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Towards the tracking of transition path of protein conformational changes
by using single-molecule fluorescence spectroscopy

oHiroyuki Oikawa!, Takumi Takahashi *?, Mitsuhiro Sugawa ® , Satoshi Takahashi *
Lnstitute of multidisciplinary research for advanced materials, Tohoku University, Japan
2 Department of Biomolecular Sciences, Tohoku University, Japan
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[ Abstract] Single-molecule fluorescence spectroscopy is a powerful method for the
investigation of biopolymer dynamics. However, the time resolution of previous
single-molecule methods is usually limited to a few milliseconds. We developed the
line-confocal microscope combined with a microfluidic chip and hybrid photo detectors,
which enabled us to trace the time evolution of FRET efficiency from single molecules with
the time resolution of 10 us and with the observation time of more than 10 ms. One of the
targets for the single molecule investigation is the transition event across the energy barriers.
As the target for the microsecond tracking of the transition path, we observed the conformational
changes of F1-ATPase induced by the ATP hydrolysis. We tried the several pairs of donor and acceptor
dyes for the labeling of F1-ATPase. Only the sample labeled with the pair of Cy3 and Cy5 exhibited
the fluctuation of FRET efficiency triggered by the ATP hydrolysis.
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Superresolution fluorescence microscope of individual molecules in aqueous
matrix at cryogenic temperatures
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Department of Physics, Tokyo Institute of Technology, Japan.

[ Abstract] Fluorescence microscopy is unique in its ability to individually image
biomolecules in whole cells. However, the resolution of the fluorescence microscopy is
one-order-of-magnitude worse than a molecular level. In the presentation, we show a
construction of a superresolution fluorescence microscope for single-molecule imaging in an
aqueous matrix under cryogenic conditions. To realize the high resolution imaging, we have
constructed the cryogenic fluorescence microscope with a numerical aperture of 0.99 and an
imaging stability of 0.05 nm at 1.8 K. As the result, the three dimensional position of an
individual fluorescent molecule (ATTO647N) at 1.8 K was determined with a standard error
of less than 1 nm. In addition to the construction of the high precision microscope, we are
testing several fluorescent molecules that have been used as a label of biomolecules toward
superresolution cellular imaging of biomolecules under cryogenic conditions.
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Figure 1. Design of superfluid helium tank.
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In vivo visualization of intracellular elemental distribution in cyanobacteria

by soft X-ray microspectroscopy
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[Abstract] By using a soft X-ray with wavelengths from 2.3ttdnm (called “water window
region”), cells could be microscopically observedivo without preparations such as staining
and slicing. Filamentous cyanobacteriusmabaena sp. PCC 7120 is a photosynthetic
prokaryote assimilating nitrogen. Most of cells tine filament are “vegetative” and
responsible for oxygenic photosynthesis, while &lp cells named “heterocysts” are
specialized for nitrogen fixation. It is believdtht the intracellular carbon-nitrogen ratio (C /
N ratio) is deeply related to the heterocyst dédfdration from vegetative cell when nitrogen
deprivation, but the quantitative information iskaown so far. In this study, we developed a
method to determine the C / N ratio of a d¢alhivo by using a soft X-ray microscopy and
applied it to the cyanobacteriuAmabaena sp. PCC 7120. We successfully demonstrated that
the C/N ratio of heterocyst is significantly lowtean that of vegetative cell.
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Ultrafast protein response of Bacteriorhodopsin investigated by
deep UV femtosecond time-resolved stimulated Raman spectroscopy
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! Molecular Spectroscopy Laboratory, RIKEN
2 RIKEN Center for Advanced Photonics, RIKEN

[ Abstract] Bacteriorhodopsin is a prototypical membrane protein that functions as a
light-driven proton pump. Photoexcitation induces ultrafast isomerization of the retinal
chromophore, which is followed by protein conformational changes essential for the proton
pump function. To understand how this protein function is realized, it is important to
elucidate the initial response of the protein moiety which is associated with the chromophore
dynamics. In this study, we employed newly-developed femtosecond stimulated Raman
spectroscopy in the deep-ultraviolet region, and investigated the protein response of
Bacteriorhodopsin by observing the Raman signal change reflecting the change induced in the
aromatic amino acids surrounding the chromophore. The obtained data showed an
instantaneous decrease in the amplitude of the stimulated Raman signals of the tryptophan
and tyrosine residues. These signals exhibited a change with 0.5 ps, and then largely
recovered on the 30-ps time scale. On the basis of the obtained data, we discuss how the
protein moiety responses to the chromophore dynamics on the ultrafast time scale.
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Figure 2. Femtosecond stimulated Raman signals of Bacteriorhodopsin obtained with 292-nm Raman pump.
(@) Time-resolved stimulated Raman spectra on the 0.2-1 ps and 1-200 ps time scales. (b, ¢) Temporal
traces and multiexponential fitting results of the Raman signals due to tryptophan and tyrosine residues.
Note that the horizontal axis is shown in logarithmic scale after 3 ps.
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Vibrational analysis of stretching vibration and its overtone signals in
light-driven proton pumping rhodopsin BR
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[Abstract]

Bacteriorhodopsin (BR) is a light-driven proton pumping membrane protein. For its proton
pumping, light energy first converted to the retinal isomerization, followed by pKa changes of
amino acids and protein structural changes. The sensitivity of Fourier transform infrared
spectroscopy (FTIR) to molecular vibration allows to monitor such changes.

In this study, we investigated the first overtone of retinal C-C stretching vibration and C-H
out-of plane bending vibration in BR as a model system of biomolecules and they were
compared with their fundamental vibrations. Experimental anharmonicities for C-C stretching
vibration and C-H out-of plane bending vibration were estimated to ~1.5 cm™ and ~4 cm™,
respectively. Based on our FTIR difference spectra, anharmonicity of retinal vibrational
modes in protein and in solvent will be discussed.

[FF] SeBr@ish i E 7 a o R FO—FETHH7 T U 4n RV (BR)IE, B
ML FF— DR Z RIS E LT, ARz fm Lic—Jmo7a kv
BEhZE8 LT\ A(Figl), BR IZBIT 5 LT F— L O bt X RN AR 2 v
eI HERL T < i B E VD
PN E L, all-trans BN S K HEEA~D
13-cis BI~DOIEEMEALZ N U H— & LT,
M FRETD Yy ZHIEOB T v | AL,
N FREETORT 7 b oAbzl LT, 0o
BALIIIZ O HE AT all-trans F | BA S
BT 21 7B mbhTng, =
5L F T =N OLFREEOEL L Z N |
7 ENICIFAET 5 VR VRO pKa 23 :
FEIHEENDZ ik, —Hmtko é
7u N UEENEBLINA[L, DX
(2 BR I&, JERUSH A 7L &2 OrkRE
=R LOEER btEA TNDEES >
NRIETHY, FFORZEMNESNIK
JEPEDE S BFTHNE FEA21T 9 BT
DAERZRDOETNZ R 7EFELTRL :
MEN TS, M, <G M,

Alal, Fex1Z BR OIS D s X% Fig.1 Schematic representation of the BR photocycle
FALT, YR zBITFA LT+ —1 (Ldrenz-Fonfria et al., 2009 J. Am. Chem. Soc.)
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oy OYRENE— K OIEFTIFNE DM 2 3 AT, ROV B L > T, v FF—h+
® C-C iR E), C-H m/MRAIER) & 2 DOEERD ZHIE L, Z ORI L 8E % bt
B L7,

[J5#] Halobacterium. Salinarum. & ¥ i - ¥5% L 7= BR % & £p4R% 2 mM NaCl, 3

MM MES-NaOH pH6.5 |28 L, RN IEIER ORI T ¢ )V BB LT, 20% 7
Ut w—/LK% 2uL W T BR % /KF1 & #7214, >500 nm D3¢ T BR & HlIEIG S H 72,
D%, FHSUSHRIAROZERE T 2SR (77, 190K, 230 KYE THEIL., JHREHC
X0 NS R Z R S BTz, JSERE% & AT RII AT S vE MCT 7
4TI A —EHNTHEL, MEZSIEHETHILICLD, EHRHKEEIREL DX
FORFEANRYT NIV E AT L=,

| 1 1 1 1 1 1

[#F - BL] BR ORfRIE L K KR E D
FOGZEANY WV % Fig2 \ORd, LFF—b
? C-C fiffgfRE) & C-H miMmAaREIT TN
. 1250-1150 cm™ & 1000-900 cmtizF&i 5 =

2386

—— BRy/BR without Sapphire filter
—— BRy,BR with Sapphire filter

1914-
2152 2149
N

1906

ERH SN TEY 1203 cm™? 1% C14-15 {HifERE
). 1194 cm™ 1% C10-11 & C14-15 {hifEHEE),
957 cm X C15-H m/MRAIEENICHKE S D
[2]. T B OfEEfEC & 72 % 2500-1800 cm™
IR AZYLRT D &, BEEOREE— R &Rk
DAY "MVIBIRZ LIZE 5F— RO &
N diz, TRHDOEFSICVFF—La5T
DIRENE— FOBERT D ZTENTND LFE
X BT (Fig.2 « Bf), WITHRIMVE DT
MCT 7 « 7 7 Z — D IR 72 & D IR 5
CHKT DT —T 477 VERET A
WIZ, 1700 cm L F RN EH v b5
Tr7AXY T 4NV H—FHW=HIEEIT- T2
(Fig.2: RHR), = DS THLIAI S L 7= 2404/2386
cm™1=° 1906 cm™ » 3 R, C10-11, Cl14-15
fiffEfEED & C15-H msMR A IREI D55 ko &
Zz 6., FRFEN~15cem?, ~4 cmt O I
MEZITTND I ENgholz, Fiz 2149
cm? 1% 1194 cm™ & 957 cm?t DFE AT & &
Z oA, ~lem OIEFHFMEEZ T TCNDH &
DB SN, FEZNENOEFOEEIX
HEE XL V~170 5/ S 2o T, 2 DRI LGETIFIME)IX X-H {HHEIRE)
(~80 cm™)X° N-O ffEIREN(~10 cm™) L v H/h& < LFF—1d C-C fiifERE), C-H
HAMEARE ORI & B A[3], AFERTIE, BRICEEND LF T —LOIRHE)
F— KL ZFDOMEFRS. TRRETOLFF—L L oiRET— K& o a{Tv, 4
oy DIREMEE & & OIEFIFEIZ OV Tikam L 720,

[2%& 3R]
[1] Lorenz-Fonfria, V. A. et al., (2009) J. Am. Chem. Soc

[2] Smith, S. O. et al., (1985) J. Membr. Biol.
[3] Struve, W. S. (1989) Fundamentals of molecular spectroscopy, John Wiley & Sons, Inc.,
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Fig.2 FTIR difference spectra of BR«/BR
in 2500-1800 and 1250- 900 cm? region.
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Attenuated total reflection spectroscopy on a potassium ion channel
TWIK-1 for investigating the structure of the ion selectivity filter and its
interaction with alkali metal cations

Hisao Tsukamoto'?, Koichi Nakajo**®, Yoshihiro Kubo®*, oYuji Furutani‘?
! Institute for Molecular Science, Japan
2 School of Physical Sciences, SOKENDAI, Japan
¥ National Institute for Physiological Sciences, Japan
* School of Life Science, SOKENDAI, Japan
> Osaka Medical College, Japan

[ Abstract] Potassium channels are selectively permeable to K* ions over Na* ions (typically
1000:1 molar ratio), which form a homo tetrameric structure with a pore penetrating along the
central symmetric axis. The selectivity filter works as atomic mechanical sieves, which is
composed of several carboxyl groups of the main chains at the specific sequence for
potassium channels. Recently, the interactions between the channel and alkali metal cations
have been studied by infrared spectroscopy. We applied attenuated total reflection FTIR
spectroscopy on one of potassium channels, KcsA, and revealed amide | bands changing their
frequencies depends on the types of alkali metal cations. Here, we have succeeded to extend
the method to a mammalian potassium channel, TWIK-1, which forms a dimer with a
pseudo-symmetric pore structure and has less potassium selectivity under some conditions.
We found that the ion specific difference spectra of TWIK-1 are basically very similar to
those of KcsA and the 1680 cm™ band would be a general marker band for the selectivity
filter interacting with potassium ions.

[FF] MR A ET DA A v F v FVITERBRESOFETHY . B 7h (K
A AR P UA (NaY) A A2 2 BIREICHERT D F ¥ /L2 s o FilE o5
BALOEIZIS U CHAT 2 2 L CTAREBEREFZERT 5, BV U LT ¥ R
K'A 4 2@ RENCHERT DA A F vy 13 THY, Na' A A4 L0 A F B0 K
X KA A2 Z@INAISHEIE TE D0 THREIC OV T, BRx 7238 KO A0
RTOINTND, A A BEIRED S THEREDIRINZ XA A v 2FlRT 5 (FR7)
DOHEERH A F 27 ADBERN AR TH D, XA EMTIc L v . A A4 3R
T 4 NH— LRI D ERALIC BN T, EHO I NVAR = VR KA A BT D D
WY R HERECRLE SN CW A Z ENH LN E N, &ilf. ot IR &Z&Te, IR
I IIEIT LD A FVBIRT 4V F—OREESCT A T 7 A2 5T DA N
72 EZNTWA[L-5], ZAVE CTEREH RNV SEfiT 2 VT, MEBEROD Y 7 AF %
TV KESAIZEBWT, Bkx 727 v U &gA A2 & OFAEAER ZfAT L, amide | fEik
IR 72 Ry R LN D Z & HH S0 LT 72[1-3], AWFZETIE. 1T H
KDF VT LT v 2 TWIK-LZ B FRAN CfET 2 H L. —EREEICED 4
IR FEDR ARV A A BIR T 4 V# — (Fig. 1) ZFH, FHICE D Na'1A 4> o



WYEDS EHS BEE R A A IR DS THRE R A ST 5 2 L AR AT,

Wikt 5 e,

T SN k.
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Fig. 1. X-ray crystal structure of TWIK-1 (PDB: 3UKM)

[HiE (ER)]~ 7 2H KD TWIK-1 O2ERFI0D C REGIZ 8xHis ZkEHUH 2 7 L L
THIMULT pMT R_7 Z—% . COS-1 ffalC hF o A7 =7 v a v Uiz, M E
I L. 1% n-dodecyl-B-D-maltoside (DDM) % & Tef& @R CTHIHI L, Ni 7 7 2B L OV v
ABH T L a~w T TT7 4 —EHNTKER L, =0k, IREN (POPE:POPG=3:1)
ICFRER L7 (IRE & % v X7 O/ HIE 50:1), KesA TOFHAIR, 3] & [AERIZ, 9
[E S 42 A 8 o R L NS SRS dh O R RN s I s e~ N T T ¢
—HDORY ZAZ R TR T YWEE e U, A A AU L DR EA AR R
)L FHAI L 7=, 20 mM HEPES (pH7.0)iZ 200 mM KCI % L < 1% 200 mM NaCl % & k%
B & =,

[#E5 - B2] Fig. 2 (MBI 72 A A A
BB AR FZE AT FVEIRT, KesA T
DFER[2, 3] & [FIAEIZ amide | BEIE (R4
7Ny RONIEAICH -, WT Tliffast
MK KA A RBETH - 720, ERMIREE
THDHREDFMHTIZBWT, Na' A 4
LiEim T AME E T, — 77, T118I &%
RIE KesA & [RIBRICTE I KT A A o3
RERBENZ ERHREINTWD, 4 P
O KINa ORI FEAZ LT R TBWT, 1700 1650

WT

T118I

1680
N

| Lo 1655 -
10 w10 ya

1654
1680 1

| \:
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1624
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Y
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ERL. 2F Y KA AU AFEE F Tl 1680,
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Fig. 2. The ion-exchange-induced (K*-minus-Na"
difference infrared spectra of TWIK-1 WT and

1624 Cm-l ) 27’T<0)/§ VRO S L 1642 Cm-l T118I1 mutant in the amide-I region.

DY ROFRENRKE N LS50 o7, HFED KesA DEEIC L 5 &, 1680 cm™ i
A A BT 4 V2 —DF— R, 1654 cm T~V v 7 25— FEIFR SN TV 5[4],
AEl, TWIK-1 THRIEEO N ROEHI S, KA 4 UAFE FTIEWT & T1181 125&E
WEIEEAER LT, Na' A A UTFEFTIEANY v 7 ZAE— FOZBEN LD K&EW
T EBBH LN 0T, TWIK-1 OB A A LB IE KA A DSFEE L 72V R
FTTOBEDERIZL > THBHIND DG LIV,

[2%3CHR]
[AI&A 6, IR Fitime, 4B16(2009). [2] Y. Furutani et al. J. Phys. Chem. Lett. 3, 3806 (2012).
[3] Y. Furutani et al. Biophys. Physicobiol. 12, 37 (2015). [4] P. Stevenson et al. J. Phys. Chem. B 119, 5824
(2015). [5] H.T. Kratochvil et al. Science 353, 1040 (2016).



1D17

TIXNREFEICKDA R U7 S04 RO ERMT
BB, IOCB » F = =
O WIA A8, Jiti Kessler®, Petr Bout”

Structural Analysis of Insulin Amyloid Fibril on the Basis of Raman
Optical Activity

oShigeki Yamamoto!, Jifi Kessler?, Petr Boui”
I Department of Chemistry, Osaka University, Japan
2 Institute of Organic Chemistry and Biochemistry, Czech

[ Abstract] Protein folding into insoluble amyloid fibrils is involved in a number of
biological processes including neurodegenerative diseases. However, their structures are still
difficult to analyze. As a simple model of amyloid-forming proteins, we have studied amyloid
fibril of insulin by using Raman optical activity (ROA) to explore its secondary- and tertiary
structures. ROA 1is sensitive to molecular conformation in solutions and applicable to
aggregated proteins. We successfully measured ROA spectra of insulin amyloid in a naturing
process. To connect the spectra to the protein structures, quantum mechanical simulation of
the spectra was applied to both amyloid and native ones, which was achieved by applying a
molecular fragment method, the Cartesian coordinate tensor transfer, combined with
molecular dynamics simulations. The main changes in the experimental spectra were
successfully simulated, which suggests 3-roll is the preferred structure of the insulin amyloid.

[F] RO T I aA FERHEDTERRIL, TV A ~—Ji7e & ORISR BIZIR
KB B, LL7T 2 uA REEHEORGEMNT IR LV, 7~ 5N (Raman
Optical Activity: ROA) 1357 FDONARBREICHH TH Y, 7 I v A NERHED X 5 7o RFfH]
T Hanf FRRICHBEHAARETH D, Fxix, 1AV DT I A NERHEN K
IRIRRE~EEZL T DiEfEZ ROA ICL VW HIE L7Z[1], A7 MVICENT=E(b%E ¥
VN EREE LTS S DI, B IIFAXT MVERB IO IR EITo T2,
R TEDO X DICE KRG ERIROIRE ALY MO ETHFHEIL, FOHE
TIARNPERELRVNETH D, Fx I W EIER3ZEAT S Z & T, KRR
BOA LAY DO ROABLIOVT v AT MLVOFHEEZFEEL Liz[4], oK A1k
FZBWTIE, ERDTOET MEEZ/NS oW ICaBI L, Wh o5y,
T UBXOROA TN T NV EEFHEL, TOETIVICERE TSI L
T, ERGTFRIEDARY MvESDL, Wb BEICE > T, KVEKRZRZ X
78 (8 FIET AT I 07 E) OART MARE G RE & 72> 72[5], AFZEICEB W
TIE, 7781715 (Molecular Dynamics, MD) FtH5 & 3 Wi bk A G HE, A
VAN T I aA RERHEOREERE S & &2 AT MLVEHEICED Af7Z[6], EBRIZK W
TERSNIZ AT SAVBbERFEIC IV BESHERT LN TE, A AV T
T uA RERHEIRr — W EZ D Z E R ST,



[FiE (525 - B
v N A A U > (Sigma-Aldrich) % 100 mg/mL & 722 & 5 0.1M HCI KK
IR LT pH 1L 2.5 005 3.1 THhoTo, ZDIEIRE 82 °C 12T 10-20 3 L,
T InmA REEMEA AR ST, iR (22 °C) ICBWTHET 5 &, BT TT
I A NERHED RINIRRE~Z L L, Z Ol EZ(L%E ROA 2LV HIE L[],
A LAY T I, RBHEOETAEE L LT, Br—BILUBNY v 7 R & Et
L7z (Fig. 1), pur— Utz & 5% X778 (PDB; 1VH4) @ X ik st s o —i
(A256-A306) 70, ~TF RORLENA (4w A AV HGFIZEFEL, pr—/L
gz LA A BT VEERI LTz, 6k pH2.5-3.1 ICH&bEMIgiEZ 7 1 koAb
L, 2hEMEESE L Uiz, AR, BN v 7 AfEEZ E DA VA Y 2O T,
& 7Sy (PDB; 1DAB, A113-A163) O UNAZEILICET LV EERLL 7=,
BN EREIEDFIRE EIREICL DD
XA EETH-DOIZ, MDETEEZT-T-. A
VA VHEBRE IR O 3 BikE, K
5y DIFAE FICTEHE L72 (1 ns, 300 K, NTV,
Amber03 ff, Amber10), B2, 1 AU H
BEZHY, bHAEMERSME (EEARH
DIHFER LA 0-6°) IZBWCEHEEIT- 72
(0.1 ns, NVT, Amber99 ff, Tinker) . s

RABLOT S04 FRIEDOA 2V 8 | @_)
SN, W TERAEEE T ROA BLG e - G

T AT NVEEHE L, 4007 X
@f{%é\ﬂﬁj\%&ﬁﬁ%%ﬂ/%ﬁz@ L, j{ﬁﬁ“ﬁfg A Fig. 1. Model structures of B-roll (left) and
FOVFRIT L0 OREE LT, SAEIREIEAE BV B-helix (right) of insulin
T, 100 em™ LN O FEMEIRENE— RA[EE L,
oI E R L 21T o 7o, A RUCI W T Y, 7~ B L ROA OJR7
V)V ER L7z, Gaussian09 & B3PWO91/6-31++G**/CPCM(water) D Eiia & FH\ 7=, 7
VY IIVEITTOMIEICERE L, %ITHEL ROA BLX T v Ul 4K T-,

[FEFR - B£]
MD FHEIZEBWTA VR VHEERBE O BEERNFET 254, pur—/UiE&EILY)
WD 3 SR> 72y, BU w7 AEIIRIZ o7, ZDZEND, 4R
Vo7 v REEHERNICBWTBANY v 7 AEIIRLETH D & THRIND,

MD FEND, pr—AiiEL &5 865 MDA T v 7 ay ARV HL, TV
NWEERETHZ LTS HD AR MVEGE L, ¥ LT, RARIRREAS R
IZOWTHEEEIZ T2 72, FEBR ROA A7 MLZBW TN SN2 (7K1
Ny ROBIREB L O ESL, JEET I F UL AN ROBEREORA, 73 FUOL AN
ROEHRES 7 kB, 300 cm™ LR DNy KOG EZR) %, FHEicB Tk
HRTDLZENTE T, ZOZEND, TT/UBENZY T LERTE D, 1A
YT IuA NEHEEBRr — U EE AR IS Z LR S LT,

[2%30#k]
[1] S. Yamamoto et al. Chirality, 24, 97-103, 2012
[2] P. Bout et al. J. Comput. Chem. 18, 646—659, 1997
[3]S. Yamamoto et al. J. Chem. Theory Comput. 8, 977-985, 2012
[4] S. Yamamoto et al. Anal. Chem., 84, 2440-2451, 2012
[517J. Kessler et al. J. Phys. Chem. Lett., 6,3314-3319, 2015
[6]J. Kessler et al. Phys. Chem. Chem. Phys., 19, 13614—13621, 2017
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Dynamics of conformational and orientational change in sodium pump
rhodopsin at the air/water interface monitored by vibrational sum
frequency generation spectr oscopy
oMasato Kondoh', Masanari Okuno', Keiichi Inoue™?, Hideki Kadori?, Taka-aki Ishibashi’
! Graduate School of Pure and Applied Sciences, University of Tsukuba, Japan
2 Nagoya | nstitute of Technology, Japan
® PRESTO, JST

[Abstract] We investigated conformational and orientational dynamics of a light-driven
sodium ion pump (KR2) reconstituted in a phospholipid liposome at an air/water interface by
vibrational sum frequency generation (VSFG) spectroscopy. A vibrational band at 1640 cm™
was observed in a VSFG spectrum of the KR2 on aqueous buffer solution. We monitored a
temporal profile of intensity of the 1640 cm™ band after the KR2 sample was added on the
solution. We found that the band intensity rose sharply at about 20 min after the addition of
the sample. This observation indicates that conformation or orientation of KR2 shows step

function-like dynamics at the air/water interface.

[FF] 7%/ "y 2—ua K7V (KR2) X, MBHEMEMEORSEENF R U 7 A
AF R T ThDH, FORALKR, NV I7WEPTTOZ 7 BEEL L FF— L
WA DOIEIENTAR DIV, B THEEOFEFRN Eim ST X721, X X7 E T
Horo K7, EERPICEBWTRE KO R E CTHIET 5, TD7=D, I To
B X LB - NTRY, va RV DR T, KK HE TORLASe, £
DOFEMEEIZ L DEDBIFEINTNDH[2), Lo, BFEANEIROATE Y Bl <o
EDORFR AL OFEIL 70> > TR, FFIZ, KR2 DUV TR TOMFERIL R Zevy,
AWML TIL, ~T v & A HIREFIE R A (HD-VSFG) 7wt x AW T, IFE
HEIZFRERL L 72 KR2 % %P3 KUK S T ORLASOHE & & ORFM L 2 i~ Tz,
[2B2 H51E] VU 58 POPE & POPG % 3:1 THERR L= U R Y — A% ER L. KR2 %
PR ST, ¥ EEREDIL, 150 & L=, itz KR2 FHERREIL,
KR2 JREEA 0.03 mM F2EE & 70 % 1 5 | Tris A& ([Tris] = 50 mM, [NaCl] = 100 mM, pH
8) I SHT, T/, MBEBROT-O, VR Y —L7E00 OISR LR L 7=, &
BHREIR 2~ A 7 a ) 2T Tris fEMEHR _FICHE T S8, HD-VSFG A7 h Lzl
E L7-, HD-VSFG Il TlL. Afit% 630 nm 2., #4444 CO #REhfERL (1600-1750
cmd) HBHVE. CHIEBNfEK (2700-3000 cm™Y) 1% E L7-. SFG. A[fH. #RIMeD
Wilx, Nz, S. S, P& L7z (SSPmEALE),

[F53 L Z2] KR2 F#ERIFE 4 @R B2 T, 30 L Lo Z @ W T b1
72 HD-VSFG A7 MV OEES% | I8\ 26 M. B LN #BHE Fai (F
JBIRTZNT) WS- ARY R EEOE T LITR LT, KR2 BAERED A7 kL
i%. 1640 cm™ & 1724 e IHEEN N KRBl S Lz, Zh oD H B, 1640 cmt DR
v RIE, IBRE ZERZ T OSAIIIEN o727, KR2 ICHFKTDHHDTH D,



KR2 ® VSFG A7 M VIELH S u7= =
Eix, ZKFHE TO KR2 OELHENT &
ATIERLS, ML TWnWAZ LA /RLT
WA, 1724 cemt oy RIZEE S 7o~
A7V COMMEIRENZ & ima LTz,
ZORERE S LT, KR2 FAERED &
KR TRTHAFT I AT, F
T, BB & T % ORmEORM & : - —
HE L7z (K 2A), FKmEIXFEEHE T IE 1600 1650 1700 1750
BRIZIT EHET, TN 5 orEEz Wavenumber / cm’ "
AMBIRZIZESH Ligd, 30 571 I8 Fig. 1. HD-V SFG spectra obtained more than
5(+1) MNMIIZEL . F0o%bd-< v E 30 min after adding the samples.
A Uiz, Z ORI, T ®RIC—H s
KHINZIRATERERS . KK mICEE 5
WREENMLZHDEEEZ LD,
WIZ. KR2 H13k D 1640 cm™ @ VSFG /3
¥ RIZOWT, 3UBHRE T 1% O 5 O KFfH
A& ~T- (X 2B), EDFEE, Z DN
R, 68 20 oIl b
LR, ZO%—EOMEEZRT Z LN 0 : : : : ,
Tdinolo, Fio. FEROFRFMZLIL. fE 10 20 30 40 50
BkD 1724 cm™* X2 R0, CH IREhE Time / min.
WD VSFG N> R ThElbN TV, = (B)
o ORI, i EORFMZAL &
SEEIZIIXS LTuneuy, BLEAE S &,
KR2 FIABRKIED 2 A F X 7 XA &k T D,
SFG B HDOFHEZ 2 5 &, “HEE
TRk L2 B 77 It BRI S w72 8
Z® SFG g ZI3FEFIcen & PRI D,
AUEHE M. R\EED EH LI H D 10 20 30 40 50
59 VSFG N> R3EIn e o 7-Z L, Time / min.
THEMENRIENLTWAS Z E R ML Fig. 2. Time profiles of (A) surface pressure and
TW5, — T, M F2055% LI, 8 (B) VSFG band intensity at 1640 cm™ observed
BT D VSFG /Ny R FARICK LCHEl after adding KR2 in liposome to buffer solution.
LNT-FEIT, “HEMBE N ENT-Z L
EHRIELTND, ZOBRICESS . KR2 H3KD 1640 cm™ /Xy R2SFEIEE O RE
AL AR LT Z Sl RO XD IR T X 5, " HEEDMRTZTIREED KR2 (21T,
ZD VR Y — LM% SR & RIRAZE ST 2 b O, 1RIER CEIA T
ETAH, ZOFD, HFERZICIZVSFG Ry RABNW, —F, CEEREENEN
%L KR2 OEESCELMIZ KT D HIRNA /NS < 720 | KR2 1ZAUK S H OFf BEREE % X
ML U7 AR e m Tl & D W FEZ 2L S/ D, iR KR2 D/ RBBLIL S,
PLEX D KR2 FREIEN GRS EmH TR XA I 7 2L LT, IROFBEIPIRES
N5, KR2FHEREIL, —HKFIZTREATS R, —EEEE LR F F. RrlakE
WZHEE D, TEKML T, KEEN BT 5, TR 20 5% I EHE#EEDEN
%o ZDOBRITAE CTNEE 75 7S %K i ClEA L, IEE RO VSFG N> RABIN 5,
ThEJIE AT, KR2 DREECELH N2 L L, KR2 H3k D 1640 e Xy R A BE
FNZSL b Ens, REENZOHKR S EA L2 &F, ELE—EEO FHICZZIHIT
TIDEFSTZZEEML TS EEZTNS,
[ 3Ci#R] [1] K. Inoue et al. Nature Commun. 4, 1678 (2013)., [2] C. Salesse et al. Biochemistry, 29, 4567
(1990).,
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Effect of the Environment around the Chromophore on Lifetimes of
Enhanced Yellow Fluorescent Protein eYFP and its Y145 Mutants

Sakiko Hazama', Hideyuki Miyatake?, Akira Uchida', oHaruko Hosoi!
! Department of Biomolecular Science, Toho University, Japan
2 Nano Medical Engineering Laboratory, RIKEN, Japan

[Abstract] The goal of our study is to answer the fundamental question of why fluorescent
proteins are fluorescent. Previously, we performed fluorescence lifetime measurements of
enhanced yellow fluorescent protein (eYFP) and its 19 different Y145 mutants. The lifetimes
of the Y145 mutants varied drastically over a wide range of 3.4 ns to 82 ps. Further, the
lifetime decreases as the mutated amino acid side chain volume becomes smaller. In this
study, we determined the crystal structures of eYFP wild type (3.3 ns lifetime) and its Y145G
mutant (1.0 ns lifetime) to clarify the correlation between the lifetime and the structural
change caused by mutation. The overall structures are very similar (Co. RMSD 0.447 A) but
there are several local differences. In the Y145G mutant, two voids were found around the
chromophore, whereas such voids were not observed for the wild type. It is considered that
the voids found in the Y145G mutant would induce an internal degree of freedom of the
chromophore and lead to an efficient nonradiative decay process.
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Fig. 1. A plot of the
fluorescence lifetime of eYFP
wild type and its Y145
mutants as a function of the
amino acid side chain volume.
The wild type (Y) and Y 145G
(G) are highlighted in green
and red, respectively. A
solid line indicates the linear
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[1] H. Hosoi, S. Hazama, and Y. Takeda, Chem. Fig. 2. Structures of eYFP wild type (green) and
Phys. Lett., 618, 186 (2015). its Y145G mutant (red). The dotted lines

[2] 21X, S.J. Remington, Protein Science 20, indicate hydrogen bond. The dotted circles
20, (2011). indicate the void around the chromophore.
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[Abstract] Viscosity of a medium can be estimated by measuring the fluorescence lifetime
of trans-stilbene with picosecond time-resolved fluorescence spectroscopy because its
photoisomerization rate constant shows a good correlation with the viscosity of the
surrounding media. Recently, we evaluated the viscosity inside the lipid bilayer membranes of
DMPC liposomes at fixed depths by using fatty acids with a trans-stilbene moiety as probe
molecules. The result indicates that these lipid bilayers have lateral distribution of the
viscosity at fixed depths. In this research, we estimated the viscosity inside membranes of
HeLa cells at fixed depths by measured fluorescence lifetime of enclosed
trans-4-hydroxystilbene and fatty acids modified with trans-stilbene. The measurement
suggests that membranes of HelLa cells are more heterogeneous in the lateral direction than
artificial lipid bilayers.
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ﬂ% @ A éf fﬂ c:j; Eir};% ?) 20 Fig. 1. (a) Time-resolved fluorescence spectra of a HeLa cell with
fiF L B 37 2 gD D 5 (red) and without (blue) enclosed tSB-OH and (b) fluorescence

= & E?; § %5 ffi signals of tSB-OH obtained after subtracting the HelLa cell
ZaE, IRET T MO fluorescence (green).
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