The Activating switch of Zn2+ by the mutation of the amino acid Tyrosine to Alanine in the Dopamine Transporter protein possibly impairing cocaine’s affect on locomotion.
Introduction 
Drug abuse has been a problem in the America for a long time. According to the national institute of drug abuse, the use/abuse of illicit drugs like cocaine and heroin cost the US about 11 billion dollars annually in health care. Cocaine, a stimulant that is derived form the cocoa plant, increases levels of the neurotransmitter dopamine by binding to the dopamine transporter protein (DAT) and inhibiting/blocking the uptake or return of the neurotransmitter dopamine to the nerve cell that initially released it (fig 1). 
Cocaine is a favorite among its users for its ability to produce excitement and euphoria by causing excessive build up of the neurotransmitter Dopamine in the synaptic cleft. However, cocaine has other side effects that make it lethal. In short term use; it increases heart rate, blood pressure and body temperature. In long-term use, cocaine will alter the brains reward system leading to drug dependence.

According to Richfield et al, Dopamine transporter is regulated by low micro molar concentrations of zinc ions. This regulation is basically done by the binding of Zinc ions to specific amino acids Histidine and Glutamic Acid  (H193, H375, E396) in human DAT (fig.2)(Loland et al). In a normal (un-mutated) Dopamine Transporter the binding of zinc to its endogenous binding site causes it to act as an inhibitor and thus inhibiting dopamine uptake. However, in an experiment conducted by Loland et al., on the human dopamine transporter the binding of the zinc ions to a mutated dopamine transporter switches the zinc form an inhibitory ion to and activating ion and thus, allowing/enhancing uptake of dopamine. This brings the question of whether of not a mutated DAT would be able to impair cocaine’s ability to inhibit dopamine uptake in C.elegans. 
For this research, C.elegans will be used as models. C.elegans are non-parasitic transparent nematodes. They are the simplest organisms with a nervous system thus, making them a good choice to study neural activities. They are one of the few organisms that have their whole genome sequenced. They are also easy to grow and easily accessible. 

Moreover they are particularly needed/used for this experiment because of their dat-1 gene, which codes for the dopamine transporter protein. In C.elegans the codon TAT (highlighted in figure 3) codes for the same amino acid tyrosine that is able to switch Zinc to an activating ion when mutated to alanine in Human DAT. The alignment (fig 4) showing that the C.elegans tyrosine (Y 328) is the same as the tyrosine (Y335) found in human was adapted form Jayanthi et al. More conformation can also be obtained by comparing the C.elegans amino acid tyrosine (Y328) to in fig 3 to fig 4 Tyrosine of C.elegans that is aligned with the human DAT. There might be a question raised to why C.elegans DAT is used rather than human DAT. And that is because the final part of this experiment includes a locomotion assay of C.elegans with mutated DAT. In this experiment we are looking for whether or not the C.elegans with the mutated DAT is able to resist cocaine’s effects on the locomotion due to its Zinc being an activator.  
The exposure of C.elegans to cocaine results in changes of the locomotor activity like how they swim, grooming and feeding (Ward et al). In this experiment we are going to expose the C.elegans with the mutated DAT to cocaine and see if there are any effects or differences in locomotion compared to wild type. 

Methods /Materials  

CRISPR/CAS

The CRISPR (Clustered regularly interspaced short palindromic repeats)/CAS system was a method that was originally implemented by bacteria as a way to protect themselves form viruses. Over the years this method had been developed to engineer different types of mutations like deletion, insertion and substitution. For this experiment we will be substituting the amino acid Tyrosine 328 to Alanine in C.elegans (Y328A). To do this using this method we mutate the gene (dat-1) that encodes for DAT protein. Specifically, we need to mutate the codon (TAT) (fig.3 highlighted), which encodes for Tyrosine to the codon that encodes to Alanine. Codons GCT, GCC, GCA, GCG encode for the amino acid Alanine. For this experiment we will mutate the TAT codon to GCT. To do this using CRISPR/CAS, we first obtain the gene we want mutate which in this case is dat-1. Then we get the sg RNA (single guide RNA) which is compromised of the target specific CRNA (CRISPR RNA) and the tracrRNA (Trans activating RNA). This sgRNA holds the sequence we want to substitute. The sgRNA is compromised of 20 bases including the base that is going to be mutated. For example, our sgRNA sequence can be; uacucgucagcuaaugauu. The GCT codes for the alanine we want at the position 328. The sgRNA (the target sequence) forms a complex with CAS9 protein. CAS 9 is a nuclease enzyme that has the capacity to cut DNA. The gene dat-1 enters the CAS9 protein and the sgRNA, which had formed a complex to CAS9 protein, finds the specific target and binds to the sequence of the gene that is undone. After the matching of the bases the gene sequence is cleaved off and we have two separate double helix strands of DNA that are going to be paired back using non homologous end joining.               

Discussion 

If all goes well, the we can measure the dopamine uptake as similarly done by Loland et al. where, he was able to see that the Dopamine uptake level increased as the concentration of Zinc ions increased in the mutated hDAT due to zinc becoming an activator and uptake of Dopamine decreased in the wild type as the concentration of Zinc increased due to Zinc being an inhibitor of uptake in wild type C.elegans (fig .5). 
In addition to this, with the effects of locomotor experiment on the C.elegans, there are two possibilities/ outcomes and they are:

1. C.elegans’s locomotion is not affected by the exposure to cocaine. 

2. C.elegans locomotion is affected by the exposure 

In the case of number 1, where the C.elegans with the mutated DAT shows no effect in locomotion compared to the wild type exposed to cocaine, we can possibly start looking into a drug analogue (to the mutation of tyrosine to alanine) that could potentially switch the inhibitory Zinc into an activating one so that it could potentially increase the DA uptake and reduce the side effects of cocaine.  
In case of number 2, it means that even though Zinc in mutated DAT increases DA uptake it does not prevent cocaine form unleashing its side effects on the locomotion of C.elegans. This might call for looking at different neurotransmitters and their transporters and see how cocaine interacts with them.
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Fig.1- Cocaine enters the brain; it binds to the Dopamine Transporter (DAT). This prevents the neurotransmitter Dopamine form being able to use DAT to get back to the nerve cell that initially released it. (figure was adapted from Science.education.nih.gov).
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Fig.2- This 2D figure shows the Human Dopamine Transporter and Zinc ion with the three amino acids it binds to (H193, H375 and E396). In addition, it also shows the Tyrosine at position 335, which was mutated to alanine. (Figure was adapted form Loland et al). 
        S   L    G    P    G     F   G V   L   M   A   Y   S   S   Y   N   D   F   H   N  333

954 tca tta ggg cca gga ttc gga gtt ctc atg gca tac tcg tca tat aat gat ttc cat aat
 334 N   V   Y   V   D   A   L

        aat gta tat gtg gat gct ctt

Fig 3- Dat-1 gene of C.elegans and the amino acids it coeds for. The sequences were obtained form NIH Gene/protein database and aligned by which gene sequence coded for the amino acid using Microsoft word. 
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Fig4- This figure shows sequence relationship between human DAT and C.elegans DAT. Comparing at position 328 of cDAT and position 335 of hDAT both have an alignment of Tyrosine. (Figure adapted from Jayanthi et al)7. 
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Fig .5 The figure adapted from Loland et al1 shows that as the concentration of Zn2+ increases, the Dopamine uptake of the mutant DAT (Y335) increases while the Dopamine uptake of the Wild type human DAT is decreasing due to zinc ion acting as an inhibitory in wild type and as an activator in the mutated DAT.
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