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SEIRA Spectroscopy of Halorhodopsin Monolayer Tethered on Gold Surface

OHao Guo 2, Tetsunari Kimura *2 and Yuji Furutani 2 (* Department of Structural
Molecular Science, The Graduate University for Advanced Studies, 2 Department of
Life and Coordination-Complex Molecular Science, Division of Molecular Sensing,
Institute for Molecular Science)
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Dissecting a bimolecular process of ATP binding to the chaperonin GroEL
Olin Chen!, Koki Makabe'? Takashi Nakamura', Tomonao Inobe®, Kunihiro

123 (*Okazaki Institute for Integrative Bioscience and Institute for Molecular

Kuwajima
Science, National Institutes of Natural Sciences; 2Department of Functional Molecular
Science, School of Physical Sciences, Graduate University for Advanced Studies

(Sokendai); and *Department of Physics, School of Science, University of Tokyo)
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EERAE. £EFF 0 ORAMIE. EARHEE

iR @ BhEXFEXRZREEZHER

B AUNVBET7RIAVOEVEIZOZREEELELTAHETHSARD o
AN REED, COTRIAITOEDD T+—ILT 1 27 DEHBEIZH L
T. SN58EKDAY VI ADA., ABGH OHMNBEIZEEET 52N v I ANETH
MENEHZENBMLDOHRIZE>TRENTIS[1],

COFREMHERIE, VLOMNMUIICERET HIFELYBRVERBETIREEN
BREINEEVWSIREEFE Tz, TI T, HICLARBREDEWNIELLSZT+—IL
TAVTHROREDEWVIEFEB LLEA S, AB-CELEB-CDDANY Y I XREHFDS
ATREVISTAVMERVWEZLT) ARBAFENEIIaL—avFE
To1-. ABETIEIZTOHRZHET 5,

SZX@k[1] C. Nishimura, P. E. Wright, and H. J. Dyson, J Mo/. Biol. 334,
293-307 (2003) .
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WEH, ZILY ) VOBEERABEFTHLIHKZANK (TIR2-TIR3) £ KEITH
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[EBESLUVRAITSIAEVREBEICKY., L0 )V EDHRBEERENE
Tofze ChOoDFERZDLELIC. KERTEILY ) DOHKE K UKREEE
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%, CPDTIEEET 5220 FIUARIGES L, F4Tv—ERBELTLNS, FRKE
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IGIZK VIBET %, sBFEFK AL (2008, Miyazawa et al.) BFZEIRICDIERIIAEMNT
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OOWREFEINTWVWEARIEFHR LT,
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T-5: NOTFYABRTL D Leud3 DERBNZET % X #RiEREERENT
X-ray crystallographic study on the functional role of Leu93 in bacteriorhodopsin

OXxA. #£FH : Okt A, REHMERI . AR/ FERIMK
fLig
iR : ' FMBEREFHRMYERES. ° EHEBERFELTERES

E 5 . Bacteriorhodopsin is a membrane protein that functions as a light-driven proton pump. Previous
crystallographic studies of the hexagonal P622 crystal of wild-type bacteriorhodopsin (bR) have shown
that rotation of the side chain of Leu93 assists water relocation across the retinal Schiff base in the K-to-L
transition. So it is interesting to investigate how this water relocation is affected by replacement of Leu93
by a smaller amino acid residue Ala. Further, in the photocycle of bR mutant L93A, high concentrations
of an O-like intermediate accumulate. This effect has been atributed to an inhibited reisomerization of its
13-cis retinal chromophore to the all-trans form, which causes an about 200-fold increase of the O-decay
time. So the structure of the O interemdiate which has not yet been elucidated can be expected in
this L93A mutant.

In this study we crystallized the Leu93-to-Ala mutant bacteriorhodopsin into a hexagonal P622 crystal
with cell dimensions of a = b= 102.2 Aand ¢ = 112.2 A Diffraction data at 2.2 A resolution showed that
the cavity created by the replacement are occupied by three additional water molecules and the
conformation of the initial state of the L93A mutant at 100K resembles that of the L intermediate in the
wild-type. Meanwhile, the M/O intermediate of L93A mutant is obtained at 2.5A. As expected, the
trapped M state of this mutant bears considerable similarity to the M state of wild type. The O
intermediates of L93A mutant is also in progress.

T-6: ATPase ¥ ') U E{LIKREICIKEFE L - KaiC DEIE M HEEZIE

HERE. £ZFE OMWE"’ #UKF "’ SHEF L WHEN "L Ak
B2 flEes ™

iiE : "&Kpx - . 2CREST/JST. *IEFF - #EEE. “PREST/JST

E5

DT/ NI TYTIIHBABHEETIRETELREMOVLEDOTHY .. ZOHDREMARIE 3 D
DEFETEBEKaiA, KaiBZ L TKaiCIZ&k>THEREEINTIVS, KaiAd KaiC D) VgL &R
L. KaiBAZDO$BEEHHT S LT, KaiC B2 VEEdT 5, THd 320 Kai 228
DBEEANP EZRETHET. KaiC ) UEREIREEA K 24 BREIDRA#E L > TEET S [1],
EEDHEICHSNT, U UEIEY A JILDEEIE KaiC D ATPase SBEEIZIZHEENRE SN D Z A
BAoMmEREo1=[2], CDHEAIX ATPase &) UEEEREAEWIZHIE LA S L£&EBERIZHD
CEEKRLTHEY., SHICEELGILIC, WTRORED KaiCICRBINTWLS, D &IE.
CHNoHEEZEZELELLTVATHASS KaiC DEBETILEBITT 52 ENBHEBETO S T
BOAEIZBD-OICTEETHDIEWVNZ D, AERTIE. BHAEZELHETINAFENFEE
FALT, ATPase ) U EEILIRREIZIERS L 1= KaiC DEELTLIZ DL THRET 53],

[1] Nakajima et al/., Science 308, 414-415 (2005)
[2] Terauchi et al., PNAS 104, 16377-16381 (2007)
[3] Murayama et a/., EMBO J. 30, 68-78 (2011)




T-17: Characterization and comparative study of the periplasmic region of PomB, a
Na’-driven flagellar stator protein in Vibrio alginolyticus

O 2, /PMBFHT '\ AREX'

g : &KX - RE - £HEY, "BALEMREEXE - £4HF

Stator proteins PomA and PomB form a complex that functions as a Na* channel and
couples Na’ influx to torque generation in the polar flagellar motor of Vibrio
alginolyticus. This stator complex must be anchored to an appropriate place around the
rotor through a putative peptidoglycan-binding (PGB) domain in the periplasmic region
of PomB (PomB¢). We found that a PomB¢ fragment containing residues 135 to 315
(PomBcs) forms a stable homodimer and significantly inhibited motility of wild type
cells when it was overexpressed in the periplasm. We also found that an in-frame
deletion variant, PomB(A41-120) is functional and impaired cell growth under the
condition of overexpression. In this meeting, together with other evidences, we would
like to discuss functional roles of the periplamic region of PomB in targeting and stable

anchoring of PomA/B complex around the rotor and in the control of ion flux.

T-8: Ligand-protein interaction studied by computer simulation and
time-resolved x-ray crystallography

FRE, HEE OMGEE AL, FHISEE, BHEML B 2 fh— C ERIA A
PR A KBEBE A WK P, @4 ©. JST-CREST”

EE :  Recently, high resolution x-ray crystallography demonstrated breathing motion
of internal cavities in concert with ligand migration in myoglobin (Mb)[1].Continuous
pulsed illumination of carbomonoxy-Mb crystals at low temperatures has illustrated
structural changes around each cavity in response to ligand migration. In the present
study, we examined the effect of the breathing motion on the potential of mean
force(PMF) for ligand-protein interactions by using molecular dynamics simulation and
experimental derived from the x-ray study[l1].Conformational sampling of Mb was
performed by NPT molecular dynamics simulation for 90 ns. We introduced
three-dimensional lattice of regularly spaced grid points, and evaluated PMF at each point
by the implicit ligand sampling method [2].The effect of the breathing motion of Mb on
the ligand-protein interaction was illustrated by the difference map of PMFs for Mb
structures before and after light illumination. Our results show ligand escaping pathway
from the Xel and Xe2 pocket.

References
[1]A.Tomita et al., Proc.Natl.Acad.Sci.U.S.A 106 2612(2009)
[2]J.Cohen et al., Biophys.J.91 1844(2006)
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WE. 72/ BEJNEFICEKELGZVEEELUENZ{DEBRERICHEET

HENBHLMZHE-TWVS, FIZIFEIIEFEN S Yy ITILEh, ZRIBEEE
FOERMEEDHAN—HTHILEVIERLTEEHEUNZCHFEL. ERER
E—RRIZIOVWTOYMEMFIHNERMLTWEEEZONTNS, SHITESE.
LN. Kinch and NV.Grishin(2002) [C&k > CHE#LTFELEZFESDDOELREEKND Y A
VREABRREZE DEABRTOEENELNCSh, EHLTEEHEUENE
HEOHEEL LEAEZEDOUEEMATRE SN, LLEOREMS., BEIERFIC
KELGVWVESHEMUMEZREBNICERT S L. EHEDOEEEEREOK
BB EDEENZEMRT IFRO—DICHYBEIEEZLNTWLNS, LHAML
BEORIIEFICKELBAVEET SA VAV MFEORBELERONCED
TIEEL, RPIVALARXTSAA D MERIZEWTLIELITIABOEREKRE
CRT2EERITIRRICT), FITERFELYABOERIZARIT SLS5451E
EHE7ZILI)VALERAZEL. TOBREEZBRFEOLOLLET HEMTRUF
Y= TALET2=, SHICHARLEFEZROVTEMLTBEERAUEE YA
VFEEHRICEAEDOHAIRTICONWTHENREEXIT =, HEHAEFTIL
O XLDFBN. BREY—ILEDLRE EICRENRROBERZRERT 5.
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OF&A. MAthE

ZEEXRE XERBEFEHIH

AN EDEEFXFILTREAFIEZEL G >TER, LWD2HhDE IRNY
BIEETICEWTERT I EN/MENTWNS (ZUNVBEDELEN) .
CDESBREAIZEDEUNIVEOLEMHEZ, avEa—422 32—V 3
DERWTEBRLRL,

REbnbniE, HERT7Z O TIVEDVEDTHSIMERLE (simulated
tempering: ST) #EBREET I aL—2avICEBWTITS 2 ENTESRLSIC
MR L1z COAZKICEY, FUNIVEQENKEFEEZERICHETE, &5
[CHEMGELIaAL—2aVERTITEHIIENTEELL SIS,

CDEEAEEKFOIEXFFUICEVWTERAL, EEMNMODPEMNL I I 2
L—23a & 52 ¢NTESILERLIZ, ZLT, AEXFFULNSESEH
TICEWTHBMEEEELET S ELHLMNIL, TOEELIZKSF
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HANZRABEEZEHINTEZLNE, RIEBRKEROELS 3 BEOHKRNENBIEIZFE
TENLTHD, CNBIFLT llcis BLFF—ILOTO LDy IBELVSA—DHFEE
Mzd oMW, 7TV ERENLZERERANLF T —ILOBFREZHET HBER. BOH
RMNATREICAE D, Vv TBREDA A URAOELDORKR - FERZUERMEICKET S04 Fix
EITHLTIE, EREBDPETTHSABBEESKLBENTRELICEHSTSHLEEAONATVS
W, LA LAASBABROD FTO U ERGYRMARNIRBZ I LMD, JD& S HH#IAE
MEDBERTIERETH -1

MEEEAEL, BEMRICEIYSILORK - ARIMERMEZREICREL. BEEFNDREE
ALWRILETCERELERVEORERMENO TRRALEY, BAEZOMREXERSE.
R, NEHEESKD O-D HIERBZIRET A2 LICHILE-OTHRET 5P, ARERTEHYY
ARTOUICHT KD FORBERFTIE KT DL L0, & - RRZUEADER TRR
NEKDFEEOCKRRERY FT—VDEVD L., RYEOREESKAKRKHHIZBES I
DA REMEIZDULNTER L=,

[1] H. Kandori (2006) In cis-trans Isomerization in Biochemistry Wiley-VCH: Weinheim, pp 53-75.
[2] K. Katayama, Y. Furutani, H. Imai, H. Kandori (2010) Angew. Chem. Int. Ed. 49, 891-894.

[3] K. Katayama, Y. Furutani, H. Imai, H. Kandori, to be submitted.

[3]1 Y. Furutani, Y. Shichida, H. Kandori (2003) Biochemistry 42, 9619-9625.

T-12 : Hydrogen-exchange studies of the free heptameric GroES

HxE. £ZEFE : OMahesh S. CHANDAK, Takashi NAKAMURA, Koki
MAKABE, Koichi KATO, Kunihiro KUWAJIMA

FT/E : Okazaki Institute of Integrative Bioscience, National Institutes of Natural
Sciences, The Graduate University for Advanced Studies (Sokendai),

E T : Tracing the dynamics of biomolecules having molecular weight larger
than 50KDa is the most difficult task by using NMR solution spectroscopy.
Here we report the study of relationships between dynamic structural
fluctuations and biological functions of the free heptameric GroES by the use
of a hydrogen-exchange technique. We observed rapid exchange rates of
backbone amides of amino acid residues in a mobile loop which forms
contacts with GroEL. This result indicates that the mobile loop is highly
flexible in free-GroES.
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MSA [FEBEO -RFLIF=REETF . HeEFTH. RFBBATLG LRI
DEMEMICEELRY—ILTHD. BE MSA DERIE—EMIZTOTLyL T
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BIFEFFMR 27 (COFFEE Ra7) OART U Y IIVEEERIESILITIUS
RECRBILEITSIENTZEHEZATHD,
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(2010), in press.

T-16: Effect of a positively charged Lysine group in thelO5 position of

N

Proteorhodopsin

H%ZE. £EE OTushar K. Maiti, Keisuke Yamada, Keiichi Inoue and Hideki Kandori

Fi/E@ Department of Frontier Materials, Nagoya Institute of Technology,

ZE 5 (Abstract) Proteorhodopsin (PR) is a light driven proton pump found in marine y-proteobacteria.
Genomic analysis reveals more than thousands of PRs and they are classified into blue-absorbing (Amax
~490 nm) and green-absorbing (Amas ~525 nm) PR, dependent on the environmental light conditions.
Color tuning mechanism in PR is intriguing, which has been our research topics (1-3). One of the color
determinants of PR is known to be at position 105(position 93 in the bacteriorhodopsin), where blue and
green PR possess GIn and Leu, respectively (4). The 105 position is in contact with the retinal
chromophore at the hydrophobic region of the cytoplasmic side, but here we have found that a positively
charged Lysine can be introduced at this position. The L105K mutant of PR shows a ~21 nm red shift
(Amax ~549 nm) at pH 7.0, and the pKa of the counterion (7.2) does not change significantly compared to
wild-type PR (6.8). Thermal analysis shows that the mutation causes some destabilization of structure,
but it is more stable towards hydroxylamine reaction than the wild type. The flash photolysis
measurement at pH 9.0 shows that the decay of the M-intermediate is very slow compared to wild-type
protein, and more interestingly, the M-intermediate is in equilibrium with the O-intermediate. The slow
M-decay possibly originates from the perturbation of proton donor (Glu108) by Lys105, both of which
may form a salt bridge. The inhibition of proton transfer is also observed when we measure the
light-induced proton transport which corroborates our flash photolysis result. The results for the
introduction of positively charged residue in 105 position will be discussed.
References
1. Yoshitsugu M., Shibata M., lkeda D., Furutani Y., and Kandori H. Angew Chem. Int. Ed. (2008)47,
3923-3926.
2. Yoshitsugu M., Yamada J., and Kandori H.  Biochemistry (2009) 48, 4324-4330.
3. Yamada K., Kawanabe A., and Kandori H. Biochemistry (2010) 49, 2416-2423.
4. Man D., Wang W., Sabehi G., Aravind L., Post A. F., Massana R., Spudich E. N., Spudich J. L., and
Beja O. EMBO J. (2003) 22, 1725-1731.
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P2 : SEIRA Spectroscopy of Halorhodopsin Monolayer Tethered on Gold Surface
FRE. £EE  Hao Guo *? Tetsunari Kimura > 2 and Yuji Furutani * 2

Ft/E : ' Department of Structural Molecular Science, The Graduate University for
Advanced Studies, > Department of Life and Coordination-Complex Molecular Science,
Division of Molecular Sensing, Institute for Molecular Science

E 5 : Surface-enhanced infrared absorption (SEIRA) is a phenomenon that infrared
absorption of molecules adsorbed on some rough metal surfaces can be increased by a
factor of 10 to 1000. With the high sensitivity and near-field effect, SEIRA spectroscopy
Is considered as a promising tool for the functional study of a protein monolayer.
pharaonis halorhodopsin (pHR) is a light-driven chloride pump in bacterial cell
membrane and its anion transport mechanism is less clear.

Using difference SEIRA spectroscopy combined with attenuated total reflection
(ATR) configuration, we followed specific binding of His-tagged pHR to a nickel
chelating nitrilotriacetic acid (Ni-NTA) modified gold surface and formation of a
member protein monolayer. The chloride-ion-binding induced difference spectrum of
pHR in monolayer, which is significantly different from the conventional FTIR result,
has been recorded for the first time. The assignment of the signals has not been done yet,
but this will opens the new method for investigating ion-protein interactions of
membrane proteins, such as ion channles, transporters, sensors, etc.
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P6 : Dissecting a bimolecular process of ATP binding to the chaperonin GroEL
HFFx#E. £EH: Olin Chen', Koki Makabe'?, Takashi Nakamura®, Tomonao Inobe®,
Kunihiro Kuwajima#*

fitJE *Okazaki Institute for Integrative Bioscience and Institute for Molecular Science,
National Institutes of Natural Sciences; ?Department of Functional Molecular Science,
School of Physical Sciences, Graduate University for Advanced Studies (Sokendai); and
3Department of Physics, School of Science, University of Tokyo

ZE & Although allosteric transitions of GroEL by MgATP*™ have been widely studied, the
initial bimolecular step of MgATP>™ binding to GroEL remains unclear. Here we studied the
equilibrium and kinetics of MgATP*>™ binding to a variant of GroEL, in which Tyr485 was
replaced by tryptophan, by isothermal titration calorimetry and stopped-flow fluorescence
spectroscopy. In the absence of K™ at 5°C, the allosteric transitions and the subsequent ATP
hydrolysis by GroEL are halted, and hence the stopped-flow fluorescence kinetics induced by
rapid mixing of MgATP*>™ and the GroEL variant solely reflected MgATP?*™ binding, which was
well represented by bimolecular non-cooperative binding with a binding rate constant k,, of
9.14x10* M's™ and a dissociation rate constant ko of 14.2 s %, giving a binding constant K,
(=kon'kor) OF 6.4x10° M. We also successfully performed isothermal titration calorimetry to
measure binding isotherms of MgATP? to GroEL, and obtained a K, of 9.5x10° M™* and a
binding stoichiometric number of 6.6. The K, was thus in good agreement with that obtained by
stopped-flow fluorescence. In the presence of 10-50 mM KCI, the fluorescence kinetics
consisted of three-to-four phases, the first fluorescence-increasing phase, followed by one or
two exponential fluorescence-decreasing phases, and the final slow fluorescence-increasing
phase, and comparison of the kinetics in the absence and presence of K* clearly demonstrated
that the first fluorescence-increasing phase corresponds to bimolecular MgATP* binding to
GroEL. The temperature dependence of the kinetics indicated that the MgATP*" binding to
GroEL was activation-controlled with an activation enthalpy as large as 14-16 kcal/mol.

Present address: Tomonao Inobe, Laboratory for Structural Neuropathology, RIKEN Brain Science Institute, 2-1,
Hirosawa, Wako, Saitama 351-0198, Japan.
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