Molecular Biology Lab Report

Isolation, Cloning, and Expression of the IDP1 Gene from S. cerevisiae in E. coli

Abstract


In the process of a semester-long laboratory course we have learned many molecular techniques similar to those of a graduate school laboratory rotation.  Over 12 weeks we have manipulated DNA from Saccharomyces cerevisiae to express a desired functional protein, isocitrate dehydrogenase, in Escherichia coli.  The process included database research, PCR primer design, PCR amplification, plasmid cloning, southern blot analysis, expression in E. coli, western blot analysis, and a functional enzyme assay.  We show in this report a successful result where the desired protein is correctly expressed and verified by a functional assay.

Introduction


The following project outlines the laboratory portion of an undergraduate molecular biology course .  The course emphasized the understanding of molecular methods and techniques through isolating, cloning, and expressing a gene: the five homologs of isocitrate dehydrogenase (IDH) in Saccharomyces cerevisiae.  


IDH is an enzyme involved in a cell’s citric acid pathway responsible for converting isocitrate to -ketogluterate.  This reaction is mediated by the concentrations of isocitrate, magnesium ion, and NAD+.  This cytosolic enzyme is paralleled with the mitochondrial form (IDP) which requires NADP+ cofactor rather than NAD+ (Loftus et al., 1994).  This protein is of particular interest because it is vital in aerobic cellular metabolism, homologous across many species, is sequenced and well-studied, and has been used as a model protein for undergraduate instruction (Mooney and Campbell, 1999).


Since yeast genes have been found to be homologous to those of larger organisms, S. cerevisiae has been widely accepted as a model system for genetic research.  For the purposes of this experiment, yeast was chosen since its genome does not contain introns thus allowing us to clone straight from gDNA.  Another organism commonly used in biological research is Escherichia coli – a bacteria frequently manipulated with foreign DNA to express a desired protein.  This lab used the combination of yeast DNA in plasmid transformed into E.coli cells to express a tagged recombinant IDP1 protein.

Materials and Methods

Purification of gDNA.  Total genomic DNA was purified from wild-type Saccharomyces cerevisiae and analyzed by spectroscopy to determine concentration as described in Campbell (2002).   

Primer design and PCR.  Using sequence data published on the Saccharomyces Genome Database (http://genome-www.stanford.edu/Saccharomyces), primers were designed to amplify the open reading frame of each gene as listed in table 1.  The PCR reaction was run according to the protocols outlined in the “Taq PCR Handbook” using Taq PCR Master Mix by Quiagen #201443, except reaction conditions were modified to vary the magnesium concentration to 2.0 mM and 2.25 mM in two different trials.  Also, the total reaction volume was increased from 50L to 100 L to ensure PCR product.

	Gene
	Direction
	Primer Sequence
	Tm (°C)

	IDH1
	Forward
	ATGCTTAACAGAACAATTGC
	46

	
	Reverse
	TTACATGGTAGATAATTTGTTG
	46

	IDH2
	Forward
	ATGTTGAGAAATACTTTTTTTTAG
	45

	
	Reverse
	TTATAATCTCTTGATGACTG
	44

	IDP1
	Forward
	ATGAGTATGTTATCTAGAAG
	44

	
	Reverse
	TTACTCGATCGACTTGATTT
	46

	IDP2
	Forward
	ATGACAAAGATTAAGGTAGC
	46

	
	Reverse
	TTACAATGCAGCTGCCTCGA
	52

	IDP3
	Forward
	ATGAGTAAAATTAAAGTTGTTCAT
	45

	
	Reverse
	TTATAGTTTGCACATACCTT
	44


Table 1.  Primers designed from published open reading frame sequences of IDH genes and projected Tm values.

Ligation, Transformation, and Screen.  Purified PCR product was ligated into Quiagen pQE-30 UA cloning vector using QiaExpress UA cloning Kit #32179 and transfectred into competent JM109 strain of E. coli cells as described by “E. coli competent cells” except transformation reaction incubated for only 45 minutes rather than the recommended 60.  Cells were plated on LB-ampicillin media and grown overnight.  Eight clonal colonies were chosen for screening

Southern Blot.  Total gDNA was probed with PCR product and blotted onto a Nytran membrane under alkaline conditions.  The procedure is described in Campbell (2002).  

Western Blot and Enzyme Assay.  Proteins were isolated from E. coli cells using procedure described in “Ni-NTA Spin Handbook” except a clean column for the final wash was mistakenly not used, thus introducing the possibility of contamination.  Protines were run on 4-15% vertical gradient gel and probed with RGS-His6 antibody.  The enzyme assay was conducted on spectrophotmeters as described in “Laboratory Manual” with special emphasis on varying concentration of recombinant protein.

Results

Quantification of the concentration of the gDNA was necessary for the PCR reactions. The concentration of the gDNA was 20.5 L/mL.  PCR reactions were performed using Taq DNA Polymerase, the primers designed from the ORF sequence of IDP1, and the purified gDNA from S. cerevisiae. Since 5 x 104 DNA copies was the ideal number of starting template for the reaction, and using the concentration of gDNA, it was calculated that 2.03 L of gDNA stock was needed for successful PCR. However, cutting the total volume of the reaction created the concentration of DNA to be too weak for proper amplification.  Although a 50 L aliquot did not yield any PCR product, DNA amplification was detectable when the reaction was repeated using 100 L (Figure 1).  
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Figure 1.  0.9% agarose gel in 0.5X TBE loaded with PCR product from 100 L reactions (lanes 1-8, left to right: IDP1, IDP2, IDP3, IDH1, IDH2, 1kb ladder, IDH2 with 2.25 mM 2.0 MgCl2).  The bands at ~1000 kb molecular weight indicate the presence of PCR product.
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