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Alzheimer, A. About a peculiar disease of the
cerebral cortex. 30, 177-179 (1907).
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NictonatonorivyHi o3Haku AD

e Intracellular tangles are found within
neurons of brain regions essential for
cognitive function. Filamentous tangles
are formed from paired helical
fragments (PHF) composed of
neurofilament and
hyperphosphorylated tau protein.

Mormal Eiderly To AD Elderly

e Plaques of amyloid 3
protein are accumulated
extracellularly.

Alzheimer's

Neurofibrillary.,
~ langles




AMunoigHa rinore3sa

® Arperauia AB nenTuay € no4aTtokoBOK nogieto Wwo crnpuinHsae AD:

| APP

PSEN1 and/or PSEN? " - 1 3 APP FAD mutations
Trisomy 21

FAD mutations |
‘j// | Ap42 ggregatln-n \\ i
: E— I Epmlmtl
| Soluble forms - amyloid-f}
: of oligomeric Af§ E, e peptn:ie
I : AGGREGATE STRESS 5;
'
| PHF formation |
¢ |
disease: the amyloid cascade hypothesis. ' 4 —
Science 256, 184-185 (1992). ;
D'EITI_EH[IE_
1) MyTau,ii 8 APP reHax BeayTb o AD The first semi-automated
2) MyTauii B reHax Y-cekpeTa3u BegyTb 4o AD DNA sequencing machine

3) MyTauii B reHax T BeayTtb Ao PHP ane He AD presented at CALTECH in 1986



binok = nonimep 3 aMiIHOKUCNOTHUX rpyn

Primary Structure
1

+H3N
Amino end

[lepBUHHA CTPYKTYypa =
r1ocr1i6o8HicMb
amMiHOKUcCIiom siKka €
YHiKarbHO0 OJ1s1 8CiX
birikie

Amino acid
subunits

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



Tpy TMNKN GiONOriYHUX MOJIEKY

® There are three main types of biological molecules:




Binok — monekyna Xutrts

® More than 50% of all solid mass in living organisms are proteins

BTB
The BTB protein helps
other proteins interact.

regulatory [T i Haemaglobin
enin regulates " lobin hel h
our blood pressure. ¥ :La:';::g: c::lrls E;:i: - transport

oxXygen.

Keratin | - BRCA1
structural Keratin helps form : i BRCA1 protects against
our nails and our hair. - breast cancer and

! { ovarian cancer.

Myosin

Myosin works in ! J Amylase
muscle contraction. Amylase decomposes :
complex sugars carried enzymatlc
in the saliva and intestines.

® When proteins don'’t function properly, we get sick



CuTHe3 Oinka

® KoxeH 0inok mae cBil KOO WO
3anncaHnm B reHoMi — BibnioTtew,i
BCbOIr0 XMBOro. IHpopmauis 3 reHomy
nepenaeTbCs 3a NocepeaHnULTBOM
MRNA - TpaHcKpunuis

@® binku CMHTE3YIThCA
Morekynot pubocomu y Burnagi
NIHINHOro nosiiMepy — Tpacnauis.

transcription in the nucleus

l

ribosome

mRNA

" tRNA +
= O

amino acid I'

protein

ATP — AMP + PP

translation at the ribosome



Peakuis sropTaHHA Oinka

® [1nsa Toro wob ctatm oyHKUioHanbHO akTMBHUM Binok Habysae nesHol 3D dopmu

320pmaHHs binka

NSNSV el

unfolded polypeptide (U) native, biologically active
polypeptide (N)

® [lorma AHdiHCEHa:

[MocnigoBHICTL aMIHOKUCIIOT MOBHICTIO BU3HAYae (PyHKLUIOHANbHY CTPYKTYPY
6inka. OcHoBHMI CTaH Binka €:

a) €OUHO MOXIueuM

b) KiHemu4Ho docmyriHUM

c) Bionosioae HalmeHwil 8inbHiu eHepail , ,
(Hoberniecbka ripemis 1972)

@ B npoueci 3ropTaHHA MOXYTb BUHUKATWU MPOMIXKHI cTaHu (/)



3ropTtaHHA Oinka B Mmexax KniTUHW

2
. —> _— ——
Synthesis i
Y " Unfolded intermediate Piative
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MakpoOinKkoBi CTPYKTYypH

@ LinTockeneT 3pobneHnn 3 nonimepmnsoBaHux BinkoBnx BOSTOKOH. Mae CTPYKTYpPHI
Ta TpacnopTHi YHKL,IT

Intermediate

Filaments
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MakpoOinKoBi CTPYKTYpH

] Tpybka 3 npomodghinameHmis binka mybyniHy
MikpoTpy60ouKu
*[liaTpMMaHHA POPMU KNITUHU

a-TyBynin *YTOBOPEHHSA BiMOK Ta AMKIYTUKIB, WO 3abe3neyytoTb
JTOKOMOLLIFO KNITUHMU
*Po3X04KeEHHA XPOMOCOM NiA 4ac KNITUHHOro noAainy
FrYY YT TYTYTYTTYYTYYTY *TpaHcnopT opraHen

B-TyGymin

/Jlsa 3aKkpy4eHuUx npomoginameHmu aKmuHy

NpaToginament TyGymisly
[ligTPMMaHHA KNITUHHOT popmum
AKTUHOBI dpinameHTH *3MiHM Y GOPMIi KNiTUH
*CKOpPOYEHHA M'A3iB
P M. aome. oan *Pyx yuntonnasmu
OO D—ﬁ‘v\r T JlokoMoL,iA KNITUHK
‘ ' - *3abe3neyeHHs LUUTOKIHEe3yY

Kinbka npomodgpinameHmis, w0 cknadaromecs
MpomixHi dinameHTy i3 ibpunapHux binkie (kepamuH)ob’eOHaHI y
KaHamornooibHy cmpykmypy

Nporogunamenr

— T ,,— *[liaTpMMmaHHA OPMU KNITUHMU

i | *3aKpinsieHHa agpa Ta AeAKUX iHWMX opraHen y neBHomy
" NONOKEHHI
*YTBOPEHHA AAEPHOI IAMiHMN

*[1iATPUMKA aKCOHIB Yy HEMPOHAX




MakpoOinKkoBi CTPYKTYypH

Microtubule-based movement

Kinesin
or
dynein




iINIKOBi CTPYKTYpMU

Makpo©O

Muscle contraction

Myosin

Myosin thick filament

—end

M line

Myosin head groups
—end

THE CELL, Third Edition, Figure 11.24 ASM Press and Sinauer Associates, Inc

© 2003 All rights reserved.



Arperauia 6inka

Disorderad Disordered
aggregate aggregate
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Synthesis
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Disordered Degraded Prefibrillar
aggregate fragments species
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Amyloid
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® All fibrils have
cross B-structure

[Kirschner et al., Biophys.
J., 64 (1993) 502]

® Experiments
usually lack
sufficient
resolution to
solve the
structure at the
atomic level

AP peptides are
assembled into -

sheets
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Constant (in general
sequence-specific)
spacing between

sheets

10-11 A

4.7 A

spacing

CtpykTtypa iopun

Several 3-sheets

make up a

protofilament

~25-30 A

-,

Several protofilaments
{5-6) form a fibrill

Structural layers



NMpuknaan amunoipy

® voaens Tuko ans AR40

b V4D Va6 132 K28

Fibril Axis

Y10 Hi4 K16 Fa0

Petkova AT, et al., (2002) Proc Natl Acad Sci USA
99(26):16742-16747



e Deposits of a number of proteins (>20) are linked to diseases:

Amyloidogenic protein Disease Tissue distribution of protein
deposits
Prion protein and its Creutzfeld—Jacob disease (CJD) Brain
fragments Gerstmann — Straussler— Schneiker

syndrome (GSS)

Fatal familial insomnia (FFI)

Kuru

Bovine spongiform encephalopathy

(BSE) and scrapie

Amyloid-p and its Alzheimer’s disease (AD) Brain
fragments Dutch hereditary cerebral hemorrhage

with amyloidosis (HCHWA, also known

as cerebrovascular amyloidosis)

Congophilic angiopathy Brain, spinal cord
Huntingtin Huntington Disease Brain
Islet amyloid polypeptide Pancreatic islet amyloidosis in late-onset Pancreas
(IAPP, Amylin) diabetes (type 1I diabetes mellitus)
a-Synuclein Parkinson’s disease (PD) Brain

Diffuse Lewy bodies disease (DLBD)
Lewy bodies variant of Alzheimer’s
disease (LBVAD)
Dementia with Lewy bodies (DLB)
Multiple system atrophy (MSA)
Insulin Injection-localized amyloidosis Skin, muscles

VN. Uversky, A.L. Fink / Biochimica et Biophysica Acta 1698 (2004) 131-153



XBopoba Kponudenbpa — Akoba

@ HelipoaereHepaTUBHE 3aXBOPHOBAHHA NHOANHU | TBAPUH 3 YTBOPEHHAM rybyacToi
eHuedanonarTii, AKe HanexKatb A0 rPynu NOBiINbHUX iIHPEKLiN | XapaKTePU3YETLCS
ypaXKeHHAM UeHTpanbHoi HepsoBoi cuctemu (LLHC), m'asoBoi, nimdpoigHoi Ta iHWMX
cucTeM. 3aBXKAM 3aKiHYYETLCA NEeTaNIbHO.

@ lMpucyTHi amnNoigHi Aeno3nTy NPioHy

@® Moske nepepaBaTmnca Bif, TBapuH 40
JII0AEeN HaBiTb 3@ HAABHOCTI CTepPUAI3iLii

@ XapakTepHa NPUCYTHICTb Pi3HUX wmamie

Mo3ok ypaxkeHnit XBAl HabyBae popmu ryboku



CTpyKTYpHUU nosniMopdi3m
@® Mopdonoria ¢ibpunnm 3anexunTb Big, yMoB ii yTBOPEHHA

@ CTpyKTypa 3apogKa nepenacTbCs He3asAedHo Bif, yMOB cepeioBULLa POCTY

parent AB_4 fibrils seeds daughters  granddaughters

~ =
;" ,.f-

t

quiescen

agitated

. Petkova AT, et al., (2005) Science 307(5707):262

@ MonekynapHUN MexaHi3m ABULLA LITaMiB? PicT ¢ibpunnm B cTaHi cnokoto 3
Bi4ANOBIAHOrO 3apoOaKa



@ BigMmiHHOCTI cAratoTb piBHA iHAMBIAYaNbHUX MOJIEKY/

Paravatsu, et al., (2008) PNAS 105(47):18349



AMunoig sk HOBUM CTaH Oinka

@ bGinok auetundocdaras (AcP) 3aaTHNIA yTBOPHOBATU aMUNOiAgHI Gibpuan npm NneBHUX
TEPMOAUHAMIYHUX YMOBAX

@ lo/10BHA ymoBa — 610K NOBMHEH BYTM MNOBHICTIO 260 YAaCTKOBO PO3rOPHYTUM

[©] (deg cm*dmol ™)

/ CUrHan AKUI BKa3ye Ha Chiti, et al., (1999) PNAS 96, 3590

1700 1880 1660 1840 1620 1600

wavenumber (cm’') YyTBOPEHHA amunoigy



KiHeTu4HI nepeaymoBwu arperauii

@ CermeHTM aMiHOKMCNOTHMX 3a/IMLLKIB LLLO BiANOBIAATb 32 arperayito Ta 3ropTaHHA
6inKa He NnepeTMHaoTbLCA

Residues that
control the
aggregation rate

Residues that
control the
folding rate

C

@ Different evolutionary mechanisms governing folding and aggregation?

Chiti, et al., (2002) Nat Str Biol. 9, 137



Yun pincHo c¢idbpunun noB si3aHi
BUKJTHOYHO 3 XBOpobamu?

® biofilms

® CsgA subunit
& CsgB subunit

O E. coli bacterium

{3 Extracellular matrix

Figure 2. Schematic illustration of the amyloidal curli component of
the bacterial extracellular matrix. The formation of the bacterial biofilm
(left) is facilitated by the production of a network of curli fibers
(middle). CsgA, the major curli subunits, are secreted by bacteria and
self-assemble into amyloid fibers extracellularly (right). As a rule, the
assembly of curli fibers is initiated by a “nucleator” protein, CgsB,
which is anchored to the bacterial membrane.

Fibrils of curli proteins:

protect against chemical
and mechanical stresses

are resistant to
proteolysis

essential for the
biofilm architecture

Cherny&Gazit, [Angew Chem, 47 (2008) 4062]



@® biosynthesis

Melanin - a pigment found in skin cells.

- Consists of polymerized tyrosine and its
derivatives

- Excellent photoprotector. Absorbs 99% of
UV light

- Synthesized in response to DNA damage by
UVB light = the origin of tan

Melanosome = specialized organelle in
which synthesis of melanin takes place

‘%@w @?

N

Melanocyte
cell that

Pigment produces

melanin

Fibrils of Pmell7 protein

Fibrils provide scaffold on
which synthesis occurs




MexaHi4yHi BnacTuBocTi ¢iopun

Table 1: Comparison of the measured mechanical properties of amyloid
fibrils, peptide nanotubes, and spider silk.

Amyloid Phe-Phe Spider

fibrils® %) nanotubes®  silk**
Stiffness [GPa] — 160x10° <30 sfronger Than sTeell
Strength [GPa] 0.6+0.4 - 0.9-1 0
Bending rigidity [Pa] CAEEIL - - 5Gp0
Shear modulus [GPa] 0.28+0.2 - 2.38
Thermal stability [°C] >130 >150 230 . .
Torsional rigidity [Pa] (1.64+1.1)x10°%°  — — more flexible than silk
Young’s modulus [GPa] |3.3+0.4 ~19 11-13

® Characteristics shared with synthetic polymers:

- stability against chemical modification and thermal treatment
- structural isomorphism = reproducibility

- structural polymorphism of monomer = plasticity

- sequence variability = adaptivity

® fibrils are suitable materials at nanoscale
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@® functional femplates :
nanowires
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e Layers, coatings.
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Current Opinion in Structural Biology

Use of peptides to form nanoscale-ordered monolayers. An amphiphilic p-hairpin undergoes ordered self-assembly at the air/water interface.
Resultant Langmuir-Blodgett films can be transferred to mica for AFM characterization using single-wall carbon nanotube tips. The image
shows the expected 2.5 nm spacing consistent with ordered hairpin assembly. DMBDY is a dimethyl derivative of BODIPY, a fluorescent label

used for imaging.

Current Opinion in Structural Biology 2004, 14:480-486

e Nano-tubes and nano-
spheres. [Gazit et al.,
Nano Lett, 4 (2004) 581]

Stacking
Interactions

-1 i
i S

Disuilphide &
l Interaction 4' ;

Nano Lett., Vol. 4, No. 4, 2004



e Other applications:

Scaffolds for tissue engineering
and regeneration

Matrices for controlled drug
release and delivery

Biosensors and bioswitches

Coatings for analytical and
medical instruments

Biocatalytic scaffolds

Scaffolds for cell cultures

Figure 4. Ultrastructures of phases displayed by amyloidogenic
sequences. The scheme shows the general arrangement of soluble
monomers (top left) and assembled fibers (or fibrils) in different
possible structural phases. Reported transitions between phases are
indicated by arrows.
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