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Abstract

Peptides are intermediate products of proteolysis and are composed of amino acids in a
certain sequence. Because of its good biocompatibility, biodegradability and biological activity,
short peptides and their self-assembled structures have very broad development prospects in
the synthesis of new materials and nanodevices. At present, many different nanostructures have
been synthesized experimentally through chirality control, and it has been found that the
chirality of amino acids is the key factor in controlling the self-assembled supramolecular
structure of short peptides. However, there is a lack of basic understanding of the question of
"how the chirality at the molecular level develops to the supramolecular level", which hinders
the development of short peptide self-assembled nanomaterials.

In order to better select amino acids to synthesize short peptides, so as to more effectively
self-assemble with B-sheet structure, this article first starts from the differences in the side
chains of 15 natural uncharged amino acids, the tendency of each amino acid to self-assemble
with [B-sheet structure is studied, and the relevant results are explained theoretically.
Subsequently, a series of chiral short peptide molecules were constructed to study the eftect of
amino acid chirality on the chirality of self-assembly. For the first time, a set of methods based
on molecular simulation to study the chiral transfer mechanism in the process of short peptide
self-assembly was proposed, and its correctness was verified through experiments. The research
content mainly includes the following two aspects:

(1) A tetrapeptide model of 15 kinds of natural uncharged amino acids was established,
stacked in antiparallel B-sheet structure, and the relative ability of 15 kinds of natural uncharged
amino acids to form B-sheet structure was investigated. Studies have shown that the tightness
of the combination of amino acids using the P-sheet structure and the degree of extension in
solution are the two main influencing factors. Binding energy is an important physical quantity
that characterizes the tightness of amino acids to form a B-sheet structure. Studies have found
that the binding energy of different amino acids has large differences, and the main reason for
these differences is the difference in amino acid side chains. Different side chains support the
main chain configuration, steric hindrance between larger side chains, the hydrogen bonding

between polar groups in part of the side chains and the interaction of aromatic side chains will



affect the stability of the B-sheet structure formed by amino acids. On the other hand, the degree
of extension of the peptide's dynamic conformation in water will also affect its tendency to form
a B-sheet structure. Through the above research, the amino acids that are easy to self-assemble
in the B-sheet structure have been screened out.

(2) According to the previous research results, this paper designed the self-assembly of the
amphiphilic short peptides Ac-I3K-NH> and Ac-14K>-NH», which were composed of heterolinyl
acid and lysine with a higher tendency to form [-sheet, so as to investigate the effect of different
chiral amino acids on the chirality of their self-assembly. Put forward a set of short peptide
using beta sheet of chiral transfer mechanism in the process of self-assembly method, using
molecular dynamics simulations and quantum chemical calculation, starting from the single
molecule conformation of short peptide, amino acid side chains on the influence of peptide
molecule conformation, found lysine side chain steric hindrance effect and side chain adjacent
peptide is significantly influenced by the hydrogen bonding interaction are produced when a
single chiral molecular conformation. Subsequently, the development of chirality was tracked
during the hierarchical self-assembly of peptides, and the molecular mechanism of single-
molecule chirality transfer to the supramolecular level was clarified.

These results deepen the understanding of the chiral transmission mechanism in the
process of short peptide assembly, and provide certain theoretical guidance for the experimental
synthesis of chiral short peptide self-assembly.

Keywords: short peptide, -sheet, chirality, self-assembly
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Figl-1 (a) 20 common amino acids in eukaryotic cells, (b) hydrophobicity and a-helix and B-sheet
propensity. Note that (0), (-) and (+) in b represent the neutral, negative and positive charge forms of
the ionizable side chain, respectively
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Figl1-3 Synergistic interaction of various weak interactions during peptide self-assembly
(a) Interaction of H-bond and hydrophobic interaction!3®3°l. (b) The spatial synergistic effect of
various non-covalent interactions results in different morphologies derived from the self-assembly of
the three ionic complementary peptides*l. (c) The time synergistic effect of various non-covalent
interactions leads to the hierarchical self-assembly process of helical peptides!*!!
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12,3 HEIR)HLHZIERK

FEARSCH, FHBER MR TR TR AL D T 30 MR . U K 40 1 AR RT LLIE 39 2]
1990 £ 9], IS LA 2 F Z-DNA 254 (R [ zuotin, Zhang 45 NBAR A
LT REIZEANES TS EAKL6-11 7] UL B H % pite e S 5 9K A4 . [,
Ghadiri £ A%+ T EEGEEH D M L BHEERTEHI MR, B -
DAEDAQDAEDAQ-), ] LR F PR FRY I HE B USRI SE 1) H B2 25 OB IREE 11
MIBES S, ARRPEAE RE D T IO IE S M ST &S B HR K. SR, f71E
FET WA SEARF AT 22 A2

FHANIE, CHRIER BARFERAT KRB AL T B5 AN (140 EAK 6
1D, ¥ ik (B0, 3 (-DAEDAQDAEDAQ-)), PA (fflf, CiH310-CCCCGGGS (PO4)
RGD), SLP (1, Ac-AsD) ™I, KFpK (FIIn Max1), TEFEE AT BANTAEY
(41 FF A1 Fmoc-FF), Z3ik (MDP, i1 Ac-Ka (QL) ¢Ko-NHy) MIFIZTERL (]
40 hSAF ). R, X RIS HIAT N T4 B A — s S 2 IR E . RIg
TERkAL, HARRIE B AR m TR A p-HrE 4. e RZHRMNLE T, A
R TATH TR 32 28 T X0 8 FFUT I 450 50 RIVER AR . XM K77 RIFATER,
B ER T 28 R B E AR .
1.2.4 SLPs BRI AN KR HATER B4R

Zhang A ¥ [F] FAE 2002 50T T 25— SLPs Ac-AgD . "B FH/NAN B2 B /K R
A=A AL, PRI C sili A PN A ANk BIEERREE, ) —/ kB C i
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BRI ZIKFI AR 27 SLPs (Bl Ac-VeD, Ac-VeDa Fil Ac-GeD2) 71 H /K
BEAT B 2H2E, AT ARG UK TR, I HOX EE IR G5 0 A g A2 B s A% I A L A
IR 1 J 4 o 71431

H 2002 4ELLK, CEBIIET 2K T2 SLPs. 5l 121 SLPs & HAT 5}
I SLPs, 1% B J LA AR TR R B /K R I 2H i, 7 236 /K A Sk Jae by — /N B0 A [+ 11
iy L ER L A, 140 Ac-GAVILRR-NHa+ Ac-AAVVLLLWEE Fl Ac-LIVAGD (U1 1-4a)
(546481 il VR WEE 7 LR JEA bola 9 SLP, #41 Ac-KLLK-NHa Ac-HI4H-NH: Al
EFL4FE, AN [ 0 A Sy P A B R i i i /K P S S R A O iz (] 1-4b )

[49-52]

=‘.ﬁ><.<

KK LIVAGD
common bola-like cone-shaped
(b) : Ac-AiK-NH; Ac-AsK-NH:2 Ac-AsK-NH:

Latersd
e
ti-bonds hllul tube L X ¥ oL
Beres) - -
Ky ok X
J KIViK KLtk K1 monohycv \
(o

Peptide length

)1%):;

With acetonitrile content increasing High selectivity

: Ac-'I,'K-NH,
i X=L, D, La, Da
Peptide sequence Chirality
1
(C) 2 E Asla Solution Kill bacteria
| 75
> / ; .'/ ) ? gp
J } : ‘\ /J-ﬂfa § ;
. Paolrss . 2
O -
NG a
= E Hydrogel

Solvent Enzyme

A 1-4 §o0a SLP B 43R ARk
(a) SLP HJEERAL: EH, BHRAME: (b) 47 SERIR, FiZR, KE
BmAIFESs; (o) FTEH SLP HARKINEER: WHIAEES. HER, HET SLP KK
AR, TR T SLP B —A N R, AREER, EFXEERBPEERT Ac
AI-NH,
Fig1-4 Representative methods affecting the SLP self-assembly process
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(a) The main types of SLP: regular, corrugated and tapered; (b) Molecular design strategy: amino
acid substitution, sequence variation, length increase and chirality [554; (¢) External factors used to
control SLP self-assembly: solvents and enzymes!S!. Note that both ends of the cationic SLP are
capped, while only one N-terminus of the anionic SLP is capped. For brevity, Ac- and -NH; are
omitted in some images

SRR TETERIZEL, V72 SLPs FAA BT UM SR SR IR E (CAC) 335662,
BriiKPESL, B-HT B BAE YE H CAC ety EEER . i, /R Ac-LK-NH, A
AR KN, (HAKH ) CAC EEH Ac-L:K-NH, 0752, XERNEEHHRZ B-4r
B4k {2, Ac-IsK-NHy Fl Ac-LsK-NHa ] CAC JLFAHRE], FAEANT#EIE K -4 2
TR R CAC Z b, SLPs 1] DUMRZ By AR /K IR LA S &M e B AN K 51 RIAS
BHh AT B2, BIHRCNIE, WEATH E AR OS8Rl TR $il. 4k
LRYE. KA. GUKRERUKEE 2 8P T eI R, 2 SO B KR
AKX, o7 PSR DA (R KA, DRI AT DU D 4 1) 401 B v AR AR 1)V W 2%
PEEFA AT SLPs Y L 41NN

1.3 FHREBEEMRIVIK

TR AR, HRE IR F I 2 N RS A S A AN B Tk
HIRBE RS BT RAGFENRERR HZRIN L FE R L-22EmR, Pl ARk
L-ZEMR IR I8 AR B I U BUA B8 o- S8 A0 e T # 1 B BE, T2 T-H B-1R IR fERE &
ERARK . B e # ) p-BEAH R A - SR SR T [ L, AT A B S A
e, JF BB 5 i A T p-Ih B R A S = A B e e i i JR 47 4. 45258, W
SEH BARHENESE X B S5 M HTE M e B IR AT 4RI % = o e b i) . A, SR BBt
Y D-Z R A B IR ) SR 2T 418 H R I A e i . RE AT RANS, BEECAEW
SF|HRARIRFIE B UL — A 4R B ER R AT AT RA%E T ERIEhieE
H 2 BRI ER B /N BURAME R flinsk B MISTERPEER A EEH (SAA) 1] SAA
Kk (RSFFSFLGEAFD) Ak B 38 &5 VA W Mg HY ILQINS 1. sk, EAIRE W RN
FAMF (pH2.0 BUEMD T, EEMEMANB S HRE T LB, XA aeR H T EATEK
TR R B K U B TE AR . X R FUR B, H AR MEARYE C &0 A K Fr 51 BH i FL00 e
DTHRGHPFE. FL L, KRFHERBEMRERERFEREATEIRER. TREL
FSUAE JEARNAT MR e 1Y) B-UE T FIR 5 3 A BB R (1) T M o], BSR4 T B2 5 Tl (1)
KA HAEH], #HOA R RS N . AT — T s, Usov 25 A 20 e
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THE pH 2.0 1 90°C N IMLIEENE S 1 (BSA) H AL 2 TG T-HLih JF 2T 4 1 3t
£, TEHE L, ARATE R RO BIA T W i A 4 i i G s /S e 2 1 S 2F 4k T
IR, B SRR AFM AR . DR, SR ET 4R JE R v 45 ) 5 2 M 18 i T 2 A
FeF B F TS 1 )5 K 22—

5 T AEFEIR 2 Ah, B Lo DS B2 1) S T M I e DR A [+) <35 1 1
T AMIZBIMRZ 0 . #ill, Marchesan %5 NISTCZIEN], % T =K FFV, HA Y N-K
i 2 FE IR T4 5 H 7 5 b ) AR B R R 1) TR AN RIS, 45 21 1) = IR CPFRFV AEEPEPY)
REWE K FH I B-HT 2 R, IR AR B N H AL R 20 4, i) T 20T = JIk
(LFLFLV AT PRPFPY) ALAl S P =k (FLFPV., PRPFYV, LFPFLV I PRMFPYV) B
WG BAT PP G5 R FIBREIRAL o ATERI 2, 845 NN L 5 ple 1 0 IOt e, A1 1o
5N 56 (KM C18 BEEREMTIERE (CisH3sO-LALA il CisH3s0-DADA; CisH3s0-DALA
I CisH3s0-LADA), IR B A REMRI TR C R MR W T ], B
Ci1sH3s0-LALA 1 CigH3sO-DALA H 4% A F4 A7, 1 CisHzsO-DADA il CigHssO-
LADA JESATT-o Ik, SXFERIWEFUHE Hh A Sy SR A Y715 401 25 1 1 T4 D T () e 2
Y. F b, FOAZRE (AA) 78455 K k&I HAE B AR RAER, C omA s BRik
AT BHERERMRE, ATLATUAAR A BAEH (B, S8, SFFAERMEEER
EATES TSP REZEEN, W Lara 5 NSTETHS AR

TR NPT T =00 MR SRR MLEK A PLPKL MLPKOAT PLEK, BLJ MK
A DPK, SRR, B TAKL I F I C Rk SRR (sy) kHIF
PEkE , T HAFENE CD &5 /K I 7 R 2R (Te) B K TR E . 70131 /1% (MD)
BAURER T e R F 0 7 F FIE R ROK g o F e r)sE s (il 1-5 B .
CSUAR 2 RS A IR ) T T A R VR 1 R T O ) R A 90 1 1 7T {6 S g 1656871
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I)IJI)K

"l,l‘l\' ”l_;”l\' ""l,"l\' ""IJ"K ”l_,"l\' I,|Jl)|\'

at =y o MO
DAY v Wy

BEMJLAEM. (b) =3 LK XTBAR B HBE R p-37
B2 AR R]E TR 77 SURIE R 415
Fig1-5 (a) The geometric structure of "Iz;'K,’I;’K,I;''K and “I3PK B chains. (B) The inter-chain
filling mode and usability of the self-assembled single B-sheet layer of three pairs of LK

enantiomers/>*!

Wei Qi 2 N3t T — RV EA AR -2AERFHIK A =K. BH L-Phe-L-Phe
FeHIHIBR IR B 2H 25 il 22 i I AN RBR e, TR T -Phe-L-Trp, R AT TE HI N K ER e 25
Ky CanE 1-6 Frs) o BEAh, Ay RUE A K i e S B (His. Arg. Ser. Glu 1 Asp)
RATHE I HALKIR e i EAT . 1 A 3R e 40 oK 2 48 1) Tk AR T TR B 2R T4k

11



= ik

117 HLIe S ONEE T (007 A MR, SV = (A LA s DI oG o IR BUINTR 1% ik 14
TEAALRE R, JFONEIE s ThRe T IEGURM R B THL 2

\\
in X | Self-assembly
stackmgI ' N zu’ p—
H | | ,_ B-sheet

\ fmoc-FWX Peptide /

X=R  X=§ X=E x=d"¥‘;\
NHz N NH, coo™

NH; r
X*x Co0~ c00‘ ):COO CO0~ lcoo /
;/ l/ \
| - |
stacking | O; Ay y NX : B-sheet
: e :”
I |
/

Self-assembl
l\ Fmoc-FFX Peptide y

N s s S e S S T

&l 1-6 £78 Fmoc-FWX (X=H, R, S, EZ D) 5 Fmoc-FFX (X=H, R, S, EE& D) FiH
HIRTHEPORGEE R R T
Figl1-6 Shows that Fmoc-FWX (X=H, R, S, E or D) or Fmoc-FFX (X =H, R, S, E or D) chiral self-
assembly into chiral nanostructures are different Chirality!”!

S5 NPUE ] —Fp FAE R IR D 77 CEEE R 1E N E TR LER (R AARD 94
KR HIREECAR . TR, KA L BLE B BRIE 1 A 40K 7 4L i 1 SR e 4 T L-F
#R A HEEEH, TR D YA B R I2 16 AN AR5 2H 2 Rl A M e 1 T L ~F- 802 A e 45
B 1-7 ). EEEHRTHHER ERTREE KB R9RR TR, MO B LAY

HIRAE GBI FHEEIENE B AR FR — R B — PN ZWIER, LIARR R
WG RGN . A E R ER DL e S . 2T TUIE I N R AR . KR T —
NETUH) R B ARGTRRBHTH T, O arRRIRSE M R B R .
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LEBEERR  o-kRBEER

T AL 58 KR T

o
ﬁ% =

\_ EAAMNX ]

Bl 1-7 D BR L B PR ERAE IR LA IR T IO BCAR . BT 5 e o) A T8 A TR B e e . E
H = b, XFMIRIEE EAMHE RS ESELA X EILRE ™)

Figl1-7 D or L-type cysteine as a ligand for cadmium telluride nanoparticles. After the particles are

assembled, they will form a left-handed or right-handed spiral, respectively. On the circular
dichroism, the two spirals have opposite broad spectrum (including the near-infrared range) optical
rotation intensity!”!

tR& NPTl & BT PSR IR, R T A HE SRS, - Z AT AN R p-4E
Z BB fr B . B ARRE B-Fr AR BE 2 18] ) H-S8 AR B4R A Mk — 2 2%
ke . mTEEEA T, RbigEal Uk B AR S 1E i, PR
MBELRBIT T KRR TIRE HEF p-IrE 2 A RAIR AL 8E A8 RIE . 3B IEA
FX A — REE T, RoRNZBENS BT 5 R B AR 9KR S, Bl ks«

RECARE 7 — R, BV A5 H R T DL 5 577 56 A 5 41 2R
e, 5 SGE YT F ARG 7KCF 28 501 2R O T SR I DR R AT PR AR HESEE

1.4 FERKBIN A

B FAE Rk B MR B G AR, R E 5 THHT A T RITRIA R, B EATR
AN TR 2 A A RIS T, JCHORAE AR R A A P e AT AT, gt A s
I PUEAMGUEARL, 2P AL S ek, b, AT, AUKEIERIRE A
FaEf.

1.4.1 ATHMaEEFRAIKER X 232

VP22 K AT CAYE KT B AL a5 1K 214, AR5 T AT iRk el T

13 AV BRI AE Vi e, B A3 MoK B S HIAE 2D F 3D A8 R4,
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T4, HE TR AR R 2R 082,

Hauser 55 NUEW], HETE SLPs A7KIGER I g /K Vo FS (14 P AT S 2k (AR A
PITAS KB Sl sty PR R i LB L, O HLAE ik 90°C IR N HAT M A . Ac-
LIVAGD #E/B AT £E 1 mg/mL (UK EE T AR ik 99.9 %6 (7K, Pl SR ABA T4l e A2k 5t (ECMD
ORI IR AT A 2% . TE R B, XU BA AN, I H effrKEic b
JRIIHRE TR 1 2 M AL AN, Bl AR e T . N JRAUE NVE A . X
BE SO NI 3D 877 DL AR A0 Dy ds B R A K (B 1-8a) 1991,

(a)

g
o

Hydrogel

(c) I

Towonstoridty | el

° G3

1.2, ElHela
I NIH3T3

e
)

No G3 With G3
Drug delivery

TAAND I~

[ s

OG detergent
displacement

® Redblood cell » platelet

Hemostasis Membrane protein stabilization
K 1-8 SLP R~BINFHER

(a) 7KBRERTT DL AR AW ENRI BTHER 31, (b) Ac-AoK-NH, FIFLEHLAIBY; () M Ac-LSLKG-
NH, KB AT A PU R L G309, (d) (AR RIGKEE B 3687, (e) Ac-IzQGK-NH;
FIRRIEI/ER Y () fEH Ac-AdD TR LR RIS, HER, FHEF SLPs KB KN
B, MEABEF SLP ML —A N RKinthdin, AMEENH, EREEGFEIET Ac-f-NH,
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Fig1-8 SLP sample application
(A) Hydrogel can be used as ink for bioprinting!®3l; (b) Antibacterial mechanism of Ac-AoK-NH,/34l;
(¢) Controllable from Ac-I;SLKG-NH; hydrogel Delivery of antimicrobial peptide G3/85; (d)
biomimetic siliconization and nano-manufactured templates!3¢%7l; (e) hemostatic effect caused by Ac-
I3QGK-NH,?"; () using Ac-A¢D Stable rhodopsin model!3®l. Please note that both ends of cationic
SLPs are capped, while only one N-terminus of anionic SLPs is capped. For brevity, Ac- and -NH; are
omitted in some images

LA 2 41 B B B A, SLPs AR Al AR e Shfig . B, Ac-
I3SLKG-NHa /KGR AEAFAE MMP-2 B0 T 2 I 4 g B AT, 102t Tl 7)1
B MMP-2 UJEILL 8 53] 1 R AL, S — A7, B Ac-AoKo-NH, /KB
X S 2% PR TR R A 22 PGB M T 2 St AL S (RO BT R B 7 5 [ %o e 27, 50 470 4 . ) 24
BEVERUIC (B 1-8b) 131,

1.42 Z9%imiE

H 1970 FARLIK, T&S V2 IRE 1 DUIR I SR S 1 77 B AR AR 3R 1 25 )
EIRI92 bl T 5 R U TSV R AR, FESE £ LA, SLPs i H T2 A dk
DRIk 8393941 . Wang 45 CLZUE W] P RS 24540, B S /K M PR R RS AN /K i 20, 7T A
W Ac-LK-NH AFF R0 E%E, I HOE SRR aT LUBE /S pH SKiA T
OS5 WA, 4 SLPs AT Z3Wiiket, Ay LURIE 71 vH AN A R 2 R F5 i £
HURE ST RV TIURR I
1.4.3 AT LK I TAYIRIR

FEKVER T B AR5, IR ETR F M 7E B AR AR R E . I ERTR,
WV BB RN REVEE A, BlInfEmAL. ), fEK. BESHSNEREEEH.
YT gASEMRYCKEMNmEREN, BNCH 2 AERE R TR
iz [86:96-991

Ac-LK-NH ZREF 4R AR, W IE ) Lys SR VRS EE AR . R
T, Ac-K-NH: YKL LB S TOES A Ath = S04k fiek BT 4 )98 e -1 e I
HEFINENKRFRTR —FhE, FIbSB0 R SREGRM R (Biln, gk E A
TARAEERRERD O, EATRTEAS AT DO B R AR A AT RO (B 1-8d) . X LER ST
WG BT B AR A REAC RV ENLE] . 5358, Ac-LK-NH 49K 4F4E CaHEME 1D
Pt PRSI IR . I 5 EHLEE Ak TLHVSSY 454, ] LIS Pt 48K S A g e
5] (1 1-8d) . FESEI—4E Pt 9K S5 A4 d i St FE R P S A PR 224 i P LA 2 A T
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P
1.4.4 1M}

W FJTER, TGase 7T LA T Ac-QGK-NH: I/KERIL . BART S, C&UEW] 1 iE
AP e (p-2REIAL) R IR B MR R T F R — B Ak . — SRtk (1 20
B RE LS g T 4, JRAA Ac-IQGK-NH 9K FH B 2 (4K 2T 4k (642
BOUKBEIRAG o« 1B FhAE ML B ARIEER B 5L, ok I PR XIIT ) DAAE H I S 8] % £ oy
BRILERF XMTa (—FPiftE TGasedo G54, ARX T HoAb b M 77 s L (Biltn, 37 5
FMIK EAK 161D, s IR, ARSI ki (] 1-8e ). Si4b,
TZIONS T I FLAEN ) A s AR M B 1, IF BN S AR e 1 S B2 - Ac-IQGK-
NHy (I M 234 R R A7 1 AR VA A, DA sk i) ok i T g, (S HAE AR I R
AR A R BRI T

1.5 AXWEBERRAR

LA FTE S EHERA A, X T RSRE TR R B AN LB AT TR AT LS 45
N (D PR ARG R AEHENE . FTEVIBEEIE D EYIENE, AR
PEREAR b e B AR SR RUAT R & O AR ER T L B AR & T AR AT (2)
FUERIE B4R — N EZEREHIR R, ARFERERIEL B 45T DUObR M — R
PIFEGREER, Flinsrde, b, BheEE. B SRR BRI PR IR B Ak
RIR R, IXHE AT AR B — e BRI R, 30 T8 B KA BRI U B AT R 2
HIwtFLiE: (30 HET, i EoaBid FrEiiEa Ml 7 2MARRKRE, JFH
RIVARTR KT 1R HI R B H2 0 T4 B K R . B2 B ATRMEERRE > 77K
SR FE R AT R B RE T KT s (4 H AT TR B 425 A AU 7808t
b, BUAA RIRT UG EEE X SRIR A5 R AR AR L, SRR iRE—E ARG E IR
RIS

BT B AT ESRCR ) 5 8) A1 SR T AT S T R R AR, s
A ATE 43 F7KF B REATRE A BRI 7T, X H e BRI 7 7S B LB AR
P AEA S il & T2 0 T ol J1 AR EE S 5, R R 0 7K Fi
s AT AR I 2 B A R 1K, DU PR R PR K B AL AR A il 26 R0 1 1 2 S i i i
Fo
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EZE STEMRFE
2.1 SFRIUEST

oy TR R T S UG AR A B AT <S8 R A RO, T A R] DLARIL AL
WL, e T M TR AR Bt MPRRR AT S S AR U, ERR
FEMA A IO B GE R KRB o0 T MR RL A K 1) 7 5 2 8. 0 TRAE B4 O T
12 R SR — I R B4 2 (QC) ik @Fiit 2 R IR 7318 715 (MD).
FEHORL 78 7154 (DPD) Jiike fE73FAUr, O 7 AR S Ol AT B IL, Il TH5
T HAR AR RS prek, A E s v (T D) Z R 7 &5k,
FHT Uay B P R 7 BT 2 e . R A e
W AR IR AR I, (EARAAE KRR A R R b, AR AR (R . TRt
kA s R ) R TAER] .

Oy T BURORAE LT S RAT TARK AR, B NS i — b 7e, RS H Al
22 a] AR B ARSI o R R D 43 AR AU ) JR PR AR i L 7 G T v e s B S 8« AT
W& TR AW D R e . SRR ReEE, ROR, RRALRHZ D /R IE B 2 1L
TAE, BEMOSEPs TAE ERMEE R . FTRMTES.

TR AR R KRR R, Bk T B se i s T SE W
MEHEEBREME. THEEY TR, MRS aE, SoRKEED AR RS
TRET#HTH, EARRKRAS TR, 2P RUSORTE G0 BRI e i
AT MV B A i L A TR

AL EZA A MD J7iEA5 BRI A 8, JFR A QC J7iEmt SURk B 8531
R, HRERE. 4iaReLl SR,

2.2 OPLS 7137{E4y

OPLS (optimized potentials for liquid simulations ) 'O'& —AN vz & F 4 J7 T 7137,
FEE A TR R . 2713 Jorgensen BIB\IT &, FEEHTZIK. EH. & AL
TR &R, AEASSCH) MD Bt 7 TR B i i .

OPLS J133/R -

Etotal = Ebonds + Eangles + Edihedrals + Enonbonded (2'1)
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Eponas = Xbonas Kr(r — ro)z (2-2)
Eangles = Zangles Kqg 6 — 00)2 (2-3)

V- V- V-
Edihedrals = Zdihedrals (?1 [1 + COS((p - Qol)] + ?2 [1 - COS(Z(p - §02)] + ?3 [1 +

%
cos(3¢ — 9)] + 2 [1 — cos(4p — ¢,)]) (2-4)
12 6 qiq;e’
Enonbonded = Zi>j [8ij ((:1_1]2 - %) + F(J)ru] (2'5)

:/H\:EF‘ Etotal XE%%EEPE/] Ij %’ %ﬂ:%?iﬁa (Ebonds) bﬂiﬁ}%iﬂ (Eangles> 7JD E'ﬁgj%ﬁ
Zj] ( Edinedrals ) jJD EEX—J‘ ( Enonbonded E/J

Hﬂam

2.3 Kabsch BE3EET

Kabsch 5iEU2IH W. Kabsch 7 1976 42 1), T KRigm A ies:, 014
5, R BUARAR LR AU 5 T S S« S, 1 PR Q R —A
HARTEA R ALRR RN IR, pi B qi LB WIIIER i AN A A THAN RS RIFTER: N R,
SERN T, B4 Kabsch SRfFE TR LAk in] @ :

N
minF = %Z |Rpi — @i+ T|3
=1 (2-6)
B (1 K, ARG
N
minNE = ||p; — ¢} = Tr((P' - Q)" (P' - Q))
=1 (2-7)
Hr p/=Rpi, P'=RP, Tr () ZRITIZH
IRIEERIETT, B
Tr((P' = Q" (P'~ Q) = Tr(P""P') + Tr(Q" Q) - 2Tr(Q" P') (2-8)
NAA PTP=PTRTRP=PTP (JEFEMMERNIERI ), H
NE=Tr(PTP)+ Tr(QTQ) —2Tr(Q"P’) (2-9)
R ) AWIHmAMEMAS TR 3O KW 7 (TP M KIE
Tr(QTP") = Tr(Q"RP) = Tr(PQ"R) (2-10)

Xt POT i SVD 73 fit, 4
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3
Tr(Q"P') = Tr(VEW'R) = Tr(ESWTRV) =) aTs

i=1 (2-11)
Hrp 7=w'RV
KA R A VAR IE A /RS, TRk 7 1EAS, B|TH<1, Ak
3
Tr(Q"P) <> o
=1 (2-12)
Bl WTRV=1 JyfisR
R=wVv" (2-13)

XHEFEER A R MAEAT TR e, ik (4) sUBIEA

(2-14)
Hordr d=sign (det (PQ")),
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B EAEREALS B-sheet 45K B A 1TH BOR &

F=F [ERLAS p-sheet BT K NEFEH X R

TR A BT B LR R AL 5 B A N T RENLH R SCBE , IX Al i)
FHbi e o BT E AT BTN IR RA N, DIRARMERS o B & A A S il
REBLAEDY XS HE AR B i foe IME ) 58 A BE A LR 2R o Mo AR AR R PO RE 22 Bl RS 5 11 o 2 3 4 X
FRELE R CIRE I3RS IR 1718

A AT RE TR . H AT, DG IR Py 51 AN B AE i 000 3 1 BT A, OF
HIERIER AR IIGE. 8 n] DUBE A AT CREER) pH, IRZSE) HAIAHH.
TEFRA E & . AAURKRERONE AT & . 8 A BT &K 8 a1 oy« 21 4
Vi e (B ER . XS AN MR T AR A IR B O R AR A .
2Py BTN AR BT 701150 =, 58 = MR DY R & iy I3t — 2D T L D g — TR LA
%5 AENE RS TN EE—, RE ES i TN AR SRR A R . AR
TR R g B B B T A B A TN . H BT 2T 1 ORI ARG
a-BEEAT B3 B B FE MR FT o H B PR A3 1 o- SR e BT AR — 250, IF HBR AR S 4L
WEE . AW, B B-FEEENINRE LKNERR —RE5Hz—, JFHCZW
HANFNREREG ZE AR B-Ir BRI . JR10, X B-I 2 45 AU
%JaT a-88E. 1974 ££, Chou Al Fasman & 3& T iF5H 15 MR B R HEAD
RIETR 1 B BUER A RAG RN, XL B 2473 DMEIERRIREA K S VF 20T
FEBAT TIRZ Z R TAT . B-sheet A I SLIHT 7T T BAE 4> H FiAR A R G0
BEAT . BRARARUONA B R E GUP, IXEESLIGHT AT 1 & A TS E MR RS B e e &
ER i AR AL, XL TR AN R R EE TR KRS E VE AT 4 22 [ A7 AEAR IR

Ireta 55 NUOOVGRT DR T o- 48 HEM p-H & FIE AU IFHET T &7 /1528890, DAt
FABERIVERT, BRI E AET -1 B RIBUA . Rossmeisl 58 AM7ME A 55 — JRBE
FEZ e (DFT) R AREERAREZ AL, ERHENS KL
WEEMF ST p-Ir 2 EEME K. B, R T 14 MEER, I EAERRY
AR TOPATH B A5 . IRIE B ATRIRE T, ROPATEM TS RR ES 2 HthE DN
Hoil o AR BT T30 D2 A, RIS SRS p-Ih BB 2 MR EER A,
HFIE I [ AR AR AL L > TR R (), — 5 THERAS 1 15 FpRas s R IR 1
B-Hr & i, I Halid 5 SiG B dE AT LU« WEW] 1 izt 0 R TS, 53— I,
RS 1 IR AR 1 HE RVl B3 B 4 ) A BT v AN (7] 0 B AL o BRATTRRIE FE 45 A A7 B T

7/
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KR IERRI S B-sheet £ R R LR /N (1 R LK i E
3.1 1REMGE RARI A

N TRESE 15 PR BEUE R TE B B-HT B S5 M I, A g S T P B R
PURKAERY,  Fiv A7 T v H SR 7 6 DU BRISAE A RS ¥ Bl 3 it (C S AU AT N 3 £
W FEARWF A E JBEAT T 4 731 FHAL (MDD DLBUSIKTE K 18 7 . 1E
VIBERC B, K& A MR, RS 34Ax34A%34A, 11 1000 /K73
T A A 5L/ 1 KRB IR AT AL, s (LAMMPS) AT MD B4
5T TR AR 53 AT AR LA P B T A DL e LA ) 4 J5 T CAAD 3375 (OPLS-AA)
FIGRAREIRI, e b SO RS AR ELAE 41981990, SPC / E A5 AL R AA 7k 431110,
OPLS GLHE e AH FLA P RISEAH FLAE T o BORt A LR f R AR (vdW) KR
FAH LA FH (R R 8 20 4. vdW A ELVEFH A 12-6 Lennard-Jones #4387k, i Mk H £ H
JPE 330k SR VMD PR TR 46 R v Ak

HARKYE, A0 B RS sr . B2, 7E 298 K AT 40 MPa ] NPT e 4k
T 1 ns B WA TIRBTRNAAEE. AR5, PAUT 3 ns NVT HERLUEREE & F
KA 5. IREERIE 7753 A B Nosé fEIRZFMIFIE R 231254 ./ PPPM R4
R A EERI, BRSSP 1 s REETEIIE, & 1 ps HitHibo 45 Rt
o @ ARSI T UK EREE — W EEER, IR T HPIE. X TRED,
WEEEAREERR, @RS THREMK)E. L —ME
HETEd 2T E AR AT, B K. HAKA:

1
o _ (Bl /2
& Xim;

Hrbm HEF i RE, v ART i AT 0 F oA E .

RIEHY RREEM WA, &8 T 20 M REZHATEENE FFHITHE. £/
gaussian 09 FFMIBEAT T DFT #5440, BB XFREEIL (GGA) 77 £/ PBEO & #:-4H
FhREM ), @IS ERTE R T L8 R4S PBEIPBE X H#AH S ThAE A def2-SVP 4 (2-C
BePD MG 1 or T 450 . I8 AR A ) PBEIPBE SZ#AH X4 def2-TZVP
JAE (-0 BAD THTRERL LSS5 G RES, /R84 DFT B0 fEvh, {£H] 7 DFT-D3 4
IR I, G et A BAT S fICRE S IR SR BRI R

(3-1)
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Kt MD BAUGRAT I B HER R AT LA LRI e &, IR R A AR RE R 1 Befe s 1

VEBERANEL B HE Evinao ETHEEE S HEZAT, CQBEAT 1 /™R AP0 LASRAT AR H i
B/ NER > T I LRAR e SRR IO it ke e 1Y) B-dfr S &5/ P DUk, IR0l i
SILAER Ex M Eso BN RAE R R PURL S B-Ir S 45 M 7 2 e, Prelit S
e AE = (E2- Estrand) + (Es- Estrand), "B AR S AE I VU BRES H 56 A2 A+ B-3r a8 Tk oy
B St s e R . BEJS, 15 E=Evina+ AE, E RUNTEMRERE. A 7RI %
IRz TE g AR AR, AR 7 RSB FEAR R (IGM) T i

%fh ] -~ " n Pyt

E,

Bl 3-1 BRI K e B A g BE T UACER R RER U B E
Fig3-1 Schematic diagram of energy calculation process of tetrapeptide stacking and energy change

of tetrapeptide stacking energy in p-sheet structure
3.2 R
32.1 REERBRES
B BT RS A R INR 3-1 B, HAF B AR LA B-sheet HEFR f5 1)
EBER, Eoina NEITH Boys M Bernardil 'R (17, 7E ZH AR LRI A0HAT8 F F Ea At sE
BINRZE (BSSE) RIEFHIZE A6, Eo Al Es LA B-sheet HEFAT AR I B0 TREE,
Esvand WRASER) p B REVBER . 4 15 MEZEIRE E BRUVENRFIME, PSREER
SEATH B-HT 2B LS AR P 15 FE R IIARN K. SR IE TS EE 5 e Rt 7T
RIS AR B-Hr B 450 P A SRR I AR AT LU TEIX L, N TR
RN, & T =B RR I SCHEYE. WEl 3-2 fivr, (1): £dEK B Peter Y. Chou
M1 Gerald D. Pasman f£ 1974 “ERIAEFE. A AT @R XS 15 MhdE B BT EdRE I 2473 Akt
TG, 3R T 20 DNEEEFRIGA SIS, (2): Hdi ok H Peter Y. Chou I Gerald
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D. Pasman, Ji5 Rl S 29 Ffil B BT HIGETH 20 AT A2 A 3R A 1 20 Ffa R R AH S st o

(3): Hdliok H kSO 2012 4 24 R A s geit Mo, SRS 20 Rha IR 1K
Hgat20 CHIERIANS 15 FhAR R ESL IR T i, B DU = Bl A kAT 7 AL e,
R &R — R FEIRAEIX 15 R ARy e ML P e vHE R/, Fir RASCrR 1 2cdie 55 i ]
AR —HD R=HBEEE v KEGTHRAR -1 &4 R R I,
MITTRAF Z IR -4 B 35 K/ o AR IZ LB HRUE W] 1 5 S m LARI KA T = R T
J B4 B BB IR KA, AH S 22 e B Il G i 7 iR U A B R 1 B-Fr Ba % 1) K
AUERIK) GXaf LA 3-2 i = NEIR W ZF D). 5i5h, BEFEm 2 ki p-4r &
SR EIE RS A BT BT B A AR e R . DL, B 32 TRAE . 2R
B-Hr B A A G HE E n] UKEUR R 15 Rk il 2R IRIE i B-Fr B 45 /e 7y,
ER IR, B RER (D, &R (L. FNER (F). HERaER (M) i
M (P Hauih 4 RILECEAS , (HR ARG e 257, MR R 1 s
MR (YD RERAMENE (ND EASE, HABEIEIR TR S GtV i = . hkiloy, B
TE550E E AESE, A7 2Lt PR B 2 5 m B-3 & 45 AT

R 3-1 UL p-Ir B HHERK 15 MR B AR I RS R R E

Table 3-1 Energy of each process of 15 uncharged amino acid tetrapeptides stacked in fB-sheet

structure
Amino acid 1 L \ A G P AW F
Eg -2094772  -2094766  -1897581  -1503179  -1305967  -1891488  -3322242  -2662172
Ebind -57.49 -51.51 -54.15 -40.04 -45.52 -21.08 -77.74 -59.69
Ex -1047359  -1047358 -948765 -751570 -652961 -945734 -1661079  -1331058
Es -1047356  -1047357 -948763 -751569 -652961 -945733 -1661085  -1331055
Estrand -1047363  -1047365 -948769 -751572 -652967 -945736 -1661102  -1331064
E -46.9667 -36.8263 -44.3797 -35.2772 -33.4593 -16.4553 -30.5575 -44.3430
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Amino acid M Q N Y C T S
Eg -3895898 -2546797 -2349586 -3039609 -3501509 -2077777 -1880554
Ebind -56.32 -69.90 -74.52 -65.86 -48.93 -59.24 -58.76
Ez -1947923 -1273361 -1174756 -1519774 -1750732 -1038862 -940244
Es -1947919 -1273366 -1174755 -1519769 -1750728 -1038856 -940251

Estrand -1947933 -1273379 -1174780 -1519785 -1750740 -1038874 -940262
E -32.4872 -38.9499 -26.5849 -39.1658 -29.2001 -28.6961 -29.6320
2.2
B Simulation
20 |
|| ® Fasman,G.D.
1.8 H A Kazuo Fujiwara A
v Chou,P.Y.
16 | A
> i 4
°
Q 141 ° 5
[0} ]
T 12} A 7
c . v v
[0} A © A Yy 5§ o
: 10}k [ 4 ] | | | )
g . 2" ’
< 0.8 |k m ® N [ ]
(7] W A
a T s Fe A
0.6 . $
)
w
04F 4
0.2 F
1 1 1 1 1 1 1 1 1 1 1 1 1 1

,_
O
<
M
<k

P NT C S WMG A
Amino acid

Bl 3-2 15 PR B B IR S A BRI THSRAE AR XS R/ DRI GETHE
Fig3-2 The relative size and statistical value of the calculated binding energy of 15 kinds of

uncharged amino acids

322 SSHEEER SR

M ERGERATUE Y, NREEBRM A RIZHR B-sheet Z514 145 & REA TR K2
S, N THIUERIX R ZE R RN, A Multiwfn v3.7 FIBOZEREERCT (Independent
Gradient Model, IGM) J5 it — 70 M 7 2 I [ (g5 AH TAE Y. IGM. 5 )5 T2 5]
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(1] RDG JPZEHIRZ AT, Lo an#2 S AE R LG9 AR FLAE H X3 & FURHIE, (H2 e
FARZAH, Blan IGM 45 H IS B2 BRI o3 i BRIRT Be A B8, R AR
S0 TR HAE I, A0 FAMATAER T, DLW LLE 45 AN R T
XS0 B FAE R Re R B, 1 HonT AR VMID it L R A% . B
DMRIE A HERIE S A 8L A0 1 Z R EAE . IGM 7 id&id@iid e ST 8g sk
WFFAH EAE S S B, — M7 ST H SR 43 - B TR P8 58 T4 il 53 A EE 11
IAT . T IGM BUE FERGIE, W AEAEA R 7 HOB6 e B X HE PRI AT . — 3R 22, wliAS
B 7 HTIEIG 8g BRH. FIHH 8g XA BRECAT AW AT )5 A1 AH BLAE FH DR B R . i
H, JEF IR EAE s, A EAE A XSk 8 b oo . 1R DR Dy i SR S -1 1) A1 HL A
P, HSAMRAGSS G546 T A S 1 BE a2 8zE , e ATTAR A 8 IR X 3N e 4% 1 3 i
BhRE O LUBUINIIRR 43, IS TGM Y% B 66 Fo2 M1t 0 2 P82 ofs FEE AR 25 i A4 K T

WK 3-3 (al-el) fiR, 217 Ac-'L-NH. Ac-Ls-NHa. Ac-'V4-NHa. Ac-"As-NHa.
Ac-Gy4-NHz Al Ac-LP4-NH, () IGM Hi S K. 76 IGM BT B A, g 3K —FhaESL 4
HAEM, IR0 SO X b 0 2 AR A S AR BAE R T8
B (vdW) AHEAEFRFIHE R AL . X SeAE B4 A AT LAE s AR A el 3 S A TR A R X
SRR SR E AL, W 3-3 (a2-e2) Fivn. ARIEASF AR AN B 1 A TR
FHEOMEEE. NTREER (D. RER (L. S8R (V). HER (A, HER
(G) MHEIR (P, W 3-3 (al-el) FvR, XTOMEERKIMEES AT HE, 7T
B, FNE. FIE. SURT AL ek . i DU AT AP SRR R R AR AR 43 (R AH B
B . B4, TURK PN TRE I B e SRR A 57— SR MR IR BN Bk e U PT T BaR
I H B2, A0k RS ME I I L BUE XS (B 3-3 (al-f1)). FFH N IGM 8
SERTLLEH, RREER (D, S5k (V) EEAHIRT 5% T-0.03 $-0.04 [A1F g
4b, 1E-0.04 $-0.05 Z [EIEH — 4. HEER (A STATHEAEEL, RIZEERT AR
FAXTEFE-0.04. AR (L) MHEEE (G UFE A %5 T-0.03 £-0.04 [AAUE. MR
(P) XAE-0.01 F-0.02 Z [AIF RMCAIEME 3-3 (f1) Fim. BT A EB/MUREBRR D)
WSIMER, FrRUEM T Rma iR (D, SEiR (V) WERERERER. WERK (A,

AR (LD MEER (G WEARERRS, mMlEiR (P NEABKE, FTlkE
SEEM, X REREIES A RS IR R EE N —. MR LASE, A7) 4]
B S S RN IR E G o B S TR a8 IE A2 D 1 b ity 56 AT A fy 45 SR i L i
BN, AR T IR IR AN B T S e AR [ s . B, TERANBR
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T PP AFAEVE 22 A L X Rl SR GO RIBR GG ), SR WIAE AL 10 D00 - ) e A ) - -
FEAER o o b e iR (D el (LD FOVRABRI IR E T3, Bf
BORIANEAERT . ey 3 L A iR (V) M A A, REAN AL
OEMAH AR o R AT R AL A EIR T IIRNEIR (A AIHER (G) JLFAF
FERXFAN AR . AEZ AT FE b b sk, MRS 1 ) SCHE X T BE4E RS B-strand Z514)
R TARKIIMER, M0 B-strand 5K 9K B-sheet 514 L2255

@D, D D
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(d2) (2

&l 3-3 IGM BUS BIATFI %% p 8850 T [AIHH ELAE A A b B8 SHEL T
(a) Ac-'Ii-NHz, (b) Ac-'L4&NHi, (¢) Ac-L'V4&NH,, (d) Ac-“A+-NHz, (e) Ac-"G4NH,Fl
(1) Ac-'Py-NH;o Cal-f1) BURE; (a2-f2) HIREEE
Fig3-3 IGM scatter plot and corresponding gradient isosurface of the interaction between two -
strand molecules
(a) Ac-'I-NH;, (b) Ac-'Ls-NH;, (¢) Ac-"V4&-NH,, (d) Ac-"A4&-NH, (e) Ac-"G4-NH;and ()
Ac-'Ps-NH,. (al-f1) scatter plot; (a2-f2) gradient isosurface

BEJEX T BEIRAERANER (). &R (W) MERREER (Y) B-sheet HEFAM 55
FHEAE AT 208 . 0] 3-4 Cal-cD) s, 45 1 Ac-"Fa-NHa\ Ac-"W4-NHy Fl Ac-1Ys-
NH, /) IGM B, 3 = Fh g 5L R 1) B o 35 5 ROR, I EAS e A IEHER U R, ANMY
AEBE R EAER, BFEEE i) o-n SRR . FIRER, DOk PRI BE 15
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RGN EE A 5 o — 2% IR IR B SEURT I Fie S Pl TR Flcni B () HL 8, o 88 5 T v )
RS XN (B 3-4 (al-c1)). ERWER (F) MAEIE T A H, P4
RN RR VUK 2 18] RAFAERUD I e MERRAERS, sl 3-4 (a2) by i sk . 7 )5
FIRT AT P R I, T R FRAE I FAT B-sheet HERUN H /D7 AE n-ne HEBWEH], THAETFAT p-
sheet HERA AR AL AR L 1) m-m HERUAE o TN BEASIMESE ) B R (W) I T %
RITFER, AR 2N nen HEBUWER, JF HILHBEAA/EF4T (Parallel-displaced)
M, WK 3-4 (b2) AT EfEkR, HAAE T (T-shape) MR, WELA T
ik iR, XL oo HERE A DU R 2 T 45 & 0 9 SR8, A (i (WD 4
A 15 FpaEaly AR P KIS A R BRI (YD) FHHHAATE— 1 n-n HEREF,
K 3-4 (c2) Masisk iR, i H IR i) R AR ) AR 53 — ANR R AU 2y 1 I A
B, W R TR TR . XS AR DU IGM IR B BRI R, R R
(F) 7E 0 $1-0.02 2 [M kB i M, 6 B AELE R mem HERUEH o T (2 288 (W)
IR (YD £ 0 $-0.02 Z [RIZR A oA, HAFERGS g, SR A7
8 LS80 em HERAE T

(al)
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0.040
0.030
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0.010
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(a2)

&l 3-4 IGM B RIS p &840 A1 HE LA A FRAH OB B S E T
(a) Ac-'Fs-NHz, (b) Ac-'Wy-NHz, (€) Ac-'Yy-NHzo (al-cl) BUSE; (a2-¢2) HiZRS{HTH
Fig3-4 IGM scatter plot and the corresponding gradient isosurface of the interaction between two
chain molecules
(a) Ac-'Fs+NH;, (b) Ac-'W4NH;, (¢) Ac-'Y4NH,. (al-cl1) scatter plot; (a2-c2) gradient
isosurface

B Ja 0T BN AR R R AT b, XA EREARR IR FRER (M), )
PEREIEERR (O, R (T). Z2MR (S). HAEMENE (Q) FRAME (ND. 5
il IR — B, DU P AN R A It I AN BRI S 5 ) — SR IR e it 2 R It e S mT T 7
SIREER]) HOBE, 0 R SE AR Dk s (B 3-5 Cal-f10) . 5T F Bt
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iz (M) FEEBEZEIR (CO, EATHIMIEE 7> o0 i (CHsS—) MURIBREE AR HE, X
PR BERR (Y S [F] s AE T AT BE A S A . P RER (M) 1% E T ]
DA, AN H B 8 DU RO B 2 ) A7 A — 2y A B, 6 B-sheet Z5H9CE] 1 —
STMRGEIER, W 3-5 (a2) T EaFikpiR. mPRaiR (O WMk, meE
ZIAAR AR S T B R (MD, X & HE G ReR /N —Jr TR . X T 95 2
(T) RIL2ER (), W IMEEHAEERRAE, XAAE T 2251 (S) [ E0EE e
BRI, WA 3-5 (d2) W T kR . IS a-fe LRI TREIR (T) W
AAEAEXFIAR EAE R . Wi T A 2BE (Q) RMIRAMERE (N, MIHE b (s SR B Ay
HA RS T I AR 7 46 0F, B 3-5 (e2.£2) Witk iios, P sE L
TR AR, XHET, KRB (N BT AT SR EEEsh, MsE s R A
LR Gy— 2% IR 5 LB S R e, sl 3-5 (£2) ok diisk fn, A&
Belz (Q) JFBAT HBLX G I JLIRINAZAE T, RABEE (N R, A
B, A SR R BRAE IR S . £f I S SRR T A DY IR ]
OISR, MINESEBE (Q) FIRA®IE (N) HIHMREER (W) 4h15 il
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Bl 3-5 IGM HUR BIRIB 2% B 84T IR ELAE F B A BB BESSE T
(a) AC-LM4-NH2y (b) AC-LC4-NH2, (e) AC-LT4-NH2 ) (d) AC-LS4-NH2 ) (e) AC-LQ4-NH2 ﬁ]
(f) Ac-'Ne-NH;o (al-f1) BURE. (a2-f2) WREEE
Fig3-5 IGM scatter plot and the corresponding gradient isosurface of the interaction between two p
chain molecules
(a) Ac-"My-NH,, (b) Ac-FCy-NHa, (¢) Ac-'T4-NH,, (d) Ac-"S-NH», (e) Ac-"Q4-NH; and
() Ac-'N4-NH,. al-fl1, scatter plot. a2-f2, gradient isosurface

3.2.3 MMARERIZE 74T

HI T 4E45 5 RERIARN KNS Z BRI R GETH 8 RAF A 22 57, IR =5 18I A Wik LY
A A R 2SR R IR D 1 B-Hr BRI BE T1 . BRI B-Sr B R IREE (BN (-
BEDD AP L BRI AR RN, T AR . Pl OB K T Eh & H 5
HURE AR FEM LT B B- 4 B 45 H AU BE AT o IR F-AE7K T 226 MRS AL, PRI Ak
HEANEL AR, RSN T AR, A B-3r B4 X%
o, BUREARSARR, S THRRIEER R TR GIEMHTT . flin,
TR A BRI 28], A BB AR A MAGBGE A, JF Bl Ae ke g n . i,
WEFE 7K 3ns BRIIZ>1 3 05 Rdl, RS T 15 FhART r R 1 DY BT 28 [l e
FE. BT ENREROMERZBIAR, 8T HBEEHRE, SOHE Y E 8+ 7 11
[l A2 NEERAT VR, i 15 PR i S B A DO Bk 5% (0 [Bl #2 A2 1E 4.1 12
EATRZIE A TET oM, REA MY EBER) I 2R L 15 FPaRH & 2R VY Ak
HIEIF 1B IME, DRSS RE R R TR AR IE R E, Qi 3-6 (a) FroR. IRIELER,
RIMMMEEZER (Q, N, Y, C, T, S) BRRZEE (N) S RFERKEIE12.
AR IR R EE IR 1 Bl 3% 40 5 R AR RR M BE L BT 0 KN B — E M IEM R KR &, XA REZ A
NBRHI M E A EREA BRI AZBEAE A, ATk T 8E AL VBONIE R B, (HR A
IR (F) £2— A5k, HEREREALL —NAEEBAERSR, &RIXFILR IR RIES
frEE. JFH, ME3-6 (b) ATUEH, [ERIUBKKIEIFE MR NS Z ATt 5 E
RATHEZ [AIERFAEGMRKR, BT EEMLESTHERKNEERER, E£ER 12
BUlN, it SRR/ D RER, EE R BT 2 BT 2 2 2 R A5 AR E &,
AT TR B-sheet £514, XBUESE T HIFN, HESN— P EBZREER.
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Bl 3-6 (a) VR 15 ARy AR RR NP3 B2 L2 AR KAME,  H 6 R B AR a2
BR. (b) 15 FhEiF lAEEERR B-Sheet 1A KITHIEE 5 S vHERN B #42 MUAHRT AN 2 18] R Bt 18
Fig3-6 (a) The relative size of the average radius of gyration of 15 kinds of uncharged amino acids in
the solution, in which the blue circles are polar amino acids. (b) The comparison graph between the
calculated value and the statistical value of the p-Sheet trend of 15 kinds of uncharged amino acids
and the relative size of the radius of gyration

FETSRATHIE I, WG RE R/ NN E IR IZ B B-Sheet S5 R4 1) K/ & 1EAR K
KF, 1Al P AR R B R IR O AE e P fE — AN EL B R LR S ma A1~ i DL 25 5 R
AHE X ERE AR AT 45 & R i EATT R E BR L B B-3r B ZE A R0 /N 3, 2 2
g

z=x+a (y—1 (3-2)
H 2z RoR 15 MaAR# R ZERIL K B-Ir S LM AN RE ST, x RoRHEBRTE B-Ir B4
) 15 PR ERR AU BK BIARXTES S RER /D,y RFROKA 15 FhRZE IR BT H9 A X [B] 4 2
o x Ay FOCRHEN BT EZERE R, TR IR Y E Fr 451 BT aE 7T« Horh,
AR x RIWEERR, 5 z 2IEMKRKA, BEYRE y EERE E~ERm,
A (y-1) RFIREXTE AL B-Ir B4 R IR KNI

M 3-7 /T LLE R, 258 R85 RIFEFARRIAR X RS & R B-3 & 45 K ) 3
WitFEES LR RIEAR—H . NHEEERERN, HHE KA R 5505 E R W
ERZHEIT 0.2, I T B AR KT BRI 5, BREER (A FI2E
WER () AR ERMWZEL/NT 019, FHNEAERME /DT 0.08. XHBIUFL
T Z MBS, RIVEE & ) B AR AN AE FE I AAR XS KN i -1 B 45 IR R R K
/IR A i LR DR R
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Fig3-7 Modified and calculated values of 15 amino acids
33 ARENE

BT PSRRI PA B-sheet Z5HBEAT B4R, PTLAIARAMT AR A& R IR E B
FERK, FTLAEEA RO LL B-sheet 5ok B AL, XFseinml LU B FIEM . @ RH 2T
NIFMET AN G RTTIE, BT 15 MRIRARTT AR IR B-sheet 514 1)
fE e, BFFR BB RN ST B-sheet S5 EHFEE 2 IEMKRK R, JHIEM
B—MRERET 7 oth, MBS SRS ENS#IEM . ZEEM. FEFMHE
VB ARRARTUIE A & REAN R0 SR IR . BRI (Y 3E Fre Mt 2 EE B M IR 3R, A T
ERFESMRERIK, SHEIEE bR elZDPRas, B2 7NaE,
MTEHEAEUTE L B-sheet 454 LRG58 T IR AILRT M, KIS GH4ERE
AR—8. AXHEREF I TRHEERIV p-sheet S5 /AR AR LUK i,
RIEFTF IR, I T &5 TR B-sheet LM RFEER (D KA BRI 15K
i, KB SRR B A AR T IR IS B .
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BINE  Ac-'1,K. NH, 5K EFI B 4R 5 F M (N T

JER LAk, ARG TR IR AR R i TR T 22
MR TEEEE, BREXTHFTIE S TR MR A7 e
Lo R IRLIR T 5 R I 72 i Z-DNA BURTE, X BRI RHFAT WL, Hon] LA R 8 ()
AT B-DNA HIT AL R S5 B4 05 . 53— AR R M7 e M AE 2R 1 2F
qt, v 5 RYMENZIGHINISI b R B I A< AR oD A%, IR AT
L s BT iz Oai i, Forp p-REE BT R A 4R RS, TR O 2 WS BRI
TR 22 IO RE M Ji 2 448 1) e g e s L el — ST 50 AR A S Al e A AN i 5 [
A (VCDD) PR, MRIRER B R AR R Bt o B R AT, BT A TR 1)
Jerk. BIHT IR, SR N RO CATER BRI LR 4 (0 e 0 1, 2 il I 2 2 ]
FHELAE I BREESELE BT 5 (1) SR AR AT R AR, AR ) AR ) 73— L PR 85 A e PR AL R A
I FAIAE T REPB B . )2, ERA 8 2 TR AR R 4,
K B 1R 43 FAB M A 75 T AT e M ANTE o 9 T S L I R e R R R B 1) T e ) 2B ke
TSR IR, A F HR@ I 4 Ac-LI3'K-NHz  Ac-MI3PK-NHa Ac-I4MK K-NHa Ac-F14MKPK-
NHz. Ac-"I4°KPK-NH, # “Is°K"K-NHa #7373 1 # MM E T 2t 55, SRIF AR IR
B e 18t PR L

4.1 REWMERENTE

NT T Lys FHAENSS Ac-'TnKn-NH HEEEES RN, HAE T Ac-t5HK-
NH> . Ac-"3PK-NHz. Ac-"I3"K'K-NHz. Ac-"14"KPK-NH,. Ac-"I,KPK-NH, 1 “I,PK K-
NH, DY A R TR, i 4-1 Fis. TEAP AP E T T 5130 71
(MD) VABUSRTEK B /15 8. TEVIRICE F, K aET+ RE —A ks
T RS 34Ax34A%34A, 11000 DK TR 85 (8RR 5/ 7 KU I
FFRELEE (LAMMPS) BT MD A3 . JE T ) 0 JE T P F R T AR 2 S e A ),
RAEHRMMEET (AA) 7135 (OPLS-AA) F37Rithid i, & i o Fk & 4 B0 A
H. SPC/E BB RFIAK S F. OPLS BIERNHHEAEAABMAEIEA . AT
HAEH I AARTEAE A (vdWD FIHCRE i FAH ELAE F P 2 . vdW A ELAEHIHT 12-
6 Lennard-Jones #3%7~, FHEMHBAEMMHESCH TR N THAHEAEN, eaEEs
PiAd, A MO AL A . AR, M B AR B,
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£ 298 K Al 40 MPa [1] NPT SR HAT Sns Bl LI FEH TR SN RAE L. R
Jeis AT 5SnsNVT R LCRAE ST KA G o MR 743 51 B Nosé FH i 2 F1H 2% %
il {6 H PPPM SRAbHL R A AR o D KON 1 fs. (RA7SEHREBZE, 1 ps
B T DA &5 AT R A

WAy AR A, G 1 20 N R R TR E LA ]
gaussian 09 FAFRE4T T DFT B0k, HAT XEEIEIE (GGA) 77 EM PBEO A2 #-AH %
e, JEnk def2-SVP JE4E (2-C FEHD A RUAL T 70 74t . @1 def2-TZVP 4L (3-
RUD iHE AR . %A DFT #ad e, 1 DFT-D3 (AR IE . X SepEitl A=
VA B AISRE R IRSRA B BRI R

RIG, FETRCPATEE, RN RHES PN B B85, JFHEH DFT X %K
TREERIHEATE— 24k . 1 Boys M1 Bernardi &% FISEAT 7 vEAE — B4R LA A6 391 8] P
THERAE S R ZE (BSSE) L 1E, ARG E 5 _Fik gl A Rl . B2 TR —
ARG, MR Kabsch Sk H G S IR B-H18 . A X5, A iR
HEES B VMD i R,

[T

\

4.2 BREBFEIIZHFHEEBVGIRR
4.2.1 Lys FHZUXT Ac-"I3K-NH, 4B 2 (A 7257 69520

N T IRFTBER ) TR I 15 B H A4k ERT, BL Ac-"I3"K-NH2 M1 Ac-"3°K-NH,
TERRAL, IFEAR RS MKF E BT, gk 5 A 2SI 2 PR F R R R
WA 4-1 iR, HRAEPHEAKFIREN 8§ mM 1) Ac-"I'K-NH> . Ac-'I3PK-NH, 435 H
LHALT R AN e SR AR 4 (V. AW ST SRR B AEREAD, A TR A
MR TR A3 ) B 2036k B, BT T 90 T3l 11 F B AL ORI 7R 1R
it FE . B Sext K H BSR4 MD B LA SR B BRI S . ARG, (TR E
T (QC) AN F450, MIMHE R A RIKREE M B MR, WE 4-2
(a) PR BREE | BSREEMB IR S TR R — 00, TARATAREE i+ 1 80i- 1 Bk
FE NI S AL T 75— XL R 7 S2Pr EANE RS, IF HRH LIEEEER p-HrE
S, EENEEX B ENERR TR =AW &L, WFKELEHR (AN HE C
3D o BT LT RAL o B B BRI R 2548 8 AT ATE [ —F 1 E X T Ac-MK-
NH,, 1EMH (G M T GR) R TIEA S . (B2, 5T Ac-
MPK-NHa, WEEAL T 10 £ 07 1) o 8558, WURATEIR L REM S, A Ac-"I3"K-NHa I
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Ac-"IPK-NHa 1) B 70 Bl fE A P AT Jr A i (& 4-2a).
)

15.0 nm

0.0

przz4

Height 2.5um 0 Height 2.5um

B 4-1 ZE P KR EAN S mM i (a) 'G'K M (b) PLPK JREF4EH AFM B&
Figd-1 AFM images of (a) "I;'K and (b) PI;PK fibrils formed at a concentration of 8 mM in neutral
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o

water
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/
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) ¢ o — = X
P ﬁamg(} Y ——p i ¢
s 3 v B et P k
Ac-H1,2K-NH, NPT pr—| %’
e — 5
FB dimer * £ 2
§ g
})Am"_"‘&‘ : {. =4 &
il ey
’ ‘\.“L‘FJV% \\
BB dimer

& 4-2 Ac-'IL'K-NH, 1 Ac-'"IL,PK-NH, i) p 85 p Hr B AR R
(a) B pEE. (b) RAARFH I NAMNE p-#18 (ZRE). (o) AEMHBEIIREAHEAR
REFERR p-TR. (1) SWRUBRZE -8, TUNED, Ak pEHEIHRRFTHT
NERTER AL p v, TIAR p #ENERANEREP . £ (1) F, BENER p-hr2KRHEL
o~ ] DATE 228 2 s HH i O )
Fig4-2 The relationship between the B chain and f sheet distortion of Ac-'I3"K-NH; and Ac-"I;PK-
NH:
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(a) Single beta chain. (b) Double-stranded p-sheets (dimers) with different stacking modes. (c)
Schematically stacking dimers into f-sheets through mixed mode. (d) Multi-stranded B-sheet after
structural optimization. We can observe that the right-handed beta chain evolves into a left-handed
beta sheet by forming antiparallel intramolecular hydrogen bonds, while the left-handed beta chain
evolves into a right-handed beta sheet. In (d), the simplified representation of the p-sheet without side
chains can clearly show its twisting direction

[H75 NMR OGEER ], JER B-4r & v inF,  RPRvEIR T 5 SPATHES . A 1T
RERL T i B REROMERR DT 2, LT ) OURR g BN CREAE D, 6 o5 — AR 9 B> (3
o B 4-2b 45 T WISIKEE AT FF, BB Al FB =R BB 1 S 14T — Rk
R TGRSR Y], 478 Ac-"T3VK-NHaB HEOLLE LU By 2 HE B DUE 2 [
(e RSB, T AN HHERR D SRl A, 768 Ac-"LPK-NHop A 156190 N 41 HEFR Jy
AR EE S k. BRI, FF R BB MERUBERAFAE — MR R, FEARREA A
FNDY A [A] VB R B 17 FB - SR AA SR FH DY A DY A [R] S8 1 I v HE AR A L A R
I S5 BRI N A 3y o i 6 ] FR) R AU o — B 1) € AR i ) o A PR B e 04 FF 3R
PRIt AR BT, AT R T RS AN A (B 4-2b ISRk BiR).

R T X B AL XS K, SR )5 SR Kabsch S0 0200 S04 07 ) 3531k — TR A o
B ATAERL B-Fr& (B 4-2¢ 2 4-3). )5, 3R1F T AHT Ac-"I3"K-NH2 A1 Ac-"15PK-
NHB H HI 2 e fA fedg e, 4>l 42 () fis. LEBEMA e p-i & rEE— 51
HE B A T a5 B0 I Y LR e e A R PRI SR AR 4 . Uik s p i o B 5 ki
SEIR L RAEFE VI G BRI, B3 8 IR £ 24 e 25 A PR e T B AN R -5 RO S 2«
HTE B EEHERA R/ IE B AT B R AT, T NE P BEL 508 p B RA LS G, U T X
PP SEIERR . THHR IR R 8RB AR, B S B BEN RIEEA H B, p-IrEn
(B (R S T R RE SR, ANTTRE TS R P 5 B 2 i AR VR Z L

r&r%r

face-face (FF) stack B )Y \)k )Y & -
iﬁ%ﬁ& —Hr&w

&Lﬁﬁk ® A ~‘——’

N N S G e 8 1 ~
“ APy

back-back (BB) stack

e)
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FIUE Ac-"1nKn-NH2 FLIK R H AT AL RN LT T

Al 4-3 Ac-'IVK-NH, # ({1387
(a) FF ZFfk, (b) FB %k, (¢) BB _Fk, (1) AEEFATHKBELRE, ATH Ac
LLLK-NH, ~ R BE— B HEBF| p-sheets H1, DKk (e) EEBTHHEILER
Figd4-3 Stacking of Ac-'I;'K-NH; chains
(a) FF dimer, (b) FB dimer, (¢) BB dimer, (d) mixed pentamer used as repeating unit, Used to further
stack the Ac-"I;"K-NH; dimer into B-sheets, and (e) a simplified representation of the repeating unit

M EIREE R UUE R A AR TR R R B T RIBR I 510 R R
AT VAN FR) i 3 S AR I i S A1 D s 0 TR B D 77 A TR 1 2 4 2 TRD PR RS - 5 308
b A 3G A B AR A YT B R R o T2 PR R 00 W AR LAN A LA 25 DA
U, T R HIRA B B AW OGN R, T AR ERAEE (RDG) U7
PR AN BRBE P AL A AR U2, ] 4-4 Cal-bl) Fion, %417 RDG Xt
THEEFLL Ac-"I"K-NHa, Ac-"LPK-NH, )55 =A™ Hessian fHEE KT 5. £ RDG
R, AT R AR AR, IR €0, SRRt X I i S 0 2 AR
TAHWS T A AR, Yot (vdW) K ELAE FHARHE R A A B2, 5 S A0 T4
A LI T A b ] S TR N DX A PR A B2 S B TR s o, ] 4-4 (a2-b2) FioR. #id
A R AR SN A LA R PR, A5 AR T4 £ . A Ac-"I"K-NHa Al Ac-"I3PK-NHapB
BRI 2 F AR EAER . E%, BARERNB IR EMREE T RGREE N H
U P S T T O B (s S IR . 53, XTI ANRIE (Y B 4%, 7E B A
W BFER RN H %, s2hrb, XU H 8 LR RN B HSIeE T
FREERIAE A, AT H0) 7 E A Bl X F /e B AT DUB S T BeE IA) H OSSR
TS 2 -2 A M R aEH Al . Fk, TEARSERT C=0 I N-H 4. (8] [F] B W 4 51538 21 (1
HRAREARA, WA EEEEXIBIR. CEBRUUXE 52 M LA RRIEEE
B EE T AR A TN Z MM ECH R SRR, B2, ERARESEE T AE
2 ARE X (R E B AR GG (), R 12 10 -0 5E A0 00 - 8 AH BLAEA .
SR A (A A AR A X B A R DTk, LAE RN, R B EE R AR X R 55 Y
FHEAE A 2 A B aE 7 M EZE R . BAT S, 5T Ac-""K-NH: %, L-Lys
REE S 530 e 2 R P HE AR EAE A (Bask FH HEEM C = 0 fIN-H £H
(IETED M T#3h, W 4-4 (a2) Fix. 4558, SR H A AR T H £
SbTF IR EAL B . AHEEZ T, D-Lys BIMIEEHEFH C=0 F1 N-H HEH (RMEMD, fF Ac-
LPK-NH, 7] ERAr, & SFEU i B 5%, Wikl 4-4 (b2) . b4k, Tlel F1 Ile3
BRI TG WG| S - BEA EAE R (vdW ATEAER], SR taifisk) Wl LAY Bilkase
Ac-"I;"K-NH> fl Ac-"I;PK-NHap B 1A e fl 22 igdith . Rk, X% RDG 7 #rias 7 5
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A Ac-MI3'K-NH» Al Ac-"I3PK-NHop 44 G Al 5 (143 e, Fealie C iy Lys AR 152

Mo THELAG B A5 RS SR 45 R BAT 2k

M L0
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-0.05 -0.03 -0.01 0.01 0.03 0.05 -0.05 -0.03 -0.01 0.01 0.03 0.05 -0.010
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az) b2) -0.025
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Bl 4-4 RDG B BIRIEA B BERIAR RIS B SEETH
(a) Ac-'I;"K-NHz, (b) Ac-'I°K-NHz. (al-bl) BUSE; (a2-b2) HiR%(HTH
Fig4-4 RDG scatter plot and corresponding gradient isosurface of a single p chain
(a) Ac-'I3'K-NH;, (b) Ac-'I3’K-NH». (al-b1) scatter plot; (a2-b2) gradient isosurface

4.2.2 Lys FHEWIT Ac-"IiKo-NH, 4B 2R 257 B S2 0

NT AT BT, SO Ac-PLPKYK-NHay Ac-MIPKPK-NH2 . Ac-MI,PKPK-NH,
A LPKEK-NH X PO &R RREATHE 7S, 5 Ac-MI3MK-NH: Al Ac-"I3PK-NH, A, 3% U %%
RIRRZ T —A> Tle FRIERN Lys 53, WA TEZHEL. EFHEME (AFMD BE%
RALE T HEER 3D BUR, RUILE A BSR40 FrE. EwmBmee, AE 4-
5 K 4-6 FATLLE H, Ac-"I4"K'K-NH,. Ac-"I,"KPK-NH, fl Ac-"I,’KPK-NH, & B R 4F
HERRHEE AFM & RUR A E R e el . @i AR AFM il RS A R A

(NanoScope 7347, A LA ELEIRER VT IR AT AE R I B2, o AR A TR B, B 4-5 (e

AT LG, Ac-"IiMKMK-NH, Y51 [E AN 11643 nm, = ERENTE 5 $) 8 nm 2 [A]. Ac-
M4PKPK-NH, 5 (8] 1753 nm, &EIKENTE 5 F 8 nm Z |8 T Ac-"1,°KPK-NH, /&
R A AN 5], IBRERCR B BRI BhTE 9 B 17 nm Z [4].
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Ac-t1,'"K'K-NH, Ac-H,°PKPK-NH,

Height 500.0 nm

10 8
e) 8 o]
8 f\
| 64
- ——-
Egl L] £
: N 4 ?:
B4 5
2 3 24 ‘ ‘ £.]
0+ " L A .
0 T T r T T T T T T T r .
0 200 400 600 0.0 0.5 1.0, 1.5 2.0 0 100 200 300 400 00 02 04 06 08 10
Section (nm) Section (um) Section (nm) Section (um)

A 4-5 (a)Ac-"I,"K'K-NH; Al(c)Ac-"I,KPK-NH; JR 4 4] SEM B8, (b)Ac-"1,“K'K-NH; fl(d)Ac-
LL,PKPK-NH; JEA 4 AFM B8, HEFHEAKFLL SmM KRB, (e)M\ NanoScope 717 (A7
B30 RIS HATH Fe B 4 WY R 1 4 R e ] B B 7R 2 2R AL
Figd-5 (a) Ac-'I,"K"K-NH; and (¢) Ac-"I,"KPK-NH; fibrils SEM images, (b) Ac-'"I;*K"K-NH; and
(d) Ac-"I,KPK-NH; fibrils AFM images, fibrils formed at a concentration of 8 mM in neutral water,
(e) The section profiles obtained from NanoScope Analysis (Bruker) giving the height variation along
the fibril axis and the helical pitch
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c) 20
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L]
1
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1
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Section (nm)
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Section (um)

Height 500.0 nm

B 4-6 (a) Ac-"IL"KPK-NH; R4/ SEM E&, (b) AFM BfR, HIEF#KF L SmM IR ER
B (c-d)M\ NanoScope 7347 (B TE) IR KB BELS H HYE SR 41 4R FIAR e o] BE B s FE 224k
Figd-6 (a) SEM image of Ac-"I,"KPK-NH; fibrils, (b) AFM image, fibrils formed at a concentration

of 8 mM in neutral water; (c-d)The section profiles obtained from NanoScope Analysis (Bruker)
giving the height variation along the fibril axis and the helical pitch

1M "L4PK"K-NH: ) AFM B LB AR AR AR, ASF T HAL RSk B
AT I AR LT 4E 451, "LPKYK-NH, FEAK B H2E B ZE M T KB IRGE M. BR 77X
LeEIRE A, A/ ERIRA4ER R HIORE AFM 5 SR A R E SCHO A e dH
Wk 4-7 fron. NIXATBUREL, "LKe 5 "B A @RI XA, AFEEREE N Kigh/a—
A~ Lys BIFMERE, TR H N RinAI P Lys B)FEILREGE
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-10.0 nm
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&l 4-7 (a) Ac-"LPK'K-NH, 44/ SEM B8, (b) AFM Efg, HAEdik+ bl SmM Rk E#
Bo (c-d)M\ NanoScope )47 (AFETE) IR7G I H0 BRs HEE IR A 4 S RV e 1] BE ) o6 2 224k
Fig4-7 (a) SEM image of Ac-"1,"KPK-NH, fibrils, (b) AFM image, fibrils formed at a concentration
of 8 mM in neutral water. (e) The section profiles obtained from NanoScope Analysis (Bruker) giving

the height variation along the fibril axis and the helical pitch

W Z AT ITE, R R T Gt BT AR E DY S A B AR RR E 1 B B
R, ik 4-8. MERBIIR—HE, JRIE i (BRI AR IE S AL TR EE A — 0, TIAH AT
PR+ 1B - 1 BRIE B IR S AL T 53—, FE A0 X Seys 72 B SR )R 7 7]
PR, B 4-8 B&ETREITR (AN 3mF] C Ii)e X T Ac-"I"K'K-NHz. Ac-
MLPKPK-NH2 F1 Ac-"I,PKPK-NHy X =2k ik, 1B () ERZE 5w (Ef) b
ML AL TR A E . (B, ST "LPKYK-NH,, 7ERF T & B AR PR B o R g 1)
BHEEMIG, PAEIIAEEZNN 0.38keal/mol, FrLLIAAY, IXPIM B HEM RAEK NI
fE. HAPEPHEL (CCW) HPm&LA TR J7m, mEFML (CW) Hpkdkit
TGS 77 T
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Ac-Y,PKLK-NH,
AE=0.38kcal/mol

(al) 1) (c1) (d1) (e1)

\ Tl

s

g
(a2) (b2) (2) (d2) (e2)

&l 4-8 Bt M EF BRIRRERKKK (a1-eDp-EEMR . EXFMHRSD, BE 0 FFRBLE H EF
ZEMHFIRS I3 TR HE, FHEFERE . 2T Ac-'LPK'K-NH;, HHMEEERKKH
R, (a2-e2)% p EEERRERHM T FEE ), Hrpd2)h diel R L1BEHERTR, (e2)88

B a1 HERRT B
Fig4-8 (al-el)p-strand conformations of the designed peptides with the lowest energies. In such
conformations, the carbonyl O atom and the amide H atom arrange alternatively the paired
intramolecular H-bonding and their alignment being highlighted. As for Ac-'I,’K"K-NH,, there are
two populations with the lowest energies. (a2-e2) Packing of the B-strands into a sheet showing the
twisting direction. Among them, (d2) is d1, el is mixed and stacked in a ratio of 1:1, and (e2) is d1
alone

b6 5 R RE B T 2k PR BEHER A B FF, BB 1 FB = FhfE U R AT — B fk.
XH AR 73— PR "LPKEK-NH, (R, AMEIEEE 4-8 (d1-el) PR B
R G HIMER A FF. BB fl FB =FfE R ) [RFPAT AR SL, K ol B
WEIAT TIREWR . Rk —SHEFFEMRAE, TR T & MR R
FRE, GRWEK 4-1 Prn. NRFATLIE H B CW BRI R =PRSS & G iR
/o TIEI CCW BRI B AR A CW. CCW BRH B (1 = FhHERUB R 45 & BB 23 1 K
Hrp CW-CCW BT RFHMI R, BrLl FB A FMHER TR #—5H#M, 75K
L PKYK-NH, B2 5 K CCW-CCW 1 CW-CCW i FHEAR A 7
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R 4-1 Ac-"LPK'K-NH; fR A FHER T R4 &8
Table 4-1 The binding energy of “I,’K'K-NH; peptides in different stacking methods

HRITR CW-CW CCW-CCW CW-CCW
FF -50.23 kcal/mole -61.28 kcal/mole -71.89 kcal/mole
FB -64.52 kcal/mole -62.37kcal/mole -64.79/64.09 kcal/mole
BB -43.15 kcal/mole -45.09 kcal/mole -46.40 kcal/mole

HET X B B XU S5 440, AR5 K] Kabsch S0EUS S 58 7 10 3543 1R — AR HERL,
MITA R B-48 (B 4-10). e, 313 T IERUH Ac-"Li"K'"K-NH2. Ac-"14"KPK-NH, #l
Ac-"ILPKPK-NHLB F I e b8 iE, 4 i 4-8 (a2-¢2) fiow. 1ixt+ MyPKYK-NHa, 75
SR CW-CCW HERUZY, W 1:1 LB T HEARN, B RIMMER AR T — 42
A EA HLE ARG M o B )5 R CCW-CCW HERR L, JERR T A Bedgie, 43 il inf 4-
8 (d2-e2) WiiRo TETieAaTie P-4 (it — 0 B v HE B b AN Wl 8 G tth 3 B0 M i AT
TETRANAT WEPE I S 2T 4, AR Z WA 8 & ORI 7S, AIRE5 M2 T K I i . e
SR BLE H, XSRS RIEETS .

FIRE T # B H BB p B Simir ORI R, M TANEERE (RDG) 77
PR M AN IR BE P ARSI A ELAE U2, I 4-9 (a-d2) TR, 2] T RDG X HF
ZREFLL Ac-MLPKMK-NHay Ac-I"KPK-NH2. Ac-MI4PKPK-NH, Al M,°KYK-NH, 55 —
/> Hessian FHE{E 75 . £ RDG BB, JRIEAER —FrAEL MR EAER, TR
h, SREFNLE X ) RIE S RIRER WG A EAER, Y% (vdW) MHE
VB FANHE R R AR, 3 5 A P AT LA od i A ol B FB] 0 52 215 ) A L X 335 o 8 45
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