARG EN TRIRR OB M A2 > Z & T, 30 @R 5
AR L TWD EHlE OBASKE 5 OILRBIT O A ) = X L& Lz

KRGO PN FESNT, S HITEBERZEIERL, FLWT XV BE X /37 EIZEDY
AERT, HHSIEZ RS2 ZENAEEL 20, ERRF LV RIEERN A A= T
EHT°NMR D7 0 —7 5l L, 7usA oo P=7 1) o F~OsANREfsh T .
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ZOTOI, FHERF TEEHAMEAROAE wEHR L RRAMEZ R L, L-U 2O
HR(Er ) U UHEERIR)Z, PyIRS & tRNAPyl 2T, KRIGHE CHAMZ ¥ 78 L L
THRIIEDHZ LI LZ[5].

i) REUNVE

(@) TEERADIT TRV ILINT VR EZHFETEA DX LEHHA] [6]

HIRIE, &BA A %, LW E O FEREES OB AL - YEHZ BEICHIE L TR0,
Z OREREIE, AR DIA ENTEEA Y LR BIZ Lo THbATWS. JElik o &
LI EELEFED 10%I2H &5 R RIC O W THEEE»HFFT s Z 2 L L, ~
7 KGR MgtE( SR B 3R) 0 X MBS SR 21TV, ~ R Ak
—NERNO~ 72T DREZRANT 52 LT 7 320 AONEEI B A L D
~ 7RV LRV IABEREL, KZLTWDHEAICE, @ERICLD~7 32T A0 iA
BEMESEDLLE NIV TRV T DNRNT UAMEFRFOA D= AL ERRLLIZ(K1).

;a#-wm
@ (6} R E RS [5)

I / \ |
=7
AR HEBALESE S

S AME

0]
e e @ TIAVILEIY—

a. I LB b. R TV LRZRE

1~ IRV T LNT U REMERFT D A D =X L OREM

a. I RLY MR v 7R L =S HIAN O~ 7Ry MO LT E, B AREE D SRR
BEAZLSE, v/ AU A FBILICELZ L T EMIENIC Y 7 R T AR IDIA RN T D, b, w72
VULRZEE T ALY LR =N O~ 7 R DO RZEEAUIZG S, DY AMIED SRR E 2L
S, /ALY LFEB LD E LI TN A~D~ 7 2T AOTV AL ZARET 5.

b) A A ZFALTHIADNZ VNV BEESANZALENOTHRA-RFLALD

BRI EDBENSRZ TEAHEA—[7,8]
MR CEREILD Z 7 B, EHEESec b 7 v Anarofxic Ly, i@l
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THIfEAMZREEI L7 0  IE LW R CRAFICHEDIAE NV 35, Sec X o7 EREOREE
BERETHZEICL ST, o\ 7 EOESE - BHIALEE ORI A B L7z, SecDF D7
i 2 B T HMEi06 BIGE -, HRATHO THLI L, TOREND [SecDFIZAKFE ()
A F 2 ORMBIN~ORAZFIH L TREREEE(L ARV K LR b, XU 77 X LM TGS
WIE L I BEEMAER L, EERO &SR THET HENEE S v X Tho ) &
Dt a5z, KRAIZZDOETZHRETT L ELT, RLELDOTH D,

v Pl-R—2
SecYEG |1 | SecDF |
|
sTmem 1 |

2 71 b BREN /) (PMF: proton motive force) Z |/ L 7= SecDF OFEHEE T /L
A: SecDF 1% SecYEG L A A%Z A L. SecA ATPase |2 X - T SecYEG %/ L Ciifl S AL/ iRk & o 3
7 B IIMINASLC SecDF O sElk & A1 E AR+ 5, B: £ D% SecDF (% F Bh 6 THI~ L RIBEA L 23
B LEEEMELEREZI L, ¥V B2EMIE5, C BREICTa b OFBIZE Y, SecDF
TH R EEFRL, TN FRAEEERT D, 20X 5 RBRE#Y KT Z LI2XY SecDF (34
RV BEOERBICEE T EDET NV ERBLE Lz, RUEDT VX =GR (Arg) . TART X
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ERBEHRENBDHD. M3 ET v RTV U OfEEEL 7 TV dr RT Vv L OFHED
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B: ChR Z ol R Chi s 7 du RV (LLF, BRIEWI LESE, et A 7 v ORH
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ni,
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~ 7 AHRDOATX & ARNIEETE D B 72 2 SHEEA O LPA D AR O LA 1E % XS i i fig
Himt ., ATXAEEREOLPCE IE & L CTUIWT 550 7 A 7 = X L% Uiz, IHMEHNLIC
BUDBARMET ¥ U RABFIEL, ZZCRES FRBAE LTSI E2H AL (K4) .
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L2 OF ¥ RNV EHE > TLPASZFEA~EFEMICHEITND EE X DD,

(iv) Z itk

[Tolll AR & . EDOZFRD T CHRGIZE S > 7 FIMRES /37 B O )
BEENIZBW TN & 7L & KA CTHIET 2 BG5S 7 % > 7 B Bz 12, NF-(JB- 7
FOCERE LTz ARG (BUIESRRE) (@< 2 v X0 Bt (AW O & XS ik
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TEREMRE, &7/ LOER LM A ZfEBAN2012/10/22 21:51]
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EbN D Z L aBE DTz, BRNEEX D EREOIRKIC/ D L Sd, iR PGSR
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D/NERRNAEYICEEG L TWDEEND Xy F—=% KIGHEICES® T, KRB et
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HER - GHEMER TR D L ILF T, MaN TES 2B BE 2208 U COMIE O 3 54E
BB, $toIR BT IO ICEAEZ®L TRy, RE&BEaToOEREZ 5>k 544
WD Z LN hrole. FHEERE S ZOMMAEHA TRY, WEaMMz 28 LWIEYME
DFEFNZDRN DR S H 5. HNTESNLEAEON, £ 3 FNTMsMT T <.
AMIRE I TE A ENBEERT 57060, IREAENEE L THRTWS. BFZETF— AldisiEy
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THZERHFEEND [9] . Fyrin R7 Ok S CBI9 551, 20124F O Nature
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T L1T. 2006 G0 B AN 72 o T GEARS: (optogenetics, 47 B ¥ =R T 4 7 A) (12BN T,
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@stal structure of the key\

optogenetics reagent gives
neuroscience a boost
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DEEDIFIEIC H RE R BE 525 2 LM ES LD,
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KT, 2003 4ED ) —~JUHALEEIIE—F — « 7 7 U ORI KigED 7200 TKF ¥ %
NWRRE (TOTRY ) | OFRE, aTF V7 -~yX /) BVTLD (L FF ¥
VARV OREE EAHEA ORI ) ICX L THEX BN TEY, X X BOMRE & fE L 7= i f))
O L U TRl &7z, [AERIS, T/AD~ 7 %2 0 Lk R OREIERATCM O sk & /]
7 G OSTABRHEERNT X, E, DA EBICHEE LR VWO L REREELY 5 %
HHDERD,
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(1) EEFEAN SEFRBIERATOREBR A

(a) microRNA BEAR /U &

micro RNA (miRNA) (%, Argonaute®/s & D% /37 B ERISCHAKREM L, FED
B FOmRNAICFHMICHES L, Tzl 52 & T, B FroRIEZHFE L T\ 5D,
RNAT# (RNAi) 7281 E A EONRNAIZE LT, ZOEMRBFITMEH I TWhin, £
T, FHICRNAICIER U, £Rx 2B ORMIEE K OVERTHIIRIZ IV TSIRNAS 5 UM T
miRNA73Dicer?)» b Argonaute ¥ > /X7 HlZ 0 —7 1 7 ZiL, mRNADOYIE & 5\ N id~7 =
raxF R T HICE LB EMEEN TR AN HEBER L, MAZEDTWD, Zi
HOMEIIRNAREFRIZORN S DL LT, HiffEhs,

(b) EEBREER2/NVE

Mg ik RIx, KIGE2H & M EOWIIHE TS RFEINTEY . ZOWHEA T =
ALTE BRI 72D THDEEZOND, TDD, TRV TLAREZNED—REIND
DHFEFE R & OB OIBIFR~ORN DM KRELAIESEL O LHIfFEN 5.

WA ZRIMHE R T 2 B O E OB N R E 72> TV DR, 2 b DR KT
SecDF % £§272, SecDF Offifas ik 2 450 & § 28 LW 2 A T OHAME OF I S78
NBH I EEEA~DISH b HIFE SN 5,

() EEBERFROMREE

LPA 1% G # v\ BB RRIT/ERI L, 2kl oMl E 2o i 242 & T,
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