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Determination of Short Fragments of Amyloid Beta 
Which Are Able to Bind Apolipoprotein E

I. Introduction

Alzheimer’s disease is a neurological disorder which affects the ability of the brain to store and retrieve memories. It is estimated that 5.4 million Americans currently have Alzheimer, and projections have estimated that by the middle of the century, that number is expected to grow to 13.8 million1. Unfortunately for those diagnosed, there is no known cure for Alzheimer’s. There are drugs that are able to slow advancement of the disease, such as acetylcholinesterase inhibitors2, but they can only slow the inevitable. However, as research on the development of Alzheimer’s continues, new pathways have been discovered that present possible targets for drug therapy. 

When the brains of those who die of Alzheimer’s are studied, one of the commonalities that researchers have found is the presence of plaques composed of amyloid beta (Aβ) fibrils, fibrils being threadlike fibers composed of amyloid beta. The length of Aβ varies from 36 to 43 residues, with the two most common peptides in plaques being Aβ1-40 and Aβ1-429. Aβ’s function is not well known; it seems to have various functions, as silencing its activity can lead to neuronal cell death8. It is formed from the cleavage of amyloid precursor protein (APP), which is an integral membrane protein present mainly in neurons. APP’s function is also not well known, with its most notable characteristic being that it is the protein cleaved to form Aβ. The presence of Aβ in plaques led to the proposal of the amyloid cascade hypothesis (ACH)3. This hypothesis states that the cause of Alzheimer’s is the build-up of Aβ in the brain. This build-up results in aggregation into fibrils, which then aggregate into plaques. These plaques lead to neuronal injury and death. 

One protein that has been shown to increase Aβ aggregation is Apolipoprotein E (APOE)4. APOE is normally a lipid transporter in the brain, serving as the principal transporter of cholesterol in the brain5. It exists in three different isoforms, APOE2, APOE3, and APOE4. Of these isoforms, APOE4 demonstrates the strongest binding affinity of the three6. These variations in APOE are looked for in genetic screenings as risk factors for developing Alzheimer’s, with the presence of APOE4 being associated with an increased risk of developing Alzheimer’s. The presence of APOE2 correlates to a decreased risk, while APOE3 is the “neutral” variant1.  A proposed mechanism by which APOE facilitates Aβ aggregation is shown in Figure 1. 
[image: ]
Figure 1. A proposed mechanism by which APOE facilitates Aβ aggregation. APOE allows Aβ to aggregate and form fibrils. It can then transport the fibrils, furthering aggregation. From Garai et. al (2014).
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Because of APOEs ability to facilitate Aβ aggregation, inhibiting the APOE-Aβ binding complex presents a possible path for disrupting aggregation. When competitive inhibitors are present to interrupt the complex formation, aggregation levels are reduced. One such inhibitor that is used is Aβ12-28, a peptide consisting of Aβ residues 12-287. These residues correspond to the portion of Aβ that binds APOE10. In Sadowski et. al (2006), the authors demonstrated the effect of an inhibitor based on Aβ12-28. They used Aβ12-28P, which replaces a valine at residue 18 with a proline. This change made the peptide nonfibrillogenic by disrupting the hydrophobic region. The presence of Aβ12-28P almost completely abolished the effect that APOE4’s presence had on aggregation. Another study done by Hao et. al (2010) tested the inhibiting ability of Aβ20-29. Their experiment resulted in reduced aggregation levels14. This result suggests that though residues 12-28 are the binding site, small portions of the binding site may be capable of binding Aβ competitively. Figure 2. An aggregation assay which used Thioflavin T as a fluorescent tag to measure levels of amyloid beta aggregation. Fluorescence was highest when Aβ1-40 and APOE4 (E4) were combined, but that fluorescence was cut almost in half if APOE4 Aβ12-28P (a variant with a V  P mutation at residue 18) was introduced. From Sadowski et. al (2006).


While the ability of peptides to inhibit the binding of APOE and Aβ is effective in vitro, peptide inhibitors usually have stability problems when they are used as drugs11. These problems interfere with efficient delivery in the body, including passing through the blood brain barrier or being properly digested. One way around these problems is structure-based drug design. This process takes the known structure of a peptide and uses it to design a drug similar in structure. Peptides can be small or large, but smaller peptides about 6-8 residues in length are easier to model after.

If a small Aβ peptide chain shows strong inhibiting capabilities, then it may be a good candidate for structure-based drug design. Given that the binding site of amyloid beta is residues 12-28, it seems rational to focus on these residues for finding a shorter peptide inhibitor. The purpose of the following proposed experiment is to determine if short, 6-8 residue sections within Aβ12-28 are capable of inhibiting the APOE-Aβ binding complex. 

II. Experiment 

The goal of this experiment is to find a short section or multiple short sections of 6-8 residues within Aβ12-28 that will inhibit the APOE-Aβ binding complex. In order to do this, Aβ12-28 will be cut on each end by four amino acids. This product will then be cut again by one amino acid from each side, and then one from both sides. The peptides being tested and their lengths are as follows: 

	Peptides
	Number of Residues

	Aβ17-23
	6

	Aβ17-24, Aβ16-23
	7

	Aβ16-24
	8



An aggregation assay is a technique used to test levels of protein aggregation in the presence of a specific compound. In some cases, fluorescent tags are used to visualize aggregation levels. This technique was utilized by Sadowski et. al (2006) and Hao et. al (2010), with both studies having using fluorescent intensity as the measurement for aggregation. Both studies took a measurements over a period of five days. In this experiment Thioflavin T, which binds to amyloid-beta aggregations, will be used as the fluorescent tag. Thioflavin T (ThT) is a benzathiole compound which selectively binds to amyloid deposits12. This binding is thought to be due to how ThT interacts with layers of beta sheets, however the mechanism is not yet fully understood. Normally, ThT absorbs approximately 340 nm wavelengths of light. When interacting with amyloid-like structures this peaks to 440, which results in fluorescent enhancement13. 

Aggregation Assays with Aβ Derived Peptides
[image: ]Because APOE4 has been shown to cause higher levels of aggregation than the other two isoforms, it will be used in the aggregation assays. Additionally, Aβ1-42 will be used in the aggregation assays. The assays prepared will test the ability of Aβ12-28 derived peptides to inhibit the interaction of APOE4 and Aβ1-42. In order to establish a baseline for comparison of aggregation in the presence of the derived peptides, there will be two controls: an aggregation assay of just Aβ1-42 and an aggregation assay of APOE4 and Aβ1-42. Modeling after protocol set forth by Hao et. al (2010), each peptide will be tested at varying concentrations in order toFigure 3. Fluorescence levels from aggregation assays testing aggregation of Aβ1-42. Aggregation is tested individually, in the presence of APOE4, and in the presence of APOE4 and three varying concentrations of Aβ20-29.The presence of inhibitors results in decreased fluorescent intensity. From Hao et. al (2010).

determine if a specific concentration is needed to inhibit. Every six hours for 120 hours, a sample will be taken. ThT will be added to the sample and a period of incubation will take place. Following incubation, a spectrofluorometer will be used to measure the level of fluorescence of the sample. This will be done for all of the samples and the controls. At the end of the 120 hour period, fluorescent intensity from the controls and the test assays will be compared.  These comparisons will show if the presence of Aβ derivative peptides reduced aggregations when compared to the control assays.



III. Discussion 

The ideal result of this experiment is that the presence of the peptides being tested for inhibiting capabilities will result in fluorescence intensities which are lower than those measured in assays of Aβ and APOE. These results would suggest that the peptides display some ability to reduce aggregation. However, the world is not always ideal and so there are two other possibilities which should be addressed. The first is that the peptides’ presence does not affect fluorescent intensity at all, which would suggest no change in aggregation levels. The second possibility is that the presence of the peptides increases fluorescent intensity, suggesting that the peptides likely add to or promote aggregations. 

If the ideal result is obtained, then the research question will have been satisfied. The purpose of the experiment is to determine if there are 6-8 residue sections within Aβ12-28 that are capable of inhibiting the Aβ-APOE binding complex. If any sections are found, then they could be used as a starting point for structure-based drug design. This result could also shed new insight into the binding of Aβ and APOE, showing that certain residues may bind more strongly to APOE. If peptides retaining more residues on the N-terminal end show greater inhibition, then those results in addition to results from Hao et. al (2010) would lend support to focusing on cutting from the C-terminal when creating shorter peptides from Aβ12-28. In addition, the way that cuts were made allows for suggestions of whether the C- or N-terminal should be focused on when considering residues to cut i.e. if Aβ16-28 showed greater inhibition capabilities than Aβ12-24, then future experiments might focus on cutting more from the C-terminal. 

Alternatively, the research question would not be satisfied with the other two results. If no 6-8 residue section of Aβ12-18 is found to decrease aggregation levels, then they are likely not inhibitors. If 6-8 residue sections increase aggregation levels, then they also are not likely to be inhibitors. However, these results could still shed light onto the qualities of Aβ. If the peptides increase aggregation levels, then they may shed light on key residues in the development of fibrils. 

When measuring fluorescent intensity, conditions for Thioflavin T staining must be carefully controlled. While ThT is referred to as the “golden standard”12 of amyloid fibril detection, this is only because it is better than other dyes. It will still bind to other molecules, namely the hydrophobic regions of globular proteins15. While this may be more relevant in in vivo experiments, extra precaution should be taken so that ThT does not bind materials used during the experiment. 

The peptides tested in this experiment were used because they were even cuts from Aβ12-18 that were 6-8 residues long. There are many other possible sections that are 6-8 residues long, and they all are just as legitimate of candidates. However, this study is limited in that it does not test all 29 possible residues which are 6-8 residues in length. What it does do is take a sample by cutting equally from the C- and N-terminals in such a way that five possible peptides are produced which range from 6-8 residues in length. As mentioned above, this may lead to suggestions on whether to cut from the C-terminals, N-terminals, or both. 

This study is also limited to in vitro analysis. While this allows for controlled interactions between only Aβ and APOE, the human body does not control their interactions. There are many complex biological factors that cannot be taken into account in vitro that future studies would need to take into account. The usage of mouse models was utilized in Sadowski et. al (2006) in order to measure the effect of Aβ12-28 on Aβ aggregations in the brain. If this experiment were to be expanded, a similar set of experiments using mouse models would be done in order to test the capabilities of the peptides in vivo. 

[bookmark: _GoBack]Despite these limitations, finding a way to inhibit the Aβ-APOE binding complex may be a large step in the fight against Alzheimer’s. It is known that APOE promotes aggregation, and it is known that some people have a higher risk of developing Alzheimer’s because of the isoform of APOE that is expressed in their bodies. However, there exist no treatments that currently focus on inhibiting this interaction in humans. By continuing research into effective ways to block this interaction, we may take a large step towards greatly reducing the number of those who suffer from Alzheimer’s. 
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