
Where did the Molecular Tweezers come from? 
 

Molecular tweezers? What does that mean? What are they? How did they become 
therapy for degenerative diseases? 

The story of the molecular tweezers is a great example of the way science works – step-
by-step, layer-by-layer, with each one being built on the foundation of the previous one. 

The molecular tweezers are the brainchild of Frank-Gerrit Klärner, Professor at the 
University of Duisburg-Essen in western Germany. They were designed as chemical 
“hosts” for smaller chemical “guests”. The original paper by Klärner and his colleagues 
was published in 1996 in the prestigious chemistry journal AngewandteChemie 
International Edition in English: 

 
 

The tweezers are special molecules that have a horseshoe shape. The ability of these 
molecules to include “guests” inside the horseshoe structure reminded Klärner and his co-
worker of tweezers holding a small particle or a hair, and therefore they named them 
molecular tweezers. 

In that original work, the scientists discovered that straight hydrocarbon chains were the 
preferred “guests” inside the cavity of the molecular tweezers. This was very important 
for the next layer to be laid in the scientific discovery. 
In the next step, Klärner collaborated with Thomas Schrader, then Professor at the 
University of Marburg, Germany, today also Professor at the University of Duisburg-
Essen. Together, the research groups of Klärner and Schrader introduced chemical 
changes in the structure of the tweezers that for the first time made them water-soluble. 
Now, instead of simple hydrocarbon chains, which are oily in nature, they could test 
molecules that also were water-soluble. They found that the preferred “guests” of the 
water-soluble tweezers were derivatives that contained an ammonium group, which is an 
important component of amino acids and other biological molecules. 
Based on these findings, Schrader had the brilliant idea to investigate the tweezers as 
potential hosts, or as they later were described – “artificial receptors” for amino acids. 



The investigation led to the discovery that the tweezers bounds with high selectivity to 
the amino acid Lysine. This discovery was published in 2005, in the Journal of the 
American Chemical Society: 

 
In the first few months of 2005, 5,670 miles south-east of Essen, Gal Bitan, then an 
Assistant Professor at UCLA was busy thinking about a discovery made by his former 
mentor, Professor David Teplow, also at UCLA, and his then postdoctoral fellow, Dr. 
Noel Lazo, today an Associate Professor at Clark University, Worcester, MA, USA. 
Teplow and Lazo had just published a paper in the journal Protein Science where they 
reported that a particular structure in the protein believed to cause Alzheimer’s disease, 
beta-amyloid, was the key to the transition of this protein from a regular component of 
every cell’s normal biological function, to a toxin that kills brain cells and causes 
dementia. And the key to the formation of this dangerous structure was a certain lysine in 
the amino-acid sequence of beta-amyloid. “If only I could find something that would 
block the molecular interactions of this lysine with the rest of the protein, I may have a 
lead towards developing therapy for Alzheimer’s disease” Bitan was thinking. You can 
imagine his excitement when he saw the paper shown above by Fokkens, Schrader, and 
Klärner. 
The Bitan research group got samples of several molecular tweezers from Professor 
Schrader and began testing them. To their delight, the tweezers worked just as they 
expected and blocked the transformation of beta-amyloid from a harmless protein to a 
vicious toxin. As they continued their research, they realized that due to their unique 
mechanism of action, they also had the same effect on many other proteins, each of 
which causes a different disease. They published their discoveries in 2011, again in the 
Journal of the American Chemical Society: 

 
 



 
Since then, in collaboration with many research groups around the world, the team has 
been continuing to study the unique mechanism of action of the molecular tweezers and 
their therapeutic effects in animal models of different disease. 

A list of the scientific publications is updated regularly on the UCLA website of 
Professor Bitan’s research group: 
http://people.healthsciences.ucla.edu/research/institution/personnel?personnel%5fid=74903 

 

Published: September 14, 2011

r 2011 American Chemical Society 16958 dx.doi.org/10.1021/ja206279b | J. Am. Chem. Soc. 2011, 133, 16958–16969

ARTICLE

pubs.acs.org/JACS

Lysine-Specific Molecular Tweezers Are Broad-Spectrum Inhibitors of
Assembly and Toxicity of Amyloid Proteins
Sharmistha Sinha,† Dahabada H. J. Lopes,† Zhenming Du,# Eric S. Pang,†,‡ Akila Shanmugam,†

Aleksey Lomakin,+ Peter Talbiersky,z Annette Tennstaedt,O Kirsten McDaniel,† Reena Bakshi,†

Pei-Yi Kuo,† Michael Ehrmann,O George B. Benedek,X,+ Joseph A. Loo,‡,§,^ Frank-Gerrit Kl€arner,z

Thomas Schrader,z Chunyu Wang,# and Gal Bitan*,†,||,^

†Department of Neurology, David Geffen School of Medicine, ‡Department of Chemistry and Biochemistry, §Department of Biological
Chemistry, )Brain Research Institute, and ^Molecular Biology Institute, University of California at Los Angeles, Los Angeles, California
90095, United States
#Department of Biology, Rensselaer Polytechnic Institute, Troy, New York 12180, United States
zInstitute of Organic Chemistry and OCenter for Medical Biotechnology, University of Duisburg-Essen, 45117 Essen, Germany
XDepartment of Physics and +Materials Processing Center, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139,
United States

bS Supporting Information

’ INTRODUCTION

Aberrant protein folding and aggregation cause over 30 human
diseases.1 For many of these diseases, there is no treatment at
all, and in the best cases, the available therapy treats the sym-
ptoms but not the cause of the disease. Prominent examples of
such diseases includeAlzheimer’s disease (AD), Parkinson’s disease
(PD), prion diseases, senile systemic amyloidosis (SSA), dialysis-
related amyloidosis (DRA), and type-2 diabetes (T2D). In all of
these diseases, one or more proteins that are part of normal phy-
siology respond to genetic, environmental, or yet unknown stimuli
by self-assembly into toxic oligomers and polymers.

The proteins involved can be structured or natively unstruc-
tured. Regardless of their physiologic structure or lack thereof, in
disease conditions, these proteins self-associate abnormally, first

into toxic oligomers and then to form amyloid fibrils.2 Inhibition
ormodulation of these self-assembly processes, therefore, is an attrac-
tive strategy for prevention and treatment of amyloid-related
diseases.3

Amyloid formation is a complex process that can proceed
through many pathways. A common view of this process is as a
nucleation-dependent polymerization reaction.4!6 The nuclea-
tion step has high activation energy and therefore is the rate-
limiting step, following which relatively rapid fibril elongation
occurs. The molecular interactions controlling both nucleation and
elongation include backbone hydrogen bonds complemented by
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ABSTRACT: Amyloidoses are diseases characterized by ab-
normal protein folding and self-assembly, for which no cure is
available. Inhibition or modulation of abnormal protein self-
assembly, therefore, is an attractive strategy for prevention and
treatment of amyloidoses. We examined Lys-specific molecular
tweezers and discovered a lead compound termed CLR01,
which is capable of inhibiting the aggregation and toxicity of
multiple amyloidogenic proteins by binding to Lys residues and
disrupting hydrophobic and electrostatic interactions important
for nucleation, oligomerization, and fibril elongation. Impor-
tantly, CLR01 shows no toxicity at concentrations substantially
higher than those needed for inhibition. We used amyloid β-
protein (Aβ) to further explore the binding site(s) of CLR01
and the impact of its binding on the assembly process. Mass spectrometry and solution-state NMR demonstrated binding of CLR01
to the Lys residues in Aβ at the earliest stages of assembly. The resulting complexes were indistinguishable in size and morphology
fromAβ oligomers but were nontoxic and were not recognized by the oligomer-specific antibody A11. Thus, CLR01 binds already at
the monomer stage and modulates the assembly reaction into formation of nontoxic structures. The data suggest that molecular
tweezers are unique, process-specific inhibitors of aberrant protein aggregation and toxicity, which hold promise for developing
disease-modifying therapy for amyloidoses.


