Convegno Scientifico
“Amiloidosi: La grande simulatrice”

Amiloidosi, di cosa si parla?

Fabrizio Chiti
Università di Firenze
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Pathogenic species
in at least some of
the protein
deposition diseases
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The three hallmarks of amyloid fibrils:
1) Fibrillar morphology
2) Cross-b structure
3) Binding to amyloid diagnostic dyes

First hallmark: Fibrillar morphology

100 nm

amyloid fibrils of Ab1-40
by transmission electron microscopy
(Walsh et al. 1999. J. Biol. Chem. 274, 25945)

200 nm
amyloid fibrils Ab1-42
by atomic force microscopy
(Harper et al. 1997, Chem. Biol. 4, 119)

Second hallmark: Cross-β structure
4.8 Å
Far- UV circular dichroism

10-11 Å

X-ray fibre diffraction
Sachse et al. 2006 J. Mol. Biol., 362, 347

Liao et al. 2007, FEBS Lett. 581, 1161
FTIR

Sachse et al. 2006 J. Mol. Biol., 362, 347

Third hallmark: binding to amyloid diagnostic dyes
Congo Red binding

Giunta et al. 2004, Chim Clin Acta 350, 129-136

Kokjohn et al. 2011 Alz Dem. In press
ThT fluorescence / a.u.

Absorbance

Knobloch et al. 2007 Neurobiol Aging 28, 1297

Thioflavin T or S binding

Sachse et al. 2006 J. Mol. Biol. 362, 347-354

A model of the amyloid fibril

- Amyloid fibrils appear to be formed
from protofilaments (2-5 nm wide) that
twist toghether or associate laterally to
form fibrils of higher width
(generally 7-13 nm but even more)

- Within individual protofilaments a
b-sheet structure is present. b -strands
are parallel to each other and
perpendicular to the axis of the fibrils.

Table 1
Peptides or proteins forming extracellular amyloid deposits or intracellular inclusions with amyloid-like features
in human diseases
Number of
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Peptide or protein name

residuesa

Type of
Structureb

Associated diseases

diseasec

Amyloid-β peptide (Aβ)

40 or 42d

Intrinsically
disordered

Alzheimer disease
Hereditary cerebral hemorrhage with
amyloidosis

Neuropathic
Sporadicf

α-Synuclein (αs)e

140

Intrinsically
disordered

Parkinson disease
Parkinson disease with dementia
Dementia with Lewy bodies
Multiple system atrophy

Neuropathic
Sporadicf

Prion protein (PrP)

208

Intrinsically
disordered (1–102)
All-α, prion-like
(103–208)

Creutzfeldt-Jakob disease
Fatal insomnia
Gerstmann-Sträussler-Scheinker
disease
Huntington disease–like 1
Spongiform encephalopathy with
neuropsychiatric features
New variant Creutzfeldt-Jakob disease
Kuru
Hereditary sensory and autonomic
neuropathy

Neuropathic
Sporadic
Hereditary
Infectious
Iatrogenic

Microtubule-associated
protein tau (τ)e

352–441d

Intrinsically
disordered

Pick disease
Progressive supranuclear palsy
Corticobasal degeneration
Frontotemporal dementia with
parkinsonism linked to chr17
Argyrophilic grain disease
Tangle predominant dementia
Guam Parkinson dementia complex
Frontotemporal lobar degeneration
Chronic traumatic encephalopathy
Ganglioglioma
Meningioangiomatosis
Subacute sclerosing panencephalitis
Lead encephalopathy
Tuberous sclerosis
Hallervorden-Spatz disease
Lipofuscinosis

Neuropathic
Sporadicf

Huntingtin exon 1
(HttEx1)e

∼103–187d

Intrinsically
disordered

Huntington disease

Neuropathic
Hereditary

ABri peptide

34

Intrinsically
disordered

Familial British dementia

Systemic and
neuropathicg
Hereditary

ADan peptide

34

Intrinsically
disordered

Familial Danish dementia

Neuropathic
Hereditary

Fragments of
immunoglobulin light
chainsh

∼100d

All-β, Ig-like

Light-chain amyloidosis

Systemic
Sporadicf
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Peptide or protein name

residuesa

Type of
Structureb

Associated diseases

diseasec

Fragments of
immunoglobulin heavy
chainsh

∼190d

All-β, Ig-like

Heavy-chain amyloidosis (mainly
renal)

Systemic
Sporadic

Full or N-term fragments
of serum amyloid A
protein (SAA)

45–104d

All-α, SAA-like four-helix
bundle

AA amyloidosis

Systemic
Sporadic

Transthyretin (TTR)

127

All-β, prealbumin-like

Senile systemic amyloidosis
Familial amyloidotic
polyneuropathy
Familial amyloid cardiomyopathy
Leptomeningeal amyloidosis

Systemicg
Sporadic and
hereditary

β2 -microglobulin (β2 -m)

99

All-β, Ig-like

Dialysis-related amyloidosis
Hereditary visceral amyloidosis

Systemic
Iatrogenicf

N-term fragments of
apolipoprotein A-I
(ApoAI)

69–100d

Intrinsically disordered

ApoAI amyloidosis (many organs)

Systemic
Hereditary

C-term extended
apolipoprotein A-II
(ApoAII)

98

Unknown

ApoAII amyloidosis (mainly renal)

Systemic
Hereditary

N-term fragments of
apolipoprotein A-IV
(ApoAIV)

∼70

Unknown

ApoAIV amyloidosis (many organs)

Systemic
Sporadic

Apolipoprotein C-II
(ApoCII)

79

All-α, unknown fold

ApoCII amyloidosis (mainly renal)

Systemic
Hereditary

Apolipoprotein C-III
(ApoCIII)

79

All-α, unknown fold

ApoCIII amyloidosis (mainly renal)

Systemic
Hereditary

Fragments of gelsolin

53 or 71d

Intrinsically disordered

Familial amyloidosis, Finnish type

Systemic
Hereditary

Lysozyme (LYS)

130

α + β, lysozyme fold

Lysozyme amyloidosis (mainly
visceral)

Systemic
Hereditary

Fragments of fibrinogen
α-chain

45–81d

Unknown

Fibrinogen amyloidosis (mainly
renal)

Systemic
Hereditary

N-term truncated
cystatin C

110

α + β, cystatin-like

Hereditary cerebral hemorrhage
with amyloidosis, Icelandic type

Systemic
Hereditary

Islet amyloid polypeptide
(IAPP)

37

Intrinsically disordered

Type II diabetes
Insulinoma

Localized
Sporadic

Calcitonin

32

Intrinsically disordered

Medullary carcinoma of the thyroid

Localized
Sporadic

Atrial natriuretic factor
(ANF)

28

Intrinsically disordered

Atrial amyloidosis

Localized
Sporadic

N-term fragments of
prolactin (PRL)

34

Unknown

Pituitary prolactinoma

Localized
Sporadic

Insulin

(30 + 21)i

All-α, insulin-like

Injection-localized amyloidosis

Localized
Iatrogenic
(Continued )
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Peptide or protein name

residuesa

Type of
Structureb

Associated diseases

diseasec

Medinj

50

Intrinsically
disordered

Aortic medial amyloidosis

Localized
Sporadic

Lactotransferrin
(lactoferrin)

691

α + β, periplasmic
binding
protein–like II

Gelatinous drop-like corneal dystrophy

Localized
Sporadicf

Odontogenic
ameloblast-associated
protein (ODAM)

110–118d

Unknown

Calcifying epithelial odontogenic tumors

Localized
Sporadic

Pulmonary
surfactant-associated
protein C (SP-C)

35

All-α,
transmembrane
helical fragment

Pulmonary alveolar proteinosis

Localized
Sporadic

Leukocyte cell-derived
chemotaxin-2 (LECT-2)

133

All-β,
barrel-sandwich
hybrid

Renal amyloidosis

Systemic
Sporadic

Galectin 7 (Gal-7)e

136

All-β,
concanavalin
A-like lectins

Lichen amyloidosis
Macular amyloidosis

Localized
Sporadic

Corneodesmosin (CDSN)

167, 182,
206d

Intrinsically
disordered

Hypotrichosis simplex of the scalp

Localized
Hereditary

C-term fragments of
kerato-epithelin (βig-h3)

50–200d

Unknown

Lattice corneal dystrophy, type 1
Lattice corneal dystrophy, type 3A
Lattice corneal dystrophy, Avellino type

Localized
Hereditary

Semenogelin-1 (SGI)

439

Unknown

Seminal vesicle amyloidosis

Localized
Sporadic

Proteins S100A8/A9

92/113

All-α, EF
hand-like

Prostate cancer

Localized
Sporadic

Enfuvirtide

36

Unknown

Injection-localized amyloidosis

Localized
Iatrogenic

a

Lengths of the processed forms depositing into the aggregates, not the precursor proteins.
Structural class and fold of the native, processed protein or peptide prior to aggregation, according to the Structural Classification of Proteins database.
c
Diseases are classified as (a) neuropathic, systemic, or localized (non-neuropathic) and (b) sporadic, hereditary, iatrogenic (following medical treatment),
or infectious.
d
Fragments of various lengths were reported for ex vivo fibrils.
e
Intracellular proteins, unlike the others that are extracellular.
f
Predominantly sporadic, although hereditary forms are documented.
g
Involving both the central nervous system and other organs, thus systemic but also neuropathic.
h
Also forming nonamyloid deposits in light-chain or heavy-chain deposition diseases.
i
Lengths of the A and B chains linked by a disulfide bridge.
j
Medin is the 245–294 fragment of human lactadherin.
b

Chiti and Dobson, 2017
Ann. Rev. Biochem. 86, 27-68
THE MOLECULAR NATURE OF AMYLOID-RELATED DISEASES

Un numero crescente di proteine formano fibrille amiloidi
con funzioni specifiche in condizioni fisiologiche

Chiti and Dobson, 2017
Ann. Rev. Biochem. 86, 27-68

Conclusioni
37 peptidi o proteine sono stati finora identificati nelle fibrille amiloidi extracellulari o
inclusioni intracellulari con caratteristiche “amiloidi”
in condizioni patologiche (oltre 70)
La formazione di aggregati amiloidi è una proprietà generale ed intrinseca delle
proteine e dei peptidi, per cui questo numero è destinato a crescere.
Varie forme di aggregati intermedi prefibrillari si formano prima delle fibrille amiloidi
mature. Tali intermedi rappresentano le specie patogeniche, almeno in alcune malattie

