BIOLOGY 220 – MICROBIOLOGY
Week 1 – Introduction to the Microbiology Lab
Lab Safety

Microbes are a normal part of our environment.  They are found everywhere; in the air, on the ground, even on your body.  In the microbiology laboratory, however, we will be dealing with microbes in a higher concentration than is normally found in the environment.  We will also be dealing with some bacteria that are considered to be pathogenic (disease causing).  The concentrated and pathogenic microbes require us to carefully observe the following laboratory safety guidelines:

1. No eating, drinking, smoking, applying cosmetics or any other activity that involves hand-to-face contact.  The face provides numerous portals of entry for microbes so you should remain cognizant of the potential to introduce microbes into your body.
2. Disinfect your work station before starting lab, after completing your lab exercises, and after any spills that may occur.  Do not assume that the lab before you cleaned up after themselves.

3. Wash your hands before leaving the lab.  

4. Wear protective clothing, such as a lab coat, to protect yourself from spills.

5. Tie back long hair.  We will be using open flames in almost every lab.

6. Be aware of safety equipment, such as fire extinguishers, eyewashes, and showers.

7. Inform your instructor about any spills, accidents, or potential hazards.

8. Follow all waste disposal guidelines

9. When in doubt, ASK!

General Lab Procedures

You will be working with a group of your classmates to complete most of the lab activities.  Adhering to the following procedures will help you get the most out of each lab and minimize the risk of you being dead weight to your group.
1. Be on time.  Your lab instructor will start each lab with a discussion of the day’s activities that will better prepare you for a safe and successful lab.

2. Read the lab before class.  This will provide you with the background information needed to understand the lab you are performing.

3. Be responsible for your workspace.  Each group will be responsible for thoroughly and properly cleaning up after each lab.  See the “Waste Disposal Guidelines” section of this lab for complete details.  

Waste Disposal Guidelines and Clean-up
Proper clean-up in the micro lab is essential both to reduce contamination and to ensure that the following labs have a clean and organized work area.  The following clean-up guidelines must be observed during each lab session.  Each student must take an active role in proper cleanup and waste disposal.  Do not assume that someone else will take care of it!

Lab Benches:  There are spray bottles of disinfectant located on each lab bench.  You must clean your lab bench both before AND after each lab.  If you should run out of disinfectant, bring the bottle to your lab instructor to be filled.

Waste material:  Bacterial cultures must be autoclaved to kill the bacteria prior to disposal.  Each group must dispose of their cultures once they have obtained their results.  The last lab of the day must also dispose of the cultures used for that day’s inoculations.  Dispose of each type of waste using the following guidelines:
· If you have liquid culture, pour the liquid into the jar labeled “Liquid Waste” and replace the jars lid.  Recap the tube and put the tubes into the rack labeled “Empty Tubes”.  NEVER pour your cultures in the sink or the trash.

· If you have agar (solid) tubes, put the tubes into the rack labeled “Solid Tubes”.  

· If you have plates or other solid material (plastic pipets, microtubes, etc) that have come in contact with bacteria, put them in the red biohazard bag.  NEVER put glass or sharp objects in the red bags.
Glass Disposal:  If you break any glass items, report it to your lab instructor immediately so they can get the glass cleaned up and placed in a glass disposal bucket.

Incubations:  Most weeks you will be doing experiments that required overnight incubations.  There will be a gray bucket located at the front of the room for your lab sections cultures.  Place all tubes in the rack labeled “Incubation Rack”.  Use a rubber band to secure all of your group’s plates together and place upside down in the bucket.  Note that since your cultures will be mixed together with the rest of the class, you need to label all cultures thoroughly (please write on the glass, not the cap).

Culture Tube Racks:  Extra culture tube racks that can be used to hold culture tubes are located on the shelf above the biohazard disposal area.  At the end of each lab, after you have removed the tubes, either for disposal or incubation, the racks are to be put back on the shelf.  
Paper towels and Soap are located next to the sink
Gloves are in the dispenser on the side of the storage boxes.  Extras can be found in the drawers below the dispenser.

Exercise 1:   Microbiology Laboratory Scavenger Hunt

Throughout the quarter, there will be many items that you will need to either obtain or dispose of.  This scavenger hunt will provide you an opportunity to locate many of these things/areas.  
Item



Location
Paper towels

Gloves

Soap

Exercise materials

Trash cans 

Glass disposal

Biohazard buckets

Rack for empty tubes

Rack for tubes w/agar

Jar for liquids

Culture tube racks

Extra gloves

Incubation bin

Incubation rack
Bacterial Growth Media

Bacteria are grown on a substance called growth media.  Media comes in several forms and can have a variety of chemical and nutritional compositions.  Today’s lab will focus on the different forms of media we will encounter throughout the quarter.  We will use media of different compositions in future labs.  The forms of media you can expect to use this quarter are:
1. Broth tubes – liquid media in a culture tube

2. Agar slants – media is poured into a culture tube and tilted while drying to produce a slanted surface on which bacteria grows
3. Agar deeps – agar is poured into a culture tube and allowed to solidify upright.  Tube is inoculated by stabbing bacteria into the agar using an inoculating needle.
4. Agar plates – agar is poured into a Petri dish
Aseptic Technique
Most of the labs done throughout this quarter will involve the transfer of bacteria from one type of media to another.  We use the aseptic techniques to perform the transfer without introducing contamination to the either the bacterial culture or the media it is being transferred to.  While there are minor variations in the technique depending on the media used, there are some general procedures to be followed.
1. Disinfect your work area.  Bacteria are everywhere!  Disinfecting your work area before each lab will reduce the number of potential contaminants.
2. Sterilize your transfer tools.  You will be using either a loop or a needle to transfer bacteria from the culture to the fresh media.  The loop/needle needs to be sterilized before each transfer.  Sterilization is achieved by inserting the loop/needle into a flame until it is red hot.
3. Flame culture tube.  After loop/needle is cooled, remove the cap from the culture tube and pass the mouth of the tube through the flame several times.  

4. Insert the loop/needle into the culture tube.
5. Transfer the bacteria to the fresh media. If the media is a:

a. Broth tube – insert the loop into the liquid and twist several times to ensure that the bacteria are transferred.

b. Agar slant tube – draw the loop up the surface of the slant, from the bottom to the top.

c. Agar stab culture – insert the needle into the agar by stabbing it.

d. Agar plate – run the loop over the surface of the agar.  Be sure not to gouge the surface of the agar  
6. Re-flame the mouth of the culture tube and recap
7. Flame the loop/needle again to sterilize. 

8. Disinfect your work area again.
Exercise 2: The Unseen Organisms

It is important to practice the aseptic technique when dealing with microbes to avoid contamination of the stock culture, the fresh culture media, the work area, or yourselves.  However, it is often difficult for us to understand the importance of following aseptic procedures since we cannot see the contaminating organisms.  It is easier for us to believe that if we can’t see it, it isn’t there.  This exercise will allow us to find out what unseen organisms might be living on things associated with aseptic transfers.

Objective:  Demonstrate that microbes live everywhere, making the aseptic technique a vital part of all micro lab procedures.

Materials (per group of 4):

· Agar plate

· Sharpie

· Microbe containing item (see procedure below)

Procedure:

1. Clearly label the bottom of your groups agar plate with your initials, lab section, and item used on the plate. 

2. Expose your plate to one of the following.  Your lab instructor will assist you in determining which group will perform each exposure.

a. Room air – leave your plate open on the bench top for 30 minutes.

b. Hands – Press the fingertips of an unwashed hand to the surface of the agar.

c. Bench top – dip a cotton-tipped swab into a tube of sterile water.  Then wipe the surface of the bench top and transfer to the agar.

d. Sterile loop – flame a loop to sterilize.  Streak the surface of the agar with the sterile loop.

e. Non-sterile loop – streak the surface of the agar with a loop that has not been flamed

f. No exposure – leave the dish covered

3. Place your plate upside down in your labs incubation tub to be incubated overnight.

4. Next week we will look at the dishes as a class to see which items, if any, had microbes present on them.
Results:  For each of the above exposures, describe the amount of growth, appearance of the colonies, and a brief explanation why you believe these results were obtained.
1. Room air – 

2. Hands – 

3. Bench top – 

4. Sterile loop – 

5. Non-sterile loop – 

6. No exposure – 

Exercise 3:  Practicing Basic Transfers using the Aseptic Technique

We will be transferring microbes to and from a variety of mediums throughout the quarter.  We will most often transfer from either a broth tube or a slant tube, so we will practice our aseptic transfers using both types of cultures.  As you are performing your transfers, remember, just because you can’t see it, that doesn’t mean there’s nothing there!

Objective: To aseptically transfer bacteria from a broth tube to 1) a broth tube, 2) a slant tube, 3) an agar plate (for inoculation, not isolation) and from a slant tube to 1) a broth tube, 2) a slant tube, and 3) an agar plate (for inoculation, not isolation).
Materials (per group of 4):

· Slant tube of Micrococcus luteus
· Broth tube of Micrococcus luteus
· 2 Sterile broth tube

· 2 Sterile agar slant tube

· 2 Sterile agar plate

· Loop 

· Bunsen burner

· Sharpie 

Procedure:

1. Label all sterile tubes and plates (label the bottom) with your initials, lab section, and organism being transferred.  Refer to figure 1-1 for inoculations.
2. Sterilize the inoculating loop by flaming it until red hot.
3. If using a broth culture, gently shake the culture tube with your free hand to disperse the culture.

4. Use the little finger of the hand holding the inoculating loop to grasp the tube cap and remove it.

5. Flame the mouth of the tube.

6. If transferring from a broth culture, insert the inoculating loop into the broth culture.  If transferring from a slant tube culture, gently scrape the loop over the surface of the culture.  Be careful not to gouge the agar.
7. Remove the inoculating loop, re-flame the mouth of the tube, and recap.

8. Put the culture tube back in the rack.
9. Inoculating a broth tube.

a. Pick up the sterile broth tube.

b. Remove the cap using the little finger of the hand holding the inoculating loop.

c. Flame the mouth of the tube.

d. Insert the inoculating loop into the sterile broth.  Move the loop back and forth in the broth to ensure inoculation.

e. Remove the loop, re-flame the mouth of the tube, and recap.

f. Sterilize the loop by flaming it until red hot.

g. Incubate the newly inoculated culture at 37°C for 24 hours.

10. Inoculating an agar slant tube.

a. Pick up the sterile agar slant tube.

b. Remove the cap using the little finger of the hand holding the inoculating loop.

c. Flame the mouth of the tube.

d. Insert the inoculating loop into the sterile slant tube.  Start at the bottom of the slant and move the loop up the surface until you reach the top of the slant.

e. Remove the loop, re-flame the mouth of the tube, and recap.

f. Sterilize the loop by flaming it until red hot.

g. Incubate the newly inoculated culture at 37°C for 24 hours.

11. Inoculating an agar plate.

a. Raise the lid of the plate enough to access the surface of the agar with the loop.

b. There are a couple of ways you may be asked to inoculate the agar plate:

i. Straight-line streak – run the loop over the surface of the agar in a straight line, being careful not to gouge the surface of the agar.

ii. Zigzag streak – run the loop over the surface of the agar in a zigzag pattern, being careful not to gouge the surface of the agar.

c. Close the lid on the plate.

d. Incubate the newly inoculated plate upside down at 37°C for 24 hours.

e. Note:  this is the procedure for inoculating an agar plate, not for isolating bacterial colonies on an agar plate.


[image: image1]

Results:  Did you successfully transfer bacteria to all six tubes/plates?  If not, why do you think there is no growth?
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General Microscope Use and Care 
MICROSCOPE FUNCTION

Before learning how to use the microscope correctly, you need to know the names and functions of a few of the basic parts. Refer to the handout for an illustration of the parts of the compound microscope described below.


 The most familiar parts of the microscope are the LENSES; in the compound microscope there are two sets of lenses. The OCULAR LENSES are the lenses which you put your eyeballs up to, and the OBJECTIVE LENSES are the lenses closer to the specimen. Note that the magnification of the ocular lenses is not adjustable (it is set at 10x), while there are at least three (sometimes four) objective lenses, each with different magnification (4X, 10X, 40X, and 100X). The choice of a particular objective lens is made by simply rotating the REVOLVING NOSEPIECE until the desired lens “clicks” into position. The highest objective (100X) is the oil immersion lens, and will not be used by you the entire quarter. To determine the total magnification of the specimen you are viewing, simply multiply the powers of the two lenses are using (ocular x objective = total).


In order to be able to effectively view your specimen, you need to be able to adjust both the light level and the focus of the lenses. The light can (and should) be adjusted several ways. First, there is a control knob either on the microscope or as part of a separate light box. Second, there is IRIS DIAPHRAGM immediately below the stage. The focus is changed with the large knobs located along the side of the scope. The COARSE ADJUSTMENT KNOB is the large knobs located along the side of the scope. The COARSE ADJUSTMENT KNOB is the larger knob, and the smaller knob is the FINE ADJUSTMENT KNOB.  As the names imply the coarse adjustment knob moves the stage a large distance with a single turn, while the fine adjustment knob moves the stage very little with each turn. To move slides around on the stage the two mechanical knobs located on or under the stage will give you much more precise contact over the direction and amount of movement than using your fingers. This takes practice but is learned rather quickly. Your instructor will go over the use of the microscope in detail.

MICROSCOPE CARE

Always follow these simple rules to make sure you did not damage the microscopes:

1. Whenever you pick up or carry a microscope, grip firmly with both hands and be especially careful to avoid bumping o jarring it.

2. Always set the scope down gently, both on the bench top and in the storage cabinet.

3. Do not place the scope too close to the edge of the bench, and make sure the area directly around the scope is cleared of all books, beakers and other materials.

4. Make sure the electrical cord is out of the way where it won’t get inadvertently snagged and pulled off the table.

5. Clean lenses with Lens Paper only! Never use paper towels or lab tissues to clean lenses, as they will scratch the lenses. Lens paper will always be available at the front of the room, and should be used frequently!
6. Never use lens paper for general clean up; use paper towels of lab tissues provided for cleaning other (non-lens) parts of the microscope, wiping off slides, cleaning bench tops, etc.
7. Before returning your microscope to the appropriate space in the storage cabinet, neatly coil the electrical cord, wipe off any liquids which may be on the scope (especially the stage and lenses), rotate the lowest power objective lens into place, and lower the stage to its lowest position (or, on some scopes, raise the ocular lenses tot heir highest position).
MICROSCOPE USE


In addition to the points raised above under MICROSCOPE CARE, you should always follow the guidelines listed below when using the microscope. Follow these rules every time you place a new slide on the microscope!

1. Raise the nosepiece or lower the stage using the coarse adjustment knob. This maximizes the distances between the ocular lens and the stage, thus providing greater access to the stage.

2. Rotate the nosepiece so that the lowest power objective (4X) is in the operating position. 

3. Open the iris diaphragm approximately half way.

4. Turn on the light source to the lowest setting.

5. Place the slide tot be viewed on the stage. With the naked eye, position the specimen directly above the center of the condenser (the light will shine on the specimen when it is in the correct position).

6. Raise the condenser by means of the condenser knob until the top of the condenser is approximately the thickness of a piece of paper beneath the slide. This step is very important for accurate focusing!

7. Rotate the coarse adjustment knob to bring the objective lens close to the slide. Keep turning the knob until it stops (on low power the lens will not touch the slide).

8. View the specimen through the eyepiece. Slowly turn the coarse adjustment knob until the specimen comes into focus, then use the fine adjustment knob to bring it into sharp focus. You should not have to use the coarse adjustment knob at all after this step.

9. The iris diaphragm may now be opened or closed to adjust the light level, thus providing more contrast and making the viewing of your specimen easier. You should always experiment with different light levels as you change specimens or magnifications.

10. Once the specimen is in sharp focus, it is now possible to rotate the nosepiece to other objectives without changing the position of the coarse adjustment knob. You should only have to focus with the fine adjustment knob. Turning the coarse adjustment with higher power objective lenses in place can lead to broken slides and damaged scopes, so ALWAYS BEGIN FOCUSING WITH THE LOWEST POWER OBJECTIVE, then move up to higher powers where only the fine adjustment is used.

11. Repeat this process (1-10) for each successive slide you view. Do not assume that the focus of the optimal light levels will be similar from slide to slide.

12. ALWAYS report any sort of problem you may have been having to the instructor immediately. 

Exercise 4: Identification of Prokaryotic and Eukaryotic Cells



Cells are divided into two major groups based on their size and complexity.  Prokaryotic cells are the smaller of the two (generally 1-5 μm) and simpler (no membrane-bound organelles, single chromosome, and division by binary fission).  The domains Archaea and Bacteria contain prokaryotic organisms.  While eukaryotic cells are larger (varying from 10-100μm) and more complex (membrane-bound organelles, multiple chromosomes, and mitotic division).  Eukaryotic organisms are found in the domain Eukarya, which is subdivided into four kingdoms; Protista, Fungi, Plantae, and Animalia.  To gain an appreciation of how these two cell types differ in appearance you will be viewing several slides that contain either prokaryotic or eukaryotic cells.

The slides you are viewing are:

· Staphylococcus aureus – a cocci shaped bacteria 

· Bacillus cereus – a bacillus shaped bacteria
· Treponema pallidum – a spirochaete bacteria
· Yeast – a single-celled fungus
· Human blood – animal cell
Objective:  To recognize the visual differences between prokaryotic and eukaryotic cells and identify the three basic morphologies of prokaryotic cells.
Materials:

· Prepared microscope slides
Procedure:

1. View each microscope slide under oil.

2. Draw what you see on each slide and note differences between each slide.  You may want to pay attention to detail such as shape of the cell, how the cells aggregate, and the relative size of the cell.
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Exercise 5: Motility


Some bacteria possess flagella, an external structure that allows the organism to move away from a harmful environment or towards a favorable one.  Flagella rotate 360º to propel the bacterium through the medium.  Bacteria that possess flagella are referred to as motile.  There are several methods for determining if a bacterium possesses flagella.  One method is the flagella stain, which can be difficult to perform, but can provide valuable information such as the number and arrangement of flagella.  A second method for identifying motile bacteria is the hanging drop method.  The hanging drop method is easy to perform, but can be difficult to read since the bacteria are not stained.  
In this lab we will be using motility test medium to demonstrate the ability of bacteria to move.  The motility test medium is a semi-solid agar, so it has a consistency that allows bacteria with flagella to “swim” through the medium from their initial point of inoculation.  This medium also contains tetrazolium salt, or TTC.  TTC is colorless in the uninoculated agar.  The production of energy by the bacterium for activities such as growth or motility reduces TTC, causing it to turn red in color.  Motility is evidenced by the red cloud that becomes visible along the path the bacteria travel. 
Objective: To determine if a bacterium is motile (possesses flagella)

Material (per group of 4):
· 2 sterile tubes motility media w/TTC

· Broth tube Micrococcus luteus
· Broth tube Escherichia coliI
· Inoculating needle
Procedure:

1. Thoroughly label the sterile tubes of motility media.  Label one for inoculation with M. luteus and the other for E. coli.

2. Using the aseptic technique, inoculate one tube of motility media with M. luteus by stabbing the inoculating needle about halfway into the center of the agar.
3. Inoculate the second tube with E. coli using the same stab technique.

4. Place tubes in your lab sections incubation rack at the front of the room.

5. Tubes will be incubated overnight.

6. Next week, you will observe both tubes for red coloration produced by the TTC.
Questions:
1. What is motility?

2. List 3 methods for determining if a bacterium is motile.  Which method did we use in lab?

3. How does TTC help us identify motile bacteria?
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Figure 1-1 M. luteus will be transferred from both a slant tube and a broth tube to the 3 different types of media.
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