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Protein misfolding and aggregation  

The use of novel photochemical protein cross-linking techniques for investigation 
of the assembly of amyloid β-protein (Aβ) 
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Paranucleus 

    The discovery 
of one of the 
earliest Aβ 
oligomers in the 
assembly cascade. 

Inhibitors 

   Investigation 
of molecules that 
can prevent and 
correct abnormal 
protein folding 
and aggregation. 

Diseases 

Potential 
treatment of 
Alzheimer’s 
disease, 
Parkinson’s 
disease, and 
related diseases. 
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Ⅰ. Background of Aβ42 
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The primary toxins causing AD are believed to be early-forming Aβ oligomers 
rather than Aβ fibrils.  

Amyliod-β protein plays a central role in the pathologic mechanism underlying 
Alzheimer’s disease. 
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Aβ40 

Aβ42 

The most abundant form 

Ile41 and Ala42: Render the C-terminus of Aβ42 more rigid and structured. 

Linked most strongly to the etiology of AD 
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Ⅱ. Photoinduced cross-linking of unmodified 
proteins (PICUP) as a new tool 
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Bitan, G.; Teplow, D. B. Acc. Chem. Res. 2004, 37, 357.  

Ru (II): A tris (2,2’-bipyridyl) dichlororuthenium (II) complex 

PICUP: Photoinduced cross-linking of unmodified proteins   

The photoexcitation is performed in the 
presence of an electron acceptor 

Ru(II) is oxidized to Ru(III).  

Ru(III) abstract an electron from a 
nearby protein molecule 

Reoxidation of Ru(II) initiates a new 
cycle of radical generation 

Times cited:218 
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Bitan,G. and cooperators. PNAS. 2003, 100 , 330  

Enabling the 
identification of short 

lived metastable 
assemblies 

No pre facto structural 
modification of the 

native peptide is 
required 

Enabling the 
quantification 

An extremely short 
reaction time 

Full name Application 

SEC 
Size-Exclusion 

Chromatography 
Separate molecules in solution by their size 

DLS 
Dynamic Light 

Scattering 
Determine the size distribution profile of small particles or 

polymers in suspension or polymers in solution 

EM Electron Microscopy Morphological analysis 

CD 
Circular Dichroism 

Spectroscopy 
Investigate the secondary structure of proteins and charge-

transfer transitions 

SDS-PAGE Separate protein molecules and quantitative analysis 
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Aβ40: The equilibrium mixture of monomer, dimer, trimer, and tetramer  

Aβ42: Pentamer/hexamer units self-associated into larger assemblies, including dodecamers and octadecamers.  

Pentamer 

Hexamer 

Dodecamers 

Octadecamers 

The earliest assemblies 
observed for Aβ42. 
Describe the 
pentamer/hexamer units.  

Paranucleus 

Times cited: 578 

Bitan,G. and cooperators. PNAS. 2003, 100 , 330  
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Mainly amorphous 
structures that became 
slightly larger 

Formed spheroids; chains 
of spheroidal structures 
connected to each other by 
narrow (1-2 nm) threads.  

Aβ40 

Aβ42 

Bitan,G. and cooperators. PNAS. 2003, 100 , 330  
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Ⅲ. C-terminal peptides as 
inhibitors of Aβ42 
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     Homotypic intermolecular interactions in the 
C-terminus is important for Aβ42 self-assembly, 
peptides derived from this region may get 
incorporated into oligomers of Aβ42 

Those fragments have a general formula 
Aβ(x-42) (x=28-39) 

CTFs: C-Terminal Fragmengts 

 Bitan,G. and cooperators. PNAS. 2008, 105, 14175 

Times cited: 59 
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Aβ(31–42): The highest inhibitory activity, fully rescuing the cells from Aβ42-induced toxicity.  
Aβ(39–42): The shortest CTFs used, only four amino acid residues. 

MTT assay and LDH assay 

All 12 CTFs were found to protect the cells from Aβ42-induced toxicity!   

 Bitan,G. and cooperators. PNAS. 2008, 105, 14175 
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P1 (White bars): high-
abundance, small oligomers 
of RH8-12 nm  

P2 (Gray bars): low-
abundance, intermediatesize 
oligomers of RH 20-60 nm 

In the presence of Aβ(31-42) and Aβ(39-42), P2 oligomers are stable and their size is smaller.  

Only Aβ(39-42) was found to reduce the size of the P1 oligomer population to 4-9 nm.  

Interaction with Aβ(39-42) altered the tertiary and/or quaternary structure of Aβ42 within P1 oligomers.  

Different mechanisms of toxicity inhibition by Aβ(31–42) and Aβ(39–42)! 

DLS experiments 

 Bitan,G. and cooperators. PNAS. 2008, 105, 14175 
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Inhibit paranucleus formation dose-
dependently 

PICUP experiments 

    Aβ(39–42) may interfere with Aβ42-induced 
toxicity by a distinct mechanism that does not 
affect cross-linking!  

Aβ(31–42):  

Aβ(39–42):  Not show such inhibition at the 
highest concentration tested. 

 Bitan,G. and cooperators. PNAS. 2008, 105, 14175 
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Ab Initio Discrete Molecular Dynamics (DMD) 

 
After 105 simulation steps: Formation of 
heterooligomers of Aβ42 and Aβ(31–42) 
 
After 107 simulation steps: All of the molecules 
associated into one large heterooligomer.  

Aβ(31–42): More efficient disruption of 
intermolecular contacts among Aβ42 monomers.  

Aβ42 and the CTF molecules 
coassembled into heterooligomers. 

Heterooligomer

 Bitan,G. and cooperators. PNAS. 2008, 105, 14175 
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CTFs inhibit Aβ42-induced toxicity by formation of nontoxic 
heterooligomers.  
 
Using peptides derived from the C-terminus of Aβ42 allows 
delineating the relationship between inhibitor structure and bioactivity, 
providing a framework for development of future derivatives. 
 
The advantage of using CTFs as inhibitors is that the hydrophobic 
nature of these peptides may facilitate penetration through biological 
barriers, such as the plasma membrane and the blood–brain barrier. 

 Bitan,G. and cooperators. PNAS. 2008, 105, 14175 
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Further intrinsic fluorescence investigation: the 
interaction of Aβ(39−42) with Aβ42 was not limited to 
the C-terminus.  

Further discrete molecular dynamic simulations: 
multiple Aβ(39−42) peptides bound to Aβ42. 

Bitan, G. and cooperators. Biochemistry 2011, 51, 108.  
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IM-MS experiments 

    z/n= -3: One and two Aβ(39−42) peptides 
bound to Aβ42; z/n= -5/2: One Aβ(39−42) 
peptide bound to at least a dimer of Aβ42. 

    Aβ(39−42) can dissociate preformed toxic 
dodecamers into smaller, nontoxic 
heterooligomers. 

Bitan, G. and cooperators. Biochemistry 2011, 51, 108.  
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MD simulations 

Aβ(39−42) primarily binds in three locations 
along the full-length protein:  

Small blue balls: The positively charged N-termini  
Small red balls: The negatively charged C-termini  
Larger cyan balls: CTFs 

The interaction of tetrapeptide with Aβ 

Aβ42: mediated via vdW interactions; penetration of the 
tetrapeptide into Aβ42 oligomers 

Aβ40: mainly on the oligomer surface and involves mainly 
electrostatic interactions. 

The binding of Aβ(39−42) to Aβ42 appears to be more 
specific than its binding to Aβ40. 

The C-terminal region (22%) 

The middle region (26%) 

The N-terminal region (37%) 

Two differences between Aβ42 and Aβ40: 

Bitan, G. and cooperators. Biochemistry 2011, 51, 108.  
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     The CTF does not inhibit formation of amyloid fibrils by Aβ40 or Aβ42. Oligomers, 
and not amyloid fibrils, are the Aβ form responsible for toxicity. The absence of the 
decamer and dodecamer species in the ion-mobility results and differences in the early 
morphology of aggregates demonstrate that the CTF modulates the formation of early, 
soluble aggregates. 

EM experiments 

Bitan, G. and cooperators. Biochemistry 2011, 51, 108.  

23 



     In the presence of the CTF, Aβ follows alternative aggregation pathways, which allow 
bypassing formation of toxic assemblies. Normally Aβ42 forms soluble, neurotoxic oligomers 
before forming larger, fibrillar structures. Aβ(39-42) binds directly to Aβ42 monomer and 
oligomeric species (n = 2 4, 6) and eliminates the formation of large Aβ42 oligomers, driving 
the formation of nontoxic oligomeric species which also eventually form fibrils. 

Bitan, G. and cooperators, Biochemistry 2011, 51, 108.  

24 



Ⅳ. A brief introduction about 
“Molecular Tweezer” 
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CLR01 

The inhibitory effect of CLR01 is not only on the aggregation and 
toxicity of Aβ, but also on 10 different proteins！ 
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Bitan, G. and cooperators,  Neurotherapeutics , 2014, 11, 450. 

The main binding site of CLR01 is 
lysine residues 

CLR01 not only prevented 
aggregation of α-synuclein, 
but also dissociated pre-
formed aggregates. 
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Summary 

Developed the application of PICUP method to the 
study of Aβ oligomarazation. 

Gained significant insights into the structural 
features that may govern the distinct biological and 

clinical behavior of Aβ40 and Aβ42. 

Using peptides derived from the C-terminus of 
Aβ42, allows describe the relationship between 

inhibitor structure and bioactivity. 

Aβ(39−42) disrupts Aβ oligomerization but not fibril 
formation. 
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For elucidating amyloid β-protein folding and assembly, 
a multidisciplinary approach and collaborative 
studies are needed. 

The idea that use C-terminal peptides as inhibitors is 
creative, and of great significance for drug design. It 
showed us the possibility to design small molecules from 
the target itself. 

POINTS 

1 

2 
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