INTRODUCTION
BIOTECHNOLOGY IS BROADLY defined as the use of living organisms or the products of these organisms to benefit humankind. Plant and animal breeding that produces hybrid corn and cows, respectively, are examples of biotechnology. In today’s technological world, biotechnology companies not only need scientists who understand engineering, but also engineers who understand science. To be successful biotechnologists, these scientists and engineers need to understand how to manage projects as well as the economic value of the products they help to develop.
CHAPTER 13

BIOTECHNOLOGY

SECTION 1 The Changing World of Biotechnology

SECTION 2 Applying Biotechnology

SECTION 3 Working in Biotechnology

Even if you decide not to become a biotechnologist, you will still need to understand topics related to biotechnology in order to make informed decisions regarding food selection, diagnostic tests, and treatments for diseases. Understanding biotechnology information will allow you to independently evaluate the risks and benefits of modern biotechnology products.
For example, we know that applying pesticides to crops is expensive; pollutes the surrounding environment, leading to wildlife death; and increases the number of pesticide-resistant insects. For this reason, some biotechnologists have argued in favor of genetically-modified (GMO) pest-resistant crops, in which the pesticide is actually a part of the plant, making the application of pesticides unnecessary. They argue that GMO pest-resistant crops eliminate the negative side-effects associated with pesticide application. Opponents state that GMO crops are a danger, claiming that they will result in wide-spread killing of beneficial pollinating insects such as butterflies (see Figure 13.1) and cause life-threatening allergic responses in individuals who are allergic to the pesticide-containing produce and food products. As a potential consumer of GMO pest-resistant crops, you should ask this question: “What type of testing has been done to prove the safety of the GMO pest-resistant crops?”

[[Insert Figure 13.1 here]]
Another example is the use of drugs, known as statins, to lower cholesterol in a person’s bloodstream to prevent the build up of plaque. It is scientifically accepted that the buildup of plaque can lead to heart disease and eventually to heart attacks. However, it is also accepted that statins may cause liver and muscle damage in some people. Presently people taking these drugs are being advised to get tested once a year to determine if their liver is being affected, and inform their doctor if they develop muscle weakness. Patients who do not develop these side-effects generally continue to take cholesterol-lowering drugs indefinitely. As a potential consumer of such drugs, you should ask this question: “Is this testing and the qualitative knowledge about muscle weakness adequate for detecting all possible long-term negative effects?” When new drugs are released to the public, the long-term side effects are often poorly understood. In many cases, scientists and doctors don’t discover the long-term side effects until many people have taken the drug for a long time. When you start taking a new drug, you should ask this question: “Do the benefits of taking this new drug outweigh the possible known and unknown long-term side effects of this drug?”
When trying to evaluate the risks and benefits of using new technologies, it is often helpful to list them. Table 13.1 is an example of such a list.
Think about doing this the next time you are faced with evaluating a new technology.

[[Insert Table 13.1 here]]

[[Start Table 13.1 here]]

Table 13.1 | New Technologies: Risks and Benefits

	CHOICES
	BENEFITS
	RISKS

	GMO pest-resistant crop vs. large-scale use of pesticides
	Decreased costs, no large-scale wildlife death, or contamination of water sources
	Allergic response in consumers of product, death of beneficial insect pollinators

	Cholesterol-lowering medica-tion vs. no medication
	Decrease in heart disease and heart attacks, decrease in associated health care costs
	Liver disease and other unknown side-effects from long-term use


[[End Table 13.1 here]]
In this chapter, you will learn about the changing world of biotechnology. You will examine biotechnological applications; explore issues related to bioethics; and become acquainted with the business and regulations surrounding biotechnology.
The final topic is biomimicry, and like biotechnology its origins are from nature. However, it is different from biotechnology in that it does not use the natural world, it is inspired by it. Biomimicry is the utilization of designs and technology found in nature for the purpose of making life easier for people but also more environmentally friendly.

SECTION 1: The Changing World of Biotechnology

[[Start Key Ideas Box here]]

KEY IDEAS >
· Traditional biotechnology started with the beginning of civilization

· Large historical events, such as wars, and paradigm shifts in technology rapidly accelerate the development of biotechnology

[[End Key Ideas Box here]]
Traditional biotechnology started with the beginning of civilization. In this section, we examine some early forms of biotechnology. Then we move on to explore the recent rapid advances in biotechnology.

Plant and Animal Domestication

People have tried to make life better for themselves through breeding and selecting animals and plants. This process is known as selective breeding, and probably started during the Mesolithic Period (9000 to 2700 bce) of the Stone Age with the domestication of the wolf. Scientists have named the initial transitional wolf to dog animal “proto-dog”; and continued selective breeding of this animal has produced the many dog breeds of today.
How does selective breeding work? Originally, people wanted dogs that could help with work, such as hunting and herding. For example, suppose you wanted a dog that could herd goats. You would start by finding a male and female that had shown some ability to do so. Presumably their offspring would have inherited both parents’ ability to herd goats, making it a better goat herder than either parent. Then you would breed this dog with another dog that was known to be good at herding goats, and so on, causing the goat-herding trait to intensify in successive generations.
The small, fearless, and intelligent terrier is a good example of a dog breed that owes its distinctive look and behavior to careful breeding (see Figure 13.2). The different types of terriers were bred to hunt foxes and other small animals in their holes and, as a result, had to be fairly aggressive animals. Another breed, the husky, was originally developed by the indigenous people of the far North to pull sleds and herd reindeer. These are also one of the breeds employed for the Iditarod, the sled dog race across Alaska. These days, both terriers and huskies are most often kept as pets by people in many countries and do not necessarily have to do any work.

[[Insert Figure 13.2 here]]

[[Start Garbage Triggered the Domestication of the Wolf here]]

Garbage Triggered the Domestication of the Wolf

( How was the wolf domesticated, leading to the first proto-dog? Studies conducted on Russian fox farms by scientist Dmitri Belyaev in the 1950s seem to have provided an answer. Fur farms found it difficult to work with wild silver foxes. Belyaev thought that if he did selective breeding with captive foxes that were more docile, eventually he would select for a tamer, easier-to work with, silver fox. He identified foxes that were more tolerant of humans than other foxes by sticking his hand in their cages and picking the foxes that approached to sniff his hand. Within one generation, the foxes became tamer. However, the tamer foxes also developed physical traits, unlike their parents, such as floppy ears, curly tails, barking like a dog, and strange coat colors. In fact, these foxes had exactly the same kinds of qualities we see in domesticated dogs, but never in wild foxes or wolves. Why should selecting for tamer animals also create individuals with all these unusual physical qualities? The theory is that by selecting for individuals that are friendlier and less suspicious of humans, you also affect some aspects of the developmental process; most likely because there is no selection for maintaining the traits that were necessary for survival. The foxes could remain “puppy-like” and survive. Linked to the genes that control this extended puppyhood are other genes that affect coat color and structural features such as ears and tail.

Based on this behavioral research on foxes and on their own observations of wild dogs at garbage dumps, scientists such as Raymond Coppinger theorize that wolves that were willing to be near people to get food from the village garbage dump would self-domesticate. In fact, if you think about it, any wolves that were willing to frequent the garbage dumps of ancient man or take food from a human would be closer to a reliable food source and therefore more likely survive when food in the wild was scarce. They would remain healthy enough to successfully reproduce, passing on the “tameness traits.” These wolves would be the ancestors of the proto-dog. Over time, humans would exploit the superior senses of this proto-dog to track food, and the proto-dog would depend on them for shelter and food when fresh, wild food was scarce. This evolving relationship probably led to the development of the domesticated dog.

[[End Garbage Triggered the Domestication of the Wolf here]]

[[Insert Figure 13.3 here]]

Fermentation

Another form of biotechnology that has been around for thousands of years is the use of microorganisms in food, especially microorganisms such as yeast or bacteria that can ferment. The term “fermentation” refers to yeast or bacteria breaking down sugars, in the absence of oxygen, for the purpose of generating energy for themselves. Such sugars include those found in fruits such as grapes, milk, or bread. Depending on the type of microorganism and the sugar used, examples of fermentation products are ethanol, carbon dioxide, lactic acid, acetone, and butyric acid. Ancient people did not understand that organisms fermented sugar to obtain energy; they only knew that the process could be exploited to prepare food and, in some cases, preserve it; for example, fermentation in bread-making is the reason that bread rises. Mold and bacterial fermentation in cheese produces chemicals that make the sharp taste you taste in cheese, and wine is the result of yeast fermentation of the sugars found in grapes. (See Figure 13.4 for other examples of food-fermentation products.)

Most likely, ancient people discovered the benefits of the fermentation process by accident when food was contaminated by these microorganisms. Some examples of early uses of fermentation in food production are as follows:

[[Insert Figure 13.4 here]]

· In 4000 bce, Egyptians used yeast to bake leavened bread (see Figure 13.5) and to make wine.

· As early as 6000 bce, Indians made yogurt, produced through the acidification of milk. Acidic “cooking” techniques rely on acids, which are produced by microorganisms as they ferment sugars, to kill bacteria. These techniques led to the development of both yogurt and sauerkraut.

[[Insert Figure 13.5 here]]

Advances in Modern Biotechnology

Everyday life events, such as food spoilage, found ancient people exploiting biotechnology. As town and city populations increased and countries competed for products, the public, governments, and industry realized that biotechnology could solve larger-scale problems. In fact, large historical events, such as wars, and paradigm shifts in technology, rapidly accelerate the development of biotechnology. (A paradigm shift is a change in the way one thinks.)
One example of the way that the needs of businesses can spur new developments in biotechnology occurred in the mid-1800s. Louis Pasteur, a French scientist, was approached by wine growers to figure out a way to prevent undesirable products from appearing in wine. Pasteur theorized that bacteria were contaminating wine after the yeast had finished fermenting the sugar. He invented a method, known as pasteurization, of heating the wine to kill the undesirable bacteria. Pasteurization is not intended to kill all microorganisms in food. Instead, the process aims to reduce their number so they are unlikely to cause disease or produce undesirable products. Today, pasteurization is done on a large scale and is used to extend the shelf life of many different food products (see Figure 13.6).
In the following sections, you will learn about some other events that accelerated the development of biotechnology.

[[Insert Figure 13.6 here]]

Industrial Fermentation and Penicillin World War I (1914 to 1918) led to the rise of industrial fermentation as a vital process around the world. Industrial fermentation is fermentation on a huge scale, for example, not just one bakery making bread for a small town, but a company making bread for people across the United States. Countries at war were not selling products to each other so they had to develop other resources within their own countries. For example, Max Delbruck, a biologist in Germany who later won the Nobel Prize for his work in genetics, grew yeast on a huge scale during the war. As a result, he was able to meet 60 percent of Germany’s animal-feed needs. Because Germany could not get glycerol, a hydraulic fluid, from the countries who were now enemies, they used lactic acid, another fermentation product, instead. On the Allied Powers’ side, the Russian chemist Chaim Weizmann figured out how to use starch to eliminate Britain’s shortage of acetone, a key raw material in explosives. He developed an industrial fermentation process where corn, which contains starch, was fermented to produce acetone (see
Figure 13.7).
As a result of these successes, scientists realized that biological processes could be exploited and scaled up to produce resources. In 1917, Karl Ereky coined the word “biotechnology” in Hungary to describe a technology based on converting raw materials into a more useful product. For him, biotechnology was not limited to industrial fermentation; he also felt that biotechnology applied to mass production of animals and crops. He built a slaughterhouse for 1,000 pigs and also a fattening farm with space for 50,000 pigs, raising over 100,000 pigs a year. The enterprise was enormous, becoming one of the largest and most profitable meat and fat operations in the world. In order for his endeavor to succeed, he needed the mass production of animal feed that Max Delbruck designed.
World War II (1939–1945) spurred the development and production of the world’s first manmade antibiotic, penicillin. Penicillin had been discovered before World War II, and by 1941, it was being produced on a small scale. However, the massive number of casualties caused by World War II pushed governmental funding and enabled scientists and engineers from both the United States and England to figure out how to mass produce the antibiotic. Their eventual success meant that the number of soldiers who died from pneumonia in World War II dropped dramatically compared to the number in World War I (less than 1 percent as compared to 18 percent). Penicillin was considered the wonder drug of its time.

[[Insert Figure 13.7 here]]

The Foundations of Molecular Biology Once industrial fermentation and other biotechnology processes became a common way to produce needed food and medicine, scientists worked to find ways to make other products, such as proteins in cells. This search gave rise to the next major technological advancement, the making of recombinant DNA. Recombinant DNA technology is the science of extracting DNA from different organisms and combining it at the molecular level to produce proteins, which become the basis for new foods, drugs, and even completely new organisms.
The technology behind recombinant DNA had its beginnings in 1953, when scientists James Watson and Francis Crick published a short paper in the journal Nature. Their paper described the structure of DNA, a nucleic acid chemical in a cell’s nucleus that carries genetic (hereditary) characteristics. A later paper explained how DNA, because of its double-stranded structure, can be duplicated in the cell. Then, around 1958, Crick proposed that most cells, whether bacteria, plant, or animal cells, use a similar process to make proteins. The following formula sums up this process:

DNA ( (RNA) ( Protein

At the time the intermediate chemical, known as RNA, had yet to be identified. What scientists knew was that DNA in a cell was like a huge library, and this library was found in every cell that had a nucleus. This DNA library contains all of the information that cells need to make products such as proteins. The information is composed of four different types of nucleic acids commonly represented as the symbols A (adenine), T (thymine), G (guanosine), and C (cytosine). It is the linear arrangement of these nucleic acids that determines the products that a cell makes such as proteins (see Figure 13.8). For example, the linear sequence AATTGGGTTAAG produces a different protein than the linear sequence AATGGGTCCTTA.

[[Insert Figure 13.8 here]]

What they did not know is how this DNA information is decoded to make products such as proteins. Crick proposed that an intermediary product from DNA carries the information for whatever product a cell needs to make at a given moment. In 1959, Servo Ochoa identified this intermediary product as RNA, for which he won the Nobel Prize in Medicine. RNA is another type of nucleic acid found in cells, and it represents only one of several books in the huge DNA library of a cell. So when a cell needs to make a particular protein, instead of taking the DNA book out of the library (where it could get lost or destroyed), the information in the DNA book is transcribed into an RNA message known as mRNA (see Figure 13.9). The process that makes the message is known as transcription. When mRNA is made, scientists say that a particular DNA code (as represented by the symbols AATGGT, etc., in a linear sequence) is expressed.

[[Insert Figure 13.9 here]]
At this point, the cell’s protein manufacturing machinery, called a ribosome, can now decode the mRNA information and use it to make the protein or proteins that the cell needs at that moment (see Figure 13.10). The process of decoding or expressing the information carried by the mRNA is known as translation. Interestingly, even though every nucleus in an organism contains the same DNA library, cells only use part of that library based on their function in the organism. For example, a particular type of cell in the pancreas makes the protein insulin. In fact, they are the only cells in that organism that make this protein.

[[Insert Figure 13.10 here]]
Just like a huge library, DNA is organized so that the information that is used all the time is found easily and other information not used is packaged away for safe keeping; in fact, this packaging is amazing in that, if you placed all of the human DNA in a cell end to end, it would be twelve feet long (see Figure 13.11).
In nuclei, just like in rows of bookcases, the DNA library is organized into collections called chromosomes. Chromosomes are composed of double-stranded DNA tightly packed and wound around proteins. The information is further organized into discrete packets known as genes, which are similar to books found on the shelves of the bookcases. Each gene is composed of a linear sequence of the four different nucleic acids and represents a book containing a set of instructions and blueprints for a particular protein. Genes are located on either strand of the double-stranded DNA and are found in the exact same location on a chromosome for a particular species.

[[Insert Figure 13.11 here]]

Because there are no nuclei in bacteria, the mRNA is translated as it is being made (transcribed). Because there are nuclei in animal and plant cells, the mRNA is made and transported to the decoding machinery. As a result, it takes longer for mRNA in humans to be translated than in bacteria. This is one of the factors contributing to the rapid growth of bacteria: Some bacteria can divide in two every twenty minutes. Biotechnologists take advantage of this fact and transfer DNA from other organisms, such as humans, into bacteria so that commercial products can be made swiftly and in large amounts. One example of such a product is human insulin. (See Figure 13.12.)

[[Insert Figure 13.12 here]]

Once biotechnologists learned to use cellular processes to make protein products quickly and in large amounts, products such as human proteins became available for scientific study or as commercial products. The next section reviews this ground-breaking technology.

Recombinant DNA: Development of the Technology In 1974, Herb Boyer of University of California, San Francisco (UCSF), and Stanley Cohn of Stanford University, applied for the first patent in recombinant DNA technology. Boyer and Cohn developed an rDNA procedure for the purpose of producing a commercial product. They put the human gene that “codes for” (contains the information for) insulin into bacteria for the purpose of commercializing human insulin. Because bacteria grow very rapidly compared the human cells, and because, in 1974, only bacteria cells could be grown in large fermentors, it was (and still is) very inexpensive to grow bacterial cells compared to other cells. Therefore, by putting the human gene that contains the code for insulin in a bacterium, these two scientists could cheaply make large amounts of this specific protein. Besides understanding the processes of transcription and translation, these two scientists also had to understand other cellular processes and use other proteins found in cells so they could harvest and manipulate the DNA found there. The additional technology included:

1.
The discovery and purification of bacterial enzymes that cut DNA at very specific sites. These enzymes are known as the restriction enzymes, which are “molecular scissors” that are used to cut DNA in rDNA technology.

2.
The discovery and purification of plasmids, DNA that can be engineered to “shuttle” DNA or genes from other species into bacterial cells.

3.
The chemical technology to isolate intact DNA from any type of cell so that genes on that DNA can be cut out for the purpose of placing them in plasmids.

4.
The discovery and purification of enzymes known as ligases that join cut DNA together.

Using the technology and molecular tools described above, as well as previously developed industrial fermentation technology, biotechnologists grow large amounts of genetically-modified bacteria, known as the recombinant bacteria, to produce large amounts of proteins (see Figure 13.13), such as human insulin.

This technology signaled a paradigm shift, in that biotechnology moved from traditional, fermentation-based techniques to molecular biology-centered techniques. At this point, scientists realized that they could engineer microorganisms to make commercial products and large amounts of proteins for scientific study. The patents acquired by Herb Boyer and Stanley Cohn eventually had more than 200 licensees—biotechnology and pharmaceutical companies—and earned Stanford University and the University of California at San Francisco more than $100 million in royalties. With the advent of rDNA and its commercial applications, the term “biotechnology” became commonly used by both the public and scientists.

[[Insert Figure 13.13 here]]

Creating Guidelines for Recombinant DNA Technology The advent of recombinant DNA also sparked concern in scientists about the negative possibilities associated with this ground-breaking technology. Paul Berg, a biochemist at Stanford who was among the first to produce a recombinant DNA molecule in 1972, wrote a letter, along with ten other researchers, to the journal Science. In the letter, Berg and the other researchers urged the National Institutes of Health to regulate the use of recombinant DNA technology. They also urged scientists to halt most recombinant DNA experiments until they better understood whether the technique was safe. These concerns eventually led to the 1975 Asilomar Conference, where 100 scientists, newspaper reporters and governmental officials gathered to discuss the safety of manipulating DNA from different species (see Figure 13.14). The meeting resulted in a set of NIH guidelines. NIH has revised the document, “Guidelines for Research Involving Recombinant DNA Molecules,” several times since 1976.

[[Insert Figure 13.14 here]]

PCR Technology The development of Polymerase Chain Reaction (PCR) technology, in the mid-1980s, allowed scientists to both detect small amounts of specific DNA sequences, such as genes, and also duplicate them many times to increase their DNA concentration so they could be genetically engineered into other organisms, such as bacteria. PCR technology means that a person can be identified from the smallest amount of DNA, even the amount resulting from touching an object or licking a postage stamp. For this reason, PCR technology is invaluable in forensics applications, where it is important to identify suspects or victims. PCR can also be used to identify genetic diseases in humans, such as cystic fibrosis; identify the presence of viruses, such as HIV; identify human and animal ancestors; and produce targeted DNA that can be put into plasmids to form rDNA.
You can consult several Web sites in order to watch PCR in action: Go to Bio-Rad Educational Resources, Dolan DNA Learning Center Animations and search for PCR animation, or just search the Internet using the phrase “PCR animation.” (See also Figure 13.15.)

DNA Sequencing and the Human Genome DNA sequencing is the act of determining the linear sequence of DNA. Once DNA sequencing techniques were developed for individual cells like bacteria, scientists realized that they would be able to use automated computer technology to determine the DNA sequence of any genome, which is the entire DNA in a cell. This also meant that scientists could determine the sequence of genes that code for proteins that are made incorrectly, causing genetic diseases such as sickle cell anemia and cystic fibrosis. Of course, scientists also thought of sequencing the human genome, but they realized that it would be an enormous undertaking and wondered if it would be scientifically worthwhile. They were unsure whether the benefits of knowing this information would justify the cost to carry out the project.

[[Insert Figure 13.15 here]]
Why was this considered such an enormous undertaking? Recall from Figure 13.11 that the DNA in every cell is about twelve feet long if it is stretched out end to end. You have also learned that DNA itself is made up of four different nucleic acids that vary because they contain four different nucleic acids adenine (A), thymine (T), guanosine (G), and cytosine (C). These nucleic acids are called “bases,” and they occur in pairs because chromosomal DNA is double-stranded. The bases on the opposite strands actually pair with the bases found on the other strand, in a manner similar to the function of a zipper. Thymine is always paired with adenine and guanine is always paired with cytosine. The total number of base pairs in one human genome, in one cell, is approximately 2.0 × 107, or about 20 billion base pairs—an enormous amount of DNA. These 20 billion base pairs are divided up among forty-six chromosomes, or twenty-two pairs plus two sex chromosomes. By contrast, the bacterium E. coli that lives in your gut only has one chromosome for a total of 4.5 × 103 base pairs. You can see why sequencing the human genome (22 pairs + 2 sex chromosomes) was considered a huge task (see Figure 13.16).

[[Insert Figure 13.16 here]]
Scientists proposed the complete sequencing of the human genome, called the Human Genome Project (HGP), in 1986. The project began in October, 1990. It was an international effort that was projected to take fifteen years. The U.S. Human Genome Project (HGP) consisted of the Department of Energy Human Genome Program and the National Institutes of Health’s National Human Genome Research Institute.
In order to sequence the staggering amount of DNA in the human genome, the project was divided up among different research groups in several countries and each group was assigned a chromosome or piece of a chromosome to sequence. The Human Genome Project identified approximately 30,000 genes in human DNA.
To learn more about the Human Genome Project, go to http://www.genome.gov. There are several educational sites that explain automated sequencing and show how it works. One of them is at the Dolan DNA Learning Center site: Search using the key phrase “cycle sequencing.”
The DNA in your cells is not only the blueprint for your life; it also holds the history of your life because your DNA came from your mother and father and their ancestors. Through the Human Genome Project, scientists discovered that your DNA can tell you where your ancestors originated in the world. This has allowed scientists to trace the movement of ancient people worldwide. You can even purchase a kit to have your DNA traced (Figure 13.18).
[[Insert Figure 13.17 here]]

[[Insert Figure 13.18 here]]

Bioinformatics Due to the need for rapid storage and manipulation of sequence information, the Human Genome Project also led to the rapid development of sequencing software tools and gave birth to the field of bioinformatics. Bioinformatics is defined as the collection, organization, and analysis of large amounts of biological data, using networks of computers and databases. All of the DNA sequence information generated in the world can be found via several portals, accessible globally. In the United States, scientists typically visit the GenBank Web site at the National Center for Biotechnology Information (NCBI) to view these data (see Figure 13.19). GenBank is the DNA database for the National Institutes of Health (NIH) and is available for anyone to view. It is constantly updated.

[[Insert Figure 13.19 here]]
Projects Related to the Human Genome Project Building upon the success of recombinant DNA technology, the Human Genome Project has ushered in the Genomics Age. In this time period, a large number of whole genomes in several species, including humans, are being sequenced, and numerous new government-funded projects, commercial ventures, and fields of study are starting, all as a result of the information generated by the Human Genome Project. If you want to learn what genomes have been recently sequenced, search the Internet for the Web site “Genome News Network,” a site independently managed by the J. Craig Venter Institute.
Functional genomics is the study of how genes interact, what proteins they make, when they make them, and in what cells. For example, in a person who has cancer, genes that should not be expressed are expressed, while genes that are normally expressed are turned off, so it is important for scientists to understand what mechanisms and processes control gene expression. The HGP discovered many of these genes and their sequences.
As part of this research, scientists developed a special technique called microarray technology, which allows them to quickly analyze, in one test, which genes are expressed. For example, scientists might use a microarray analysis of gene expression in a person’s cancer cells, comparing their cells to another person’s normal cells isolated from the same area of the body such as the breast. Information from this test helps the physician determine the best drugs for treating the cancer. The test involves several steps: (1) Genetic material from the patient’s cancer cells is isolated and marked with a fluorescent red dye. (2) Genetic material from individuals who do not have cancer is isolated from the same type of tissue and marked with fluorescent green dye. (3) Both groups are mixed and added to a prepared slide containing dots of genetic material, such that each dot represents a gene that is known to change as a result of cancer and any that they want to know if they change as a result of cancer. The results are then interpreted as follows. (1) If the red-labeled genetic material binds to a gene spot on the slide, then that spot will be red, indicating that this particular gene is expressed in the cancer cells. (2) If a green labeled genetic material binds, then that indicates that gene is active in normal cells. (3) If a gene is active in both cancer and normal cells, then the spot binds both fluorescently labeled DNA and appears yellow. See Figure 13.20 for a visual representation of this process.
Scientists can use the knowledge they obtain from microarray technology to determine what genes are only active in cancers, and in what type of cancers, to help determine the best treatment. At the present, microarray technology is not suitable for diagnosis and treatment for the general public, but this may change as the technology is improved.

[[Insert Figure 13.20 here]]
Another new field that has come about as a result of the HGP is known as genetic anthropology. Genetic anthropology is an emerging discipline that combines DNA and physical evidence to reveal the history of ancient human migration. It seeks to answer the question, “Where did we come from, and how did we get here?” One offshoot of the new interest in genetic anthropology is the Human Genome Diversity Project, which focuses on determining the ancestral lineage of individual people. This information is used to map human migration during ancient times and also collects DNA information that differentiates people. However, as previously stated in the caption for Figure 13.18, the largest difference is going to be how the DNA is expressed between individuals.

[[Insert Figure 13.21 here]]

[[Start SECTION ONE FEEDBACK here]]

SECTION ONE FEEDBACK >
1.
Define biotechnology and give examples of traditional biotechnology and molecular biology-based biotechnology.

2.
Provide three examples of how historical events and paradigm shifts in technology led to biotechnological advances

3.
Using the Internet, list two types of pasteurization and how they are different. Also list four types of pasteurized foods that you eat.

4.
Define recombinant DNA (rDNA).

5.
List three outcomes of the Human Genome Project and explain how one of these outcomes has revolutionized how scientists think about our genome or another animal’s genome.

6.
One ethical question that was hotly debated at the Asilomar Conference was, “Should genes or parts of genes be patentable, since a gene is a product of nature?” Look up the requirements for a patent and explain why you think Genentech was allowed to patent recombinant insulin.

7.
Visit the Access Excellence Web site at www.accessexcellence.org/AB. Find a topic of biotech that interests you or has impacted your life. Write a short paragraph on that topic explaining why it interests you or how it has affected your life.

[[End SECTION ONE FEEDBACK here]]

SECTION 2: Applying Biotechnology

[[Start Key Ideas Box here]]

KEY IDEAS >
· Biotechnology has applications in such areas as genetic engineering, agriculture, pharmaceuticals, food and beverages, medicine, energy, the environment, and forensics.

· The field of genetic engineering focuses on inserting DNA from one organism into another organism.

· Biomimicry is the utilization of designs found in nature to benefit people.

[[End Key Ideas Box here]]
Biotechnology has applications in such areas as genetic engineering, agriculture, pharmaceuticals, food and beverages, medicine, energy, the environment, and forensics. In this section you’ll learn about some important uses, or applications, for biotechnology—for example, the genetic engineering of human insulin, the first commercially made recombinant DNA protein, and how rDNA techniques are being used to treat changes in genes that cause diseases such as cystic fibrosis. You will also learn how biotechnology is being used to clean up the environment, to produce energy, and to identify criminals and victims and to set free wrongly convicted individuals. Finally, you will learn about biomimicry, another way of copying nature’s design and technology to improve human lives, a goal it shares with biotechnology.

Commercial Applications of Recombinant DNA

Important applications of biotechnology can be found in the field of genetic engineering. As you have learned, the field of genetic engineering focuses on inserting foreign DNA from one organism into another organism in order to create a commercially viable product. Since the resulting protein is made from rDNA, it is now known as a recombinant protein. A company will select and create a recombinant protein based on its commercial value. Medically important proteins can have tremendous value.
One of the first recombinant proteins on the market was recombinant human insulin. Insulin is a hormone that lowers the level of glucose (a type of sugar) in the blood. It is made by a particular type of cell in the pancreas and released into the bloodstream when the glucose level goes up, such as after eating. Insulin helps glucose enter the body’s cells, where it can be used for energy or stored for future use. A person who is diabetic either does not produce insulin or does not properly respond to insulin so that glucose is not taken up by the body’s cells. Complications of diabetes are kidney disease, nerve disease, blindness, amputation, and heart disease. According to the World Health Organization (WHO), 3 million people die from diabetes-related illnesses every year. Furthermore, the WHO predicts that the number of diabetics in the world will grow to approximately 360 million by the year 2030.

[[Insert Figure 13.22 here]]

Recombinant human insulin (rhInsulin) was made first by Genentech and approved by the U.S. government for public use in 1982. Before the human gene for insulin was cloned, it took seven to ten pounds of pancreas from approximately seventy pigs or fourteen cows to purify enough insulin for one year’s treatment for a single diabetic. In addition, diabetics had to worry about having adverse reactions to nonhuman insulin. This is no longer the case, thanks to the development of recombinant human insulin. (See Figure 13.22.)

Case Study: rhInsulin as a Commercial Product Because diabetes is such a serious and widespread genetic illness, it was clear that choosing insulin as the first human protein to be genetically-engineered for mass production would have tremendous economic and social benefits. Just as with other commercially viable products, the company had to research the product and the market to make sure that rhInsulin would both make money and be a major benefit to a large segment of the worldwide human population.
But there are many such proteins. Why should this particular protein be selected for genetic engineering? First, it is a very small protein, making it easier to genetically engineer. Secondly, unlike other proteins, it is composed of one unit instead of multiple units, so it was reasonable to expect that it would self-assemble correctly in bacteria.
Once the research and development group in the company determined how to genetically-engineer it they also had to figure out how to mass produce it. They did this on a small scale, a process called small-scale manufacturing. After the company worked out all of the manufacturing problems, they scaled up the process and transferred it to another part of the company known as large-scale manufacturing. (See Figure 13.23.)
Early on in the process, the company applied for a patent and also applied to the appropriate U.S. governmental agencies for pharmaceutical use of this product. To be used as a pharmaceutical product by humans, rhInsulin had to be tested first in animals and eventually on a small scale in humans. This last series of tests is known as clinical trials. After the product passes clinical trial testing, it is released to the market. But even at that point, information on side effects is collected from patients and doctors to ensure product safety.

[[Insert Figure 13.23 here]]
Other types of enzymes and protein products were also inserted into single-celled organisms so they could be mass produced. Genencor was the first company to develop and mass produce an engineered enzyme to be used in detergents. As indicated in Table 13.2, today companies like Genencor produce a variety of recombinant products.

[[Insert Table 13.2 here]]

[[Start Table 13.2 here]]

Table 13.2 | Two Biotech Companies and Examples of Their Products
	COMPANY -
	PRODUCTS
	USE

	Genentech
	Herceptin®
	To prevent breast cancer

	
	Activase ®
	To break down blood clots

	
	Nutropin ®
	To treat growth failure

	Genencor
	Purafect®
	Enzymes used in detergents to digest stains

	
	Purastar®
	

	
	Puradax ®
	Prevent fuzz (piling) in fabrics

	
	Stargen™
	To produce fuel ethanol


[[End Table 13.2 here]]

Applications in Medicine and Pharmaceuticals

You have already read about one medical application for biotechnology—the development of recombinant proteins, such as recombinant insulin. Other advances in biotechnology will soon affect how doctors and patients handle all types of prescription drugs.
If you are like the overwhelming majority of people in the United States, at some point in your life you have taken a prescription drug. Although your doctor may have considered your medical history when he or she selected the drug, it is not likely that the doctor could fully predict how you would react to the medication before you took it. In fact, because of inherited variations in your genes, your ability to metabolize any given drug and the side effects you may experience from that drug differ greatly from those of other people. But thanks to advancements in biotechnology, doctors will increasingly have the ability to prescribe medications, adjust dosage, and select treatments on the basis of the patient’s personal genetic information. The Human Genome Project and related projects have provided the DNA-sequence information necessary to make this possible. In turn, microarray technology will make it possible to determine how each person reacts to different drugs, making personalized medicine a reality.
Other medical and pharmaceutical applications for biotechnology include the previously mentioned PCR-based diagnostic technologies and the possibility of actually fixing genetic defects.

TECHNOLOGY IN THE REAL WORLD:
Treating a Genetic Disease with Biotechnology

Cystic fibrosis (CF) is the most common genetic (inherited) disease in the United States today. There are about 30,000 people in the United States who are affected with the disease: about 1,000 babies are born with CF each year. CF occurs mainly in Caucasians, who have a northern European heredity, although it also occurs in African Americans, Asian Americans, and Native Americans. Approximately 1 in 31 people in the United States are carriers of the cystic fibrosis gene. These people are not affected by the disease and usually do not know that they are carriers.

[[Insert Figure 13.24 here]]

Cause and Symptoms

CF is caused by a change in a gene product. The normal expression of the gene produces a protein that transports chloride in and out of cells. This protein, known as the chloride transporter (CFTR), is found on the surface of the cells that line the lungs and other organs. The defective CF protein is unable to transport chloride properly, and, as a result, the amount of sodium chloride (salt) is increased in bodily secretions, and the secretions are thick and sticky. This is why the skin of babies with this defect tastes salty.

Common symptoms vary, but, in general, CF patients develop major respiratory infections as a result of the thick secretions; have difficulty digesting foods because the thick secretions block the pancreas, which prevents the release of digestive enzymes; and, if male, are usually sterile due to the lack of secretions. Even though supportive care, such as antibiotics, has increased the quality and quantity of life for these patients, the average life span is thirty-five years. (See Figure 13.24.)

Research and Treatment

CF research has accelerated sharply since the discovery of the effects of a defective chloride transporter in 1989. In 1990, scientists successfully genetically engineered a gene that corrected the defective chloride transport mechanism and added it to CF cells in the laboratory. Clinical trials were initiated with an aerosol form of the corrected DNA packaged inside. Test subjects breathed in the aerosol DNA. The idea was that the corrected DNA would merge with test subject’s own cells, providing the necessary information to correct the defect. The first clinical trial focused on fixing cells in the nose, while the second clinical trial focused on fixing the cells in the lungs. In both cases, the clinical trials were successful, and symptoms of the disease disappeared from the treated area. (See Figure 13.25.)

So far, the treatment seems promising, but before it can be released to the general public, some questions need to be answered: How long will the positive effects of a treatment last? Are there any long-term negative side effects of using the membrane-bound DNA delivery system? Is there any way to use this technology to fix defective cells elsewhere in the body, such as the digestive tract? How much will this treatment cost?

It is likely that this treatment will be released to the public in the next five years. If it can prevent lung failure, the leading cause of death in CF patients, their life spans may increase considerably.

[[Insert Figure 13.25 here]]

Environmental Applications

Biotechnology is used to clean up the environment, a process known as bioremediation. For example, microorganisms are used to clean up oil spills. Through biological processes, plants and microorganisms can break down oil into carbon dioxide and water, convert dangerous pesticides into something less toxic, remove harmful contaminants such as radioactive elements from the environment, or change harmful contaminants into a form that can be easier to remove (see Figure 13.26).

One of the worst oil spills in history occurred in 1989, when an oil tanker named the Exxon Valdez ran aground off the coast of Alaska. Both physical and biotechnological methods were used to clean up the oil (see Figure 13.27). Examples of physical methods were oil booms, which were used to contain the oil and keep it from spreading. Birds and other sea life were also cleaned by hand. These methods were useful but only cleaned up a small fraction of the oil. Biotechnological methods were developed to clean up the majority of the spill or enhance the effectiveness of physical methods. The biotechnological method was the use of bacteria that was genetically engineered to degrade (break up) oil. Bacteria that were naturally found in the sand of the Alaskan coast would have eventually cleaned up the oil, but the genetically modified bacteria did it much faster. The only limitation to using bacteria to clean up oil was that the bacteria need oxygen to breakdown the oil and survive. This meant that the bacteria could only clean up oil on the surface of the shoreline, which was open to the air (and thus to oxygen). Oil that had seeped into the ground was not affected by the bacteria.

[[Insert Figure 13.26 here]]

While many natural organisms already clean up the environment, they work slowly, so researchers and scientists continue to study these processes in order to develop genetically-engineered organisms that clean up faster and more completely.

[[Insert Figure 13.27 here]]

Energy Applications

With known oil reserves diminishing and petroleum prices rising, biofuels have been proposed as an answer for energy. Biofuels are fuels that are produced from organic (living) compounds. Two types of biofuel are fermented corn or algae. Gasses produced by microorganisms are also a viable biofuel. Methane, which is a major component of natural gas, is produced by certain microorganisms in environments in which oxygen is absent. The largest source of methane on earth is methane hydrates, a combination of methane and water found on the ocean floor, produced by microorganisms at the bottom of the ocean. If we could economically harvest these methane hydrates, we would have a long-term source of energy. (See Figure 13.28.)
Hydrogen is another potential fuel derived from microbes. It is an attractive fuel alternative since its combustion produces only water and energy. Several microbial species, an alga, Chorella and a bacterium, Clostridium, can produce hydrogen gas for prolonged time periods, and more species are being screened from genomic data bases for the enzymes capable of hydrogen production. You will learn more about the future of biofuels in Chapter 14, when you study chemical technology.

[[Insert Figure 13.28 here]]

Applications of DNA Identification

As you have probably seen on police shows on television, DNA technology is often used to identify criminals or victims based on a small sample of hair, blood, or other organic substance (see Figure 13.29). People who use fingerprints, hair, footprints, blood, and DNA samples to identify people are known as forensic scientists.
Any type of organism can be identified by examining DNA sequences unique to that species. However, identifying individuals within a species is less precise. As part of the President Initiative to provide DNA technology for the purpose of identifying people, forensic scientists developed DNA identification testing for thirteen human DNA sites that are known to vary from person to person. This information is used to create a DNA profile of that individual. Statistically, there is an extremely small chance that another person has the same DNA profile for all thirteen particular sets of DNA sequences (see Figure 13.30). Information on these thirteen sites can be found at the CODIS Web site, managed by the FBI. The CODIS Unit manages the Combined DNA Index System (CODIS) and the National DNA Index System (NDIS) and provides the CODIS Program to federal, state, and local crime laboratories in the United States. It also works with international law enforcement crime laboratories to exchange and compare forensic DNA evidence from violent crime investigations.

[[Insert Figure 13.29 here]]

[[Insert Figure 13.30 here]]
DNA identification can be used for a variety of purposes in forensics and family law. Among other things, it can be used to:

· Identify potential suspects whose DNA may match evidence left at crime scenes

· Exonerate persons wrongly accused of crimes

· Identify crime and catastrophe victims
· Establish paternity and other family relationships

DNA identification is also used in other fields, including wildlife conservation, medicine, and agriculture. For example, DNA identification can be used to:

· Identify endangered and protected species as an aid to wildlife officials (could be used for prosecuting poachers, see Figure 13.31)

· Detect bacteria and other organisms that may pollute air, water, soil, and food

· Match organ donors with recipients in transplant programs

· Determine pedigree for seed or livestock breeds

· Authenticate consumables, such as caviar and wine
In addition, people who work in wildlife protection use PCR-based technology to identify illegally obtained protected-animal parts for the prosecution of poachers and dealers who would sell these parts.

[[Insert Figure 13.31 here]]

Applications Inspired by Biomimicry

Biomimicry is the use of designs found in nature to benefit people. It is based on the idea that the process of natural selection has already produced successful and environmentally sound design solutions and that people simply need to recognize and adopt these designs in order to produce environmentally safe and energy efficient buildings and commercial products. Biomimicry is not biotechnology because it is not a manipulation of nature. However, similar to biotechnology, it does take its inspiration from nature to solve human problems.

[[Insert Figure 13.32 here]]
For example, Eastgate Centre, a shopping center and office block in Harare, Zimbabwe, has a mechanical cooling system made up of vents and flues that remove hot air from the structure. The design of this system is based on the natural cooling mechanism found in giant termite mounds (see Figure 13.32). Scientists studying these mounds found that as the hot air rises out of them, cooler air is drawn in at ground level, keeping the mounds cool. The temperature inside a termite mound hovers around 31° C all day and all night, while the temperature outside the mound can vary between 3° C and 42° C. Thanks to a building design that mimics the cooling system found in a termite mound, Eastgate Centre uses only 10 percent of the energy of a conventional building its size, leading to a projected saving of 3.5 million dollars in air conditioning costs in the first five years. As a result, it can rent space for 20 percent less than a newer building next door.
PureBond®, a type of adhesive, is also a product of biomimicry. Unlike most adhesives, which are made from formaldehyde (a potentially lethal chemical), PureBond® is formaldehyde-free. It was inspired by the ability of mussels to cling to rocks despite the constant pounding of ocean waves. Kaichang Li, an associate professor at Oregon State University’s College of Forestry, was crabbing off of the Oregon coast when he noticed how mussels could withstand the impact of waves breaking on the shore (Figure 13.33). Li and his team decided to replicate the adhesive by blending protein-rich soy flour containing the same amino acids used by the shellfish. Recognizing the potential value of such a product, a company named Columbia Forest Products offered to fund Li’s research. PureBond® is more expensive than formaldehyde-based, traditional adhesives but it is stronger and more water resistant, cures rapidly, and meets California’s strict regulations for formaldehyde emissions in composite wood.

[[Insert Figure 13.33 here]]
Another example of biomimicry has resulted in products that make it possible to keep buildings, and other items that are exposed to weather, clean without the use of harsh cleaning agents or power washing. Scientists noticed that the surface of plants and insect wings are not smooth, but dimpled and covered in a waxy substance. They found that, unlike smooth surfaces, which can cause water and dirt to spread and cling, surfaces covered with these microscopic structures stayed relatively clean. Dirt rests lightly on these microscopic structures and is washed away when it rains (see Figure 13.34).
Several companies have created products based on this self-cleaning phenomenon, including self-cleaning roof tiles by a company named Erlus and a glass coating system by a company named Ferro. Another product based on this form of biomimicry is Lotusan®, an exterior building paint developed by a company named Sto. All three of these products were developed to make maintenance easy: Surfaces can be cleaned without the use of detergents or sandblasting. Plus, according to the Sto® Web site, Lotusan® resists the growth of algae, mold, and mildew. Products like these may lead to the development of other products with dirt-repelling properties, such as pipes that resist clogging. The possibilities seem wide-reaching, and they greatly reduce the use of harsh, environmentally damaging detergents.

[[Insert Figure 13.34 here]]

[[Start SECTION TWO FEEDBACK here]]

SECTION TWO FEEDBACK >
1.
Search the Internet to find out how oil spills are cleaned up by U.S. government agencies. Write a short paragraph explaining the steps these agencies take when a large oil spill is discovered off U.S. coasts.

2.
Design an advertising brochure for Dog DNA testing, entitled “Who Is Your Dog?” The brochure should target the general public in terms of information and include a basic description of how the test is done. There are companies that already do this for both humans and animals, so searching the Internet will provide information to help you design this brochure.

3.
Define biomimicry and describe one example of how it has been used.

4.
Search the Internet for the term “biomimicry,” and find an example not discussed in this text of how it is being used to benefit people.

5.
Go to the Dolan DNA Learning Center DNAi site (http://www.dnai .org) and review the information on the Romanov family. Write a short paragraph on how DNA was used to identify them.

[[End SECTION TWO FEEDBACK here]]

SECTION 3: Working in Biotechnology

[[Start Key Ideas Box here]]
KEY IDEAS >
The biotechnology work place is found in companies, colleges, and governmental agencies. Companies focus on products or services that make money; college labs focus on the advancement of knowledge and the training of students; and governmental agencies and governmental agencies usually utilize biotechnology in the performance of a service.
· While an individual drug company identifies and manufactures a new product, bringing a product to market is actually a collaboration of several companies and governmental agencies.

· Biotechnology products are subject to regulation by multiple government agencies.

· Whether in an academic or industry lab setting, people are expected to adhere to certain ethical standards.

[[End Key Ideas Box here]]
The biotechnology work place is found in companies, colleges, and governmental agencies. Companies focus on products or services that make money; college labs focus on the advancement of knowledge and the training of students; and governmental agencies usually use biotechnology in the performance of a service.

Biotechnology Companies

Stages in a company’s drug manufacturing process include product identification, research and development, manufacturing and quality assurance, and sales and marketing. First, a company surveys the marketplace and identifies the product it wants to make. Second, the research and development group, known as R&D, determines how to make the product. If it is a pharmaceutical product, R&D must prove that the product is safe to ingest and is effective without serious side effects. R&D also determines how to manufacture large amounts of the product, creating a series of rules, or protocols, that explain exactly how to manufacture the product. This is also known as determining the correct product synthesis procedure; not only should it work, but it should also be cost-effective. Third, the manufacturing department is responsible for following the protocols established by R&D for the large-scale synthesis of the product.
Fourth, the Quality Assurance (QA) department monitors the process to make sure that the product is made according to specifications. In the United States, the means by which QA monitors the manufacturing process is usually determined by federal regulations in addition to internal company guidelines. Other departments in a biotechnology company include marketing (which is responsible for making the product attractive to consumers and disseminating information about the product) and technical services (which takes calls from customers when they have questions or problems with products).
Biotechnology companies fall into one of the several categories listed in Table 13.3.

[[Insert Table 13.3 here]]

[[Start Table 13.3 here]]

Table 13.3 | Types of Biotechnology Companies
	TYPE OF COMPANY
	ACTIVITY

	Medical/Pharmaceutical
	Produce medicines, either natural or recombinant, from plants, animals, and fungi; vaccine, gene therapy, prosthetics, engineered organs, and tissues

	Agricultural
	Involved in transgenic or genetically engineered plants and animals, breeding of livestock and plant crops, aquaculture (animals or plants grown in water), and marine (ocean) biotech, horticultural products, production of plant fibers (for example, plant materials used for textiles) and biofuels, pharmaceuticals in genetically engineered livestock and plants 

	Industrial
	Produce fermented foods and beverages, genetically engineered proteins for industry, DNA identification/fingerprinting of endangered species, production of plastics made from live organisms (biopolymers) the use of organisms to detect toxins (i.e., biosensors), and the use of organisms to clean up pollution (bioremediation)

	Contract Manufacturing
	Produce genetically engineered materials on a large scale; Includes research and development (R&D) to produce the materials

	Contract Analytical Service
	Conduct quality testing on a range of materials or products (e.g., purified water, air, final products, wastewater, raw materials)

	Research Reagents and Kits
	Make kits for university, company, and federal labs doing research or testing materials, such as in analytical services

	Sequencing and Data Management
	Collect, assemble, store and distribute sequence information whether it is DNA, RNA, or protein data.

	Diagnostics
	DNA sequencing, genetic testing and screening; DNA identification, forensics, tests using antibodies (proteins that animals make to identify and protect against foreign proteins and pathogenic organisms), and other molecular biology techniques (e.g., using PCR)


[[End Table 13.3 here]]

Not all biotechnology companies make products with a serious, life-saving purpose in mind. Some make life-style drugs (e.g., drugs that do not treat a disease but make a person look better, such as promoting hair growth in bald men) or even pets. How would you like to have your own genetically engineered pet? How about a fish that glows (see Figure 13.35)? Yorktown Technologies, LP has mass produced the GloFish TM. Look up this item on the Web to learn how you can purchase your own glow fish. The gene responsible for the light came from a species of jellyfish. Do some Web research and then see if you can outline the steps that the company used to make the GloFishTM.

[[Insert Figure 13.35 here]]

The Product Pipeline

While an individual drug company identifies and manufactures a new product, bringing a product to market is actually a collaboration of several companies and governmental agencies. The process these organizations use to create a drug is commonly called the product pipeline. Because there are so many organizations and processes involved, the cost of producing a new drug is very high. The Pacific Research Organization reported that in 2006, it cost between $800 million and $1 billion to bring a drug to market. The generic drug development cycle is outlined in Figure 13.36.

[[Insert Figure 13.36 here]]
Many drugs fail the safety and efficacy tests known as clinical trials. Clinical trials are conducted under the strict guidelines of the federal government’s Food and Drug Administration (FDA). The three rounds of clinical trials test the drug, each time with a larger group of people. Even so, the largest group of people being tested will always be the general public when the drug is released to the market. Sometimes serious side effects do not show up until a drug is released. For example, a drug might cause a deadly side effect in one out of a hundred thousand people. Such a rare side effect might not occur during the comparatively small clinical trials, but can occur after the drug is released to a market larger than a hundred thousand people.
Regulation of Biotechnology Products Manufacturing companies establish their own regulations, known as current good manufacturing practices (cGMPs), and this is viewed as the minimum amount of regulation. These regulations are developed by company employees and made available in writing to anyone who wants to know what a manufacturing company does to ensure a quality product. For example, a biotechnology manufacturing company that makes research kits would most likely establish cGMPs for each product made. It can be as simple as how much information about a product is provided on its label, to as complex as how each product is produced, including how and when it is tested during production. If the product could possibly harm the environment, then federal agencies, such as the Environmental Protection Agency (EPA), become involved in its regulation. If the product is a pharmaceutical, then the Food and Drug Administration (FDA) becomes involved in its regulation. The FDA performs regular audits of the company to ensure that guidelines are being followed. In short, the exact federal agency assigned to oversee, or regulate, a particular product depends on the nature of the product and its intended use. In general, additional layers of regulation are added the closer a product comes to being used by humans. Research kits used by scientists in academic institutions are the least regulated and pharmaceuticals are the most regulated. These regulations do not necessarily apply to products sold overseas; as other countries have their own agencies.
As you have learned, if the product is a recombinant DNA plant or animal (for example, a recombinant corn plant that carries a pesticide-coding gene), then the Environmental Protection Agency (EPA) is involved as the product may harm the environment. The EPA is a federal agency that is charged with safeguarding human health and the natural environment. The United States Department of Agriculture (USDA) also becomes involved when a recombinant plant or animal is going to be ingested by people or animals. The USDA is a federal agency that develops quality standards for food and animal products; safeguards human, animal, and plant health; promotes the export of U.S. agriculturally produced products; and ensures the quality and safety of imported agriculture products. If the recombinant plant or animal is producing a pharmaceutical product that is to be used by humans, then the FDA is involved. All companies, including companies outside the biotechnology field, must follow regulations set down by the Occupational Safety and Health Administration (OSHA). These regulations safeguard employees working at companies. In the case of biotechnology companies, they particularly protect employees who work in laboratories. For example, one standard OSHA regulation requires all employees to wear closed-toed shoes and eye protection when working in a laboratory.
As described earlier, biotechnology products can be subject to simultaneous regulation by multiple government agencies. For example, biotech researchers at the Boyce Thompson Institute for Plant Research in Ithaca, New York, are studying ways to fortify raw foods like bananas and potatoes with vaccines to provide painless, inexpensive protection against disease. For example, the hepatitis B vaccine has been placed in bananas (see Figure 13.37), so people just have to eat that fortified fruit to develop protection against or immunity to hepatitis B. Three agencies are involved in regulating this product: the FDA, the EPA, and the USDA. Since vaccines are pharmaceutical products, the FDA is involved; to make sure the plant or fruit cannot harm the environment, the EPA is involved; and to ensure that the growing of the plant and its distribution meets specific standards, the USDA is involved.
[[Insert Figure 13.37 here]]

[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Conversions Within the Metric System and Preparing Dilutions

A) Conversions

Biotechnology laboratories use metric measurement units. Usually volumes are measured in liters, milliliters, and microliters, and distance is measured in centimeters and millimeters. After working in a laboratory for a while, you will be able to easily visualize the units that you use every day, and convert from one unit to another (e.g., microliters to milliliters). Use the Larger-Smaller Rule for conversions within the metric units. According to this rule, if you are going from a smaller to a larger unit, then you move the decimal to the left. If you are going from a larger to a smaller unit, then you move the decimal to the right.

For example, if you are converting from meters (m) to millimeters (mm), then you are going from a large unit to a small unit. Therefore, you need to move the decimal to the right (multiplying). Here is one conversion: 2.35 liters is equal to 2,350 milliliters, or, if you know scientific notation, 2.35 × 103 milliliters.

Now, try going the other way. If you are converting from millimeters (mm) to meters, you are going from a small unit to a large unit. Therefore, you need to move the decimal to the left (dividing). Here is a sample conversion: 534 milliliters is 0.534 liters or, in scientific notation, 5.34 ( 10(1 liters.

Another technique for performing conversions is called cancellation of units. Using this technique, you can convert from larger to smaller volumes and vice versa simply by canceling the units, leaving the final number in the desired units as shown below. In this case, you want to convert liters to milliliters, so only milliliters or mL should be the units left in the answer.

[image: image1.emf]
Milliliters (mL) cancel out, leaving the unit Liter (L) in the answer.

Other common volume measurements in biotech labs are milliliters (mL or 10–3 L), or microliters (uL or 10–6 L). Biotechnologists have to be able to quickly and accurately convert between such measurements.

B) Preparing Dilute Solutions from Concentrated Solutions

Besides conversions, you must also be able to make solutions (a mixture of a solvent (the larger volume of liquid) and a solute (the smaller liquid volume or a solid) for your experiments, which means you will have to know some applied chemistry. One type of common solution made in the laboratory is one from a concentrated stock solution. It saves the biotechnologist time and space to have several stock solutions already prepared, so that all that is necessary is to do a quick dilution of one to prepare a solution for a project or experiment. For example, it is common to have on hand 10X stock solutions that are ten times more concentrated than normally used. To prepare a 1X solution of a particular volume, the biotechnologist uses the following equation:

The C(i) × V(i) = C(f) × V(f) Equation where i = initial values; f = final values; C = concentration; and V = volume.

How does this equation work? Suppose you have a 10X stock solution, and you want to make up 100 mL final volume of a 1X solution. You need to figure out how much of the stock solution you need and how much water to use when diluting it in order to get the correct final concentration and final volume.

You know: C(i) = 10X, C(f) = 1X and V(f) = 100 mL. What you do not know is V(i), or the amount of the concentrated solution to use. The amount of water will be the rest of the volume, such that V(i) + amount of water for the dilution = 100 mL. Now, plug in your values and solve for the unknown value, as follows:

1.
(10X) × (unknown V(i) = (1X) × (100 mL)

2.
To solve for the unknown value, divide both sides by 10X (removes 10X on the left side of the equation).

3.
Unknown V(i) = (1X) × (100mL)y(10X)

4.
Cancel Units in the denominator and numerator (cross out X’s).

5.
Solving for the value, you get 10 mL of 10X solution.

6.
10 mL of 10X stock + ? water = 100 mL so the answer is 90 mL of water. (See Figure 13.38.)

It is very common to have to make a solution and do a unit conversion at the same time. For example, how would you prepare a 1X solution final volume = 1.0 mL starting with a 5X solution of 1 L?

[[Insert Figure 13.38 here]]
[[End ENGINEERING QUICK TAKE here]]
Bioethics Whether it is an academic or industry lab setting, biotechnology personnel are expected to adhere to certain ethical standards. In the bio-technology industry, it is common to refer to ethical standards as bioethics. You have already read about the Asilomar Conference, where scientists voluntarily came together to discuss the ethical implications of genetic engineering and passed guidelines for research in this area. Likewise, the scientists who organized the Human Genome Project realized that the genetic information and new technologies generated by the HGP would raise critical bioethical questions, including:

· Is it right to use fertilized embryos for stem cells?

· How careful do we have to be about protecting information gleaned through genetic testing?

· Should we test drugs meant for humans on animals first?

· Is there anything wrong with genetically modifying crops and livestock?

In order to address these and other questions, 3 percent of the HGP’s annual budget was devoted to the study of ethical, legal, and social issues surrounding the availability of genetic information. People have strong feelings about such issues, and governments have passed laws reflecting these feelings. For example, the distribution of genetically modified seed was banned by a number of countries, and opponents charge that such bans will undermine those countries’ efforts to end hunger.
How are bioethical questions answered? Answers to these questions cannot necessarily be tested in an experiment; many of the questions raised in bioethics are subjective. Plus, the answers can vary, depending on a person’s age or personal experiences. So it is important for every person who will be affected by a particular biotechnology to know as much as possible about it. That way, we can all make informed decisions ourselves, and not leave that decision to other sources such as TV or newspaper articles.
There are many strategies for examining a bioethical issue, ranging from “the common good approach” (i.e., the needs of the many outweigh the needs of the individual) to the “virtuous approach” (i.e., what kind of person would I be if I do this?). Whatever strategy seems most valuable to you, it is a good idea to be systematic. When examining a bioethical issue, try to follow these steps:

1.
Identify the bioethical problem or issue and learn everything you can about it.

2.
Make sure that your information sources, whether books, magazines, or Web sites, are reputable. That is, make sure they have been reviewed and endorsed by reputable sources. Examples of reputable sources include textbooks, peer-reviewed research journals such as Science, or a government-run Web site such as the Human Genome Project Web site: (http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml or search the Internet using the key term “Homan Genome Project Information” to find this site).

3.
List all possible solutions to the issue.

4.
Considering legal, financial, medical, personal, social, and environmental aspects, identify the pros and cons of adopting one solution or position as opposed to another.

5.
Based on the pros and cons for each solution, rank all solutions from best to worst.

6.
After reviewing all of the information, decide if the problem is important enough to take a position. If it is, decide what your position is and be prepared to describe and defend it.

TECHNOLOGY AND PEOPLE:
Dr. Larry Britton at the University of Texas

Would you like to be a scientist? If you ask Dr. Larry Britton (Figure 13.39), a researcher at the University of Texas, he would tell you how hard his work is. But he would be quick to talk about how rewarding it is when an experiment works.

How did he get interested in science? Britton was a naturalist even as a child, always dissecting frogs. He was also a natural experimenter, once even making homemade gunpowder. When one of his playmates fell ill one day and was later diagnosed with polio, Britton started thinking about how something as small as the polio virus could cause life-changing events. Polio, which could render a child paralyzed and unable to breath without the help of a machine known as an iron lung, was greatly feared when Britton was a child in the late 1940s early 1950s. The first polio vaccine was issued in 1955, and an improved version was released in 1957.

In his undergraduate college days, Britton thought he would go to medical school, and started taking the necessary classes. But he soon realized he didn’t want to be a medical doctor. To discover what he wanted to do, he took a variety of science courses with labs. When he took a microbiology course, he realized immediately that he wanted to become a microbiologist. He received a Bachelor of Science (B.S.), a Master of Science (M.S.), and eventually a Doctor of Philosophy (Ph.D.) in Microbiology.

Britton’s first position, in the Microbiology Department at the University of Texas as an assistant professor, involved researching basic science questions. His work focused on how microorganisms dealt with the generation of toxic oxygen compounds as a result of metabolism. Britton then moved into the chemical industry, where he solved applied problems with financial implications, such as making sure that the synthetic chemicals were biodegradable. Looking for a change from applied research in a company setting, he then moved back to a combination of applied and basic research at the University of Texas. In his current research in the Petroleum Institute at the University Texas, Britton evaluates ways to recover the remaining oil from depleted oil fields, which may still contain as much as 50 percent of their original contents. This work requires him to apply his knowledge of microbiology, biotechnology, and chemistry.

So what makes a good scientist? According to Britton, a good scientist needs “a never ending curiosity about how things work.” He points out that “good researchers tend to have the same thought processes as good automobile mechanics. They look at problem, whether it’s a phenomenon in the biological world, or a broken automobile the same way and come up with a plan to solve the problem or answer the question.” Not surprisingly, Britton is very good at fixing things, including automobiles.

[[Insert Figure 13.39 here]]
Has this chapter convinced you that you need to understand biotechnology and its applications? You should now realize that biotechnology permeates a broad range of situations, including your own medical well-being. As you read the next three chapters, you will notice that topics and examples in one chapter could have easily fit in another chapter. For example, genetic engineering now affects the chemical, agricultural, and medical industries. As a result of this interchange between scientific disciplines, careers no longer remain fixed in one industry, let alone scientific discipline. For example, a microbiologist trained to study microbes that make products who is working in the chemical industry could transfer that knowledge to environmental microbiology and work in industrial waste cleanup. He could then find himself in the petroleum industry working on developing techniques to enhance oil recovery. This is an actual example of a career path. As a student, you will start in a certain field will but will most likely follow a career path that spans several disciplines. As Louis Pasteur said, “Chance favors the prepared mind,” and in this technological world, a person with a prepared mind understands how technology impacts life and uses this understanding to chart any career path he or she desires.

[[Start SECTION THREE FEEDBACK here]]

SECTION THREE FEEDBACK >
1.
A variety of Web sites post jobs and publish information about careers in biotechnology. Find three sites that provide biotechnology career information. (Examples of such sites are Access Excellence, Biospace, Biofind, Science Jobs, and Bio-Link.) Prepare a table that lists and describes the three sites you have selected. For each, find an actual job title or career description and describe the educational qualifications each one requires.

2.
Imagine that you have just isolated a human hair growth factor that you think will reverse the balding process in men. What are the next steps your company will need to take before this product can be marketed to the public?

3
.This section describes a process for examining ethical issues. Use this process to answer the following question: Is it ethical to use genetically modified corn that contains the pesticide gene BT?

[[End SECTION THREE FEEDBACK here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Biotechnology Technicians

Significant Points

· Biotechnology technicians in production jobs can be employed on day, evening, or night shifts; other technicians work outdoors, sometimes in remote locations.

· Most technicians need an associate degree or a certificate in applied science or science-related technology; forensic science technicians usually need a bachelor’s degree.

· Job opportunities are expected to be best for graduates of applied science technology programs who are well trained on equipment used in laboratories or production facilities.

· Biotechnological research and development should continue to drive employment growth for both technicians and researchers with advance degrees.

· A Ph.D. degree usually is required for independent research, but a master’s degree is sufficient for some jobs in applied research or product development; temporary postdoctoral research positions are common.

· A biotechnologist researcher or technician uses knowledge of life to make products and processes benefiting people’s lives while a biological researcher (also commonly termed a scientist) or technician studies organisms and their relationship to the environment.

Nature of the Industry

As indicated by the Department of Labor, Bureau of Statistics, biological researchers and technicians may specialize in one area of biology, such as zoology. Many of these individuals conduct basic research to advance our knowledge of living organisms, such as infectious bacteria and fungi or marine organisms such as sharks and whales. Industrial researchers and technicians conduct applied research or product development using knowledge gained by basic research to develop products for market, such as drugs, medical tests, improved crops, pesticides, biofuels, and plastics. They usually have less freedom than do basic researchers to choose the focus of their research, and they spend more time working on marketable items to meet the business goals of their employers.

Biotechnology researchers and technicians use a wide variety of equipment depending upon their focus. Some work only in the laboratory. Others, such as ecologists, who study organisms in the environment, work mainly outside or work equal amounts in the laboratory and outside. A researcher who is studying what moose eat may watch moose eat outside, collect some of the plants the moose are eating, and then bring them into the laboratory to identify it, using molecular biology (genetic) techniques. In today’s world, a biotechnologist needs to know or partner with several different specialists to be able to apply knowledge from many different fields, even within biology, to answer both basic and applied research questions.

Working Conditions

As part of their jobs, biotechnologists, whether they are a researcher with a Ph.D. or a biotechnician with a two-year degree, have to wear the appropriate laboratory attire; at minimum, close-toed shoes and eye protection. Some laboratories work with dangerous solutions and solids that must be handled carefully and appropriately, while other laboratories do not, but all laboratories will require safety training and knowledge of what to do in an emergency. Workers have to safely assemble the correct equipment and glassware, safely prepare the necessary reagents, safely run the experiment measuring and combining the correct amounts of reagents, properly use the equipment, collect and document the data appropriately, and finally, safely clean up and properly store reagents, solutions, and experimental materials.

The majority of jobs have daytime hours, but there are jobs and locations that conduct night shifts and/or require the scientist or technician to return to the laboratory during off-duty time to collect data or check on equipment.

Training and Advancement

A solid background in biology, chemistry, and physics is helpful, along with the ability to solve problems and multitask. At a minimum, the biotechnician must have a high school education that includes a biotechnology training course or a community college biotechnology certificate or degree. Many technicians have a bachelor’s degree, but that does not guarantee that you will have a higher paying job than a coworker who has graduated from a two-year community college biotechnology program. If you aspire to higher levels, a graduate-level education can place you in a supervisory role.

Outlook

As reported by the Occupational Outlook Handbook, the continued growth of scientific and medical research—particularly research related to biotechnology—as well as the development and production of technical products should stimulate the demand for science technicians in many industries. Stronger competition among pharmaceutical companies and an aging population are expected to contribute to the need for innovative and improved drugs, further spurring demand for biotechnicians. The fastest employer growth of biotechnicians should occur in the pharmaceutical and medicine manufacturing industry and education services.
Earnings

The U.S. Department of Labor’s Occupational Outlook Handbook reports that in 2007, the average annual salary in nonsupervisory, supervisory, and managerial positions in the federal government for biological and biotechnologists was on average $50,000. As with all occupations, geographical location and experience can determine salaries. For instance, the median expected salary for a typical biomedical engineering technician in Alexandria, Virginia is $49,700 while in San Francisco, California, it is $55,256 annually according to Yahoo’s Hot Jobs Web site (http://salary.hotjobs.com). Individuals with advanced degrees typically make much more money in industry.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, 2/2009 http://www.bls.gov/oco/]

Summary >

The term biotechnology refers to the use of living organisms or their products to improve people’s lives. Biotechnology probably began as an accident when microorganisms contaminated food products and ancient people realized that it sometimes made the food taste better, provided a means to store food, and increased the variety of ways food could be prepared.
Fermentation was the primary tool for thousands of years until large-scale historical events or major changes in technology occurred. These events, such as the World Wars, the advent of genetic engineering, and the Human Genome Project, with backing from society and funding from governments, have promoted basic and applied research in biotechnology with far-reaching results.
Applications of biotechnology can be found in medicine, bioremediation, forensics, and the production of fuels. The expansion of biotechnology continues with new applications in other fields and will only continue to increase. However, will it continue to enjoy support from society? Already, many countries have banned certain biotechnology products and processes. What will happen next?

Feedback
1.
Produce a timeline of five events mentioned in this chapter that revolutionized biotechnology.

2.
Using the Internet, make a list of biotechnology companies, including one example for each of the seven different types of companies found in the biotechnology industry. Indicate at least one product or service that the company makes or does for its customers. Organize this information in a table.

3.
Look up Herceptin on the Internet and find out exactly how it works against breast cancer. Also find out when the patent on this drug will expire. Once the patent expires, other companies will be able to make a generic form of this drug without having to do the expensive clinical trials required for the original drug. The cost savings also may mean that the drug would be available to third-world countries and the people who could not originally afford the drug. Companies who do the original research and testing want to extend the life of drug patents because they say they cannot make enough money to justify developing new drugs. What type of information do you need to know to decide if this is fair or not? Taking either the side of the company who holds the patent, or the company that is going to produce the generic form, and write a short paragraph arguing for your side, and include future potential benefits to patients.

4.
If you wanted to genetically engineer the human growth hormone, what body organ do you think you would have to start with?

5.
One of the major tools in genetic engineering is restriction enzymes, otherwise known as the “molecular scissors.” They are used to cut the engineered DNA for insulin and the plasmid used to move the DNA into a bacterium. Look up restriction enzymes on the Internet and write a brief description of the job these enzymes do in nature, as well as the job they perform in the biotechnology field.

6.
Many commercialized proteins used in molecular biology techniques were discovered and obtained from organisms isolated from national parks (e.g., Yellowstone National Park). Do you think these companies should pay a certain percentage of their profits to these parks (i.e., the public)? Should these companies have limited access to sources of these bacteria? Should the general public have access to soil/water/plant samples and the like from park lands even if their motives are noncommercial? Write a short paragraph supporting your position.

7.
In the introduction to this chapter, you learned that there are two main points of view regarding the use of GMO crops. Using the Internet, learn about a strain of corn known as Bt corn (Bacillus thuringiensis). Find out if the proper tests have been done, as determined by USDA, EPA, and FDA, to ensure that Bt corn does not harm beneficial insects and that the public can consume it safely without having to worry about side effects.

8.
Companies have attempted to isolate from soil a bacterial-protein–degrading enzyme that could survive a complete cycle in a clothes washer. The companies had to learn how to grow these organisms under conditions that simulated a washing machine full of water and detergent. Why? Scientists reasoned that if the organisms could survive and grow under these conditions then the enzymes inside them could survive these conditions. List all of the conditions that this enzyme would have to be able to survive to work in a washing machine. Then design a procedure for how this organism might be isolated.

DESIGN CHALLENGE 1:
Extracting DNA from Living Organisms

· Problem Situation

A complete copy of DNA is found in the nucleus of every cell in an organism. In order to release the DNA to analyze it or isolate genes for further cloning experiments, biotechnologists must break open the cells and remove structural proteins and enzymes that interfere with the DNA structure. This simplified procedure releases a great deal of DNA so that you can easily see it and observe its physical and chemical properties.

· Your Challenge

You and your team members will isolate DNA from fruits and vegetables obtained from your grocery market.

· Safety Considerations:

1.
Wear eye protection at all times.

2.
Wear gloves at all times.

3.
Disinfect your work surfaces with ethanol to decontaminate.

4.
Thoroughly wash and disinfect all glassware and measuring spoons.

5.
Never touch the rapidly moving blade of the blender.

6.
Ethanol is highly flammable and should be kept away from open flames at all times.

7.
Do not pour any unused chemicals back into storage containers where it may contaminate the rest of the reagent. Dispose of unused chemicals in proper waste containers.

· Materials Needed

1.
½ cup of a fruit or vegetable of your choice

2.
½ cup ice cold water

3.
⅛teaspoon salt

4.
Blender or mortar and pestle

5.
Strainer

6.
Dish detergent

7.
Small glass containers (test tubes)

8.
Meat tenderizer

9.
Ice cold ethanol

10.
Paper clip

11.
Balance

12.
Weigh boat or paper towel

· Clarify the Design Specifications and Constraints

Your DNA must be isolated from a fruit or vegetable that can be found in your local grocer’s market. The cells from these living organisms will be physically broken opened in a household blender and then chemically broken open (lysed) with a detergent. Enzymes will be used to stabilize the DNA. The DNA will be visible as a stringy substance that has the consistency of mucus when precipitated in ethanol. You should be able to spool the DNA onto a paperclip.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Safety considerations.

2.
In your guide, complete the Knowledge and Skill Builder II: Choosing a fruit or vegetable.

3.
In your guide, complete the Knowledge and Skill Builder III: Lysing cells.

4.
In your guide, complete the Knowledge and Skill Builder IV: Stabilizing DNA.

5.
In your guide, complete the Knowledge and Skill Builder V: Precipitating DNA.

6.
In your guide, complete the Knowledge and Skill Builder VI: Analyzing DNA yield.

· Generate Alternative Designs

Describe two of your possible alternative approaches in extracting DNA from a living organism. Discuss the decisions you made in (a) choosing a fruit or vegetable, (b) lysing the cells, and (c) stabilizing the DNA. Attach drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution

What decisions did you reach about the optimal conditions for extraction of DNA from a living organism?

· Display Your Prototypes

Spool and store the DNA you extracted. Include descriptions, photographs, or drawings of the process in your guide.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you encounter that would cause you to select a different organism or redesign the lysis or stabilization of the DNA? What modifications would you recommend for future experiments? What additional tradeoffs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your results to your class and show what handouts you will use. (Include a media based presentation.)

DESIGN CHALLENGE 2:
Bioremediation of Oil Spills

· Problem Situation

Oil spills in the Gulf of Mexico are a problem, resulting in oil washing up on beaches and negatively affecting both wildlife and the tourist industry along the coasts of Texas and Louisiana. In addition, spills, if they persist on the surface of the water, kill life that concentrates at the surface of the ocean. Several technologies are employed to clean up the oil, for example, dispersant technology, which is used to break up the oil so it sinks down away from the surface. Dispersants can be composed of surfactants, such as detergents, which break up the oil. Their action allows the oil to sink, and then natural processes eventually degrade the oil. For small spills, boom technology is used to sequester and concentrate surface oil slicks. Sometimes sorbents, such as sawdust, are added to help sequester and concentrate the oil. Then the oil, including the sorbent, is either skimmed or swept off the surface. These technologies work fairly well with small spills, but large spills are more difficult to rapidly disperse or are impossible to completely sequester before they cause damage. People are seeking additional technology to augment or replace these existing technologies.

Your company, Remediate, has won the bid on a contract to develop technologies to accelerate the process of large oil spill degradation. Possible choices for speeding up the process are bioaugumentation (the addition of organisms that specifically and rapidly degrade oil) and/or biostimulation (the addition of food sources to speed up the degradation of the oil).

· Your Challenge

Based on the conditions found at the site, you and your coworkers will develop a model for the purpose of determining the best method for speeding up remediation, either by bioaugmentation and/or biostimulation. Included in this challenge is how to measure the degradation of oil over a period of time so that the effectiveness of the method can be properly evaluated.

· Safety Considerations

1.
Wear personal protection equipment (PPE) while working with the laboratory materials and equipment; this includes gloves and eyewear.

2.
Wear closed-toed shoes, as this is a requirement of the industry when working in the laboratory.

· Materials Needed

1.
Jars or large tubes the same size

2.
Mineral oil

3.
Powdered cocoa or oil red

4.
Sodium chloride

5.
Distilled water

6.
Soil from the garden

7.
Fertilizer

8.
Surfactants, for example, dish detergent, liquid soap, or washing machine detergent

9.
Devices for measuring liquids (preferably graduated cylinders)

10.
Device and equipment for measuring solids (preferably a balance)

11.
Device for measuring water temperature such as a thermometer

· Clarify the Design Specifications and Constraints

Your design must model the conditions found in the Gulf of Mexico the majority of time, including salinity concentration, solar radiation, and water temperature. Since crude oil is difficult to obtain, it is suggested that you use mineral oil. It is easily purchased, nontoxic, and produces approximately the same oil/water interfacial properties that crude oil produces when mixed with saltwater.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Safety considerations.

2.
In your guide, complete the Knowledge and Skill Builder II: Pick your model: Baking dish or aquarium.

3.
In your guide, complete the Knowledge and Skill Builder III: Oil spill behavior and boom technology.

4.
In your guide, complete the Knowledge and Skill Builder IV: Bioremediation.

5.
In your guide, complete the Knowledge and Skill Builder V: Bioaugmentation.

6.
In your guide, complete the Knowledge and Skill Builder VI: Measuring oil degradation.

· Generate Alternative Designs

This project requires your team to determine the best method for accelerating bioremediation under a specific set of parameters, as well as to determine the best method for evaluating the degradation of oil over a period of time. Discuss the decisions you made in (a) determining the oceanic conditions and how they were to be duplicated in the model, (b) how biostimulation and bioaugumentation can be done using the model, and (c) how oil degradation is to be measured over a period of time. Attach drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution

What decisions did you reach about the model, the conditions that needed to be duplicated, and how oil degradation was to be evaluated over a period of time?

· Display Your Prototypes

Produce your model and evaluate oil degradation. Include any necessary documentation, data measurements, tables, descriptions, photographs, or drawings of these in your guide.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you face that would cause you to redesign the (a) model, including the oceanic conditions and the conditions for bioremediation, and (b) the evaluation techniques? What changes would you recommend in your new designs? What additional tradeoffs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

Numbered Figure
Figure 13.1|GMO corn kills pests, but does it also harm caterpillars
that turn into beneficial butterflies?
Figure 13.2|Selective breeding has produced hundreds of different dog breeds, each one adapted for specific tasks. (a) Terriers were bred to crawl down holes and pull out foxes for sport or to remove them from farms. (b) The Siberian husky was bred for pulling sleds and enduring cold weather. (c) Today, both breeds are kept as pets.
Figure 13.3|Tame silver foxes are dog-like in the lack of “fox” smell.

Figure 13.4|Common food-fermentation products are soy sauce, wine, beer, bread, sauerkraut, yogurt, and cheeses.

Figure 13.5|The use of yeast to make bread has been around for thousands of years, even as far back as ancient Egypt.

Figure 13.6|Pasteurization kills only some microorganisms, not all of them. That is why there are expiration dates on pasteurized products so that people know when they should throw them out because they may be contaminated after that date.

Figure 13.7|During World War 1, this anaerobic (without oxygen) fermentation process was used primarily for producing acetone in the making of explosives. Over the years, the process was improved to boost yield and produce different mixtures of solvents.

Figure 13.8|There are four different nucleic acids in DNA, symbolized by the letters A, T, G and C. The linear sequence of these nucleic acids determines the products made by a cell and is commonly referred to as the “genetic code” for these products.

Figure 13.9|When DNA is expressed, mRNA is made based on the linear sequence found in the DNA. This process is called transcription.

Figure 13.10|In human cells, the mRNA is transported out of the nucleus and then decoded by protein-making machinery known as ribosomes. This process is called translation.
Figure 13.11|In the nuclei of plant and animals cells, DNA is linearly arranged into genes, which are packaged on chromosomes. The amount of DNA that has to be organized and packaged in a human cell would be twelve feet long if stretched out end to end.

Figure 13.12|Bacterial cells can make proteins much faster than human cells because transcription and translation can occur at the same time. In a human cell the mRNA must be transported out of the nucleus before it can be translated so transcription and translation cannot occur at the same time. Biotechnologists transfer genes from other organisms into bacteria so they can make a commercial product, such as human insulin, quickly and in large amounts.

Figure 13.13|The basic tool kit of the early rDNA biotechnologist contained several items: “molecular scissors” known as restriction enzymes that cut DNA at specific sites, plasmids, bacteria that carry the plasmids, and the DNA of cells from which the scientist isolated foreign pieces or genes. The foreign gene is placed onto plasmids and the plasmids are placed into bacteria. The bacteria divide and making lots bacteria containing the plasmid. The foreign gene on the plasmid is expressed and the foreign protein is made. Examples of gene products are human insulin and enzymes for cleaning clothes. Once harvested and purified, these products could be commercially sold.
Figure 13.14|Some of the participants of the Asilomar Recombinant DNA Conference (from left to right) were Maxine Singer, Norton Zinder, Sydney Brenner, and Paul Berg. Thirty years ago, participants from different nations were engaged in debates about whether recombinant DNA research was too dangerous to be allowed to continue. Even today, as it continues to permeate people’s lives, the public, governments, and researchers worry about the use of this technology.
Figure 13.15|This diagram illustrates the three-step process of DNA amplification by the Polymerase Chain Reaction (PCR).
STEP 1 (denaturation) unzips the double-stranded DNA (represented by red and blue lines) into two separate strands of DNA by heating the reaction mix to 95 degrees Celsius.
STEP 2 (annealing) isolates the DNA target region the researcher wants to multiply, by attaching 2 linear pieces of DNA known as primers (purple and peach pieces) that bind to either side of the target location and cooling the reaction.
STEP 3 (extension) involves heating the mix to 72 degrees at which point an enzyme, in the reaction mix, adds new DNA to the primers. In the figure, the new DNA is indicated by the upper red and blue bars attached to the primers. These three steps are repeated 25–40 times to produce millions of exact copies of the target region of DNA and each time it is reproduced is known as one cycle.

Figure 13.16|The human genome is made up of 23 pairs of chromosomes; half from the father and half from the mother. One pair is known as the sex chromosomes (x and y); these chromosomes determine whether a person is going to be male, which is xy, or female, which is xx. Each chromosome is made up of double-stranded DNA packaged tightly together.
Figure 13.17|In law enforcement, forensic scientists use 13 different DNA sites in the human genome to determine identity. The identity of these sites are revealed by the technique DNA sequencing and can literally be “read” by scientists.
Figure 13.18|Your genome, in every cell of your body, except sperm or egg, is composed of the same DNA and is the blueprint for your life. Your genome contains most of the blueprint of your parents and their parents; in short, your ancestors for thousands of years. People are now paying to have that blueprint investigated to clarify their ancestry.
Figure 13.19|The main portal for DNA information in the United States is the National Center for Biotechnology Information, or NCBI. The other two major portals are the European Molecular Biology Laboratory EMBL, in the United Kingdom and the DNA Database of Japan (DDBJ) Anyone can access this information.
Figure 13.20|Microarray technology is a new way of studying the expression of large numbers of genes. Genetic material, representing different genes, is placed in spots on a glass slide. Every spot represents a different gene, In this example involving cancer research, each spot represents a gene that physicians think are changed as a result of breast cancer. Genetic material is isolated from the patient’s cancer cells and labeled with a red fluorescent dye. Then genetic material is isolated from normal cells in the same tissue and labeled with a green fluorescent dye. Both of these samples are added to the slide containing spots representing different genes. If a spot turns red, then that gene is expressed in that patient’s breast cancer. If the spot turns green, then that gene is only active in noncancerous cells. If the spot turns yellow, then the gene is expressed in both cancer and normal cells.

Figure 13.21|Information for the public sector on the Human Genome Project; its associated projects, such as genetic anthropology; and its applications can be found at the Department of Energy Web site.
Figure 13.22|(1) Carbohydrates in the stomach are broken down into sugars, such as glucose. (2) Glucose enters the bloodstream, increasing the level of glucose in your blood. (3) When your body senses an increase in glucose, it sends a signal to your pancreas. (4) The pancreas responds to the signal by making insulin, which is released into the bloodstream. (5) Insulin acts by allowing the glucose to go from the bloodstream into cells, such as muscle cells; this decreases the concentration of glucose in the bloodstream. (6) The level of glucose drops in the bloodstream; if it drops too far, you get sleepy. In diabetic patients it can drop so low they go into a coma.

Figure 13.23| rhInsulin was first developed in the research and development (R&D) part of a company. R&D also figures out how to make large amounts of the recombinant protein. The manufacturing part of the company produces large amounts of the product, in this case rhInsulin. Quality assurance (QA) tests it to make sure it is produced to specifications. The fill and packaging department ensures that it is correctly labeled, filled, and packed. Since it is a pharmaceutical product, besides Good Manufacturing Practices the company must comply with FDA regulations.

Figure 13.24|The genetic disease cystic fibrosis causes the accumulation of a thick mucous layer in the lungs and intestines. As a result, the person has a predisposition to bacterial lung infections and an inability to properly digest foods. The lung infections produce scarring and decreased lung function, eventually resulting in congestive heart failure.

Figure 13.25|In cystic fibrosis treatment, the defective gene is replaced in the cells lining the inside of the nose and lungs; membrane-bound DNA-containing packets that fuse with cells are delivered using an inhaler. This treatment fixes the cells lining the nose and lungs, but does not cure the disease since the “fixed” cells eventually die and are replaced with defective cells. To fix the error permanently, the gene would have to be replaced in all of the cells of the developing fetus

Figure 13.26|A process called phytoextraction is one way researchers are beginning to use plants in bioremediation. Some plants, such as sunflowers, can pull lead, uranium, arsenic, and other contaminants out of the soil. The plants can then be harvested and safely destroyed, a new crop planted, and the process repeated until the soil is sufficiently recovered.

Figure 13.27|Three days after the tanker Exxon Valdez ran aground off the coast of Alaska, oil started to pool in the rocks on the shore and show up on wildlife such as otters. Genetically engineered bacteria were used to help clean up what turned out to be one of the worst environmental disasters in history.

Figure 13.28|Another alternative energy source is hydrogen gas. Algae can be grown to produce it.

Figure 13.29|A forensic scientist examines evidence with an optical microscope. By courtesy of U.S. Department of Energy.
Figure 13.30|The system of DNA identification used by the FBI requires polymerase chain reaction (PCR) amplification of areas of human DNA in which a short 4-base long sequence is repeated over and over. Such sequences are called “short tandem repeats,” or STRs. The FBI has named this system CODIS for Combined DNA Index System.

Figure 13.31|Humpback whales are a protected species, however, they are still hunted illegally and their meat shows up in markets, especially in Asia. Earthtrust’s Whale DNA Project examines DNA samples from whale meat found in markets to determine if it comes from humpback whales.

Figure 13.32|The Eastgate Centre building in Harare, Zimbabwe, is modeled after tall termite mounds that are naturally cooled by the movement of air throughout the mound. As hot air in the mound rises, it draws cool air in from the bottom.
Figure 13.33|Mussels being pounded by waves provided the idea behind new glue.

Figure 13.34|The leaves of lotus plants have a self-cleaning property. Their microscopic structure and surface chemistry mean that the leaves never get wet. Rather, water droplets roll off a leaf’s surface like mercury, taking mud, tiny insects, and contaminants with them.

Figure 13.35|A gene isolated from jellyfish produces a fluorescent green color. To get other colors such as red, the gene is altered. Originally the gene was used in research to follow the movement of other recombinant genes or to tag abnormal cells, such as cancer cells. Now, this gene and its altered forms are available in fish, producing neon-colored fish.
Figure 13.36|Companies and governmental agencies collaborate to produce a product. This collaboration defines the drug-product pipeline.
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Figure 13.37|Bananas are being genetically engineered to carry a vaccine. All a person has to do is eat such a product and he or she is protected against a certain disease.

Figure 13.38|To save time and space in the laboratory, it is common for biotechnologists to make up concentrated solutions, similar to the concentrated solutions of orange juice you can purchase at the grocery store. Then when they want to make a solution they remove the correct amount and dilute it by adding purified water the same way you would dilute a concentrated juice. The solution in this picture, labeled 10X, is 10 times more concentrated than normal.
Figure 13.39|Dr. Britton built a photobioreactor, so-called because it makes a large amount of biological organisms that use light (photo) as energy. In this case the organism is an algae and it gets it carbon from either the carbon dioxide in the air or from other sources such as those found in sewage. Algal-growing photobioractors can be used to clean up sewage-contaminated water sources. When the algae is grown to capacity, it can be harvested and processed to make a biofuel.
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