
 

 

Answer the following questions: 

 

How would you dilute a NaCl solution that has an initial concentration of 15%  (w/v) to 

a 50 ml solution at 0.1%? 

 

 

 

You have a 5 ml overnight culture (2 x 108 cells per ml). How would you prepare a 

series of 1 or 10 ml dilutions (maximum dilution 1:100) to obtain a final 200 ml culture  

at 1 x 103 cells/ml? Outline each step. (you can pour the final 10 ml dilution into the 

final 200 ml culture volume) 

 

 

1 ml of a 105 dilution of lake water was plated (0.2 ml plated), and yielded 52 colonies, 

how many bacteria were present per ml in the original water sample? 

 

 

 

If 0.2 ml of a urine culture from a 107 dilution yielded 37 colonies, how many bacteria 

were there per ml in the original sample? 

 

 

 

You have an overnight culture. A 10-fold dilution of the culture has an OD600 of 0.4.  

You will use a portion of your culture to inoculate 50 ml of fresh medium so that the 

absorbance reading of the newly inoculated culture is 0.10-0.15 OD600 units. How many 

ml of your overnight culture would you add to the fresh broth to get your new culture 

into the correct OD600 range? Is this dilution practically possible?? Why?  

Let’s try in the lab! 

 

 Determine how you would dilute the overnight culture to get an OD of 0.1. You’ll 

need to determine the absorbance of the original culture (for this exercise) and then 

determine the dilution to get to 0.1. Use 10 ml as a total volume for your dilution. You 

also should try this exercise using the Serial Dilution culture (which should have a much 

higher absorbance than the culture set aside for this practical pre-lab exercise). Did your 

dilution lead to the 0.1 AU target?? Answer in Question 7 of the assignment.  

 

 

 

 

 

 

 

 

 



 

Differential Staining 

 

Differential stains allow a microbiologist to detect differences between organisms or differences 

between parts of the same organism.  In practice, differential stains are used much more 

frequently than simple stains because they allow determination of cell size, shape and 

arrangement (as with a simple stain), but provide information about other features as well. The 

most commonly used differential stain in bacteriology is the Gram stain which distributes 

almost all bacteria into one of two groups.  Other differential stains are used for organisms not 

distinguishable by the Gram stain or for those possessing important cellular characteristics such 

as acid-fastness (a  property of Mycobacterium spp.), a capsule, endospores or flagella. Please 

read Appendix 2 to be familiar with the capsule stain and the endospore stain. 

 

Gram Stain: 

Introduction 

 

    The Gram stain is a differential stain in which a decolorization step occurs between the 

application of two basic stains.  The primary stain is usually Crystal Violet.  Iodine is added as 

a mordant to enhance Crystal Violet staining by forming a Crystal Violet-iodine complex.  

Decolorization by alcohol follows and is the most critical step in the procedure.  The cells 

decolorized by the alcohol are termed Gram – ve while the other cells are Gram + ve.  The 

Gram – ve cells are then colorized by the counterstain, usually Safranin, to improve their 

visibility.  Thus, after the Gram staining procedure, Gram + ve cells appear purple while Gram – 

ve cells are pink.  Detailed analysis of Gram + ve and Gram – ve organisms has revealed that the 

difference in Gram staining is due  primarily to differences in the structures of the cell walls in 

the two groups of organisms.  Gram + ve cell walls possess a far thicker layer of peptidoglycan 

which traps the Crystal Violet-iodine complexes and prevents their removal during the 

decolorization step.   

    While some organisms give Gram-variable results, most variable results are due to poor 

technique.  The decolorization step is the most likely source of Gram stain inconsistency.  It is 

possible to “over-decolorize” by leaving the alcohol on too long and get pink Gram + ve cells.  It 

is also possible to “under-decolorize” and produce purple Gram – ve cells.  For this reason, the 

procedure must be performed very carefully. 

 

Procedure: 

 

 Prepare a heat-fixed smear of each organism to be stained 

 Cover the smear(s) with Crystal Violet stain for 1 minute.  Add the stain over a 

tray to catch excess or spilled stain. 

 Pour the stain into a discard container and gently rinse the slide with distilled 

water.   

 Cover the smear with iodine for 1 minute.  Pour off the iodine and rinse with 

water. 

 Decolorize with a stream of alcohol until the run-off is clear (10-30 sec).  Gently 

rinse the slide with distilled water. 

 Counterstain with Safranin for 1 minute. Pour off stain and rinse with water. 

 Blot gently with a tissue paper or paper towel.  Do not rub! 



Exercise 1: Gram Staining 

                

Materials:   

 

Twenty-four hour trypticase soy broth cultures of the following organisms:  

Escherichia coli  (Gram – ve), Bacillus subtilis  (Gram + ve), Unknowns For 2013 

cultures may be different than listed here due to the new Pathogens Act. 

A set of Gram Stain reagents 

 

Procedure:   

 

Each student will Gram stain E. coli and B. subtilis cells, and cells of one of the 

unknowns.  Each student in a pair must choose a different unknown.   The E. coli and B. 

subtilis cells will serve as controls. 

 Set up the following combinations for staining (3 slides with 2 organisms per 

slide): E. coli and B. subtilis; E. coli and unknown; B. subtilis and unknown. 

Make sure that the different organisms are labeled clearly.  If the results are not 

clear-cut, repeat the procedure.  When you are happy with your results, initial the 

slide clearly with your name and hand it in for examination.  Your TA will tell 

you where to place the slides. 

 

Operation of a Spectronic 20 Spectrophotometer 

 

Introduction    

 

 A spectrophotometer is often used to measure the absorbance of light of a 

specific wavelength by biological molecules in solution.  The absorption of light by the 

sample results in a decrease in light transmission.  As the concentration of the molecules 

that absorb light increases, the amount of transmitted light decreases, and the measured 

absorbance increases. 

 A spectrophotometer can also be used to measure concentrations of suspensions 

of large particles, such as bacteria in liquid culture.  In this case, the quantity we measure 

is the optical density (or turbidity) of the sample.  A test tube containing a suspension 

of bacterial cells is inserted into the sample holder of the spectrophotometer.  When a 

beam of monochromatic light passes through the tube, a proportion of the light is 

scattered by the cells in solution, causing a decrease in light transmission.  A pure culture 

of single cells is relatively uniform; thus the cell concentration (i.e., the number of 

cells/ml of culture) is proportional to the amount of light scattered by the culture.  As the 

number of particles increases, more light will be scattered, the amount of light 

transmitted will be lower, and the measured optical density of the solution will increase.  

A minimum of 106 or 107 cell/ml is required for an accurate measurement.  Please note 

that any intact cell (viable or non-viable) will scatter light; lysed cells scatter minimally.  

  

Next week (Lab 3), you will be performing a growth experiment in which you will 

follow changes in the number of total cells (spectrophotometrically) and viable cells (by 

plate counts) in a bacterial culture during growth.  In preparation for this experiment, this 



week you will practice using a Spectronic 20 spectrophotometer to measure the optical 

density of different dilutions of a bacterial culture. 

 

Spectronic 20 (Spec 20) Operating Instructions  

Your TA will demonstrate the use of a Spec 20 spectrophotometer. However, for future 

reference, a picture of a Spec 20 is shown in Fig. 2-1 and the operating instructions are 

described briefly below. 

 Plug in the machine and turn on the power.  Use the knob on the front, left side.  

Turn it clockwise. 

 Allow the machine to warm up for at least 5-10 minutes.  If the machine is not 

warmed up properly, the needle on the instrument will drift.  

 Zero the machine: 

Check that the tube holder is empty and the cover is closed. 

Adjust the power knob so that the needle on the scale reads “0” transmittance.  When 

there is no sample in the instrument, the light path is closed.  Therefore, the phototube 

sees no light. 

 Standardize the machine with a blank sample (or reference).  For today’s 

exercise, we will use sterile Luria broth.  To do this: 

 Use the 13 X 100 mm cuvettes provided. 

 Add 3-4 ml (not less) of the blank solution to the cuvette. Fingerprints and 

markings on the glass of the cuvettes will interfere with your readings.  Wipe the 

cuvette with a Kimwipe tissue to remove fingerprints. 

 Make a short vertical line on the top of the tube with a marker. This can be used 

to line up the tube in the same orientation each time a reading is taken. 

 Use the front right knob (100 % Transmittance control) on the machine to adjust 

the scale to 100 % transmittance to standardize the machine.  

 Remove the blank.  Save it to re-adjust the machine later.   

 Begin to take sample readings.  The cuvette must contain at least 3 ml of solution.  

Place the cuvette into the sample holder using the line you marked previously on 

top of the cuvette for orientation. 

 Read the values off the absorbance scale unless the values are less than 0.05 AU 

or greater than 0.7. In these cases read the %T and convert to absorbance (AU = 2 

- log%T). If you are using a digital spectrophotometer then you should always 

read the Absorbance. 



 
Fig. 2-1. Spectronic 20 Spectrophotometer. 

Tips: 

You should use the same cuvette for all of your samples.  (WHY?) However, the 

cuvette must be rinsed with distilled water and drained well between readings.  

This is especially important if you are measuring a lower concentration sample 

after a higher concentration sample.  

Measure samples in order of increasing concentration 

 

Exercise 2: Measuring Culture Turbidity with a Spec 20         

 

Materials:  

 

A Spec 20 spectrophotometer and cuvette (13 x 100 mm test tube) 

Ten ml of an overnight bacterial culture in Luria broth  

Fifty ml of sterile Luria broth 

Eight sterile test tubes (18 x 150 mm) for dilutions 

Five ml pipettes 

Graph paper, lined paper *Not Provided* 

Vortexer 

 

Procedure: 

 

Preparation of doubling dilutions of the bacterial culture 

To do this: 

 Transfer aseptically 4 ml of Luria broth to each of 7 sterile tubes. 

 Label  the tubes ½, ¼, 1/8, 1/16, 1/32, 1/64 and 1/128. 

 To the first tube (½), add 4 ml of the undiluted bacterial culture. Mix thoroughly 

(and carefully) by vortexing. 

 Using a new pipette, transfer 4 ml of the diluted culture to the next tube (¼).  Mix. 

Continue the series of dilutions using a new pipette each time. 

 



Reading the optical density of the diluted bacterial cultures 

To do this: 

Standardize your Spec 20 as described above. 

Starting with the highest dilution (i.e., 1/128), read the OD600 of each diluted 

sample in turn using the same tube. 

 

Results and Conclusion Assignment:  

1. Prepare a table showing your raw data for the dilutions (ie volumes used for 

each dilution and for the Practical Prelab question) of the bacterial culture and the 

turbidity of these dilutions. Hand in a copy of these results at the end of lab.  

2. Graph (using an accepted computer program like Excel) the turbidity (OD600) 

for the diluted bacterial samples vs their dilution expressed as a fraction. Ensure 

that the graph is your own work and isn’t like someone elses!!You may be asked 

for the original computer 6file as proof.  

3. Assuming an OD600 of 1.00 = ~ 4 x 108 bacterial cells/ml (OR the value 

provided by your TA), calculate the number of cells in your original undiluted 

bacterial suspension. 

4. Why is it better to use the same cuvette for the blank and for the test samples? 

5. What would you expect if sterile dH2O was used as a blank when determining 

the absorbance of bacterial cultures? Why? 

6. Put your names on your Table, Graph and Calculations, and hand them in next 

week. 

7. Comment on the accuracy of your dilutions – including the data for the Prelab 

question. Do the diluted suspensions follow a linear relationship? (AU vs  

Dilution factor). Do you think you could forecast diluted cell counts using 

Absorbance as a technique? Why and/or why not? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


