INS Biology Laboratory

Weeks 5-6 Winter 2004

Transformation of Bacteria and

Introduction to Microbiological Technique

Prior to Lab: It is very useful in a multiple step lab such as this to make a flow chart outlining what you will do and how samples will be handled. Clear labeling is important today.

Some safety guidelines. We will be using open flames today. Make sure your hair is tied back and you have no loose flapping clothing. Keep your work area clear of flammable material. The bacteria strain and plasmid we are using have been selected for minimal danger and environmental impact. As a general practice, all used disposable material (such as plastic pipette tips) should be placed in biohazard bags; this also applies to used nutrient agar from Petri dishes. All liquid generated will be collected for sterilization. The biohazard bags will be autoclaved before disposal. Bleach will be used to disinfect used liquid waste before it is disposed of. After you complete your lab, you should wipe down your work area with the bleach solution supplied. If you spill in any common area, take care of it the same way.

Introduction and Background:

Bacteria are powerful tools in conducting molecular biology experiments. Escherichia coli has become the workhorse for a wide range of laboratory techniques. A single cell can amplify and maintain a unique foreign DNA. Cells can be quickly grown to very high density in liquid phase, (~109 bacteria/ml in less that 24 hours.) The ability to examine these large numbers and the short generation time allows rare events to be examined.  Bacteria can be grown in two modes. Liquid cultures have suspended bacteria in a nutrient broth. This broth can be defined (we chemically know every ingredient present) or undefined (usually a complex natural product is used, either because the specific bacterium needs it or for convenience.) It is difficult to pick a single individual out of liquid culture or to recognize if contamination has taken place. On solid medium, a nutrient broth is mixed with a gelling agent (usually agar at about 15 grams per liter) to make a stable surface. Bacteria can be separated as single colonies derived from one parent cell in this way, and the colony properties can often indicate if contamination or a phenotype change has occurred. 


The outside DNA we are using as a transforming factor is a plasmid. Plasmids are circular double strand DNAs, usually of rather small size (~2-10 Kbp) incorporating a few genes. A plasmid needs an origin of replication, which is a sequence of bases recognized as a correct starting point by the cell’s replication enzymes. Many plasmids carry one or more genes for resistance factors; this is a common route by which antibiotic resistance is transferred. Other plasmids can carry resistance to heavy metals or genes for toxins that inhibit other bacteria but not their host (colicins). Sometimes bacteria can gain a toxin or other means of attacking a host organism. A good example of this is anthrax, in which the disease causing forms contain two important plasmids. Depending on the origin of replication, the plasmid may have from 1-2 to 500 copies per bacterial cell.

Because the transformation event may have very low probability, we want to have a mechanism for finding these rare events. Today, the host bacteria (E.coli DH5() are susceptible to the antibiotic ampicillin. This antibiotic is in the penicillin family and selectively blocks the enzymes involved in cell wall biosynthesis and modification. The plasmid contains the ampr gene. The ampr gene encodes the enzyme beta-lactamase, which inactivates ampicillin by hydrolyzing a specific bond in the antibiotic. By selecting the resulting mixture of the transformation by growth on a selecting concentration of ampicillin, only cells that have gained the plasmid will be able to grow. This general strategy of a planned search that will reveal a desired genetic event is usually referred to as a screen.


Most recipes for plasmid transformation have developed by trial and error, and are very specific for different species of bacteria. Cells that have been treated to be more suited for transformation are referred to as competent cells.  For E.coli, some common features in procedures to make competent cells are incubating in cold calcium chloride solutions, and a heat shock step in which the bacteria and the DNA are briefly (1-2 minutes) exposed to higher than normal temperature (perhaps up to 44 ( C.) Cells collected fairly early in the rapid growth phase usually seem to work better that older cells that are not actively growing. The quality of competent cells is judged by the number of transformed bacteria (determined by counting colonies of the correct phenotype) per (g of DNA. If you have little DNA or need to sample many colonies looking for a rare event, you want cells with a high transformation efficiency. It is possible to reach efficiencies of 106 to 1010 transformed colonies for 1 (g of DNA.

Some basic guidelines for sterile technique:

1. Unless you know otherwise, assume nothing is sterile.

2. Sterile material can come from a few sources:

a. Material we autoclave (using high-pressure steam). This should be closed and have sterile indicator tape on it.

b. Supplied materials that are obtained sterile and in packaging.

c. Material that cannot be autoclaved but can be filtered. Filters with small holes (0.2 microns) can be used to prepare vitamin or antibiotic solutions that are not stable in the autoclave.

3. Anything touching a non-sterile surface (hands, bench, etc.) is no longer sterile.

4. After touching items the most common mode of contamination is by particles falling into or on the material. Some ways to avoid this:

a. Keep a clean work area, wipe off dust with wet towels, and minimize making aerosols when pipetting or mixing. Keep track of drafts.

b. Keep all sterile containers closed except for the minimal time when you are removing or adding something.

c. The openings on glass containers will usually be briefly flamed (demonstration) before each use. The heated glass will cause an upward convection current of air that will help to move particles away from the opening.

d. We will also use flaming to clean inoculating loops and spreading devices.

e. When sterile media bottles are opened a label should be added with the date of opening and the person involved.

Using Petri Dishes:

Petri dishes should be labeled using a Sharpie on the bottom portion with the nutrient agar. If you label the lid, lids can be switched or rotated. Unless you are actively working on the dish, they are stored upside down. This minimizes condensation dripping onto the media surface. When you are finished with a plate: IF IT IS A DISPOSABLE PLASTIC PLATE put the entire plate into a biohazard bag. IF IT IS A REUSABLE GLASS PLATE empty the agar into a biohazard bag (a metal spatula works nicely for this).

Remove any tape or markings. Ethanol from the squirt bottles should remove any ink. Wash the plate with soap and water and rinse with DI water.

Demonstration: Plating bacterial solutions for single colonies.

I.-Using loop
II.-Using speader (“hockey stick”)

Obtaining single colonies is a vital skill. Ideally, each colony should be derived from a single parent cell (a clone) and thus should be homogenous in all properties. In virtually all microbiological or molecular biological experiments, one should begin from a single (or a few) colonies of known phenotype. Nothing is more frustrating then repeating an experiment because the bacteria were contaminated from the beginning.  At the end of an experiment, if each colony is derived from a single host cell, the number of colonies gives you a direct measure of the number of bacteria of that type present in the applied sample. On a typical Petri dish it is possible to separate and count 500-1000 colonies. The standard deviation for these counts is ideally on the order of the square root of the number of colonies.


How do you count colonies if the number of bacteria is too large? What if you are not sure of the bacterial count? To deal with these uncertainties it is useful to prepare a series of dilutions that will reduce the bacterial count and hopefully provide a reasonable number of colonies. For example, assume you want to count how many bacteria are in 100 (l of a transformation mix and you might have anywhere from 5 to 50,000 colonies possible. By adding 990 (l of broth to a clean tube and then adding 10 (l of your transformation mix, you have now made a new solution (A) that is 1:100 dilution of the original mix. This process could be repeated, using 10 (l of dilution A with 990 (l of broth to produce dilution B; this is now 1/10000 of the concentration of the original mix. By plating a sample of each of these dilutions on a separate plate, hopefully at least one of the solutions will produce a reasonable number of colonies that can be counted.

Methods:
1. Place 250 (l of ice-cold calcium chloride solution (50 mM) into a sterile Eppendorf tube. Keep all materials on ice unless directed otherwise.

2. Using a sterile loop transfer a loop full of cells from several distinct colonies into your cold calcium chloride solution and using your loop gently suspend the cells.

3. Split this cell suspension into 2 – 100 (l portions in separate tubes.

4. Add 50 ng DNA (10 (l) to one sample and 10 (l sterile water to the other. Both additions should be ice-cold.

5. Incubate on ice for 15 minutes.

6. Transfer the tubes to –80 (C and incubate for 20 minutes.

7. Thaw and heat shock by placing the tubes in a 37 (C bath for 80 seconds.

8. Add 900 (l ice-cold TSB/ 0.2% glucose. (TSB= Tryptic Soy Broth)

9. Incubate 45 minutes at 37 (C.

10. Prepare the following dilutions of your two mixes:

 For the DNA containing mix: You will plate 100 (l on a  +amp plate.

Prepare a 1:10 dilution (100 (l in 900 (l TSB broth) and plate 100 (l on a +amp agar plate.

Prepare a 1:10 4 dilution (10 (l transformation mix + 990 (l TSB, mix, then using a clean tip and tube take 10 (l of this first dilution +990 (l TSB to produce the final dilution. Plate 100 (l of this mixture on a NO amp agar plate.

For the transformation mix with no DNA you will make 2 platings. 

100 (l will be placed without dilution on a + amp agar plate.

Repeat the 1:10 4 dilution done above with this sample, and plate 100 (l of this solution on a NO amp agar plate.  You will need a total of 5 Petri dishes: 3 TSB agar plates with ampicillin (50 (g/ml) and 2 TSB agar plates with no antibiotic.

11. Plate cells by adding 100 (l to a plate. There will be a demonstration of how to uniformly spread the bacterial solution on the plates to obtain widely spread colonies. After spreading allow the bacteria to soak into the plate for 10 minutes.

12. Invert the plates and place them in the incubator. They will be removed over the weekend.

13. During open time next week: Count the number of colonies on each plate. Note the appearance and size of the colonies. Some useful descriptions if there are lots of bacteria: a lawn refers to a continuous layer of bacteria with no distinguishable colonies. Another common result is TMC (too many to count)
 – there are colonies but they are beyond reasonable counting. One approach with a densely populated plate is to divide it into segments (for examples, ¼ plate), count the segment and then use that to estimate the population on the entire plate.

14. From the plate counts estimate the number of bacteria that were in your original transformation mix. Give the number of transformants and the transformation efficiency in cfu (colony forming units) per (g DNA.

Outline the purpose of each plate used in this experiment. What controls were done? What other controls might be possible?

Why were the transformed cells incubated for 45 minutes before plating?

How could you confirm that the phenotype change observed is due to addition of a plasmid and not some other change in the host bacterium?

� I have a colleague with an additional abbreviation: TMWC – too many too want to count.
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