INTRODUCTION TO MICROBIOLOGY
[Print the 2-page set of figures for use in lab; that's a separate link on the lab study assignment]

Microbiology, as an area of specialization within biology, usually stresses the study of bacteria (bacteriology) and fungi (mycology). The bacteria (singular, bacterium) usually get the most attention in courses in microbiology. Some people include protozoans, algae, and/or viruses as well. Your study assignment referred you to the relevant material in the text.  In this exercise you will learn some basic techniques used in studying bacteria in particular.  Most of these skills you master by practice; the more practice the better you become at doing them.  Most people in this course will later take a course in microbiology; this introduction will be useful. Working with microorganisms requires microscopy, using high magnifications. Therefore, you will learn how to do oil immersion microscopy. 

There are two especially important considerations about working in a microbiology lab that you must always keep in mind; both of these require your constant attention. 

1. First is the safety issue. 

a. As the anthrax scare in the autumn of 2001 reminded people, some species of microorganisms cause disease.  Unlike familiar animals and plants, when bacteria and fungi appear, demanding our attention, we usually don't know which one(s) we have at hand.  Therefore, as a practical matter, you must treat all of them as potentially infectious and harmful until you know otherwise.  You won't work with any pathogens (disease-causing organisms) here, but you must develop skills and attitudes to protect yourself and others around you. So, handle each species as though it were infectious.

b. Many techniques require use of a gas (or alcohol) burner, flammable solvents (alcohols, e.g.), and potentially harmful chemicals (various dyes/stains, e.g.). These must be handled properly, and that requires your undivided attention. You must also always be alert to potential carelessness by other people working around you.

2. Second, proper technique and procedures must be used in order for you to see and learn what you should.  Identification, growth, isolation, and all other aspects of studying microorganisms (= microbes) require that you carefully follow instructions. Things don't work when instructions aren't followed.  And since proper medical treatment often depends on correct identification of a bacterial specimen at hand, procedures do matter.  

SIZES OF MICROORGANISMS 

In your earlier microscopy exercise you learned how to measure sizes of objects.  Bacteria are the smallest organisms. Fungal cells, spores, and related structures are larger but still microscopic. Here are some representative size values, for comparison: 

a human egg cell- 100 micrometers 
a human erythrocyte- 8 micrometers 
a typical coccus- 1 micrometer 
a typical bacillus- 0.7 X 2.5 micrometers 
a large spherical virus- 200 nanometers 
a small spherical virus- 25 nanometers 

Refer to the size scale on text page 56 and the scale bars shown with the photos of bacteria in text Chapter 26 (e.g. pp. 461, 463).  Lecture material also treats bacterial sizes; make a note of your microscope's  field diameters (from the earlier microscopy lab) so that you can estimate cell sizes in today's work.

************************************************************************* 

SAFETY PRECAUTIONS. The lab instructor will stress and explain these at various points during the period. Some of the most important that you must observe are these. 

1. There's an active alcohol burner at your work station. Note that it must stay where it is, not be moved around.  Keep hair, clothing and other flammables away from that flame; (hence the pre-lab prohibition against unconfined long hair and against wearing dangling clothing such as scarves, baggy sleeves). 

To light the burner, hold the metal striker very close to the tip of the burner's wick and strike repeatredly.  
2. Since some staining solutions contain alcohol, keep stain bottles away from the burner. 

3. If you accidentally spill anything near the burner, extinguish the flame by putting the snuffer cap on the wick.  Dangling apparel (jewelry, sleeves, scarves, bracelets, etc.) are prohibited in this lab session to reduce chances of knocking over bottles and burners. 

4. You must wear eye protection except when you're looking into your microscope. 

5. You must wear disposable gloves to keep stains and microorganisms off your skin.  

6. Do not put anything into your mouth during the lab period- no gum, food, sodas, medicine, etc.- nothing.  You don't want to accidentally ingest any of the cells that you're studying. Also, though you won't use pipets today, remember that you must never pipet solutions containing microorganisms by mouth.

7. Handle all staining solutions carefully, to avoid staining your skin, clothing, etc. Spills, drips, spattering of solutions can occur easily unless you concentrate on every step you perform.  Know what you're supposed to do before you do it- anticipate.  And stay alert to what those around you are doing.

************************************************************************** 

SOME TERMINOLOGY 

To grow, or to culture, microorganisms in a lab, you must provide them with suitable conditions: nutrients; water; proper temperature and pH, e.g. 

Culture tubes and dishes. The containers in which the microbes are grown (cultured) are usually tubes (culture tubes), flasks, or shallow culture dishes (= Petri dishes, Petri plates). 

Culture medium. The nutrient base, which contains water, minerals, and organic nutrients, with proper pH, is called the medium (plural, media). It may be a liquid (a nutrient solution) which is put into culture tubes or flasks, after which the microbe of interest is added. The microbe then would "grow" in the solution, by cell division, absorbing nutrients from the solution and expelling wastes into the solution. Alternatively, a gelling agent, such as agar (a polysaccharide extracted from certain algae), can be added to "solidify" the nutrient solution. Such agar media are commonly put into Petri dishes or tubes. Agar dissolves only when the solution is heated to 100 C; the solution then gels (solidifies) at about 42 C. Tubes can be tilted so that the agar medium solidifies in a slanted form in the tubes. In both Petri dishes and tubes, the microbe is put on the surface of the agar medium, where it grows. 

Culture.  The term refers to the container + the medium + the microbe growing in or on that medium. The terms "liquid culture" and "agar culture" tell you whether the medium is liquid or solid. A tube containing slanted agar medium is sometimes called a slant. "Culture" is also used sometimes to refer just to the microbe itself within the culture dish, tube, or flask. Mechanical shaking may hasten growth in liquid cultures. 

Colony.  Typically this refers to a mass of bacterial or fungal cells growing on the surface of an agar medium or stationary liquid medium. The mass of cells is usually more or less circular. A single live cell placed on the agar surface will give rise to such a colony by repeated cell divisions. A rule of thumb: bacterial colonies usually appear shiny and moist, but fungal colonies usually appear fuzzy and dry (or powdery or cottony). 

Transfer.  This means to move cells from a colony in one tube or dish to fresh medium in another container. Transfer may be done in various ways.  You will use a transfer loop, a long thin wire formed into a circular loop at one end, mounted in a long cylindrical handle (Figure 1).  

Sterile.  This means that no biological agents (bacteria, viruses, etc.) capable of reproducing are present. A sterile culture dish has no live cells in it. When you hold a transfer loop in a flame (Figure 1) you sterilize the loop by destroying all live cells that might have been adhering to the loop. In working with cultures always begin with sterile medium; then you can place one microbial species of choice in that medium and exclude others. 

Pure culture - a culture that contains only one species, no contaminating species present. 

Contaminant - any unwanted microbe that appears in a culture.  Bacterial and fungal cells and spores are so small that they are readily carried on air currents, and they are universally present on skin, floors, walls, clothing, virtually everything.  Any time a culture dish or tube is open, contaminants may enter from the air, unseen.  So, a major part of microbiological work is the constant effort to prevent contaminants from entering pure cultures and to control/contain all microbes in order to prevent exposure of workers to them. (Remember, some microbes cause disease.) There are many ways to reduce or minimize the chances of contamination, e.g.: 

· Disinfect the benchtop before and after your work session.

· Flame the transfer loop before and after every use.

· Keep cultures closed except when doing transfers or taking samples.

· Minimize air currents in the room and around your work area.

· Keep your hands clean.

· Always begin with sterile tubes, dishes, media.

· Don't cough or sneeze onto your work area or cultures. You are a major source of contamination.

· Disinfect transfer loops and all other materials that contacted microbes after your work session.  This includes destroying all cultures (sterilizing them) before they are disposed of.  A specially designated orange bag is provided in the lab for disposal of cultures and other contaminated materials (gloves, paper towels, e.g.).

Aseptic technique [sometimes called sterile technique]. This refers to all methods, practices, procedures used to prevent spread of microbes in the work area and to prevent entry of contaminating microbes into your pure cultures or sterile media.  

TIPS TO REMEMBER......as you now prepare to do some microbiological work: 

1. Keep stain bottles tightly closed when you're not dispensing, to prevent evaporation and to reduce chance of spill.  

2. Keep all stain bottles (esp. alcohol) away from the flame!  If unsure, then just assume the stain is flammable.

3. The large plastic cup labeled "wash sink" is a catch basin for excess stain and rinse liquids. Use it so that you don't have to go back and forth to the sink.  Keep it away from the burner. 

4. You have a Kuehne forceps (flat, wide, bent tips - see Figure 4) for holding a microscope slide over the plastic rinse cup while you apply stains and rinses to the slide.

5. Rather than go to the sink to rinse slides with water, use the water bottle and Pasteur pipet at your work station; catch the rinse waste water in the large plastic "wash sink" cup.

6. In using the transfer loop, flame the needle to red-hot and then let cool for a moment.  Always do this twice: (i) before you touch a culture to remove cells (Remember: a HOT loop kills cells) and (ii) every time (after touching a culture) before you lay the loop down on the bench. The first prevents contaminating the culture you're about to work with; the second prevents contaminating the bench/workspace after the loop has been used to perform a transfer.

7. Keep cultures closed between transfers, to keep contaminants out and to prevent cells within from being wafted out of the culture by air currents. 

Part A.  Preparation of a bacterial smear, positive staining, and use of the oil immersion objective -  Since some things need to be seen, not just read about, your TA will guide you through these three procedures.  Follow him/her closely. 

A positive stain is one that will bind to some component of the cells: cell wall, nucleic acids, proteins in the cytoplasm, e.g.  It may be basic (a positively charged molecule) or acidic (a negatively charged molecule).  The charged stain molecules will bind to cellular components made of oppositely charged macromolecules.  You will use methylene blue, a basic stain, which binds to DNA and polyanionic polysaccharides of cell walls, e.g.

1. Take a precleaned microscope slide from the box.   Locate your Kuehne forceps, transfer loop, 
and culture dish containing Bacillus subtilis.  As the genus name suggests, the cells of this species have the "rod shape", i.e. bacillus (plural, bacilli).   [Note how these binomial, scientific names are written: genus name capitalized; genus name and specific epithet italicized or underlined.]

2. Preparation of a smear: 

a. Put a tiny (3-4 mm) drop of water in the center of a clean microscope slide (Figure 2A).  If too large, the smear will dry slowly.

b. Flame and cool the transfer loop, as follows.  Hold loop handle as shown in Figure 1, heat loop to red-hot, then slowly pass the wire (as shown by the arrow) through the flame to heat the wire about 2/3 of it's length.  Don't heat the handle.

c. With your free hand lift the dish lid just enough to insert the loop from the side (Figure 3).  Don't lay the lid on the bench; that'll contaminate it.

d. Gently scrape a tiny bit of the bacterial mass from the agar surface-  just enough to see that there is some pasty material on the loop; not a lot, not a loop full.  Replace the dish lid.

 e. Gently tap the loop in the water drop on the slide to dislodge the cells in the drop; the drop will appear "milky" as the cells disperse in the water.

f. With a circular motion of the loop (Figure 2B), spread (i.e. "smear") the drop into the a circular area about the size of a dime.  Then let the smear air dry; do not heat.  Gentle movement of the slide as shown in Figure 4 will hasten the drying.  

3. Fixing the smear.  Since you will apply a liquid stain to this smear soon, you must first stick the cells to the glass slide to prevent their being washed loose by the stain.  That's called fixing the smear.   You will fix the cells to the slide by passing it through the flame.  The smear must be dry before this heating, to avoid spattering of the material (safety!). 

a. Hold the slide horizontal with your Kuehne forceps (Figure 5) and then pass it through the flame 3 times, about 2 seconds each time:  through the flame and back out (2 seconds total motion)... 3 times.  Watch your TA.  If the heating is too little, the stain will wash off the cells later (no good).  If the heating is too much, the cells will be destroyed, won't stain properly (no good).  This is something that comes with experience.

b. After this fixing step, let the slide cool.

4. Positive staining (with methylene blue).  

a. Use the Kuehne forceps to hold the slide horizontal above the "wash sink" cup.    Apply  enough drops of methylene blue stain to cover the smear.  Wait 1 minute.  Then tilt the slide to let the stain run off into the "wash sink" cup.  The smear should be distinctly blue.

b. Next, use your Pasteur pipet (has squeeze bulb) to gently dribble water over the smear, catching the excess rinse water in the "wash sink" cup.  See Figure 6.  Rinse until no more blue stain drips from the slide.    

c. Lay the slide on a double layer on paper towel.  Fold the towel over on top of the slide and press gently to blot the excess water.  Do not rub.  Rubbing will scrape off the smear.  

d. Gentle movement of the slide as shown in Figure 4 will hasten the drying.  The smear should be stained blue.  The slide is ready for microscopic study; you won't use a cover slip.

5. Use of oil immersion objective to study the stained smear. Follow steps  a - h  carefully.

a. After cleaning the compound microscope's lenses, mount the slide on the microscope's stage, smear side up, of course (no cover slip).  Position the smear over the hole in the stage.


b. Bring the very tiny cells into focus with the low power objective (10X).  Adjust interocular distance and focusable left ocular sleeve for your needs.  You did this in the previous microscopy lab exercise.  You will see the cells just as blue specks, no detail; many of them will be massed together in clumps.


c. Carefully rotate the high power objective (45X) into position.  Use only the fine focus knob hereafter.  Adjust lighting and refocus.  Use the mechanical stage controls to position some of the clearly seen individual cells in the center of the field of view, in preparation for the next step.  There's still no detail visible in the cells, but they are clearly visible as individual blue rods (bacilli).  Don't proceed unless you can see the individual cells at this magnification.  If you don't see them, get the TA's help.

d. Rotate the nosepiece to a position half way between the high power objective and the oil immersion objective (100X, the longest barrel).  Place a drop (just one drop) of the immersion oil directly onto the smear above the center of the hole in the stage.


e. Carefully rotate the nosepiece to click the oil immersion objective into position over the stage hole.  As you do this, the tip of the objective literally runs into the oil drop and becomes "immersed" in the oil.  That is, the space between the slide and the tip of the objective (working distance, which is now very small) is filled with the oil.  You will be looking at the specimen through the oil, not through an air filled space as before. 

f. Use only the fine focus knob now.  Sharpen the focus to see the cells; you will probably need more light.  Now use your ocular micrometer to estimate the dimensions of the cells of this species.  Recall from the microscopy exercise the ocular micrometer spacings are:  
21 micrometer per division with 4X objective,
10 micrometer per division with 10X objective, 
2.2 micrometer per division with 45X objective, 
1.0 micrometer per division with 100X objective

g. When done studying this slide, DO THE FOLLOWING:  
Before touching any focus knob, rotate the nosepiece to put the scanning objective (shortest barrel, gives plenty of working distance) in position over the slide. Then remove the slide from the stage and discard it in the "used slides" can.  With the oil immersion objective in position (very little working distance), it is too likely that damage to that lens would happen if you tried to remove the slide with that objective in place or if you tried to raise the nosepiece with the coarse focus knob (you might turn it the wrong way).

h. Use lens paper to clean the oil off the tip of the oil immersion objective.

You won't reuse any of the stained smears that you make today. For each new smear that you prepare hereafter start with a new, clean blank microscope slide.  Discard all the slides you prepare in the "used slides" can.

 ***You must know how to do this oil immersion observation correctly before you continue. Incorrect procedure will damage the objective lens!*** You may proceed with the rest of the work at your own pace. 

Part B. Negative staining.  Unlike positive stains, such as methylene blue, a negative stain such as nigrosin does not penetrate the cells, does not stain molecules of the cells.  Instead, the stain darkens the background so that the unstained cells stand out as whitish, or light, specks.

1. Since you just saw Bacillus subtilis positively stained, use the same culture for this negative stain, to see the contrast.   

2. On a clean slide place a drop of nigrosin stain near one end, as shown in Figure 7A.  Then flame your loop as before (Figure 1), and get a sample of Bacillus subtilis as before (Figure 3): just enough material to see it on the loop.  Gently tap the loop in the stain drop to dislodge the cells, but don't smear the drop with the loop.  Then flame the loop again, let it cool, and set it aside.

3. Position a second clean slide, touching the first, as shown in Figure 7B.  Then push the tilted slide against the stain drop (follow the arrow).  The drop will spread into the crevice where the slides meet.  

4. Pull the tilted slide to the right (Figure 7C, arrow) across the flat slide. This smears the material uniformly.  At the position shown in Figure 7D, remove the tilted slide and discard it in the "used slides" can.

5. Air dry the smear.  Don't rinse, blot, or rub it.  A gentle movement on the horizontal slide (Figure 4) will help the drying. 

6. When the smear is dry, follow the procedure above (in part A.5.) to study it with the low power, then high power, and then oil immersion objectives.  This includes the procedure to follow when done with the slide.   Note differences between positive and negative staining views of this organism.  

7. Look closely at these unstained cells to locate some that clearly show cross walls formed.  This is evidence of binary fission, which is cell division in bacteria.  This is a means of asexual reproduction:  reproduction in which an individual gives rise to more genetically identical individuals without involvement of gametes and fertilization.  Though binary fission is similar to mitotic cell division in eukaryotes in terms of what it accomplishes, the details of how the cell divides are different from what you studied in mitotic cell division.

Part C.  Safranin stain, size comparison of 2 species of bacilli. 

1. On a clean slide prepare two smears, as shown in Figure 8, using the same technique as with your first smear today.  One smear will be of Bacillus subtilis and the other will be of Escherichia coli, which you have in a separate culture dish.  

2. Be sure to flame and cool your loop before taking each bacterial sample and after transferring it.   Improper technique here could result in the second culture being contaminated with cells from the first transfer step.  Also, mark one end of the slide with a grease pencil so you'll know which species is on which half of the slide, in case the slide gets turned around in handling.

3. After both smears have been air-dried, hold the slide with the Kuehne forceps and fix both smears with the burner's flame as you did with your first smear today (Figure 5).  Then let the slide cool for a minute or so.

4. Hold the slide (Kuehne forceps) horizontal over the "wash sink" cup and cover each smear with drops of safranin stain.   Wait 1 minute.   

5. After the 1 minute, tilt the slide to let the excess stain drip into the "wash sink" and then rinse both smears gently with water as shown in Figure 6, until no more stain (red/pink) drips from the slide.   

6. Observe each smear (NO COVER SLIP)as before with low power, then high power, then oil immersion.  Reread and follow the previous steps for properly doing the oil immersion work.  The cells of both species are rods (bacilli). Are they distinguishable in terms of size? Which is the larger rod? 

NOTE: B. subtilis grows well at 25 C, but E. coli grows better at 37 C. The usual habitat of E. coli is the large intestine. You should convert these temperatures to Fahrenheit to be sure you understand why E. coli thrives at the higher temperature. This is the same E. coli that has been used for many years in so much important research on biochemistry, genetics, and molecular biology. 

7. When done, discard this slide and clean the objective with lens paper.

Part D. Cell shape, pigmentation (color), and motility (ability to move) 

B. subtilis cells and E. coli cells are not pigmented (no color). They appear more or less white, in mass, on the surface of the agar medium. For contrast look at the cultures of Serratia marcescens and Micrococcus luteus.  Pigmentation is an important trait in identification work. Note that individual cells do contain the pigment (red or yellow in these two cases), but the amount in one cell is too little (because the cells are so small) to be seen as colored under the microscope.  On the agar surface you see masses of billions of cells; so their color is obvious.

As you prepare and study "wet" mounts of various species, pay attention to (i) the relative sizes of individual cells, (ii) shapes of the individual cells, (iii) whether the individual cells are motile. Although the flagella (singular, flagellum) by which motile cells swim are too thin to be seen in our work today, their presence is inferred from the active motion of cells which have flagella. Since the processes of fixing and staining cells kill the cells, you'll need to observe live cells to determine motility. Proceed as follows to prepare wet mounts of these species one at a time of separate slides.   Bacillus subtilis,   Micrococcus luteus,   Serratia marcescens 
1. Put a drop of water (5-8 mm) on a clean slide.  This drop can be a bit larger than before since here we are not going to smear and dry the material.

2. Flame (and then let cool) the transfer loop. Then take a tiny scraping of the B. subtilis culture and gently tap the cells loose in the drop of water. Do not smear and heat!!!
3. Apply a cover slip to the wet suspension of cells.

4. Examine with low power and then high power. NOT OIL!!

5. Observe the cells for motility.

6. When done with each slide, discard it in the "used slides" can.

Repeat the procedure with M. luteus and then with S.marcescens on separate slides. If your scope is properly adjusted, at high power you can see: 

a.  B. subtilis rods are motile; they swim.

b.  M. luteus cocci  (singular, coccus) are very tiny and non-motile; Brownian motion (not motility) causes the jiggling you see; that is random motion.  The cells of this species characteristically aggregate into "squarish" clusters.  That trait is valuable in identification work.

c.   S. marcescens bacilli are very short and motile.  In fact, as they tumble in their movement they may appear almost spherical.

Spirillum volutans is one of the largest bacteria.  Study the prepared slide of this organism, in the blue slide box.  Oil immersion is not necessary for you to see the curves in its wavy shape (singular = spirillum, plural = spirilla).  The live organism is motile; it has flagella at each end of the cell.  Bacterial flagella are hard to see without special staining because they are so very thin.  Observe the specially stained slide of this species mounted on the demonstration microscope.     

Part E. Oral bacteria. 

In the microscopy lab some weeks ago you sampled your own cheek epithelial cells with a flat toothpick and stained those cells for microscopic observation.  You may have noticed that there were a lot of bacterial cells present also on that slide that you made.  The inside of the human mouth contains enormous numbers of bacteria and many different species.  Among other things, they are responsible, through their metabolic activities, for tooth decay and bad breath. 

On a clean slide put a tiny drop of water. Then use a flat toothpick to gently scrape your gumline at the base of your molars.  Smear the tip of the toothpick in the water drop (to the size of a dime), as you did with the loop earlier.  Then, as you have done before, air-dry the smear, fix the cells with the flame, and stain/rinse with safranin.  Examine with low and high power and then with the oil immersion objective. You should see a variety of bacterial types: bacilli and cocci mostly, some cocci in pairs, chains, clusters perhaps and bacilli singly and in chains perhaps. Discard the slide when done.  

Part F.  The gram stain.  The gram stain procedure is one of the most widely used staining procedures in bacterial identification work. You should know what is meant when a bacterial species is referred to as gram-positive or gram-negative (text page 463).  This procedure uses 2 positive stains, a mordant (a substance that makes a stain bind more effectively), and an alcohol wash step.

1. Follow the steps in Part C, 1-3 to prepare, air-dry, and fix (with the flame) 2 smears on a clean slide- one smear of Bacillus subtilis and one of Escherichia coli, both on the same slide (see Figure 8).

2. With gloved hand (still gloved, as always today) hold the slide horizontal over the "wash sink" cup with your Kuehne forceps, and cover both smears with drops of crystal violet stain.  Wait 30 seconds.

3. Tilt the slide to catch the runoff in the "wash sink" cup.  With your other gloved hand, use the Pasteur pipet to gently dribble water over both smears to rinse off the excess crystal violet stain, catching the rinse water in the cup (see Figure 6).  Rinse until no more color drips off the slide.  Note that both smears are stained, purple.

4. Now, again hold the slide horizontal over the "wash sink" cup with your Kuehne forceps, and cover both smears with drops of iodine solution.  Wait 60 seconds.  Iodine acts as mordant; i.e. it improves the binding of the crystal violet to gram-positive cells. 

5. After 60 seconds of iodine, tilt the slide to catch the iodine runoff in the "wash sink" cup and then gently rinse again with water from the Pasteur pipet, catching the rinse in the cup. 

6. Lay the damp slide on a double layer on paper towel.  Fold the towel over on top of the slide and press gently to blot the excess water.  Do not rub.  Rubbing will scrape off the smear.  Note that both smears are still stained.

7. [Alcohol wash step: note that the alcohol dropper bottles are to be used away from the flames- at the front of the room and in the hood.]  With Kuehne forceps, hold the slide tilted over the "alcohol rinse" cup and gently dribble 95% ethyl alcohol over both smears (catching the runoff in the cup).  Rinse until no more color drips off the slide... but no longer than that. 

8. Rinse the slide gently with water (from the Pasteur pipet) again, just for a few seconds to remove the alcohol, and again gently blot the slide with paper toweling.  Don't rub.

At this point the smear of a gram-positive species will still be stained purple by the crystal violet.  However, the alcohol washes out the stain from cells of a gram-negative species.

9. Hold the slide horizontal over the cup again, and now cover both smears with drops of safranin stain.  Wait 30 seconds.  Safranin is a counterstain here, to stain the gram-negative cells so that they can be seen under the microscope.  A gram-negative species is one whose cells were decolorized by the alcohol wash step.  

10. Tilt the slide over the cup and rinse (dribble with Pasteur pipet) both smears gently with water until no more of the reddish safranin stain  drips off.  Then blot the slide gently between paper toweling (don't rub) and air dry it.

11. Observe both smears with low power, then high power, and finally with oil immersion, following the same procedure as before for using the oil immersion objective, in Part A.5.

You should be able to readily distinguish cells of these two species on the basis of color difference in this procedure.  Discard the slide when done and clean the oil off the objective.

Part G.  Bacterial capsules.  In some species, the individual cells secrete an extracellular (external) coating, called a capsule, which is made of polysaccharide molecules primarily.  Since most species don't form one, the presence of a capsule is useful in identification work.  Study the prepared slide (blue box) of cells with capsules, using low power and then high power, not oil.  What you're seeing on the slide:

First a negative stain (reddish in this case) was used to stain the background.  Neither the cells nor their capsules were stained by the negative stain.  Then a second stain, called a counterstain was used to stain the cell within the capsule.  The counterstain happens to be red also in this case. Therefore you see each tiny red-stained bacillus surrounded by a white (clear, unstained) zone, a "halo,"  against the reddish background.  The capsule is quite conspicuous.

Part H.  A practical problem of identification.   During the anthrax scare in the fall of 2001, there was much confusion and uncertainty about whether people had been infected or not.  One aspect of determining that is the identification of the Bacillus anthracis cells within the tissues of the person (the host).  To get some sense of how difficult that can be, study the slide of Bacillus anthracis within a thin section of host tissue (blue box).  Use low power and then high power, but not oil, to locate the bacilli within the host tissue.  [NOTE: these cells are all dead, not a danger.]  

Most of the host tissue that you see has been stained blue.  The red counterstain used to stain the bacterial cells happens also to have stained some types of host cells too.  The red-stained bacterial cells are distinctly rod-shaped and very small (recall the several species you've already seen today: tiny, tiny, tiny), whereas the red-stained host cells are much larger and round-to-oblong.  So, try to find the bacilli "needles" in this "hay stack."  Then, having found them, consider that there are hundreds of species of bacteria that look much the same.  How do we know these are anthrax?  Short answer:  it's not easy, and there is more testing needed.

Part I.  Demonstration of airborne contaminants. 

Many species of bacteria (and fungi, eukaryotic microbes) form reproductive cells called spores. These microscopically small cells are readily carried on air currents and may give rise to new colonies if they happen to settle out of the air onto a source of nutrition. Much of the food spoilage that occurs around the home (meat, milk, breads, cheese) arises from such airborne contaminants. 

Observe, but don't open, the demonstration culture dishes on display that show various organisms that were "isolated" by opening culture dishes to expose the nutrient agar medium to the room air several days ago. The organisms that appear fuzzy, cottony, powdery, and/or dry are mostly fungi; yeasts in culture are an exception, appearing moist and shiny. Most organisms in culture that appear moist and shiny are bacteria; an important exception are the antibiotic-producing Actinomycetes, which tend to look more like the ropy, stringy fungi. Each of these roughly circular colonies that you see in the dishes grew from a single cell or spore that settled out of the room air onto the exposed nutrient agar surface. Some of the same organisms may appear on food products in the home.  And some can grow on other materials such as paper products (cardboard, damp wallpaper, e.g.) and fabrics, which they may damage.

Cleanup:  when you've completed the work…

1. Put all paper waste (paper toweling, e.g.), disposable gloves, and used toothpicks in the orange biohazard trash bag.

2. Leave the 4 bacterial cultures on the bench.

3. Clean the microscope oculars and objectives, especially the oil from the oil immersion objective.  Check the microscope stage for cleanliness.

4. Turn off  the gas burner if you are the last person using it.

5. Ensure that the lid of the immersion oil bottle is tightly closed; wipe the outside of the bottle clean and stand the bottle up.

6. Wash your hands thoroughly.
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