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Lab I-Cultivation of Bacteria from a Variety of Natural Environments

In this lab session, we will be isolating bacteria from the environment.  Over the next few weeks, we will use both classical and molecular techniques to characterize these bacteria.  Keep in mind that many of the species we might potentially encounter can be pathogenic.  It is extremely important that you follow the safety guidelines provided, to avoid contaminating yourself or other members of the College community.  

There are several parts to this lab; each one will allow you to utilize some aspect of the procedures that are used routinely in microbiology.  In natural habitats, bacteria usually grow together in populations containing a number of species.  In order to adequately study and characterize an individual bacterial species, one needs a pure culture.  The streaking and spread-plate techniques are easy, direct ways of achieving this result.  In the spread-plate technique, a small volume of dilute bacterial culture is transferred to the center of an agar plate and is spread evenly over the surface with a sterile, L-shaped glass rod.  The glass rod is normally sterilized by dipping in alcohol.  After incubation, some of the dispersed, cells develop in isolated colonies.  A colony is a large number of bacterial cells on solid medium, which is visible to the naked eye as a discrete entity.  In this procedure, one assumes that a colony is derived from one cell and therefore represents a clone of a pure culture.  In streaking, a toothpick or sterile wire loop is used to disperse the bacteria in the initial inoculum.


Next week, you will make observations about the distribution and appearance of the colonies on your plates.  You will then select one colony to serve as your unknown for the subsequent characterizations.

In this lab, we will use a variety of media to characterize microbial diversity and to cultivate what we hope will be an interesting array of microbes from pond sludge.  These differing media have different compositions and are formulated to enhance growth of particular types of bacteria.  Defined media contain specific amounts of specific chemicals, while undefined media, such as nutrient agar and TSA below, contain mixtures of enzymatic digests of protein and/or ground up yeast, and the exact amounts and kinds of large organic molecules are therefore unknown.  Undefined, or rich, media tend to support the growth of bacteria better because they contain preformed nutrients, and organisms do not have to use energy to synthesize the compounds supplied in the medium.
  The types of plates we will use this week are:

Nutrient agar-a general-purpose, rich medium that supports the growth of a variety of microorganisms.  It does not, however, support growth of fastidious microbes that require an even richer medium of sugars, vitamins and amino acids.  Nutrient agar is basically made of ground up cows.

Tryptic soy agar-supports the growth of a variety of fastidious microorganisms.  TSA contains a tryptic digest of the protein casein and a papain digest of soybean meal.  (Trypsin and papain are proteases.)

Actinomycete isolation agar-used for cultivating actinomycetes, filamentous bacteria found in soil, among other places.  The group of actinomycetes called Streptomyces are famous as the sources of antibiotics such as streptomycin and tetracycline, and give soil its earthy odor.

Hektoen-enteric agar-allows growth of gram-negative enteric bacteria (bacteria that live in the intestinal tract) such as Salmonella and Shigella, while inhibiting growth of gram-positive microorganisms.

Levine EMB agar-used for isolating and differentiating lactose fermenting gram negative bacteria (such as E. coli) which grow as purple colonies, from lactose non-fermenters such as Salmonella, which look white or very light pink.  The medium also acquires a metallic green sheen due to the large amounts of acid produced by lactose fermentation.  Colonies of Enterobacter, also a lactose fermenter, are more mucoid, or slimy, with purple centers.

Lactobacillus agar-used for isolating lactobacilli, which typically grow poorly on nonselective media.

Pseudomonas isolation agar-contains Irgasan, a potent broad-spectrum antimicrobial that is active against many other bacteria, but not against pseudomonads.  Also formulated to enhance production of the blue or blue-green pyocyanin pigment by Pseudomonas aeruginosa.

TSA + 3% NaCl-WHY MIGHT THIS MEDIA YIELD INTERESTING INFORMATION?

Media that we could use but won’t, because of the increasing prevalence of multiply-resistant Staphylococcus aureus, include:

Phenylethanol agar-used to isolate staphylococci and streptococci (gram positive strains) from specimens that also contain gram-negative organisms.

Staphylococcus isolation agar-used for isolating and differentiating staphylococci strains based on mannitol fermentation, pigment formation, and gelatinase activity.  

More information about these media can be obtained in the Difco manual, which I will bring to lab.  This book also has great color photos of bacteria growing on several of these plates, so you can see exactly what you’re looking for and how different strains appear on different plates.  These photos will be very helpful when you start to characterize the bacteria you’ve isolated.

Exploration of microbial diversity in pond sludge

A major focus of the lab over the first two weeks of the semester will be a comparison of microbial diversity in various pond sludge samples.  In previous years in this course, we have recreated and studied artificial ecological systems, called Winogradsky columns, from pond sludge.  In these columns, microorganisms stratify over a vertical gradient, in a process similar to what occurs in the rich sediment at the bottom of a pond.  A picture of a Winogradsky column and the protocol for making them, are provided at the end of this lab.  Light is provided to simulate the penetration of sunlight, allowing photosynthetic organisms to proliferate in the anaerobic lower regions of the column.
  We will talk more in lecture about the metabolic processes going on in each layer of the column, and about the experiments carried out by former Microbiology students to characterize the microbes in each layer.  

Four different types of columns were made in October, 2008, using pond sludge from two different ponds and two different cellulose sources.  The composition of each column is listed below.  We made triplicates of each of four columns:

Column

Pond Sludge Source

Cellulose Source

3


Buxton Pond


Food

4


Buxton Pond


Leaf Litter

5


Eph’s Pond


Food

6


Eph’s Pond


Leaf Litter

Food= chopped organic salad greens, organic spinach, and organic red peppers

Leaf Litter=oak and maple leaves

Over Spring Break in 2009, Norm Bell and I, with the help of Larry Mattison in the Science Shop, drilled into the columns and harvested some sediment.  The sediment was spun at 13,000 x g for 30 sec to remove the liquid and the pellet was frozen at -20oC.  Everything was handled using sterile technique and wearing gloves.

QUESTION: What are two reasons for taking such care in handling these samples?

This project is a collaboration between Microbiology students at Williams and at Vassar.  Photographs of each column are at http://vassarwinogradsky.pbworks.com/.  The green plugs mark the sites where the column was sampled.  Samples are numbered 4-1 (e.g. column 4, replicate 1) followed by a letter to indicate the layer sampled (A-D or E, where A is the upper-most layer).

This year, each student will be assigned one sample (i.e. one layer from one Winogradsky column).  You will inoculate your sample on each of the media available, with the goal of obtaining information about the degree of microbial diversity in your sample.  From these plates you will also choose one colony to characterize as your unknown.   


N.B.  When plating soil samples, researchers often include cycloheximide in the plates to inhibit the growth of fungi, including possibly pathogenic fungi.  The NA plates for this part of the lab contain a final concentration of 50 g/mL cycloheximide.  Because this is toxic, you should handle these plates with gloves.

Select an incubation temperature (25-28˚C in our case) that corresponds closely to the source of your inoculum.  We will incubate our plates at 28˚C for two days, then transfer them to the cold room until the next laboratory period.

Hints for plating:

-If your sample is dry, you will want to take a small amount of the sample with a sterile toothpick and dilute it into 1 ml of 0.9% NaCl.  Keep in mind that the suspension you create will be used to plate or streak, so it should be fairly liquid, and homogeneous rather than chunky.  Vortexing should facilitate this homogenization.

-Once you have made a slurry from your soil, you can dip your wire loop into the solution and use it to begin a streak on the plate.  To ensure that you get single colonies, I would recommend using several toothpicks to further dilute this streak as you did with the E. coli streaking.
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