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Amyloid aggregates, which include oligomers and fibrils, are considered to cause various 

diseases, and their detection is important. In this minireview, recent developments on 

biomaterials, such as proteins, nanoparticles, and chemical reagents, for detecting amyloid 

aggregates are discussed. In particular, molecular chaperone prefoldin (PFD) exhibits 

interesting properties for the interaction and detection of amyloid oligomers. In fact, any 

molecule that can bind amyloid aggregates could be useful for their detection.  

 

 

Introduction 

Protein aggregation, and amyloid formation in particular, has 

recently attracted considerable interest, because the associated 

processes are likely to be the key issues in the pathology of more 

than 50 types of diseases, including Alzheimer’s disease (AD) and 

Prion disease 1, 2, 3. Amyloids are typically rigid and exhibit 

unbranched structures with the diameter of 8–13 nm and length up to 

several micrometres. They also feature common properties, 

including a cross-β structure, in which the β-strands are aligned 

perpendicularly to the long axis of the fibril. Interestingly, a number 

of non-disease-associated proteins, almost all proteins perhaps, can 

form similar amyloids under appropriate conditions 2. These 

amyloids are cytotoxic, and their physiological presence and tissue 

deposition are associated with neurodegenerative diseases, such as 

AD and other types of amyloidosis. The extracellular and 

intracellular aggregates of Amyloid-β peptides (Aβ), including 

soluble oligomers, protofibrils, and mature amyloid fibrils, are 

considered to be the main cause for AD 1, 2-6. Thus, the detection of 

these aggregates is of great importance for the early recognition of 

AD. In this minireview, recent developments on biomaterials, such 

as proteins, nanoparticles, and chemical reagents, for detecting 

amyloid aggregates are discussed (Fig. 1). 

Amyloid detection with various biomaterials 

Rapid naked-eye detection of amyloid using gold nanoparticles 

Aβ detection in vitro is mainly carried out by enzyme-linked 

immunosorbent assays (ELISA) or polyacrylamide gel 

electrophoresis (PAGE)/western blotting using anti-Aβ antibody 7, 8. 

However, these methods are unsuitable for a rapid analysis, as the 

signal detection usually takes up to a few hours. Thus, we developed 

a rapid and simple method for detecting Aβ aggregates using Aβ 

antibody-conjugated gold nanoparticles (AuNPs) (Fig. 2A) 9. 

Recently, AuNPs have attracted great attention due to their 

advantageous properties, including stability, activity, and surface 

chemistry 10. For example, the aggregation of AuNPs accompanied 

by a surface plasmon shift can be recognized by a pronounced colour 

change (from red to purple or to transparent), enabling their potential 

applications as sensors for DNA, heavy metal ions and proteins 11. 

For the detection of Aβ, Aβ antibody was conjugated onto the 

surface of AuNPs. In the presence of Aβ aggregates such as 

oligomers and fibrils, AuNPs could produce precipitates via the 

interactions between Aβ aggregates and Aβ antibody on the surface 

of AuNPs, while no change in the color of the solution was observed 

in the presence of Aβ monomers. The AuNPs precipitates were 

observed within 1 hr of reaction with the naked eye, suggesting that 

the AuNPs modified with the Aβ antibody were effective for the 

simple and rapid detection of Aβ aggregates. Further, this method 

could be applied for the detection of alternative amyloid aggregates. 

For example, it has been reported that prion protein can be detected 

by the aggregation of AuNPs modified with dihydrolipotic acid 12.  

Chemical amyloid probe 

Conventional amyloid probes, such as thioflavin T (ThT) and Congo 

red, have been used for the detection of amyloid (Fig. 1) 13.  A 

variety of chemical amyloid probes have been developed utilizing 

these agents as scaffolds. Since positive charge of ThT is 

unfavorable for brain uptake, neutral ThT derivatives containing 

uncharged benzothiazole, have been developed for in vivo amyloid 

imaging such as positron emission tomography (PET) and single 

photon emission computed tomography (SPECT) 14. For example, 

one of radioactive neutral ThT analogs, Pittsburgh compound B 

(PiB), has successfully been applied in human AD patients for PET 

imaging 15. Notably, these neutral ThT derivatives showed higher 

affinity to amyloid than the charged ThT 14. Methoxy-X04, a neutral 

Congo red derivative, was also applied in multiphoton in vivo 

imaging of amyloid in animal models 16. More recently, 18F-labeled 

Page 1 of 6 Biomaterials Science



ARTICLE Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

Florbetapir, a stilbene derivative that has longer lifetime than PiB, 

has been developed for PET imaging 17. 

Recently, amyloid probes consisting of repetitive thiophene 

moieties have also been developed. Nilsson and co-workers reported 

that luminescent conjugated polythiophene (LCP) and -

oligothiophene (LCO) can be used as amyloid-specific probes (Fig. 

1) 18-20. In contrast to sterically rigid ThT and Congo red, LCPs 

exhibit a flexible thiophene backbone, providing a correlation 

between the conformation of the probe and the spectral characteristic 

of the particular conformation. Since recent studies showed that 

amyloids exhibited diverse structures and some of which could not 

be stained with classical probes 21, LCPs/LCOs could be powerful 

tool to study amyloid. For example, insulin peptides form needle-

like fibrils and noodle-like filamentous amyloids under different 

conditions 22. Although the binding of ThT or Congo red to the 

insulin filamentous was weak, insulin filaments were stained with 

these LCP and LCO 23, 24, implying that the usefulness of LCP/LCO 

as a universal amyloid probe. Importantly, LCPs can serve as 

conformationally sensitive probes 18-20. For example, the 

polythiophene acetic acid (PTAA) spectra of insulin fibrils and those 

of filaments were different. Since the spectral red shift could be 

observed in planar and in closely stacked PTAA packing, this result 

suggests that the inner β-sheet packing of fibrils is relatively tighter 

than that of filaments 24. LCP can also distinguish two different 

types of Aβ amyloid formed under quiescent and agitated conditions, 

while no difference in ThT binding can be observed 18. Importantly, 

LCP/LCO can also discriminate Aβ aggregates, including fibrils and 

oligomers, formed in the brain of transgenic mice 20. These results 

suggest that LCP/LCO can be used as a powerful probe for in vivo 

and vitro amyloid detection. 

Detection of amyloid oligomer with antibody and chemical probe  

Recent studies revealed that soluble oligomeric species were more 

toxic than amyloid fibrils and could cause various diseases 3, 4, 6, 25, 26. 

The term ‘soluble’ refers to any form of oligomeric species that 

remains in the soluble fractions after ultracentrifugation, indicating 

that it is the soluble form of the species. Various Aβ oligomers 

ranging from 2- to 24-mers, or those of higher molecular weight 

(MW), have been reported to be the cause for AD (Fig.1). For 

example, small Aβ globular oligomers (5 nm in diameter), which 

were regarded as Aβ-derived diffusible ligands (ADDLs), were 

strongly bound with the dendritic arbours of cultured neurons, 

resulting in neuronal cell death and blockage of neuron functions 8, 

27. Further, large neurotoxic globular assemblies with diameters of 

10–15 nm were also reported 28. It should be noted that structural 

variants could even exist among morphologically similar Aβ 

oligomers. Importantly, it has been reported that various proteins can 

form toxic oligomers, suggesting a common pathology of oligomer 

formation 29. 

To date, conformation-dependent antibodies have been used for 

specific detection of Aβ oligomers. ADDL was detected in brain 

fraction by using ADDL-specific antibody 30. It was also shown that 

prefibrillar oligomers, which were considered to be transient 

intermediates in the fibril formation, could be recognized by A11 

anti-oligomer antibody 25. Interestingly, A11 antibody can recognize 

oligomers produced by different proteins, suggesting that prefibrillar 

oligomers that share a common structure may be formed by different 

proteins regardless of their amino acid sequences 29. In a recent 

study, A11-reactive oligomeric species were found in the brain of a 

patient suffering from sporadic Creutzfeldt-Jakob disease 31. 

However, because of the diverse structures and sizes of oligomers 6, 

the development of antibodies specific to each oligomer is still 

necessary. 

Only a few chemical probes have been reported for amyloid 

oligomers detection. It was shown that p-FTAA (formyl thiophene 

acetic acid), one of anionic LCOs, could detect various amyloid 

oligomers made from Aβ, insulin and prion 32. Recent studies also 

revealed that anionic LCOs consisting of five to seven thiophene 

units would be suitable for detection of amyloid oligomers 33. 

Detection of amyloid oligomer with molecular chaperone 

The formation mechanism of soluble Aβ oligomers remains unclear. 

It was shown that various Aβ oligomer conformations were 

produced via different pathways, indicating the complexity of the 

mechanism 4, 25. Aβ oligomers could be formed by the interactions of 

cellular components such as proteins and gangliosides 4. For 

example, toxic oligomers could be formed in the presence of αB-

crystallin protein and GM1 ganglioside. In a recent report, Narayan 

et al. showed that small Aβ oligomers (dimers to 50-mers) can be 

recognized and sequestered by molecular chaperone clusterin 34. 

Molecular chaperones are proteins that can recognize and bind 

exposed hydrophobic surfaces of non-native proteins. They can 

subsequently prevent protein aggregation and assist in their correct 

folding into a native conformation. We also found that soluble Aβ 

oligomers could be formed in the presence of molecular chaperone 

prefoldin (PFD) 35, 36. The unique jellyfish-like structure of PFD 

consists of six long and protruding coiled-coil tentacles that interact 

with non-native proteins through hydrophobic interactions. It is 

reported that PFD can capture and deliver denatured proteins to 

another cytosolic chaperone chaperonin 37.  

It was suggested that Aβ oligomers were produced by the 

interactions between PFD and Aβ oligomers, which could prevent 

their further aggregation and could stabilize oligomers 35. The study 

of these interactions revealed that PFD might recognize Aβ 

oligomers with various molecular sizes (Fig. 1). Thus, we expected 

that PFD could be used as a sensor for the development of Aβ 

oligomer detection system 38. In this system, archaeal PFD, which 

was shown to strongly bind Aβ oligomers 35, was immobilized onto 

a microplate, and PFD-captured Aβ oligomers were detected with 

Aβ antibody (Fig. 2B). We demonstrated that the physiological 

concentrations of ADDL (10 nM) could be detected using this 

system. Our recent study also showed that small oligomer (2–4-

mers) of polyglutamine protein, which causes Huntington’s diseases, 

were formed by human PFD 39. Thus, PFD-coated microplates 

following ELISA may be useful for the detection of various amyloid 

oligomers.  
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This finding leads to another idea that any molecule that can 

interact with amyloid oligomers might be useful as a detection 

probe. Thus, several other cell surface receptors known to bind Aβ 

oligomers and to mediate toxicity, such as NGF, insulin and NMDA 

receptors 4, 26, could be used for oligomer detection (Fig. 1). 

Conclusions 

We have discussed recent development on biomaterials such as 

proteins, nanoparticles and chemical reagents, for detecting amyloid 

aggregates. In particular, molecular chaperone proteins provide 

interesting properties for the interaction and detection of amyloid 

oligomers, and PFD is one of such molecular chaperones for the 

detection of amyloid oligomers with various sizes. It should be 

emphasized that any molecule that can bind amyloid oligomers, 

including molecular chaperone proteins and receptors, could be 

useful as a detection probe.  
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Fig. 2 A, Amyloid aggregates detection system using antibody-conjugated gold 

nanoparticles (AuNPs). In the presence of Aβ aggregates, such as oligomers and 

fibrils, AuNPs could produce precipitates via the interactions between Aβ 

aggregates and Aβ antibody on the surface of AuNPs, while no change in the 

color of AuNPs solution was observed in the presence of Aβ monomers. B, 

Amyloid oligomer detection system using molecular chaperone Prefoldin (PFD). 

Aβ oligomers captured by immobilized PFD can be detected with Aβantibody and 

secondary antibody, similarly to the ELISA method. 

Fig. 1 Various methods for the detection of amyloid aggregates, including 

oligomers and protofibrils and fibrils. Molecules that bind amyloid aggregates 

(interactor) are shown. Conventional interactors (antibody, Thioflavin T (ThT) and 

Congo red (& their derivatives such as PiB)) are shown in italic. Molecular 

chaperone prefoldin (PFD) and polythiophene acetic acid (PTAA) are shown as a 

example of molecular chaperone and luminescent conjugated polythiophene (LCP)/-

oligothiophene (LCO), respectively. These interactors are detected by fluorescence, 

luminescence and color etc. 
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