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Extraction Time Effect in the Extraction of Gold Nanoclusters to Hexane Phase
from the Ionic Liquid Phase using Dodecanethiol
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Kei Onishi?!, Yoshikiyo Hatakeyama2, Jun-ichi Kato!, Keiko Nishikawal

[F] A A AREALIEERIC B W CTRISREETHEET 2 HRE TH 0 | HHERMESCE WA 4 1R
B Wo B 2R OME Th D, FRIHERMEZRMA L, ANy ZEICXY | ILFIZeT)/
77 A% —(AuNCs) Z 8+ 2 FiEN#E Sh T pll, Hx I 3ATIEICE VS5 D AuNCs
DRI DN THIBISA R 21TV, RN FRETHD Z L ZH LN L TE LR, 2%y
LIEITIS L ORRERT LB TETH L0, Db PRBRICOMZFFOZ L BRETH 5,
Z OMEE RIS 5720, K— P RITENT AUNCs & o RBIREGICHI - 2 @isPc s
H L7z, BRI IL HIZAATET D AUNCS IZEB W T HITHNIC L o TH A X@EJIN TE RN nEB % |
i 2 ORI 34T 2 A3 % IL 19 AuNCs (25T, 1-Dodecanethiol % F\ N7z~ -~ i
FREAT o T2, /A XBREELRIE . UV-Vis WIGHIEIZ X 21 H6, AuNCs O A X1 X 5l
HERE R L Z DWW TS 21T 9 .

[F28R] 2k COMEREREL YD . AuNCs BT WD IL 2 KEEE DMV Ve & Hi A 090
IL T& % 1-butyl-3-methylimidazolium tetrafluoroborate & L7z, AuNCs fi#IT A/ Z LI
L0707, 2oL EREHEE % 20,40,60,80 °C & B L S¥ 5 2 & TRED M D72 % AuNCs
L L7, 2o oREHIx L, 1-Dodecanethiol 40 mM -~ LRk 2 FVT, IL D D
AuNCs filiti Z i A 7z, ARV IL &~F A= RIS W T ST 5, Au-IL 3.6ml I
KELAFH K 1.8 ml 202, WL S HEFE L7, 24 h IS ~F VAR ORIR 235 L 72,
KR /M X BRHEGEL (SAXS) HIEIC L » TITW, T UV-Vis WIHIE H1T- 72,

[f5E L 252 7% 24 h FLfE©. ~FH 400 B EEE/ h
FEDR S, AuNCs D~F 5 U FH~DOBEh % fifg 24 48 72 96

WD LN TE, RO 2 2 FEOE
WZOWTHIH 2R A TR % Fig. 1127, 22
N6 REEOEWNZ LY . AuNCs OfHHEE 2K
ERENDDZENID, ZOLIITLTHED
NI x O 7 DN T SAXS HIEZFTV,

BB 2 A5E L o B L AR 2 VT 7 1
T AT DI TR RGN L, iR ,
O IL 1, % O~F I U FIC B U DR 4 % Fig. 1 fhHE0EH4L (5755




Fig. 2 12 LTz, AT B < SREA A kiR
BT L= EEZR LTS, &b 5 DREHT
BWTH, M 24 h CORBRMEIT IL i
BIFDORBEDGAMED /NS LRG0 D, S HIC
Pl RPA] 2 38N S E 723556 ORMRITIT R At
2nm & 4 nm OFREHIIEWDREBLINT, RROMAE
23 2 nm AREHOSE AL, 48 BRH E Tidonokift
A L VNS 72 AuNCs S & Tnd, Lol
RIRD, S HICREFRHAIT U TR S L7 i e T,
IECDIZIL P TRLIEY A ALY b REBRRLAN
BoONTND, —FTRRIEE 4 nm OFRE Tl
PSR LT RIS MmIT R E <AL L2
ZENbN5, Fig. 1 LVRENHERKLTWD Z &
BHLNTH D72, ZOREOSHAEITIE 3 nm 2
FED AuNCs 2MEIIICHIH STV D 2 &%
2 HiILD,

TN DORERNG, BRI HERBIEIC L > T,
ILFH & 0 ~FH 2 4H~& AuNCs DI FIRETH
52 LB E ol IL ORFERRIREREIC
L0, B BREREEZIT TN FRAZ—E, K
0 58 ) 72 REHI T 5 1-Dodecanethiol (2R X
NHZET AFHAI~BEHLZbDLEEZ BN
Do Rl A XDBHRTLH5ELHLHOD, KL
FRIZE DAY U H~OBEEN R Y 2
ZFIFH L7z AUNCs O+ XIEBIAFRETH D & &
AbND, U EDX K= xR L FERIC,
IL—~F 4 L RICHNTH, AuNCs O A RIRIR o 2 4 6 8
HZR S FTRE T o 7, BRI T, UV-Vis HllE Diameter / nm
DFERR, IL 1D AuNCs 1 R & Z{L ST 6
OWPEREE B INZ T, ORI RERHEAFEIZ DN T
e 9 Do
€ =BT N
[1] T.Torimoto, K.Okazaki, T.Kiyama, K.Hirahara, N.Tanaka, S.Kuwabata, Appl Phys. Lett.,
2006, 89, 243117.

[2] Y. Hatakeyama, M. Okamoto, T. Torimoto, S. Kuwabata, K. Nishikawa, /. Phys. Chem. C, 2009,
113, 3917.

[3] Y.Hatakeyama, S.Takahashi, K.Nishikawa, /. Phys. Chem. C, 2010, 114, 11098.

[4] Y. Hatakeyama, K. Onishi, K. Nishikawa, RSC Advances, 2011, 1, 1815.

[5] H. Yao, O. Momozawa, T. Hamatani, K. Kimura, Chem. Mater., 2001, 13, 4692

1
ok in IL
1
[}
]
1
[}
]
1
[}

Distribution / arb. scale

Fig.2 KifRIZ & 2l R & 171k



4P-078
NG 7 = A FFHET ~ I K DR RER

PY P Otk AEHE Z A F I 7 AD9E

(BrRXV B LY, HAEKEE - BE2)  HATsEdr 1, EHESKE 1, PR 2, & 2

Ultrafast structural evolution in the electronic excited state of

PYP studied by femtosecond stimulated Raman spectroscopy

(Osaka Univ.!, Tohoku Univ.2) Ryosuke Nakamura!, Norio Hamada!, Kenta Abe2,
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Molecular dynamics simulations for searching stable structure of
AhR complex with co-factor protein
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FHRIZE Y. ARR & ARNT R ORI EAER 2 T L7of5RIT, YA DORA X —TRET 5,

(a) AhR-ARNT + TCDD (b) AhR-ARNT + FICZ
Figure 1 MM-optimized structures of the complexes with AhR-ARNT dimer and TCDD/FICZ

(a) AhR-ARNT + TCDD (b) AhR-ARNT + FICZ (c) AhR-ARNT
Figure 2 MD-simulated structures of the complexes with AhR-ARNT dimer and TCDD/FICZ
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Molecular simulations for searching stable binding-site of
various ligands into AhR protein
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ADR [ F50 M O 3 (LS A 70 R & eI B G- L TV D R BN o TV D (1],
AR [ZHEAT DY H > RIZiX, Figl xR THKMED X 4% TCDD, kO
FICZ(6-formylindolo[3,2-b]carbazole), ITE(2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid methyl
ester)72 EDEENITAFIET 2NEMED & DR B 5, FKMEY F o Rk, BHERBUCE ST 550
HMHNTWD, WNIKEY H v RBBIS-3 2050 « R4S & O i 12 D TIERAE
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Fxix, T ETIZ, ¥7 A AhR @ LBD (Ligand binding domain)?D##i&, % OV LBD (Z TCDD,
B-NF (B-Naphthoflavone), FICZ. ITE 234G L7z 4 OB S RO KPCOREMEE ., D 1ET U
VT RE ST SRR RO CR® T, 51T, LBD &V Ay RREIOMAER ORI %, Ab
initio fragment molecular orbital (FMO)¥&[2]% FI TR L. AALFFEBR TR D724 Y A2 KD AhR
LGS~ DA HERMRAIECEF LV T L X 9 & LZ[3], AFETIE, ZRET
122 < OEBIFIENTHOI TS T v b AR (LLF rARR)~D U H o ROFEGAIE 2 L 0 A<
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AR TIL, U K& LT Figure 1 \Z7 7T 4 FEOLEWZ M L, rARR @ LBD & VU 7
RO RBAIER 2B T L~V TEFT L7z, rAhR © LBD ONLARREE X, 7 X/ BRE 51
I, H oS 0 7' 5 MODELLER % Wl L=, OB, G L LT
HIF-2a (hypoxia inducible factors-20) & A T. U 77 > KA3%54 L7z PDB #1%(PDB ID: 3H82)% i\, A
TUNY REEELEEIL, o028V H L RRyx 77 v 77 A Autodock & VY, 4 FE
WOV REe Ryxr 7L, VA ROZEMGAEZ IRFHHICEERE Lz, 612, %500
rAhR+Y 772 REAROJEBHIC 8 A ITIRBAKZ ML, EEROKFEE % & 815y 18 )15 H
71 77 . AMBERY Z H W il L7c, &I, FMO &% U, rtARR & U 1 > RIE O RE SR
HAER %, BT LIV TR LT,
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Autodock % iV >, rAhR (2 TCDD % K v & 7 L7z#E % % Fig. 2a (2”9, Rk L7= 256 fE o fi
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O DOHFFE[4]TlX, rAhR & TCDD OFEFICEHER 7 507 I VA LN > TnD, AEEK
B7 tAhR+TCDD DR ZEMIEIZKR L, rAhR O 7 X /& TCDD HMOHAAEH =1L ¥ —
(LE)%Z., FMO MEAZ W TEIE LR, LiRo 7 507 X /73 TCDD & 5| A FH EAEH %
LTEY, SEROIAFEEOZUEPHER CTE Tz, o, 7TV BEBROFERM4]T, EELEIN
7o T 2 JERICE LT, SEIOFFE T, TCDD S8 HAEIERT S Z LRI LNITRY . 4
[B] D —# D FHHEFIED Z BN RFE T X 72,

ZZC, FUFHETEZHAV, rARR IO 3FEO Y 7 RE Ky %27 L, rAhR & OFHE
ERZR~T=, 7 rARR & U F o FHOREG OB S 2 AL 72 G 3NV F—%5H L,
Z OfElE. 30.8 (TCDD). 38.0 (B-NF). 51.0 (FICZ), 55.8 kcal/mol (ITE)T& ¥ . Z D#EFI% TCDD
& FICZ K ONITE OfEE =RV F —DOK/NBHRICE L Tidk, 17ERDOFHEFER[S) & BRI —ET
%o HIZ, rAhR &V 7 RE QR ERFHAAER 2B 6T 5728, AR DK T I Ve VW
¥ RO LE.Z FMO BHRIZ L D kd7z, ZOFEF. rAhR @ GIn381 1%, 4 FEFHD Y T KT
5 < B DFHAEAER L. HFIC FICZ & OFHAAEH 358V (-23 keal/mol) = & WX BT o2, FT-,
Tyr320 {% TCDD KN ITE & O A58 < FHAASEH L, 712 ITE & 58 < (20 keal/mol)fH AA/EF 3%, 1€
T, FICZ XOVITE & rAhR IO AT RN F—nN K& < 725 E4FRINIE, Gn3sl & FICZ, &
O Tyr320 & ITE Bl OFFRAFEEG ThH 5 2 L3, ARIOFE TH LM o7, FfliE, Y HOR
AL —=TRKT D,
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(a) TCDD (b) B-NF (c) FICZ (d) ITE
Figure 1 Structures of ligands for AhR.

Figure 2 (a) Various binding-sites of TCDD to LBD of rAhR produced by Autodock, (b) most stable
structure of solvated rAhR+TCDD optimized by AMBERY.



4P081

BLUF R A A > OITEMALIZEE 5 IKFEAEAAEE O IR o3 S FRAT

G TRBET A TRETA /4 2, RHKIE 3, SEPERAIK 9) 55 12, (RS
IR 3, YT TE G 9, RS

FTIR study of hydrogen-bonding structures during the photoreaction
of the BLUF domains
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[] BLUF (sensor of blue-light using FAD) R A A 356G E L TFAD (77877 =
VURXITVETFR) BELORZHEIETHY ., NI T T REEAEMIZEB W TERE Ot
TS 7 EhE 2 R EREIC B - T Y BLUF R A o iRk FAD % ik e (BLUF)
RS, e SN2 EEF -7 e FUBEIORZRICHURR{EE FAD & b o 7GRS R E

(BLUFrg) 12725 3, DF D, BLUF R A A MO KK & 1T E 72 0 SETEM I I T
T D FAD OLFAEENZL L2 & WD KA Ff > T 5D, BLUFg AT
FAD JEfF A& T 5 Tyr & GIn & OKBREGWENZET 5 2 &L NEMHELICHEATH D &
Z BTSN, BLUF BTN BLUF g (2351
HKERES Y NT— I HEEIIRHATH D

(Figure 1), & Z THx 7 — U = HRH} j@[ Tﬁ(\f n jﬁ(%

(FTIR) 72AT Motk E W T-m5e %

WA Lo, BEICHER L7solt, kA D K [j/ ;iT%%Y,H
~aﬁéﬁaﬁﬁM5XH@%ﬁ%@%ﬁf Lo o
0 . BLUFeq (ZB\WT Tyr @ O-H fiifEiEEh R

(d) :
25 2800-2600 cm™ ([CHN D Z EEFEA LY, m 2(\( ﬁ“f”\(ﬂ

O

Z—I

SCRRIZZROE E OIRWIRENE D B | 15K I T
o T Tyr BREITROAKERGE T S o o
TEERLTND, AT, & HITHTSE TW E" Tw °\§N

Z it BLUF K& TY BLUF o I2B 1) B KFERES
HEORREW BT B0, BRI rcheb e
ARG 2 O T AR AT 24T - 72,

[F2BR] FLEHIE H KR D AppA-BLUF R A A >3 His % 7 % N RN @E SE7=2 03
B L TRIBEIC X BBLEE T, RNARERRE O ERIT BC 71 a—2 0 PNH,Cl D A5
B2 W CA T o 72, BLUF I ZEAKRE LR LD T, G Z a2 S, FAD HB4E
buffer (Z J 0 FFAE%, Ni-NTA TR L 7=, 70t EICBWTE, FER L 72izii 7 v Az 1l
DK ETAIFKRZ WML AKFNT 4 )V L OIRIE TR ZAT o 72, B2 260K ICE » R L,
H ORI AT ORI AT SV BRI LT,



[R5 R - B %]

D,0 /KFn L7=#kBHZ %t LT, BLUF (AD1fF
77) & BLUF (IEDE#) 128125 X-D i
fEREh D2k % Figure 2 12753, Tyr-Dy %A
BD AT bz IEEEGAEE D b D & el L
7oL Z 4. BLUF T 2421 cm™, BLUF,, C 2029
emt OV RICRMEERSRN R SN2 &
M, Zivh & Tyr fIEHO O-D fiiEiRE) & I
B LTz, ®iS79 % O-H {HiffEi®EhiL BLUF T
3292 cm™ICHN D Z E 0D 4 R KIC K -
TKREREE DRI 72 HIEEF LD Tyr
X, BRREEIZR W THARFER/BAEZM L T
HZ Enbhol,

KIZ GIn @ C=0, C=N {H#EIEENOIFE 21T
> 72, LART, GIn 23 BUSIZE - T4 R (C=0)
mHx ) — B (C=N) IZEMEALAEZ D0 T
IRV E VI RENRH-T2° ZDD, T
R Ry EDFIF% BCHE#+ 5 2 & T FAD
Hkov 77 RE T EHEDY T
T ESEE L ETa sz, BCPN T EAER
B2 e L7 (Figure 3), = OfER 1641
em 1624 cmt DR RRZENEN S, 7 em™ K
W7 P Lz, 20OY7 M, GIn Bz ) —
AFNCHER L= 2 L2k % C=N fifEiES & L
TI/h&EL, 7 Mo C=0 fifEiEEhss N 1=
DR A MHENICZ T T2 D TH D LRI
L7c, 72, Gln OFEHEIORE O =/
— /D C=N HHEIREN LB T X 2o 7z,
L o CREDRTIE T Gln 1347 MloREE %

Diff.Abs.(0.0005abs/div)

Diff. Abs.(0.01abs/div)
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Figure 3 FTIR # A X7 kb

C=0. C=N {8k

LTWDHEEZLND, SHICTRZ VNI ERE T % PN E#H LZRE S FAD 59T N
ik U 723Uk &t % 2 & T FAD @ ND {81 28 BLUF TRV KERE B 2 TR L TR |
BLUFeq C & HIZAKFERATRENTR 72D Z Lo Tz,

AFEFTIT BC. BN, BC®N. Tyr-Ds. Gln-a-®°N 72 & OB ORI AT L Ed L
TGP O KERE AREEZALIZBET 2 E T VAR LT2W,

(51 HCik]

1. Han, Y., et al. Proc. Natl. Acad. Sci. USA 33, 12306-12311 (2004). 2. Yoshikawa, S., et al. Photochem.
Proc. Natl. Acad. Sci. USA 29, 10895-10900 (2006).
4. Iwata, T., et al J. Phys. Chem. Lett. 2, 1015-1019 (2011) . 5. Domratcheva, T., et al. Biophys. J. 94, 3872-3879

Photobiol. Sci. 101, 727-731 (2005). 3. Gauden, M., et al.

(2008).



4P-082 BFTIalb—alildd7Iunf RBEURIEABD
C RIMEALIZHE S A BEDOHEEAERE(LDOMET
(EEEANRL PR R 1, A R ERERT 2)

REFE 1. MASEE 1, BAFk 1, M EME— 2, RS 20 pREERTE 20 SEHdLZ 1
Effects by addition of C-terminal residue on interactions among amyloid-f proteins:
Molecular simulation analyses
(Toyohashi University of Technology', Murata Manufacturing Co., Ltd.%)
Atsushi Yanol, Akisumi Okamotol, Kazuya Nomural, Shin’ichi Higaiz, Takashi Kondoz,

Seiji Kamba® and Noriyuki Kurita'

[IZC&HIZ]

TN A<= (AD) 1, BIEOHFR THRHZVERTH Y, TORIEITIL, TIvA B
2 RIE (AB) DEENESBEBRL WD, ZRET, REOT I VBN ORD ., GEEME LT
PEDEY AB42 73, ZDJRIK & SN TEZD, E, 43 EOT I VI LED AB43 122V T,
fthd ABX 0 SRWVEREM: L B A R THEARE STV D [1], AR TIE, AB42 O C Kimiz 7
R BEMIMUT AB43 AERR L. 5 (MM) ROV 77 AV RyfiuE (FMO) &
FAERWT, ABBOFHEAIEFOELE YT, C RO T X/ BRAHNn, ABEOEEGIZED X S 7
WBE 5250 EHLMI L,

[(HtH/FiE]

AMFFETIZ, C RImfHINC k2 ABMIOF EAEMZLZ #3572, Ap42 &K EREE
(PDB ID: 2BEG) 76 AP42 “EROREZUI Y H L, £ OMEAE FEIZ, AR43 25 AT &Ik
TRV LTz, AP42 TLEKROEBRIEE D Ap42 “BIKZU10 H4 B, 4 MEORET S Ap42
TR (A42B42, B42C42, C42D42, D42E42) #EJV L., % Ap42 —&E(KDOEP 8 A 2Ky 1
AL, WSy )% AMBERY9 & V. KRR IE & fciiifb L7z, Saifk L7 AB42 &k D
FAEED T F VX —% FMO #tH (MP2/6-31G) (X0 @REEICHE L, TORRICESE, K&
TE7R APA2 —EIROHEE (D42E42) #IRE LTz,

W, FKTET AR42 &S D42E42 [2xf L, D4, E 84D C RIIC Thr 0L, AB43
T NTE RO YIS 2 ER LTz, Z DB, Thr % D S80I AN L7 4 % D43E42, E 8
DA U 7oA 1E % DA2E43, 71N L 72 4#i& 4 D43E43 & L, Thr OIEHO M & % 2 1A
EBEL, KOVRERMEERE L, INOOHKEDOHEE 8 A KT 4%L. AMBERYY %
FWTKFIMEEZ ik L, SAEEOE IRELZ FMO FHREIC KV @IS, AB_&RMD
FERLAOFAAER Y, AB43 O C K Thr i2 LV ED X HICBbT D0 %, BT LUV T L7,
[FtREBER EER]

KAzl L7z 4 FOEO AB42 —RARO T e 2 E e i iE (D42E42) % Figure 1 (a) (239,
Z OREEIE, fthod 3 FEEOMEE L B LT, 261.1 keal/mol ZETH D, ZOREELDRRITLLT
DEHITEZLND, PIHREEERICHAV Ap42 L EROEBREE BT, A, E8#IZFkm
(AFFE L, FEPHOVRE & DR TRIERHEZTR L TV D, £7o, E SO Asp23 & Lys28 Ol
PR FREESDER S, E HITETEL L TVWD R, A HTILZ OKRERBADTFELRY, £
DIz, LEMREHE TIITHEE L7z D 884 7z TR DA2E42 A3, FRIET TR EIC /2 -
mlEZOND, BE, TS TEINFE MD) v alb—va v EEITL, BREOREMEE



IREPICIER L LD L LT 5,

Z O D42E42 Fiw A& D C Rl Thr 230 L Ko Cheifl L 7243 % Figures 1 (b)—(d) (2
"9, Thr ZfHI0 L7 & & D42E42 & Il 5y D RMSD % bhig L 7= . RS Ti
2.8 A OEEZLAE L, FFIZ Thrd3 201 L 7= D $50D C KifIir TRk 6.6 A OFEEZRLA
MR SNz, ZOMRNE, —JFOSITAHIN L7z Thrd3 23, BIOEHD C Ko7 2/ BRI &
MEER LD THD EEZLND,

W, ABFEDFES DR X % TI9 5729, Figure 1 (2R3 Hed LG OE -IRAEE FMO #HH
KVFE L, ABHOKATRNLF —%RDIZFERE Table 1 17T, AT H/LF —I%, D42E42
THBIKTR/INTH D . DA2E43, D43E42, D43E43 DIETKRKE < 725, D42E43 & D43E42 OFsH =
FNX—=RNERDFERT, L7 Thrd3 OO E 8BER LT\ D, KV ZE DI3E42 F
T, Figure 1 (b) (/"9 X D12, DI L7 Thred3 OMIEHIZ EHO Az mE, ESFHOT
J IS L FEAER T 223, DA2E43 TIEZ D X 5 2 AAERIIFIE L 72V, E72, D XOVE 841
Thrd3 Z {1 L7 D43E43 Tl&, W50 Thrd3 285007 X/ IR & FH AR L, X 0 Rk
ANEFHLTND, IBIZ, ABFOEDT X VBN _ERERICEE THLINEH NI T 57
D, D KO ESHDORT X/ BRI O AR 2 fiftt L7k R, D42E42 (28 Tid, D #{, E#{En
ZID Asp23 & Lys28 23R < SIFHEAEH L. —75, D43E43 128\ Tid, ABH O Asp23 & Lys28
BB EAERIZIN 2, Thrd3 [FERB SINMAEERT D 2 L’ ghotz, &7 2/ BREO
HAHAEHOFEM, KOMD FHRICE VSRR L T, YAORRAZ—TREKT D,

Side chain of Thr43 .
D chaln (D43) "

E chain (E42) ‘5 | : '
(a) D42E42 (b) D43E42

D chain (D42) D chain (D43)

E chain (E43) s
E chain (E43)
(c) D42E43 (d) D43E43
Figure 1 Solvated structures of Ap dimers optimized by AMBER-MM method
Table 1 Total energies of AP dimers and binding energies between Af

Structure Tptal energy (kcal/.mol) Binding energy
Complex D chain + water E chain + water Water (kcal/mol)
D42E42 —44319378.4 —38547020.7 —38547091.4  —32774995.6 261.9
D42E43 —44545379.4 —38547149.1 —38773237.8  —32775301.3 293.7
D43E42 —44545319.4 —38773197.7 —38547078.1  —32775256.8 300.5
D43E43 —44771492.0 —38773163.9 —38773251.4  —32775233.4 310.1

[8E&3C#R] [1]T. Saito, et al, Nature, 14 (2011) 1023.
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DNA HFExf D B LS DOBBIRBOLER
(BRBHMRIERFEREE Y U7 74 FTRET 07 19
BRRSR L FEEYE L Victor I Danilov/, ZEH 2 T

Ab initio MO study on transition states
between wobble and tautomeric DNA base pairs
(Toyohashi University of TechnologNational Academy of Sciences of Ukrdine
Kazuya Nomurg Yasuhiro Hoshib& Victor I. Danilov? and Noriyuki Kuritd
[IZC®HIZ]

A OBGIEHRZH S DNA “HEEHOAIZEBV T, Watson & Crick 2325 L /- B UEN) a5 56
% (G-C, A-T) 23, MR 72 KERESH EERIC L EMICER S D 2 ENEETH H[1], DNA
DOFEELEFEIZ IV T, BT LWV DNA A E L < GRS N D 7o OIiZid, Z OEEOMGHERLHETH
%o LWL, DNARY AT —ER, fiES7T2X 7 VAT REMAT LI LT, ERERES| i
T ENRDHD, ZORKRO—oE LT OELERMEIC L DEENEZ bD, FEE. DNA
BROBIC, EERMEICE > T &RZ SND =T —DHEIT 10°~10°Th v . EERMELZ 5| &
T 2 RS0 2 LIIIEEICHETH D, £, FEDHER DS TAE THEL 2R
ZRFET D70, fkxra Ry - 7 oF a ROBEROMAEOE A 2], 12 &kD
d(CGCGAATTTGCG) —HHIZIBW T ¥ b THIHSH(WG-T)DS 2 DIF(ET D Z & N FERES = [3],
WG-T T 2 >0 7a o BEHIZLD ., enol G (G*) HHW T enol T (T*) 25T G-T
RS~ HAERMALT 52 LR TE D,

ARFFETIX, WG-T St D AARMO WReME 2 R 3 5720, By T#uE s A2 v,
WG-T 25 G*T & W& G-T* D Mg Hoeh |2 AR VAV 9 2 BUSBERE 2 fiftT L7z,

F7o. BREFEMOBROERIELIAD —>TH S Bromouracil (BrU) 1%, enol B o A2 FpE(K L
720 ATIERLS G LRSS TR ZERT 5 Z LMo TnDd, &2 T, BrU ORELZIL
T D72, WG-BrU HEEER 5 LIRIBR DA 21TV, Bru O RMALRIS~ D8 2 di~ T,

[BHFEX]

AHFFETIE, £, WG-T, WG-BrU & Zi b O A RME(LEE G-T*, G*T, G-BrU* & O G*-BrU
DG A Y FIEHE 7 2 7 F A Gaussian09(GO9p M06/6-311++G(d, P, M O
MP2/6-31G(d,p}s & v, EZeiiCigiifb L7z, KIZ, GO9 D QST2, QST3iEZ MW, Zhbd
HE FE B E M OB IRAE(TS)Z BR5E L 7o, QST3RHH Tld, KIS OMEIEIC TS Offiifkis 2
FINZ Tz 3 oDMEEZ I, TSHIEARKR LTz, £O%, oM TSHENEBIRETH S Z
EETEDD DT RN 21TV, BEARE 1 >OATH D Z L s Lz, &%IC, TS
WG A2 IHEE L LT, GO9 D IRC FHHE (A7 v 7H30) Z1TV, TS D b LA O
SOREELACEFRNT L. £ D072 TSHEN 2 DO E i SERIRETH D 2 L 2R Lo,

[HAKRLEER]

G09 D MP2/6-31G(d,p)t: & QSTIEIZ L R 7= 3T D G-T Hifixi ] DB IRIE % Figure 112
R, ROTMEIL, 1 SOEBIREEZ £ HEBE TH D, M06/6-311++G(d,P% vV 7=



Ab, IRER CHERENE SN TV D, TSWG-T>G*T) LY, TSWG-T>G-THIZ>W\WTiE, TOY
0 RN GICHERE L, TOMENREL L2, GbDO 7 a b RBIZ L - T GHT, G-T*DHik

LEBT L7, GIZT R FUd 3OFET DMENEBIREL 0D, £/, TS(G-T*>G*T)
WZOWTIE, 7e FrOBENZ L > T G-T*20 5 GXT OEEIZENLT 5720, 2 SOMEER DI
SR 2 U EL TV DREENERIRE L 72D,

BHEE DX/ =%V X — % Figure 21237, BFOMMEIL MP2/6-31G(d,p)t TR oD 7o it 5.
HFOEIL M06/6-311++G(d,P) CRDOTFER TH 5, MP2/6-31G(d,plilZ L HFEFR TIEL, 32D
WHF O T, G-T NRLZETH Y, WG-T, G-THIZNZFh., 1.0, 2.3 kcal/molRZETH 5,
WG-T 25 G*T KO G-THIZZ b 2 SO REEN S L < 19.4 keal/molCH ¥ | G-T* & G*T MO
JREEE L 4.8 kcallmol TH 25, Z DFEFRNDL . WG-T 1D G*T K G-T*~DiEIA Ui s
ZELTREIY, JOSHER LS L 2508, ieEIZIE, G-T OEN LV ZETH D0, G-T*
D6 GHT ~DO R Y | G*T OIEDOEIG 1L 72 %, M06/6-311++G(d,P): Tk 7=
R, FEROEMICH D

%72, WG-BrU, G-BrU*, G*-BrU OIFHHIEI L Tk, wG-BrU 225 G-Bru*& U G*-BrU ~0
FOSBEREIE 17.0 keal/mol& 72 0 | wG-T Mkt D354 & b~ 2.4 keal/molfik< 72 %, 6> T, Br ®
RN LD BOGSHEREDS TR0 wG-T L0 B ML LG < L, enoBERKZARK LG T5Z &M
AT oTe, EORESE. BrU OB TERERNEZ VG kb B2 D, FHHEERD
FEIT. BMHDORZZ—IZTHRET S,

210A 210A

q’ - . ‘\ .- "2‘:? /‘ ” JJ?' ‘_J. ,......Q_;) 2

‘: 2%

v« ? v./ 0o " o0
._J.if.l‘ 2
5
(8) TSWG-T-G*-T) (b) TS(WG-T—>G-T*) (c) TS(G-T*—G*-T)
Figure 1  Structures of transition states obtained by QST and MP2/6-31G(d,p) methods in GO9
TS WG-T — G*-T) TS WG-T = G-T*)
It 3 A et 35
’ ;4.‘ :.:‘ ’ J‘a.' .J.:‘ TS(G-T*=G*-T)
e, ® e, ® o PN ] .
J i ! 3 e%.&%
193 WG-T 193 3y G&T G-T* e W .
G*T 16 6 > @ 166 ‘.c -a- ] :‘ ‘J.‘ ‘. "‘ :‘ .‘—h G*T
i el B 8,%5°, 3 4 L, O3 e.e 9. § 48 1,0 e.a %
¥ o0 2 a s, T2 ®a X ; T g
23 o -0 o bt ."‘ b . 53 s :.“ hd @ »
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Figure 2 Schematic energy diagrams for the transitions between wG-T, G-T* and G*-T: relative energies
obtained by MP2/6-31G(d,p) and M06/6-311++G(d,P) are shown in black and blue, respectively.

€ 2 94
[1] F. H. C. Crick, Proc. R. Soc. B167 (1969) 331-347.

[2] M. D. Topal, J. R. Fresco, Nature 263 (1976) 289-293.
[3] T. A. Early, J. Olmsted Ill, D. R. Keams, A. G. Lezius, Nucleic Acids Research 5 (1978) 1955-1970.



4P-084
EYELT=T w7 A A DREERRAT : CW & 731 X ESR %
(AR D, HoREE D) Brip v Y, #ik =2, miE B Y. KE B, Iun HE D
A Structural Analysis of Denatured Protein A: CW- and Pulsed ESR
(IMRAM, Tohoku Univ. ¥, Tokyo Univ. ) Jun. Abe V. Munehito Arai 2. Satoshi Takahashi ». Yasunori
Ohba?, Seigo YamauchiV

(F] 2o R0 ET7+—NT 4 T OGRS 52 LT, KRaZ 7 EORE
TFTHRT =T 4 TIROK KR ELL DISHPEIRFFTE 5, 7 X /18 100 ZRELL FOH
— RAAL U MORDZ L NTEDT +—VT 4 71, RIRIRHE & ZAMEIRIE D ZRHE O Al
TarREND (K1), 22T, £tk KERIRHE SRR BE
BILZNIEZ, FoFLTAALND AB5C 22C A55C
HEERFOEBEZ LTV, LnL,
WIS 72 o TEMRIBIC I T 2 R
DIFAEZ RET D A2, 311 E < 2 Eh D
DL, T U b AR DR N22C
MbEFNTFonTnDE, 20Xk HicE
MHAREDHEEDORINX 7 +— VT 1 7 1Y Far A ADRKIKREL
DT RZER L, B LI I E ZEMEIRTR D IR RGPy
DG IRET LD T DIZIEFICERE Th D, AETII T +—NVT 4 VTP R <AL
nNTns7>es42 ADB FAA 2 (BDPA) [4-6]% %5 & LT, CW-ESR & /%)L A ESR (-
Bfabe—L 2 AESR) &HWTEMIREDHEIEEZIT -T2,

[325k] BDPA D 1y FTICY AT A VAERZE A LTz YISF/ASSC EHLfA & 2 Dpfic v AT
A VISR A A LT~ Y15F/IN22C/IABSC BHUKIZ A Y v TR Z IS SH T, v 7o
JUER (AB5C) & Z 7 0 T~ Lk (N22CIAS5C) ZER L7z (M 112" LTI T ~ubk)
TDOLEVUTNTUUKD BDPA JEEIL 15~35 uM, X 7L T ~OUKDOJEE X 42~70 uM. &
Bradford {5 L 0 E& L7, BMHARE O M OX L R7'H
1% 150 mM @ NaCl % &t pH 7.0 & MOPS &% Tl  5M GdmCl
E L, B R BEOREICIE 0.5~5 M OZEMEAR] EEE 4 M edmal
7T =Y v A, GAMCl) EINZ T, EVERIE S AT
BRI ~D 2 #a13 Sephadex G-25 desalting column % >
THNHBICE Y 2 LT, CW-ESR A2 hLOHIE
IZik . JEOL @ X s3> K (95 GHz) CW-ESR #: & 1MGdmCl

(JES-FE2XGS) MW TR CHIE L7z, £/ _&f= O0MGdmCl
bt —1 > 2 ESR OlEIE, JEOL & IH[ATHI%E L7= Ku /N
L K175 GHz) /LA ESREEBAMM L, 6/ OLARH] oo wn  ow s
T64 A7 v TONMYA 7 VEHWTE0K Tfro 72, 2 CW-ESR A7 LD

[ L 252] SR TOI VI LT LIKRD CW-ESR JfIf  ZVEAIRR R FE

3 M GdmCl

2 M GdmcClI

i




ERERZ X 2 12777, CW-ESR OFMEMEHT 2>, GAMCI 0~2 M 125 T 4~5 M ORI /N S
<720, ZORENTY X7 HEHOEIBENRE S o Z EICER LTS EE X B
%, F72 GAMCIl 4~5 M OHEJH THMEIZZEALR 7203 o 1o, AT NIV ORREREHT L 0 2 MEAIR
BTk L CRIEE 7 e » b LSRR oM — (AR 10
HDFERBIE BW—%E R LTz,

BTG )UETO &2k —L 22 ESR (JIE
JEE B0 K) DfEES GAMCI0 M Tid, M2 W 02 ]
THEFERIZE2RBHA LGN (K 3a), — /T 00 . : : ;
GAmCl 1~5 M Tl (¥ 3c) IAEBAS R bheins oy ;5 Tme s
Too ZAUEL WRIRWEEBES M A FFOZ L AR LTV D,
%72 GdmCl 1~5 M O TIE & A EZBERH LR D>
72o GAMCI0.5M TiZ (K 3b) FU EksY & FEeh i
THRSDODEREDLEICR>TWVWS, ZOZEnD "

GAMCI 0.5 M TiE GIMCI O M & 1~5 M TOMRETFZET o tmotsy

08
—— OM GdmClI
0.6

0.4 —

Echo Amplitude

—— 0.5M GdmCl

Echo Amplitude

DEAGOEIZR>TWD LRI ND, —#&fat— 8 OB_K\ ¢ - el
Lo A ESR TOEMF AT 0-1 MOETHY . BEMD 8 oo N ~ MGl
B & D 1 R T AN S TS < A o N, o e
SN, ZOEEIE T E— L AESRTIEE0K 0 o o
TRE LT O ORBHA ST A RERSH Y ThICk T L
DARIEZNE L7 vl REME, D WITWAE T 0 Z L IC K& Time (us)

3 “&E{fak—L 2 AESR D
HIERER 5 o ZAMEFIREOM; b
ZVERIREE 05 M ; c. ZEMEAIREE
1~5 M

PEAIREE N R ETEIC I L7z Al et RN HERI S 5,
GAMCI 0 M TERREAMARIT 21T 5 & Z D> DO RSy D3 B
PN 2ODHATABEDT 4+ v T 4 T hbERENN
YIRRREAS 1.51, 218 nm TV | BRI AH1T 1.00, 0.41 nm
Tholz, BEHO NMR #IE[6] CESOEN R HE L2 FEIZ L TAE T I 72 1
ZENDUCEHBE LA L OB S, # 237 B O EHHOEEOE T K0 BEEE A 23 ik
72D LRSIz, GAmMCI 5 M DI & k3572012, T v F AaA )V ERGE L7 B
AT OREF R ZFHH Lo, 20 & EFHE USR03 UK 2 A —Rkot
D_\fAL—L U AESRDTaA—(F5THDH[7, 7 ¥ LaAf /VET VTP & IEEE
o —o%FE X, HAH, FEBSHZRE LGS, HICHENE D b RVWEEEE R | 5
HEY BENEHOR DN ZN EAVRENTZ, ZOZ &N GAMCI 5 M TR ERARSHCIEEE
P L TR D IEN o T EEEZ > TS Z EAURBR SN D, £ 72 GAmCI 0 M O HffE /547 B
BB E DI/ SN2, BRI RARRE L ZR e IMETHLEEEZELXDND,
GAdMCI5M & GAdMCl 1~4 M TiE " EF a2t —L A ESR DFERNBF L THLHZ b, 2
DR FEFEIK CRBEDOREE A T > T\ 5 Z &l S D,

[£% 3iik] [1] C. Tanford et al (1966) JBC, 241, 1921, [2] D. Shortle et al (2001) Science, 293,487, [3] E.
Sherman and G. Haran (2006) PNAS, 103, 11539, [4] F. Huang et al (2009) Biochem. 48, 3468, [5] S. Sato et al
(2006) JMB, 360, 850, [6] S. Sato et al (2004) PNAS, 101, 6952, [7] S. K. Misra et al (2009) Appl. Magn. Reson.
36, 237,
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Elongation RFTHEERBEILIZCLA 2R DR L EREERR

(JUKRPE - #BE T SCNU? JST-CREST®) Liu Kai', #74 #—!, Gu Feng Long??, K HA& T3

Efficient search for optimized geometry of whole system by elongation local
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I. Introduction

One of the most successful applications of molecular quantum mechanics is the reproduction and prediction of
molecular conformation. However, it’s still a grand challenge to perform the geometry optimization on large system
in practices. Due to a large number of atoms, the standard ab initio calculations are beyond the computational reach.
Currently, some fragment-based methods have been successfully proposed and developed to calculate large system
within a reasonable cost, for example: divide and conquer (DC), elongation method (ELG)? fragment molecular
orbitals (FMO)®and systematic fragmentation method (SFM)*. Despite the complicate interactions of large system,
it’s very difficult to locate the equilibrium structure. Here we present the implementation of geometry optimization
based on the elongation method, which is famous for its high accuracy and efficiency.

I1. Theoretical approach
A. Elongation method

CMO —F — Starting cluster

X

\L Elongation localization

ELG procedure generally is analogous to experimental polymer RLMD\ .

chain synthesis as shown in Fig.1. First, a suitable size of initial A X B
monomers (starting cluster) is chosen to initiate the ELG procedure. Frozen region Active region

The canonical molecular orbitals (CMOs) of the starting cluster, . . J Added one unit
generated by conventional SCF calculation, are transformed to an ~

orthogonal atomic basis (OAO). In the following step, the OAO-based (A X B em (CO

density matrix (D°*°) is to partition into frozen region (A) and active

region (B). The frozen region is assumed to be far away from the RLMQ‘, :
chain propagation point, while the active region is consisted of the LA L - =
remaining part of the starting cluster. After the separate et T
diagonalization of the subspace D*® (A) and D®*° (B), a set of = [wenreion = Adherwon Added one unit
regional localized molecular orbitals (RLMOs) for both A and B R[_Mof‘l‘;;}l;:; localized molecular orbitl

regions are obtained. Then, one attacking unit (C) is added to the  Fjg 1 The flowchart of elongation method
chain propagation point for the next ELG step. Because of the

negligible interactions between A and C, only B and C will be included in the ELG SCF calculations. After the ELG
HF-SCF converges, the CMOs of B and C regions will be localized again to form a new frozen region (RLMOs B”)
and a new active region (RLMOs C”). Then a new attacking unit (D) is added to repeat the above procedures until
the desired length is reached. The important feature of the ELG method is that the equations during SCF are solved
only for small subunits instead of the whole system, and the calculations of two-electron repulsion integrals (ERISs)
between A and M can be partly omitted by cutoff technique.

\L Elongation localization

B. Elongation geometry optimization

In the framework of HF calculation, the first derivative (gradient) of total energy (E) with respect to the nuclear
coordinate X, at atomic orbitals basis, can be written as:

OE oH{® 1 a(uv||loa av as

— Dvu nv +Z Dqu/lo (I’l ” ) + NN _ Qvu nv

X, Z ax, 2 Z X, X, Z ax,
uv Hvio uv

where (uv||o) denotes two-electron integral, D is the density matrix, H** and S correspond to the core Hamiltonian
and overlap matrices of system, respectively. The nuclear-nuclear repulsion is defined by V. The energy-weighted



density matrix Q of conventional method is defined asQ,, = ZF/Z n;&;C,;Cyi, where n is the matrix of occupancy
number (density matrix in MO representation). In the ELG method, the equations during SCF are solved only for
active subspaces defined by B and M fragments. Therefore, the non-diagonal ; LMO is employed in the ELG -OPT
method. As the coefficients of the Whole system CASy; consist of CAMO(coeffluents of frozen part, localized by the
ELG localization procedure) and Cy (coefficients of active region and attacking unit, transformed from CX\ after
the ELG SCF calculation). Therefore the energy-weighted density matrix Q of the ELG-HF-OPT method in atomlc
basis can be rewritten asQ,, = Zf;/ 2 n;g;;C,iCy;. Because of the boundary effects between A and BM arisen by the
tails after the ELG localization procedure, the coordinates of the one unit of the BM region, which is the closest to
the frozen region, is fixed in the gradient calculation to reduce these effects.

I11. Results and discussion

A. Non-bonding model system: (HF) nz4g

The linear poly-hydrogen fluoride (poly-HF) molecules are optimized by both elongation and conventional
restricted Hartree-Fork method (RHF) with different basis sets. The energy differences AE (AE=E®o"910n_eonventionaly
of STO-3G, 6-31G and 6-31G(d,p) basis sets are -4.49x107, 9.09x10° and -3.26x10"° Hartree/atom, respectively.
The negative values means the ELG-OPT locates an even lower ground state than conventional results. It indicates
that for a flat energy potential surface of system, like linear poly-HF molecules, ELG-OPT may produce a more
promising candidate for the most stable geometry.

Rg 4 bond length difference Final step of optimization iteration
1.00E-01" ~ .4,8oo,o(au) . . : : )
pEHL CRen —‘FZTgl'gG 20 40 60 80 100
8.00E-02 - =&=6- -4,800.2 ——EL G-
——631G(dp) | | = 6-31G(d,p) ELG-OPT
6.00E-02 - S 48004 e=¢==CONV-OPT
(6]
4.00E-02 ~ CONYV provides a E -4,800.6
©
5 00E-02 - metastable structure. £ o0 E,,; lower than Eq,
= T, shorter than T,
0.00E+00 w -4,801.0 -
5 10 15 20 25 30 35 40 45 50
-2.00E-02 -4,801.2 - E: Energy T: Time
Fig. 2 The differences of bond length and optimization iteration of poly-HF systems. AR=R®"gation_ geonventional
B. Bonding system: extended ployalanine. The difference of bond length
As a model of large biosystem, 20 units of 8.00 0( )
extended alanines, is optimized by both the ELG- -00E-04 1 S o, R S
o WL w"‘,«q Gl “v ;,A uf 1 4:!'1: f*.:.

HF-OPT and conventional method using 6-31G  6.00E-04 - ‘,‘7"*5,, B el SR 5 R G
basis set. The RMSD between the ELG and | —6-31G
conventional  optimized structure  (excluding 4.00E-04
hydrogen) is 0.18. The bond length is also  2.00E-04 -
compared in details and shown in Fig.3. The 5 00E-19
difference of total energy between ELG-OPT and '
conventional result is 2.37x10" Hartree/atom. -2.00E-04 -
These small differences in structure and total

. . -4.00E-04 -
energy show the well reproduction of elongation
geometry optimization method. Fig. 3 The difference of bond length between ELG and

conventional optimized structure.

100

Compared to conventional results, it indicates that
the ELG-OPT can well reproduce the calculations and may locate a more stable structure than conventional one.

1. W. T. Yang, Phys. Rev. Lett. 1991, 66, 1438.
2. A. Imamura, Y. Aoki, K. Maekawa, J. Chem. Phys. 1991, 95, 5419.
3. K. Kitaura, E. Ikeo, T. Asada, T. Nakano, M. Uebayasi, Chem. Phys. Lett. 1999, 313, 701.

4.V. Deev, M. A. Collins, J. Chem. Phys. 2005, 122, 154102.
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Elongation dynamics and local transition state search on

reaction site
(KYUSHU Univ.}, SCNU2?, JST-CREST?) Peng Xie!, Yuuichi Orimoto!, Kai Liu!, Yun-an
Yan!, Feng Long Gu?3, Yuriko Aokil:3
[Introduction]

Many essential biological processes are often accompanied by electron-related events such
as chemical reactions. The mechanisms of these chemical reactions are significant for the
understanding of biomolecular functions. Ab initio molecular dynamics (AIMD) method is a
powerful tool to describe chemical reactions involving bond breaking and forming in which
electrons play an important role, but the number of atoms handled with quantum
mechanics is much smaller than the number of atoms in a biological system for the
limitation of computer technologies. Elongation method (ELG)!2 can efficiently calculate the
electronic structure of large aperiodic polymers with high accuracy on ab-initio level, so we
proposed a new method named Elongation molecular dynamics (ELG-MD) by combine the
elongation method with dynamics method.

This ELG-MD method makes it possible to ELG-MD
efficiently analyze the mechanisms of

chemical reactions for biomolecule. To
describe a chemical reaction, we may propose
several kinds of chemical mechanism. It is
important to make clear the transition states
along the reaction pathway. To find and
confirm the saddle point, we need calculate
the Hessian matrix based on quantum-
mechanical principles. For this purpose, we
developed ELG-Hessian algorithm which can
efficiently calculate the local Hessian matrix i
for the reaction site. Ves @
[Methodology] = INo . M
In ELG-MD method, we use gear predictor Ik B
corrector (GPC) method to solve the equations  Figure 1: The workflow of ELG-MD
of motion for wavefunction and coordinate
dynamic variables within the ELG method. The procedure is as follows (Fig. 1): The whole
molecule will be divided into a number of units. The first step, we select the 15t unit (A

Energy and Density

(B+M)

Renew A=A+A",
B=B". M=AI"

active

region) and a suitable number of units (B region, to ensure A region has no interaction with
M region) as the starting cluster to perform AIMD calculation for a certain number of steps.



The second step, A region will be frozen and a new unit (M region) will be attached at the
tail site of B region. The local force on each atom of the active region (B+M region) will be
obtained by ELG method, then the acceleration and new position of each atom will be
calculated by GPC method. After a certain number steps of dynamics, we can repeat the
second step till we obtain the whole system in equilibrium.

Hessian matrix calculation is considerable expensive for biological system when a
quantum mechanical description is used, but the chemical reaction region is always on a
small part, the most regions do not interact with the reaction region. So in ELG-Hessian
calculation, we take the chemical reaction region as the last unit (N) of elongation. From the
starting cluster to the second last step, we only need to obtain local molecular orbitas for the

frozen region (A region). For the last step of ELG-Hessian, a The fragment [, @
we use full molecular orbitals to calculate the Hessian 23 » :: el 5=
matrix element for B+M region. - ‘V . ‘;‘-;:-,72,‘3, T
2 a3 e Tty

H,, = aaxig; X EB+M, yEB+M 1) Ayttt O watermotecu
[Results and Discussion] b 27 i s "«'“’

Polyglycine with water was selected as a target system e 4';.': 3 & ‘:;;‘?:»:
to test the ELG-MD method. In each ELG step, we Pozgen, %,
performed 4000 steps dynamics calculation at HF/STO-3G v T
level. The initial structure and the final structure are C XU ;,f.-"-'“"'-f""'"" ",
shown in Fig. 2 (a) and (b) respectively. Fig. 2(c) showed = 5;_ " &" § -

the structure obtained by ELG-optimization at HF/STO- o Y&

3G level. By comparing the Fig. 2 (b) and (c), we found gllfc'ii'e(jgiglhjv:;g.a(lbs)tyﬁcngfuzftgiy-
that: the structure in Fig. 2 (b) has more helix caused by = obtained by ELG-MD. (c) The structure
hydrogen bond forming than Fig. 2 (c). That means the obtained by ELG-optimization.
previous structure is more close to the real structure of polyglycine.

Before performing ELG-MD calculation, we need use ELG-Hessian method to find the
transition state of the reaction site. To examine the accuracy and efficiency of ELG-Hessian,
we compared the vibration modes of linear polyglycine (20 units) at HF/STO-3G level with
Table 1 The last five intra-molecular vibration modes for conventional (CNV) Hessian calculation.
linear polyglycine Frequency unit (wavenumber) The comparisons are shown in Table 1.
ELG 4054.98 405527 4055.62 4056.32 4057.51 We can see the error of frequency is
CNV 4058.98 4060.24 405821 4058.85 4060.86 considerable small. The mostly time-

consuming part of Hessian calculation is CPHF part, we checked the CPU time for CPHF
calculation. We found that the CPU time for CPHF calculation can significantly drop, from
615.5 second (CNV) to 389.8 second (ELG).
[Future plan]

ELG-Hessian and ELG-MD can work well now, as the next step, elongation transition
states (ELG-TS) method will be programmed for efficient investigation on chemical reaction.

1. Imamura, A.; Aoki, Y.; Maekawa, K. Journal of Chemical Physics 1991, 95, 5419-5431.
2. Gu, F. L.; Aok, Y.; Korchowiec, J.; Imamura, A.; Kirtman, B. Journal of Chemical
Physics 2004, 121, 10385-10391.
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Numerical assesments of divide-and-conquer based linear-scaling method
for non-local excited states

(Advanced Science and Engineering, Waseda Univ.!, RISE, Waseda Univ.?, CREST, JST Agency®)

Yutaro Nonaka®, Takeshi Yoshikawa', Hiromi Nakai'??

(=]

BUEE TIC 7 77 A v by Fil N4 Bl#5 (DC) P& O kk 2 724y BRI H BRSPS S
NTE, ZTNODOFEEZHNDLZ LIZEY, BTRFZER D2 KBS 128 L CRGERE
TALFRIRZITO 2 EWAREE 2V D2 b D, FFIZ, FEECIREEIZI W CIE O LR E 2 RFET
% CCSD(THC E TG &85 Z L ICHH LM Lo L, B REEI S+ 2 BHR IR 725 Rk -
Th v, BUIRTIL Charge Transfer (CT)HhiEt D L 9 72 3R ATEE OBV U NFIEF ICHEETH 5,
52 DCIEIZBWTIHE A OUIEZ & 6 DIZH Y AL TV D 72D IEM BRI 22 BhE N Bl 5 & W\
MR BAFET D, ARK T, BIEREHEOBURZ T2 L TE LT, BRBUL T
W%z R 5 FETH S DC-TDCPHFIDFTOIZFIH LT, O b= % L¥—%Kb 5 =
ENTEDZ & 2EMERNIRGET 5,

[DC-TDCPDFT D]

DCIEIZERE WL DDOE S RIS T CTHEEZITH T & THE X NEHIET 52 HETH D,
H RO O8Ny 7 7 ik A G O T RTELSER CH 0 Rs OB Z 535 2 & T, JAFHDOZR
RV IATLZ LR TE D,

DC-TDCPDFT {£Tik, UL FOHRXE —ROFEEITHIDIERT 5 F THD R,

FX(+w) = d* + JD*(+w) + (VX¢[DX + ED*(+w)] — VX[DX])/E (1)
Z ZC, FiZ Fock 1741, didoBiR+E— A > MTHI, DIXBEITH, o3 GOREEEL JILAH
5y, VXX DFT ZHUHBIAR T v L Th D | BN ANTEY Ch b, EFED XY, Z 1
X7 MV, (o)l E—KEBEIEZR LTS, 20L& 2RO Fock {THIFX (2w) ) 5 5%
@ Fock 1THIFXS (tw) & & i L, ZHATHI U 2R A0 L 9 IR CHE T 52 L1tk - T
R X N EBRIICHIRT 5 Z LR FREE 2D,

0stRXs 0sy .
et @
CITAREATHI, elZBE = R —, BT &0 0 ITMEEHIE, a i 13N ENIESADE, SAPE
Th o, RTECFERIZEB T 2 A HTHIUXS () TR OXTER SN D,

PHEME

C(+w) = CO®U* (+w) ®3)
ZOXNBELNTZC (w) & HWT, RFELERIZ KT 2 —ROBEITHIDXS (tw) #HHET 5,
DX (+w) = pC*S(+w)nCost 4+ pCoSnC*st(Fw) (4)

ZZTpEmERTAL niFUED BB EER T, 5oNDX(tw) & MW TR LTS



DX(xw) = ) DX(tw)

A (SIN

oY (+w) = Tr

()

[-d*DY(+w)] (€)

3B I BARAF iR 22 KD D, FIREEAF B RIT I =R L F— 2B W THBET 50T, £

DREIN ST XX —Z2 WD Z &N TE D,

[DC-TDCPDFT O fE#zE]

FERIERTH DAY = 88 CyoHap (2% LT ik DC-TDCPDFT % AW TR 7= 0-6 eV IZ81T
5 R BURLF S iR D XX, YY. ZZ 5y D)% Fig. 117, —HEHEARO —>DRFE L ZN

SICHEAT DAKRENB IR D= F(-CH=CH-)
R E Lz, 7272 L, MidilE(-CH=CHy) T
oD, £lo. Ny 77 EBITLELE6 2=y F T
B 5, FLIEREEIL 6-311G**, LBY%UE LC-BLYP
W, 2z Ko TR kit = 1 ov
F—&, FU<AE%E LC-BLYP MW/
TDDFT IC L AR Y =Dl = r /¥ — LI
B IRE OFE R4 Table 112371, 202 95%
LT 5 & | HRED IR S LR A O X UV RhiED R
& 1By, 3By, 4B, Dt =R /LF¥— %787 0.11
eV T ERBELLRBTE WD Z Enbn
%, WKHEE 6B, D & = DARREIIM E L CTHIELL T
W2V, ZAVTIREFIREE DS/ N S W e RS
BT 2 JE I A O i 23 FEH T < 72 o T2 kb
RThrEBEZoND, o, 2HERICT
LHEhECIREE IR & L CTHEL L2V, Zhb,
AR BRI IR 2 VD Z & CTIRE) 13
NDRENHLOIZEAL Tl = x L ¥ —%1E
L ABENDZ D 00D, YHIEFEFRY =D
E0>, CT A fE O R, RTER, BESRITT
THREREL HbETHET D,

K. Kitaura, E. Ikeo, T. Asada, T. Nakano, and M.
Uebayashi, Chem. Phys. Lett. 313, 701 (1999).
W. Yang, Phys. Rev. Lett. 66, 1438 (1991).

M. Kobayashi and H. Nakai, in Linear-Scaling
Techniques in Computational Chemistry and
Physics: Methods and Applications (2011,
Springer), pp. 97-127.

D. G. Fedorov and K. Kitaura, J. Chem. Phys.
123, 134103 (2005).

M. Kobayashi and H. Nakai, J. Chem. Phys. 131,
114108 (2009).

T. Touma, M. Kobayashi, and H.Nakai, Chem.
Phys. Lett. 485, 247 (2010)

[1]

[2]
(3]

[4]
[5]
[6]

Table 1. Excitation energy E., and oscillator
strength of polyene chain CgHs, calculated by
standard TDDFT and DC-TDCPDFT.

TDDFT be-
TDCPDFT
E Oscillator . E
Stat e &
ate [ev]  Strength Transition [eV]
1B, 2.96 6.08 allowed 2.97
2A, 362 0.00 forbidden
2B, 4.28 0.52 allowed 4.26
2A; 4.66 0.00 forbidden
3A, 4.88 0.00 forbidden
3B, 5.01 0.00 allowed
4A;, 542 0.00 forbidden
4B, 5.43 0.17 allowed 5.54
1A, 5.82 0.00 allowed
5B, 5.83 0.00 allowed
6B, 5.86 0.10 allowed
1B, 5091 0.00 forbidden
5A, 5.93 0.00 forbidden
8000
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=
< 2000
Z J
-
£ -2000
s
o
& -4000
-6000 2.96 4.28 5.43
-8000 N, R\ .
0 1 2 3 4 5 6

Frequency o/eV
Fig.1 Frequency-denpendent
polarizability of polyene chain CsyH5,.
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1. %
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ZARBLLF T I=A M LTI E DD, C RIMICHFET D a-~Y v 7 X (H12)
ONE (TA=ZARNRI Y ay / ToAIT=A MR a ) OFONRED TS, AT
ER o (Z81F % H12 OLERE A I = AL &S 5720, H12 OFFEEIE < 5 %WWEW%
DIFNTZAT > T2,

2. Hik

FPE. ERa &7 3=k (EST) BLOT7 & A=2 T (OHT) & DOHEEIKD X Hfs btk
wWaEHW, 777 A2 MMrriuE (FMO) #H5E %, FMO-MP2/6-31G* L~/ BEZEHOEMET
\ZTHT o 72, FMO FEOEHKE LT, 777 A2 MHAEER = V¥ — (FIE) Ofifi %47
2D T ENFTHILDM, ARBETIE HI12 I A AEH L CLEREIZHF 5T 5 ERa NO T
S R R ET D20, 2O IFIE it 217> 7=,

B, EERNICET D2 X BRI OBERIL, RO EORBE I TR O WA
LD AR TIH, ZORL T2 EE T MD ¥ 2 = L—3 3 > (/18 : AMBER99SB, GAFF)

IZE DK TIZE T D ERe —EST #AEKRORE L WIDIREEZHELL, MEY 7Y 7 &217o
7o ZAUHOREICR LT, X MRS i IE O RE & [FEE O FMO 35 (FMO-MP2/6-31G*, BZ2H)



BELOIFIE it z17v, U REY OKEFEER Y T —27 0, H12 OV EREIZFHET D
TR ) BRI~ DR A AT LT,

3. MRBIOBE
3—1. X#EEE HWZFHE

H12 fHIkI T B OER 2 FFO72D, FIAET 5 Lys &< FHAAEHT 2 Bmn o,
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PrvarilEEEhb b0 lEZLND, (K1)

3—2. EOLEEBELIHEA

F9°. 12ns~50ns ® MD v 2 = L—3 3 U Clid, XpEEN D REEENBILTHZ &1k
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L, Ay 7 vay MEED FMO FEIZE Y UH R (EST) AL OXKFERERY Y
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2L CE RS A 5T Scheme 1 12T &L 9 22k -8 o ARAL S
YN CHINE 72 7y TGS 2 R D ﬁﬁf@%r_LOﬁ_ﬁiHBT%L
LD ENMLNLTWD, Fo, BRNTER % 72T 11 T
REBATLHZ L TERE %ﬁleR% RN G Y
WEHETE D70, HILOABT L2 ho=2 24k LT Scheme 1

FFICEA ST, LasLans, BIRT o o BALEH ORI BT 2 Bimws 3% &
AETONTE O T, REtEIGHOEN D b EFREOMYI KO 5N TWD, ABFZETIE, B
T o IWEACEDZDONT AT v nEOFLG L O L, REIREE & bR B O Z e & 4 K
HH T ETRIL - BT FX—Z2 5T LT, £7-. Car-Parrinello Molecular Dynamics
(CPMD)?IGHR Z AW CHRIBIC 1 B 2 & AR R O i 2 e 4 ik L 7=,

[GHH 7]

SR OFHRIZIT LRI L LT cc-pVDZ & H o, iR ki BALYP £ O TD-B3LYP
ETITWV, Bt = %L —(X TD-BLYP % & TD-B3LYP ¥, GMCPT £ TR 7=, #tR Sy r—v
I% GMCPT D% GAMESS % . fthi3 4T Gaussian 09 TTT - 7=, [ O fG#E L 1X CPMD
2R = U FE R (cutoff = 90 Ryd.), #ER T > v v L K OVEHIRBE R 44 % vy, BLYP %22
TITo7c, 7272 L, EEF OfhEE = 2/ —I1X5HHH & KIS Gaussian 09 T TD-B3LYP J£(C
THHME L7z, CPMD #5013 Istep & 4 au. (=0.097 fs) & LT, ABEFE & 400 a.u.. %bk*émz
TEREED HIRE 502K & 3002 K TR —U 7 L, 97ps it L7229 7 ps 53D KT
=7 MY AW, BEEIT DWERIZ03ps 0D TV =7 R 100 A ST 21T - 72,

[R5 & &%2]

R=H O FDOKFFICEIT AWML « F&HT R /LXF—|ZoOW T, TD-BLYP 1%, TD-B3LYP IE.
GMCPT {E TR O T-FE 5% Table 1 IR L=, Z DOWRIY « FEIZ1F HOMO-LUMO [ DB )Y K X
CFHHLTNRTD, SRR ZEMEIEY 10 Rop DL DRI - TN L F—(eV)
JA FREL 720 B X —138 04 0. 0.

— 3 F2 R T GMCPT  Exp.l
eVERELS AT AV T T 5, EBRT BLYP B3LYP Xp

R =Pr ® THF H D * L —% 2.94
= : % HK FARNVEN29 Absorption  2.60 2.96 3.11 2.94
eV Th ., TD-B3LYP IENLIH) L < —%

. . N Emission 2.26 2.53 2.71 2.81
L7z, TD-BLYP {& TIEWIN T RV F— %/ X
a. R =Pr ® THF 1o FEEr !




S<RMBL Y, FHRa X MEIZ D - OREELEIZHIBRZ IR L7z GMCPT 1 Tl =1 /L ¥ —
ERES L o7, 16> T, WIN - BT L X—OFHlICIX TD-B3LYP it WA Z LT L
7o

A BIFAD 1 B RICEZ DHBEETN- L 25, LUMO T o*(Si-H)D s AT BAEHA 2
RIS G L, WL« BT R AT =25 02eVIR FSEDLZ N Dnotz, £, FAFH
[Fl L DATE DRI TT WL « FEHT X — NS <D 2 R LN o7,

R =Pr TIIfEmtEED =R TH Y . CPMD /Xy 77—V TIIS IREEORE b 23 TE 220 |
IIREh IR LA S 72y, F72, TD-BLYP HEIC & 5 FHE LT 2 T = koL £ — & it/ Nl
T 5, £ZTC, EEFOS RIEOHEEICT IRIEOHEEZ R L, KUHHF & [FAIFRIC Gaussian 09 T
TD-B3LYP {E& W TihE = R L X — %2545 Z LI Lo, TIEED LM 2R T 5720,
SAEHIZEIT D R=HIZOW T, TPREEDOZEMEE DY Gaussian 09 & CPMD /X 77— TlRIEFR U
ThoHZ L, SPREXOTIREOHEENRKE S ZD LT, WL - FEHZ=RXLF -V EL & 5
L EMER LTz, o, BRT OO TRBES T DT D RHGIZOVWTHRNE 2 A, it
ANF—TEEAVEE LN & 2R LT,

BATFOWIL « FHTR/VF—% Table 2 IZF L 7=, BEHATORICIRAE X ZARF & [FERIC %
J A R RZEREE L, BETOREZAIAF 13K 05eV ERES A N—7 AV T b T 5,
Scheme 1 {277 L 72 C1-C2 A1 BLECIRAE C EAS A2 . hEDIRAE CIXHERS M4 R L TRIIC K
L BT D, £ T, KAHF DT OV T CPMD RHAEZ1TV, ZEREEICBIT 5 C1-C2 F5A
FOo0H R~ T iR % Fig. 1 IR Lz, fAEOEEEITEFHE I 5 HEIRTE & Fhit ke
DEFEBEDREATE 138 A & 14 AICENENLL —F L IRED EAIZE > TRAEED SN
TN D, FECIREEIC BT D REEREFNEFRIC OV T 100 KD b T ¥ =7 b Zfiffr L7 & Z 5. 50K
IR REIC I 1T D R ZEDFREGRIT T BETEMT 2 LW ERNIGE LN, 72, C1-C2
fE o OIRENE — NIIRRE B A 20 S FREETHR D

LRSI oT, ﬂ ——50(50K)
BRI ORI LRI SV TS H === S0(00K)
2 ¥ T1 (50K)
% === TI (300K)
Itk
Table 2. [EARF ORI -FESETFLF— (eV)
Insolid  Exp.insolid

Absorption 2.90 — 1.3 l-f L5 1.6
. fEaEA)
Emission 2.41 2.61
Fig.1. f5 & E D04
[ Sciik]
[1] H. Yamada, C. Xu, A. Fukazawa, A. Wakamiya, S. Yamaguchi, Macromol. Chem. Phys., 210, 904
(2009).

[2] R. Car and M. Parrinello, Phys. Rev. Lett., 55, 2471 (1985).



4P-090
Elongation {52 X2 ~T 0 /) F a2 —7 OFEIREEIZEE T 2 RIS
(JUKBE - #BE T 1, SCNU2, JST-CREST?)
fBHsm kL, Liu Kail, #74#— 1. Feng Long Gu23, HAHEA T 13
A theoretical study on electronic structures of heteronanotubes
by elongation method
(Kyushu Univ!., SCNUZ2, JST-CRESTS3)
Ryota Tsutsuil, Liu Kail, Yuuichi Orimoto!, Feng Long Gu23, Yuriko Aokil:3

(] #»—&KoFF=2—7(Carbon 280,90 ,0,9,90 P
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nanotubes:CNTs) % ~7 11 Jr3% ClEH#L L 7= &2 £ o 0 0 o o o o
e e 9 é
~Tuat ) Fa—71L. CNTs & iLiE- =Wtz o, J‘JiJ‘J‘JtJ‘J e, 90

FRICBEA O RBIRFA2EFR LR VR TRAICERL
#i& % FF> BN 7 / F = — 7 (Boron Nitride
nanotubes:BNNTSs, Figure 1)i%. CNTs (ZH~_TEW
R ZEMER L FL EM AR D | £ T2 OESAVF M
[T D THZR > T 5, CNTs 23428 M VBRI 72 M
B %73 OIZx LT, BNNTs (AR 5.5eV DN
¥ R¥ v v S EFOMRETH L, Zo —— PR ———
X0 IR DT DT= 012, EEFRY R N - R
7T R—F TR TE RN, MAMES (o mpepene Ko
BedsmA— g y—icx Tt e wteszisl ] AW
FRROEF-RIERMATIL, 6RO ab initio l o Monomer
RTECHEECH S, YRR T 0 A A =

e
is

Fig. 1 (4,4) BNNT(armchalr k)&
(6,00 BNNT(zigzag !, F) D&

2 e o9
0
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.02
Qe o8
L)
v@o

5 RERRICAHT B, bl ofigk P SEEESEIETE i B
Pistep o aleeaddas s <o
oxind NS L Y J
f£u+§${£& L. abinitio £E” EGE {£ Interactive space
-Elongatlon HE-EBR L, R EENQTE l “ P
o AWFETIL, Elongation E% Kk % 72 ».;:,.;:,é:,.;:,.::,.::;, ”o
2nd gt e 20 20 L0 29 @ s €mm=— e
K5 BNNTs O L F—3H8 o5t LT o R R Rt o3
WL, 2 OB TIREOHHT 2R A7, l
[BE5%] Elongation &3 & O EAK ““ A
""" .::J.::).‘:J.‘:J.‘:J.‘:J”.J".JJ .‘:J'
F‘G@?’/{?‘?’%E ;L—’Cb\éo F1gure2 Iz Nthgtep @ 2@ be e e se J.J.J.J.JA< ----- o %
1
R R A <o

Elongation %M Fji & OR[N %2 ~7, % l
P AEBOKRX SOWFs 724 —icxf L Fig. 2 Elongation IHITH1 5 T & ORI

< Hartroo -Fock St he¢ = oo g CMO IR FHE, RLMO [0 R E(LHH
Yy T HE(CMOs) 215 %, RIZE G CMOs 123 L T =% U —Z#E1T\V, TOED
Frozen fHIE & Active fEIEICHLIE % R7E L S ¥ CHEIBURE/ELERLMOs) #4535, Attacking
monomer & 72 %7 7 27 A M Frozen fEIg)> 13 IZHERL TV A DT, Active il & 7 T 77 A
» NOMEEHOLEZEZEZ THRET RV —|CHEL 5.2 720, T2 5, Fock T8O R IE %L



ELTRHREDNRRIC 2 0 | FHEREET 5, MERISZED T o> THHAERHBERO K E &
FEDLLRVOT, 7 ON)AT— /L TOHRENAREE 725, SO6RLEEILOFIEE LT, Y4
7 —7" TR &7z Cutoff-Elongation {E203 & 5B, ZOHFIETIX, 777 A b —ELE

HREE DO EfEIL 7~ Frozen fEIO#ELE % Cutoff 2 Z & TEHE{LEZEHR L TV 5A,

[#R] 496,000 1T Table 1 (4,4)BNNT |25} %
F ¢ &5 2D BNNT [2DW\ C Elongation # & TR D = 1 L3 —F1 5L O Hol:
IR e i s Number of Number of Energy (a.u.) AE/atom
AR AITo T, BAIREEHREIT units atoms Eeo Econv (a.u.)
RHF/STO-3G L ~/LC{T\>, 1 = 6 112 -3765.7529734821  -3765.7529734821 0.000E+00
7 128 -4391.9389523269  -4391.9389523565 2.312E-10
= MIZNEI BsNs, Bi2aNi2 8 144 -5018.1249306048  -5018.1249306711 4.604E-10
_ 9 160 -5644.3109085639  -5644.3109086737 6.863E-10
&Lz, g7 7 A% —% N=6 & 10 176 -6270.4968863360  -6270.4968864941 8.985E-10
L, 2=y F&2 127 o8ELCLT 11 192 -6806.6828630944  -6896.6828642046 1.095E-09
12 208 -7522.8688415825  -7522.8688418462 1.268E-09
W& N=19 F THE S H7-, N=13 13 224 -8149.0548187888  -8149.0548194427  2.919E-09
. 14 240 -8775.2407962779  -8775.2407970087 3.045E-09
RO TR RTCHUED ) AT 15 256 -9401.4267737676  -9401.4267745561 3.080E-09
%1T-T\ %, Elongation IED3 16 272 -10027.6127512435 -10027.6127520897  3.111E-09
17 288 -10653.7987287080 -10653.7987296138  3.145E-09
BREEORSO-OIZ, HAT v 18 304 -11279.9847061663 -11279.9847071314  3.175E-09
19 320  -11906.1706836192  -11906.1706846441  3.203E-09

TNIZBWCRIBR DR E THERIEIZ
BT HEEIT- T,
Table 1 & (X2 IZFILFEN DR

*[4]

Table 2 (6,0)0BNNT (Z51F 5

Elongation 75 & fif k150D = 3 L —FHE O il

. Number of Number of Energy (a.u.) AE/atom
- > D > = N7 .
BT AR VF—FEOERE units atoms [ Econy (a.u)
. e 6 156 -5641.7205638111  -5641.7295638111  0.000E+00
= L7z, Eeve 13 Elongation #2245 7 180 -6580.9347484942  -6580.9347487575  1.463E-09
T 5% — Econy I3HEREIC 8 204  -7520.1399627586  -7520.1309636792  4.513E-09
. ) 9 228 -8450.3451953119  -8450.3451972159  8.351E-09
Bz x/L¥—7T, AE/atom % 10 252 -0308.5504306528  -9398.5504427921  1.246E-08
" 1 276 -10337.7556018767 -10337.7556964400  1.653E-08
2
(Eprc — Econ)/Ji T & EFKT 5 12 300  -11276.9609495434 -11276.9609556746  2.044E-08
S LT, EERSEORE L T, 13 324 -12216.1662113133  -12216.1662188861  2.337E-08
‘ " 14 348 -13155.3714756982 -13155.3714850069  2.675E-08
(4,4) . ON6,0) D i EIZ BT 15 372 -14094.5767421727 -14004.5767532993  2.991E-08
16 306  -15033.7820102533 -15033.7820232522  3.283E-08
-8 -10
AE/atom DfEIE 1087525 10710 DA 17 420  -15072.9872795850 -15072.9872944943  3.550E-08
— s TED . EEICEN 18 444 -16912.1925498986 -16912.1925667532  3.796E-08
19 468  -17851.3978210053 -17851.3078398310  4.023E-08

FBECHAEZIATTE TV DLEN
B, ZDZ EmnDS, BNNTs @

*[4]

HAIREEAENTIZH W T, Elongation iENEEHDR 2 A FIETH DL L E2 5, BERYHITLV K
R HERBE TORFIe, BIHICHT D =R X —DIE % 7.5 Finite-Field 1£% X4 FEIZ G H
L 7= Elongation-FF 752 X » BNNTs @ NLO FEIC BT AT 21T > 7o R A R T TETH D,

[Z&3CiK]

[1] D. Golberg, Y. Bando, C. Tang, and C. Zhi, Adv. Mater. 19, 2413-2432 (2007)
[2] A. Imamura, Y. Aoki, and K. Maekawa, J. Chem. Phys. 95, 5419-5431 (1991).
[3] J. Korchowiec, F. L. Gu, A. Imamura, B. Kirtman, and Y. Aoki, Int. J. Quantum Chem. 102,

785-794 (2005)

[4] W. Chen, G. Yu, F. L. Gu, and Y. Aoki, J. Phys. Chem. C 113, 8447-8454 (2009).
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Orbital Control of Single-Molecule Conductance Perturbed by m-accepting Anchor Groups:
Cyanide and Isocyanide

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

[F] 077 A RLEERABEH SN O0H 52 Y a L X—ADHERT /N A T L -
TRODERIRDFT AR AL LTHAZEDTOD[1], BT 3 ZTB W TR ICEE
BWHRELTT VI8N DD, 7o ik, B0 T2 BMEESSELHEEE2H N, 2
DEALAYE WA G 2 2 BT RE W, REWNRT U= E LT, @ LmMHAEEH
T5FA— I (SH) DIEKBASNTE R, LonL, WEHMEOEBIEICRT 28R &3 e
W, thoERELZHWZHENEFED L FeloTnD[2], AT, TR eE K
FIETHDLYT =R ((CN) BLOA VYT =K ((NC) 27 I —E#fr L L THW=HHDOH—
ST OBEBRREERMA b 2 v 7k JOEEILBEEE L~V OISR 7Y — v BBEE
THERMICHRET L. b7 v —EAL 3 EF ST 5 2 5 8% 4y il OBLE ) H ]
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(B J7iE] T4, 7 u v T ¢ THLEONAE & EE» 5 0 ﬁ
@
H— 5y - OB TN & MR T 2 BRI A3 R <j <;

O=

RENTWV D3], HRAREATEDE E 5 720D13L

To 2 SO&MGEBRETHLENRH S, (1) HOMO & ﬁ @g
LUMO D#RIE D K & W7 &2 BRI L 72 1 huid e p-BDCN p-BDNC

o S
By, (2) BBICEERE SN D 2 AT Loy THUEREE N Y N

DOFEDFF 575 HOMO & LUMO TH7g o T 7T uid7 \ij/
BIpvy, TN L LTFA—AEE WS EAIC BDCN T BDNG
BOTHRBOFRHUBANTH S Z & BME ST B SEEFL

2[4

AHFFETIE, 1R LI 4 SO0 FIx LT 21T 72, £ ZhbohnFoe 2y 7n
SFHEIC EOBAIZEA L, ThZhOEFREIC OV TEEN TRIZITo72, W T, =
o 7 W & IR Green BI%E & A& ¥ 72 NEGF-HMO % F W= BRI E OF R 21T,
EMER T & OB AT o 72, BRI & LT, BEPLBEEEE R & JEE# Green BI%KIE A M
HE ¥ 72 NEGF-DFT % W3t E 21TV EMER T & Ot 21T - 72,



[ 55 L #22]
[42|ZBDCN DS TIRE A XKD = 0CH{:>*}.a .rj{:g.o
2U 32

TNVIETHELE7ve T 4 THLE Z 7R LUMO (-0.42p) LUMO (-0.53p)
9, FEdRoHAIZ S oWuEICEAT 5
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AZETEITBHELEI BOTHDLZ &

WRGrInG . HE- T, NTERIT A ZIRIZH A

MW E TS A RO L TRITE L, ZiE, BDNC OHRETHRKETH 72,

[¥ 3 {2 BDCN O 87 &k & 2 Z{KiZ%} L, NEGF-HMO %% X N NEGF-DFT & Cat i L= & 7O

K 2. BDCN Q70 T4 7R FEE

BEfEREY T, ®3@TIHE, 72/ ITRALF—DME (E = 0) T, A ZIEOFBBHELRN 0 ~
LEBIAANTWDZ EXgmb, iz, H 3GICBWTH, 72/ I T3V X—IFFEIC ke
RIINRTIERDO TN A ZRITER, KREVWEZ R LT, REOHEN, BDNC OBAICBWTHE

bz, TNHOREITE =2 v F S FIEZHWEEMERN T E XL —FT 5, 7urT 47T
HOE O AR L IRIE 2 W @M a s F 7 2 2D FRN, T =FBIXOA VY T=R%&27T
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[1] Chen, F.; Tao, N.J. Acc. Chem. Res. 2009, 42,429.
[2] Li, Z.; Borguet, E. J. Am. Chem. Soc. 2012, 134, 63.
[3] Yoshizawa, K.; Tada, T.; Staykov, A.J. Am. Chem. Soc. 2008, 130, 9406.
[4] Tsuji, Y.; Staykov, A.; Yoshizawa, K. J. Am. Chem. Soc. 2011, 133, 5955.
[5] Koga, J.; Tsuji, Y.; Yoshizawa, K. J. Phys. Chem. C, under revision.
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Quantum chemical DMRG study of biological dinuclear metal
complexes: A? desaturase and {{Cu(NHs)s]202}2+ complex

(Institute for Molecular Science!) Jakub Chalupsky!, Yuki Kurashige!, Takeshi Yanai!

We present quantum chemical study of two biologically relevant dinuclear transition
metal complexes based on DMRG-CASSCF and DMRG-CASPT2 calculations. These
methods, allowing us to use sufficiently large active spaces for dinuclear complexes, can
provide useful information about electronic structure of low-lying states as well as the
energetics of studied processes. We address two problems in this poster, barrier hight of
one of the reactions in catalytic cycle of A? desaturase and energetics of isomerization of
{{Cu(NH3)3]202}2* complex.

Stearoyl-ACP A? desaturase is the non-heme iron-containing enzyme involved in fatty-
acid metabolism and its regulation in plants, which catalyzes the conversion of the
saturated stearic-acid chain into the unsaturated oleic-acid chain. It undergoes multi-
step catalytic cycle, whose mechanism is under investigation by the experiments as well
as theoretical DFT-based QM/MM calculations. Although several alternatives of its
mechanism have been already revealed by theory, reliable prediction of the barrier
height for one of the key steps — abstraction of the first hydrogen atom from the
saturated stearic-acid chain — seems to be very difficult to make using DFT or
conventional CASSCF/CASPT2 approaches. We thus provide a study of height of this
barrier based on DMRG-CASSCF/CASPT2 methodology, which allows for qualitatively
correct description of the electronic structure of the active site. We have found that this
type of calculations is practically feasible even for such a large system (model of active
site involves almost 70 atoms), and it provides very important results. Our DMRG-
CASPT2 calculations have shown that from the two alternatives of the mechanism
studied so far, one (so called “protonated” version of the mechanism, geometry change

¥

during the studied step is shown in the figure) is significantly more favored than the
other (water-containing version). Although a lot of work still needs to be done for other
alternatives of the mechanism of catalytic cycle of A? desaturase, already these first
obtained results seems to be very promising, and we expect this project to be a highly
important application of DMRG approach to biologically relevant chemical problems.

Another interesting problem is the energy of isomerization between bis(p-oxo) and
peroxo forms of {{Cu(NHs3)s]202}2* complex, which are mimicking structural motives in
various copper-containing enzymes, for example tyrosinase. Accurate predictions of the
relative energies of these structures have been shown to be extremely difficult to make
by nowadays theoretical methods — they seem to require either RASPT2 with the size of
active space practically at its limit, or CCSD(T) including corrections for



multiconfigurational character of the reference wave function. We thus consider the
problem of energetics of isomerization of {{Cu(NHs3)s]202/2* complex (in the figure) to be
an important case for testing the applicability of DMRG approach on systems, which

Q

require including many orbitals on one center in the active space (Cu 3d and 4d shell —
10 orbitals on a single atom), because it is expected from the principles of DMRG that
this type of systems might be problematic to describe correctly. This study thus should
provide important information about way of dealing with such systems and possible
limitations of DMRG-CASSCF/CASPT2 approach, which could be of high importance to
the theoretical chemists in this field.
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DNA fE Kz 2T o ONIOM &
(R KRRE - fb) BEH ELL, 5P fd

ONIOM calculation on DNA elongation processes

(University of Tsukuba) Kei HIROTA, Kenji MORIHASHI

[Fiw]

DNA RY A7 —EIZ X5 A DNA SO Rt CEHE & 72 5 R E ok O H AAE
TRV RERRTH D, BBEREIC LD 1 — 2 A X v X T OIFEIL., HEX
JEEIT) ECRELEHIRT D L E 277, T Z TAR¥EETIL, ONIOM % /= DFT &
BaATVv, AR AERP KR TCOMERIGICED L O IZHFHT 20 6T
L7z, DNA 8l BN OWTIE, NI AT —ED >0 Mg A 4> OEEIZLB Y v~
D FENLHF A Z I U7 SO IS 28 H LTz, B2 FE%tH 3 cytosine-cytosine %f % 3%
L. Z OmiE 2 QM ELIC & Te s

ENTRERNDED LSBT o0&tk [primer] O\\:.Rz o
e, WA LI, ir, b3 O BT
[3HER4R] l Ny o dor\ O
DNA #fHE KJi2i Polymerase B o~ \O//,,,\M el O\ nﬁb P,
(Pol AW T 5, 72T, X Eaib I VI A C §
#[11(PDB file: 2fmp) % Hic L CIEHEER \o\c/o
MEETLLIZLD (K1) 25 %, O\»L/O [Polf]
b EFHENGE Lz, C
R, 140K DNA 2360 LT3 . 4 |

DT AL TIIRE BB & Ll it %
1 D FMMEE, EVIFEK LD

L 725, Re b [RIRRICHE LB BR & BRI AL
HEMMLUTHEZLTEBY, 20 R
E RoDEIRIE K Cn —n AX o I DRAELT TS,

AR DOEFE L 725 Pol B1X 2 DD Mgt A AL 2 EATED . ZMBNENAEE A B
L2 TREKBEEZLVEZDRLT LTS,

[BtE 5]

AN E T DGR K 2 DET sHEICE VRO, AFETIINEERE LT — =
AH X T HFHMETE D M06-2X[2] % 7z, 1Bk L7 ET L OREMIZ-3 & LT
BL. FHEFEIT M06-2X/6-31++G(d,p)//M06-2X/6-31G(d,p) TIT - 7=, £7-. L%
& LTI Ik 2 MM A7 & LT3R BTV, FHRTFIEIE M06-2X/6-31++G(d,p)/
ONIOM (B3LYP/6-31G(d):UFF) C4T- 7=,

ASJEVE primer O H2AP DO IZBO, PO O ~EBEL TV, FRIATIZP,

X 1. Pol BEEEET LVORESE, Ri. Re 213
P A FES L CWVWD, Z 22056, primer DEEHE
JRA-D P ~ERBEBEZITV, ROSHHETL T



L E LA FEE E 2o T D, FERIREZRH LT, #&IRETIX primer
Noeal UBAFREET S, KR TFECBWTE OISR VX —% 2 [TRL
7=,

[HR - BE]

MIRAE A FLHE L LT BHE ORGSR, FRIEOEENE LTe, ZHUTfEv, st xv
F—OfEHKRELSEbE L, BEOZIEK 2 127718 TH D,

iIkRE (AE=0.00)

%

HAREE(AE=5.96)

P

FRIA(A E=15.63)
X 2. FHETFIEIC L D OGRE O (keal/mol)
BATHARZT v b BEET 5 2 & TRISHEITT %,

ZO XD ITHEEOHEN R E S B2 EHL= R L F—IZONTH LR A 6T,
IDZENDL, n—n AZ yFUTOFEREFEIL > TRESELET D T LD
MO, EERBBERICETTIRICONTH, 1 — 1 A¥ vy XU 72 X D5
BEDWDNIEHETE R NSO TH L7, QM HNLOFHRHEFHIZ OV THRE A E
THVLENH TS 5OTIEROW N EZ X BND,

[1] V. K. Batra et al., Structure, 14, 757 (2006).
[2] Y. Zhao and D. G. Truhlar, Theor. Chem. Acc, 120, 215 (2008).
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Theoretical study of the circular dichroism spectra of N-acetylproline amide

using RISM method
(Kobe Univ.l, RIKEN AICS2) Yuya Kitagawa !, Yoshinobu Akinaga 2, Seiichiro Ten-no !
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O ERNREIC L R AKFET D720, Bt EICB W COIENRE L BE T 2 FNEHEET
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FHEE TR o7, = L TR R OUKIRIR T O 4y 1 O iE L RISV TR, CD AXY
RUIZE T % RISM EOH AT~ T,

%5145y 1-1% Nracetylproline amide(NAPA) Téh 5, NAPAIZT X /O T 0 ) v OFFERTH
. bo & bHMRNTTF FORIDEE~DIKFEZHRDTODET VDO—D>TH 5, NAPA
1T Fig.l1 OfE&EEZ L TED, 2250 @Ay, ¢IlZLD 2507 I FEOEMMAHEED | cis LD
trans 1 Cq, PII, 310 & MEEN HEEIEMEARBELC D, 2D

LS BIC TE A 0 OEV D ZRERICT F 3 v AR/ b " /C\CH

U 7 MEQEIENSTEEL 5 5. NAPA 1Z CD A7 hLig ¥ 04y AN A
HeFBRA B IR T LRI T TR a7 o4 A — s 3 VR =
RHEBZOHNTEY ., KR OEEIZHOWTITELE b EmD “3°4<y ¢ / NH,
1ThiITWb, ZiE TO NAPA (ZBT D58 Tlid Eq BLE D A o o
EWoT-b D ThHo=n, AT Ax BEA S5 DT CD A7 K Fig.1 N-acetylproline amide
L~DEE A TR, (trans PII E#)

[Fik]

BED NAPA OFMIREED B KA H K OUKEIE T (PCM)IZ T MP2/cc-pVDZ THis it &
1772 o7, M mEbIc L0 &N =AEEIZ OV T, CC2aug-ce-pVDZ TRAHF, KA D
JElEC IR RE R ONBIHRTRJE (R DR R 24772 o 72, Ba OFFRICITS — P HFUSITIRAE LRVl E R B &
7=,

R =— (¥ |p 1
20 < ofP

n

¥, ) (W,

)

n

KN I1T D208 E RISM-PT1 £ KV EHR L7z, /3T A—%(% OPLSAA @
TIP3P ZA ] L7,
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50 500
KHHFIZHBWT CrrAx/Eq. 310Ax/Eq 728 7 2D 10 mes 100
30 = e - 300
%H/:E_’fc’: EEAJZ‘:EA 75§1§f Q) z/l/f:o : 0) 5 ‘6 % %) ﬁﬁr_‘_’ iﬁ C7 EEAF:E‘ ;0 n . —Exp (In 99% isopentane L 200
1Y 7N -tributyl phosphate)[3]
[Z2W T CD A7 M OFHEZETie o 72, FHHEEB X . '

R/ 1040esuZem?

6] x 102

OFEER A7 hL % Fig2 (Zr7, CrAx, Cr-Eq @
CD A7 FiE#Ez 230 nm. 190 nm fHTIC&D
E— 7 DB LS PTR AR R LT, L LR D
Eq Bl T 205 nm fHEICIEOE—27 BN G, & Wave length /2

BRART R E—B L7\, —F, Ax BED ALY Fig.2 KA o> CD A~7 hv
FIVIZEBR A ML EIRIE—E LT, BEMED T

FNX—Z T 5 & Ax BEED 5 A 1 keal/mol FRERWZ & D&M Tk CT-Ax BCEEN L D
KENZIFAEL CD A7 hAA~FE LTS EEZLND,

7u b MERRMEESE I 31T D NAPA OREIZ W TIERE#HRSM T TV 5, KT
DOREERGEANIZ L W CrrAx/Eq. 310Ax/Eq. PII-Ax/Eq 72 £ 10 OEJENR G N, ZhbDH b
trans {0 C7. PII, 310D Ax & O Eq AdfEIZ ST RISM-PT1(TIP3P) TR R A B D IAA T
CD 27 MO E AT R > T2, 5 b7 CD 27 FL B L OFEBR ALY L% Figd 1057,
FEBRIZ D NAPA OKEEIEF O CD A7 R UIEKFEF 72 & O FERRME B H112 B ~TREE A 55 VA
DE—IVBRLNDDONFETH D, KA EIXEZR 0 KR T TOFE CITE—OEE TR
ARG MZ—ET D HDITR LN, TS HOW TEKEAER It E/ o B B o 3L £ —
ZNNE L7 NAPA REEICEROa L 74 A—va b B> TND I EWRIBIND,
NAPA OKAHEF L KERF D CD AT RV OEWBNZER T 2 O0EH LT 57290,
IKESHEH CThei{b L7z PII-Eq OffEZ W TR O CD A7 % 5HR LT, Figd IZ3HHE
fiRZ T, [P TIIAINR=NVED nn *BEICES B =7 ORGT V7 FRMDERIZ OV
THEEM A DTz, TOREE, KA CHE L2 DTt 235 nm, 190 nm fHTICADOE—7 |
210 nm HEICIEDO E—27 BR8Nz, ZDZ LD NAPA OKHEF & KBERFT O CD A7 kv
DV, AT A= 3 OB EIITHEEEE OB X2 EBITER L TWD Z &M
TN, FEMICOWTIEY HIZHEKEIT O,

50 — 500 50 300

wd A S anax L 40 b 400

40 / \ - “gﬁ:ﬁg 400 - - —PI-Eq(In gas)

30 A : B PI-Eq F 300 30 A PI-Eq(In water) r 300

! / » - - -Ax L

20 1 / ‘;\\ ~~~~;ig.§3 L 200 20 4 I‘/ -\- Exp.(In water)[3] L 200
5 Bl \ Exp.(In water)[3] h g \
S w0/ VA A ST 10 4, 1 o 100 o
z !/ % 4 < i S 2 ! \ -
e T b0 E 10 4t y S o100 =
~ \ A

20 4 F =200 201 . F 200

. / ] ’ /

-30 1 TN oy g 7 F =300 304 0 2 b 300

wh Y Sl o 400 40 o 400

40 N\ . 5 . _

-50 T P T -500 -50 T T T -500

180 200 220 240 260 180 200 220 240 260
Wave length / nm Wave length / nm
. [P o . N = RTG
Fig.3 /KiEEH > CD A7 kv Fig.4 PII Bl JFEIZ 36 1T D AR & KT o
CD A7 LD g
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A long range electrostatic Potential relied on charge

neutrality

(High Pressure Protein Research Center, Institute of Advanced Technology, Kinki
University)

Yasushige Yonezawa
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BFVIalb—ra VIZBWTREHERE S —r VHAERAOFEIIRERES I 2L
—VaUERELEAT LI ENAMOLNTWD, T bbby FrIialb—rariilss—n
VHAERORY WIS TEETH D, 7 —a U HHEEAOAENERBIITERRTH
HINFEBEDOS VI alb—ra VTERBENODFLHEZRVE S Z EIIARARETHY . 2D
AR OB 2 F M B L CIEBUE £ T & 22 FIEDBRFE S TkTz, HAY/ N S 70 ISR T
FTRCOMGRET KON E2EETH I ENARETH D0, KEARIN R TIE cutoff 1EX°
VTR —VBBNESENMEDN TV D, E AR CITERICH < BHRORELZE LG
% Ewld {502 OFEE 7 — U =8 #1 % Fl 72 @ R AR C©d 5 Particle Mesh Ewald (PME)
ESERERE LTHEA STV 5,

WA, FHEMMERE DN B> TEABER EORBES TV I a2 b—ra UiMThbhd &
TR TR, TNHDKRBES T I 2 b— g VIFBRBE Y FE2 ST 2 ENEL %
NHDRDRFHITHE T LIS Z bbb, T L5 R RBEROEMIMEREMHT
TOREITER, WHEEEE AR IS, £ 250 PME {ECTHWHN TV EIE
7 — U ZEHRRIE R S RIS #E L v &0 ) INEEA fo 2 T b, £ 72 cutoff
FIRGRA A BAEH 5 Ji 2 Boa e A FRELPAPIZ IR U CRERT 2 715 TREENE
FIFHRIZKEB L CWATETH LN, ZOHEZHEMIZO TV I —ra Y OREREY
—u UM EERICHEIST D ERA 2T —T 4 777 bEELTREEEOH LTI 2 b—
TarvEBTTERWVWIENREIMLNTND,

Wolf &2 DJEFBFFEHE X, 1999 FITHH e 7 — o AR E/ERGHRIEZIRE LT, HH D
FEIE, cutoff VEFHEKFC cutoff RN OEMMAE R LR HRFICZE DT T —NRE/NE <
Hil SN DRI FEFE L FLITBRZ I N, Wolf i3, Hls & 72 DG 1-1ZB L T cutoff 2N
T/ —n UMAERT 5 EMNOIEEMR EO cutoff BR FICK X EM &2 FFO A v o ¥ — SEMN &
BT cutoff RN D&M & W T RIS FH T Z OEM PR EW 2T TiEEER LT,



E ST S ITBRPIESRMEZ T TIZEE R cutoff BIIKFET 2R T v v ViIEEh &2, fiigd
ZBMTCHRT vy N E o T LTIl L, O RT v x v (LUF, Wolf A
T2 V) IR SE R ICHE A ATRE L AR E S TR E B —a U AAER T Hkk~
72% T Ewald (5X° PME VEORERZZE L THETE 5 Z EAMEES LTINS,
AHEFTIE, Wolf O BRSO FEDS S HHAe 7 —a VR EAERF R FIEIC DN T
WS+ D, ZOFHR 7 — o UHEMEREIEX Wolf KT v ¥ v L Tl - miad =i L o R
TV NE S T RNELE LD T RO Wolf R7 v v MK AFHEIEL D b &
HARFHENARETH D,

[ - FHRSEER]
Wolf RT > v ¥ /v EARREDH AT > v v V&L FITRT,

f f f N
£ - ZZ {er cr(a i) lILrQc{er cr(a )H_[er CZ(F:;;RC)JFJ.%]Z%Z

i=1 J(>|) ij ij i=1
i <Re

1 erf(aR) 1 N erf (aR,
Total_ ZZ {__er I(?a C)_Rcz (Rc_rij)}_zqi%

i=1 j=i J c i=1 C
hi <R

Ewoir 1 Wolf RT 22 % VD | Bl IARHE DFHAT v ¥ LV TEA SN D 2T RLF
—Th D, NIFEMEFFOEFFEERT, erfe ITMAAEME. erf IZAEMBTH D, Re
T cutoff BA KT, aldART vy VDT A—2—T Wolf IKICWTIEART vy v D HF
YT T I B —ER L, KREOHRAT Uy VTR T X =B OSHES VR

KL TWD, RRERT v v L OFRZERBEIEIL, Wolf OB H St 0 My BRI L & 1 <
BT D ETWOf SN ERA Lo v X —EREN 2 LY D85 A 7 ARIE I
BLEMREONIZ D TH D, RREDHBART v L TlE, FHRAM O WIRERH
(FliEAZERAE B [FER) ZFHE OFIOIC—[E D HFHHR L THRFF L THBL 2T TRV, — 75, Wolf
T VTR T v ¥ VEREIZZE OARTO &R ZER R OFH R A4 0 R 23
05,

[#E2R & EL]

KR T v v VxR A LT, PME & BT 25 2 & TEOFT 1T - 7=,
ZOREF, KA T X VXL ER T2 b—ra vy 2EI LD, PME EORER
ERELLSHETEDZLERTIENTE T, stEAROFEMEBSRICOVWTITIYHGEL
<HEZEITO,
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Development of canonical molecular orbital calculation program for proteins
using Cholesky decomposition
(Institute of Industrial Science, the University of Tokyo)
Toshiyuki HIRANO, Fumitoshi SATO

(2]

AT Y BNEHIGHRMSIC BT, KBS R EOREA T ) =N EGER R ETT O
ToIiE, FHRICKLE R KBTI 2 A 5HH ) — RICO 8RR 2 4303 % 5 [1], Kohn-Sham
ITANCHIT 57 —r VIR BN Fock DOARBIHDITHIER 2R HERIC, FHREEHL—F O
—OTHD 4L 2EFHEIVMLETHSH L L HIT, BEIIABRERWVEEITHIERZL SR LU
FIUTZR B0, LIeo> T, KBS FOREF T/ =V FEuEFE T, mL#OmF
WZAFE STz 4 Tl 2 RS RHRICIN A . 0 BRir U 7o KRB 8 BEAT HI k- 2 0 51
DEWT 7B ARKD BIND,

AW TIE, WA= = Ea—% (5] 2E LD ETDH. HEAE Y RS REEC
WL ) = AN FENERTR Y 7 7T A0 EZ HRE LT, a2 b AX—4fif[2] % A7l 51
FHREZR - LT, ERAERVANEL T2 a L AXT—0IETHLN. £ OITHI%HER
L. KBTI DBRET 52810k FOREERIRT D2 ENTXT=,

[ L AF—fRIC K 5 KRBUEE TIRIERI R ]

A B DT Nyg_pairs PIRTCE RO, 4 Tl 2 BRI ZATHNETR & DATHIVIZIEES T
FITHY, I VA= LY T2 7 Nep DITHILIZ iR TE 5,

N¢p

qu,rs = (PCI|TS) ~ Z LéJqLIrS
1

T g SIERTHIEDA T v 7 A b bbhT, ZTOLEa LA —pfRIC K DEHEAEI
UTOXTRO B, LEOBESICH L CHAERELRET L ENTE D,
N¢p

(pqlrs) — ZL’ L] <

ZZTLOHA RUE Npgpairs X Nep £720 L EERZRTTHNC /2%, % 2 CABIFETIL, CDAM i£[3]
LERY b CD EMIZMAGDLESL Z 8k, 178V A X% M/ Liz, 3725 CDAM 1T
1T, LR o4

Vogpq = (Pqlpg) = ©
THEZFES TR THENT (o) 0 R SN AHITHIVICH L Ta L AXx— 3R %21T9, Zihix
Schwartz O REXNTHOA 7 V—= 7 [BIIC/AY T 5, a L AF—fifix, R + CD LI



D, BB G U TN RBEHICALAXF—_T MLERD D, FHEaX FOEW 2
A4 LR, 2 VAT BRIZ LB e Z A XV F(onthefly) TRHDHZ LN TX 57
D, REFEMESFENPEEL R, B, FHEEBPTHLER I L AF—T MUE, /TR L
ELTETBERIZHBLUTREEL TS, ZHUCL Y, FEATREZR YA X, FiHE /— RT
3722 < BIEBARICER SN ATV AREIKFET L2 LICRDELEBIZ, B—FRT U AD
PEEZE > TV 5D,

IV AF—RIEICBW T, 7 —a Y72 B ONE Fock OZZHEKIILL T O L 912k B D

(3],
]pq = Z(pqv rs)Bs = z z LI,pqLI,rsPrs
s I

Ts

1
K,q = EZ(pr, qs)Ps = Z z X1 piX1qi
Ts I

i

Xl,pi = Z LI,prQri
T

Poq = Z Qp,jQq,;
]

SCF 0 I LHREIZEIT 57— VIH] 72 5 NS Fock ORZHIAK DFFIZBWT, v T V7RAT
FIEE ORHTRO D Z ENTE, WHIFHHEMICHE L7, ScalLAPACKI6]7: & OFIBIERA 7 1 7 7
UEFIHTHZENTE S, WERT—RART U RZWMD Z LN LV, KIEEITHOT 7 &
A LG REGFERLELRN E L EFTIO—D2TH D,

ARFEICL D a VAT —fETIE, BHRBEZALGT 5B, &t 2 SfFET 5, #b)
RBEZRET H72D12, WL ODDSFITBWT, 2 E TO update % V7= SCF #H5H &
ARFEEIE LT, 2O/, 7SOl v A 7EA1.0 x 10710038 € L7 fHERE R & R
FEDHBFREE ZHESTZDIIE, §=1.0x10710, 1 =1.0x10*R"ZY THDHZ Enbh o7z,

YR, ERa v AF—ae AW EFREFRIEOR T LAY X a0 FHEEE, SLERGEH
FHEIRIZOWTRNT A L L b, BRI VX EEET IV E LEARTIEOHER Z2RT,

(27 3Cik]
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Theoretical study on oxidation of water molecule from Sy to S, states catalyzed by OEC
(Mie Univ.) Tomoya Ichino + Masaki Mitani + Yasunori Yoshioka

U] . K2 X — ORI A OBLED b G MOEH A E LA b e T D, KRR DOREHR
IRV L X — U CERE 3 5 KO U E LS 2H0 — Oy +4H" +4e ) TAR S LD, 2D
FOSMFIEVEF LI CaMnOy 7 7 A ¥ — % & DI FE M AR (OEC) It b, &7 m b %
BEMERIICHH U723 B Sp v D Sy D 5 DDOER{LIREZRXH 5 OEC Dty 7 L (Kok ¥ 27 /L)H
MESNTWAD, RISHREICET A7 =2 B L TV D 72O SOSHIB IR TN S TR,

FARRANL S~ Sy BB TR ID ESNTNDE I END, SUREDH DV T Sy ~DEB DR T 0—0 fE
BANERT D EMESND, LS, SORREIIM D S RABIZ L~ Y FBIMEAT 3 K #7272 8

o TAEE - BRLIRREIZBA ST SN TR, 512, S3d D W sm@%v Mn(V)—oxo #& &< Mn(1V)
—oxyl 54 & WV o T2 mIEFAE Mn—O F A DERDBME L Sh, Z OFEMERE L Ca? A 4 Tl T 5K
(OH) & 2 WIEEE —FANTEICH D7k & DRITO—OMEANERIND LIESNTVD H OO, FLEK
DT ONMEPNAHARTH 57D OFEMIT®HTH 5,

2011 2 ST @A E X B L OEC FOKDALEZHIH THH NI L, KOBLRIED
FEIIICHIRE STV D [1]e AFERTIE Som b SpRIEE T4y 1 & ML IRRE 2 BEERAYIZ T H M
L. O—O#EAAERICEET DG Z & DTZ Sy 2D SIRREE TOKDBRILIGHEME 2R ET 5,

[FHAEGIE] S L X #iiiE (PDB ID: 3ARC)ZFIII L, CaMn, 7 7 A % — & 44469 % 5 >0 O i1
1T _TAXY & LTET AL L, Aspl70 - Glu333 - Asp342 - Ala344 - Glu354 (X XEE 1 A4 1T, Asp6l -
Glul189 kML A 74212, His190 - His332 « His337 131 I &>/ — /L2, Tyrl6l 137 = / —/L (PhOH)IZ
GIn165 TRV AT 2 RIZ, Arg3s7 137 7 =V T AA A ICE & HZ 72, Ca B LU Mn F-IZENLT 5
4 5DKEEZDIZEE I DOKREED, BALSINCREET 5 LE I DK /3125 LT Kok 1 7

WCEDSEM T 1 b AL &R T o 7o, BIREEFHRITIR A B R ABIZXT L C broken-symmetry 14 % &+
7= FEHIIR B3LYP £ CHEAT L7z, Mn 1121 Wachters > DZ 3%, H-C+ N+ O Ca Jil {21 6-31G*
EEAZFEH L, #EkiE{blid CaMn0s 7 7 A X — « /K531« PAOH @ H JF7-12% L TITW, 72D @
JE X X BAEE OALE CTHEE L7z, 37X TOFHRIX Gaussian09 THEAT L7z,

[RESR - B28] K112 OECIZ X D Sp b SyRRE E TOKDEALIUGHEE 2 BN R 3, KF D% S
RAED Mn L F DRI KTT 5 A E U BEDEAZ R 1177, SolkEEDELIRAEIZ(MNn1, Mn2, Mn3,
Mnd) = (1L NIV, T & LTEID S THR, B9 2Dl UL, IV, IV)RITIEARY, CaMng F = — 7 D4}
MNZH % M) & Ca>' A A > DFENFRITIIA ST DEALL TV D,

SyREEA~IE Mn2(11)AS Mn2(IV)~&fk S Hu. BRBAREBIZAN, IV, IV, INE 722 %, i7" v b Akix Ca®
A F v EOK T TIEAR <. Mna(IH1)— OHy(W2)+esOH,(WE)++sOH,(W7)seeAspbl D/KFEFREA K v ~ U
— 7 BT H W2 TH D, ALz OH 13 Mnd(INIZENL L, = O HHEkIX 1.835A TH 5,



w7
OHz*e.y OH, - OH, OH,".0 OH,*

Wﬁ'j)l—'{. év,%slﬁ6l t')I:I \/Jﬁp(l f"I-.I >/—\sp(\1 \ Asp61 H \/%“l‘f‘l
e 5 JH , M = OH, " OH ©F
PSLINNLL NIRRT 2 : ‘(' hv : S Y ) © hv | o
WIH,0  OH, HO- HH_. HO- uH o ('H o* ()H
\/ —— A —
Mn<(I1T) \rH Mn4(I11) v Mn(IV) }rm Mn4(TV) \;n Mnd(III)
e H" e e, . e H Lo
M (IIL IIT. IV IIT) M (IIL IV, IV, III) Nn,(ITL IV, IV, IV) NMn (IIL IV, IV IV) N, (IT1 TV, TV I

1.OECIT L D So7 B SiRREE TORKDELIILHERE. SRRIT KB ERT.

S IRAEAIT Mn4(111) 28 Mn4(IV)~ER{E S #1. Mulliken @ populationfif 7 (2 1 5 A & o 5

L EREECE(N, IV, IV, IV)E 72D, Mnd S S 8, S S
- ) o (G2s+)r (-1L,2) (-1, 1) (0,2) (0, 3) (0,2)
P OBAORKIZLD Mnd(IV)—OH™ 7 3854 -3.910 3.898 3.898 3.900
EAEEIT1LT82A LEL D, Mn2 3.856 3.047 -3.073 3.075 -3.064
Sy RHE~IE Mn(IV)ICEE T % OH 73 Mn3 2940 -2.943 3.014 2.988 2.965
o Mn4 3.899 3.895 3010 -2.857  -3.909
7w koAb —EF I T oxyI 0w 0.618
OOH :
Mn 5 35 % W K RS RLT T Ok L & (-0.017)"

_ o ) a(C, 285+ 1) = (BERM, A U ZHEE).? O (W2)I L VOOHD .
PED & STV D 23, FHEIE Mn 57232

BTV, IV, IV, IVELZ 72 5 O Tix <, 7 b oAb & SRITKFRERNL T (OH ) DSERb &L D & H#E
H9 5, Ak L7z MnA(IV)—0" A EIL 1696 A TH 5, oxyl 77 /L1E Mnd(IV) DA E - & O
WtERIZ T 7 7 LTS Mnd R FIZBUNL T D W2 23 oxyl 7 ¥ I VFEE T b SLD Z &b,
ZDOKRGFNIEEKRGFDO—DOThDHEZEZXDILD, ZD oxyl i EMFD 0T & LTRREMED &
% Cal' A AU ACENLT Bk (W3)E KOV ENIIEIICH 5 W6 & @ O i1 Zh2h 3.212 A &
2304A CTHY  BEDOFNE LTV, Sy—S,—S IREED ], O (WE)F 1-1X O (W) -7 2.64—2.86
ABBENTHD, SREBICR D L 88T T 5,

SORBED B b 2 X 2 1R T, S;—S, B T Mna(IV)— O™ fif A 1E Ca¥ A A Ichihid % W3 T
(372 < B NI O We LS L, O— 0 fEA B SN 5, W6

DPLT 7~ ALz fE> 72 OOH R HPED OOH 7 Y v Th % T"'Q P
&L BLORLRIERI, IV, IV, ) TH 5 Z Lib, S8,

BRTOEFRLE & HIC MnA(IV)> 6 Mnd(Il)~ & — 735 , :\: o mm
EAEE D, 0—OMARIMENTO EMAE L20ALY  oom [ gmise

FHTEV1318A TH B, O0H 7 Vi MO FxfE T & | =
SRR v 7Y 27 LT B, — ORISHAL. SORIET VY i, A,
R B MnA(IV) —oxyl 0 RS Ca2 A A (B 4 % Ak d i A\ O
HUNE Ca? A A L CaMng F = — 7 SMAl D Mn 5 T~ 228464 % O \Q;_m

JRA & RO DMk & 135872 5 [2, 3],
2. Sy IRRB D A LA I
27 3R
[1] Y. Umena et al., Nature, 2011, 473, 55-61. [2] E. M. Sproviero et al., J. Am. Chem. Soc., 2008, 130,
3428-3442. [3] P. E. M. Siegbahn, Acc. Chem. Res., 2009, 12, 1871-1880.
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Molecular Dynamics Study of A Complex Between Prostaglandin Hs
and Prostacyclin Synthase
(Ibaraki Univ.) Takayuki Houjou, Ryo Watanabe, Takayoshi Yoshimura, Seiji Mori
<fEE>

Ho (;H
Prostaglandin H, (PGH,) Prostacyclin (PGI,)

Scheme 1 PGHz 725 PGle ~®D BPEAL K Ik

TaAXY A7) oAEERPGISIE T v A X 7T v HiPGH) N B AZ A 7Y
2 (PGIo) ~D BNV S A it 5 P450(A T 1A ROARSLE MBS LT\ 5 EE
RANKB L RTBE)D—FETH Y | Bk LB AR Z LT L, ZOMGD A =R
DITYFFEEIC L > TSNS, £ DX R ERRBEOK) D BN EE STV 7R
MotV RIFFRTIEY v 37 BROBBEOK) DR % BB A, PGH: 7 v 7 & PGIS ©
BAWRIZET 20 FE 1FMD) Y R = L—va U&7 T2,

<HFEFE> MG L. Minoxidil 2AFEA L7z b ko PGIS(PDB:3B6H
(Resolution:1.62 A)ZfHifH 2, Z o#E2 S Minoxidil V., HE7 Fu s
U46619(Figure 1), 2D NOESY 'H NMR O 5 — 4% 3 & FJ& L 72 W ECEE 2 1ERE L. AMBER
71 "7 5 (Ver.10-ff03,GAFF, TIP3P /13 A EH L MD v = L—> 3 @ ns) &1T o7,
BohizAFy 7y ay bdHH NOESY OF —# L7 fF L2 E0, U46619 %
PGH2 (22 CMD v = b—3+3 (10 ns) %
177,

ol >

H S

Figure 2 7w A& A7V o ApklEE
(PDBID: 3B6H)

ol

Figure 1 F8E 7 F = 7 U46619



MD v a2 b—va rEBROT XX —OFEEICITWEE 2 ) E S L, QM fEiko 4
LD S 14 A LR K2 B0 B¢ ONIOM(BSLYP:AMBER)IEIC LV, 3%
R L A2 T - 1,

<HEE>

Figure 3 75 FHNKFZEHEEH Y Figure 4 73 FHKFEMEGRL
(2006.72 ps) (9416 ps)

MD ¥ = L—3 3 v PGHe 3 BITHENL L 720R
RTHEN 7 X T ICE <D R LTz,
4000 ps £T PGH: ® a O IV ARF VI E o 88
Db Fex ke oM THofrHNKRERGEZEMRL T
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