
Tau is a highly soluble microtubule associated protein that regulates the stability of microtubules in 

neurons. Microtubules are important components of the cytoskeleton, formed by polymerization of dimers 

of alpha and beta tubulin. Under normal conditions, Tau phosphorylation aids in cytoskeleton stability. 

Phosphorylation is a post-translational modification of proteins that adds a phosphate group to the side 

chain of an amino acid. Phosphorylation at specific amino acid residues in Tau can regulate its affinity for 

microtubules. In Alzheimer’s disease, Tau is hyperphosphorylated and it has been proposed that 

hyperphosphorylation induces a gain of toxic function. This disease is progressive and leads to the 

destruction of memory, mental impairment and ultimately death. Hyperphosphorylated Tau become 

aggregated and form neurofibrillary tangles. In our lab, we investigated the Tau sequence between residues 

202-395 because this region of interest appears to indicate the overall stability of the Tau-microtubule 

complex. We found that tau phosphorylation at positions 199, 212, 231 and 262 are enough to convert Tau 

into a toxic molecule and induce toxic function in Tau, leading to destabilization.

Introduction

Background
Tau is a very predominant protein located in the brain that acts as a scaffold that holds the microtubules in 

the neurons together, as shown in Fig A,C. It is an intrinsically disordered protein, meaning that it is a 

protein that lacks a fixed 3D structure. This is problematic because IDP proteins have been implicated in 

several diseases, like Alzheimer’s for example. Normal Tau and Pseudo-phosphorylated Tau both have 441 

amino acids; Pseudo-phosphorylation mimics Hyperphosphorylation of Tau which decreases its affinity for 

microtubules. We sought to understand the Tau sequence between residues 202-395(shown in Fig B) of 

these molecules as identified in “A Structural Ensemble of a Tau-Microtubule Complex Reveals 

Regulatory Tau Phosphorylation and Acetylation Mechanisms” 

Objective
-The objective of this study is to build upon the work of ”A Structural 

Ensemble of a Tau-Microtubule Complex Reveals Regulatory Tau 

Phosphorylation and Acetylation Mechanisms” because it has shown a 

destabilizing region in the Tau sequence, possibly contributing to 

Alzheimer’s disease.

- Completion of Objective is achieved via the utilization of Raptor X 

software to analyze the 202-395 region of the Tau molecule. 

Methods
Raptor X software: Advanced software technique that uses sequences 

of molecules to produce 3D images, shows the distance between 

residues and atoms and can also show side chains and different 

structures. 

- We utilized this software to run four Tau sequences, Normal tau/ PH-

tau with 441 amino acids and then PH-tau / Normal tau with 202-395 

sequence. 

Results & Discussion

Tau phosphorylation at positions 199, 212, 231 and 262 are enough to 

convert Tau into a toxic molecule, which then translocates into the 

nucleus and causes disintegration. We have used pseudophosphorylation, 

i.e., to change the amino acid from Ser or Thr in the Tau sequence with 

Glu, to mimic phosphorylation and we have generated a pathological 

human tau (PH-Tau).  Using a computer program to predict the secondary 

structure of Tau, we found that PH-Tau exposes the nuclear localization 

signal more than the full-length normal protein. Our research revealed 

that, despite the total number of amino acids in both Tau's remaining the 

same, PH-Tau was larger in size than normal Tau. However, the region of 

interest, 202-395, of PH-Tau was smaller in size than the same region in 

normal Tau and may preclude the Tau-microtubule complex sufficient for 

stabilization, causing tangle formation. Recalling that pseudo 

phosphorylation mimics hyper phosphorylation, the latter, thus, likely 

hinders Tau interaction with microtubules and consequently causes 

destabilization and tangle formation. Therefore, hyper phosphorylation 

induces toxic function in Tau.

Fig D Fig. E. 

Fig D. Normal Tau with 441 amino acids; 
Length; 10.919 nm Width: 6.876 nm

Fig. E. Tau 6B Pseudo-phosphorylation with 441 
amino acids  Length: 11.337nm Width: 7.333nm
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Significance & Future Research
Current research gave an insight into the structural sequence of the Tau molecule residues 

202-395. PH-Tau (441AA) is evidently larger than Normal Tau (441AA) and upon the 

observation of region 202-395, you can observe that PH-Tau in this region is much more 

compacted than Normal Tau.

- We learned that since PH-Tau was smaller in this region, it may prevent the Tau-

Microtubule complex from binding properly, as a result leading to tangle formation and 

possibly contributing to Alzheimer’s Disease.

-Due to the pandemic, most labs were closed, and this was done using a software. Future 

research must be done to further study this Tau molecule region and its contribution to the 

aforementioned disease. 

-Tau normal 202-395 sequence Length: 5.457nm  
Width: 3.314nm

-Tau 6B  202-395 Pseudo-phosphorylation 
Length: 5.277nm Width: 3.168nm
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Destabilized structural region of Tau sequence possibly contributes to Alzheimer’s disease
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