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Molecular dynamics study of structure of the water surface and the water

bending mode
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[FF] AkFEimD SFG 227 bvix, HEKEIC O-H MfEiREINIZE SN T & 2. O-H fiffEiz
B IKERE S 2B T 2723, FWN - o FRIREN D » 7Y oV ORERKREL, 20D
Bl AT I M 72 DN B 5. — HEAIRINLZE D X 5 BN iy b 7e <, 1o
FAEIEICBI L C, O-H ML 1@ EMAE 522 Z ERHIRFTX 5. EIoKOEAIRE)
DfEE L O-H fEIRE DI E L HAe 2720, MEREIOEM DT v 1L & LT H EEREE
BFEo TV 5.
FEERINKOEMIEENFEIR D SFG A7 MVORIEIXNEETH - 72723, 2012 FFI2KDZE
AR DO IR A7 M AREID TS SNz [1]. Z 2 TR IIARER & & Ty @O
Imy@%EHT, TOART MLVERAT S Z L2 BIE Lz, KOZEARETEERO Im 4@
X, A FEN)Y MD) v =2 b—ra b OWREFNS LD (2], EORRIFESFO BRIV
— KD EBRER SITEEMICE R LD ThoTe. T2 TAME, Fra N2k TIZRX
LTCELAKRDODETNVEHNT, Rl TOKOEMBENANT MLEZELFHRL, £OMHE
A S L.

[FtE7E] MD ¥R = b—3 3 U CIRIEED > o 1KkET /L (CRK E7 V) % 7= [3].
IR 298K T/K4y 7 500 fH %304 x 304 x 15080 2 2 L— 3 LA L, Wik
fA AR S5 FIEIC LY Sl a ARk 7. £72, Morita-Hynes O FFEFH B BI%EIZ K D
AT MVEFHE LT-[4].

FRICE > THRONTEART MV EKBREGOEIZL > THL, A7 M ORRZAT
Stz LR IR T OKRFEDRAFBRA LT DKST% 2DH, R DOKFEDHKFEHKE LT
WBHKST%E 1IDH, @< AKERBAE L TWRVKST% 0DH LS. X HICARY hLEAE
U5 REEEZFET 5700, Y2052 R EEEOERS FAIIoMHT 2 bito7-. £
72, FEOKOERE & Imy B DFF 2 OW T O H 1T - 7.

(]  MD FHRE ORI, ZARBEEESEICHIZ > Tmy@NIEDO Y FE 52 (X1
B, ZLEFEOHE S OFEBRERE LSHHR L. X1 OKEREEGOEIZL 20X
% &, 1DH X° 0DH A D% 578 2DH O IEOTERICH T B SN TWD Z ENbns. 20
FERIZEERDO ALY FUVE 2DH IC L5 H SN KREVWZ L2 EK L TWA. 2DH DImy@ A IE
DE—T %HFFoTNDHZ LD, KOEMBETEIKICIIT 2 AT MUVIT TR E OBLAIA L
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DFT study on stability of the adsorption structure of Ru dye on TiO:z via NCS group for
dye-sensitized solar cell applications
(NIMS MANA!, JST-CREST?, ESICB Kyoto Univ.3, JST-PRESTO%)

Yusuke Ootanil:2, Keitaro Sodeyamal3, Liyuan Han!2, Yoshitaka Tateyamal.23.4

[#E1]

0,35 1 BB 7B it (Dye-sensitized Solar Cell : DSC)
TR ERRECEBAT Lo BB E I L, bk L
TR NE A E P EEA~TEAT D ETRETD
KGEMTH D, #EkDO ) a L AKGEMREL Y b
LA K BEAENATRETH Y . Wit o KEE# &
LTCEDOEMMEBEfFFEN TS, ZHET DSC
DESE VIt e ¥ SR L NS IR > AN 2/
R INT&E, T Ru BFITENTRLF
— W FEE S HaF L L TR R EINT
=72 (M 1), —fRAIZ Ru 431X COOH &2/ LT
WA L. NCS BITHEIROL Ry 7 ARXT 4 =—H |2
L Wb EEINTWVD, ETFEEACHEDD
LUMO ¥ COOH (% ELARY BY VAEM I, VRY 7 ARAT 42— H—00EB 22 TRD
HOMO (X NCS JEIZIENR > TN D728, ZOWEHEILIA L —AREFBENRRICE > THEL D,
% < ORI, HERIMIZEIZH VT COOH ENRE~RAETDH L LTND 7T, —#id NCS HsH
R THD TIO,REICEE L TVD LV IRERH D ', 2h b OWMEIXFEIC X BB DALY
FUXPS)DMEIZ L D HDTH Y . NCS FD S JTFDORNFIEN D> 7 MBI ST D, NCS Sk
DYWL DSC DT )L F—ZHR R A2 T HHERE L 2D, LaL, NCS HEOWHITHMEE N D722
EMDHEBRIZRAE L TV LONTHAMR TR, BERFIOBEICLBEREINT IR o7z, £72, NCS
FDOWAEY A N AERETE D22 & O BT S ST,

ARIFFETIE Ru tAFE D NCS A TiO, Ko E~EWET H0EFHD72DIZ, FF L5 1(CH;NCS)
% VT, DFT A T NCS R TiO, REW AWM IE DR 21T > 72, £z XPS OMERERE T A~
T HIDIT, WAFITBIT 5 S F1 OWNEE T #Hi# = 1 /L % —(Core Electron Binding Energy : CEBE)?D 1t

FU7 NOHEEIToT,

clean O vacancy  Ti vacancy

B 1. NCS f: %9 L T3 % Ru (a3 (N3)
DR & NCS He D5 # &



[F#]

CH;NCS D7 F % — TiOy(101)3% [fi ~ D W 5 1 1 o 350138 W55 S 551 (Periodic boundary condition :
PBC)D [ T1T o7, NCS EDOWAEY A & LTHEMA Ti. O A ~, O KV, T(V) KBV A &
FE L7, £72. NCS DY AT RLF— LT 2 729IC Ru 338 COOH &% L L 7= Isonicotinic
acid (PyCOOH) & DSC IZHWHN AL, 7 b= MU VAN)DOWEFE TR ALFXF —ZFHRE LTz, Zhb
@ PBC #HIZI1X CPMD % iV 72, CEBE DALY 7 MI(TiOy)y 7 7 A X —ET V& N TITo 72,
CEBE /% Kohn-Sham #lj = % /L F— Tl L fLF T 7 MIRGR LT HREBMAR L DFE (= CEBE,,,
— CEBE,jenee) & L CHlH L7z, CEBE ®FF5I21% Gaussian09 % 7=,

[HER L&)
NCS £EiZ O VA MIIFWeE 3 Ti,
Vo. Vo KB E~EWFE L=, WEHEE

# 1. ST+ CEBE{LY 7 F O EfE & EBE (eV)

Our results (CH3NCS) Exptl.
X 11277, Ti E~i% 1.4 kecal/mol
A T carmo Ti Vo Vi (Ru fa58)
DR TR LX—TWHE LT, Vo LTI
1s 0.43 1.17 6.98 8.83
Bed TiJif~E%AE L, Vi ETIX SR
2p 0.48 1.22 6.23 0.7-0.612

T-OMEREL AP ORRFER T L AEA LT,
CHsNC X Ti A h~EWAE LT, %0
HIER DN 3 DOWAEKXITKH LT, S 70 CEBE{L¥:Y 7 hOFR AT/, £ 1ICEHHEM
RIS THEBRMERT, 2p LIV ORERZRETHE, Ti ETOY 7 MHE 0.48 eV 23 FEER A & —
F]LTWD, /2, Vo ETiE1.22eV &, ERELFRBED L7 3G bNT, Ti LOWETRLF
—(1.4 kcal/mo)¥/hEWZ L A2FEF L, BHlSiz2p L-LD XPS 7 F%& Ti, Vo ~DWFE~T
YA Uiz, —H, 1s LoUL TV ED Y7 b 6.98eV WNEBRM L FRRE THDHZ &b 1s LUL
DXPS 7 b Vi (IZT7 ¥ A v Uiz, &S, WE TR =D A1T -7, COOH %, AN Ok
HTARNLF—IE 14.6, 9.2 keal/mol TH Y, NCS F(1.4kcal/mol) L ¥V b KX < NCS FEDOW AT
ThsZ LRI,

L EDOFERN G, BEZERIZBW T XPS JIE D FEERM R T X 512 NCS JEOWEITDEAFIEL, B
B CIX AN O EHRAET D720, IZEFELRNE NI T ERbooTe 4,

[&% 3CHk]
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Relationship between infrared **C="0 doublet band and residue-level conformation of peptide
with isotope labels at consecutive two residues
(Graduate School of Pharmaceutical Sciences, Tohoku Univ.)
oHitomi Okabe, Hirotsugu Hiramatsu, Takakazu Nakabayashi
3

B R ISR OB OMSRE A BRI 5 T2 DI2iE, T 2R U X7 F RO @ ki O figi 23
WA TH D, UL TIE, RISk 2 AW 727 F N8 E O Fslfidsr 715 & LGtk
2 %3 B°C="0 LR T _NAT T R ESEMRITIEE R LTz, SHICAMLIZET VAT TR
DI AR T S DFERFER LT 2 2 L2k 0 YA GE LTz,

AR TIL, N7 F FEEHEEOEH A 5 Te C=0 HfFHREN/ N NIZHOWT, REE T & Ot 2
RIS D72l JifsE 2 73k °C="°0 RNifk 7~ L %17 - 72, C="0 % Pc="0 TF~ v L1z
FEFD C=0 /N Rk, RS LIRSS 7 M5, & 61t Lz 2 %% Pc="0 7
ST B L TAVEE THEMERASE Z Y BC=P0 Ny RIZFZ T Ly Mk D, ZHICLY
PR LD bR RS MRAT S TR 22 5, T2 b B X 7 Ly hOSREEH & 43 2REIE 2 >0 Be="0
DHEMAIZ L > TEMT D EHfFSN. ¥ 7 Ly hOBRIO “HAZRETEDLEEZDND,

[F5ix]
1. Gly-Gly-Gly OE# 2 B&E “c="0 #TL v rDYIalL—YaYy

Gaussian09 (RB3LYP/6-31+G**) & H\ VG fi kb L7- b U X775 I Gly-Gly-Gly (2B L., i
B (o,y) DH% 10°T OB ST ME T 7 A VEAEKR LT, 2207 I R | R8) 1] CER MR
FHHAEERHOARBEL L EAGE LT FITA A RO, £, FMEIEEZBE L TGITHI%ZRD
7oo GFATHIDOEAE L EA XY MVPBIREIAXY MZFE L, ¥ 7 Ly bO4SEE (KRB
72) LRREEH (X7 Ly NRROIREET KT D @B 0N R OFREE) OfE A FHE L2 [1].

2. EFIARTF FOFNHBEIRZARY FIVAIE

6 SDDFF K (Table 1 D~®)

B8 5 01 = ~UL Table 1 AW/ ET AT F REO A
DTC=T0 TR LT ARD GRF1E 7~ oAl L7735, FiE PDB ID)
TROMIIN A7 b L % B KBS 7IuA R (25-35) 2LMN*

25 35 o o Z4TR — K **
CHIE LT 847 & DU R O “GSNKGAIIGLA (-137.2°,150.5°) TR — k

B L 7o, RIgHe E OB/ B ® PGSNKGAIIGLA® (-108.8°,124.0°)  (FHEIRRE[2])
DEGEREIT R ITT DT ® ®GSNKGAIIGLA® (-147.4°, 114.5°)

13~_18~ = & = o-lactalbumin (101-111) Z%{k 2DX2

. C="0 v Y%

o 7 ek s @ MINYWLAHAKAG™ (-80.6°,-15.2°) 3V ~U vz 2
DFEZ RO, DOIZFE L TIET &~ ® INYWLAHAKAGM! 5B

N < i Staphylococcal nuclease (97-109) 2EX2
LG e \
& *%JE (@) 0) %‘5‘ %) %é L/ %I 1/ @ 97KMVNEALRQGLA109 (_97.907 -34.60) o~ U D% 7 2

77, BB EARY RO 1575 AR (40 D= TEPEEEEC LG
3 s ** T SYUR L IET LR R VI 15 ICIRG LR
cm™ T B 5 Be=18g BT Ly 7 eV 7

N RIAR DA 24T - T2,



[BR - BR]

Gly-Gly-Gly |ZB L T #HHIC L 0 572 &g OBEEE LD (¢, y) 7'& v N % Fig. 1A, BIZR T,
WHOXTF RNE Y 55 HADOHE ﬁﬁm<1m°w>wqbkwf«“ﬂh7m/%fiw
AFER R BT (y BDREWIZEDHEDN NS y /NS WIEESRIERREV) , Ko T,
DEIEX YD y OEERETHZENTE D, MELRT 7Y M THE, 2 TORIRICFEL RO SE
MR ONT, ZiUTd 5 y OfFICx LT, FFARFEIKICE N T o DA SMEMR ET 1 DI RET
L LERT, Bhicky, 7 vy MERICESS ZHARENR AR TH D L EZ DD,

O HZE (B) kb

:,——
i

100 =100 0 100

¢
Fig.1 Gly-Gly-Gly ®43Zdg~7 v > b (A) LBENRT 7 Y ~ (B), HOR T — A N\—%% % FITRT

_eo

FEH U7 RARUL D FEA Tt v (Fig.2 HBOSER) 28\ T, gauss BB EHWTT7 0 v T «
v P EIToT2 (Fig. 2 FREDERY) . 1550~1600 cm™ D IEDRINIZHSWT, OD@BTIZ 2 A4, @
@TIZLADNY RTERA ALY MLAFHE L, pr— MEED 9 Q@ TIE, # 2 D/ KR
B Shimnot, ZHEADDFE SN HZUEE 5 15701
e B (Figl A) . BREEHIZ 0.1 LLF (Figl B) &/h
IV, FREROEENL TREINDS LT, B TRAE
R TWDAREMERDH S, —H., OB — FTHYH 72
NH@Q & B DFEZ R LT, ZOREE, O
4 (o, y)=(-137.2°, 150.5°) (Table 1) (28T, FREL:
MRELSZET D L9 EHEEFgL B) & —HT 5,
T U LMEE (©) TRV R Sz,
ORI T HANARETHLT-0OICH T Ly MEIR
MEELRNPSTZZEICHKT D, @OFT Ly ME
WIEEE L e 2 KON ROHFCEEE D
RO RE RN Uiz, AL T ~v L= REIC B
BT AREORBR L EEETHILICLY, FHEME , , | ,

1700 1650 1600 1550

%&%T% ) ﬂ‘ﬁb'l\iiﬁ&)éo Wavenumber / cm’
Fig.2 A~<27 NVMRATHES:. BIERR  EHME
AR 74 0T 4V TICHNTZAN R

AAbsorbance

[1] H Torii and M Tasumi, J. Chem. Phys., 1992, 96, 3379-3387.
[2] T Banetal., J. Mol. Biol. 2004, 344, 757-767.
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Structural Analysis of in Ferredoxin -NADP*- Reductase by Molecular Dynamics
Simulation
(Graduate School of Natural Science and Technology, Kanazawa University)

(ORyoma Kanno, Tomonori Ida, Daisuke Seo, Motohiro Mizuno

Ga

7o maF T I ROBEBTREEEEAETLI 7T B
VB RNIEIRE FOWAR YT ) A7 T T R LI N
TIEL. BRI 53 5 S8R AN ORRGR TN [
MG+ 58%FTHS, NADP MR{LE TEETH D |
Ferredoxin-NADP*-Reductase(EC.1.18.1.2, FNR) (%, fE#<°v 7 ,
)T Y TICBIT B IR A RSB TR S
Bt 2105 B0 5 . FNR TS 2 A RAE X RS BFHIC BT [l e
W STV D, FNR ORERE L HIEICBI LT, X SRS EMRAT Fig.1 FAD &3 O Hxs
12XV, FNR OFfEDOM Tl T H2ER M STy,
WG DR REANERIZL Y, TOREMERLEPRRINTND, ZADLDOFERNG, It
BAEE DT, FNR O3 Cd % Flavin Adenine Dinucleotide(FAD)D A V7 1 X4 BED si
Il & re [ G ICALIE S 5 Tyrosine(TYR)2SEIZEEfR 72 < AT & TH VD . 22D TYR 7 FAD
DRAL L ERDZERHFEINTND [1], B, siiHD TYR & FAD OA V7 a x4 UV EBRO
FRRESCBR O E 8, FFEVDREEZIINDICHEDLOL T, BAa5EFECHIE L TROLNL#EET
HHENSL, FNRIZBWTEERK T THDLEBZZLNTEY, EEOBEFRMEDEERTIEE~
DEBELEFEZLHEHEZLNTWAH[L2], —F. reEm@® TYRIZEI L Tk, SER ZRIKIZBH L, FAD
DOETLHEITRA T2 DD, NADP OEIGEEIL EF-T5 Z &l TS, Z0H L
LC, BAERIZE VT, re @il TYR308 A% FAD-NADP #& & #LIZ stack L, NADP D4 % [
9778, SER308 Tl stack Z 3. NADP BWENZICHEATE A0 LEEbNTVA[3], L
L, ZOMITD TYR O & BERTEMEDRRIEIZ OWTIEBIHE & 72 > TV, & 2 TANFSE
TIEFEN)FEZ AV invitro 508 T2 1T 2B A8E OV BAL O FNR OfEE 2 REICT 5
& & BT, NADP fiEaI—ht &t o OB AR — 2 R OREE D 2B, AR ORESRTE MO
LN, ZBRAOBERTEEOEITRTT DL Z15 5,

[F+& 5iE]

MD FHE OIS & LT Wild Type pea-FNR 1 == kO X St i 5 2 V., IR
\Z TIP3P K& H\\W e, ZE54K FNR O #I#EiEIL, Wild Type @ X #R##iE LV Amber tool
ZHWTIER LTz, FEE Th 5 FAD OEMFHAIZIL Hartree-Fock/6-31* % 38R L, Gaussian 09
\ZTYT o7z, 72, MD FHREIZIE Amber 12 % vy, 13513 learpre.ff12SB 2 O leapre.gaff & L




7z EF. NPT 7 U 7RMAETFIZRW T, KFH%IA 2fs T 5,000,000 Steps 7 =—1U 7
BAToTth. NVT 7oV T TIEET — X 27 v 7 L,
[R5 5]

NADP {5 i C OREEMHT OFE R, NADP fEG#&IC~Y v 7 2D N R D IEFER - NADP
IAEE T D720, 270-285 FRILTHRERR SV D A~ v 7 ADOFEINE(L L, E£72. NADP fEA 5%
FESEEET 5 168-180 ~U v 7 AZBWTHEEB OBV AR INTZ, ZDOZEnb, N
v 7 ADHEEZAIT FNR OFEFRIETEICRE L 5.2 20 TlEunn e PS5,

By A7 — Y308S 28 BAUR OEEFRIETED BBV T, T CICHIE ST\ 5 stack L 7= TYR308
755D NADP f5 G FHEIL, £ ORE & Y308S AR L 0 308 IR DI D EDENLHERT 52 &
WTET, F-.2o0F A FRITO2

Y308S-RMSF(A)

1.06 1.05
BOBENZHBYT 5%, FEREOTEH 1.00
(CACN J5i-f)®» RMSF(Root mean 0.95
square fluctuation) Z I L 72 (Fig.2), <C 102 0.90
BPERTIE, NADP REAICHT s 8 100 085
2 SO~ v 7 A(168-180,270-285) ¥ 098 0.80
DL EICRI L. N KMl RMSF S 0.96 ‘ 8;3
/&N, CRIRMO RMSF IZRE g4 0:65
KRB ERDI2T, ZOZLEND. gy X X X X X . 0.60
NADP 73#& 44 % N AL, NADP #& 10 50 90 130 170 210 250 290
BRINO R EZ T TS EEZLND, PR
Y308S (28U T, KIRTIERL, ~U v Fig.2 425kJLko> RMSF
WIZ RMSF O/h & 725 52 G50, RMSF 235/ ME A B2 7533~V » 7 AN BB TV D
7 CRIp HEE LR LT,

E7o, RPEE COBE MR T D720, BAR KD Y308S £ R{KIZIH T, FAD—308 7%k
DO ELFEF M OERE S FAD—ligand 7% ] O /K Fib A FEREA JIE L7z & Z A(Tablel), Y308S (235
VT SER308 I stack f& & & R TE 7272, FAD & OBEEA K E <BH &, ligand & L CORERE
ZIR M, ZNLILO FAD @ ligand & 72 2755 & OFE S IEEEIC K & 72 B IXA 59, FAD J#:il
TOMEE LTINSV ETRIS NS,

Table 1 100ns X231 5 FAD— 308 7% 5& D B BREE & O FAD —ligand 78 & K FEFEA
SEHREEE, BRI OFERERZE A R,

308 7% LEUSSO(A) TYRS890H (A)° SER9ON(A) CYS1080(A) LYS110N(A)

Wild  6.42(053)  2.91(0.13) 2.72(0.16) 3.64(0.15)  2.94(0.13)  3.48(0.32)
Y308S 8.53(1.07)  2.75(0.12) 2.66(0.13). 3.05(0.16) 3.21(0.16)  3.59(0.29)
[ k]

[1] Arakaki, A.K., Ceccarelli, E.A., and Carrillo, N.(1997) FADEB J. 11, 133-140
[2] Arakaki, A.K., Orellano, E.G., Calcaterra, N.B., (2001) J. Biol. Chem 276, 44419-44426
[3] Nora, B.C., Guillermo, A.P., Elena, G.O., Eduardo, A.C.,(1995) Biochemistry 34, 12842-12848
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Non-site-specific allosteric effect of oxygen on
human hemoglobin under high oxygen partial pressure

(Graduate School of Information Science, Nagoya University’, CREST-JST")
oMasayoshi Takayanagi*™, Ikuo Kurisaki*, Masataka Nagaoka™ ™

(BE] ¥ VET7a AT U —3EMERNLE > TRARTH S, BBFEST (0) ZEWHRTS
ZURIBETHDHE hAEZnE Y (HbA) 1Z4o0H Ta=y hTHERENLTEBY, 250N
WHEERRE (O BIFNPEN @ R AKAE, O BIFIMERME W THRAE) 12X 27 0 X7V v 7 filfll & R
L, B0 BOT7 AT Y v 7 ESHIEIO T XA DLl TW5, Ko, ESFTHD 0,
2N TEGIEENE) FETE ey /277X —L L TR ®EH, 2FVETTa2=y FONL
BRIZ Oy MBRINTHEET D2 LT, O A LTV RBEZETET LIS, &F
BDEZINEVEELS ZIFANLNTWD, Z OMARFROHIEIL, ~2OER O fEAIC LY
R—=2BI 6 mAICE b L, ZOEENRT 7 2=y NRKRIEDD 2 & T jREEZR b Ei =
L. &M THEZZERSE 27 2=y MRS OkFEEEG, B 20352 LTl
THEEZLICER D LD EEZ LN TS, L LAaRSHAIE, & 0, HEEREEICEKIT 5 HbA
O MD FHEFER D, NIRRT 0 AT U v 7 ERMLT L ME—D A = XA TIER<
[IERRGIAF R T e AT U v VSRR T D ARtk Z2 R L, [1]

[GtEFIE] K5+ (TIP3P) £ 12,000 53+ O JE IS FALEAR »~ 7 AT T #§d& U &K HbA (O
FAEA O HbA, PDB ID: 2DN2) & 120 431D O, ZBiiE L IS & A pl L7, HbA fi 2
L7z E MRS (750K, NVT —7E) T300ps O MD #HH %3795 2 L TT X L7p 025540
AR L, WWTHEKRRN ERBEOSM 310K, 1 atm, NPT —7E) T 100 ps ® MD #HIC L DA
Vb A2 1T o7, % LT HbA O AfEER L T 310 K, 1 atm, NPT —/E5f:T 8 ns ® MD &
RAEFAT LTz, DL B A 5 e MD GHR 2 $72 2 9IRS 128 KIFHAT L. 8ns x 128 MD
DOMD b7Vl N T =255, REBNLEEAD O A XA THICEA L TEY | ~ LD
XIS WAL F— 2B EZ k> TV D, ETREEIRE LT 0, 25 £ WKELEH To MD
FHAE 8 ns 128 A b [RIFR D FIAIZ L 0 FEIT LT,

[#&R] £7 TR MUZEEZR A2 E ' T 2E L LT, WEKAHbA O% 7 2=y FEL4 A
(o1 aiPiy coPoy cp DHELN) ICEVERSIND “mAy (X1) Z2RHTELZ LR LT,
FEER IS IC BT D y IIWIHIEIE TH 5 O, RGO T AEIETIE -99.5°, OB IFD R ##1E Tl
-89.0° Dffiz & 5, T 22 H R ~DOMUKAEEZLZ R LMD F 7= 7 MUIZEIT D y OE{RIL,
switch region |Z331F 5 B,His97 I#H D o Thrd1-oProd4 7> & o Thr38-o, Thrd 1 ] ~D B #Eh s L ON
o Tyrd2- B2Asp99 E DV 7 = MNEEEOUIWT &E#E L TH Y | y BURBEDHEIETH DL Z &
R LT,
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oL oL in O, rich water
2 Center of masg
(12 Of (1,1 c
S
3
a2p2 alp °
£ MDo2
T state R state
B ) -QT 5 -89.0
1 1105 -100 .95 -90

T
. Intersubunit dihedral angle (degree)

B 1. RS OFRIE & 705 HbA O ThifY y & X 2. 128 MD » b H H &
Tazy PELICEYER, HOAE T HEETO O, REATKEED, FEds
7 =-99.5° FREIIRMEETD y = -878° T, O IR FERS IR T D 434

KT MD (MDY) 36 X UNEIREE Oo 78 MD (MD®?) D4 128 KOMD F 7Y =2 kY
(2% L 7-8ns DICI T 5 y Oz HH L7z (K 2), T IEMITIZS T 5 MD? 0434 iE MDY
DL b REEEMICR > TW5D, EFLREEICEMLIZIN T2 Z Y (7-8ns TD y D
PIEZS -95° LLE L EFR) 13 128 At MD™ T 4 A&, MD® T 10 K TH Y, MD? T R HEE I/
SRE—IMALNDLZ L ERNEL TS, ZORERIL, & O REFEH Tix HbA O IUKAEE
O R ERNCR D 2 & 2R LT D,

ANILASD Oy FEEHELIZ R HE~DIR Y 3 A bR RIT, FEEIRF RN 2T v 27 U » 74l
BOFEZRE L TND, B OO E L TIINEMIR E RERNEZZ N D, WEHEIR
(T, O RADHbA 7 2=y O =PI AR 25 S I L, ZHBMKEREELICES L &
DD TH % RERZ HbA ~D O RAFREEAT T/ L72 & 512 8ns DRICEZELD 02 53 F D3~ A
Ry MEONIBZEIIRAT D2]Z LA, IA 78 EIIBWTERNY T NBEER =
UHEEZEZ R SR T 2 EBHEREINTND [3-7), EREHIRIT, V7 2=y FERFFED
KpFOZEMPENT 22T, V¥ 7a=y MEEBRUIBShLT<R5LTHDTHD,
N BRENALES 2K FIMRNEBR R E AT 2% VI JHOKE TR R LIMWE A L
THEY[E]. T _BAE~TEZ BT T =y FRNCAEAET B K5y T OBAS U Y i 4
L &EE) L TELT D912 &b, WURIEEZ(L & Rk FOREN RSN D, DRIZ, O
DIFAED HbA RIETFDOKFER-EGR Yy MU —2 ZETZ & TR FOMWEEZE 2| MIRIEEZEL
BB > TV D AN B R DD, ARG O IV IEMA R BRI, RN b2 T ANLD
LTV D ENC R RAY 2 20 R L AR 2 E 2 K72 T1T T TH Y, HA DT r ATV v 7 il & 4y
TR O ORISR T D 72D DS A VA h =272 5 EHIFRF L TV D,

[&#&3X#k] [1] Takayanagi M., Kurisaki 1., Nagaoka M., Scientific Reports, 4, 4601 (2014). [2]
Takayanagi M., Kurisaki I., Nagaoka M., J. Phys. Chem. B, 117,6082 (2013). [3] Takayanagi M., Okumura
H., Nagaoka M., J. Phys. Chem. B 111, 864 (2007). [4] Takayanagi M., Iwahashi C., Nagaoka M., J. Phys.
Chem. B 114, 12340 (2010). [5] Takayanagi M., Nagaoka M., Theor. Chem. Acc. 130, 1115 (2011). [6]
Nishihara Y., Kato S., Hayashi S., Biophys. J. 98, 1649 (2010). [7] Tsuduki T., Tomita A., Koshihara S.,

Adachi S., Yamato T., J. Chem. Phys. 136, 165101 (2012). [8] Yu L., Takayanagi M, Nagaoka M., J. Phys.
Chem. B 113,3543 (2009). [9] Kim K. etal., J. Am. Chem. Soc. 134, 7001 (2012).
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IV VAL BEEZSEEDEIRTHI SN TUL SR
IECHH., ZORRELTE 7=0O07KR B EMFEEND T VIR
DERMATREL. FNICLDERMIRENS TR IND
) THDEEZS5NTULD, HRMIRTEDCDERZEDIC
F. TORRAYMETH S 7=017 K BRED LS (CHEEMEIZ(C
HEERIELUTUVBNZE MDRENRHDIN. EDEHICE. &
DNE—HELT .. BRELEEO7Z=0O17R BRED L SEEE
EEDTLDDHE FMIDCENEEICHEDEEZSND,

LHOWULERS, KAREBMSVINDBETHZ7=ZO017RBD &
EEEE EBNICIKEIDCEITIERICEHLL, ZNEAREL
TlE. BEOZLTREBENEZ(ILTDITE. BREMRTHLGE
BLTHH, WBEZ(IEDIC L, BEERTEITDIMNE
RH3NSTH D, HE. BAITENSEREDEEEHNT 7=
O R BODBEROHEEBRICDOVTHEAR, ZOXKSTIERE
95 EICRITLTUVSEMN1] ZDEMAKILEEDEFAC(E0)
E2TULIELY, ZC T, —DOOAMAEME UTEHEICLIDODTED
BiExE ESHCcLTUK CERBEFEINS,

BERROFERE L CEDFIHNFEE EVFTADILOE. &
TR 7 ILT ) A LIEERRIEEDIMEDNTE E, EFEIIEIE
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BARRD S3FERE BEEETCHARDIDIEIEZ TIEELL,

AFEXTIE., PZOCRBOERDSBIBEICDVTHRRNEZD
T, ZFOFEREHRKZLTULL,
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[1] S. Matsumura, K. Shinoda, M. Yamada, S. Yokojima, M. Inoue,
T. Ohnishi, T. Shimada, K. Kikuchi, D. Masui, S. Hashimoto, M. Sato,
A. Tto, M. Akioka, S. Takagi, Y. Nakamura, K. Nemoto, Y. Hasegawa,
H. Takamoto, H. Inoue, S. Nakamura, Y.-I. Nabeshima, D. B. Teplow,
M. Kinjo, and M. Hoshi

J. Biol. Chem. 286, 11555-11562 (2011).
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[F] EEE X, TNENOBESBEEECHE L2 “ReiEZ2ER L T, anl v 7 AR
Bv~%@2@:&%mi%®i9&;&E%m%%%¢5$%ﬁﬁx7uy&T%D\%@
FERICIIKFERE G 72 EOMBEERANIRLS Bb-> T b, ZOX ) R AERZER&IC K
652 EITEREDO —RTEEERRBE OB A RO 5 DIZMMZA T, BEHEDSDLEVEIE
WMEZRRIRT 2 T HIGBOBRBIC L HEL D, £ 2T, REMNRZKBEETH DY v 7 A LT
IR — b, BOFATRY — OB B DA AAEA 2 B LB L, 5 T /1R K
776

[BtEAE] —wiEoxeT L LT, AV T7T7=0O N Kz 7 v FLIET, C Kig
N-AFNHETH ¥ v 7 L7=ET LT F FACE-Ala,-NME)Z 7=, o~V v 7 A& LTiE
T 7= 3 EIE~8 BikE, AT, ROEATRY— ML TE T T = 1 B&iE~5 BRD ¥ A
~—% e (B 1), ZNHIEENEN RIBERRICERE CTH L KFE/HEE., o~ v 7
ARE T NARTF RTEUENDS 6. p— MULET LT F R T2l 5 6 FKT 5,
INHOET MK LT, ETHEENEEIETH D BITD/6-31+G(d)iEL HWT, o~ v 7
A EATRY — b ROFATRY — MEEZ RO X 2 IC A 2 [HE L CEER#E(LZ2 1T 72 (a
AU TR y=—47,¢=-57", AR — b 1 w=113",¢=-119", AT — k : y=135",
¢=-139"), b -mEbEdEics LT, MP2 ik, HEELEI%kE (B97D, BLYP, B3LYP,

CAM-B3LYP, B98. PBE0, M06, M06-2X, O-helix
ACE-(ALA) -NME: n = 3—8

LC-wPBE). 43 /)% (AMBER(ff99SB,
e () = 5 E

AMBERTff96. FUJI force-field) (Z »4‘
oA AEH 75.’%"%: L7z, ZEEBEHICIX pare"el B'Sheet
6-31+G(d)x A\ 7=, LV EEOEY  (ACE-(ALA), -NME),: n = 1-5

6-314+G(d,p) & W77 2 FatRE b 3£ — _ A}’*‘:‘ ﬁrﬁi‘r{&'
‘ . L]
Jii L7275, ACE-Ala,-NME @ K> ’ &f*ﬁ f?'ﬂf

B . antiparellel B-sheet
5D ATRY — N Tl HHA/EH =X (ACE- (ALA) -NME),: n = 1-5

1 332 1 % 1 % 1
/L —7% BITD/6-31+G(d)IE T 51.57 ‘ Aoty ”‘4‘ “"é‘ A
=t

kcal/mol , B97D/6-31++G(d.p) i£ T I v e ’

52.34 kcal/mol S IFIEF CIZ b 2 &% 1. “kEEDET L
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(F) RNA KR Y 2 7 —EHxKY 7=y k Rpbl ® C KuitEH(CTD) L, 5[4, HE.
HAEICBD 24 7o mRNA 7t v JK 7% U 7 b— b U THERG A A 7 /L & 5 i
FTLEERERTH D, CTD 1L MIBWTiEa vt v AESI(YSPTSPS) & —ER o0 7%
WERLTIEa o AFRSIARIE LT 52 [V K L, X #Hs M AT<> NMR f#i%
RN CIXEE o TG L FF RN EVRENTWD, CTD 13V bR O Y Rkl
Lo THEZENSETHA T I v I IZEDOKREEEZI D ZEDRTRINTHAENZEDS
TR OHEMITIE EH LTSN TR, £ 2z Ta e ARSI E £
70l EEROVA- T AR MY CTD @Y 7 v— MEREE B b S8 5 %5 % FFo
LTSN, e DY A- T ARV Pinl (Essl) % & ORGAER STV
5o

Fexix, 20 CTD sHI O IER M Z 70 F T L b @B I 62T 2 72D 5y
FENF I ab—2a VERWEEEER L TWD, ZHETOBERRE LT, DY
VEEIZ L o T u Y U EFILE T HRHEI IR — 2 B — o ORGSR SR DML HE N
LIRFRBRRICH 5T 22 2HOLNI LT, EDIC 2ZOR—F X — O, ~X—%
= NlEZENDL TR Y UNRTRIZEME T L2 E TSNS Z E LML
Ref.1), ZOFERIL, 70U O AR CTD OR—2 X — 2 2 Mifild 5 2 & % Ak
W RTHRATHY Pinl E7 0 Y B SR & O CTD eEORBEDL Y NEHEETHLZ LD
BRI T DL DO THD, BUE, Txlze b5 CTD #EEOHfFAZ HIFL T, a) a2k
B AFFIH 2 [\l D KT K XD CTD X7’ F KOMEEZEFEEYE, b) CTD IZ8 £ bk 7
o ARSI OHEEZERER, 2B E L —EOHERP S Ialb—vay
ZIEFH L TR ZORREEHRET S,

(FEFE) FHEICHWZERE 72D CTD ~7'F REFINL,
Ace-Tyr-Ser-Pro-Thr-Ser-Pro-Ser-Tyr-Ser-Pro-Thr-Ser-Pro-Ser-NMe
la 2a 3a 4a 5a 6a 7a 1b 2b 3b 4b 5b 6b 7b
ThHQITRIZT X VBEE 5% 7), T 2T Ace & NMe | 4V UM A b O i AH AIE
MEMHT 57200 N K& CRIEDO AT VX v v TEEEZRT, YIalb—va il
W5 FRIE, EREO CTD X7 F FEeHubiZE & EHROEBEREME T TXTF RO
VIZEAZKDET M(TIP3P) Z BLfE L, & ST A A L REA50mM)IC 7 % X 912 Nat



AF L ECIAA U ERE LZ, 201 3t ARSIN 2 [\ K37 F RSN,
DEN—2AL L Tii)2a & 2b D Ser NV VB LI N7=_TFF K, iii) ba & 5b @ Ser BV >
b SNTe_TF R, iv)Ta & b BY VLS NTo_TF R, v)Ta & Tb 2 Lys [T % L
I P AESNNTF R, O 5 FEOTF REMER L CEEICHW -, B
FREMEDOKRE ST L% 50x50xB0A L7p o7, RETIAX—F/IMEOM%, 5E R —
EDYIal—arEBIENRE-EDYI 2L —ya TV Lz, Yk L7z
REREL LT AT h ) =N FE )piEEE R LT, ~VvF A = REX
100K T. 1ps f(CHE 2 A7 L CTRRATIC IV 2,

1
a 1§, T b, a VrmbshTwianart
. Tt A. Y 2EE] CTD X7 F K% dl
. . & d2 (KRB & ~—F 47—
arr 1 YOREREE LTERLE 2 R
s . TUIEEDA,
L b. 2a & 2b @ Ser 73V Rk X
o s w1 w3 °© 5w B @ B iz CTD <7 R OREE A
e " o « € ba L 5b @ Ser NV VL E
Br c TH = s I, 7= CTD ~X7'F ]‘0)*%35&:%%\
. | d W d7al b Ser N UEES
iz CTD X7 F R O3,

T ST A AT O AL,
kcal/mol, #&FITIEE 310K (12
BAMIT IR TV,

0 5 10 15 20 25 0 5 10 15 20 25

d1 (angstrom) d1 (angstrom)

(R LEE) la 205 d 12, OG-Ser(2a)~0G1-Thr(4a)[# Ok L OG-Ser(2b)~
OG1-Thr(4b)fE] D FEBEDFn(d1), &2 ) OG-Ser(5a)~0G-Ser(7a) & OG-Ser(5b)~0G-Ser(7b)
M OBEEEDOFN(d2) %, Pro A VIR S DHN—H X — 2 ORI REERE S LT, E&d
Dkkx 72 ) VbR % — CTD ~X7F Ricxt L TR LI 2 RotkEEN i~ 7 v &R
KR
ZNHDNE, 2a & 2b KT Ba, & 5b Ser D U U ER{kIL CTD _7°F R OEE A% =2
R MZEALEETWDERGND, —F, TEED Ser NV VL SN T=8E1% Ser(7a)
2 Tyr (1b)%HEATS Ser (2b) &KFEMEAEAM L CTRAIKWIHE LG &2 ZET 5
M2 R 540 CTD #aE & DB 0 226 & RZEBBRV, 11X T Ser(7a,7b)D U (kI X
DB SN ARG S OZEIE, D Ser DV UEME L W b EMETIE S & 722 DRI & i
HTNWD, FEETITHL Y VERES CTD H&EZEMomic Gz 8L Ea oW
ABLF ORI DN T b EERIC s+ 5,

Ref.1 Molecular Dynamics Study of the Phosphorylation Effect on the Conformational States of the C-terminal

Domain of RNA Polymerase II, Yonezawa Y., J. Phys. Chem., B118 , 4471-4478 (2014
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Prediction Solvation Free Energy of Organic Compounds:
Molecular Dynamics Simulation and QSPR Model Approach

(Kanazawa University’, Bandung Institute of Technology ™, Japan Advanced Institute
of Science and Technology )
O Sri R. Natasia ' , Hiroaki Saito, Taku Mizukami , Kazutomo Kawaguchi , and

Hidemi Nagao™

[Introduction] In recent years, data mining approaches have been adopted widely in
many fields outside computer science. For example in chemical physics area, this approach is
used to predict some physical properties of a compound such as solvation free energy. One of
predictive method and provide a promising result is QSPR model.

Our purpose is to find correlation between experimental and calculated data on chemical
material by using clustering technique combined with QSPR model. The clustering technique will
be applied in selecting molecular descriptors, which are features representation of chemical
material.

In this work, solvation free energy values of 14 organic compounds containing diverse
organic functions were calculated using energy representation (ER) method [1]. As calculation of
solvation free energy using this method was obtained in combination with MD simulation [2],
previously we conducted three MD simulations for each organic compound. These three MD
simulations were solution, pure solvent, and isolated solute systems. The generated trajectories
from the simulations were then sampled to construct a histogram of solute-solvent pair interaction
energy.

The values of solvation free energy of these organic compounds will also be predicted using
QSPR model. The further aim of this study is to provide a better QSPR model based on MD
simulation results in predicting solvation free energy of organic compounds.

[Material and Method] We computed values of solvation free energy of 14 neutral and
structurally different organic compounds in water solvent. The compounds containing diverse
organic functions; alkanes, alkenes, alkynes, aromatics, alcohols, aldehydes, ketones, amines,
ethers, and esters.

All MD simulations were performed in GROMACS 4.6.5 using GAFF parameter for
organic molecules which assigned by Antechamber program in AMBER tools. AM1-BCC charge
model was used to calculate atomic point. The coordinate file, in SYBYL mol2 format [3],
formerly loaded to Antechamber program in order to set these parameters. After generating
AMBER topology and coordinate files, these files were converted to GROMACS topology and
coordinate files using acpype conversion script [4]. These organic molecules were then solvated
using GROMACS utilities in a simulation box of 32 A x 32 A x 32 A consisting of a fixed 1000
water molecules of TIP3P model. For solution and pure solvent systems, periodic boundary
condition were applied. The configuration were generated through NPT ensemble at 300 K and 1
bar using Nose-Hoover thermostat and Parinello-Rahman barostat at time constant of 1 ps. The
Lennard-Jones potential was also used for intermolecular interaction with cutoff of 13.5 A. The
Coulomb interaction was handled by PME method with the interpolation order of 6.

The simulation was performed for 100 ps and was sampled every 5 fs for solution system.
Meanwhile for pure solvent and isolated solute systems, we conducted 10 ps and 10 ns
simulations which were sampled every 100 fs, respectively. All trajectories of the systems were
then loaded to ER program. Firstly, the pair interaction between the solute and the solvent in
solution system was calculated. Next as the reference system, the configuration for the solute and
the solvent systems were constructed independently by inserting the solute into a test particle.



The histogram of solute- 6

solvent interaction energy g fiz ; EIE:O,
was then constructed, for & * s R —
both solution ~ and T | s @ 4. methanl
reference systems. The £ nidid
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[Results] The calculated e 14, 1,1-diphenylethene
values of solvation free s ® Sh R W PR R
energy of 14 organic Experimental solvation free energy (kcal/mal)

compounds and
corresponding experimental
data [3] are shown in Figure 1. Although the trend is a bit over estimated and shows the similar
tendency, the values were successfully calculated by the difference is only a few kcal/mol.

We calculated SASA from hydrophobic and hydrophilic parts of molecule. We discovered
that almost of all molecules consist of more hydrophobic than hydrophilic atoms, yet it is still
soluble since both of parts are accessible by water molecules. It is also found that if one of the
parts not accessible, the molecules can not dissolve in water solvent thus the calculated value of
solvation free energy is positive. The average of surface area of hydrophobic and hydrophilic
parts of 14 organic compounds are listed in Table 1.

Figurel. Calculated solvation free energy versus experimental data

Table 1 The Average of SASA from hydrophobic and hydrophilic parts of molecules

Organic compound Number of Hydrophilic Hyrophobic Area
atom Area (A% (A%

pyridine 11 15.40 3.26
phenol 13 6.44 13.80
methyl acetate 11 5.06 13.24
methanol 6 3.77 8.01
ethylene 6 12.97 0.00
ethane 8 0.00 13.37
1-N,1-N-diethyl-2,6-dinitro-4- 35 23.60 16.85
(trifluoromethyl)benzene-1,3-diamine

cyclopentanone 14 4.42 14.69
butanal 13 6.80 12.19
anisole 16 3.50 19.79
2-naphtylamine 20 3.77 22.60
2,2-dimethylbutane 20 0.00 22.08
1,3-dichlorobenzene 12 0.00 24.77
1,1-diphenylethene 26 4.52 28.17

We will also construct a QSPR model to predict the values of solvation free energy. This
model is developed using molecular descriptors from the compounds that generated by a chemical
program package. A clustering technique will be applied in order to get a useful and informative
features from the molecular descriptor. Furthermore, the predicted values from this model will
then be validated by the experimental and simulation results.

Keyword: solvation free energy, organic compounds, molecular dynamic simulation, QSPR
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Molucular dynamics study of stability of multilamellar membranes
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(F] £FEOITERN CTHD Y VIEESEE_EBEEBR L. TNNZECELDETY
IWFSASBEDEIR D DIV EERT D, LT, MIEICHIFII VRS ~—IXRENLE
MEEXETOTUD. COKDILZENIEEREICIE—MRMICIER D 7 7LD —ILX . 7K
AHEIK CEMRMONTH D, VILFSASEBENREMERETIREL BERELD>TU S,
Fle. BRARD O IVISHEBEREICEE T &, BEEROMEERICKDER™D kS - #Ma
NECD, ZNSOEMMEEFRGERIRZEBR T SEEN FEKDPFOMEERICAHRT S C
END, RF - DFLUANILTOFHBSEESPHEEERFEOTMMREE L H D, Lis5ICLDT
SEENRE. EEE. EMEESN X RETCKDRHESNTHED., CNSZERVTE~—ROEE
ERAZESMEES NIZ[1]. LN UEMRSERICH TR EBEOIFSEEESRINHE LT Do, BRE
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L. B YROBPMORBE_SEEOREFRERINT 520N = a0 —3 YRMTONT
AR

AR CIIEEOEE ARG ZE M 320 ICRBDREE _SBIRCN T 37 FHNE
(MD) =1L —23 VeIl BEED Z#HARORFDIMA - BE - EEE - KHEEZEX
Hd. Flz. BEEREDBFRERSHNICT BZHICERNIEE _EBEE ERTIREOKIE
EBZZV=ZaL—Y3avETS,

AR CHRE_EBEE UTHEALLEIZY I 1ILIRR T 7F )L V(DMPC) RN
BYVEERFTHD=CIL. R IDIWEEDKRAEEREET ILEES. BBE_EEX. M
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(58] DMPC DV ILFLAV—EETILELT=ZDNRZEALD, X1, R2(IBEE_EEE
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