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Abstract: 4E-BP2 deamidation significantly alters protein production in the brain and nervous system. It 

maintains the balance of protein production required for a healthy nervous system. Any imbalance in protein 

production in the brain and nervous system causes all neurodegenerative diseases. Discovering what causes 

4E-BP2 deamidation only in neurons will make it possible to control this balance of protein production and 

cure neurodegenerative diseases such as memory loss, Alzheimer's, and Parkinson's. Alzheimer’s disease is 

caused by the absence of 4E-BP2 protein in the brain's neurons. This protein undergoes deamidation 

spontaneously only in the neurons and, in this way, controls the production of proteins in the neurons. This, 

in turn, determines whether or not Alzheimer’s and Parkinson’s disease start or progress. The purpose of this 

work is to discover the neurobiological mechanism that causes the deamidation reaction in the 4E-BP2 protein 

by performing immunoblotting in the retinal ganglia, the optic nerve, the dorsal root ganglia, the sciatic nerve, 

and the whole brain, extracted via dissection from 2-month-old, Wild-type male mice. The results showed that 

deamidation mainly occurs in the axons or axon-enriched regions of the optic nerve, the whole brain, and the 

sciatic nerve, confirming conclusively that axons are the critical factors behind the neurobiological mechanism 

of 4E-BP2 protein deamidation. The results confirm that they are also the reason why 4E-BP2 deamidation 

occurs only in neural tissue. 
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1. Introduction 

In 1976 the eIF4E (eukaryotic translation initiation factor) was discovered [1]. This protein binds 

to the m7GpppN cap structure of the mRNA and initiates the translation of proteins by directing 

ribosomes to said cap structure and forming the eIF4F complex [1]. In 1994, 4E-BP proteins were 

discovered [2]. These proteins bind to the eIF4E protein, inhibit the binding of eIF4G to eIF4E, and 

therefore prevent the formation of the eIF4F complex and the overall translation of proteins [2]. In 

1999 and 2005, deamidation was associated with oxidative stress [3,4]. Deamidation was later 

characterized as a recycling mechanism for proteins damaged by oxidative stress [5]. In 2007, it was 

discovered that 4E-BP2, which is the dominant paralog of 4E-BPs in brain tissue, undergoes 

deamidation, the conversion of an asparagine to an aspartic acid, at the N99 and N102 amino-acids 

only when found in the neurons. The deamidation of 4E-BP2 decreases the affinity for eIF4E and 

increases it for the raptor component of mTORC1. Deamidation occurs 18 days after birth in the 

mouse brain. Before 18 days, the protein is phosphorylated instead of deamidated in this region. 

Deamidation was also found to increase with increasing pH [6]. Deamidation occurs in Asparagines 

99 and 102 in 4E-BP2 18 days after birth [6]. Deamidation occurrence is observed in western blots by 

the appearance of three bands on the blot using 4E-BP2 antibodies. The bottom band represents un-

deamidated 4E-BP2, the middle band represents 4E-BP2 where either Asn 99 or Asn 102 is 
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deamidated, and the top band represents 4E-BP2 where both asparagines are deamidated [6]. In 2017, 

it was claimed that 4E-BP2 deamidation was also found in muscle cells [7].  

However, since 2007, when it was discovered that 4E-BP2 undergoes deamidation, there has 

been no credible explanation for why deamidation of 4E-BP2 occurs only in neural tissue. Several 

theories were previously postulated. One was that higher brain pH than the rest of the body leads to 

deamidation. However, other publications [8] have shown that the brain's pH is lower on average 

than the rest of the body. The average pH in the brain is 7.05, and the average pH of the body falls 

within the range of 7.35-7.458 [8]. Another postulated theory was that deamidation was caused by a 

lower turnover rate of proteins in non-dividing cells such as neurons [7]. However, the same author 

looked at deamidation in heart muscle cells, which are also non-dividing, just like neurons, and found 

the deamidation rate in heart muscle cells insignificant [7]. 

The question is: What is the real cause of 4E-BP2 deamidation in the brain? Discovering the 

fundamental neurobiological mechanism behind 4E-BP2 deamidation is of crucial and seminal 

importance for the following reasons: 

1. It will lead one step closer to understanding this fundamental mechanism, which is critical to 

the inner machinations of human consciousness because 4E-BP2 deamidation significantly 

changes the brain's translation (protein production) rates [6]. 4E-BP2 is also directly linked to the 

fundamental biological mechanism of memory [9]. 

2. It will be crucial to developing therapeutics against Alzheimer’s and Sclerosis since: 

o The absence of deamidated 4E-BP2 in the brain leads to the development of Alzheimer’s 

disease [10]. 

o Deamidation is related to aggregation and amyloid plaque formation, which is the root 

cause of memory loss in Alzheimer’s and many other neurodegenerative diseases. 

Deamidation accelerates amyloid formation and alters amylin fiber structure [11]. 

3. It is indispensable to the survival of the mammalian brain because 4E-BP2 deamidation has been 

conserved in all mammals for 90 million years. Therefore, this function is crucial to all 

mammalian brains [12]. 

Therefore, the purpose of this paper is to (1) describe a newly developed fundamental theory of 

the deamidation mechanism that demystifies 4E-BP2 deamidation as a process that occurs only in 

neurons, something that could not be done in 17 years and (2) validate it experimentally in both the 

central nervous system (CNS) and the peripheral nervous system (PNS) by performing western blots 

of 4E-BP2 on the optic nerve, the sciatic nerve, the whole brain, the retinal ganglia and the dorsal root 

ganglia of 2-month-old male Wild-type mouse models. 

In summary, since 4E-BP2 controls protein production in the brain, it plays a crucial role in the 

progression of neurodegenerative diseases. 4E-BP2 when undergoing a chemical reaction called 

deamidation, which is traditionally linked to oxidative stress, can no longer bind the eIF4E protein 

and this fundamentally changes translation in the nervous system, which is why discovering the 

cause of 4E-BP2 deamidation in the brain is of utmost importance. 

My hypothesis to be proven was the following: 

4E-BP2 deamidation happens only in neurons because of the axons and their unique properties. 

2. Results 

2.1. Experiments in the Whole Brain, the Optic Nerve and the Retina of the Central Nervous System (CNS) 

The first goal of the first experiment was to compare 4E-BP2 deamidation in the two parts of the 

neurons of the brain: 

(a) The axons 

(b) The cell bodies (soma) 

The first tests were performed on the central nervous system (CNS), because the protein in 

question, 4E-BP2, is the most prevalent 4E-BP protein in the brain [6]. One specific nerve of the CNS 

needed to be isolated to study the prevalence of 4E-BP2 deamidation in the axon compared to its 

respective ganglia (soma). It would reflect where 4E-BP2 deamidation is most prevalent in 
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myelinated neurons, the dominant type of neurons in the CNS [13]. The optic nerve was chosen to be 

studied in this paper because the optic nerve is a large nerve of the mouse CNS, which is isolatable 

via dissection. The retina was also dissected for comparison because it is where the optic nerve axons' 

soma (retinal ganglia) are located. The optic nerve and the retina are extensions of the brain because, 

during embryonic development, they arise from the diencephalon, a brain division.[14–16]. The 

results are shown in Figure 1. 

This was the first time that the optic nerve or the retina was dissected to detect 4E-BP2 

deamidation. 

The second goal of the first experiment was to compare 4E-BP2 deamidation in the whole brain 

(a mixture of axons and cell bodies) with the individually isolated axons in the optic nerve and cell 

bodies in the retina. 

This comparison sheds light on where precisely 4E-BP2 deamidation originates. 

 

Figure 1. 4E-BP2 Western blot of the whole brain, the optic nerve and the retinal ganglia from 2-

month-old WT mice, using GAPDH as the control. (A) Immunoblotting data; (B) ANOVA statistical 

test comparing the deamidation ratios of the three organs studied using the Bonferroni-Holm 

procedure. 

The deamidation ratio was calculated for each region studied to accurately compare the level of 

deamidation in the axon-enriched brain and optic nerve with the cell body-enriched retinal ganglia.  

The calculations are the following: 

1. The optic nerve was found to have a deamidation ratio of 0.75388 based on five mice samples 

(N = 5) 

2. The retinal ganglia were found to have a deamidation ratio of 0.3365 based on six mice samples 

(N = 6). 

3. The axon-enriched whole brain was found to have a deamidation ratio of 1.030184 based on six 

mice samples (N = 6) 

As seen in previous literature [17], the Bonferroni-Holm method after an ANOVA statistical test, 

chosen for this experiment, proves critical when analysing the three sample regions (see materials 

and methods section). 

As a result of these calculations, the findings from Figure 1 are the following:  

1. 4E-BP2 deamidation in the optic nerve axons is significantly higher than in the soma cell body-

enriched retinal ganglia.  

2. 4E-BP2 deamidation in the optic nerve axons shows no significant difference compared to 

deamidation in the axon-enriched whole brain.  

3. 4E-BP2 deamidation in the cell body-enriched retinal ganglia is significantly lower when 

compared to deamidation in the axon-enriched whole brain. 

Based on these findings, the following conclusion can be drawn from Figure 1: 
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Deamidation in the central nervous system comes from the axons. 

2.2. Experiments in the Sciatic Nerve and the Dorsal Root Ganglia (DRG) of the Peripheral Nervous System 

(PNS) 

The goal of the second experiment was to compare 4E-BP2 deamidation in the two parts of the 

neurons of the periphery of the body: 

(a) The axons 

(b) The cell bodies (soma) 

The tests in the PNS were performed to validate if 4E-BP2 deamidation is also axon-specific in 

this particular system, where nerves are far away from the brain. Like the CNS, one specific nerve of 

the PNS needed to be isolated to accurately study the prevalence of 4E-BP2 deamidation in the axon 

compared to its respective ganglia (soma).  

The sciatic nerve was chosen to be studied in this paper because it is the largest and longest 

nerve of the mouse PNS, which is isolatable via dissection [18]. The results are shown in Figure 2. 

This was the first time the sciatic nerve was dissected to detect 4E-BP2 deamidation. 

 

Figure 2. 4E-BP2 western blot of the sciatic nerve and the dorsal root ganglia from 2-month-old WT 

mice and GAPDH as the control. (A) Immunoblotting data; (B) T-test comparing the deamidation 

ratios of the two organs studied. 

The calculations of the deamidation ratios (as described previously) are the following: 

1. The sciatic nerve has a deamidation ratio of 0.411231 based on three mice samples (N = 3) 

2. The dorsal root ganglia have a deamidation ratio of 0.090206 based on five mice samples (N = 5). 

Based on these calculations from a statistical t-test, Figure 2 shows that 4E-BP2 deamidation in 

the sciatic nerve axons is significantly higher than deamidation in the soma cell body-enriched dorsal 

root ganglia.  

Based on these findings, the following conclusion can be drawn from Figure 2: 

4E-BP2 deamidation in the PNS comes from the axons, and the findings in the PNS corroborate 

the findings the CNS. 

An important observation is noted when comparing Figures 1 and 2: the longer the axon, the 

more significant the average difference in deamidation. The average length of the optic nerve in the 

mouse ranges from 5 mm [19], and the average length of the mouse sciatic nerve ranges from 22.6 +/- 

1.62 mm [20]. When looking at the difference in deamidation of 4E-BP2 in my results, I find that 

deamidation in the axon tissue of the optic nerve, which is fully myelinated according to previous 

studies [21], is 2.24 times more significant than in the retinal ganglia, based on my results in Figure 
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1. However, when comparing 4E-BP2 deamidation in the sciatic nerve and the dorsal root ganglia, I 

find that sciatic nerve deamidation is 4.59 times higher in the axon based on my results. 

From this observation, I conclude that a significant increase in the neuron's length more than 

doubles the difference in 4E-BP2 deamidation ratios. 

In Figure 3, the rates of deamidation were compared between the sciatic nerve, where axons are 

mostly unmyelinated [22] (not isolated), and the whole brain, where axons are mostly myelinated 

[23,24] (isolated), to determine the effect of myelination on deamidation. Myelin plays a crucial role 

in multiple neurodegenerative diseases, such as multiple sclerosis [25]. 

Based on the comparison, the following conclusion can be drawn from Figure 3: 

Deamidated 4E-BP2 is more enriched in the myelinated axons of the whole brain compared to 

the mostly unmyelinated axons of the sciatic nerve. 

 

Figure 3. T test comparison between the deamidation ratios of the whole brain and the sciatic nerve. 

Establishment of the Theory of the Neurobiological Deamidation Mechanism 

3. Discussion 

Based on the above experimental results and their analysis, the following conclusions can be 

drawn: 

1. Deamidation in the central nervous system comes from the axons. 

2. Deamidation in the peripheral nervous system comes from the axons. 

3. Deamidated 4E-BP2 is more enriched in the myelinated axons of the whole brain than in the 

sciatic nerve's mostly unmyelinated axons. 

Each of these conclusions are discussed below: 

3.1. Half-Life Length: The Cause of 4E-BP2 Deamidation Being Neuron-Specific 

My literature analysis reveals that deamidation is a spontaneous reaction, and no enzyme is 

necessary for deamidation [6]. Each asparagine in proteins is found to have a deamidation half-life, 



 6 

 

after which more than 50% of said asparagines are converted into aspartic acids [26]. Also, it has been 

determined [26,27] that deamidation depends on the exposure of the asparagine or glutamine to the 

solvent, which is determined by the protein structure and the flanking amino acids. Based on the 

above literature, I concluded that the smaller the amino acids flanking the specified asparagine in 4E-

BP2 are, the more this asparagine is exposed to the solvent. Also, the more the asparagine is exposed 

to the surrounding solvent, the shorter the half-life of the asparagine will be before it is converted 

into an aspartic acid. For instance, it has been found, based on Robinson’s deamidation algorithms, 

that Asparagine 21 in the ESNGP amino acid sequence of the SOD1 protein has a half-life of 71 days. 

In contrast, Asn 53 in the GDNTA amino acid sequence of the same protein, less exposed to the 

solvent, has a half-life of 17127 days [26–28]. I concluded that the half-life of Asparagine 99 and 102 

in the NNLNNLNNH amino acid sequence of 4E-BP2 to be reached 18 days after birth in neurons 

because this is consistently the amount of time required for deamidation to be significantly observed 

[6]. 

Since the NNLNNLNNH amino-acid sequence has no structure and this principle is identical in 

all 4E-BP2 proteins regardless of where it is found in the body [29], different exposures to the solvent 

cannot be the cause of 4E-BP2 deamidation being specific to neural tissue, the exposure to the solvent 

being identical everywhere in the body. Therefore, based on my analysis of the literature above, I 

concluded that deamidation only occurs in 4E-BP2 found in neural tissue because the protein half-

life of 4E-BP2 is longer than the deamidation half-life of asparagines 99 and 102 only in neural tissue, 

allowing deamidation to occur in 4E-BP2 in this specific type of tissue in the body. 

3.2. Axons: the Cause of the Increase of 4E-BP2 Half-Life in Neurons 

My literature analysis reveals that the protein half-life of proteins other than 4E-BP2 is 

significantly longer in axons. For instance, SOD1 proteins in the axons of the motor neurons of the 

spinal cord undergoing axonal transport had a protein half-life of over one year [30]. In contrast, the 

SOD1 proteins found in kidney cells had a half-life of only 100 hours [31]. 

Previous studies have shown that 4E-BP proteins have a half-life of only 20 hours outside of 

neurons, such as in pancreatic beta cells [32]. This proves as I concluded previously, that 4E-BP 

proteins in areas outside neurons have half-lives that are far too low to reach the 18-day threshold 

required for deamidation in Asn 99 and Asn 102. Also, 4E-BP2 proteins in neurons were found to 

have a significantly higher half-life than 4E-BP2 proteins in kidney cells [33].  

My experimental conclusions 1 and 2 confirmed that deamidation occurs specifically in axons in 

the central and peripheral nervous systems. 

Therefore, based on my experimental results, I concluded that 4E-BP2 deamidation happens 

specifically in the axon, because axons significantly increase protein half-life. 

3.3. The Proteasome-Poor Environment in Axons- The Cause of the Increase of 4E-BP2 Half-Life 

My literature critical analysis reveals that proteasome-poor environments such as erythrocytes 

have significantly longer protein half-lives [34]. Axons are also proteasome-poor compared to the 

soma due to ribosome biogenesis mainly being done in the soma [35]. 

Proteasomal activity is higher in neurons without myelin [25]. 

My experimental conclusion 3 confirmed that deamidated 4E-BP2 is more enriched in the 

myelinated axons (fewer proteasomes) of the whole brain than the mostly unmyelinated axons (more 

proteasome) of the sciatic nerve. 

I conclude that the proteasome-poor environment in the axons is what makes 4E-BP2’s half-life 

longer and deamidation thus possible. 

3.4. Establishment of the Theory and Principle Behind 4E-BP2 Deamidation Based on These Findings: 

These three experimental conclusions comprise the Davis Joseph principle of the deamidation 

mechanism. It was developed over two weeks, starting on August 31, 2023, and finalized on 

September 13th, 2023, when I was 23 years old.  
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This principle can be concisely summarized as follows: 

Due to their proteasome-poor environment (the axonal cytoplasm), Axons increase the protein 

half-life, which becomes more significant than the deamidation half-life of asparagines, creating 

neuron-specific deamidation. The biological clock is now observed. 

This fundamental principle is of tremendous importance because, as stated above, the neural 

tissue-specific deamidation process has been conserved in all mammals for 90 million years. Given 

4E-BP2 and deamidation's role in the progression of the disease, the principle opens the way to 

multiple treatments for neurodegenerative diseases. 

This principle, by tying 4E-BP2 deamidation to the proteasome-poor nature of the axonal 

cytoplasm, also opens the door to monumental research on possible treatments for Parkinson’s. The 

first sign of Parkinson’s progression is the degradation of motor axons, which is tied to a change in 

protein production [36]. 

The results of this paper are seminal because by proving that 4E-BP2 deamidation is found 

mainly in the axons, they explain why deamidation of 4E-BP2 occurs in neurons and why 4E-BP2 

deamidation is also detected in muscles. As observed in a previous publication [37], each muscle cell 

is associated with one neuromuscular junction (NMJ), which contains a motor axon terminal. 

Considering this literature information, my theory explains that deamidation was found in muscles 

previously not because of the muscle cell itself but because of the motor axon terminal attached to 

the NMJ of each muscle fiber. My conclusion that the NMJ causes 4E-BP2 deamidation in the muscles 

is supported by previous literature that shows that the concentration of NMJ axon terminals is 

immense in the muscles, for example, in the bicep, where 172 000 to 400 000 muscle fibers are located. 

Each has its corresponding NMJ axon terminal [38,39]. My results in Figure 2 demonstrate that the 

sciatic nerve and its axon terminals, which, according to previous literature [40], are connected to 

muscle fibers by numerous NMJs, are where 4E-BP2 deamidation is produced. 

Thus, my experimental and theoretical conclusions are corroborated by 4E-BP2 deamidation 

being previously detected in skeletal muscles [7], because skeletal muscles have a very high density 

of axon terminals found in the neuromuscular junctions [38]. 

Also, contrary to a previous literature study where the conclusion was that 4E-BP2 deamidation 

came from neurons and muscle cells [7], my work shows that the deamidation of 4E-BP2 found in 

muscles is coming from the axon terminal linked to the muscle fibers via the NMJ. The previous study 

used Synaptophysin antibody experiments to study the presence of synapses (axon terminals) in 

muscle cells. The study claimed that no synapses in the muscles were found after dissection. 

However, the method used was incorrect because the muscles were not permeabilized with either 

triton X-100 or a Cd2+ in a Ca2+-free medium before applying the synaptophysin antibody, as 

specified in the literature [41]. Based on the latter, without the permeabilization step, the axon 

terminal in the NMJ cannot be detected. 

This work also showed that, despite the vast difference in tissue composition, location, and 

function between the optic nerve and the sciatic nerve, the same deamidation process is observed in 

both organs, as shown in Figures 1 and 2. As can be seen in these figures, although the optic nerve is 

entirely myelinated [21], whereas the sciatic nerve is a mixed neuron [42–44] containing both 

unmyelinated and myelinated axons, deamidation of Asn 99 and Asn 102 of the NNLNNLNNH 

amino-acid sequence in 4E-BP2 is mainly found in the 4E-BP2 proteins located in the axons. This 

finding validates this work’s principle that deamidation is tissue-specific to neurons due to axons 

and their proteasome-poor environment. 

There may be little deamidation in the ganglia dissected, but this is most likely due to the 

dissection process, which always leaves a bit of the axon at the root of the soma and the rest of the 

ganglia. The key here is that the retinal ganglia sample is cell body enriched, whereas the axon 

samples are pure. A significant difference in deamidation was thus seen when comparing pure axon 

samples with cell body-enriched samples, and 4E-BP2 deamidation was found to occur mainly in the 

axons. 

The results from this study confirm that the nature of the axonal cytoplasm causes oxidation in 

translational control proteins. This means that axons may also cause oxidative stress and may also be 
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the precursors of oxidative stress within the nervous system. This paves the way for seminal research 

into oxidative stress-related drug development against neurodegeneration. 

To explain the procedure of the chemistry behind 4E-BP2 deamidation, I invented an organic 

chemistry flow sheet consisting of 5 intermediary molecules, as seen in Figure 4. In this figure, the 

reaction starts spontaneously at the level of the asparagine. During this spontaneous reaction, the 

secondary amide's nitrogen attacks the primary amide's carbonyl (step 1). This creates a cycle of 

atoms in intermediary 1. At the level of intermediary 1, the primary amine leaves the molecule (step 

2), a process known as nucleophilic substitution that creates intermediary 2. At the level of 

intermediary 2, the deprotonation process occurs at the tertiary nitrogen (step 3), creating a 

succinimide molecule. At the level of succinimide, amide hydrolysis occurs (step 4), which produces 

intermediary 4. At the level of intermediary 4, the bond between the nitrogen and the carbon inside 

the succinimide ring is severed (step 5), which produces intermediary 5. At the level of intermediary 

5, an intramolecular deprotonation (step 6) produces the aspartate under basic conditions, which is 

the last step of the reaction. 

 

Figure 4. 6-step Chemical reaction of deamidation occurring in 4E-BP2 at positions N99 and N102. 

4. Materials and Methods 
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4.1. The Joseph Ratio (Statistical Analysis) 

the intensity of the bottom band of 4E-BP2 represents the amount of non-deamidated 4E-BP2. In 

contrast, the intensity of the top band represents the amount of fully deamidated 4E-BP2 

(deamidation having occurred in both Asn 99 and Asn 102). The Joseph ratio is the deamidation ratio 

I created. It is the amount of deamidated 4E-BP2 (the top band) divided by the amount of non-

deamidated 4E-BP2 (the bottom band). 

4.2. Statistical Analysis 

The calculation results were obtained using the Bonferroni-Holm method after an ANOVA 

statistical test between the three sample regions. The Bonferroni correction and the Bonferroni-Holm 

method are done to avoid a type 1 statistical error, misinterpreting the data and concluding that there 

was a statistical difference when there was no difference [17].  

4.3. Animal Tissue Sample Collection 

The project identification code is MCGL-5205. The date of approval was August 30, 2023, by the 

McGill Animal Care committee. The mouse strain used is C57BL/6 (Controls WT in house). 

I invented my own method of dissecting the optic nerve and the retina, without relying on 

previous literature. The method consists of euthanizing the mouse in a carbon dioxide chamber, 

followed by head decapitation. I proceeded by peeling off the mouse skin and then the skull. I also 

lifted the whole brain up from the base of the skull in order to expose the chiasma. Using a micro 

tweezer, I cut right between the chiasma and its connection to the diencephalon. I then proceeded the 

cut both connections between the optic nerve and the mouse retina. 

After isolating the optic nerve, I then placed the mouse eyes on Wattman paper in order to keep 

them in place and isolated the retina using a scalpel. 

I also invented my own unique way of dissecting the sciatic nerve without relying on previous 

literature. by severing the mouse leg using large scissors, peeling off the skin, followed by the 

posterior thigh muscles in order to isolate the targeted nerve. 

DRG extraction was performed based on my analysis of the protocol found in previous literature 

[45]. 

4.4. Immunoblotting 

Total 4E-BP2 immunoblotting was performed on the following five organs extracted via 

dissection from 2-month-old Wild-type male mice: the retinal ganglia, the optic nerve, the dorsal root 

ganglia, the sciatic nerve, and the whole brain. The immunoblotting process was conducted as 

described in previous literature [33].  

The mice were given access to food and water until they reached the required age for dissection. 

They were in an aseptic, alternating night and day environment in the animal care facility of my lab. 

Mice were given isoflurane anesthesia before being euthanized in a carbon dioxide chamber. Tissue 

samples from the optic nerve, the sciatic nerve, the retinal ganglia, the dorsal root ganglia, and the 

whole brain were collected. Mouse tissue was lysed and homogenized using RIPA buffer (150 mM 

sodium chloride,1.0% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris, pH 8.0) mixed with 

protease and phosphatase inhibitors. Samples were then centrifuged for 20 minutes at 16 000 rcf at 

4°C. Immunoblotting was done using the supernatant after the protein concentration was determined 

using the Bradford method. 30 µg of protein was mixed with Laemmli sample buffer (50 mM Tris, 

pH 6.8, 100 mM DTT, 2% SDS, 10% glycerol, 0.1% bromophenol blue). The mixture was heated at 

100°C for 5 minutes and then resolved on a polyacrylamide gel. Proteins were transferred using a 0.2 

µm nitrocellulose membrane. After transfer, the membrane was blocked at room temperature using 

5% milk for 1 hour. The membrane was then incubated overnight at 4°C using a total 4E-BP2 primary 

antibody in 5% milk. The membrane was washed with TBS-T three times before applying the goat 

anti-rabbit secondary antibody (Catalog No. A-11012) for one hour at room temperature. Proteins 
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were covered in ECL western blotting substrate (Catalog No. 32106) twice for 1 minute and then 

exposed to X-ray films. 

5. Conclusion 

This work discovered the neurobiological mechanism of deamidation for the first time. This 

mechanism's key factor is the axon, which causes 4E-BP2 deamidation due to its proteasome-poor 

environment. This environment increases the 4E-BP2 half-life, making it longer than Asn 99 and Asn 

102 deamidation half-lives, thus assuring deamidation. 

The mechanism was validated by conducting 4E-BP2 western blots in five different organs, 

including the optic nerve, the sciatic nerve, and the retinal ganglia, for which the western blots were 

conducted for the first time. In both the central and peripheral nervous systems, the experimental 

results confirmed that deamidation is significantly higher in axons than cell-body enriched ganglia. 

The content derived from the results in this study is therefore that 4E-BP2 deamidation is caused 

by the axons and their unique properties (the proteasome environment), thus validating my 

discovery. 

This validated discovery of the link between 4E-BP2 deamidation and axons is of seminal 

importance because it explains what causes a post-translational modification in the brain of all 

mammalian species, which has been conserved for over 90 million years and opens the way to curing 

all neurodegenerative diseases, such as Alzheimer’s, Parkinson’s and many others. 

This finding allowed me to discover what causes 4E-BP2 to be enriched in the brain compared 

to other 4E-BP-type proteins. This finding also allowed me to discover and prepare a new and 

effective treatment for memory loss. Both subsequent findings are on the verge of publication. 

My finding revolutionizes humanity's understanding of protein production in the human body. 

Figure 5 shows a flow sheet describing protein production in mammalian organisms; DNA contains 

the genetic information carried by messenger RNA (mRNA). eIF4E then binds to the 5' mRNA cap 

structure, leading to the ribosome's recruitment. The ribosome then produces proteins. 4E-BP 

proteins inhibit overall protein production by binding to eIF4E. 

 

Figure 5. Flow sheet of the impact of the axon on protein production in the mammalian organism. 

My contribution fundamentally changes our understanding of translational regulation by 

demonstrating that the axon is a translational regulator in itself. The axon causes deamidation in the 

4E-BP2 protein and, by doing so, stops 4E-BP2 from inhibiting protein production in the nervous 

system. 
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