Molecular Biology

Lab 2

Purification of pGLO plasmid DNA from  E.coli transformants.

Today’s exercise is a common research technique.  Molecular biologists often use bacterial transformation, not simply to change the characteristics of the bacterium, but to use the bacterium as a factory for making many copies of a recombinant DNA molecule or as a means of producing a recombinant gene product /protein (lab later in the semester).
The most straightforward example might be in the production of human insulin for diabetics.  E. coli is transformed with a plasmid which, like the pGLO plasmid is engineered to replicate in bacteria, and which contains an antibiotic resistance  (selection)  gene (to make sure the bacteria have taken up the plasmid) as well as the gene encoding human insulin.  Each time the bacterium reproduces it reproduces one or more copies of the plasmid. They are a continuous source of the engineered plasmid. 
It is important to have a technique by which we can recover the plasmid DNA.  Since cells are mainly proteins and nucleic acids, a major step in purification is separating the two.  However, even when nucleic acids are separated from proteins, 3 types of nucleic acids are present---RNA, bacterial chromosomal DNA, and plasmid DNA.   RNA can be specifically destroyed using an enzyme called RNase.  The final obstacle is to obtain the plasmid without recovering the bacterial chromosome---since they are indistinguishable as DNA molecules in a test tube.

The recovery technique used today is based on two major differences between the bacterial chromosome and most plasmids. 

1) The plasmids are small and “free floating” in the cytoplasm.

The chromosome is large and attached to the plasma membrane.

***The chromosome will tend to remain attached to the plasma membrane when cells are broken open.  Plasmids will spill out in the contents of the cell (aqueous phase); the chromosome will not.

2) The plasmid will be in supercoiled form with many twists and tangles like an overwound rubber band. These tangles serve to keep the 2 strands in close proximity even under denaturing conditions. (strand separation)

The chromosome will be relaxed instead of supercoiled resulting in total strand separation during denaturing conditions. 

***When renaturation conditions are restored, the plasmid DNA strands will easily find their complementary strand; the chromosome will not reform double-stranded DNA.  
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Dr. Super will try to illustrate these concepts.  ;)
-----------------------------------------------------------------------------------------------------------------------
Procedure:  
You will use a commercially available kit for plasmid purification today made by a company called Qiagen.  Some adjustments to the protocol may be implemented to reduce running between Moore Science Center and Swain Hall!  (
Day 1 (Tuesday, January 22nd)  The later in the day, the better---but before 5:30 pm.

*To maximize the number of plasmid molecules we obtain from the transformed bacteria, we must allow the bacteria to reproduce.  E. coli reproduces maximally in LB media at 37 degrees C, with plenty of oxygen. 

Materials

E. coli transformants (colonies from LB/Amp and LB-Amp-Arabinose plates)

LB/amp broth media (replace on ice after you have taken your 5 ml)

LB/amp/arabinose broth media (replace on ice after you have taken your 5 ml)

Sterile loops

50-ml conical tubes

Sterile 5-ml pipets

Roller--pipetor

Procedure

One day before the purification---EACH PAIR of students should do the following… (Each pair will end up with 2 tubes to use tomorrow.)
1. Transfer 5 ml each type of broth to 2 separate sterile Red-capped 50-ml tubes (big tube provides lots of space for air.) Label with your team’s information and the type of broth and colony you will use.

2. Inoculate the proper broth with bacteria from a single colony of transformants.

a. Take a sterile loop.

b. Gently scrape a single colony from your LB-A plate. 

c. Put the loop with bacteria into the 5 ml of LB-A media you have prepared. 
d. Twirl the loop (For at least 30 seconds)! to dislodge the bacteria.
e. Cap the tube and place in the rack.
f. Repeat for the LB-A-A media and an LB-A-A colony. 

When all students have made their tubes of broth cultures, I will Incubate with shaking over night at 37 degrees C.  On Wednesday, we will begin with the bacteria that have grown in the LB broth, overnight. 

--------------------------------------------------------------------------------------------------
Day 2

Materials

Overnight cultures

Microcentrofuge tubes

Micropipettors

Waste beaker

Plasmid purification solutions (see descriptions of each)

Razor blade
Hand held UV light.
Plasmid purification:
Begin by observing your broth cultures of E.coli.  What assures you that you are growing the right bacteria (and not contaminating bacteria?).  What is the difference (in terms of molecules?) in the 2 cultures.  Can you use either for today’s procedure?
1. Swirl the bacterial cultures if settling has occurred.  Pipet 1 ml of each culture into a microcentrifuge tube.  Repeat so that each lab pair has 2 tubes of bacteria from LB-A media and 2 tubes from LB-A-A media. 

2. Centrifuge bacterial cultures @ ~6000 RPM for 10 minutes in the microcentrifuge. Balance the centrifuge tubes carefully.  Note the bacterial pellet and the broth supernatant that forms following the centrifugation.

3. Decant supernatant into waste beaker.  Tap the tubes with your finger to loosen the pellet.  The rest of the steps involve both tubes.

4. Resuspend the pellet of bacteria in 250 l buffer P1 and transfer all of the suspension to a clean microcentrofuge tube.  P1 is a buffered resuspension solution that allows dispersion of the pellet into single cells.  RNase has been added to digest RNA once the cells are broken open.

5. Add 250 l buffer P2 and gently invert the tube 4-6 times to mix.  P2 is a high pH (alkaline) lysis solution which simultaneously breaks open (lyses) the cells, and denatures the cells’ proteins and DNA molecules.   You should note a clearing of the previously turbid solution of cells, which occurs as the cells break open and spill out their watery contents (lysate). The contents should become viscous.  DO NOT ALLOW LYSIS TO GO MORE THAN 5 MINUTES.

6. Add 350 l buffer N3 and invert the tube IMMEDIATELY but gently 4-6 times.   N3 buffer is a high salt buffer that causes most of the proteins of the cell to become insoluble---precipitate out of the solution. The precipitate will cause the solution to become white/cloudy.   N3 is also an acidic solution that brings the alkaline solution closer to neutral pH. The addition of this solution simultaneously separates proteins from the aqueous phase of the solution ( where the DNA remains dissolved) and allows renaturation of the plasmid DNA. 

7. Centrifuge the tubes for 10 minute at max speed in a tabletop centrifuge. The denatured proteins will form a compact white pellet. Also in the pellet will be cellular debris, such as pieces of the plasma membrane.  Since the bacterial chromosome is attached to the plasma membrane it will usually pellet with the membrane.

8. CAREFULLY decant (pour off) the supernatant into a specially prepared QIAprep microfuge tube.  You will note a white filter (Nylon membrane) at the bottom of the tube.  This membrane binds DNA tightly (in part due to its positive charge). The binding is aided by salt in the buffers.  Any DNA from your tube will stick to the membrane immediately.

9. Centrifuge at max speed for 30-60 seconds.  The flowthrough can be discarded in the waste beaker as the DNA will stick to the membrane in the tube.

10. Add 500 l of buffer PB and centrifuge at max speed for 30-60 seconds.  Discard the flowthrough.  PB is a DNA wash buffer that washes away any remaining proteins or cellular molecules.  Some cells contain high levels of DNases  that would destroy the DNA if not washed away in this step.

11. Add 750 l of buffer PE and centrifuge at max speed for 30-60 seconds.  Discard the flowthrough.   Centrifuge an additional 60 seconds to remove residual buffer (it evaporates during centrifugation).  PE is another DNA wash buffer that washes away any traces of the other buffers.  PE has a lower salt concentration than PB and contains ethanol which actually causes the DNA to precipitate on the membrane while other water soluble molecules are washed away.

12.    Carefully obtain a CLEAN microcentrofuge tube.  Place the tube with plasmid DNA in the CLEAN tube and add 50 l of buffer EB to the center of the membrane in the tube.  Let stand for 5 minutes.  Centrifuge at max speed for 60 seconds  (align so the cap is to the inside of the rotor so the cap can be placed securely).  Buffer EB is an elution buffer that has very little salt (It is mostly water) and causes the membrane to loosen its hold on DNA.  The DNA will now flow through to the clean tube.  The DNA is soluble in the buffer and will be invisible at this point.  Cap the tube and label it for future use.  (pGLO DNA, name, date)

13.   “Observe” your DNA samples.  How could you test your success today?   Dr. Super will store your DNA preparations at 4 degrees Celsius  (refridgerator) until next lab period.  

