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65 YEARS AGO: 

Do we need a new chemistry or physics 

to understand biological phenomena? 

Åñ...........from all we have learnt about 

the structure of living matter, we must 

be prepared to find it working in a  

manner that cannot be reduced to the 

ordinary laws of Physics. And that not 

on the ground that  there is any ónew 

forceô, directing the behaviour of the 

single atoms within a living organism, 

but because the  construction is 

different from any thing we have yet 

tested in the physical laboratory.ò 
E. Schrödinger (1944) 

In ñWhat is Lifeò 
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Structural Molecular Biology: How did it start?



Difração de Raios-X por Fibra de DNA 
(diagramas obtidos por Rosalind Franklin ï Kingôs College) 

DNA tipo ñBò 

(hidratado e pouco cristalino) 

O diagrama com um ñXò ® a 

assinatura de estruturas em 

hélices 

As reflex»es do ñXò indicam 

que a periodicidade da 

hélice é ~34Ȕ 

A reflexão axial indica 

diâmetro da hélice da ordem 

de 20 Ȕ 



(a) Ribosome 

(50S) 

(b) Rhodopsin 

(c) Reovirures 

core 

(d) HMG-CoA red 

(e) Yeast RNA pol 

(f) ATP synthase 

(g) Nucleosome 

(h) Mismath repair 

MutS 

(i) HIV gp120 

complexed 

with CD4 

(D1D2) and Ab 

 



Ainda resta muito para se aprender a respeito 

da estrutura de proteínas 



National Institute for Science and Technology in 

Structure Biology and Bioimaging ï INBEB 



Silva et al., Acc. Chem. Res. 2010 

43: 271-9. 
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Why people get sick when protein 
folding goes wrong? 



Hypothesis:  
Hydration Controls Protein Conformation 
Diseases  

Foguel and Silva, Biochemistry 2004 
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Silva, Foguel, Royer, TiBS 2001 

Hydration and  packing can be probed by high pressure studies 

ÅHummer et al., PNAS 

1998 

ÅHillson N, Onuchic 

and Garcia, PNAS 

1999 

ÅMcCarthy and 

Grigera, BBA 2006 

ÅOliveira et al., JMB 

1994  

Hydrophobic 

interaction is weaker 

under  pressure 

ÅPeng, Jonas, Silva (1993) PNAS 91: 8244 

ÅFoguel and Silva (1994) PNAS 90: 1776  



BAD MISFOLDING 

Foguel and Silva, Biochemistry 2004 

The volume approach to 

proteins that cause misfolding 

diseases: 
Trasnsthyretin- Ferrão-Gonzales et al., PNAS, 

2000, JMB 2003; Dirix et al., JMB 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., JMB 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  

 

Partially Folded 



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

Å Parkinson's disease afflicts the substantia nigra in the brain. It is a dopaminergic 

region that controls movements 

Parkinson´s disease 
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Foguel et al.(2003) PNAS 100: 9831 

Follmer et al. (2007) Biochemistry 46: 472 

 

Braga et al. (2011) J Mol Biol 405: 254 



http://depts.washington.edu 

DeMarco et al., 2005 

PrPC (cellular PrP) 

*Protease sensitive; 

*a-helical and random 
coil content; 

*Soluble. 

PrPSc (Scrapie) 

*Protease resistance; 

*Higher b-sheet content;  

*Highly insoluble; 

*Formation of amorphous 
and fibrillar aggregates. 

(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, 
1998. 

The intriguing prion diseases 
Transmissible Spongiform Encephalopathies 

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



Many questions remain 
unanswered: 

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

2) Can recombinant PrPC 
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.  

PROBLEMS WITH THE PROTEIN-ONLY 

HYPOTHESES 

 *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., JMB 2002; 

Deleault et al., Nature 2003; Silva et al;, 

TiBS 2008; Gomes et al., JBC 2008) 
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¥ =(IRobsïIRinicial/IRfinalïIRinicial)  

a-rPrP  ¬ hydrated ¬ ASA 

b-rPrP  ® hydrated ® ASA 

Comparison of the stability against 
pressure between a-rPrP and b-rPrP 

a-rPrP b-rPrP 

a= as - DQ/(T Dp m V) 

Thermal expansion 

coefficient 

Cordeiro et al. (2004), JBC 279: 32354  



Cordeiro et al. JBC 2004b 

Cordeiro et al. Biophys. J. 2005 

Gomes et al., JBC 2008 

Silva et al., Acc. Chem Res. 2010 

Volume (A) and Gibbs free-energy (B) 
diagrams of a-rPrP and b-rPrP.  

a-rPrP  ¬ hydrated ¬ ASA 

b-rPrP  ® hydrated ® ASA 

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. 

a-rPrP

b-rPrP

U

G
ib

b
s

 f
re

e
 e

n
e
rg

y
(k

c
a
l/
m

o
l)

V
o

lu
m

e
 (

m
l/
m

o
l)

U

Conformation coordinate

Conformation coordinate

A

B

Uô

Uô

5
.4

2
.8

4
3
.6

2
9
.2

Nucleic 
acid  



The prion protein is 

highly hydrated 

and malleable 



Nucleic acid acts as catalyst of the prion conversion 

E2DBS 

   5ô-GTAACCGAAATCGGTTGA-3ôR 

 R3ô-CATTGGCTTTAGCCAACT-5ô 

¹ Poli AT 

¸Oligo 28 

P̧oli GC 
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Cordeiro et al., JBC 2001 
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Factor X 



Cordeiro et al., JBC 2001; Cordeiro et al., JBC 2004; Gomes et al., JBC 2008; Silva et al., TiBS 2008;  

Acc Chem Res 2010; Vieira et al., JACS 2011 

= 

The Prion Paradox: Protein Only Or Something Else 

DNA? RNA? GAG? 



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. 

DNA 16pb (2BOP.pdb)  

rPrPD32-121:DNA complex. 

rPrP23-231 (light gray) 

rPrPD32-121 (dark gray). 

Lima et al., Biochemistry 2006 

rPrP23-231 (light gray) 

rPrP globular domain 
(1AG2) 



NMR Illuminates Amino Acid-Specific 

information about he PrP-Oligonucleotide 

Complex. 

Lima et al., Biochemistry 2006 



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 

Lima et al., Biochemistry 2006 



Human 

Cattle 

Mouse 

Syrian 
hamster 

Rabbit 

Silva et al., Methods 2011 

Predicted DNA-binding 

sites Electrostatic Potential 

Distribution 


