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Tau usually acts as a binder and stabilizer for microtubules, which are like railroad-track that direct nutrients and other molecules, and tau work on it to keep the rails in perfect position. It usually works within a neuron’s axon, or output stalk. Microtubules continuously develop and obliterate in active neurons. Tau’s supports these acute changes, and its microtubule-binding properties continuously refine by adding or eliminating small molecules called phosphor group. Enzymes play an important role to keep the process is reversible. Kinases enzymes weaken the tau’s hold by adding phosphor groups to any of dozen sites on the tau protein, whereas the role of other enzymes called phosphatases is to de-phosphorylating of tau and increase its binding property with microtubule. The reversible process in AD is disturbed and only tau phosphorylation process is at an extreme. In this way tau proteins attach with phosphor groups at many sites to become hyperphosphorylated and separate from the microtubule. Or in other words, rail tracks like microtubule do not have anything to hold and fall apart. These hyperphosphorylated tau proteins begin to pair with other tau protein and get tangled. Consequently, insoluble threads like fibers or fibrils build up and therefore, it is known as neurofibrillary tangles. This process disturbs the whole transport system and affects the communication process between the neurons. 
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Another prime suspect of AD is A plaques. Due to the aggregates of protein in insoluble form and characteristics of resistant degradation, it is names as amyloid. These protein fragments are formed normally in the body by breaking down membrane bound large protein, called amyloid precursor protein (APP), and they are gathered outside the cell between the neuron in the brain. It is removed immediately in healthy brain, while the ability to remove it in AD is slow down and causes the accumulation of A. Furthermore, cell-to-cell communication is affected between the neurons and blocking the signal at the synapse, leading to the neuron cell death. 39-43 amino acid residues of are responsible for accumulation of A. Like A peptide in Alzheimer’s diseases, particular proteins peptides are responsible for other neurodegenerative disease; alpha synuclein protein peptide for Parkinson’s diseases, Huntington protein peptide for Huntington’s diseases, amylin peptide for Type II Diabetes, human prion protein peptide for Creutzfeldt-Jakob Disease (CJD). 
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Alois Alzheimer was first scientist to note these unusual neuropathology characteristics in the brain of his patient’s (Auguste D.), who was suffering from the progressive dementia. In 1911, again he published a paper on the case of another patient (Josef F.), who had AD before his death, but he had not found any neurofibrillary tangles at that time. Still it remains a topic of discussion that having plaque only belongs to the same class as with tangles and plaque together. Scientists are continuing their hypothesis on the basis of amyloid and neurofibrillary tau tangles.
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	According to the tau hypothesis, microtubule associated tau proteins are considered to be a prime factor of AD. Twisted fibrils of tau protein is accumulated inside the brain in hyperphosporelated state and appeared as paired helical filaments (PHF). In the 19th century, after the case of Auguste D. and Josef F., tau protein or PHF has focused the attention of researchers, who are working on AD. In 1974, neurofibrillary tangles and ~50 kDaPHF were separated from the brain of AD. Scientist also indentified that ~50 kDa PHF is essential for Microtubule assembly and hence it was named as microtubule associated protein. Bulk isolation, protein composition and solubility of Alzheimer PHF were also studied by Iqbal et al.  In 1985, it was reported that PHF antigen(s) level in AD is significantly higher than other neurological patient. A year later, a group of researchers found that microtubule associated tau protein as a key component of Alzheimer PHF. Many researchers found the PHF of tau inside the neuron in AD. 
If these PHF are formed in cell body of neuron then it is known as neurofibrillary tangles and if these are formed in dendrites then it is known as threads. Any impaired interaction of tau protein with microtubule or any type of deformation of tau protein is lead towards the tau pathology. Based on the tau pathology, braak and braak discussed the six stages of AD. According to him, neurofibrillary changes exist in a single layer of transentorhinal region in stage I and II. Then, it gets extended into the limbic region in III and IV stage. Severe changes are found in stage V and VI and spread to the isocortical region. It has been reported that tau pathology occurs before the amyloid accumulation. Throughout the 2000s, scientists found more and more evidence in the favor of tau pathology. Recently, it is reported that spatial pattern of tau pathology is also thoroughly connected to neurodegeneration and amyloid hypothesis. These theories are in favor of tau pathology. Diseases associated with tau pathology are called as tauopathies. 
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On the other hand, studies during the last 35 years have also enlightened the significant role of A in AD, which caused the generation of amyloid hypothesis. According to the amyloid hypothesis, aggregations of amyloid of different protein composition of peptide in various organs are to be the cause of neurodegenerative disease. Having this idea forward by Glenner et al., they first sequenced a sticky peptide having the cerebrovascular amyloid protein characteristics in the isolated meningeal vessels and individual with Down syndrome in AD brain. Since the beginning of 1980, researchers had started to work on all aspects of A to help patients, who are suffering from this disastrous disease. Fibril structure of A in different clinical condition and environment were also studied. Compared to any other molecules, highly polymorphic character of A fibrils was also studied based on different aggregation and growth condition in AD using nuclear magnetic resonance, electron microscopy, and etc. These researches in the favour of A hypothesis made it dominant in the field of AD pathogenesis. 
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Although several salutary approach have been explored based on these hypothesis, they either remove the soluble A or reduce the number of A plaques. Until now, there is no complete cure for this devastating disease. Keeping these disappointments results and treatments in mind, there is a need to lead a led mixture of careful thinking. There are many theories in the favor of this. If we talk about the discovery of Alois Alzheimer, he had noted A and NFT both in his patient (Auguste D.) but, for second time, he did not find NFT in the brain of another patient Josef F. Later, Möller and Graeber came up with the conclusion after investigating both cases that these are belong to same disease at different progressive stages. Earlier, in 1985 Masters CL et al. stated that NFTs in AD have the same protein that is in the case of amyloid plaque and blood vessels. It was also reported that accumulations of A deposits come into sight very early and widespread, due to which cellular and molecular alteration such as NFT, microgliosis etc. are formed, whereas tau mutation is not able to accumulate A. In other words, aggregation of A can guide to the progressive deposition of NFT of tau and vise-versa cannot possible. It was also reported that an imbalance between A production and A clearance, causes the formation of NFT. 
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[bookmark: OLE_LINK48]The aggregation of extracellular beta amyloid plaques and intracellular neurofibrillary beta tangles come into the category of molecular imbalance. However, there are also many genetic and cellular based studies that can explain the cascading effects of AD through their systematic evaluation. First genetic study also supports the amyloid hypothesis, assuming A as the dominating factor in AD. The study has also revealed the correlation of gene APP with AD. The amyloidogenicprocess in the endosomes caused by  and  secretase, and the assembly of A depends on the endocytosis of APP from the membrane to endosomes. APP processing is also regulated by phosphatidylinositol-binding clathrin assembly (PICAM), which is identified as one of the AD associated genes. PICAM encodes Clathrin Assembly Lymphoid Myeloid leukemia (CALM) protein and plays an important role in clathrin-mediated endocytosis. The main function of this protein is to recruit clathrin and adapter proteins for the plasma membrane and to identify the targeted protein with AP2. Triskelions structure of clathrin causes the deformation in plasma membrane around the target protein. In this way, it is helpful in providing appropriate information about the targeted protein to clathrin coated pits in the initial step of clathrin-mediated endocytosis. The Researchers claim that this process is in the synaptic zone of neurons. Variation in PICALM protein is correlated with late-onset AD risk.Baig et al. examined the presence of picalm protein in controlled brain and AD brain and found their dominating occurrence in endothelial cells. They also suggested that transport of A across the vessel walls in the bloodstream could be a major pathway to remove A from the brain. Zhao et al. reported the higher number of PICALM level in the endothelial cells of AD brain, and explained the process of clearing the A  by internalizing them into endothelial cells and then being accompanied with bloodstream. The person suffering from late onset AD has less PICALM level compared to the normal person. Along with the clearance of A from the brain, PICALM also helps in mitigating the toxicity of A in the neuron, in the process of APP internalization and also modulating A production. Kanatsu et al.  reported the opposite behaviour of PICALM in neurons based on mouse model. They involved wild type mice and transgenic mice with low APP expression in their research and found that clearance mechanism of A becomes saturated after injecting the excessive amount of A, whereas less PICALM shows the less aggregation of A. According to the study PICALM promotes the A formation in neurons. These two types of discrepancies raise questions that whether more or less PICALM is good or not. But because of having the most accessible part of endothelial cell, scientists are searching for drugs that can be helpful to clear the A from the brain. 
 It was also discussed that targeting APP adaptors protein interaction for AD drug development studies can be helpful. In 2015, Poulsen et al. depicted that loss in the Clathrin heavy chain and AP-2 binding to mutate APP is responsible in APP endocytosis resulting the intracellular accumulation. To remove the intracellular tau aggregation, clathrin dependent receptor endocytosis plays an important role for tau antibody uptake. Clathrin mediated endocytosis is also essential for the recycling of synaptic vesicles after releasing each. Many studies have suggested that as a result of increasing the synaptic activity, A levels in the brain gradually increases. 
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In AD individuals, the process of formation of various neurotransmitters like acetylcholine, which is responsible for declining the cognitive and learning process, and glutamate, which inhibit cellular communication and neuronal loss, decreases. Currently available drugs target these systems by controlling the breakdown of nicotinic acetylcholine chemical or changing the amount of brain chemical glutamate. These medicines show their impact on the patient for an average of 6 to 12 months, but often various side effects such as constipation, nausea, vomiting, fatigue, nausea, lack of appetite, weight loss, headache etc. are also seen. Use of these drugs is very cost effective too. The available medicines have failed in many clinical trials so far because they did select proper targets and species for therapeutic, and apart from these they had difficulty passing through the barriers between the neurons, infiltrate and interact with them. Therefore, various controversies arise from time to time on the effectiveness of drugs available for AD, but no conclusions have been reached yet. Currently, researchers have been looking for an effective therapeutic approach to reverse, cure and stabilize cognitive impairments in AD.
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Supporting figure 1.

Due to significant changes in the frequency ranges from 0.1 MHz to 1 GHz and 4 GHz to 5 GHz, the average power of CLC mixed beta amyloid in these regions was analyzed. A time-dependent study was also performed, which confirms the significant role of CLC in slowing down the effects of A over time. These results are presented in Figure 1 of the supporting material. The corresponding 3 D plots of average power spectrum of A mixed CLC with time in the same frequency regions are presented in Figure 2. 
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Figure 1. 2 D Power spectrum plot of A, CLC and their interaction in the frequency ranges of 0.1 MHz to 1 GHz and from 5 to 6 GHz over time. In both plots, insets show that the intensity of ABeta mixed CLC gradually decreases over time.



Supporting figure 2.

[image: ]
Figure 2. 3-dimensional plot of average power spectrum of the interaction between ABeta and CLC with time in different frequency ranges (a). from 0.1 MHz to 1 GHz; (b). from 4 GHz to 5 GHz. 
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