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PREFACE

Misfolding and aggregation of proteins to form amyloid deposits is a characteristic of a num-
ber of human diseases, including Alzheimer’s, Parkinson’s, amyotrophic lateral sclerosis, poly-
glutamine diseases such as Huntington’s, and the prion diseases. Although genetically
inherited factors play a role in each of these diseases to a greater or lesser extent, age is also a
risk factor, as the manifestation of these diseases reflects a breakdown in the cellular quality
control mechanisms that usually ensure that proteins attain and maintain their correctly
folded conformations. Understanding the protective mechanisms of the cell, as well as the
pathological mechanisms of each of these diseases, is of increasing concern and importance
for an aging world population. Interestingly, amyloid aggregates are also found in functional
roles in a range of organisms, such as formation of fimbriae (or curli) in bacteria and epige-
netic prion-like factors in fungi. Understanding how bacteria, fungi and even mammalian cells
can control and utilize protein ‘misfolding’ to provide biological functions is not only a fasci-
nating biological question, but may also shed light on the pathological mechanisms of amyloid
diseases.

Protein folding, misfolding and amyloid formation is no longer considered a specialist
subject, of interest only to those carrying out research in this area, but is now a core part of any
advanced undergraduate or graduate biochemistry course. It is also a rapidly developing field,
with a broad range of approaches being applied, ranging from in silico theoretical modelling;
via biophysical, biochemical and cellular characterization of molecular mechanisms; to whole
organism and systems biology approaches. Importantly, these wide-ranging approaches and
techniques are being used in combination to great effect, meaning that research in this area has
become truly multi-disciplinary. It is hoped that this volume will provide an accessible over-
view, highlighting recent progress in this field.

In Chapter 1, Louise Serpell sets the scene by providing an introduction to amyloid struc-
ture. The biophysical theme continues in Chapter 2, by Alex Buell, Chris Dobson and Tuomas
Knowles, which provides a comprehensive overview of the thermodynamics and kinetics of
amyloid fibril formation; and Chapter 3, by Greet De Baets, Joost Schymkowitz and Frederic
Rousseau discusses prediction of aggregation prone sequences in proteins. Chapter 4, by
Katharina Papsdorf and Klaus Richter, addresses the roles of the protein quality control
machinery, particularly molecular chaperones, in health and disease. Chapter 5, by Ko-Fan
Chen and Damian Crowther, describes the application of fly models to study amyloid diseases;
and Chapter 6, by Barry Panaretou and Gary Jones, discusses yeast models for amyloid disease.
Chapters 7-13 provide an overview of research on specific amyloid diseases and the role of key
protein players: Chapter 7, by David Allsop and Jennifer Mayes, is focused on amyloid
B-peptide in Alzheimer’s disease; Chapter 8, by Jian-Zhi Wang and colleagues, focuses on the
physiology and pathology of microtubule-associated tau; Chapter 9, by Shun Yu and Piu Chan,
addresses the role of o-synuclein in neurodegeneration in the context of Parkinson’s disease;
Chapter 10, by Nikolai Lorenzen and Daniel Otzen, continues discussion of a-synuclein from
the viewpoint of its biophysical properties and cytotoxicity; Chapter 11, by Elizabeth Meiering
and colleagues discusses the role of Cu,Zn superoxide dismutase in amyotrophic lateral
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sclerosis; Chapter 12, by Erich Wanker and colleagues, addresses polyglutamine disease and
aggregation of the protein fragment, Huntingtin exon 1; and Chapter 13, by Jiyan Ma and Fei
Wang, discusses prion disease and the ‘protein-only hypothesis. Chapter 14, by Reed Wickner
and colleagues, is focused on yeast prions. Finally, in Chapter 15, Margaret Sunde and col-
leagues give an overview of the many functional roles of amyloids found in Nature.

I would like to thank each author who has contributed to this fascinating collection of
articles. I would also like to thank the Essays in Biochemistry Editorial Advisory Panel as well
as the staff at Portland Press, particularly Clare Curtis, for their guidance and assistance at all
stages of this project. Finally, I would like to thank Chris Dobson and Tuomas Knowles for
facilitating a 6-month sabbatical in Cambridge, coinciding with the main period of work on

this volume.
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AA
AAA ATPases
ACE
AD
ADAM
ADDL
ADF
aDrs
AD-tau
AFM
AGE
ALS
ANS
APH-1
APOE
apoSH
apoSS
APP
APR
AB
AB42
BACE1
BBB
BSE
CaMKII
CASA
CCS
CCT
CDK
CFTR
CHIP
CK1
CMA
CNS
CPEB
CSPa
Cu,Zn-SOD1
CWD
DA
DAT

arachidonic acid

ATPases associated with various cellular activities
angiotensin-converting enzyme

Alzheimer’s disease

a disintegrin and metalloproteinase

amyloid -derived diffusible ligand
Araneusdiadematus fibroin

anionic dermaseptin

abnormally hyperphosphorylated tau from AD brain
atomic force microscopy

advanced glycation end product

amyotrophic lateral sclerosis
8-anilinonaphthalene-1-sulfonic acid

anterior pharynx defective 1

apolipoprotein E

metal-free disulfide-reduced monomer

metal-free disulfide-intact dimer

amyloid precursor protein

aggregation-prone region

amyloid B-peptide

amyloid B-peptide 42-residue fragment

[3-site amyloid precursor protein cleaving enzyme 1
blood-brain barrier

bovine spongiform encephalopathy
Ca*/calmodulin-dependent protein kinase II
chaperone-assisted selective autophagy

copper chaperone for SOD-1

chaperone-containing T-complex protein
cyclin-dependent kinase

cystic fibrosis transmembrane conductance regulator
C-terminus of the heat-shock cognate 70-interacting protein
casein kinase 1

chaperone-mediated autophagy

central nervous system

cytoplasmic polyadenylation element-binding protein
cysteine string protein o

copper/zinc superoxide dismutase 1

chronic wasting disease

dopamine

dopamine transporter
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DIC dynein intermediate chain

DISC death-inducing signalling complex

DLS dynamic light scattering

DSC differential scanning calorimetry

dSTORM direct stochastic optical reconstruction microscopy

DYRK1A dual-specificity tyrosine-phosphorylation-regulated kinase 1A

ECE endothelin-converting enzyme

EGCG (—)-epigallocatechin gallate

EM electron microscopy

ER endoplasmic reticulum

ERK extracellular-signal-regulated kinase

fAD familial Alzheimer’s disease

fALS familial amyotrophic lateral sclerosis

FAP familial amyloid polyneuropathy

FRET Forster resonance energy transfer

FTDP-17 frontotemporal dementia with Parkinsonism-linked to chromo-
some-17

FTLD frontotemporal dementia lobar degeneration

FUS fused-in-sarcoma

GA geldanamycin

GFP green fluorescent protein

GndHCI guanidine hydrochloride

GndSCN guanidinium thiocyanate

GPI glycosylphosphatidylinositol

GPx glutathione peroxidase

GSK-3 glycogen synthase kinase 3

GWAS genome-wide association study

HD Huntington’s disease

HDACS6 histone deacetylase 6

3-HK 3-hydroxykynurenine

holoSS mature, fully metallated and disulfide-intact dimer

Hsc70 heat-shock cognate 70 stress protein

Hsp heat-shock protein

HSPB1 heat-shock 27 kDa protein 1

5-HT serotonin

HTT huntingtin

HTTex1 huntingtin exon 1

IAPP islet amyloid polypeptide

IB inclusion body

IDE insulin-degrading enzyme

IDP intrinsically disordered polypeptide

iLBD incidental Lewy body disease

IPOD insoluble protein deposit

iPS induced pluripotent stem
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ITC
JNK
KLC
KMO
KPI
LB

LN
LRP

M
B2M
MAPK
MARK
MASS
MAT
MBD
MCI
mHTT
NAC

NBD
NCC
NCP
NE
NEF
NET
NFT
NMDA
NMDAR
OPTN
PAR1
PASTA
PD
PDPK
PE
PEN-2
PFD
PHF
PICALM
PiD
PIMA
Pinl
PI-PLC
PK
PMCA

isothermal titration calorimetry

c-Jun N-terminal kinase

kinesin light chain

kynurenine 3-monooxygenase

kunitz-type protease inhibitor

Lewy body

Lewy neurite

low-density lipoprotein receptor-related protein
folded monomer

[3,-microglobulin

mitogen-activated protein kinase

microtubule affinity-regulating kinase

Mutant Aggregation and Stability Spectrum
monoamine transporter

microtubule-binding domain

mild cognitive impairment

mutant HTT

nascent chain-associated complex or non-amyloid B-peptide
component

N-terminal ATP-binding domain

nucleated conformational conversion
10-[4’-(N-diethylamino)butyl]-2-chlorophenoxazine
norepinephrine

nucleotide exchange factor

norepinephrine transporter

neurofibrillary tangle

N-methyl-p-aspartate

N-methyl-p-aspartate receptor

optineurin

partitioning defective 1

Prediction of Amyloid STructure Aggregation
Parkinson’s disease

proline-directed protein kinase
phosphatidylethanolamine

presenilin enhancer 2

prion-forming domain

paired helical filament
phosphatidylinositol-binding clathrin assembly protein
PicK’s disease

Peptide Interaction Matrix Analyzer
peptidylprolyl cis—trans isomerase NIMA-interacting 1
phosphoinositide-specific phospholipase C
proteinase K

protein misfolding cyclic amplification
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polyQ polyglutamine

POPG 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-(10-rac-glycerol)

PP2A protein phosphatase 2A

PrP prion protein

Prp¢ normal cellular prion protein

Prpse disease-specific conformation of prion protein

PSP progressive supranuclear palsy

PSSM position-specific scoring matrix

QCM quartz crystal microbalance

QUIN quinolinic acid

RAC ribosome-associated complex

RAGE receptor for advanced glycation end products

recPrP recombinant PrP

RHIM RIP homotypic interaction motif

RIP receptor-interacting protein

ROS reactive oxygen species

sALS sporadic amyotrophic lateral sclerosis

SALSA Simple ALgorithm for Sliding Averages

SAXS small-angle X-ray scattering

SBD substrate-binding domain

SEC size-exclusion chromatography

SERT serotonin transporter

SH3 Src homology 3

sHsp small heat-shock protein

SNAP-25 25 kDa synaptosome-associated protein

SNARE soluble N-ethylmaleimide-sensitive fusion protein-attachment
protein receptor

SOD1 superoxide dismutase 1

SR sepiapterin reductase

SSA senile systemic amyloidosis

SSp secretion signal peptide

SUMOL1 small ubiquitin-like modifier protein 1

oisyn o-synuclein

TBP TATA-binding protein

TCP T-complex protein

TDP-43 transactive response DNA binding protein 43

TG transglutaminase

TH tyrosine hydroxylase

ThT thioflavin-T

TIRF total internal reflection fluorescence microscopy

TMAO trimethylamine N-oxide

TriC TCP1-containing ring complex

TPR domain tetratricopeptide domain

TREM2 triggering receptor expressed on myeloid cells 2
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TSE
TTR
UPR
UPS
vCJD
VMAT?2
WT

transmissible spongiform encephalopathy
transthyretin

unfolded protein response
ubiquitin—proteasome system

variant Creutzfeldt-Jacob disease
vesicular monoamine transporter 2

wild-type
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