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ABSTRACT

Amyloid B-peptides (APs) play a key role in pathogenesis of Alzheimer’s disease (AD). The
aggregation of APs appears to be one of the first steps in the pathogenic process of amyloidosis
that is not associated with some natural biological function. Consequently, it is expected that the
inhibition of AP aggregations is an attractive therapeutic strategy for the treatment of AD.
Breaking AP aggregates down by non-peptide or peptide inhibitors seems to be a promising way
to combat AD. To that aim, it is crucial to understand the conformational and dynamic behaviors
of AP aggregates in order to rationally design a putative AD drug. Moreover, the conformational
analysis and the investigation of the structure of AP aggregates might lead to a more profound
understanding of the primary pathogenesis of AD and comprehension of the development at the
molecular level of this dramatic disease.

The 3D structure of the amyloid oligomers and fibrils is a focus of interest both for a molecular
understanding of amyloidogenesis and for the development of innovative therapeutic and
diagnostic approaches. Solid-state nuclear magnetic resonance (NMR) studies have contributed
substantially to the understanding of amyloid fibrils. However, only a few 3D structures of
amyloid fibrils have been determined, owing in part to the non-crystalline and insoluble of the
fibrils. This fact makes these structures difficult to be analyzed by established structural
techniques such as X-ray crystallography or solution-state NMR. Moreover, due to the fast rate of
AP aggregations, a high resolution structural determination of these early-stage AP aggregates
such as a dimer is extremely difficult. In this aspect, molecular simulations provide a very
powerful tool to derive valuable information regarding the secondary structures of AP aggregates.
In the past few years, a variety of simulation techniques have been successfully applied to
investigate the structures and dynamics of the selected small fragments and full-length ABs. In
particular, replica exchange molecular dynamics (REMD) simulations obtained a variety of
conformations of solvated APs, which are comparable to the experimental structures. The idea of

evaluating their electronic properties by ab initio molecular orbital (MO) method and



determining the most stable conformation of AP at an electronic level is worthy of consideration,
since the previous REMD studies have not considered their electronic properties. Furthermore,
the influence of solvating water molecules exist around AP on the stabilization of solvated AP
conformations has not elucidated by the majority of the studies mentioned above.

In the present study, we performed REMD simulations with all-atom force field to obtain
various conformations of full-length AR monomer and dimer in explicit water and determined the
most stable conformation of the solvated AP monomer and dimer by ab initio fragment MO
(FMO) calculations, in order to investigation the first step in the aggregation of ABs. In our
present FMO calculations, by considering water molecules explicitly, we attempted to elucidate
the influence of solvating water molecules on the stabilization of the A monomer and dimer
conformations. In addition, we investigated the specific interactions between amino acid residues
of APBs by the inter-fragment interaction energy analysis of the FMO method at an electronic level,
in order to highlight the important residues of Ap for stabilization of the Ap monomer and dimer.

The results showed that the relative stability of the solvated Ap monomer is more dependent on
the stability of the solvating water molecules around AP than that of AP itself. A similar tendency
was seen in the relative stability of the solvated AP dimer. Consequently, it is concluded that the
solvating water molecules should be considered explicitly for determining the most stable
conformation of the solvated AP monomer and dimer. The most stable conformation of the
solvated AP monomer has the turn-like structure in the Phe20-Ala30 region, being consistent
with the previous studies. The present FMO calculations elucidated that the electrostatic
interactions between the positively charged amino acid residue Lys28 and its neighboring
residues are important for stabilizing the turn-like structure. On the other hand, in the most stable
conformation of the solvated AP dimer, two inter-monomer parallel B-sheets and one
intra-monomer B-hairpin structures are formed. We also found that the attractive interactions
between Lys16 and the negatively charged residues of the N-terminal of AP contribute mainly to
the stabilizing in the most stable conformation of the solvated A dimer. Consequently, in the
present molecular simulations elucidated that the electrostatic interactions between the charged
amino acid residues of AP contribute mainly to the stabilization of the conformation of AP
monomer and dimer.

In summary, the present study provides detailed information regarding the conformations of AP
monomer and dimer, and the specific interactions between amino acid residues of AB. This
information will be a quite helpful in rationally designing inhibitors for preventing the APs

aggregation.
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Figure 3. Schematic picture for the role of calpain on AD pathology
elucidated by Higuchi et al.[*®!

1.1.2. ABIZH T 5EBRHR

ABDEEIZAD ORIET R ERIZBITLIE —BEETHLLEEZEEZLNLTWD 2D, AD
RIS T HEMBRBREKOO L S>E LT, ZoMBEINEFENEPY, Ap DREED
BLE. &2 WIXEEERO ST, AD IRRICKH T 2 LR FETH DI, ftoT. AB
ICHAE L, TOREZHETE SRS FILEMIT. ADOGREOHEME LTHMATH
HEBEZOLND, AD IR OBEMEZ GHEMICHKE T 5720 AP BEHE K O TR FJE
LOHEEDOH AT IV AZEMTHIENEETHDL, S HIT, AP O R JEE M HT 6 4E
KO EDOMRIIZ, ADBIED L L TOHRELZEL, £2E O AB(1-42)E &K D 7
A5 13, YA % NMR(Nuclear magnetic resonance) % V72 2B B4 %8s &y S v 7=, 44
Z1E., 7=F VU a 2 FRY KFD Crescenzi & 03 5 2T L7z AB(1-42)H & (K7
X, EEAEDOT I VBBEREN RIBEED o ~NV v 7 AEBRTLILEABETH D
(Figure 4), a ~V v 7 A& KT 2 KX 2 2H V. £ ZE 1 Ser8-Gly25 7% 3| Lys28—
Gly3g HE N xtInT 5, ZNbH D a~U v 7 A%, Gly25-Ser26 L IC L > TR S
HHE =BTV D,



Ser8

Gly25

‘ Lys28
Gly38 ,.

Figure 4. 3D structure model for AB(1-42) monomer determined by

solution-state NMR experiment!®"].
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Figure 5. 3D structure models for AP fibrils determined by solid-state NMR experiments: (a)
AB(17-42) fibril (tetramer)®", (b) salt-bridge between Asp23 of chain B and Lys28 of chain
B in Fig. 4 (a) and (c) AB(1-40) fibril with 3-fold symmetry (9-mer)["®!



1.1 Wi & 7

AB DRHMEREE S T BMET o v R0 MICERSN D “BHRICET L ERDL
AT T 05, B 2L X —BEERE 3 Ap BN EHR T CRER &
RKeEEKR T2 E2R LI, 72, AB &KX, 370 V7 HFEFT, =a—1 v
Cxtd Vv EEE R LB v AW BRI A B O RO T A EMERE T
HoHZEnHESREB 51T, A== FRFEEZKERO Walsh!®™16 13 £k
NTO AR “BEROBEN T T AFEEERLE, Z7UVH LT R U A RJH
B Jin & O EEBRFFEEIN S AP T EAENADBEOMICB T IR LEERBETHY |
RN THREOENEZSIEEZFTZEDHLNIIEINT, o T, AB ~EKXK DK
T HEOCNMOEERRAT v 7 ThHY | —BEIBRET L AOHRERE TH 5 E,
L2rL., ZEEO XS KK O ABEEKRIT. FEFICHEI R EIND LD, ERFIED
BV AR “BAOEBEAABEREIR, EHRICRETHYB BB 2o xh =
ZALIIRMEHATH 5,

1.1.3. ABIZH T SRR

v Ialb—valryFEOOEDTH D 8 J)% (Molecular dynamics; MD) ¥
ab—va i, ABBEROLEBEICHT 2EEREREZGLIFELLTAHTS
Do TIHFIIBNT, REBHEZRNLERES TV EMAGDE T, HbET L
MOLBRRFETNVICELDE TORARET NI T ES Y Iab—Ta R, hE
i T 7 A R 90106 o g OO0y AR T RRDO NI IRIEIER L A 7 A BRI
LB sz, XYy 7 KED Anand b ORAREE T T V& vz AB(1-39)
TEARICH TS MD VR 2 L—y g B AT N ORI & B o AR EDE 28 KLY T
SO R FTOHBEERIZEEND Lys28 LR 2 HERICE D Glu22 H 5 Vi Asp23
M CHBERBRT A R L, 2 A7 7 XAEVHIFTO Gnanakaran 5 P23
AB(16-22) ~&EKIZKk L T L 7 VU # & #2 MD(Replica exchange MD; REMD) > X = L — &
a3 U EFETL, FATICRO T EATORMMELZRT 6 HORER ZEEDOE KR Z RIE
Lize 2. H050F. KO TN 900 “EEREEOLZEICEET 52 2R LT,
RA BN RFO Urbane HIT X 22Kk DO AB(1-42) 0 Mk & 7 /M IZ %9 2 discrete
MD(DMD)¥ 2 = L — 3 = U0 - Z B RELEE A8 2 40 5 IS %3 5 BB R RCE & b
LT EVHBHZT R ALX—2FoZ L 2W L Lz, 28U K% O Huet 593 AB(9-
A0) MR AE o [ & NMR # & 2 JE 12, AB(9-40) — &k, AP(9-42) — &Ik, ROXZTh b D
Flemish & #(A21G)H AR @ —EEMEEZER L., ZhZEHIZx 7T 5 10 ns ® MD ¥ 3
2b—varERITLELELE. ZNETNO AR &K D B-strand-rich 72 i & & 1,
R AR Y —%28F6  WEOMENFENFELRNI E LN LE, 2,
AB(9-40) ~ &K LN AB(9-42) “ERICB T 2 HEARN, L O HEKM O Glu22, Asp23,



3

8 F1E Fr

BN Lys28 NS 2B E TR Lz, 2D OB, Bx e Ap ~BIKD IR
ERZENLOREMICH L TAHERAL#EAE S 272, LrL, BRASEBRTOXTF
ROSEAREEL, HOE SO/ RN T 2 BESIZIKGFT 5, Bl 21E. AB(1-40)%°
AB(1-42)IZ. 22D CRIF DB KMFRIEN R DTN, B2 5 HEORMZE KT
% 132 N3] 5ot S T R O 2R O AP(1-42) T EEMIE L. D ORISR F %
RSB TATDICEETH D,

I, 2RO AB(1-42) “EAEHEICHT DR MD 2 2 L—3 g o103 108105
TERNE, FL 7 KR%0 Barz 5U8303, AB(1-42) &K & “BEEOHE 2 ik L.
TREERLEBEROBER OMBELWA SN LE, £, A7 I KFED Zhu 510
. AB(1-42)0 “EERIBR A M3 5720 AB(1-42) & {K D NMR #1E 4 1T, 10 &
DM EEZIER L, TAZENRICMD Y2 —v a3 2 ET L, 100 &K
LT, HEAMOMAZR L —&RD, TOTRNVX —% L ITRLE R &K
H ik (Figure 6)Z IR E L7z, OB RELERLEER —BRMEE X, FHTOBEERKD
Lys28—Ala33 7% 3k & B 72 5 H &K D Ala30-Gly37 7R EMIC BT 5 ¥ v N —H & O Bk
ERLT, 20X Y o RX—#HiEE, ABEZELMMOT I oA RIBKY 37 H Ok
FIZBONT, ERICEIVBI SN TR 7 —o “BEMEND B HE
K TiX, Glu22 & Lys28 MICTHEMBEEZEHKL TnD, EHi, T MV A=V KRFOD
Coté HiX., 7 /EBOEHEZLR . MIHZOE OB E— XL L TRIT D
OPEP(Optimized potential for efficient peptide structure prediction) /1 % &
Hamiltonian-temperature REMD!'®lo 2 2 L —v g VA2 AADLEES TV I 2L —
g BT 1y | AB(1-42) D lled1-Alad2 5% H D (518 . Jo O Asp23-Lys28 [l O H i 1% . Ap
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Figure 6. Cartoon presentation of initial conformation (left) and the most stable structure
(right) of AB(1-42) dimer obtained by MD study!*%®!
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ORI EE T A AEERZRF L LTl Lz, Ap A Z it & & L= AF9E Tl
A4V 7 A4 K%F O Han 0N 10 AB(17-42) M #E D Rl & £ 7 v 234 R S v 7z (Figure 7).,
Han & X, hybrid-resolution €7 Vickt+ 57 7 v %7 U 7 KO REMD &%
MAGDLEES T Ialb—varnb, ABT-42)f MR E 2B W T, BEAKMEREIK T
o5 Leul7-Ala2l L, oM I LT, B — FEBRLE <, Z OFEIBIEH
HMOMMERICEERZEH ZRELZLTVWDLIIEEHALMNTLE, Han HO#RE L =
AB(17-42)fRHEpk K & 7 /v TliX. Leul7-Ala2l 7. Gly37-Ala42 7. Ile31-Val36 7%
EONEIZ HEREHEOH TRy — FRTEKR I L7z BRI TH 5 Glu22-Ala30
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2

P L CRRHEFE AR 2N S, I Emgc, B ERIT Figure 5 (a)lZ/k3 PB-strand-turn-p-strand
motif Z FFOELJE & 72 %,

(\ Fibril Growth

-

C-terminus

Figure 7. Schematic model for fibril elongation by AB(17-42) proposed
umbrella sampling and REMD simulations with a hybrid-resolution modelt**,

1.1.4. AP EETOER

AD ORI BRIGRIER Y, MEH L2 WITTHEOHBEOLZHITIZ. Ap OEET =
EAEBMRT LB EETHD, £ OSSN ABHEKRD 3 ODRRS
fH1k T & % Central hydrophobic core(CHC, Leul7-Ala21), Turn region(TR, Val24-Asn27),
J O Second hydrophobic region(SHR, Gly29-Met35)73, ¥ 7 ot A [ EE & %2 1
Il lERm LTS, HEERO NS OBEBEOBKMEREZENT, A pOE ) <
— L2 #4 %8 72 driving/stabilizing force % 5- 2 204 1091881 < 512 0 AR T F RICE(ET
HMET I BIT. BEOHAT IV AKRNB V= FNOLEMNMITHET L ERHRE
EHL T 5 13663, 67, 68, 14T, 15T 169178 | j= | AR B BA AV OFEDR, ABEETLT 3
oA RERY X7 BEOREEFBEESE L Z EnmE S Tnp I

Ll ABOMMEKR O A Y I~ — O ERIFEIL, 206 OBREMATICR O T
WpE =2 ey X2y YUY =T KRFEO Hou B DI NMR % i\ 72 iF 22 P97
5. Ap DUEEE T ot A DOMEREX (Figure 8)N /RSN TV DA, EBRFEOHRICL V.,
Tut ZDOMBERRBITIIARARERTHDL LN TWVWD, D7D, ABDEHET 1
EADORKITIRMATH D, £/, Y I~—Z2 50 ABEERPMREMEZ R T IEHE
AN =R BZHONT b RMAUITH 5, TE, BAFEHIEF O Sorgjierd 12X 5~



1.1 Wi & 11

DR E RN ERIENGS AR A A —OREHEENFEMEICEEGE L TWD Z LR
BENTWEN, ZONEBETIHL ISR TWARW, #o T, AP D IKHEE %2 R
T U_LTHEMICHBT TESD Ty Ialb—ravid, ABOEEA T =L, ROF
Va~v—0NHmMEEZ TR T AN =XLOBHICHT, RELRERPHIFTE D,

Oligomer
Y Ao Q%b = SR
t. z' - -_— dﬁ -
Np A, ~ §%%m
Monomers Protofilaments
- _ - Fibrils
Random = g -
(NMR detectable) B-sheet

Figure 8. Schematic model proposed by solution NMR study!®® showing

the equilibrium among the different AP aggregation states.

KR, £, 7V =RV - T VLIS X —RPEZT T T ==a )L X )L7
> Kahler 512 L5 ABMMREA Y I~ —I1Ck+ D5 MD ¥ a2 b—v g Bneg 4
A —DOMMEETOREAT=ALICET LIET VR ERE I TV S (Figure 9), =
DETITIE, WORAT v T THRHENKE L TV (1)-B) /hawnwrm b7 47 A
k (protofilament) /" H K& W7 a h 7 4 T AV F~DHE;, K& VWTr b7 4T A
FRBEE L, hEanWTm b7 07X B El B5)-(7) /hawnwrr b7 07 A2 M
TORAICEDZNENT BN T 4T AL IRT O, 8) 702 b7 4 F AL FRT D
g, (9) MMEEL, AT v 7 @NE, KEWTa b7 4 F7 A2 MIEZ D EHEEOR
CABFERIZE-THIEEZESND, ATy 7B)-(NNTTr b7 47 A Mal kAR
THEEKRTHZEICED, AL REEET., A7 v 7@)D Lo, RK&EWnwWFua b7
A TAYINXTHZRT HIENTEDL, E-oT, HEEHIX, 70 b7 47 A bR
TiE, MHEEROZOORME L ToOREEZRZLTWD E/MmOT TND,
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dynamic protofilaments protofilament
equilibrium pairs
s (D ®
amyloid s —
monomers __—J» % %
4-5-mers 8-10-mers
&~ O

~ @ ®

6-mers 12-mers

plaque

® 7

fibril

12—-48-mers 24-48-mers

Figure 9. Schematic model for the growth mechanism of AB fibrillar oligomers!**"l,

12. XD ERBARDRE

IHNET, ABOVIEEEEZHALNCT DD, Hixlp Ty Ialb—varyTiks
AW OBMMFEMTON TE I, L L, Ap HEKRC 8 A3 & k23 9k
WIZEWZ®, ABICX T 2EFGmMIEICE W TIX, kD MD X Y & )i & PH |2 B 2R
BB ARRARFTOYIab—ya VFEOENPLELR D, FIZ, REMD ¥ = b
— g 10129, 130,182 By VR ERIH TR A R L ERIEE Y T LS TE D,
EBEIZ.2NSHDOREMD Y R =2 b—3v 3 b NMRESE & LB AT e/ fll 2 D HE B (A
FOXZEBEROZERENREINZ, L2rL, ZTROLOEEOETREZ, ErL 0
TERBEICHEMEI AL Ty, £/, 20 AB Z &K1 REMD D JRETH 5
Hamiltonian-temperature REMD" 1% % 3@ I L 72 Coté b o AFFel o cix, 7 2 7 e o il 84
FHEAE—XELTRELTBY, 2R AH LT, HHEME. KO
MOMBEEROFMA AR+ THD, 512, Zhu HEPNEHE KO MDY T 2L —3 g
VICE OB A R B ERE Y T L, EOFR L0 F G EH TR TS
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TRNLF—F I, REEREEZRELE, LU, 7 F 0% IEEEICIKET 53
TA=—FERHNTEY, TSP HENTT RV X—Tix, 87255 MO HE
MR RZEERZRBERSFMT 22N TERY, TOHIZIE, ab initio 4 LA
(Molecular orbital; MO)FHHE N ML ETH L, £z, LR THETHAETIE, ABIZEEN
27 X BREOMEAERNE S LV T ch TH2RWn,

F72, TEDOEEO AB(L-42)H Bk, KO &A1 5 B #7103 105 129, 13001
X, AR DREIHICHFEET DKy FEHDIZEEL TWDNR, Ko +» Ap OLZEMLICH
AOEBIRALNIZIEIN TR, —fRIC, ¥ X7 BEOE®B R & 04K 1%t
9% 47 1 715 (Molecular mechanics; MM) ¥ (X MD §t 5 CTid., KR ECOBEEE2ZE T 5,
WE, EERESFRBEEPICHFEET I LT AN, BEFoREIX, WS o
HENEBENLT., DFORBRPNENTLEI LA DD, BHOEELEZET DY
. BREHEETVERH WD, HO5WVITRERNICHEDLDICERES FE2ED T Ialb—v
AV ETY, WREEET VL, Bz EGEHERE AL, BHROEELZZEET D
FHETHD, —FH. BESTZ2BEDICEET 2 HIEE., BMICEEOEHICEEsS 1
EAMLC, BEORBEEET 5, WBEEETAVTIZ, BES 2 BEDITH D2
Wi, WIS TEBEDICEET L LB L T, R X IR THER, B
BOMMREORBENNESLS Y, ZURXTEDT7 53— VT 4 T EOBEERN
W Z D, Lo, B2 HEEFERLE L TRITZD, BES T EOMAEER.
2. KT LDOKER-EREDOHRERZIMD AN N TERY, ZOD, HHS
TEOMEERICEY ., THRBESLZOREENELT 20 FIoxt LT, (REEEE
TLERWTHRET &, MEBEOHRE., HOVIEERMSGRE B LR2VHERERE
SiD A REMEN H D, AP I B W Tik, Gnanakaran & @ AB(16-22) ~ & K2 %t 25 REMD
FHEPADRER S | K TR BRAEREOREICEHE T2 ERRBISL TS, €
ST, BEO APEEER, RO BEEEOLZEMICTH L THAY FREFLT 5 et
NE<, A BORBRBICHEETOIAKGFEHDICEET OISV ELRIHDL, LrL, Lo X
N, PERDBGBZESI1X. AP DJEAFEICEET DK FREED Ap BHEMER, KW
CEBROZERICEHEZDEEITHAL NI ATV RN,

E A NMR FEBRT 8¢ i3 AR O N RSB SNIZFE S WIEfEE2 LCTH Y, HiENkE
SNTWRWNnZ b, ABMBRHMEICK T 2B @mMF%E TiX. N Kimfdy 2 & EE 7. N K
WICREOH D, HDHWVIE N RKIEEA Z 2 20 s AW sesln £ < F1E
T 5, Bl z1E. Huet 5003 AB9-40)D e b “BAREE 2 ERR L. N R K48
L7EZREET. MDY I 2L —a v 2EFLTWS, LaL, NKEICH T 5 BRI
HHVIEXRBEIE, ) I —BRICEEE 5 2, £, Lihrs 50 %ITHEPTOH
PSR &3 BAIC, AB(L-42) D RICE T % B, K OHEGMZEN o RiX, N
A IS SN TR VWDb T TR VW L A2 LT, &5, N KT AD fhiE %
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BOBEERTE F—7 (FURRERE) OBRERICRLZ EEZLRL TV 20
o, NRikdsz 2RO ABIZHT D REMD Y ab—va URBETH D,

1.3. AIRBNWEER

AHFZE T, WEROHEGRMFEORE L B JE L. AB(1-42) D KL HEAE o 1) ] B [ % fif
A 5720, BEEHETORFEF REMD ¥ 3 2 L—3 g 80 I8E I A E o AB(1-42)
HEfR, KOZEBERORERE  RGGHICHERSET 5, £, abinitio 77 7 A v by 1
#ifl 1 (Fragment MO; FMO)M82 19005 8z 1y | 5 5 7 ZERE O i b | i & E Bl %
BrLNALTHRET D, 2O, ABORAFICHET 2KMAKEBHDIZERT D2 L1
E 0 KFIKRN ABHEER KO EEKOLZENICHEZD2EEBLWALNTT L, I HIT,
ab initio FMOGtHEZH WS Z LIk v, AB1-4)ICE&EN DT XV BEEMAEIEHRZ2E
T LV THEM L., AB(I-42)HEEXRL D WVIT —BERNEZET S LT, EO7 I /B
HMEERANEE TOHLINEWHLNCT I %2, AMEORNE T 5,

ABD “BREHRIZTBEOVIHOEE LR AT v 7 ThHY, “BRKIIKR/IOVT T AHE
MR THDH, 5o T, AHFEND, AB(1-42)DOHER, KO BEORLZERE., &
OREERBIZBITHRFEN 2T I VBB AEERNHE TEIE. AB(1-42)0 — &
KR ERE, &5 VI - BEREEZREI T 220 0KS F LAY O T 2 EIC,
FEFWICHRA LD, TN ERTEIE., AD O RIJELCHHIR O HEFT 2 4 2 5 B 3K o B %
WHIRT D2 R TEDEEZEXOND,
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B2E HEXZR

21L.APHEADEAZ NMR EE&

AHFFETIE, BABICBWTEEFIZE TN D AB(1-40) K O AB(1-42)D H B EEHERE
ICHEND ABLl-4)Z 3 REd%R E Lie, 20 AB(I-42)HEAK DR ERE 2 RTRT 572
b BRI E - Bk O RS ST — Z ~X— A Protein Data Bank(PDB)IZ B &k S LT W B IR
W NMR 2, I E S L CHRM L7z, PDBICIE. AB(1-42)D H E&K D& T — ¥
N2 OB S TWS(PDB ID: 1IYTE 120QP8) (Figure 10), &6 6 8L 7 —7 D
WM NMR ZHWTHE LM ETH D2, Figure 10 127 T K H 12, MEF X 6 AMHE
IR T 2EEOEEGNRER DL, ABERERKICEEND T I/ BO ZREEIT., ERIC
AWDBWBICE > TEIET 2P0 EBREMHFICLV R THEEENSOLNDL, 2
o0 AB(1-42)i2xt 3 5% NMR @ %5k TliX. hexafluoroisopropanol(HFIP) & /K @ &
AEBEAERAOCTE Y, LIYT & 120Q TlE, HFIP L KD EIG N R D, HFIP: KOEE
X, 1IYT & 120Q I2B W T, T Fh 80:20, 30:70 % TdH 5, 1IYT L HFIP 3 &5
GENDIEHEPICHY, KpH DBRETICHD EEZOND, — . 1Z0Q X8 I IZ K
DNFREEFECHFELTWNDEZEXLND, AR TIE. UYT LV b 120Q O T B
NMR O3 fREEN B2 & 225 . 1Z0Q(Figure 10 (b))% AB(1-42)H E (A D IS & L
THEHLT,
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(a) (b)

N-terminal

-J

N-terminal

z C-terminal

& A
N

C-terminal

Figure 10. 3D structure models for AB(1-42) monomer determined by
solution-state NMR experiments: PDB IDs (a) 11YT and (b) 120Q™®.

22. A ZEHDEK NMR 1B &

Ap DEEE T o R ZIHEFICH 2D, EBRTFIEORTO AP ~EEKO#EER EITAH
#ChHy, Bk, PDB I ZEBAE DO EEEIXFE LRV, £ 2T, A TIX, Huet
5D MD ¥ ab—a B FERIC EENMRERD OB LR RS ETT VA
Hic - BEREGEEZER L, PDB ICIZE AR O AB(9-40)HRHE D 7 (A RE & T — & 2N H il
4k KTV 5 (PDB ID: 2LMN, 2LMO, 2LMP, 2LMQ!®8! 2M43"®(Figure 11 & O* Figure
5(c)). 2LMN K Y 2LMO 1 AB(9-40) 12 &R DO M{MMEE TH Y . 72, 2LMP K TV 2LMQ
1T AB(9-40) 18 BEIEDMAEME TH D, TN 5T T THEMAE NMR % H 72 [7 U 52 5 8
MWHEELNTHEETH D, 2LMN & 2LMO DO SR E %2 . SO EhC % L Tk J5
5R 5L, Figure1l (D X 21220, EbLbIFIERLHEEEZL TS, LaL, #
HEEHIZ KT L CH T D R 5 &, Figure 12 1R T X910, HIBICR s ETH D 2
EMZND, THRHOREEIX, MMEST O N KA ET S FEeE EHEL LT, CK
WA ETFTOELLICMELTWWLINE W) RTHER D, 2LMN @ C Rimas N Rim D -
HEvdy EICMET 205 L, 2LMO @ C Kigid FICALE T 5, 2LMP & 2LMQ (2o
WTHRETHY . BRI LT EFANS TEHFAUEEICRZ 228, BEAM» L
TlX., 2LMN & 2LMO LRI UMEA RN H D, £7-. 2LMP & 2LMQ D& X, AD %
DFENBED D EFEERE S VB - P8 S 7z AB(9-40) D # HE KE i (2M49) "8 (Figure 5 (c))
ERERIC, ZRBMEEZEE-> TS, L2L, 2HE0HED invitro EBR 555 h
bDOThdm, £, 2MA OHEEIXZIBEKTHLH R TR D,
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(a) | C-terminal L
)\
N-terminal ( A
N
N-terminal
(b)
) N-terminal

SRR

Y/ +——C-terminal

C-terminal /j ‘

| N-terminal

Figure 11. 3D structure models for AB(9-40) fibrils determined by solid-state NMR
experiment!®®: PDB IDs (a) 2LMN with 2-fold symmetry and (b) 2LMP with 3-fold symmetry

(a) C-terminals (b)
N-terminal
N-terminal
\ [/\N—terminal \
N-terminal g [
\_’\/'\d / g :A\

ChainD —

/
Y
A\\S\N
pe
i

C-terminals

Figure 12. 3D structure models for AB(9-40) fibrils determined by solid-state NMR
experiment!®: PDB IDs (a) 2LMN and (b) 2LMO.
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AB(9-40) 12 BEK D BMEREEQLMN KT 2LMO))»H &£ E TE 5 “BEKICB I 2 HE
EOBLE NZ — 1k, REL T, BEENSZNEh LT (Figure 13 (a)). % 4 (Figure
13 NI ET 5D Th D, AP(9-40) 18 BEOMHMMEE TH 5 2LMP, KO
2LMQ(Figure 11 (b)) % JEIZ —“ BAEMIE Z/E T 2 LEEMER &S R LD, T 61Tk
4 L. AB(9-40) 12 EARIZBI§ % 2LMN & O 2LMO O #% i (Figure 11 (a) & 8 12) % £ H
L7z, RWFETIE, 2O oHEE2EKIC, ABL-42) —EXROWMEEZERT 5, 1F
FRFEMEOFHEM OV TIEER T 5, 72, 2MAIV8(Figure 5 (¢))ix. AD HH O # ABE )
SEBERRER S BRI - E ST AB1-40)DMHMEREE TH D 7=, T Do in vitro %
BN DIRESNTEHEELDV S, E FOBMAD ABIZIEWHEZL TWDHEEZE X LMD,
S HIZ, N RIgICREDEBEB RO RBENFEL WD, REBPFREOM TN L ER
W, L2l 2MA) OREET — X 1L, RFROBBBRICAR I DO TH Lm0, =
BERBEOERICB N TEEL TR,

(a) N-terminals

C-terminals

(b) N-terminal

T\~ (C-terminal

C-terminal W/\M/

N-terminal

Figure 13. Schematic pictures for configurations of Ap dimer:

(a) layered dimer and (b) adjacent dimer.

F7-. PDB 2%, [E A& NMR EBREI0 & g S L2 AB(17-42) 5 81K O ##E o 37 1 K
&7 — % (PDB ID: 2BEG)(Figure 5 (a)) 23 fF1ET 2, L7 L. AB(9-40)#kik & ik L <,
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AB(L7-42)#ME 1L N KB AN BT 2 R H O KRB N L <. £72. AB(9-40) 12 &K
DEHIC., “BEOERE XX — 2 (Figure 13)2 &EE T2\, £ Z T, KBFZETIX., =
DREEIIBRH Lo T,

v Ial—rarilBiTbs AP —EAKRONIEMEIEE T LIL, “top down”dH B W
I%”bottom up”77°1:l~7’“%Fﬁb‘fﬁiﬁliéfh6“°51 "Top down”” 7 1 — F &, KB
Huet 510 X 912, Ap “BEOPIMIHBEZHROLY I~— D5V ITMMEHEE D
ER3 5, — . bottom up”” 7' = —F (X, Figure 10 D X 5 2R &EED 7 + — VT 4
VIREEN DAL — T D, TDD, EEREO AR CERKBERK T e AL EREIZYVI 2
VL— T 52 ERTEDL, L, BET 2 _EEROYMBELED R FZ — 3T EER
B, Zhu HU®ID X5 c, BRx R YIMIEEEZER L, ThZhicd T 5 MD v 2 b
—TaryBREBELERDL, FORICEBWT, "topdown” 7 7 —F ik, Y EE AT B E
IR 22 B 08, “topdown” 7 ' —F TIERL S L 7e &R, WIHIELE O FE R T, BEIC
BY—tnBgEh#HEsihoTcLEHN 2o, AT, REBREEZ LB
LT&xHREMDIM By 2 o L—v g 02 H0VAEZ LIk, "topdown”T S —F D
RIBZEMN, O OOPIBELEN S, xR EZEMBEZRET L L& LK,
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BIE HEFIE

3L ABI-)BEEAXRBRUV_EKRDOADHBEDER

KHFZETIE, ABPI-42)HEEROLERIEZ KR T 5720, PDB IZREE SN TV IR
% NMR # 1% (PDB I1D: 1Z20QP8) % AB(1-42) i B A D I MM & & L TEH L 7=, Ap(1-42)
HERIZIE. 32O AF VU (His)EEN T TV 5D, His i, H AR TR BEE 2 pK,
BE60%Z "L, KAND pHDZE(LIZE Y, KFEMHFEFOFKERE (Fr hx—2 a3 )
DAL L Z v pHIZ sensitive 72 7 X VR TH H His ITMSHICA I ¥ Y —LVEBRERH,
CORIZEEND 2 DOEFRN)R I HIER B8 ET 5, Figure 14 [Z-F KL 9512,
HisOo~7 v hxrx—Ta VI3 ELY ., TOZEIIT LY Hid, Hie, Hip & FFOS T 5
N5, HidiZ s NJFF, HielZefftd NJFF. £ LT Hipldii 5D NJFEFIZ H
TR ET D, Hid KO Hie lZEBMZFFLTHETH L2, His 7= b fbL Hip &
L E EMEOT I VMBERD, o T, HsO7r hx—va ok, #
YRTBEOREMMPENTLIAREMER DD, o, T I BERD pK EIXERICLY
WEESNTVWDIN, ZTOMITEAAORRKEICIVELT I, 2o X7 HICEEND
His Db D L TR DR @<, pKelEZ TFHIL, 70 b x—va v Z2RET L
ENRNDHDH, T T, RFETIE. ABL-42)IcEFEND 3 2O AF VU (His)Ekon 7
nhFR—va rERET S0, PROPKA Web Interface 3.0 % vy, 4% His o
PKAE Z 3F MM L7z, ERDO MDIETIZ, YIS =2b—Yarfic, Fa brofEs - R
L7 BO7e b x—va VEREBRBET LI ENARARTH LD, KUF5E
B WTIE, ERRTHELNT pKED 6.0 L Ed His # Hip & L. 6.0 &3 ® His # Hid
&b DUVt Hie & L TH#H 9., PROPKA Web Interface 3.0 2 F W\ CTaFAffi L 7= pK.fE X, & C
D HisiZoWT 6.0 L EDfEERLIEZZENE, 2 BHD His k%2, EEMA2 -
Hip b L2, ZNICHEW UBEOHEICB W T ABL-42)E &R 2E R 2 L LT,
KW TRD - AP ICE £ D His FEED pK I, EBRICLVRESI N 6.5-6.6 D
PR, EMA L R Ic —E LT W 5,
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EN N i
N

) ) .,
\_NH \_N N\ NH

O

COOH COOH COOH
H N H N H,N

Hid Hie Hip

(positive charged

Figure 14. Schematic picture for three-type protonation states of histidine residue.

AB(l-42) B OYIE DK LD ET L E LT, PDB IZEHIN TS AB(9-
A0) 5 HE O [ 148 NMR # 15 (PDB ID: 2LMN, 2LMOEBY 2 $2 1 L 7=, = D K i& & F (2 | Figure
WBIERLEHEBERNS ETICER T ZB&BK, HO5VIEELGICEAE Z®EKET NV EAE
L., 0%, CERKEGIZ Hedl-Alad2 L Z L. AB(9-42) ~ &S 2 Ek L 7=,
MM E O REICNET 2 HERIL., WES T OMAEERICLY ., B T& 08
filt > 7V EAR L LT, ISR E BT AN TS, EO KD iSO M E
FARERIR VIV BRLS 7o, WO EEN /NS WO PRI ET S C, D, I, &
OV J $H(Figure 12 (a)) O L&A &2 L2, C-D8{, I-J8{. C-18{, XU DIEHNL LR D &
KET NV EER Lz, 2LMN X 2LMO OfEN S, ThETh 4o —&EKET LV %
ERk L. B 8l D AB(9-42) “ENRE&E A~ G7-, £72. CREWOFMIZIFE, MD ¥ 2 = L
—a Ny —Y AMBERI®¥NZ & £ %5 LEaP(Link, edit and parm)Z f v, lledl-
Alad2 FERE N ERBEEICRD L HI1C, “HA o LWy & 180°L LTHML 7=,

FRTIE/R L 8D ABO-42) —EARMHELZZNZENAKFIL, MD ¥ I =2 b —3v 3
%y sr— 3 GROMACS! ™ Ver.4.5.3 2524 & T 5 MM(GROMACS-MM) (2 L v |
KPP TOREHELZRE L, MM FEICH W T, FFI9SB & il 74 1+ S5 9l &
TIP4P-Ew K5y F+EF V2 Lz, 8OREHED R D, AB(1-42) ~EK DY)
W EOE LR DET NV ERET D0, abinitio FMOM# ™%k 2 vy T8 1 IR & % fif
ML, 23V F—2@BEEICHFMLZ, ZL T . Boic2n 32V ¥ — %22, AB(L-
) EROYMMEIE LD ABO-42) —ERORBREME L IRE L, RiFHEIZIE,
FMO &% 7 1 75 & ABINIT-MP Ver.6.0M % fl v 72,

LFRROFENSBH LN LT AB(9-42) —BIRDOK L EME KT, KRE L N K
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Bl 51 (Aspl-Ser8) O JHEHE 5 4 2 M52 L. AP(1-42) “BAE O WM E 2 /ER Lz, N Kif
Bl O #5212 1%, LEaP 2 v, Aspl-Ser8 7% 5L o H #R % 1& 25 Gly9-Alad2 @ > — i
R —¥E EICETSL51C. B2, ETFTOHEEKD N RiE L C LA R F 28 4
L2aWnWE 512, Ser8 KON Glyd © "M %% E Lz, 7B, AB(L-42) —BEICEHEEND
HisZZ o7 m hxr—a 2 o0 T, BHEAK L FREEIZ, 3 ToO His 5% X % 1E&E i
® Hip & LTHW, AB(1-42) “EFROREMAETMHLE LIz, ZOFIMETHERL 7 AB(L-
)" FEOYEIEEEL, LTI T 23 BICHNE, £, ZHUBENL AB(1-42)
AR L LTk 5,

32 ABDKMBEDER R UVEEEMN

AB DHIHAREE ISR L, AFAKZMIML, AP DK EEZIER LTZ, ZTDOE. Ap D
MPEED X, Y, ZHDO 2HFEORETINCRDELHIIC, KRy 7 ZAEFE LT, AB
HEROF % Figure 15127779, AB HEMK D X, Y. Zi0X, T £ 50.85, 24.92,
2031ATHDH-0, BRETHAKMA v 7 A0 KE &%, 101.70%X49.84%X40.62 A® & 7
Lo ZORy 7 AWNIZKIKZ FRES 5 L, 6661 [HOKFIKBZfIIMEN D, Ap &K
COWTHLRBERFIEZ AW TAKR L, ZOME, 179.20X75.34x38.62 AR v 7 %
WIZ 16115 O K FIAKBF M EN T, TN O OE®R % Table 1 ICHENT 5, AR HEIK
DRKESOWE, LKAy 7 ADFEICIE GROMACSH* Sy r—Jic&EEN 5
editconf_d (_d 1 ZfERE A ~T) . KFAKOFIEIZIE genbox_d & H 7o,

49.84 A 2492 A

y__» 2031 A

’\

50.85 A

40.62 A

Figure 15. Schematic picture of solvated box applied to A monomer.
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Table 1. Number of solvating water molecules, AB concentration, number of atoms in the

systems and simulation box dimensions for AR monomer and dimer on the present study.

Water AP concn. Box dimensions (A)
System Total atoms
molecules [MmM] X Y Z
Monomer 6,661 8 20,613 101.70 49.84 40.62
Dimer 16,115 3 49,605 179.20 75.40 38.62

AKF1L72 AB 1% L, GROMACS-MMIM*ikic kv | Kk CcoREHiEsRkoi, &
512, TIRTEESRMHFBOOK, Latm) FT1InsdD MD v a2 b—3v 3 &FEFTL, Kok
DONLE, LOBEEOREMEZITV, Ry 7 AOKE S 2KkiE{E L7, 1 ns® MD ¥ 2 =
L— a3 28T 5 900-1000 ps #iH O FHEE 2 H W TRDO T A HEEK DO ELVIRE
X. 8 mM TH 5, ROEEIL., GROMACSY Ny r —i2& £ 5 g_energy_d % H
Wiz, AR HERICE T I NMR EBRET ok 15 2 ABOEVIRE L., T Th 2,
1 mMM Thadied, ZTRbHObZEERL, AB _EEICHT LIV Iab—v a3 TiE, ER
CRIBEOENVREELZHFB T HAKMAKEZMAM U, - T, Ap ~EERICKHTH T I 2
L—2a BN TIE, AB &I LTI 2KMAKEZESLL, iR LT, AB
DENLNVEEZ3mMM L LTHAEEZEITL TS, EZD MM, MD, K % 12#i < REMD
YIalb—Ya BT, FFI9SB A% TIPAP-Ew ko 77 AL m G b
FTCHEHLE, IV TNV =T KREASN—T7 L —KO Fawzi 512 X 5 AB(21-30) H & K|
%95 REMD ¥ = L—3 a3 28Ine  ZoaabEid, NMR T —4 & B —3
ERTZENHRESINLTWVWD, £ T, ABZE TS, FFI9SB /155 & TIPAP-Ew /K47
ETNEMAGDE THWE,

3.3. KL= Ap DR EEEIRER

KF LTz AR DL ERE 2 JRGHICHE > THREK T 27O REMD ¥ I =2 b —3v 3 U &
FE4r L7z, REMDM Bz #HET 2 R50avr— (V7 U h) 2EEFEERL. Th
FNRLDHEETMS L7 MD &2 =2 L —3 3 v 24 T4 5 (Figure 16), HE 0 &t
T, A bR RHEEHEN, BRB2L7)VIF0OEELZLEHBL, TO®RELZ T
FIRR TR0 RS,
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Replica4 S e
i MD Accept
Replica3 {me——- i
i MD N Accept LN
Replica2 ;~‘ i +»— \-
i MD i €x* < eject
Replical i—p- - * e
i MD
m Simulation time
' At i At i At

Figure 16. Schematic picture for the procedure of REMDM8 81 calculation.

KWIICFRT A P RY ZHEEZ, VIV IAFOREORBERZEHRZL TV D,
2T, X XL B KVE@QIE. ERZENBAEDRE, RORRE, ALY~ EH kgL
BETOBOWE., FRAOMNEBEZEQCB T HIRT Uy Lz 2 F—%£7, BE
DREXD SR DOIREX' ~DO LTV It DAZHHEZ, V7T nkOmicld 520
TNOB, E@QICE > TERINDIADMEIZHE D, ASODHFEIL, BAEDOKREXL Y LK
DREXNEREINDI @M RO BEHFIZ VTV IOLZHMEE KT D, . A>0D
BAEIIE, 0006 1 OMO—#ELHAZ R ESE, 1 <exp(-M)7e b XV 7V T ORH%E
TV, ZNLSA e b IER BT ThR v, #oT, L7 U I n KO m @A IRE LG
Ny < T,0 & & E(qM) < E(qM)2 5 13a>08 720 . L7 U I 5t OIRE O 2 e hs 43
Tonsd, ¥z, E(gM) > E(qM)7e 51, S HiE Rexp(-MDIZREV. LT U T 5k D E
LR ITHOIN D,

. 1 forA< 0
wlX ->X') = {exp(—A) forA> 0
where A= (B, — B{E(q™) — E(¢™)} )

V7Y IR OZ T ANERIL, B2 L 7Y IxtOREZICHE> THEERBEK
BT 5770, EEEO REMD ¥ 3 =2 L—3 3 > TliE. Figure 16 IZ/R L= K 912,
KRBT L ZREZRSOL TV A TORITHON D, REMD EOF] fIE, JE W IRE
#HHCREREEZY TV 7 TE, VTV IRBOEY A I T UNE, VoL
UBIEHEEREST, MY LEFREE R0, FREMEENKE S, BHFHAEOME
MEVWRTH D,
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KD REMD ¥ I 2L —3 3 L I2HB W T, Ap B EKIZ S\ TiE, 270.0-363.4 K
DORERBEAEZFES MO L 7Y I &ZER L, Z&EEIZOW T, 270.0-363.8 K ® iR £
HEEZFFO 2oL T Y W EERLE, 1FHOLT Y IOBAERETIZ. Q)15
Hz2bb, Ty, Ty, NiZ, TR ENTRIEE, ERIBE., V7V DHTHSL, - T,
AP HEKRICK T2 REMD I 2 b —3 3 L IZBIFT AT, Ty, NiZ. #hFh 270.0 K,
363.4K. 32 L7 5 UTOXNLHEXONDIESAATOL T Y I AZHAEREOFL)IL,
ABHEREL P EERKIZEWT, ZAZENH15%, K116 % TH 5,

(2)

F7-. REMD ¥ =2 b —va vy THEALESGHZ, RICEHNT H, X7F FROK
R OMEAHEME, RKOKS TFTHROBAEREEGME. T T LINCSH®,
SETTLE!®I 7 L ) X A2 X > TR L. MD Y2 2 b —v 3 VORMA 2% 2fs & L
oo T2, V7V X ORHIT 4ps HICHRIT Lz, IEREMAEERIT OV TIE, van der
Waals fH A/EH . A OEEBEfGHEMA/EH%Z., £ 24 Lenard-Jones A7 > ¥ % /L
Particle mesh Ewald(PME)®* L2 L 0 §Ffi L 72, ROREZ ~EIHRo7Z 0, GBS
-Hoover & FE I PO E A L72,REMD v X 2 L — 3 3 > THWE LR O, AB
WEAR, RO ZEEICHT 2 RBEOFEIT BB oy R, ERER L KT
LHEERDELNT NS,

ZLFUHICHLTE0ns D MD ¥ 2 b —3a &7, HEAKEON _BIKT, %
NENAEE 16, 26 us®DMD 7V =27 MY 2, Ky Ialb—TarOfiRs,
FIRGBOK)TITLbN2FEROBR KT 720 BHEMKRE BT, 2 ZE 1 288.7-
311.7 K(288.7, 291.5, 294.3, 297.2, 300.0, 302.9, 305.8, 308.8, 311.7), 289.6-310.7
K (289.6, 291.3, 293.0, 294.7, 296.5, 298.2, 300.0, 301.7, 303.5, 305.3, 307.1, 308.9,
310.7 KD EHMHDO MD h Y =27 RV ICERLEZ, 26D MD T2 =27 KU »
5, TNETNHRK/NDOKRT VXY VERX VX =% FORERELZS 7V 7 L, K
L7 AB HERKR, boWVWIT_EFROREHEE L, ZhoOoREBEHEITK L.
GROMACS-MMM* L 2 v 2ok To bt 2 ke L,

34 KMLI- AP OEBREEBEEDRTE

REMD X O MM Bt RICE VW G b kb Eo R 26, KfnLz Ap HEKR, &
HZ0F CBARORLERIEEZRTETDH2DICIE., ThALOET R)LX — % &k E Ik
ETHOMEND DL, MM IETIE, BAEICIKGFT DT A= Gz H T
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HI NG, B LEEMOMEMNRREEZBEERLFMIT LN TE RN, £
T, ABFE T, ERR ok EO 2T XX — % abinitio FMOM2 003k 2 A v
TERBEICHMLEZ, Z LT, Gohie2cx A X —%2RKIC, KRIL7z AP HEKR, b
DN B O RREREEZRE LT,

FMOLIZ., £04 D LB REELLBH/ NS 7772 ] iZHaHIL. 7
FU7 A NEKERET €/ ~—(Monomer)] KT T 7 XA X7 HET [ A4 ~—
(Dimer)] OHEOHL ML, REOT T 4 (BFHEE) ZRODH, FMO FHHEIZE W
T, AP OERmMLJEI 8 (HER) HHW0ix 6 A (TEK) UNOHEEEICFEMET DK
DT DOHREBR L. AR OEFICIFIET 2KFIAKD AR HER, KO EEKOZEMEIC
52 2 BEMAT L, K L7 AB BER, KO 8{KIZx 4 % ab initio FMO it 5
BWT, TRZF4 997, 1151 HOKGF+A2BEL TWDH, AB OJEFHICHIET 5 K5H T
DL, ABHEEERDL WVE - BEOEEMEIC I TEZR DL, UL, il (b
DX 2 2B E T 272D I2iX, 2@ TCoOREEHBETEERET L KD 0K %EHK
—TORERH L, TOH, RFMOFEAETIX, BET 2Ky F0%% ., BAMICIFE
TOHKRGTOEN KD ERDIEEEEEICADY, K— Lk, 72, 7 78ME. 7
JEEE AR TR ROKS FHOMEERT XX — 2 MICBIT T 5720, %7
RMBEOEARSFEOEDDT T T AL FELTEY YT, AFMOFHHEICB W T,
HEEHZAALX—Z2 LD GHEICHFMT 272D, an A% v %227 NH-n, X CH-n
A AE & IEHEIZFEM T & 5 ab initio MP2/6-31G &2 A L=, & 512, FMO & »
LBELNIMAFERAZRI ALY -2 L, EOT I VBN APHEERERD L WVIT &K OD
LEICEBRTH D20 EMP L, KEFRIZIE., FMO 35 7' = 7 7 4 ABINIT-MP
Ver.6.01 % fu 7=,
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41. KMULT- APHEXKICHT HIHEER
411. REMD RUMMEIZEYBoh-REBEDREILIEE

AR TIZ, REEFO ABEERORERIEZ KRBT D720, iR NMR #§ 1%
B2 WM& & L .270.0-363.4 K DIREHPH 2 FF o 32D L7 U 4 % v 7= REMD!®
Bl 32—y ara2EfTLiz, £, REMD I ab—ya iz, L7V BRA
R ZIASBHLTWDEINERIET SO, VYU IRBOX A I TIZBIT D,
ZAVE AU T RIE FE(270.0K, Replica0), M OY EFR{RE £ (363.4 K, Replica3l) x> L 7 U 7
DNLE % fE#HT L7-, Figure 17 27 77X, REMD v a2 b —varyHF oL 7 U b A v
Ty I ADHEBERT, ZOT T T7TOHMIILVIIIDOAL T I AERL, AT
I ADEPNSL LB, VYD TRBEICEVEGREZRL, HAKEL
AR, EREEICGTEVEAREZRFOLTY D ERS, o, BENZ I 2L —v
a VIFRICKHIE TS, EBHHL0L T U6 ns O T, FRIBENS EIRIEE
T, ®bH2VWEZxoHOBEHZL TS, EHL0L U hb, B O, BEEDOIR
FE > B IR E (Replica index =15 0r 16) & TZEHE L CW\W5b, =Dk, Replica3l i 31
ns ¥ THIH O L [RIEFE (Replica index = 31)F THE Y . —J . Replica0 i 39 ns LLFE I
W) HIE L (Replica index = 0)E CTRBEI L C\W5, fit> T, A#%ED REMD v I = L — ¥
BN T, KLY BIFREZEMEHDERBRIBEHL TN D,



FHRR R & B

b
W
it

30

30 RIS 00 Bume 25 SRD 2 20 aSe@HOIS we w » *n v w e o G BIOW B MO INBIS -
£ + CUR 40 UD DGO SO WED S U D WHHG D O B0 DD 49D 08 ¢ EBs0s B .
+ wrene oowen o PoWB # 0w o GBI GBI WD SIS 4O B UIID S MO HIDE DIEO ® O+ B+ BB MONONES  © .o
e e B W @ - o B IIDID BOIEID 24 b SO SIS W SIS HBEN MO 40 PERY TR TR IR R S ®e
25 om ® o sameem ¢ e @ we onE ew o s S0+ M ImanS o o wEs s 0w s e e
e o o cwen o @+ @wem e » RN 3 - oo o o wme w +
oo e o @se ® ®wo e = ” o @ o o v ”» ew v . wmesmw o
54 20 e »e ve o @ “we @ o - “w W cramem + eoseme o4
Q e - cem . - . B IEEemed o “ owewmn <
i) - - oo - ®  enm semaww e oW o
s:: - . w e - e e @ere e o
o p— - . - - - + » oes * o -
< 15 °s ¢ . °* eoe e - - - e ‘e
Q - + LR ® . onoes oo o - ¢
. — . + e 0 somn e o e o PR
'_Q‘.‘l - “ e *e o0 w0 * o o e & - < .o
(D] 0 ° - o . . @ eme ® oo oo R - »
m - "o o & oo o " oo - a0 esse oy + e + e
R e + wmm wow » * o < o n an o e o @ we "o
- @ o o o0us @rwee o *r ® - + o e o+ 0w
5 -------- S D
e O 40 @B % S0 WOWNIN OB . s @ wooee
> wwame sun o o B+ 20 @ e ® s00m @062 00 o0
b @umne + we - + oo e e - o »
0 > oseam  me - il oo | - ee

0 10 20 30 40 50
Simulation time (ns)
- Replica0 - Replica31
Figure 17. The time evolutions of movement of replica indexes for Replica0 and Replica3l
during the 50 ns REMD simulation.

WIZ, 288.7-311.7 K DRMEFPHICHIGT 2 9O MD P77 V=27 MU, TR T
NR/NDRT VY VT XV F—ZFFOMEL, KL AP HEKRDORERMIE L LT
Yo 7Y Lz, Figure 18I/ RTHRT V¥ ¥ VT XX —OREELILT T 7%, %
NIV VIR ZERNEFROREICBNTEEELL TSI EERLTWD, 22T,
MDAF v 7 vay b, k/hORT Uy o x VX —%2RoiEL2, ThEhs
RETHy 7YV 7L 9MoREMREE B, 2h b O REHEEZ GROMACS-MMIY
ErxHw, KPP Cx#fb L7z, £6DO&E{LHEE A Figure 19 [Z7R”"7, 22T, AP
HEROHBEZHARICRTT 570, BAEOKMAKEZIERRIZLTND,
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Figure 18. The time evolutions of potential energy during the 50 ns REMD simulation for

the nine replicas having the 288.7-311.7 K temperatures.
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Figure 19. Optimized conformations of solvated A monomer sampled from

the 288.7-311.7 K trajectories of REMD simulations. The structures are colored by

secondary structure type (red = helix, cyan = B-sheet, green = turn, and white = coil).
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AWFFEIZ BT 5 REMD LY MM #HEIC X0, KFn L7z AP B &1IK D% & Bl JE % IR #
PICHERCE -2 L 2RI D70, Figure 19 O bt E 2 I HI#E TH 5K
NMR # 7 (PDB ID: 1Z0QP8) & Ltk L 7=, Table 2 ([24% 4 % X 51T, wiE (b & 0
K& (Table 2 @ Initial) [ Ca J5 712 %3 % %) — {7 7 (root mean square deviation;
RMSD)fi % H i L 7=, RMSD i 1, H i (b & O 7 1 AT r, & & B JEFE T b 5 1) Bk s
DIRFERET e, DT ND "R BT FITHLTEHL, TOETMREMSTZETH Y |
XN@B)TERIND,

2
RMSD — JZ?&("L’ ~ Trer)
N

(3)

2T NIZAPHEMRICEEND CalR FORE%EZ £+, K% T, GROMACSH™
NRolr—2ICE&Eh 5 g rms_daHfAVWiz, Table2 ®» RMSD i1 7.7-11.4 A TH Vv | %
R E X EEN S F L BENEL LTS, S50, HEMEER O RMSD
EaRHL, 74-172 ADEE B, > T, RIFRICHIT S REMD KT MM 5 12
X, KfL7 AB REKROLZER L% N ICHERE TX 1=,
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Table 2. RMSD values (A) between the initial structure of solvated Ap monomer (PDB ID:

1Z0Q"™®)) and the MM optimized structure for each replica with temperature of 288.7-311.7 K,

and RMSD values between the optimized structures.

Conformation Intial @ () () () (e M @ @O

Fig. 19(@)at288.7K 106 — — — — — — — —
Fig. 19 (b) at 291.5 K 7.7 10.7 — — — — — — —
Fig. 19 (c) at 294.3 K 92 144 132 — — — — — —
Fig. 19 (d) at 297.2 K 85 120 110 97 — — — — —
Fig. 19 (e) at 300.0 K 82 137 94 85 99 — — — —
Fig. 19 (Hat3029K 109 100 95 170 140 152 — — —
Fig. 19 (g) at 305.8 K 94 125 126 74 105 82 163 — —
Fig. 19 (h)at3088K 114 9.7 102 172 126 155 76 160 —
Fig. 19 (i) at 311.7 K 88 93 97 133 98 123 102 132 95

£ 72, Figure 19 K L7 AB HEAR DO REIMIEEOHENHEEELTH LT 5
¥ . Define Secondary Structure of Proteins(DSSP) 7 /b = U X 520212 iy | — Yob v % fif
Briie, DSSP 7T Y X AE, Z U NI HO T RIEESCRMFHREEZ, 2o
JE R A RIS ERT H, DSSP 74 I U XA E T2 IR KEYE O IC
GROMACS! % o r — & £ % do_dssp_d # V7=, Figure 19 (a). (b). (c). (e)
(). HO(Q)D i LEEIZB W T, Ser8—Hisl4 IETD a~VU v 7 AfEE DO LN A
bivle, > T, ABHEKRD ZOMHEBIZ., KFTa~V v 7 ABEEZEERLLGVEE
bbb, —J5. Figure 19 (h)D s b #% & Tlx. Phe20-Glu22 7% %k & Ser26-Asn27 7%
EECTEREINZPy— MMEEZEF-> CTWW5D, X 52, Figure 19 (a) & (d) D #x i 1L 1% &
TIE, T2 Ala2l & Gly25 i, He32 & Val3e WD B 7V v POBEN A Lz,
IR ORERIE. AP HE{KD Phe20-Asn27 7% & & Ala30-Val36 7L 1d, o ik & bt
WL C. EmWHERTPHEEZIERT S22 L %2R LI REMD v 2 o L—3 g ¥R
EEMMIIC—8 T 5, Figure 19 (b) & (f)D ik kA& Tlk. Ala20-Ser26 A8 X R
WEEBERL TS, 2B OEEIT, WIR NMR EBRPINs bR v Rox — i
B LT WIER RIS TWS, £7-, REMD Ex W= BHFEE s\ Th
Asp23-Asn27 FEE AL E LEHEBICBIT 24— U BERRWHERTHELNLTWD
o> T, AWFFEICE TS REMD KON MM FHEICE » TH LT AR B &K O i M%
Wix, B NMR EZER P REMD 4 W= BRI R 2 BB T T\ D 2 L kR
T&ET,
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4.1.2. Abinitio FMOBIC &K P BRREEEDRTE

K L7 AB HERO KL ERIEZ GREEICHRET 572D, abinitio MP2/6-31G £ %
A7z FMOUS IS 5z 1 0 | Figure 19 O i ki o &= 3 L ¥ — &30 L 7=, 15
bNTERT XN X —ICERDE REERELZRET D, RKPIEICEHIT D FMO R IZIX,
ABINIT-MP Ver.6.011 % |7, K1 L7- AP HEAKRD FMO 3 E I W T, AP DA
SAREICHEIET D 97T DAY %2 H 5 DIZEE L (Figure 20), HiE oL EMIcEB T
B KFK O EE AW L 7=, Abinitio FMO %, & U8 GROMACS-MMM k12 X v §F 1l L
2T R NAX—% Table 3 I2F & H %5, GROMACS-MM #5128 ) % & & € B JE )
Figure 19 () Td» 5 @ T x L. ab initio FMO % (2351 % ik 22 7€ Bl JE 1% Figure 19 () T
HDH S TR LT AP REARK O KB 72 2 Bl JE W O F 3t 19 72 22 E M & Helg 3~ 2 BT i,
ab initio FMO #t RIC X 2 M E R E FrREMIT B LETCHL L E2H LML, K
WF4E D FMO EHEIZ I W T, Figure 19 (f) oM 1%, o fr i ks & i L T, KIKT
t 147 kecal/mol ZE THH, ZTOZ R NAX —ZITEMFNB AL HZ XL TIHEFIZRKETW
N, ThixFEICEZR (LFEFe=1) OFMOHRICENTILOTH D,

[}
C A\
7 = 4
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Figure 20. Schematic picture of the present FMO calculation system for

solvated Ap monomer.
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Table 3. Total energies (TE) (kcal/mol) for the optimized conformations of the solvated Ap
monomer evaluated by classical GROMACS-MM method and ab initio MP2/6-31G of FMO

method. ATE is TE relative to the most stable one.

. GROMACS-MM method ab initio FMO method
Conformation
TE ATE TE ATE

Fig. 19 (a) at 288.7 K -91272.5 0.0 —57534838.3 342.7
Fig. 19 (b)at291.5 K  -91167.2 105.2 —~57535034.3 146.7
Fig. 19 (c) at294.3 K  -90994.7 277.8 —57534196.6 984.4
Fig. 19 (d)at297.2 K —90898.1 374.4 —57534597.0 584.0
Fig. 19 () at 300.0 K —90905.4 367.1 ~57533766.0  1415.0
Fig. 19 () at 3029 K —90806.5 466.0 —57535181.0 0.0
Fig. 19 (g) at 305.8 K —90834.3 438.1 —57534065.1 1115.9
Fig. 19 (h) at 308.8 K -90537.8 734.7 —57534863.8 317.2
Fig. 19 () at311.7 K  -90531.2 741.3 —57534508.9 672.1

Figure 19 (NOHRE(LEENRKZE ERDIBERZPASNICT DH72D, KfaL7z A H
B K (AP monomer + water) % Ap ¥ &K (AP without water), K& OV/KFa7K @ & (Water)(Z 4y
J. FMO HEICE Y, TR EFnoL= XV F—Z3fliL7z, £, T b2 XL
¥ — (Total energy; TE)2> 5, F(4)IZ L YV . AP H &K » K Fi= 3% /L ¥ — (Hydration energy;
HE)Z K ® 7=, /> T, HE OENR KT WIFE, KFMICLD2EENKRELI LD, K
DETFXNLFE—, MO ApPHEBEAROKFI =R LX—% Table4 2 LD 5,

HE = —TE (AB monomer + water) + TE (AB without water) + TE (Water) (4)

KFL7- AP HBAR DO 2= XL X — D% (ATE)IL i K T 1415 kcal/mol T&H % DIk L,
AP HLEARD ATE 1T K T% 337 kcal/mol TH 5, 7=, KFAKD ATE, K OKFI= *
X — D E(AHE) X, T E i K T 1333, 691 kcal/mol TH 5., - T, KFAKDZE
EMEIL, ABHEKRAZOZEMELV L, KL AB HEEROREMEICH &L L
ATCWDHEHRTED, 22T, KFAKOEEBLWMRIZT L7720, KFfaLz Ap B &K
D ATE & AB HEKRD ATE, KFf1/K D ATE, kO AHE O O FH B % 7~ 7=, Figure 21
WCARTHRERNS, K L7z ABHEKRD ATE & Ap HEMAR O ATEM., Af1L7- Ap HH &
KD ATE LKFIK D ATE M., K OUKFIL7- AB HEK D ATE & AHE MO B4R % R
X, TN EFH 062, 091, 011 DfEZ R L=, 2F 0, KfaL7z Ap HEKRDO L EMEIX.

ABHERBTOLEERLIV b, HHICEET 2 KMAKOEEL L VRSZT, BER
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KFIAKZEORIBIZTE, LOVREICRDLIZEN, KIFENLHLMMNE o7, it T,
KL AP HEBERDOKRLZEREDOREIZEB W TIX, Ap BHEAKR O & IHIC/FELET S KT
KeHOLDOIZEBETHIVLEND D,

Table 4. Total energies (TE) (kcal/mol) evaluated by ab initio FMO method for the solvated
AP monomer, AP without solvating water molecules, and solvating water molecules. The
hydration energies (HE) for the Ap monomer are estimated as

HE =-TE (solvated monomer) + TE (monomer in vacuum) + TE (Solvating water molecules).

ATE is TE relative to the most stable one, and AHE is HE relative to the most stable one.

AP monomer + water AP without water Water (997 molecules)  Hydration energy (HE)
TE ATE TE ATE TE ATE HE AHE
Fig. 19 (a) at 288.7 K —57534508.2 342.7  -9900460.7 164.2 476314755 499.4 2572.0 233.6
Fig. 19 (b) at 291.5 K 575347043 146.7  -9900574.2 50.6  —47631850.4 1245 2279.6 526.1
Fig. 19 (c) at294.3 K —57533866.5 984.4  -9900429.0 1959  -47630696.3 1278.6 2741.2 64.4
Fig. 19 (d) at 297.2 K -57534266.9 584.0 -9900328.9 296.0 -47631164.6 810.4 2773.5 32.2
Fig. 19 (e) at 300.0 K —57533435.9 14150  -9900427.5 1974  —-47630893.3 1081.6 2115.1 690.5
Fig. 19 (f) at 302.9 K —57534850.9 0.0  -9900624.9 0.0 -47631974.9 0.0 2251.2 554.5
Fig. 19 (g) at 305.8 K —57533735.0 11159  -9900287.9 336.9 -47630641.5 1333.4 2805.6 0.0
Fig. 19 (h) at 308.8 K —57534533.7 317.2  -9900379.5 2454 476314454 5295 2708.8 96.8
Fig. 19 () at 311.7 K 575341789 6721  -9900429.7 1952  -47631101.3 873.6 2647.9 157.8

Conformation




4.1 KFL7- A B HERITKHT 2 EFE 5 37

400
350

(O8]
S
)

— NN
S
()

(kcal/mol)

ATE for AR without water

ATE for water (kcal/mol)

AHE (kcal/mol)

0 500 1000 1500
ATE for solvated AP (kcal/mol)
Figure 21. Correlations with (a) relative total energy (ATE) of solvated Ap monomer and ATE

of AR without water molecules, (b) ATE of solvated Ap monomer and ATE of solvating water

molecules, and (c) ATE of solvated A monomer and AHE of Ap monomer.



38 FHERE R LB

R
N
1

413 REEREICETSEEFARNORRENMEEERHA

WIZ, KFI LT AB HERORLZEHIEDOREICHEGET DT X/ B EER%Z2 W
52T T %728, abinitio FMOMSZ IS B 5 8 S - M EAEH = RV ¥ — &2 R4 L 7=,
Figure 22 (Q)I2. RZERED AB L EEXKNOMHAEFEH =XV X—2 KR 5, fithh,
FOEENT A HEARO T I VBESNOFFERT, HEKNHBEEERATHL 2D,
Figure 22 QDM AEAFH = X L ¥ — It ARICH R TH D, EMET I /B Tod D Lys28
%, Glu22-Ser26 Ok & DR WBI I EAEH %77 L7z, Glu22-Ser26 7% A X° Lys28 %
& tr Phe20-30 fHIk 1%, Figure23 ® X 912 ¥ — U HEEZ KL TV b, Z OfE R IT,
Ala21-Ala30 Ik 28 ¥ — U B & 2 K+ % 2 & 278 L7z NMR EBR o g 5 & i v
=T 5, 20X —UKEEICKT 2 ERSINMHAEEMN = X LX—%, Table 51245
LT, F—UHRHEX, B2, MET7I B THDH Asp23 X° Lys28 L =D FEPHO T
B OBRWE HHEEEHRICEYD ZEL TWD, Figure 23 QI L7 X 91T,
Asp23 OHIEH L. Gly2s D EHOERIRK T L FHFEMNICSI WM EEH L TW5D, Lys28 @
MIEHIT Val24a O FEH ORI+ L FFEMABEIFEH L, 512, Gly25 & T Ser26 @ E#H D
MBER T EKRKBREAEZER L TWD, Mx T, Phe20 DD 7 = =)L J & Gly29 © &=
$LO NHEAL E NH-n HHAEAMER 2K L TW5, B oM AEM L, Phe20-Ala30 fE
BT LDRZERY — UV HEBEDOERICHEE L TV D,

F 72, Phe20-Ala30 fHI D ¥ — U E D ZEMIZIT, WS OO KGR HFE LT
VW25, Figure 23 (b)H @ Water 1 & WY 2 1%, KFEHAIT LV Ala2l & Lys28 O [ % 45 &
L (7Y wY) §2K5CHFMLELTWD, [AEEIZ, Water 3 XN 4 1%, ZLE i Asp23
L Ser26 ®ff, Asn27 & Ala30 Ol Z 7 U v L TW5, S HIZ, Water 5 ZFKEMHG
ik Waterl & 30MEZ7Y vV T5, INLDOKER/EOMEEHT 2L X—I1%,
Table 6 (25263 5 L 512,10 7 5-19 kcal/mol £ T&H 5, % 7=, Figure 24 ® X H 2,
MOV ONDKGTNE — U EEEE AB HEAOMOBEKEZ 7Y vV L TnDEZ
EEH BN LT, WS DD DKS FIX, Asn27 & N Kiim®D Asp7 & 5 W\ iE Tyrl0 @ =
VE 7 MERELTWDS, ZTOMKEEZ. AP EEARO N KX, Glu22-Ala30 7% & N
KB OB 27 NOBRICL YV LET DAl etk % ~1E L7 REMD % v
ERATHE IO PR LB TE D, o T, KRMAKZEDICER LEANIED S
Salb—va kv, KN AK LT AR B BIK D i 22 € Bl JE (Figure 19 (f)) D % &
Bl K& FHELTWDHZ EZH LN LT,
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Figure 22. (a) Interaction energies (kcal/mol) between amino acid residues of Ap monomer in

the most stable conformation (Fig. 19 (f)) of solvated Ap monomer; (b) difference in

interaction energy (kcal/mol) between the most stable conformation (Fig. 19 (f)) and the less

stable conformation (Fig. 19 (g)) of solvated A monomer.
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(a) Glu22 .
Ala21° ;

NH-7t Phe20 \ g

interaction J | >,

& l.
Ala30
M
(b)
) Water 5
5he20 Ala21 p
, Phe L A
Water 1~ _ Y J < \/ W/ Asp23
S [20. 4418, 7 Water 3
Water 2~ _ = A_fl-SA _» Val24
= S1.93,,1.9% { 5
& B - y , ’, y 519 - At
' \ '\. R 4.\’ / -
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Figure 23. The turn-like structure formed by the amino acid residues of the Phe20-Ala30

domain in the most stable conformation of the solvated AR monomer (Fig. 19 (f)); (a) specific

interactions between the AP residues, and (b) specific water molecules contributing to the

stability of the turn-like structure. Green dot-lines indicate hydrogen bonds, while pink

dot-lines indicate electrostatic attractive interactions between amino acid residues. Some

water molecules contribute to the interaction.
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Table 5. Interaction energies (IE) (kcal/mol) between the amino acid residues of Ap monomer
for the most stable conformation (Fig. 19 (f)) evaluated by ab initio MP2/6-31G FMO

calculations.

Amino acid pair IE
Asp23-Gly25 -15.9
Lys28-Val24 -20.2
Lys28-Gly25 —-20.2
Lys28-Ser26 —-29.3
Phe20-Gly29 5.3

Table 6. Interaction energies (IE) (kcal/mol) between the amino acid residues of Ap monomer
and some solvating water molecules in the most stable conformation of solvated ABp monomer
(Fig. 19 (f)) evaluated by ab initio MP2/6-31G FMO calculations.

Residue or water IE
Ala21-Water 1 -9.8
Water 1-Water2  -10.4
Water 2-Lys28 -16.0
Asp23-Water 3 —-19.3
Water 3-Ser26 -17.7

Asn27-Water 4 -11.2
Water 4-Ala30 —13.7
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Figure 24. Hydrogen bonding network of solvating water molecules contributing to the
stability of the most stable conformation (Fig. 19 (f)) of solvated A monomer.

Green dot-lines indicate hydrogen bonds.

EHIC, KR LT AB HEER o (b iEICR T 28807 I/ BRFEHEAER 0K
PEZfRIA 9 5 7= . B2 BB (Figure 19 ())& BB ERE L DET XL X —ED KX
V™ Figure 19 () D fc i (kA & O FH B AE M — % v F — & el L 7=, Figure 19 (g)  #x J#E Ak
&1L, Figure 19 (ORZE/RE LB LT, KFIL7Z ABEEKRKOEZRXLX —D
ENKEL, Fho, APHEEFEDO LT XL X —DE|THK K TH % (Table 4), Figure 22 (b)
(2. Figure 19 (N & (QPHEMEHA = AL X —DEEZX R L, MHEEH T RLEF—D7E
MREL Ipol2T7 2 771X, Aspl-Glu3, Arg5-Ala42, M O Args-lle4dl TH Y, =
FNF—ET, ThE-76.1, -78.1, -31.3 kcal/mol TH %, AP HEAKD N K& C
KIGIWZALET D57 I B0 b OG5 /B AEH 1L, Phe20-Ala30 fEIK D % — %
BEOEKZIMR L TWDAEENRD D,

B %2 E B (Figure 19 ()BT 5 Lo 7 2V BELOMEER#EE 2 i Lz,
%2 ERCEE X, Figure24 (@)D X 512, N R TH D Aspl © 7 2/ F8 Glud A
MBELEMEE KFR-EEZHR LTS, £, Argb O EICfWHE L2 M8 IX, 1ledl
THOMBEFRTF LOCKMTHD Alad2 DI LRI L KZRKALERLTWVD,
o T ABHEEROME L2 KIMIL, ABHEROZEMIIEETHDL, 2D K I 7 AP
ORMFE O ROMEEMIZ, REMD E2 AW iHm P00kt 5,
E 52, B REMD #FZEM%0s 5 0 AR @ Aspl-Alad2, Ala2-Val40, } 0% Glu3-Val40 R
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Figure 25. Interacting structures between amino acid residues of Af monomers in

(a) the most stable conformation (Fig. 19 (f)), and the less stable conformations of
(b) Fig. 19 (e) and (c) Fig. 19 (g).
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RTPRPIC, L TERE B LT, KL ABHEERKDOEZRIALF—DENKE W
Figure 19 (e) X ON(@) D Fx AL i & IC B W T, RO R IEM OB RWHAEERIZR b
72 (Figure 25 (D) & 18(c))e L TEBEICH N, BEAOHBENMHEL TBY .. KitlHE
TABENTHNEL TS, ZO/RKR, CNOOMERXRCERLE L DL X LX —7E
MREL ol EZLND,

414 HEEROZYUMORIE : £THREDHE

KRBT DD FTI2ab—arORSEERIET H720, KO R %,
NMR BRI R OvE & ffF 2 710 28I p B & b U7z, NMR O ZEBRIX . Ala21-Ala30
A Y — B EE R T2 22O NI LTRY . ZOEEBIX, AR HEERR
Figure 5 (a) Tsx L 7= B-strand-turn-p-strand motif Z B+ 2B O IC72 5 & FHEL TV
5. F72. Ala21-Ala30 7 7 7 A v MCx T 50 v 1 a b —v g oW U8y gy
— UAEETE DS Glu22 & DML Asp23 & Lys28 Mo EEAM AER . KOy +NEBGIC X
DREENTDHZEEHLMNT LT, Asp23 & Lys28 MO MG IX. AP(10-35)7 7 7 X
Mokt Emm M B TL Bl S h TWD, A TIE, REMD ¥ 2 = L — ¥
=2 v L ab initio FMO Gt R Z A A bE ., HREEFOLED ABHEERANDOT I/ BEH
FHAEAEH Z&EF VL TN L7 (Table 7), K1 L7 AB HEBAR O RLZEREIZE T D
Glu22 & Lys28 MO BEEH =V F —i%, o B & t#g L T, &K T 20 kcal/mol
BEREW, o T, ZOMAEEHITZ AP HERDOLZE(LICEE TH S, Asp23 & Lys28
WOMBEEHT X LT —13, ABHEEROMERFENLVEETH D, o T, K
ZE\Z BT D ab initio FMO FHEIC L 0 51l L 72 Glu22 & % W (% Asp23 & Lys28 [l » # A
fEA = %L ¥ —%, Lazo 5 D NMR EBRP K OHERD MD + 2 = L — v g 1718123
DORERLEEMEWIC T D, — ., Ap HEKIZI T D Asp23 & Lys28 [l @ 4y 1 NG
ZOWTHIEH, AHOSFyrIalb—varn"bEoNEERETEERIRL TV RN,
AW FE D ab initio FMO &5 o i B (Table 7)1%, Asp23 & Lys28 R IEF I < FHAEEM L
TWHZ &R LN, T OMEM TOEBERNZRKFZRGIZEMLELRY,
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Table 7. Interaction energies (IE) between Glu22 or Asp23 and Lys28 for the nine optimized
conformations of the solvated Afp monomer evaluated by ab initio MP2/6-31G FMO

calculations.

. IE (kcal/mol)
Conformation
Glu22-Lys28 Asp23-Lys28
Fig. 19 (a) at 288.7 K -18.7 —38.5
Fig. 19 (b) at 2915 K -17.6 -35.0
Fig. 19 (c) at 294.3 K —-18.5 -35.5
Fig. 19 (d) at 297.2 K -22.3 -18.5
Fig. 19 (e) at 300.0 K -17.2 -32.2
Fig. 19 (f) at 302.9 K 372 —45.8
Fig. 19 (g) at 305.8 K —24.4 -30.7
Fig. 19 (h) at 308.8 K -25.3 -18.7
Fig. 19 () at 311.7 K -17.6 -26.9

[l A& NMR 7 —Z I2kk3&, W< O0D ABRMEOET LR IRE SN T 5 (PDB ID:
2BEG!®" 2LMN, 2LMO, 2LMP, 2LMQ"8 2mM4l"8y  — n b o £ F v T .
B-strand-turn-B-strand motif % £f> A M EATRELMMETEA L., MMEEZEERK L TV D
(Figure 5 (a), (c), Figure 11 } TV 12), Z ® & F — 7 L CHC(Leul7-Ala21 #& ) & C K
Ao a 27 Mok BRSNS, 7. Ala2l-Ala30 fHIE O &% — v kit &
L0, FEF—T70OEEBRESND EF X HILDH, Baumketner 5D REMD ¥ X = L —
va BB nT, Asp23 LZDIEBICHEAET HEEMOKEMEIT., DX — B
WBEOLREMMICHFGS LTI LN RENTZ, AFETHLE NI LKL Ap HE
1K D e 22 EECFELE . Figure 23 L TN 24 127k L7= & 912, Phe20-Ala30 ANk L 7= #
— U E AR, S DIT. AWFED FMO SHE D, Lys28 & T O F I/ E T 5 7
MO AAEN A Phe20-Ala30 I D ¥ — U IREEDO X EICHETH DL Z L a2 P 6
T LT, BEo Ty AMFRORERIT. NMR FEEREN S Bl gk 8 L gy — %+ 5,

F . RBFZED FMO HE N LS T L7z Glu22 H 5 Wik Asp23 & Lys28 [ o 5 5
HAE L AE I IE . Phe20-Ala30 fHIk D % — U E DO RICBIT 2 MU =122 {5,
o T, TNOOMAEMEMZ I TE 21K FLEWIZ. AR DEEZ B EAITIE
5T ENRMFETE D,
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415 FEH  KMLI- AP EREFRDEEREREDRFH

AWFZETIZ, ERET O REMD Y2 ab—vaickh, 20 Ap HEIK
DLEFEREZ JL < B L, ab initio FMO 512 X 0 | K% &R (Figure 19 (f) % & 1
LARJLTIRE L, b0, RBREREICB T 57 I BEAHBERZ MBI L
o ZTORER, WOBREWHL ML,

(1) Glu22 & % W\ % Asp23 & Lys28 78 JL [ o #%5 AH AL VE A 1% . Phe20-Ala30 4% & 23 2 ik
95 X — A G (Figure 23) 0 Z Eib I w59 5,

(2) EFL o ¥ — kR L, AP HLE (K ® B-strand-turn-B-strand motif & ik & 12 9,

(3)N Kii e O C KWL E T DfE T X / BEW @ # % A {EH (Figure 25 (a))iX. AP
HERORENICTHELST 5,

(A KFI L7 AP HREEROHRMLZEE T, ABEHERATOZEMEL Y b, BHICHT
HETDKRMMAKDOZEM,IZ, LVRIIKGTET D,
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42. )KL= AP ZEXRICHT HHERRE
421. ERDOD AP —EHRODHABEDER

AP DEFE T ot 2 TIEFITH W=D, PDB LT, AP “EBEDONE#EET — X 1317
EL2W, TDH, BEO AR ~EERICHT L2 Ialb—varyzE ITT 5K
X, 7. ZONVHEKEEET A EERTLILERND D, £ T, KL TIE. 2ED AP

BAROVIAMEE ZER T 5720 PDBICEGR I N TV 5D AB(9-40) 12 & 1K o #iH#E o [H
(L NMR%J&(PDB ID: 2LMN } ¥ 2LMO[68])(F|gure 1I2)Z8HHA L7, 2 b ofE % H I
F 9. Figure 13 [Z/ R THEEKN E FICHR o 72 &K, KOAELICIE AT AB(9-40)—
BEAEEEEZER L, OB, 2LMN KO 2LMO 225, £ C-D #4, 1-J #{. C-I
B, RODIEHNL 25 EEMEEZIER L. § 8 D AB(9-40) — E A& &+ 157,
IhbofiEics L, AMBER!® SNy 7 — @ LEaP # v, C KD lled1-Alad2 7%

NEMREEL 22 X564 ML, AP(9-42) —EXRMEEZER L 72,

EREOFNETIER L 72 8 @D AB(9—42):E12|§%% 3E2fiTikRImL o, FhE
WK1 L, GROMACS-MMM™* itz kv | Kk clufb Lz, £/, 2 b ol
HwEoOHNSKFILTZ AB(9—42):Q{¢@%§E%@%&E¢5f:&) ZThEh okl
XS 2%k L. ab initio MP2/6-31G #: % V7= FMOMEZ 190021 B0 (= I v 28 TR fiE & iR AT L .
BT RANVFE - @BEICHEM L2, FMOHENLH/ LN XL ¥ —% Table 8 i
BRT 5, MERMEOEMEBEBOBLELO, ETICEZR > Z&AK (C-D#HEV I1-J 8#)
IR, EACEARE 8K (C-l L D) ) BIARLETHDH, £/, EHHOD
NMR HEEICHAICERR L TH, C-DEHE I L T, IO TN LZE Loz, & 8HfE
DETFILE =D S KL AB(9-42) “BIARD K ZERHIEN 2LMN O 1-) 84T
b5,
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Table 8. Total energies (TE) evaluated by ab initio MP2/6-31G FMO calculations for the
solvated AB(9-42) dimers. ATE is TE relative to the most stable one.

Structure TE (kcal/mol) ATE
2LMN-CD -—84116341.6 330.5
2LMN-IJ  —84116672.0 0.0
2LMN-CI  —84114687.4  1984.6
2LMN-DJ  —84114926.0 1746.1
2LMO-CD —84116207.0 465.0
2LMO-1J  —84116438.0 234.0
2LMO-CI 841152439  1428.1
2LMO-DJ —84114813.1  1858.9

RO AB(L-42) KO P HIME ZER T 5720, LR THRIE Lz AB(9-42) Ik
DERZEMHETH D 2LMN @ - $HiZxF L. C RinDfHm & [k, LEaP # H v, N
KB Aspl-Ser8 ZAlise L=, = DB, Aspl-Ser8 o H #HE & 28 . Gly9—Alad2 » 3 —
MEYE L — @ EICET S L 9, By MisE L7 N KR £ T i A %4
LZ2WE S, Ser8 KO'Glyd © " HMAZEE Lz, 8€ L7z iHf% Table 9 1242
L, ¥, FICEVEONTEE2ED AR &K HIE % Figure26 I~ T, L TFICREER T
HEHFETIE, LTZOFIETHERLEEED AP(1-42) &K %2 WM EL L THW,

Table 9. Dihedral angles of Ser8 and Gly9 in initial structure for AB(1-42) dimer

Chain ¢ () v ()
| 120 —60
J 90 —60
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( a) N-terminal
(Chain J)

N-terminal
(Chain I)

C-terminals

(b)

N-terminal
(Chain J)

T e

C-terminals

N-terminal
(Chain I)

Figure 26. Initial structure for AB(1-42) dimer: (a) top view and (b) side view.

422. REMDRUMMEIZEYBoh-REBEDREILEE

AW TIX.RBEEPOLEED AR ~BIKO L ERE % L& IR R T 5 729 Figure
26 O AB(1-42) BRI M E I L, 270.0-363.8 K DREHHA Lo 52D L7
UhZz Mz REMDI 8y 2 o b —o g v 23T L, 9. 48 18 1H & REEIC,
REMD YR alb—varfic, V7Y IRNEEEMEILSBIHL TV DI ERIET S
D VT IR DE A I TICBT D 300K O HEABEEEZFESOL Y B O
BEBH L, 20OV 7Y BIi%, Figure 271277 X 912, £ 9ns OEEE T, #HHE
T 5 300.0 K 75 EFRIEE (363.8 K, Replica index =51)F CRBEI L CW\W5b, D%,
20 ns 217 T FIRIEFE(270.0 K, Replicaindex=0)% TE|#EL T\W5, > T, A3
DREMD Y22 b—va BT, VU DZREEZMEHRELBHL TV D,
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Figure 27. The time evolutions of movement of replica indexes for the replica with initial
unique 300.0 K temperature during the 50 ns REMD simulation.

WIZ, 289.6-310.7 K DR EFPICKIET 5 13O MD F 7 V=7 MU xR, £
NENRNDORT VX VERXNLX — % FFOoMEL KL AB ZRmIKDOREHE L
LCH 7Y 7 Lilc, Figure 28I/ RLTEART U ¥ VX VX —DRKRELET T 7
. B F 9027 PR ZEFREFROBREICBWTESEHILL TS Z A2 RLTWDS,
FIT,.EHEFNFT 2 RO MD 2 F v ay bbb, BRIDRT I ¥ LT 3L
F—%FoMEN»LY TV 7L, B3 HORKRMELZGL, b0 REMEL
GROMACS-MM % F v K Tk L 7=, © 40 B O i b i & %2 Figure 29 (2787,
T, ABERKOBEEFHRICE R T SH, BAHOKMAKEZIFERRIZL TWVD,
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Figure 28. The time evolutions of potential energy during the 50 ns REMD simulation for the

thirteen replicas having the 289.6-310.7 K temperatures.
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f,)j R
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(a) 289.6 K (b) 2013 K
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S T’LMQ )
N C. 27%
(e) 296.5 K () 298.2 K (g) 300.0

4140 21

1314 4140 32
(k) 307.1K (1) 308.9 K (m) 310.7 K

Figure 29. Optimized conformations of solvated A dimer sampled from
the 289.6-310.7 K trajectories of REMD simulations.
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AWFFED REMD O MM 5HEHEICX D . KFa L7 AP “EAEOREER LN AL R T
Tl & BT 572, Figure 29 O i dE L& 2 . IR IE DK L 72 o 72 NMR # &
(PDB ID: 2LMNP) o> 1-3 5 & He#k L 72, NMR #3113 AB(9-40) M TH 5720 . Kb
HEi&E & 1-) 851 @ Gly9-Val40 @ Co Jil -2 %f 3 5 RMSD % H Hi L 7=, Table 10 |2 %1 2§
%X 912, RMSD 1% 6.8-20.5 A L 720 | WIiMEIE DI L 72 572 NMRIEE D B K& <
Bl HELENRER T I, . FHicE b EER o RMSD fE S 6.8-24.6 A L7220 |
%%ﬁﬁﬁ&ém@%bfwéo%of ARF%ED REMD LT MM §HE 5, KL
7o AB BEKOH A R RERMBEZFERTE L AL,

Table 10. RMSD values (A) between the initial structure of solvated Ap dimer (PDB ID:
2LMN!®®y and the MM optimized structure for each replica with temperature of 289.6-310.7
K, and RMSD values between the optimized structures.

Conformation Initial (@)  (b) (© (@ (®) ® (©) (h) 0} () (k) )
Fig. 29 (a) at 289.6 K 76 — — — — — — — — — — — —

Fig. 29 (b)at291.3K 87 110 — — — —  —  — = = = =
Fig. 29 ()at293.0K 195 195 180 — — — @ — —  — —  — =
Fig. 29 (d)at2947K 202 213 183 151 — — — @—  —  — — —
Fig. 29 ()at2965K 73 68 114 173 192 — — — — —  —  —
Fig. 29 (Hat298.2 K 181 173 184 134 202 180 — — —  —  — —  —
Fig. 29 (§)at300.0K 205 211 208 178 123 198 246 — — — @ —  —  —
Fig.29 (W at301.7 K 196 206 202 121 125 187 212 109 — — — —  —
Fig.29 ()at3035K 93 106 108 200 176 101 208 189 199 — — —  —
Fig. 29 ()at3053K 11.7 93 135 190 195 80 188 222 211 110 — —  —
Fig. 29 (k)at307.1K 107 149 150 208 188 125 207 213 233 123 132 —  —
Fig.29 ()at3089K 68 76 103 181 202 81 179 192 188 110 122 155 —
Fig. 20 (M at310.7K 204 215 202 151 106 194 219 84 97 189 216 201 20.1

£ 72, Figure 29 ®/KFI L7 AB “ER O REILEEDOHENFHFEEH LI T 57
¥, DSSP 7 b =2 U X AP K il O kS & AT L 72 %ﬁft%iﬁ
(BT HHFME LT, HEKRB O B v — MEE. LU Val24-Gly29 7% 5 o fE 5k 12
LR RRE = UEDORE N ZET b b, REERME O B 2 — M, Figure 29 (a). (b).
@). (). (). (K. MOKBEEEEICBNTHEREINAL TS, ZhbD B v — MM
FIZ, HEARO Lys16-Glu22 &AL A £+, K& O Leu34-Val36 AR LIC X VR S5,
T, HEROHE A RBEHR TRV PR —UBERMER SN TEY ., fic, R R
B — U HEYE X, Val24—Gly29 7% 2 o fE ik TR & 5 B 23 V. [ K NMR 32 B (6% 6
MH ZOBEBIER R - MEETERT S EAMEINLTWD, £, &K
D AR ~EBRICH T 5 HERAF RN 2SN G | Z OB O T OFAIA X — R &
BT HEMAENZERHLNICENRTWDS, - T, KFFETHIZKFLEZ AP



4.2 KFIL7- AB —EIRICKHT 2 FHRR 5 53

BAROFEEAEE X, BITHFREOER, ROHEGMHIEOKBR L LI T 2 2 Y ik
ZLTW5D, b2, bW AMEN Figure 29 (b). (e). (9). (). (). (k). (). (MDD
WAL EICB W TR ENTE Y, Ala30-11e32 HEDHE THEK SNV 2 & 23R
SN,

KT L7z AP B O f b # & (Figure 19)0 — k& & b+ 25 &0 K L7z AP
CEROREHE G (Figure 29)ICB W TIE, HERIZEBWTIZ LA LR ST 2N
Br— hzFoREEENAZ Y, Ll AP “EMAIT, AP BRHMED b 0] W4 & & 1 pL
LTRY, PIMBEORAT R V- MR EFCEEN WD, T, FIHMHEE~
@ﬁkfé%%ﬁé L2272 570 A, REMD &Y MM &R 2 & 15 & 1L 7= Fom b i 1

BIFLBv—hOEHRIE, WIHMBEORRATERINLTWE B v— b2, BUNEED
IR L TREICHREND ZEERBELTWS, o T, —EREKENTE B ¥ — MiE
BPELEICH L TLETHY., MERE o RIZBWT, Z0ko7% p v— &
EORENEFICEETHL EEBZ2OND, £, HEK L Z BIKO FiE k& Tk
LEAMEEZER LS WHEE N R D, HEERIZISW T, Ser8-Hisld IO HEK TH
HABENER IO L, “E&ETiX., Ala30-Ile32 & 0 fEIK T 56 ¥ A EN
BRI TnWad, —F, XU —UBEZ R T 28HB0TEN L Tk, BEk

TEEICEBW T, ENE I Ala20-Ser26 7 Val24-Gly29 R O EHIk TR S b,

SIHIZ, KL Ap Z“EBROREAEEIZE T D Glu22 & 5 ik Asp23 & Lys28
MOEBHERZMIT L, ABICEENDMET I/ BIT. BES BT — FOREMEIC
WG L 2L NG S T 5 (86 63, 67, 68, 147,151 169-171] ok - Glu22 & B W iE Asp23
ELys28 BN FWN KOS FRIOE S THBEZRT 5 2 & 23R & T 5 [36,68.68.153]
Figure 26 (c). (h). (). (MITFB W TIix, 2LMN @ | ${lcxtjs 4 5 B &K D Asp23 & % W
X Glu22 & JESHIC I T D HER O Lys28 NEERB OEMF/BEZEHR L TWVWDH, 2 b0
MEICRB T DR HERD Glu22-Lys28 [ & Y Asp23-Lys28 [l O & . NMR
FEpB6 63 6T B MUY INE R D AR, HDOHWITAB 7TV AL b ZBIKICHT 5 MR
z2 1102, 105, 147, 151, 153, 169, 1700 oy 9 b —Fr L T W%, — 7. Figure 29 (f)d 7, Clu22 & Lys28
MTHFRNOEBELIERLL TWD, > T, RKWFFEICHK T 5 REMD KO MM GHE 1~ 5
BT AT Lz Ap —BIA O il b & (Figure 29)i1%. JCATHF9E 0 EBr . K O F i
HOMPEEHEL THY, RUYRLERETH D,
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4.2.3. Abinitio FMOBIC &K P BRREEEDRTE

1B DOAKFI LT Ap ~EBEROKECHEE DO F D KL EREZ R E T 5 72D Figure

29 O LS 2% L, ab initio MP2/6-31G % % V72 FMOMe# 19051 12 1 v & Ik
AT L, B X NVF— %2 @BEIC Lz, OB, AB Z&E0EMH 6 AR
FAET D 151 O Ky FE2BHDIZHE L, AR ~EEREE O L EMIZIB T 5 KK
WEZMA L, AFMOFHREIZLEV SN2 VX —ICE S, KfuL7z A —
BIRORZERE A RE L, SEEMHEEDORET X /LX¥—% Table 11 ITE &9 D,
KF U7z AR ~BIK D % E B E 1T Figure 29 (K) TH 0 . o s b & el L <,
Hip < &b 146 kcallmol RELZETH D, ZOBREN KL ELEILR D EREZH L I
THO, KL Ap Z&EEZ, AR &K, KOKFAKDRIZHT, KfnL7z AB
TRELFARICETRIALX 2RO, Fh, TALOTFAF—CESE K(5)
NH, AR “EEROKFII =R L X 2B LT,

HE = — TE (Solvated AP dimer) + TE (AP dimer in vacuum)
+ TE (1151 water molecules) (5)

KF1L 7= Ap ~HE 1K (Table 11 # ®”Solvated AP dimer?) 4T X)L ¥ — D7 (ATE)IL,
B K T 910 kacl/mol TH B DIkt L. Ap &K (Table 11 1 ®”AB dimer in vacuum”)
D ATE X, K T% 378 kca/mol Th 5, F/=. /AKFisk (Table 11 H1 071151 water
molecules”) @ ATE, /Kfi= % /L ¥ — (Table 11 " ® ”Hydration energy (HE)”) ® 7=(AHE)
X, TN ENHE KT 975, 923 kcal/mol TH 5, > T, Ap _EHEKAFOLEMEIT, K
FIAKDOZEERLKIM =R L X =L LT, KL AB ZE&EKOLZEMIZE 2 5
T EWEHR TE D, KMAKDLZEMN, KK R LF—2BKMLE AB &K D
BEMG 2288y MEICHKRTH7-0, KfnLz Ap &K D ATE & A &K D
ATE, KF1/K®D ATE, kT AHE O OB %7 ~7-, Figure 30 O f5 R 6 FHBFREK
RIZ. TN ZEh 03 (KF1L7z Ap HEMARD ATE & Ap HEKRD ATE ). 0.7 (KF1 L
72 AP HEIKRD ATE L kKFik o ATE [#). 0.0 (KFiL 7= A HE{KD ATE & AHE [#)
DEZTR LIz, 2F 0, AL Ap ~EBEORZEME L, BHEICHEET D KK EE
B ZTDL—FH, KMzx A X =136 L TWRNWZ ERHLMNTRoTZ,
ST, KFAKRENEEL, BETHEEIZTE, KL Ap —EBEROBEN LV LE
2%, ZOfBEIZ, KLz ABHEEEHICE T 2 ERPTLE —HT 5,
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Table 11. Total energies (TE) (kcal/mol) evaluated by ab initio MP2/6-31G FMO calculations

for the solvated AP dimer, AB dimer without solvating water molecules, and solvating water

molecules. The hydration energies (HE) (kcal/mol) for the Ap monomer are estimated as

HE =—TE (solvated monomer) + TE (monomer in vacuum) + TE (Solvating water molecules).

ATE is TE relative to the most stable one, and AHE is HE relative to the most stable one.

Conformation Solvated AP dimer AP dimer in vacuum 1151 water molecules Hydration energy (HE)

TE (kcallmol)  ATE TE ATE TE ATE HE AHE
Fig. 29 (a) at 289.6 K = —74792906.1 503.2 —19800924.2 117.8 —54986728.1 667.9 5253.8 479.5
Fig. 29 (b) at 291.3 K = —74793195.3  214.0 —19800905.7  136.3 —54986986.6  409.4 5303.1 430.2
Fig. 29 (c) at 293.0 K = —74793263.4  145.9 —19800694.7  347.2 —54986835.3  560.7 5733.3 0.0
Fig. 29 (d) at 294.7 K =~ —74792968.3  441.0 —19800880.2  161.8 —54986942.0  453.9 5146.1 587.2
Fig. 29 () at 296.5 K —74792734.0  675.3 —19800920.0 122.0 —54986553.9  842.1 5260.2 473.1
Fig. 29 (f) at 298.2 K —74792499.7  909.6 —19800733.8  308.2 —54986420.7  975.3 5345.3 388.1
Fig. 29 (g) at 300.0 K =~ —74793098.4  310.9 —19800723.1  318.9 —54986692.7  703.3 5682.6 50.7
Fig. 29 (h) at 301.7 K~ —74793060.9  348.5 —19800663.8  378.2 —54986850.0  545.9 5547.0 186.3
Fig. 29 (i) at 303.5 K —74792819.0  590.3 —19800725.9  316.0 —54986923.7  472.3 5169.4 563.9
Fig. 29 (j) at 305.3 K —74792820.3 589.0 —19800811.9 230.0 —54986964.5 4315 5043.9 689.4
Fig. 29 (k) at 307.1 K —74793409.3 0.0 —19801031.3 10.7 —54987396.0 0.0 4982.0 751.3
Fig. 29 () at 3089 K —74793104.4  304.9 —19800708.8  333.2 —54986734.1  661.9 5661.5 719
Fig. 29 (m) at 310.7 K —74793236.1 173.2 —19801042.0 0.0 —54987383.7 12.2 4810.4 923.0
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Figure 30. Correlations with (a) relative total energy (ATE) of solvated Ap dimer and ATE of
AP dimer without water molecules, (b) ATE of solvated Ap dimer and ATE of solvating water
molecules, and (c¢) ATE of solvated AP dimer and AHE of AP dimer.
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KFN L 7= AP B ARk D 2 & B E (Figure 29 (K)I1%., Ap —BHER DAL DR TH %L
E 7R B T & 5 (Table 11), & Z°C., f&E Bl O W& B Fr {8 & fR AT L 7o, e & 08 Bid e
IZBWT, HEARMHT2o0 By — MEELXER L TWVWDL, TNbHD B v — MEEIT,
TNENDOHEEIRD Lys16-Pheld O fElK, & O° Monomer 1(M1)® 1le32-Met35 @ fg i &
Monomer 2(M2)® [le31-Met35 O fE TR SN TV D, 22T, ML KU M21E, £h
ZH2LMN o 1 8, JHICKIET 2 HEBRKZR T, 260 BT — MMEEIZ, WD)
DKERBEEERL, BELTVWD, 2O XH7 AB —EEIZBIT S B — MEEDOK
FIx. Zhu & @ AB(1-42) — 84K J T8 Huet & @ AB(9-40) —E{KIC X425 MD ¥ 3
alb—varBpsBont-2EREE &+ 5, £, RETEHEED M2 O HEEK
W TIiX, Glu22-Asn27 OFEHIK T B ~T B &L B L TV 5 (Figure 31), 2D B~7
BRI, Glu22 & Asn27 [i]. Asp23 & Asn27 [i]. K OY Val24 & Ser26 Bl TR &
LKFEMBICEIVEEL TWVWD, £/, ZOEBICEEND Asp23 & Lys28 X, R L
KT ERBREEZERLTCNWDED, 7 /BB TESE, MIHEMHALIER
LTWb, TOME, EEREIZESNTIE, B2 HEERMO Glu22 H % W\ I% Asp23
& Lys28 OBk S 72,

Figure 31. Interacting structure between Glu22—-Lys28 region in the most stable conformation
of solvated AP dimer (Fig. 29 (k)). Green dash-lines indicate hydrogen bonds, while pink
dash-line indicates electrostatic attractive interactions between Asp23 and Lys28 residues.

One water molecule contributes to the interaction.
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424 REEREICEITSHEABOBREVNEEREAER

EDIC, KL AB ZEBFREEORENMICEE 2T I /VBEZHLNMCT 2O, K
L 72 AR B AR o B %2 E B FE (Figure 29 (K)IC 3B 1 5 M1 & M2 o B & (K[ AH B /E i —
V¥ — % ab initio FMOGHOFERZH WM Lz, TOHAEEH XL —0
~ v 7% Figure 32 (Q)ICXI/RT 5, Bl &k OHtHEhX, 22 M1, M2 D7 2/ B
Y% B & T, M1 Leul7-Phe20 78 3 & M2 @ Leul7-Phe20 %% 5 D [ & " M1 @ Gly33-
Val36 7 3k & M2 @ Gly33-Val36 LD oM E/EH = 2 VX — 125G 2 Iz W
T, AABRKOBINHEEREZRLTWD, 20O K5 2R MERTHEIIL, BEED
TR v—MEEZHEHKLTWDLZ ENTRITE S, EBEIC, ko X5, HRZE
FLIEIC R 2 Z Ok ik, BEAMO po— MME&EZBR L TWVWDH, KT, V5
., B> VERKBEHAEAEH=XAVX -2 RT T I VBXTIZHEBLTL,
Asp7(M1)-Lys16(M2), Glu3(M1)-Lys16(M2), M T Asp23-Lys28(M2)D 7 X / fe~7 1%,
WG WM E/EREZ R LT, — ). Lysl6(M1)-Lys16(M2),. His14(M1)-Lys16(M2), K& O
Arg5(M1)-Lys16(M2)D 7 X JEBEXT X, WK EMAERZ2 R LT, Zhb07 2/
X7 OMAEFEH=XLVX—%, Table 12 ICE KT 5, Asp7(M1)-Lysl6(M2)~=7 , KO
Glu3(M1)-Lys16(M2) <7 O 5| 1 H M O BEFH =X VX — X &KX DOKIEMEFEHZ T
7 Lys16(M1)-Lys16(M2)< 7 O K3 51 O F BAEH = %L ¥ — L 0 b st i o i 25 K
W, Mo T, RMFETIE LI AKFLE AP “ERORZERE TIZ, M2 @ Lyslé
EMLDONRKWEINCEENDAICHELEZT 2 /B (Glud X Asp7) o5l J1HH A
ERA, B2, “BHROLZELIHES LTS, £, JINMHAEEA =R LE—0DK
TWVWEM3OOXTIIZIE, TRTEMEBTI /B THD Lys HENLEG L TWD, AB
CxtT 57 2 BEHRIERE e Lys (X A OBEICEEAKREERZLTVD
TEDHESNTEBY, AEORKBIZIZOEROKE L EHMIC T D, LT
Bl W T, Bl Lz@y ., HEARRICKIT S Asp23 & Lys28 [ O HEE I3 L S
NTWaRwy, v, #kE LT, Asp23(M1)-Lys28(M2)27 O 5| H#E EAEH = % /L ¥
—X, B RKREWEZRL TS, (- T, BR2HERIZEBIT 5 Asp23 & Lys28
WMoOEEMAIENT, —ERKOLENICEETHDLI LEXLNLD,
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Figure 32. (a) Inter-monomer interaction energies (kcal/mol) between M1 and M2 in the most

stable conformation (Fig. 29 (k)) of solvated AB dimer; (b) difference in inter-monomer

interaction energies (kcal/mol) between the most stable conformation (Fig. 29 (k)) and the

less stable conformation (Fig. 29 (f)) of solvated AP dimer,
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Table 12. Inter-monomer interaction energies (IE) between M1 and M2 in the most stable
conformation of solvated AP dimer evaluated by ab initio MP2/6-31G FMO calculations.

Amino acid pair IE (kcal/mol)
Asp7(M1)-Lys16(M2) ~74.8
Glu3(M1)-Lys16(M2) —42.2
Asp23(M1)-Lys28(M2) —34.9
Lys16(M1)-Lys16(M2) 38.4
His14(M1)-Lys16(M2) 335
Arg5(M1)-Lys16(M2) 33.2

AKF Lo AR 81K o B2 B (Figure 29 (KB W T, 383 A AAEA %2 -3
Glu3(M1)-Lys16(M2), Asp7(M1)-Lys16(M2), K& TY Asp23(M1)-Lys28(M2)D 7 X / [~ 7T
DA EAE S 2 4T L7z, Figure 33 ()lZ x4 & 912, Glud(M1)-Lys16(M2). K O
Asp7(M1)-Lys16(M2)D X7 O FAPHIZIZ, WL DD KFAKBFEEL, EHEOT I /%
KB AEZTERLTWVWD, ZOXIRAKGTENLET Y v I,
Glu3(M1)-Lys16(M2). K T8 Asp7(M1)-Lys16(M2) D FEEE2 . TN Fh 6.4, 3.5 A L7
0. FEMIICHEL 5 D EER T 5 (Table 12), £72, 2 b7 2 JBOIFHICIT,
M2 @ Lysl6 LW FEMEMERAZ 7R3 M1 @ Argsh NFEET S, EICmMELEZT I/
BCTdHhsd Arg 1T, MUK EWMBETI /B THD Lys EFHEBENICKET D0, WBH.
Args & Lysl6 (Fir o= i2< W\, L2rL, REEREICIHIT S ML O Argd 1%, AL H&E
KD Glud L Asp7 L OErESI M E/ER. S HIZEH O KK E OKFERE G DK
kv, M2 @ Lys16 & O FEREEDY 10.0 A Icik Sz, T OfE %R Arg5(M1)-Lys16(M2)
ATIE, BEMICHRIKEMEAEERA L, REWKEHFAOMEAEEHZ R LF—%&RL
7= (Table 12), Asp7(M1)-Lys16(M2) k% T8 Glu3(M1)-Lys16(M2) X7 (2R T, 5@\ 5| JJHH
AAEM % 79 Asp23(M1)-Lys28(M2)~ 7 (%, Figure 33 (b)?D X 51T, W< DD IKFIK
L., 85 A DM CHEBENICI NMHEMFERALTWD, WS HHEERZRT T
JEBBRTIZKFANBFELTWDLZ &b, BREBERKOBIZHFLET HK5FIE. ML &
M2 OBRBIRIZEEND T I /VBHEOEMAZLST2&%E ZRZLTWVWL EEZLN
5. FFlZ, M1 ® Glu3, Args & O Asp7 O IIZFEIET 2 K5 F1E. M1 O N K i O 4 i
KT H ETCEETH D (Mék A2), 16> T, KfaKix, KL 7z Ap &Ik E
DREEICHEEG LTS,



4.2 KFL7- AB EKITK 5 EHERE R 61

(a)

Arg5 (M1)

- Clu3 (M1)
1.7,
/ \\\ 64
1.9 \\\\
o 17N, 18 water
N

//1.7 \\\ “1.9A

2.0 Lys16 (M2)

(b)

18N\ 1.8
Asp23 (M1) r: 21
\.
Lys28 (M2) \

Figure 33. Inter-monomer interacting structures between M1 and M2 in the most stable
conformation of solvated AP dimer. Green dash-lines indicate hydrogen bonds, while pink
dash-lines indicate electrostatic attractive interactions between charged amino acid residues.

Some water molecules contribute to the interactions.
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—J5. KT L7z AP 81K 0 & 2 B E (Figure 29 (K) I W T 58 < K3 AEA %
AT DI, Lysl6(M1)-Lys16(M2), Hisl4(M1)-Lys16(M2), }& U8 Arg5(M1)-Lys16(M2)D 7
R BT THDH(Table12), TN HDOT X JRITZ. TR CEMEBT I /B TH DD,
TR MBSO &, FFEMICRWKIEMEEHRZ 77, Arg5(M1)-Lys16(M2)
NTEZONTIE, BBO XS, EFEOT I VBOKMAKOEBIZLY, 7T JBRO
MBS LS, MOKBHEEAN IV —%2 R L7z, KO KFEMAENT XV
X — & "9 Lys16(M1)-Lys16(M2)-~<7 iX. Figure 34 (a)® L 512, M1 ® E#H DO BEHE R 1
EM2DOEHDOKER M TARKEEZFEK LTS, £, EH560 Lysle &, M1
D Asp7 EEFEMAERA L., S5, AEAOKTIKEKEZHEEEZEKL TWHDE, TH
OFFEMRAERSCKBZ/EORRIC LY, BB OEHREN 7.0 Al 35, RN,
KE W F ST O BEAE T 2L X —% )k L7z (Table 12), A#F%E Tk, His &l 7 o
N % —< a3 > (Figure 14)% Eff&E® Hip & L CT#H > TV D729, Hisl4(M1)-Lysl6(M2)
NTUIZOWTH, N ESIEE, MSKBHEAEEHT S, Figure 34 (D)ITRTZ D
X7 EZORBICAAMET 27 X BOMHAAEHAMEETIX, M1 © Hisld & Args O ] 81
AtCThFAr-nBEERL, 512, Hisl4 1 ZF T M1 © Asp7 & I8 R + Tk FEHE
AEER LTS, 2F 0V, M1 O Hisld & M2 ® Lysl6 (X, N5 DOTEFEICHFET D
M1 @ Glu3, Args KON Asp7 L DA Zr LT, 7 X VBEEEBEHES TSN TV D,
ZDOFER . Hisl4(M1)-Lys16(M2)=7 OIS HAE2S 8.6 A L7220 | K& WK AEA(E
A xv¥—%R L7 (Table 12), 7€ » T, L E B IZ T, Lysl6(M1)-Lys16(M2),
His14(M1)-Lys16(M2), K O% Arg5(M1)-Lys16(M2)D 7 2 J 7 X, Wb, T b
DB ET HAMET X /B (ML O Glud & O Asp7) CAKFIKDOEEIZLY ., T
JMBERESESE, MOWKEMHAERT L2 Z EBNH L NI o,
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(a)

Ser8 (M1)

Lys16 (M1)

Lys16 (M2)

(b)
Glnl5 (M2)

His14 (M1)

Asp7 (M1)

Arg5 (M1)

Figure 34. Inter-monomer interacting structures between M1 and M2 in the most stable

conformation of solvated AP dimer. Green dash-lines indicate hydrogen bonds, while pink

dash-lines indicate electrostatic attractive interactions between charged amino acid residues.

Some water molecules contribute to the interactions.
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EHC KL Ap “EBROREEEICBIT 2RRERN LT I B AEROBR
JEAR A7 VE 2 MR 5 7 8 B 2 E BO EE (Figure 29 (K)) & I ZEELE & D &= 3 )L ¥ — 7%
2N iy K (Table 11)® Figure 29 (f)@ b iE O HEAKMHEA/EH =2 VX — 2 i L
7=, Figure 32 (b)IZ. wZ EEJE & Figure 29 (O O B BRI AEH = X)L ¥ —
DEHERT, T, TFAX—EDRETNWT I /BT %2, Table 13 ICEHNT 5,
Asp7(M1)-Lys16(M2), K % Glu3(M1)-Lys16(M2)X7 %, &L EBJEIZB VT, BHE R
BIOMEER TR AX—2RLTEY, Z0DLDOT I/ BRST 3B AR F 2 580,
R IZ . Arg5(M1)-Lys16(M2)., K O Lys16(M1)-Lys16(M2)~X7 {22\ T &, Bl JEE K 77 M
MIWNEF 2D, - T, M2 ® Lysle & M1 @ Glu3 K& O Asp7 W @ 5] J1/8 B AE R 1L,
AR THRELZARKM LU Ap ZEEKOKRZERBICK T D2REMRG HMHAEEMNT
Ho . AR ZEEOREICIEL, Lysle & N KR IICEHEEN D2 AWMET I/ B (Glud Xk
W Asp)E DB HFHEAERANEETH 5,

Table 13. Difference in inter-monomer interaction energies (kcal/mol) between the most
stable conformation (Fig. 29 (k)) and the less stable conformation (Fig. 29 (f)) of solvated Ap
dimer evaluated by ab initio MP2/6-31G FMO calculations.

Amino acid pair IE (kcal/mol)
Asp7(M1)-Lys16(M2) —62.6
Glu3(M1)-Lys16(M2) —-32.0
His13(M1)-Gin15(M2) —21.3
ArgS(M1)-Lys16(M2) 21.8
His13(M1)-His14(M2) 19.5
Lys16(M1)-Lys16(M2) 18.5

KEZEREEDOET RV —ENKE K TH D Figure 29 (O KELEEIZE W T,
Glu3(M1)-Lys16(M2), K& % Asp7(M1)-Lys16(M2)~<7 O+ EAEH N /& < 72 5 EIA %
T D72, Figure 29 (F)OEICH T2 207 2 BT O EAEHMEE %
fi#HT L 7=, Figure 35(27% X 91T, Figure 29 (O E Tk, M2 @ Lysle & M1 ® N
KR LR OB O NICHENLTEBY . MAEEHAL TV X5 ICFAZR Y, 20
72® . Table 13 ® X 9 iZ. Glu3(M1)-Lys16(M2). K T® Asp7(M1)-Lys16(M2)~<7 @+ A
ERATZANLNT —DOENEFICRKE L o T,
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Figure 35. The less stable conformation (Fig. 26 (f)) of solvated AB dimer.

425 ABD_BEHEEBREZNMH T I3ESFICHTEIER

AKHFZETRIE LIoKFI LT AR ZBIKD KL EREIZK T DM RNL . AT OH
BIRICE EN D Lysle & B 2 HEARO N K S O AR ET 2 / KR (Glu3 & O Asp7)
W ORERN R IMEERAN AB ~“BEOLZEICEBETHDLZ LE R LT, ABICE
E1 5 Arg5. Lysl6, KT8 Lys28 Z 5t RIC T I/ M EM &2 1T - 72 FEEREM 2810, 5 ¢ | Lys
FRIEN AP DUFEICEHELRKREHZRI-ZL WL I EAMEINTWD, KT, Lysle i
BELT TR, AV A~ —HMERFROFEE~OBE G LW LNICINT WD, KA
FHOFRERIT, 2NDOOEREREEENIC BT D, - T. AB D Lys FEH TR 2
RSB L, Lys o7 I BRI OB EEHZHET 2ES TLamwit, Ap Ok
EEMEIT2HBAO ADIRIREL LTHATH D EEZ LN D, Lys I IR BRITH
A3 5kam e LT, Sinha b3, 7oty F CLROLZ21FTH 0, BEICHESR
[206-2081 7y &5 AR BESEZ DNV BAIICHIMI T 5 Z LA ME ST WD, o T, AHFZE DR
IZ. CLRO1 @ X 9 72 Lys ZR AL ICHRFRAICHE B T 5 AP BEfEHEH o A MM 2 EAF T 72,
LML, LysiZEDX NI HICBWTHLEERT I VB ThDH-0H, HHIZ Lys & i
e LEBBRIEIRMERANKRELS R LN TREND, TORD., HEN 7 AD I5#
WELT HIZIE, ABOBY— 2 EFSRMSE, ABDO Lys ITRENICHET 51
EWMERFTTOHDEOBRLRBINELRD,
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426. FED KL AP —ERDEREREDFHH

AWFIETIE, EEEF o2 7 REMD & O ab initio FMO &% 2 v, KF1 L7z AB
TR O & E B (Figure 29 (K)ARE L. S HIC, REZEREIZHIT S HEERMO
Fr RO ABEEHEZE LNV THRITLZ, TORENL, UTOREZHLNI LT,

(V) KFnL7z AB ZEEOREMHIT. FFEICHFET 2KMAKOLZEMEICESAKFET D,
ZOREZ, HERCHTIHEZREPILRAKETH S,

(2 KL= Ap “BREORZERE L, BEAKB T2 o0 > — MEE, R OHEREK
NTB~TEUHEEEZERT D,

) KFn L7z AR &K DKL ERIE DL EITIL, EIT, Lysle & N Kiuhdslic & £
NHAMET I/ B(Glud KT Asp7)Hl @ 51 J1FH A AF M (Figure 33 (2)) W EHE TH %,

(4) AB HEEROMIZHFEET 2 KFAKIT, AP ~EAEMEOLEICHLE T 5,
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AKWFFETIE, BBEBEFTOLFFREMD 2 a2 b —3v g 2k, 20 Ap(1-42)H
BELOC - BEOLEREZ NS RE L, HKx RZERE BT, 150N 7% E R R
O 5, ab initio FMORFREIC K WV EFREBAMIT L., SFEICHMLEZS=Z 3L ¥
— S E, RLEREEZRE LIZ, TOB., Ap OFMICHFEMET HARMAKZ BE L.
KFIAKDS AB HEEDZEMICHEZ2EBEZWA LN Lz, b, KREEBEICK L,
FMO BStRETHOLNET IV BEOHEFEH =R X —%2 Hv, KGO L EMICE
LT X VMMM AEERAEZMALE, TORE. AR O KM E O M 1Y 722 28 & M1,
AB HEDREMES AB DK A X =504, FAEICHELET DKMADREMNIC,
KVEBIIKGFETAZEEZRALNICLE, ZOMEIT ABHEERE —EERKTHETH S,
o T, AP DELERBE LR L EBLE DR EIZB W T, BHICHFEET 2KMKEBEDIC
EETOINLEMNEEZ, AFENPOHOLNIC LT, 2. A HEKIZE T 5 Phe20-Ala30
EI DX — R E O RIE. AR BMEIC S £ 5 HEK N> B-strand-turn-B-strand
motif DK AL T Z L A2 RBLE, ZOEF—7 %> Ap _BEARZUHHEEL L
REMD ¥ U MM §+tE MO B O N TR ERE T, PIMEEOR S CTERIN TV B v
— MMEEEZRFLTBY . B —FOBRMEZEMZRLE, ZhHODO/RRNL, RO K
VMMM EET T AVNEETE (1) BTSN ABHERDBRMEICE E1 5 AB
E B v—hrEFKT D ; (2) Phe20-Ala30 fHIKICHB T 2 ¥ — VB EOFRRIZ LV |
B-strand-turn-B-strand € F — 7 IZHE&E DL T 5 ; (3) MHERICEZR 5D, BEIZ, Han &
2 XD ABAT-42)FRHE IS KT 2 G s | HU L-BERET T ABEESH
TBY, Y hETLTHLDLIEEZLNLD, BHEIZET SV TXE AR B
B-strand-turn-p-strand motif O BRI EA LT 2RI, 9. HHHEB THRMEE P — &
BT 52 EFENRNEAS, BT, ARFEOKFIL. AP &0 L EIZIX,
WET XV BEOSNMEEANEETCHD Z EER LT, FFIC, Lys Lo 7 2 /i
BEMOMEERIZ, HEARE —EERKOLELLICBWVWTHLEETHY | AR OEE Z M
T 25 ECEMNERIMEENTH D, o T, RUFFEORERIT. AB B4 L EH Al o
e LT, ABD Lys ZRRMICEBML, AT 2Ry F{LEHOFHMEDOEMITICH
ETEx2b0eEZRL, EF, A, ER, T L CHRELALFRLEDX B O FMEN
WL, Wtk ADICK T 2 A2 iaRiE, THIEOHSLCIEREOREN I LD
ZEEMRFFLIEW,
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ARAFFEIE, BB A R FHE®R - M6 %% OBl 2 #E 8O RY) 72 5158
ODT'CﬁzbﬂiLtomﬁﬂﬂﬂz{&%ﬁx X, MPRICET 2B L H S 2EL 2T
L WBAHAIRESCHIZEBI N FXEFE~OHRFEFHOMERICHZY . LRI 2 THX
FL, 221X Uﬁﬁﬁﬁﬁﬁ L EFES,

Flo. KO ZEITITER L. ﬁﬁﬁﬁﬂ?ﬁ%«’i’ﬁ% é%uuﬂﬂiﬁﬁ%%%l%xj’TE
TELERROBAEFH %%&& % R BB BRA - A LR OO H R
RICESHILHR L BT ET, Frlo, EHFH B . &U‘féﬁﬂf‘éf EHARIIE., RS
MaRBEREOKSZBL, ZOMHEE, MBE4HEELL, 61, HRELTED

oy, A sczEHWIEKASHNBREFRFORERE —HL, ROARTIZ
HRAMR A ORARESHE LIRS EHRBLET, BERESHE LI, ¥
BWTH, a2 EE, #hs2HEEELE, BEAELLOHSWIE., BAHE LS
MG HET TR0 E L,

BB, RAFRIIERHFREOFLEDEROWH IO T TITbILE Lf:o Rz, oo
EATICHTED, AARRWHNGEE, KXy MU — 7 BEEOME - AR
TH U 72 KL mfﬁi%ﬁA&)&ﬁ“éﬁ}F%E@%EOD%% \—f?ﬁ<l€2§§ff@)§k€f§§bij—o ES
oo RFFROBATICH 720 | N5 B NI R 7 20 R B, A 2% W EE AR | %
i = B JoF [ /Aﬁﬁil%kﬁiﬁﬁﬁﬁﬁ\ FOEBHKBZRENLS . HEBKS D
WITWANIREB R E LT, Z<0ofEATHEE Lz, BELES, #2252 TTF
SO B MHAKOKRTE, ZOMT X TORBEOERIC, LOLLHEILE L LT £ T,

HEIC, ROEKRIRZHEML, FAEEEE IR L TS ZmBLIT, XY EHO
BEExRLET,
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ftgk A. KL= Ap=—ERXKIZCB T HKMKDOEE

AREE T AMFZED ab initio FMO §H5H O BRI E B L 72 K Fi Kk o B4R &6 BH O 3k € ik
K ONKFIKDFE S & & BB L 7= %22 € B JE M O F k) 72 22 EME DO RATIZ DWW TR R 5,

Bitgk AL FMOBIEDRRICEE T 2 KMKDOBREBDRE X

ABF4E D ab initio FMO 512 W T, AP @ & FHIZAEET DK FIK DS AR — 8K DK
FEEOREMICGEZHDRBEHONCT 2720, AB _BEOEXRHEMNDS 6 ABREICTF
ET HKMAKDHREZEDIZEE LT,

F . Figure 29 O FiE LA 2%k L. ABINIT-MP Ver.6.09 iz 523 S T w5
Poisson-Boltzmann F X ICE S HEEREETLVICL Y . BIEGREA*EZE LT, FHE
F¥E1X MP2/6-31G TH 1 WD /iy i % 80.0 IRE D /M % 1.0 L L CaAE L,
Z OFER . Table A.1 127”3 X 912, Figure 29 (K) D fc b & N ik ZE & 72 » 72, IRIZ
Figure 29 O i b E st L, ABp “EAEORKRE NS 3, 4, 5 X6 A FLE ff#é
KFMAKEZBEDIZEE LI KB EL TN ENERL, 206 OKIHEEIZR L, ab
initio MP2/6-31G 5% VW72 FMO St HIC K v B REAZMIT L, &2 3V ¥ — %2 3Ll
Lz, ZETDKMAOKIZ., Ap ~EBEEOEREH S OMEBEMEICHK — Lz, AP 3. 4,
5K 6 AREICHFIET 2KMAKOEIL, £ Zh 452, 647, 857, 1151 CTH 5, 15
bl TRx VX —% Table AL ICEKNT 5, JHBH 3A3F£f”@7k$u7k%?%‘r'@bt
Flgure 29 (b), A 4 HDWIT 5 AREDKIKEZE LR . Figure 29 (m)® #

WAL ENRLECH D, FAH 6 ARE ff#éﬂﬁmk%:iﬁzb ZEB LK
T, HEEEETVICKVBREDREZZE L2546 & R, Figure 29 (k) D & i# 1k
BERNRLETH D, SHIT, HEEEETT VI VIR R 258 L7k O M
24T % )LX — (Table A.1 @ AP dimer in PB solvent ® ATE) & /KFi/KZBEHbDIZHEE L
7o K FNHEIE D MR 72 &2 = % )L X — (Table A.1 @ Solvated AR dimer (3—6 A)®D ATE) @
R AR AT, EREEET VICI VBB RAEZE LR EAM 3, 4, 5 KT 6 A
BEOKMAKEZZBELEZROMESRE RIZ. T F 4 0.17, 0.19, 0.24, 0.36 TH 5,
o T, A 6 ABREICHEETHRKMAKEZBHDICEET D & T, N7 s
EHEBTELRMEND DL, 20D, KO FMO FHE TIX., AR & EO K
56AREICHFETIAKMAKOAREZHDIZEE L, EIREZMITL,
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Table A.1 Total energies (TE) evaluated by ab initio MP2/6-31G FMO calculations for Ap
dimer without solvating water molecules, Ap dimer in Poisson-Boltzmann (PB) solvent and

solvated AP dimer. ATE is TE relative to the most stable one.

Conformation AP dimer in vacuum AP dimer in PB solvent Solvated AP dimer (6 A) Solvated A dimer (5 A) Solvated AP dimer (4 A) Solvated A dimer (3 A)

TE (kcal/mol) ATE TE ATE TE ATE TE ATE TE ATE TE ATE
Fig. 29 (a) —19800924.2  117.8 —19802424.0 19.1 —74792906.1  503.2 —60746066.8 360.2 —-50712247.6  557.4 —41395292.3  499.2
Fig. 29 (b) —19800905.7  136.3 —19802406.5 36.6 —747931953  214.0 —60746401.4 255 —50712648.0  157.1 —41395791.5 0.0
Fig. 29 (c) —19800694.7  347.2 —19802394.9 48.2 —74793263.4  145.9 —60746279.9 147.1 —50712558.2  246.8 —41395440.6  351.0
Fig. 29 (d) —19800880.2  161.8 —19802392.8 50.3 —74792968.3  441.0 —60746043.4 383.6 —50712368.0  437.1 —41395380.6  410.9
Fig. 29 (e) —19800920.0  122.0 —19802440.9 2.2 —74792734.0  675.3 —60745840.9 586.1 —50712155.6  649.5 —41395385.7  405.8
Fig. 29 (f) —19800733.8  308.2 —19802372.0 711 —74792499.7  909.6 —60745718.4 708.6 —50712059.0  746.1 —41395153.5  638.0
Fig. 29 (g) —19800723.1  318.9 —19802386.2 56.9 —74793098.4  310.9 —60746116.7 310.3 —50712487.9  317.2 —41395581.1  210.4
Fig. 29 (h) —19800663.8  378.2 —19802416.3 26.8 —74793060.9  348.5 —60746024.3 402.7 —50712291.4  513.6 —41395171.6  620.0
Fig. 29 (i) —19800725.9  316.0 —19802320.0  123.1 —74792819.0  590.3 —60746065.3 361.6 —50712484.3  320.8 —41395470.8  320.7
Fig. 29 (j) —19800811.9  230.0 —19802404.1 39.0 —74792820.3  589.0 —60745822.5 604.5 —50712395.0  410.0 —41395309.1  482.4
Fig. 29 (k) —19801031.3 10.7 —19802443.1 0.0 —74793409.3 0.0 —60746357.7 69.3 —-50712753.4 51.7 —41395665.3  126.2
Fig. 29 (I) —19800708.8  333.2 —19802370.0 73.1 747931044 304.9 —60746111.9 315.1 -50712322.4 4827 —41395444.0 3475
Fig. 29 (m) —19801042.0 0.0 —19802431.5 11.6 —74793236.1  173.2 —60746427.0 0.0 -50712805.1 0.0 —41395723.4 68.1

gk A2. KMKOBOoEZZRL AW GTREHXOEN

ARWFFETIE, REMD KT MM FHE N H 45 6 A 72 & E Bl B 12 %F L. ab initio FMO 35
kY, B A X -2 L, REEREZRE L, TOME. Ap DK E D
LEMIT., KFAKDLEMIZIHRIKETH L E2HS T L7 (Figure 21 & O} 30), %
T, KFIKOREDL EA2EBE LK ERER OB REEEE BT 257D, BZE
Iz B 1T % i B BLE (Figure 29 (K)) & 2 O WRIZZ E 72 Bl JE (Figure 29 (m)IZxf L. AB
TEERERERLZRET, KIKOHREZEN LT 100 ns O MD v 2L —v 3 v EE
ITLZ, ZDOF, 10psfHEICMD 2 F v Fay haHLE,

ZhZENn o 10,000 O MD 2 F v 7 v a vy hOHF L, KT V¥ v /LT R X —
(Figure A D& JLHEIC [EO/NESWIENLDS 100 HOEEZ Y 7V 7 L, KHFT MM
Bk, Ki#EL7Z%. MP2/6-31G &% 7= ab initio FMO §t BRI L v & FIRE%E
fRHT L, 2= X AVFXF—%FM L7z, EOICHERT HKMAKIT, AB ZEEKORHI D 6 A
BEICHFETH LOZERL, 0K % 1151 HI1C# — L7z, & O E., Table A2 (2R
TEIIC. MDEOMMEENLS, MDY X 2 b—3a Oy E L v b2 E 2Rk
KOBEEEZFOKMBERNGEONT, £, KVLRERKMAKEZFREOHEEO T TIX,
Figure 29 (K) D fc i fb & Z iR E L L7 MD v 2 =2 b —3 3 > d 83.54ns D AT v
Tvay MO REZERE L o7, D= Figure 29 (k) & (m)? i b A% 18 [ o F3 %
W72 ML, L ERKMAKEZRFOKMEER L THBELTCLRAKTH D,
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Figure A.1. The time evolutions of potential energy during 100 ns MD simulations for

the solvated AP dimer.

Table A.2 Total energies (TE) evaluated by ab initio MP2/6-31G FMO calculations

for solvated AP dimer

Conformation TE (kcal/mol) ATE
Fig. 29 (k) Initial —74793409.3 349.0
Fig. 29 (k) Most stable ~ —74793758.3 0.0
Fig. 29 (m) Initial —74793236.1 522.2

Fig. 29 (m) Most stable ~ —74793591.5 166.8

KFHEE DO 72 ZEMEEZRET H2ERZ P 6 T 5729 Figure 29 (k) 83.54
ns OfEE MO ER O LT F X —3% (KFaL7z ABp ~E{KD ATE) . Ap HE K D
FHHEH =2 LX—0RoE (AR HEKM O AIFIE) . AKFKB OM AN R X
— DR DZE KFIKM O AIFIE), AR &K L KFI/KE O AEEH = RV X — DK
D7 (AR K EAKFIKM O AIFIE) Z#RK&, KFfi L7z ABp ~ &K D ATE L £ EHFED
AIFIE [ © tH B B4R & 3 ~ 7=, Figure A.2 O B{dih X . Kf1 L7 Ap &1L D ATE TH Y |
T 7DEFRAAS~NT Yy FENTVWAHHEEIFE, LVLEER AB _EEKOKMEETH
%, — ). Figure A.2(a). (b) & OY(c) D fitdh X4 F 3 > AIFIE TH 0 . il 21X, Figure A.2
)yTHNIE, F7 7O TFTHFIZ7Tay hERTWDH2b0IFE, K VLERKFAKEZFED
KFnkE&E T 5, F72. Figure 29 (k) 83.54 ns DIEEICB T A MEEH =2 L X —0
WmiAELEHEL L TCnded, ZOMELIVB/NEVWHEERA XLV -0 A R~T



86 Mok A. KFnL7= A B —EIRIZR T B /KK DS

MiEix, itoBAoFm~7rey hEahd, £, fAOZEM ROTFWVWALOT v v
X, = Zh Figure 29 (k). (MO FIHIEEZ R, Kl L7z Ap &K D ATE & Ap
BB KM O AIFIE O M. KFKM O AIFIE OB, KO AR &K L KFi/KME D AIFIE ©
M oOFBIFEE RIT.Z L 0.44(Figure A.2(a)).0.87(Figure A.2 (b)).0.32(Figure A.2 (c))
ThHhd, KL AP ~&IKD ATE L /KFI/KRM O AIFIE X WAHBEZRL TE O, K
L7 Ap —EEROMIN L EMEIL, KfiKkORZE®HICHEIKGFET S, 20, KFn
KO ENLZEIZRDITE,. LVLZER AP ~EAEROKEE & 725, 1t - T, Figure 29
(KD Z EBLE 1L, Figure 29 (m)DZEBJE LV HAKFIAKR LR LZE LS VWEIETH 5,
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Figure A.2. Correlations with (a) relative total energy between the most stable conformation

and others (ATE) of solvated AB dimer and relative IFIE summation (AIFIE) between A

monomers, (b) ATE of solvated AB dimer and AIFIE between solvating water molecules, and

(c) ATE of solvated AB dimer and AIFIE between AP dimer and water molecules.
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Figure 29 (K)IZXf 32 MD KO MM §tE B & L Lz K &l B8 v Cid, 83.54 ns
DAF vy Tvay NOMENRZETHD, LML, 59.81 k1 36.00ns D& L, &
LERE L O ATE N Z X 0.6, 11.9 kcal/mol T&H v . Figure 29 (K)IZxf94 2 3t H T
L. REEME W/ EZE2 R OoMENSE O Lz (Figure A1), —J7. Figure 29 (m)iZ %}
THHENSELON-HEEICB W T, 81.78ns D2 F v F v ay hOMENKEZET
HY, hoE Lk L T, HIKTYH 49 keal/mol FRELE TH 5, W& D %2 EHE
® TE % k#9425 &, Figure 29 (k)™ 83.54 ns O #i&E @ J5 2% 167 kcal/mol FEE % E TdH
5. Figure A2 63005 K 51T, AKRRAKRMEEDZEIZ KD | #i& O KGO % E M
DINEFFNEAT DR MRS S, Lo L., Figure 29 (k) 2 (M) D i b 2 € 72 K FiK % £F
OfEEM O X2 ZENEX. REMD &Y MM G5 TR E U 7= & il (b A 1 [ oo #8 k1
7222 E 1k (Table 11 & (N Table A L) E R CTH D > T OKFIKDIELEEZEEL TH,
22 E B B[R] 00 A8 kY 70 2 TE MR IE S AR L AR

Figure 29 (k) MD ¥ R = L — ¥ 3 U OB EIZB W T ML OB &K D Glu3, Args,
Asp7. KON M2 DHEEKD Lysle DRI, WL DD K4 F (0@ L Tu 5 (Figure 33
(@), ZOMENMD VI 2b—va VHIRBEINTWVWEINE2HRT IO, KETE
HMETHD 8354 ns DAT v T vay b, REEHELDETRNLF—EFED/HI
59.81 K& ) 36.00 ns & IZxF L. Glu3(M1), Arg5(M1), Asp7(M1) K TF Lys16(M2)JE i1
DK DAL EZ MR LTz, Figure A3IZ, TNENOHAEREEZ T, EORXF
v vay FOEIZEWTH, #IHHEE L FIC, Glud(M1), Arg5(M1). Asp7(M1)
J OV Lys16(M2)DIZ K+ FELTEBY . 7 VBHZ7 Y vy VT8 LI @EL
TWb, Glu3(M1) & Lysle(M2)D i, &Y Asp7(M1) & Lysl6(M2)D M IZ(FFET D K5y
T FHFEDOKSTFREELTIC, KgFRETMEOANEZINEE TWVWD, —FH,
Glu3(M1), Arg5(M1) % O Asp7(ML)D ICHFIET DK FICO>WVWTIiL, MD ¥ = L —
arfwT, UKD FRIFERUCMEBICEE TS, ZDOKSFIiE. Glud(M1),
Args5(M1) & Y Asp7(ML) L K FEFEA L TR Y, FIHIBEICESTL2ZInN60T7 I JBED
FEEHZ X LX—1X, T £ -19.8, -18.9, -17.2 kcal/mol TH %, - T, T D
KAFIE ML © N KO EEZEKRKT 5K & LT, Glud(M1), Arg5(M1) K& O}
Asp7(M1) L 5F 3 Ao KkFERAGEZK T LIk, MEIBEEILENLTWD,
Asp7(MDYDIEFEICIZ, MD Y22 b—Ya VP THENEEILENTWVWDIKSFRD
IO EDHFEELTWD, Z DKL FiE. Asp7(ML) L 8 Lysl6(M1) & K FEFE A Z BT 5
XY oK T EMEOANELZEZET, MDY I 2 b— 3 VT, IFIER
CMEIZEES>TWVD, 2NHDOKGFIE. ML O N K OBEZ KT 5 L CTEER
KT+ Thd,
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(c) Arg5 (M1)

Glu3 (M1)
17 % L7A

( S\ Water
6.0 V17

Lys16 (M2)

Asp7 (M1) |

Figure A.3. Inter-monomer interacting structures between Glu3/Arg5/Asp7 of M1 and
Lys16 of M2 in the stable conformations of solvated AP dimer;
(a) Initial structure, (b) 83.54 ns, (c) 59.81 ns and (d) 36.00 ns snapshots
Green dash-lines indicate hydrogen bonds, while pink dash-lines indicate electrostatic
attractive interactions between charged amino acid residues.

Some water molecules contribute to the interactions.
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