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Gram Staining

Standards:

3.1.10 C  Apply patterns as repeated processes or recurring elements in science and 

    technology.
    .

· Examine and describe recurring patterns that form the basis of biological classification, chemical periodicity, geological order and astronomical order.
3.3.10 A  Explain the structural and functional similarities and differences found among

                living things.

· Identify and characterize major life forms according to their placement in existing classification groups.
Introduction and Background:

     The gram stain technique is a more complex staining technique, which is used as an aid in identifying an unknown species of bacteria.  The technique uses three stains:  crystal violet, Gram’s iodine, and safranin.  Crystal violet stains bacterial cells purple; Gram’s iodine is a mordant which means that it helps fix the crystal violet stain and make it difficult for the crystal violet to be removed by decolorization; safranin stain is applied last and only appears if cells lose crystal violet in the decolorization process.  Some bacteria retain the purple crystal violet stain and are called Gram positive.  Other bacteria lose the crystal violet when decolorized and retain the pink safranin stain and are called Gram negative.  The actual reason why some bacterial species are Gram + and others are Gram - is still unknown although the chemical makeup of the cell wall is probably involved.

     In this investigation you will prepare Gram stains of three species of bacteria and identify them as Gram + or Gram -.  In order to get accurate results make sure that you:

     a.  prepare smears that are not thick.

     b.  do not overheat your slide when you fix the bacteria.

     c.  are consistent when following lab procedures.

     d.  do not leave excess water on the slide between stains.

Guiding Questions:

Vocabulary:

Materials:


disinfectant



Escherichia coli

frosted microscope slides

Pseudomonas aeruginosa

Bunsen burner or alcohol lamp
Micrococcus luteus

Innoculating loop


150 mL beaker

red and purple colored pencils 
95% ethanol

china marking pencil


crystal violet


lens paper



Gram’s iodine


test tube rack



safranin


deionized water bottle


paper towels

antibacterial soap 



Safety Notes:
1. Disinfect tabletops at the beginning of each lab session. 

2. Each student must disinfect his hands by washing as follows: 

a. Turn on the water. 

b. Crank out an appropriate amount of paper towels. 

c. Lather your hands thoroughly and scrub both the front and back surfaces. 

d. Tear off the paper towel and dry your hands. If additional paper is needed, use this paper towel to grasp the dispenser handle and crank out additional paper. If you touch the handle with your bare hands you may contaminate your hands with microorganisms. 

e. Use the towel to turn off the water.

3. Do not eat, drink, smoke, or store food in the laboratory.  Also, do not apply lip balms, lotions, or any other substances.  Hair should not be combed in the laboratory.  

4. Bring only necessary equipment and the laboratory manual to the work area. Leave coats, personal items, and books in another part of the room.

5. Wear protective lab equipment when it is recommended in a laboratory procedure.  When you are working with cultures, avoid wearing long full sleeved shirts or blouses if possible.  When sleeves hang loose, they become a contamination hazard and also risk catching on fire when close to Bunsen burner flames.

6. Tie back long hair or pull it up. If hair hangs loose, it becomes a contamination hazard and also risks catching on fire when close to Bunsen burner flames.

7. Carry or store cultures of microorganisms in racks or baskets. Do not leave cultures on the table or in unmarked areas when the laboratory session is completed.

8. Place cultures to be discarded in racks or trays designated for contaminated material; these racks should be clearly labeled. All such materials should eventually be placed into a biohazard bag for autoclaving before further handling, discarding, or washing.  Biohazard bags should be appropriately tied or taped off.

9. In case of spills, notify the instructor or laboratory assistant. Cover small spills with paper towels and soak the towels well with disinfectant. Let the towels stand for half an hour. Carefully pick them up with a broom and dustpan or with clean towels. Place the materials immediately in a container

with disinfectant or in a Biohazard bag, which can be sealed.  Autoclave the container before discarding.

10. In the case of a large culture spill, especially one with the possibility of aerosol production, students should be asked to leave the area of the spill, and then leave the room closed for one hour. Clean the area.

11. Gently flame inoculating loops after use and flame glassware after inoculation to avoid breaking or splattering.

12. Mix liquid cultures gently to avoid foaming and splashing, which may produce an aerosol of bacterial culture.

13. Never pipette by mouth.

14. Instructors should demonstrate proper laboratory techniques to students before they carry out the procedures themselves. Work should be planned to avoid haste and shortcuts.

15. Keep the laboratory doors closed to avoid unnecessary drafts.

16. Report any laboratory accident to the instructors so that proper procedures may be followed. Cuts should be treated promptly. Open cuts should be protected when working in the laboratory.

17. Individuals who have special health problems should be especially careful in following these procedures and any special precautions recommended by their own physicians. Individuals with conditions such as diabetes, allergic reactions (especially to fungi), immune deficiency, or individuals on immunosuppressive therapy should discuss this privately with the instructor and/or their own physician.

18. Decontaminate work surfaces after spills and at the end of each lab session with disinfectant. Thoroughly wash your hands before leaving the laboratory.

Procedure:
Smear Preparation: from Liquid Media (51) 

1.  Obtain a slide from the slide box.  Notice that one end is frosted.  The frosted side should always be “up”.

2.  Using a lead pencil, label the frosted side of your slide with:   bacteria name, initials and class period.  

3.  Using a wax pencil, mark the middle of your slide by drawing a ½ inch “target” circle.  This is where you will place the bacteria from your culture tube.  
4.  If using a wire loop, flame the wire until it burns red hot.  Keep the loop in your hand.

5.  Remove the cap of the bacterial broth using the smallest finger on your hand. Make sure the cap is facing down.  Hold the cap in that finger for the remaining steps. 

6.  Flame the neck of the tube by passing it through the flame.  
7.  Allow the loop to cool for at least 5 seconds before inserting it into the culture tube. Without touching the sides of the tube, take out one loopful of the bacteria.

8.  Once again flame the mouth and neck of the tube and replace the cap on the tube. Be careful not to let the wire loop holding the bacteria touch anything.
9.  Place the loop in the center of the target circle and allow the bacteria to transfer to the slide. Spread the bacteria throughout the area of the circle. Flame the loop and repeat the process with a second loopful of bacteria or properly dispose of the loop into the biohazard bag and use a new loop.
10.  Set the slide aside for the water to evaporate and dry the slide. Do not heat the slide.

11.  Once the smear is dry, attach a clothespin to the frosted edge and quickly pass it thru the flame to heat-kill and fix the bacteria onto the slide.
Gram Stain (57)
12.  Hold the slide with the smear with a clothespin over a sink or a beaker.  Using the dropper bottle, drop crystal violet over the entire slide.  Let it stand for 20 seconds.

13.  Use the wash bottle with deionized water to rinse off the stain for 2 seconds.  Drain off the excess water by holding the slide vertically.

14.  Cover the smear with Gram’s Iodine for one minute.  Drain off the stain. 

15.  Overflow the slide with 95% ethyl alcohol until the solvent flows clear from the slide.  This takes approximately 10-20 seconds.

16.  Rinse the slide with deionized water for 2 seconds. Drain off the water.

17.  Drop safranin over the entire slide and let it stand for 20 seconds. 

18.  Rinse the slide with deionized water for 2 seconds.  Drain off the water and tap the side of the slide on a paper towel to drain any excess water.

19.  Wipe the BOTTOM of the slide with the paper towel and allow the slide to air dry.

20.  Examine the slide with a microscope.
Name___________________

Student Evaluation

Observation results:  Use colored pencils to draw the three species of bacteria you stained in this lab.  Label the bacteria with their scientific name and as being Gram + or Gram -. 
Analysis/Conclusions:
1.  Why do Gram + bacteria retain the purple crystal violet stain?

2.  Why does the crystal violet stain “wash out” of Gram - bacteria when they are decolorized in ethanol?

3.  What is the function of a mordant?

4.  Why is timing so critical during the decolorizing step of the Gram staining procedure?

5.  If the counter stain safranin was not applied to the bacteria, could you distinguish between Gram + and Gram - bacteria?

6.  Could methylene blue stain be substituted for safranin as the counter stain in this procedure?
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