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Evaluation of protein concentration using a hydrophobicity sensitive glycine-inserted

mutant Forster resonance energy transfer (FRET) fluorescent protein
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2E

MRENIT, BEAESCEERR EONTIC Lo CHEFICIRM LBRRE CH S5, MiaNDE
HEIREIL, 350 mg/mL & RFEES N THBY . ZOEEKREBIT S FRM ST T 5,
EEBERET T, BEAEDOITY I e RBEROTEENENT 5 2 En@mEI T
%o T, MIEN TOEBE DN AHEE A5 in-cel NMR I XV | fMlAANIZEHBW
THEAEN LV ARLZECTHS 2 b@EINTEY, BHESIX, BEREORE, O
TITMBORREZ RO 2 BERBERDO—DOThHDHEEZ BN TND,

4y FIRME1Z . FRAP (Fluorescent recovery after photobleahing)i%:<>. FCS (fluorescent
correlation spectroscopy)ifi7e EEIEEAECEFE L E DT 0 — 7 O A VT RE
HEHENTWD, LLAans, MaNIci, MIREE,e EOBERLFEET 5700, 7

2 — 7 AN O FoREE R CAEEEA L TLEY, HERKICRmEN D, F07-
O, TERFREIE. MRRNORME S R L TV D LIS 20, MilRNO S TR
HEA BT 2 72 DICid, IEEIR D472 53, MENOS T OBEE, S0 IXRELR
FRCHEST 2 ENH D, A TIE, BEREORELBET 57 n—7OB%E L. £
M X 0 AN E AEIRE 2 5HR L. TEROIEBIREUT X 2 3FM 515 &t L7z,

Tu—7IE, HAEAEEICH L, e B REAORAEEAESRBE I TN D
. ZOHFTHEEAHNEAB(YFP)L, IR OEQBERE ISV ELREN DT 5
ZENG ot AT, S5ICYFP OFAEREICHT D EREZEA ST 5T
D, YFP @ 145 ZBEOTF a v VEREOMEIZT U > U RELZ A LB RZIK(YFPIG) %
RS U 7=, fEMREERITIC LE, 277 o VOB A L 0 30 EAE ORI T
KRG FRERESNTND Z EBmholz, fitde LT, YFPIG [ZEERMN OBUKPEIZTR
SHIST 2 & 912720 YFP ([ZHANEAEREICH T DEZMERmM LS TV, &5
IZ YFPIG ¢ EHEREICRZEEZ R WHEEENNERE(CFP) & #f@lA S 72 FRET
(Foster resonance energy transfer)”’ & — 7 % {EHI L 7= (GimRET, Glycine-inserted mutant
FRET probe), Z FRET 7'm—7(%, BHEEREIZIG U T CFP & YFPIG D& i
BET 5. GImRET OFRMEZ, Mlanzhafk, BEREEamk/ 2., BIO, Miak
AL 2EAEREZLOREEZITY 2 & T, IO,



GImRET %MW THIIZNICE T 2B AERE L ik# & OFE % ~7-, GimRET DR
TEREREL FRAP (2L 0 RS DN IEBREUC 1T BN O = b 0D,
Z OFBIE, M & MIRENTIZRR Y | IEBRES  FRME —BICEZEL TV
RN EPRENT, YEDZ LD GImRET AW EAEREFH & FRAP 12X
D IEEAREEHA & D RIREEHEIZ | 357 LR > TIRHEO R H1E & L CIRET 5,
ULbED X512, YFP ICBIKESZM AR5 2 & T, MIBNEAERERSM FRET 7
12— GimRET OBFIZHKII L7z, & 512 GImRET (& k2B EAEREFHHI & FRAP IZ X
DIBAREGHA AL G D5 2 L T, - FRMAZIE L BT 2 FIEOREBICE T,
KIFFERRENRET HHET. HL< 0 0F RSN TERVOLOHHAINTI R
FIRHME] ICBAL T, HILWHRZ OO EHIFFSNLD,



BLIE MAEREEN

53 FIRME L 1

RO PRANIFER IR L 7 RIETH 5, M1 (a)ik. McGuffee 572° 2010 ££i2, K5
EHRNOEABE CRMELTWARESY, 3L ta—F v Ial—2arTHHRLELDT
& 5 (McGuffee , 2010),

(a)

K1 (KRKBENOEAE CIRMELI-BRELZ VI 2 Lb— h L ORI MR OJRME S
(McGuffee , 2010), (b)ERZAEMGRIDMREE) OMIRE 231 5 IR X (Medalia, 2002)

ZDOVIalb—raryTESs0BEOCEREZFEFL VLV THHEL TS, Ll E
BROKRGE TiE, 4000 FEEELL EOBEREAREIL TV, EROMAITS HICRMEL T
W5 ZERTRIND, Goodsell &AW HIAINOBREEOME Cix, MAMNITAKs
F R LEAESCERR EORSTRE RAINTWD, KIBEOKBEERE)D LK
HoETIE, MIEBANOEREZR EOESTOREIX, 350 mg/ml & REL LN TWVWD
(Fulton, 1982 : Zimmerman, 1991), BERZAMOHIINE CTlix, EFHEMELHWZEEND,
DTORMEIICMA, MREEABIZEIVELINTZRETHLI EZEZXHNLTVND
(Medalia, 2002 b)), ZOXI R FITLVIRMELCREIX, 4 TR (molecular
crowding) & FREN TV 5, BT OEAEORELZZALSED Z L2k RIERF Ok



M°(Pasawadee, 1977), ZBENHEINT 2 Z L 3 HE S THE Y (Berns, 1970 : Minton,
2008). FEEEOMBEANIL, EFREDEREZITIORBENOBRE L IREERD LE
ZHITWND,

In vitro DEBRTIX, ZFESCEAE Z AV CHILN ORMEABRSE 28 L2 miR T ics
WT, BEHEDOI BERBENSIZREZSND Z ERHREIN TV D (Castelletto,
2008), BHEOEENKEZ 5—F T, RMEIICIVEAEOIY 7o 1B OB EIMEE I
D Z LR & TE Y (van den Berg, 1999, 2000 : Tokuriki, 2009)., AR PN O IR ME 72 B 55
WEAEOBEICHEBEEZDLEZ DN TWD, ERICHRENIZEIT 2EAEONE
EAE LF b &5, wEThhz, MIaNICIT 2EBABEONKEEZRET D
in-cell NMR{EIZ KV | invirro ZREREE & HE L T, MlAAN CIIEREOEENE L AE
ETHDLEOBENRINTEY, FFREPEAEOBEDLEMHIIEFICIRELLE
BTV D Z &SRB X U7 (Inomata, 2009 : Li, 2011 : Wang, 2011), £7-. M@0+ CIRHMEL
TRETIE, 777 0T a2a—7V COMHAEERAREAMEEI NI LW HELH Y
(Drenckhahn, 1986 : Lindner and Ralston, 1997 : Herzog, 1978 : Rivas, 1999), N D& & A
ICHEBEEX CODLAREERH D, IHI, R AT =BV vy Xr =0 EOREE
TEME DR ESC(Zimmerman, 1987 : van den Berg, 1999 : Ovadi, 2004 : Martin, 1997 : Akabayov B,
2013), ¥ 7 PG CEEREE Z R7-3 ERK 28, {RMERBREICCIZ2 HY VB LS
LEIE D 2 D78 E(Aoki, 2011, 2013), BEE OEREIC b HEZ RITT Z PRI NT
W5,

UED X912, TRMT. EREOREBICEELE X, ZO/RRE L THlaDRE
ICHEBEEZEZDEBEZOLNLDT, oHRMT. MEOKREBLRD 5EERERDO—
DEBZDHILENTXD,

ORI, MRNOIEFITIRMUICEE &, AT R EOFERLIT O HBRENOER
BICIIRE TN H D Z L1k, BE L 7o <HEH S 4T X 7= (Fulton, 1982 : Zimmerman,
1993 : Ellis, 2001 : German, 2004), L7>L, EEHEINBOIZOITZLIZERL 2V, E
5. AMIEN TORM S ZRIET 5 FIENRNPSTZLTH D,



5y FIRME L SEBK

S FIRMEDBEE 13, 1950 070 B FaH S T & 7223 (Foffi, 2012), HEfaN DIRME S %
BES D HEN R T2led ma FRERE Z W2 in vitro TOFEmRN ETH o7,
Z D%, 1970 FUTTAMEE £ T WIRT OIEBABIE T 5 H1ETH H FRAP X° FCS 72
EMBAR & Z LT K U (Peters, 1974 : Elson, and Webb, 1972), 3 TIRMEITREE, D W
I T OIRE LTRSS ND L) IChe o7z, TDO%, TAMBIEIMT O3 L T HIED
FERBIC LD, 1990 FA0 L 0 BORBEMSE A F W 2 TIRBR ORI IE R ITA S VW B LD
Koo & T MIRNOSFRMAZ . 3 FOILEUESZ VTl 5 2 & —
Ry & 7o,

O3 OIRME S 1X, VIR OREEEICHEBE A & % (Pasawadee, 1977), RAHE S A3@ T AUIZHEEE A
ERY ARTIUTKEER TS, MEIT, 0 FOBKT COB ST S, JRHICHET
Do DEV . HTOIEHNE, WRFPOGFORMIAZREL LI LN TE D, EED
EBRTIX, AHRARSENRY VRV EREET o —T L LTHWT, R COiLE A
EHUES E LCHIEL TV 5,

MIEANOS IR E2 REL D FETRE 27— FEDO—28 FRAP Th 5
(Lippincott-Schwartz, 2001), FRAP |X. Fluorescent recovery after photobleaching Dl T
H5, 1976 FIZITXT CICHEOMBERR O T OB X 25 7-DICHNLTEY
(Edidin, 1976), fliE% A\ 7= FRAP OEESIX 20 v, FRAP IIZ D4 DEY . H5
FrE#ANOEE S T2 SE, TOBROEXOREIENS, #IENTOIEE RE
LHHETHD, 212, MENTFRAP 217 5 BROBIKE 27~

I I I e I

Bl

@®

©@

BE S (Fh) ORNEE

By ]
2 FRAP O#r& X
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MIENIC 7 r =T B —Caf LIRS 751" 2 @), 2212, HDFFE DI E
DHERF L, Tr—T7%2EsE5(" 2 @), MlaNOT 2 —71%, BHBIZIEET
0T, fBE L7 a—T7 @AM, AL WA e—T7 R AN E, BHEIC
BE§ 5, 200, FBESEEHIT. B & BICBAEL TV AN T r—T RNEA
T o720, EANEET L 2 @—6), EET 2HEL, WROMIEIIKTT 5,
B SEHFE OB ORI S IBUERZ R TE %, FRAP O=#tEIEIL, 7
H—7 MO GyF ERAENER LIZBRICEL T 50T, MlaN TonFAREEH &~
WEHREBICY =T &S SETFRAP 2179 2 & T, MilaN oL FOMAEEROHR
22T DRSS AV STV B OREE, 2007),

F£72.FCS $ % < ®FEBRIZH W 54T 5 (Lippincott-Schwartz, 2001 : Medina, 2002), FCS
IZ Fluorescence correlation spectroscopy Ol Toh 5, FCS X, HAHMU/NERICEIT S
HOCTRE DR S o FONHE RES 2 5ETH D, K312, FCS OFIEDOH]

HERT,

1

LiEL S

By M)

3 FCS Ot

MpENIZ T B =T R0 LT D ET 5, WIROWINGHO A AR, 7 r—7
DEEEBE L, £ OREMZ AT 5, FHEMEN /NS T, 2 OREENICHETE
THT =T OENPHIRIND, DFEV ., HUNEENORBE N ENIT, Tr—TD
{EEL (B D TREFT) & TR OXEPEE O EALT BN LV FED < HORTRE ORFFIZ
Lo B CHEBENG . 7' —7 OYrHE FH T 5 (@3, 2007), FCS 1T E7-, Z OR i fEk
ETu—TOEERE ) ELBETLIZLET, A TOERERETHZENTED
(Schwille, 1999), flliZ®, 2 DT B —TZHWTHLHT 5 2 2O FOMEASEH &M
9% FCCS (fluorescent cross-correlation spectroscopy)? £\ ITHEZ DISHANILI > T\ D

10



(Bacia, 2006),

BIfE. FRAP X° FCS /%, MlaH. & 5 WIEHIRRN O RATIC W TR~ 7o MBS (T
F20FORMSCHE AR ZBET 272DIZR HNHER TV 5, #il21X FRAP
HAWEERTIE. BRICBIT S 7 o~F OB & OFEEL(Robert, 2000 : Schmiedeberg,
2003 : Bos'kovic, 2014) HAB-[KF D) & O EEBIZZ(Yao, 2006), #EERFOILBORERE &
FHH.AE F(Caroline Cluzel, 2005)., Mz Lo G & A8 OHLE & AANEH DZE (K (Gregory,
20060)72 ENBLIE I TV, FCS T, BNOEFTLEETH D T I L OILE L FHEAE
FH=°(Shimi, 2008). KBEWNICEIT D > 7T RES T O & E O E £(Cluzel,
2000), EENTO 7 v~FrOEREOH £ (Hihara, 2012)7 ERX¥Thiu T\ 5, FITiX
FRAP & FCS ZflAAbLEH O & % (Yao, 2006 : Im, 2013 : Bos'kovic, 2014), F 7=,
FRAP, FCS LI#hiZt . RICS(Raster Imaging Correlation Spectroscopy, Norris, 2011)<°
FDAP(Fluorescence Decay After Photoactivation, Kiuchi, 2011)72 & oa PN O $EEL % 8 & 4
DIFERR AT SN TEY | o FIRMICHT 2EBEOE SN I 1R 2D,

INOIEREAEET 2 ERTIE, HO0LORIZF LT ) a—LRAs a—
A2 EDINGF =0 SO R 2RI, e —TERE LT
W TEHAZITV, BHIE SN EFERAP 72 513, SOE5RE OB IZL &2 H5 58N T
74y FLEBIZRObNDHBE) &, Witk s ' —T ORE I b EE I IER K
EDX Y VT L—varE(TH, £95 LTHIRNTEREZITV., BIESNEEF v Y
T L=y a UbROTEATERET S 2 &M OIREER R B T 5 (Miller, 2009 :

Kalwarczyk, 2011 : Hihara, 2012) .

<—§Ei

g?;) ~ R
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@) l ~— R
\5—5—‘\ ‘ /
mz7” O O I _ L

*vYIL—>3viEnk e
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UL UEBET, MENEEAESCERER EORS T TSN T0E10, IMyTsE
AWTHEBEDS o7 iiliR S & . BMICHET 5 Z L3 TRy, R8s SRED
E A ERIE CIIEENNE Z 5 72 £ L C(Castelletto, 2008), )— 721K TIE/R2\ 9 212, Ml
FUE A 72 E ORI OEERIC, o —7 NHREhD 23505 TH D, Gersho
HOREIZEINE, MREND T 7 A N—ROBEITMIAE D 20%2 L4 EHTEY
(Gershon, 1985) | MIIENZ 3TN BENT LBRIC, 2 DGFRT 7 A N—RIEEERD
KW EHEMT 5 LEZ SN TS Minton, 1990) , £7-, Fu—7 LHIEND 7 7 A 3
—ROECIRENEN il L 72 385810. AR ERRRREN R 2 2 L bHEINT
V% (Cutsforth, 1989 ; Lakatos, 1991 : Knull, 1992), & & (2, #IEAN THIE S - E$kiE.
ZNENORPEIEIZ L D ENE2 > TH Y (Stasevich, 2011 : Norris 2011 : Bernas, 2014 :
Diekmann & Hoischen, 2014), BifE T HIERITFERAITOILTNDDEN, ZDE VDO —FH
X, MEAOEEERICEL2bDTHDL LEXLNLTWD, DF 0, HEEZT T, Mg
NORMS ZRET HIIEITR+HHTHY . thOER, Hlz X0 FOBEER EDIFR> L
BEThHD,

MR D3 F DB, 5 WIE0FOREIL, MIBAORM S 2 RED 2RI
BIERBEHRTH D, B ERIRFCHE TE 57 61X, K0 IEfEAMIaN OIRMEBR S 2 H#
ETHIENTELHEEZOND, FIETIE, B TOBEENEMBRICEEL KT TH
HFHHTETWD, fIE, BRICBT 2EEEOIEIL. X7 LAY —ADEBODRK
BRICEVEIL, Z0Z &R, BNOEABEDZ/ ua~TFor~DT7 7 EZAD LT SITE
Bh 52752 NG STV D (Hihara, 2012), £72. X7 LAY —LANBIZRD L
HEEHRIZ X D DNA ~D & 2 — Vb3 5 L OE b & 5 (Takata, 2013), 2 F V| 51
OHES, BEL, MEORELRDLIEERERCTH D, LNLARRL, ZAETH
AN D537 OREZRIET 2 FIEFFEEL TV, £2 T, MlENES T0%< &b
D5 EAEOREZRIET 28t EAE ORI LR AT, BIEHFIEOHN Tld < #t
BEHEORBEEITo IO, A RET 5B L HE, H5WITHAEGhEDL 2L T,
IR D5y FiRHME] Z# XV EREICREL D LN TE L EERTNDLTH D,

12



HAEHE

1962 FICTHBICL T, AT 7 750 bkt % A B (Green Fluorescent
Protein, GFP) 23 F5 8L X 172 (Shimomura, 1962), D%, 1994 452 Chalfie 52 L 0 #rH
OFFREMIE DO BIZE 03T o4 (Chalfie, 1994), MIBANE A A —2 0 7 ~DISAMREE 572,
Z LT, 1995 FLIE, Tsien HIZ XV, HRx REOHABERENRBEINTHDOIE, &
KEHEIL, EMFERIIBOCRIH IS X 912725 72(0rms, 1995 : Shaner, 2004 :
Shcherbo,2009),

FU T T RMERGE D B, RSN ENEEAE L, TORHAO LT EH
5. EWFEORE 2 7238 TR STV D (Tsien, 1998) , #EEHEIX, D4 DEY R
HETHDLDT, BETFEMBANICANDIZT T, A A=V T H#ITHZEMTE D,
FHEAROE =X D X512, MENICEAT ZBIENLERY, 70, wbtERE
DBETFESNZBEFITHEAAT Z & T, A0 EAT LBIENLER T v —7 TIER
ARE7. Ak D D VIXEERONMOMAA L BET L 2 LR TH D, Fiz. MIENIC
BETLEAES, BIEV 7TV EEAEAZCMAET 22 LT, MI/NEEDL D 7
JRFTOBENFTRETH D ORFT, 2007)

1995 ££(Z, Ormé HIZ &> T, X MAESEEEMITIC LV | EOLE BB O SLIEEE D E
s, ®5I10, #EEAEOMEEEZ 7T,

5 HOLEAE O IKHEE(Craggs, 2009)

HOLEAE L, AT 2H0E L sOtH 2Bl B ANV AEEIC L > THRES LT
W5, mEHIE 64 FA NS 66 FHOT X BEELSI D B BRI L VB S D,

13



ZD64FEBMND 66 FEHDOT I BEANC Ko T, kY w2 kT 2 (Miyawaki,
2005 : Chudakov, 2005), F7-. #EE % H'E(Yellow Fluorescent Protein, YFP)(3,
HWHEE 203 BEHOF L v EEOr—n AKX v 72XV, B EEEESEREIC
ZE{k L T % (Miyawaki, 2005 : Chudakov, 2005),

HAEAEZHWIERE

HHEAE L, RN ORI, 2R TR fRx RRNEREOZEL
AT AETREL L THLHAVNORTWS, T0EE, HAEARE L, BEAICHk
WELT BEFIC L VHELEIT S AL v 2lAtbRICL VRSN TV, flx
E, HIBEHROY 7T IVREICBWNT, B RAv B Py —E LTESHAVSR T
HIANT T AT OFRIETHD G-CaMP X, GFP & RKAA VTHHINEY 2V
v e M13 ZfAE YD I & THE XLV % (Pologruto, 2004),

485nm
515nm

N U

X6 B A A AERE G-CaMP OEIX (Hires, 2008 %tk Z)

MEDEINT HNEY 2 & MISIIHAY T IA T OFEEICL DS FREET S,
AN T DA T OFEIZ L DEEE, GFP IZED Y | GFP O#GHEL & %
BALSE, HHBMENENT D, 2F0, WLV T AL ALV OFEIZL - T, EHIRE
WETHDTH D,

G-CaMP & X 912, RFOE{bAEEABEDOE L L THRHITE DIEREIIZHFE
T5, L., Mgl colkie, EEMREMmII TSR, kb, HEEAEN
O SN HEOEE L, BESNEERECHFERICHIKTFET 2720 TH D, ik
BEAEIX, BEAETHLD, MBENTOREE, >F VIIFERLEICHIET L

14



EIRTER, AV DL DI, —OOHNEEBEN, 2 DOREEEIZIHVTH
WHENEERL, 20 2 FROBEOKN, ALV ELT IO LEFEET D0
(Miesenbock,1998 : Morimoto, 2011), #EZENIEFIZEE LV, ZD72H, £ < OfEREIIR T
R VENZELT D FAA &, 2 BOENEAELMEAEGDE FRET 7n—>7&
L THEFEINTWD,

FRET(Férster resonance energy transfer)i Forster (2L > THE S N-HRETH D
(Forster, 1948), ®HEFHT D0 K — T 787X —NEETDL LT, N F—0Ek
KRIX, 77874 —ORBEERLFRILCCTHD LT D, KF—ET7 787 % — DR
CBEN TV D5 E. T —&iEd 5 L. FI—00oRdnifsnsd, Fr—L
T 7 7 H = mIEFIZEOIGE FEREDS 10 nm BLTF), R —o, Bkl L v phiit &
TN —N, HBIZLV T 72 —IIBEIL, T —00 bR &
NLE%5, ZOROTXLF—=PNBETLIHRIT. N —0ERFIELT 787
S —DWRE, N F—& 7 7 v 77— DR E1KAFT 5 (Piston & Kremers, 2007 : K
#,2007) . %< ® FRET Yu—71%, Z® FRET RO ERHKFEAZIEHAL TS, K
TIZ, AN TEA T AAETRETH DI A VA %7~ d (Hires, 2008),

BT BT A AEREED A LA OFEREX (Hires, 2008 % i Z5)

WA VAL, G-CaMP L[RL L DIC, EHREABELVLEY 2 ) M13 1 HIEE
Ehd, BT, RF—&725 27 o8& AE (Cyan fluorescent protein, CFP) & 7 7
7 H =72 YFP @ 2 SOEKEAEZHNTWLIRTH L, WA LVA L, CFP
& YFP Ofliz, ANVEV 2 b M13 ZEATHEEZ L TWD, TN T SAF U0
TFELZWEARIT, IVEY 2D & MI3 B3ES L2V T, CFP & YFP O BRI XEfE
NTEY, FRET A VI Wiz, CFP Zfilie L7254 . CFP O YFP O

15



FHEVBELBHEND, AT T AL FUPEETDHBAIE, IALET 2 vk M13
BiEE L. CFP & YFP OREENIT-S &, FRET 222 009 < 72572, CFP Z i
L7eHEIZ CFP ot L0 b YFP 02 iticsind, 2F0, IV T LT
YOFEZED HALVACNOINET 2 & M13 OEEE(LBNEZ Y . ZIUTkE
5 FRET #h3RDOZEA{LIC L Y . CFP Z it L 72BED CFP & YFP O EHEE O AL
Do AN AAT L OENE, BIEEELOE(LE L THRETES2DTHL, NH—
TS E—OENBEOLIL, R =T 787 —OHFEEENFR L THLHT2D,
FEREOHFERICEES ARV, BMELOET, RFoEEzR LTS, EEE,
HNEEE A MV FRET 71—, B3 7 5A F 2 (Nagai, 2001)X° ATP(Imamura,
2009), 715897238 7158 4 (Grashoff, 2010) E T, MR OIRBIZHE L 5. 2 D8k % 2 ETF D%
HIZHWLR TS, KBFEICBWTER S LB AERERZ IS REL, FRET 7
R—7hN—2 b LIEEL B L, MlafE. Ml CRRECFEELHIET 5 2
CIETERY, Fe—T7ZHNT, M, MM TOREAZIT O 2T, ERED
FEEICEEIN W EPVAE ST ThH D,

16



B2E ABEOER

AHFZEClE, #OEEAE & HVW- FRET Y u—7 0% % Bfs L7z, itk FRET 7
2=, RTFOFEIE . TEEELEZEZT RAAS URRATH D, LT T A
AFURTETH DDA VLA AT NEY 2 & M13 23(Nagai, 2001), ATP fe/R3
T 5 ATeam (2% FOF1ATPase @ ATP f&& K A A > 23(Imamura, 2009), 3R JIHEREFE T
I, ZEDORTHNWLILTWD IR I X 0 #fET 5 KA A > 23(Grashoff, 2010), %
hZENAVWLRTWS, L, BEETIC, FAEOEAEREICE > THEEELzE
CTEAEIRERINTHARY, £ 2T, HBEHKRFNZR FRET R Tk, hoZEHR
WD Z EEEZT,

FRET #h=ix, KNP —_e7 787 % —0EHUMIL, RT—®HD W0 ET7 787 % —
DPEZITE UTET DOk, 2007), BlZIE, BEHEREICL > Tr 7872 —0lk
RENENT 572 51X, FRET 20 2MET L, FRET BEXI1C< <20 @RE k)
kT %, FF—H2WET7 7872 =0 BEREREICK > TRILGDDOEMSEZ D |
FRET #ENE(LT I, BEEEREIS U CHAEMELDE(LTHOTHDH, F—
HHWET 7872 —0, FHZERERERZME, bORAF2EAERERRZMEIC
THZET, BERHEREIDS U CEEBELRNPENMT 270 —T7 LD B R,

o — ToT 42—

FRET
BEREREAMELD ERERENBL

8 EHERERZME FRET 7' 1 —7 OB

17



AR T, FIOI2, FEEAEAEOEAERERZMELR~, N —LT7 787
F—DEMEERR LIz, RIS, ERERERZMEOT 7277 —ICEREZMA T, BX
HOREZToT-, BRERERZMEOT 7872 - EREREHFEZEO FF—%
HAGHE, FRET Ye—7& L, MANTOREOFME T 7o, B BERERE
DR ZRH D72, MREN TOIBZRIET 52 F71ETh S FRAP 2, BA%E L72H0t
BHEZRANTTW, MlaNICBIT 5 70— 7 OItER i s EEERE O KR ZITo 72,
mZRIC, e —T7OFRAEE AT, Ye—T 2 oERE @S LT, MiRRmET
(CB T HEAEIRE DR - ZZERIR B Lz RIE LT,

18



BI3E ERERERZMICEEBEORRE

ERELAR

MENOEAERELRET 272010, BHEREICKST 28 NEEAEORRE LT
ofc, #HEEREEN—A L LIEREL MO2ORFIIX LTRICLESEE, £0
R0 % I XENE QBT 2 EAOME DL & L TR & 45 (Pologruto, 2004),
LL, EEAEIIEAEZROT, MIENICE T 2RREL BEICHIET 2 2 L o3E
Luy, MR O®EERE L, #AEAEORRRICHKET S0, MIRNORR 55
1R, HERRRE CHLMICHEST 5 Z LIxTE R, O, EAEAE LW ERE
D% < 1%, FRET #-X—2 & L TV 5 (Piston & Kremers, 2007) . FRET (Forster
resonance energy transfer )X, 2 DDENEFHKT 50 FNIEFITEWVEEBEICH 55512
fLZ HBS T, i SN F(R =)o = L —03, LI L0 i STz
W (T T )NBEIL, 7T YRR & D, FRET #~X— 2R &
LRI, MO ORFICH L CRIS LTSS, RP—ET 7874 —0®EKD
SRS T IR 52 % 79 (Nagai, 2001 : Imamura, 2009 : Grashoff, 2010), Z D
D RF—=LT 72T E—DOEROBEDLLOEE AT, FHTOFECEERS FHE
35, FRET Tix, RF—¢7 7274 — IR LEHFET L7720, KF—eT7 7874
—OEMTREOLIL, FEREOHFERIIKFE LR, ZO7d, MIak Totikd "rke
Thb, EALGRERZHENREAL D, FRET 2 _X—X L L7 a—70OR%E% BiE
L7,

FRET 1%, R —&7 772 —OEBHEFRN L= F VX —(mELEIILTND, @
¥OFRET 7rn—7TCld, KT —¢7 2787 % —0ORIC, DL T AL F Ui EREL
EVWRAFOFEC L VEEENT D RALVEFAL, TOREAT MLOELEE
BITHWALVEY), LLeRnb, EREOREICXVEEE(LEZR T RAL VBT
TELZRWz, ZOFEEES 2N TERV, 22T, BEHERERZMEOTY 7 &7
S — LHREZMED R T — Gz, LW FRET 7 u—7 OB EZITo 7=,
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KRG

DNA ##% 4%
LA L — R N X — DS

LM 38 3 X 7 % —pECFP-C1, pEGFP-C1. pmCherry-C1 % Clonetech 75
pmKate2-C % evorgen 7> HEEA L 7=,

EYFP OX7 % —(X, pEGFP-C1 ® EGFP |Z 4 DDZEH(S65G, V68L, S72, T203Y) % il %
% Z LI X D HEEE L 72 (0rms, 1995),

YFP1G & YFP3G »_7 #—|%, EYFP ® DNA Z##l L LT, EYFP ® 144 HFHD
Asn & 145 F H D Tyr ORI Gly Z—2H D WME 3 A LT 7 A ~—%H\TPCR
IZ X VHEEIET D Z LI X D HEEE L 7= (Watanabe, 2013),

CFP-YFP & GimRET X7 % —%, YFP & % \x YFP1G @ cDNA % #5 & LT,
HREESZE Y1 & BspEl 2 & 1> CFP @ C KimDES| & GGSGGT X3 D U > 41— DEH N>
LD EVATTAv—L HIRERY A F Xhol 25 0HT TRV AT T ~v—%2 Hn
T PCR i X v #418 L, PCR EE#) % BspEI/Xhol CHI[REESE 7~ b L7= pECFP-C1 & 7
A= a VEITOEE LT,

KIGEEBHERBRH N 2 —DOHE

KIGHEHEIA 2 4 —pALT % BIO-RAD A L7, pALT I3, eXact # 7 L\ 9

BEHERHEHAOY 7OBERIIYNT /o —=v YA NaoxXs 2 —Th b,
ECFP, EGFP, EYFP, YFP1G, YFP3G, GimRET, CFP-YFP »~<2 % —|%, 4% cDNA
EEFR L LT, HIIREEHZY A N Nhel 281t 2754 ~—, Hindlll 2557 > F &
VAT T A ~—% AT PCRIEIZ LV #41E L, PCR ##% Nhel/HindI1I Tl REEE 7
v NLUTEpALT & T A7 —2 a VEITOIEE LT,

Long-linker GimRET DX % —X, GGSGGT X 6 #illfREEFE 1 b Nhel & long-linker
(GGSGGTX6) 2 atet v A, ToFR L AT T ~—%T ==V 27 L. Nhel THIR
BEE T B L7 GImRET DR X — & T4 F—a U ERITUOBE LT,

ETORY X — 3 EAEREBHKRIGE Rosetta2(DE3) (Merck Millipore, DE)Zi&{n &
AN&EAT> T,
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ECFP,EGFP,EYFP,YFP1G, YFP3G, GimRET, CFP-YFP, CFP-longlinker-YFP1G
Za— RL7c pALT X7 ¥ —DEMLRTEASII- Rosetta2 %, LB EHICIREE R LT-
(37°C. 200 rpm), Rosetta2 % 553 L 7= 55H1D OD600 DAE AN 0.6~0.8 (2725 £ TH#E L, #

J2FE 1 mM isopropyl B-d-thiogalactopyranoside (IPTG) % ¥#sh0 L 7=, IPTG ¥, BEATIC T
23°C. 16-18 FFHIRIZEEE®R Lz, HHNEBRE 2B L 72 Rosetta2 Z, 4°C, 6000G, 5 47
DT L LIENX L7z, B L72 Rosetta2 2 100 mM U B2 b U & A¥EHR (pH 7.2,
LA 100 mM SPB) CRAE L 7=, % L 7= Rosetta2 %, A5 B2 O CTRERE L 72(30
FOEBE R, 30 oK L ChkiE % 20 [B), fEF: L7k %E . 4°C. 20000 G, 40 73 D 5A4 Tz
DL, EEARCIES D) S ILBR(RERE AT, EAEAEITEESICEEN DT
O, EESEEUL LT, 2L TIERY BRIT Pt RESE D ERET D120, EELE
022 um D7 4 VZIZELIC(UAT, EEAHTE).,

HAEAE ORI, Profinity eXactTM Fusion-Tag system (BIO-RAD)® 5 ml
Bio-Scale Mini Profinity eXact cartridge(VA T, I —F VU v INZHWe, A— KU v PR
IR 21T, AKTAprime plus (GE ~/V AT 7 8 A4 A = 0 Xy Ve, #1912, 100
mM SPB Zfii L, Z— h VU v PHNOEIKRE 100 mM SPB IZEH: L7-, WREMRE, LE
HREER L, I— MY v VICENEERE S, eXact X 72 L TREE S, — RV
v VN OWEO T, 50mL @ 100 mM SPB A it L7z, eXact # 7%, miRED 1
ICE D Okr &, BEEE, eXact ¥ 7 I L NAEAEZEET 5720, A—FU v
CHNOVETR % 100 mM NaF % & 3p 100mM SPB (ZE# L, —BE 4°CCTHRE L=, FH. 20
mL @ 100 mM NaF Z & ¢e 100mM SPB Ziit L, @R AE 2 ¥ H L7z, %% . Amicon®
Ultra Centrifugal Filters (Merck Millipore) % F\ N CIRAMEE 21TV, #EEAE ORME & |
HONE AEIAROER %A 1 mM HEPES (pH 8.0)~DE# AT 7=, & TIX4-5mg THo
7o WEEAEOWIHRIL, 10 mg/mL, 4CTHREFELL,
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HIEART SV ORTE
& EBEEROFE
BSA T Sigma-Aldrich 2> HEEA L7-, BSA IIIRIRICIEMET 2 2 L2 L0 | RO pH O

KTAEFI&# 27, ED7=H, BSA % K VEEE(100mM HEPES (pH 8.5, 8.0, 7.4, 7.0),  100mM
MES (pH 6.5, 6. 0)\ZV&fi#% . pH ZFHE L, 250 mg/mL ([ZFR%E L 7=,

PEG6000, A7 12— A%, 100 mM HEPES pH7.4 (Z&fif L 7=,

EHHERFNE 100 mM HEPES pH7.4 % AW TR L 7=,

ALY Y F— BT TA X AT DDA L, HAEAEOFITITERA 4 1K
ZHEOHDLLONRGFEETDHOT, MBEAA LV ERVBRIMLERSH D, TO7=H, HLY
Y F— 2% 100 mM HEPES (pH7.4)\Z¥afE% . BT 21TV, HHEA A 20 BRu -,

T F AL X OFEH OB L7-b O %A L7=(Spudich and Watt,1971), 7 7
F 2%, 02 mM ATP, 0.1 mM CaCl,, and 1mM 2- mercaptoethanol % & ¢ 2mM HEPES (pH
7.8) B LT-(G 77 FUER)., G727 F U IEHRIZ, 200mMKCL & 10uM 7 7 1A &
VEMAC—BACTHRETHAZET, TIFUETIFT7 4T A MILTE, ZOE
%% 4°C. 100000 G, 10 43 Ti.Lr L, EEAZEY BRE | FE 0.2 mM ATP, 0.1 mM CaCl,,
1mM 2- mercaptoethanol % & #¢ 2mM HEPES (pH 7.8) (ZIAf# L7=(F 7 7 F AR,

Fa—T VU NIFEOMN LR L- b O 2B A MM AT MFEE v X — O BAEL S
ANZERME L T2 720 7= (Murofushi, 1986), = —7 U >i%, 1 mM MgCl,, 1 mM EGTA,

1 mMGTP % & ¢ 100 mM Pipes (pH 6. NIZIEfE S 7-(F =2 —7 V VIER), F=a2a—7 Vv
WROBEZ 37CIC RS, ISHHEBET LTy A/ uFa—T52BREE, ¥%
V= 1mM EZMzxTC~A 7 aFa—T52ZENLT(ZA 7 8T 2—TIEIK),

Rosetta2 % —BiiRER#E L THE S &, 4°C, 6000G, 5 53 DM TEL Lz, #OIC X
D CT&7=_by b, XLy bk ERCEED 100 mM HEPES (pH7.4) TR L. HB3E A
Pt TR L7230 RO E . 30 BOK L CTiRiEZ 20 [B]), F 3 A 2V THRROERE
DREZEZELIZEZA, 160 mgmL ThoTo, Z DO % lysate:buffer = 1:1 JFR E L
72, lysate:buffer = 1:1 ¥&#% % 100 mM HEPES (pH7.4) T 4 &%, 8 512 L 7= &k % lysate:buffer
= 1:4 &K lysate:buffer = 1:8 I&IR & L7z,
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AT N OVEIE

BRI, FIREEDY 0.1 mg/ml 12725 K O ICEMERERRZMA T2, ZOIRAER %
BB L, 96 HE 65 E §H(Hitachi RF5300-PC fluorescence spectrophotometer) % F U
THENAXTZ MVEHIE LT,

R E. EHERIZLLTO®EY Th D,

Jih L K R (nm) #OE R (nm)
ECFP 440 450-700
EGFP 488 500-700
EYFP 488 500-700
YFP1G 488 500-700
YFP3G 488 500-700
GImRET 440 450-700
CFP-YFP 440 450-700
CFP-longlinker-YFP1G 440 450-700

F 1 FENEAE L FORE., S EE

d o Z )= VKRG EARER D FE

F 2 7 —= R ESRE (LogKow) %, HRM(5[ET 8 FEEEOFIEADDS, K& F 7
Z ) =)D ARG LR SEERRRBIC BT DIRER A E AR TR LI D
ThbH, ZOMEMPEWIEEBAMENE < GRIZEETIZ K ) ARWE EBUKEMEVE E#
KRB NOKITE T 9TV, EEEER O Z OfEiL, US environmental protection

agency (http://www.epa.gov/opptintr/exposure/pubs/episuite.htm){Z & ¥ K> 7= fE
ZER LT,
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RER

SR OLE AE OB A ERE T DRt

FOIT, Bex R EAENEAERE IS L TRRZW 2T T E ) el
RLUICHENEAEIX, AV 7 77 R Sz GFP, CFP, YFP, ¥ =
5 B B X7 mCherry, mKate2 @ 5 f$8 T & % (Ormo, 1995, Shaner, 2004, Shcherbo,

2009),

BSA(Bovine serum albumin)lZ, 77 v K7 4 — KL ECEAEREZHRHLED
FIELE LTHOWONEHE THY , £, MlaN A L= mIREERE A EIRK A in vitro
THBET AR X <A STV 5 (van den Berg, 1999 : Tokuriki, 2004), Z M %EER Ti,
WRTOEAEREZZ(LSELEAE L LT, BSAZAW,

FIRED BSA BWIRICHNAEABE S TN TNIRE L. TOENMELBET S Z &L T,
WHE AL OE LRI DR AR,

250 mg/mL BSA iFiZ Ti%. GFP, YFP, mKate2 OENEIREA, 0 mg/mL ORI &
Heis LTI 20% 380 L 7=, — 74 C. CFP & mCherry OO EHREITIZIEE(L LR -T2,

ZOHT FRET _7IZF 5722 613, EHEEIREIH L TEZMEDZR CFP & &b
BZMEDH -T2 YFP NB W EE X T,
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61 _2 T T - 1 _2 T T T T

= a BSA conc. >3 b BSA conc.
21 — &0 ST — 50

= — 100 = — 100
2087 — 150 2 08F — 150

= — 200 3 — 200

,§ 06} — 250 mg/ml | €06 — 250 mg/ml |
3 3

S04t N 04f

© ©

€027 € 021

S S GFP

> 0 CFP =

450 560 55;0 600 0500 520 540 560 580 600
Wavelength (nm) Wavelength (nm)

A1 2 ' T ~~ 12 T T T T
S Cc BSA conc. = d BSA conc.
el ~ 50 | ~ 5
> — > _
0.8 — 150 % 08} — 150
S — 200 o — 200
€06 — 250 mg/ml § 06} — 250 mg/ml |
O gl
.GE’ 04 .GN, 04r
© ©
§0’2 i € 0.2 mCherry
[e) [e)
Zz 0 - . - - Z 0 : ; . . .
500 520 540 560 580 600 580 600 620 640 660 680 700
Wavelength (nm) Wavelength (nm)
1.2 e T T T T f 3 1.2 T T - :
;5, 1| mKate2 _ f_“; 11}
= i
20.8} g 1
® g 0.9}
< 0.67 BSA conc. £
= — 0 o 081 4 crp
0 04r / — 50 8 | —&-GFP
N — 100 = 0.7
= — 180 = = YFP
g 0.2/ _o00 € 0.6} = mCherry
S 9 — 250 mg/ml Zo - -A-mKate2
< 580600 620 640 660 680 700 0 50 100150200 250

Wavelength (nm) BSA concentration (mg/ml)
9 @E@FHRNELEOELEREICXT IHIEAY MLDZE{L  (a)CFP,
(b)GFP, (©)YFP, (d)mCherry, (e)mKate2( : 0 mg/mL, 7% : 50 mg/mL, # L > :
100 mg/mL. # : 150 mg/mL. # : 200 mg/mL. %5 : 250 mg/mL BSA), (O3 56E A
B O#IFRE D BSA BEKRFME, #F : CFP, # : GFP, # : YFP, #% : mCherry, JX
&, : mKate2
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YFP OB HERE kT 5 BEZEokE

WIZ, YFP OREZMELE L &5 ER-R T,
VSR O VIR EE OHINE, REEEC /KRN 72 & DK DIREEZ 2L EH % (Berns, 1970 :
Castelletto, 2008 : Minton, 2008) . 2012 F(ZERE O X, 145 FEHOF 1 & U FERE ORI
UL BEREE 1OHDWE 3 AT HIET, #hHEKEDOHAEEREZE(LIHE,
FOKEICR T 2B 2R 5 2 LI LT 5 (Watanabe, 2013), & 523 %
L7- YFP Z5fK, YFP1G & YFP3G 1%, YFP &L HA_TKEDHAEEMA LT 25T
Wiz, BABREICHT AR TS EE X, £2C YFPIG &
YFP3G OE AERE IR 5B A 0~z

YFP £V (L&D 10%H M L Tz,

Normalized intensity (a.u.)

X 10 (a)-(b) YFP ZEEOEBHEREICHT HEIEAT M LDOE(QYFPIG,
()YFP3G (2 : 0 mg/mL. 7% : 50 mg/mL, 4L > : 100 mg/mL, #& : 150 mg/mL,
@ 200 mg/mL, % : 250 mg/mL BSA), ()YFP & YFP Z R{KOE HFHE D BSA &

F LY YFP, 7% : YFP1G, # : YFP3G

FEMRAFE

1.0+ A ' 'BS,S cv:)nc. 1
0.8} — 100
\ — 150
— 200
0.6+ \ — 250 mg/mi T
0.4}
0.2t
YFI_31G

200 520 540 560 580 600

Wavelength (nm)

FAEE Y . 250 mg/mL BSA &R Tl
g 1.0f b BSA conc.
> _

= 0.8} o

: =

.E 0.67 — 250 mg/mi ]
heol /

g os

©

£0.2

2 YFP3G

Wavelength (nm)

c

[ = YFP
| 5-YFP1G
*-YFP3G

"x\+\\\+\\\' ‘

0 50 100 150 200 250

BSA concentration (mg/ml)
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EHERE RSO BREO/ER

EEEREICKT DR MEDMTICH KT 20 E MDD H T2, WRFPOS FIRMEE
BlosEr2WEL L TESAVLRTWS, R =F L 7Y a2—/(PEG6000), A~
n—2, ZUtn—rIi+ 5 YFP, YFP1G, YFP3G OKIE%#H~7-, PEG6000 I
BRP OREE . A7 a—AFRELEE, 7V o — ik L BUKEE B LS TS,
PEG6000 (Zxf L Tix, YFP3G OANEZME R LTz, A7 n—AIx LTk, YFP ©
HBPEZMEZ R LT, 7V B —oxt LTk, £ OREF OHEIE oMW, YFP1G
DHEFEDNKIEIZED Lz, —F5 T, YFP & YFP3G I3EZ M2 R & 2o 72,

= 1.2 a. . . . = 1.2 b : : . T 3 C v .
s11} | 814} | S 100
Z 10} b= ! Z10} 12
éog qéog — | go08
o= o= . [
8 0.8+ 4 8 08¢ 4 .6 0.6
o U
% 07} -mvep - % 0.7+ -mvrp %
YFP1G = YFP1G -=-YFP1G
g 06} Scvrrac 1 § 0.6F -¢vFP3c g 0.4
Z 5L A N R Z 5L L L " N pd : . . L
0 5 10 15 0 10 20 30 40 0 20 40 60 80
PEG6000 (%) Sucrose (%) Glycerol (%)

EH.YHWEWT%%W@PK%WMQ 27 a—&(b), 7 Vta—ne)ktd 5K
M 4 Lv oY YFP, #% : YFP1G. & : YFP3G

ZOHT, YFP1G O 7V & r— /a3 5 EEMEICER Lz, YFP & YFP3G & He
T, ZBADEFICRE DT DTh D, WO 7Y o —/Ud, iR ORE & Bk
PEABINE W5, —5 T, #2222 b S5 PEG6000 (2% L C YFP1G [ % R &
2o TeD T, YFP1G IFERAKMEIC KT U CREZ MR & D EHERI S 7z, £ 2T, B2 F
VAR 2 O QIR OBKTE 2 2L S 45412, YFPIG NS E 2 R0 8 9 g
Tz,

8 EHOEMEBH(AX ) —N, =& ) — 1-Fax)—, 2-Fanr)—nL, 27
B )=, y-7Fu7 s b, 22vnl) N YxF Lo a— ekt 5 YFPIG
DR E TR,

YFP1G (X, TR COFHBANKT LT, ZOEIEOEIMIEN, B Liz, &
BHERIOEIG T D HMRE DL E T=exp (k*x) ([ HIBRE, x HHIEHR O
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BRFPOEE%) k WEER( %)) TT 4 v~ LIZERO kOfEZ y #1Z A HHEEAIO
YMEDBAKMEKEZ R THIE S LTHWO NS A7 & ) — VKRR Z x $hic L
72 27'Z 7 %X 12 12577 (Meylan & Howard, 1995) , &k DOfEix. YFP1G OFEIAEANT
LREEZMEREITIIERELS 2D, BIJNINELRD, DFV, BEHEOFEELEL LTH
WL EWTED, V97 %2RDE, HERED/ NSV, DF D BUKMEDEWE A
T A/ EL, BEREDBREV, D VBKEOEWVEREAITITk NREL 2o
T, Lo 7T, YFP1G DR MEIL, AR OBUKMEICHERELRH 5 2 L bh 5,

a b

2.0} vt 0 T
5 = Ethanol S|®
S -@- Methanol - 2-Butanol X 0.04f ¢ 4 |z
> —&- Ethanol  -A— g-butyrolactone - Er
B 1.5¢ -|- 1-Propanol - 2-Pyrrolidone g 0.03 g-butyrolactone 1-propanol =z
ac) —4— 2-Propanol -$- Diethylene glycol o B 7 s
€ c Methanol q) / é °
- 1.0 S 0.02- q> 2-propanol (i) 4 ke
g -y Glycerol 5
X S dy)cero 2-butanol o
g 05k 8 0.01- 2-pyrrolidone 112
s Diethylene glycol § S
P 0 1 1 1 1 ! 2

oL . . . 20 15 10 -05 O 05 10

0 10 20 30 Octanol-water partition coefficients (LogKow)

Concentration (v/v %)

12 (@)YFP1G OBFHEIEANXT T HIRGNE OR: A X/ — L k= /) —, F:
1-7anX) =) 27N — ) H2TH = Ky TTFeT s b B
2-vnl R v o vxFLres ) a—n), EFEREEICET 5 YFP1G O
PE& . BEWEEEOBOKYE it BRI OEREME)  Bi  BUKMEE A X —1 K
S BifRER

UL EDFERENS YFPIG X, BKMEZEZ T2 L £ L TEHAMEZN L TEREIR
FEREZ LTS ZENSN-o72, YFP & YFP3G OFE HE RIS T DT, fix
REFROEEGRICTHD LR END,

YFP 13k~ 7o filaN SR, 21X pH ° ClA A v 72 Eloxt L CEE A RT, 77U &
VEBALTETINDICHT DREEMENE(L L2 ZT722 A, YFP LIZIEFEL T
bolo, UEXY | YFPIG A, FAXTHENEABEOFT CEABRELZRINT 2010k
LTV D L fER AT,
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a W YFP @ YFP1G b

pH
NaCl
KCI
CaCl2
MgCl2
KH2PO4
ATP

0 02 04 06 08 1
Contrast

Ethanol
pH
NaCl
KCI
CaCl2
MgCl2
KH2PO4
ATP . ,
0.1 1 10 100
Contrast to YFP of sentitivity

13 (2) 20 mM HEPES pHS8.0 & . % 4 >(200 mM NaCl, 200 mM KC1, 200 mM

CaClz, 200 mM MgClz, 200 mM KH2POs,

4 mM ATP) Z R4 LT-IARIC BT Bt

WO, (YFP OFEZME 1 & L72BED YFPLIG O A 4 2%t 2 &M
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GimRET DL & ¥

CFP & YFP1G %, @D H S 18 7 /B THE L2 U v I —(GGSGGT X 3) &4t
LC#®E, FRET u—7t L7, ZOFRET 7o —7OEAERE T D BZ ML
PRI, MR, BEEREOHEMCE LT, CFP O#NMENEML, YFPIG Ok
SREEDN D Lo, CFP O Y(460-500 nm) & YFP1G D E H:(520-560 nm) DFRE .4 7' 1
vy 5, BEREREICK L CERWICHBELZ R LZ, 20O FRET Yu—7%,
GimRET (Glycine inserted mutant FRET probe) & 4 {13 7=,

az™ : b 15
g Tr BSA conc. | A
N 0 (D -
.2‘08 - 50 - — 13}
100 -
306k 150 |1 > 12
£ 280 maimi | E 14T
5 04 mIm S qof
- — (@] i
S 0.2 | =09 -
= o 08¢t o Ratio
Z0 ' ' 07—
450 500 550 600 650 0 50 100150200250

Wavelength (nm) BSA concentration (mg/ml)

4 14 GimRET OFEBAEREICKT 2EFE  (2)GImRET O BSA REIZHIT 2%
HART "R 0mg/mL, 7% : 50 mg/mL, 4 1L > : 100 mg/mL, #k: 150 mg/mL.
#:200 mg/mL, ¥::250 mg/mL BSA). (b)% BSA BEIZH5 1) 5 858 E L (CFP/YFP1G)

CFP & YFP1G % FRET Y u—7 L 4% Z & TEHAGRE T 5 ISR SES L
TWbZ EERTd, CFP & YFPIG OO Y v I—DES% 40 7 /BRI LT
CFP-longlinker-YFP1G Z {8 L. GimRET & bl L7-, &%, FRET 7 n—7L 4%
TLT, RSN 2 BITHEM LTV 2 L AR LT,
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a 15 CFP-longlinker-YFP1G b CFP-longlinker-YFP1G
%,’; _BS/(’)\ conc. %’; 1.0+ _Bi'g conc. |
S — 50 .4 —
o — 100 T - 0.8 — 100
€6 10¢ — 150 =8 — 150
=% — 200 it = — 200
5 = — 250 mg/ml = = 0.6 — 250 mg/ml 1
§ %05 %) o 04f
s 3 s
53 52 I
i é) ™ é 0.2
0 s : :
450 500 550 600 650 0 500 550 600 650
Wavelength (nm) Wavelength (nm)
C ©14 d2 - 80
= B
o Q5 - without FRET
¥ 1.3t = ¢ 601 _, with FRET
© 5 9
ol S5 40
5% 12 § @
x £ &=
S S £ 20f
S 1.1 =
O = 5
€0 o}
ol | R —— g8e L. . . .
O 0 50 100 150 200 250 O E 0 50 100 150 200 250
BSA concentration (mg/ml) BSA concentration (mg/ml)

15 (a)CFP-longlinker-YFP1G ®O% BSA BEEIZIIT HHHAXT Rl 440 nm fih
L. (b) CFP-longlinker-YFP1G D4 BSA BEIZI 1T HHEHE AT hL, 488 nm i,
(2:0mg/mL, 77 :50 mg/mL, 4 L > :100 mg/mL, #: 150 mg/mL, % : 200 mg/mL,
4%:250 mg/mL BSA), ()% BSA BEEIZIIT 5 E Y58 H(CFP 440 nm JihiEd/YFP1G 488
nm fihig). ()GimRET & CFP-longlinker-YFP1G ¢ BSA O EE I F51T 5w EIREE
DA &

GimRET 7% BSA LIS DO EBAEITK LT HEZMEZRT 0 E 5 nadi~7c, ERITIE,
VISF—h, TIFv, Fa—T7 VY rZHW:, GimRET 12 VY F—LA, TI7F, F
2a—7 VAR LTRIL LT, BEBRICx L CORIBRDORISE R LTz, T2/ F b Fa—
TV EBEAEIETCOEORIEITEDL LR oTc, £z, 7o —71 kT 5EBED
FERF I DNy TIRME B A RITT 2 & AE H AL TV D (McConkey, 1982 @ Wang, 2011),
LU s, BRERROA A4 8% 300 mM £ CHEM Xt CIERFRIL A &2 3N S
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HTH, GImRET O#EN AT MVITEL Lo 72, %I, KRIBE ORLEK 2 v
T, AN FIRMEAZ B U= WRICKT L CORZHEZFT|I-L 2 A, B O
MER LT,

310 Lysozyme conc €314 ' ' € 316 " DNAC
. A . . conc.
S 14f — Omg/mL | e127 _TBlﬁromy' S 14r — omg/mL |
212t — 50 mg/mL ] 210+t — fubuin 212t —15mg/mL 1
‘B | ] ‘®» — Microtubule ‘B |
c 10 —100 mg/mL c I c 10
[0} [ 08 )
208} 1 E el 208}
3 06} 3 : 3 06}
0.2 L
g 0[.)2 ‘ . g 0 . . g 0(.)2 ‘ ‘
Z 450 500 550 600 650 Z 450 500 550 600 650 =Z "450 500 550 600 650
Wavelength (nm) Wavelength (nm) Wavelength (nm)
b S 14 ' . . d S 14 ’ : ' f 512 . . .
12 Nsat;e:_l:uffer_ 312 ~ — Buffer only | s 10 KHzgo,:“ conc.
T A — G-actin : —0m
210 —14 2 1.0} } _Eae 208l —100mM |
3038 —18 3 08f 1 3 —200mM
£ 06 = 06 = 06 — 300 mM
B B0 B 04
n 04 N 04f N
T 0.2 T 02 T 02
£ 0 — S 0 N— S g |20mehnt BIA
Z 450 500 550 600 650 Z 450 500 550 600 650 Z 450 500 550 600 650
Wavelength (nm) Wavelength (nm) Wavelength (nm)

16 EH'E. DNA, HIFMREEICRT9 5 GImRET O&E A7 bLOZEL (@l
F— A, (b)FfERRER. (0010 mgmL F=2—7Y > (9.7 mgmL 77 F . (e) 15
mg/mL DNA, (D% 0 KHPO4 2 &7 250 mg/mL BSA IRIKIC31T % GImRET D
J AL RV(E 0 mM, 7R : 100 mM, 7 : 200 mM, # : 300 mM KH:PO4)
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FLHLER

FREE R BEOEBERECT 5 RIS E A2 L 2 A 250 mg/mL BSA EIKIC
BT, GFP, YFP, mKate2 O#¥EHEENJD L. CFP & mCherry O /¢58E 131%
FEE LR o7, ORI, FEABREIIEAEREICH L UEZHLF-> T
HZLEHERLTBY, 2BV 0 —T7TClL, TOXBLEZEITHVNERNHD Z
LETRELTND,

YFP ® 145 FEBOF v v OMEIZ, 7V EEEHEAT L2 LT, YFP OEBAE
REICHT ARICMELZEGET 5 Z LTSI LTz, LarL, YFP L EDOEREKTIE, EH

BREZEZTHAN=ANIERLLEZOND,

o, AT L7V OBEEZTGEIC, BEENELT D EE2RLE, Zh
FCORXEBEAEOLETIE, 7 /BOBHRNIITOITE(Miyawaki, 2008), 4 [Hl
DFFX T, 7/ BOHAL WO HTe 2w EAEOREFEOFRAMEZ R L TV D,
T BN mEBREICHRNORE 2 RERITHT DA R 2B
BIZ20 5 DDOTIHRONEE X TN D,

YFP1G OFEBAEREIZH T DT, ARSI L 28UKEICHRT 5 &5 2
b b, WRFOBKMELZ BT 58t POLARIC ZHWT, SREEOEAERK

TIEBUKMED B2 & A REdR L7 (Son, 2011), 2 HEIRE QAN FE S BUKHED MM
YFP1G O#MMEICHEL 52 T\D Z LIFHEETH D,

3‘12 — BSA solution
L 101 {1 — Hepes only
= — 30 % ethanol
@ 0.8 1 — 50 % ethanol
9 — 100 % ethanol
€06 :

“_’ 04+ 8

€02 \

S

Z 0

500 550 600 650 700
Wavelength (nm)

17 BERICHT D, BKEICZ D3k A~7 NP2 LT % 65 POLARIC YA
~7 R~ (Fk : BSA250 mg/mL A%, 2 : 100 mM HEPES O 7, 7% : 30% ™% / —)L
Wi, % :30% =X ) —)VIRK, & : =X /) —)LDF)
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YFP & YFPIG % BSA BBICIRA L., TOWILAY hMVERIE LT, fEH, YFP
DL A7 ST BSA O 2L SETHEL LAad - 7228, YFP1G OWILIEKR
BRI Lz, Z OfERIT, BEEREOHEIMICHE S SR E OBAIE, YFP Cld&E+
INROBNCE D HDTHY  YFPIG TIEENRRE DB L Db D THD LEX
bivd,

S 1 BSA conc. ; 1 F BSAconc.
S = O
=08 — 10 2 0.8F — 100
I 20 B
| — 200 | —
é’ 0.6F — 250 mgimi g 0.6f _ %50 mgmi
B 04} B 0.4}
N N
© L (1] L
g 0.2 g 0.2
o o ‘ — A
0 - - 20 ' S
< Y400 450 500 550 400 450 500 550
Wavelength (nm) Wavelength (nm)

18 % BSAEFEICKITS. YFP & YFP1G OWIN A2 h V(B : 0 mg/mL, 77 : 50
mg/mL, #1100 mg/mL, # : 150 mg/mL, # : 200 mg/mL, %% : 250 mg/mL)

EHE AL DT NVERE OB L, EHE &K T & OFRMAEERIC LY 5
e = S % (Lakowicz, 2006), 2012 DR S DR CIZB\W T, YFP1G O X #ifEdbiEiE
P TW5, YFP & YFP1G Oz <% & | YFP1G Tid, Ko FIcmkd
5 EBONLMERTN, BAMBDICHFEECTED LR TWDHZ ENbND, #
TERRAT DFEOFERN ORBEOEI G130 40% Th o7, 2F 0, HIEEHENFEY D 60%
D TVDIREE, SV TIERICEREREDNRVERRICE T 5 ME#EE TH 5,
JEFHOERERENEMT 2 & YFP1G Ow e H ARG FABNT D L 912725 &
BEZDHEINTED,
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(a)

R\
19  (@YFP(YFP). (b)YFP1G(W1C) D HGHIE L DLk E

Pz £, YFPIG NBKMEEZEZ T AN = AL EHAT 52 LN TE 5,

HHEAEOENEIT, KoFEMAEMERTL L, AERBE-TLEI 2D, BE
(T B ANV ARSI K F L EEFENHEEIER T 5 Z L 2BV T %, YFP THFEERIC,
L B /8 Lo O PRI OB ICBKIE O 8 O EIRICAFFE S 5 72, @ H 1L YFP O
JEBEOBKEREML ThH, KT EMEERT L Z Lideu, LaL, YFPIG Tl
45 ERDOTF r v OBV R A LT LITX Y B AL AEED R,
IO FE D L2 T HAKIZ 2> TS (" 20a), D72, YFPIG OFEFR, &
FERED LA 72 81280 BUKBRBRERIZ /R o 72RpIS, K F A3 aOeH o &2 1281754
. A EMHEER L TLEW, EABRREN B R E L CHARER B L
TLE (X 20Db),
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(@)

- B INUILEEIED

—®IZNREDHITS

YFP YFP1G
HHEARDADLUIZITHRKE

O <
/O mEmmk

FEAERE(BRKME)HMEL EAEREBKME)AZL

20 YFPIG "EHERE@KME ZEZT DA =K A

UEDX A =XKL YFP1G BB, OWTITEAEREIEZ LTV
HEZEZBND,

YFP1G (%, fENICBKMEZ T L CEBEREICS L TRSZMEZ RT3, £ OFEMR A
B =R MIAEIOERTIIRE TR, ZOMAICIE, BBREOEAEERTIZED
TNMR 21757 E LT, SFEEEOE(LE RAVNERNH D EEZ HILD,

BEHEREICIZIESZED 2V CFP & AR YFPIG 2l Aa bt 5 2 & T,
EAERE IS U CHARELNZE(LT S FRET 72 —7, GimRET 25 L7,
YFP1G /X, FRET v —7L 3252 & CEOELENK 2 52>, £/, CFP &
YFP %, GimRET &R U & 912G ) o —To7% 7= CFP-YFP 2Bl L, =D&
HEREICHT D EZMHAR <7, %, GImRET & [FEU L O IZ2{b L2, £DZ1k
BT GimRET Ll T/hEoT, U EDZ D, CFP & YFPIG Z#lAAbHE T
FRET 7'm—773, BHEREICH L TROEZEREN L 2R LT,
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QO
O

~1.2 . 046 —— ; ——
= BSA conc. i
8 1.0} : 5% E 044+t // 1
2 — 100 w 0421 /
» 08 — 150 b

S — 200 o 040!

p— — 250 mg/ml | L. )

£ 06 O

= < 0.38} .

004t 4

N = 0.36] ///

© o

£ 0.2r 034

20 0320

450 500 550 600 650 0 50 100 150 200 250
Wavelength (nm) BSA concentration (mg/ml)

X 21 CFP-YFP TH L7 FRET Y u—7 0, % BSA BEICBITHHENHALT R
(2:0mg/mL, % :50 mg/mL, 4 L > :100 mg/mL, #k: 150 mg/mL, % : 200 mg/mL,
% 1 250 mg/mL), (b))% BSA REIZFIT 5 HOLHEE HL(CFP/YFP)

GimRET 3k 4 e BABICEZMEA R L, Fiz, B, MREFRICT L THRIEL
Too ZTOZ LT, MRENTO, fRx RERESCERRIC L > TEIT 2501 DORME S 10t
LT, BEMERSHL LR LTS, £EAE 1 mg/mL 2561 %5 GImRET O# i
FELOZELHEIX, BSA Tl 0.17%, VU V'F—2L TiE038%, 77F 2 THE 1.6% . F
2a—7 YT 3.1% Thole, BHEDH TR EEERELHATHIH, MHEILAR )
ofc, Flo, 77 FreFa—T7) 0 EEALTH, GImRET O®JEHEITZE L 722
Motz kDX 512, GimRET I3fENCEREREABRH L W52, EREOMEE
(X EEZMENRRDOT, MEBNOEBEOMA K E < R 5 MfafdElE <ok
ETIHEEPMLETH S,

AETII, BEAERERZMEECERDE YFPIG AW T, BHEREIZ LV LR
FELNZE(LT % FRET 72 —7, GImRET Z#BH% L7z,
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H4E GimRET ZHW-HBENEAEBEEOHIE

ERELAR

2T, EAGRERZEELEAYE YFPIG OBA% L. CFP & YFPIG #fi4db
5 LT, BREREIDS U CTEARELNENLT S FRET 7' 2 —7, GimRET O
HEIToT,

In vitro DFERIZENT GimRET 3FEBREREICEZMZ R LT, ZOETIL,
GimRET 73, AEFERICE W CHRET D 2 & 2B L7,

AN R AERE X, FERIAICEIL L T D, Bl diiaix, Mins 3% Ic& S
DERLEAT 9 (Lodis, 2011), GImRET 25N CHEAEREICKIST 57261, Z0
IEBI-ZDZENTEDITTTHS, 2T, GimRET & HW\ T, HIF5Z44% O #ERa
DEHEREOWME BV EAREHTE 2hER LT,

7o, ANBRICHRNOEAERE A2 S E2HE812. GImRET BRST 50 %7
Rz, MRANTO X 8T EERL iRELE LI SE . MIaNoE A ERE SR/
BN+ s, THEhOMERZERSE725E. GimRET 32 OB LRI TE 50 %
AT,

MRS DIRETEZ L SV T2GE. MBI DD ESINENT 50T, MEEOERFEN
2:4t3 % (Fernandez, 2013) . F£7-, ML, MEEHKIC KL VMO AR > TWDHDT,
MBI L RES TR, ZOEREDY | MlROFELZE(LSEL13TThHDH, £ 2
T, MNP REEEZENSED, HOWVITHEKREZRESES 2 LT, Migo
FEEZESE, ZIUSHES AN OEREIREOZE({L%Z, GImRET A TE 0%
AT,

S

3
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HeLa #fifid(human epithelial carcinoma cell line)flifid = AV 7=, #ila% 37°C. 5%CO, &4
T T, 10% 7 ¥ ff 1R & (Sigma-Aldrich), 1%X=3 U > —X L h~vA
(Sigma-Aldrich)% & ¢» DMEM (Dulbecco’s modified Eagle’s medium, Sigma-Aldrich)£5#1C
gL,

FREDS 70~80% 2> 7 Vm RORFIZ b Y T B ATV, IX 10 EOMaE = Z
=71 a— b TI7ARNLT 4y allfinie, WTARBMLT 4 v a|lHE, 24
Befts, T4 v = 1 HIZo>E, 100 ul OPTI-MEM(Gibeo) |2 & fn FEARE TH 5
FuGEN-HD(Roche) 6 pl & —i@MHERBLH N7 4 —2 mg ZIEE LT RE M2 72, EREN
2T 24 - 48 B#fEIt%. PBS(-)C FUGENE Z Wi L7-tk, 7= /—/L L v KO A>Tz
V» DMEM $5#1I228 % | BEMMEE CRIZ LT,

A U F o X F X T BREE

MDA A—T 7020, ZHTFRE L — Y —EERBEMEE (FV1000-MPE, 4 U /X
ZWNT 2 JeF-FihiEe Bl 0 Ti:Sapphire L — ¥ —(Mai Tai DeepSee; Spectra Physics) & #5# L 7= &
DEER LT, Mz EMBBET 572012, AT —V% A % 23— F(CytoGROW™
GLP, Sanyo)NIZEX & L7z, ®HL o RIZiE, 25 f5((NA 1.05, 7KiZ. XLPLN, AU > /3X)

& 60 fF(NA 1.49, J#HiZ. PLAPON, 7V L )& W=, 2515 L XA WTZEE.
Z2HE k1T 508.43%508.43 um® (1024x1024pixels), 0.497 ps /pixel DIPETHILR L1=, 60 fFxt
WL R OWTZBEIE, 211.76x211.76 pm® (1024x1024pixels), 0.207 ps /pixel DT
B L2, SHEBI. 5EEHE CTH S, GimRET, CFP - YFP X 880 nm(2 YeFHhit o 7=
B 440nm)IZ K VIS S, £ DOEFEE 505nm DX A 7 A v 2T —TCFP & YFP ™
AT B, 460-500 nm & 520-560 nm DR KA T 4 NV H —hi@o>CT 4TI 4
—ZHH LT,
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BB AR

B AEAT 121X Image] 2 W2, SENENO ANy 7 7T REFE, HIE LIZWE
PHZ R L, #PAAN OSOEHEE 2 HE Lz, 55407z CFP O#EHE %4 YFPIG DG
BRECEID Z & C, MMAHMEL L LT,

ERE A A LT TAAL A=V T

M 2 RATR COERERMOZEEZBET 57200, RS A LT T A%EITo02,
GimRET % 33 L7l % . 8BBEMEE Eicdsun\ T, 37°C. 5%CO, S 7. 30 43l —[al,
50 FERE Uiz, BIEICIT 25 BOKIEL Y X & AV,

FRINE VB 9 fF - A RPREA A AW - EBRCIL, BIERMIA 2.5 Befiilc, B R
BV T 1 mM cycloheximide (WAKO), & 5\ X 0.25 uM MG132 (WAKO)Z IR A L 7= K5
(ZARH, ZSHAtS 24 FERIBIER LT,

SNARF % Wz fifaN pH DA A —T 7

SNARF 1L, &R D pH TG U CTHEIEARY MABRELT D8 EFETH D, SNARF O
AT ME 570 nm & 650 nm ([ZE—27 2> TRV pHIZLVZD 2 5D E—7
DENFRELLNECT D, ZORMEZ A0 LT, MIBENO pH 2 Z 0 2 SO HEFRE )
B3RO BH Z L3 TE H(Buckler, 1990),

5-(and-6)-carboxy SNARF®-1 (SNARF-1)& 5-(and-6)-carboxy SNARF®-1, acetoxymethyl
ester, acetate(SNARF-AM) % Molecular Probes 7> HEEA L 72,

SNARF-1 %Z DMSO |2V U FKIEEE S 10 pM 1272 5 X 9124 pH DR (100mM HEPES
(pH 8.5, 8.0, 7.4, 7.0), 100mM MES (pH 6.5)) & I&& L 7=, SNARF-1 #R&& L7z pH R % .
HOEPEMEE E CBIE L7z, SNARF (I L —V —(FV10-LD473, Olympus, JAPAN) CJiC
TOENAE 560nm DX A 7 vaA v 7 IT—ThHEEL, A7 hua 74 FA—Z—ZHWn
T 500-560nm (Green) & 640-700 nm (Red) D #H e xR L7z, HoN & Em 6, 4 pH
ZEITF % 640-700 nm (Red)/500-560nm (Green) D8 A8 EE b 4 FHEL L 7=, Al pH % fitdh
IZ 640-700 nm (Red)/500-560nm (Green)?> 2 7 7 % {ERL L 72 (1K 22).
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- N W s OO N

SNARF Ratio (Red/Green)

60 65 7.0 75 8.0 85
pH in solution

22 % pH IZH1F 5 SNARF O 58 H(Red/Green)

HRE 2 1538 LTV B 1514 5 uM SNARF-AM Z R4 L 7- 55 BH# L 7=, 30 431%. PBS
THIFIZH D IAE 72 Do 72 SNARF-AM Wit L, 7 = / —/L Ly Rig L OEHIZE
B L, SOCTEMEEZ AV CBIZR L7z, BN O SNARF O OBIZRICIT EFE & 7 U4
AW BB TEEE ) 5 SNARF O#ORE Z5E L, BT TRDI=T T 700,
pH Z&EH L7=,

e il /Y 7 i e A RE D 2 1L
GimRET, CFP-YFP % %$¥l X+ 7= HeLa flifid. & 5 % SNARF CTHefh L 7-Hlfa D1

. 150 mM A7 10— A &{EA& L7- 20 mM PBS (pH 7.4) ICEHA L7=, 10 5514, S CHEMK
BEEHNCHROBIEEZITo7o, BER, BEMEE LT, U A7 n—2D A>T
V20 mM PBS (pH 7.4H) 2% 8%, BHO A7 o —Z2DEEA 75 mM ([ZED S8, &
70— ADREZRBAIE T30/, 147, 30, 55, 10 0%IC, JIDICBELZL0
ERICHREBE LT,

GimRET, CFP-YFP % F#l X7 HeLa ffifd, & 2\ & SNARF TYLE L 72 flifa D5 i
7 x /)=y ROAS TWRWETHZERR L, SsOEBME CHlanBlE 21T - 72,
g%, BEMSE LT, /a3 XY — L 10 uM ZRE L7EHIC R LT, 30 0t #1IC
HELT-bO LR CHaEEBE LT,

P

i

Ny

._l%
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HAE SR D EEIE I £ D KIGE O RFEZE{L
Z OFERIT, Mille 5 DEBRFIEE SEI1T > 7-(Mille, 2002), GimRET % 3 HFHE L 7=

K& % HEPES 100 mM (pH 7.4). 27% (10 MPa), 50% (30 MPa)Z' U &= 1 — LA R (HEPES
100 mM(pH 7.4) L IBEANCIRA LTc, ZORBEREZR ) =V P ra— L7 AR
FNAT 4 vy a BIiCoY, BEEEETEE L, ZOB. 60 fEoxtL v X & RV C#E

2L,

SEEIAY 22 M A N pH D281k,

SNARF CTYufs L7 HIf OB % . 20 mM PBS (pH 7.4)IZEH# L7=, 10 20, H0CTEMK
#Er AW THIROBIEZIT o7z, BIE%, BMEE LT, iz pH8S H 5V L pH 6.5 D
PBS I[ZE# L7z, 30 otk. RWIUMREZBIZE L, MIENpH XK 22 077 7 hbHEH L
77,

GImRET %38l S ¥ 72 HeLa Mifaa W CRIBRO ER 21T > 7, RRRFER LV RO
RPN pH Z Rl 2 20 pH IZH 1T D GImRET O A8 e & fitdhic 7 o » ~ L7z,

L 802 —— - & 2412
o -
< & 22}
Z 7.5 >
o 20t
£ 5
O 70+ < L )
% o 1.8 \A
£ ® 16} o
g °° Nucl W14
-o-Nucleus 4r Nucleus
IQ_ 50 -=Cytosol % 12 :Cytosol
65 74 8.5 © 60 65 70 75 80
Extracellular pH pH estimated by SNARF

23 (a)fifRSMIER D pH 2L SV T7-5E O, £ & HIRE O pH, i - Ak O pH.,
Tt % & AR @ pH., (b)FAEAN pH & GimRET O# /650 b Rl - B & Ml & o pH,
fotsh GimRET O AR b
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i R

GimRET % M\~ 7= #ififie 53 5 1% 0o A PN B B i B oD e T A8l oD i

GimRET AN OEBEREDOENA L B DI ENTELNEFRDL720, Ml
538% D GImRET OHOCHEEROZE(L 2T~ ZO%ERRIT, GimRET Z¥H SE7
HeLa fila T{T -7z, THREY . GimRET O TR E HITMIA /7 2% (T8N LG O 72,
ay hr—/ L LT CFP-YFP THREROER LT > 7228, CFP-YFP O3 M I
AL H DI o Tz,

f

Transmission CFP YFP1G

e

Beup gk o by K
O

.'.\S?Q."{: i

MR (©1d4Ad40) oney

odlll

24 MRS ZEFDE A LT T AL A= 7 o BAREE, FiE  CFP(460-500
nm) DYt . g - YFP1G(520-560 nm) DG, 4 w0, K] 455
LW AR
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a5800 . . . 22
) P
< Q
> 1208
600 QU
€ 18 5
= 2
g 400 16 0
8 —
et @
(@] ~
=) 200 | 1 I 1 ! 14
L 0 5 10 15 20
b Time (h)
5 20} ' ~ GImRET (CFP-YFP1G)-
E 1.9+ aalaf ) ...‘4’ r};‘ _
S 174 », 'i’ I O _ Ja ig;*‘ o oo
SR, dlajhi? e et e o
‘.(-U' 1.5 ‘ 1 | | | I}.: 7 | ]
o 10 15 20
c . Time (hours)
=~ | | " Control (CFP-YII=P) .‘
b ) T RR oy .w.
& 04l h ISP b
i «!'~ m lh | i‘*n! “a iﬂdg g,
S 03} ' ]
©
s
02 I 1 I ! I

5 10 15

Time (hours)

20

25  (a)fifa 5 24% OB OB EIRE & 8RR E DL ORER e F L—RZ (b
H@/\””?&UDﬁj‘ﬁ_&'ﬁftt@E#F"ﬁT{K JR ARE 72 b L— A R B L— R () CFP-YFP
ZREL S TMIRICB T D, MRS R % ORREE L ORFRZEl, K RENL L —
AR EH R L—R B0 ICB W CHIISZELL TV B,
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R & AT B E SR S R E

o, FHIEZRANT, MENOEAEAR. 25 W0 EEE L2, GimRET
DENFEELLNENT 2052, XNV EEREERE LT, VARY—AIEAH
T5Z LT HRREMAET SV 7 Bt v I R (Ferraiuolo, 2005) | /7 fiEBAEHAI & LT,
268 Y7 T Y —LxHET S MG132 M L7 (Han, 2009) . 7 m~F3 3 R

(AER S E2& 2 A, GImRET O=#EHE A Lz, MG132 Z i fFH S
72L& Z A, GImRET OHEIREABEM LT=, ZOfERIZ, 2 v 7 BEKREHE LT
LK HMIENEREREORD L, BEREMRAAE L L LI oMENERE
REOHEMZ L B2 TWLEEZXBND, FROERZ CFP-YFP TiTo72L 24, [
BRICEE L2, T O L EX GimRET & XTI Do 72, L EDORER DD GimRET
ZRAWSZ LT, MlBNOEREREORHEMNLREEZ DX DI ENTEDLHI AR
L7,
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18 27 36 45
Time (hours)  Ratio (CFP/YFP1G) 1 o

15 20 25
Time (hours)  Ratio (CFP/YFP1G) 1 o

c
e 22 T T T —~ T T
o GIMRET ©26 y
a 2.0p 1 a 24
> 22 .
& 20t
O 1.8
T 1'4 . l .GimRET“
1475 5 10 15

Time (hours)

d o4 — : : 050
= CFP-YFP a
L.
& ~ 1 > 045
o
o S 0.40 Hif
o S T e
S 2 0.35
& oadl l l o . , CFP-YFP
AR 5 10 15 930 5 10 15
Time (hours) Time (hours)

26 EHEAKMEEA(2), HEEER(b)ZEHR S Wiz Mido s mE kg, (, d
GimRET(c) % %\ % CFP-YFP(d) # # I S 7 MfIc BT 5. EAEAKMEEAIE). &
FE 2 RBAERICE) 2 (EH S & 2 Atk O LM L ORRZ L, K REHR FL—2R
IR B R L— A

46



B8R il ) 7 AL (AR D 25 b

AR OEFEE(LIX, MENOEBERE 22L& 5 MisMNR DR EFEZ LS D
Z LT, MlRoEEEELSE, ZOZE(LE GImRET M T 2027, JMED
A7 —ADEEZE 150 mM 225 75 mMIZE x5 &, BBEMET L, MRS T
T ORI %, FFENO GImRET ORGHEL L., BELZ BT 5. £k
30, 143, 34, 547, 10 WTBWTHIE Liz, SMNRD AV m— ADREZEL S
=& 2 A, 30 HARICITHIAEAN O GIimRET O B Lz, 47T /MiaD > 5, 46
AR Z W CTHERRAN D A 7 1 — R EE DOZEAL % 30 #) CTHOICIREELL DB AR & 417z,

(0]
O
C
(0]
O
wn
o
(o]
>
L
ol
©
}_
L
4
=
o ‘5 3 W %

0 05 1 3 5 10 (min)
~ b C 30 .
O 20 ' ! ] g’ @ 1 min
by - _= ns .
o S2sf 25min
t 18" B % UA
o = 20|
L 1.6+ 18 N &
9/ ® Nucleus @© N
o 1.4r e Cytoplasm 4.2 1.5} |
'-0: 1 1 1 y N X m
& 0 2_4 6 8 10 |

Time (min) 0 15 20 25 3.0

Ratio before swelling
27 (a) GImRET % % S &7 MfaMiasNER D 2 7 0 — A DRE (ST 5HE D
AR PN D AR (1) & 3 TR H R (TF) . (DAIRANKE D A 7 0 — A DREZ L S E -5
B OENIRE L ORERZ(L, OMIEINEDO A7 0 —ZADREZE 2 DRIZICET 5, [F
CABRE O HOFREE L OZ A, R - ZE(LAT, #iEdh « 2 (k%
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F72. CFP & YFPIG O#NHE L AW - 2mEMEOE(EZFTHIDL L, A7 u—
ZPREEDZEAVE 30 B CHOLFREN A L, ZOBRIRLICTOEICRED Z L3 manoiz,
COFERHTIE, BEREOBRESHENEZ SRV O T, MROEEEIZIS T TEot
FENELLIEEEZEZXOND, DFE D, MEROEBIEI L7 72D RE B L,
BN L 72AER TEORE SRS T2 O BE L TTOEICRE 72, LW1H 2ETh D,
WICHRE L OE(L & HARE OB A D & OB A BT, Ml 2 &Ik
R THD L SEREL & SOERE I U L 9122k L T,

a
< 10t - R
e\o-/ Al ;: - —~
e <;?1%§ = o
§ 0 é Ao ‘nnnﬂ &
Y uoﬁ ® “ t
o 10} ° % i
S et 1G
2 e L. e005min| g
© o o BO5-1min | % >
S 207 A3-5min & ol
60 30 0 30 60 22 , 1600 2
Change of intensity (%) 20 500 —

0 2 4 6 8 10
Time (min)

4 28 (2)GImRET % %H S &7 MiaMiasMNR D X 7 v — ZADREZ B SETHED

ZNENOREMICI T 28R E L wmELOE(LE, (b R0k iT 5

GIimRET % 8 S 7RISR D A 7 v — 2 DREZZL S E T HE OENRE &

S TR L O RE AL
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CFP-YFP Z W CREROER Z1T->7235E. GImRET LRI C XS IZ& b L7z, Lo
L. TOZ{EIL GImRET LV b/hEholz, UbEDZ &6 GImRET (289 A%
A7 MR (AR ORI S ERERE OBV ZMETE 52 L 2R LI,

a CFP-YFP

n_ 0.5 3 T T T

L

Z

o

S 0.4

.0 '

© ® Nucleus -e Cytoplasm
0.3~ : : : : .

o« 0 2 4 6 8 10

Time (min)

b < 100} o GimRET CFP-YFP
E/ ® Nucleus O Nucleus
& 96 | | @cytoplasm O Cytoplasm]
:lc-; _ ;

e
L 92¢
(]
> i
o 88 |
(®)

0 2 4 6 8 10
Time (min)
29 (a)CFP-YFP Z ¥ W7 DOMIasMNE D A 7 0 — A DEE 2B S B 1-54
D FEBREE L ORI ZE L. (b)GImRET & CFP-YFP %3 S W7 fifa D ffast ik o 2 7
11— A DR E % AL ST 35E OEOE R E L ORI 2L O LL ik
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MR 2 DA S I DO FRE 2B S L ERZAT o2, ZOERIIL, BUNE & ik
SHD /) axy—NEFER L, 3 XY — 10 M Z gl 30 pfER S ¥ L 2 A,
AR O GImRET O ERE LS E LT, MO REEREZHE L72L 24, &
FEL ) a2 — VEERSE RIS HATHEML T e, DFE D | MiaEE OB
2D EEEIRE O Z GimRET TR 2 2 L ICF LT,

a
Q b
C 2.5 o] ea\;u
) (@) ® @
o c o 7
N X 0 -
Q c
o <
= » 1.8 gipﬁw
Q o) o,
9 = -
= o » Nucleus
© ,g I @%Q e Cytoplasm |
— © e
m. AR P
m 0'(" 1 1 1
E | K 1.8 25
O o Ratio before shrinking

30 (a)/ ax Y — L& HAWTHIAAZHEEEAH0% O GimRET Z 3 S W7~ Mo
et LaotsREE. bE CMIBICRIT D, / aX Yy — LV EER S B 51 TOEEHR
ELeo L, Rl (ERRTOEECIRE ., fithh  ER% OEOLREL
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FIRORERD, RKIGEZHWZERTHELNTWD, GimRET 2% S E7KIGHE
. RBEDOEWEEIRICAN Tl Z IHE S 72356, GImRET 0= 58 E AR O
T I HEVEIN L Tz,

a CFP YFP1G

0.1 MPa

Dehydrated osmotic pressure

30 MPa

* Ratio (GFP/YFP1G)

TE N

b [JRatio []Cell volume
3.0 T 1402
o -1203
S 25 | 1100 &
()]
. | o
2" +— {80 4
T 2.0 J[ ®
L 60 =
e S
o) 40 £
Y 20®
1.0 0

Dehydrated
osmotic pressure (MPa)
31 (2)GImRET # FH & 7= KIGHE OSMROEFEES 0.1 MPa( k), 30 MPa(T)?
BAOEIEG LEORERS . bZFNTHOREEICKIT S GImRET #%H SE7-K
A B D8 Y6 TR EE bE & AR O (R FE
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o ha—LE LT CFP-YFP ZRBEIE-MWT /) 2% — LV 2EHA S IEE21T
ST, HOEIREHIIZ(L Lo 7z, VL EOFERIL, GImRET 25 A &9 7 MR AFE D
B IS EABREOHMARHE TES 2R LT,

a
9 b
® 0.6
3 > « Nucleus s
g = - Cytoplasm _,,‘-;j
= % wh
L « 05 g
o *
© /"
o ol
S 5 .
© S X 04F @
o o A
< 0.4 05 06
tL) Ratio before swelling

9l

0 30 (min)
32 (a)/ a ¥y — L& HWCHIRaZ#E £ 1 2% O CFP-YFP 238l X W7o flifa 0 #;
Jetg L HEOLTRE G, (DFE CMlIcR T D, /3 # Y — L2 EH S 2% ToHoLR
FEHe o bk, fidh - (ERIRTOSOEEL L, fiEwh - 1EM &R OO
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FLOLEE

GimRET % # B S ¥7oflifaz AT, Milasns Rz 0B B EREOHEME B 2B+
Z LTI LTz, M & G OBMICBWTEREZ AT 5D T, ZOBREHE
BEES LR L EAERENENT S, GimRET O EFREE A, Milas 2% (cshn L,
ZOBBAIEY LT, ZORAEREOZEMIZ, LARNIHME D & o I BER: %2 AV 7
faNCOEBEEDREZ( & —F L TV 7=(Cookson, 2010) .

ARE S BT, BOEBRE L MEAIN L TN D, T AT, ARAE Sy SR O HIRE O ULAE 12
D EFEN B L7 Z & T MlaNOERRERENEMLIZZDTHDL LEALLND,
Mifa &% 0 G1 #HITlE. BEREOAEMPHEBEIATON S & STV 5 (Lodis, 2011),
X 25 726, N L— AT, 5REN 6 RS LR BN L T . Z ok
Gl1HICBITO2EAEDEMEARML TNDHEBZX BND, £, #EMELN 1.6 05
RART 1.8 FTHEML W, ZOfE% BSA EBEICHE T 5 L 350 mg/mL 75 450
mg/mL (ZHEML7-Z & &b SREITEAEREISN L3FIIEMLIZZ &2k 5,
HOEIREEHIE, S RIRA 6 RERIIEAN LT 7212, 10 RpRARREE DT CTHrHE R & [RIFRREE
DEETHD LTWD, ZOEDIE, BAEOHRICEDbOTIER<, Mg EFED
HINZAE S RN EREREOBDICE DO THL LB LD, MEOEREDZHK
RN Z D & T 270613, HREFCHBELOEMIEZ 53, RV IZED R
ZHEFTTHD, BRIFTZOX I BREITAR LGN THRY, RERLS, Mk E% O
GlHIZBITL2EBEEDOET. &5 WIEEME SMOEEDOEMAEZ D5 EE X6
Nd, bLRIC, BREREOEMIC LV EREOEMIGEE SO ThiLE, BAERE
HANRLE B A HIEH 32— 2 DEFE LV 9 5, GImRET O#iREH & Mg EED
R L ZFIRFICREIET 2 2 & TE L, MREY & EREREORMMK, Mz T, &
BHIREIZ X DA ORIEEELZ T~ T 2 DN TELOTIERWMNEEZ TS,

GimRET Z# VT, EBAEAKEZMEE L Z LICK 5 MENEAZREORDY &, &
AE o R%PRE L2 2 &1 K 2 MBaNE A EIRE O 3HI L7z, GImRET O# ik
FEELIE, TARE Y OB(bE R Lz, Ml OERBEEOAER, /3 RICIE, GImRET O&HRL
ERRLEENTND, £I2C, RELBEORHME(ABELZL A, GRHET
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OB E RSB U, SRS TIXaORENEM L TWe, ZofRIT. BEREA K
SROBENE Z > T\ 5 Z &, GimRET O#NHELOZE(IZ, FAEORERE LT
EHERENERLEZLICED O THDLE VI EEL D, EAEAKEZHE L
BRO 2w NTRE DR E(L A 588 T=exp (kd*t) (I wHFREE, ¢ K (hour),
kd @ 53R E (hour )T, EHENMR LIRS L RO 2 ETRE ORMZ( 4 B
Eks*t(I: #0638, ¢ Bf(hour), ks : #INELKour NTT 4 v 452 LT,
GimRET DO fiiEE L AREEZRD D LN TE D, #FE. kd=0.032 (hour 1),
ks=0.080 (hour 1) & 72> 7=,

a

12 T T E 24 - -
5 | \ k =0.032 5 55| k=0.080
> 5B I\ >

= 1.0 ¥ \0s [{LNebE =

2 I LTl 2

g oot RN A o

€ N[ (U £

3 osp/ll 1l a l ?

N ‘ V) N

® 071 ¢ [

£ £

S o06f S

0'50 5 10 15

Time (hours) Time (hours)

X33 EAEAMEER(a). SEHERI() % EH S8 7=1% OB oL E 2L,
AR BEANERBOYEY NL—X, JK: e hol- FL—2 FERIIFNEFhDO 7o v
& ()fEEED . OERTT 4y NLEBEED ST T

AR DI DR BELEASEDH 2 LT, MlaoFELZZ{bsE, MidoEBEER
EEZESEi, ZOBE, GImRET NEAEREOE AR TEL 2 L4 mR LT,
FIDRFEZACIL, 1 URNIZZEAERIE Z > T\ 5, GimRET O/ DRIL, Z OEHE
BT 200 T, BHMEOEIIT, BERERECELICEIbOTHLEE
2 bbb, F£o, MIRIMNRORFEE 2 2L &1 T 30 B£I121% GimRET 08 %58 E s
ZL TS, 5%V, GimRET O, BEEEREDOZLIHT 550G, D7 L 30
BLUNICE Z 5, Ziud, MlaNcsiT 2R RWVEAEREOZEZ, GImRET % H\»
HZETHRIHTEDZLEZRLTND,
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WNEERESEL ) a4y —VEERT 52 LT, MinZIUEs ., Mo ks
B -, BEOBICHE Y BEREREOHEMNEZ ., GimRET # W THRHET 5 Z &1
I L7, £72. REEZHAWEERICEL Y, FEORKEEET,

P ED X512, GimRET (T LV, #IFANOE HEEE O/ MMAZBIETE 5 L%

~LT

EHEAEZHW 70 —7BEICEW T, pH B2 KE 2METH 5 (Nagai,
2001 : Piston & Kremers, 2007 : 7k 3, 2007 : Imamura, 2009 : Grashoff, 2010) . #7425
pH BRICEED) LTz BSARIRIZHTT %5 GImRET O M4 34 127”77, GimRET D&
FUE RS 5 ROGHE, 3RO pHIZ L WAL LTS,

a
_— 1.8 i bf\ 1.8 T
= =
g _BSG conc. L‘L _BSIS conc.
2 — %0 > — 50
= — 100 = — 100
@12} — @ 12 — 150
ko) — 200 ko) — 200 e
c — 250 mg/ml c — 250 mg/ml 1.8
3 3 5
N 06 N 06 o 16
g g o 14
S S o wo
Z0 : : z - - > 12
450 500 550 600 650 450 500 550 600 650 o 4T
Wavelength (nm Wavelength (nm L
c_ .. veleng (.) d ., Seieng (,) S 1.0
g _BS/Sconc. g BSGconc. 9O 0.8t PH7.4 :
= — 50 = — 50 © pH 8.0
= = 2 — o L ]
512} — 1% % 1.2} —180 0.6
2 = 320 mgimi 3 Z 530 mgimi 04— E
1= = mg/mi c — 250 mg/m -
5 = 0 50 100 150 200 250
gl © -
So6f @06} 1 BSA concentration (mg/ml
N
© ©
£ E
20 2

1 1 0 i i
450 500 550 600 650 450 500 550 600 650
Wavelength (nm) Wavelength (nm)

X 34 £ pH ® BSA ®IKIZ%T 5 GImRET OE# % A~L7 kL, (a)pH6.0. (b)pH6.5.
(c)pH7.0. (d)pHS8.0(E : 0 mg/mL. 7% :50 mg/mL, 4 L > ¥ :100 mg/mL. #%: 150 mg/mL,
# 1200 mg/mL. % : 250 mg/mL). % pH ® BSA IZEDEE X9 25 GimRET D
HFRE DT, (R : 6.0, ALY 65, 7.0, F: 7.4, % :8.0)

GIimRET & 7= pH (&%t L CEEZMEZ 77T O C, GimRET O/RTE(LAEHEREIC
X200, pHIZEDHDRONE W) Z EE2ZBE L2 TIIZZR SR, Mg
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pH OfR#EE L TR FH STV 5 SNARF-1 2 AW T, Mifa 2 Mg 5 £ e iE
AN SEIZBRO pH Z bz~ L 2A, TN TOMAT pH BN TR R F 1 BIES
iz, b LH GImRET O#ERE DD pHIZL DD Th 572 HIE, #timE
TR TThHD, L LERIT. RodDORISZR LT,

SNARF ratio

0 2 4 6 8 10
Time (min)

35 SNARF TYufa L7, MIMNE DEEE 225k S B T- 58 OEORE 4
(b) FRASNK DIERE 2 25k S B T1235E8 O L MIBVE 2B 5 pH OEZEAL

SNARF zZ MW T, / a4y — VAEIZ L 5 Ml OULER: D pH Z{bZfi~T-& Z A,

R A AR S 7-RE LRI C L 912, pH ITEAD LWz, ZDBE, DO pH 7.6 25 7.5
(2. MRREO pH X 7.1 005 6.7 122k L T\,
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o) 50T 17 .7 I'IRatio
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= X 25+t % - pH (after)
_C N
@ (7.0)
5 S 0 [ o713
: 5
zé ; ~ o Nucleus 5_25— $-
© 5 Cytoplasm 6.5

6. " i Qo
O ®0 50 c Cyto
pH before shrinking

36 SNARF THufa L7-ffIC, / 2 X Y — L2 EM S DR OBOERER B, (b)
) aB =N EERSELHERICHT 5, W UMROR L EIED pH Ok, i -
VEFRT. MEEfER%Z. @/ a¥ Yy — L2 EA S Emig o, BElEgicsits
GimRET O#LHME, SO bR & pH

AN O pH Z38HIMICE 2 723548 O GimRET O#RE L OELD /T 7 %X 23
R T, 2O T 716 MEOIMEIZ & b9 pH &I LY GImRET O e b
NEDOREBT D20NEMETSH & BT 6%, MIE Tl 4%H I ERENBL T2
e, L UEBIL, MilaZIHE S 725810138 TiE 23%, D7 &b 1T%DE
R o, ZOZEF pH IZLD2HDLD b REL, ZOOEHEREDOE(
2. GImRET O#EHIBELLOZE(LIZKESAEFAL TS LB X HiLd,

AETIE., GImRET Pl NOEABEREZHRE T 52 Lz, MldnZiaR, EA
&

BER iR, BLO, MREBELICI2EAEREZLOBREAZITY 2 & THER L
7=,

57



H5E GImRET OEEMMEELL & IrB & DIbBk

ERELAR

T, GImRET AW CHIlaNOEHERELZRECE L2 La2R LT, ZNE
THRE SN OE B EIREITEBEE) LR b b O TH Y (Zimmerman,
1991), AMBENOEAZREZFHEI LZ LW o MG, 72, ZHROMBOTEEO
20T, Hx OB CEAGREN EOBREIXL OV TN Dby TV, I
A CMEANTERERENEOLIICHHLTNDN, &) ZEHbhoo TR,
GIimRET 38N EHE RO T, Hx OMENOERERELZREST 52 LN TE D, F
7o, MRS T 50T, MENTOEAEREOSH4BET L2 L HTED,
ARETIEL, GimRET % Cos7 Mfd CRIITHIET 2 2 & T, Miaf, MiaNELER
BEDWIE & s 21T o 7=,

INETHRNOSFORMS 1T, SLERECARERR L2 T 10— 7 OILEUER
D ERIZ &V 3% 7R S 4T & 7= (Stasevich, 2011 : Norris 2011 : Bernas, 2014 : Diekmann &
Hoischen, 2014), L2>L, MilENIZIERER EOESSFNRMHELIZEBETHY, £ LD
RERE CIIEREOEBERENEZ D720, Iy FaeRnicxy V7 L—va bR
DT YEHUREL L HAIC T 5 Z S TE AR, Fin, MRERECIEER: & oMianN
OIEERE T 0 —TPHEERLTCLE S &, IEEREPENT 20T, ST ORMS
EYRELC, B2 HRPLA R LC L E 9 (Cutsforth, 1989 ; Lakatos, 1991 : Knull, 1992), #HAEPN
DYLETZNT Tl MREN O F DIRMES Z1E L < RETWRWAEEMN H o T2,
GimRET (3. AERE TH DD T, WHRTOILEEZRD LPEHEICTn—T L LT
FIATHZ LN TE5, £2C, GImRET %8 S t72 CosT Mla T, MAZN OILELR
BARDLBEZH S L BEZANLNTNDLFHIED—DTHS FRAP Z17\, BHER
BE & YRRt A i LTz,
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KRG

Z DOFEBRTIX, Cos7 HifE(African green monkey kidney-derived cell line) % FV 7z, iR D
B, wAEAEO—EBMERBIX, F4ELFRULFELZHW,
MRS OBIZE, FENTICIZE 4 B LRI U HEEZ AV,

BEMEE 12 81) 5 GImRET O R0 & dEsi b o bl

K58 L 72 GimRET % 250 mg/mL BSA (pH7.4)T 20, 10, 5.0, 2.5, 1.0 pg/mL (Z#FR L,
HIBEMEE T, FIRED GimRET OER D CFP Ot & YFPIG OENXEZBIE LT,
B O HEE ) 5 GimRET O EEIZH T D CFP & YFPIG O#IME R 7 F
7z LTz,

KIGHE & W =88 E B8 O folding & maturation F R O FHH

Z DEERIL Lee b DFEBRAZSHEIZIT > 7=(Lee, 2005), CFP, YFP, YFP1G, GimRET,
CFP-YFP O 7' T Z I RZBInFEAN LT KHE % LB K5HLIZ T 12 F§f 37 E CIREGHTE
Lz, @O W TER Lok, M9 Bl VT OD600 B2 0.1 12725 K 9 I K
B 2 8 L7, B8 U 72 KEBE OVRTRIC IPTG Z KB 1 mM (2782 X 512z, 96well

I L, 7L — b U —4&—(Multilabel Reader 2030 ARVO X3, Perkin Elmer)% i\ T, 37C
(ZFBT D RIGEN THE L2 #0tE B E O SO E O 2 L2 HIE L7, CFP I 430
nm T YFP & YFPIG (%510 nm TEhiE L7z, CFP @& 1% 475-485 nm D YFP & YFP1G
DOEIEIT 535-545 nm DOEI AR LT,

FEFREREAFE LAV MENEREE L GimRET O E O g
GimRET Z R S+ 7= Cos7 fifa% . 4% /X7 7 /L AT LT B K& 0.1%Triton-X %R

A& L7 PBS Z W CREIE L7, EER . A % 1pug/mL Alexa Fluor 568 NHS Ester (molecular
probes)ZiRA L7- PBS [CEH# L. #MMANOEAE %2 IEERAOICYE LTz, 20 5k, —FF
i A2 PBS TUEV., HGFAMSE T GImRET OHEE & Alexa DENEZBE LT-, Alexa IZ
R L — P —(FV10-LD559, Olympus) Chihid, A2 b1 7 4 h A —4& —% FHu T 640-700
nm OEHEBRE LT,
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Multi-photon fluorescence recovery after photobleaching (MP-FRAP)
MP-FRAP % Brown E.B. 5 D3 & £ %12 L 7=(Brown, 1999), K5 fRREZ ) L4 5 7-

. MP-FRAP DERITBIZERZ 10.56x0.56 pm’® (64x64pixels)|ZF%E L7, RIS fREE

1 7L =250 0.10 FMIEKE LT, MBEIHELHE I@\kmm%mm@mmuﬁit
72, 3G 7 L— )M A B Lo, 2 B[ 3x3 um® (20x20pixels) D #iFH % HB
B, F D% 27 Q270 7 L— 2R LTz, 7 — ¥ OFfENTIZIX, Imnage) & Origin & V72,
R XTI BT DR ERE O RIEORFREIZEILZBRIE L, I = l-exp(-k*) DOATZ
4y b D& T, EHERE L ZRdTz (1 ERIREE, ¢ FefI(s). k: [EI1ELRED)., FRAP
IZX 0 AL SN AIEEREIE. ZDOET ML > TRKEL Z & 725 (Shimi, 2004), =
T, BROMMOBRERANTE Y Y T L—2 a3 &{To7, 7V r— WKk ERE
TLHEEIZ LT, ZOMENED D, KhitkE, 7o —7 L LTHWDOFND, £0
PERURE 2 395 2 & 23 T& 5 (Cheng, 2008), GImRET X 2 DDOHFEAENZ T L
IZOR Mo T HEEE LT 5,20 nm D E— XL GIMRET DkE S ELFELL BV TH D,
20 nm @ B — X% 20, 30, 40, 50, 60, 70, 80% D 7' U u—/LKIFR L IRA L. ZORATR
T FRAP 1T\, ZE LR SR D) 31T D [EIE RS A IE L=, FHEI L 7= [E1{E 1Rk
26, D=27.429%exp(-k/0.86638)D DX A AT, GimRET OMIfENIZIS 1T B LERE %
HHL,
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i R

RN, BRI OE R E O g

GimRET % Cos7 ffifld THH S, 25 fErf L o X TBIE LT, OB OBEEIT,
CFP »#t:14(460-500 nm) & YFP1 G O :44(520-560 nm) & Z AL L 4UEAE L, £ D5k
FELE DAERL U 7=, FE5. MR C GimERT O ERE- A 1.0-3.0 L K& < BleoT
W,

b 460-500 nm fluorescence image

C 520-560 nm fluorescence image Ratiometric image

i
;

~ Ratio (CFP/YFP1G)

1o NN X
37 GimRET ZZXIH X877~ Cos7 Mija%z 25 2oL o X CEBEL-BEE50 ., BHHR
#(a). CFP(460-500 nm) D 3et4(b). YFP1G(520-560 nm) Dz e (c), =55 YEIREE
()
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38 GIimRET %# #IH I H7= Cos7 MIfaNDOENFHRELLDOE A 7T A

OGN, BABRELINCHFET HAREMENH > T-D T, MIELT-,
I AN pH OBV L DIX5 X DOR[EEM A& 2 72, = Z T.SNARF HW\ T,
Cos7 Iz B 1T D RN pH ZHIE L=,

Transmittion image Ratiometric image (Red/Green)

Ratio (Red/Green)

o

39 Cos7 #ifidz SNARF THE L7558 OBMRE G (E L) #0RE &)

Cos7 #ifa pH 1%, BT 7.6x0.1, MifAE T 7.5+£0.1 Cho7-, ZOMEXK 23 DI 5
755 GIimRET OEOGHEICHE T &, N 1.810.1 & 1.710.1 & 2o 7=,
Cos7 #ifaf @ GImRET D& I E LITFEFITIAIETH DN TEY | ZDIE 5> X3 pH
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IZE D bDOTIEZeW EfEamfiT 72,
KIZ GImRET OREBREITKF L T, #ERELNZE L TV D FTREMEZ 2 2 72,
HEPES 7%, 250 mg/mL BSA A%, 10 mg/mL & 100 mg/mL @ GimRET % &
AL, A7 PVEHIE L, GImRET OREICE > TARZ MBNET DA~
&2 A, BluFe ot BEESEE T, GimRET OBE2E#H IETH, HEMEkIC
REREIT IR Do T2,

a1 5 b1 2
3 GImRET conc. 3 GImRET conc.
= —— 10ugm | S 1.0t —— 10 pg/ml 1
= —— 100 ug/ml | 2 —— 100 pg/ml
@ 10} "1 Gos8 HI
9 [}
£ € 0.6
8 ©
g o5} © 04}
© ©
e £ 0.2}
(®] O
pd z 0

0 . . . .
450 500 550 600 650 450 500 550 600 650
Wavelength (nm) Wavelength (nm)

40 100 mM HEPES(a) & 250 mg/mL BSA(pH7.DEIRIZ, #IEEA 10 pg/mLGR)
& 100 ug/mL(E)I272 5 & 9 GimRET #{BE LI2HBEDOEE AT Fv

o
)
o

-
(8}

| - Total
1500L y = 117.64x

o

0 / 5 10 15 20 25 1-30 5 1‘0 115 éo 25
GImRET concentration (ug/ml) GIimRET concentration (ug/ml)

41 250 mg/mL BSAQH7.)EEIZ, KBE 1, 2.5, 5, 10, 20 pg/mL 2725 &

9 GImRET ZiE& L. € OREK % BHEMEE L THE LK D CFP(460-500 nm),

YFP1G(520-560 nm), CFP & YFP1G OfafO# iR E . GimRET OREE & @ iR

e ooFERE

Intensity ratio (CFP/YFP1G)
~
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o, MREANIZIIT S CFP & YFP1G OHOLTRE & GimRET OHOETREE L OfHE &
AT L A HENA LIRS T,

d 28— —————
. . 520-560 nm

206" - o 460-500 nm |

o247
o
Z22¢
i
020
218
@
© 1.6 [
14—
0 1000 2000 3000
Fluorescent intensity (a.u.)

42 GImRET %#%E S H7- Cos7 fifa D, [ UHifaD CFP, YFP1G £ Ei & &)t
R b O FHES

GIimRET OIS U CTEEBELLNEDL SRV & MaNIcB W T CFP &
YFP1G O EHE & GIimRET OEOGHEE L & ORBNCHBEN 2 W2 Enb . Z OMiam
TOHENRELDITH S XF. GimRET ORBEIZHET 5 O TIERV,

MR T GImRET O#EIHELLOBNA, BERABEO G, DL b0 THLH W
RMERH -7 T, MEEL THIT,

FRET 7u—7 D FFr—L 7 /v 7 & — L 58N EAED folding & maturation @
R OEW S | SOLREICEEL 52 5, RKIBE 2 HWZERICK Y, CFP, YFP,
YFP1G. GimRET, CFP-YFP @ folding & maturation ®OEEE % H|E L 7=, fEHE. YFP1G
@ folding & maturation (X CFP LV HBWA, YFP LIZIZEDL LRV, HH VNI L
BT NG Te, BRORKELTEE D 50% (2 FE L7-FHIZ, CFP 3 136.9 mins, YFP
1% 218.5 mins, YFP1G 1% 204.3 mins T o7z,
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1001
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Fluorescent intensity (a.u.)
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43 YFPCH L v), CFP(H)., # FP1G)D 77 A I RRBEFHEAI N RGH
ERBFELIRO, RIGENOEICHRE ORERZE(L

Fio, HERENZ L2, YFPIG # B CTREASEHE LV &, GImRET L LTS
VG ARICRELS D Z ol ZORERIT, GimRET O FEE L 23 E T 555
2. folding & maturation (Z X HEEENHD Z LIZORNBDH, TN TH, HALHENE
ETHETIIARSE S 90 FIIMNETH D,
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44 CFP-YFP(a). GimRET(Mh) O 75 2 I RABLETFEAINT- KIBEEZKEFE
L%, RIBENOZNENOEIEE QG OREHRE(E) &8 6sRE e (TF) ORI ZE b

5 EIZBWT, MIENO GimRET O& /K SiEE 27 E Lo, SRl 7ifR
E L 11T folding & maturation O D 10 fFEEE W & 2345725 72(0.667 hour),
ZOH, ZOMBEMOIXL XX, BEEOAB/GRIZE DS O TIE v & Eimft T
7=

RZRIC, MERAOENBEDOIT ST NEREREICHK T2 Z L 2R dil, &
HEICHERRIGE T AR THINOEABE 246 L, TOELHME & GimRET % Hik
L7z, GimRET Z#HIE-MIEEZEE L, K FIFGERET SH0LEFR TRE, [
—lfaN O GimRET O8Ot & IFGERAE LIEBROENBELRE LI L 25,
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WE IR H 72, DF D GImRET Ou0OGRE TN OE B E O &2 KB L
Vo,

a  460500nm (CFP) D 520.560 nm (YFP1G)

d 640-700 nm (Alexa-NHS)

Fluorescent intensiry ¢
of Alexa-NHS (a.u.)

(o)}

o

o

1 2 3 4 5
Ratio (CFP/YFP1G)

o [N

45 R A EEHR Alexa TYE LT-HIMAZ 25 (F0xL v X2 FAWTBIE LT-5E
@ . CFP(460-500 nm) D 4 (a). YFP1G(520-560 nm) D618 (b) . #5658 B Heig (c) .
(D Alexa DEFe2(640-700 nm). (e)GImRET Oz YeiREEH & Alexa (DL YEHR B O FHEH
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MR AR L CBIZE L CA D &, CosT MlRONMANE, 1ZEF—HKTH o7, GimRET
DENFEELLO R DMAEZBE LA, L OMaIcBW T, ZEMilgg
GimRET O EHRELNFE U Tho72h, —H T, WL D0 OMIfaIZ W TRV 3 7
STz, A UM OZICI 1T 5 GIimRET O Y58 bt A fiedihlc . MilaE sk 2
GimRET O# R EL A FEINC L= T 7 2K 46 12T, #ERELN 1.0 205 1.5
DOFAFIZ BT, & ME OSSR ELLNIZIER U Th 7223, 1.5 LA Eofiaici
WL, BOEMFRE D IAE I LR TIRWZ &b o T,

Ratio (CFP/YFP1G) 4

10 N Y
d gZOv
g 10
| '3
A
o
Q © o
o © o
(\/(\
o 25
c
o
®
c
7
"Ratio, (CFP/YFP1G) it 1

0 i IR 2 3
1.0 .- m N Freq. (%)

Ratio of cytoplasm

46 GIimRET # 3 L7~ Cos7 Mz (260 fExL o X2 AWTEBIER LI-HE 0%
e, (b, o)EEFRE . (DFE UMEORE & RS o YR E b o Ll
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CFP-YFP Z 38 S H7-ife T b [RARICEE & Ml E CHOLFRE L 2 Fhl L7223 BV
HHIIRINo T,

Ratio (CFP/YFP) Ratio (CFP/YFP) &

o.o "NINEEEN X j oo (RN

Freq. (%)
10

o i L A

»

A

e’ 90-

o

1 {059

3. g

3 (9]
W 045
L %4 C
w

A | ES . 0.3
25 003 04 05 06
Freq. (%) Ratio of cytoplasm

47 (a,b)CFP-YFP %3 I 7= CosT iz 25 (ORI L o X W TEER L=
G OENFEERS, (F CHRICIIT 28 &l o CFP-YFP O Y58 B H o ik
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B EE IR & LR O Hg

GimRET O EOEHEE L & IRHtR R & ORR 2~ 257202, GimRET 2 7'n—7 L L
C. FRAP (fluorescence recovery after photo-bleacing) 17\, GimRET 8 Y& 58 L.
CPERUER 2 i LTz, FRAP 13, WROMMEEZ BE S 5250 —>Th %, fhiltx R
LY EWERICELARDEOLEAER DY e — 7 2 BRI E T &, BiRT
DR EHRAL, L—Y—ZNICRN T2 2 L TREAESE, ReSEElEc e —7
PILRT 28T 6, TORMEZ RES 2, WRTOMMELZELSELME L LT
FIIZAHW S LS PEG6000, 227 m—Z  BSA {#&IZ GimRET %#{&& L FRAP #1T7-
72L& 2 A, BSAIZRBWT, #t# e GImRET O#EEIREHIZRVERENALNTZ, Z1L
(X, GIimRET Z V- FRAP (2L V| BEAEREOZE(LE, EAEREOHEMIMAD &
EORMEDTAL ZRIFFHCHRH TE 5 Z L 2R LTV D,
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o

15 15 o - 18
o Ratio (CFPIYFPAG) {14 2 & 61
5 147 13 g. g 150 mg/ml
™ 5 =14l
1.3 12§ &
L O 12+ 200 mg/ml
O 12t " (%R &0=) i
S 1103 810y {
b g C
e 1.1 log 8 8 250 mg/mi ! 1
Diffusion coefficient 3 >
1.0 — : 85 £6 U ——
150 200. 250 ~ 0 1011 12 13 14 15
BSA concentration (mg/ml) Ratio (CFP/YFP1G)
0.80 ; — 16 —~ 18
- Ratio (CFP/YFP1G) g ‘:,\”
O iffusion coefficient | 15 5 € 16l
5 0.75} 2 = 7%
™ 3 =
E 14g o 14¢ .
o 1138 @ 12} 15 %
2 0.65 g S
“— i - ~— | ==
2 : 12§ g 10+
=
0.60L— Mgy £ 8 : : :
7 10 . 15 £ 0O 060 065 0.70 0.75 0.80
PEG6000 (%) Ratio (CFP/YFP1G)
C
0.90 169 & 18
& 158
o 0.85} 148 = 16+ 20 %
TR S € '
> 13g & 14|
- 0.80 128 130 %
+] 1n1e 8 12}
® O
2 0.75 102 5 10l
' Ratio (CFP/YFP1G) 9 T B
070 Diffusion coefficient % g 8 +40%
) . L 8 = E : : :
20 30 40 £ O 070 075 0.80 0.85 0.90
Sucrose (%) Ratio (CFP/YFP1G)

48 BSA #i#i(a). PEG6000 & (b), A7 v — ARk (c) DB, HOLMEE ., JLEk
REOFEEX () & TREbRER & 3R E L O MR B X (OF)
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GImRET % 3 Hl S 72 CosT MO & MIFREIZIB W TENEIN FRAP 21T - 72, K
50 2 HbomD K HIT, EETEHIZL > T, ®EOEIET LHENR S TWD, Hfif
DIV T, GImRET O EIRE L & IEBAREIITHEBER A b, T ORERIT
RNV C GImRET O#E0Y, BAERE L 5T OB MERS L Z LR L
TW5, —H T, BEMBEICEWTERERENR U THDIZE 200 LT, MinE
DFELEANEN T & D531z,

a Transmittion image 460-500 nm fluorescence image  520-560 nm fluorescence image Raiometric image

Ratio (CFP/YFP1G)

S 0]

4

Pre-bleach 0 104 208 416 824 ms 16s  52s 1865
Time (s)
c d
~ 1.0 ks B T 1.0 b
B3 .af 4 oo 8@ o f
N 08} 4 = ; 08}
> - = b
E 2 061 — CFP (500-540 nm) £ g 06 — CFP (500-540 nm)
Z 204l YFP1G 1“-20—”-50 nm) 2% oaf YFP1G (520-560 nm) ]
16 y 16 . + + :
& " Ratio =140 | & | Ratio = 1.43
o o =] &
B 14 T
Xy M IM WA' VMN'NV W“VIW"\WN ca
5 o
12 T2 : : : :
0 5 10 15
Tme after photoblead\mg (s) Time after photobleaching (s)

49 (a)FRAP %#1THai1D, GIimRET %33 X t7- Cos7 Mifldz . 60 fExfyL o X%
AWTEE LZHAOREEB (L), CFP O#%E&(FRA), YFP1G Ot E& (R RA),
HOCTRE B GE). 0., ME O GimRET #8675 Btk TOR G OESRFIZ AL,
(o), Mg Ik 2 REAaRT% TO, flE S 7=kl 1 29 e E o AL
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FLOLEE

GimRET % %8l S ¥ 72 CosT MIAIZ RV Tk, GimRET OEEARE A, Mfaf <1
H5ONTUWe, ZHETICABEON-MIEANOEAEREIL, FEFICEZ < OO
T %(Zimmerman , 1991), HAAM CEBEIRED & OREE D 2ME. ZE TITHwEN
2\, ZD7z, GImRET OEAERELOIEL DX, BAERELSNOERTIES D
WTWAHRREMD B D & 2, Ml pH. GimRET O%Ei&, GimRET O folding &
maturation DR ZFH~72, HIKEN pH O 55X 13, GIimRET O#EHEEL OIS o
X LHARTIEFIT NS o7 od, pH TlidZenWeE 272, GimRET O I8 I
GImRET # D& O DREEIZ L > TEMET, £/, MIENOEIEIRE & ORI 72
mofele®, GimRET OFHOIXH O L, EMELDOITSLSEITHE LRV EEX
72 GimRET @ folding & maturation ®#E X, GImRET =Dt O DERK, 453ED 10
FLL B2 HIIEAN O GImRET OFEDOIX S D X124 H folding & maturation (3,
HIEFRE LI L2, SRIOFER CTHATZWTHWOER G| A CoEEmE L
DELHSEDFEETIIRVWEEZEZbND, —FH T, BABIERRRET 23BHRD
HETRE & GImRET O N8 EL A i L7z & 2 A, HEARA LT, DF D, Mfak
DEHREREDE VLY, GImRET T3 6E E L THRIEEL TS Z L2725, [F LA
fafE7p DT, FBELTWHEAEOEENREEDRWEE X D L, Mlak oLk
EOEXL5X 3, BEHEREDIILDENKMEIN TN EEXILND,

MR CINZEEREREICIIO DI DL LDONILNLR, 7272 L, A
fEF L7z CosT MUY IR CTd V| AR T OZERERNE Z 3\ ¢, Mfafc
DEROEVCLY | EAEOFKBEOMRESCTHIN R 5720 MIaH T OB A EiRE
ICRERIELDERHST-DOTIIRNNLEEZ TS,

GimRET %38l &7 HeLa M0 # M ELEZ R TH 5 &, Mlaf TiEs>unTn
Do, LonL, £OIEHHEE, CosT Mifid & e~ T/hE M o7z, CosT MRl Mifaf <
REEDVFEITIESODNWTWD, ZEMESEET 570 L, MM THIaOREN K&

SHEp->TWn5S, —FTHeLafildld, TAUIEMPORE INEISO>NTELT, £
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7o, IO X 5 7eilaidd £ BE IR, BEERELDIXL DX T,
AR FER] COME DEWEZ KM L TWADOTIXRWhEEZ BND,

#F : Hela #lija

Frequency (%)

50

40

30

20

10

T T T T

T

T

T T T

Cos7 #ika

Hela #Hka

1.113151.7192123252729

Ratio (CFP/YFP1G)

51 CosTillifid & HeLa #ifa OMEM OH AL OIT S -S> & O 77 : CosT Ml
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GimRET % Bl & 7= Cos7 MARICEH W TiX, GImRET O# R A, RN T—
HCTholz, Ziut, MRREIZHWT, RFTHRITBIRE OBV R ol &) ik
& —%4 % (Kiihn, 2011 : Nakane, 2012),

AR O E FEFREE HE O 1T MR IC BT 1.6720.40, BZIZBWT 1.55+0.28 T
bole, HOLTRE N GHE L7 E A EIRE L, MEICHV T 3872200 mg/mL, %
IZH T 345140 mg/mL THh -7z,

(a) (b)
920 | | o 25f
: £ 0 I
= 155 [
o 1.0f 125
o 52 10 l
=057 - ) B T
@ 9 S T

0 !
Nucleus Cytoplasm N#f__\’, A%yto Nchngto

52 ()& MEIZHIT D GImRET O# G LD FH, (b)GImRET % 7'm—7 &
L THWZ FRAP & FCS bR 728% & i E OILBUERE

Cos7 Mifa DO & Ml OJEEUR % . GimRET # 7' 1n—>7 & LC FRAP & FCS #H
WTHIE L/ E 25, FRAP TIRKEARENH 72, FCS THENR LN -T2
(FCS 13 &3l oAbkt X AIZERR L T 2720 7)), GImRET % H\ 72 & BB R E O g
T, B MR CIERE BT o7, GImRET 1%, GimRET J&:i OFE B ERE
ABRHLTWD, D0, ROWEROEAERE, 2 FRMEZRL TV EEZLND
DT, MERZEMCBIT L7 0 —7 O ZHFH~L FCS LR L HIZ, BLMRETHE
DENWDR 2ol EZBND,

BEMREIIZECL > TR TONTEY , BA~OESTORAIIIERIES 77
NIPRBEE SN TVDN, HEEAEZMLEMZETICHBNTEEIELEETYH
BEWNIZ®TET % (Hihara, 2012), 072D fIAN THE L TV 25— K2 ERE N
AZEBHBEIATERTE 720, MIRE EEOM TIIZNIZERELREAEREDEN
einotletEZ BN,
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F7o. MREOWEIERED 1.5 UL ETiX, MIE & ik U T O3 8 E MK >
Too ZORERIT, BOEBEELN 1.5 U L, BHEREICHEE T 5 & 300 mg/mL UL EIZ7
 BLMRE CERERENANY IR ZEER LTS, BEIC, BNOEH
BIRE, HO5WINTIRMIS LT, BEHEOMAZIED D, HHWIFRHEZRET 2
EOBRBEERDHLDOTIERNNEEZTND,

GimRET & FRAP Z#Aa&bd 5 2 & C, I & BAERE OBMRZF~ -, #tE
EORLRDMITIE, 2COEIERENEZR>TWe, 2F0, BEAEREICED, 7
H—7 OBERTENRERL I L ER LTS, GimRET O8GRI e & BRSO+
BIA R RE R, MK, HENEThOEE CHERA LN, L, AUEAER
EThHI200bbT, e N THREIZK T DI EN -7, 20, Mg
BT B &0 O fERIT, MBS/ NS RIE-E R SIC kY . BREOILENE
ol ThdEEZXLND, DEV | YEEUZT TIXIEMMIBN OBREE 4 KRBT
ZTTRLT. MIENOSTORM LBRELZ RTOICA S THDHZ EE2RL TN,
ABFFEIC CHA%E L7z GImRET & EBUREAZRIES 2 FELMAEDLEDH 2 & T, KV IE
fe7e THIRIIN O TIRME) 2R T 2 &N TELHEEZX TN D,

A EOFERRTIE, FRAP & GimRET ##A& b7z, IERERIT., MIEEICL - TR
72 % @ C(Stasevich, 2011 : Norris, 2011 : Bernas, 2014 : Diekmann & Hoischen, 2014), FRAP LA
SAOFiEEL GImRET OB BT O LERHDH LEZX TN D,

— 5T, B MRREICENT, AUERERE TS, ILEREAITE VTS, F3
BECRLEZEIIC, GimRET X727 Fv, Fa—7 UV r0EA, BEGZHRETETH
R, 20, FFTRREBEOBEREZRLA, R CEBEREIZRT 2 IL8AERO
EOEO&EHAEATVDLEEZBND, DF Y, GImRET & W\ T MifaR OlRME X 2R
FTITIHSER TRV, ZNOOREEZRHTEL L) RBUBERBLETHD LEXHNLD,

ARETIL, GImRET ZHWT, Mifaf, MENOEAEREORKRAIT 72, £z,
GimRET Z# /- FRAP (2 LV | LR T TlIHFREMZ = TIIER~ o THY . EA

BIRELMHAGDOEDZ & T, LV EMY THRNOSFRME 2RTENTEDLHZ
LT,
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#6E GImRET Z@a LEEAEZHAVWCEREREORRKHR -
ZZRELDRIE

ERELAR

ZNETOETIE, GImRET # Mg CHRBE S, MlaafFicl iy 2EBERERELS
BLT&7%, UL, MIRENTIE, 5 3 EOMBESRZO L O ICHBNICYH, M/
BN E ORI ERE, %0 ZRMICLENEZ 5,

FRAP X° FCS (%, EFICHRARFETHLIN, REbHDH, L, KRy, 22/
RECDOBENE LN WS A THDH, FRAP X, 7u—7 0, #ea S8R D
BTE2BETINERH D, LinL, 7o—70RIIARTH Y, HEKE FRAP %179
CHIETERLS D, £lo, HOLBRECHAZNLIEL T 5D T, MEANORETHI IR
SEPET DITERMETH D, FCS L, HUNGHHICHIT 2BEThH 5720, Mlark
BT 5, HHVITMVNEESABEILCLE S &, EMAEEZRTIENTE RN, £
7o, IR A ) D 7o, RffZE(bEZE S 2 &N TE RV, M T, A RIET
HNTNOFHES, BIEMNRIIR L THERAICL——Z2RHEHTILERNL L 720, HE
EOBEEIT O EXBEDOT-OMIEAT ->TLE S,

HAEEEN, MDA A=Y ZICAVWLR S —20OEEAN, #EHEICREL
VTR, RETAEREEARAET A LT, MIENTREIELZENTEDIND
Thd, Fio, HIEBEABENREALRVWRIREFEELAND Z LT, FENRZELEZED
ZLELHARETH D,

GImRET &, #AEREROT, MOBEAELFMAETHIENTED, ZOETIL,
ra~FoNEEEEETSEAE T, BRNICEET S H2B 12 GIimRET @4 L, Ml
SYREIZITIIT DN OE BEIRE DL ORI 2~ 72,

Fl 74 uRT 4 T OHEEIIRETHDEAE THD I AT XICGImRET Z# @& L.
MIE & 7« AT ¢ 7 OYelin TOEAEIREOHE ATV, GimRET 23 #ildi o J& T
BB R EREDEWE R T,
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KRG

H2B-GimRET D#i %2

H2B-GIimRET D7 Z —(%, t A k> 2B(H2B)? cDNA Z #5581 & L T, #IREEHE D A
I Nhel #E5te B A, 7o F VAT T4 ~v—% AT PCRIEICL VIEIE L, PCR &
¥)% Nhel THIREESE S » k L7z GimRET OX7 X — L T A F— a U EITUVER LT,
ETHRY Z—LDHbS o ([SEETFEAEITH 12,

EBRIIT HeLa MR Z A L7o, MIEORRFESHEIEEAEO—BERHICIT, H4
TR UGEARGWE, MIRERE 252 5720, H2B-GImRET DX ¥ — % s 1E
AL T24 %S, MIEAEEL CWAEMZ, | mM b Re XU RFZIREG Lo

BB LT, B RRFURBLZHWDS Z & T MEEMZ SHIICEAZHZ N TE D,
16 FEfIf:, & Ra X RFEE PBS THESF L, 7=/ —/L Ly R LOEMIZERL, &
JEEAMEE LICIB T, 37CL 5%CO, ST, 30 pic—ElL 24 FefiRE Lz, B8
25 EOR L X Tz, BIELEI % 338.61x338.61 um2 (1024x1024pixels), 0.331 ps
/pixel DFAFTHBIE LTz, ERIL S BIFEHETH D, EKREBIL 60 fExtL o X THRE L
72 41.943x41.943 pm® (1024x1024pixels), 0.041 ps/pixel DM CTHE L=, gL, 20
BB CH D, fENTIE Image] 2 FH\WTITH 72,

GimRET-MyosinX D#%2

GimRET-MyosinX ?O-X7 % —% GIimRET ® c¢DNA % #7% & L . #I[RE£ZE Y1 b Nhel
EELREVA T UTFREAT T A~ —%HWTPCRIEIZ LV HEIE L. PCR EM % Nhel
THIREERE D Y FLIZIF T X ORI B =L T 47— a U EITUMEE LT,
ETHORY Z—LDHbS o ICEIEFEAEZIT- T,

FEERITIT CosT Mifux Wz, MEOEEFECHECERE O —\ERTIZIX, 5 4
BLERIUAFEEZAWZ, 72770, ~ P2 Ta— LT TARNLT £ v =il
a2 W2 BICR 7 X — DB FEAZIT o1, BIEIZIL 60 50X L > X AN T
1ToT0.. BIEMEA 41.943x41.943 pm® (1024x1024pixels). 0.041 ps/pixel DS THIZR
7oo EfgIE, 20 [EISEHBETH D, FENTIE Image) & W TITo 72,
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i R

BN O HE R O 4y Ar & R 2L

EXNCH2BIE, 7 e~ TF UBEEHERT S5 DOERXA N VERABEO—D2THY |
NDOZa~F DA A= 0 7%4T I BRICZR K AW BTV % (Campos, 2009 : Bancaud,
2009), GimRET % H2B (%} (H2B-GimRET), HeLa Ml CHE S EEE L=, 60
FoL o ZEHWTEBE L. E 2 A ENO GImRET O#JEHBEkIZ—HETH 72,
WHBERD & —BRTIERVWERRLT,

Transmission image Fluorescence image Ratiometric image

b

400 . : : . 2.5

= — Totoal intensity §
© i =
g 300 12089
@ 9
s 2001 -
£ — Rati ' g
[ 100 i T
e)

=0 - - - - 10

0 5 10 15 20 25

Position (um)
53 (a)GimRET-H2B # % X¥7- HeLa fifa% . 60 S5l o A2 WTCHEZE L=

A ORREGRGE), #eBhd), #EHRERECGE). (b)(a)DE g & dEHRE B D
JUaARvr g
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25 [EDXM L v Ra VT, s %5 H2B-GimRET O 58 EE e D28k
#iB-> 7z, H2B-GImRET D& CIRE & #OEME L ORI DFHE b L — 2 2 [X] 54
12 F, H2B-GimRET O IR IT, G2 B LI Ltk fHEYRE R E
LT EEITHRRERD . ZOBRRA T L,

a

E\ 350 —o—'TotanI inteﬁsity I 21 -
5 300 = Ratio o
S 2507 2
2> @)
o
= ml
T 100t 2
° 50 =
olowien =N |49
3 -2 -1 0 1 2 3

Time (hours)
X 54 (2)GIimRET-H2B % ¥ & 7= HeLa Ml 0> MR Z4RTH 1230 5 AR &(F)
& HOETREE B (T, (bR 2112 136 1 D a eiR L (FR) & e iR BE EL (FR) O I 21t
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AIRRRPTIC 3 T 5 B A ERE

%72, GimRET % 2 A4 > X281 (GimRET-MyosinX), Cos7 #if THI S B85
Lice I X ITHEHEMIZBNTORFEET HIAT T, 74 0RT 4 TIERHKIZ
BIfR LTV 5 (Berg, 2000), XI55 DL HIZ, 4Ty XITHREIZHFEEL TWDH08,
—HIE 7 4 v R T 4 T OHmICRE L TV D, GimRET-MyosinX O Y58 b 4 /BT A
D&, MIMVE LT T 0 u BT 0 T ORIRIENZ b oT,

a Transmission image Fluorescence image Ratiometric image
» < Rad - . 8

b —e—Totoal intensity ——Ratio

500 4 3
’5 Cell body Filopodia /\ O
> 400 |5 S
2300 %
c
& 200} 12 2
= 3
5 100} _1 2
0 ™ . =~

0 2 4 6 8 10
Position (um)

X 55 (a)GimRET-myosinX % %3l & 7= Cos7 Ml % ., 60 fExityL > X% HCHIE

L7256 OREE &R, #ou(hi), st B GE). (b)(a) Dty & ik i

BOY 7 OMOIuAY T g

PlED X512, GimRET Z@& L7-EBEE 2 AW T, MIENO R 2EHERED
BE. ZEMRNR b2 B ) Z SIS L,
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FLOLEE

GIimRET % H2B IZfil& L7z GImRET-H2B # i\ 5 Z & T, BENOE A'ERE O 5fi %
BET L LTI LIz, BN, BREREN R THoT, —HTHEAREBRIT. 71
~ F UG E R LT R — 7218 Tdh o 72, GimRET 0437 &34 50KDa TH Y . H2B
D4y FEiT 183KDa Th 5, GimRET |3 H2B & T 3 BEULEDSFETHDH 20,
GimRET-H2B OJFFEIL, AKD H2B ORELRLR->TnDHEEZLND, DFED,
GImRET-H2B 8 AV Z#p Z LN TE D 7 u~vF UHEENE CRVEBICEWTRTEL
LF <, ) TRVEBRICBWTREL TWARW=H, BB — Tl ho7=0T
TRVt EZbND, #EHEELEIL. GimRET-H2B OFHOEAEEE LR L TH
D, 7u~vFUBEOHE IO LD E ML TWRW b, SLREG & atB T
BB ERLIZEBEZTCND, 2 ZOFRIE, HIRELNEIREICLDL DT
IRN—DDFEILTH D,

HNOEAEREOHBRZEEZIEY 2 LI Lz, SEIckW T, REkoEA
BRENEML TV e, ZORRIE, B LR THRBITIE, 7 r~vF U EENOHE
BOONEL 72D V0 O |E & —% % (Hihara, 2012), GimRET [ 3& AERE T T2 <,
DNA 72 E ORI b4~ O C, 4RBIE Sz GimRET-H2B O#EFR:ZEkIT,
su<FUOBEDEY O, B A MR EOEREIZMA T, DNA OEEDOZE GRS L
TV, AERTIZ, BEHERENRESELMT L ETRIL T, AT OE(ERIE
L7z, FEREHICIBW T, S #1Cik DNA &8 2 {51272 % (Lodis, 2011), DNA (Zin1% T,
DNA [ZfEALTCWHE A R R EDEAEOEDL 2 %1272 5, GImRET % W TN
DEAEREABET 52 LT, MREASHTOENO G FORMS OEb 252 L
MTEDHEBEZ TS,

INETITONTE MIENS FRMEOERO F T, FADSFIRMEC SV TR~
b DIZIEF 1%\ (Schmiedeberg, 2004 : Yao, 2006 : Phair, 2006 : Catez : 2006 : Raska, 2006 :
Cardarelli, 2007: Bancaud, 2009 : Hihara, 2012 : Boskovi¢, 2014 : Bernas, 2014), Z #Li%, #H
DIRMES . HLWVIEX 7 LAY —LEEOHE S, ERTF R EOEEICEEL, £
DifERMMOBEEICEET L L EZXONTVEEOTHDL, THETOERTIE, B
BEIEE 2 F O 7281230, FRAP X° FCS 72 & OIEERE O HE 22 P12 L 0 | BENOS TR
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MOFMMTONTE T, L2 LI b OFETIE, KefERY - ZZRIRHIK N 6 5729

BN TOSFRMEOIESS, [F—laORHI 00 FRMOZE(ZIE D ZENTEh
STz, REBRTIX, F—MIOENOIRMEORFRZE(L %58 IZRRZH LTV 5, £z,

G, T TF UBEOHBEOEVWEABIET LI L TE S, A TCHEIN
7= GImRET % V2% 2 & T, BNO5 FIRMEOREIR - 2228 - 2m R e md 2 &
MTEDHEEBEZ TS,

GimRET % 2 4> » XA 25 2 & T, Mo BFTR2E A EREOE W BIE
% Z EIZAF LTz, GImRET-MyosinX & %8 S W72 Mifa ik, 7 4 =ART 1 TIZB N T
AIRE &R ELICEVA R b, BERENWZ L2, 74 v ART 4 7T OEIET T
372, 74 mRT 4 T EREOBENBELNMEN, DF D BEEERENMIWZ &2
SNz, 2O LI EVE, GImRET A TREE I ELGEICITBEIN TV RN, £
DEWE 0.8 THY, BEHEREICHET 5L, 400 mg/mL IZHYT 5, 7272L, FEMA
DEABIZE > TEEP ES £, HAEAEEX—AL L FRET 7'un—7 %O &
HEICEE LI2HEIC. TORZMENRENT 20T, BMlBIITERn, 224 7%2<
Eh, HIE EHARTT7 4 v RT 4 TOEAERENMEN LIIHBETH D,
74 viRT 0 TNOEK %K 56 1[TRT,

ARP2/3
Capping protein
ENA/VASP
F-actin

Fascin

IRSp53

Dia2

MOOO%O)V

Myosin-X

K56 74uiRT 4 7 NOERXK  (Mattila, 2008)
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K56 DX, 74uRT 4 THIL, fascin ICEV T 7 F T 4 F A RidANU RL
L LTk Y (Mellor, 2010), S HICHMOEREGFET LI L0, 740 R T 4 7HIE
ERECHEFICRMEL VWD E TSN, L2L, BERFTHORKRZ I LTL, 0K
RiE. 740 W7 4 7 EE, HDLVIRBESICENT, MMOBAER 7 4 0 RT 47
NGRS GG RAN AN IR - Si=x N Ul = S oI | ) DR QAYAN A A AV
AV IERA Yy v aRITED KD SN TNDIREPFERINTWDETZD, 7 aRT 47T
LEROEAERENENOTIX ARV EEZ b5, GimRET-MyosinX & RIFHZ, 77
F R fascin 2 ED, 7 4 wRT 4 T OFRHICERT 5 EABEZRRICBET 5 Z & T,
TABRRT 4 THORYEDEFELZRTZENTEDLLEZX TN,

SEOBETIE, 7408 RT 4 TOBMERIEE-7-HlgZ2BEL D, 7R T
4 T DEBEREA A=V 73528 T, 74mRT 4 THICE T 2EAERE DR
IR, ZZRR R (L EBETE L L EZA TV D,

AETIZ, GimRET 24 L7-EAEAZH WL Z LT, ORI EQERBED
REREIRY « EMM a2 b d o2 NnTE DL L ER LT,
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wiGERE

ARHFFECIE, BAERERZEEICEAEORELITV., EAEREICL > TR
BEHLANZEb 3 % FRET 7' = —7 . GimRET OBEFICAIY L7-, MlayZhefk, EaEs
R R, B8RO MIRAEEE I L 2 MENOEBEREDOEILOBEIZLY
GimRET 2 HfaNOEHEREZ MR TE 5 Z & # iR L7z, GimRET & fiflaNd 5y
T ORI A RMEST 2 HETH D FRAP 2#AH0E 5 2 LT, MaNORM S 2R
TN, IEBZ T CTIER o Thr a2 Lz, £72, MIENCRET2EBE L
BT 52 LT, MREANRBTICK T 2R, ZR2EAEREOCE( BT 52 &
IZH R LT,

AFFFE CIER U 7= AR E R M EOL E A& YFPLG (ZBUK IS5 U CRRE 20
WERT oD, BHEREZEZ T LRI, DR EbHKENREEG L TNWDHEBZXH
o, LrL, ZRICERFTOEAEREZEMS TR, EOXIRAI=ZLT
YFP1G O#ENIRENEACT D DODNIFRFATE TV, ZD A T =X LAOEBIZIE, &
BEHEREOERT. HD5WITMENIZE TS YFP1IG O AEEEZ 2 T1UEe 6
720y, NMR Z W T, iR COEEZE, &5 WITEotH Lok F & OMHAEER ZH
ROMERDD EEZTND, AN=ALEHRATHZ LT, L0 EREICEAERE
ZBEHTE 2ECEAE ORI, iR >m BB 2B TE L LML T
AT

BHEREZHET S GImRET L LR ZHIES S FRAP 2+ 252 &L T, &
AERENPFRICTHIICH00DOT, EBEEDERLIGENRHD, DFV | ILETE
J TR, MRENORMES Z RTINS THLIZ 2R LT, ZO/EIZ, N
RMES 72, EHUERTZ T Cigim LTI B B IR o T amlCBE T 2 mREtE 2R L TR D |
EAERER EOBREMAEDED Z LT, L0 EfkZ THANOSFRME 25T
ZEMTEDLEERZTWD, —FHT, BEHEORFIZEER bz TE RNl
GimRET 721 TIEAR+5Th 5, AWFFETIE FRAP & OB AT 7248, A% 13 fk
Bz ET 5 HE, FCS L RICS 72 X & GimRET # H#: L, GimRET & ¥ OFiE4H
HEbEDL LN, MIBAORMES 22 DIZHEENEZRBIEL W EE X TN D,
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GimRET #H\ % Z & T, MlaNIC T 5 EAEREDENR, Mids Rk 0E iR
ORI b2 RET 2 Z LB Lz, £72, H2B & GIimRET Z@&4 52 &
TENOEAERE OB E, ST X LA TH2ET, 740l F 47
NEWS BFTCBIT2EREREOEBEVWEZBET L2 ZLIIEIILTE, ZNETO, Ml
NOIEBZ T~ 2 FiEITHFE A 28I L0 . o FRMORMB, ZMNREETHD

IZARME Tho7c, GImRET [ T8t EBE 2O T, Ry, ZHZLETH~L 2 &
T T =V %, Mk, &5 WIHMEERONTIZKIT 2 MROEBERE., 51
RHEGIN D Z LD FRETH D,

GimRET O & LT, UM TlE, BBERTTH D myec WEREDOERKZEE L
TS EDOHEN & Y (Tansey, 2014), #E OMlifd & Hb~THE BB RE A &V ATREED
&%, GimRET %, F#@OMBEOFNE T iz B2 BLZE LTHWS Z ERT
LM LR, o, BAEERKICHWLILS iPS MifRlcix, EaITRSREOHM
o & RFERDMBAREL TEELTERBY . TOEVD, EX M TEF L - XF 0
fbick s, a—ru~Foi~Tnrsao~Frlinoiz, BRNOZ a~F REEOEWNT
5 LD L H D (Hiratani, 2010 : Fussner, 2011), GimRET Z@A& St7/-b & b
BHEZ, TRICKRMEMEORBIRZITOBIES LTHNWD Z L0, Iid 4 B+ 21K
ARICEA L% O, MIERRMEICERLBREABIET 270 —7 L LTHWSZ 722
EMTEDLOTIHERO D EEZ TS, GimRET 5 Z & T, MENOEERE
DAL, OWTII D TIRMOZELE —MEL XV TBETHZ LN TEDL, BDALOR
sk, bZe Eo, MRaM T FRMENENT 528G 4 2 5 Z &1, GimRET %5 H
TXHDOTIHRVMNEEZ TS,

BAE, 7 CICEEOMEEIC GImERT #4#&#: L T\ %, GImRET (X, ZivE CiRM
SEFRD ZENTE R o TEMmBLRO, FFEE « MR E\C TR DY —
NWELTIRKIERTHZENTEDLEEZ XA TV,
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ARE

KGR ZZAT L, B LEHETHIIH-0 £ LT, =< SADOFITBMHEEIC
0 E L, ZOHEEY TRETWELET,

fREHE OMBNE AT, RO HFRMESCER FIEICHE D . FZEICT 5
g, BEOMEFEFTHY LHLPIEHTCIREW-EEE L, ZoE LR
EELOLIENTELEOLEREAD TRAOBY T, LXVBILEL T
*9,

W AE, B LR D 5 FH. B < BRF o TWiziZ& £ L, Kbt
FLHAT O RIESSENISHE R & RA RGE CHEZ LW e lE&E £ Lz, £,
KEFEEOFEGFIEZITTCWEEEE L, LDEVESHWZLET,

REBILCLOWH, FHREEZESOFEELRLIGIEZIT T ESWVE LICERK
B, BIEZSI & TS VE LI HRE FEIR. ) UREEIRIEH
L EFES,

EBROEBOER LB A TS E LEEBERFRICEHB L EFET, %
To. RAFFRIZHOWTHRE « #a L C<ESWE LB B ZERT £ o A T LT
Fo o F =t A A A A=V TR T — L OBERIC OBV LR,

KD ERZ BRI 7Z & F LI BARAE L, B IMELIZREE L
EFFET, £, BLREA 2 EE L2 52 TNE LB AEMT AT A
Mt o ¥ — ORI L BV LET,

RICERTEXD L) XBWE&EF LERNERFRE, IUARD 5 BRIZRGHH L
EiFET,

&%IZ, BIEEICED T TORBMY., &8N Es L TKEZSWVWE LEmH L
%ﬁcmﬂ$biﬁif Lo HEANLE LT ELTEET, B A
KLLTWEZWNEBNET,

201543 H HJIEH

88



e Z BN

1

10

11

12

13

McGuffee SR, Elcock AH, Diffusion, Crowding & Protein Stability in a Dynamic Molecular
Model of the Bacterial Cytoplasm. PLoS Comput Biol. 2010;6(3):¢1000694.

Goodsell DS, The Machinery of Life, 2™ ed, (Springer, New York, 2009)

Fulton A, How crowded is the cytoplasm? Cel/ 1982; 30, 345-347

Zimmerman SB, Trach SO, Estimation of macromolecule concentrations and excluded
volume effects for the cytoplasm of Escherichia coli. J Mol Biol. 1991:222(3):599-620.
Medalia O, Weber 1, Frangakis AS, Nicastro D, Gerisch G, Baumeister W, Macromolecular
architecture in eukaryotic cells visualized by cryoelectron tomography. Science.
2002;298(5596):1209-13

Pradipasena P & Rha C, Effect of concentration on apparent viscosity of a globular protein
solution. Polymer Engineering and Science, 1977; 17(12):861-864.

Berns DS, Protein aggregation in phycocyanin — Osmotic pressure studies. Biochem
Biophys Res Commun. 1970;38(1):65-73

Minton AP, Effective Hard Particle Model for the Osmotic Pressure of Highly Concentrated
Binary Protein Solutions. Biophys J. 2008;94, L57-1.59

Castelletto V, Hamley IW, Clifton LA & Green RJ, Osmotic pressure and aggregate shape in
BSA/poly(ethylene glycol)-lipid/Dextran solutions. Biophys Chem. 2008; 134, 34-38

van den Berg B, Ellis RJ, & Dobson CM, Effects of macromolecular crowding on protein
folding and aggregation. EMBO J. 1999; 18, 6927-6933

van den Berg B, Wain R, Dobson CM, Ellis RJ, Macromolecular crowding perturbs protein
refolding kinetics: implications for folding inside the cell. EMBO J.2000;19(15):3870-5
Tokuriki N, Kinjo M, Negi S, Hoshino M, Goto Y, Urabe I, Yomo T., Protein folding by the
effects of macromolecular crowding. Protein Sci. 2004;13(1):125-33.

Li C, Charlton LM, Lakkavaram A, Seagle C, Wang G, Young GB, Macdonald JM, Pielak
GJ., Differential dynamical effects of macromolecular crowding on an intrinsically
disordered protein and a globular protein: implications for in-cell NMR Spectroscopy. J Am

Chem Soc. 2008;130(20):6310-1.

89



14

15

16

17

18

19

20

21

22

23

24

25

Inomata K, Ohno A, Tochio H, Isogai S, Tenno T, Nakase I, Takeuchi T, Futaki S, Ito Y,
Hiroaki H, Shirakawa M., High-resolution multi-dimensional NMR spectroscopy of proteins
in human cells. Nature. 2009;458(7234):106-9

Wang Q, Zhuravleva A & Gierasch LM, Exploring weak, transient protein-protein
interactions in crowded in vivo environments by in-cell nuclear magnetic resonance
spectroscopy. Biochemistry. 2011; 50, 9225-9236

Drenckhahn D & Pollard TD, Elongation of actin filaments is a diffusionlimited reaction at
the barbed end and is accelerated by inert macromolecules. J. Biol. Chem. 1986 ;261,
12754-12758.

Lindner RA & Ralston GB, Macromolecular crowding: effects on actin polymerization.
Biophys. Chem. 1997;66, 57-66.

Herzog W and Weber K, Microtubule formation by pure brain tubulin in vitro. The influence
of dextran and polyethylene glycol. Eur. J. Biochem. 1978;91, 249-254.

Rivas G, Fernandez JA and Minton AP, Direct observation of the enhancement of
non-cooperative protein self-assembly by macromolecular crowding indefinite linear
self-association of baterial cell division protein FtsZ. Proc. Natl. Acad.Sci. USA 2001;98,
3150-3155

Zimmerman SB & Harrison B, Macromolecular crowding increases binding of DNA
polymerase to DNA: an adaptive effect. Proc Natl Acad Sci U S A. Apr 1987;84(7): 1871—
1875.

Akabayov B, Akabayov SR, Lee SJ, Wagner G, Richardson CC, Impact of macromolecular
crowding on DNA replication. Nat Commun. 2013;4:1615

Martin J, Hartl FU, The effect of macromolecular crowding on chaperonin-mediated protein
folding. Proc Natl Acad Sci U S 4. 1997;94(4):1107-12.

Ovadi J, & Saks V, On the origin of intracellular compartmentation and organized metabolic
systems. Mol Cell Biochem. 2004; 256-257, 5-12

Aoki K, Yamada M., Kunida K, Yasuda S & Matsuda M, Processive phosphorylation of ERK
MAP kinase in mammalian cells. Proc Natl Acad Sci US A. 2011;108, 12675-12680

Aoki K, Takahashi K, Kaizu K, Matsuda M. A quantitative model of ERK MAP kinase

90



26

27

28
29

30

31

32

33

34

35

36

37

38

39

phosphorylation in crowded media. Sci Rep. 2013;3:1541

Zimmerman SB, Macromolecular crowding effects on macromolecular interactions: some
implications for genome structure and function. Biochim. Biophys. Acta., 1993;1216 (2):
175-85.

Ellis RJ, Macromolecular crowding: obvious but underappreciated. Trends Biochem Sci.
2001;26(10):597-604.

Rivas G, Ferrone F, Herzfeld J, Life in a crowded world. EMBO Rep. 2004; 5(1): 23-27
Foffi G, Pastore A, Piazza F, Temussi PA, Macromolecular crowding: chemistry and physics
meet biology (Ascona, Switzerland, 10-14 June 2012). Phys Biol. 2013;10(4):040301

Peters R, Peters J, Tews KH, Bahr W, A microfluorimetric study of translational diffusion in
erythrocyte membranes. Biochim Biophys Acta. 1974;367(3):2827294.

Axelrod D, Koppel D, Schlessinger J, Elson E, Webb W, Mobility measurement by analysis
of fluorescence photobleaching recovery kinetics. Biophysical J. 197616 (9): 1055—69.
Magde D, Elson EL, Webb WW, Thermodynamic fluctuations in a reacting system:
Measurement by fluorescence correlation spectroscopy. Phys Rev Lett, 1972:;29, 705-708.
Edidin M, Zagyansky Y & Lardner TJ, Measurement of membrane protein lateral diffusion
in single cells. Science 1976191, 466—468

Lippincott-Schwartz J, Snapp E and Kenworthy A, Studying protein dynamics in living cells.
Nat Rev Mol Cell Biol. 2001;2(6):444-56.

Reits EA, Neefjes JJ., From fixed to FRAP: measuring protein mobility and activity in living
cells. Nat Cell Biol. 2001;3(6):E145-7.

Klonis N, Rug M, Harper I, Wickham M, Cowman A, Tilley L, Fluorescence photobleaching
analysis for the study of cellular dynamics. Eur Biophys J. 2002 ;31(1):36-51.

AAZE, FOHARKR, 5% & 8 AMRdt A A — 7, 85-92 (2007)

Matsuda T, Nagai T, Quantitative measurement of intracellular protein dynamics using
photobleaching or photoactivation of fluorescent proteins. Microscopy (Oxf).
2014;63(6):403-408.

Ries J & Schwille P, New concepts for fluorescence correlation spectroscopy on membranes.

Phys. Chem. Chem. Phys., 2008;10, 3487-3497

91



40
41

42

43

44

45

46

47

48

49

50

51

BIRBUE, R L EEANREA A —2 7,101 —109 (2007)

Schwille P, Korlach J and Webb WW, Fluorescence correlation spectroscopy with
single-molecule sensitivity on cell and model membranes. Cyrometry. 1999;36(3):176-82
Bacia K, Kim SA, Schwille P, Fluorescence cross-correlation spectroscopy in living cells.
Nat Methods. 2006;3(2):83-9.

Phair RD, Misteli T., High mobility of proteins in the mammalian cell nucleus. Nature. 2000
6;404(6778):604-9.

Schmiedeberg L, Weisshart K, Diekmann S, Meyer Zu Hoerste G, Hemmerich P., High- and
Low-mobility Populations of HP1 in Heterochromatin of Mammalian Cells. Mol Biol Cell.
2004;15(6):2819-33.

Boskovi¢ A, Eid A, Pontabry J, Ishiuchi T1, Spiegelhalter C, Raghu Ram EV, Meshorer E,
Torres-Padilla ME, Higher chromatin mobility supports totipotency and precedes
pluripotency in vivo. Genes Dev. 2014 ;28(10):1042-7

Yao J, Munson KM, Webb WW, Lis J., Dynamics of heat shock factor association with
native gene loci in living cells. Nature. 2006;442(7106):1050-3.

Cluzel C, Saltel F, Lussi J, Paulhe F, Imhof BA, Wehrle-Haller B, The mechanisms and
dynamics of (alpha)v(beta)3 integrin clustering in living cells. J Cell Biol.
2005;171(2):383-92.

Gregory J. Digby, Robert M. Lober, Pooja R. Sethi, and Nevin A. Lambert, 2006, Some G
protein heterotrimers physically dissociate in living cells. Proc Natl Acad Sci U S A.
2006;103(47):17789-94.

Shimi T, Pfleghaar K, Kojima S, Pack CG, Solovei I, Goldman AE, Adam SA, Shumaker
DK, Kinjo M, Cremer T, Goldman RD., The A- and B-type nuclear lamin networks:
microdomains involved in chromatin organization and transcription. Genes Dev.
2008;22(24):3409-21

Cluzel P, Surette M, Leibler S., An Ultrasensitive Bacterial Motor Revealed by Monitoring
Signaling Proteins in Single Cells. Science. 2000;287(5458):1652-5.

Hihara S, Pack CG, Kaizu K, Tani T, Hanafusa T, Nozaki T, Takemoto S, Yoshimi T, Yokota

H, Imamoto N, Sako Y, Kinjo M, Takahashi K, Nagai T, Maeshima K., Local nucleosome

92



52

53

54

55

56

57

58

59

60

61

dynamics facilitate chromatin accessibility in living mammalian cells. Cell Rep. 2012;2,
1645-1656

Im KB, Schmidt U, Kang MS, Lee JY, Bestvater F, Wachsmuth M , Diffusion and Binding
Analyzed with Combined Point FRAP and FCS. Cytometry . 2013;83(9):876-89.

Miiller CB, Eckert T, Loman A, Enderlei J & Richtering W, Dual-Focus Fluorescence
Correlation Spectroscopy: A robust tool to study molecular crowding. Soft matter, 2009;5,
1358-1366

Kalwarczyk T, Ziebacz N, Bielejewska A, Zaboklicka E, Koynov K, Szymanski J, Wilk A,
Patkowski A, Gapinski J, Butt HJ, Hotyst R. Comparative Analysis of Viscosity of Complex
Liquids and Cytoplasm of Mammalian Cells at the Nanoscale. Nano Lett. 2011;11,
2157-2163

Gershon ND, Porter KR and Trus BL, The cytoplasmic matrix: its volume and surface area,
and the diffusion of molecules through it. Proc. Natl. Acad. Sci. USA. 1985 ; 82:5030-5034.
Minton AP, Holobiochemistry: an integrated approach to the understanding of biochemical
mechanism that emerges from the study of proteins and protein associations in
volume-occupied solutions. In Structural and Organizational Aspects of Metabolic
Regulation. P. A. Srere, M. E. Jones, and C. K. Mathews, editors. Wiley- Liss, New York.
1990; 291-306

Cutsforth G, Whitaker R, Hermans J. and Lentz BA, new model to describe extrinsic protein
binding to phospholipid membranes of varying composition: application to human
coagulation proteins. Biochemistry 1989;28, 7453-7461

Knull HR & Walsh JL, Association of glycolytic enzymes with the cytoskeleton. Curr: Top.
Cell. Regul. 1992;33, 15-30.

Lakatos S & Minton AP, Interactions between globular proteins and F-actin in isotonic saline
solution. J. Biol. Chem. 1991;266, 18707-18713

Stasevich TJ, Mueller F, Michelman-Ribeiro A, Rosales T, Knutson JR, McNally JG,
Cross-Validating FRAP and FCS to Quantify the Impact of Photobleaching on In Vivo
Binding Estimates. Biophys J. 2010;99(9):3093-101

Norris SC, Humpoli¢kova J, Amler E, Huranova M, Buzgo M, Machan R, Lukas D, Hof M,

93



62

63

64

65

66

67

68

69

70

71
72

Raster image correlation spectroscopy as a novel tool to study interactions of
macromolecules with nanofiber scaffolds. Acta Biomater. 2011;7, 4195-4203

Kiuchi T, Nagai T, Ohashi K, Mizuno K. Measurements of spatiotemporal changes in
G-actin concentration reveal its effect on stimulus-induced actin assembly and
lamellipodium extension. J Cell Biol. 2011;193:365-80

Bernas T, Brutkowski W, Zarebski M & Dobrucki J, Spatial heterogeneity of dynamics of H1
linker histone. Eur Biophys J. 2014;43, 287-300

Diekmann S & Hoischen C, Biomolecular dynamics and binding studies in the living cell.
Phys Life Rev. 2014;11, 1-30

Takata H, Hanafusa T, Mori T, Shimura M, lida Y Ishikawa K, Yoshikawa K, Yoshikawa Y,
Maeshima K, Chromatin compaction protects genomic DNA from radiation damage. PLOS
ONE 2013;8, 75622

Shimomura O & Johnson FH, Extraction, purification and properties of aequorin, a
bioluminescent protein from the luminous Hydromedusan. Aequorea. J. Cell. Comp. Physiol.
1962;59, 223-239

Chalfie M, Tu Y, Euskirchen G, Ward WW, Prasher DC, Green fluorescent protein as a
marker for gene expression. Science 1994;263 (5148)

Ormd M, Cubitt AB, Kallio K, Gross LA, Tsien RY, Remington SJ, Crystal structure of the
Aequorea victoria green fluorescent protein. Science 1996 ;273 (5280): 13925

Shaner NC, Campbell RE, Steinbach PA, Giepmans BN, Palmer AE, Tsien RY, Improved
monomeric red, orange and yellow fluorescent proteins derived from Discosoma sp. red
fluorescent protein. Nat Biotechnol. 2004;22(12):1567-72

Shcherbo D, Murphy CS, Ermakova GV, Solovieva EA, Chepurnykh TV, Shcheglov AS,
Verkhusha VV, Pletnev VZ, Hazelwood KL, Roche PM, Lukyanov S, Zaraisky AG,
Davidson MW, Chudakov DM, Far-red fluorescent tags for protein imaging in living tissues.
Biochem J. 2009;418(3):567-74.

Tsien, RY, The green fluorescent protein. Annu Rev Biochem. 1998;67, 509-44

Miyawaki A, Nagai T, Mizuno H, Engineering fluorescent proteins. Adv Biochem Eng
Biotechnol. 2005;95:1-15.

94



73

74

75

76

77

78

79

80
81

82

83
84

85

86

Chudakov DM, Lukyanov S, Lukyanov KA, Fluorescent proteins as a toolkit for in vivo
imaging. Trends Biotechnol. 2005;23(12):605-13.

Miiller-Taubenberger A, Anderson KI, Recent advances using green and red fluorescent
protein variants. Appl Microbiol Biotechnol. 2007;77(1):1-12

Craggs TD, Green fluorescent protein: structure, folding and chromophore maturation. Chem.
Soc. Rev., 200938, 2865-2875

ARIZE, @B, O, R, KRR, R L EE AMadt s A—v v
7. 54-78 (2007)

Pologruto TA, Yasuda R, Svoboda, Monitoring neural activity and [Ca2+] with genetically
encoded Ca2+ indicators. J Neurosci. 2004;24(43):9572-9.

Miesenbock G, De Angelis DA, Rothman JE, Visualizing secretion and synaptic
transmission with pH-sensitive green fluorescent proteins. Nature. 1998; 9 ; 394 (6689) :
192-5.

Morimoto YV, Kojima S, Namba K, Minamino T, M153R mutation in a pH-sensitive green
fluorescent protein stabilizes its fusion proteins. PLoS One. 2011;6(5):e19598.

Forster T, Intermolecular energy migration and fluorescence. Ann Phys. 1948;437, 55-57
Piston DW & Kremers GJ, Fluorescent protein FRET: the good, the bad and the ugly. Trends
Biochem Sci. 2007;32, 407-414

Ohba Y, Fujioka Y, Nakada S, Tsuda M, Fluorescent protein-based biosensors and their
clinical applications. Prog Mol Biol Transl Sci. 2013;113:313-48

KGR, N, B L FEE MRS A —2 0 7,110-117, 2007

Hires SA, Tian L, Looger LL, Reporting neural activity with genetically encoded calcium
indicators. Brain Cell Biol. 2008;36(1-4):69-86

Nagai T, Sawano A, Park ES & Miyawaki A, Circularly permuted green fluorescent proteins
engineered to sense Ca*". Proc Natl Acad Sci U S A. 200198, 3197-3202

Imamura H, Nhat KP, Togawa H, Saito K, lino R, Kato-Yamada Y, Nagai T, Noji H,
Visualization of ATP levels inside single living cells with fluorescence resonance energy
transfer-based genetically encoded indicators. Proc Natl Acad Sci U § A. 2009;106,
15651-15656

95



87

88

89

90

91

92

93

94
95

96

97

Grashoftf C, Hoffman BD, Brenner MD, Zhou R, Parsons M, Yang MT, McLean MA, Sligar
SG, Chen CS, Ha T, Schwartz MA, Measuring mechanical tension across vinculin reveals
regulation of focal adhesion dynamics. Nature. 2010;466, 263-266

Watanabe TM, Imada K, Yoshizawa K, Nishiyama M, Kato C, Abe F, Morikawa TJ,
Kinoshita M, Fujita H, Yanagida T, Glycine Insertion Makes Yellow Fluorescent Protein
Sensitive to Hydrostatic Pressure. PloS One 20138, 73212

Spudich JA & Watt S, The regulation of rabbit skeletal muscle contraction. I. Biochemical
studies of the interaction of the tropomyosin-troponin complex with actin and the proteolytic
fragments of myosin. .JJ Biol Chem, 1971246, 4866-71

Murofushi H, Kotani S, Aizawa H, Hisanaga S, Hirokawa N, Sakai H. Purification and
characterization of a 190-kD microtubule-associated protein from bovine adrenal cortex. J
Cell Biol. 1986;103, 1911-9

Meylan WM & Howard PH, Atom/fragment contribution method for estimating
octanol-water partition coefficients. J Pharm Sci. 1995;84, 83-92

McConkey EH, Molecular evolution, intracellular organization, and the quinary structure of
proteins. Proc Natl Acad Sci U S A. 1982:79, 3236-3240

Son SH, Yamagishi Y, Tani M, Yuasa M, Yamada K, Spectral shifts of the
environment-sensitive fluorophore POLARIC in heterogeneous interfaces. Chem. Lett.
2011:40, 989-911

Lakowicz, JR, Principles of Fluorescence Spectroscopy 3rd ed. (Springer, New York, 2006)
Fernandez JM, Di Giusto G, Kalstein M, Melamud L, Rivarola V, Ford P, Capurro C, Cell
volume regulation in cultured human retinal Miiller cells is associated with changes in
transmembrane potential. PLoS One. 2013;8(2):e57268.

Buckler KJ, & Vaughan-Jones RD, Application of a new pH-sensitive fluoroprobe
(carboxy-SNARF-1) for intracellular pH measurement in small, isolated cells. Pflugers Arch.
1990;417, 234-239

Mille Y, Beney L. & Gervais P, Viability of Escherichia coli after combined osmotic and
thermal treatment: a plasma membrane implication. Biochim Biophys Acta. 2002;

1567:41-48

96



98 Ferraiuolo MA, Basak S, Dostie J, Murray EL, Schoenberg DR, Sonenberg N, A role for the
elF4E-binding protein 4E-T in P-body formation and mRNA decay. J Cell Biol. 2005;170,
913-924

99 Han YH, Moon HJ, You BR & Park WH, The effect of MG132, a proteasome inhibitor on
HelLa cells in relation to cell growth, reactive oxygen species and GSH. Oncol Rep. 2009;22,
215-221

100 Cookson NA, Cookson SW, Tsimring, L.. S. & Hasty, J. Cell cycle-dependent variations in
protein concentration. Nucleic Acids Res. 2010;38, 2676-2681

101 Lodis H, Matsudaira P, Krieger M, Berk A, Kaiser CA, faili# — Z@#EfJe, Ll TIE, 1
JIE, BFHFRZ o1 a5 6 e (2011).

102 Brown EB, Wu ES, Zipfel W, Webb WW, Measurement of molecular diffusion in solution by
multiphoton fluorescence photobleaching recovery. Biophys J. 199977, 2837-2849

103 Shimi T, Koujin T, Segura-Totten M, Wilson KL, Haraguchi T, Hiraoka Y., Dynamic
interaction between BAF and emerin revealed by FRAP, FLIP, and FRET analyses in living
HeLa cells. J Struct Biol. 2004;147, 31-41

104 Cheng NS, Formula for the Viscosity of a Glycerol-Water Mixture. Ind. Eng. Chem. Res.
200847 3285-3288

105 Lee SK & Keasling JD, A propionate-inducible expression system for enteric bacteria. App!
Environ Microbiol. 2005;71, 6856-6862

106 Kiihn T, Thalainen TO, Hyvdluoma J, Dross N, Willman SF, Langowski J, Vihinen-Ranta M,
Timonen J, Protein diffusion in mammalian cell cytoplasm. PLoS One. 2011;6, €22962

107 Nakane Y, Sasaki A, Kinjo M and Jin T, Bovine serum albumin-coated quantum dots as a
cytoplasmic viscosity probe in a single living cell. Anal. Methods, 2012;4, 1903—1905

108 Cardarelli F, Serresi M, Bizzarri R, Giacca M and Beltram F, In Vivo Study of HIV-1 Tat
Arginine-rich Motif Unveils Its Transport Properties. Molecular Therapy 2007;157, 1313—
1322.

109 White J, Stelzer E, Photobleaching GFP reveals protein dynamics inside live cells. Trends
Cell Biol. 1999 ;9(2):61-5.

110 Verkman AS, Solute and macromolecule diffusion in cellular aqueous compartments. Trends

97



Biochem Sci. 2002;27, 27-33

111 Digman MA, Brown CM, Sengupta P, Wiseman PW, Horwitz AR, Gratton E, Measuring fast
dynamics in solutions and cells with a laser scanning microscope. Biophys J. 2005:89,
1317-1327

112 Campos EI & Reinberg D, Histones: annotating chromatin. Annu. Rev. Genet., 2009;43,
559-599

113 Catez F, Ueda T, Bustin M, Determinants of histone Hl mobility and chromatin binding in
living cells, Nat Struct Mol Biol. 2006;13(4):305-10.

114 Bancaud A, Huet S, Daigle N, Mozziconacci J, Beaudouin J, Ellenberg J, Molecular
crowding affects diffusion and binding of nuclear proteins in heterochromatin and reveals the
fractal organization of chromatin. EMBO J. 2009;28, 3785-3798

115 Berg JS, Derfler BH, Pennisi CM, Corey DP & Cheney RE, Myosin-X, a novel myosin with
pleckstrin homology domains, associates with regions of dynamic actin. J Cell Sci. 2000;113,
3439-3451

116 Raska I, Shaw PJ, Cmarko D, Structure and function of the nucleolus in the spotlight. Curr
Opin Cell Biol. 2006;18(3):325-34.

117 Mattila PK, Lappalainen P, Filopodia: molecular architecture and cellular functions. Nat Rev
Mol Cell Biol. 2008;9(6):446-54

118 Mellor H, The role of formins in filopodia formation. Biochim Biophys Acta.
2010 ;1803(2):191-200.

119 Tansey WP, Mammalian MY C Proteins and Cancer., New Journal of Science, 2014; 757534

120 Hiratani I, Gilbert DM, Autosomal lyonization of replication domains during early
Mammalian development, Adv Exp Med Biol. 2010;695:41-58

121 Fussner E, Djuric U, Strauss M, Hotta A, Perez-Iratxeta C, Lanner F, Dilworth FJ, Ellis J,
Bazett-Jones DP, Constitutive heterochromatin reorganization during somatic cell

reprogramming., EMBO J. 2011;30(9):1778-89

98



e
BRI

1. Evaluation of intracellular crowding using a hydrophobicity sensitive glycine-inserted
mutant Forster resonance energy transfer (FRET) fluorescent protein, TJ Morikawa, H Fujita,
A Kitamura, T Horio, J Yamamoto, M Kinjo, A Sasaki, H Machiyama, K Yoshizawa, T
Ichimura, K Imada, T Nagai, T Yanagida, TM Watanabe (Nature Methods & (Z 6@ #)

2. Glycine insertion makes yellow fluorescent protein sensitive to hydrostatic pressure, TM
Watanabe, K Imada, K Yoshizawa, M Nishiyama, C Kato, F Abe, TJ Morikawa, M Kinoshita,
H Fujita, T Yanagida, PLoS One. 2013;8(8):e73212

EERaE - 22

1. Arabidopsis thaliana Myosin Xl is a preprocess motor with a broad stepsize, T Morikawa, K
Ito, A,Kimura, K Ikezaki, T Komori, K Fujita, M Iwaki, T Yanagida, The biophysical socisty

55th annual meeting

2. Enhancing temperature and pressure sensitivity of various fluorescent proteins, T Morikawa,
M Nishiyama, K Yoshizawa, T Yanagida, TM, Watanabe, The biophysical socisty 56th

annual meeting

3. Intracellular measurement of macromolecular crowding by a genetically-encoded indicator,
T Morikawa, K Imada, K Yoshizawa, T Yanagida, T Nagai, TM Watanabe, The biophysical

socisty 57th annual meeting

4. Evaluating intracellular crowded with a glycine-inserted mutant fluorescent protein, T
Morikawa, H Machiyama, K Okamoto, K Yoshizawa, H Fujita, T Ichimura, K Imada, T
Nagai, T Yanagida, TM Watanabe, The biophysical socisty 58th annual meeting

ENSE - P2
1. Arabidopsis thaliana Myosin XI properties make it ideal for fast transport, T Morikawa, K
Ito, A,Kimura, K Ikezaki, T Komori, K Fujita, M Iwaki, T Yanagida, H A4V FEE

49 [EI RS

99



AT UX T O, IE., BBt Pt . ANE. Bk, i
ES, NREE, BEENS, PEFRZ. ILRE— UIHEEE, BAEYESE 76
EIPNES

AR ERZ R EE B'E OBA%E, T Morikawa, K Imada, K Yoshizawa, T Yanagida, T
Nagai, TM Watanabe, H ARAEMERFEEE 50 BIRE

MR N BB R MR e R B OB%E, ZR)lmde. BER T REER, 5 HE
E. KHHEIG, UHREE, EENRE, 5§ 65 B B AMRAEYFA RS

AN E A EIRME S BB E OR%, T Morikawa, K Yoshizawa, H Fujita, K
Imada, T Nagai, T Yanagida, TM Watanabe, H RKEMWEFZEE 51 BIRE

Glycine-inserted mutant Forster resonance energy transfer (FRET) fluorescent protein to
evaluate intracellular crowding, T Morikawa, H Machiyama, K Okamoto, K Yoshizawa, H
Fujita, T Ichimura, K Imada, T Nagai, T Yanagida, TM Watanabe, H AAM#HFEHE 52
EIPES

xaaliid

% 65 Bl HAMIAEMFARE BHFRREXE

i
ik

pil
pii

100



