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Letter to the Reader

Dear Reader,

Thank you for reading The Everything® Guide to Anatomy and Physiology. This was always one of my favorite subjects when I was getting my biology degree because it was the first subject that really applied to something I related to every day: my own body. Since the human body is such a complex and intricate machine, I hope you find this guide a simplified view of the more challenging designs and mechanics that keep our bodies running smoothly. Too often textbooks, which are written by professors who deal with research on explicit detail, are written in technical language and assume a certain level of understanding of the biological processes. As a student I found this frustrating and confusing. As you learn about the body and begin to understand its beautiful pattern, design, and function, use this guide as a supplement to assist you through those most challenging portions of human anatomy and physiology. This information will be essential to those in the biological sciences as well as those wishing to pursue a career in the health professions. I wish you the best of luck in all your studies of the amazing human body.


Welcome to the Everything Series!

These handy, accessible books give you all you need to tackle a difficult project, gain a new hobby, comprehend a fascinating topic, prepare for an exam, or even brush up on something you learned back in school but have since forgotten.

You can choose to read an Everything® book from cover to cover or just pick out the information you want from our four useful boxes: e-questions, e-facts, e-alerts, and e-ssentials. We give you everything you need to know on the subject, but throw in a lot of fun stuff along the way, too.

We now have more than 400 Everything® books in print, spanning such wide-ranging categories as weddings, pregnancy, cooking, music instruction, foreign language, crafts, pets, New Age, and so much more. When you’re done reading them all, you can finally say you know Everything®!
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Quick handy tips
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Top Ten Ways You’ll Use Your Knowledge of Anatomy and Physiology in Everyday Life


	In the gym: You’ll know which exercises work each muscle (and later, which ones are hurting the most).

	In the doctor’s office: You’ll know the functions of the organs your doctor is talking about.

	At your local trivia night: You’ll be the champion of science trivia.

	To help friends and family members: You can be the local anatomy expert.

	To stay healthy: Not only will you be able to eat better and take better care of your body, but you will know when and how to avoid sick people.

	If you’re preparing for a trip to Mars: Counteracting the changes to the human anatomy and physiology during long-term space travel will be essential for a trip to Mars (will you be the first?).

	To make some extra cash: Become a teaching assistant or AP tutor.

	To create a health and fitness app: Health and fitness are increasingly important to everyone. Will you create the next Fitbit?

	On a diving vacation: Understanding the physiology of pressure and blood gases is critical to your survival when scuba diving.

	For your career: If you want to have any type of medical career, you’ll need a good understanding of human anatomy and physiology.




Introduction

Human anatomy and physiology are the fascinating studies of human form and function. In many ways, the form is the function. However, cells, tissues, and organs are often intricately organized to facilitate many functions simultaneously. In this book, all of the processes and structures of the human body will be explained. (Many of the complex biochemical processes will be simplified for easier understanding.)

The human body has always amazed mankind. Early scientific drawings and diagrams demonstrate the long-standing fascination with the body. Even cave drawings and later hieroglyphics illustrate that man was aware of the complex machine that was his body. In many ways, you may very well view the body as an overly complex device, and feel overwhelmed at the amount of detail that must be absorbed when studying it. However, by starting with a solid foundation on which to build a more detailed understanding, anyone can master the human body.

Understanding the body one system at a time is an important part of the organization of this book. This organization will help you gain knowledge slowly and effectively. At the same time, it is also important not to lose sight of how each system works relative to the overall view of the body: the big picture. This is not unlike putting together a puzzle. The picture on the front of the box is the guide for completion; however, individual pieces are placed together based on similarities in color, design, and shape into a small portion of the puzzle that you will build upon.

As with most of the biological sciences, the deductive approach to understanding anatomy and physiology is one of the most exciting aspects of learning about this topic. You are already intimately familiar with the sensations and many of the workings of your body; this book will explain their causes and purposes to you.

In The Everything® Guide to Anatomy and Physiology, you will find examples that will bring these points into focus and will build upon your understanding and experience with the human body. You will also find many real-life examples in this book that will simplify your understanding of a myriad of intricate biochemical processes or complex biological designs. You will also find many questions that will cause you to think about this topic from a simple, but important, perspective.

This book is not meant to be a replacement for a textbook. Rather, it is another way you can master and attain the complex information presented in an anatomy and physiology course. You can also use this resource to get a fresh look at the subject if you are struggling to fully understand any information presented in a course or other book.


Chapter 1

The Chemistry of Cells

Everything in the universe, from the largest of stars to the smallest atom in the human body, owes its very existence to chemistry. This isn’t a shameless plug to recruit chemistry majors; however, it does give credit where credit is due. The interaction of atoms has created the human body and the world it inhabits. Elements are the foundations of cell formation and a cell’s functional subunits (called organelles). The variety of elements found in cells allows for greater diversity in biochemical processes, cell types, and cell activities that are essential for the health and survival of an organism.

The Most Important Elements

Just as the human body doesn’t have a single “most important” organ, several elements are essential for the creation of life. In the following section, you’ll find information on those elements and their chemical significance (as well as physiological important).
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An element is the smallest foundational part of matter, which can’t be broken down further without changing it into something different. (i.e., lead can’t be changed into gold).





Elements

Hydrogen (H), carbon (C), nitrogen (N), and oxygen (O) are among the most important elements of all living things on earth. Whether in the air humans breathe, the food humans eat, or the materials that make up the physical structures of the human body, without these elements humanity would not exist. What makes these elements so essential to the formation of life is their ability to interact with other elements and then organize them into important molecules (composed of more than one atom) or compounds (molecules comprising 2 or more elements). They can do this because of their subatomic structure and particles.

Subatomic Particles

All atoms are made up of 3 basic subatomic (i.e., anything smaller than an atom) particles: protons, neutrons, and electrons. The number and organization of these particles dictate whether an atom will readily interact with any other atom.

Positively charged protons are found in the nucleus of an atom. The number of these particles present will be reported as the atomic number for that element. For example, carbon has an atomic number of 6 and oxygen has an atomic number of 8, which means carbon has 6 protons and oxygen has 8 protons in the nucleus.

Another particle found in the nucleus is the neutron. While neutrons don’t contribute any charge to the atom, they do contribute to the mass of the atom. Therefore, the atomic mass of an atom is the number of protons and neutrons present in the atom. So while carbon has an atomic number of 6 (6 protons), it has an atomic mass of 12 (which means there are also 6 neutrons in the nucleus).

However, while the nucleus is populated, there is an unequal charge for the atom. Like most naturally occurring things in the universe, atoms need balance. Negatively charged particles that orbit around the nucleus balance out the charge of the atom. These are called electrons. It is the electrostatic attraction between the electrons and the protons that keep the electrons spinning in orbit around the nucleus, much like the moon is held close to the earth by gravity. In fact, to obtain a natural balance, atoms need to have the same number of protons as electrons, leaving the atom with an overall net neutral charge.
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Left: A carbon atom with 2 electrons filling the inner orbital nearest the atomic nucleus and the 4 remaining electrons in the second orbital. Right: An oxygen atom with 8 electrons.

Electrons, however, will not be restricted to a single location. In fact, they are segregated into orbitals or shells around the nucleus. In illustrations, these will often be drawn as concentric circles, with the first being closest to the nucleus and the number of the shells increasing for the ones farther away. For example, up to 2 electrons (the first one or two) will orbit the nucleus in the first orbital closest to the nucleus. After this orbital is filled, if the atom has more electrons, they will be packed into the next orbital. From the second orbital on, the electron capacity is 8 electrons per orbital. Therefore, for carbon, with an atomic number of 6 (meaning 6 protons and thus 6 electrons), 2 of the electrons will be in the first orbital, closest to the nucleus, and the remaining 4 will be in the second orbital. Since carbon has no more than 6 electrons, the second orbital is the outermost orbital for the carbon atom. However, for elements that have more electrons, the packaging of electrons will continue until the final electron has been placed into an unfilled orbital.
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How many electrons are in the outermost orbital of sodium (Na), which has an atomic number of 11?

The atomic number means there are 11 protons (and 11 electrons). The first 2 are in the first orbital, the next 8 are in the second orbital. This leaves 1 electron in the third orbital. Therefore, the outermost orbital is the third with a single electron present.





With this basic understanding of atoms and subatomic particles, you can better understand how atoms will combine together to form molecules and compounds.

Chemical Bonds

Atoms whose outer shell is not filled with electrons will be able to form molecules or compounds with other atoms/elements. This can be accomplished by the atom either giving or receiving electrons from other atoms, or by sharing electrons with other atoms.

Ionic Bond

An ionic bond is where 2 atoms form molecules by giving up electrons to others or taking electrons from others to complete their outermost orbitals. The classic example is the compound salt (sodium chloride, NaCl). As mentioned in the sidebar, Na has a single electron in the outermost (third) orbital. To fill the outermost orbital, sodium could recruit 7 more electrons from other atoms, but that would be a lot of work and impractical. Therefore, Na gives up the single electron and leaves the complete second orbital filled with 8 electrons, a very stable arrangement. However, now this atom has 10 electrons and 11 protons. This imbalance between protons and electrons yields an ion. An ion is a charged atom that has an unequal number of electrons and protons. In this case, the sodium ion with 10 electrons has an overall positive charge. Chlorine (Cl) has the dilemma of needing a single electron to complete its outermost shell. With an atomic number of 17, there are 7 electrons in the third orbital of chlorine. This is a natural partner for sodium. Sodium gives up its electron to chlorine, which then uses the electron to complete its shell. Since it now has 1 more electron than proton, it has become a chloride ion with an overall negative charge.

This is where the bond happens. The positive charge of the Na+ ion is attracted to the negative charge of the Cl- ion, and the two will form a moderately strong chemical bond to create NaCl, or salt.

Hydrogen Bond

Hydrogen bonds are formed when atoms share electrons unequally in compounds. Water is the classical example of this type of bonding. Hydrogen has an atomic number of 1, containing a single electron, so its shell is half full. Oxygen, with an atomic number of 8, is 2 electrons short of filling its outermost shell. Therefore, oxygen will share an electron with 2 hydrogen atoms, which will complete the outer shells of all 3 members of this compound. However, with more protons in the nucleus of oxygen, the shared electrons will be drawn to spend more time around that nucleus than around either hydrogen nucleus. This imbalance will create a slight negative charge on the oxygen side and slight positive charge on the hydrogen arms. This polarization of charge will cause water molecules to be attracted to each other via the opposite charges (e.g., the oxygen will be attached to the hydrogen of another water molecule). In this way, water will adhere to itself and help to create surface tension in collections of water. This type of bond is the weakest of the 3 chemical bonds. It is also the type of bond that holds 2 strands of DNA together in chromosomes (see Chapter 2 for more on chromosomes).

Covalent Bond

The strongest of the chemical bonds, the covalent bond, is formed when a molecule or compound shares electrons equally. Carbon, the foundation atom of organic molecules, is adept at this type of bond formation since its atomic number of 6 means it needs 4 electrons to fill its outermost shell. Because of this, carbon can form 4 single covalent bonds with other atoms. This is clearly illustrated in the basic structure of an amino acid, the building block of protein. The carbon is the central atom onto which 4 groups can attach: a carbon (of a carboxyl group, COOH), a nitrogen (of an amine group, NH2), a single hydrogen, and finally a group of variable atoms are arranged into what is termed the R group. The R group is the only portion of the amino acid that will differ among amino acids. (Amino acids will be covered in more detail later in this chapter.)

pH: Measuring Acids and Bases

The quantity of hydrogen ions (H+) in a solution is determined by the measure of pH of the mixture. If a solution has molecules or compounds that will yield a large number of H+ ions, the solution, based on the mathematical algorithm, will result in a lower pH number and be considered an acid or acidic solution (pH < 7.0). Conversely, with lower H+ concentrations (or higher hydroxyl ions, OH-), the pH will be above 7 and considered a base, a basic solution, or alkaline. This standard is set internationally using known materials, such as pure water (pH of 7.0). Biochemical processes are optimized to function in a narrow pH range. Thus, the survival of cells and of organisms depends on the correct pH.
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The pH of plasma and body fluids is approximately 7.3–7.4 and is called the physiological neutral point. An acid has a pH of less than 7.0 and a basic solution is higher than 7.0.





Important Inorganic Compounds

While most biology and biochemical texts will focus on the structure, function, and metabolism (the processing of organic molecules to store or release energy) of organic molecules (i.e., molecules containing carbon), some inorganic compounds are essential for human existence and for life in general.

Water

While most life on the planet is carbon-based, water (which is not carbon-based) is a compound without which life would not be possible. The human body, for instance, is considered to be composed of between 50 and 65 percent water. This water exists within your cells (about 2⁄3 of your water content), with the remainder outside of the cells in your tissues or blood stream.

Water is the universal solvent because it is composed of polar molecules, or molecules that have a positive charge at one end and a negative charge at the opposite end, much like the opposite poles of a battery. Polar molecules are capable of ionizing many other molecules (e.g., NaCl). It is also an essential substrate (a molecule participating in a chemical reaction) for many biochemical and essential reactions and aids in the transport of materials and gases in the blood stream. In the blood stream, the amount of water pressure has a large impact on blood pressure and heart activity, both of which are monitored closely and can lead to changes in blood volume by your kidneys.

Calcium Phosphates

Often ignored during the discussion of important molecules in the body, calcium phosphates make up much of the inorganic material in the bones and teeth. Certainly, the functions of these body parts are essential for support, movement, and eating, but it is important to note that storing calcium as phosphates is also a major bodily function of bones. Calcium is an essential ion for muscle contraction, nerve signaling, and protein activation, among other activities. If blood calcium levels decrease, calcium can be recruited from storage in the bones to maintain homeostasis of cellular activity. Glands secrete hormones that closely regulate blood calcium levels.
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The four foundational organic molecules upon which all life is based are A) amino acids/proteins, like glutamic acid, B) lipids, which include cholesterol, C) nucleic acids, such as DNA, and D) carbohydrates, including glucose.

Carbohydrates

Also known as “sugars,” carbohydrates (or saccharides) play a major role in energy conservation, transport, transfer, and storage. Plants capture energy from the sunlight, which enables them to assemble carbon molecules into carbohydrates. Therefore, this energy from the sun is locked within the covalent chemical bonds that form these important molecules. Humans, consumers of these materials, will break down these complex molecules into individual CO2 molecules and recover the energy from the bonds to be used elsewhere in the body. In your body, energy can be stored either as fat or as long chains of carbohydrates (polysaccharides).

A single carbohydrate molecule is often referred to as a monosaccharide with a typical chemical composition of (CH2O)n where n is at least 3. Therefore, C3H6O3, the simplest of monosaccharides, is called glyceraldehyde. Glucose, one of the most important energy-bearing monosaccharides, is C6H12O6. These molecules occur and can be illustrated in either a ringed structure or a linear arrangement, which makes them nicely suited for storage and assembly into longer chains (polymerization).


Disaccharides are composed of 2 monosaccharides. Sucrose is composed of glucose and fructose, another important monosaccharide for metabolism.
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The common name for sucrose is table sugar. It’s granular in nature and used as a sweetener for food. Lactose is another common disaccharide found in milk that can cause digestive issues for those who are lactose intolerant.





While oligosaccharides are composed of between 3 and 9 monosaccharide units, polysaccharides may be much longer. In plants, cellulose and starch are the structural and storage forms of carbohydrates, respectively. For humans, other organic molecules are used to support the body. However, polysaccharides still provide energy storage for humans. Glucose is polymerized into glycogen, which is stored intracellularly (inside the cell) in muscle and liver cells to be broken down in times of high-energy expenditure and lower blood glucose levels.

Proteins

Proteins are diverse and essential biological molecules for all cells. They serve as structural elements both inside (i.e., cytoskeleton) and outside of the cell (i.e., extracellular matrix): as anchoring molecules to hold cells in place, as adhesive molecules to allow cells to move from one place to another in the body, and as enzymes that facilitate much of the metabolic activity of the cell.

Amino Acids

Amino acids are often classified into nonpolar, polar, acidic, or basic, depending on their R group. Carbon molecules are at the core of amino acids, which are the building blocks (monomers) of proteins. Amino acids are linked together via peptide bonds to form amino acid chains (polymers) called proteins. With 20 naturally occurring amino acids, the final shape and function of a protein is determined by the composition of the R group of the amino acids. Recall that of the 4 bonds that the central carbon forms at the core of an amino acid, the only one that differs between amino acids is that of the R group. The R group ranges from a single hydrogen atom in glycine to a ring of atoms in phenylalanine.

Several amino acids, such as valine and isoleucine, have hydrocarbon (i.e., molecules consisting of only carbon and hydrogen) R groups. These groups are neutrally charged and do not interact with charged or polar molecules, such as water. Therefore, these amino acids are said to be hydrophobic. They often interact with the cell membrane (which is also composed of hydrophobic hydrocarbon chains).

Other amino acids have an impact on the shape of the final structure that proteins are folded into. For instance, glycine has the smallest of the R groups, with only a single hydrogen present. This will allow the protein to fold into a more compact protein, since there isn’t a large R group to physically get in the way.



	Amino Acids



	Amino acid
	Abbreviations
	Molecular formula
	Linear formula 



	Amino acid basic formula
	 
	C2H4NO2-R
	NH2-CH-R-COOH



	Alanine
	Ala
	A
	C3H7NO2
	CH3-CH(NH2)-COOH 



	Arginine
	Arg
	R
	C6H14N4O2
	HN=C(NH2)-NH-(CH2)3-CH(NH2)-COOH 



	Asparagine
	Asn
	N
	C4H8N2O3
	H2N-CO-CH2-CH(NH2)-COOH 



	Aspartic acid
	Asp
	D
	C4H7NO4
	HOOC-CH2-CH(NH2)-COOH 



	Cysteine
	Cys
	C
	C3H7NO2S
	HS-CH2-CH(NH2)-COOH 



	Glutamic acid
	Glu
	E
	C5H9NO4
	HOOC-(CH2)2-CH(NH2)-COOH 



	Glutamine
	Gln
	Q
	C5H10N2O3
	H2N-CO-(CH2)2-CH(NH2)-COOH 



	Glycine
	Gly
	G
	C2H5NO2
	NH2-CH2-COOH 



	Histidine
	His
	H
	C6H9N3O2
	NH-CH=N-CH=C-CH2-CH(NH2)-COOH 



	Isoleucine
	Ile
	I
	C6H13NO2
	CH3-CH2-CH(CH3)-CH(NH2)-COOH 



	Leucine
	Leu
	L
	C6H13NO2
	(CH3)2-CH-CH2-CH(NH2)-COOH 



	Lysine
	Lys
	K
	C6H14N2O2
	H2N-(CH2)4-CH(NH2)-COOH 



	Methionine
	Met
	M
	C5H11NO2S
	CH3-S-(CH2)2-CH(NH2)-COOH 



	Phenylalanine
	Phe
	F
	C9H11NO2
	Ph-CH2-CH(NH2)-COOH 



	Proline
	Pro
	P
	C5H9NO2
	NH-(CH2)3-CH-COOH 



	Serine
	Ser
	S
	C3H7NO3
	HO-CH2-CH(NH2)-COOH 



	Threonine
	Thr
	T
	C4H9NO3
	CH3-CH(OH)-CH(NH2)-COOH 



	Tryptophan
	Trp
	W
	C11H12N2O2
	Ph-NH-CH=C-CH2-CH(NH2)-COOH



	Tyrosine
	Tyr
	Y
	C9H11NO3
	HO-Ph-CH2-CH(NH2)-COOH 



	Valine
	Val
	V
	C5H11NO2
	(CH3)2-CH-CH(NH2)-COOH 




Protein Structure

Proteins have several levels of organization that begin with the amino acid sequence (which forms the primary structure of the protein). Methionine will always be the first amino acid in a protein chain since it is also the sequence (in the RNA) that signals the start of protein formation. This sequence will have a profound effect on the remaining structure of the protein as well as its eventual function.

While the protein sequence is usually written in a straight line, proteins are flexible and typically either fold back upon themselves into side-by-side runs of the protein, which forms what is called a beta pleated sheet, or twist around neighboring regions of the protein into spiraling tubes, which are called alpha helices. Each of these folded patterns is held in place by hydrogen bonds between amino acids that are in close enough proximity for the hydrogen bonds to form. This arrangement of hydrogen bonds and particular amino acids forms the basis of what is termed the secondary structure of the protein.

In the same manner, other amino acids in distant regions of the primary sequence may become closer in proximity due to the folding of the protein. For example, when cysteine (which has a sulfate group) is next to another cysteine, it may form a disulfide bond (bonds that form between the sulfate groups of adjacent cysteine amino acids). When amino acids bond in this way, large loops of protein are held in place. This formation of larger folded structures within the protein is called the tertiary structure of the protein.

Lastly, separate protein units may be held together by bonds into large protein aggregates with each individual protein called a subunit. This bonding of individual protein subunits into a large protein aggregate is classified as the quaternary structure of protein and is illustrated in the hemoglobin molecule. Adult hemoglobin is formed from 4 subunit proteins, bonded together into the large single hemoglobin molecule. Its function is to transport oxygen in the blood stream.

Lipids

Lipids are those hydrocarbon molecules that are used in plasma membranes and for energy storage in the human body. Because they are composed of hydrocarbon chains, much like those of some amino acids’ side chains, they are hydrophobic in nature.



[image: ]

 
What keeps oil and water from mixing?

Oil is a hydrocarbon (hydrophobic substance) and will not interact with charged or polar molecules, such as water.





Saturated versus Unsaturated Fatty Acids

Fatty acid chains are polymers of hydrocarbons, which are attached to a carboxylic acid (i.e., COOH-). The carbons can be attached to each other via a single bond, with the remaining bonds completed with hydrogen molecules. This would generate a saturated fatty acid in which all of the bonds of carbon are occupied by additional atoms. A straight linear fatty acid chain is generated when the carbon bonds are saturated. However, a double bond may be present between carbons (resulting in 1 fewer hydrogen atom on each of the adjacent double-bonded carbons). This is an unsaturated fatty acid and will have a bend at each of the double-bonded regions. Any more than 1 double bond in a single fatty acid chain will result in a polyunsaturated fatty acid.

Phospholipids

Phospholipid is the main constituent in membranes, including the plasma, nuclear, mitochondrial, and vesicular membranes. Phospholipids are made when 2 parallel fatty acid chains are attached to a glycerol molecule. This not only organizes the fatty acid chains; it also provides a platform onto which a charged phosphate group is attached. Now, one end of the molecule is charged (i.e., hydrophilic) and the other end is composed of fatty acid chains (i.e., hydrophobic). This duality in the ability to interact with water is called being amphipathic.

Triglycerides

Triglycerides are the storage form of energy in the body and typically are referred to as “fat.” This material is stored in fat cells called adipocyte
s and can be recruited when your body requires the use of a lot of energy. Releasing double the amount of energy as compared to glucose, triglycerides take longer to release energy than carbohydrates do because the cells take longer to break down the fat and place it into the blood stream.

As the name implies, these molecules are composed of 3 fatty acid chains that are organized and attached to a glycerol molecule.
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Cutting back about 500 calories per day can result in the loss of 1 pound of fat in 1 week. Likewise, if you consume 500 more calories than you use daily, you will gain 1 pound of fat per week.





Sterols

In humans, the principal sterol is cholesterol. While this substance is often crucified in the health world, your body cannot function without cholesterol. It plays a critical role in the proper spacing of the molecules in the plasma membrane, which will give more or less stability to the membrane under specific temperature ranges. Additionally, hormones such as estrogen and testosterone are derived from cholesterol, and are crucial to proper body function.

Nucleic Acids

Nucleic acids are necessary for life and survival for each and every cell of the body. Nucleic acids exist in 2 forms, deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). These linear molecules are the repository of genetic information (DNA) and copies of that information with which to build proteins (RNA).

DNA

Described as a double helical molecule, DNA has 2 chains held together by hydrogen bonds that can easily be separated for either DNA replication (during cell division) or transcription (producing an RNA copy of the DNA). Each of the strands will be used as a template that the metabolic machinery of the cell can use to create new strands that result in an exact double helical copy of the parental DNA. Each set then will contain 1 original strand and a newly synthesized strand. These strands will end up in one of the 2 daughter cells that result from cell division.

DNA strands are composed of a few basic units. First, a sugar molecule will form part of the backbone of the strand of nucleic acid. For DNA, that sugar is deoxyribose, which represents the “D” in DNA. The other portion of the backbone is a phosphate group, which will link the sugars together into a longer and longer strand.

Also attached to the sugar is a nucleobase of either a purine or a pyrimidine.
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Nucleobases are the “genetic code” that is assembled. They bind with bases on the opposite DNA strand to hold the double helix together. A purine on one strand will bind to a pyrimidine on the opposite strand in a sequence-specific order.





The purines of DNA are either adenine (A) or guanine (G), and the pyrimidines are thymine (T) and cytosine (C). The hydrogen bonds between the nucleobases are what hold the 2 DNA strands together into the double helix. The bases are always paired together into the purine-pyrimidine pairs A-T and G-C. Because of their structure, the A-T pair is held together with 2 hydrogen bonds and the G-C pair with 3 hydrogen bonds. Therefore, the G-C pair will require more energy to break than the A-T set. This becomes important for DNA replication and RNA synthesis.

RNA

RNA is similar in its structure to DNA with some important differences. As the name implies, the first difference is the sugar used in the backbone. For RNA, that sugar is ribose. Additionally, RNA will be synthesized as a single strand rather than a double strand. Lastly, while G, C, and A are found in RNA, T will not be present. Rather, another pyrimidine is used instead of T—uracil (U).


Chapter 2

Cells

All living things are composed of one or more cells. Since they are the basic unit of life, cells allow for diversification of shape, function, and activity. Therefore, multicellular organisms can be so extremely complex and unique. In the following sections we explore all of the essential component parts of cells—their molecular constituents and their organization—and how these organelles function collectively to keep the cell alive. Additionally, this chapter examines how cells traffic materials into and out of the cell during normal metabolism. Finally, the chapter will examine how cells replicate themselves during a normal life cycle as well as the production of cells used in sexual reproduction.

Components of a Cell

A eukaryotic cell is a cell with a membrane-bound nucleus. The components of this type of cell are necessary for the segregation and diversification of cellular function and activity. For instance, it would be counterproductive to have degradative enzymes (which could destroy cell material) mixing with important genetic material. Therefore, cells separate these biological activities within defined compartments so that multiple reactions can occur in a defined space without interfering with each other. Cells consist of several organelles, which are physically and functionally distinct compartments of the cell, including, but not limited to, the membrane, cytoplasm, nucleus, endomembrane, and mitochondria.

[image: 9781440581823 animal cell]

A typical animal cell with organelles.

Membranes

The cell membrane or plasma membrane forms the boundary between the inside and outside of a cell. It consists of both protein and lipid molecules in varying ratios depending on the cell type and species. Typically, there are 50 lipid molecules for each protein in the membrane. However, since proteins are much bigger than lipids, proteins make up 50 percent of the mass of the membrane. These molecules are arranged in 2 opposing sheets, creating a bilayer. One layer faces the outside of the cell, or the extracellular surface, and the other faces the interior, the cytosolic surface.

The main lipid type in the membrane is a phospholipid, a molecule made of a charged phosphate group attached to a base foundational molecule (either a glycerol or sphingosine). This is the portion of the lipid bilayer that faces the outside of the cell for one sheet and the inside of the cell for the opposite sheet. Because of the negative charge of the phosphate, this face of the phospholipid layer can interact with water molecules, which are also charged, or polar). With the charged groups of the lipid layers facing outward and inward, the fatty acid chains of each lipid layer becomes sandwiched between this charged surface and create a nonpolar (hydrophobic) layer. Just as oil and water don’t mix, this layer repels water or charged molecules and makes an effective filtration barrier, called a semipermeable membrane. The charged surfaces, both outside and inside, allow for the interaction of polar and charged molecules with the membrane, while the hydrophobic internal portion of the bilayer creates a semipermeable membrane through which only certain molecules (i.e., oxygen, carbon dioxide, and water) can freely diffuse.
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 Cholesterol is abundant in the plasma membrane and serves to regulate membrane fluidity. The shape of the hydrocarbons in cholesterol prevent the phospholipids from packing together too tightly, which would result in a more rigid membrane.




Proteins embedded in the phospholipid bilayer may be associated with either or both of the surfaces of the membrane. This membrane-spanning arrangement enables the proteins to serve many cellular functions. They transport material into or out of the cell and provide membrane attachment for stationary cells or adhesion for migratory cells. Many proteins in the membrane are receptors that recognize chemical signals and relay those signals to the inside of the cell to alter cellular activity.

Proteins in the membrane are not locked in place. They may float throughout the membrane, spin, or flip horizontally. The fact that proteins may move freely throughout the membrane is called the fluid mosaic model.

Cytoplasm

Effectively separated from the extracellular environment by the plasma membrane, the inside of the cell is the location of most metabolic activity. The cytoplasm houses the workshops of the cell. Here, incorporated material is broken down, new proteins are generated, and new phospholipids are produced. All of these activities are compartmentalized via membranes within the cytoplasm and will be explained in the following section.

Nucleus

The membrane-defined nucleus is positioned in the center of the cell. The nucleus contains the DNA, which is the genetic code for the cell. Responsible for the protection and replication of this material, the nucleus produces copies of the DNA code into RNA, which is used in the cytoplasm to make proteins.

The membrane surrounding the nucleus consists of the same materials as the plasma membrane. But the nuclear membrane is composed of 4 phospholipid layers (2 bilayers) with a perinuclear space between. The presence of these 2 bilayers led to the endosymbiosis hypothesis. According to this hypothesis, during evolution, a cell lacking a membrane-bound nucleus (a prokaryotic cell) engulfed a cell possessing and capable of managing a large amount of DNA. As the prokaryotic cell engulfed the second, it wrapped the additional bilayer around its new partner (the nucleus). As a result, the 2 cells formed a symbiotic relationship in which both benefited equally from the shared resources and products they receive from each other.

When you look at a nucleus using a light microscope, you might see a dark spot resembling the pupil of an eyeball looking back at you. This most prominent structure within the nucleus is called the nucleolus and is made up of stretches of densely packed genetic material and proteins. The density of the nucleolus, which accounts for its dark staining, is produced during synthesis of ribosomal subunits.

Just as protein channels within the plasma membrane facilitate transport of materials into and out of the cell, protein complexes within the nuclear membrane regulate transport into and out of the nucleus. While small water-soluble molecules may pass unimpeded, larger molecules must be assisted to get from one compartment to the other. The “helper” is a co-transport molecule, which must bind to the “cargo” molecule to allow the transport. The helper that moves molecules into the nucleus is called importin, and exportin moves molecules out of the nucleus.

Endomembrane System

Many of the membrane-bound organelles are either physically or functionally connected or both, and so are grouped together as part of the endomembrane system. The nucleus is often considered to be part of this system because of its physical connection with the endoplasmic reticulum. The remaining members of the endomembrane system are the ER, Golgi, and vesicles.

Endoplasmic Reticulum

The endoplasmic reticulum (ER) functions in protein and lipid production. It is made up of large, folded sheets of membranes that occupy vast expanses of the cytoplasmic compartment. The folds of the ER create a space between the membranes that is continuous with the perinuclear space (the space between the 2 bilayers of the nuclear membrane). Therefore, the membrane of the ER is continuous with the outer nuclear membrane. To illustrate this concept, think of the ER membrane as extensions of the outer nuclear membrane projected into the cytoplasm. Also, the internal portion of the ER, as defined by its own membrane, is continuous with the space between the inner and outer nucleus membrane.

There are 2 types of ER: rough ER (rER) and smooth ER (sER). Rough ER is covered with ribosomes, the organelles for protein synthesis, which give the ER a rough appearance. Material synthesized within the rER then must make their way to the next component of the endomembrane system, the Golgi apparatus. Membranes without ribosomes are called smooth ER and are the sites of lipid synthesis. However, since these organelles are physically separated within the cytoplasm, material of the ER is transported in membrane-bound spheres called vesicles that form from the rER membrane and will move toward and fuse with the membranes of the Golgi apparatus. In other words, portions of the ER will pinch off as small membrane-bound packages called vesicles that are filled with protein that has been synthesized in the ER. These vesicles will diffuse to the membrane of the Golgi apparatus, fuse together to create a new stack of Golgi membrane, and continue the process of protein modification in this organelle. In this way, proteins and lipids are generated. They supply the cell with fresh resources with which to continue to survive.
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