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Chapter 6 A Tour of the Cell

Discovery Video: Cells
Description: Explore the diversity of cells and discover the common structures and functions that make a cell the basic unit of life.
Narration Script:

Everything that lives is made of cells—even us. Although we can’t see them, trillions of cells within our body work together to give us the gift of life. These tiny units of life fascinate biologists like Boyce Rensberger.

[Rensberger] “The entire human body is made out of cells or the things that cells have made, such as bone. Skin is made of cells, your heart is made of cells, the muscles that operate the body so that you can move--these things are all made of cells, including the brain itself, which sends electrical signals around from one cell to the other so that we can think. All these different kinds of cells work fundamentally the same way. When you look inside the cell you see the same kinds of structures.”
Cells come in all sorts of sizes and shapes. They’re so small that we need a microscope to see them. Inside of every eukaryotic cell is a microscopic factory that runs off of chemical reactions. At the center, the nucleus acts as the cell’s brain and controls its activities. It holds the DNA, the instructions for life. The cell’s membrane protects each cell and takes in the raw materials it needs to say alive. Water, nutrients, and waste move into and out of the cell all the time. These materials may hitch a ride along the cell’s transport network, a network made up of microtubules and intracellular membranes. The cell’s transport network picks up, transports, and delivers material throughout the cell. The cell breaks down raw materials into the building blocks it needs to grow. This ability to take in vital materials allows the cell to function and perform specific tasks. 

[Rensberger] “The instructions that are in the cell, starting in embryonic development, tell each cell how to change to take on a new function. Also, the cells monitor the activities going on. If there is a wound, the cells can sense that and they will send out the message to other cells to come and repair the damage. So, all of this keeps the whole body on kind of an even keel.”
Our cells work together in extraordinary ways. The heart, for example, is made up of muscle cells with a tendency to twitch. Separately, they twitch to their own rhythm, but together, they beat as one. Millions of them work together to give us a heartbeat. These muscle cells survive as long as we do. But throughout the body, cells die and get replaced all the time. Our body produces new cells through mitosis, the process where one cell divides into two. Since we’re constantly losing and replacing cells, most cells in our body are actually younger than we are.
Chapter 9 Cellular Respiration: Harvesting Chemical Energy
Discovery Video: Space Plants
Description: NASA scientists discuss experiments to develop plant-based life-support systems for the exploration of space and the colonization of Mars.
Narration Script:
When the first mission to Mars is launched, people will live in space for extended lengths of time. They will need to produce food, water, and oxygen to survive. NASA scientists are experimenting on plants to develop onboard greenhouses that do just that. In one experiment, volunteer Nigel Packham spent two weeks in a pair of airtight containers. Instead of oxygen canisters, wheat plants provided all the air he needed to breathe.

Plants absorbed the carbon dioxide Nigel breathed out and used it to produce the oxygen they both needed to survive. This exchange worked even when he exercised. As Nigel used up more oxygen and produced more carbon dioxide, the plants absorbed more carbon dioxide and produced more oxygen. 

[Packham] “The plants have performed wonderfully. They react very quickly to me being here and to changes in my metabolic output. For example, if I sit on the bicycle and start exercising for 30 minutes, and I tend to put out a lot more carbon dioxide, the plants react very, very rapidly to that. So, it’s almost as if they know I’m here.”
After two weeks, the experiment ended and Nigel emerged in good health. The results show that people can depend on plants for oxygen in an artificial environment. Now scientists want to know how long that balance can last. In another experiment, a NASA team manipulates the growing conditions of vegetable-yielding plants. Using artificial nutrients and high-intensity lamps, David Bubenheim grows plants 10 to 20 times more densely then they occur in nature. This is helpful for producing food in very limited spaces. Based on this prototype, they determined the size of a greenhouse needed to support a crew headed for Mars. 

[Bubenheim] “This chamber is about 200 square feet and for a crew of four people, it would be able to supply and recycle all the air and water but it wouldn’t supply a 100 percent of the food in that case. To do that, you would need an area about four times this large or a chamber about this size per person.”
Since areas that large aren’t practical in space, Bubenheim hopes that changing the color of light can solve the problem. Plants used in these experiments gather the energy they need from light rather than sunlight. Changing the color of this light will change the way the plants grow.

[Bubenheim] “If you look at these wheat plants that are growing under white light, like plants would outside, where all colors of the spectrum are represented, you can see that there are a number of smaller side shoots that are grown.”
Side shoots are waste that has to be recycled, but growing wheat under blue lights eliminates these shoots, leaving the important center shoot unharmed. Red light works in much the same way.

Scientists now want to know if the color of light has the same effect on plants other than wheat. If so, they’ll be one step closer to an efficient plant-based system that can support life in space.
Chapter 19 Viruses

Discovery Video: Emerging Diseases
Description: Scientists discuss the impact of emerging viruses, demonstrate how new viruses are discovered, and explore how these viruses spread across the Earth to infect humans.

Narration Script:
In the crowded modern world, ever-expanding populations are on the move. As we move into new areas, we provide viruses with an opportunity to move out. Scientists like Stephen Morse call this process “viral emergence.”

[Morse] As people introduce themselves into environments that used to be inaccessible to human habitation and to human exploration, suddenly these viruses spring out. And they spring out at us because we’re putting ourselves there, and we’re putting ourselves in their path.

The technique to find emerging viruses is simple but a bit more dangerous than you might expect—because scientists use themselves as bait.  Here in the canopy of the Brazilian rain forest, mosquitoes and biting insects are encouraged to come in for a meal. Once captured, biting bugs are fast-frozen in a jar of liquid nitrogen.

Back at the Instituto Evandro Chagas, researchers thaw the bugs and examine them under microscopes. Even though the bugs are dead, viruses along for the ride survive and just need a new host to multiply. Researchers oblige. They smash bugs into a soup and inject the liquid into lab mice, the first indicators for viruses the bugs may have brought with them. The Institute has isolated 30 strains of virus that cause disease in humans, including yellow fever. More ominously, researchers have isolated 40 viral strains no one has ever seen before—emerging viruses.

We’ve not only provided emerging viruses with new highways, we’ve given them wheels, too. Mountains of used tires are shipped from developing nations to the U.S. for recycling. Pools of water collect inside the tires and make perfect breeding ponds for mosquitoes. Asian tiger mosquitoes hitched rides to the U.S., Africa, and South America on just such worn-out tires. Some Asian tiger mosquitoes carry dengue fever (translation: “break bone fever”), causing excruciating muscle and joint pain and occasionally death. Though the virus hasn’t emerged in the U.S. yet, the mosquitoes are here and ready—just another sign of progress.
Chapter 20 Biotechnology 
Discovery Video: Cloning

Description: Learn about the science of cloning and about the medical and social benefits that this controversial technique offers.
Narration Script:
Typically, we think of sheep as followers, but then along came Dolly. This little lamb led the way to an enormous breakthrough in the science of cloning. In normal sexual reproduction, genetic information from chromosomes contributed by each parent combines to form a fertilized egg. The blue packets of information, on the left, represent chromosomes with genes from a male, on the right, a female. When the chromosomes combine in the center, the cell begins to divide and construct a unique individual. Cloning creates exact genetic reproductions of a single animal. Dolly was the first mammal ever cloned. In 1996, scientists produced her using a single cell from an adult sheep.

Most scientists used to believe that using a cell from an adult animal to create a copy would be impossible. As cells age, they specialize, becoming a particular type of cell, like a skin cell or a nerve cell. Instructions for creating other types of cells are switched off. Dolly proved them wrong. Dolly’s creators collected cells from an adult sheep and starved them of certain nutrients. The process essentially backed up the cell’s development. Losing their specialized instructions, the cells were able to begin fresh, dividing and specializing to produce a new individual. One cell went on to become Dolly.

Other cloning techniques have been developed. One designed to make herds of cows takes place in a lab that’s kept as hot as a cow’s womb—110 degrees Fahrenheit. Using a microscope and specialized equipment, scientists removed the nucleus of an egg cell, leaving the egg with no genetic direction, then they added the DNA from the cow they wish to clone. New instructions and a jolt of electricity jump-start cell division. The cloned cell is then implanted into the womb of a surrogate cow where it will develop. Still, in this experiment, only one in 95 engineered pregnancies produced a calf. 

So, why go to all the trouble? To preserve life’s infinite variety is one answer. Few more than a thousand giant pandas still exist in the wilds of China, and cloning just might be the way to spare them from extinction. Scientists have already gathered DNA from a giant panda and plan to produce a panda clone.

Discovery Video: DNA Forensics
Description: Learn about how modern techniques in DNA analysis helped to reinvestigate the murder conviction of Sam Sheppard.
Narration Script:
Breakthroughs in the area of genetics have revolutionized the criminal justice system since the mid-1980s.  Of all the evidence left during a crime, nothing is tougher to refute than DNA.  All cells in the human body—excluding erythrocytes, or red blood cells—contain DNA that carries genetic information.  A single strand of DNA looks like a twisted ladder held together by chemical rungs.  The sequence of the rungs is unique for each person (except for identical twins).  Since people at the scene of a crime usually leave behind some of their cells, forensic scientists can gather DNA evidence.  They remove DNA from the cells, and through a complex laboratory procedure, make key segments of it visible on X-ray film.  Showing up as black bands, the film reveals the chemical patterns of the person’s unique DNA structure.  The patterns may link a suspect to the crime—or exclude that suspect altogether. The DNA on the left was found at a crime scene, while the sample on the right was taken from a suspect.  If the two match—and the evidence is intact—the chance of error is remote.

This method helps investigators go back in time.  Take the case of Dr. Sam Sheppard.  

[Radio announcer] “All of Cleveland awaits an answer to the question, ‘Who murdered Marilyn Sheppard?’”
In 1954, he was accused of murdering his wife, and imprisoned for ten years.  But his son remained convinced of his father’s innocence.  Science stepped in years later to reinvestigate the case.  Forensic experts analyzed blood from the crime scene, and found that the DNA did not match Sam Sheppard’s or his wife’s DNA.  This evidence indicates that someone else was at the scene of the crime—and casts grave doubt on Sam Sheppard’s guilty conviction.  As his attorney, F. Lee Bailey, can attest, DNA evidence is powerful enough to reopen and solve old cases.

[F. Lee Bailey] “DNA evidence—properly handled, tests properly conducted—is extremely reliable.  The odds are astronomical that it was or was not this person.  So it is a definitive way of excluding people, and that has been its principal benefit.”
The FBI considers DNA its most powerful tool.  It is now standard procedure for detectives to scrape items at a crime scene to gather this evidence.  Samples are stored in CODIS, a computer database, and matched against thousands of others in the system.  As remarkably accurate as DNA analysis seems, the possibility of human error still exists.  Because the evidence is easily contaminated, investigators and scientists must use extreme care when handling the samples.
Discovery Video: Transgenics
Description: Discover the science behind and the debate over the development of transgenic animals as living pharmaceutical factories and organ donors for humans.
Narration Script:
[Robl] “To tell you the truth, I’ve never once ever thought that I was a creator. I feel more like a manipulator, taking a very complex and a very beautiful system and manipulating it in ways that it can be of benefit to mankind.”
Dr. James Robl may not think of himself as a creator—but he is. He and other geneticists are designing new animals by adding desirable genes from one organism to the DNA of another. The man-made creatures are known as transgenics. These transgenics are cows outfitted with a human gene. Such cows may produce human proteins that can be harvested from their milk and used to create medicines for burn victims or to treat patients afflicted with genetic diseases like cystic fibrosis or hemophilia. With a herd of customized cows, you could have a drug factory on the hoof.

[Robl] “We can get, literally, billions of these cells and we can do all sorts of things with those in culture. And, you look at the petri dish full of these 100 million cells and you think, ‘Gee, this is quite a large herd of cattle here,’ because we can, theoretically, turn every one of those into a cow.”
Meet Rosy. She’s a transgenic model equipped with yet another human gene. Her creators expect cows of her design to produce human milk. A dairy farm producing hundreds of gallons could help nourish starving children or babies born prematurely.

Transgenic pigs may be a solution for people in need of organ transplants. This pig is being surgically implanted with genetically altered embryos designed to grow hearts compatible with our own. If all of this genetic mixing and matching strikes you as risky, rest assured, it is. The dangers are ethical as well as medical. Is it right to turn one species into a processing plant for another? With transgenic tissues, will donors be susceptible to new diseases? Breakthrough technologies are coming faster than answers. Still, risky business is booming.
Chapter 22 Descent with Modification: A Darwinian View of Life

Discovery Video: Charles Darwin
Description: Learn about the life of Charles Darwin and the events that lead up to the development of the theory of natural selection.
Narration Script:
Nothing about the young Charles Darwin suggested that he would grow up to be the sort of man who would change our view of the world. He loved hunting and beetle collecting far more than his formal studies. In fact, the young Darwin dropped out of medical school, much to the disappointment of his father, Robert Darwin, a doctor. Darwin finally managed to complete a course of study for the ministry at Cambridge, but he never served in a church. An around-the-world trip on a refitted warship, the Beagle, changed his calling. Darwin expected to travel for two years; instead he spent five years exploring and collecting—and observing. 

The Galápagos Islands proved the most important stop on his voyage. Darwin observed that various species of tortoises and finches differed from island to island. He didn’t realize the significance at the time but the observations and his collections would eventually lead him to the theory of natural selection. In 1836, Darwin came home with enough material to provide him with years of work—3,000 pages of notes, over 1,500 species of insects, 4,000 skins, bones, and dried specimens, and crates full of fossils. 

At 27, Darwin made cautious steps toward marriage. On a piece of paper, he recorded his reasons for and against the institution. On the plus side he wrote, “Hmm, children and someone to take care of the house and companionship…and better than a dog, anyhow.” The negatives included the loss of freedom and less money for books. But Darwin talked himself into marriage with Emma Wedgwood, saying “I shall never know French or see the continent or go to America or go up in a balloon. Oh, never mind my boy, there’s many a happy slave.” Darwin fathered ten children and rarely left his home near London. But he never lost the freedom of his imagination. He wandered his estate pondering questions that his voyage and simple truths about breeding farm animals suggested.

He wrote three hours a day. For 20 years, Darwin wrestled with the concept of evolution and natural selection, fully aware that his ideas would outrage those who believe that God was responsible for all creation. He started with the familiar. For hundreds of years, people have been selectively breeding faster horses. Darwin called the process artificial selection. “Our English horses,” he said “differ from horses of every other breed but do not owe their difference and superiority to descent from any single pair but to a continued and selective breeding and training of many individuals during each generation.”

Darwin’s book On the Origin of Species went on to tackle natural selection. In the real world, random genetic changes may improve an individual’s ability to survive. Those individuals with traits best suited for the local environment will, on average, leave the greatest number of surviving fertile offspring. The book sold out on the first day of publication and changed the way we look at life. Darwin’s theory of evolution by natural selection has become the unifying concept for biology.

 “From so simple a beginning endless forms most beautiful and most wonderful have been, and are being, evolved.”
Chapter 25 The History of Life on Earth

Discovery Video: Early Life
Description: Learn about early Earth and discover evidence that links modern-day extremophiles and the formation of the early atmosphere.
Narration Script:
The Earth is an active planet. Volcanic eruptions, erosion, continental shifts, and meteoric assaults constantly rework the planet’s surface.

4.5 billion years ago, the Earth was a lifeless boil of hot magma. Meteorites striking the planet brought rocks and more energy, raising the surface temperature to 1800 degrees Fahrenheit. The meteoric iron, pulled to the Earth’s center by gravity, helped build the iron core surrounded by the molten mantel. The unstable crust broke into huge plates thousands of miles wide.

A trip to Western Australia helps identify some of the oldest land masses on Earth. These bits and pieces of ancient crust are unlikely survivors of a cycle of formation and destruction. These rocks date back some 3.8 billion years, marking the time the Earth began to cool and the oceans began to form. No one knows exactly how inanimate compounds became the earliest forms of life, but it happened about this time, it happened in the sea, and it changed the history of the Earth.

In an effort to understand what early life might have looked like, scientists like Princeton microbiologist Tullis Onstott study certain living organisms called archaeans. Archaeans are prokaryotes that thrive in the same sort of extreme conditions that may have existed on the early Earth. Onstott digs 200 feet below the surface to find them.

[Onstott] “Now, these are living bacteria and they live at temperatures approaching the boiling point of water. They live at pressures that are 100 times atmosphere. They live in a salty, briny solution that’s alkaline, that contains gases that are toxic to us, and yet they still manage to survive.”
Extremophiles could have survived on Earth with no oxygen but most modern organisms cannot. So how did the oxygen-loving creatures that dominate the planet today arrive? The red sedimentary rocks in Western Australia offer clues. The red comes from iron oxide formed when dissolved iron in the ocean combined with oxygen and formed a compound most familiar to us as rust. The huge amount of iron oxide here leaves little doubt that living organisms in the ocean were excreting oxygen. Enough of these organisms were at work to fill the atmosphere over time with oxygen as a by-product of their photosynthesis. With an atmosphere full of oxygen and an ozone layer screening out harmful ultraviolet light from the sun, the land became as hospitable as the ocean. After eons, life existed in both environments. Life arose early in our planet’s history, and today Earth is the only planet in our solar system capable of supporting life as we know of it. Geologic forces build and destroy the staging areas, but life evolves and carries on.

Discovery Video: Mass Extinction

Description: Scientists debate the evidence that supports and refutes the role of a meteor collision in the mass extinction of the dinosaurs.
Narration Script:
At the end of the Cretaceous period, some 65 million years ago, much of life on Earth became extinct—but why? Perhaps you’ve heard the hypothesis most scientists accept as plausible. A huge meteorite, six miles wide and weighing a billon pounds, slammed into Earth, leaving a crater the size of Delaware in Mexico’s Yucatán Peninsula.

In support of this theory, iridium has been discovered in a layer of clay virtually circling the globe. It shouldn’t be here. Iridium is rare on Earth and common in—you guessed it—meteorites. And, the layer and the crater all date back to about 65 million years. So, the hypothesis that a gigantic meteor hit, holds up. But, did the impact cause the widespread extinction of life? Searching for clues, one paleontologist, Kirk Johnson, has wandered North Dakota’s badlands collecting plants. He’s collected 30,000 fossilized specimens to date. 

[Johnson] “Dinosaurs are sexy—there’s no question about that—but they’re quite rare, and they’re a lot of work. Fossil leaves tell you a real different story. They give you the context. And if you look at the world today, it’s a green planet and plants cover the surface of the Earth. Plants are living in environments and responding to them. So, you can learn quite a bit from the world from looking at the plants. If you look at this leaf, for instance, it’s got a smooth margin and an elongate, pointed tip and that’s the kind of leaf you find today in a tropical rain forest—areas that have a lot of rainfall and ample temperatures. They don’t get too cold in the winter and there is always water around—really different than what it is here today.”
Many scientists have looked at such evidence and concluded that the mass extinction in the late Cretaceous period came about because the meteorite’s impact clouded the Earth and left it dark and bitterly cold. But there are some contradictory clues up north. University of California’s Bill Clemens found a host of dinosaur bones in Alaska’s far north, where it was colder and darker than in tropical climates. So, at least these cold-adapted dinosaurs should have survived.

[Clemens] “But actually, the opposite then occurs. Dinosaurs become extinct, turtles and crocodiles survive, which tells us then that it wasn’t extreme cold or extreme darkness that caused the extinction of these beasts.”
If it wasn’t extreme cold or extreme darkness that killed off the dinosaurs, perhaps it was the opposite. Maybe the meteorite smashed billions of tons of bedrock and released enough carbon dioxide to trap heat and make the planet too hot for most species. One thing is clear. We wouldn’t be here if the dinosaurs were still around. After mass extinctions, survivors seem to have a new lease on life. With the destruction of dominant competitors and predators, different species flourish. Small mammals nibbled at the edges of a world dominated by dinosaurs for 75 million years, but when the dinosaurs died out, mammals multiplied and diversified. Birds also evolved from ancient reptiles and flourished. The dinosaur disaster turned out to be a lucky break for the ancestors of modern species

Chapter 27 Bacteria and Archaea
Discovery Video: Bacteria

Description: Scientists discuss the diversity of bacteria, their characteristics, and their roles in causing diseases and as beneficial agents in various industries.
Narration Script:
Don’t be fooled by their simplicity. Bacteria are the smallest of free-living organisms. You can squeeze a million of them on the head of a pin. But they are among the most diverse group of creatures on earth, and our lives depend upon them. Scientist Jo Handelsman appreciates their work.

[Handelsman] “Bacteria have more surprises than any organism because they are so diverse. They have so many different functions. They carry out all of the major functions in the world. They supply us with our nitrogen. They supply most of the carbon to the biosphere. They cycle nutrients. They produce antibiotics. They keep us healthy. They make us sick. They basically control every major function in biology. And, they probably do all sorts of things that we don’t know about yet because we haven’t discovered them all.”
A bacterium, a cell known as a prokaryote, lacks a nucleus and internal structures surrounded by membranes. Eukaryotes are single- and multicelled organisms that possess a nucleus and membrane-bound organelles. They occupy a separate branch on the tree of life.

Bacteria come in all shapes and are typically small in size. Most reproduce by binary fission. A bacterial colony can grow very quickly. Unchecked, such rapid reproduction means that bacteria fill available space—in a hurry.

Though we enter bacteria-free, the microbes move in quickly. Most make beneficial contributions, like the billions of bacteria that break down our food. Bacteria line our skin, intestine, nose, and throat. The bacteria in our mouths alone outnumber all the people on earth. 

Less than 1% of bacteria cause disease, but these are the ones that grab headlines. Meanwhile, less infamous bacteria are quietly at work healing disease, flavoring food, washing clothes, and cleaning industrial waste. Bacteria even help provide us with manmade snow. Protein from freeze-dried bacteria helps crystallize water and makes fake flakes. 

 As lab techniques improve, we’re getting to know more and more of our tiny neighbors, and the possibilities of putting them to work seem endless.
Discovery Video: Antibiotics
Description: Learn the history behind the "miracle" drug penicillin as you consider the challenges that antibiotic-resistant bacteria create for our society.
Narration Script:
Before the 1940s, in battles between bacteria and humans, bacteria often won. We had no weapons against pneumonia, meningitis, tuberculosis, and other bacterial infections. Then, in 1928, a happy accident began to turn the tide. A scientist named Alexander Fleming went on vacation and returned to find a single mold growing in a petri dish where bacterial cultures once flourished. The mold had killed the bacteria, but Fleming couldn’t reproduce it. With the help of other scientists and ten years of target practice, the newly discovered mold, named Penicillium, was ready for war. In World War II, penicillin slowed the assault of gangrene, and antibiotics looked as though they could rid us of all sorts of deadly bacteria for good.

[Newsreel] “Science has won another victory over death.”
Here’s how antibiotics work. When a serious infection sets in, white blood cells, a body’s natural line of defense, may be overwhelmed. But antibiotics fight back and kill the bacteria without harming human cells. Even in the face of a medical assault, some drug-resistant bacteria survive and multiply. What’s more, we’re trigger-happy. Over 18 million antibiotic prescriptions are written each year for colds, which are caused by viruses and unaffected by these drugs. We also feed farm animals antibiotics to make them grow, though no one knows just how the drugs speed growth. Today, 50 percent of all the antibiotics produced wind up in animal feed. So we’re promoting the evolution of superbacteria, resistant to more and more antibiotics in our arsenal. More than a third of bacteria causing pneumonia are drug resistant.

Doctors like Stuart Levy suggest the following prescription. 

[Levy] “We should not demand them of our physician. We should use them as prescribed. We shouldn’t stockpile them, and we shouldn’t give them to other people. If we do just that, we will prevent the overuse and misuse of antibiotics and will eliminate a major, maybe 50–60 percent of the problem of resistance due to antibiotic usage.”
Discovery Video: Tasty Bacteria
Description: Discover how bacteria contribute to many of the foods you enjoy.
Narration Script:
If pictures of bacteria multiplying and dividing don’t whet your appetite, keep watching. In fact, many of our favorite foods are made using bacteria.  Sourdough bread wouldn’t be sour without Lactobacillus sanfrancisco.  Just how this bread and bacteria got together remains a mystery, but legend has it that gold miners hungry for a strike left their real dough unattended, and it soured on them. 

People learned to treat sourdough starter with proper respect. At Boudin’s Bakery in San Francisco, bakers have been using the same mother dough, or starter, since 1849. But the secret sour-making ingredient wasn’t discovered until 1970, when the USDA finally identified the unique strain of bacilli bacteria. Veteran bakers, like Willie Giosetta, practically worship the stuff.

[Giosetta] “It’s everything--the mother dough, San Francisco, the fog, the bacteria, the steam out of the oven comes and all that flavor, all that smell, and people go ‘Ummm, so good.’”
A little milk with your bread? Thank bacteria for that, too. Trillions of bacteria help break down food in the first of a cow’s four stomachs, starting the milk-making process. And when the milk is turned into cheese, bacteria go back to work, adding flavor and form. Swiss cheese happens when bacteria called Propionibacter release carbon dioxide gas. The gas accumulates and makes little pockets, or holes, known in the trade as “eyes.” 

You may never see bacteria in the same way again.
Chapter 31 Fungi

Discovery Video: Leafcutter Ants
Description: Discover the symbiotic relationship between leafcutter ants and the fungus they cultivate for food.
Narration Script:
To look at them you’d never know it, but these ants are fungus farmers. The leafcutter ants from South America are the epitome of teamwork. Living in colonies of several hundred thousand to a million, each ant has a specific role to play within its colony. And each one of them depends on this fungus to survive. The relationship between the ants and the fungus is exclusive. Neither one is found in nature without the other. The ants cut disks out of leaves and carry them to underground nests. Then they shred the leaves and use the material for growing the fungus. Inside the huge subterranean fungus gardens, thousands of ants work to cultivate the fungus for food. The ants cannot digest the plant molecules in the leaves but the fungus can. So the fungus grows and provides a source of food for the ants. The fungus benefits from this arrangement, too. The ants provide it with a constant supply of food. 

Each ant in the leafcutter ant colony has a specific job to do and does it instinctively. The largest ants are the gatherers. They brave the outside world to cut the disks out of leaves. Then they carry the disks back to the nest where smaller ants take over. They shred the disks into minute pieces, mix the shredded leaves with their saliva, and add the mixture to the garden. The smallest ants care for the fungus garden. They transplant bits of the fungus from older parts of the garden to the newer part, adding their saliva and walking over it constantly to promote growth. The ants harvest the fungus before it begins to sprout into mushrooms. They gather it and feed it to their larvae or eat it themselves. In this amazing colony, each individual type of ant works for the good of the group, and the fungus is an essential element of these ants’ survival. This symbiotic relationship benefits both the ants and the fungus. 

Nature is full of such relationships and the survival of many animal, plant, and fungus species depends on them.
Discovery Video: Fungi
Description: Discover the diversity of fungi and learn about both the harmful and beneficial roles that molds and other fungi play in our life.

Narration Script:
We may not know it, but fungi live all around us.  Fungi are organisms that live on organic matter and are as commonplace inside as they are outside.  Molds are microscopic fungi.  They live in the air we breathe, in our refrigerators, in the shower, practically everywhere.  There are even fungi living in your toothbrush right now.  But molds and fungi aren’t all bad.  Many are beneficial, some even tasty.  Mushrooms are fungi, and some of our favorite cheeses could not exist without fungi.  If it weren’t for yeast, a unicellular fungus, bread wouldn’t rise.  But leave food out too long and the fungi take over.  Much the same way a fungus absorbs this pizza, it kills bacteria.  In fact, a fungus was responsible for the first modern bacterial antibiotic.  Penicillium notatum was first isolated in England in 1929.  The story goes that a British researcher, Alexander Fleming, accidentally allowed a fungus to develop on a bacteria-covered petri dish.  He soon noticed that the fungus prevented the bacteria from growing.  It secretes a substance, penicillin, that kills bacteria.  Over the next few years, penicillin saved the lives of thousands of soldiers injured in World War II.  Penicillin quickly became a “miracle” drug.  Before its discovery, a person could die from the smallest cut or scrape.  With antibiotics, doctors finally had the tools to ward off infections.  Dr. Stanley Falkow explains.

[Falkow] “In the '40s, when antibiotics really came into general use, there was such a kind of high that developed because we were taking things like streptococcal blood poisoning, and pneumonias, gonorrhea, syphilis, and all of these things were being cured.  It was really a miracle.”
Fungi are part of our world.  Some are harmful, but some have the power to save lives.
Chapter 33 Invertebrates 

Discovery Video: Invertebrates
Description: Discover the diversity of invertebrates and the characteristics that help them survive.
Narration Script:
Crabs, worms, cuttlefish, corals, insects: these creatures may not look alike or act alike, but they do share one thing in common—all of them are invertebrates, animals without backbones. Invertebrates inhabit every ecosystem—roaming every continent and swimming in every ocean. They comprise about 95% of all living animals on Earth, outnumbering vertebrates almost 30 to 1. Ranging in size from tiny mites to giant squid, the diversity of this group is impressive. Having no backbone is something they have in common, but just because they’re spineless doesn’t mean they lack support. 

Many invertebrates, like this scorpion, rely on a hard external skeleton. Like a coat of armor, it frames and protects the body. Others depend on the pressure from fluids. Water fills the internal canals of this comb jelly—it keeps its shape at depths that would crush us. The sea anemone supports itself by circulating water through its soft body. Worms are held together by a tubular wall of muscle that surrounds their fluid-filled segments. The wall also helps them move.

Invertebrates have some remarkable survival mechanisms. Here in the desert, freshwater fairy shrimp hatched from eggs that were dormant as long as 25 years. The size of dust specks, the dormant eggs hatch soon after a heavy rainfall. At another extreme, ice worms make special proteins that prevent deadly ice crystals from forming inside them. It’s an odd place to live, but they manage just fine. A few invertebrates can even regenerate vital parts. During a battle, this octopus loses an arm to a moray, but in a couple of months, another one will grow back.

We may not realize it, but vertebrates, like us, owe a lot to the invertebrate world. Insects pollinate plants, spiders kill unwanted pests, worms add nutrients and air to the soil, and crustaceans like shrimp and crabs are tasty to eat. The list goes on—and so do the wonders of these incredible animals.
Chapter 38 Angiosperm Reproduction and Biotechnology 

Discovery Video: Plant Pollination
Description: A botanist discusses the relationship between plants and their pollinators and introduces many unique ways that plants reproduce, disperse, and adapt to a changing world.
Narration Script:
Early in its history, the Earth consisted of little more than land masses and the oceans in between. But all that changed when simple cells, the first living things, formed in ancient waters. Some of these early life-forms could make their own food using sunlight. Over time their descendents evolved into plants. Plants capture light energy from the sun and convert it to chemical energy through photosynthesis. This is possible because of chlorophyll, a chemical in their leaves and stems that captures the sun’s energy. As botanist Warren Wagner explains, since the rest of us can’t use the sun’s energy directly, we eat plants to get the energy we need.

[Wagner] “Plants are basic; they’re the food for all the world, and I consider biology the study of plants and their parasites. And everything else is a parasite on plants—to eat them. We do. And if we don’t eat the plants, we eat something that ate the plants.”
We depend on plants and their ability to reproduce.

[Wagner] “Plants require two special things. One of them is to reproduce—to reproduce themselves, to occupy space—and the other one is to change—you’ve got to change because there are changes in climate, changes in rainfall, changes because of volcanoes, changes because there are new kinds of organisms—and in order to be in this mélange of all these constantly changing things, you’re going to have to change, yourself.”
Plants reproduce and change, but that’s complicated because they remain in one place. Most are bound to the ground by roots. To spread from one place to another, they often send out spores and seeds.

Sometimes the wind and water help out, carrying seeds, spores, and fruits to a suitable place. Animals and insects that feed on plants also serve as go-betweens. Pollen grains must travel from anther to stigma, but the way they move varies widely. Many flowers come in shapes, colors, and fragrances that attract visitors and encourage pollination. 

[Warner] “Oh, look people! How do you like that marvelous plant? That’s a Dutchman’s pipe. Now let me tell you how this works. This is a classic example of plants that have weird pollination mechanisms. See the color? That chocolate color attracts flies, and the flies go there and say ‘Good God!’ that wonderful thing there looks like something to eat. Now, the only bad news is that they have hairs down here. These hairs are all pointing downward and he can’t get out and he flies around madly in there and he gets all covered with pollen and then at a given moment—and only the flower knows when that is—the hairs all shrivel, and he flies out all covered in pollen.”
Once insects are covered in pollen, they carry it to another flower and the process is repeated. Mechanisms like these help assure the survival of plants and, ultimately, the survival of other forms of life on Earth.
Discovery Video: Colored Cotton
Description: A scientist discusses her efforts to develop a commercially viable strain of naturally colored cotton that will compete against the more environmentally damaging agriculture of domestic white cotton.
Narration Script:
Cultivation of naturally-colored cottons has the potential to reduce the need for pesticides and chemical toxins. Native cultures used colored cotton for textiles for centuries but commercial production of the plants started in the U.S. only recently. Because of low yields, short fibers, and the availability of cheap, dyed alternatives, naturally colored cotton didn't get much attention here--until Sally Fox began addressing the problem in the 1980s. Fox was an insect biologist when she was confronted with the challenge by a local cotton breeder to develop commercially viable colored cotton plants.

[Fox] “I just looked at this and said, ‘Wow! What's going on here? Why isn't anyone improving this fiber so it could be more easily spun?’ And he said, ‘Well, there's no market for it.’ And I said, ‘Well, why isn't anyone making a market for it?’ He handed me this sack of seeds and said, ‘Well, why don't you do it?’”

So she did. The first challenge was to breed cotton plants with longer fibers that could be machine-spun for a commercial market. Sally worked on developing such plants by cross-pollinating various plants selected for their fibers and colors.

[Fox] “This is the female part of the flower, right there. That's the stigma, and we've taken the pollen off of this flower last night. Now I'm bringing pollen from a different plant--you can see it's a completely different flower--and putting that pollen right on the stigma. Now, the seeds that develop in this cotton boll--this one boll right here--will be hybrid seeds and they’re the beginning of a lot of potential new variability.”

The new colored-cotton plants have the same advantages that native hand weavers have appreciated for centuries. There is no waste produced by dyeing, and the plants are naturally resistant to pests, so pesticides aren't needed.

[Fox] “The cotton plants that produce this cotton of color are more vigorous than regular cotton. They're from wilder origins. They haven't been domesticated and put through breeding programs where people are using pesticides.”

What's more, the greens and browns produced naturally actually intensify with washing.

Still a fledgling industry, other breeders are attempting to develop more colors, but the market for this cotton is still limited. But hopes for the environmentally-friendly product are still alive. Naturally-colored cottons are used in the manufacture of cloth for the natural products industry both here in the U.S. and in Europe.
Chapter 40 Basic Principles of Animal Form and Function

Discovery Video: An Introduction to the Human Body
Description: Explore the organ systems, their integration, and how they make up the human body.
Narration Script:
The human body is complex, full of individual systems that work together to make us whole. Let’s start with the obvious. Our skin is on the outside and part of our integumentary system. Our ten-pound waterproof coat protects us from an invasion of germs and chemicals. It also keeps moisture in. And, though our skin is thin, it’s complex. In one square inch of a hand, the skin sprouts 30 hairs, holds nine feet of blood vessels, 134 yards of nerves, 9,000 nerve endings, and 700 pain, heat, and pressure sensors. 

Our skin is wrapped around the muscles and bones that move our bodies and house internal organs. Each of our 206 bones is light and strong. A skeleton made of steel would weigh five times this much. Our respiratory system connects the outside with our insides through breathing passages. When we inhale, our lungs allow a quick exchange of carbon dioxide and essential oxygen. The circulatory system carries many of life’s essentials through the bloodstream, including oxygen. The heart drives this system. The four chambers of this muscle work as two separate pumps. One pumps blood to the lungs to pick up oxygen and get rid of carbon dioxide. The other pumps blood through the body to drop off oxygen and nutrients. Nutrients are made available to the body through the digestive system. Whatever we eat moves from our mouth to the stomach and our intestines, where food is broken down into usable substances and absorbed by the blood.

We get rid of undigested parts of food, and our excretory system removes unwanted wastes from the blood and regulates the levels of salt in our bodies. The brain behind all these systems is three pounds of soft tissue full of 14 billion nerve cells—give or take a few. Thinking produces electrical signals between these nerves and makes a network of connections. Repeated thoughts and actions build stronger connections. The brain communicates with the rest of the body through a series of nerves, most of which are in the spinal cord. From the brain’s perspective, our bodies look like this. Hands, tongue, and lips seem huge because these areas of our skin are loaded with nerves—and more sensitive than other parts of the body. 
The work of procreation is carried out by the reproductive system. When an egg and a sperm get together, another variation on the magnificent human body is in the making. While each of our body’s systems operates separately, they depend on each other for support. Together, these systems help us to function—and make us human.
Chapter 41 Animal Nutrition

Discovery Video: Nutrition
Description: Scientists discuss the links between obesity, nutrition, health, and the growing body.
Narration Script:
Obesity is a growing problem in the United States. More than half of all adults and a quarter of American children are overweight, and those numbers are rising. This health crisis contributes to the rise in diseases like diabetes, heart disease, and some kinds of cancer. Teens’ busy lifestyles make it easy to eat fast food and forgo the exercise growing bodies need to stay healthy. Doctors have long known that a nutritious diet and moderate exercise are the keys to staying healthy. Good nutrition and exercise are especially important for teens, whose bodies are growing and changing rapidly. A balanced diet gives a growing body the energy it needs. Exercise helps strengthen all muscles, including the heart. Scientist Roy Walford has been studying the effects of diet on health. He explains.

[Walford] “Most American or continental diets are just terrible; they’re disastrous. That’s why 60 or 70% of people are dying of heart failure—it’s nutritional. Nutrition is the major thing in causing disease.”
All food contains calories, or units of energy, we need to survive. But Americans, on average, consume many more calories than their bodies require. Though it is not scientifically conclusive, Walford believes that restricting the amount of calories we eat will help us live longer and healthier lives. He has been carefully monitoring his own calorie intake for many years. Walford participated in the Biosphere project where he was able to test his hypothesis on fellow scientists. He proposes that the decline in immune system response and function that normally happen with age will be delayed in those people who eat a calorie-restricted diet. What does this mean for us? The jury is still out on whether calorie restriction can really prolong our lives and stave off diseases, but there are some things we do know. Good nutrition and exercise are key parts of a healthy lifestyle and can help to break the trend of obesity in this country. Maintaining a healthy body can also keep the mind healthy. Research has shown that exercise can relieve stress in addition to its other benefits. That’s one more reason to get out and get active.
Chapter 42 Circulation and Gas Exchange

Discovery Video: Blood
Description: Explore the intricacies of the circulatory system and discover the role of various blood cells in the respiratory and immune systems of the body.
Narration Script:
You might have heard the saying that “blood is thicker than water.” Well, the saying is true. That’s because our blood is packed with millions of cells that float in a river of plasma. Most of these are red blood cells. They’re one of the few types of cells without a nucleus or mitochondria. These flexible disks can bend and squeeze through the smallest capillaries of our body. They get their red color from hemoglobin—a protein that lets them transport oxygen throughout the body. This process keeps us alive. When blood passes through the lungs, millions of red blood cells pick up oxygen for transport to other cells in our body. When we exercise, for instance, our cells need more oxygen. Our lungs breathe in more air and our heart pumps faster to speed up the delivery of oxygen-rich blood. Red blood cells also help transport carbon dioxide back to the lungs.

Every day we replace millions of these cells. Each red blood cell lasts around 120 days. But our bone marrow continually replenishes the supply. Our blood also holds an army of white blood cells that spring into action upon infection. They defend our body against illness and disease. When an infectious agent enters the body, these cells rush to attack it. What makes them so effective is their ability to change shape. They squeeze through the walls of blood vessels to battle the enemy head-on. These bacteria cells don’t stand a chance. White blood cells surround and devour them with ease. In the case of troublesome viruses, white blood cells produce antibodies that mark them for destruction. We also have other components in our blood that help control bleeding. Platelets unite to plug up holes in our blood vessels and stop them from leaking. Without them, we would bleed to death from the tiniest cut. The clots formed from platelets also keep harmful germs out. 

The cells in our blood perform vital functions in our body, delivering essential materials, removing wastes, and working together to keep us healthy.
Chapter 43 The Immune System

Discovery Video: Fighting Cancer
Description: An NIH scientist discusses his research to develop a cancer-fighting vaccine as an aid to the immune system.
Narration Script:
Fighting cancer involves understanding the biology of many kinds of cells—healthy body cells, cancerous cells, and lymphocytes, or white blood cells. The war against cancer requires an intimate knowledge of how cells work, their DNA and proteins—and what happens when their biology goes wrong.

Melanoma is the deadliest type of skin cancer.  It is also the most rapidly increasing cancer in the U.S.—with 30,000 new cases every year.  Here at the National Institutes of Health, doctors are conducting a unique study—working to stop the uncontrolled growth of the cancer cells and cure their patients of melanoma.  They hypothesize that it is possible to arm our own immune cells to fight off this dreaded disease.  If doctors can successfully cure their patients of melanoma, they have a chance of finding a cure for other cancers.  Dr. Steven Rosenberg heads this effort.

[Rosenberg] “This is the enemy.  This is what we have to beat.  This is what’s growing in the bodies of our patients.”
Dr. Rosenberg’s research began when he saw a patient whose cancer disappeared with no treatment at all.

[Rosenberg] “This spontaneous regression of his cancer has been seen in other patients, but it is one of the rarest occurrences in all of medicine.  But somehow, it seemed to me, this patient’s body had figured out how to destroy his own cancer.  And that, in part, set me on this search for the last 20 years to try to figure out how the body’s natural defenses might be used to treat malignancy."
Dr. Rosenberg and his team have identified some of the genes that the body uses to fight cancer.  By transferring those genes into cells of the immune system, Rosenberg has developed a treatment that he believes will help the body identify and eliminate cancerous cells.  This gene therapy is used to enhance tumor-fighting lymphocytes, specialized white blood cells.  The genes allow the lymphocytes to recognize specific cancerous cells and destroy them.  All the patients in Dr. Rosenberg’s trial have endured conventional cancer treatments with few positive results.  But some of the patients who received this treatment have shown amazing improvement.  Some have even seen their cancer disappear.

[Rosenberg] “In those patients that show a cancer regression as a result of our treatments—what’s actually happening inside the body is exactly what we’re seeing in this scanning electron micrograph, magnified a hundred thousand times.  These lymphocytes, these immune warriors, physically attach to and attack this tumor cell and destroy it by injecting, into the cancer cell, a substance that will result in its destruction.  And our challenge is to put the balance of power into these lymphocytes as opposed to the power that the cancer cell now has in most patients with malignancy.  And so, these are the warriors that we’re trying to enhance, and when we give vaccines, what we’re actually trying to do is increase the number of these cells that are capable of attacking the cancer cell.

Melanoma cells multiply at an alarming rate, leaving the immune system helpless.  Growing more, stronger lymphocytes to boost the immune system to seek out the cancers demands constant attention.

[Rosenberg] “We’re just checking the lymphocytes for their ability to recognize the tumor.  They really require exquisite care. They’re like very temperamental babies.  If you don’t treat them just right, they act up.”
This approach of creating stronger lymphocytes has been proven successful in the lab and in some patients.  But this treatment doesn’t work for everyone. The next goal is to find out why the vaccine works in some patients and not others.  As in any clinical trial, this treatment is a work in progress and a necessary step in developing the medicines of tomorrow.

Scientists in the lab are constantly making new discoveries that boost Dr. Rosenberg’s confidence that the war on cancer can eventually be won. Every patient teaches him something else about the cancer and its treatment. The successes and the failures take him closer to beating this deadly disease.  

[Rosenberg] “It’s exactly like a detective story, because what we do is we follow clues.  We get clues in the laboratory, we take them to the patient we make observations that we then take back to the laboratory, then back to the patient, slowing trying to track down this killer.”
Discovery Video: Vaccines
Description: Learn about Edward Jenner's experiments that lead to the development of the world's first vaccine and Jonas Salk's discovery of a vaccine for polio.
Narration Script: 
The word vaccine originated with a name for a cow disease called vaccinia. What’s the connection?

In the 18th century, an English physician, Edward Jenner, noticed that a surprising number of dairy farm workers caught a mild measle-like cow disease, known commonly as cowpox and scientifically as vaccinia. These same milkmaids seemed strangely immune to a similar but more deadly human virus called smallpox. To investigate, Jenner extracted the cowpox virus from infected girls and injected it into his own infant son. More daringly, he then injected the boy with potentially fatal smallpox. The world’s first vaccine worked. The cowpox made the boy a little sick, but it helped his body build up resistance to the disease and looked enough like smallpox that his body battled that as well.

Here’s how our immune system works. When a virus enters our body, proteins called antibodies attach to the virus, marking it for destruction. White blood cells move in and engulf and digest the virus. Once your body has encountered a virus, it produces memory cells that allow the body to rapidly respond if the virus ever enters the body again. Vaccines work well because they look like deadly viruses so they stimulate the body to develop immunity in advance of the real viral infection.

Vaccines have been able to reduce or eradicate a number of deadly illnesses like measles, smallpox, and polio. In the early part of the 20th century, polio, transmitted through water and food, killed thousands of people and crippled many more. In 1952, a young physician named Jonas Salk killed the polio virus with a chemical called formaldehyde then made a vaccine with the dead virus. For the first time, people developed an immunity without ever getting sick. Polio has been nearly wiped out around the globe.
Chapter 45 Hormones and the Endocrine System

Discovery Video: Endocrine System
Description: Learn about the role of the endocrine glands, their hormones, and how these glands and hormones contribute to the integrated endocrine system.
Narration Script:
They keep us ticking. About a dozen major glands and several organs and body tissues make up the endocrine system. Most secrete hormones—chemical messengers with specific jobs to do. So far, scientists have identified more than 100 different hormones produced by the endocrine system. We can look at them in their crystal form. They are beautiful— and vital to our lives. Some hormones are produced in the brain, the pancreas, our reproductive organs, and our thyroid. 

Hormones are carried to every part of the body by the bloodstream where certain target cells respond to hormonal commands. The hypothalamus, located on the underside of our brain, is the connection between our nervous system and our endocrine system. It coordinates much of the endocrine activity—by controlling the pituitary gland. Under instruction from the hypothalamus, the pituitary gland releases many hormones to regulate our growth, development, and maintenance. At the pituitary’s signal, our reproductive organs produce testosterone and estrogen—seen here in crystal form. They control our sexual development. The pituitary gland helps to get us going every morning, too. Each day, the pituitary directs a pair of adrenal glands—sitting atop our kidneys—to produce a dose of cortisol, a wake-up hormone that provides a boost of energy. As cortisol wears off, the adrenal gland produces adrenaline and noradrenaline to help us meet more stressful challenges of the day. Firefighters may produce a fair amount of adrenaline. In the face of danger, adrenaline gets us to breathe deeper and tense our muscles, priming our bodies for action. 

All that activity produces wear and tear. We need to replace about one-half pound of muscle and tissue every day. That’s a job for the thyroid gland, which helps control the rate at which we process food and burn fat. But it’s the pancreas gland, located behind the stomach, that produces hormones that help us regulate our sugar highs and lows. It pours insulin into our blood after a meal, instructing the liver and other body tissues to take excess sugar and store it until we need a boost. In those hungry hours between meals, the pancreas eases up on insulin, and increases the flow of glucagon, another hormone that directs the liver to release some of the stored sugar into the bloodstream. As night approaches, the production of adrenaline slows, and we get sleepy. Overnight, the pituitary gland goes back to work, using growth hormones to repair the damages of the day—and the chemical clock starts another cycle.
Chapter 48 Neurons, Synapses, and Signaling and Chapter 49 Nervous Systems
Discovery Video: Novelty Gene
Description: Investigate the link between your genes and your behavior as scientists discuss brain chemistry that contributes to your tendency to be either a risk-taker or anxiety prone.
Narration Script:
For a long time, scientists have known that genes control the way we look. More recently, they’ve jumped at the notion that genes may influence behavior—even risk taking. 

[Girl] “Yea, I guess I am a risk taker. I mean, if someone dares me to do something then I’ve got to do it. I can’t say, ‘No, I’m not going to do that.’ My younger brother is definitely a dare taker. I mean, I think he’s worse than I am. And I guess we both get it from my mom.”
But geneticist Dr. Dean Hamer cautions that genes don’t account for specific behaviors.

[Hamer] “All that genes do is to code for proteins, and all that proteins do is to control chemical reactions inside the brain. So there is no gene that says ‘Go bungee jumping’ or ‘Jump off the high dive’ or ‘Smoke a cigarette.’ The genes simply alter our brain chemistry in rather subtle ways.”
So just what are those ways? Risk takers may have what Hamer calls a novelty gene. New experiences may release a chemical called dopamine, making the experience a pleasure. People who prefer to keep their feet on the ground may have an anxiety gene that releases serotonin instead of dopamine. This chemical response to new challenges makes people feel a little anxious, even worried.

Ready to take the plunge? Genes don’t make choices for us but they clearly influence the way our choices make us feel.
Chapter 49 Nervous Systems

Discovery Video: Teen Brains
Description: A neuroscientist discusses experiments that highlight how the adolescent's brain changes over time.
Narration Script:
The human brain is one of the most complex structures in the universe. It is constantly remodeling itself, making new connections with every thought and action. And the more connections it makes, the more efficiently it works. Even some of the impulsive and irrational behavior that comes with the teen years might be explained by looking at the brain. Deep inside lies the amygdala, a primitive part of the brain. Part of the limbic system, it’s linked to the action of hormones, drives, and emotions. During the teen years, we rely heavily on the amygdala for decision making. During this time, the brain is an especially delicate mechanism. Alcohol and drugs can disrupt normal mental and emotional development. Damage done during these years often cannot be undone later. 

As we grow and mature, the frontal cortex is used for decision making and judgment. An active frontal cortex indicates emotional maturity and rational thinking. But what happens in the brain of a teen genius? Michael Kearney agreed to undergo tests to help scientists learn more about the workings of the brain. Would his brain function like that of the teenager he is or like that of an adult? Michael finished high school at age 6. At 10 he was the youngest ever to graduate from college, and at 14 he had a master’s degree. But he is still a kid.

[Kearney] “I’ve always had to balance the adult and the child side. It’s sort of odd because when I do act normal, when I do act like a regular kid, they say ‘Oh, you’re so immature.’ Duh! I’m 15!”
The team of researchers gives Michael different kinds of tasks then records which areas of the brain perform those tasks. Because Michael has such high intelligence, the researchers suspect that his frontal cortex will override his amygdala, making his brain function more like an adult’s. Michael must make lists of related words, which calls for intelligence, and he does very well. Next, he is asked to look at photos of faces and interpret their expressions. This requires judgment, and Michael struggles. The results of the test surprise neuropsychologist Deborah Yurgelun-Todd.

[Yurgelun-Todd] “The emotional tasks showed that he performed very much like a typical adolescent and, that is, his amygdala activated but his frontal lobes did not significantly activate. Whereas, when we asked him to carry out a word production task, Michael completed this task predominantly with his frontal lobes. So, on the task that was more cognitive, he was very adult-looking and on the task that was very emotional, he looked very much like an adolescent.”
For all of our brains, even that of a teen genius, it takes time and experience for emotion, judgment, and intellect to develop.
Chapter 50 Sensory and Motor Mechanisms 

Discovery Video: Muscles and Bones
Description: Learn about muscles, bone, nerves, and how these organ systems interact to help us move.
Narration Script:
This guy owes his strength to the muscles that move his bones. We all do. Take all water out of our systems, and the 656 different muscles in our bodies account for half our weight. By contrast, the bones that shape and support our bodies and give our muscles leverage weigh half as much. Our bones are light and strong. Inside, bones are a network of blood vessels and nerves. The centers of some bones are filled with marrow, which produces blood cells. Living bones grow and are replaced as parts have worn away. Calcium and phosphorus, the minerals that build the hard part of bone, gradually dissolve and are carried away by the bloodstream. New bone is built up from minerals supplied by blood vessels lacing the bone. Our backbones provide protection for the spinal cord, a highway of nerves carrying messages from the brain to the rest of the body, including all of our muscles.
For every bone that moves, there is at least one set of muscles moving it. Joints, like the knees and elbows, allow our bony parts to work together and amplify the movement of our muscles. Here, the elbow enlarges the motion of the biceps muscle in the upper arm. This range of motion is accomplished with a mere one inch of contraction of the muscle. 

Not all well-built bodies need to look like this. Athletes can also be lean, training their bodies for endurance rather than short bursts of power. All muscles receive their instructions from the central nervous system. Electrical signals and nerve impulses travel to the spinal cord and then to the individual nerves in muscles. The impulses contract muscles, making them work.

They’re mounted on a flexible skeleton connected by joints. Taken altogether, it’s a human work of art in motion.
Chapter 52 An Introduction to Ecology and the Biosphere

Discovery Video: Trees
Description: A botanist discusses the role of trees in our forest ecosystems and introduces how trees cycle nutrients and contribute to diversity of life.
Narration Script:
Trees are the oldest, largest, and tallest living things on Earth. They are powerful and enduring symbols of life. What makes trees different than other plants is their trunk. A single woody trunk rises above the ground and divides into a series of branches.

Jerry Franklin studies old-growth forests dominated by coniferous trees. His years of research have changed our understanding of how trees work.

[Franklin] “This is a big old Douglas fir tree here. This tree is about 6 feet in diameter, probably around 250 feet tall, and it’s probably about 500 years old. A living tree like this provides a lot of different functions in the forest. It provides a home for a lot of different kinds of organisms. It’s doing a lot of productivity. It’s doing a lot of photosynthesis. So it’s a source of energy for the ecosystem.”
Like all plants, trees require sunlight, carbon dioxide, and water to survive. With these ingredients, they make the food they need and provide the oxygen we all use to breathe. By removing carbon dioxide, they recycle the Earth’s atmosphere and give us fresh air.

[Franklin] “There isn’t any ecosystem in the whole world that stores more carbon than our northwestern coniferous forests. They’re just giant storehouses of the stuff—in the trees, in the logs, in the forest floor, and down in the soil.”
Leaves collect energy from the sun and use it to make sugars that get transported throughout the tree for nutrition. Like sponges, the roots soak up water that moves through the trunk into branches and leaves. Excess water is released through the leaves back into the air. 

[Franklin] “One of the interesting things about the big old tree is, of course, eventually it dies. And, what we find is that a tree when it dies in one of these ecosystems probably has as many functions to fulfill in the dead form as it did in the live form.”
Fallen logs decompose and gradually return their nutrients to the soil, allowing other plants to thrive. It’s a long and productive cycle of life.
Chapter 56 Conservation Biology and Restoration Ecology 

Discovery Video: Introduced Species
Description: A scientist discusses the impact of introduced species and tourism on the threat to native organisms in the Galápagos Island ecosystem.
Narration Script:
The islands of Galápagos, located about 600 miles west of Ecuador, are famous for their unspoiled beauty and unusual animal life. Creatures like giant tortoises, flightless cormorants, and swimming marine iguanas evolved in relative isolation here. But these conditions have changed dramatically on several islands of Galápagos in recent years. Today, more than 15,000 people are permitted to live in designated areas. Daily flights arrive, carrying visitors eager to explore the untouched land. While people bring money used to preserve the island’s natural state, they also introduce other items that harm its fragile ecology. Paleontologist Dr. David Stedman explains.

[Stedman] “Even in a place seemingly as remote as Galápagos—I mean there are more than 50,000 tourists a year coming out here—so, the beach we’re sitting on—boy, what a wonderful beach, it looks great—and within a 50-foot radius of us here, you could pick up a thousand pieces of garbage. Now, garbage, in itself, maybe doesn’t cause extinction, but nevertheless, it represents a type of human impact.”
Today, the biggest threat to native populations comes from introduced species. Dogs and cats, farm animals, and rats arrived on ships over the years.

[Stedman] When they get on islands, they are just cut loose; there’s virtually no check on their populations, so their numbers grow rapidly, and they have devastating effects on the vegetation. They also have a devastating effect on animal populations.”
One population especially threatened is the giant tortoise. In an effort to protect them, wardens from the national park dig up their eggs as soon as they are laid and bring them to the Charles Darwin station. Here, they are supervised and kept out of harm’s way until the tortoises are big enough to survive on their own.

[Stedman] “These are three-year-old tortoises from the island of Santiago. Santiago is an island that has a lot of problems with introduced species. And so even though there is a wild population of tortoises there—that in fact can lay eggs in the wild—the eggs are eaten, especially by rats and pigs.”
Once the tortoises hatch, they are raised here until they are four or five years old.

[Stedman] “By one year old, these tortoises are sort of rat-proof. So, a rat can’t hurt a tortoise after it is about a year old. But, on Santiago with all the feral pigs they have—they have thousands of feral pigs on Santiago—these poor little baby tortoises need to be about four or five years old before they’re pig-proof. So, this is a good example of very active hands-on manipulation of a wild population in order to keep it going.”
When new organisms are introduced into an existing ecosystem, they create different, sometimes harmful, links in the food web. Often, with added competition, native species cannot survive. Scientists like David Stedman monitor places that are changing in an effort to influence the chain of events and protect the natural environment.
Discovery Video: Rain Forests
Description: A scientist discusses her research of how species interactions contribute to ecosystem diversity in Peru's Manu Biosphere Reserve.
Narration Script:
In Peru, along the base of the Andes Mountains, lies the Manu Biosphere Reserve. Covering about four and a half million acres, it’s the largest and most undisturbed tropical rain forest in the world. Here, more species of plants and animals are protected than in almost any other place on Earth. Around a thousand species of birds, 300 kinds of trees, and countless other forms of life call Manu home. They rely on each other and the resources of this land to survive. Living organisms thrive in the biome because conditions for life are ideal. The climate is wet, the temperature is warm, and the sunlight provides constant energy. Trees grow tall here and form a canopy that collects energy from the sun. As a result, most of the food for plant-eating animals grows far above the ground. To find food, animals must fly, leap, swing, and climb to get the food they need. Zoologist Dr. Carol Mitchell has been studying monkeys in the Manu rain forest for 12 years. For two of those years, she followed a troop of about 70 squirrel monkeys. She learned how they gather food and where they fit into the larger food web. 

[Mitchell] “I actually had always wanted to study monkeys. And I was always intrigued by tropical forests. And in tropical forests you find the greatest diversity of animal species.”
She quickly discovered that squirrel monkeys don’t work alone. Instead, they get the nutrients they need by associating with another species, the capuchin monkey. 

[Mitchell] “Capuchins are the only animal which can open up the initial part of the palm cluster. And the squirrel monkeys hang around underneath and pick up nuts which are half eaten by the capuchins.”
It’s a smart strategy. Palm nuts enhance their diet by giving them an important source of oil and calories. Squirrel monkeys consume a richer variety of food by scavenging around the capuchins. During her time with the squirrel monkeys, Dr. Mitchell determined their place in the intricate ecology of the rain forest. 

[Mitchell] “Squirrel monkeys are very crucial in the web of life. They are one of the prime consumers of insects in the rain forest. And also, they are one of the main food sources for a number of raptor species."
Scientists monitor all areas of the rain forest to see how each species contributes to such a complex environment. And while it may seem like a whole lot of work to spend so much time with a single species, they have a bigger picture in mind. Unless we understand and care for places like Manu, their incredible environments won’t be preserved for the future.
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