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Introduction

In this lab activity you will learn about cells and cell types and you will also develop the proper techniques used to create good scientific illustrations. It is important that you understand why you are being asked to draw what you observe. Isn’t observing it without drawing good enough? Why don’t we get cameras for the microscopes so that you can just take pictures – that would be better than a drawing – wouldn’t it? Many of you are probably not ‘artistic’, and this is not an art class. Why should you be expected to draw? You must remember that your actual finished illustration is of limited value. The true value is in the act of creating the illustration. You are not drawing structures to create drawings; you are drawing structures because (if you do it correctly) it is by far the best way to learn the detailed form of the object you are observing. 
In Biology we study the form and function of bacteria, protists, fungi, plants, and animals. Presumably all ‘form’ in biology is shaped by evolution in order to ‘function’ in a specific way – this is called adaptation. Paying careful attention to the detail of form is a critical skill needed to study biology. Taking the time to enhance your observational skills such that you can create detailed illustrations is essential. And remember….you need not be ‘artistic’ to create excellent scientific drawings. In fact, even though many of your drawings will likely be beautiful, beauty is not the goal. Good scientific illustrations faithfully depict biological form – precisely and with detail.
We will employ the following rules in order for you to hone your illustration skills:

· Draw only on white, unlined paper. You can use the spaces provided in the lab manual to do an initial sketch. 

· Draw only in pencil. Get a good eraser (not the one on the end of your pencil) so that you can tweak and perfect your drawings without fear of making mistakes.

· Do not shade or color your drawings. Remember that much of the material you will be observing is STAINED for viewing. The color means nothing. Stay focused on FORM.

· Use clean, unbroken lines. No artsy sketching. Every line you put down must be deliberate and presumably represents a critical feature of the structure you are drawing. If you feel that you must add three-dimensional effect to your drawing, you may use stippling. But if you are not sure how to do this, it would be much better to leave it out. 

· You should have a title, magnification, and appropriate labeling on each drawing – this will vary from drawing to drawing. For the samples in this lab; titles and information are provided at the top of each drawing page. 

· Draw only biological structures! Of course the idea is to draw ‘exactly what you see’. But that does not mean that you should draw air bubbles, dust, debris, and other irrelevant objects just because you see them.  Know what you are looking at before you start drawing. If you have any question as to whether you are focused on the requested structure, ask before you start drawing.

· Pay attention to detail. Draw less, draw big (fill the space), draw carefully. If you are looking at a blood smear with 25,000 cells in your field of view, try drawing five or six exactly as they appear. If you try to draw all 25,000 your drawing will be worthless.

Here are two examples of good scientific illustration. The illustration on the left shows a nerve cell (neuron) and the illustration on the right shows cells of a plant root. Notice that neither drawing makes use of shading. Notice that all lines are clean and neat. Notice that neither drawing is particularly ‘artistic’. But each drawing is done carefully. There is attention to detail. If I asked you to count the number of projections coming off of the main body of the neuron or the number of thick walled cells in the plant root, you could do it from these illustrations. 




Maybe most importantly, you should notice that these drawings were not created in 30 seconds. Each drawing took some time. Some interpretation was necessary to capture these three dimensional structures in two dimensions. Each illustrator had to become familiar with the structure BEFORE attempting to draw it. After you finish your drawings today, compare them to these drawings. Are your drawings as detailed? Do they look as carefully drawn? Can you describe detail from your drawings just as you could from the actual specimens?

So now let’s move on to what it is exactly that you will be drawing in lab today. Today’s lab will focus on several different cell types. As you know from lecture, cells are the basic units of all living things. According to one of the foundational ideas in biology known as Cell Theory:

· Every living thing is made of one or more cells.

· The smallest organisms are made of single cells while multicellular organisms are made of many cells.

· All cells arise from pre-existing cells

You might wonder why a topic like microscopy goes hand-in-hand with the study of cells and cell types. That is because most cells are very small – ranging from 1 to 100 micrometers (millionths of a meter) in diameter – so small that you cannot see individual cells unless aided by a microscope. They are small because cell function limits cell size. As an object increases in size, its surface area to volume ratio decreases:





Cells need to exchange nutrients and wastes with the environment, so no part of the cell can be far away from the external environment. Additionally, many critical biological reactions take place across membranes. As such, the surface area to volume ratios must be kept rather large. Having sufficient membrane surface to support the metabolism of the cell’s interior volume is essential. Since the relative surface area of an object decreases as it gets larger, most cells must stay small. Larger cells tend to have complex internal membrane systems to create more surface area to support a larger volume.

All cells share some common features. All cells have a cell membrane or a plasma membrane that encloses the cell and regulates material flow in and out of the cell. All cells have cytoplasm – the fluid interior where a cell’s metabolic reactions occur. And all cells have DNA (deoxyribonucleic acid) which serves as the hereditary blueprint. All cells also use RNA (ribonucleic acid) as a copy of the DNA from which protein synthesis is carried out by ribosomes. There are two basic types of cell – prokaryotic cells (which are found in bacteria and bacteria-like orgaminsms) and eukaryotic cells (which are found in the bodies of protists, fungi, animals, and plants). 

Prokaryotic cells tend to be much smaller than eukaryotic cells in part due to the fact that they lack the internal membranes found in eukaryotic cells. Prokaryote DNA is in the form of circular loops and is free in the cytoplasm. Prokaryote cells contain no organelles except for ribosomes. In eukaryotic cells, the DNA is linear and is bound with histone proteins to form structures called chromosomes. Chromosomes are housed in a central structure called a nucleus. Eukaryotic cells contain complex internal membrane systems and several specialized organelles like mitochondria and chloroplasts.
MATERIALS

compound microscope




cotton swabs






onion









soap

bottle










prepared slides
blank slides
methylene blue
Elodea
straw
coverslips
Procedure

Instead of preparing a formal lab report for Lab 11, you will submit six scientific illustrations. Keep in mind that they need not be particularly artistic, but they must be drawn carefully and they must follow the rules for scientific illustrations. The following pages provide space to make a rough preliminary sketch. Just because it is a rough sketch does not mean that you do not need to show detail. You will not be able to create good final drawings unless you make detailed preliminary sketches.
DRAWING # 1 – Prokaryote Cells (3 bacterial shapes – Gram stain)

On the first slide you will actually see three different smears showing stained bacterial cells representing the 3 primary cell shapes found in bacteria; cocci (round), bacilli (rod-shaped), and spirilla (corkscrew-shaped). You should do a simple sketch of the cells in each smear. Remember to draw only a few cells in each case, no more than ten. And be sure to capture their form as precisely as possible. Label each drawing with the name of the bacterial shape and note the total magnification you are using.
DRAWING # 2 – Prokaryote Cells (Oscillatoria)
Oscillatoria is a filamentous cyanobacterium – a pigmented bacteria-like organism capable of photosynthesis. The prokaryotic cells that make up the Oscillatoria form long chains. Draw a section of one filament – again, no more than ten cells. Be sure that as you draw, you complete each individual cell in the chain. Note the total magnification you are using to make your drawing.

DRAWING # 3 – Eukaryote Cells (Paramecium) 
Paramecium is a single-celled eukaryotic organism that would have traditionally been classified as a ‘protozoan’. It is covered in minute ‘hairs’ called cilia. The cilia beat in coordinated fashion to propel the paramecium through the pond water in which it lives. The paramecium eats smaller cells by maneuvering them down its feeding groove. Draw a small number of paramecia – three to five. Notice that these cells are larger than the prokaryotic cells and have more detailed structure. Be sure to note the total magnification you use for your drawing.   

DRAWING # 4 – Eukaryote Cells (cheek cells) 
Like all other living things, you are also made of cells. Unlike most living things, animals have cells that lack a cell wall. Your skin is constantly losing old cells and replacing them with new cells. The lining of your cheek is an especially easy place to take a few cells for observation. Remember that this was the same place that you took cells to extract your DNA. Because your cheek cells are unpigmented and lack a cell wall, they will be much easier to see if you stain them with methylene blue. Since you are a eukaryote, you should expect to see nuclei in your cheek cells. Draw a few of your cheek cells. Note the total magnification you use to draw them and label the cell membrane, the cytoplasm, and the nucleus.

DRAWING # 5 – Eukaryotic Cells (Elodea Cells OR Onion Skin Cells) 
Plant cells have most of the same structures as animal cells, but they also have some cell parts that are not found in animal cells. You will notice that plant cells have a rigid cell wall to the outside of their cell membranes. The photosynthetic parts of plants (like leaves) have cells with specialized organelles called chloroplasts that carry out photosynthesis. Elodea is an aquatic flowering plant with very translucent leaves. If you look at an Elodea leaf, you should see lots of plant cells like little ‘bricks in a wall’. Inside of each cell, you should see small green chloroplasts – you might even see them ‘streaming’ around the inner perimeter of the cell. Onion skin is similarly translucent and great for observing plant cells, but you will probably not see many chloroplasts as the cells are not photosynthetic. Draw a few of either the Elodea cells or the onion skin cells. Note the total magnification you use to draw them and label the cell wall, the cytoplasm, and the chloroplasts.

DRAWING # 6 – Bubble Drawing (plant cell in three dimensions)
The final drawing will not be done with the microscope and it will not be an actual cell that you are drawing, but instead something that models a cell. One of the most serious limitations of light microscopy is that it only allows you to observe structures in two dimensions. You should realize that living things are not two dimensional they are three dimensional. Yet every image you will ever see with your light microscope will always be a two dimensional view of a single focal plane. This is especially problematic for somewhat larger specimens. Even on lower magnifications you may have to focus up and down ‘through’ the specimen in order to ‘see the whole thing’. The focal planes are shallow enough that larger specimens occupy multiple focal planes such that you cannot get the entire specimen in focus at once.

Soap bubbles in a bottle are remarkably similar in shape to plant cortex cells. Choose one bubble to the inside of the cluster – one that is not touching the glass. It is certainly not two dimensional. That bubble is close to what a plant cell really looks like. Draw one bubble in 3D. 

Discussion Questions

1.  What are two characteristics that are shared between a bacterial cell and an animal cell? What are two differences between them?

2.  What are two characteristics that are shared between a plant cell and an animal cell? What are two differences between them?

3.  Bubbles are not alive and are not cells. What was the purpose of having you draw a bubble?

4.  Why did you stain your cheek cells with methylene blue?

5.  Why are most cells too small to be seen without a microscope? What limits the size of cells? Why are there not single-celled organisms the size of an elephant?
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