Foundations of Health Science
Microbiology Techniques: Bacterial Growth Curve and Enumeration
This lab is aimed at introducing common techniques used in handling bacteria.  At minimum, we must be able to transfer growing bacteria from one pure culture to a new sterile medium without introducing any unwanted contaminants.  Basic techniques in microbiology are essential for carrying out molecular biology operations.  In particular, many molecular cloning experiments use the intestinal bacterium Escherichia coli as the host for amplifying plasmids containing a discrete DNA sequence.  

Bacterial media

Bacteria can be grown in defined or complex medium.  A defined medium is a mixture of specific salts and organic substrates adjusted to a suitable pH.  A complex medium contains digested milk, plant, or meat products that yield a rich mixture of amino acids, vitamins, and other organic compounds.  Trypticase Soy Broth (TSB) contains digested casein, soybean meal, sodium chloride, and water.  Organisms generally grow much more rapidly in complex media than in defined media.  

Bacteria can be grown in liquid or solid medium.  Cells can be grown to very high density (~109 bacteria/mL in less than 24 hours) in a liquid medium contained in a flask or tube.  In solid medium, a nutrient broth is mixed with agar, a gelling agent derived from certain kelps.  The principal advantage of a solid medium is that microbes can only move slowly across or through the medium and therefore remain in place.  Thus, if a few bacteria are spread on the surface of an agar medium, each cell will grow into a distinct, isolated colony.

Bacterial growth

In microbiology, the word growth is defined as an increase in the number of bacteria in a a population.  In a flask containing a growing  bacterial culture, a typical growth curve for a bacterial population shows several distinct phases shown in the figure below:
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Lag phase:  When bacterial cells from an overnight culture (in stationary phase) are transferred into fresh medium, growth usually does not begin immediately, but only after a period of time called the lag phase.  This lag reflects the time required for cells to synthesize essential macromolecules that were depleted in stationary phase.

Exponential phase:  In most bacteria, growth of an individual cell continues until the cell divides into two new cells, a process called binary fission.  Looking at the behavior of the entire population, the number of cells doubles during each unit time period (called the generation time), and the cells are said to be undergoing exponential growth.

Stationary phase:  When either an essential nutrient of the culture medium is used up or some waste product of the organism builds up in the medium to an inhibitory level, exponential growth ceases and the population reaches stationary phase.

Death phase:  If incubation continues after a population reaches the stationary phase, the cells may remain alive and continue to metabolize, but they may also die.  If the latter occurs, the population is said to be in the death phase.

Sterile (aseptic) technique

Basic guidelines:

1)  Assume nothing is sterile, unless you know otherwise.

2)  Sterile material can come from a few sources:

a.  Autoclaved material (marked with sterile indicator tape), including solutions, glassware, pipette tips;

b.  Packaged material sterilized by manufacturer;

c.  Solutions that cannot be autoclaved but can be filtered; filters with small pore size (0.2 microns) can be used to prepare vitamin or antibiotic solutions that are unstable in the autoclave (destroyed by high heat and pressure).

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

4)  Aside from direct contact with a non-sterile item, contamination can also occur by particles or aerosol droplets falling into or on a sterile surface.  In order to minimize this possibility:

a.  Keep a clean work area, removing dust from surfaces.  Minimize making aerosols when pipetting or mixing.

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

c.  Briefly flame the opening of glass containers before each use (demonstration).  The heated glass will cause an upward convection current of air that will help to move particles away from the opening.

d.  Sterilize inoculating loops and spreading devices by flaming.

Using Petri plates

Label Petri plates on the bottom half (lids can be switched).  Store the plates in the incubator upside down.  This minimizes condensation dripping onto the surface of the agar.

Safety and disposal information

Open flames:  Make sure your hair is tied back and you have no loose clothing.  Keep your area clear of flammable material.

Disposing bacteria:  The E. coli strain we will be using poses minimal health and environmental danger.  As a general practice, deposit all used disposable material (such as pipette tips) in autoclave waste container. Use bleach to sterilize liquid waste before disposal in sink.

Washing Petri plates:  Using a metal spatula, empty the agar into the autoclave waste container.  Use ethanol from a squirt bottle to remove any writing or adhesive from tape.  Wash the plate with soap and water and rinse with deionized water.

Experimental objective
In addition to gaining familiarity with aseptic techniques for handling bacterial cells, the major scientific objective of this lab is to measure bacterial growth by using two methods:

a)  Optical density:  This method measures turbidity of the cell suspension.  Light is scattered as it passes through a bacterial suspension, and the amount of scatter is proportional to the number of bacteria in the suspension.

b)  Plate count:  This method is based on the assumption that each viable cell will form one colony on an agar plate.  The initial bacterial sample is diluted and spread on agar.  Colonies that grow after overnight incubation are counted to determine how many viable bacteria were present in the original sample.  

Reagents and equipment
E. coli overnight culture

37oC shaking water baths 

125 ml flasks containing 25 ml TSB

diode array spectrophotometers

plastic 1.0 ml cuvettes

sterile saline solution (0.85% NaCl)

pipetors

sterile pipet tips

sterile Eppendorf tubes

vortex

Bunsen burners

ethanol

glass spreaders

inoculating loops

TSB agar plates

Protocol

Monitoring growth by optical density 

1.  Obtain a 125 ml flask containing 25 ml TSB.  Label it and remove (using asceptic technique) 1 ml to a clean cuvette.  You will be using this cuvette to blank the spectrophotometer.

2.  Add 250 µl of the overnight bacterial culture to your flask.  Mix your flask and remove 1 ml again. Read the OD600 (this is your t0 time point).  Discard the sample after making your measurement; returning it to your flask will contaminate your culture.
3.  Place the flask in the shaking 37oC water bath.  Monitor the OD600 of the culture by aseptically removing 1 ml of culture every 30 min (every 20 min once you enter exponential phase).

Monitoring growth by plating cells

Theory of serial dilutions

It is important that the number of colonies developing on the plates be in the range of 30-300.  If the number of colonies is too low, the statistical significance of the calculated count will be too low.  If the number of colonies is too high, some colonies may fuse, leading to erroneous measurements.  Therefore, to obtain the appropriate colony number, the sample to be counted must be diluted.  

Let’s assume that you have an exponential phase culture with 108 cells/ml.  If you were to spread 100 µl of a 10-5 dilution on a plate, you would expect about 100 colonies on the plate.  How would you make the 10-5 dilution?  You could add 0.1 ml of the culture and add it to 10 liters of diluent (0.1 ml/104 ml = 10-5).  Alternatively, you could achieve the same endpoint by make a series of dilutions.  Making five serial 1/10 dilutions (0.1 x 0.1 x 0.1 x 0.1 x 0.1) will generate a final dilution of 10-5.

Making serial dilutions

1.  Do plate counts at two time points for cultures at OD600 near 0.1 and 0.5.

2.  Make dilutions of 10-4, 10-5, and 10-6 of the bacterial culture in saline.  Adding 0.1 ml of a cell suspension to 0.9 ml saline results in a 10-1 dilution.  The logic of serial dilutions is shown below:
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Use sterile Eppendorf tubes to make your dilutions.  Make sure that you vortex each suspension before proceeding to the next dilution.

3.  Pipet 0.1 ml of each dilution onto the surface of a TSB agar plate and spread it with a sterile spreader (demonstration).  Let the sample enter the surface.

4.  Incubate the plates overnight in the 37oC incubator.  The plates will be placed in the cold room after 24 hours so that you can analyze your results on Wednesday.

Analysis:  Wednesday
1.  Make a table that records the dilution, the number of colonies counted, and the concentration of viable cells (cells/ml) in your culture for that time point.  (In your calculation, remember that you plated 0.1 ml of your dilution.)

2.  Graph the growth of your bacterial culture (as monitored by absorbance) as a function of time on both conventional graph paper and semilog graph paper.

3.  Calculate the bacterial concentration (cells/ml) corresponding to OD600 of 0.1 and 0.5.  What concentration would you expect an OD600 of 0.8 to represent?
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