Recombinant DNA Demonstration and Problem

Introduction, explanation and points for discussion:


Recombinant DNA technology is used in almost every modern biology lab.  When we want to introduce a novel gene, make a targeted mutation, or search for a gene, we use recombinant DNA techniques.  In this demonstration and accompanying problem, the student is introduced to the basic principles of restriction enzyme digestion, cloning, and gel electrophoresis all of which are essential recombinant DNA techniques.


Restriction enzyme digests are essential for cloning, but they also allow us to revisit many of the ideas discussed in the course.  The enzyme is a homodimer (protein-protein interactions) binds to a palindromic DNA sequence, and can create blunt or cohesive ends  (5’-3’ directionality and the complementary nature of DNA).  
Reagent Preparation:

(mostly taken directly from or modified from Sambrook and Russell, 3rd Edition, Cold Spring Harbor Laboratory Press 2001).

1) Loading dye:

a) for use in gels to be stained with Instablue 

(or ethidium bromide gels during cloning procedures)

30% (v/v) glycerol

0.25% (w/v) bromphenol blue

0.25% (w/v) xylene cyanol

in ddH20

b) orange loading buffer for use in BlueView gels

2) EDTA 0.5M (pH8.0)

46.5g disodium ethylene diamintetra acetate 2 H20

add to 200 mls of ddH20

adjust pH to 8.0 with NaOH pellets (approx 5g)

bring up to 250ml (wasn’t far off)

sterilize by autoclaving

I found that the EDTA didn’t go completely into solution until it was almost at pH8

3)50X TAE

242g Tris Base

57.1 ml glacial acetic acid

100ml 0.5M EDTA (pH 8.0)

bring up to 1L with ddH20

4) restriction enzymes: purchased from New England Biolabs  Inc.

HincII
#103S

MfeI 
#589S

NdeI
#111S

5) DNA marker: 1kb DNA ladder purchased from New England Biolabs Inc. catalog #N3232S

6) Blue View Stain in 10X TAE buffer

Sigma–Aldrich Product number: T8935 

7) Plasmids:


DsRed1-N1 was purchased from Clontech (BD Biosciences cat#6921-1). 

The DsRed1-N1 was digested with HincII for 3 hours at 37C in buffer 3+BSA and then run on a 1% agarose TAE gel.  The bands containing a) the vector without DsRed and b)the DsRed cDNA were isolated and purified using the Qiagen Gene clean spin columns.  

8) Gel display boxes: Nalge NUNC 242811 (10047)

9) Agarose 

A. Preparation of the samples:

1. Set up restriction digests with pN1 and pDsRed1N1 as follows:


A. 
15l of DNA (from a 50l Qiagen miniprep)



5l of buffer #3+BSA



3l of HincII



27l of H2O


B. 
15l of DNA (from a 50l Qiagen miniprep)



5l of buffer #4



1.5l of MfeI



1.5l of NdeI

27l of H2O

2. Incubate 37C overnight (to guarantee complete digestion)

3. Add loading buffer and dye to the appropriate dilution:


Blue (for pre-run and Instastained gels) 1:6


Orange (for gels run in section with BlueView) 1:4

B. Preparation and running of the pre-run gel:

1. Prepare an agarose gel by adding 1%w/v agarose to 1X TAE, microwave until boiling and the agarose has dissolved.  

2. Once the mixture has cooled but not yet solidified, pour into the gel tray containing a

comb with small or medium sized wells. 

3. Once the gel has cooled until completely solidified, remove the comb and the end gaskets and place the tray in the reservoir, fill with 1XTAE until the gel is submerged (do not add so much buffer that the gel is deeply submerged or it will take longer for the gel to run).  

4. Carefully draw the sample into the pipetteman, rinse the tip in the buffer at the bottom end of the gel, and load the entire sample slowly into the well. 

5. Repeat for all remaining samples.

6. Attach cover with leads so that the wells are near the anode and the cathode is at the far end of the gel.  

7. Attach the leads to the power supply. Plug in the power supply and run the gel at 100V. 

8. After 10 minutes the samples should have fully entered the gel and the dye front will begin separating.  Continue running the gel until the first dye front is 3/4 of the way to the edge of the gel.  

9. Remove the gel from the reservoir, place it on Saran Wrap and place a Instablue 

An alternative to the Instablue staining is to run the gel in BlueView 1XTAE.  This allows your to see the bands of DNA as they separate in the gel and does not require a destain process.  However, the background blue is often brighter and the sensitivity is less, so more DNA may be required. 

Stain the gel with Instablue from Sargent-Welch (cat# WL54470-03) for 15 minutes (smooth the paper over the top of the gel and place a light weight on top).  The gel should look very dark blue, have blobs of stain and generally look terrible.  Follow the destain protocol provided, 10 minute washes with warm water.  After 3 rounds of destain the gel will look better but you probably will not be able to distinguish DNA bands. Destain in water at room temperature overnight. After one more destain (the water from the o/n will be very blue) the gel should be done.  You will see dark blue bands with an overall light blue background. The bands are easily visible on a white background (like paper) and look even better on a light box.   Place the gel in a lidded tray (Nalge NUNC 242811 (10047)), parafilm the edges to seal and store at 4C.

Preparation of the gel to be run in section:

1. Prepare the gel as above, except use BlueView 1XTAE.

2.Prepare the samples as above except use the orange loading dye at 1:4.

Preparation and use of wire plasmids:  


I have found it very helpful to the students if I make a large plasmid out of rope or    

internet cable.  I label the different sites on the plasmid with lab tape of various colors.  For example, for this section problem I used:  

HindIII = red

EcoRI = green

MfeI = blue

Kanr = white with purple edges

DsRed = white with purple edges

NdeI = orange

Ori = yellow

The ends of the cable were the HindIII sites (as if the plasmid had been linearized) and a second piece of cable was labeled with the sites of the insert.  These two pieces can be attached using regular binder clips.  Such a set up allows you (or the students can manipulate the plasmid themselves) to demonstrate how the restriction digests would yield different size fragments depending upon the orientation of the insert.  

Supplies needed at time of demo:

1. pre-run gel in clear plastic box sealed with parafilm

2. wire plasmid and color code

3. Equipment for running electrophoresis gels

apparatus (box, tray, leads, power supply)

precast agarose gel (1% agarose in BlueView 1X TAE buffer)

500mls of BlueView 1X TAE buffer

funnel

pipette tips

pipetman

pre-digested DNA samples (preloaded with loading buffer and Orange dye)

paper towels

gloves

empty tips box

plastic waste bag

note: it is best to have all of this on a rolling cart.

Protocol for instructor:

Displaying the gel:

Some condensation may appear on the lid while the gel was kept in the cold.  After a few minutes at room temperature it usually clears up so it is best to take the gel out of the fridge a little while before it  will be used in class.

Instructions for running the gels:

Place a gel in the tray with the wells by the (–) mark (it will be on top if the overhanging tab of the tray is on the upper left).  Place this in the reservoir and fill the reservoir with buffer until just a little over the top of the gel.  Try not to add too much more buffer because the gel will run slower.  Mix each sample by pipetting up and down gently before loading. The first sample is approximately 30l and the others are approximately 22.   Run the gel at the 125V setting. The orange dye runs at about 50bp so it will get out of the way pretty fast. There is a box for used tips and a bag for any garbage (used gels, gloves, paper towels).  Remember to wear gloves (partially for effect, partially for safety, and partially so that your hands don’t get stained blue or orange).

Section Problem: Recombinant DNA/Cloning


You have been given a purified DNA preparation of pN1, a 3900bp circular plasmid, which contains a bacterial origin of replication (ori) and the gene for kanamycin resistance (kanr).  In addition, you also have a preparation of a linear DNA fragment that contains the entire gene for DsRed (a red fluorescent protein). These two DNA molecules with their known restriction enzyme sites are shown below:
[image: image1.wmf]
The restriction enzymes listed below cut the following sequences: 

HindIII cuts:
5'-A|AGCTT-3'

NdeI cuts:     
5'-CA|TATG-3'

         
  
     

3'-TTCGA|A-5'
                         
3'-GTAT|AC-5'  

MfeI cuts:  
5'-C|AATTG-3'

EcoRI cuts: 
5'-G|AATTC-3'

       


3'-GTTAA|C-5'



3'-CTTAA|G-5'

You want to produce a new plasmid, which will be called pDsRedN1.  It will contain genes that confer both kanamycin resistance and red fluorescence.  To accomplish this task, you have available the four restriction enzymes, HindIII, NdeI, MfeI, and EcoRI.  The recognition sequences where the enzymes cut the DNA are shown above.

a) To begin the cloning process, you digest both pN1 and DsRed DNA fragment with HindIII and separate the DNA samples by size on an agarose gel. Draw the pattern you would predict on the diagram below.
[image: image2.wmf]
You isolate the DNAs from the gel, mix them together in a tube and ligate them with the enzyme DNA ligase.  You take your ligation mix and add it to E. coli cells* which are then spread on kanamycin-containing plates (solid media in petri dishes) and grown overnight to isolate bacterial colonies.  

*Under special conditions, plasmid DNA can enter E. coli cells.  The plasmid DNA functions as normal DNA, i.e., genes on the plasmid can be transcribed and translated.  

E. coli cells that have incorporated a plasmid are said to be transformed.

b) Why is it necessary to grow the cells on plates containing kanamycin? 
Each bacterial cell that received a plasmid should grow up into a bacterial colony on a petri dish containing kanamycin media.  When the plasmid DNA from two of these colonies: plasmids 1 and 2, are analyzed by restriction enzyme analysis with a)HindIII and b)MfeI and NdeI, a distinct pattern is observed for each of the plasmids. The patterns seen after electrophoretic separation of the DNA fragments on a size separation gel are shown on the gel presented by your TA. 

c) Draw in the bands below according to their relative size compared to the DNA fragment size markers:

[image: image3.wmf]
d) Make a diagram for each of the plasmid molecules, 1 and 2 based on the restriction patterns shown in the gel above.

[image: image4.wmf]                                 [image: image5.wmf]
e) Make a diagram of what the plasmid would look like if the DsRed gene fragment had been inserted in the opposite orientation.   Also, make a diagram of what the gel would look like if the HindIII and MfeI/NdeI digests of this plasmid were separated by electrophoresis.
            [image: image6.wmf]               [image: image7.wmf]
f) You would like to generate a single product pDsRedN1 with the DsRed gene fragment in a unique orientation. Use any of the restriction enzymes provided to design such a procedure.  

Solutions to Recombinant DNA/Cloning

a)  pN1 would give a single band at 3900 bp and the DsRed gene fragment would give a single band at 800 bp.
b) When you mix the DNA and bacteria in the transformation protocol, most of the bacteria in the transformation reaction do not take up a plasmid. The presence of kanamycin prevents all these other bacteria from growing and allows you to select only those containing the kanamycin resistance gene.

c) please see the gel in the answer to e.

d)
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e) 
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f) Use HindIII and EcoRI to cut the pN1 plasmid and use HindIII and MfeI to cut the DsRed gene fragment. This procedure generates two different sets of compatible "sticky" ends on the vector and insert.  The HindIII overhangs of the vector and the fragment will hybridize and can be ligated together.  The EcoRI overhang on the vector is compatible with the MfeI overhang on the fragment and these will hybridize and can be ligated.  This allows the DsRed gene to insert in only one orientation.
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