EE 400/546: Biological Frameworks for Engineers
                                                                                                 February 7, 2006


Genetic Engineering

REMINDERS/ANNOUNCEMENTS


1.  Your take-home exams are due now.  Please hand them in!


2.  Your “Mathematical model of transcriptional regulation” assignments are due this Thursday (the 9th).


3.  Thursday’s session will be held in lab (More 320).  There is no formal pre-lab assignment to hand in, but please look over the lab protocol before coming to lab so that you will know what you’re doing.  Thursday’s lab tends to go a bit long and may go even longer for those who aren’t adequately prepared.  The protocol, like the previous one, is in Teranode format and is available online (at http://faculty.washington.edu/crowther/Teaching/Frameworks/CloningSpace_Feb06.zip).  For detailed instructions on downloading and using Teranode, consult the pre-lab assignment handed out before the previous lab (file “outlineW06.doc” from January 12th).

OUTLINE  OF  TODAY’S  LECTURE

I.  What is genetic engineering?

II.  What are the purposes (goals) of genetic engineering?

III.  Basic strategies and tools


A. plasmid vectors with antibiotic resistance genes


B. restriction enzymes


C. DNA ligase


D. transformation of cells


E. detection of cloned genes

IV.  Simple cloning exercise

V.  Advanced cloning exercise

 FIGURES  (images and text taken from www.accessexcellence.org)

[image: image1.png]g

\ D1 fraaments foin
atstcky ends

Sticky end

"

Stickyend 1

Resombinant s

Restriction Enzyme
Action of EcoRI




Restriction enzymes, also called restriction nucleases (EcoRI in this example), surround the DNA molecule at the point they seek (sequence GAATTC). They cut one strand of the DNA double helix at one point and the second strand at a different, complementary point (between the G and the A base). The separated pieces have single-stranded "sticky ends," which allow the complementary pieces to combine.  The newly joined pieces are stabilized by DNA ligase. EcoRI, one of many restriction enzymes, is obtained from the bacterium Escherichia coli.
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In DNA cloning, a DNA fragment that contains a gene of interest is inserted into a cloning vector or plasmid.

The same restriction enzyme (here, EcoRI) is used to cut both (A) the plasmid carrying a gene for antibiotic resistance and (B) a DNA strand containing the gene of interest. The plasmid is opened up and the gene is freed from its parent DNA strand. They have complementary "sticky ends." The opened plasmid and the freed gene are mixed with DNA ligase, which joins the two pieces as recombinant DNA.  This recombinant DNA stew is allowed to transform a bacterial culture, which is then exposed to antibiotics. All the cells except those containing the recombinant plasmid are killed, leaving a cell culture containing this desired plasmid.

SIMPLE  CLONING  EXERCISE

In the genome sequence of Propionibacterium acnes (bacterium that causes acne), you have discovered a gene predicted to encode a lipase.  This is an enzyme that breaks down lipids in the skin, and if an inhibitor could be developed, it might lead to a therapy for acne.  You want to find out more about this enzyme.  You plan to

1.  clone the gene

2.  express it in E. coli
3.  make lots of the protein and study it's properties

How would you clone this gene into E. coli?


-- assume you have a suitable cloning vector (pCR2.1 from Invitrogen; see next page)


-- assume you can use the techniques you learned about so far

The key here is how to figure out how you would get that gene, and only that gene.
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ADVANCED  CLONING  EXERCISE

Your group of researchers has been assigned the task of cloning a newly discovered fluorescent protein and expressing it in E. coli so that you can study it further.  When stimulated by UV light, this protein happens to emit purple light.  The gene for this protein is named husK and is naturally found in the genome of the seldom-seen and notoriously temperamental Wild Golden Dog (Canis insanus).   Fortunately, you already have a frozen sample of the dog’s cells.  The section of the chromosome containing husK looks like this.





Unfortunately, there are no convenient restriction sites on either side of the gene.

The vector into which you need to put the husK gene is shown below.  It only has two restriction sites, one for the restriction enzyme EcoRI and one for NotI.








Please come up with a detailed plan explaining how you will get the husK gene into pCM999, how you will get that vector into E. coli, and how you will select E. coli colonies that have the gene.  As you prepare your plan, be sure to address the following issues.  The instructor will be happy to assist you if you get stuck.

A.  The Wild Golden Dog is obviously a eukaryotic organism, so its genes have introns.  These are removed during normal eukaryotic mRNA processing, but prokaryotes don’t know how to handle introns.  Furthermore, you don’t know exactly where the exons and introns are in this gene.  How will you create a version of the husK gene without introns so that the mRNA will be translated correctly by E. coli?  (Hint: the enzyme reverse transcriptase, found in retroviruses, makes DNA copies from RNA strands.)

B.  There are no obvious restriction sites surrounding the husK gene, yet you still need to insert this gene into pCM999.  How will you do this?  (Hint: The 5’ end of a PCR primer does not need to be complementary to anything as long as there is a long stretch of complementary bases at the 3’ end.  Thus, when you design a primer, the 5’ end can include any sequence of nucleotides that you want.)

C.  The pCM999 plasmid shown on the previous page normally expresses the -gal gene.  The enzyme -galactosidase normally breaks the disasaccharide lactose into the monosaccharides galactose and glucose.  If the artificial substrate X-gal is provided instead of lactose, a blue product will be formed when -galactosidase attacks it.  Thus, if you grow E. coli cells on a plate containing X-gal, the cells expressing a functional version of -galactosidase will appear blue.  Cells not expressing functional -galactosidase will appear white.  This is called “blue-white screening.”


With all of that as a preamble, how can you use blue-white screening to help you determine which E. coli cells contain copies of pCM99 with husK?

D.  If husK gets incorporated into pCM999, it might be inserted in the “forward” orientation or the “reverse” orientation.  Is one orientation preferable to the other?  If so, how can you tell which plasmids have husK in the correct orientation?  (Hint: do a restriction digest and run a gel.  Which enzyme or enzymes will you use?  What fragment sizes will you expect?)
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