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Introduction:
	Alcohol is a commonly abused substance among humans that presents a variety of social and health problems.  Health problems of alcohol use disorder include greater risk of certain cancers, weakened immune system, heart disorders, and damage to the central nervous system[footnoteRef:1].  According to the National Institute on Alcohol Abuse and Alcoholism (NIAAA), an estimated 18 million people in the United States have an alcohol disorder in the form of abuse or dependence.[footnoteRef:2]  Dependence stems from the development of alcohol tolerance, which is the acquired resistance response to the pleasurable aversive effects of the substance.   [1:  Morozova et al. (2006)]  [2:  National Institute on Alcohol Abuse and Alcoholism of the National Institutes of Health] 

	While previous studies have shown that genetic and environmental factors can predispose humans to behavioral responses, such as alcohol abuse, sensitivity, and tolerance, the actual genes and the mechanisms underlying these behavioral responses are largely unknown[footnoteRef:3]. There are only a handful of genes that have hold established roles in human alcohol disorders.  Therefore, it is crucial to identify these genes and understand how they function in response to alcohol exposure in order to develop therapeutic treatments targeted at molecular/genetic level factors for people with alcohol disorder.   [3:  Kong et al. (2010)] 

	 Since genetic and molecular pathway investigations are difficult to perform in human population due to the widespread variety of the genetic and environmental factors, model organisms, specifically Drosophila fruit flies, are used instead to conduct investigations in a relatively controlled environment.  This model organism is also useful for these genetic experiments due to their similar genetics to humans as well as conserved behavioral responses to alcohol.  Many genes identified in fruit flies may be mapped back to human genome and could provide similar results.  
	Through these experiments, the Chloride Intracellular Channel (CLIC) gene expression was identified by Bhandari et al (2012) to play a major role in development of ethanol sensitivity in Drosophila[footnoteRef:4].   They first identified the CLIC gene from a list of possible ethanol-responsive gene candidates provided through multiple DNA microarray studies, also known as DNA chip( discussed in more detail in experiment section).   In order to test the gene, this experiment  overexpressed and silenced the CLIC gene, then measured organism activity in both scenarios after being exposed to ethanol.  Over-expression of CLIC gene was achieved through amplification of existing CLIC DNA through PCR and injecting it as a viral substance into the organism.  This injection was known as the AAV-CLIC.  On the other hand, the injection to silence the CLIC gene was known as CLIC RNAi.  Finally, a control group was made where nothing was injected into the organism.  The animals were tested on 3 weeks after injections and were evaluated based on locomotor activity, anxiety, and loss of righting reflex(LORR) after ethanol exposure.  The LORR was measured by the duration in which the animal cannot right itself back onto its paws.  In flies, this was measured by climbing speed of the flies to the top of a jar after inducing ethanol.  The results showed that CLIC played a huge factor in the fly sensitivity to alcohol. [4:  Bhandari, P. et al (2012) ] 

	Further investigation revealed that CLIC4, a protein produced by expression of the CLIC gene, has multiple functions, such as cell trafficking between the cytoplasm and the nucleus as part of the TGF beta signaling pathway, a molecular pathway that leads to the expression of certain genes though transcription.  The CLIC also interacts with and activates key proteins, Smad2/3, in the TGF beta signaling pathway.[footnoteRef:5]  Smad 2/3 functions as transcription factors that regulated the expression of certain genes, that are unknown at this point, but may relate to the development of ethanol sensitivity in flies due to the heavy involvement of CLIC.  This leads to the purpose of this investigation, which involves what genes are influenced by the TGF beta pathway, through which the CLIC protein is a major component of?  The results of this experiment could lead to the opening of many branches of possible genetic experimentation to bring us closer to identifying the underlying molecular mechanisms and genetic factors, which, when mapped back to humans, can help develop therapeutic treatments for alcohol abuse. [5:  Shukla et al (2009)] 


Experiment:
	The aim of this experiment is to identify the genes involved in the TGF beta signaling pathway that have a high possibility with being involved in development of ethanol sensitivity in flies.  Specifically, the experiment strives to assess, through a DNA microarray study, which genes are expressed under the conditions of over expression and silencing/denaturing of Smad 2/3 proteins, critical to the TGF beta pathway, in Drosophila with and without alcohol exposure.  I would expect  major differences in expression of certain category of genes between all four scenarios in the investigation: over-expression of Smad 2/3 proteins with alcohol exposure, over-expression of Smad 2/3 proteins without alcohol exposure, silenced Smad 2/3 proteins with alcohol exposure, and silenced Smad 2/3 proteins without alcohol exposure.  The two scenarios where the Smad proteins are silenced will likely be most similar due to the fact that without Smad proteins, the TGF beta signaling pathway will not function, thus the genes which the transcription factors activate will likely not be expressed.
	The main method used in this experiment is known as DNA microarray, or simply DNA chip.  Originally, scientists in the 20th century studied genes by mapping them, sequencing, and analyzing the proteins they encode, one gene at a time.  In the scale of 20,000 genes in the human genome, this would take many years as shown by the human genome project.  Thus, the DNA microarray was invented in order to study massive amounts of genes in a single experiment.  Essentially, all the genes are shown as microscopic DNA spots on a solid DNA chip.  If a certain gene is being expressed or is "on", it means that molecules of messenger RNA, mRNA, are being produced.   Through the microarray, it is possible to pinpoint differences in gene expression between cells that are exposed to different conditions, such as alcohol exposure.  The DNA microarray chips are made through sequencing the entire genome of the organism, in this case Drosophila, identifying where each gene is located on the genome, and perform PCR to create complement primer pairs to make copies for every gene and form them into single strand DNA.  These are ordered into proper rows and columns on a glass microscope slide/chip.  
	The DNA chip used for Drosophila genome may be made from scratch or can be provided by a local biotechnology lab.  Four groups of 200 flies each are prepared for the experiment.  Two of these four groups have Smad 2/3 proteins silenced while the other two have the proteins over-expressed.   The extraction and isolation of mRNA from the different groups of fruit flies are performed after two of these groups of 200 flies, one with Smad 2/3 proteins and one without, are exposed to ethanol vapor for 30 minutes.   Afterwards, all the flies are frozen and samples are taken from the heads of the flies.  These samples are centrifuged in order to separate the RNA from the rest of the cells and fly material.  Protein, DNA, and other fly material will be in the bottom layer of the centrifuged tube and the RNA will be the upper layer.   Since only mRNA reflects gene expression, the ribosomal RNA, rRNA, and transfer RNA, tRNA, are washed off to isolate only the mRNA.  A complimentary copy, known as cDNA, of this isolated mRNA is made through the use of reverse transcriptase, which also includes a colored fluorescent label for easy identification on the DNA chip (figure 1).  [image: http://bitesizebio.s3.amazonaws.com/content/uploads/2011/07/cDNA-microarray-experiment.jpg] Figure 1
This cDNA also serves the purpose of being more stable than RNA, which reduces risk of error in the experiment.  In this case, a green fluorescent label will indicate the cDNA of flies that have Smad 2/3 proteins silenced while the opposite will have a red fluorescent label.  All 9 different combinations of the 4 groups are prepared on different multiple array chips with two groups being on a single chip at a time. Since the microarray chip contains the complementary strand of every single gene in the Drosophila genome, the cDNA from the sample will match up, or hybridize, with its complement.  Any cDNA that is not hybridized will be washed off. When the microarray is scanned and merged, there are likely multiple genes that are expressed in both groups, indicated by a yellow color.  These are unimportant as they are unaffected by the change of Smad 2/3 protein presence.  The genes of interest are the ones that are expressed in one condition and not the other, indicated by green or red in the merged microarray chip.   These genes are cataloged and compared to identify how much Smad 2/3 proteins, and in larger terms the TGF beta signaling pathway, affects the expression of genes with and without alcohol exposure.  These genes will be further investigated in terms of their role in development of ethanol sensitivity, as suggested by experiment involving the CLIC protein, which is a key part of the TGF beta signaling pathway.  


Discussion:
	If everything goes well, there will be at multiple different microarray chips properly scanned and cataloged in terms of which genes were expressed in each unique group.  All the genes that are not affected by the change in Smad 2/3 proteins will likely be removed from consideration.   Welcome results would include easily discernible patterns of gene expression among the different categories.  They may or may not make sense for the time, but having categories of genes would make further experimentation much simpler to approach.  An unwelcome result would likely be that none of the genes are affected by the change in Smad 2/3 protein presence, which is highly unlikely but would make further investigation difficult.  On the other hand, it would provoke a unique discussion as to why such a phenomenon might occur.  
 	 In terms of errors/pitfalls during experimentation, multiple trials of each group may be necessary as contamination or unsuccessful washing of RNA may result in false positives or other types of error in the microarray.  The genes that are found through experimentation may be confirmed through quantitative PCR (qPCR) as demonstrated by Kong et. al (2010).  
	There are multiple limitations involved in this investigation that could be avoided, but would make the experiment much more complex and difficult.  For example, this investigation only involves the genes of Drosophila, while do possess conserved behavioral responses to ethanol exposure as humans and other popular model organisms, such as C. elegan worms and mice, may not be completely accurate in genetic response.  Not all genes translate into a phenotype easily measured in behavioral responses.  Therefore, the information given through this experiment has a chance of being applicable to other organisms, hopefully humans, but may simply be limited to Drosophila.  This can be remedied by performing the same experiment on other organisms and using those DNA microarray studies as further comparison with the results of this experiment.  Therefore, even if the information is limited, the results of this experiment will regardless provide more gateways into the investigations of genetic factors that influence alcohol disorders.  Additionally, the microarray method is, regardless, a most useful tool in doing studies such as these where everything is largely unknown and this is the best path to move forward with.  
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