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65 YEARS AGO:
Do we need a new chemistry or physics
to understand biological phenomena?

Ad. . . .. ... ... from al l
oroe the structure of living matter, we must
be prepared to find it working in a
- e manner that cannot be reduced to the
rorese ordinary laws of Physics. And that not

on the ground that

f orcedo, dibelacidauraithe t h
single atoms within a living organism,
but because the construction is
different from any thing we have yet
tested I n the physic

£, Schrodinger (1944)
In“What'is Life”
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Structural Molecular Biology: How did it stat




Difracao de Raios-X por Fibra de DNA

(diagramas obtidos por Rosalind Franklini Ki ngdés Col | ege)

DNA tipo nABO

(hidratado e pouco cristalino)

O diagrama com
assinatura de estruturas em
hélices

As refl ex»es dc
que a periodicidade da
hélice € ~34U

A reflexdo axial indica
diametro da hélice da ordem
de 20 U




TiBS

(a) Ribosome
(50S)

(b) Rhodopsin

(c) Reovirures
core

(d) HMG-CoA red

(e) Yeast RNA pol

(f) ATP synthase

(g) Nucleosome

(n) Mismath repair
MutS

() HIV gpl20
complexed
with CD4
(D1D2) and Ab



Ainda resta muito para se aprender a respeito
da estrutura de proteinas

Structural coverage of human
proteome (% residues)
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Edwards A. 2009.
Annu. Rev. Biochem. 78:541-68

Structural biology

Coiled coil
Transmembrane

Unstructured
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A Unfolded State

Gibbs Free Energy

Silva et al., Acc. Chem. Res. 2010
43: 271-9.
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Why people get sick when protein
folding goes wrong?

) Siress response
Accumulation P

Loss-of- Proteasome inhibition

function Chaperone sequestration

Toxic gain-of-function Transcription/cell cycle

factor sequestration

Fibril pore formation

Calcium overload

? Oxidative stress
Degradation Glutamate overload
Loss-of-function Mitochondrial dysfunction

Functional insufficiency
Cell death

Figure 4

The fate of misfolded proteins and some important cellular consequences
of accumulated proteins.




Hypothesis:
Hydration Controls Protein Conformation

DI S eaS eS Disordered Disordered
ate
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Foguel and Silva, Biochemistry 2004
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Hydration and packing can be probed by high pressure studies

(a)

(b)

Effects of pressure on proteins
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BAD MISFOLDING
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Fogueland Silva, Biochemistry2004

The volume approach to
proteins that cause misfolding

diseases:

Trasnsthyretin- Ferrdo-Gonzales et al., PNAS,
2000, JMB 2003; Dirix et al., IMB 2005
a-synuclein- involved in Parkinson's disease.
Foguel et al., PNAS 2003; Follmer et al., 2007
p53- Ishimaru et al., Biochemistry 2003;
Ishimaru et al., IMB 2003; Biophys. J. 2004;
Biochemistry 2009; Ano Bom et al., 2010

Prion Protein- Torrent et al., Biochemistry
2003, 2004; Cordeiro et al., JBC2001; JBC
2004; Biophys J. 2005; Silva et al., Acc Chem
Res 2010

Disulfide deficient Hen lysozyme- Niraula,
Akasaka et al., PNAS 2004

The volume approach to dissociate

inclusion bodies:

St John RJ, Carpenter JF, Randolph TW, PNAS
1999

Foguel D, Robinson C, Sousa PC, Silva JL,
Robinson AS. Biotechnol. Bioeng. 1999;
Lefebre and Robinson, 2003



Parkinson disease

Alnvolves the aggregation of a-synuclein: wt and variants (A30P and A53T)

AParkinson's disease afflicts the substantia nigra in the brain. It is a dopaminergic
region that controls movements
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The intriguing prion diseases
Transmissible Spongiform Encephalopathies

Riek R, Hornemann S, Wider G, Billeter M, Glockshuber R, Wuthrich K (1996) Nature 382, 180-2

AN

DeMarco et al., 2005

(a) Section from frontal cortex

showing a field with
aggregates of plaques
surrounded by spongiform
degeneration. (b) Multiple
plaques and amorphous
deposits are PrP

immunopositive. Prusiner,
1009

PrP¢ (cellular PrP)
*Protease sensitive;

*a-helical and random
coil content;

*Soluble.

PrPs¢ (Scrapie)
*Protease resistance;
*Higher b-sheet content;
*Highly insoluble;
*Formation of amorphous

and fibrillar aggregates.




PROBLEMS WITH THE PROTEIN-ONLY

HYPOTH ESES
Many questions remain

unanswered:

1) Why the low efficiency of
Infection (ratio 1:100,000)?

2) Can recombinant PrP¢
molecules cause disease In
the absence of infectious
prion?

3) Are there adjuvant factors?

Another macromolecule
(provisionally designated
protein X by Stanley Prusiner)
may interact with the prion
protein acting as an adjuvant
factor.

Gibbs free energy

Contformatien—<
*Protein chaperones?
(DebBurman etal., PNAS 1997);
*Sulfated Glycans?

(Caughey et al., J. Virol 1994; Vieira et
al., JACS 2011; Silva et al., Methods
2011)

*Nucleic Acids? Micro RNAs,
IRNAS, DNA (Cordeiro et al., JBC
2001; 2004; Nandi et al., JIMB 2002;
Deleault et al., Nature 2003; Silva et al;,
TiBS 2008; Gomes et al., JIBC 2008)
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Comparison of the stability against
pressure between a-rPrP and b-rPrP
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Volume (A) and Gibbs free-energy (B)
lagrams of a-rPrP and b-rPrP.
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The high pressure studies
support the findings that other
molecules such as nucleic acid
may participate in the prion
conversion reaction by
changing the solvent
accessible surface and the
distribution of cavities

The disordered segments of
PrPC¢ would fold either by
binding to other molecules,
such as an RNA or DNA, or
by assembling into oligomers
or amyloid fibrils.

Cordeiro et al. IBC 2004b
Cordeiro et al. Biophys. J. 2005
Gomes et al., JBC 2008

Silva et al., Acc. Chem Res. 2010



Prion and water: Tight and dynamical hydration sites
have a key role in structural stability

Alfonso De Simone**, Guy G. Dodson**, Chandra 5. Verma*$, Adriana Zagarit®, and Franca Fraternali*-**

PNAS | May 24,2005 | wvol. 102 | no.21 | 7535-7540

The prion protein is
highly hydrated
and malleable

Fig. 1. Prion solvation map. MD water high-density sites contoured at 2.5
times the bulk solvent density. The reference structure is the shPrP (PDB ID



Nucleic acid acts as catalyst of the prion conversion

THE JoURHAL oF BloLocical CHEMISTRY Val. 276, MNo. 52, Issue of December 25, pp. 49400 -40409, 2001
© 2001 by The American Socety for Blochermstry and Maolemlar Biclogy, Ine. Printed in U.SA

DNA Converts Cellular Prion Protein into the -Sheet Conformation
and Inhibits Prion Peptide Aggregation™

Yraima Cordeiros, Filipe Machadoi, Luiz Juliano$, Maria Aparecida Julianog,
Ricardo R. Brentanif, Débora Fogueli|, and Jerson L. Silvai®=
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Nucleic acid acts as catalyst of the prion conversion
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The Prion Paradox: Protein Only Or Something Else

p— Conversion

prevented ‘
by energy
barrier
— -

Amyloid; not essential
Heterodimer Homodimer for replication

Template-directed refolding
A = --\

DNA? RNA? GAG?

Gibbs Free Energy

Conformation Coordinate

Cordeiro et al., JBC 2001; Cordeiro et al., IBC 2004;: Gomes et al., JBC 2008; Silva et al., TiBS 2008:
Acc Chem Res 2010; Vieira et al., JACS 2011




Binding of nucleic acid to prion protein
occurs mostly with interaction with the
globular domain that is unusually hydrated

Three-dimensional reconstruction of rPrP from SAXS measurements.

rPrP23-231 (light gray)
rPrPb32-121 (dark gray).

Lima et al., Biochemistry 2006
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rPrPb32-121:DNA complex.



NMR llluminates Amino Acid-Specific
iInformation about he PrP-Oligonucleotide
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Most amino acids in the globular domain
that display significant changes in HSQC
are directed to the same side, which is a
typical design of helical DNA binding motifs

Helix-1

Lima et al., Biochemistry 2006



Nucleic Acids Research Advance Access published February 6, 2007
Nucleie Acids Research, 2007, 1-13 Pred I Cted D NA_b I n d I n g

doi: 10.109 3 nar |ghkm008
I sites ' i
DISPLAR: an accurate method for predicting Electrostatic Potential
Distribution

DNA-binding sites on protein surfaces

Harianto Tjong and Huan-Xiang Zhou*

Department of Physics and Institute of Molecular Biophysics and School of Computational Science,
Florida State University, Tallahassee, FL 32306, USA H u m an

Cattle

Mouse

Figure 4. Comparison of prion protein (PDB 1bl10) residues Syrlan
(A) implicated by NMR chemical shift perturbation and (B) predicted hamster
by DISPLAR for DNA binding. Putative DNA-contacting residues are

shown in red or blue.

Rabbit

Silva et al., Methods 2011



