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Introduction

The main purpose of the experiment was to analyze and detect DHFR by western blot and the sequence analysis. It was made successful using five different antibodies which were GST, HIS, DHFR, FLAG, Tubulin. The gene of interest was DHFR which is important in research aimed at pharmaceuticals and cancer. The enzyme is important in the reduction of dihydrofolate to tetrahydrofolate (THF). THF is essential in DNA synthesis which together with methylation eventually makes it possible for gene expression (Askari, 2010). The DNA results to recombinant proteins which aid in the isolation and expression of proteins in molecular cloning. 
The main purpose of the experiment was accomplished through SDS PAGE of purified His-tagged DHFR, purified GST-tagged DHFR, cell lysate from HEK293T, and cell lysate control from HEK293T cells (CMMB, 2017). The two samples were purified while the other two are whole cell lysates so that it can make a difference when they will be tagged with antibodies. Tubulin will help in making a difference between the whole cell lysate and the samples that are purified. 
For the western blot analysis, the proteins were transferred to nitrocellulose fiber that was tagged with the five antibodies. A comparison was then done with computed sequence analysis so as to see if the results have some similarities. SDS PAGE separates cell lysate according to their sizes which is the very first step while undertaking Western Blot (Mahmood, 2012). Western Blot aims at separating cell lysates then tagging a target protein with substrate solution and antibodies (CMMB, 2017).  An interesting part of Western Blot is the use of milk to block some of the membrane sites from having unspecified bonding of the primary antibody. This makes it possible for the protein of interest, which is DHFR to be bounded by the primary antibody. 
The secondary antibody conjugates into alkaline phosphate which is a substrate enzyme that precipitates purple-blue in color. The secondary antibody then binds with the primary antibody which will allow visualization of the proteins as bands (CMMB, 2017). The western Blot will give analysis on the characteristics of the tagged proteins by using the molecular weight. A computational analysis of the same proteins will be compared with the results to have a better analysis. Western Blot has the ability to detect tagged proteins at a glance through multiple steps as compared to other reagents. 
The hypothesis guiding the project was that computational analysis would have the best results and detailed representation of the proteins. The expected result of the experiment was that computational analysis would give location of tagged DHFR protein and as well give information on the location of the protein. The information should have a correlation to each other.

Materials and Methods

SDS PAGE of Purified Protein and Cell Lysate Samples:

The first step of this lab was to perform SDS PAGE on four purified protein and cell lysate samples; purified His-tagged DHFR, expressed and purified from E. coli, purified GST- tagged DHFR, in vitro-translated from wheat germ extract, whole cell lysate from HEK293T cells overexpressing Myc-Flag-tagged DHFR, and whole cell lysate control from HEK293T cells (CMMB, 2017). A 12%,  12+2  well TGX  polyacrylamide  gel  was  prepared  for  loading  by removing the combs, rinsing with DI water, and placing in electrophoresis chamber with 1X running buffer to cover the top of the wells, removing all bubbles. The samples were then heated in a heat block at 95°C for 2 minutes. Each sample was centrifuged quickly and left at room temperature until ready to be loaded (CMMB, 2017). The kaleidoscope standard (15µL) and four samples (20µL) were loaded in the following order: kD ladder, purified GST-DHFR, purified HIS-DHFR, myc-FLAG-DHFR lysate, and control lysate. The remaining wells were loaded with
20µL of 1X Laemmli. The gel was then ran at 300 volts for 30 minutes. After the dye had run down 2/3 of the gel it was removed and was ready to be transferred (CMMB, 2017).

Transfer of Proteins to a Nitrocellulose Filter from SDS PAGE for Western Blot Analysis:
The purpose of this was to transfer the information from SDS PAGE to a nitrocellulose filter for analysis. The first step in this transfer process was to build a transfer sandwich. The sandwich was assembled in a large plastic container with (some amount) of transfer buffer. A transfer clamp was placed in the tray as the base of the transfer sandwich. On the base, the following sandwich was built with these pieces in order: clamp, a Scotchbrite pad, 2 pieces of Whatman paper, the gel containing proteins (rolling out any air bubbles with a small roller), anitrocellulose filter, 2 pieces of Whatman paper, and finally, another Scotchbrite pad (CMMB, 2017). The transfer clamp was then closed and the sandwich was placed in the gel box in the proper orientation so that the proteins will transfer from the negative to the positive end of the filter. The transfer sandwiches ran at 100mA for 1 hour (CMMB, 2017).
After 1 hour, the sandwiches were removed from the gel box and disassembled. The filter paper that contained the transferred proteins, now called the blot, was carefully removed with tweezers and placed in a small dish with 5% dry milk and TBST buffer to block and the dish was left to rock for 30 minutes. The blots were then rinsed with TBST and left in plastic wrap for later analysis (CMMB, 2017).
Western Blot Analysis of Purified Protein and Cell Lysate Samples:
The purpose of this step was to visualize and analyze the Western blot with 5 different primary antibodies. To begin, the blots from last week were obtained and submerged in a tray of TBS for 3 minutes. The TBS was then decanted and 5mL of the 1:500 primary antibody solution and 5% dry milk block solution was added to the tray. The cover was put on and the tray was gently rocked for 45 minutes (CMMB, 2017). After 45 minutes, the primary antibody solution was decanted and the blot was washed 3 times with 10mL of fresh TBST and rocked gently for 3 minutes in between each wash. After the final wash, 5mL of the 1:2500 (2µL of antibody and
5mL  of   5%   dry   milk   solution)   secondary   antibody   solution   (goat-anti-rabbit   alkaline phosphatase) was added to the tray (CMMB, 2017). The tray was the rocked gently for 35 minutes with a cap on at room temperature. After 35 minutes, the secondary antibody was decanted and the blot was washed once again in the same manner as the first wash but the TBST was left to incubate in the tray for 5 minutes rather than 3 minutes. After the last wash, TBS was added to the tray for a few minutes prior to developing (CMMB, 2017).The TBS was decanted and the blot was moved into a new tray. 2mL of a substrate solution of MBT/BCIP that has been metabolized by the alkaline phosphatase enzyme attatched to the secondary antibody was added to the tray. It was important to ensure that the whole blot was submerged in the substrate solution. The blots were observed for 1 hour or until bands began to develop. A photo was taken after the bands developed and each of the antibodies were recorded and analyzed (CMMB, 2017).
Sequence Analysis of Tagged DHFR Fusion Proteins:

A set of given nucleotide and amino acid sequences of the tagged DHFR fusion protein was used to determine the expected weight of each protein in Daltons. This was done through the program EXPASY to translate between nucleotide and amino acid sequences. The amino acid sequences were also used to determine whether the location of each was on the C or N-terminus and the results were recorded. This was done by the BLAST program to line up two protein sequences (CMMB, 2017). All of the information was recorded and used to analyze and compare both the Western Blot and sequence analysis.

Results

Western Blot:

Blots exhibited bands at predicted areas like the tubulin antibody, however Some blots missed the expected bands or had extra bands such as with GST and DHFR blots. The size and force of the groups were not anticipated yet there a wide range of band sizes and power which could have different clarification like the nature of the proteins and tests or maybe an exploratory mistake. These molecular loads gotten were then contrasted with the anticipated loads from the grouping examination which were very comparative. 
Sequence analysis 
Shown in the table are the proteins along with their predicted weights and either they were determined to be on the N or C terminus. The translation and predicted weights of the three tagged DHFR fusion protein was determined through the EXPASY. The amino acids sequence of each protein was aligned to determine the location of each tag, whether it is at the N terminus or the C terminus of the protein of interest. The His-tagged DHFR was found on the terminus while the other two fusion proteins tags were found on the C terminus (Table 1).

	Tagged DHFR Fusion Protein
	Predicted Weight (kD)
	Terminus

	His-tagged DHFR
	23.616
	N

	GST-tagged DHFR
	47.506
	C

	Myc-Flag-tagged DHFR
	25.054
	C



Discussion
The results of this lab did support the hypothesis in that the computational analysis was gave more accurate and reliable results. However, the Western blot was easier to visualize and did not vary much from the computational analysis when compared to one another.
Some additional bands that appeared such as in the case of FLAG antibody (Fig. 1C), the additional bands could have been the result of nonspecific binding of antibodies so it cannot be fully determined if that extra band contained the antibody or some other substance. The contents of the lysate also did not specify any specific percentage or purity so that could have been another factor in the case of additional bands. In the case where the predicted and actual location of the bands were only 2-3 kD off such as with antibodies FLAG (Fig. 1C) and Myc (Fig. 1D) of one another is can be disregarded since they are only estimates with no way to determine the precise location of the bands, only a general area.
For the computational sequence analysis, the location of the tag, whether it started on the N or C terminus was determined by aligning two proteins and seeing if the subject started at 1 or some other number. Starting at 1 means that that tag was located on the C or COOH terminus while if the sequence had started on any number other than 1, it would mean that the tag is on the N or NH terminus on the protein of interest.
Monoclonal antibodies and polyclonal antibodies differ in that monoclonal antibodies recognized only a single epitope while polyclonal antibodies recognize multiple epitopes. This is relevant in that polyclonal antibodies will show up darker on the blot as opposed to a monoclonal antibody. A comparison can be made between the FLAG and Myc antibody which displayed bands in the same area but the thickness and darkness of both bands were significantly different. The FLAG antibody was noticeably thinner and lighter in comparison to the Myc antibody so it can be said that FLAG is a monoclonal antibody. The opposite can be said about the Myc antibody so it can be presumed that Mcy is a polyclonal antibody.
Some sources of error that could have possibly affected the results are improper blocking, improper SDS PAGE loading, or low protein concentrations (Mahmood, 2012). This is possible since the company in which the samples are obtained from do not specify a certain concentration of a protein, on that it is present in the solution. If this lab were to be repeated, having a better and more consistent batch of antibodies would improve the quality of the blots and could bring about a more accurate result and the data of the Western blot and computational sequence analysis would line up with one another even more.
The study of recombinant proteins such as DHFR is so important because just in the past few decades, recombinant DNA technology has improved human life in immense ways, not just in the medical field but also the environmental and agricultural fields. Within the medical field it is known to play a vital role in developing new vaccines and research. For example, recent studies and labs have been able to synthesis synthetic insulin and erythropoietin from genetically modified bacteria. In the agricultural aspect, the study of recombinant proteins is important that it is used in modifying plants to become more resistant to harmful agents (Khan, 2016). Recombinant proteins and DNA technology is also more cost and time efficient in comparison to other experimental techniques. With more research of recombinant proteins such as DHFR, DNA technology can potentially revolutionize the developing world from disease, environmental and agricultural problems currently being faced.
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