Write an essay titled "Why We study the Cell and Its Components." Your essay should be approximately 500 words in length and submitted as a Word doc.

	Assignment 1 Grading Criteria:
	

	Essay utilizes correct spelling and grammar, written clearly and professionally. 
	

	Used vocabulary relevant to the current and previous weeks' topics—at least five terms. 
	

	Demonstrates understanding of key concepts. 
	

	Student posts at least two replies to other student postings, asking questions and observations to enrich the discussion. 
	

	Communicates ideas and opinions explicitly and clearly, bringing questions and observations in a respectful manner. 
	


We started last week's lecture with the basic premise of the evolutionary process that may have led to the great diversity of life we see today—namely, natural selection! The underlying theme of evolution is unity in the diversity, supposing that all living organisms are derived from a common ancestor. 

The end product of natural selection is some adaptation of a population to the environment. The baseline for measuring the effect of natural selection is the Hardy-Weinberg equilibrium. The concept of a non-changing population allows a quantitative measure of actual change within real-world populations. Over time, the changes may become so drastic that a new species arises. Given enough time, the diversity of life seen today could evolve from a very simple type of organism. 

Systematics incorporates phylogeny as one tool to explain how organisms are related through geologic history, giving us a better understanding of how the diversity we see today might have arisen. 

Here is the vocabulary list for week 3: 

· Prokaryote cell 

· Eukaryotic cell 

· Cytoplasm (and cytosol) 

· Cell membrane 

· Nucleus, Nucleolus 

· Ribosomes 

· Endoplasmic reticulum (ER) 

· Organelle 

· Mitochondria 

· Vacuoles 

· Protoplast 

· Cell cycle 

· Mitosis 

What comprises a typical prokaryotic cell? 
Someone once said, “A cell is a cell is a cell.” But you need to realize that there are two basic “plans” when it comes to basic cellular construction, the prokaryotes and eukaryotes.

The term prokaryote simply means “before the nucleus.” In other words, prokaryotic cells (commonly referred to as bacteria) do not have internal membrane bound structures. (The nucleus is a membrane bound structure.) The eukaryotic cell is a cell that contains a membrane-enclosed nucleus.

Prokaryotes are by far the simplest forms of life on this planet. Many of us have taken medication in the form of gel-caps (gelatin capsules), possibly for a bacterial infection! The gel-cap is simply a hollow capsule with the medication evenly distributed inside. This is the prokaryotic structure!

We start with a cell wall (which may or may not be covered in a gelatinous matrix). The components inside are the cytoplasm (“cell sap”) with scattered ribosomes (these guys build proteins) and a circular piece of DNA. That’s about it. Bacteria cells divide by a process called binary fission. One cell splits in order to form two cells.

As you will see shortly, the eukaryotic cell is many times more complicated. We may believe that the simplest way to do things is best, though this must be against human nature most of the time! The bacteria exemplify this “simple” statement. Bacteria are everywhere you find life. In fact, bacteria are often the only life you find! Think of this: there are more bacteria in your mouth than the total number of people who have ever lived on the face of the Earth — even if you brush! 

Bacteria – not always the bad guy! 
Bacteria come in three basic forms (basic meaning based on the outward appearance, which biologists refer to as morphology):

· Bacilli (rod-shaped) 

· Cocci (round-shaped) 

· Spirochetes (spiral-shaped). 

Any bacteria you find will fall into one of these three categories. What do you think of when you hear the term bacteria? Probably, most of you think of sickness or disease. While there are a few bacteria that can make us sick (or even kill us if unchecked), the vast majority of bacteria are actually beneficial.

Here’s one way to think of this concept: if it were not for the bacteria (and fungi), we would literally be submersed in our own wastes — to the tune of 30+ feet deep! Therefore, the next time you want to say a bad word about bacteria, stop and thank them for cleaning up your mess! 

What is the major difference between prokaryotic and eukaryotic cells?
We could go on and on about the bacteria (and we haven’t even mentioned the archaea), but this is not a microbiology course. We need to move on to the rest of the world, the eukaryotes, which is where we fit in!

When Robert Hooke named the cell, what do you think he was looking at? It was a piece of dead cork (part of the bark of an oak tree). Interesting, isn’t it, that the very basis of life, the cell, is named for a dead cell wall!

Why do you think Hooke was looking at dead plant tissue and not the simple bacteria? The answer is in the relative size of the cells. Prokaryotic cells are typically much smaller than even the smallest of the eukaryotic cells. The term cell simply means a compartment, so Hooke’s name is appropriate for what he was looking at – the living cells of the Elderberry plant.

In all fairness, Hooke also named the “cell sap.” This refers to all of the stuff within the cell, called the cytoplasm. The fluid alone, which is mostly water, is the cytosol. So, with this in mind, let’s begin to construct a typical eukaryotic cell. The differences between prokaryotes and eukaryotes should become very clear. 

Plants and Fungi (mushrooms) have one thing in common: the development of a cell wall. Keep in mind that they do not develop in the same way nor are they composed of the same substances, but both are rigid walls.

Picture the cell as a cardboard box. What do we have inside the protective structure? Now take a sealable plastic bag, which will represent the cell membrane. The cell membrane is a very special structure that is semi-permeable (it only allows certain things to pass across the membrane). In other words, only the things a cell needs get into the cell while the waste products get out — the perfect two-way street for life!

A mosaic of molecules accomplishes this two-way street: a phospholipid bi-layer and various proteins that act as the “gateway” for passage across the membrane. What is the most important molecule for cellular life? Of course, you would say water. The phospholipids of the cell membrane are what keep the water in the cell (more on this later). So, we have our bag, but what is inside? The short answer is “all kinds of goodies wrapped in their very own membranes.”

Remember that the name eukaryote refers to the presence of a nucleus. Consider the nucleus as the control center of the cell. The nucleus is enveloped in a very different type of membrane, the nuclear membrane (no relation to the radioactive “kaboom” — this is just a term referring to a membrane that surrounds the nucleus). This membrane is unique in that it contains little holes called nuclear pores. 

What’s in the nucleus?
Essentially, two things are found within the nucleus: DNA and the nucleolus. We know that DNA is housed inside the nucleus, and there’s no reason for it to escape (it would be very bad for the control center to lose its information!). This means that the pores must have something to do with the nucleolus. Back to the idea of the control center: the nucleolus is simply the site of ribosome construction. Thus, the pores are used to move the ribosomes out of the nucleus. But why is this?

The ribosomes are the site of protein production. These little guys are composed of two parts (subunits) aptly named the large and small subunits! These components act as a code reader for converting the message of DNA into usable proteins within the cell. (We’ll talk more about this in week six.)

If you reflect on it, proteins are needed throughout the cell. You will find that most things in biology are very efficient when compared to manmade systems. Therefore, it makes sense to send a ribosome to the site of a needed protein and produce it “on the spot” rather than transport all of the needed things into the nucleus, produce the protein, and then ship it out to the site as needed. 
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How does all of this stuff work in such a small package?
The idea of cellular transport should have you thinking back to the size difference between prokaryotic and eukaryotic cells — the prokaryotes being much smaller).

As a cell gets bigger, it requires some type of internal transport to get the needed molecules to specific sites within the cell. Remember that the prokaryotes do not have internal membrane-bound structures. Therefore, they do not have any way of moving things throughout their cells.

This is the major factor constraining the size of prokaryotic cells. On the other hand, the eukaryotes have a means of moving things throughout the interior of the cell. We call these membrane structures endoplasmic reticulum — or, ER for short!

Let’s take this term apart. Endo means “inside” and plasmic refers to the cytoplasm. Reticulum refers to reticulate, which simply means a “network.” Thus, ER is a network of membranes within the confines of the cell membrane. ER comes in two forms, smooth ER and rough ER. Smooth is for transport of proteins and other substances within a cell. Rough ER is so named because it has ribosomes stuck all over it, giving it a rough appearance under the microscope. Remember that the ribosomes are the site of protein production. This means that rough ER is a site of concentrated protein production.

So, we have a means of distributing the proteins and other goodies throughout the cell, and how do you suppose this is regulated? We just happen to have a structure for that — in addition to the feedback mechanism within a cell — called the Golgi apparatus. As the Golgi is responsible for distribution of molecules along the ER, you can think of it as the “post office” of the cell!

Where does the cell find energy to get all this work done? 
We have a control center and a means of distributing stuff throughout the cell. How do we obtain enough power for all of this to happen? Plants are unique within living things in that they have their own little energy factories within the cell: the chloroplasts. A chloroplast is a structure that has the capability to convert solar energy into chemical bond energy. (We will discuss the process of photosynthesis in more detail later.)

This chemical bond energy is what another organelle within the cell uses. (The organelle is a structure with a specialized function within a cell.) Organisms that don’t have chloroplasts depend upon the intake of these compounds from another living (or once living) source. This is why we eat food. Either way, the molecules with the needed chemical bonds are moved into the cell. This is where the mitochondria come into play.

Mitochondria are the little “energy factories” of the cells. They take the energy in the food we eat (or the product of photosynthesis) and convert it into a form that can be used by the cell. Adenosine Triphosphate (ATP) is the name of this chemical, and you can think of it as the “energy currency” of the cell. ATP is moved throughout the cell wherever energy is needed for various cellular processes.

If we look inside a mitochondrion, we see a folded membrane — thereby increasing the surface area inside of the organelle. This vast surface area within a small organelle allows the chemical conversions to produce ATP. 

How do cells deal with waste?
Some waste products located within a cell are extremely caustic. They must be dealt with inside the cell, so as not to be transferred out to the rest of the organism. This is where the lysosomes (animal) and peroxisome (plant) come in handy. These little vessels within the cell contain digestive substances that break down waste products and the occasional harmful bacteria that manage to enter the cell.

What are vacuoles and what purpose do they serve?
We may also see little sacs within the cell that appear to be empty. These are the vacuoles (sacs of vacuum). This name is a misnomer since the vacuoles do in fact contain cell sap. There are two basic types of vacuoles: contractile vacuoles (animals) and central vacuoles (plants). The contractile vacuoles of single-celled animals are important in the movement of the cell. These guys live in water so the contractile vacuole takes in and then expels water to propel the cell through its aquatic environment. The central vacuole of a plant serves a much different purpose.

Remember that a plant cell has a rigid cell wall around the cell membrane and all of its interior components. The membrane and everything inside of it is referred to as the protoplast. Also, keep in mind that water moves in and out of the cell membrane. Picture a plastic bag full of water inside a tight fitting box (the plant cell wall). What happens if we let some of the water out? Of course, the bag will pull away from the box. This is what happens when a plant wilts. The job of the central vacuole is to keep the pulling away to a minimum. The vacuole expands to make up the space of the lost water and then contracts as the water comes back into the cell. This allows the membrane to stay virtually snug to the cell wall.

This concludes our tour through the typical eukaryotic cell. But wait! What happens if we take one of these cells with all of this “stuff” intact and give it a good shake? Does everything just slosh around in the cytosol and hopefully return to a usable condition? Let’s hope not! If that were the case, we’d have a tough time recovering from that fall off the monkey bars!

The structure that keeps all of the cellular organelles in a relative position is called the cytoskeleton. The cytoskeleton is a network of small tubes and fibers (microtubules and microfibers) that hold all of the organelles in place. This allows the cell to undergo physical shock without disrupting cellular processes. In other words, the cell lives through it! 

What is the cell cycle?
We’ve made it through the cell! But where do they come from? Most people once thought that cells arose spontaneously (the old idea that if you throw out a piece of meat, flies will arise from that meat).

Rudolf Virchow (1850) stated, “Cells come from other cells.” This implies that there is a cycle to the creation of new cells from existing ones. The cell cycle is composed of four phases: The G1 phase; S phase; G2 phase and the M phase (in that order).

The G1 phase is the first growth phase of a cell. This phase prepares the cell to synthesize a second copy of DNA which takes place during the S phase. Since we are trying to get two identical cells from a single cell, we need two copies of the genetic information.

Now that we have twice the DNA from the original cell, we enter a second growth phase the G2 phase. This phase prepares the cell for the M phase in which the DNA is divided into two identical nuclei (karyokinesis: divided nucleus) and the cell divides (cytokinesis: divided cytoplasm). Collectively, the G1 phase, S phase, and G2 phase are called interphase. Interphase is the cell cycle phase between cell division. It is interesting to note that most biology classes spend a lot of time on cell division, but it incorporates only about 10% of the time spent by a cell in the cell cycle!

When we talk about cell division in this context, we are referring to the process of mitosis. We’ll discuss that next. 
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What is mitosis?
Mitosis means the equal division of a cell. (This contrasts with meiosis, which reduces the number of chromosomes within a cell. We’ll talk about this process in Week 6).

Mitosis is a process of dividing the DNA into equal sets of chromosomes (or, the “colored bodies” of DNA within the nucleus). This is a very important process — without it, we would not be able to produce more cells with identical information in their nuclei. Mitosis consists of four stages in the following order: prophase; metaphase; anaphase; and telophase. We will take a quick trip through the stages at this point and explore them further during Week 6.

Prophase (the “first” phase) is the stage in which the chromosomes become visible under the light microscope. At this point, the nuclear envelope begins to break down and the cell stops all other processes; it is totally immersed in the stages of mitosis.

The chromosomes must align within the cell in order to divide them up equally; this is what happens during metaphase. A structure called the metaphase plate develops (these are a bunch of the microtubules, like those in the cytoskeleton).

Once the chromosomes are aligned at the metaphase plate, they begin to pull apart, marking the beginning of anaphase. Two polar regions will develop within the cell (at opposite ends of the cell). Structures called centrioles are present in animal cells and absent in plants (they may have polar bodies). Another series of microtubules connect the chromosomes to these polar regions. Once this happens, the chromosomes pull towards the poles. This is a very precise series of steps with one set of chromosomes going to one pole and the other set migrating to the other pole. 

Telophase has begun. In this phase, the chromosomes begin to uncoil and the nuclear envelope starts to reform. This is the four-stage process of karyokinesis and the last stage of cytokinesis is the end point of telophase. As you can see, this is a very complex process when compared to the binary fission of the bacteria! 

We’ve covered the basics of prokaryotic and eukaryotic cells. The prokaryotes are by far the simplest and smallest of all cells. We begin to see the complexity develop in the eukaryotes. 

The eukaryotes have membrane-bound organelles that carry out the life processes of the cell. These organelles allowed the eukaryote cells to become quite large in comparison to the prokaryotes. 

We ended with a trip through the cell cycle to see how we get cells from pre-existing cells. Mitosis is a four-stage process of cell division that encompasses about 10% of the total cell cycle. 

