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INTRODUCTION

Biology is the study of all living things. That’s a pretty big subject. This Smart Guide breaks biology down into easy-to-manage pieces. It starts with the basic unit of all living things, the cell. After taking a tour of the basic types of cells that make up all organisms, you embark on a voyage through biology.

This book covers cell communication, how cells developed on Earth, and how ancient cells evolved into today’s organisms. You then learn about the inner workings of modern organisms. This book introduces you to DNA and proteins, genetics and inheritance, and bacteria, algae, plants, animals, and every other living thing.

You will meet the invertebrates here as well as more complex animals and the Earth’s plants. The organs and systems that make your body operate are described in this Smart Guide. Finally, this Smart Guide shows you the big picture of biology. You will gain an understanding of ecology and biodiversity. This book concludes with an overview of the new technologies that biologists now use to study the living world.

The Smart Guide to Biology gives you a handy resource to the basics of biology.
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CHAPTER 1
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In This Chapter


	Relating cells to our common ancestor in evolution

	The chemical composition of biological cells

	Two types of cells in nature: prokaryotes and eukaryotes

	The basic components of all living cells





In this chapter you’ll discover the most basic unit of all living things: the cell. A cell is the simplest collection of matter that can live. All life begins today and all of Earth’s life started almost four billion years ago with a single cell.

Scientists have pointed out that the cell is as fundamental to biology as the atom is to chemistry. Since biology is the study of living things, we must begin where biology began.

Our Common Ancestor

Throughout this book you will see how living things, called biota, relate to each other. This relationship starts with cells. All biota are made of up cells. Whether you are now envisioning a rhinoceros, an elm tree, a bacterium, or the human body, they all have in common a structure built on tiny cells.

Most plant and animal cells have diameters from 10 micrometers to 100 micrometers, or about 0.0004 to 0.004 inch. Bacterial cells measure a bit smaller, from about one micrometer to 10 micrometers, but some of the largest bacteria are bigger than the smallest plant or animal cells. This book shows you the ways in which biology offers many common themes for us to consider when we think about nature. But simultaneously, there often seems to be little consistency across nature. As a case in point, the largest bacteria can be seen without a microscope; the smallest invertebrates can be spotted only by using a microscope.

A blue whale is Earth’s largest mammal, 1,600 times heavier than a 175-pound human. Yet a whale’s cells are not the size of beach balls but rather the same size as the cells that make up a human. This and other features of cells give testament to the steadfastness of biology. Biology follows certain rules yet somehow manages to give rise to staggering diversity.

Diversity in Earth’s biology comes from a common ancestor. This common ancestor is the theoretical first cell that developed 3.5 billion years ago. I call it a “theoretical” cell because the first cells probably evolved in many similar events in different places on the young Earth and at different times. Evolution may be easier to understand, however, by thinking about a single cell from which all other life originated.
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Biology Tidbits

The Cell Theory

The idea that all living things are composed of one or many basic subunits, or cells, is called the cell theory. The English inventor Robert Hooke first coined the term “cells” in 1665 when observing various snippets of nature in his homemade microscope. By observing the microscopic structure of leaves, cork, insects, and other matter plucked from nature, Hooke was the first to realize that all life might be defined by this single, simple building block.



The vast diversity of life we know today could well have evolved into an equally diverse collection of cell types. Instead, all Earth’s biota contains only one of two different cell types. That’s it! All of biology comes down to two different types of cells … and one of the types, eukaryotes, evolved from the first type, prokaryotes. Evolution can be a complex subject, and we will revisit it several times in this book, but the best place to start learning about biology and evolution is by knowing something about our common ancestor: the prokaryotic cell.

Chemicals to Cells

A cell is the smallest unit of life. Some cells live completely independent lives and other cells must live in communities. Nevertheless, every cell has some independence. A cell gets its own food. It has a mechanism to turn that food into energy that enables it to get more food, reproduce, and do work. (A cell’s work amounts to sensing conditions in the environment, making adjustments to changes in the environment, and sometimes swimming.)

Before cells could assemble into living things, they first were nothing more than collections of chemicals with no function and no life. All cells evolved using the chemicals available on the young Earth. Today’s cells reflect the elements available billions of years ago. Thus, hydrogen, nitrogen, oxygen, carbon, sulfur, and phosphorus make up more than 99 percent of all cells.
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Biology Tidbits

Atoms and Elements

Let’s take a short chemistry lesson to see how chemicals relate to life. The building block of all matter, living or nonliving, is the atom. An atom is a submicroscopic particle, meaning it is too small to be seen with conventional microscopes. Atoms contain a central area called the nucleus made up of positively charged protons and neutral neutrons. Negatively charged electrons orbit the nucleus like planets orbit the Sun. Therefore, an atom is the sum of protons, neutrons, and electrons, and this combination is indivisible; nature cannot divide an atom.

An element is matter in its simplest form. Put another way, an element consists only of atoms of the same type. The element gold contains only gold atoms; the element nickel contains only nickel atoms; carbon contains only carbon atoms, and so on.

What makes carbon different from gold or from any other element such as hydrogen, fluorine, or plutonium? The structure of their atoms determine the element. The atoms that make up carbon contain six protons and six neutrons in their nucleus. No other element contains this configuration. By comparison, gold has 79 protons and 118 neutrons; phosphorus has 15 protons and 16 neutrons. Find a periodic table of chemical elements to see all the other elements that make up living and nonliving things on Earth.



As we build a cell throughout the early chapters of this book, you will see how these elements come together to form proteins, carbohydrates, fats, and other large molecules that make up the actual structure of a cell.
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Biology Vocabulary

Molecules and Compounds

Biologists view the world more in terms of molecules and compounds than atoms and elements. Biota are defined by the molecules and compounds from which they are built.

A molecule is a chemical union of two or more atoms of the same element or different elements. For example, a molecule of hydrogen is H2, meaning it contains two hydrogen (H) atoms, but a molecule of water is H2O, meaning it contains two hydrogens and one oxygen (O) atom. A compound is a chemical union of two or more different elements. Therefore, water is a compound of hydrogen and oxygen. Glucose (C6H12O6) is a compound of carbon (C), hydrogen, and oxygen.



The Two Types of Cells

Implausible as it seems, the Earth holds only two types of cells. These are prokaryotes and eukaryotes.

Prokaryotes are the most numerous and diverse of all biota. They are also invisible! Except for a few rare exceptions, prokaryotes cannot be seen without a microscope. They number in the millions of billions on Earth, too numerous to estimate their numbers with any trusted accuracy. Scientists have proposed the numbers of bacteria on Earth as being more than 1030. To visualize this number, write the numeral “1” and then put 30 zeros behind it.

Although we tend to use the terms “prokaryote” and “bacteria” interchangeably, a second type of cell also belongs with the prokaryotes. These cells are called archaea. Archaea are similar to bacteria and under a microscope you would not see any difference. Archaea differ slightly from bacteria in their composition and in the places where they live on Earth.

In Chapter 18, you will see how the habitats of archaea relate to the earliest conditions on Earth and to evolution.

Basic Cell Structure

All cells follow a common theme. You can think of any cell as a sac of water. The sac must have some sort of outer boundry to keep the water from escaping. The watery contents must also contain compounds that enable the cell to get around, replicate, and carry out its basic functions.

Biologists have given names to these three components. They are membranes, the cytoplasm, and the cell’s genetic material.

Membranes

Membranes are thin layers of proteins and fatty substances called lipids. All biological membranes separate the watery interior of a cell from the exterior of the environment. Usually, the environment is also watery.

Why didn’t nature invent a barrier like aluminum foil or a brick wall to keep the cell’s insides from mixing with stuff on the outside? Nature invented membranes because these barriers serve an important role: They can choose what substances get into the cell and which substances exit the cell. This ability has the fancy name “selective permeability.” Anything that is permeable has the ability to allow certain substances to pass through it.

Biological membranes have specific layers inside them. The membrane’s proteins and lipids align in a way to both protect the cell’s contents and also give the cell the ability to choose the materials it takes in and sends out. (I say “biological membranes” because scientists have invented nonliving membranes for a variety of other purposes. The purified water used in making semiconductors has been first passed through a membrane. The biological membranes of cells are sometimes called “plasma membranes” to distinguish them from nonliving membranes.)
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Biology Vocabulary

Macromolecules

Macromolecules are large organic compounds. Although a molecule does not need to exceed a particular size to be called a “macromolecule,” biologists usually reserve this term for substances such as proteins, long-chain carbohydrates called polysaccharides, large lipids such as sterols, and deoxyribonucleic acid (DNA).




A membrane’s layers have been called a “sandwich” because from the outside to the inside the composition is: hydrophilic (water-attracting) lipid, hydrophobic (water-repelling) lipid, and hydrophilic lipid. Thus, the interior of the membrane is incompatible with water soluble compounds and so is the outside of the membrane. Since many nutrients a cell needs are water soluble, how does the cell get these things across its membrane if the membrane interior repels water? Proteins interspersed in the membrane play an important part in helping to transport nutrients into the cell. These proteins dot the membrane like raisins in an oatmeal cookie; some proteins extend completely across the membrane and others go only halfway.

The membrane is flexible and somewhat fragile. To help strengthen a cell’s resistance to a harsh environment, plant cells and prokaryotes have an exterior cell wall that lies on top of the membrane. Animal cells lack this protection.

Cytoplasm

The cell interior is called the cytoplasm. It is about 80 percent water. The remainder is made up of the cell constituents that make the cell function. Thus, the activities concerned with nutrient use, energy generation, waste consolidation, movement, and replication take place in whole or in part in the cytoplasm.
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Inside a Cell

Water and Life

About 99 percent of a cell’s molecules are water molecules. By weight, the water makes up about 70 percent of the cell. So vital is water to your life, you may actually take it for granted and forget that it is your most important nutrient.

Water offers cells a place where chemical reactions can occur. Without this matrix, the rest of a cell’s systems would stop. Water molecules also participate in many reactions. The H2O donates hydrogen or oxygen, or both, in certain chemical reactions that turn one compound into a different compound.



In a microscope, the cytoplasm of prokaryotes looks simpler than that of eukaryotes. Prokaryotic cytoplasm contains fewer structures. It contains a general area where the prokaryote’s genetic material lies and also tiny dot-like particles called ribosomes. Ribosomes act as the place where the cell makes new proteins. Some prokaryotes have additional structures scattered in their cytoplasm, but their contents remain relatively simple and homogeneous.

Eukaryotic cytoplasm is stuffed with more defined structures. These subcellular structures are called organelles and you will learn about the main ones in chapter 5. One important point about eukaryotic cells compared with prokaryotic ones is: eukaryotes contain membrane-bound organelles. Except for ribosomes, the structures inside eukaryotic cells are enclosed in another membrane. Therefore, eukaryotes have an outer plasma membrane and also smaller membranes for each individual organelle.
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Inside a Cell

To Membrane or Not to Membrane?

Eukaryotic cells seem to have an advantage over prokaryotes because they protect each of their internal structures from physical harm by enclosing it with an additional membrane. Prokaryotes don’t mess around with extra membranes; they let their internal structures float free in their cytoplasm. But biologists believe that the simple architecture of prokaryotes give them the advantage.

First, it takes extra energy for eukaryotic cells to move substances back and forth across all those membranes. Prokaryotes save this energy for other things. Second, prokaryotes have an easier time sensing conditions in their surroundings and getting that information to mechanisms that help the cell react. Eukaryotes, by contrast, are less efficient at this. Third, prokaryotes can be more compact than eukaryotes, which need extra room for their specialized membrane-bound compartments. The compact structure of prokaryotes increases their surface area-to-volume ratio. The high surface-to-volume ratio further enhances a prokaryote’s ability to “read” its surroundings and respond to danger quicker than eukaryotes.



Genetic Material

All the genetic material of an organism is collectively known as its chromosome. The chromosome carries all the information about you as a member of your species, specific information that makes you a unique individual, and the information that you will pass to your offspring.

In prokaryotes, the chromosome floats in the cytoplasm in two places. The main body of chromosome exists as a highly coiled strand of the macromolecule deoxyribonucleic acid (DNA). Smaller bits of DNA also float in the cytoplasm separate from the main chromosome. These small pieces are called plasmids. Plasmids are also made of DNA and usually have a circular shape so that the DNA strand has no beginning and no end.

In eukaryotes, the DNA lies inside an organelle called the nucleus. (This is different from the nucleus of an atom.) Eukaryotic cells protect their DNA by enclosing the nucleus in a double membrane layer. Between the two membranes lies a net-like matrix that gives the nucleus shape and provides some strength.

Eukaryotes also organize their DNA differently than prokaryotic cells. The DNA is organized into discrete areas, each of which is called a chromosome. For this reason, we think of eukaryotes as having multiple chromosomes but bacteria contain just one chromosome. All animals have a characteristic number of chromosomes. For instance, humans contain 46 chromosomes, ants have two, and a crayfish has 200.

While prokaryotes compact their chromosome by coiling it into a dense ball, eukaryotes wrap their chromosomes around proteins called histones. Either type of organization represents a key housekeeping priority for the cell. The DNA is so massive a molecule, if unraveled it would stretch a thousand times the diameter of the cell. Yet to reproduce, a cell must also replicate its chromosome. Cells do this by replicating sections of DNA at a time rather than unspooling the entire DNA molecule.

The organization, management, and replication of the chromosome represent one of the most complicated tasks of any cell.




CHAPTER 2
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In this chapter you will discover how the first cells formed on Earth. What extraordinary events must have occurred for a mish-mash of chemicals to align in a way that allowed life to emerge? Even more fascinating to biologists is that life formed under the harshest of conditions.


In This Chapter


	Introduction to the chemicals that led to the first cells

	Earth’s first organic compounds and how thefy react

	The basics of amino acids, proteins, and nucleic acids

	How the first cell likely formed





The Earth formed about 10 billion years ago as a molten ball of metal shucked off from the Sun. The Sun had been produced from the same helium and hydrogen that formed the rest of our solar system. This star’s heat was hot enough to fuse hydrogen and helium atoms repeatedly, forming all of the other elements that now make up the Earth.

After 5.5 billion years, the planet had cooled enough to allow chemical reactions to occur with a modicum of order rather than the random and violent collisions of atoms that had been occurring previously. But the Earth was still a violent, boiling, and caustic place. Volcanic eruptions happened everywhere and electric storms filled the sky. The air lacked oxygen; the atmosphere was mainly hydrogen, methane, and ammonia.

Could life start under these conditions? Some people believe evolution is impossible mainly because of the improbabilities that would have had to occur. But biology is not like chemistry or physics. In those sciences, the impossible never happens. Sugar and water never mix to form gold; rocks never tumble off a mountain and fly into the sky. In biology, however, the seemingly impossible can happen. While biology follows certain rules, it also modifies those rules with regularity. Somehow, the implausible occurred and life emerged on a lifeless planet.

This chapter introduces you to the chemicals that merged to form other chemicals leading to the first cells. This fantastic journey had no human witnesses. No records exist pointing to the first cell. Only modern biochemistry has demonstrated the steps taken from simple chemicals to more complex compounds to the macromolecules that form a living thing. The story begins with the element carbon.
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Biology Tidbits

The First Spark of Life

In 1953, Harold Urey and Stanley Miller set up a flask filled with the gases known to exist in early Earth’s atmosphere. They boiled water in a separate connecting flask to add vapor to the mix, and then passed an electrical charge through the milieu. After a week, Urey and Miller tested the compounds in the flask. They discovered various amino acids, sugars, fats, and more complex organic compounds, such as nucleic acids. The Urey-Miller experiments showed that the conditions on Earth 4.5 billion years ago could give rise to the compounds that would be the precursors to life.



Carbon

The element central to all life makes up only 0.09 percent of the Earth’s crust. An organism could not exist without carbon. Every cellular process possessed by you, by bacteria, by plants, and every other living thing starts with carbon.

Carbon plays a useful role in many different types of compounds mainly because a carbon atom can form chemical bonds with up to four other atoms at once. For example, the natural gas methane (CH4) contains one carbon connected to four hydrogens. Carbon can also form a double set of connections with itself, called a double bond. The gas carbon dioxide (CO2) contains such a double bond. I could also write carbon dioxide as “O-C=C-O.”

Scientists call carbon-containing compounds organic compounds, and there are more than five million of them on Earth. Carbon forms the backbone for carbohydrates that give the body energy and store energy. For example, the sugar glucose is an essential carbohydrate for cells. For storing excess glucose, the liver strings many glucose molecules together to form the macromolecule glycogen. In this way, glycogen stores energy for the body’s later use.

Carbon also provides the backbone for the types of compounds that represent life: proteins, enzymes, lipids, fats, and polymers, which are any long compounds made up many subunits. Carbon is essential in forming carbon dioxide, without which photosynthesis would not occur. Without photosynthesis replenishing the atmosphere with oxygen, you would not survive!

Carbon also plays an integral part in hydrocarbons. These are long strands of carbon linked to each other and each also carrying hydrogen atoms. Hydrocarbons form coal and oil. We call these hydrocarbons “fossil fuels” because they actually contain fossils of primitive biota that lived on Earth about 300 million years ago.

The first cells emerged in Earth’s oceans. Over billions of years they merged to form more complex organisms. These tiny primitive organisms dominated ocean life, and as each generation died they sank to the depths. (The majority of the world’s carbon still resides in our oceans.) The weight of water and sediment pressed the dead organisms into the seabed. The immense weight plus the nature of the carbon-hydrogen bond forced water to be expelled from the carbon-rich layer. Over millions of years, the hydrocarbons from ancient organisms solidified into a dark mass that we today recognize as coal. The deepest layers migrated toward the hot center of the planet and changed into a thick liquid. This liquid we know as petroleum or oil.
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Biology Vocabulary

Carbohydrates and Hydrocarbons

Carbohydrates are sugars, such as glucose and fructose, and long chains of sugars. The long chains are called polysaccharides, but they too are carbohydrates.

Hydrocarbons differ from carbohydrates by a lack of oxygen. Some hydrocarbons are immense and composed of 30 or more carbons each carrying two hydrogens. Part of a hydrocarbon chain looks like this:…-CH2-CH2-CH2-CH2-CH2-CH2-CH2-….



Even before carbon began its transformation to fossil fuels belowground, it had served as the starting point for the first organic molecules aboveground. This would be the first step toward life.

The First Organic Molecules

The atmosphere on Earth 4.5 billion years ago contained mainly the gases hydrogen, methane, and ammonia with bursts of water vapor liberated from molten rocks and volcanoes. Lightning pulsed through this atmosphere repeatedly because the young Earth endured almost constant violent storms. The energy and heat supplied by the lightning caused an occasional merging of the carbon, hydrogen, nitrogen, and oxygen in the atmosphere’s gases and vapors. As a result, amino acids formed.

On ancient Earth, carbon, hydrogen, nitrogen, and oxygen assembled into various chemical arrangements. Intense heat at the Earth’s surface and electrical storms provided the energy for these chemical couplings. Certain configurations formed more easily than others, so particular compounds began to accumulate. Today, biologists recognize six basic molecules that give rise to almost all cellular structure. We can think of these compounds as our link to the Earth’s first organic molecules:
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Biology Vocabulary

Amino Acids

Amino acids are the building blocks of proteins. A protein is simply a strand of amino acids linked together and then folded up in a particular shape to help the protein do its job in a cell. The folding and the protein’s function depend on a particular order of amino acids in the strand. Take one amino acid out and replace it with the wrong one and a protein might be rendered useless to a cell.




	Amino acids—The building blocks of proteins, amino acids always contain an amino portion (NH2) linked to a carbon and a carboxyl portion (COOH).

	Glycerol—A three-carbon compound in which each carbon also connects to a hydroxyl (OH). Glycerol forms the backbone of many complex lipids.

	Sugars—A major source of energy for cells, these simple carbohydrates usually contain five or six carbons connected to each other and also to hydrogen and oxygen.

	Fatty acids—Another source of energy, these are hydrocarbons that always have a carboxyl (COOH) at one end.

	Phosphate—This is the first of the “ancient molecules” in which a new element appears. Phosphates contain phosphorus connected to oxygen atoms and are essential in transferring energy from one compound to another compound inside cells.

	Nucleotides—The most complex of the ancient molecules, nucleotides are the backbone of nucleic acids, the genetic material of all biota. Nucleotides contain a nitrogen-containing portion, a sugar, and a phosphate.
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Inside a Cell

Nitrogen

Nitrogen gas (N2) makes up about 80 percent of the atmosphere, but living things have a hard time getting nitrogen into their bodies. Animals cannot inhale nitrogen as they inhale oxygen; plants cannot absorb nitrogen in the same way they absorb carbon dioxide. Yet nitrogen is essential in amino acids and thus proteins. It is also an essential part of nucleic acids and vitamins. Energy processes inside cells could not occur without nitrogen. This is because nitrogen plays a role in the energy-generating steps that occur in membranes, and the nitrogen is a component of the membrane’s structure as well.



How Chemicals Lead to Life

After the amino acids, sugars, and other key components of life began to accumulate on Earth, did life miraculously spring forth? The main transition from lifeless chemicals to a cell occurred when certain elements formed functional groups on the organic compounds already present. A functional group is a cluster of atoms attached to a compound that enables the compound to react with others.

A phosphate group containing a phosphorus atom connected to four oxygen atoms gives an example of a functional group. The main functional groups in biology are:


	Phosphate (-PO4)—It is involved in energy transfer reactions. (The dash in this abbreviation and the others below indicates that the functional group attaches to some other compound.

	Hydroxyl (-OH)—It collects electrons in certain reactions and attracts water molecules to help dissolve substances such as sugars.

	Carboxyl (-COOH)—Acts as an acid by donating its hydrogen atom in certain cellular reactions.

	Amino (-NH2)—Acts as a base by picking up excess hydrogens.

	Sulfhydryl (-SH)—Works mainly to create bridges between different parts of the same protein, thereby stabilizing the protein.



All of the above functional groups offer another benefit; they help a compound dissolve in water. Since the first cells likely began in the oceans, water solubility is a definite plus in helping reactions go forward.
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Biology Vocabulary

Lipids and Fats

Lipid is the name for a group of diverse water insoluble compounds. Lipids include fats and sterols. (Sterols serve the body in one way by being a precursor for making vitamin D.)

Fats are organic compounds that have glycerol as a backbone. A glycerol molecule can hold up to three chains called fatty acids. Fatty acids are similar to hydrocarbons because they don’t get along well with water. The difference is that fatty acids contain oxygen and hydrocarbons do not.



Amino Acids and Proteins

Amino acids possess both an amino group and a carboxyl group connected to each side of a central carbon. Because amino acids carry these two functional groups, they become important in cellular reactions because they can act as an acid and a base. Very few other compounds in nature have this talent.

The amino and carboxyl groups account for two of the four spots on carbon. What fills the remaining two spots? One location is always taken by a hydrogen atom. The fourth location goes to a variety of chemical structures that give each amino acid in biology a unique look. This variable sidekick is sometimes referred to as an R group, where “R” stands for any of the diverse structures in nature that can be hooked onto an amino acid.

Nature has invented more than 500 different amino acids, but animal cells use only 20 to make all the proteins they need. The 20 amino acids used in making animal protein are: alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine.

The human body can make 10 amino acids for itself but must have the remaining 10 supplied in the diet. These dietary amino acids are called the essential amino acids.
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Biology Vocabulary

Essential Amino Acids

Every animal cell has a requirement for certain amino acids that must be supplied from the outside. In people, these amino acids come from our diet. They are therefore defined as nutrients and are called essential amino acids. The essential amino acids are: arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine. Usually, youngsters require arginine in their diet but this dietary requirement fades as a person ages.

Since prokaryotes and plants do not have a diet, they must make all of the amino acids they need for protein building.



Protein Structure

Cells must assemble their proteins in a specific way for the protein to work as it should. Every protein has a primary, secondary, and tertiary structure from which a cell must not deviate. Certain specialized proteins have an added quaternary structure. All of this sounds very complicated, but put simply, it means the following:


	Primary—The specific order of amino acids in the protein.

	Secondary—The first set of folds that partially compacts a protein.

	Tertiary—The second set of folds that bends the protein back on itself and makes it compact.

	Quaternary—A situation in which two or more proteins attach to each other to form a mega-protein!



Ribonucleic Acid (RNA)

Between 4.5 billion and 3.5 billion years ago, the first primitive molecules became more complex and then a few connected to each other to form bigger molecules. When nucleotides linked up this way, they began making the earliest ribonucleic acid or RNA.

RNA consists of a string of the same sugar called ribose linked by a phosphate. Each ribose holds onto a nitrogen-containing compound called a base. (The sugar plus phosphate plus base equals a nucleotide.)

The formation of RNA would be a pivotal point in cell evolution because nucleic acids, such as RNA, carry information that goes to new cells when they replicate.

Deoxyribonucleic Acid (DNA)

You may know deoxyribonucleic acid, or DNA, as the main stuff that makes up your chromosome. Nonetheless, this nucleic acid probably developed after RNA. DNA resembles RNA in structure. The main differences between these two macromolecules is: (1) DNA contains slightly different bases than RNA and (2) DNA consists of two chains linked together via their bases.

The First Cell

A monumental leap occurred on Earth sometime between 4.0 billion and 3.8 billion years ago. During that period, storms became less tumultuous and a bit more sunlight broke through the atmosphere. Amino acids began linking together to form short chains (called peptides). Nucleotides began forming, and these also linked up to form chains.

In a watery environment, fatty compounds preferred not to float free since fats and water repel each other. The fats spontaneously ganged up to form little hollow balls in the ocean. By balling up, they reduced their exposure to water. As a result, rudimentary membranes developed, holding the ocean out of the center of the ball. The center of each ball contained a tiny volume of ocean water. Occasionally, the creation of a fatty ball also included one or more peptides and nucleotide chains.

Any membrane-enclosed ball that contained both peptides and primitive RNA held the potential to do two crucial things. First, the peptides could lead to proteins, and these would give the cell the possibility of carrying out functions. Second, RNA had the ability to self-replicate. Self-replication would turn a glob of primordial chemicals into an operational, reproducing cell!

From this point onward, cells might add new capabilities, learn to sense their environment, and team up to create multi-celled organisms.

The time needed to progress from a newly born Earth to the first precursor of a cell took about 6.5 billion years. All the additional life that you know today needed only 3.5 billion additional years to develop! 


CHAPTER 3
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In This Chapter


	The differences and similarities of bacteria and archaea

	The features inside prokaryotic cells

	The features on the outside of prokaryotic cells

	Characteristics of extremophiles and cyanobacteria





In this chapter you will learn about the simplest of all living things. Although prokaryotes are the smallest and simplest cells that can live independently, they also carry enormous responsibilities in keeping all other organisms on Earth alive. In later chapters, you will see how prokaryotes recycle the Earth’s nutrients, decompose waste, and make the Sun’s energy available to all animal life.

Let’s begin with the cells from which humans and every other complex organism evolved.

Bacteria and Archaea

You may think of bacteria as microscopic specks that live almost everywhere, or as germs that cause disease, or as allies who help us digest our food and degrade our wastes. Bacteria do all of these things and more.

A lesser known group of prokaryotes, the archaea, handle equally important roles on Earth. Archaea tend to live in remote places where humans cannot or choose not to go. Although archaea look just like bacteria in a microscope, they possess features that help them withstand the harsh environments where they sometimes live.

The following list gives you the key features that bacteria and archaea share and the ways in which they differ:
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Inside a Cell

Oxygen: The Most Toxic Element

Life emerged on Earth at a time when oxygen did not fill the atmosphere. Only trace amounts of oxygen occurred four million years ago and that oxygen was bound to water vapor rather than the gas we breathe today.

Life evolved in an oxygenless or anaerobic environment. Any free oxygen atoms that entered the first cells were toxic to them. This is because oxygen reacts with other molecules to form unstable chemicals called free radicals. Free radicals are as dangerous to cells today as they were to the first cells on Earth.

When photosynthetic cells began to evolve they put more and more oxygen into the atmosphere. Other cells had to adapt to the increasing levels of oxygen or go extinct. A new type of cell would evolve, called an aerobe. Aerobes contain enzymes that the cells use specifically for neutralizing the toxic effects of oxygen and free radicals. Some cells never developed this ability. As the atmosphere became more oxygenated these cells retreated to environments lacking oxygen. The anaerobic prokaryotes alive today are descendents of the most ancient of all cells. They live only in oxygenless pockets of soil, deep sediments, still swamps, and inside the digestive tract of animals. Most archaea are anaerobes and represent our ancient cellular ancestors.




	Both bacteria and archaea measure about 1-3 micrometers in diameter (round varieties) or 2-4 micrometers in length (rod-shaped varieties).

	Both bacteria and archaea can be round (cocci) or rod-shaped (bacilli), depending on species. Bacteria also come in rigid corkscrew shapes (spirila), flexible spirals (spirochetes), or curves (vibrios). Both bacteria and archaea have species that grow in all sorts of irregular shapes; these species are called pleomorphic for “many forms.”

	Bacteria and archaea can live in aerobic environments (bathed in air) or anaerobic environments (airless).

	Bacteria have a cell wall reinforced by the polymer peptidoglycan; archaea have a cell wall supported by a different polymer called pseudomurein.

	Bacterial membranes contain fatty acids of a straight-chain shape; archaeal membranes contain massive branched-chain fatty acids.

	Many archaea can produce methane gas from carbon dioxide; bacteria lack this ability.

	Several bacteria can convert the Sun’s energy to chemical energy through photosynthesis; archaea lack this ability.

	A small percentage of bacteria cause disease in animals and plants; archaea are not known to cause any diseases.



Many of the physical peculiarities of archaea help them thrive in very harsh environments. Archaea have been found in places where no other organisms survive for long. Archaea live in salt lakes, hot sulfur springs, hydrothermal vents, acid runoff from ore mines, and inside the digestive tract of animals and insects. These forbidding habitats are called extreme habitats, and any organism that can live there is an extremophile. Nonextremophile archaea also inhabit more mundane places like soil and seawater.

Inside Prokaryotes

Few things clutter the interior of a prokaryotic cell. The contents inside the membrane is filled with cytoplasm. All cells also have a region where the densely packed chromosome resides. This region is called the nucleoid. Many ribosomes are also distributed throughout the cytoplasm.

Certain specialized prokaryotes manage to fit in extra structures that support their lifestyles. Thus, some prokaryotes have the following:


	Gas vesicles—Sacs that hold air and help maintain the cell’s buoyancy in water.

	Photosynthetic vesicles—Packets containing materials for carrying out photosynthesis.

	Carboxysomes—Sacs that hold carbon dioxide.

	Magnetosomes—Tiny magnets arranged in chains that help a cell orient itself to the Earth’s poles.

	Storage granules—Packets of stored food, such as sugars or glycogen.



Outside Prokaryotes

The tough cell wall lies just outside the fragile plasma membrane. This cell wall takes the hits doled out by the cell’s environment so that the membrane will stay intact. Should the membrane break, the cytoplasm will gush out and the cell dies.

Prokaryotes come in two varieties based on the cell wall’s composition. In the 1800s, Danish microbiologist Christian Gram invented a way to stain bacteria so that they would be easier to view in a microscope. Gram had also unexpectedly discovered that all bacteria seem to behave one of two ways when exposed to the stain. These two groups became known as gram-positive and gram-negative species. The Gram stain remains a basic method used by microbiologists to identify microbes from the environment or to diagnose an infectious disease.
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Inside a Cell

Gram-positive and Gram-negative

In a microscope, gram-positive cells are dark blue or purple due to a cell wall that traps the stain crystal violet. Gram-negative cells remained unstained and colorless. To make gram-negative cells as easy to see, the Gram stain method calls for a step in which the cells are exposed to the stain safranin. This turns gram-negative cells pink.



Prokaryotes possess a variety of structures attached to the outside of their cell wall. These structures serve to sense changes in the environment, communicate with other cells, attach to inanimate surfaces, or attach to another living thing just prior to starting an infection.

Microbiologists are discovering new layers and appendages on prokaryotes even now, but the most well-known are:


	Capsules—Polysaccharide layers overlaying the cell wall. Capsules retain moisture for the cell during dry conditions and also help the cell avoid being destroyed by the body during an infection.

	Slime layers—Polysaccharide layers similar to capsules but more easily washed off in water. Slime layers give cells some level of protection from damage in the environment.

	S-Layers—A protective shell-like layer on many archaea, which in a microscope resembles a tile floor.

	Mycolic acid—A waxy substance that lies outside the cell wall in certain disease-causing microbes such as the tuberculosis bacterium.

	Pili—Short, fine hairs that allow two cells to connect and share genetic material.

	Fimbriae—Short hairs that can number as high as 1,000 covering the cell surface, they help cells attach to surfaces.

	Flagella—Long, somewhat flexible, tails that enable cells to swim.



Prokaryotic cells often grow in groups. These groups can contain several cells to several dozen. Certain species assemble into a characteristic type of cluster and avoid other arrangements. For example, Staphylococcus bacteria always grow in big clumps like a bunch of grapes. They prefer not to form strings of cells lined up end to end. By contrast, Streptococcus bacteria love to grow into long conga lines. Microbiologists use the following terms to describe the typical ways some species of prokaryotes like to grow:


	Diplococci—Two cocci connected as a pair.

	Diplobacilli—Two bacilli connected end to end.

	Tetrad—Four cocci connected in the same plane.

	Sarcinae—Eight cocci connected to form a cube.

	Staphylococci—Grapelike clusters or broad sheets of cocci.

	Streptococci—Several cocci connected end to end, forming a chain.

	Streptobacilli—Several bacilli connected end to end, forming a chain.



Diversity in Prokaryotes

By now you may be realizing that prokaryotes come in a variety of shapes, cell configurations, outer coatings, and appendages. This variety hints at the enormous diversity of prokaryotes.

Not only do prokaryotes have various physical characteristics, but they also carry out a broad range of chemical reactions. The breadth of prokaryotic chemistry is more diverse than the chemistry inside eukaryotic cells. Humans, wolves, alligators, and field mice all share pretty much the same chemistry inside their cells. By comparison, prokaryotes carry out very different chemical activities in a much wider range of habitats.

It may be an almost impossible task to list all the things that prokaryotes do on Earth. They keep all other biota alive. Even disease-causing pathogens serve a purpose by keeping populations in check so that an organism does not overrun its available food and space. Here is a list of the general tasks carried out by prokaryotes:


	Perform photosynthesis.

	Absorb nitrogen from the atmosphere and make it available to plants and animals.

	Recycle carbon, nitrogen, sulfur, phosphorus, and metals.

	Decompose dead organic matter and sewage.

	Produce greenhouse gases that warm the planet’s surface.

	Digest fibers in animal diets.

	Make nutrients in soil available for plants.

	Protect the body from infection and strengthen the immune system.

	Cause disease in humans, animals, insects, and plants.

	Serve as food for other microbes, which then feed ever-larger organisms in a food chain.

	Produce useful products such as enzymes, antibiotics, vitamins, and polymers.

	Corrode metals.

	Neutralize toxic chemicals in the environment.



Perhaps nothing illustrates the diversity of prokaryotes better than extremophiles.

Extremophiles

Extremophiles are prokaryotes that live in an environment too harsh for most other life. Bacteria and archaea each have species that live in extreme environments, but most extremophiles are archaea.
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Biology Tidbits

Hydrothermal Vents: Earth’s Harshest Environment

Scientists have known about hydrothermal vents for only about the past 30 years. These vents exist on the ocean floor and spew superhot hydrogen sulfide gas into the surrounding water. The area at the vent opening exceeds 660ºF.

At this place lives extreme hyperthermophile prokaryotes as well as red, gutless tube worms that grow to longer than three feet in length. Some of the prokaryotes live inside these worms and produce organic compounds the worms use in their nutrition.



Think of any place that would seem to be torture to a human, and that spot is likely home to an extremophile. No place seems to be too hot or too cold, too acid-filled, or too salty to keep out an extremophile.

Extremophiles specialize in the horrid conditions they prefer. These are the names for the types of extremophiles that have found a home in the Earth’s worst habitats:


	Thermophiles—Live at 104-162ºF. (Microbes that live in the comfy temperatures favored by people are called mesophiles.)

	Hyperthermophiles—Live at 150-250ºF.

	Extreme hyperthermophiles—Live at temperatures hotter than 250ºF.

	Psychrophiles—Live at 17-65ºF.

	Halophiles—Live in salt levels greater than 3 percent.

	Acidophiles—Live in acidic conditions from mild acids, such as vinegar, to strong acids, such as sulfuric.

	Alkaliphiles—Live in basic or alkaline conditions such as found in soda lakes.

	Barophiles—Live under high pressure such as found at ocean depths of 2.5 miles or deeper.

	Xerophiles—Live in dry conditions such as deserts or the Antarctic.

	Radio-tolerant—Survive exposure to radiation that would kill a human.



After learning about all of these extreme environments, you might think of the prokaryotes that live in mild conditions as rather dull. The prokaryotes of the same environment where most mammals live are anything but dull. They include all of the pathogens that affect human, animal, and plant health.

Cyanobacteria

Cyanobacteria are a large and diverse group of bacteria that deserve special mention because they perform photosynthesis. Cyanobacteria are thought to be among the most ancient prokaryotes. Their evolution led to the accumulation of oxygen in the Earth’s atmosphere. This in turn allowed the evolution of humans and every other oxygen-respiring organism on Earth today.

Cyanobacteria began emerging about 3.5 billion years ago and dominated life on Earth for the next billion years. (Some photosynthetic bacteria preceded the cyanobacteria but they used a type of photosynthesis that does not release oxygen as an end product.) They continue to be some of the most numerous microbes on the planet, living in the surface waters of oceans and freshwaters, on rocks, plants, and in the uppermost layer of soil. Intrepid microbiologists have also found cyanobacteria growing in fountains, mineral springs, salt marshes, and glaciers.

Microbiologists have long been puzzled by cyanobacteria because of their diverse cell forms. Cyanobacteria can be single cells, large aggregates, or long filaments. For a long time, cyanobacteria were called blue-green algae because of their color and because their photosynthesis fooled biologists into thinking they were algae.

Along with algae and green plants, cyanobacteria replenish the air with the oxygen we need to survive. Though difficult to estimate, all the Earth’s cyanobacteria may produce more oxygen than the total of green plants and trees.

The Domains of Living Things

Bacteria and archaea emerged early in evolution from the same common ancestor. Their evolutionary paths then split from each other early in the first billion years of life.

Today biologists recognize three domains of life that have followed three distinct paths from a common starting point in evolution. These domains have been determined by analyzing the differences and similarities of species. The formal names of the three domains are:


	Domain Bacteria—All the prokaryotes, including cyanobacteria, with the exception of archaea.

	Domain Archaea—All the prokaryotes with the exception of bacteria.

	Domain Eukarya—All the eukaryotes, which encompasses protozoa, algae, fungi, invertebrates, insects, reptiles, amphibians, plants and trees, and animals.




CHAPTER 4

[image: CH-01.psd] The Eukaryotic Cell




In This Chapter


	A description of how the first eukaryotes formed.

	The main eukaryotic cell structures, called organelles.

	Major types of protists and their features.

	How single-celled eukaryotes relate to the first green plants





In this chapter you will take a walk through a eukaryotic cell. The easiest way to remember which organisms are composed of eukaryotic cells is to first picture in your mind the bacteria and archaea. Now eliminate them from your thoughts. Everything else is a eukaryote.

Eukaryotic cells are more complex than prokaryotes; they represent a step forward in evolution toward today’s higher organisms.

Both plants and animals consist of eukaryotic cells. This chapter will show you the many similarities between the two and the ways in which they differ.

Following custom so far in this book, I’ll begin with a brief explanation of how eukaryotes developed on Earth.

The First Eukaryotes

The first precursors to prokaryotic cells appeared 3.5 billion years ago. These cell ancestors were little more than tiny balls formed by fatty compounds called phospolipids. Inside the balls existed small amounts of peptides and RNA. Over the next 2.5 billion years, the cells became more sturdy and self-sufficient. The peptides elongated into functioning proteins and the RNA became more complex and led to DNA.

Prokaryotes diversified into photosynthetic types and non-photosynthetic types. The photosynthetic cells could survive in nutrient-rich oceans as long as they received sunlight. Non-photosynthetic cells needed an energy source other than sunlight. Some of these prokaryotes hunted other, smaller cells as food. If they were a type that had evolved a tail, or flagellum, the task of chasing down their food became even easier.

The first eukaryotes likely evolved from prokaryotes that caught and ingested other prokaryotes. Most of the time, a predator cell would digest the smaller cell it had just consumed. But sometimes, pieces of the ingested cell remained intact inside the predator. On occasion, these cell fragments served a purpose in the predator’s physiology. Over time, predator cells that had ingested other prokaryotes became more complicated due to the bits and pieces of ingested cells they carried. A new type of cell developed. This new cell contained internal structures that carried out certain functions. In this way, the organelle of eukaryotic cells evolved.

While prokaryotes symbolize nature at its most efficient, eukaryotes have a more complicated way of life. Think of a eukaryote as a temperamental Ferrari Testarossa and a prokaryote as a bicycle. They both get you there, but the car has more things in it that must all work together perfectly to make it purr.

What Is an Organelle?

If eukaryotes began as prokaryotes swallowed up by other prokaryotes, it would explain why eukaryotic cells’ internal structures have membranes. Other than those dot-like protein factories called ribosomes, which I’ll discuss in Chapter 13, a eukaryote’s internal structures always reside within a membrane.

An organelle is any membrane-bound structure of a eukaryotic cell that carries out a specific function. The main organelles of eukaryotes are:


	Nucleus—Location of the chromosome, it also contains one or more non-membrane-bound areas called nucleoli where the cell manufactures ribosomes.

	Ribosome—Small units dispersed in the cytoplasm that act as the site of protein synthesis; can number many hundred ribosomes per cell.

	Mitochondrion—This is the site of respiration and energy generation.

	Golgi apparatus—This organelle makes various cellular products, sorts them, and packages them for export to the outside in sacs called Golgi vesicles.

	Endoplasmic reticulum (ER)—This network of connected sacs and tubes serves as the site of membrane synthesis and also holds ribosomes. Rough ER is studded with ribosomes; smooth ER lacks ribosomes. Cells contain both types of ER.

	Lysosome—The lysosome is an enzyme-filled sac that digests food.

	Centrosome—This organelle produces slender tubules that guide the process of cell division.

	Peroxisome—This sac produces hydrogen peroxide from excess oxygen molecules and also degrades the hydrogen peroxide to protect the cell from damage.

	Chloroplast—This organelle serves as the site of photosynthesis.

	Vacuole—A very large sac in some cells that stores excess food, digests some foods, and breaks down wastes.



In the above list or organelles, lysosomes exist only in animal cells and chloroplasts and vacuoles exist only in plant cells. In Chapter 5 you’ll learn about the organelles in more detail.

Except for ribosomes, the above list of organelles describes the main features that make eukaryotes different from prokaryotes.
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Flagella

Flagella (singular: flagellum) are long appendages cells use for swimming and direction. These tails connect to the cell using several interlocking proteins. The flagella of prokaryotes and eukaryotes have different proteins and have different internal architecture. They both have the same overall function, however, which is to propel a cell through its environment.

The ability to swim is called cell motility and it represents a big step in evolution. A motile organism can hunt for food, escape danger, and seek a mate. A nonmotile organism lives a more vulnerable life exposed to the whims of the environment around it.



Protists

“Protists” is a general term for singled-celled eukaryotes. This group contains a wonderfully diverse collection of cell shapes, flexibility, methods of swimming, tactics for finding and ingesting food, and reproduction.

Protists are a little like prokaryotes because they make their way through life on their own. They find their own food, sense danger and react to it, and reproduce without the need for another cell. But because protists are eukaryotes, they have more complex structures and often more complex life cycles than prokaryotes.
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Inside a Cell

Euglena

The genus Euglena is the most famous of the group of protists called euglenids. These cells are oblong, measuring about 20 micrometers long and five micrometers wide, and they have a long flagellum at one end. They possess chloroplasts for photosynthesis and a characteristic eyespot at one end, set off to one side of the cell. The eyespot blocks light from certain directions from striking an underlying detector. When Euglena shifts its position, light bypasses the eyespot and hits the detector. This configuration enables Euglena to move toward light of just the right intensity for its photosynthesis.



Protists are so diverse, it can be difficult to get a handle on characteristics common to all of them. The following list describes the protists most important in biology because of their roles in nature or in health:


	Amoeba—A shapeless cell that creeps through water by amoeboid movement.

	Euglena—Uses photosynthesis when light is available and by other types of metabolism in the dark. It contains a large eyespot filled with pigments that help the cell swim toward light and a large flagellum that propels it. This organism is one of the most-studied microbes in biology classes.

	Diplomonads—Contain two equal-sized nuclei. The most famous in the group is Giardia, which can contaminate natural untreated waters and cause diarrhea.

	Trichomonas vaginalis—A sexually transmitted microbe.

	Dinoflagellates—Always have a double-cell appearance and two flagella. Dinoflagellates grow to enormous numbers in marine waters and freshwater, sometimes causing blooms or red tides.

	Plasmodium—Lives as a parasite inside mosquitoes and humans. When it infects humans, it causes malaria.

	Ciliates—Cells covered all over with tiny hairs called cilia. The most famous is Paramecium.

	Oomycetes—Similar to fungi but they have flagella, which fungi lack. Oomycetes include water molds and the plant pathogens called white rusts and downy mildews.

	Algae—Single-celled forms of algae—and there are many—can also be classified as protists. These include diatoms and certain golden, brown, red, and green algae.
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Inside a Cell

Paramecium

The genus Paramecium is the most famous of protist ciliates. A Paramecium cell is always oblong, constantly takes in water from its environment, and always lives in freshwater. Cells are almost 250 micrometers long and 50 to 75 micrometers wide. Students study paramecia cells because of their distinct organelles and feeding behavior. Paramecium eats bacteria by sweeping them using their cilia into an oral groove into a rudimentary mouth.
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Inside a Cell

Amoeba and Amoeboid Movement

An amoeba (plural: amoebae) is a soft-walled protist of no particular shape. Amoebae move by pushing out a section of their outer membrane and then pouring their cytoplasm into this protuberance. The protuberance is called a pseudopod or “false foot.” This slow fluid style of motility is called amoeboid movement.



Algae

Algae are incredibly diverse organisms that range from single-celled protists to massive ocean kelp forests. Within each subgroup of algae exist many thousands of species.

Biologists organize algae into classes based mainly on the pigments the cells contain rather than whether the algae are single-celled or made of many cells. All algae contain at least one type of chlorophyll, the same pigment found in green plants on land. But algae are grouped based on the additional pigments they possess, as follows:


	Golden—Photosynthetic algae containing yellow and brown pigments called carotenoids, they live in freshwaters and marine waters.

	Brown—These brown or olive-colored multicellular (made of many cells) algae are better known as seaweed and live along cool-water coasts. Many seaweeds and kelps have developed an adaptation called a holdfast that anchors them to the shore while being buffeted by tides and waves.

	Red—More than 6,000 species of red algae exist. They mostly live in warm, tropical coastal waters and all contain the red pigment phycoerythrin. Some are seaweed. In deep water, species can be almost black. Moving to shallower water, the algae appear red, and in surface waters these organisms are green. A few red algae species have lost their pigments during evolution and must eat other algae for energy.

	Green—The green pigment chlorophyll gives these algae their characteristic color. More than 10,000 species exist. Green algae live as single cells, as small balls of cells (such as the organism Volvox), and as multicellular organisms of many thousands of cells (such as the organism Ulva or sea lettuce).
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Volvox

Volvox is a hollow ball formed by the gathering of thousands of green algae cells. In evolution, Volvox represents an early attempt by single-celled organisms to join together in a common purpose. Volvox cells surround themselves with a gelatinous goo that protects them from damaging substances in their freshwater environment. They also form a rudimentary cell-to-cell communication system by extending strands of cytoplasm. If isolated from its colony, a Volvox cell cannot reproduce.



The study of algae could consume a lifetime. Not only are these diverse organisms that form various types of communities, algae also contribute mightily to the atmosphere’s oxygen levels through their photosynthesis. Algae and cyanobacteria put enormous amounts of oxygen back into the atmosphere and together, they account for more oxygen than all terrestrial plants and trees.

Single-celled algae and small aggregates of alga cells make up part of phytoplankton. Phytoplankton is the Earth’s major site of photosynthesis and contributor of oxygen to the atmosphere.

Diatoms

Diatoms are unique types of algae that perform photosynthesis but also have a hard shell made of silica. Diatoms are always single-celled.

The glass-like shell of a diatom is one of the strongest structures on Earth. Scientists measuring the shell’s strength have determined that each shell withstands the pressure under one leg of a table. Did I mention also that the table supports the entire weight of one elephant?
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Diatomaceous Earth

When larger organisms eat diatoms, they cannot digest the silica shell. The predator eliminates the shells, which drift to the sea bottom. For many millions of years, diatom shells have built up a layer of chalky fossils on the ocean floor. Companies harvest this material known as diatomaceous earth (DE). DE is abrasive, so it serves as a cleanser for removing corrosion from metal surfaces and in polishes. DE has also been put to use in toothpastes—again, because of its abrasive action—and in water filters for removing small particles.



Diatoms offer an added fascination to biologists because of the intricate patterns of the shells. Each shell contains a pattern of lattices, lacework, holes, and grooves. In addition to giving diatoms among the most beautiful appearances in nature, the shapes help increase the strength of each shell. A smooth or flat diatom shell would break under the pressures routinely shouldered by patterned diatoms.

Water Molds, White Rusts, and Downy Mildews

Oomycetes are similar to fungi and these two types of organisms have been confused. Here are the differences:


	Fungi contain a cell wall made of the compound chitin; oomycetes have cell walls made of cellulose.

	Fungi lack flagella and seldom live in water; oomycetes need flagella for swimming because they live exclusively in water.



Perhaps people confuse oomycetes and fungi because of their similar fuzzy appearance. Oomycetes mimic fungi by producing long filaments of growth that eventually turn into a tangled mass. By producing filaments, these organisms increase their surface-to-volume ratio and thus increase the chance of taking in nutrients from the environment.

Although many of the oomycetes annoy gardeners and commercial growers because they cause plant diseases, oomycetes also act as important decomposers of waste. Any dead plant or animal in water will probably be decomposed by an oomycete.

Protozoa

Protozoa are protists that specifically get food by catching it and ingesting it.
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Flagellates and Ciliates

People who study protozoa for a living group protozoa based on cell locomotion. Two major ways of swimming are through the use of long tails or flagella or by many short hairs or cilia. Protozoa can therefore belong to the group loosely termed flagellates or the ciliates. Both types swim forward and backward, change direction quickly, and go fast! If you were to sit at a microscope to observe a drop of water filled with flagellates and ciliates, they would whiz by in the blink of an eye!



Protozoa do not have the ability to use photosynthesis. Some microbiologists prefer the term “protozoa” rather than “protists” to describe any non-photosynthetic eukaryotic cell. By this definition, protozoa include everything I have discussed in this chapter except the algae.

Protozoa must hunt and snatch their food in their environment. Some protozoa, such as flagellates and ciliates, shoot through their surroundings to catch bacteria and even smaller protozoa. Others, such as amoebae, lumber along at a sloth-like speed. But even amoebae envelop the food they come upon and ingest it.

Many protozoa cause illness in humans and other animal life. The following diseases are caused by a protozoan: dysentery, malaria, babesiosis, toxoplasmosis, leishmaniasis, giardiasis, and cryptosporidiosis.
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Phytoplankton

Phytoplankton is a group of organisms consisting mainly of cyanobacteria and algae. Phytoplankton drifts in the upper surface layer of water environments. From this location, the cells absorb the Sun’s rays and turn solar energy into chemical energy that other life on Earth use.

“Phyto-“ refers to the plant-like nature of these microbes. By contrast, zooplankton consists of tiny animal life, such as invertebrates that live in water. Zooplankton cannot photosynthesize, but they do serve biology by being a food source for other aquatic life.

Together, phytoplankton and zooplankton make up the diverse group of microscopic and very tiny organisms called plankton.



Algae Lead to the First Green Plants

The first plants arose from two algae that depend on chlorophyll for a big part of their photosynthesis: red algae and green algae.

Red algae developed a complex lifecycle in their evolution. This life cycle is perhaps a precursor to the lifecycles of higher plants. Meanwhile, the pigments and chloroplasts of green algae are very similar to today’s green plants. Molecular biologists who study the genetic makeup of organisms have determined that green algae and land plants are closely related.




End of sample
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