5  SEQ CHAPTER \h \r 1BACTERIAL QUANTITATION
Many procedures require that the investigator know the number of organisms/ml culture. Bacteria can be counted microscopically with the aid of a hemocytometer, or with an electrical machine, but these methods do not distinguish between dead and live bacteria or between bacteria and particles of dirt, etc. In contrast, the quantitative plating method gives the concentration of live bacteria. One makes a series of dilutions and plates known volumes from some of the dilutions. After incubation, one counts the number of colonies and determines the concentration of bacteria in the original sample.

Normally, then number of bacteria in the original culture is not known. Therefore, it is necessary to plate samples from a number of different dilutions. The dilution that is ultimately used to determine the concentration is the dilution that gives between 30 and 300 colonies on the plate. Dilutions that give less than 30 colonies are subject to wide variation due to random sampling. Dilutions that give more than 300 colonies are not accurate because some of the colonies will touch each other. Greater accuracy is achieved by plating 2-4 samples for each dilution, and then averaging the number of colonies. The original concentration is calculated as follows:

Concorig  = number of colonies  X  ______1______
                volume plated               dilution factor

Example: 40 colonies from 10-5 dilution with 0.1 ml plated

Conc = (40/0.1) X  ___1___  =  ____40____  =  40 X 106  or 4 X 107  bacteria /ml

                                  10-5                 (10-1) (10-5))

The quantitative plating method is accurate but time consuming. At least one day is required for the colonies to appear. A more rapid method for estimating the bacterial concentration uses turbidity. In this procedure, a sample is placed in a spectrophotometer and the Absorbance (A) or optical density (O.D.) is determined.

A spectrophotometer uses a particular wavelength of light. A detector measures the amount of light that passes through the sample. This reading is the % Transmittance. A second measurement is Absorbance the amount of light that does not pass through.  The more particles in solution, the lower the % transmittance and the higher the absorbance.

One can combine the data from quantitative plating and turbidity to generate a standard curve. Once one has a standard, the concentration of a new sample can be quickly estimated merely by determining the absorbance of the sample and then reading the concentration off the other axis.

In this lab, you will determine the concentration of bacteria in an original sample and use this number to produce a standard curve. Refer to unit 2 for directions in using and calibrating the spectrophotometer.

A. QUANTITATIVE PLATING  

Materials per table
6 TSA plates

4 sterile tubes

1 bottle sterile water

pipets

bacterial culture

Procedure
1.
Record the number or name of the culture on your table.

2.
Prepare 10-2, 10-4, 10-5 and 10-6 dilutions of the culture. Use sterile water to make the dilutions. See unit 2. You can use the same 10 ml pipet to fill all four tubes with sterile water. When transferring bacteria, REMEMBER TO USE A NEW PIPET FOR EACH STEP OF THE TRANSFER. YOU SHOULD ONLY GO INTO THE ORIGINAL TUBE ONE TIME!

                                    0.1 ml          0.1 ml              1.0 ml             1.0 ml
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                 original             9.9 ml          9.9 ml             9.0 ml             9.0 ml




        10-2             10-4                 10-5                 10-6
3.
Plate duplicate samples from the last three dilutions. Use the same 1.0 ml pipet for plating, and begin with the most dilute tube.

4.
Incubate the plates overnight at 37o C.

5.
Count the colonies on each of the six plates. Count each colony and continue counting until you reach 500. If there are more than 500 colonies, record the result as too many to count (TMC). Calculate bacteria/ ml in the original culture.

B. PREPARING SAMPLES FOR THE STANDARD CURVE
Materials per table
1 bottle sterile TSB

sterile pipets

4 sterile tubes

5 cuvettes

Procedure
1.
Use the original culture that you used in part A. NOTE: ALL DILUTIONS MUST BE MADE USING STERILE BROTH.

2.
Add 3.0 ml of broth to each of four tubes.

3.
Label tubes 1/2, 1/4, 1/8, 1/16.

4.
Vortex the tube and then transfer 3.0 ml of original culture into 1/2 tube.

5.
Vortex the tube and then transfer 3.0 ml from 1/2 to 1/4. Vortex the tube then transfer 3.0 ml from 1/4 to 1/8. Finally, vortex the tube then transfer 3.0 ml from 1/8 to 1/16. BE SURE TO USE A NEW PIPET FOR EACH TRANSFER.

6.
If the spec 20 is not calibrated, calibrate it before you start (see unit 2).

7.
Starting with the most dilute sample pour contents of each dilution into spec 20 tubes and read the samples in the spec 20 and record the absorbance on the data sheet. Be sure to read the original sample as well.

8.
Record your results on the data sheet, then prepare a standard curve using Microsoft Excel.

NOTE: The concentration of organisms in a tube will always be the same if the cells are not growing. The quantitative plating gives the number of bacteria in the original. You can then determine the concentration of bacteria in the other tubes.

RESULTS: to be placed in your lab manual

Name____________________________    Lab Section____ Due Date                                        
Part A

	dilution
	plate 1
	plate 2
	average
	bact/ml in original

	10-4
	
	
	
	

	10-5
	
	
	
	

	10-6
	
	
	
	


To be answered in the discussion:

Which dilution gave the best number of colonies?

Starting with an original culture describe or diagram how would you make a 10-3 dilution?  Be specific.

To be placed in the results section along with a graph that was generated using Excel.

Part B

	dilution
	absorbance
	bact/ml

	Original culture
	
	

	1/2
	
	

	1/4
	
	

	1/8
	
	

	1/16
	
	


Place the answers in the discussion section: 

Using the graph you made determine the concentration of bacteria that had an A = 0.25.

Give one advantage and one disadvantage of the turbidity method for quantitation.

adv                                                                      dis.
 SEQ CHAPTER \h \r 1IMPORTANT INFORMATION ABOUT GRAPHS
1.
In most cases the quantity measured in the experiment goes on the Y-axis (vertical). The parameter that is varied by you goes on the X-axis (horizontal).

2.
Both axes should be labeled the graph should have a title (that is descriptive and not just the two axes labels) and a date.

3.
Do not use points for graphs. Use instead open circles, triangles, squares, etc.

4.
The difference between two successive divisions on an axis should ALWAYS be the same for the entire axis. for example, if you decide that the first line after 0 is 3, the next line should be 6, then 9, etc. So your axes values 

5.
The numbers on axes always progress from small to large. If you have the fractions 1/2, 1/3, 1/4, and 1/10, the smallest number is 1/10 and should be the line closest to the origin. Each successive divisions should also be 1/10 (See 4 above).

6.
If one number is very distant from the rest of the numbers, indicate this by a broken line:



___________//________

                          2     4    6        126  128

7.
If  the graph is suppose to be a straight line, try to draw the best fit through the points. Do not try to connect all the points. 
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8.
For other graphs, the points should be connected to show the proper relationship.

9.
If one point falls far away from the curve, it is sometimes permissible to omit this point when drawing the line. Caution must be exercised when making this decision  

Graphing

By S. Myers and C. Tugmon

Using your data you obtained in the lab create a graph using the directions that follow.    Your independent variable (X- axis) should be your bacteria/ml and your dependent variable (y axis) should be absorbance.  Your graph should contain the following:

· A title with a meaningful description (NOT a repetition of the axes labels)

· Labeled axes, with units

· Tick marks in easy-to-read divisions, with labels

· A line that corresponds to the trend the data.  In this case if probably done it should be linear.  

You will use Microsoft Excel  to obtain your graph.  In future labs, all graphs will be computer generated using the above specifications.  

very bad data

Microsoft Excel 2003

Data Input

Input x data in a column.  Input y data in a column

Graphing

From options bar, choose Insert then Chart

“Chart Wizard” Menu will appear

Under “Standard Types”, choose XY (Scatter) under “Chart type”

Under “Chart subtype”: choose the icon without anything connecting the points

Click on Next>

Under “Data Range”, click in the box to right of “Data range”

Highlight both x and y data column then click on the little box to the write of the box 

entitled Under Chart Wizard 2 of 4.

Be sure that under “series in:” there is a dot in the circle before “Columns”


(if not, click in that circle)

Click next>

Under “Titles”, click in box for “Chart title”

Type in name/title of graph


(e.g., Bacterial Quantitation for Escherichia coli)

Click in box for “Value  (x) Axis”

Type in title for your x-axis, including units


(e.g.,Bacteria/ mL)

Click in box for “Value (Y) axis”

Type in title for your y-axis, including units



(e.g., Absorbance)

click on “Legend” – Which is at the tope of the Chart Wizard window

click on checkmark next to “Show Legend”, checkmark should disappear

click on Next>

Under “Place chart:”, click on circle to left of “As new sheet”; dot should appear in circle

Click on Finish.  Your graph should appear on its own page.

Double click on the y-axis. “Format axis” window appears

Click on “Number” at top of Format Axis window

Under “Category” choose “number”

Input number of decimal places corresponding to the significant figures in your y-axis

Under “Scale”, choose minimum and maximum values to optimize your results.  Your 

graph should not have much empty space. 

Be sure your tick mark settings are appropriate.

Repeat for x-axis. For Exponents click on Scientific instead of number.

From option bar, choose Chart then Add Trendline

From “Add Trendline” window, under “Type”, choose Linear 

Click on AOptions@ at top of Add Trendline window 

Save.  Check that your graph satisfies all the requirements.  If so, print!

PRACTICE DILUTION PROBLEMS

(answers will be posted before Test 2 on the display board near my office)

Remember, you can never have a concentration with a negative exponent. This means that after you have counted colonies, you have less than one bacteria/ ml

1. Complete the following table.

	concentration
	dilution factor
	volume plated
	# colonies

	
	10-6
	0.1 ml
	24

	
	10-5
	0.2 ml
	57

	8.4 x 108
	
	0.1 ml
	840

	3 x 107
	
	0.5 ml
	150

	4.2 x 108
	10-5
	0.1 ml
	

	5 x 107
	10-6
	0.1 ml
	

	7.5 x 108
	10-4
	0.2 ml
	

	6 x 109
	10-7
	
	6

	4 x 108
	10-4
	
	200


2.
You have a drug at 100,000 units/ml. The recommended dose is 250 units/ml. How do you make a series of dilutions to achieve the desired dose?

3.
You make the following dilutions:

From the culture you remove 0.5 ml to 4.5 ml water (tube a);

From a, you remove 0.1 ml to 99.9 ml water (tube b);

From b, you remove 0.1 ml to 9.9 ml water (tube c);

From c, you remove 0.2 ml to 9.8 ml water (tube d).

a) 
If you plate 0.3 ml from tube d and find 15 colonies, what is the original concentration?

b)
Suppose you repeat the dilutions as above but with a different culture. If you plate 0.1 ml from tube c, and find 112 colonies, what is the original concentration?

c)
If the original culture is 4 x 109, and you dilute as above and plate 0.2 ml from tube d, how many colonies do you expect to see?
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