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Abstract 

Arc mRNA is transcribed from the immediate early gene arc/arg3.1 (IEG). They are later 
transferred to dendrite terminals and translated to Arc protein locally. Studies have 
shown that the distribution of Arc mRNA among active and inactive synapses is uneven, 
with more in active synapse while fewer in inactive site. The accumulation of Arc at 
active synapse is newly synthesized, which indicates it is not caused by the movement of 
Arc from inactive synapse. This work aims to investigate if the activation of a synapse 
will stimulate the degradation of Arc mRNA at another synapse on the same dendrite 
which is not activated. All possible results (positive relationship, negative relationship, 
and no significant relationship) will be presented and discussed. 
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1. Introduction 

The ability of brain to process complex physiological activities like memory and learning is largely 

depend on the plasticity of synapses. Many factors can determine the synaptic plasticity, such as firing 

rate, spike timing, and temporal and spatial summations of presynaptic cell, and the influence of them 

includes paired-pulse facilitation or depression,[1,2] more neurotransmitters released, and biochemical 

modification of proteins on presynaptic side.[3,4] However, the specific mechanism of the 

determination has not been fully understood yet.  

The first discovery of Arc was in the nineteenth century. Transcribed from the immediate early gene 

arc/arg3.1(IEG), Arc mRNA exists widely in dendrites of vertebrates. Arc mRNA is considered 

having a relationship with synapse plasticity,[5] and they do not equally distribute in different parts of 

a dendrite. Newly synthesized Arc mRNAs accumulate at active synapses, while their number at 

relative inactive synapses of the same dendrite decreases, which could be the result of degradation.[6,7] 

This experiment aims to investigate if the activation of a synapse will stimulate the degradation of 

Arc mRNA at another synapse on the same dendrite. Due to the restriction of lab equipment and 

technique, my designed procedures and all possible results will be presented: 1. there is a positive 

relationship between synaptic activity and number of degradation products; 2. there is no significant 

relationship between the two variables; 3. there is a negative relationship between them. For the 

second result, my further hypothesis will be discussed later. 

2. Main body 

2.1 Materials and Methods 

Anesthetize twelve Sprague-Dawley healthy rats which were fed in the same condition and take out 

their brains. Find the same group of neurons and synapses of the twelve samples from different parts 

of the brain, including cerebral cortex, hippocampus, amygdala, thalamus, and hypothalamus. Tease 

them and keep the neurons alive. Two from the samples are control groups, others are experiment 

groups which will receive electric shocks. 
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Stimulation paradigms. Insert an electrode to one of the presynaptic cells to activate the synapse. To 

create a synaptic activity gradient, tetanic stimulation is given to the cells with 60 Hz, 5-50 mA for 

0.5 s. The current intensity increases gradually from the neuron of cerebral cortex of sample 1 to the 

same neuron from the same tissue of sample 10 with a gap of 5mA (5mA-10mA-15mA-…-50mA). 

For other tissues of the same sample, the same intensity of current with cerebral cortex is given.  

RNA extraction. Extract all the RNA content locally from the relative inactive side of the dendrite. 

To achieve this, some similar strategies to axon-TRAP (translating ribosome affinity purification) can 

be applied,[8] while non-specific binding RNAs are needed to be extracted as well. Make sure the 

volume of the part taken away is the same for each sample so that the only variable is the number of 

Arc mRNA degradation products. 

Reverse transcription and qPCR. Transcribe the RNAs extracted into their cDNAs with reverse 

transcriptase, then run each sample a qPCR. 

High throughput sequencing and Bioinformatics analysis. Sequencing results are analyzed and 

compared using software. Match the sequences of Arc mRNAs and their degradation products and 

count the number of the products of each neuron sample. Subtract the mean value of the number of 

the two control groups from each experiment group, and plot a graph of synaptic activity against the 

number of degradation products of different tissues.  

2.2 Results 

Possibility 1: the activity of one synapse shows a positive relationship with the number of degradation 

products of Arc mRNA on the other synapse.  

 

Figure 1 Line graph of the number of degradation products from synapse B against synaptic activity 

of synapse A 

 

Figure 2 Best fit line of the number of degradation products from synapse B against synaptic 

activity of synapse A 
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Figure 1 and 2 represent the predicted line graph and scatter diagram respectively with different colors 

representing samples from different tissues. The two variables show a positive relationship with each 

other, indicating the activation of a synapse will stimulate the degradation of Arc mRNA on another 

one from the same dendrite. 

The relationship between the activity of a synapse and Arc mRNA degradation on itself. This can be 

determined by the similar experiment described but detecting the content of Arc mRNA degradation 

products of the stimulated synapse. Therefore, an overall cognition can be get towards the relationship 

between synaptic activity and Arc mRNA degradation all around the dendrite. 

Possibility 2: the activity of one synapse does not show a significant relationship with the number of 

degradation products of Arc mRNA on the other synapse. (as shown in Figure 3) 

 

Figure 3 the number of degradation products from synapse B against synaptic activity of synapse A, 

best fit line cannot be drawn as the dots are too dispersive 

 

Other potential factors causing degradation of Arc mRNA can be: 1. the inactivation of a synapse 

switch on or stimulate the gene expression for proteins and enzymes synthesis for degradation; 2. the 

inactivation of a synapse switch off or inhibit the gene expression for Arc mRNA synthesis. The Arc 

molecules decrease because of the general degradation as a common metabolism process; 3. the 

activity of some other molecules (e.g. AMPAR and NMDAR on postsynaptic cell); 4. instead of 

moving to the activated part of dendrite, Arc mRNA moves into synaptic cleft. Further experiment is 

needed to be designed to prove this. 

Possibility 3: the activity of one synapse shows a negative relationship with the number of 

degradation products of Arc mRNA on the other synapse. (Figure 4, 5) 

 

Figure 4 Line graph of the number of degradation products from synapse B against synaptic activity 

of synapse A 
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Figure 5 Best fit line of the number of degradation products from synapse B against synaptic 

activity of synapse A 

 

The trend shows the activation of a synapse will inhibit the degradation of Arc mRNA on another 

one. Further study is required to explain the phenomenon of unequal distribution of Arc mRNA 

detected previously.  

3. Conclusion and Discussion 

To summarize, the relationship between synaptic activity and Arc expression and degradation helps 

generating synaptic plasticity of organisms, by enhancing the synapses which are activated frequently 

and weakening those which always remain inactive. 

As described, the experiment includes extracting mRNA content, which needs to be implemented by 

cutting down some specific parts of neurons. Consequently, the integrity of neuron is destroyed. 

Therefore, large number of samples are needed, and the executor has to look for the same neuron and 

synapse among samples, which is considered to be very hard to operate. In addition, the experiment 

has a high requirement to the precision of equipment. The result could be more reliable if optimizing 

experimental procedures, reducing the need for device precision, and finding the neurons easy for 

observation. 

The time taken for Arc mRNA to response to the stimuli of synapse is uncertain. The RNA extraction 

technique mentioned here only provides the result at a certain time, therefore more experiment is 

needed to obtain the optimistic time of Arc mRNA degradation, which may vary among different 

types of tissues.  

However, the purpose of degradation is still unclear. For Arc mRNA, being degraded when exciting 

another synapse then being synthesized from IEG again when it is activated costs extra energy from 

the body. This could because: 1. the degradation products move to the activated site, being 

synthesized into Arc mRNA again, which may require less time than gene expression; 2. specific 

RNA splicing is required.  
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