Cell Biology Lab Week 2

October 5-7, 2004

Introduction to Microbial Techniques 

And Bacterial Structure

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 strains 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.

The major objectives for this week are to learn and practice common techniques used in microbiology and molecular biology, and to use selective stains and the microscope to observe details of bacterial structure. If you have not used the oil-immersion objective before, you should certainly use this lab to practice.

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. 

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 or aerosol droplets 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 using loop

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.

TASK A

Each person should prepare a streak plate of a bacterial preparation on a nutrient agar plate. The starting material will be a liquid culture containing one or more bacteria. . After streaking, incubate and observe on a daily basis. When distinct colonies are observable, remove the plate and store it in the designated fridge.

Describe the types of colonies observed. How many different types of bacteria are present in this sample? How could you prove that the resulting colonies on your plate were composed of only one type of bacteria? Why is it not safe to say that you have identified all types of bacteria in your sample? What other experiments would you need to do to see if you had found all the bacterial types?

B. Observation of bacteria.

At the start of lab we will indicate which species of bacteria are available for use. For as many as possible, carry out the following observations. It may be useful to split the observations between your group and a neighboring group and then exchange data

Observations begin before you start using the microscope. What can you say about the colony morphology of the bacteria observed? (Shape and dimensions of colonies, color, glossy/dull, internal patterns in colony?)

1. Wet mount 

On a clean slide place 1-2 drops of nutrient broth (use loop, sterile). Using your loop, take a thin amount of bacteria from a plate or a drop from a liquid culture and mix it with the broth. Place a cover slip over the material and observe at powers up to and including the oil-immersion lens. What shapes are the bacteria? Are they in aggregates? Are they motile?

2. Gram Stain

The most important test to characterize bacteria is the Gram Stain procedure. It places bacteria into two groups based on biochemical details of their cell wall structure. These cell wall differences can indicate taxonomic relationships, drug resistance patterns, and favored growth conditions. The structural differences between Gram positive and negative are briefly discussed in MBOC.

Basic procedure: (More explicit directions will be given in the lab.)

a. Start with a clean slide. Use your loop and make a thin film smear of a bacterial culture or medium. It is possible to put more that one on one slide.

b. Use heat to gently fix the bacteria onto the slide. This can be done using a slide warmer or by briefly exposing the slide to heat from the flame.

c. The bacterial film is now treated with crystal violet and iodine. This will stain all cells a dark purple.

d. The crystal violet-iodine is rinsed off using iodine. Add iodine dropwise until no more purple color rinses off. At this point, the Gram positive bacteria have retained the purple dye, and the Gram negative bacteria have become decolorized.

e. To be able to see the Gram negative bacteria, a counterstain is now added. Saffrinin, a red dye, is used to dye the film and then rinsed off. This adds red color to the Gram negative bacteria while not changing the color of the Gram positive bacteria.

f. Add cover slip and observe. The slides prepared this way are pretty stable and can be kept for records.

Observations:

Which bacteria are Gram positive? Gram Negative? What is the shape of each type of bacteria? Do they form specific types of aggregates? How large are they? How does their size compare with those of the structures and cells observed last week?

