Project Template:  Designing Cloning Strategies from Purified Protein.

This assignment is appropriate for smaller class sizes that can be divided into groups. Each group can be assigned strategy one, or the class can be divided into two or three groups, one for each of the strategies below.  The students are told that all they have to start with is a tube of purified protein from a specific organism.  Have each group research how they would design experiments to get from the purified protein in the tube to obtaining (cloning) the gene for that protein.  They should end up with a sequence of events for each strategy similar to what is outlined below.    This is a difficult project for non-majors and would be best tackled in conjunction with brain-storming sessions with the instructor or T.A.  The groups do formal presentations in class to present their findings.  If appropriate, the students can be asked to write exam questions for their topic, which could be included on the exam taken by the entire class.  An alternative way to assign the students to research the strategies is to provide the individual students in the group each with one or two of the steps.  Each student would research their assigned step in the process, and then would work with the rest of the group to pull together a presentation/report on the entire strategy.   

Alternatively, a less involved assignment would be to give the students a sheet with all the steps for all three strategies in scrambled format, which they would then have to place in order, writing explanations for each step. 

(Intermediate conceptual understanding)

Strategy 1:  Screen an expression (cDNA) library.

A.  Cleave protein into peptides.

B.  Sequence peptides.

C.  Obtain N-terminal protein sequence, if possible.

D.  Use purified protein to produce antibodies in a host animal.

E.  Acquire expression cDNA library (make or purchase)

F.  Screen expression library with antibodies to obtain positive clones (putative genes for purified protein)

G.  Sequence positive clones.

H.  Compare translated gene sequence (protein sequence of clones) to peptide sequence information to confirm clone is gene for the protein of interest.

(Advanced conceptual understanding)

Strategy 2: Screen a DNA library by PCR.

A.  Cleave protein into peptides

B.  Sequence peptides.

C.  Obtain N-terminal protein sequence, if possible.

D.  Design degenerate primers to peptides.

E.  Compare peptides to known protein homologue of a closely related species (can only do this if you know what the protein is, if similar proteins have been sequenced, and if you can match peptide sequences to homologue sequence.  This way when you perform PCR, you will know approximately what size piece to expect (assuming a cDNA library with no introns). 

F.  Use degenerate primers to screen a library.

G.  Sequence positive clones.

H.  Compare translated gene sequence (protein sequence of clones) to peptide sequence information to confirm clone is gene for the protein of interest.

(Advanced conceptual understanding)

Strategy 3:  Search a genomic or EST (Expressed sequence tag) sequencing project database.  

A.  Check to see if there is a genomic sequencing project ongoing or completed for the organism of interest.

B.  Cleave protein into peptides.

C.  Sequence peptides

D.  Obtain N-terminal protein sequence, if possible.

E.  Use “BLAST” alignment tool to search (translated) nucleotide sequences in genomic database, using peptides as query sequences.

F.  Obtain actual DNA containing gene by:

1.  acquiring clone from project database

2.  using sequence information in database to design PCR primers to clone gene:

a.  By screening cDNA library or genomic library

b.  Directly amplifying whole gene from purified genomic DNA.    
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