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Introduction:    

Prokaryotic cells structurally lack a nucleus and other membrane bound organelles, but they do have a plasma membrane. As well they do not contain chromosomes as their DNA are not combined with proteins, and the cells can range in size from 100 nm up to 500 micrometers. Prokaryotes were the first cells to exist on earth, thriving approximately 3.5 billion years ago. Arising from Protobionts, termed coacervates, the first Prokaryotes were probably anaerobic (at the time Earth’s atmosphere lacked oxygen), and heterotrophic (consuming organic compounds as sources of carbon)  (lab manual). From these ancient ancestors arose the two lineages of which the descendants are classified in the two domains of the Archeabacteria and the Eubacteria (Solomon et al., 1999).
The Gram stain technique is named for Christian Gram, the Danish physician who developed it in 1884. Gram found that after staining with Crystal Violet and fixing Iodine, rinsing with Alcohol and counter-staining with Safarin, bacteria could be separated into groups on the basis of differential staining (lab manual).
The purpose of this lab is to observe stained and unstained prokaryotic cells under the microscope and from studying them learn about bacteria structure, motility and how differences in cell membrane composition can determine identity and other beneficial information including disease control.
Materials and Methods: 

Inoculation:

The labeled nutrient agar plate was inoculated using a sterile cotton swab, which had brushed the sole of a shoe. The swab was then gently streaked across the agar in a clockwise fashion four times. After inoculation the inverted plate was incubated at thirty-eight degrees Celsius for twenty-four hours.

Negative/Acid Staining:

A slide of negative stained bacteria was produced by aseptically transferring a loopful of bacteria from the agar and mixing it with a small drop of congo red at the end of a dry slide. After being spread evenly out along the slide, the preparation was air-dried. Once covered with a coverslip the bacteria was then located, observed and then drawn using a light compound microscope at the respective magnifications of 10x, 40x and 100x.

Simple/Basic Staining:

A slide of simple stained bacteria was created by first adding a few drops of Methylene Blue stain onto a heat-fixed bacterial smear on a slide. After two minutes the excess stain was washed off with distilled water. Once the coverslip was placed, the stained bacteria were observed at a magnification of 100x, and then drawn.

Gram Stain Technique:

To prepare the stain, the bacteria smear was first covered in Crystal Violet for 45seconds and then rinsed off with distilled water. The smear was then covered with Gram’s Iodine for 45 seconds, then drained. With a few drops of decolourizing 95% Ethanol, the slide was rocked for 15 seconds to drip off the alcohol until clear. Once rinsed with distilled water, the smears were covered with Safarin for thirty to sixty seconds. With the coverslip in place, the bacteria were observed, drawn and measured under 100x.

The species studied were the Bacillus sp., Coccus sp., Anabaena sp., and Morismopedia sp.

Results:   

The colonial bacterial growth was very healthy. There were several round, glistening bacterial colonies ranging from about a millimeter in diameter to five. There were about three distinct types of colony, each having their respective colours of yellow, white and pink. There was also a patch of fuzzy white matter that was determined to be fungi. 

Comparison of bacteria and cyanobacteria:

The cells were all roughly the same size, all contained peptidoglycan in the membranes; the cyanobacteria contained chlorophyll pigment. No organelles were observed for any of the cells.


Description of bacterial motility:

The bacteria motility observed, revealed that the bacteria tumbled around and wobbled when moving.

Figure 1 shows a congo red stained specimen of an unknown bacillus bacteria. Rod-like in shape, the cells are clear due to the nature of the negative stain. The width of the cell was 7 micrometers. No organelles were observed, though darkened regions towards the center of the cells were noted.

Figure 2 shows a Methylene blue stained specimen of unknown coccus bacteria. Spherical in shape, these cells were purple in colour. The diameter was measured to be 35 micrometers. As before no organelles were observed.

Figure 3 shows an unstained specimen of Anabaena sp. Arranged in filamentous strands connected end to end, the cells were green in colour due to their content of chlorophyll. The cells’ diameter was measured at 35 micrometers. No organelles were observed.

Figure 4 shows an unstained specimen of Morismopedia sp. Arranged in groups, these cells were also greenish. The cellular size was found to be 35 micrometers. No organelles were observed.

Discussion:  

1. Discuss reasons for separate domains 

As the biologist Carl Wolse started the classification system using gene sequencing methods for identification as well as physical characteristics it was found that using modern techniques that there was less than half of the archeabacteria genes that matched a eubacteria’s. It became apparent that there existed a division separating the bacteria at a genetic level.  Other resulting difference are that  eubacteria cell membraness are composed of peptidoglycan and archeabacteria's cell membranes are not, comparably they also differ in structure and metabolism as much as each differs from eukaryotes (Solomon et al., 1999). As it is, only eubacteria were observed in this lab, due to the fact that it is ‘impossible’ to discern from simple observation whether or not a bacterium is either an archeabacteria or eubacteria.

The major importance of Bacteria lies in the fact that “Although invisible to the naked eye, prokaryotes are an essential component of the earth's biota. They catalyze unique and indispensable transformations in the biogeochemical cycles of the biosphere, produce important components of the earth's atmosphere, and represent a large portion of life's genetic diversity (Whitman et al, 1998).”  Prokaryotes are the most successful of life-forms on this planet due to the fact that they can subsist practically in any environment ranging from the Antarctica to oceanic thermal vents (lab manual, 2001). According to Whitman et al. most of the prokaryotes reside in three large habitats: seawater, soil, and the sediment/soil subsurface:

“In summary, the subsurface [defined here as terrestrial habitats below 8 m and 

marine sediments below 10 cm] is a major habitat for prokaryotes, and the number of 

subsurface prokaryotes probably exceeds the numbers found in other components of 

the biosphere(Whitman et al, 1998).”

It can be seen from the results of the inoculated agar plate that even the bottom of a shoe can provide a plentiful source of bacteria.

3. Gram Stain theory:
Gram-positive bacteria retain the primary stain (crystal violet) and appear blue; Gram-negative bacteria do not retain the crystal violet and instead appear red due to the counter-stain (safarin) (lab manual, 2001).  This occurs because the cell walls of Gram-positive bacteria are very thick and consist primarily of peptidoglycan. The cell walls of Gram-negative bacteria consist of two layers, a thin peptidoglycan wall and a thick outer membrane that resembles the plasma membrane but contains polysaccharides bonded to lipids. This is why the ‘Gram-positive’ cell only absorbs the crystal violet. (Solomon et al., 1999). 

4. Advantages of –ve and +ve stain:
Distinguishing between gram-positive and gram-negative bacteria is important in treating certain diseases, because of the peptidoglycan arrangement in either cell membrane. These properties are also extremely useful in classifying bacteria due to the fact that “Bacteria present a unique classification problem as they do not vary in size and shape to the extent that other groups of organisms do (lab manual, 2001).”

5. Difference of Brownian and bacteria motility:

The motion observed of Brownian motion amounts to particles ‘vibrating’ in a fixed position. Bacteria motility, on the other hand, are capable of some locomotion, and are observed to wobble and tumble around.

6. Summary of bacterial structure: 

In summary, bacteria have no membrane bound organelles including lacking a nucleus. This can be deduced from the experimental observations in that no organelles (ex. a nucleus) were readily visible; suggesting no large membrane bound ones.  As well the observed Prokaryotes, all about 35 micrometers in size, fell into the 100 nm – 500 micrometer size range. 

7. Categorize species of bacteria:

Obviously the cyanobacteria Anabaena sp. and Morismopedia sp. will fall under the major group of Cyanobacteria. As for the unknown species of coccus sp. and bacillus sp. It could be assumed that since they were sampled off the bottom of a shoe, it is possible that they were of the following: Chemoautrophs, Enterobacteria, Gliding & Budding Bacteria. Seeing as the source could produce such diversity, it is hard to say exactly which groups the unknown bacteria would fall under.
Conclusion: 

The bacillus sp. was examined and was found to be transparent, rod-shaped, and seven micrometers in width. The coccus sp. was found to be purple in colour, spherical in shape and was 35 micrometers in size. The Anabaena sp. was found to be green in colour, cubical in shape and about 35 micrometers in size. The Morismopedia sp. was found to be boxy in shape, green in colour and also 35 micrometers in size.

There were no organelles viewed for any of the cells.
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