Lysozyme Experiment
Experimental Design

Morning class

	Add/#
	A
	B
	C
	D
	E
	F
	G
	H

	Shigella
	1 ml
	1 ml
	1 ml
	1 ml
	
	
	
	

	Pseudomonas
	
	
	
	
	1 ml
	1 ml
	1 ml
	1 ml

	buffer
	2.2
	2.1
	1.2
	1.1
	2.2
	2.1
	1.2
	1.1

	EDTA
	
	
	1.0
	1.0
	
	
	1.0
	1.0

	Lysozyme
	
	0.1
	
	0.1
	
	0.1
	
	0.1






Afternoon class

	Add/#
	Q
	R
	S
	T
	U
	V

	Micrococcus
	1 ml
	1 ml
	1 ml
	1 ml
	1 ml
	1 ml

	buffer
	2.2 ml
	2.1
	1.1
	1.2
	1.1
	1.2

	KCl
	
	
	1.0
	1.0
	
	

	EDTA 
	
	
	
	
	1.0
	1.0

	Lysozyme
	
	0.1
	0.1
	
	0.1
	


Background and Theory

The peptidoglycan of the bacterial cell wall is responsible for the shape and integrity of the cell.  If the peptidoglycan is damaged, osmotic pressure will cause fluid to enter the cell and expand the cell membrane, rupturing the cell.  We will demonstrate this by treating cells with the enzyme lysozyme, an enzyme present in many body secretions that cuts peptidoglycan. Gram positive cells are generally susceptible to lysozyme, but Gram negative cells are not because the outer membrane blocks access of the enzyme to the peptidoglycan.  However, the LPS of the outer membrane is stabilized by magnesium ions, and if these are removed, the outer membrane becomes sufficiently damaged to allow passage of larger molecules such as lysozyme.


When the peptidoglycan is damaged, water can rush into the cell and expand it until it bursts.  However, if the medium is made isotonic (instead of hypotonic), there is no net flow of water and the cells do not burst.  This can be accomplished by suspending the cells in a high concentration of sugar, sucrose for example, or salt (blood is often collected in “normal saline”, which is about 0.9% NaCl). Since peptidoglycan provides cells with their shape, once the cell wall is damaged, the cells round out and become spheres if in an isotonic medium.  

This lab exercise will hopefully demonstrate these principles.  We will use a Gram negative bacterium which should be resistant to the effects of lysozyme unless EDTA is present. EDTA (ethylene diamine tetraacetic acid) is a chelator, a molecule that binds divalent cations like Mg+2 that stabilize the outer membrane. When the cell is treated with EDTA, the outer membrane is destabilized, allowing lysozyme to pass through it and attack the peptidoglycan layer.  A Gram positive bacterium, Micrococcus luteus, is not protected by an outer membrane and we expect that it will be lysed by the lysozyme without special treatment. 


To see the effect of treatment of the bacteria with lysozyme, we will use turbidimetry. A turbidimeter or spectrophotometer measures the cloudiness of a suspension of small particles (like bacteria).  The more bacteria there are, the more the light is scattered, a phenomenon also called Optical Density (OD). To measure the OD of a bacterial suspension, we will use the “absorbance” scale on a spectrophotometer rather than the “percent transmittance” scale. In this experiment, destruction or damage of the cells by lysozyme will result in a lowering of the OD. A handout will be posted on the web page. An Appendix in your Lab Manual (p 357) has additional information although it describes a different brand of spectrophotometer than what we will be using.

Procedure

Students will work in small groups. The morning class will divide into groups so that 6 different experimental samples can be tested whereas the afternoon class will divide into 4 groups.  Each group will claim a different column in the table on page 1 which will be drawn out on the blackboard. The morning class will use Micrococcus luteus for experiments Q-V and the afternoon class will use a Gram negative bacterium to do experiments A-G.   Each group will receive a plastic cuvette. Handle the cuvette only by the ribbed sides; the other sides are clear to allow passage of light and should be kept clean. 


Add the ingredients appropriate to your experiment in the order listed in the table. When everything but the lysozyme has been added, place a piece of Parafilm over the top of the cuvette, press it over the top with your thumb or finger to keep it sealed, and invert it several times to be sure the ingredients are well mixed (do not discard the Parafilm).  The spectrophotometer will have been blanked and set to read “Absorbance” (OD).  Place your cuvette into the holder with a clear side facing you, close the lid, record the reading, and remove the cuvette which you should leave on your bench.  If your sample is to include lysozyme, add it now using the automatic pipetter (100 l).  We will review the use of pipettors before starting the experiment.  The wrong concentration of lysozyme will give you bad results. Immediately after adding the lysozyme, mix the sample again using the Parafilm and begin timing.  If your sample does not include lysozyme, you may begin timing anytime.  Take readings in the spectrophotometer 2 minutes after you start timing, then at 5 minutes, 10 minutes, 15 minutes, and 20 minutes. 


When all your readings have been taken, pass a copy in to your instructor. Prior to beginning your lab report on this experiment, be thinking about the following things.  Based on the solutions you put in the cuvette and the type of cells you used, what results did you expect? Which samples are controls? When you receive class data from your instructor, you will graph all the results and determine whether the cells behaved as expected. Instructions for writing a lab report on this exercise will be provided separately.

Note on Osmolarity


The cytoplasm of a bacterial cell is a water-based gel with lots of dissolved substances. These substances include salts (especially K+), various low molecular weight molecules, and large amounts of protein. Since 50% of the dry weight of a cell consists of proteins, we can surmise that about half (by mass) of the dissolved substances in a cell are proteins.  


In order to describe the amount of osmotic pressure on a bacterial cell, that is, the tendency for water to flow into the cell, we need to have some idea of the total amount of molecules that are dissolved in the cytoplasm of the bacterium. Osmosis is affected by all dissolved molecules, not just some. We can describe this total amount numerically using the units "osmoles". Osmolarity is defined as the total molar concentration of the solutes. The osmolarity of a bacterial cell is in the vicinity of 300 mOsm. In other words, if all the dissolved substances in the bacterial cytoplasm were only one kind of molecule, it would have a concentration of about 300 mM. 


Now that you know something about the inside of the bacterium, you need to know something about the solutions in which the bacteria are suspended. All the solutions you use in your experiment contain HEPES buffer at a pH of 7.5 and a concentration of 10 mM. You can see that this buffer controls the pH but still makes the fluid around the bacterium hypotonic. The additions of the EDTA and lysozyme do not contribute significantly to the osmolarity. However, the KCl added with the intent of protecting the cell from osmotic lysis is made up so that when added the concentration of the solution is around 300 mOsm.
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