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Correlation between structural fluctuation and thermodynamic quantities
for the supercritical n-pentane aqueous solution system

(Chiba Univ.)oSatoshi Shibuta, Takeshi Morita, Keiko Nishikawa

[F] WiEEICBW T, RIBKEBITKITIZE A

LUEMR L7\, 213, 7k 100 g 12kt LT n-rty 75 | :
2013004 g LT RV[L], —J7 Tl Fuk P
FEICBWTHEIMEEOEIAE TRIV AV, ¥ %‘:’ . —FH ? .
—MEFKRT D, EHIC N F U ERINT S 4; 5 .

LRI DML E & LS D, s KOS
B 1 ICEIRFEIC BT BEER s 2 Lok s

K DT iR
1R DFA & 77 2] 0 , —
BERGRL, 4 oRECBO YT o o Rk

DAADEGENTZRTHD ENVZ D, TIUTE 1 BBEER - % AR O[]
EE) & o O P B W ThO F A EER, &

BEBOVBELTNDOTHD, ZOXIRREBEZEIATIEIC, bo b A NRBLOND
LEOWETH D, OOLXNTEHANLDOEBORE I ZRTYWHETHY . BEFIRILD K

DR F AR ELRENDE D DGEITK LT, ROREBERT OICK LI L2/ T A —F
—TH D, FRHIRDDOFLHRENS DAL EZRTRE DL E (Seo) 1T, RO RICBWTEH
172w E 72 53],

AEBRTIE, POLEERDDTEDICHTER 3 DO/NRT A—4— (FELA 0 ° 12T DL
SREE. FREMEER, HoE/AR) 09 b FREMER & T/ VIRTE 2 FERBICIRIE L.
HEERIE n-~~2 2 KR RIZEBT 5@ 6 & LT /VIRTE R ORISR & OMBE L2~ 5
ZEEEME LT,

[F£8r] SREEMR & E0E A RREIL, KOS 647 K TERA 2 LIREICHBIT D8 B
ZHE L CHRE Lz, FIREENICBW T, EFRKFIC L > TEMICEEDNRE S 72K &
- B TRV E—IZE AL, SHR LT, [ES OB TR L X — N O
hRal) —7 SFTTole, FETFEHRMET X BEWRE L, Al ZEXOlNE
Lambert-Beer DiEHIZ HWTEE 2 RAVICRKRD -, @iREERY > 7 VRV Z—IXAED
bozMniz, BIgEREMERZEBE L. MEEIZFZ PN TND, SHICREL
EfEIZ LRSS 728, dead volume Z#FEHIC/NE < Lz, XA EET H2BITMELZBE L T
EHE45mm, JEX08mm DX A TE L RaEH\=,



[FER L EL] X212 647 K, KiZxT 2
nN-~_ & L DFE V43 0.0880 IZH5 1T HE
DIEIMRANEZ R T, HER D72 neat 727K
[4]1& n-~0 2 U[BlDT — X Hord, IRAR
DT —H & neat 7K EELT 5 & 22 MPa
OARJEM & S EMTHEENRE S B D Z
LWy oTo, KOEERTETZ 22 MPa T
B - F ORI Ko TEER K
OYPERRE LTV D

EROT —F 5RO IERIEME (k)
%1% 3177 F, Ki% 22 MPa Ty OFEEAH
AL TWDHOITKRL, BEES n-~> & K

0.6

o
~

# g - cm3
o
N

0.0

e E/L452R0.0880
— 7K[4]
1 n-~ % [5] !‘
0 10 20 30 40
£ 71/MPa

X2 O IHEAFIE

WA Drpl, BEMA~NY 7 L, SHICKRELTL LTS,
£ /L4353 0.0880 (2 Tém&%ﬁm@%@W%%l4_rﬁ 77 ZINEENEN DR
EOMEHR Lz, kp&Secld, FIEFRC L 5 B bE R LTS, LLARRS

i AR o B kSCC ES & Hf/\\ e JEARIL

& Tl %o

0.21

e Ky

— 7k [4]

n-~~ 4% 5]

0.14
v

P

Ay

= . Y

E . ‘~.0° X

0.07 \‘
'\,.W
0 : : \'
9 18 27 36

J+73/MPa

3w O A A7
2235 Sk

[1]C.MeAuliffe: J.Phys.Chem., 70, 1267 (1966)

[2]S.M.Rasulov, I.M.Abdulagatov: J.Chem.Eng.Data., 55, 3247 (2010)

[3]7& )11 27~ A Fll: Mol.Sci., 6, AO054 (2012)

TIE DAL

SRS kbv\ﬁcﬁg)_ibimwl Y4 AT D
T —ThE D RA FOERIEOERE T E LTH->TWAEDTHS, MHIE

Ry T VARTE

0.2

- 0.15

SCC

[4]W.Wagner, A.Pruss: J.Phys.Chem.Ref.Data., 31, 387 (2002)

0.1 0.2 0.3

0.4
g - cm3

B4 Sec & wr DR FEARATIE

[5]K.E.Starling: Fluid Thermodynamic Properties for Light Petroleum Systems, Gulf Publishing Company (1973)

[6]T.Morita, H.Murai, S.Kase, K.Nishikawa: Chem.Phys.Lett., 543, 68 (2012)



2P082
R R T 2 ) — P 2 Ay RIS EBIT T
— T Utk b B AL EEE —
CFEBEA - ) OB, Mhildey, FH3RE

Solvation in Supercritical Ethanol/Benzene Binary Systems
Studied by Raman Spectroscopy and Quantum-Chemical Calculations

(Gakushuin Unv.) OShiho Kamiyama, Hideyuki Nakayama, Kikujiro Ishii
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Time-resolved study of structural fluctuation in protein reactions
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Structural Dynamics of Hairpin RNA Measur ed by 2D Fluorescence Lifetime
Correlation Spectroscopy
(Molecular Spectroscopy Laboratory, RIKEN)

OChao-Han Cheng, Kunihiko I shii, Tahel Tahara

Introduction
RNA folding kinetics has attracted much interest because it provides information about the complex

energy landscape on which multiple misfolding structures appear in competition with the most stable
native structure. However, the study of structural dynamics of RNA is still difficult, especially for the
secondary structure formation. In this work, we investigated a FRET-labeled hairpin RNA and compared
it with the DNA analogue to understand the formation dynamics of a hairpin structure of RNA.
Furthermore, we applied the 2D fluorescence lifetime correlation spectroscopy (2D FLCS)'™ to clarify the

origins of this difference and tried to observe specific lifetime components and their interconversion.

Experiment
The hairpin RNA that we used is a single-stranded RNA labeled with 6-FAM and TAMRA (6-FAM-

5’-UUUAACC(U);sGGUU-3’-TAMRA). The DNA analogue has the same labeled dye molecules and
bases as RNA but uracil is replaced by thymine. They were prepared in buffer solutions (10 mM Tris-HCI,
1 mM EDTA, BSA 0.01 %, pH 8.0) with various concentration of NaCl. 2D FLCS was measured by a
home-built system.'> Each photon was collected with absolute arrival time determined from the start of
experiment (7) and the relative arrival time determined from the excitation laser pulse (¢). The 2D
emission-delay correlation map M(AT; ¢’, t”’) was generated at a characteristic time interval AT between
two photons emitted at ¢ and ¢”. The maximum entropy method (MEM) was utilized to convert 2D
emission-delay correlation maps to 2D lifetime correlation maps so as to obtain the correlation of isolated

species.
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Fig. 1. Melting profiles of RNA and DNA. The emission Fig. 2. Fluorescence lifetimes of RNA and DNA at
intensity at 520 nm is plotted against temperature. various [Na'].



Results and Discussion
Fig. 1 shows the melting profiles described by the

emission intensity at 520 nm for RNA and DNA at 0.5
M [Na'] plotted against temperature, reflecting the
quenched fluorescence of donor due to FRET. The
curves present the difference melting temperature of
RNA and DNA. For RNA, it is 15 °C higher than DNA
even with same [Na'], suggesting that there is a
substantial difference in their structural change. The
difference also emerged in lifetime measurements
shown in Fig. 2, where the lifetime of RNA is much
shorter than DNA at same [Na'], indicative of the
different response to Na™ between them.

Fig. 3(a) shows the lifetime distribution of RNA
with 0.4 M [Na']. Three isolated species (S1, S2, and
S3) were observed. They correspond to the diagonal
peaks in 2D lifetime correlation maps at AT=20-30 us
shown in Fig. 3(b). Because S3 was also observed in
donor-labeled RNA, it is assigned to acceptor-missing

RNA. S1 shows short-lifetime components and is

4 () A
[} O ‘
E]
2 A
£
< . m S1
m S22
m S3
HEREH 2 3 456789 I RIREEEY
.1
Lifetime (ns)

t' (ns)
Fig. 3. 2D FLCS measurement of RNA with 0.4 M
[Na']. The fluorescence lifetime distributions (a)
and 2D lifetime correlation map (b) were evaluated
at AT=20-30 ps. Dashed squares corresponded to
the isolated species S1, S2, and S3.

assigned to the folded (F) form; moreover, the fast reaction among its components is observed, which

suggests the formation and dissociation of the stem of RNA. S2 is assigned to the unfolded (U) form. This

is because the lifetimes of components are strongly affected by Na', implying a flexible structure such as

a random coil. In the range of measurable delay time, the off-diagonal peaks between S1 and S2 were not

observed, indicating that the transition time between U and F forms of RNA is longer than ms, possibly

due to the rigid backbone which restricts the structural change.* DNA, by contrast, shows a shorter

transition time around 100 ps between U and F forms.

In summary, the investigation of hairpin RNA shows the response to Na' for the dynamics of RNA is

different from DNA. Furthermore, the results of 2D FLCS show that the transition time between F and U

forms for RNA is much longer than DNA, contributed from the difference in geometry.
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2P086

Excitation energy transfer of Arthrospira platensis cells grown in seawater medium

probed by time-resolved fluorescence spectroscopy

(Graduate School of Science, Kobe Univ.], Graduate School of Engineering, Kobe Univ. 2,
JST CREST3, Molecular Photoscience Research Center, Kobe Univ. 4)

OMuhammad Arba', Shimpei Aikawa®?, Kenta Niki', Makio Yokono®*,

Akihiko Kondo™?, Seiji Akimoto'**

[Introduction] Large-scale cultivation of Arthrospira (Spirulina) platensis is now intensively
researched worldwide due to its high potentials in pharmaceuticals, cosmetics, energy, and
nutritious food source. Cultivation of A. platensis in seawater has been regarded as an
attractive option, owing to the low cost of seawater and the limited freshwater available for
large-scale farming. The excitation energy transfer between pigments in photosynthetic
machinery largely governs the growth of oxygen-evolving organisms. However, changes in
environmental conditions such as cultivation medium may induce changes in excitation
energy transfer within the photosynthetic system, resulting in abnormal pigment production.
In the present work, in vivo excitation energy transfer processes in A. platensis cells grown in
both f/2 medium and SOT medium as a control were studied. The SOT medium is well
known as one of the optimal media for 4. platensis, while the use of {/2 medium was intended
to imitate seawater.

[Experiment] The cyanobacterium Arthrospira platensis NIES-39 were grown under a
fluorescent lamp of light intensity 50 umol photons m™s™ for 7-8 days in SOT medium or
modified f/2 medium at 303 K (~30 °C) with agitation at 100 rpm. Steady-state absorption

and fluorescence spectra were measured with a spectrometer (JASCO V-650/ISV-722) and a



spectrofluorometer (JASCO FP-6600/PMU-183), respectively, at low temperature (77 K).
Time-resolved fluorescence spectra were measured by a time-correlated single-photon
counting system at 77 K, with excitation wavelength 400 nm. Fluorescence rise and decay
curves were analyzed by global analysis to obtain fluorescence decay-associated spectra
(FDAS). Photosynthetic oxygen evolution and dark respiration were determined with a
Clark-type oxygen electrode controlled by a computerized oxygen monitoring system.

[Results and Discussion] Growth in f/2 medium induced changes in absorption and
fluorescence spectra as well as in the energy transfer pathways. Relative amount of
Photosystem (PS) I red chlorophylls and phycobilisome (PBS) markedly decreased (Fig. 1),

fraction of PBS not incorporated

I T I T T T I T
into energy transfer processes g - Hr 1
increased, and energy transfer g 10 _ |
S 1.

between PC and APC was g

slowed in the f/2 medium. The %

energy transfer from PSII to PSI >

is highly inhibited in the f/2 00 00 500 600 700

Wavelength (nm)
medium, which might be result

Fig. 1 Absorption spectra of 4. platensis cells grown in SOT
from the modification of proteins  medium (solid line) and f/2 medium (dotted line).

under salt stress. The PBS-to-PSI in parallel to PBS-to-PSII energy transfer pathways were
observed in the two medium, however excitation energy captured by PBS was transferred
directly to PS I in f/2 medium, instead of being first transferred to an intermediate
(PBS—PSII—PSI), as observed in SOT medium. It was also found in f/2 medium that
respiration rate increased, photosynthetic rate reduced, and the delayed fluorescence (DF)

lifetime was a half from that in SOT medium, which is probably result from inhibition of

electron transfer in PSII and/or the decrease in antenna efficiency.
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Ab initio molecular simulations and biochemical assay on specific interactions
between aryl hydrocarbon receptor and exogenous/endogenous ligands
(Toyohashi University of Technology', AICS RIKEN?, R&D Center Toshiba Corporation®)
(OSatoshi Miyagi', Kyoshiro Murata', Kazuya Sashino', Satoshi Sawamura', Satoshi Itoh?,

Mitsuko Ishihara-Sugano® and Noriyuki Kurita"*

[IZL®HIZ)

P EIRALIKFEZ AR (AhR: Aryl hydrocarbon receptor)id, 43 B4 3 ARNICELY A FAVTZBR
2. TUHERRMICHES L. ®OWBIETHEIL., Z2oBmaitiz 2. R#ERORI LT
B2 ETHD, SHIT, ITEOMBAER1-21IC LY . AR 23HIE /i b B R 5&E
EHSTWD ZERPA BN o7z, BlzIX, 74 —7 T Mg Thl7 Mikd & HHEYE T Mika~5
a3 HES, ADRIC K DG AL > TV D Z EMAHE S7z[1], ZOREE, AR S H R
PEREBRLT LV X — L W o TN OBREEIC K - TS S5 %8 2 Ol I LB 5-5 5
TN TRENTZ, A —7 THlOS Lo R, 2 O AR U H v RIZ L - Tk
T 5[2], ED 1 21FI/KMEY A K TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) T& ¥ . & 9 — 5%
WTEPE Y H' > K FICZ (6-formylindolo [3,2-b]carbazole) T 5, HIRTIX, ADR IZFEAT DY A
ROEVZ LY ARR X ED X D12 THIED b A5 S5 00F, JiF LUV TIEREH TH
%5, F7=. AhR & U J o RO EAE T OBV T o 5 AhR OSLARREE b AR TH 2,

FxlX, ZTHVETIZ, ¥ 7 A AhR @ LBD (Ligand binding domain)D4#i%, & TN LBD (Z TCDD 73
fa LI @B ORI COREHEL . /0 FET U v 7 il )7FMM)EZ VTR 23],
F£72. Motto H[4)1X, 0 FET V7 %MWV, 7> b AR @ LBD (24 72 & A 4% o VA% fE
B LT ESROMEE Z KT Chaift L, Ml EROF R ZHA TE 2MEZHF TS, Lal,
SORMER O'WAEMEY 77> K& AhR RO R A EAEH OBFWE, B - EF LV T B
72 o TR, ABFFETIL, AhR & 4N Y 2 R(TCDD, B-NF). KUY AhR & NTEMED o R
(FICZ, ITE)DEAIRD KT TCOLEMEEZ, N FET Vo7& MMIEIZX > TER L, VTV R
DEWC LD REROMHEIEROZEALE 7 T 7 A 2 Ny THGEEMO)FHRIC X v fighr Lz, HiZ,
ZORERZMIAFEROFER L L, U ROEWIT L DR RAHEALEH O Z bt LT,
[(BtH7FiE]

AW TIL, V> K& LTHKRMD TCDD, B-NF & WEM:® FICZ, ITE #8H L., 7 v b
AhR D LBD &V J > FOEEERD KT TOREMEZRE L. AR & U I FEORRAH &
L HRIE, WIEPETED X D IZRR D) EMNT L7, £9. AhR @ LBD DONL{RREE 2, # /3
7 EREET 7 v 77 F 2 MODELLER,, K ONRIAIE 2 FIVMER LTz, RIS, Z oI B Y
KRy 27 7 v Z A Autodock & VY, AhR Ofk 4 IEIZ Y T RE Ry 7 L, #HEK
DA E 2 ZEAER L, BONONREMELZ, MM G157 7' 7 7 F A AMBER9 % IV, K Ch
Wb Uiz, Befkic, Ahci g o= %L ¥ —% FMO J5[5]0 MP2/6-31G I L VR, %2



EREAEROHEZE Lz, BT, FMO SHEOFEREND, AR OFT 2/ EEfEk U 72 K
OHAVEH TR VX—ZMHT L, ADR &V Y RREIOEASICEZERT I JiBEREL, VTR
TS K DR AR RO B L 2 fRAT L. MBI SEBR OS5 & bl L 7=,

F7-. AR & U H 2 RO AESERIZIX, van der Waals fHHAAEHNEETHDH EEZ LD T
B, RO MM IEIZ X 2R TIEA 072 TR o 5, % 2T, FMO i£D MP2/6-31G
FHEE WS LI L D EAERO U H K ROZOFEBOT X/ BREREOHEEE
BB & B8 L sfs B i b L7z,

[(BREEE]

AMBERY % FHUNCKH CThaifb L 72 AR O F e w1 % Figure 1 1T~ 7, 4D Y T K
IFE TR UM E TARRICHEATH08,. U 2 ROKE SNEZR D720 B-NF (T AhR _EE D o-helix
W@V . ITE & FICZIZAR7 v FO LTI CTLL AT 5, ZhbOBEAIKRICZHT 5 AhR O
KT BE YA FEOMEER T R/VX—E)% Table 1 (Z/R$, NIEME Y > RTH 5 FICZ
&OITE V&, ARRMEYD 7 RIZHA~T, AR ICESHAEMNT 5, 72, 2 TO YU H > KA AhR
? GIn381 LR BINMHAFENL, BiZ, Zz=AT 7=0Fvnv il FHEEEZFOT I
JEBEFEERL WD Z RO D, FHRMEROFEM, L OIER & OIZ, M HDOKRA
2 —\ZTHRET D,

(a) rAhR+TCDD (b) rAhR+B-NF (c) rAhR+FICZ (d) rAhRHITE
Figure 1 Structures of the rAhR+ligand complexes optimized in water by AMBER9-MM

Table 1 Interaction energies (I.E.) (kcal/mol) between ligand and each amino acid residue of rAhR

TCDD B-NF FICZ ITE
Residues IE. Residues IE. Residues ILE. Residues LE.
GIn381 -59 Ala332 -6.6 GIn381 -23.2 Tyr320 -20.1
Tyr320 4.2 Gln 381 -6.2 Phe 293 -7.2 Gln 381 -89
Phe 293 -3.5 Phe 322 -5.6 Hid 289 -4.0 Phe 293 -54
Phe349 -29 Gly319 45 Cys 331  -3.7 Ala332 47
Cys 331 2.6 Hip 324 -39 Thr294  -3.2 Phe 285 43
Met 346  -2.5 Phe 293 -34 Ala332 3.1 Phe 349  -3.1
Gly 319 22 Hid 289 -3.3 The 287 2.3 Ser 363 2.8
Hip 335 -2.0 Met 346  -3.1 Leu35l -22 Cys 331 2.6
Hid 289 -1.9 Ile 323 2.9 Phe 322 -2.1 Hip 324 -2.4
Leu3s5l -1.1 Thr287 -2.8 Phe349 -2.0 Hip 330  -2.1

[1] F. J. Quintana, et al., Nature, 2008, 453, 65. [2] M. Veldhoen, et al., Nature, 2008, 453, 106.
[3] S. Miyagi, et al., Int. J. Quantum Chem., 2012, 112, 289.
[4] I. Motto, et al., J.Chem.Inf-Model, 2011, 51, 2868. [5] K. Kitaura, et al., Chem.Phys.Lett., 2001,336,163.




2P089

BERIGTEIC B 1) 2 BERADENR : ODCase DIER G Z B & LT
PESEBLATRATIIENT 7 & AT AHFHM  OF A
SRS KBTI e B

Effects of Substrate Strain on Enzymatic Activity: Case Study of ODCase Catalysis
Nanosystem Research Institute (NRI), National Institute of Advanced Industrial Science and
Technology (AIST) , O Toyokazu Ishida
Department of Chemistry, Graduate School of Science, Kyoto University, Masahiro Fujihashi

T ®IC

BORE OB GHE AR B VT, BEEKIED QM/MM (KON 2 QM) FHE2%8% < #t
HENHMHICH>TETWDE, IN6E DRI Z A2 & TRINERIREZ LT 5 ik
VR 2T ANEDTRETH 5, THUIHERIBICE T B lEER & LTt TROGER
IREBIC B 1T 2 HWEH OMNI 2 (bas8E) L9, L. Pauling DRHUICHEI 215 < 2> 5 DA
ICHERLTW3 EE AR5, FEBEZ CBEEORREALAIIE Z kD 2R D | T8 v o8 7 DR EEIE A
FREMH AR Z AL, RIGEBIREZ HNICLET 2 FoBERTEE O FER ) &3 28D
v, L LINERFRE27A4 77 E LT TRIBOIRESR (BEEEEGHE., ESHEEK) 24%
ELT2HIC LD, NI RIGEEZE T IR ) %) EF)MFENKROAAET S, BEICBL
T, 5 <13 Phillips B2 2 TRV O VARG EA) BTEEKREEZ 5N b0, BfEICE W
THEL2EHRFETH 2MEMMEERITICE VT, BOMETHEEREAZBIET 252 (<D
Bity) WETH % 7- 0 RUEERSORGEE I /GHEAEVIZEIC 8w T, IR I EE et ifE
ELTHERSINAMELEZ S, INEFTRAIE, BREQHAPILEZEZ SN LR, FAuFry—
) VBRI IS (Orotidine 5-mono-phosphate decarboxylase, AT ODCase) % A IZIE O,
GV & B /At R 2 G b T Mo RRE i G 2 JE 1 L 72 QM/MM G X
20FETY VI, FEINYEIEICLEHHZ AV X —GIE, 2L T7 7 7 XV M FiuEis
ZMOIHREROMAEHZ 2V X — it 2 flatbt 25T, AR O MBS D 75wy
R 2 BE LT E 7,

ODCase I3 EMMFENTE Y T2 VERZFBAKT 28R THHDOBRTHD, AuFPr—Y v
% (Orotidine 5-mono-phosphate, LA T OMP) 225 ANV KR F I NIHZ G EH T, 7PV —
) V% (Uridine 5-mono-phosphate, BAT UMP) %47 2 KIG% it T 2, KEEEICIZ N
¥ CEHBDOFEFBMFEDAAET 203, FricBlR 2 5] < JUE, BESRIEAALE N DAER T DA BOG
LWL T, 2OKIEE ~ 10T b DA =5 —THEL ) %3 L EIHIFEHETH 5, il T OLARIE
IZBWT, ZUIEDRINEEZRTEEZIIINET TR EAONTES T, ®FEA 4 v PHIEED
IR 72 E DI T REEE DR T & VR 7 EHEE O BOGE; %2 PR 2 FI3IER I EIRIR W,

WHEE & FHE T




N E THA T Saccharomyces cerevisiae HEDRGIE T — ¥, £ X X Methanobacterium ther-
moautotrophicum HRDOFHET — % Z H\ T, RICOHEEE &% 2 6 5 BRBEREICHER L.
QM/MM GHHEZIE L L7217 v 7 & OMENT 217> T & 72, 4 MIRIC, Fujihashi 512 &
D PRE I Nl O E o fRRe RS G 2 JE I L, BEOEROMIR 70 7 7 A V2 R L, B
HEAZ L6 T8 VA% EZ TR OBRTHESE L o, 5/ FIEIE T O#
DTH2 1) QM/MM GHREIC K D RIS ZRE L, MDEtBEZ T 2HTHHZ RV X —
ZAb % B L, FEBRER L RS T 2 ETE T V7 OZMER R, 2) KIKGRE Lo
REFRT, WEHLEY VRVEGEOMENENZ 7 7 7 A Y PER—ZADRREGHE» ST L.
FE7 3 BREOMBZF G2 gD 2, 3) 2 L CRIBREE LISk > T a2t a2 179
HT, JIBICHE) & V0 HDF A F 27 A2 WMAT LT L. BREEA 2 I3 idEamin
K72 N - 92, QU/MMEIREAZEY S aL—yavichih 7 77 Lk, T E ol
HICPHFEZ TR > TR a—-F2AHLTE Y, B8 IFEIRICE T2 X7 v v VB%, &
LU QM/MM EHE D MM #7121 AMBER(parm. 96) Z M L Tw 3,

BN REES

Methanobacterium thermoautotrophicum HEDE ARG TE T Y v 7 L7 fGH, BERRIG
F EVEWGR TOIEMEALH = 2L X — 2032 I 2 B BT 2 HAER S - T, Dkl
AHGEE TV &2 HIC L GHERR Tl 2, SRR TIRERICE T 2 EHOMEEA) 28
FIEMIC G 2 28 %2 X ) ISR T 5 729, QM/MM HREIC X 2 s EaiE{LD 515 6 iz 5
BMEZ 0TI RV X — RN 2 27§ 2T, BEOVHEEARIMAARIGIC KIE T8 %
ERINTIENT L 72, GHRREIC X 2 R Z2 T\, & v RV HD RIS EEE I 2 5 35k~
G OB IRZICIY B HT, BRBHBEOIEELZ 2L ¥ —~ THEER 3F5T 2
BEZMNTL 7., ORI, MM LREEICHY T2 22 L ¥ — B0 2 IFE <, MK
JEPERE 2 KT I 28R 51, TRERDOALEN) DEEREE IR WS 2R
HPHS LR oT, 610, KIBRIKICIh>T7 72 7 XY MIEL)LTT S 7 IBIERIEHAL O
BRI RV X — @i 2 479 2 HIC Kk D, Rk (ES 86F) . ERIRE, RSHhlkz zhz
LT, ANLENT 2 FERFGEERKZ 7 2 7B L THi L7z, WREFROZEIciEE L
L T Lys42, Asp75* 25, BBIRFED Z s B W TIZFE E LT Asp70, Lys72 23F T 2K & ffEd>
5Nt MEDFEED S B AspT0, Lys72 OBREMEIRBIN TV S720, SHEICING
FAl—FXA Y RICHEET 22007 3 ) BEEL2 7 7 =V ICER IS ARBBREOSTET IV
ZAERR L. FARROFIECHHZ 2 VX — 22 T3 25T, BEIGEOMKT 2 M3 § 0 Fimiy
AR Z RIS L7z, SO REROFEIE, MHICL A=+ T2 FETH S,
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Theoretical studies on ATP hydrolysis in Fi-ATPase and a rationally
designed enzymatic reaction in its variants
( Grad. Sch. Sci., Kyoto Univ. ) OShiho Noguchi, Shigehiko Hayashi

[+]

F ATPase 13X b2 FU T TATP &kEITHBERTHD ., TO M7 2=vy
FCH2 Fr-ATPase [ ZEIM T ATP MK % 8] X = . A% T,
Fi-ATPase O JSIZOWT, A 7V v K QM/MM % H W T 217> 72,
9. ATP NKSFREDRIET 0 7 7 A /W20 T QM/MM reweighting free energy
SCF £ (RWFE %) W 2SS X HFIE 21T o 7=, AFETIL ALFENGIBRICB T 5 ¥
YRV E DB D E DR AR ANDSZ ENAEETH D, ZUTE - T,
EPECRB T 2 2 7 BOBEED EORENZSOW T %, RIS, HERRRIETH
% Kemp BB 2 %) UfRELTEME 2 & O F1-ATPase O BIKDO T VA %217 > 7=, Kemp
WiBIE R s D Y T d %5 5-Nitrobenzisoxazole 2 ATP O 7 F = B0V I R—
A LFEASHE, &5 ATP &6V A MIEREZINZ T2, KIGHEE % EiF 5 aRErE D
& B BAKIZONT, QMMM FHEIC K > TH LIRS T 1 7 7 A VT ES X i
T2,

[ 5R & B4

BERAL D QMMM F5IZ & B ATP MKSREIS T 0 7 7 A MiF, JeAThrsE B iC
FoTHLMZENTEY (Fig. 1 . HEERIT ATP @ P,-0, 56 DA (POD)
%o7a FBE) (PTD) ThHAHZ EWRBENTWS, £ 2T, 4E ATP MK f#E

FISIZB VT, Kt (R) L RUGHk @ WG i1

(IM2) (=T RWFE 512 & 2 b 247 o ggé o

Sz, ZORRNG. QM FUkOHIEICH Te0y e 36

VT, BRI QMMM FHE L o ik % PoM2 M3 L ges
Fig. 2 TR LTz o BUSHICHNT, vl HBRL | %ﬁ W

ERBOFRIETIE B.0TATHLZ0IC 557 76 Bt L.
% L. RWFE i5 T3 8,024 LiEgnm< R ™ e

ol FEEOMEM D IM2 T
LEIZLZINTWAS, ZublE.
RWFE £ TCi%, Arg373 O+

Fig. 1 Reaction profile determined by the QM/MM calculations.
Energy diagram of the overall reaction path from Reactant (R)

to product (P). [2]



fir& ATP O O, OFAERAN L VR 2o Z L2 EWRL, O, N &Y —EME b o
TV IM2 TEEEN LD RERED LR | ZHUTHEV POD O = R )L X —[EEE ¢
BT oEEZLND, LT, IM2 IFHREEE THDH PT1 OO L SHIOERE TH
. PT1 & IM2 OEEIZLLES72HDTHDLZ &b, KIGOIERE=FRLF—H T
NHZERWRFINS,

F 72 . Kemp Wil IZ % LTS ME 2 D Fi-ATPase DA RIKO T A 220 T,
F9. ER L= ATP O 7 7 = 8D ¥ 12 5-Nitrobenzisoxazole % fif & =+
-H® (NTP) Z1EsL (Fig.3) . Fi-ATPase ® ATP fi&H A MIEE Lz, D
NTP f5A %A M2 D Thr #HEE LTI 5< Glu ICER S, Glu 23K Z A
LTNTPO7'm &5 &kE& Kemp B4 5 S ZFTET LV EBR LT, BIE,
EHICER N —[EEEE T HDERICOVWTHRFHT T D, S N TIE Y ARE
THTETH S,

S :I”
ey Y

Fig. 2 reactant structure. Fig.3 NTP
The optimized structure by RWFE method is depicted in a
standard color code. The structure of the conventional QM/MM

optimization drawn in pink is superimposed.

[ 275 3Cik]
[1] Kosugi, T.; Hayashi, S. J. Chem. Theory. Comput .2012, 8, 322-334.
[2] Hayashi, S. et al. J. Am. Chem. Soc. 2012, 134, 8447-8454.
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Computational study of RNA hydrolysis of DNA/RNA hybrid by RNase HI
(Institute for Protein Research, Osaka University)
Yu Takano!, Makoto Kita', Haruki Nakamura!

(2|

JiRX 7 L7 —+E (RNase)Hl (&Mg** D7EFE T TDNA/RNA/\1 7'1) v K ZE#HHD
RNAESHD ) VBEY TRATIVEES(P-O3HER) 2 DR T 58K Th 5, TOMEHLLE
VESIVRIT (BEL - &E - BER) ICHIFATETEEREMRERE RNATSA<T
—DEMPDERE. EERTETE CBR-loopD D EkrE. DNABRIECER> THY
AENTERNADBREE E) ITRCES LTWA [1], & Bacillus halodurans (FhEE)
P FERDRNase HI-DNA/RNA/NA T v R ZEHEGAD SREREGREED R
EEN 2], ZTDOEEZBVTRELDAERENMZENMTONTE R, LH LEHEF
IMNTBITF DM DELERICBIE T 27BN, BFEDO 7O M ALRRE. 7O D
BRIZIRER 75 & RNase HIDEHMZ AiEHIBIC DN TR e A BESRDTHhN TV S

[3_5]0
(A)
Q/\ AHAETIE. EEFLOD
’<_( Mg DEIEE L. &
E109 \. 2+
a vamg-lu —DE f2IF = DDMg>
. » 4/‘(!\ %Z & D & DRNaseHIE
(%6 No /2 WY T MRODEF LG
e, (One-metal Model,

Two-metal Model)Z=1ERY, LA

b RN
@’QK(\ '( BETIVDKBREZMEIC

E109

V> B0k 5 ﬁ@&ﬁ@ﬁ%’a‘:?

S mUemEommsEmsl
o rD71 mIAHIET. Mgz+@§f(@

[ 1.RNaseH-DNA/RNA /\1 7 v RS thofas SVHBRRIDICSASE
E&(A). Two-metal €7 /L(B). One-metal €7 )L(C) ExRNT,



(GtHRAE]

BRERIGICEST 2 EEZ SN DD DEEDT71, E109, D132, D192). SEMHEHD
ICTETE T D Mg2+, SEMEFRODHEDEBRNAKE & KD FDEFNZ N % B O REE
(PDBID: 1ZBL, 1RDD)N 51D B9 Z & T, K1(B), (C) DL SR ZBEDEBEETIL
ZER UTco 2 TOREEFRZOMN LU TWR EREL, St EOX N EEBLTE
BRNASEADIEEID ZRE Ulc, STEICIEB3LYP/6-31G(d)EFA L. B EBD
RIGIRBED DM D ZIRCEHEICKL DHER U, BEETILE UTIEF-PCMZEH L.
FEERDIEICIXT78.92. cavityl< (FUFFZER U7z,

((FR - £8]

One-metal Model. Two-metal Model & 6 — D D Fh &% % 5 ERFEHY 73 RS B
NERI Nz (K2), Two-metal Model D RIGEEEICH 1T 2 RIGHH 5 D5EMELF
T AL RJLF—(FOne-metal ModelDH D &L L T10 kecal/moli2EEL, &5
I One-metal Model ® #&
RICHIT2ERIIETTRIL
F—IE<Eofco NI, AG
One-metal Model T [&  (keal/mol)
Mg2+Ic & 2 KZAIKDF
OEMEEPEMAELTH
NIBEWEHTHZDEEZS  (B) A
N, #BcCclIIns€7
IVEBEDRR &, &b B .. -
BV I RATIVAFT ' '
HB)UBIXFILFT ZA 50
¥ OMKDBRRIGEEE D @2 RNaseH DEFILICHT 2 U VBEI TR 7 IUES
HBHERICOVWTOHERET ks BRED Gibbs T XJLF—:Two-metal E7IL(A).
%o One-metal €7 /(B)

(A)

Reactant
0.0

Produ
-0.2

Reactant

[&E&3ik]

[1] K. Katayanagi et al. Proteins 1993, 17, 337-346.

[2] M. Nowotny et al. Cell 2005, 121, 1005-1016.

[3] H. Nakamura et al. Proc. Natl. Acad. Sci. USA 1991, 88, 11535-11539.
[4] M. D. Vivo et al. J. Am. Chem. Soc. 2008, 130, 10955-10962.

[5] B. Elsasser et al. Phys. Chem. Chem. Phys. 2010, 12, 11081-11088.

]
]
]
]
]
[6] M. Kita, Y. Takano, H. Nakamura Mol. Phys. in press.
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Free energy analyses for ATP hydrolysis using quantum mechanical
/molecular mechanical simulations combined with a theory of solutions.

(Graduate School of Science, Tohoku University) OY. Miki, H. Takahashi*, A. Morita

[F] ATP(Adenosine Triphosphate) D HI/K /3 fi# I AEKRNIZ BT D8 b BER KGO 1 D TH H 8,
E Do FRRIIRIEITHEL SV TWR, ATP 1T, HRPUTIE U ThE A R EMIIREEZ I D I H P b
T KRR TR SN DB EN D =32V F—1X, ZOMEKICE O TIZE—ETH D
ZEMNMBITWAIL, ATP K T4 SDORFIEMEZFHL, KRERP TIX NS ORFEETN
ELiELSEB2LND,

AWFFETIX, WHLD T 2B IFRNR, B2 0 FEV RN O A 7 ) v RO
TIalb—v 3 QMMM IE) & TRV F— A0 B R AR E L DGR (= R L — R

2] G S 72 QMIMM-ER JE[B]1A VW5 Z & T, 2R < EfICH =R L ¥ —21{b %
AR5, Bl Bxld, BTEENES S Z LICL 2 FHouE =RV X —FoR O P4 Tl

\ZRHET 2 B2 L[4, AR TIZZOFEEZAWT, ATP OET V51 E LT 0, —1,
—2 RO=31fio v’ r U A ERDOIK IR E =3 L F—Z2 a3 7T D,

[FEiw] BB T A GO BB R F—21AG (X, IS & AR OB A B %
X —DETRIND,

4G = Aﬂproduct — Apreactant €]
L, T2 CIEEERMEA B = VX —Au OIEEL G B DNMSLICAFET HREEICES,
QM/MM-ER JEIC L5 HHZ RV X —3H5H CTlddu 2 R EERIC X 255 A & 2R 72
AR X 2G5 sulinfed 2, Thbb,

Ap = A+ éu (2)

AL, R@IZBWT Sp B RO RV FX —%2 G, AGIXEFHEEND D054 n lZEE S
TW% QM ROWEDOVEMAI B =R LXF—Th v | @ O VX —FK RO PR [2] 236 F 7l 6E

Thbd, —H., SuIXBEEINTETBEANOETBEENED 2 LICLDWMMA B R LY
H%ﬁ?%éoﬁﬁﬁ%ﬁﬁﬁbtﬁ%MfHMM@ﬁﬁ ZBWT, wa%uf n%%%@

MBAEQ(M)FB L VQu(M &GS 2 Z & T, SpldEIC
Su = fdn w(n) [kBTlog<g((n)))+ ] 3)

CRHRENAD Z EmRaEnDd, R@IZEBWTW () ZHS L SN u 2 EAEE TH 5,
[BHEOFEM] SO ORI ORERA B 2L X —% EFEEo QM/IMM-ER :i2 X v ik
DRBE BT R X—ZAG ZFE LT, QM ROEFIRREFHITFEER 7Y v REREE LT 5



Kohn-Sham @ DFT |Z L W iE LTz, 7272 L, AR = kL —(X BLYP Z W TEHE L7z, i
FRD QM OEZEMEMZIBNT, X, y KO zf#F T s 007 )y RERREL, 77V v
RIEIX 01528 & L7z, EESHAEBEFEER LT, 0ffi, —1fioe eV UEEOVERYO Y
VIRIZOWTIERHF OB HEE LS, 2 iR -3 Mo r U UERIZOWTIIER IS T 5%
BT AHEE 2 BT U T2, BB SPCIE &7 L D /K 55 THERR L 0 il 2 ON—1 il ik 494 18, —2 fff
M O3 i T 3994 fH DKy F 2 Uiz, WefIZIZAE 1fs & L, OB ) R4 300K,
1.0g/cm® & L7z, MM 2D i E LT OPLS-AA #fiH L7z, AL, -2 ik -3 flioer U
FRIZ DWW TR DOV A ZART A — & % Rilighad{b Lz,
[REEE] offior'n ) UBOETORED
LW Gouic 20T, E)HF DM Qoln)
FOW@m) 2K 1R L, R@IWEBTLHLD
AFEINO T ITFERAIZ 1T n OEIC K 720 du
DOIEZFFORETH D, ZNERME LT LT
7y b Lz, RICEhiE. RmIZQMm) &
Qo(n) WA ZIRE72 V) ZFFDHPHIZ BV T RAFIC
—TEMEER L WD RN gD, 29 LTH 0—30 —20 —1 0
Bz E T Y CEEDIA AR E BT R LR — A ) tﬂ;ﬁ;’fg@ﬂﬁ 7 S(?IJ/VHQME&W
# 1LITE EDF, RISORTZIZOWT, RQE)F '
D AR EAERNC K D% 5 A D7 AL ZFH R+ 2 L. =2 o v m U UEEO G TIE+70.1
kcal/mol, —31fli> "2 U D )i TiE+124.7 keal/mol L EHHE Sz, Ziud, BEEEN-E
B R R OWE 0RO A BT R X —ZUITSDORTZRICB N TRES RN THDL Z L2 E
35, —F., JISORIRICEB W CEERHREEERIC L 2GS u DEAu #BETDHE, —
flio e v U O TIE—80.1 keal/mol, —3 i v U DG Tix—130.8 keal/mol & F5
SN, ZOXHI, RERIEDEEZFOKMOBE BT X LF -2 RERADMEEFOE
WREROBHZ R VF =2 & ORI THENEZ V| R E L TIKRSME = vF—214t 4G
X, —2ffio e U UERIZ OV TIE—11.6 keal/mol, —3ffid> v e U B K CTld—6.1kcal/mol &
Ihotz, TNENOFHEMBRIILANCHE SN 1Mo a U UER[4] & [FRE, EBREZ HE9
WP L TE Y | AFENFRRICBIT 2R RV X —%2 35T 2 O+ i E 2 FF
D LR ENT,
[ZZ3C#R]  [1] P. George, et al. Biochim Biophys. Acta, 223, 1 (1970). [2] N. Matubayasi, et al. J. Chem.
Phys. 113, 6070 (2000). [3] H. Takahashi, et al. J. Chem. Phys. 121,39890 (2004). [4] H. Takahashi, et al. J.
Chem. Phys. 136, 214503 (2012).

<
~

(low/1eay) (L)y

T %L —45AF (mol /kcal)
(=)
%)

Reaction AG AG (expt)™
H.sP,0;, + H,O0O  — 2HsPO, —-10.1 -95
Hs?,0; + H,O0O — HPO, + HPO, —6.7[4] —-75
H.P,0> + H,0 —  2H,PO,” —11.6 -7.7
HP,0;>* + H,0 —  H,PO,” + HPO,” —6.1 -7.1

# 1. vV oMK E Z ORISHITE O H BT %0 % —Z281F (kcal/mol)
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A theoretical study on the large conformational change of ADP/ATP carrier
(Grad. Sch. Sci., Kyoto Univ.) OKoichi Tamura, Shigehiko Hayashi

()

ADP/ATP #8318k (ADP/ATP carrier, AAC) 1Z. 2 b Y R 7DONHIZ ﬁ%r_
LR R7BEBTHY, ADP 721k ATP @ 1:1 K#ulmikz ?5:2:#9@%
DEHSDIZEINT WS, AAC X, TNFNEDOREIZHEX 2 @*ﬁmﬁb
RO, $abb, MIEANZEIWZIREE (¢ REE) & vwa ANz B 724k
fE (m REE) Thd, “ndOREMOBEGBRENTLALTHSIIT S
. 11 RHEE A = X LD NETH D, c REEIZBEIL TIE. X KR5S
BENESNTWALD m REOBEIZH STV,

FERE 1T X VNI HDEWKHEZ AL % 7 7 8) )1 %1% (molecular dynamics, MD)
IZ& o THBT 2 51 ( LRPF 3&) ZBRICBAFE L. AVEY 2V Y N KR A1 v
DOEZ L ZHETA2Z LTI LTV, ZOHEIE, RV NTEPNEHMLES &
TLHEIHNZENTH I LT, TOMGERZNET 5, I 2 THIIFRESE
HRACEONTHIRD D, 25 LT, RNV HDHBRENP SIFEL T, Re iz
REEZRFE X EDD, %%@H’\JKEH’\J%@&TMDOQ ZDHEDOHRD 1 DIk,

ME2 2 FE TS L I HUMEDHHRELEL LIRVWE WS HTH D, DX D,
TR DD o TNBEWVWSZLTHD, SHEDES1Z ( m REIZHIETS) H
ISR SN TVWARWESIZREER HETH 5,

(GH& %]
All atom /135 CHARMM22/CMAP, CHARMM27, CHARMM 36, TIP3P
—HfE : POPC, 100 * 100 A2
MR 78 . 80,000 FRE
M1 VAR (ADP) » 5 PX(D/E)XX(K/R)EF—T7HND(D/E)IZHEDP D RXT b
Wz, HAEATHICTEM L 7B E T M,
HLAEITFHOY > 7)) 27 0 10 ns



(FER)

Figure 1. 1Z, Y A~ K
55 (D/E) [ 5 R 2
MLe, ZNEZEHU T
MERE N ZE R, AAC
I VA Y R s 0EH)
2o T, O ZU,
FASHES & TR 2 AT #%
MLES>&LTWnWsZ L
Nbhrotz, T OFIEIL
BRI MVEANTTE LT,

3 OO) LRPF ?‘/i = l/___ Figure 1AACo)XﬁﬁE%ﬁﬁ (Z‘E) Uﬁy NV (D/E) t:l‘ﬁl?b‘5
Sa v ERBEBLE, 2T DAY KA, (B) BREISEXRT ML,
B HHETD,

E= TN

[1] Pebay-Peyroula et al. 2003, Nature, 426: 39-44.
[2] Tkeguchi et al. 2005, Phys. Rev. Lett. 94: 078102.
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Theoretical Study of the Oxidation of Methanol to Formaldehyde
by Ruthenium(IV)-Oxo Complex
(IMCE Kyushu Univ.*, Univ. of Tsukuba**) (OShoya Takahashi*, Yoshihito Shiota*, Takahiko

Kojima**, and Kazunari Yoshizawa*

(7] @Al a0 A4 % Y BT OB SR OTEMEEAAFTE L, B LAt & U CEL 7 Re & 56

L TWD[L, 207, NLHZRISHZ B L72H#le R A%V $EIR OB & SUSRMT 03 % A
AT TS, L, 0L ZAfEE L THEHATES O TERDOZEIRMEIZE L TEE
LWREROHF LN TND L DI 720,

WA, NEHICE VK 112”7 Ru R L7zT7 v a— o4 L7 0 VO EIEND
IR 2R WAL BUS B 23 s S 72 (2,3 41, SONTEPERE T dH % Ru(IV)=0 $5(4&1% Ru(D)(H0)$H K 7>
57a b HEEFBEE (PCET) 12X KEEY CAEKT %,

FHAKPTO HNMR GEDRERICE D & FEE la T =FHHKEZ L 2023 L, 1b & 1c T
RuIMIZIFE LW—EIEREEZ L 5, 7o, BEREISST 2 UNEEDEINE . 3 DD
FRETTNa— LR EORE LD TARIER-ELIERT D LRI TS, L7l 1b & 1c
Eh &b ERBR-ETEDEDZRT2W D KRBT TIIKDFOBNLIZ LV 7 BN E %
£ LR HERREZ R T EHRIN TN D, —F, OSEHREIRE, EHiEbm bay
—RT U AL A ERE RS, 3 OOADORISIEIRIZIER U TH D Z LR ENT,

ZHE TER& 2B &2 VT Ru(V)=0 $ERIZEET D HFIEAM TN TE 12y, /NG B O
U728z T 7 TERALF 2 BT 5 S OIXEN, KRR TIX, 1la &7 7 TEANL T2 FF- 72008
BN D 1b, 1e (20
T, BEULEEEZ AW
TRAHE ) —)VIPHRL A
TNT B R~OBAL G
WREZ R L., 72 T
iz DA & RSO 1. ABRTIRYIES RulV)=0 1k
REBLET D,

[FH5 51E] B3LYP 542 W CREME & ERIREE O ERE(L 21T - 72, FEBEKIZIE Ru i
F-IZ%F LT LANL2DZ 2K %, C,ONH JFFIZ% L Tl DOS** K 2 AW Tl kA 2 R o,
T OGRS T SDD FEJE & 6-311+G LKA W — S EIC L D ) v F—2EH L7z, A



VUL EEIL-BEBEE SEHEAEE L, PCMIEIC X DB Okh) vBE L, #HE o
7" 7 AX Gaussian09 2 H 7=,

[FER L BE2] 5K 1a, 1b, le ZHEERE(L L7ofER, —EHRE L —HEREO = XL X —2
IXZNEH 184, 149, 234 kcal/mol T, & TC —HEIEREDIZ I N RAX —MICLE LT,
U723 T, AEAHEED 1b & 1o (TEBRFFHRICK L T ZHIERE A LERRREIZ L 2,

X 2 [ZA¥ ) —VORE

TS1-1 Path 1 TS1-2
b K& #2 8 %& = 3, HH ! HTH Ho_H i
(wo HO Yy
Ru(IV)=0 $hfAlx A 5/ — oy L T o .
; van ' n I 1] H
MEBIET S LA e LR - Rt %
. H H
Ru(Il)(H,0) #& 1A ~3& & = &v TS2-1 Path 2 TS2-2 L
%, Ru(IV)=0 sk 3 2 . Wi | HiH HH ' 4
. Yu© 9 oo |7
FCRBE S = BIA T % D o -
RuIVA 'uIII i
=5t LT Ru(ID(H,0) 8k " " "
T—EEHTH D720, X & 2. Ru(V)=0 $&{KIZ kLD A%/ — L DEEE R ISE G

JEDEEHF T A E DR

EELE T2, Path 1 TIIIAOIC A S ) — VDA FNVEPHKRBIRTF RS E ML, EDH%T Y
J3VHRMA 2 8 T OH £ BKFRIRF 235 S v D, KXHT, Path 2 TR I OH 2 5K
HIRF N5 &I, £D% T VANV TEEERETAF VNSRBI B35 SN D,
SHRORER, 3 o0k e b TS1-1 & TS2-2 AZ 241 Path 1 & Path 2 O Tl =R /LF
—DOFEWVEBRETH -7, 1a, 1b, 1c BT 2 RIEWEEA 2 2L L7z TS1-1 DT KL F—
X, ZEN 222, 212, 214 keal/mol £72VI1FE A EFULETH -7, L7z > T, Ru(IV)=0
FRICE DAL ) =V DATF VRN DKRFIFAEIE RSB TET 7 TRALF OFEICLD
IEHAE TR F =~ DT, —F7, TS2=2 IOV TIE, £ Zh 27.1, 19.7, 25.9 keal/mol
ERVIELOENEA LN, TORBIZLY | 1a & 1c T Path 1 DI 5 23 = /L F —HYITEL
ToHLHDIZK LT, 1b TiX Path2 DI 9 BT R LF—JIEBAL L 7o o7z,

[ 3CHik]

[1] Schlichting, I.; Berendzen, J.; Chu, K.; Stock, A. M.; Maves, S. A.; Benson, D. E.; Sweet, R. M..; Ringe,
D.; Petsko, G. A.; Sligar, S. G. Science 2000, 287, 1615.

[2] Hirai, Y.; Kojima, T.; Mizutani, Y.; Shiota, Y.; Yoshizawa, K.; Fukuzumi, S. Angew. Chem. Int. Ed.
2008, 47,5772.

[3] Kojima, T.; Hirai, Y.; Ishizuka, T.; Shiota, Y.; Yoshizawa, K.; Ikemura, K.; Ogura, T.; Fukuzumi, S.

Angew. Chem. Int. Ed. 2010, 49, 8449.

[4] Ohzu, S.; Ishizuka, T.; Hirai, Y .; Jiang, H.; Sakaguchi, M.; Ogura, T.; Fukuzumi, S.; Kojima, T. Chem.
Sci. 2012, 3,3421.
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Theoretical study of pyrolysis of furan catalyzed by Ga-ZSM-5
(IMCE, Kyushu Univ.) oTatsuya Suzuki, Shoya Takahashi, Yoshihito Shiota,

Kazunari Yoshizawa

[J7] REMESC= L X —MEICER T 29, A AREHEZ U — 2 CTHAERER
TRAF =D 1D LTHIFRFSITWD, A A~ ZADOEGHRIC KT D31 A PRE
TR DIRENZ LR TRBAED /NS | WERISH AL > TN D, ZDJFIKO—
DL LT, N ARBOMEEHEDEINFT HNDHL, AL CIIREE B KD
AT OET NV E LTT7 T 20 BT, EOWA VA= VRN OV THFE &2 1T
ST GHV T LAEATA FD1IOTHHGaZSM-51%, 7 7 U BB VAR = Ak &
D —ALIRF LT L IR EINA RIS ERET 5 Z EnEINTWVD%, L
L. ZOMBEISED A F1 = X NI BN E TV, £2 T, GaZSM-512 L -
TRE SN D 7 T O fREOG % B FRHRIC L0 BERIC B L8 L,

[BHE L] QM (&7 05 #HE & MM (431715 Bt 2 /i AA 7= ONIOM 1%
AW TR ERE L ERIREOERE{LZ1T - 7o, &2 TOHRIE & ERIRTE CREF
Wradir L, M atTr-o7=, QM fEig CIdsHE ik L L DFT @ B3LYP, KB
IZIE R TIT 6-311+G** HLJK 2 v
72 MM fEICIZ /ST A —2 & @Zy
LTCUFF Z#HW\We, #HE 7 e 77 A
IZ1% Gaussian09 % HV 7=, €7 /L fil
BEDOFEMEENAL & LT [GaOl+ & £& H
L. ONIOM FHE TIEK 11z
SiOy ==+ ~ % 768 ff, 4 2306 J5
F(GaO & & Te) THERL S . £ 39.2 A,
BE21.9A, BX349A DEF L%
Ay

Y 6%€

21.9A

1. =7 /LARE(QM fElk, MM fEik)



[RER & B22] ) 2 ICE LRI Y TRl GaZSM-5 12857 T D4y
SRS DO Z T, ZOMICHEBIL 7 7 > OB, —BILRFEOBBE 7104k
O 3 DDWWMEN G Y | SOSE—EERBCTEIT T 2, KHISD 7 T Do iRx
C-O #ABAROMERAT v 72 —HEHIIRRET 88.7 kcal/mol . —HHIKAET 77.0
kcal/mol O TR /LF—NUETHFEWME TH D Z EXHGHFFEIC LV RE STV
D AN, BRBESOSR TIE—EIEIRRE T 29.6 kcal/mol & 72 D IEMAL = R L F—03 k& <
KTFT 52 Enbhote, AR E IR L T, M7 70 C-O #a %5
HTHDTIER< GaO OAF VEUNL % 7 T AN T 5 &0 5 mDVEE
HThd, ZOMBEOFEANCLY, TVINVDAEREIMZ., D, 7T OBLDK
IGBAEFIHT D Z & T, BHBREBEOTEEDO TR L —2ZESETND EEZ LN
%o Flo, RUSREEERE LT, KRG EMIERISDOENEND =R LF—F AT
7T KD b RIEEROS TS = R L= RN EICIRL . RER T RIKR A RE T
5o TDH, GarZSM-51C L > TT7 T v DRSS IMEES NS Z LSS E 7

> 7,

750 DFRIRIEIE
.| —mrzo
H__H Ny "M | BiEtiaE
N Ho! o NeH H< N-H WARS
G

O H
H H Ga
H
H H
’XH A~H H y Ho - H / Int4
N ,’H O— (O O H
,C=C=C Ga Ga Ga
H ‘H
Int7 Int6 Int5
TLUDEREE

2. HEmFHEIZ LY PR S o L

[ 3]
[1] Czernik, S.; Bridgwater. A.V. Energy Fuels, 2004, 18, 590-598.
[2] Cheng, Y.-T.; Jae, J.; Shi, J.; Fan, W.; Huber, G. W. Angew. Chem., Int. Ed.
2012, 51, 1387-1390.

[3] Sendt, K.; Bacskay, G. B.; Mackie, J. C. J. Phys. Chem. A 2000, 104,
1861-1875.
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The degradation of bisphenol A by ferrate(VI) in water solution
(IMCE, Kyushu Univ.)) OEiichirou Mori, Takashi Kamachi, Kazunari Yoshizawa

[FlEAT7 =/ =V AIZRY I—FRFr— hRTRF VEER EORIEICHWH T
WHBRERMLEM TH D, LirL, BEAXT7 =/ —/L ABPA) (K1) 1ZN5WH< EL
E (EDCs) 2SN TEY, =R ha b USFRIHERT 5 2 & THAEAYS
MNMEICEREZ B X TLE I ZENBEINTWD, [1] £72, BPAIXEZIZHRET
HIENTERWIZ ENHMOLNTEY, BPA 13— RENZKEFERYWE L L TR X
NTW5, 20D, KFIZEFENHERT = ) —L A DBREITV, KEHLLT S

CLEEETH S,
ik, BPA mEt(boyfs 5 R 1O OH

ELT, AV Ui ENED Bl ER7= L ADHE
NTE, LrLInsoWmE

AELRDAREMEEZDTND Z
&R, REICARZEATLED
mEORBERR S o7, BlxIEA
VANTRFBAT U ERIG L, FEN 2. ferrate(VD)OHERE
AMEE L TR D FREMED B D T2

o)
BEA A EEAEATTRER | | e
THZEBTERY, [2] oo oo o | °
ferrate(VI) (FeO42-) (ZPUE A -~ 3_ K ~u b ‘/o—{vj-jJuﬁ: Za kv Ak
Wit L 586 fIOLAWTHY | %Wﬁlms7iff;mb%mzﬁw
SRARERACAIE L TRHbBNR TS
(KM2) , 207z — MNIABREGREZ A EROICOEREICHE LWBREAl L LT

THFEEHEZED TS, £, 7oL —h ilS@ioh%@pH_mbfso@%
EELDZENRMENTEY ., RIOFA D7 IV—TD/F5E0 5, £ OER{E D &
@Hﬁdwﬁmdn>hoﬁf%é’k%ﬁWELtom

AR TIX, 7 U — > TR TH D 7 = L— MZ X b, KHFIZEIT 5 BPA
@%M%ﬁ:XAk;U3@ﬁ@7mv—b@%%ﬁ@ﬁﬁ%\ﬁgm%ﬁ%%%m
THFgEZ1T - 72,



[BHRTIE] AR CIIE EREEIE DO L S TH 5 B3LYP 154 W TLERE &
ERRE O ERME L ZIT o 72, BEEBIZITATOR I3 LT 6-311++G(d,p) %
EExHWkE, AV CZEEIT-ERE "EHEEE L, ftE 27 7 41K
Gaussian09 % AWz, EAKBEF OIS TH D DT, PCM 1E4 HW THEERN R
EEE LT,

[50) RALZHEOMBE, 7=l — Mok >T BPA & “BE{LEEE &k~ b 2
T OO KGR L ERIREOR#EESE, S EELZ T, 7
BPA o —fi¥i> C-C e A, BOUIKr (K4) oo fnteE b &) Z &y
L7z, A
:ﬂ%®0€%%®@%%\7i/~wﬁﬁﬁlm—<:j}%—<:j%ﬂH
(b R/ o) BmERT S, hesh e

4. vx7 = —v A DOHWEN
W27 = L— MRERL LT a— L~ &gt

HZET, 7= /)= ViFEBRIIRGITKE ZbRFBETHMIND, EEILZ L
F—lIZNZF (HeFeO4 2N E 5 &) A 12.5 keal/mol, B: 21.1 keal/mol T -
oo ZORERNE, C-CHEA A DUERLVEZ VST W ERTREINT, £
ZERP LT, WSR2 E DD LT E A EOHRRIEND L TIEd 203 L E L,
EMAE= RV F =05 Z LB LTz,
FIIEE L RV —DEN D, 1
7 x L— FOBL IO S 1L TIE 08
S TW@Eh 7' a b AR
M bR, RN TT 1 b —ff
Ik, 7w b AR DIE & 7
HTENTINoT, K5 ITIEMHAL

0.6
— H2FeO4

===-HFeO4-
= =Fe042-

0.4

Reaction rate fraction

0.2

T RILVFK— LEEERNLE LI o 2 4 6 8 10 12 14
72. % pH ICBJ % HsFeOy, PH
HFeOs, FeOu2 DAIMIZHT 5K RO AR BRIRAD

SRR EE A R LT, AFEBRIL pH Y 8 ~12 O#PH TITHONTWDH DT, ZOSKMT
T 7w by MR E e b —FIMER S S KORIZEHE S L TWnWD &y Z &n
HEH L 7=,

[5% 3Cik]

[1] Kuch H. M.; Ballschmiter K. Environ. Sci. Technol. 2001, 35, 3201-3206.
[2] Condies L. W. J. Am. Water Works Assoc. 1986, 78(6), 73-78.

[3] Kamachi, T.; Kouno, T.; Yoshizawa, K. J. Org. Chem. 2005, 70, 4380-4388.
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An Efficient Procedure to Locate Buried Water Molecules in Proteins

(IMCE Kyushu University) cTatsunobu Ogata, Takashi Kamachi, Kazunari Yoshizawa

(]

WFED Y Ea—FDRHm RIS, BERD X ) ZERDFITH L TH QM/MM
EVo e FERDPID M EN TV, FITKTFIZ YV RITEDT7 =T 4 v
7. WEELENE, BEREZ SICEE R Z R0, KT ORI Y Vo EHD
HEETFIVICAAIRTH S, L L, Z v A 7EORSGEREELE LTHL NS X
A, FEEHRET. NMR Tld, & v 8 2 BNE DK DM ESOREI L
ELWMEICBII NI E3H D, Li bOMEGEICLB E L ¥ 7 HRNEDK
DEREED Y o8 7B X D 12 keal/mol ML EZELE LTV 5, ZDRET 2L
X—% 8 VX TBEWNEKDTOEHESEMEE T2 2 L3S TH D ERFRWICEIIS N
728 VN7 BRNEDKITFIE L OAEICHFET 2 D0EHEICK DHET 5 2 &8
AETH 5, Lo L, Li 52RO 2V — 130 IFEE IS 2o, BET
ELNRIA=IDVBHHEL VYA Y FZ2ELY VR IBEICH LT, el 3L ¥ —
WXk oTKRGTFOEEZHET S EIFTTER Y, ZONMEZBRRT 12387 X —
Y aEMEE LR VEMHMEEEREEZEAVL ZEBETH L, 2O LY - R
FALAFTRICB TV 2 72 0121E, o F ERHRIC & D RO 72K F DLEl = %
WX =L BRI E D RO ZFNVX —DAETH 2081 H 5, % T,
FKLZIZINFTITHEY LR L VOB Z2{T->TEX,

GEEERID
DT HHFEHEIC 1Z CHARMM 135 7% F v 72 3824 2 NS 0 E IR 72 9 12, B3LYP,
CAM-B3LYP, LC-BLYP, B97D, ®B97XD % fi5f L 7z, FELJERIEZ 6-31G(d), 6-311G(d)
2T L7, 7, BIEEBELAOERAZAIET % 72912 Counterpoise %% ] \»
72o 206 DELAAFHEIC X Gaussian 09 % FH > 72,

(53 & E52)

KT OMEPRLEEF > T0EY U 7EZHBEL., KEZMMSE, KEDOA
R L 72RO FEIIEIE 21T o 72, RHEREERD2 6. 2o KR FIZEEO &
Y RUBIZ X 5T 12 keal/mol DL EZEINT WS Z EZHER L 72, 2N Z DK
TIZonT, BREIFETFEZPLE LT 12 AMNDOFEF23HHETLE L TEEL



7oo RIE QA MHIRD 720, 34 ~12A ICHFET D FIEMEME Lz, Z2NFNDK
FTICOOTHENEEZ O TR ENNZ IV —2HE L R 2 E LITRT,
B3LYP Dl HAERIZ, CHARMM DfE & D b LEZF N X —%2/PNS  BfED > T
7o ¥72. CHARMM IZ X W BN LENZFNF—DT7 7 VTN T —)IVARIHLE
CHARMM & B3LYP DX )X —#%Z 70y PT35I DLIICKD, BILYP D
B IZ R EES A L Tw
2 EEZoND, RIEHEH .
FHEZECMOIBEK TR TR O
(&)
<&

7

b B3LYP & RT3 L2EflT
INF—2RKRECHBEb o, Z
?D9H L LC-BLYP £ wB97XD (/K
T DEEAT V¥ — % lF I
RS 2 2 LV HHL 72, F 7k,

CAM-B3LYP, B97D /¥ CHARMM 0
DI FZNX—OFHREDEL, ¥ 2z 0 L 2

v 2 N D ISy T D FEAE VDW terms of CHARMM Energy
ISR 2 ERHRETH B ) 1. CHARMM & B3LYP & DD 4L ¥

ZEDPRIREI NI —#£ L7 7 VTN — )V RAI(VDW) DB

<

AE(CHARMM-B3LYP)
V)

¢ 1. CHARMM & DFT @ X %)L ¥ — 72 RS 6-31G(d), Unit: kcal/mol)

Entry CHARMM B3LYP CAM-3LYP LC-BLYP B97D wB97XD

1 -15.98 -11.90 -14.88 -18.84 -15.09 -16.27
2 -20.66 -17.14 -19.88 -23.71 -19.71 -21.15
3 -21.08 -15.05 -19.16 -24.54 -20.85 -23.07
4 -21.74 -17.72 -21.34 -26.31 -22.18 -24.59
5 -22.28 -16.70 -20.66 -25.85 -20.25 -23.08
6 -22.69 -18.09 -22.18 -27.70 -23.33 -25.86
7 -23.46 -19.69 -23.13 -27.90 -24.17 -25.88
8 -26.83 -22.03 -25.87 -30.98 -24.99 -28.13
RMSD - 4.62 1.09 395 1.14 1.96
(£ 3]

1) Li, Z.; Jan, H. PEOTEINS 1996, 24, 433.
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Asymmetric Diarylethene as a Dual-Functional Device Combining Switch and Diode

(IMCE Kyushu Univ.) Junya Koga, Yuta Tsuji, and Kazunari Yoshizawa

[F] 077 A RLEERABERINO0H 52 Y 2 XR—ADHERT /A T L -
TRODERMEROT ASRA AL LTHEEEEDTEBY, ZOEBODIZH 31 L~V TOET
MEIEZ B SIS D 2 LIIERICEERM R L oo T D, B A RO — T T
NAZDFE LT, = F XA F—FRbIT b, ZNE, —2Dh0FOHIC K F—MD
oy T T2 —MOMSEEEVHT LT, BREAZRTEEDL LV I B ICESHT
Do W03 1T /A ADFROEIRCTIH 550 14 A A— Rix, B, FROMHE D O KA
PITONT WD, AMFZETIEL, IERMRBEZ RSV T ) — LT V23D HE—7F L~ LTO
BRERICEREZ Y TH, 74 b aIv 5+ ThoYT7T ) —n=T7  OMBRK L BBRIKIZD
WCHS TOBRBEEIIIRERENDLFRINE TOMRICL VR IN TN D, AIF5E
IZEY, AL v TFREERFOH T XA — R WIHBOE 031 T A ADREEIT,

[HEHEIT Y —LxT
DHEBEDO~T v i1 DR FifE
MICHGE 2 2B EHONIT D
eI 1 IR TET VG4
AR LIz, 2R 0ET L

10: X=0, Y=SiH, (O-Si) 1c: X=0, Y=SiH,
N ST AR AR L 20: X=0, Y=8 (0O-S) 2c: X=0, Y=S
73 TIFREC & AT ST 30: X=S, Y=SiH, (S-Si) 3c: X=S, Y=SiH,
_ — 40: X=NH, Y=S (N-S 4c: X=NH, Y=S
VERTFEEIILE, BEFANF S Veor 6.0 5c: X=S, Y=CH,

([CITEm L BaTHEME LT
FA—NVEEZEALL, ZNLHD
STt EEBBIEAN LR EHOTHE -7 EOBREEREICOW TR LZ, BXEEOH
BPEE LT I ) — o BISIE(NEGE ) & 5 FEPLRISUE(DFT) % M A ot 72 55 — IR R A
7 7' v —F(NEGF-DFT i£)%& Wiz, #8707 7 M0 FERERO & B i
F &9 RITK LT NEGF-DFT {£IC & 2 % — R EXUSEFH AN ATRE R ATK 7w 7 J A& v
= ASHAFABEILBI% & L T GGA-PBE Z 1 L | BJEBIHIZI Single-T Polarized (SZP) % 42 it 12,
Double-C Polarized (DZP)% % O D JFF1ZxF L THW =, -1.0V 225 1.0V IO E i BT Hh#R 2 H
L. BRIEARE < Him, EHORE S ZHE L,

1. SF7YU—ILITUDETILDF



[F5 3R & B %]
AA v F L LCOREZMRFTT 5 72O BBR Ik &
PABRIA &L DEMMZ L LTz, T Eh D512
DWTHBRED I 50~200 (EFEHE &\ Mg %
AL, AMREEZEHSOY T U — LT v L FAkE
IZAA v F & LTORRNZFROZ L BRI NI,
AEgEE L2 ETF AN FOHRTIE Si 28504501
BT LD LEWAL v FRMEZR LT,

o FOEIEN 2@ 5 7-wic, Bl

WX B EIROME D B R{= -I(V)/I(V)}

R (K 2), BEFLLOMEN 1 K KREWZERE
BREWER 2R, M2 kv, ZhEhoET L
FFICONWTERIER P R C& o, £,
BT OMAEHLEICE W BFEIERAOKRE SB8E
BE2 T ePmaEn, HREKICEWTERS K
XRBERMER 2R L7=DlX, 0-Si OfAEDbE%E
RO T Th oIl BIIEMORE SITLLF S-0,
S-Si. S-N. S-C DIEIZ/NE <720 ZHUTHWD
BRIEMEOEDIAR L —HTL2bDTH o7,
5T Eo~T af T OBREEE DL kK
IR OBRITE 3 IR &SN D L oI, B
BEpnbosEN RSN, TV =T D
MIEMAE A LT BREO~T v i+ DEX
PEMEREIXE BRI L 720 5 H 2 L AL NC
Tmo T UFFNYT Y — LT o OERERIC

HLTRELKEBEEZRA D EDRALNERST,

AWETIL, 2AA v TFBIRE A 4 — ROl
T OB E R L AEDLETHRDOG T /35 A%
BRLZM4), Si 28 0FERBICEKRENTEZS %

Rectification Ratio

Maximum rectification ratio

0 0.2 0.4 0.6 0.8 1
Bias (V)

.2 'E:,_' J']‘?’%)Euu.

G031 0 olgl Ipigl o il g

Electronegativity difference

M3 ANTORFOEREMEEDE L
RAEBREEDORERF

ANWTEHICHENRRIZOWTHHRAT 52 TFETH D,

[1] Aviram, A.; Ratner, M. Chem. Phys. Lett. 1974, 29, 277.

[2] Irie, M. Chem. Rev. 2000, 100, 1685.

[3] Pu, S.; Wang, R.; Liu, G.; Liu, W.; Cui, S.; Yan, P. Dyes Pigm. 2012, 94,195.
[4] Tsuji, Y.; Koga, J.; Yoshizawa, K. Bull. Chem. Soc. Jpn. ASAP.
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Theoretical investigation of an aldol-type reaction with a Rh complex

(Graduate School of Science, Nagoya Univerity!, WPI-ITbM, Nagoya University?) Yoshio
Nishimoto®?, Richiro Ushimaru!, Takahisa Fujimori', Daisuke Yokogawa'?, Hiroshi Naka?,

Susumu Saito?, Stephan Irlet?

The chemical transformation of nitrile groups plays an important role in the field of organic
synthesis. In particular, aldol-type reactions of organonitriles with aldehydes provide
B-hydroxynitriles, which are potential precursors for pharmaceutically important functionality.
We previously reported that Rh' complexes efficiently catalyzed aldol-type reactions of nitriles
under mild conditions [1]. However, the mechanism for activation of nitrile group in this Rh
catalysis was not clear. Because of the difficulty in functionalizing the nitrile group, it is of
great importance to elucidate the mechanism of such an efficient catalytic reaction. Here, we

conducted theoretical investigations to clarify the mechanism for the Rh catalysis (Scheme 1).

OH
Rh catalyst 4N
H + HC—C=N —»
CHa
/O\
= Cy;P—Rh  Rh—PC = =
Rh catalyst ¥a NV Y3 Cy = cyclohexyl M
CHs

Scheme 1 Target aldol-type reaction

In the theoretical investigations, all stationary points on the potential energy surfaces,
including transition states, were optimized using the density functional theory (DFT) with the
B3PW91 functional. The PCys (Cy = cyclohexyl) ligand is explicitly treated. We chose a

moderate basis set size (6-31G(d) for non-metal elements and LanL2DZ for Rh) for geometry



optimization, and the refined energies were computed using
ONIOM(DF-LCCSD(T):DF-SCS-LMP2) with a larger basis set ((aug-)cc-pVTZ and
ECP28MWB). To evaluate the solvent effect (dimethyl sulfoxide (DMSO)), we performed
RISM-SCF-SEDD [2] calculations at RI-SCS-MP2/(aug)-cc-pVTZ+cc-pVDZ, and the
energetic contribution due to the solvation was added to the ONIOM free energy. We
investigated several reaction pathways with monomer and dimer catalysts, and proposed a

plausible catalytic cycle as shown in Figure 1.

CH,
CHs " HG H-?/@ \“CTS ’
0] > 5 3
IP d CH N—rh—s?
l\ RA el | SaCH; e o
AN = H3C—C=N—R|h—s\o PCya \
|
PCys
CH, CH,CN H /CH3
3 =
Vg
CH =N—Rh—S§
DMSO 3 _
CysP P d o HC=Te | TN
Y3 -—"Rh---'_-l | ;‘,CH3 PCy3

Figure 1 Proposed catalytic cycle

Our calculations show that the barrier height of the proposed pathway is 22.48 kcal/mol,
and is comparable to the experimental result (22.4 kcal/mol) of the reaction calorimetry.

References
[1] A. Goto, K. Endo, Y. Ukai, S. Irle, S. Saito, Chem. Commun. 2008, 2212-2214.
[2] D. Yokogawa, H. Sato, S. Sakaki, J. Chem. Phys. 2007, 126, 244504.
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Theoretical study on molecular structures and stability at the Sz state of OEC
with different hydrogen bonding patterns
(Grad. Sch. Eng. Mie. Univ.', Eng. Mie. Univ.?)
OTomoya Ichino®, Nobuyuki Hoshiyama?, Masaki Mitani’, Yasunori Yoshioka®

7] SEREDCUHBNES T 2 N7 7 U 7RO & DTSR I TIT L D S ERE) K 53 fif SO
(2H,O — O, +4H" + 4e")i% CaMn,Os core % & DFERFHAEGIK (OEC)HZ L v it < 5, filifr o1 -
& LT, OEC X5 DDELIRTE (So~S)EMEERT D LIBEISNT VD, BEFTLIER SIREED HIR{L
WEN 1 HOEBEINT S RBEIZEPRMIE T g =20 TOZERL VY FABRBRIENTEY, S=12 D
KEBETREBICEKT A 7T A THD LIRS TS, 450 MnJEFIE[L Mn(lll) + 3 Mn(IV)]D
BRLIREECTH D EHEE SN TRV, B ATEROIENS 260 M IXRIEMEICAE v v
TV T LTWD, BE, ¥ =234 CaMn;0, core ([ZZHE L7 4 FHH O Mn JF (Mnd)iZix H,0 &
OH AENLL TWD L DRGBFERTH L5, WHOMEY A Fo7 ' m b ALRRE. & 512 CaMn,Os
core DJEPHIZ & % /K53 + & O ABARIZE L CERISE ORI D 5,

Fexlx, BEWNBEEGREZHANT, S REOSFiEs L OB bIkEL T ClciEL Tk, 1T
WA FERAER L —B LTS [1]. A, Mnd [ZEERNL L TV D H0 OKFBREAHRRNRZ2D S,
REEIZOWTHRET LR, DRTOETH LN O L0 = L F—D RV EENE Dz, A%
KT, IO OB D0 TG L ZERICOWTHRET D, BT, 450 MnIZRTEL LT
a-spin 3 X U B-spin DELHI/ S — 2 DIEWI L DR L EMIZHOWT H#ET 5,

[FHRFE] =T T &G E X % (PDB ID: 3ARC) & JLZ L7 [2], CaMn, 7 7 A X — %2546
955250 0 13 TAF V/IT, Aspl70 - Glu333 - Asp342 - Ala344 - Glu3s4 |LXEEA A 12, Asp6l -
Glu189 I XHEfE A 4 12, His190 - His332 - His337 (31 X &# >~ —/LiZ, Tyrl6l (X7 = / — b (PhOH)IZ,
GIn165 XA/ AT X RIZ, Arg3s7 (X7 7 =V U AA F U TE S WX 1o, X BEER#T C H,0 & LTHI
D YT HNT= CaMn,Os core EFHD 9 DD OJfi 1+ &Gz, 7272 L., BHEIND S,IREETIX Mnd ([ZE
BRI 5 1 o0 0 iF%2 OH & L-, REKROERIT 0, AU LEEIL HIELE Lz, #HEITE
BaemEETRICENDOH D B3LYP ILEEE A FH W= IERIRIE THEIT Lz, & 512 broken-symmetry 7
AEPE 4OD MnREFICAE U NRTEL L 350 R B UESZE L 72 (Mnl, Mn2, Mn3, Mn4) =
(a, B, B, @), (B, o B, ), (o, a, B, Bs M JF-1Z1E Wachters @ DZ FEJEK%  H-C+-N+-O-Ca il FiZ1% 6-31G*
LKA A L7z, s ki caMn,Os core, OH™, H,0, PhOH @ H JF 12 L CTITV, 70 O
% X HEE OB CHEE Lz, 2T OFEIL Gaussian09 TIHEAT L 7=,

[fER - B AEOBMNTELNZH LWV SIREOET L E SRR [ THRE LZET VOMEEE 1
WCE ez, RPOETNTBLATO SR CCEk [L]OET /L ITHIG LTS, KLIRLEZ 4



F1LWLOKEFASERXBLV4 50 Mn O R EUEFIOBENC L DET IV 1-7T DR ZEME

RFEREG R (Mn1, Mn2, Mn3, Mn4) Erel Mulliken D 2 £ 2 (e)

W1 — X [ RrN= A RS (kcal/mol)  Mnl  Mn2  Mn3  Mn4
1 [W6,Asp6l]  (IILIV,IV,IV) (a B B c) 0.0 3.888 -3.093 -3.042 3.024
2 [W6,Asp6l] (L IV, IV,IV) (B a f @) 0.2 -3.899  3.072 -3.027 3.021
3 [W6,Asp6l] (L IV, IV,IV) (&, & B f) 2.3 3.901 3.145 -3.039 -3.072
4 [WT7,Asp61] (L IV, IV,IV) (e, B, J3 @) 2.9 3.889 -3.095 -3.045 3.009
5  [W7,Asp61] (L IV, IV,IV) (B a f3 @) 3.1 -3.899 3.073 -3.029 3.006
6 [W8,Asp6l] (L IV,IV,IV) (a, B S @) 3.1 3.886 -3.091 -3.031 3.015
7 [W8,Asp6l] (L IV,IV,IV) (B a f @) 33 -3.898 3.073 -3.014 3.010

His332

X1 TNV 146ICRONBKERERY NU—7, WIS F+%2HET, Mn-Ca*H-C-N:OJFEFIX
TNENEE - Hik - A - JK - F - ROOERTEHREND,

2D Mn 5+ Mulliken D A ¥ 2B FEAE 7> 5 E 2 O Mn OFER{LIREE 2 (Mnl, Mn2, Mn3, Mn4) = (111, IV, IV,
IV) & U CHAREICEID 2T H Z LN TE, SIRHED EPR fERIC—#T 5.,

[X] 112 CaMn,Os core & Z DD KERES TR > b T —27 ZR Lic, Mnd Ji-1213K 51 (W1) & OH

EBEENL LT D, LARTO S RHETIE WL 23[W8, Aspb1]iZ /K EFE A L T =28, Hr7=I2[W6, Asp6l]

BELU[WT, Aspbl] L KFEREGT HMEN G LN, & 1 TR LIEHESTZRLE— (Ea)22 b, [WE,
Aspbl] & DKRFER G Z b OME (1,2, )0 bLETH Y | NHAIZ[WT, AspbllEki iz b G (4, 5)
28 2.9-3.1 keal/mol, 45 L 72[W8, Aspbl]tk=i% & >t (6, 7)78 3.1-3.3 kcal/mol | & = R /L X —3 5
{72%, HxILOH — W6 — W7 — Aspbl ODKFZFEAGTR Y NU—r 37 a kB - EfzicB
HLIYZEHELTWD [1], W1 BRZDOKEFEREGR Yy MU — 7 EFICLEICRRNT 52 &b, WL
H7m FUOBENRRERICEE LD D LB LD,

3ODRILH A UEFNC L DXL EMICONWTEMF LTz, RLIDET NV 1,2,3DEgb, X
Bk [ THE L7268, a, B, )EES LV (a, B, B, @S DJ5 A 0.2 keal/mol 721 EETH Y | (o, o, B, PECH
23 2.3 keal/mol I EARFNH D Z RN -T-, 4%F5 L 6% 7 DML (B, a f, LS LY (a, B, S, )
Bl 5755 0.2 keal/mol 7217 ZETHH Z EDBHERTE 5,

X oT, (a B B a)ficd % Lz WL — [W6, Aspbl/kFE A% & o N ki 7e S, RETH S,

BE R
[1] T. Ichino et al., Bull.Chem.Soc.J., 2013, 86, 479-491. [2] Y. Umena et al., Nature, 2011, 473, 55-61.
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