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HOW TO USE THIS BOOK





Barron’s Science 360: Biology is designed for self-learners and for those looking for a comprehensive guide to everything biology.


This book includes a number of helpful tools that will reinforce your knowledge of the topics as you learn. You’ll find:


What You Will Learn Each chapter begins with a list of the topics covered. This is a useful tool for categorizing the learning process and for devising a study plan.


Terms and Definitions Important terms are defined where necessary to help guide you through topics successfully.


Examples with Solutions Numerous examples for each topic are included throughout, along with answers to check your progress.


Review Exercises Each chapter closes with review questions that will help determine which topics you have a solid understanding of and which topics you need to revisit.


Online Practice Questions Access to 50 online multiple-choice questions designed to enhance your understanding and to test your knowledge. To access, see the card at the front of the book.


BARRON’S 360 STUDY TIPS


SET GOALS AND OBJECTIVES


As you use Barron’s Science 360: Biology, it is a good idea to set personal goals to chart and direct your learning objectives. A goal is something that you wish to achieve over a period of time. Objectives are short-term targets that help you reach a particular goal. For example, suppose that your goal is to learn all the bones in the human skeletal system so well, that if asked to name all the bones in the spine, you would be able to do so without thinking twice. You can reach this goal by establishing short-term objectives—such as committing to study one body part per day—that will enable you to successfully reach your long-term goal of learning the entire skeletal system.


CUSTOMIZE YOUR STUDY


Barron’s Science 360: Biology does not need to be studied in a linear fashion. If there is a particular topic that you want to study or reinforce, just turn to that page or chapter, and all the information along with the features mentioned above will be available to you. There are also some things you can do to optimize your study time and ensure you are retaining the important information you want to learn.


Before You Read


•Review: Review all chapter headings and subheadings and the information in the “What You Will Learn” section.


•Scan: Glance over any illustrations, tables, or graphs in the chapter you’ll be reading.


•Locate Terms and Definitions: Read any bold or italicized words and study their definitions.


•Get Ahead of Yourself: Review the Practice Exercises at the end of the chapter and keep them in mind as you study the chapter.


While You Read


•Predict: Try to predict the answers to the questions in the Practice Exercises. This will help flag important information to keep an eye out for as you read.


•Read Aloud: Hearing what is written on the page leads to better comprehension and retention of information.


•Visualize: Developing a picture in your mind of the information, concepts, or material presented makes it much easier to remember.


Highlighting and Note-taking


•Identify Important Facts: Don’t over highlight. This will have the opposite effect and actually negatively impact your ability to retain the information you need to remember.


•Take Notes: Jot down key ideas and concepts you are having a hard time understanding.


•Draw It Out: Sketch out pictures, graphs, diagrams, or tables to help visualize what you’re reading. This is particularly helpful with complex topics.



After You Read the Chapter


•Talk It Out: Summarize what you have learned from the chapter aloud to a friend or a family member. Explain it as if they are learning it for the first time.


•Answer the Questions in the Practice Exercises: Did you need to look them up, or were you able to answer them from memory?


•Reinforce: If you found yourself having to look up the answers to the questions, go back and read those portions of the chapter again until you feel confident moving on to the next chapter.



Good luck!
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BIOLOGY: THE SCIENCE OF LIFE





WHAT YOU WILL LEARN


In this chapter, you will review how the science of biology began and how modern biologists gather information.


SECTIONS IN THIS CHAPTER




•The Science of Biology


•Branches of Biology


•The Work of the Modern Biologist


•Review Exercises


•Connecting to Life/Job Skills


•Chronology of Famous Names in Biology





The Science of Biology


LEARNING ABOUT LIFE


Science investigates the forces that affect the Earth and its living creatures. Through observation and experimentation, scientists strive to solve the tricky puzzles that hide the causes of events that shape the world. The work of modern science has changed the world remarkably with new and important discoveries in areas such as communication, travel, agriculture, and medicine. How scientists do their work will be discussed in this chapter and in chapters to follow. Biology is the science that studies life and living things, including the laws that govern the events of life.


Every type of life from the smallest microscopic living particle to the largest and most imposing plant and animal species is included in the study of biology. Biological study covers all that is known about any plant, animal, microbe, or other living thing of the past or present.


As defined above, biology is the science of life and living things. Biology is a natural science. It is the study of individual life forms within the world of life known as nature. It is the science of fishes and fireflies, grasses and grasshoppers, humans and mushrooms, flowers and sea stars, worms and molds. It is the study of life on top of the highest mountain and at the bottom of the deepest sea.


Biology is the accumulated knowledge about all living things and the principles and laws that govern life. Whole living things are called organisms. Organisms too small to be seen by the unaided eye are termed microorganisms or microbes.


Those who specialize in biology are known as biologists or naturalists, and it is through their observations of nature and natural events that the great ideas of biology have been born.


BIRTH OF BIOLOGY


The object of scientific study is to find the truth. So it was and still is that human beings have sought the truth about the nature of life. We cannot fully appreciate the present without knowing what has occurred in the past. The birth of biology as a bona fide science was slow and painful, taking place over many centuries. Study Table 1.1, and notice the length of time in centuries over which the ancient Greek naturalists studied and wrote about plants and animals. Now note in Table 1.2 on pages 3 and 4 the number of centuries between Vesalius and Lamarck. You can see that each discovery in biology took a very long time. Learning about the historical development of the ideas of science provides a better understanding of the process and methods of inquiry. Learning about the individuals who have contributed to scientific knowledge increases our understanding of science and society.


THE STUDY OF LIFE THROUGHOUT HISTORY


The study of life is as old as humankind, dating back to ancient peoples who observed and wondered about the characteristics of the animals and plants around their limited sphere. The ancients used their observations to help them in such activities as hunting, food gathering, and crop growing.


A great deal of credit is given to the ancient Greeks for having begun a systematic study of living things, including human beings. The rise of ancient science reached a peak around A.D. 200 and then declined sharply in the European culture. During this time, books were scarce, and questions were considered to be inappropriate and impious prying. These centuries of scientific regression, from A.D. 200 to A.D. 1200, were known as the Dark Ages. Religious authority was considered to be the irrefutable source of all knowledge. Individual observation and dissent were discouraged and often punished. During these centuries, though, scientific exploration and discovery were thriving in the Islamic culture. Scientific methods were refined, questions were investigated and explained, and old ideas were challenged and revised. Table 1.1 provides a brief summary of some early scientific achievements.


TABLE 1.1
EARLY MILESTONES IN BIOLOGY








	Hippocrates
(460–370 B.C.)


	Founded the first medical school, located on the Greek island of Kos.







	Aristotle
(382–322 B.C.)


	Developed the first organized study of natural history; was a keen observer, writer, and illustrator of plants and animals.







	Theophrastus
(380–287 B.C.)


	Specialized in the organized study of plants; is called the “ancient father of botany.”







	Galen
(A.D. 130–200)


	Became an important authority on anatomy.







	Abu al-Abbas al-Abati
(A.D. 1200)


	Emphasized the importance of observation, experimental design, and empirical assessment of data.







	Ibn al-Nafis
(A.D. 1213–1288)


	Used experimental dissection and autopsy; corrected many of Galen’s anatomical inaccuracies; was the first to correctly describe cardiovascular circulation and metabolism.










REVIVAL OF LIFE STUDIES


The 14th century ushered in a renewal of scientific thought and inquiry in the European culture. Among the reasons for the change in attitude were the invention of the printing press, the voyages of the explorers, the expansion of ideas brought on by the Crusades, and the rise of universities. All of these things contributed to a return to the study of nature and to the methods of science.


Some important contributions to the understanding of the laws of natural science between the 16th and 19th centuries are listed in Table 1.2.


TABLE 1.2
DISCOVERIES IN BIOLOGY BETWEEN THE 16TH AND 19TH CENTURIES








	Andreas Vesalius (1514–1564)


	Studied the human body by dissection, ignoring the authority of Galen.







	Marcello Malpighi (1628–1694)


	Described the metamorphosis (body change) of the silkworm.







	William Harvey (1578–1667)


	Demonstrated the path of the blood in the human body.







	Robert Hooke (1635–1703)


	Discovered and named “cells” in cork.







	Anton van Leeuwenhoek (1632–1723)


	Was the first person to recognize and identify living cells.







	Carolus Linnaeus (1707–1778)


	Devised the system of binomial nomenclature, that is, the genus/species naming of plants and animals.







	George Cuvier (1769–1832)


	Founded the study of comparative anatomy.







	Jean Baptiste Lamarck (1744–1829)


	Devised the word biology by putting together two Greek words: bios, meaning “life,” and logus, meaning “study.”










Branches of Biology


Biology is an extensive science. It includes many life science disciplines that cover substantial areas of study and information. Biology has been divided into areas that allow for specialization of study. Several branches of biology are summarized in Table 1.3.


TABLE 1.3
BRANCHES OF BIOLOGY








	Branch


	Area of Study







	Botany


	Plants and their life cycles







	Zoology


	Animals and their life histories







	Anatomy


	Body structure visible to the naked eye







	Physiology


	Functions of body organs and systems







	Embryology


	Embryo development in plants and animals







	Genetics


	Inheritance and variations in living organisms







	Evolution


	Origins and relationships among living species







	Ecology


	Environmental relationships among plants and animals







	Taxonomy


	Naming and classification of organisms










Biologists call each different kind of organism a species (the word species is both singular, as in one species, and plural, as in ten species). Biostatistical methods indicate that there are as many as 30 million different species living on Earth, with as many as 2 million species identified and named. Scientists agree that many living species have not yet been discovered, and it is likely that only about 5 percent of living species have been described. Biologists who specialize in the study of ancient life believe that the number of extinct species is likely between 15 and 16 million.


Investigators of the 18th and 19th centuries were faced with the enormous task of trying to put some kind of order into the study of natural science. Thus, much of the biological work during these centuries involved sorting, identifying, naming, describing, and classifying the large numbers of species that were being discovered.


The use of technology to gather information about living species has led to an explosion of data. Therefore, the science of biology has become so extensive that it has been necessary to divide the branches of biology summarized in Table 1.3 into narrower areas of specialization. As you read this book, you will become familiar with a number of other divisions of the biological sciences.


The Work of the Modern Biologist


Toward the end of the 20th century, new infectious diseases began to emerge. Among these are HIV and AIDS, Lyme disease, Legionnaires’ disease, and Escherichia coli infections. Infectious diseases are caused by microorganisms (germs) that enter the body and do it harm. In the Southwest, victims were recently attacked by the fatal hanta virus, a respiratory disease carried by rodents. Late in the summer of 1999, New York was hit with a fatal outbreak of West Nile fever, an African strain of encephalitis (en-sef-a-li-tus) spread by mosquitoes, which claimed seven lives. Now in the 21st century, public health scientists are alarmed by the rapid spread of hepatitis C, malaria, and strains of drug-resistant tuberculosis, which may infect 50 million people throughout the world.


Research biologists are faced with the monumental tasks of sorting out the life histories of microorganisms that can cause serious epidemics and finding ways to lessen their effects. Epidemiologists are scientists who track the pathways of disease outbreaks. They count and record reported cases of diseases to show patterns of occurrences. Research physicians and pharmacologists (scientists who devise plans for medicines) muster every effort to develop vaccines to prevent the spread of infectious diseases and antibiotics to cure infected persons. Environmental scientists study the environment, seeking ways to wipe out populations of mosquitoes, rodents, ticks, and other carriers of diseases that affect human populations.


Another kind of research biologist is the geneticist (jen-et-i-sist). These biologists specialize in the study of genes. Genes are the molecules (very small chemical particles) of heredity that may provide natural immunity against certain germs that cause disease. Genetic engineering uses microorganisms to make genes produce chemical substances needed to protect the body against infection. Biochemists and biophysicists devote their efforts to technology, devising equipment to diagnose and treat diseases and malfunctioning body organs.


The work of the modern biologist is varied. Biologists apply their knowledge in different ways. Some researchers work in private industry producing commercial food products for today’s consumer. Others apply their knowledge to forestry, and some to agriculture. Still others specialize in the study of domestic animals. There are research workers who concentrate on the nonliving environment, developing ways to maintain clean water and fresh air. Research scientists try to find answers to their questions by working through the problem-solving steps of the scientific method.


THE SCIENTIFIC METHOD AND PROBLEM SOLVING


Research scientists strive to unravel the secrets involved in specific scientific problems. For example, a biophysicist works to devise a method of measuring particles too small to be distinguished by even the most powerful microscopes. A biologist seeks to find the cause of a newly occurring disease. A biochemist aims to identify minute (mine-ute) quantities of a strange chemical in the lungs of a deep-sea diver. A geologist attempts to determine the age of a certain rock formation. These scientists have identified problems for which they seek solutions. The solutions to the problems depend on the orderliness of experimental approach as outlined in the steps of the scientific method.


STEPS IN THE SCIENTIFIC METHOD


The first step in the scientific method is observation. Observation is the accurate visual noting of an event or an object. The accuracy of an observation becomes verified when a number of people who are not connected to each other agree on what they see in regard to the same object, event, or set of circumstances. For example, early in the 16th century, Vesalius presented the first accurate description of the arteries and veins in the human body. His drawings were based on firsthand observations obtained through dissection of human bodies. Over a period of 400 years, succeeding generations of anatomists have attested to the accuracy of Vesalius’s work. It must be noted, however, that although several trained observers may agree on the same set of observations, the conclusions they draw from these observations may differ. A conclusion is a judgment reached by reasoning. Therefore, problem solving depends on other activities that enable the investigator to form conclusions based on accurate observations.


An observation becomes useful only in terms of the conclusion that can be drawn from it. A tentative conclusion drawn from a set of observations is known as a hypothesis. A hypothesis is a very general statement made to tie together things observed prior to experimentation.


An experiment requires a set of procedures designed to provide data about a well-thought-out problem. The purpose of an experiment is to answer a question truthfully and accurately. A reliable experiment requires experimental conditions and control procedures. A control is a check on a scientific experiment and differs from the experimental procedure in one condition only. An experiment is designed to test a specific hypothesis.


A nontestable hypothesis is not useful in problem solving because it does not lend itself to experimental conditions. An example of a nontestable hypothesis follows: blowflies think that meat is an excellent site for egg laying. Because there is no way to test the thought processes of a blowfly, the hypothesis is faulty.


REDI’S BLOWFLY EXPERIMENT


A classical work illustrating the effectiveness of a well-designed experiment is Redi’s blowfly experiment. That living things arise from lifeless matter was a popular 17th century belief known as spontaneous generation. In 1650, the Italian physician Francesco Redi designed and performed an excellent experiment that disproved the notion of spontaneous generation of blowflies from decaying meat:


Redi placed the same kind and quantity of meat into each of three jars. The first jar was left uncovered. The second jar was covered with a porous cheese cloth. The third jar was covered with a parchment thick enough to prevent the odor of the meat from diffusing into the air outside of the jar (Figure 1.1). Flies laid their eggs on the meat in the open jar and on the cheese cloth that covered the second jar. Eggs were not laid on the parchment covering the third jar. Redi watched as the eggs hatched into larvae (maggots) and observed the change of the larvae into adult flies. There were neither maggots nor flies on the meat in the third jar.


On the basis of this experiment, Redi concluded that maggots or flies do not come from decayed meat, but from the fertilized eggs laid by the female fly.


[image: Image]


FIGURE 1.1 Redi’s blowfly experiment. Can you explain the results?


When a hypothesis is supported by substantial data obtained by experimentation, that hypothesis becomes a theory. A theory that withstands the test of time and further experimentation becomes a law or principle. A concept is a blanket idea covering several related principles.


THE TOOLS OF THE BIOLOGIST


Problem solving by the modern biologist requires the use of some very special tools and laboratory techniques. The scientific method is a major idea of biology upon which all research is built. All research begins with observation, a behavior that requires training, skill, and concentration. To increase the accuracy of observation, the research biologist uses tools and techniques that will extend his or her vision and other senses. Because human sensing ability is limited and variable and not really reliable for seeing and recording fine and sometimes fleeting detail, modern scientists make use of instruments and methods that enable them to perceive, measure, and record data precisely. To perceive means to understand through sight. Observed sensory data, including sight, smell, taste, sound, and touch, is called qualitative data.


Measurement is a basic requirement of all research. An investigator must answer questions concerning quantity, length, thickness, periods of time, mass, weight, and other similar attributes with exceptional accuracy. Modern instruments of measurement permit astounding degrees of numerical precision. Biometrics is the science that combines mathematics and statistics needed to deal with the facts and figures of biology. Biologists handle enormous numbers that must be organized and simplified so that they become useful in the analysis of data. Computers aid the investigator’s problem-solving tasks by accepting huge quantities of numerical data and making calculations at lightning speeds. The expression quantitative data refers to numbers, figures, and statistics used by scientists and obtained by measuring.


The research biologist obtains numerical data from using all kinds of measuring instruments designed for remarkable precision. Weighing in micro quantities requires the use of an analytical balance that is capable of weighing accurately to infinitesimal fractions of micrograms. A microgram is a unit of measure indicating one millionth (10–6) of a gram. A gram is about the size of a green pea. The manometer measures the uptake of gases involved in cellular respiration and photosynthesis. Spectrophotometers are able to measure differences in densities of fluids by color comparisons not seen by the human eye. Radioactivity is located and measured by the Geiger counter, a machine structured to feed pulses of electricity into an electronic counter. Scintillation counters measure light flashes imperceptible to the eye, while ultraviolet rays are used to measure objects thinner than an onion membrane.


SEPARATING SUBSTANCES


Discovery in biology involves the ability to take apart the substances of cells so that the secrets of their biochemical activities can be exposed. The technique of chromatography permits the biologist to separate unbelievably small quantities of a substance into its many parts. For example, 1/100,000 of a gram of protein can be separated into its basic amino acid building blocks in one hour. Before the discovery of chromatography, a scientist needed 100 grams of protein and one year’s time in order to make this separation. As the name implies, chromatography is “color writing,” a technique that uses paper or a column of chalk, used as a stationary phase. The test sample, dissolved in a suitable solvent, is allowed to travel up the paper or through the chalk column; this movement is called the mobile phase. The constituents of the sample settle out at various levels as bands or dots of color (Figure 1.2). Electrophoresis is a technique that uses electrical charges to pull substances, such as amino acids, across a gel based on their charge and mass (Figure 1.3).
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FIGURE 1.2 Paper chromatography of a protein sample
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FIGURE 1.3 Gel electrophoresis


TAKING THINGS APART


Biologists learn about how living things are built (structure) and how they work (function) by observation and measurement, by separating substances and analyzing them, and also by taking things apart. The taking apart of a plant or animal body is called dissection. Medical students dissect cadavers (dead bodies) to learn the locations of body organs. Body organs are made up of tissues. Tissues are composed of cells. Cells can be seen only through a microscope.


A biologist wishing to study the processes that go on in cells must take the cells apart to separate the parts contained in the cell. (Look at the diagram of the cell on page 45.) The parts that make up cells are called organelles. Using two pieces of equipment, a blender and a centrifuge, the biologist is able to break open cells and obtain the cell parts for study. In Chapter 3 you will learn more about this technique.


GETTING A BETTER LOOK AT SMALL THINGS


In 1898 Wilhelm Conrad Roentgen discovered X-rays, that is, electromagnetic radiation of short wavelength that carries a large amount of energy. X-rays are able to pass through opaque (dense) body structures, such as bone, and form an image on a photographic plate. The lengths of the various waves in the electromagnetic spectrum are shown in Figure 1.4.


A number of techniques and instruments have helped scientists see things better. X-ray diffraction is a method by which X-rays sent through a crystal show the pattern of molecules and atoms contained in the crystal. This technique was used to determine the structure of the hereditary material DNA (deoxyribonucleic acid).
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FIGURE 1.4 Range of wavelengths in the electromagnetic spectrum. Note the energy level of the X-rays.


To study normal body functions and to diagnose disease conditions, physicians make use of scanning machines that produce computerized images of body organs. These scanners detect infinitesimally small tumors and other tissue abnormalities that escape imaging by standard X-ray techniques. Modern biologists make use of the knowledge of chemistry and physics as well as the technology of engineers to extend their senses and improve observation.


Magnification is the measure of how much a microscope can enlarge specimens under view. The quality of a good microscope is based on its resolving power, that is, its ability to distinguish two closely positioned points. The resolving power of the normal unaided human eye is 0.1 millimeter.


[image: Image]


FIGURE 1.5 Parts of the compound (light) microscope


The best light microscope is capable of magnifying objects 2,000 times (Figure 1.5). When microscopists view a specimen through the light microscope, not only are they interested in its shape and fine detail, but they are also concerned about its size. The unit of measurement used for light microscopy is the micrometer (μm). In relationship to other measures, the micrometer is equal to one thousandth (10–3) of a millimeter (mm); 1,000 nanometers (nm); 10,000 Angstrom units (Å).


When using the compound light microscope, the size of a specimen may be estimated. On the low-power objective, the diameter of the field is indicated by a number, usually 1.6 mm. This means that the diameter of the low-power field is approximately 1600 μm. On the high-power objective, the diameter of the field is usually indicated as 0.4 mm, so the diameter of the high-power field of vision is 400 μm, one-fourth the length of the low-power field. Thus, if a specimen is one-half the diameter of the field under low power, it will be 1/2 of 1600 μm, that is, 800 μm. This type of measurement is an estimate. See Figure 1.6.
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FIGURE 1.6 (a) Diameter of the field of vision under the low power of the light microscope (b) Estimation of size


For more exacting measurements, an ocular micrometer is used. An ocular micrometer is a glass disk on which a micrometer scale is etched. The disk is inserted into the eyepiece (ocular) of the microscope. The scale on the ocular micrometer has 100 equal divisions, which must be calibrated against the units on a stage micrometer. This is done by superimposing the scale of the ocular micrometer on the scale of the stage micrometer. Study Figure 1.7. Notice that the 0 lines on the ocular and stage micrometers coincide. Now notice the alignment between line 20 of the ocular micrometer and the ninth line on the stage micrometer. Each division on the stage micrometer is equal to 10 μm. From 0 to line 20 on the ocular micrometer is equivalent to eight spaces on the stage micrometer. Thus, the distance between 0 and 20 on the ocular micrometer is 80 μm. The ocular micrometer is now calibrated against a standard and can be used to make more accurate measurements of a specimen than are possible by estimation.


The phase contrast microscope makes living transparent specimens visible, while the darkfield microscope or the ultramicroscope gives greater clarity to transparent living organisms such as the spirochetes that cause syphilis. The ultraviolet microscope is used for photographing living bacteria and naturally fluorescent substances.


More complex and sophisticated is the electron microscope. It is capable of magnifying objects more than 200,000 times. Using electrons instead of light and magnets to direct the electrons, the electron microscope has revolutionized the study of the cell (Figure 1.8).
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FIGURE 1.7 Calibration of the ocular micrometer
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FIGURE 1.8 A biologist uses the electron microscope.


The scanning electron microscope (SEM) has improved upon the resolution of the electron microscope. A fine probe directs and focuses electron beams over the material being studied. This makes possible quick scanning and allows for the imaging of intact surface structures. The transmission electron microscope (TEM) allows us to magnify and view internal structures and cross sections of specimens. We can see cellular organelles and their internal structures using the TEM. The high-resolution TEM (HRTEM) allows us a view of molecules and has a resolving power up to approximately 0.78 angstroms (more than 50 million times magnification). The STEM combines scanning and transmission electron microscope technologies and allows for high resolution in viewing detailed structures of cellular anatomy.


The high-voltage electron microscope is a tremendous three-story structure that outputs about 3 million electron volts. This enormous amount of energy permits specimens to be viewed without the thin slicing required by other electron microscopes. In addition, the high-voltage electron microscope produces a three-dimensional micrograph (photograph) not possible with other electron microscopes.


SCIENCE AND TECHNOLOGY


Mention has been made herein of only a small sampling of the kinds of tools and techniques available to the modern biologist. There are also incubators for temperature control, refrigerators for keeping things cool, autoanalyzers for separating and classifying the elements in the blood, automatic mixers and stirrers and shakers, pH meters, autoclaves for sterilizing, timers, and machines that measure time to the fraction of a second.


Review Exercises


WORD-STUDY CONNECTION


analytical balance


anatomy


biology


biometrics


botany


chromatography


concept


conclusion


controlled experiment


ecology


electron microscope


electrophoresis


embryology


epidemiologist


evolution


Geiger counter


genetics


gram


hypothesis


infectious disease


magnification


manometer


microbe


microgram


microorganism


naturalist


nature study


observation


organism


pharmacologist


physiology


qualitative data


quantitative data


resolving power


science


scientific method


scintillation counter


spectrophotometer


spontaneous generation


theory


X-rays


zoology



SELF-TEST CONNECTION



PART A. Completion. Write in the word that correctly completes each statement.


1.The science that specializes in the study of all life is _____.


2.The ancient who founded the systemized study of natural history was _____.


3.The first person to study the dissected human body was _____.


4.The word biology was coined by _____.


5.In general, the world of life is known as _____.


6.Any individual living plant or animal is appropriately termed a (an) _____.


7.Living things too small to be seen with the naked eye are called _____.


8.The study of plants and animals in their natural environment is known as the science of _____.


9.The name Galen is correctly associated with the founding of the science of _____.


10.The circulation of blood in the human body was first demonstrated by _____.


11.A tentative conclusion based on observation is the _____.


12.Redi disproved the theory of _____ (2 words) of flies.


13.Laboratory specimens that cannot be seen by the naked eye can be studied by using a light _____.


14.The word species refers to each different kind of _____.


15.A device used to locate and measure radioactivity is the _____.


16.Figure 1.4 indicates that gamma rays, X-rays, and ultraviolet light carry a great deal of _____.


17.An ocular is an essential part of the _____ microscope.


18.The word micrograph is best associated with the _____ microscope.


19.X-rays were discovered by _____.


20.The ability of a microscope to enlarge an image is called _____.


PART B. Multiple Choice. Circle the letter of the item that correctly completes each statement.


1.An example of a natural science is


(a)geology


(b)biology


(c)physics


(d)chemistry


2.Theophrastus is known as the “ancient father of


(a)biology”


(b)botany”


(c)bacteriology”


(d)biometrics”


3.The “cells” in cork were named by


(a)Hooke


(b)Plato


(c)Galen


(d)Tisellius


4.The study of comparative anatomy was founded by


(a)Malpighi


(b)Lamarck


(c)Harvey


(d)Cuvier


5.The system of binomial nomenclature was developed by


(a)Lamarck


(b)Linnaeus


(c)Leeuwenhoek


(d)Lintel


6.The branch of biology that deals with function is


(a)zoology


(b)taxonomy


(c)physiology


(d)morphology


7.Included in the study of botany would be


(a)dandelions


(b)sparrows


(c)guppies


(d)skates


8.Inheritance and variation in living things are explained by the science of


(a)ecology


(b)genetics


(c)paleontology


(d)taxonomy


9.The study of animals and their life histories is known as


(a)ichthyology


(b)herpetology


(c)anatomy


(d)zoology


10.X-ray diffraction techniques were used to determine the structure of


(a)ATP


(b)NAD


(c)DNA


(d)PGA


11.The science of development is called


(a)cytology


(b)embryology


(c)systematics


(d)pteridology


12.A check on an experiment is a (an)


(a)observation


(b)theory


(c)control


(d)conclusion


13.A blanket idea covering several related principles is called a


(a)theory


(b)hypothesis


(c)concept


(d)conclusion


14.A microgram or its fraction can be weighed most accurately on a balance known as a (an)


(a)analytical


(b)spring


(c)triple beam


(d)double platform


15.Respiratory gases can be measured by using a device called a (an)


(a)calorimeter


(b)manometer


(c)arometer


(d)anemometer


16.The quality of a microscope is judged by its


(a)volumetric capacity


(b)light strength


(c)magnification power


(d)resolving power


17.A three-dimensional photograph of a specimen is made possible by the type of microscope known as


(a)phase contrast


(b)high-voltage electron


(c)scanning electron


(d)ultraviolet


18.A scientist who seeks to solve biological problems by applying the principles of the scientific method is appropriately called a


(a)theoretical analyst


(b)disease specialist


(c)technological engineer


(d)research worker


19.The types of substances used to prevent disease are


(a)antidotes


(b)vaccines


(c)hormones


(d)antibiotics


20.Scientists who specialize in tracking the pathways of disease outbreaks are


(a)botanists


(b)epidemiologists


(c)chemists


(d)pathologists


PART C. Modified True-False. If a statement is true, write “true” for your answer. If a statement is incorrect, change the underlined expression to one that will make the statement true.


1.The purpose of the scientific method is to devise scientific problems.


2.Experimentation is the first step in the scientific method.


3.The 17th-century notion of spontaneous generation supported the belief that decaying meat produces flies.


4.Malpighi was the first person to describe the change in body color of the silkworm.


5.Physiology is the branch of biology that studies body function.


6.A hypothesis is a tentative theory obtained from a set of observations.


7.Another term for a disease-producing microorganism is gene.


8.The control jar in Redi’s blowfly experiment was covered with gauze.


9.Figures 1.5 and 1.8 show that magnetic lenses are part of the compound microscope.


10.AIDS is a respiratory disease carried by rodents in the Southwest.


11.Biochemists are scientists who develop formulas for medicines.


12.A proved hypothesis becomes a theory.


13.A combination of mathematics and statistics applied to facts of biology is known as energetics.


14.Amino acids in proteins can be separated by using electrical charges in a process known as X-ray diffraction.


15.The microscope that can magnify more than 200,000 times is the electric microscope.


16.The ability to distinguish two closely positioned points separately is known as reduction power.


17.Living, transparent microscopic organisms are best viewed by using either an electron or phase contrast microscope.


18.The human eye cannot resolve electrons.


19.Chemical engineering uses microorganisms to make genes produce protective chemical substances.


20.A cytologist studies the mind.


CONNECTING TO CONCEPTS


1.Why is it reasonable to believe that the study of life is as old as humankind?


2.Why is the science of biology divided into so many fields of study?


3.What was the control in Redi’s blowfly experiment?


4.Why are numbers and mathematics so important to the modern biologist?


ANSWERS TO SELF-TEST CONNECTION


PART A


1.biology


2.Aristotle


3.Vesalius


4.Lamarck


5.nature


6.organism


7.microorganisms


8.ecology


9.anatomy


10.Harvey


11.hypothesis


12.spontaneous generation


13.microscope


14.organism


15.Geiger counter


16.energy


17.light


18.electron


19.Roentgen


20.magnification


PART B


1.(b)


2.(b)


3.(a)


4.(d)


5.(b)


6.(c)


7.(a)


8.(b)


9.(d)


10.(c)


11.(b)


12.(c)


13.(c)


14.(a)


15.(b)


16.(d)


17.(b)


18.(d)


19.(b)


20.(b)


PART C


1.solve


2.observation


3.true


4.true


5.true


6.conclusion


7.germ


8.parchment


9.electron


10.hanta virus


11.pharmacologists


12.true


13.biometrics


14.electrophoresis


15.electron


16.resolving power


17.darkfield


18.true


19.genetic


20.cell


CONNECTING TO LIFE/JOB SKILLS


You should become familiar with the metric system of measurement, which is used in all sciences. The metric system is based on multiples of 10. The unit of length is the meter. The unit of mass is the gram. The unit of volume is the liter. Turn to Appendix A and read the metric-English equivalents. Study the conversion tables. Then convert your height and weight, and perhaps the heights and weights of your family members, into metric units. Notice that milk and juice cartons provide volume information in both English and metric units. Begin to think metric!


Chronology of Famous Names in Biology








	1895


	Wilhelm Conrad Roentgen (Germany)—discovered X-rays.







	1903


	Mikhail Tsvett (Russia)—discovered column chromatography.







	1920


	Theodor Svedburg (Sweden)—invented the centrifuge.







	1923


	Georg von Hevesy (England)—developed technique of using radioactive tracers.







	1925


	Joseph E. Barnard (England)—developed technique for photographing living bacteria using ultraviolet light.







	1933


	Arne Tiselius (Sweden)—developed electrophoresis.







	1933


	Max Knell and Ernst Ruska (Germany)—invented the single “lens” electron microscope.







	1935


	Wendell Stanley (United States)—isolated the tobacco mosaic virus by centrifugation.







	1938


	James Hillier and Albert Prebus (England)—invented the compound electron microscope.







	1940


	A. P. J. Martin and R. L. M. Synge (England)—discovered the technique of paper chromatography.







	1952


	Alfred D. Hershey and Martha Chase (United States)—developed the technique of using radioisotopes to study viruses.







	1953


	Maurice H. F. Wilkins (England)—developed the technique of using X-ray diffraction to decipher the structure of DNA.
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CHARACTERISTICS OF LIFE





WHAT YOU WILL LEARN


In this chapter, you will review why there can be no one best definition of life. You will also learn how living things are named and grouped.


SECTIONS IN THIS CHAPTER




•Major Life Functions


•How Living Things Are Named


•Five-Kingdom System of Classification


•Six-Kingdom System of Classification


•Three-Domain System of Classification


•Review Exercises


•Connecting to Life/Job Skills


•Chronology of Famous Names in Biology





SIGNS OF LIFE


As you already know, biology is the science that is concerned with life and living things. Given a collection of familiar objects, you would probably experience little difficulty in separating them into a group of living and a group of nonliving things. To determine if something is living, you would look for signs of life such as movement, response to touch, patterns of growth, and ability to take in food. Let us suppose that included in the group of things you wish to classify are a mildew-covered towel, a green stain on tree bark, a large yellow turnip, and slime mold on the forest floor. What signs of life would you look for in mildew, tree stain, the turnip, and slime mold? Are these things living? What criteria are used to distinguish living organisms from nonliving objects? (See Figure 2.1.)


[image: Image]


FIGURE 2.1 All living things share the same characteristics of life. Can you identify the living and the nonliving things in the picture?



[image: Image]DEFINITION OF LIFE


Scientists are unable to agree on a standard definition of life because it is impossible to define life and its qualities in a sentence or two. For every definition that might be suggested, too many exceptions are found. For example, we can say that living things grow, but crystals can also be made to grow by adding on molecules of transparent quartz. We might also say that living things move. But what about the ball that rolls down a hill or a kite that flies in the air? Are these not moving? It is examples such as growing crystals and flying kites that make life a difficult concept to define. In the descriptions of the aforementioned objects, and in Figure 2.1, which things are considered living and which nonliving? The rabbit, grass, snake, birds, trees, mildew, tree stain, turnip, cattails, and slime mold are all living organisms. The water, soil, rock, sun, ball, kite, air, and quartz crystals are all nonliving. What is it that makes them different? Remember that life is best defined in terms of the functions performed by all living things.


Major Life Functions


The body of a living thing is a highly organized system. It is self-regulating, capable of adapting to changes in the environment. To maintain life, all living systems must be able to carry out biochemical and biophysical activities that together are known as life functions. Life functions found in all living things include the following characteristics.


METABOLISM


You have just read that life functions are characteristic of all living organisms. Life functions either produce energy or use it. Therefore, taken as a whole, life functions are known as metabolism (muh-tab-o-lizm). By definition, metabolism includes all of the chemical activities in the body that produce or use energy. (Energy is the ability to do work.) During certain body processes, small molecules are combined into larger molecules. This building process uses energy. It is a form of metabolism called anabolism (an-ab-o-lizm), taken from a Greek word meaning “to build up.” Conversely, there are processes in the body that break apart large molecules, thereby releasing energy. This metabolic process is known as catabolism (ka-tab-o-lizm), derived from a Greek word meaning “to tear down.” You can understand that metabolism is ongoing in living things. Energy is released; energy is used. Metabolism is one of the basic concepts in biology.


Nutrition is the sum total of the activities through which a living organism obtains food. Food molecules are known as nutrients. Chemicals within the body are able to change nutrients into substances useful for fuel and growth. Included in nutrition are the processes of ingestion, digestion, assimilation, transport, synthesis, cellular respiration, and excretion. Ingestion is the taking in of food. Digestion refers to the chemical changes that take place in the body. Through these changes, nutrient molecules are made usable by the cells. From time to time in this discussion, the word molecule has been used. A molecule is the smallest part of a compound that retains the chemical characteristics of that compound. Assimilation involves the changing of certain nutrients into the cytoplasm of cells. Synthesis is the process of building simple molecules into larger, and more complex compounds.


Transport involves the absorption of materials by living things, including the movement and distribution of materials within the body of the organism. One method of transport is passive transport. (See Figure 2.2.) One type of passive transport is diffusion, the flow of molecules from an area where these molecules are in great concentration to an area where there are fewer of them, without the use of cellular energy. Active transport is the movement of molecules powered by energy. Circulation is the movement of fluid and its dissolved materials throughout the body of an organism.


[image: Image]


FIGURE 2.2 Diffusion (a) Food coloring is placed at the bottom of a beaker of water. (b) Molecules of food coloring begin to move through molecules of water. (c) Molecules of food coloring diffuse throughout the water molecules.


Respiration is the exchange of gases between an organism and its environment. Cellular respiration is a complex process through which energy is released from nutrient molecules. Breathing is the intake of air (inhaling) and the letting out of carbon dioxide and water vapor (exhaling) by some animals.


Excretion removes waste products of other life functions from the body. The lungs, the skin, and the kidneys are excretory organs in humans that remove carbon dioxide, water, and urea from the blood and other body tissues.


Synthesis involves the biochemical processes by which small molecules are built into larger ones. As a result of synthesis, the building blocks of proteins are changed into more complex substances that regulate the body.


HOMEOSTASIS


In the 19th century, the French physiologist (fizzi-ol-o-jist) Claude Bernard developed the concept of homeostasis (home-eo-staysis). Homeostasis means “staying the same.” You’ve read that the body is self-regulating and capable of adapting to changes in the environment. The body can adapt to external environmental changes because its internal environment is able to stay the same. For example, your normal body temperature is 98.6˚F (37˚C). When you go outdoors on a cold winter day, your body temperature remains the same.


ADAPTATION


Adaptation refers to a trait that aids the survival of an individual or a species in a given environment. An adaptation may be a structural characteristic such as the hump of a camel, a behavioral characteristic such as the mating call of a bull frog, or a physiological characteristic controlling some inner workings of tissue cells (Figure 2.3). Adaptations permit the survival of species in environments that sometimes seem forbidding. For example, some bacteria are able to live in hot springs that have temperatures up to 80˚C (175˚F). They have adaptations that permit the carrying out of metabolic functions at extremely high temperatures.


Regulation includes all processes that control and coordinate the many activities of a living thing. Regulation enables living organisms to adjust to changes in the environment. These changes may occur within the body of the organism or in the environment outside the body.


[image: Image]


FIGURE 2.3 The long neck of the giraffe is an adaptation.


Growth describes the increase of cell size and increase of cell numbers. The orderly growth in the number of cells results in the growth of the body.


Development refers to the changes that occur in an organism during the aging process. Examples of development include the loss of baby teeth and emergence of adult teeth in humans and the emergence of legs as a tadpole to become a frog.


Reproduction is the process by which new individuals are produced by parent organisms. Organisms produce the same kind of individuals as themselves. There are two major kinds of reproduction: asexual and sexual. Asexual reproduction involves only one parent. Sexual reproduction requires the participation of two parents, each producing special reproductive cells known as sex cells or gametes. The continuation and survival of the species is dependent upon reproduction. Once a species has lost its reproductive potential, the species no longer survives and it becomes extinct.


Organization is the life characteristic that is exhibited as each cell and every member of every species have similar parts with similar functions and are found in similar locations. These parts are organized and contribute to the effective function of the organism.


How Living Things Are Named


THE CONCEPT OF SPECIES


About 8.7 million kinds of living things have been discovered. To identify these organisms, study them, and retrieve information about them, biologists have organized them into groups. The process of organizing living things into groups is called classification.


The basic unit of classification is the species. A species is a group of similar organisms that can mate and produce fertile offspring. The red wolf, the African elephant, the red oak, the house fly, the hair cap moss—each belongs to a separate and distinct species. For example, the red wolf belongs to the red wolf species in which the male mates with the female and produces fertile red wolf offspring. Upon maturity, these red wolf offspring will reproduce just as their parents did. Species is a reproductive unit, not one defined by geography. Once brought together, a Mexican male Chihuahua can mate with a female Chihuahua born in France because they are species compatible.


In rare instances, members of closely related species—horses and donkeys, for example—can mate and produce offspring. But the products of interspecies matings are not usually fertile and therefore cannot produce offspring. When a male donkey mates with a female horse (mare), a mule is produced. The mule is an infertile hybrid (Figure 2.4). The mating of a male horse (stallion) and a female donkey results in a hinny, also an infertile hybrid.


[image: Image]


FIGURE 2.4 The mule, an infertile hybrid


BINOMIAL NOMENCLATURE


In modern biology, living things are named according to the groups in which they are classified. The Swedish botanist and physician Carl von Linné (1707–1778) is credited with having devised the first orderly system of classification. Under the Latinized form of his name––Carolus Linnaeus—he is now known as “the father of modern taxonomy.” Linnaeus based his system of classification on the anatomy and structure (morphology) of organisms. He recognized that living things fall into separate groups distinguishable by specific structural characteristics. He called each separate group of organisms a species. To each species he assigned a two-word Latin name, or a binomial.


The first word in the species binomial designates the genus. Linnaeus assigned the genus (plural, genera; adjective, generic) as the next higher unit of classification after the species. In his system the genus is a classification group consisting of one or more related species.


The species name is the scientific name, a double name in Latin known as binomial nomenclature. The system of double naming is so orderly and practical that it is used in every country in the world. Thus, the scientific name for an organism is the same worldwide irrespective of the language of the country.


The scientific or species name—Quercus rubra, for example—provides us with some information about the organism. First of all, the genus name Quercus is the Latin name of oak. Species that are classified as oaks are grouped into the genus Quercus. The name rubra (red) indicates that it is a separate and distinct kind of oak apart from Quercus alba (white oak) or Quercus suber (cork oak). See Table 2.1.


Certain rules are followed in the use of the genus and species names. The genus name is capitalized; the second word in the species name is not. The scientific name (genus and species name) is always italicized in print and underlined when written in long hand. Whenever the species name is used more than once in the same paragraph, it can be abbreviated. The first letter of the genus name is used followed by the complete name of the species: Q. rubra. When used alone, the genus name is always capitalized and spelled out: Quercus.


TABLE 2.1
THE GENUS QUERCUS








	Scientific Name


	Common Name







	Quercus alba


	white oak







	Quercus coccinea


	scarlet oak







	Quercus montana


	chestnut oak







	Quercus rubra


	red oak







	Quercus suber


	cork oak







	Quercus virginiana


	live oak










TAXONOMIC GROUPS


The science of taxonomy developed from the great need to classify the vast number of species that naturalists were discovering during the 18th and 19th centuries. The design of the classification system is a simple and practical one that lends itself easily to the addition of new names of organisms as they are discovered. The system makes use of a number of hierarchical groups, each related to the other in terms of biological significance. Each group of organisms within the scheme is known as a taxon (plural, taxa). The classification groupings are as follows: kingdom, the largest and most inclusive group, followed by phylum, class, order, family, genus, and species.


Linneaus based his system of classification on the morphology (structure) of organisms that appeared most closely related. The current practice is to group living things according to evolutionary relationships. Evolution is the branch of biology that studies changes in plants and animals that occur over long periods of time. Since the structures of plants and animals seem to reflect their evolutionary histories, the Linnaean system works well with the present-day approach to classification.


TABLE 2.2
CLASSIFICATION OF THE HUMAN








	Category


	Taxon


	Characteristics







	Kingdom


	Animalia


	Multicellular organisms requiring preformed organic material for food, having a motile stage at some time in their life histories.







	Phylum


	Chordata


	Animals having a notochord (embryonic skeletal rod), dorsal hollow nerve cord, gills in the pharynx at some time during the life cycle.







	Subphylum


	Vertebrata


	Backbone (vertebral column) enclosing the spinal cord, skull bones enclosing the brain.







	Class


	Mammalia


	Body having hair or fur at some time in the life; female produces milk to nourish offspring; warm-blooded; one bone in lower jaw.







	Order


	Primates


	Tree-living mammals and their descendants, usually with flattened fingers and nails, keen vision, poor sense of smell.







	Family


	Hominidae


	Bipedal locomotion, flat face, eyes forward, binocular and color vision, hands and feet specialized for different functions.







	Genus


	Homo*


	Long childhood, large brain, speech ability.







	Species


	Homo sapiens†


	Body hair reduced, high forehead, prominent chin.










* Homo = Latin: man; † sapiens = Latin: wise


Five-Kingdom System of Classification


The largest and most inclusive classification category is the kingdom. For many decades, living things were considered to be either plants or animals and thus were grouped into one of two kingdoms, Plantae and Animalia. Improved microscopic and other research techniques have revealed many species that cannot be classified either as plant or animal. For example: the one-celled organism Euglena, which has both plant and animal characteristics, was commonly referred to as a “biological puzzle” because taxonomists could not classify it to meet the satisfaction of all biologists. (See Figure 7.9, page 152.) Other organisms such as bacteria, in which plant and animal characteristics can be demonstrated among the various species, also presented classifications problems.


In 1969, the ecologist Robert Whittaker proposed an updated system of classification in which every living thing is grouped into one of five kingdoms, based on the extent of its complexity and the methods by which nutritional needs are met.


TABLE 2.3
THE FIVE-KINGDOM SYSTEM








	Kingdom


	Characteristics







	Monera


	All monera are single-celled organisms. Unlike other cells, the monerans lack an organized nucleus, mitochondria, chloroplasts, and other membrane-bound organelles. They have a circular chromosome. Examples are bacteria and blue-green algae.







	Protista


	Protists may be one-celled or multicellular organisms that have a membrane-bound nucleus. They are simple organisms with characteristics of plants, fungi, or animals. Within the nucleus are chromosomes that exhibit certain changes during the reproduction of the cell. Other cellular organelles are surrounded by membranes. Some protists take in food; others make it by means of photosynthesis. Some protists can move from one place to another (motile); others are nonmotile. Examples of protists are Amoeba, Euglena, Paramecium, Punnularia (diatom), seaweed, and slime molds.







	Fungi


	Fungi are multicellular, nonmotile, plant-like species that cannot make their own food. The fungi (fungus, singular) absorb their food from a living or nonliving organic source. Fungi differ from plants in the composition of the cell wall, in methods of reproduction, and in the structure of body. Examples of fungi are mushrooms, water mold, and bread mold.







	Plantae


	The plant kingdom includes the mosses, ferns, grasses, shrubs, flowering plants, and trees. Most plants make their own food by photosynthesis and contain chloroplasts. All plant cells are multicellular, have a membrane-enclosed nucleus, and have cell walls that contain cellulose.







	Animalia


	All members of the animal kingdom are multicellular. The cells have a discrete nucleus that contains chromosomes. Most animals can move and depend on organic materials for food. Excluding the very simple species, most animals reproduce by means of egg and sperm cells.










Six-Kingdom System of Classification


In the five-kingdom classification system, all bacteria are grouped in the kingdom Monera. New evidence from molecular biology and electron microscopy, however, has indicated to biologists that all bacteria do not have the same evolutionary history. Therefore, the kingdom Monera has now been divided into two kingdoms: the Archaeobacteria and the Eubacteria. (Descriptions of the species classified as Archaeobacteria and as Eubacteria are given in Chapter 6.) The current classification model exhibits six kingdoms.


TABLE 2.4
THE SIX-KINGDOM SYSTEM








	Kingdom


	Characteristics







	Archaeobacteria


	Archaeobacteria survive only where there is no oxygen. They live in harsh environments: hot springs, salt lakes and seas, anaerobic (without oxygen) marshes, sewage plants, and the sludge of lake bottoms and seas. Examples are methane-producing bacteria, salt-loving bacteria, and heat-loving bacteria.







	Eubacteria


	Most species of bacteria belong to the Eubacteria. Certain kinds of these bacteria are classified by their shapes: bacillus (rod-shaped), coccus (round), and spirillum (spiral). This kingdom is wide ranging and consists of both helpful and disease-producing bacteria.







	Protista


	Same as in Table 2.3







	Fungi


	Same as in Table 2.3







	Plantae


	Same as in Table 2.3







	Animalia


	Same as in Table 2.3










Three-Domain System of Classification


A naming system that is gaining popularity among scientists is the three-domain system. It is based on Carl Woese’s understanding of the diversity and distinctions of the bacterial kingdom. Woese recognized such extreme genetic and cellular differences between the Archaeobacteria and the Eubacteria that he developed a higher, larger, more inclusive level of classification than the kingdom. Woese recognized three domains: the Bacteria (common prokaryotes/bacteria), the Archea (bacteria that live in very extreme environments), and the Eukarya (all eukaryotes and the kingdoms Protista, Fungi, Plantae, and Animalia).


Review Exercises


WORD-STUDY CONNECTION


active transport


adaptation


anabolism


Animalia


Archaeobacteria


asexual reproduction


assimilation


binomial nomenclature


breathing


catabolism


cellular respiration


circulation


class


diffusion


digestion


Eubacteria


excretion


family


Fungi


gametes


genus


growth


homeostasis


Homo sapiens


hinny


hybrid


ingestion


kingdom


life function


metabolism


Monera


morphology


motility


mule


nutrient


nutrition


order


phylum


Plantae


Protista


regulation


replication


reproduction


respiration


sexual reproduction


species


synthesis


taxon


taxonomy


transport


vertebrate


SELF-TEST CONNECTION


PART A. Completion. Write in the word that correctly completes each statement.


1.The taking in of food is known as _____.


2.The type of transport requiring energy is _____ transport.


3.The pumping of air into and out of the lungs is known as _____.


4.Small molecules are built into larger ones in biochemical processes known as _____.


5.Examples of excretory organs are the kidneys, the skin, and the _____.


6.The building blocks of proteins are _____.


7.Reproduction that involves one parent is known as _____.


8.Chromosomes are duplicated in a process called _____.


9.Destructive metabolism is known as _____.


10.“To stay the same” is expressed by the biological term _____.


11.The mating of a male donkey and a mare produces the animal known as a _____.


12.Binomial nomenclature refers to _____ naming.


13.Equus asinua and Equus caballus indicate that these organisms belong to the same _____.


14.The _____ name is always capitalized.


15.The science of classification is known as _____.


16.The current classification system consists of _____ kingdoms.


17.Animals with backbones are classified as _____.


18.Linnaeus based his system of classification on the _____ of organisms.


19.Under the five-kingdom system of classification, all bacteria were grouped in the kingdom _____.


20.A bacillus is a bacterium that is shaped like a _____.


PART B. Multiple Choice. Circle the letter of the item that correctly completes each statement.


1.Chemical changes that change large food molecules into smaller soluble ones are known as


(a)egestion


(b)ingestion


(c)mastication


(d)digestion


2.The general term applied to the absorption and distribution of molecules within the body of an organism is


(a)diffusion


(b)transport


(c)cyclosis


(d)motion


3.Energy-releasing activities carried out by cells are known as


(a)regulation


(b)respiration


(c)digestion


(d)assimilation


4.The wastes of cellular respiration are


(a)CO2 and nitrogen


(b)urea and oxygen


(c)carbon dioxide and water vapor


(d)urea and nitrogen


5.Movement of water into a plant’s root system is an example of


(a)diffusion


(b)active transport


(c)synthesis


(d)excretion


6.The movement of food-coloring molecules through water without the application of energy is known as


(a)excretion


(b)transportation


(c)cremation


(d)diffusion


7.All of the biochemical activities in the body are included in the term


(a)anabolism


(b)atavism


(c)metabolism


(d)catabolism


8.When species lose their reproductive potential, they


(a)become extinct


(b)increase in numbers


(c)develop alternative systems


(d)develop more energy


9.The long neck of a giraffe is considered to be a (an)


(a)throw-back


(b)affectation


(c)effector


(d)adaptation


10.The first word in the species binomial refers to the


(a)kingdom


(b)phylum


(c)genus


(d)class


11.The basic unit of classification is the


(a)taxon


(b)phylum


(c)kingdom


(d)species


12.A mule can properly be described as a


(a)high breed


(b)hybrid


(c)mongrel


(d)hinny


13.The name Linnaeus is best associated with


(a)taxonomy


(b)morphology


(c)paleobiology


(d)anatomy


14.The scientific name is the same as the


(a)common name


(b)species name


(c)genus name


(d)popular name


15.Euglena is best classified as a


(a)plant


(b)animal


(c)fungus


(d)protist


16.Tetrapoda are animals that have four


(a)limbs


(b)legs


(c)fingers


(d)toes


17.All bacteria that cause disease are placed in the kingdom


(a)Fungi


(b)Monera


(c)Eubacteria


(d)Archaeobacteria


18.Mushrooms are classified as


(a)nongreen plants


(b)bacteria


(c)protists


(d)fungi


19.“Anaerobic” means without


(a)oxygen


(b)carbon dioxide


(c)methane


(d)heat


20.All members of the animal kingdom


(a)have legs


(b)are multicellular


(c)breathe in carbon dioxide


(d)metabolize methane


PART C. Modified True-False. If a statement is true, write “true” for your answer. If a statement is incorrect, change the underlined expression to one that will make the statement true.


1.A definition of life is quite easy to formulate.


2.Living things are highly dispersed systems.


3.The process in which nutrients are changed into protoplasm is known as digestion.


4.The movement of materials from place to place in the body is known as locomotion.


5.Processes that involve control and coordination of the activities of living organisms are known collectively as metabolism.


6.Increase in cell size is known as growth.


7.The endocrine system is a part of the plant body.


8.Auxins help regulate growth in plants.


9.Two parents are required for the process of asexual reproduction.


10.Anabolism is a breaking down process.


11.A hinny can reproduce others like herself.


12.The genus name is binomial.


13.The largest classification group is the species.


14.The branch of biology that studies change in form of living things is classification.


15.A classification group of organisms is known as a taxon.


16.All Archaeobacteria live where there is no water.


17.Amoeba belong to the kingdom Animalia.


18.The name Carl Woese is best associated with the five-kingdom system of classification.


19.John Ray was the first to introduce the concept of the genus.


20.The fine detail of bacteria is best resolved through the light microscope.


CONNECTING TO CONCEPTS


1.Compose a definition of life. Why is life difficult to define?


2.Why must biologists classify living things?


3.Explain the meaning of homeostasis.


4.Why are bacteria not placed in the kingdom Protista?


ANSWERS TO SELF-TEST CONNECTION



PART A



1.ingestion


2.active


3.breathing


4.anabolism


5.lungs


6.amino acids


7.asexual


8.replication


9.catabolism


10.homeostasis


11.mule


12.double (scientific)


13.genus


14.genus


15.taxonomy


16.six


17.vertebrates


18.structure


19.Monera


20.rod


PART B


1.(d)


2.(b)


3.(b)


4.(c)


5.(a)


6.(d)


7.(c)


8.(a)


9.(d)


10.(c)


11.(d)


12.(b)


13.(a)


14.(b)


15.(d)


16.(a)


17.(c)


18.(d)


19.(a)


20.(b)


PART C


1.difficult


2.organized


3.assimilation


4.transport or circulation


5.regulation


6.true


7.animal


8.true


9.sexual


10.building up


11.cannot


12.species


13.kingdom


14.evolution


15.true


16.oxygen


17.Protista


18.six


19.species


20.electron


CONNECTING TO LIFE/JOB SKILLS


Museums of natural history specialize in preparing exhibits that tell the stories of the life histories of plants and/or animals. The curator of a natural history museum is a highly trained person who is a specialist in one of the fields displayed in the museum. The curator heads a staff of assistants and technicians who research specimens and prepare them for exhibit. The curator must be sure that each specimen included in an exhibit is correctly classified. You can find information about careers in natural history museums by contacting the American Alliance of Museums, now known as AAM, located at 2451 Crystal Drive, Suite 1005, Arlington, VA 22202.


Chronology of Famous Names in Biology








	342 B.C.


	Aristotle (Greece)—first to try to group organisms by selecting a single outstanding feature.







	1627–1705


	John Ray (England)—introduced the word species to describe an organism. Catalogued about 19,000 plants of Europe.







	1707–1778


	Carolus Linnaeus (Sweden)—devised the first classification system. Wrote Systems Natural and Species Plantarum. Introduced the idea of the type species—typical specimen of the species.







	1969


	Robert H. Whittaker (United States)—devised the five-kingdom system of classification.







	1975


	Carl R. Woese (United States)—established a three-domain system to distinguish and classify the Bacteria, the Archaea, and the Eukarya.




















3



THE CELL: BASIC UNIT OF LIFE





WHAT YOU WILL LEARN


In this chapter, you will review the structure and function of cells and the essential roles that cells play in the life of an organism.


SECTIONS IN THIS CHAPTER




•The Cell as a Basic Unit


•Parts of a Cell


•Comparison of Plant and Animal Cells


•Organization of Cells and Tissues


•Cell Reproduction


•Review Exercises


•Connecting to Life/Job Skills


•Chronology of Famous Names in Biology





The Cell as a Basic Unit


CELL CONCEPT


The body of a living organism is built of units called cells. All living things are similar in that they are composed of one or more cells. The body of a unicellular organism is composed of one cell. Most plants and animals are multicellular, having a body made of numerous cells.


During the years 1838 and 1839, the cell theory was pioneered by two eminent scientists of the day. Matthias Schleiden, a botanist, and Theodor Schwann, a zoologist, combined some of their fundamental ideas about the structure of plants and animals into what has developed into a basic concept of biological thought. The work of Rudolf Virchow completed the cell theory when, in 1858, he established that new cells could arise only from other living cells. The cell theory states that (1) that cells are the basic units of life; (2) that all plants and animals are made of cells; and (3) that all cells arise from preexisting cells.


UNIT OF STRUCTURE


Microscopic examination of plant and animal parts indicates that the bodies of living organisms are composed of cells. Cells provide structure and form to the body. They appear in a variety of shapes: round, concave, rectangular, elongate, tapered, spherical, and others. Cell shape seems to be related to specialized function (Figure 3.1).


Cells not only vary in shape, they also differ in size. Most plant and animal cells are quite small, ranging in size between 5 and 50 micrometers in diameter (Figure 3.2). Cells are measured in units that are compatible with modern microscopes. (See Table 3.1.)


[image: Image]


FIGURE 3.1 Types of human cells


[image: Image]


FIGURE 3.2 Comparative sizes of egg cells


TABLE 3.1
SIZE UNITS USED IN MICROSCOPY


[image: Image]


UNIT OF FUNCTION


Each cell is a living unit. Whether living independently as a protist or confined in a tissue, a cell performs many metabolic functions to sustain life. Each cell is a biochemical factory using food molecules for energy, repair of tissues, growth and ultimately, reproduction. On the chemical level, the cell carries out all of the life functions that were discussed in Chapter 2. Living organisms function the way they do because their cells have the properties of life.


UNIT OF GROWTH


Each living thing begins life as a single cell. Many protists remain unicellular. The unicellular protist cell body grows to a certain size and then divides into two new cells. A multicellular organism also begins life as a single cell. Its original cell grows to a certain size and then divides. Unlike the cells of unicellular organisms, the cells of multicellular protists, fungi, plants, and animals hold together, forming tissues. Later in this chapter, the role of tissues will be discussed. At this point, we are interested in cells as the unit of growth. As the number of cells increases in the body of a plant or animal, so does its size. Large organisms have more cells than small organisms. Thus, the size of a living thing depends upon the increase in the number of its cells.


UNIT OF HEREDITY


New cells arise only from preexisting cells. A cell grows to an optimum size and then divides, producing two other cells identical to itself. Paramecia produce other paramecia (Figure 3.3); onion skin cells produce new onion skin cells identical in structure and function to themselves. From single cells, multicellular organisms produce other organisms like themselves. This is so because cells carry hereditary information from one generation to the next. The information is coded in molecules of DNA (deoxyribonucleic acid) and is usually transmitted accurately to new cells. The reproductive machinery in the nucleus of the cell serves as a carrier of hereditary instructions.


[image: Image]


FIGURE 3.3 A dividing paramecium


Parts of a Cell


Essentially, all cells have similar parts designed to contribute to the work of the whole cell. The cell may be described as a membrane-enclosed unit consisting of cytoplasm and a nucleus. Both nucleus and cytoplasm are packed with finer structures that can be resolved or distinguished clearly only through the electron microscope.


The parts of a cell are known as organelles, meaning “little organs.” This term is appropriate because parts of the cell have special functions, somewhat like miniature body organs. Figure 3.4 shows a typical animal cell as visualized through the light microscope. However, there are many organelles in the cell that cannot be seen by using the light microscope. These structures can be resolved by the electron microscope and are known collectively as the fine structure of the cell. Figure 3.5 presents a diagram of an electron micrograph of a cell. You will find it helpful to refer to this diagram as you read about the structure and functions of parts of the cell.


BREAKING CELLS APART


A biologist studying cell processes wishes to remove the organelles (cell parts) from within the cell unit. Tissue and lysing (loosening) fluid are put into an electric blender or homogenizer. Here the tissue cells are separated from each other and the cell membranes are broken open. The suspension of ruptured cells and lysing fluid is then placed in a test-tube-like device and spun in an ultracentrifuge at 80,000 rotations per minute. The force exerted at extreme speeds of rotation is equivalent to 500,000 times the force of gravity. Such force causes the membranes enclosing the tissue cells to split open, releasing their contents into the sucrose (sugar) lysing fluid.


[image: Image]


FIGURE 3.4 Typical animal cell


[image: Image]


FIGURE 3.5 Detail that would be seen in an electron micrograph of a cell


On the basis of weight differences, the organelles of each cell are distributed in the lysing fluid in layers. The heavier cell structures fall to the bottom of the tube. The smaller and lighter particles remain in zones at the top. The fluid that tops a zone of heavier particles is called the supernatant. Organelles of intermediate weight are distributed in zones between the top and bottom layers. The technique of ultracentrifugation enables the research biologist to remove layered zones and to study them separately, either by biochemical means or by observation through electron microscopy. See Figure 3.6.
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T These units of measure are being phased out but still appear in scientific literature.
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