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One of the most remarkable things about our home planet is that it is teeming with life. No matter where you travel from equator to pole, from mountain to ocean, you will encounter living things. This book introduces you to biology, the study of living organisms and their characteristics.

How is life defined? This is a question open to some debate, but biologists have determined certain traits that organisms have in common. Life is associated with various properties and processes: order, growth and development, reproduction, energy utilization, response to the environment, homeostasis, and evolutionary adaptation. From the smallest bacterium to the majestic blue whale, living things exhibit these properties and processes in some form.



TRAITS OF LIVING THINGS



Order: The basic cell is composed of smaller units. Living things are made up of cells. An organism may be made of a single cell, or a complex combination of cells.

Growth and Development: Living organisms increase in size and/or number of cells.

Reproduction: Through sexual or asexual means, living things reproduce new organisms of their species and so pass on hereditary material.

Energy Utilization: Through a process called metabolism, living things utilize an energy source (food) to fuel functions.

Response to Environment: Living things respond to stimuli in the environment. An example of a response is movement toward food or away from a threat.

Homeostasis: Living things seek an internal environment that is favorable to cell function.

Evolutionary Adaptation: Living things may adapt to environmental change resulting in an increased ability to reproduce.



As amazing as it seems, you share a great deal with the roses in your garden, your neighbor’s goldfish, and the “bug” that gave you the sniffles a few weeks ago. Even though organisms may seem very different on the outside, there are many unifying themes in biology. We will explore them further in later chapters, but let us begin our journey with an introduction to these themes.

HIERARCHICAL ORDER IN LIFE

The Greek philosopher, Democritus of Abdera (460–370 BC), proposed that all forms of matter are made up of basic, indivisible particles, which he called atoms. He was off to a good start, but it would take more than two thousand years for scientists to come up with a working model.

Democritus might have been surprised to learn that atoms are made up of even smaller units. To understand the order of living things, let’s begin at the subatomic level. The principal subatomic particles are protons, neutrons, and electrons. Atoms make up all known substances. Some substances, called elements, consist entirely of one type of atom (See Appendix—Periodic Table of Elements). Elements may combine to form molecules. When different elements combine, they produce chemical compounds. We’ll take a closer look at elements, molecules and compounds in chapter two.

Biologically speaking, certain atoms combine to form complex biological molecules, such as proteins. Various biological molecules form cellular organelles, such as a nucleus, and these organelles are ordered into cells. The cell is the smallest unit of life, but it is just the beginning. In multicellular organisms, similar cells that perform a specific function are organized into tissues. Different tissues that work together to perform a particular function become organs, the stomach for example. An organ system is a group of organs that works together to perform a particular function, such as digestion. The result is an individual complex organism, such as a human.

Let’s not stop there. Levels of organization in biology go far beyond the individual organism. A localized group of organisms belonging to the same species is called a population, and populations are grouped into a community. An ecosystem is an energy-processing system of community interactions that include non-living (abiotic) environmental factors such as, water, air, and soil. Biomes are large-scale communities classified by a main vegetation type and distinctive combinations of plants and animals. Finally, the biomes make up the biosphere—that part of the planet on which all life exists.



LEVELS OF ORGANIZATION



Biosphere: Regions of Earth’s crust, water, and atmosphere inhabited by living things

Ecosystem: A community and its environment

Community: Populations of different species living in the same area

Population: Group of organisms of the same species living in the same area

Multicelled Organism: An individual organism made up of cells organized as tissues, organs, and organ systems

Organ System: Two or more organs interacting to perform a particular function

Organ: A unit composed of tissues, combined to perform a specialized task or tasks

Tissue: Cells and substances combined to perform a specialized function

Cell: Smallest unit with the ability to live and reproduce

Organelle: Intracellular compartment surrounded by a protective membrane

Molecule: A unit made up of two or more atoms of the same or different elements

Atom: Smallest unit of an element that retains the properties of the element

Subatomic Particle: Fundamental unit of matter such as proton, neutron, and electron



CELLULAR BASIS OF LIVING THINGS

In the Hall of Fame for Biological Theories, the Cell Theory is among the super stars. Its seeds were planted during the seventeenth century following the invention of the microscope. Robert Hooke (1635–1703) was well known in his day as the Curator of Experiments for the Royal Society of London. He had developed an excellent compound microscope and he used it to observe small organisms. Hooke noted box-like structures in a thin slice of cork. He called them cells since they reminded him of the cells in a monastery. Within a decade, the Royal Society asked Hooke to review the work of Antonie van Leeuwenhoek. The latter had observed living cells when he viewed microbes in pond water.


In 1665, Robert Hooke published a book of his observations called, Micrographia. He illustrated it with detailed drawings of microscopic views of insects, plants, feathers, and, yes, those famous cork cells. Samuel Pepys praised it as, “… the most ingenious book that I ever read in my life.”



In 1838, Matthias Schleiden proposed that, like cork, all plants were composed of cells. A year later, Theodor Schwann took it even further. He believed the cell was the basic functioning unit of all living things. The cell theory was officially born in 1868, when pathologist Rudolf Virchow combined the earlier ideas and went on to show that cells are the result of division of preexisting cells.


“Life will always remain something apart, even if we should find out that it is mechanically aroused and propagated down to the minutest detail.”

Rudolf Virchow, 1855



The cell is the lowest level of biological structure capable of performing all of the activities of life. The invention of the electron microscope in the 1950’s has allowed us to determine the ultrastructure of cells. All have a plasma membrane and, at some stage in their development, contain deoxyribonucleic acid, better known as DNA. Structurally, cells can be divided into two groups, prokaryotes and eukaryotes.

Prokaryotes were the first cells on Earth. Archaebacteria and bacteria are prokaryotic cells. They are generally between 0.1 and 10 µm in size. Their DNA is not separated from the rest of the cell by a membrane-bound nucleus and they lack membrane-bound organelles. Most prokaryotic cells have tough external cell walls. There is no cytoskeleton (a lattice-like network of proteins that holds a cell together and gives it its shape) or cytoplasmic streaming (the flow of cytoplasm from one cell region to another). Metabolism can take place in the presence of oxygen (aerobic) or not (anaerobic), depending upon the cell type and species. Cell division is accomplished by binary fission.

• µm = micrometer or one millionth of a meter.

The eukaryotic cell evolved about 1.5 billion years ago. Protists, fungi, plants, and animals have eukaryotic cells. These cells are generally larger than 10 µm. Most of the genetic material is found within a membrane-bound nucleus, and membrane-bound organelles are present. A cell wall occurs in some of the species, but its chemical structure differs dramatically from that of prokaryotic cells. A cytoskeleton is present and there is cyto-plasmic streaming. Metabolism is generally aerobic. Cell division is either by mitosis or meiosis (see Chapter 5).

There are similarities between prokaryotic and eukaryotic cells, too. All cells are bounded by a plasma membrane that encloses proteins and usually nucleic acids such as DNA and RNA. Together, these components guide the cell’s energy sources through metabolic activities controlled by specialized proteins called enzymes.

• Cytoplasm is the gel-like fluid within a cell.

DNA-HERITABLE INFORMATION

DNA is a familiar term in the twenty-first century. It is a focal point of research, a key element in many court cases, and even a featured player in television mysteries. The basic chemical components of DNA are the same for all organisms. It is a double helix, or twisted ladder, made up of sugar and phosphate molecules with four nitrogenous bases: adenine, guanine, cytosine, and thymine. Sugar-phosphate forms the twisted edge and the bases are the rungs of the ladder. The linear sequence of these bases encodes information in a gene—a specific length of DNA. Inheritance is based on a complex mechanism for copying DNA and then passing the DNA from parent to offspring. All forms of life use essentially the same genetic code (See Appendix—The Genetic Code). Each nucleotide sequence codes for the synthesis of one particular protein, regardless of the cell or species in which it occurs. Differences in organisms are due to differences in their nucleotide sequences.

• A nucleotide is made up of a nitrogenous base, a five-carbon sugar, and a phosphate group. On our twisted ladder, each nucleotide represents half a rung.

STRUCTURE AND FUNCTION

There is a relationship between structure and function at all levels of biological organization. Typical functions in multicellular organisms include structural support, sensory processing, and movement. All of these specialized functions require unique structures optimized to serve these activities. The small intestine of humans is an excellent example. It is the major site of digestion and absorption of nutrients, and is designed to provide maximum surface area for this to take place. The six-meter long small intestine is folded into loops. The inner surface is lined with microscopic projections called villi, which in turn are covered with tiny appendages called microvilli.

Another example of structure/function is the anatomy of plant leaves, specifically those plants that inhabit dry, arid regions. Most succulent plants have leaves modified for storing water.

INTERACTIONS OF ORGANISMS

Have you ever had the urge to get away and be all by yourself? Technically, that’s an impossibility. You are always in contact with living organisms of one kind or another. Organisms usually exist in open systems and interact constantly with each other and with their environments. An example is the food web. Plants, as well as certain bacteria and protists, manufacture most of the food consumed by other organisms and thus make up the base of most food webs. These food webs represent the flow of energy that begins with the sun, runs through plants and other photosynthetic organisms, and ultimately fuels complex multicellular predatory animals. These food webs, in turn, are often organized into ecosystems that can involve millions of organisms across thousands of species.

UNITY IN DIVERSITY

The commonality of life on Earth is demonstrated by a universal genetic code, similarities of cell structure, and identical metabolic pathways in many different species. Despite this commonality, there is great diversity in life, as represented by the 1.5 million species that have been named and identified so far. How many species there are remains unknown and could be many millions given the tremendous variety of organisms and their constant tendency to change. Scientists classify these organisms using the binomial, or “two name” system of nomenclature developed by Carolus Linnaeus in the eighteenth century. From most inclusive to most specific, scientists classify organisms into a kingdom, phylum, class, order, family, genus and species.

EVOLUTION—THE CORE THEME OF BIOLOGY

Evolution is a core-unifying theme of biology. Life evolves and species change over time in direct response to changes in environment. In 1859, Charles Darwin wrote On the Origin of Species by Means of Natural Selection. This very controversial book sold out the very first day of publication! Darwin suggested natural selection as a mechanism of evolutionary change. According to the twentieth century geneticist, Theodosius Dobzhansky, nothing in biology makes sense without evolution. It is generally believed that all life on Earth has descended from prokaryotic cells. We will delve further into the details of Darwin’s elegant theory in chapter eight.

SCIENTIFIC PROCESS

As long as people have wondered why things are the way they are, they’ve invented ideas to explain the world around them. Many of these ideas have proven to be far-fetched, but everything we know today is the direct result of someone’s curiosity and imagination. So how do we sort out the difference between the far-fetched ideas and the truth? Simply put, we use the scientific method, the application of common sense and logic.

Science depends on facts gathered from observation. Using the scientific process, an investigator asks a question and forms a tentative answer, or hypothesis, then tests the prediction by doing experiments and making new observations. Then the cycle begins anew: new observations, fresh hypotheses, more experiments. Through this cycle, called the scientific method, researchers are slowly but most certainly demystifying the many puzzles that underlie who we are and how life works.



THE SCIENTIFIC METHOD



OBSERVATION: The investigator makes observations, studies previous data, and defines the problem.

HYPOTHESIS: The investigator drafts one or more testable statements.

EXPERIMENT: The investigator designs and conducts controlled experiments and makes further observations.

CONCLUSION: The investigator analyzes the results. The hypothesis is supported or rejected.



Scientists, however, don’t go looking for absolute proof. Hypotheses can be eliminated, but not confirmed with absolute certainty. Let’s take a look at an example of the scientific method in action.



	Observations
	Tomato plants dying, leaves mottled, and contagion typical of viral disease.



	Hypothesis
	Virus X is killing the tomato plants.



	Experiments
	a.) Use electron microscope to verify presence of Virus X. b.) Infect healthy tomato plants with Virus X to see if mottled leaves occur and death occurs to the plants.



	Results
	Will support or refute hypothesis






• Experiments always need a control group for comparison to the experimental group.

SUMMARY


	Life is organized at different levels—atom, cell, organism, and above the organism.

	At every level in life’s hierarchy, the whole is greater than the sum of its parts.

	The parts have precise structures and these dictate their functions.

	The double helix of DNA is the unifying chemical of life; its linear sequence defines the diversity of living things.

	Evolution, the modification of species, is the core theme of biology.

	The scientific method is a process whereby natural phenomena are believed to have natural causes. Biologists follow this process in their continuing quest to learn more about living organisms.
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KEY TERMS




	matter
	      
	compounds
	      
	chemical bonds



	organic
	      
	carbohydrate
	      
	protein



	lipid
	      
	nucleic acid
	






Imagine you are toasting marshmallows over a campfire on a late summer evening. Fireflies twinkle nearby. Do you find yourself pondering the chemical reactions that power the firefly’s lamp, turn firewood to ash, and marshmallows to goo? Don’t be concerned. It isn’t that unusual. Look into the heart of a biologist and you will find a soft spot for chemistry. Living things are made up of a cornucopia of organic chemicals, and chemical reactions are ever–present in the natural world, from digestion to reproduction. To understand these processes we must journey to the world of the atom.

ATOMIC STRUCTURE

Matter is anything that takes up space and has mass. Mass is the amount of matter a substance has. Let’s say you have a balloon and a bowling ball of the same size. If you were to drop them both on your foot, it would be painfully clear which has more mass. This brings up another point. Weight is a measure of gravitational force pulling on an object. The more mass something has, the more it weighs.

All matter, whether solid, liquid, or gas is made up of atoms, and all atoms have the same basic structure. Let’s take helium for example (See Figure 2.1).


[image: jpg]

Figure 2.1—Diagram of a Helium Atom



The atom is composed of a nucleus at its center, which contains positively charged particles called protons. If neutrons (neutral—having no charge) are present, they will also be in the nucleus. They usually match up with protons in about a one to one ratio. Helium has two protons and two neutrons. Protons and neutrons each have an atomic mass of one dalton.


The unit of measurement called a dalton is named after John Dalton (1766–1844). The English chemist measured the mass of certain atoms. He determined that each element was made up of its own kind of atom, and atoms of different elements had different properties and masses. He published many of his ideas in the New System of Chemical Philosophy in 1803.



Orbiting around the nucleus at very high speeds are tiny, negatively charged particles called electrons. They don’t travel in a set path as a planet orbits a sun. Electrons occupy a space called a shell, or energy level, around the nucleus. There are multiple shells increasing in radius from the inner to outer levels. A shell can hold a limited number of electrons. For example, the innermost shell can hold only two. The next can hold eight electrons, and the next eighteen, and so on. Each shell consists of one or more orbitals, regions where one or two electrons might be found.

Atoms have an equal number of positively charged protons and negatively charged electrons and are neutral. If an atom gains or loses an electron, it becomes a charged atom called an ion. Ions have charges corresponding to the number of electrons lost or gained.
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ELEMENTS AND COMPOUNDS

An element is a substance made up of one kind of atom. It can’t be broken down into a simpler substance. At present, scientists have identified 113 elements. (See Appendix—Periodic Table of Elements.) More await discovery. Admittedly, those with an atomic number greater than ninety-two are rarely found outside of a laboratory.

The Periodic Table of the Elements is an elegant example of compact information display. It was developed by Russian scientist, Dimitri Mendeleev, in 1869. To read the table, choose an element, let’s use helium again, and start with the number at the top of the square. That is its atomic number and it denotes the number of protons in the nucleus. Each element is represented by a chemical symbol—a shorthand name. Take another look at helium. The number below the symbol is 4.00. That is its atomic mass—average mass of an element in all of its forms. The atomic mass is the sum of the masses of the protons and neutrons.

In nature, many elements have more than one atomic form due to the gain or loss of neutrons. These are called isotopes. Their chemical properties remain generally the same but their atomic mass changes.

An isotope is radioactive if the nucleus decays spontaneously giving off particles and energy. If the decay leads to a change in the number of protons, the atom of another element is formed. Radioactive isotopes have been used in scientific research for decades, and as diagnostic tools in medicine.

• The mass of an electron is so small, it is not considered in the mass of the atom.

Most elements are solids and most of them are metals. The elements carbon, oxygen, hydrogen, and nitrogen make up ninety-six percent of the chemical composition of living matter. When elements combine to form substances consisting of two or more different elements in definite proportions, chemical compounds are produced. A compound has different physical and chemical properties than its parent elements.

CHEMICAL BONDS

The old saying that opposites attract is certainly true at the atomic level. Charged particles are always ready for a little bonding. Elements combine to form substances of two or more different elements (compounds) through chemical bonds.

Chemical properties of an atom depend mostly on the number of electrons in its outermost shell—the valence electrons. Atoms are stable when their outer shell is complete. To achieve this, an atom will share, gain, or lose electrons. Sharing at least one pair of electrons is known as covalent bonding. The atoms involved end up with complete outermost valence shells, so it is a strong relationship. The bonds can be single, double, or triple depending upon how many electron pairs are being shared. The more pairs the atoms share, the more stable they become.


Atoms with a filled outer shell are inert, or unreactive. You’ll find them on the right edge of the Periodic Table. They are also called rare or noble gases.



Covalent compounds are usually liquids or gases at room temperature. In the elemental state, hydrogen, nitrogen, oxygen, and the halogens (the row to the left of the noble gases) are usually paired, or diatomic, due to covalent bonding. Covalent bonds are found in carbon dioxide, water, methane, and glucose, all compounds important to living things.

• Covalent bonds are most likely to form among nonmetals that are similarly attractive to electrons.

An electronegative atom attracts electrons of a covalent bond toward its own nucleus. This can make one atom in a bonded pair a little more “selfish” than the other. It tends to hang on to the shared electron more than its partner does. This gives the atom a slight negative charge, or polarity. When electrons are not shared equally, the result is a polar covalent bond (See Figure 2.2). Oxygen is one of the most electronegative elements known. As such, it often forms polar covalent bonds. This type of bonding is seen in a molecule of water.
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Figure 2.2—Unique Structure of Water




Van der Waals interactions, named for physicist J.D. van der Waals, are weak attractions between molecules or parts of molecules that are brought about by localized charge fluctuations. These forces are important in the structure of proteins. Even weak bonds can have an important effect. Weak hydrogen bonds hold the nucleotide bases of DNA together.



Salt is an excellent example of an ionic bond—a bond in which electrons transfer from one atom to another. Sodium has a single electron in its outer shell. Chloride is one electron short in its outer shell. When an electron from sodium is transferred to chloride, they each achieve the sought after full outer shell. The electron shedding sodium atom becomes a positively charged ion and the electron grabbing chloride atom becomes a negatively charged ion. Remember, opposites attract! The two atoms join in an ionic bond that results in a compound known as sodium chloride (common table salt).

• Ionic bonds are easily broken in water.

CHEMISTRY OF WATER

As a molecule, water has unique chemical and physical properties that contribute to the survival of life on Earth. Electrons are not shared equally between the hydrogen and oxygen atoms of water, but are unevenly distributed (see Figure 2.2). Therefore, water is slightly charged at each end. The hydrogen atoms in a water molecule are slightly positive and thus are attracted to the slightly negative oxygen atoms in other water molecules. These interactions form strong, non-covalent hydrogen bonds that order the molecules to a higher level of structural organization.

• Within ice, the molecules are highly organized in a lattice formation. Because of this, ice is less dense than water.

Properties Of Water

The next time you sip a glass of water consider this. Water boasts five physical properties that make it a molecule unlike any other: versatility as a solvent, cohesive behavior, imbibition, ability to stabilize temperature, and expansion upon freezing.

Water is the solvent of life. Ionic compounds dissolve in water. Generally, polar compounds are water-soluble. Hydrogen bonding gives liquid water more structure than most liquids. Therefore, the water molecules are more bound to each other.

• Hydrophobic substances (e.g., nonpolar compounds) do not dissolve in water. Hydrophilic substances do dissolve in water.

Cohesion is the force of attraction between like molecules. Have you ever overfilled a glass of water just a little so that the surface bulges but doesn’t spill? That’s the result of surface tension. Hydrogen bonds at the surface of the water form a sort of “skin” and some molecules are hydrogen-bonded to water molecules below the surface. Hydrogen bonds are the reason you can make a stone skip across a lake’s surface! This cohesive behavior helps in the transport of water in a plant’s xylem. Adhesion is the attraction between molecules of different materials, and it enables water to cling to the xylem walls and counter the effects of gravity.


If you enjoy gardening, you have benefited from imbibition. It is the uptake of water by materials that don’t dissolve in water. The embryo of a seed plant absorbs water, swells and bursts through the seed coat, allowing the seed to germinate.



Specific heat is the amount of heat that must be absorbed or lost for one gram of a substance to change its temperature by 1°C. Water has a high specific heat (1cal/g/°C), so it resists temperature changes. Hydrogen bonds release heat when they are formed and absorb heat to break. Therefore, water is able to stabilize temperature. This becomes very important when we realize that seventy-five percent of our planet is covered by water. This property of water moderates the Earth’s climate, and modifies the transition between seasons in areas near large bodies of water. It stabilizes temperature in aquatic systems, and helps organisms release heat by evaporative cooling (sweating).

You probably learned in elementary school that substances expand when they are heated and contract when cooled. Fortunately for us, water doesn’t do that. Due to the hydrogen bonding between water molecules, it does just the opposite. The result is that ice is less dense than water. It floats on top of the surface, releasing heat to the water below and acting as an insulator. And what would happen if it didn’t do that? For one thing, bodies of water would freeze from the bottom up, making life pretty tough for anything living in them!

Acids, Bases, and pH

Acids and bases are chemical opposites. An acid is a substance that forms or releases hydrogen ions when it dissolves in water. A base is a substance that reduces the relative hydrogen ion concentration, forming an alkaline solution. Strong acids (hydrochloric acid) and bases (sodium hydroxide) dissociate in water completely. Weak acids (carbonic acid) and bases (ammonia) dissociate only partially and reversibly.


A buffer is a substance that minimizes large sudden changes in pH. Buffers work by accepting hydrogen ions from solutions when they are in excess, and by donating hydrogen ions to the solution when they have been depleted.



The pH scale (See Figure 2.3) is used to assess the degree of acidity or basicity (alkalinity) in a solution using a scale ranging from 0 to 14. The letters pH stand for “potential of hydrogen.” A pH of 7.0 is considered neutral. Below pH 7 is acidic and above pH 7 is basic, so a strong acid has a low pH. Most biological fluids have a pH range between 6.0 and 8.0. A notable exception is the acidic pH of your stomach, which has an important role in the digestion of proteins.


[image: jpg]

Figure 2.3—The pH Scale

This table shows the proportion of hydrogen ions to hydroxide ions at various pH levels. Levels between 0 and 7 are called acidic; levels between 7 and 14 are called basic.



• The pH scale is logarithmic. Each measure represents a tenfold change. For example, something that is pH 2 is ten times more acidic than something that is pH 3.

IMPORTANCE OF CARBON

The term organic describes any carbon compound (other than carbon oxides and carbonates). Carbon is the main element of organic compounds, which make up the organisms on this planet.

Carbon usually forms four covalent bonds in compounds due to its four valence electrons. Carbon skeletons may vary in length, shape (straight chain, branched, or ring), number and location of double bonds, and elements bonded to available sites. Frequent elements bonded to carbon include hydrogen, oxygen, and nitrogen.

• Inorganic chemistry is the study of elements and compounds other than most carbon compounds. Although life as we know it would not exist without carbon, the study of the element itself falls within the realm of inorganic chemistry.

In organic chemistry, molecules that have similar properties are classified as functional groups. When functional groups are bonded to the carbon atom, the resulting compounds wind up with specific chemical and physical properties.


	Aldehydes (having C=O at the end of a carbon chain) and ketones (having C=O in a place other than the end of a carbon chain) are important in sugars.

	The amino group (-NH2) is an important functional group in amino acids, and hence, proteins. It is polar and, therefore, soluble in water. It acts as a weak base.

	The sulfhydryl group (-SH) helps stabilize the structure of proteins that have sulfur in their structure.

	The phosphate group is a dissociated form of phosphoric acid and is polar. Organic phosphates are very important in the cellular storage and transfer of adenosine triphosphate (ATP), a compound that releases free energy when its phosphate bonds are hydrolyzed.

	The methyl group (-CH3) is a nonpolar, hydrophobic functional group. It contributes to the one of the principal structures of proteins.



IMPORTANT CELLULAR MACROMOLECULES

So far, we have described molecules as “tiny.” That isn’t always the case. Often organic molecules are large structures, or macromolecules (polymers). They are formed from simpler molecules called monomers. For example, carbohydrates (polymers) form simple sugars (monomers), and proteins (polymers) form amino acids (monomers). Structural variation of macromolecules is the basis for the enormous diversity of life. The theme of unity introduced in chapter one is reflected in the forty or fifty common monomers used to construct macromolecules. Think of each monomer as a letter in the alphabet of life and the macromolecules as the words. As the universal monomers are arranged in different ways, new properties emerge. The language of life develops and the theme is diversity.

Carbohydrates

Do you know anyone who has tried to lose weight by cutting carbohydrates from their diet? You can’t avoid them anyway, since they are in almost every type of food you eat. Carbohydrates are the fuel and building material of organisms, and in food they are a major source of quick energy. The number of simple sugars present in the compound classifies them.

Monosaccharides are simple sugars. Glucose is the major nutrient of cells and the most common monosaccharide. Green plants produce glucose through photosynthesis. In fact, most of the food you eat is broken down into glucose. It is carried via the bloodstream to every cell in the body (See Figure 2.4). Energy stored in the chemical bonds of glucose is harvested during cellular respiration. It can form larger carbohydrates by condensation. The size of the carbon skeleton of carbohydrates varies from three or more, but the most common have three, five, or six carbons. The spatial arrangement around the asymmetric carbons may vary. In aqueous solutions, many monosaccharides form rings. Another typical monosaccharide is fructose, the sugar in fruit.


[image: jpg]

Figure 2.4—The Structure of Glucose




Disaccharides form when two monosaccharides join through a process called dehydration synthesis (removal of water). Glucose and galactose (a simple sugar) combine to form the lactose found in milk. Glucose and fructose combine to form sucrose, or table sugar.



Nutrients that are not used as fuel are stored, some as fat and some as polysaccharides (long chains of simple sugars). Animals store polysaccharides as glycogen in the muscle and liver cells; this substance can be rapidly released when energy is needed.

Plants store polysaccharides in the form of cellulose in their roots, seeds, fruits, and tubers. Because this substance makes cell walls more rigid, it is called a structural polysaccharide. Cellulose is a form of dietary fiber for plant-eating humans. Because humans can’t digest cellulose, it passes through the digestive tract.

• Chitin is another structural polysaccharide. It forms the exoskeleton of the arthropods and is the building material in the cell walls of some fungi.

Lipids

Lipids (commonly known as fats) are an essential part of a balanced diet, and they play a critical role in the body. Like












Proteins



	structural support (collagen)

	storage (of amino acids)

	transport (hemoglobin)

	signaling (chemical messengers)

	cellular response to chemical stimuli (receptor proteins)

	movement (contractile proteins)

	defense against foreign substances and disease-causing organisms (antibodies)

	catalysis of biochemical reaction (enzymes)














Nucleic Acids








SUMMARY


	Chemical compounds form by the interaction of individual atoms where electrons can be shared, gained, or lost.

	The four most abundant elements in living organisms are carbon, hydrogen, oxygen, and nitrogen.

	Water is the most abundant compound in the majority of living things. It has several unique physical properties due to the formation of hydrogen bonds among the water molecules: versatility as a solvent, cohesiveness, imbibition, ability to stabilize temperature, and expansion upon freezing.

	Most biochemical reactions occur when the pH is between pH 6.0 and 8.0. Buffers are necessary to keep the pH from fluctuating.

	The major macromolecules of organisms are carbohydrates, lipids, proteins, and nucleic acids.

	Carbohydrates are the major fuel and building material of living things.

	Lipids can be used as a store for energy, components of plasma membranes or steroid hormones.

	Proteins play major roles in organisms including structural support, storage, transport, signaling, cellular response to chemical stimuli, movement, defense, and enzymatic reactions.

	Nucleic acids are responsible for storing and transmitting genetic information.
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