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Figure 1 Schema of the aggregation process of AP (a) and the aggregation kinetics of AP in a sigmoid growth curve (b). The aggregation pathway
consists of primary nucleation, elongation, and secondary nucleation steps
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Figure 2 LLPS behavior of proteins associated with neurodegenerative diseases”

*1 From left to right side indicate the FTLD-associated FUS protein,

ALS-associated TDP-43 protein, PD-associated a-synuclein, and AD-associated Tau protein, respectively. Copyright © 2020, Elsevier
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(fused in sarcoma, FUS)H FFIA 4 AR G HHE AR M o-58
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YERIT, ABAOLT4E S ¥ EAT IR 22747 MR (striated rib-
bon morphology) W ZMAFIE. SR, 7EHEE MR RIAEE
th, A5 FHL PR (twisted morphology)AUZTF4E. X Fh
TR EELT S5 1 228V BE 2 th T 2 A A Ry 745
F ) SR 22 AT 07 A n R4, I EA ARFRIES
MY GALT 4, L r] BB i T A AR > 745 F 1 IR 2f
2R RAE. L, S TR AL ESMUE S
ZREMERIA T, WFFT N D ok [ A e R AR FIve
VR T B R H AR AT T ABLF4ERY 7 T-454, T Tk
Xt ABLFAER) 3 F A AR B BEA T 455

T 3 JEE A e R (AR RE LR 2R, Robert Tyckoff
FEATBN ST T BA A FEE SRR ABAOLT 4L 1Y 71
TEEH. PIE AL ERRIE SR N-yimis shikns, S
W Z5Ha; 27 2 ) BRAA U] 2 21 H B 1-loop-B2 A UL 45
5 HLP 25 PEE 2 [8)38 2o 43— (8] A SRR AT HEAG
PR R K DX )2 S 548 BT HE S A X FR AN R, B
FRREF A FE W BETT, TR —1~2-fol SR e X B,

5 e e K2k 5 5 (F3(a), PDB ID: 2LMN). i

Bl 3 ABLFYEsr THMINZSE. (a) EAPIRTEMAELI4EABAOR) /T T-45 MRS, PDB ID: 2LMN; (b) HHMPARTERFELT 4EABAORY 73 T 45 H LAY,
PDB ID: 2LMP; (c) /R JMEBRI A R ABAO HE L FEMRELT A1 43 T 45 HIKEAY, PDB ID: 2M4J; (d) AB42£F4Y5)T45#4, PDB ID:
SKK3; () APA2£T 4RIy F-4544, PDB ID: 2NAO. Z5Hffi FTUCSF Chimeraf 4 s, JH:rp Bk FHVR 2 16 (obrioss

Figure 3 Amyloid polymorphism of A fibrils. (a) Structural model of the striated ribbon AB40 fibrils, PDB ID: 2LMN. (b) Structural model of the
twisted AB40 fibrils, PDB ID: 2LMP. (¢) Structural model of AD patient brain derived AB40 fibrils, PDB ID: 2M4]J. (d) Structural model of AB42 fibrils,
PDB ID: SKK3. (e) Structural model of AB42 fibrils, PDB ID: 2NAO. PDB structures are plotted by UCSF Chimera™, B stands are highlighted with

deep sky blue
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Sl 201945 [ 13 JR I 2-(Ulm - University)Mar-
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PSR F 2540, FRUCIERA T SE MR LT 4E i 45+ 2k
P Hr, R G 27 4E 49 Y (Morphology 1, PDB
ID: 6SHS) AT WX FREEH, HAZLF 4t i AB40 {4
fEAZPEE, SPCAR. IWAh, SERINAEIEE 1Y
ABAOLFAERH LL, IR A DE MR LT AENSm 25447 17, LA
B-Hr B4kt E, [A]iT4 4% Pk S B A e p-Hr Sy Y.
20204F, Robert TyckoH BAGS 4 H, T B s R
JBE A e VAR RE IR B R, PRI B T B () A B
UE By B 41 4 5 A AT 35 TN 0 F 45 4 22 RE R 0 R
FET, ELIX RIS RE LT 4RI A LS H L i SRR 5%
PRI PR AT AR BB AR,

20224, HEE G K 2% (University of Cambridge)
Michel Goedert# 52 41 BA K A VR HEH T AR i 2L
T ABA2ER (LR 4N 22, b e IR T BRI AR, 1
USENT T ORIET A IGLH 2L I Rh Y ABA2 8 AT 4E Y
OrTEER(EI ), ZEREH], MR R ST R 2T 223
B T AOR R B £F 4. Horp, DREF4E(PDB 1D:
7Q4B) HH W5 25 [] 14 ST JE £ 2 << i Xof 1 AH B 40 461 41
B, JREF 22 i LA B FLAR LN, AT %0 A GOAE
HEEA42, STESEF BT AAZ OB 5 PIAS XA Nl 43
FLAEF19. F20. V24FNI3 16 J8] [ i % 2L, Comiifs o34
FHA30. 132, M35, VAOFIA420EE & BBl sk 3. 1170

FAEDVGSNKGAIIGLMVGGVVIA42

AR42 T vpe | B2

— )

AB42 Typelll B

52

B30 o T —

B 4 IETEABALF LN A T45H). (a) APA2IEILIRITS, A& H R A, (b) DHARALT AR5 F2454; (c) TIEIABA2LT 4L 4 T-45

#4. Copyright © 2022, AAAS

Figure 4 Structures of AB42 filaments from the brain'*. (a) Amino acid sequence of AB42. (b) Schematics of type I AB42 folds. (¢) Schematics of

Type 11 AB42 folds. Copyright © 2022, AAAS
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S RIS R SRR G R 2B AT SN, £
FEBTIRGAEBNG . WORTELN « A AR S IEAES &
NNTBORERZ A . AR FRRRE R, JCRAB /R w itk
TR NEAER A K. TABM S REL RS
B JR S BRI ) AR B S UIARSE, DR TR B A BSR4
AR LB, XTI B ] JR SHEER I B B0

RPN

PLEHE R H2 iR A R ™ AR 25 R AR A
Oy TEH, ASSH kR, SCBURE 255, did
2 TESE /B YR o S PR LN o G D4 Ay L R ]
REL5 1) SR AR AR IR, %€ 254 530 A
AR OCHEIX IR, RS Lh S Ry T (224 e
T A St EE TR &, A7 BT 02 B R 2 W finG
agi s iiioe 2 )

H A BE T [ AR A A R R BERORA, £
TEI-IBAR I BT B SR - [ AR e A B iy K
BRI S R E BB T R T HE R RE T SR A A
S5, JEm AR E R RS R e R k. ABERAA
SR RS S, EGUSZER IRBAEAE
s MY IEREERE, REE IS LEH A
TIRER A RAEIR. TRADFTE SR AT R v (4 AZ HIL ]
MR, HBEGRE I FURAE . -0 B AR
PRI T Z AR AR, A7 BT IR A PR ] 7R PR
TR B A SRR, T A R R SR AR A i
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Alzheimer’s disease (AD) is a typical neurodegenerative disease. The common symptoms of AD include memory loss,
decline in language abilities, impaired orientation, and cognitive skills deterioration. One of the major pathological
hallmarks involved in AD is amyloid plaque deposition, which are amyloid deposits formed by aberrant aggregation of f3-
amyloid peptide (AB). AP is the cleavage product by - and y-secretases acting on amyloid precursor protein under the
amyloidogenic pathway. It is prone to aggregate from their disordered monomeric state into a highly ordered aggregated
state. The underlying microscopic mechanism of AP} aggregation comprises nucleation and elongation steps. The resulting
pathological amyloid fibrils formation and the spread of these amyloid fibrils in cells are linked to AD pathogenesis. The
AP aggregation is the causative agent of Alzheimer’s pathology and results in axonal disruption, synapse loss, and
ultimately cell death.

Liquid-liquid phase separation (LLPS) driven protein aggregation has been observed to form pathological inclusions
associated with neurodegenerative diseases, including amyotrophic lateral sclerosis, Parkinson’s disease, and AD. In
addition to misfolding and aggregation, several of these disease-associated proteins undergo LLPS forming dynamic
condensates, further modulating the aggregation process. Recent research reported that one of the pathogenic AP oligomer
species can undergo phase separation in vitro and this LLPS modulates a liquid-to-solid phase transition and redirects the
aggregation pathway to form pathogenic amyloid fibrils. The regulatory role of LLPS underlies AP peptide aggregation and
may inform future AD therapeutics.

Amyloid fibrils, as the final amyloid protein aggregation product, have been extensively studied due to the significant
role of the molecular structure on the pathological characteristics of AD. However, owing to the complex nucleation and
aggregation process, amyloid polymorphism and structural heterogeneity have been reported during AP aggregation.
Benefit from the technological development of magic angle spinning (MAS) solid-state nuclear magnetic resonance
(ssNMR) and single-particle cryogenic electron microscopy (cryo-EM), the molecular structures of AP fibrils have been
determined both in vitro and in vivo over the last few decades. In general, amyloid fibril adopt B-conformation and
assemble into a common cross-f fibril spine structure.

Although significant progress has been achieved during the last hundred years, there are still enormous challenges in AD
pathology, early diagnosis, and effective treatment. The aggregation mechanism and A species toxicity, the link between
structure and toxicity, the relationship between amyloid polymorphism and disease progression are still not fully
understood. This paper focuses on the aggregation process of the A peptide, including primary nucleation, elongation, and
secondary nucleation steps. We describe LLPS phenomenon in the early phase of AP aggregation and the vital roles of
phase separation and phase transition in the aggregation process. We summarize amyloid polymorphism and the current
molecular structures of AP fibrils formed during aggregation. This review will provide better understanding of the
relationship between the aggregation mechanism and the cytotoxicity of diverse AP species to shed light on the disease
progression and hope to offer a solution for treatment of AD by regulating the aberrant aggregation and phase transition.

Alzheimer’s disease, f-amyloid peptide, protein aggregation, liquid-liquid phase separation, solid-state NMR
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