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Biological	
  challenge	
  	
  
	
  understanding	
  the	
  molecular	
  basis	
  of	
  	
  
	
  Protein	
  Conforma6onal	
  Diseases	
  (PCD’s)	
  	
  
	
  among	
  which	
  the	
  Alzheimer	
  disease	
  

	
  
•  misfolding	
  and	
  aggrega6on	
  
•  the	
  Aβ-­‐pep6de	
  
•  metal	
  ions	
  and	
  brain	
  

	
  
Scien&fic	
  instruments	
  	
  

	
  focused	
  experiments	
  +	
  numerical	
  approaches	
  
	
  

•  XAS	
  spectroscopy	
  
•  classical	
  and	
  ab	
  ini&o	
  molecular	
  dynamics	
  

	
  
Results	
  	
  

	
  unveiling	
  the	
  (relevant)	
  role	
  of	
  metal	
  ions	
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Disease 

 

 
Misfolded Protein 

 
Alzheimer’s Disease Aβ-peptide 

Transmissible Spongiform Encephalopathies (TSE) Prion protein 

Parkinson’s disease α-synuclein 

Type II diabetes Amylin 

Thyroid carcinoma Procalcitonin 
Atrial amyloidosis Atrial natriuretic factor 
Amyotrophic lateral sclerosis Superoxide dismutase 
Huntington disease Glutamine 
Primary systemic amyloidosis Ig light chains 

Secondary systemic amyloidosis Serum amyloid A 

Senile systemic amyloidosis Transthyretin (wild tipe) 

Familial amyloidotic polyneuropathy I Transthyretin (mutant) 
Familial amyloidotic polyneuropathy II Apolipoprotein A1 

Familial Mediterranean fever Serum amyloid A 
Hemodialysis-related amyloidosis b2-microglobulin 
Finnish hereditary systemic amyloidosis Gelsolin (mutant) 
Lysozyme systemic amyloidosis Lisozime 

Insulin-related amyloidosis Insulin 

Fibrinogen systemic amyloidosis Fibrinogen α chain 

4 



Crescenzi	
  et	
  al.	
  (2002)	
  Eur.	
  J.	
  Biochem.	
  269,	
  5642–5648	
  

<b>Amyloidosis</b>  Types  »  <b>Amylo…
www.bu.edu -­ 1600  ×  1200 -­ Ricerca  tramite  immagine

<b>Amyloidosis</b>  Types  »  <b>Amyloidosis</b>  Center  |  Boston
University

Visita  la  pagina Visualizza  immagine

Immagini  correlate:

Visualizza  altri
Le  immagini  potrebbero  essere  soggette  a  copyright.

Cr
os
s-­‐
be

ta
	
  fi
br
il	
  

12/29/2014 beta amyloid fibril structure - Cerca con Google

https://www.google.it/search?q=beta+amyloid+fibril+structure&es_sm=91&tbm=isch&tbo=u&source=univ&sa=X&ei=C2mhVKOpC8OZygOFn4LoCg&ved=… 1/9

Out-­of-­register  β-­sheets  suggest  a  path…
www.pnas.org -­ 1280  ×  885

Out-­of-­register  β-­sheets  suggest  a  pathway  to  toxic  amyloid  aggregates

Visita  la  pagina

Immagini  correlate:

Visualizza  altri

Le  immagini  potrebbero  essere  soggette  a  copyright.

Web Immagini Notizie Video Shopping Strumenti  di  ricercaAltro SafeSearch

+Silvia 3beta  amyloid  fibril  structure

12/29/2014 beta amyloid fibril structure - Cerca con Google

https://www.google.it/search?q=beta+amyloid+fibril+structure&es_sm=91&tbm=isch&tbo=u&source=univ&sa=X&ei=C2mhVKOpC8OZygOFn4LoCg&ved=… 1/9

The  protofilament  structure  of  insulin  a…
www.pnas.org -­ 933  ×  1280

Figure  5

Visita  la  pagina

Immagini  correlate:

Visualizza  altri

Le  immagini  potrebbero  essere  soggette  a  copyright.

Web Immagini Notizie Video Shopping Strumenti  di  ricercaAltro SafeSearch

+Silvia 3beta  amyloid  fibril  structure

Pr
ot
o-­‐
fil
am

en
t	
  

O
lig
om

er
	
  

PDB-­‐ID;	
  1IYT	
  

NMR	
  

The	
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β

α

5 

Amyloid-­‐like	
  aggregates	
  are	
  now	
  widely	
  studied	
  also	
  in	
  non-­‐medical	
  contexts	
  
food	
  science,	
  pharmacology,	
  nanomaterials	
  …	
  

!70-150 Å 



They	
  can	
  easily	
  and	
  quickly	
  form	
  complexes	
  with	
  enzymes	
  and	
  other	
  biological	
  molecules	
  

They	
  are	
  involved	
  in	
  a	
  wide	
  range	
  of	
  biological	
  processes	
  
	
  

≈	
  ¼	
  ÷	
  ⅓	
  of	
  all	
  proteins	
  are	
  es&mated	
  to	
  require	
  metals	
  to	
  func&on	
  	
  

 Metalloproteins have many different functions in cells 
 

•   storage and transport  
•   enzymatic activity  
•   signalling and transduction  
•   … 
•   …  

Metal	
  ions	
  are	
  essen6al	
  cell	
  components	
  6 



Central	
  Nervous	
  System	
  	
  

In	
  presence	
  of	
  dyshomeostasis,	
  metal	
  ions	
  may	
  
	
  
•  interfere	
  with	
  normal	
  nervous	
  cells	
  ac6vi6es	
  

•  disrupt	
  brain	
  electrochemical	
  balance	
  	
  

•  ���	
  

•  promote	
  protein	
  misfolding	
  and	
  aggrega6on?	
  	
  	
  

Metals	
  should	
  cross	
  the	
  blood-­‐brain	
  barrier  
•  Metals	
  are	
  essen6al	
  for	
  neurochemical	
  ac6vity	
  	
  

•  Fe,	
  Cu	
  and	
  Zn	
  are	
  fairly	
  abundant	
  in	
  grey	
  ma]er	
  

•  during	
  neuro-­‐transmission	
  processes,	
  high	
  concentra6ons	
  	
  
	
  of	
  Zn	
  (~300	
  µM)	
  and	
  Cu	
  (~30	
  µM)	
  are	
  normally	
  released	
  	
  

	
  
•  Fe,	
  Cu	
  and	
  Zn	
  are	
  con6nuously	
  trafficked	
  whithin	
  the	
  cell	
  	
  

	
  and	
  also	
  into	
  and	
  out	
  of	
  it	
  
	
  
•  Metals	
   deficiency	
   may	
   cause	
   dysfunc6onality	
   and	
   metal	
  

excess	
  may	
  	
  lead	
  to	
  toxicity	
  
	
  
•  Failure	
   of	
   metal	
   trafficking	
   (dyshomeostasis)	
   is	
   known	
   to

	
  occur	
  both	
  in	
  AD	
  and	
  in	
  Parkinson	
  diseases	
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The	
  amyloid	
  β-­‐pep&de	
  

APP:	
  transmembrane	
  770	
  a.a.’s	
  protein	
  	
  

α-­‐secretase	
  
γ-­‐secretase	
  

p3 
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  pep&de	
  

extracellular	
  dom
ain	
  

cytoplasm
a&c	
  

	
  dom
ain	
  

…KMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIATVIVITLVMLKKKQY… 
α cut γ cuts 

cell	
  membrane	
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α-­‐,	
  β-­‐	
  and	
  γ-­‐secretases	
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  770	
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α-­‐,	
  β-­‐	
  and	
  γ-­‐secretases	
  	
  



C 

N 

A
P

P 

The	
  amyloid	
  β-­‐pep&de	
  

APP:	
  transmembrane	
  770	
  a.a.’s	
  protein	
  	
  

β-­‐secretase	
  

γ-­‐secretase	
  
harmful	
  pep&de	
  

extracellular	
  dom
ain	
  

cytoplasm
a&c	
  

	
  dom
ain	
  

cell	
  membrane	
  

Aβ

	
  
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV	
  
 

Aβ1-­‐40	
  

10 

α-­‐,	
  β-­‐	
  and	
  γ-­‐secretases	
  	
  



Aβ
(25 µM)	
  

Aβ+Zn2+	
  

Chen	
  et	
  al.	
  J.	
  Biol.	
  Chem.	
  2011,	
  286:9646-­‐9656.	
  

Metals	
  affect	
  Aβ-­‐pep&de	
  aggrega&on	
  

Aβ+Cu2+	
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Amyloid forms in the zinc-enriched 
layers of the neocortex

Stoltenberg, M., Bush, A.I., Bach, G., Smidt, K., Larsen, A., Rungby, J., Lund, S., 
Doering, P., and Danscher, G. (2007). Amyloid plaques arise from zinc-enriched 
cortical layers in APP/PS1 transgenic mice and are paradoxically enlarged with 
dietary zinc deficiency. Neuroscience 150, 357-369.

Human Genome

-23 chromosomes ~ 22,000 genes

-30-50% of proteins use metal to function

Examples;
Hemoglobin(Fe), Ferritin (Fe), Matrix metalloprotease (Zn), 
Xanthine Oxidase (Mo) ….etc. 
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Normal	
  aging	
  and	
  increased	
  brain	
  metal	
  level	
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•  The	
  number	
  of	
  people	
  aged	
  60	
  and	
  over	
  has	
  doubled	
  since	
  1980	
  

•  The	
   number	
   of	
   people	
   aged	
   80	
   years	
   or	
   older	
   will	
   be	
   almost	
  
quadrupled	
  to	
  395	
  millions	
  between	
  2000	
  and	
  2050	
  

•  The	
   risk	
   of	
   demen6a	
   (like	
   Alzheimer	
   disease)	
   rises	
   sharply	
  with	
   age	
  
with	
   an	
   es6mated	
   25-­‐30%	
  of	
   people	
   aged	
   85	
   or	
   older	
   having	
   some	
  
degree	
  of	
  cogni6ve	
  decline.	
  

Horizon	
  2020:	
  improve	
  healthy	
  ageing 

World	
  Health	
  Organiza&on 

7/9/2013

17

50

Oxidation Biology Unit

Adam Southon
Gawain McColl
Alan Rembach

Peng Lei
Scott Ayton
James Duce

David Finkelstein
Paul Adlard 

Robert Cherny

Carlos Opazo
Ya Hui Hung
Dominic Hare

Genevieve Evin
Qihao Zhang

Adam Gunn
Amelia Sedjahtera

Brian Stevens

Bruce Etherton
Bruce Wong

Charlotte Jordan

Deniece Fon
Feng Chen

Fernanda Yvenes

Irene Volitakis
Jessica George
George Ganio

Katherine Ganio
Stuart Portbury
Ashley Portbury

Linh Lam

Kun Zhou
Lisa Bray

Lydia Gunawan

Mark Greenough
Monica Lind

Olivia Xu

Rebecca Worthing 
Sarah Evans

Sarah Hancock

Shih Min Chiu
Suzie McNicol

Toni Lynch

Yif’at Biran

Neurodegeneration Program
Colin Masters
Blaine Roberts

Tim Ryan

Kevin Barnham

Austin Campus
Victor Villemagne

Chris Rowe

51

Collaborators

Roberto Cappai
Giuseppe Ciccotosto

Su Ling Leong
Keyla Perez

Tony White
Paul Donnelly

Peter Crouch

Funded by 

•CRC for Mental Health

•NHMRC
•Australian Research Council

Human brain tissue supplied from 
the Victorian Brain Bank Network

Harvard Med School 
Jack Rogers

Rudolph Tanzi
Robert Moir

Hyun-Hee Cho

U Szeged
Atsushi Takeda

Zsolt Datki

Ben Gurion U
Arie Moran

Tel Aviv U

Illana Gozes

13 

The	
  challenge	
  is:	
  
understand,	
  control	
  and	
  (possibly)	
  stop	
  

PCD’s	
  evolu&on	
  	
  



X-­‐ray	
  Absorp&on	
  Spectroscopy	
  -­‐	
  XAS 

Photons	
  are	
  produced	
  by	
  
synchrotrons	
  

X-­‐ray	
  mirror	
  
White	
  beam	
  

Synchrotron	
  
	
  

X-­‐ray	
  source	
  
Monochroma&c	
  beam	
  

Solid	
  State	
  Detector	
  

Sample 

I0	
  /	
  I	
  measurement	
  

IF	
  measurement	
  

Incident	
  energy	
  selec6on	
  
monochromator	
  	
  

Ioniza&on	
  chambers	
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•  It	
   may	
   be	
   used	
   to	
   study	
   samples	
   in	
   any	
   aggrega6on	
   state	
   (not	
  
necessarily	
  crystallized,	
  frozen	
  or	
  transparent)	
  	
  

proteins	
  can	
  be	
  studied	
  in	
  physiological	
  or	
  
controlled	
  solu&on	
  condi&on	
  

•  There	
  are	
  no	
  selec6on	
  rules	
  for	
  absorp6on	
  
a	
  XAS	
  spectrum	
  can	
  always	
  be	
  measured	
  

	
  
•  Spectra	
  registered	
  in	
  a	
  rela6vely	
  short	
  6me	
  (few	
  min’s	
  to	
  few	
  msec’s)	
  

limited	
  radia&on	
  damage	
  

•  High	
  chemical	
  selec6vity	
  -­‐	
  	
  
local	
  atomic	
  environment	
  around	
  a	
  selected	
  absorber	
  	
  

	
  1s	
  ioniza6on	
  energy	
  (K-­‐edge)	
  	
  	
  
	
   	
  	
  	
  	
  	
  	
  26Fe	
  ≈	
  7112	
  eV	
  ;	
  29Cu	
  ≈	
  8993	
  eV;	
  30Zn	
  ≈	
  9673	
  eV 

	
  

X-­‐ray	
  Absorp&on	
  Spectroscopy	
  -­‐	
  XAS 15 



●	
  red	
  dot:	
  	
  	
  	
  	
  the	
  absorber	
  
●	
  green	
  dot:	
  the	
  sca]erer	
  

Absorp6on	
  coefficient,	
  µ,	
  behaviour	
  as	
  a	
  
func6on	
  of	
  emi]ed	
  photon	
  energy 

XAS	
  of	
  a	
  mul&	
  atomic	
  system 

Single	
  Sca]ering	
  approxima6on	
  	
  0E>>ω!
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Car	
  Parrinello	
  Molecular	
  Dynamics	
  based	
  on	
  Density	
  Func4onal	
  Theory	
  and	
  Classical	
  MD	
  
CPMD 	
   	
   	
   	
   	
   	
   	
  DFT	
  

Numerical	
  simula&ons	
   

Density	
  Func6onal	
  Theory	
  

[ ] ∫+Γ= rdrVrnrnE HKDFT
!!!! )()()(

The	
  electronic	
  energy	
  is	
  a	
  func6onal	
  of	
  the	
  electronic	
  density,	
   )(rn !

that	
  is	
  at	
  its	
  minimum	
  when	
  n(r)	
  is	
  the	
  ground-­‐state	
  electronic	
  density.	
  
	
  
The	
  la]er	
  is	
  determined	
  by	
  solving	
  the	
  Kohn-­‐Sham	
  equa6ons	
  

)()()()()(
2

2
2

rrrVrVrV
m iiixcH

!!!!!"
ψεψ =

⎥
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⎤

⎢
⎢
⎣

⎡
+++∇−

n(!r ) = (2) ψi (
!r )

i
∑

2
ijji δψψ =

)(rVxc
!

Exchange-­‐correla6on	
  poten6al	
  

'
'
)'()( 2 rd
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rnerVH
!

!!
!

!
∫ −

= Hartree	
  poten6al	
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www.quantum-­‐espresso.org	
  
Quantum-­‐ESPRESSO	
  package	
  

1  “prepare”	
  the	
  ini6al	
  state	
  of	
  the	
  system	
  (classical	
  MD)	
  
	
   	
  type	
  of	
  atoms:	
  number	
  of	
  electrons	
  and	
  bands	
  à	
  pseudopoten6als	
  
	
   	
  atomic	
  coordinates	
  
	
   	
  dimension	
  of	
  system	
  cell	
  
	
   	
  cut-­‐offs	
  à	
  plane	
  wave	
  expansion	
  	
  
	
   	
  FFT	
  grid	
  spacing	
  	
  

2  electronic	
  minimiza6on	
  (Steepest	
  Descent,	
  SD)	
  with	
  fixed	
  ions	
  à	
  ground	
  state	
  	
  
3  ionic	
  posi6ons	
  minimiza6on	
  (SD	
  or	
  damped	
  dynamics	
  )	
  à	
  to	
  relax	
  the	
  system	
  	
  
4  start	
  the	
  Car-­‐Parrinello	
  dynamics	
  	
  

	
   	
  	
  
	
  
NOTE:	
  in	
  order	
  to	
  reach	
  the	
  desired	
  temperature	
  	
  
ions	
  are	
  coupled	
  to	
  Nosè-­‐Hoover	
  thermostat	
  

CP	
  simula&ons	
   
The	
  simula6on	
  strategy	
  

18 



1.	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

XAS	
  allows	
  to	
  iden6fy	
  the	
  	
  Zn2+-­‐binding	
  site	
  sequence	
  in	
  Aβ1-40	
  

minimal	
   fragment	
   containing	
   His6,	
   His13,	
   and	
   His14,	
  
suggested	
  to	
  be	
  involved	
  in	
  metal	
  binding	
  	
  

complementary	
   to	
   the	
   previous	
   sequence:	
   no	
   His	
   is	
  
present	
  	
  

besides	
  the	
  three	
  His’s,	
  it	
  contains	
  a	
  long	
  hydrophobic	
  
region	
   believed	
   to	
   be	
   relevant	
   in	
   the	
   aggrega6on	
  
process	
  

Zn2+-­‐	
  Aβ1-­‐16	
  

Zn2+-­‐	
  Aβ17-­‐40	
  

Zn2+-­‐	
  Aβ1-­‐28	
  

V.	
  Minicozzi	
  …	
  S.M.	
  et	
  al.,	
  J	
  Biol	
  Chem	
  (2008)	
  283:	
  10784	
  
F.	
  Stellato	
  …	
  S.M.	
  et	
  al.,	
  Eur	
  Biophys	
  J	
  (2006)	
  35:	
  340	
  

Besides	
  the	
  whole	
  pep6de,	
  we	
  measured	
  the	
  XAS	
  spectra	
  of	
  the	
  following	
  samples	
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  1314 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  40	
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1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

	
  Synopsis	
  of	
  XAS	
  results:	
  comparing	
  spectra	
  	
  

Zn2+-­‐	
  Aβ17-­‐40	
  =	
  Zn2+-­‐	
  buffer	
   	
   	
   	
  à	
  Zn2+	
  is	
  unable	
  to	
  bind	
  Aβ17-­‐40	
  	
  	
  
	
  
Zn2+-­‐	
  Aβ1-­‐16	
  =	
  	
  Zn2+-­‐	
  Aβ1-­‐28	
  =	
  Zn2+-­‐	
  Aβ1-­‐40	
  à	
  Zn2+	
  always	
  bind	
  to	
  the	
  first	
  16	
  a.a.	
  fragment	
  

	
  Zn2+	
  always	
  binds	
  with	
  the	
  same	
  (very	
  crowded)	
  binding	
  structure	
  to	
  the	
  first	
  16	
  a.a.’s	
  

Zn2+-­‐Aβ1-­‐16	
  

• 	
  4	
  his6dines	
  
• 	
  1	
  water	
  

0 1 2 3 4 5

Data
Fit

r(Å)

|FT| 

Zn2+-­‐Aβ1-­‐16	
  

20 

1 	
  	
  	
  	
  	
  	
  	
  	
  	
  6	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1314 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  40	
  
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV	
  



Ques6on:	
  	
  
	
  which	
  structure	
  stabilizes	
  this	
  (very	
  crowded),	
  4	
  His’s	
  -­‐	
  Zn2+	
  coordina6on?	
  

	
  	
  
•  XAS:	
  structure	
  informa6on	
  only	
  within	
  5-­‐6	
  Å	
  from	
  the	
  absorber	
  
•  ab-­‐ini&o	
  simula6ons:	
  	
  structural	
  informa6on	
  up	
  to	
  a	
  longer	
  distance	
  

Models	
  and	
  ab-­‐ini&o	
  calcula6ons	
  	
  
1°	
  	
  Zn-­‐ions-­‐induced	
  aggrega&on	
  padern 

Model	
  building	
  
	
  

1.  XAS	
  à	
  4	
  His’s	
  coordina6on	
  à	
  two	
  Aβ1-­‐16	
  –pep6des	
  (denoted	
  A	
  and	
  B)	
  	
  
	
  with	
  a	
  single	
  Zn	
  atom	
  bridging	
  Nδ(His14(A))	
  and	
  Nδ(His14(B))	
  

	
  
2.  minim	
  +	
  Monte	
  Carlo	
  Random	
  Walk	
  (MCRW)	
  (“bad”	
  contact	
  discarded)	
  à	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  only	
  configura6ons	
  that	
  fulfill	
  structural	
  constraints	
  of	
  point	
  1.	
  are	
  retained	
  
	
  
3.  Aβ1-­‐16	
  truncated	
  to	
  Aβ11-­‐16	
  and	
  put	
  in	
  a	
  cell	
  with	
  periodic	
  condi6ons	
  filled	
  with	
  

TIP3P	
  	
  water	
  molecules	
  

4.  Four	
  trial	
  binding	
  geometries	
  are	
  chosen	
  for	
  ab	
  ini&o	
  computa6ons	
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Name	
   Star6ng	
  configura6on	
  

S1	
   Zn:	
  4NHis	
  +	
  1OW	
  

Besides	
  the	
  two	
  His14,	
  also	
  the	
  
two	
  His13	
  happen	
  to	
  be	
  within	
  

3	
  Å	
  from	
  Zn	
  

1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

S1	
  

22 

Name	
   Final	
  configura6on	
  

S1	
   Zn:	
  3NHis	
  +	
  1OW	
  

S1	
  
A 

B 

His14 

His14 

His13 His13 



Only	
  three	
  His’s.	
  One	
  of	
  the	
  
His’s	
  is	
  also	
  through	
  a	
  main	
  

chain	
  oxygen	
  

1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

S2	
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Name	
   Star6ng	
  configura6on	
  

S2	
   Zn:	
  3NHis	
  +1OHis	
  +	
  1OW	
  

Name	
   Final	
  configura6on	
  

S2	
   Zn:	
  3NHis	
  +	
  1OW	
  

S2	
  

His13 His14 

His14 

OHis13 

H2O 



modified	
  S1:	
  the	
  Hε	
  of	
  a	
  
His14	
  is	
  subs6tuted	
  by	
  a	
  

second	
  Zn	
  

Name	
   Star6ng	
  configura6on	
  

S3	
   Zna:	
  4NHis	
  +	
  1OW	
  
Znb:	
  1NHis	
  +	
  2OGlu	
  

1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

S3	
  

S3	
  

Znb	
  

Zna	
  

S3	
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Name	
   Final	
  configura6on	
  

S3	
   Zna:	
  4NHis	
  +	
  1OW	
  
Znb:	
  1NHis	
  +	
  1OGlu+	
  2OW	
  

S3	
  

His13 

His13 

His14 

His14 

H2O 

H2O 

OGlu 



1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

modified	
  S3:	
  a	
  third	
  
pep6de	
  is	
  bound	
  to	
  the	
  

second	
  Zn	
  

ZnA	
  

ZnB	
  

S4	
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Name	
   Star6ng	
  configura6on	
  

S4	
   Zna:	
  4NHis	
  +	
  1OW	
  
Znb:	
  3NHis	
  +	
  1OGlu	
  

Name	
   Final	
  configura6on	
  

S4	
   Zna:	
  4NHis	
  +	
  1OW	
  
Znb:	
  3NHis	
  +	
  1OGlu	
  

S4	
  

A 

B 

C 



Zn	
  site	
  structures	
  in	
  the	
  four	
  
models	
  

Our	
  favorite	
  model	
  

P.
	
  G

ia
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oz
zi,
	
  K
.	
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,	
  
G.
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nn
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  V
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ic
az
zi,
	
  S
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M
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G.
C.
	
  R
os
si,
	
  F
.	
  
St
el
la
to
.	
  	
  

M
et
al
lo
m
ic
s	
  (
20

12
)	
  	
  

1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 26 



Comparing the experimental XAS 
spectrum with the theoretical one 

of the S4 model 

Comparison	
   between	
   the	
   atomic	
  
structure	
   of	
  bovine	
   SOD	
   enzyme	
  
(PDB	
  1SXA),	
  in	
  green,	
  and	
  the	
  last	
  
S4	
  configura6on	
  

1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

His’s “crowding” in SOD enzymes is helped by the presence of two metal ions 
bridged by the His imidazole (in the unusual form of an imidazolate anion) 
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1°	
  	
  Zn-­‐ion-­‐induced	
  aggrega&on	
  padern 

Conclusions	
  

•  Zn	
  promotes	
  oligopep6des	
  forma6on	
  

Aβ
(25 µM)'

Aβ+Zn2+'

Chen'et'al.'J.#Biol.#Chem.#2011,#286:964659656.'

Metals'affect'Aβ+pep-de'aggrega-on'

Aβ+Cu2+'

Aβ
(25 µM)'

Aβ+Zn2+'

Chen'et'al.'J.#Biol.#Chem.#2011,#286:964659656.'

Metals'affect'Aβ+pep-de'aggrega-on'

Aβ+Cu2+'

Aβ Zn-­‐Aβ

•  XAS	
  cannot	
  discriminate	
  among	
  different	
  structural	
  models,	
  but	
  
	
  
•  empirical	
  and	
  first-­‐principle	
  simula6ons	
  à	
  stable	
  Zn-­‐His-­‐Zn	
  structure	
  (≈	
  SOD)	
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General	
  conclusions

XAS - EXAFS 

Structural 
information 

Ab initio 
calculations 

Structural 
model 

metal 
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2°	
  -­‐	
  Cu2+-­‐Zn2+	
  cross-­‐modula&on	
  in	
  Aβ binding	
  

XAS	
  measurements:	
  Aβ +	
  Zn	
  and/or	
  Cu	
  à	
  they	
  compete	
  for	
  the	
  binding	
  

It	
  would	
  be	
  of	
  the	
  utmost	
  importance	
  to	
  know	
  what	
  happens	
  	
  to	
  the	
  whole	
  pep6de	
  
structure	
  as	
  a	
  result	
  of	
  metal	
  binding	
  compe66on	
  …	
  
	
  
…	
  we	
  are	
  planning	
  to	
  inves6gate	
  this	
  problem	
  via	
  MD	
  and	
  CPMD	
  simula6ons	
  

3°	
  -­‐	
  Beta-­‐sheet-­‐breakers	
  BSB’s:	
  targe&ng	
  Aβ	
  fibrils

MD	
  of	
  Aβ	
  +	
  BSB’s	
  that	
  inhibit	
  or	
  delay	
  Aβ	
  conforma6onal	
  transi6on	
  à	
  	
  
we	
  devised	
  a	
  new,	
  more	
  efficient,	
  BSB	
  

De	
  San6s,	
  …	
  S.M.	
  	
  J.	
  Phys.	
  Chem.	
  B	
  (2015)	
  accepted	
  	
  

It	
  would	
  be	
  of	
  great	
  interest	
  to	
  study	
  how	
  BSB’s	
  affect	
  metal-­‐Aβ	
  interac6on	
  …	
  
	
  
	
  …	
  we	
  are	
  planning	
  XAS	
  of	
  Aβ +	
  BSB’s	
  in	
  the	
  presence	
  of	
  Cu	
  and/or	
  Zn	
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V.	
  Minicozzi,	
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  M.	
  J.	
  Biol.	
  Chem.	
  (2014)	
  289,	
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Further	
  examples
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