Introduction


All living organisms are composed of cells.  Many different kinds of cells exist, and are distinguished by their relative size and unique function.  Cells are classified as two distinct types, prokaryotic cells and eukaryotic cells.  Prokaryotic cells can be distinguished by the fact that they have no membrane-bound organelles, for example, no nucleus, vacuoles, mitochondria, or chloroplasts (Biology Department, 2001).  A prokaryotic cell’s DNA molecules are not combined with proteins, unlike eukaryotic cells, which have chromosome proteins (Biology Department, 2001).  The average prokaryotic cell ranges in size from 100nm – 500nm (Biology Department, 2001).


Due to fossils dating back from 3.5 billion years ago, prokaryotic cells were found to be the first living cells of the world.  The evolution of prokaryotes was derived from the evolution of amino acids and other kinds of molecules.  Primitive prokaryotic cells, called protobionts, were able to take in and concentrate organic molecules, which helped in maintaining the internal structures and functions within the cell (Biology Department, 2001).


Bacteria cells are a form of prokaryotes, which can be divided into subdivisions such as coccus (spherical or round), bacillus (rod shaped), and spirillum (spiral) (Biology Department, 2001).  To study bacteria under a microscope, staining techniques are introduced to achieve the best results.  Since bacteria are essentially colourless and transparent under a microscope, a stain is given to sample to better view and distinguish cells samples being studied.  A Negative/Acid staining involves mixing a cell sample onto a slide with a sterile loop into a drop of congo red dye, where the dye does not enter the cell, but stains the background.  The Simple/Basic staining process involves mixing a heat fixed bacterial smear with Methylene blue stain, where the stain dyes the cell itself not the background.  The third staining technique is The Gram stain, where a slide held over a staining tray is mixed with Crystal Violet, portions of Iodine and Ethanol, and some Safranin, different colours that the sample appears relates to a Gram-positive or Gram-negative species.


Brownian motion is the random movement of bacteria, due to the bombardment by water molecules in a suspension of water (Biology Department, 2001).  The varying contrast of a bacteria is what is called bacterial motility made possible by the flagellum, where bacteria follow specific paths. 


The purpose of the laboratory experiment is to study prokaryotic cell characteristics under a microscope using staining techniques.

Materials and Methods

Inoculation and Incubation of Agar Growth


A sterile cotton swab was used to obtain bacteria from the bottom of a shoe, and was streaked into a Petri dish containing a nutrient agar growth medium (Biology Department, 2001).  The streaks were made in a clockwise square pattern, a few streaks to the right, a few streaks down, a few streaks left, and a few streaks up completing the square.  The Petri dish inoculated with the bacteria was then incubated at 38°C for 24 hours.  To prevent an accumulation of moisture, the Petri dish was incubated in an inverted position, followed by refrigeration (Biology Department, 2001).  

Prepared Slides


Using prepared slides, different groups bacteria were examined under a Leica microscope.  The three groups that were located under the microscope were coccus, bacillus, and spirillum-shaped bacteria.  Their shapes and actual sizes were recorded using an ocular micrometer.

Bacteria Staining


Before examining the bacteria from the Petri dish under a microscope, three heat fixed slides were prepared.  A small drop of distilled water was placed in the center of the either slide.  Using an alcohol lamp, a loop was sterilized by being put at a 45degree angle in the flame until it became red hot.  By opening the Petri dish slightly, the sterilized loop was cooled by touching the agar.  The loop was then passed into one of the colonies of bacteria, which was transferred to one of the slides.  The bacteria was mixed into the drop in a circular motion until the smear was approximately the size of a dime.  The loop was then re-sterilized and used to transfer a different colony of bacteria to the other slide.  The slides were allowed time for air dry before heat fixation.  The slides were then passed through the flame three times, bacteria side up, to heat fix the smears.


After heat fixation the slides were then ready for staining.  One heat fixed slide was then positioned over a staining tray, and a few drops of Methylene blue was added to the smear.  The excess of the Methylene blue was rinsed away using distilled water, and cover slip was added over the smear.  The smear sample of the bacteria was then examined under a Leica model microscope.  A diagram of the bacteria cells seen in the smear was drawn, and their actual size was calculated using a Wild ocular micrometer, objective lens at 10X.  


The other two heat fixed slides were placed over the staining tray, and a few drops of Crystal Violet was added for 45 seconds.  As before, the excess of the stain was rinsed with distilled water.   The slide was position at an angle to allow water to run off.  Gram’s Iodine was added to the smears for 45 seconds and was allowed to run off.  Ethanol was then added to decolorize the smears, and the slide was rocked back and forth to allow the alcohol to drip off.  The Ethanol was added until the run off was clear.  The slides were then rinsed with distilled water and Safranin was added to the smears for 30-60 seconds.   The slides were then rinsed again, and the cover slip was applied.  The slides were viewed under a Leica microscope, and diagrams of the species were to be drawn, but the staining process damaged the smears.


Two more slides were used in another staining process, where heat fixation was not required.  A drop of congo red was placed the end of one of the slides, and another bacteria sample from the Petri dish was transferred to the drop, using a loop.  The edge of the other slide, held at a 45degree angle, was used to spread the mixture lengthwise across the first slide.  After the slide had been given time to dry, a cover slip was on top, and the slide was examined under a Leica microscope.  A diagram of the bacteria cells was drawn, and the actual size was determined with the use of a Wild ocular micrometer, objective lens at 40X.

Examining Cyanobacteria


Using the cyanobacteria cultures from the front bench, two slides were prepared.  A drop of a culture was placed in the center of each slide.  A carefully handled cover slip was tilted at a 45degree angle toward the edge of the drop on each slide.  When the drop flowed into the angle between it and the slide, the cover slip was lowered slowly onto the drop.  The names of the species taken from the front bench were recorded, and their actual size was calculated using an ocular micrometer.

Bacterial Motility - Demonstration 


The bacterial cultures were prepared on slide at the front of the lab room to observe bacterial motility/Brownian motion.  The slides were placed under a phase contrast microscope.  Beginning at 10X, with the phase contrast rings in the proper places, the bacteria were located.  The 40X aided in the location of the bacteria.  Depending on the bacteria, the movement of the bacteria was recorded.  

Results

Bacterial Growth in Petri Dish


In examining the bacterial growth in the Petri dish taken form the bottom of a shoe, many different colonies were observed.  The colonies were localized all over the Petri dish in circular shiny bubbles.  There were three distinguishable colonies that were recorded, one being a white growth, one being a yellowish growth, and one being a pinkish growth.

Prepared Slides  


The three general shapes of bacteria were observed in the prepared slides.  They generally seemed to differ in size.

Table 1 – The Shape and Size of Bacteria

Shape

Appearance

Ocular

Correction

Actual 






Units

Factor(μm)

Size(μm)

Bacillus
rod shaped

3 across 
      0.7


   2.1


Coccus

spherical

2 across
      0.7


   1.4

Spirillum
spiral 


2 across
      0.7

               1.4

Bacteria Stains

Figure 1 - The unknown bacteria stained with congo red was bacillus in shape, and the actual size was found to be 7μm in length.  There were no internal organelles that were visible, except for dark coloring found the center of the cell, which traversed the cell lengthwise.  The outer cell membrane was observed.

Figure 2 - The unknown bacteria stained with Methylene blue was coccus in shape, and the actual size of the bacteria was found to be 35μm in diameter.  Internal structures and  organelles were not seen, though a cell membrane was observed. 

Figure 3 - An unstained Anabaene species of Cyanobacteria was observed to have a rectangular shape, and formed thin filamentous strands.  Cell walls were observed, and took on a faint green color, though no organelles were visible in this cell specimen.  The rectangular shapes were found to be approximately 35μm in length.

Figure 4 – An unstained Marismpedia species of Cyanobacteria was observed.  These cells took on a rectangular shape, as seen in Figure 3, but were more separated from one another, therefore filamentous strands were less distinguishable.  No organelles were present, though cell walls were observed.  The actual size of the rectangular cells was found to be approximately 35μm in length.  

Table 2 - Characteristics of Bacteria

Species
Stain

Bacteria
Cell Size
Cell Wall
   Organelles




Color

   (μm)

Composition
   Observed

Unknown
congo red
clear

      7

--------------
    unseen

Unknown
Methlyene 
purple

     35

--------------
    unseen



blue

Table 3 - Characteristics of Bacteria

Species
Cell Size
Cell Wall
Organelles
Natural

Motility 



   (μm) 
          Composition
  Present
Pigement



Anabaene
     35

-------------
   unseen
   green

---------

Marismpedia        35
  
-------------          unseen
   green

---------

Bacterial Motility

The examined bacteria from the demonstration exhibited Brownian motion.  Their existence was revealed by jiggling (Biology Department, 2001), a random movement.

