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Regents Biology Laboratory Investigation

GRAM STAINING
Background Information


More often than not, the tricky part of biology is not finding out how something works, but rather, what that something is.  There are so many different types of organisms on this planet, that telling them apart and defining a species can often be very difficult.  In the case of bacteria, we also have to deal with the fact that the little buggers are tiny!  An individual bacterium is measured in micrometers – that’s a millionth of a meter.  Often, they are only a few micrometers across!  So how are we to tell one bacterium from the next?

We know that all bacteria are divided into two domains, with one of major differences being the structure of their cell walls.  In this investigation, we are expecting to find only members of domain Eubacteria, as Archaebacteria tend to live in extreme environments not found in a school.  Eubacterial cell walls are constructed of a substance called peptidoglycan.  Peptidoglycan is a matrix of amino acids (the monomers that make up proteins) and sugars.  Archaebacteral cell walls are made up of a different substance called pseudopeptidoglycan, which will not respond to gram staining.

Let us, then, consider only the Eubacteria.  Within this one domain, there are two main types of bacteria.  Some of them have cell walls with a very thick layer of peptidoglycan, while others have a thinner layer with an additional coating of lipids on top.

In 1884, Hans Christian Gram designed a protocol to distinguish between two types of bacteria, both of which caused pneumonia.  He found that, when stained in a certain way, one type of the pneumonia bacteria turned a dark purple, while another type turned pink.  We now call these two types gram-positive (purple) and gram-negative (pink).  The gram-positive bacteria are a deep purple, because their cell walls have a very thick layer of peptidoglycan, which readily takes up one of the stains used in the protocol.  The gram-negative bacteria are pink because they have a thinner layer of peptioglycan, and also an additional layer of lipids that prevents the dye from being taken up, so they are not colored as deeply.
The gram staining method can be used as a tool to help identify different types of bacteria, but it is not the only thing you need to know.  Bacteria can also be classified by their shapes.  See table 1 for a list of the various shapes and their associated names.  Note that the names are formed by a prefix which defines how the bacteria are hooked together, and a suffix which defines their shape.  As an example, a rod-shaped bacterium that is in a clump would be called staphlobacillus.
Purpose

The purpose of this investigation is to acquaint you with the intricacies of the gram staining protocol, and to demonstrate how it can be useful to identify various types of bacteria.  You will also hone your microscopy skillz by viewing your stained specimens and identifying the general type of bacteria that you have collected and grown.
Materials


PENCIL
Sterile slide
Hot plate


Gram’s iodine
Crystal ciolet
Safranin

Basic Fuschin
Alcohol burner
Droppers

Inoculating loop
Distilled water
Ethanol


600 mL beaker
250 mL flask
Masking tape

50 mL beaker
Paper towels
Decolorizer
Procedures


Before beginning, please note that Gram’s iodine, crystal violet, dafranin, and basic fuschin are all STAINS.  As such, they will STAIN your hands and STAIN your clothes and STAIN your lab partner’s face.  As such, you should take great care to put the stain only where you want it!


Keep in mind that you will also be working with bacteria which may or may not be hazardous to you.  Follow all the microbiological procedures that you have learned so far to keep yourself safe!

1.  Clean your table twice with ethanol and a paper towel.

2.  Remove your Petri dish from the incubator, and set it UPSIDE DOWN on your lab bench.  Don’t open it yet.


3.  Put a small piece of masking tape at the very end of a sterile slide, and write your name on it.


4.  Call your teacher over to light your alcohol burner.  Remember to thank your teacher.  Cupcakes are a good way to say thank you.

5.  Flame your inoculating loop, and allow it to cool for at least a minute.


6.  Remove the Parafilm from your dish, and place the dish right-side-up.


7.  Put just ONE drop of distilled water on your slide.  You don’t need a lot; using too much will only make you wait longer whilst it evaporates.


8.  Open your Petri dish as little as possible, and, using your loop, remove a small, distinct culture.  DO NOT pick up any agar!

9.  Immediately close the dish, and swish the loop in the drop of water on your slide.  Chances are you won’t see anything…but bacteria are small, remember.


10.  Flame your loop to kill any lurking bacteria.


11.  Place your slide on the hotplate to evaporate the water.  This should take about 5 minutes.

12.  When all the water is evaporated, pass the slide, face up, through the flame of your alcohol lamp ONLY TWICE.  This will heat-fix the bacteria to the slide.  Note that at this stage the bacteria may still be alive, so handle the slide with care.

13.  Follow Gram’s procedure as it is listed in table 2  Make sure you time yourself accurately, and use the proper chemicals.  Don’t rinse when no rinse is indicated!

	Chemical
	Time
	Directions

	Crystal Violet
	60 seconds
	Cover slide completely; pour off when done.

	Gram’s Iodine
	90 seconds
	Cover slide completely; pour off when done

	Distilled Water
	5 seconds
	Rinse gently; do not blot!

	Decolorizer
	20 seconds
	Rinse gently; do not blot!

	Safranin or Baisc Fuschin
	60 seconds
	Cover slide completely; pour off when done.

	Distilled Water
	5 seconds
	Rinse gently; do not blot!


Table 2.  Gram’s staining procedure

14.  When you have finished, and your slide is dry, you are ready to examine it under the microscope.


15.  You do not need a coverslip, just put your slide carefully on the stage.


16.  Using normal focusing techniques, observe your sample on high power, and record your observations.

17.  The bacteria are now all dead, so you may keep your slide for nostalgia or you may put in on the back bench to be disposed of.


18.  Return all your materials whence they came, and place your Petri dish in the bin marked “used Petri dishes.”

	Name
	Description
	Picture

	Bacillus (pl. bacilli)
	Rod-shaped (like sprinkles)
	      [image: image1.png]




	Coccus (pl. cocci)
	Spheres (like berries)
	       [image: image2.png]




	Sprillum
	Twisted in a spiral
	        [image: image3.png]




	Diplo
	Groups of two
	         [image: image4.png]




	Strepto
	A long chain, hooked end-to-end
	          [image: image5.png]10 um





	Staphylo
	A big bunch
	        [image: image6.png]





Table 1. Bacterial shapes and arrangements
Analysis
QUESTION 1:  Is your bacteria gram-positive or gram-negative?
QUESTION 2:  What is the shape of your bacteria?

QUESTION 3:  Make a careful drawing of a few bacterial cells in the space below.  You do not have to draw your ENTIRE field of view; just a few cells!
QUESTION 4:  Why do gram-negative and gram-positive bacteria appear different when stained using Gram’s procedure?

QUESTION 5:  Why would a doctor want to use Gram staining on bacteria collected from a patient’s throat?
QUESTION 6:  Check with your group members and members of a nearby group.  Did you find more gram-negative or gram-positive bacteria?  Propose an explanation of your findings.
QUESTION 7:  As a general rule, gram-negative bacteria are often pathogenic (can cause diseases such as strep throat, which is caused by the bacterium Streptococcus pyrogenes), but not all of them are.  Why do you think this may be?
QUESTION 8:  When H.C. Gram was working on his staining procedure in 1884, what do you think his results were like?  Did he have more or less contamination?  Why or why not?

QUESTION 9:  List two things that you would change in this lab to make it better.
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