The Cell Theory
Starts on page 46

The cell theory states that all living things are composed of cells and new cells arise only from preexisting cells.
Why must there be one exception to this theory?

 Microscopy
 The three types of microscopes used most commonly are:

 Light, TEM, SEM

 The light microscope uses light whereas the other two use electrons. 

 Electron microscopes give views with much greater resolution than that of a light microscope. Resolution is the ability to distinguish between two adjacent points. Resolution depends on the wavelength of the illumination. Because the wavelength of an electron is much smaller than that of light, the useful magnification of an electron microscope is 30 times greater than that of the light microscope (about X1000). 

 In TEM electrons are passed through the specimen to provide an image of the interior.

 In SEM the specimen is first coated with a thin layer of metal. Then a narrow beam of electrons is scanned over the surface of the specimen. The metal gives off secondary electrons, which are collected to produce a television-type picture of the specimen's surface on a screen.

 Light microscope




Electron microscope
• specimens may be wet



• specimens must be dry

• the normal sequence is fixing (killing),

• slices must be very thin and dry

embedding, slicing, mounting on a slide,

• cells can't be observed alive

staining.





• the drying process may alter some

• some cells can be observed alive, using

morphological features

a wet hanging mount



• specimens must be mounted on a metal grid

• specimens are usually mounted in slide                     • artifacts are often encountered

 

A picture obtained using a light microscope is sometimes called a photomicrograph. A picture obtained with an electron microscope is called a transmission electron micrograph or a scanning electron micrograph. See figure 3A Page 46 and 47.

 

Describe the following cell structures and their functions: 
Cell Membrane - Surrounds both animal and plant cells separating the cytoplasm from the surrounding environment. The organelles have membranes as well that separate their contents from the surrounding cytoplasm. The cell membrane is a phospholipid bilayer (with the consistency of light oil) in which proteins are embedded. [In addition to a cell membrane all plant cells have a primary cell wall and some have a secondary cell wall that forms inside the first. The cell wall lends support to the plant cells.]

What limits cell size? Since volume of a sphere increases as the cube of the radius, while surface area only increases as the square of the radius, the surface area will relatively decrease in size as a cell grows larger. Smaller cells will have a relatively larger ratio of surface area to volume than larger cells. Conversely, as a cell grows larger, its surface area to volume ratio will decrease. Since the surface area (cell membrane) is the only entry or exit for substances needed by or excreted from cells, the relative size of the cell membrane is of prime importance to the efficiency with which cells can metabolize or synthesize.

Nucleus - The nucleus is a large organelle near the center of eukaryotic cells. Its contents are separated from the rest of the cytoplasm by a double membrane called the nuclear envelope. Pores in the nuclear envelope allow large molecules to pass into and out of the nucleoplasm. Each pore is lined by 8 cylindrical proteins that regulate the passage of materials. DNA is contained in a threadlike material called chromatin located within the nucleus. Chromatin is nondistinct in non-dividing cells but condenses into chromosomes at the time of cell division. DNA directs protein synthesis making the nucleus the control center of the cell because it is a cell's proteins help determine its structure and function.

Nucleolus - One or more nucleoli are present in the nucleus. Nucleoli are specialized parts of chromatin in which ribosomal RNA is produced from DNA located there. Ribosomal RNA is necessary to the formation of small ribosomes that function in the cytoplasm.

Ribosomes - Composed of two subunits. Each subunit has its own particular mix of rRNA and proteins and is formed in the nucleolus. The two subunits are not assembled until they reach the cytoplasm. Ribosomes are the site of protein synthesis in the cytoplasm. When several ribosomes are making the same protein, they are arranged in a functional group called a polysome. Free ribosomes manufacture proteins for use in the cell. Ribosomes attached to the Endoplasmic reticulum make proteins for export.

Endoplasmic Reticulum - The ER forms a membranous system of tubular canals throughout the cytoplasm and continuous with the nuclear membrane. The ER is involved in the synthesis and modification of macromolecules and serves as a transport system to the Golgi apparatus. There are two types of ER. Smooth ER - (no ribosomes attached) produces different molecules in different cells. They are abundant in the testes and adrenal cortex where they produce steroid hormones. In the liver the smooth ER is involved in the detoxification of drugs, including alcohol. Special vacoules called peroxisomes are often attached to the smooth ER, and these contain enzymes capable of detoxifying drugs. The smooth ER also synthesizes lipids. Rough ER - (ribosomes attached) specializes in protein synthesis. The Rough ER has attached ribosomes make proteins (such as digestive enzymes) and a vast surface area for exporting them from the cell. The proteins enter the lumen (interior space) of the rough ER, where they may be modified. Then a vesicle pinches off and carries the protein to the Golgi apparatus.

 

Golgi Apparatus - Composed of a stack of about a half-dozen or more saccules (flattened vacoules) which provide a vast surface area from which proteins can be packaged and exported. The inner face is directed towards the nucleus and the ER. The outer face is directed toward the cell membrane. Vesicles occur at the edges of the saccules. The Golgi apparatus functions in the packaging, storage, and distribution of molecules produced by the ER. Molecules move from the inner face to the outer face and are modified as they go from saccule to saccule. Their basic structure can change or be modified by the addition of a carbohydrate or a phosphate group. Finally molecules are often packaged in secretory vesicles. These move to the cell membrane and discharge their contents.

Vacuoles - A vacuole is a large membrane enclosed sac. A vesicle is a small vacuole. Vacuole are more prominent in plant cells. Vacuoles in plant cells are filled with watery fluid, which gives added support to the cell. Most of the central area of the plant cell is occupied by a vacuole. Most often vacuoles are storage areas. Plant vacuoles contain water, sugar, salts and pigments responsible for the many colors of flowers and some leaves. Some vacuoles contain toxic substances to protect the plant from predacious animals.

Lysosomes - Lysosomes are vesicles formed by the Golgi apparatus. They contain hydrolytic enzymes which digest macromolecules. The membranes of lysosomes are protected internally against the hydrolytic enzymes. Macromolecules are sometimes brought into the cell in vesicles formed at the cell membrane (phagocytosis). A lysosome can fuse with such a vesicle and digest its contents into simpler molecules which then enter the cytoplasm. Ex: White blood cells engulph bacteria (phagocytosis) then fuse these vesicles with a lysosome. Normal cell rejuvenation and stages of development involve autodigestion by lysosomes. (When a tadpole loses its tail in becoming a frog or when the fingers of a human embryo are at 1st webbed but are later freed).

Mitochondria
Mitochondria are bounded by a double membrane. The inner membrane is folded to form little shelves called cristae, which project into the matrix, the inner space filled with a gel-like fluid. Mitochondria produce ATP. All cells use ATP energy to synthesize molecules and many use it to carry out specialized functions such as muscle contraction and nerve impulse conduction. Mitochondria are called the powerhouses of the cell because they convert the chemical energy of glucose products into the chemical energy of ATP molecules. In the process, mitochondria use up oxygen and produce carbon dioxide and water. Because gas exchange is involved, it is said that mitochondria carry on aerobic cellular respiration. Mitochondria are small organelles and thus have a relatively large surface area which is augmented by a series of in-foldings (invaginations) of the inner membrane (cristae). This enhances the efficiency with which ATP energy is produced.

Cytoskeleton
Internal framework of the cell, consisting of microtubules, actin filaments, and intermediate filaments. It gives the cell shape and allows for its parts to move.

Identify the functional interrelationships of cell structures
• Chromosomes contain the DNA code for proteins. • Ribosomes or rough endoplasmic reticulum are sites of protein production. • Endoplasmic reticulum temporarily stores proteins coded by the DNA of the chromosome. • Vesicles transport proteins to Golgi bodies. • Golgi bodies receive proteins from vesicles and repackage these proteins into new vesicles. • The proteins in these new vesicles are either exported (by fusing with the cell membrane) or used within the cell as a lysosome.

 
Identify the cell structures in diagrams and electron micrographs
Cell Compounds

[Background Chemistry] Elements are defined as substances that consist of one type of atom, for example Carbon atoms make up diamond, and also graphite. Pure (24K) gold is composed of only one type of atom. Atoms are the smallest particle into which an element can be divided. The ancient Greek philosophers developed the concept of the atom, although they considered it the fundamental particle that could not be broken down. Since the work of Enrico Fermi and his colleagues, we now know that the atom is divisible, often releasing tremendous energies as in nuclear explosions or (in a controlled fashion in) thermonuclear power plants. 

Subatomic particles were discovered during the 1800s. For our purposes we will concentrate only on three of them. The proton is located in the center (or nucleus

) of an atom, each atom has at least one proton. Protons have a charge of positive one, and a mass of approximately 1 atomic mass unit (amu). Elements differ from each other in the number of protons they have, e.g. Hydrogen has 1 proton; Helium has 2. The neutron also is located in the atomic nucleus (except in Hydrogen). The neutron has no charge, and a mass of slightly over 1 amu. Some scientists propose the neutron is made up of a proton and electron-like particle. The electron is a very small particle located outside the nucleus. Because they move at speeds near the speed of light the precise location of electrons is hard to pin down. Electrons occupy orbitals, or areas where they have a high statistical probability of occurring. (An orbital is also an area of space in which an electron will be found 90% of the time).The charge on an electron is -1. Its mass is negligible (approximately 1800 electrons are needed to equal the mass of one proton).

The atomic number is the number of protons an atom has. It is characteristic and unique for each element. The atomic mass (also referred to as the atomic weight) is the number of protons and neutrons in an atom. Atoms of an element that have differing numbers of neutrons (but a constant atomic number) are termed isotopes. Some isotopes are radioisotopes, which spontaneously decay, releasing radioactivity. Other isotopes are stable. 

The Periodic Table of the Elements provides a great deal of information about various elements. During the nineteenth century chemists arranged the then-known elements according to chemical bonding, recognizing that one group (the furthermost right column on the Periodic Table, referred to as the Inert Gases or Noble Gases) tended to occur in elemental form (in other words, not in a molecule with other elements). It was later determined that this group had outer electron shells containing two (as in the case of Helium) or eight (Neon, Xenon, Radon, Krypton, etc.) electrons. As a general rule, for the atoms we are likely to encounter in biological systems, atoms tend to gain or lose their outer electrons to achieve a Noble Gas outer electron shell configuration. The number of electrons that are gained or lost is characteristic for each element, and ultimately determines the number and types of chemical bonds atoms of that element can form.

Ionic bonds are formed when atoms become ions by gaining or losing electrons. Chlorine is in a group of elements having seven electrons in their outer shells. Members of this group tend to gain one electron, acquiring a charge of negative1. Sodium is in another group with elements having one electron in their outer shells. Members of this group tend to lose that outer electron, acquiring a charge of positive1. Oppositely charged ions are attracted to each other, thus Cl- (the symbolic representation of chlorine) and Na+ (the symbol for sodium, using the Greek word natrium) form an ionic bond, becoming the molecule sodium chloride. Ionic bonds generally form between elements in Group I (having one electron in their outer shell) and Group VIIa (having seven electrons in their outer shell). Such bonds are relatively weak, and tend to disassociate in water, producing solutions that have both Na and Cl ions.

In the formation of a crystal of sodium chloride, each positively charged sodium ion is surrounded by six negatively charged chloride ions; likewise each negatively charged chloride ion is surrounded by six positively charged sodium ions. The overall effect is electrical neutrality.

 

Describe how the polarity of the water molecule results in hydrogen bonding

Covalent bonds form when atoms share electrons. Remember that electrons move very fast and thus can be shared, effectively filling or emptying the outer shells of the atoms involved in the bond. Such bonds are referred to as electron-sharing bonds. An analogy can be made to child custody: the children are like electrons, and tend to spend some time with one parent and the rest of their time with their other parent. Carbon (C) is in Group IVa, meaning it has 4 electrons in its outer shell. Thus to become a "happy atom", Carbon can either gain or lose four electrons. By sharing the electrons with other atoms, Carbon can become a happy atom,. alternately filling and emptying its outer shel The molecule methane (chemical formula CH4) has four covalent bonds, one between Carbon and each of the four Hydrogens. Carbon contributes an electron, and Hydrogen contributes an electron. The sharing of a single electron pair is termed a single bond. When two pairs of electrons are shared, a double bond results, as in carbon dioxide. 

Formation of covalent bonds in methane. Carbon needs to share four electrons, in effect it has four slots. Each hydrogen provides an electron to each of these slots. At the same time each hydrogen needs to fill one slot, which is done by sharing an electron with the carbon. 

Sometimes electrons tend to spend more time with one atom than with another. In such cases a polar covalent bond develops. Water (H2O) is an example. Since the electrons spend so much time with the oxygen (oxygen having a greater electronegativity, or electron affinity) that end of the molecule acquires a slightly negative charge. Conversely, the loss of the electrons from the hydrogen end leaves a slightly positive charge. The water molecule is thus polar, having positive and negative sides.

Hydrogen bonds result from the weak electrical attraction between the positive end of one molecule and the negative end of another. Individually these bonds are very weak, although taken in a large enough quantity, the result is strong enough to hold molecules together or in a three-dimensional shape. 

Formation of a hydrogen bond between the hydrogen side of one water molecule and the oxygen side of another water molecule. Because of the hydrogen-bonding, water molecules tend to cling together and thus form a layer on which many insects can walk or to which they can attach their eggs/larvae. Because of the cohesion (hydrogen bonding) water also expands as it freezes, making ice float and thus insulate bottoms of lakes and streams, facilitating an ice-free environment at the bottom.

Describe the role of water as a solvent, temperature regulator, and lubricant

It can be quite correctly argued that life exists on Earth because of the abundant liquid water. Other planets have water, but they either have it as a gas (Venus) or ice (Mars). Water is a universal solvent. Since approximately 65% of the body is water, most of the constituent compounds are made of water-soluble molecules,thus making water an essential solvent and therefore greatly facilitating chemical reactions, especially those involving other polar molecules. Since water is freely distributed and moveable within cells or organisms, it is the ideal vehicle for distribution of materials within a cell or body. (Blood, itself mostly water, is the only transportation system in vascular animals). Since water has a very high heat capacity and loses heat only very slowly, it is ideal for heat homeostasis (temperature regulation). A thin layer of water lining the joints also allows them to move more freely.

Living things are composed of atoms and molecules within aqueous solutions (solutions that have materials dissolved in water). The solvent is usually the substance present in the greatest amount (usually also a liquid). The substances of lesser amounts are the solutes.

Dissolution of an ionically bonded compound, sodium chloride, by water molecules is diagramed on the left.

The solubility of many molecules is determined by their molecular structure. You are familiar with the phrase "mixing like oil and water." The biochemical basis for this phrase is that the organic macromolecules known as lipids (of which fats are an important group) have areas that lack polar covalent bonds. The polar covalently bonded water molecules act to exclude nonpolar molecules, causing the fats to clump together. The structure of many molecules can greatly influence their solubility. Sugars, such as glucose, have many hydroxyl (OH) groups, which tend to increase the solubility of the molecule.

Distinguish among acids, bases, and buffers, and indicate the importance of pH to biological systems

Water tends to disassociate into H+ and OH- ions. In this disassociation, the oxygen retains the electrons and only one of the hydrogens, becoming a negatively charged ion known as hydroxide. Pure water has the same number (or concentration) of H+ as OH- ions. Acidic solutions have more H+ ions than OH- ions. Basic solutions have the opposite. An acid causes an increase in the numbers of H+ ions and a base causes an increase in the numbers of OH- ions. 

The pH scale is a logarithmic scale representing the concentration of H+ ions in a solution. Remember that as the H+ concentration increases the OH- concentration decreases and vice versa. If we have a solution with one in every ten molecules being H+, we refer to the concentration of H+ ions as 1/10. Remember from algebra that we can write a fraction as a negative exponent, thus 1/10 becomes 10-1. Conversely 1/100 becomes 10-2 , 1/1000 becomes 10-3, etc. Logarithms are exponents to which a number (usually 10) has been raised. For example log 10 (pronounced "the log of 10") = 1 since 10 may be written as 101. The log 1/10 (or 10-1) = -1. pH, a measure of the concentration of H+ ions, is the negative log of the H+ ion concentration. If the pH of water is 7, then the concentration of H+ ions is 10-7, or 1/10,000,000. In the case of strong acids, such as HCl, an acid secreted by the lining of your stomach, [H+] (the concentration of H+ ions, written in a chemical shorthand) is 10-1; therefore the pH is 1).

A buffer is a substance which can take up excess [H+] or [OH-] ions.Buffers maintain acid/base balance (homeostasis) essential to life. Buffers keep the pH constant.

The pH is important in normal cell functions because of the sensitivity of enzymes to pH. Excessive pH denatures (changes the shape of ) the enzyme rendering it no longer functional.

Examples of pH: The pH of 1M Hcl = 0.0, Lemon Juice= 2.3, Coffee = 5.0, Pure Water = pH 7.0, Blood =7.3-7.45 Milk of Magnesia = 10.5, 1M NaOH = 14.0

Biological Molecules

Demonstrate a knowledge of synthesis and hydrolysis as applied to organic polymers

Cells contain very large molecules called macromolecules. A macromolecule forms when smaller molecules join together. Each of these smaller molecules is called a monomer. When monomers form a chain, the macromolecule is a polymer. The polymers (macromolecules) of cells and their monomers are:

Protein - amino acids 

Carbohydrates - monosaccaride
Lipid - glycerol + fatty acid 

Nucleic acid - nucleotide
When monomers join to form a macromolecule (below), a bond forms between adjacent monomers. This bond forms when a hydrogen (H) from one monomer is caused to link with a hydroxyl group (OH) from another monomer. As a water molecule forms, dehydration synthesis occurs. (see figure 2.26 Page 38)

Conversely, a macromolecule is broken down by the addition of water molecules. During this process, called hydrolysis, one monomer takes on a hydrogen and the adjacent monomer takes on a hydroxyl group. This leads to a disruption of the bonds linking the monomers.

List the major functions of proteins

The two major functions: Structure and Metabolism. Protein macromolecules sometimes have a structural function. For example, in humans, the protein keratin makes up hair and nails, while collagen is found in all types of connective tissue, including ligaments, cartilage, bones, and tendons. The muscles contain proteins, which account for their ability to contract. Some proteins are enzymes, necessary contributors to the chemical workings of the body. Enzymes speed up chemical reactions; they work so quickly that a reaction that normally takes several hours or days without an enzyme takes only a fraction of a second with an enzyme. Specific enzymes in the body assist synthetic reactions, which build up macromolecules; others carry out hydrolytic reactions, which break down macromolecules.

Draw a generalized amino acid and identify the amine, acid (carboxyl), and R-groups

Most amino acids have the structural formula shown to the left. Proteins are polymers, or chains, of amino acids. A protein is characterized by the sequence of amino acids it contains. The term amino acid is appropriate because this type of molecule has 2 functional groups: an amino group (NH2) and an acid (carboxyl) group (COOH). Amino acids differ from one another by their R group, the Remainder of the molecule. In amino acids, the R group varies from a single hydrogen (H) to complicated rings. There are 20 different amino acids, and therefore, about 20 different types of R groups that are commonly found in proteins. Although many other amino acids are known, these 20 amino acids are joined in all proteins in all species of living organisms, from bacteria to humans. (see Figure 2.25 Page 37)

The bond that joins 2 amino acids is called a peptide bond. As you can see in figure on the first page, when dehydration synthesis occurs, the acid group of one amino acid reacts with the amino group of another amino acid, and water is given off. A dipeptide results when 2 amino acids join; a polypeptide (below) is a string of amino acids joined by peptide bonds. A polypeptide can contain hundreds, even thousands, of amino acids and a protein consists of one or more polypeptides.

The atoms associated with a peptide bond, oxygen (O), carbon (C), nitrogen (N), and hydrogen (H), share electrons in such a way that the oxygen carries a partial negative charge and the hydrogen carries a partial positive charge: Therefore, the peptide bond is polar, and hydrogen bonding, occurs frequently between the peptide bonds in polypeptides and proteins.

Differentiate among the primary, secondary, tertiary, and quaternary structure of proteins 

Proteins commonly have 3 levels of organization in their structure (see fig. 2.27 Page 39), although some have a fourth level as well

The first level, called the primary structure, is the linear sequence of the amino acids joined by peptide bonds and is shown in the above polypeptide. Any number of the 20 different amino acids can be joined in any sequence. Any given protein has a characteristic sequence of amino acids.

The secondary structure (shown to the left) of a protein comes about when the polypeptide chain takes a particular orientation in space. One common arrangement of the chain is the alpha helix, or a right-handed coil, with 3.6 amino acids per turn. Hydrogen bonding between amino acids, in particular, stabilizes the helix. Hydrogem bonds are drawn with a dotted line to indicate that they are weak bonds. 

The atoms associated with a peptide bond–oxygen (O), carbon (C), nitrogen (N), and hydrogen (H)–share electrons in such a way that the oxygen carries a partial negative charge and the hydrogen carries a partial positive charge: Therefore, the peptide bond is polar, and hydrogen bonding, occurs frequently in polypeptides and proteins.

 

 

The tertiary structure of a protein is its final threedimensional shape (left). In muscles, the helical chains of myosin form a rod shape that ends in globular heads. Enzymes are globular proteins in which the helix bends and twists in different ways. The tertiary shape of a protein is maintained by various types of bonding between the R groups. Covalent, ionic, and hydrogen bonding are all seen.

 

 

Some proteins have more than one type of polypeptide chain, each with its own primary, secondary, and tertiary structures. These separate chains are arranged to give a fourth level of structure, termed the quaternary structure (right). Ex. Hemoglobin 

The final shape of a protein is very important to its function. When proteins are exposed to extremes in heat and pH, they undergo an irreversible change in shape called denaturation. For example, we are all aware that the addition of acid to milk causes curdling and that heating causes egg white, a protein called albumin, to coagulate. Denaturation occurs because the normal bonding between the R groups has been disturbed. Once a protein loses its normal shape, it is no longer able to perform its usual function.

Recognize the empirical formula of a carbohydrate

Carbohydrate molecules are characterized by the presence of the atomic grouping CH2O, in which the ratio of hydrogen atoms (H) to oxygen atoms (O) is approximately 2:1. [Because water has this same ratio of hydrogen to oxygen, the term carbohydrate, which means hydrates of carbon, was originally thought to be appropriate]. 

If the number of carbon atoms in a molecule is low (from 3 to 7), then the carbohydrate is a simple sugar, or monosaccharide. Thereafter, larger carbohydrates are created by joining monosaccharides. [ in the same manner described for the synthesis of proteins]

Differentiate among monosaccharides, disaccharides, and polysaccharides 
Monosaccharides: - As their name implies, monosaccharides are simple sugars of one molecule each (fig. 2.17 Page 32). These molecules are often designated by the number of carbon atoms they contain; for example, pentose sugars, such as ribose, have 5 carbon atoms in a ring with attach groups, and hexose sugars, such as glucose, have 6 carbon atoms in a ring with attached groups. Glucose is the primary energy source of the body, and most carbohydrate polymers can be broken down into monosaccharides that either are or can be converted to glucose. Other common monosaccharides are fructose, found in fruits, and galactose, a constituent of milk. These 3 monosaccharides have a ring structure with the molecular formula C6H12O6, but they differ in the shape of the ring and/or in the arrangement of the hydrogen (-H) and the hydroxyl groups (-OH) attached to the ring.

Disaccharides: Two Sugars - The term disaccharide tells us that the molecule contains 2 monosaccharides. When 2 glucose molecules join, maltose (see Fig. 2.18 Page 32) results. When glucose and fructose join, the dissacharide sucrose forms. Sucrose derived from sugarcane and sugar beets is commonly known as table sugar. Lactose, milk sugar, is a disaccharide composed of glucose and the monosaccharide galactose.

 

Polysaccharides: Many Sugars - A polysaccharide is a polymer of monosaccharides. Three polysaccharides are common in organisms: starch, glycogen and cellulose.

Differentiate among starch, cellulose, and glycogen

Even though all three polysaccharides contain only glucose they are distinguishable from one another. 

Starch ( see Fig 2.19 Page 33 ) has few side branches, or chains of glucose that branch off from the main chain. Starch is the storage form of glucose in plants. [Just as we store orange juice as a concentrate, plants store starch as a concentrate of glucose. This analogy appropriate because water is removed when glucose molecules join to form starch.] The following equation could represent the synthesis of starch:

Glucose + Glucose + Glucose + Glucose + Glucose --------> starch + 4 water molecules

Cellulose is found in plant cell walls and accounts in part for the strong nature of these walls. In cellulose (see figure 2.21 Page 33), the glucose units are joined by a slightly different type of linkage than that in starch or glycogen. Oberve the alternating position of the oxygen atoms linking with the glucose units. While this might seem to be a technicality, actually it is important because we are unable to digest foods ,containing this type of linkage; therefore, cellulose passes through our digestive tract as fiber, or roughage. Recently, it has been suggested that fiber in the diet is necessary to good health and may even help to prevent colon cancer.

Glycogen - (see Fig. 2.20 Page 33) Another polysaccharide, glycogen, is characterized by the presence of many side chains of glucose. 

Glycogen is the storage form of glucose in animals. After an animal eats, the liver stores glucose as glycogen; in between eating, the liver releases glucose so that the concentration of glucose in blood is always about 0.1%.
List the main functions of carbohydrates

Carbohydrates are first and foremost a source of short term energy for all organisms, including humans. Sometimes, they also join with other molecules to play a structural role. Glucose is the primary energy source of the body. Starch is the storage form of glucose in plants. Glycogen is the storage form of glucose in animals. After an animal eats the liver stores glucose as glycogen; in between eating, the liver releases glucose so that the concentration of glucose in blood always about 0.1%. The polysaccharide cellulose is found in plant cell walls and accounts in part for the strong nature of these walls. Cellulose passes through our digestive tract as fiber, or roughage, because we are unable to digest it. Recently, it has been suggested that fiber in the diet is necessary to good health and may even help to prevent colon cancer

Compare and contrast saturated and unsaturated fats in terms of molecular structure

Fats (see figures 2.22, 2.25,page 34) are nonpolar because they have no parts that can become ionized. During fat dehydration synthesis glycerol (which has three OH groups) reacts with 3 fatty acids to form one fat molecule and 3 water molecules. The reverse of the above reaction is hydrolysis of a fat molecule. A fatty acid has a hydrocarbon chain ( a string of carbons surrounded by hydrogens) and ends with a -COOH acid group. [Most are 16 - 18 C's long but there are shorter.] 

There are two types of fatty acids: Saturated or Unsaturated

	Saturated
	Unsaturated

	no double bonds between carbon atoms
	double bonds between carbon atoms

	maximum number of hydrogen atoms
	less than maximum number of hydrogen atoms because 2 less hydrogen at each double bond

	solid ( Ex. butter)
	liquid ( Ex. vegetable oil)


Describe the location and explain the importance of the following lipids in the human body: neutral fats, steroids, phospholipids

Familiar lipids are neutral fats and oils. - What is the main difference between the two? Fats are solid at room temperature, oils are liquid at room temperature. Fxns of fats in the body: Long term energy storage, Insulation, Protective cushion

Phospholipids (see fig. 2.23 Page 35)- Contain a phosphate group in place of the third fatty acid. The phosphate group can ionize forming a polar head while the two fatty acids form a nonpolar tail. The cell membrane is a phospholipid bilayer in which the heads face outward and the tails face inward because they are hydrophobic (water repelling).

Steroids - [structure is different from that of fats] (see fig. 2.24 Page 36) Backbone of 4 fused carbon rings with functional groups attached. Each type of steroid differs primarily by the arrangement of atoms in the rings and the functional groups attached to them. Cholesterol is the precursor to several other steroids. Aldosterone is a hormone that helps to regulate the sodium level of blood. Estrogen and Testosterone are sex hormones which help to maintain the female and male secondary sex characteristics.

Know the basic structure and functions nucleic acids

(see figure 2.28 Page 41) Important for the growth and reproduction of cells and organisms. Human genes are composed of a nucleic acid called DNA.The nucleic acid RNA works in conjunction with DNA to synthesise proteins. DNA and RNA are formed through dehydration synthesis by joining nucleotides to form a polymer (far left).

A single nucleotide (see figure 2.28 Page 40) contains a pentose sugar, a phosphate, and a nitrogen base. In DNA the sugar is deoxyribose, in RNA the sugar is ribose. In RNA (far left) nucleotides join to form a strand of sugar - phospate - sugar - phosphate

molecules with the nitrogen bases projecting to one side. In DNA a second sugar - phosphate strand lines up next to the first and is held there by hydrogen bonds between the nitrogen bases.

Relate the general structure of the ATP molecule to its role as the "energy currency" of cells

( see fig. 2.29 Page 41) ATP is a nucleotide that functions as the energy carrier in cells. The base adenine is joined to a ribose sugar (adenosine) and 3 phosphate groups. The energy is stored in the two high energy bonds between the phosphate groups. Wavy line = high energy in diagram.

Distinguish among carbohydrates, lipids, proteins, and nucleic acids with respect to chemical structure

Make sure that you can recognize carbohydrates, lipids, proteins and nucleic acids (monomers and polymers) given a diagram (or description) of their chemical structure.

DNA - Name the four bases in DNA and describe the structure of DNA using the following terms: - nucleotide (sugar, phosphate, base) - complementary base pairing - double helix - hydrogen bonding
- DNA is used and copied thousands of times with very little change

- Found in every cell of every organism, deoxyribonucleic acid is the only molecule known that is able to replicate itself and correct errors, thereby allowing cell division.

- DNA provides the directions for the building of new cells and for the repair of worn cells.

 

- DNA is most often described as a double helix. DNA closely resembles a twisted ladder. Sugar and phosphate molecules form the backbone of the ladder, while the nitrogen bases form the rungs. Nitrogen bases from one spine of the ladder are connected by weak hydrogen bonds to the nitrogen bases on the other side of the ladder.

 

[The double helix structure was first described in 1953 by James Watson and Francis Crick. Their discovery is one of the most significant of the twentieth century]

- The DNA molecule is made up of individual units called nucleotides. Each nuleotide is composed of a deoxyribose sugar, a phosphate, and a nitrogen base. (see fig. 24.3 Page 464)

- Complementary base pairing (see fig. 24.4 Page 465) describes the behavior of the nitrogen bases. There are two families of nitrogenous bases: pyrimidines and purines. Pyrimidines have a single ring and include cytosine, thymine and uracil. Purines have a double ring and include adenine and guanine. A purine base always pairs with pyrimidine base. Can you suggest why?

[Using Mnemonics: "Thousands Count Pyramids" "Ads Guarantee Purity"]

- In DNA cytosine always pairs with guanine and adenine always pairs with thymine.

- If a stretch of one strand has the has the base sequence AGGTCCG, what would be the sequence of the same stretch of the other strand?

Answer: TCCAGGC

 

 

 

 

- A researcher finds a sample of DNA to have the four bases in the following percentages: 

	A = 30.9%
	T = 25.4%
	G = 19.9%
	C = 25.8%


Why must there have been an error in his measurements?

Assuming the percentages of adenine and guanine are correct what should the values have been for thymine and cytosine?

- A genes meaning to the cell is encoded in its specific sequence of the four bases. The linear order of bases encoded in a gene specifies the amino acid sequence of a protein, which then specifies that protein's function in the cell.

- The two strands of the double helix are complementary, each the predictable counterpart of the other. It is this feature of DNA that makes possible the precise copying of genes that is responsible for inheritance. As a cell prepares to divide, the two strands of each gene seperate. Each existing strand serves as a template to order nucleotides into a new complementary strand.

- The genetic code is contained in 46 seperate chromosomes in your body.

Hydrogen bonding - The strands are held together by hydrogen bonds between the bases.

Three Functions of DNA - store info., replicate, undergo mutations

Describe DNA replication with reference to three basic steps: - "unzipping" - complementary base pairing - joining of adjacent nucleotides

How is structure related to function? The double stranded structure aids replication because each strand can serve as a template for the formation of a complementary strand.

Replication is semiconservative (1 new, 1 old) because each of the new helixes after the first round of replication contain one of the original strands and one new strand. ( see fig. 24.6 Page 467)

[If replication were conservative then of the two new helixes one would consist entirely of the original strands and the other would consist entirely of two new strands.]

Semiconservative replication has the following steps:

1) The two strands of the parent DNA unwind (helicase) and unzip (weak hydrogen bonds broken between the bases).

2) New complementary nucleotides, always present in the nucleus, move into the appropriate place according to complementary base pairing.

3) The enzyme DNA polymerase joins the complemetary nucleotides so that the new DNA molecule is again double straded. 

The bases seldom pair incorrectly because DNA polymerase has a proofreading function. If it finds an incorrect nucleotide it removes it and replaces it with the proper one. If an error is not corrected a gene mutation has occured.

Define recombinant DNA

[The biochemical capabilities of microorganisms have been exploited for a very long time. How? Wine and bread depends on the yeast cells to carry out fermentation.]

1980's - biotechnology gave rise to an industry that provides products made by genetically engineered bacteria including drugs and vaccines and nucleic acids for laboratory research. Bioengineered bacteria are also released into the environment to clean up pollutants and kill insect pests.

Recombinant DNA contains DNA from 2 or more different sources. A vector is used to introduce recombinant DNA into cells.

The most common vector is a plasmid. Plasmids are small accessory rings of DNA found in bacteria. Plasmids used as vectors have been removed from bacteria and have had a foreign gene inserted into them. Treated bacteria take up a plasmid, and after it enters, the plasmid replicates whenever the host reproduces. [gene cloning has occured because there are now many exact copies of a foreign gene.] [Viruses can also act as vectors when they incorporate a foreign gene into their DNA. Because each virus derived from a viral vector also contains the foreign gene they too allow cloning of a particular gene.]

Describe three uses for recombinant DNA

Growth hormone was previously extracted from the pituitary gland of cadavers, and it took 50 glands to obtain enough of the hormone for one dose. Now biotechnology facilitates the mass production of growth hormone to treat growth abnormalities.

Insulin was previously extracted from cattle and pigs. Again biotechnology allows mass production of insulin which is cheaper and less likely to cause an allergic reaction.

Other Examples of Hormones and Proteins produced for use in humans include:

· TPA (tissue plasminogen activator) to treat heart attacks by dissolving blood clots

· Clotting factor VIII for the treatment of hemophelia

· Human lung surfactant treats respiratory distress syndrome in premature infants

Biotechnology also produces safer vaccines for humans and farm animals to protect against Herpes, Hepatitis A, B, and C, Lyme disease, Whooping cough, and Clamydia. These vaccines are safer because unlike regular vaccines, which use treated bacteria or viruses and can sometimes cause the disease, genetically engineered vaccines use other bacteria to produce the surface protein of a pathogen for use as a vaccine. These surface proteins are enough to trigger the immune response but cannot afflict someone with the disease.

Some bacteria are bioengineered to perform other services such as:

• Development of frost-resistant crops. [bacteria that normally live on plants and encourage the formation of ice cyrstals have been genetically engineered to do the opposite]
• Endowing bacteria that normally inhabit the roots of a plant with genes that produce an insect toxin

• Production of hormones for animals (e.g. bGH to increase milk

production).

• Production of DNA probes (used to determine such things as paternity or

body identification at crime scenes).

• Enhancement of naturally occurring bacteria for use in environmental

cleanup. (e.g. oil spills)

• Identification of genes for cloning and mapping.

• Production of organic chemicals (various bacteria can be bioengineered to produce phenylalanine an organic chemical needed to make aspartame)

• Processing minerals (many companies already use bacteria to extract copper, uranium, and gold from low grade sources)

• Hardier more nutritious plants that require less fertilizer and are resistant to insects.

Compare and contrast the general structural composition of DNA and RNA

Both polynucleotides and involved in protein synthesis. One has ribose sugar other has deoxyribose sugar, DNA has CGAT in a double strand. RNA has CGAU in a double strand.

	
	DNA
	RNA

	Sugar
	Deoxyribose
	Ribose

	Bases
	Adenine, Guanine, thymine, Cytosine
	Adenine, Guanine, Uracil, Cytosine

	Strands
	Double stranded with base pairing
	Single Stranded

	Helix
	Yes
	No


Demonstrate a knowledge of the basic steps of protein synthesis, identifying the roles of DNA, mRNA, tRNA, and ribosomes in the processes of transcription and translation
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DNA serves as a template for its own replication and for RNA formation. Transcription is making an mRNA molecule that is complementary to a portion of DNA. 
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RNA polymerases (represented by the blue circle in the diagram to the left) cover an area about 10 nucleotides long where they pry the two strands of DNA apart and hook together the RNA nucleotides as they base pair along the DNA template. Specific sequences of nucleotides along the DNA mark the initiation and termination sites, where transcription of a gene begins and ends. Transcription progresses at a rate of about 60 nucleotides per second. If a certain protein is needed in large amounts, the same gene can be transcribed simultaneously by several molecules of RNA polymerase. In eukaryotes, RNA processing occurs in the nucleus before the transcribed mRNA leaves to go to the ribosomes. During RNA processing ribozymes remove introns from the transcribed portion. Introns are segments of the DNA that are not part of the gene. The parts that remain are called exons because they are ultimately expressed. Following transcription and RNA processing, mRNA moves through the nuclear pores to the ribosomes in the cytoplasm. Because it carries the instructions from the nucleus to the cytoplasm it is called messenger RNA or mRNA for short.

During translation, the instructions contained in the sequence of the nitrogen bases of the mRNA are used to direct the sequence of amino acids assembled into a polypeptide and eventually a protein. The sites of translation are the ribosomes, complex particles with many enzymes and other agents that facilitate the orderly linking of amino acids into polypeptide chains.

The information in the mRNA base sequence is in a triplet code. [How many triplets can there be? 64] Each three letter unit of the molecule is called a codon. All 64 mRNA codons have been determined. Sixty one codons correspond to a particular amino acid. The remaining three are stop codons which signal polypeptide termination. The one codon that stands for methionine is also a start codon signaling polypeptide initiation.

The DNA code is universal. The same codons stand for the same amino acids in most bacteria, protists, plants, and animals. [What does this suggest? This illustrates the remarkable biochemical unity of living things and suggests that all living things have a common ancestor.]
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Translation begins when the two subunits of the ribosome bind to the mRNA strand and translation is initiated at the start codon (AUG) thus establishing the reading frame [the red dog ate the cat]. The ribosome reads along the mRNA strand in one direction. The ribosome binds with two codons of the mRNA at any one time. The ribosome relies on the transfer RNA molecules to bring it the correct amino acids which it adds to the polypeptide chain. 
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The tRNA molecules are ultimately responsible for translating the base code of the messenger RNA. tRNA' s use energy to form a high energy bond with an amino acid forming tRNA~complex. Each type of tRNA bonds to a specific amino acid and carries it to the ribosome. The tRNA has an anticodon on its lower portion that varies according to the type of amino acid it carries. 

We said already that the ribosome binds with two codons at a time. It does this at the P site and A site. The P site is the trailing site and has a tRNA and the growing polypeptide chain. The A site is the leading site and it is here that the tRNA with the complementary anticodon will bring the appropriate amino acid. Once at the A site, the tRNA's amino [image: image5.png]Elongation (translation)




acid is joined to the growing polypeptide chain. This releases the tRNA that was carring the chain from the P site. 
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The tRNA that was in the A site moves to the P site allowing the ribosome to move forward a distance of one codon. Now the A site is again empty for the tRNA with the complementary anticodon to arrive with the next amino acid. 

The released tRNA's are recycled and this process continues (elongation) until the ribosome encounters a stop codon on the mRNA (termination). This codon does not code for an amino acid. Instead it causes a release factor to bind to the termination codon in the A site. This releases the polypeptide from the tRNA in the P site by adding a water molecule to it. In some cases the polypeptide will have to be modified before it can perform its function or it may have to bind with another polypeptide to complete its quaternary structure.

A single ribosome can make an average sized polypeptide in less than a minute. Typically, a single mRNA is used to make many copies of a polypeptide simultaneously by several ribosomes working at the same time. We call these clusters polyribosomes.

[Protein Targeting - The synthesis of all polypeptides begins in the cytoplasm. The first 20 amino acids of the polypeptide, called the signal sequence, tell the ribosome to either stay in the cytoplasm or to attach itself to an ER. Other signal sequences target proteins for the mitochondria or chloroplasts after the proteins are released from the ribosomes.] 

Determine the sequence of amino acids coded for by a specific DNA sequence, given a table of mRNA codons
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[The information in the mRNA base sequence is in a triplet code. Each three letter unit of the molecule is called a codon.]

1) A tRNA molecule with the anticodon GCU would be carrying which amino acid 

2) Determine the sequence of amino acids produced by this DNA sequence: 

GGAGTTTTCGCT. 

(See KEY on bottom of last page for answers)

Give examples of two environmental mutagens that can cause mutations in humans

Mutations are inheritable changes in the genetic material of an organism. Mutations may take place in any cell. Cosmic rays, X rays, ultraviolet radiation, and chemicals that alter the DNA are called mutagenic agents (or mutagens). By changing the arrangement of the nucleotides in the double helix, the mutagen changes the genetic code. The shift in a single nucleotide will lead to the production of a new protein from the instructions. The new protein has a different chemical structure and, in most cases, is incapable of carrying out the function of the required protein. Without the required protein, cell function is impaired, if not completely destroyed. Although some mutations can, by chance, improve the functioning of the cell, the vast majority of mutations produce adverse effects.

Ex. Occasionally, X rays will break the backbone of the DNA molecule. Special enzymes will repair the break but the spliced segment may not get placed in the proper position. The misplaced segment may alter the entire library of genetic information.

Use examples to explain how mutations in DNA affect protein synthesis and may lead to genetic disorders

Germ cell mutations occur in sex cells, such as eggs and sperm. They do not affect the organism itself but are passed on to offspring. Somatic mutations take place in body cells. They are passed on to daughter cells through mitosis. 

Chromosome mutations often occur during cell division. Deletion occurs when a piece of chromosome breaks off. All the information on that piece is lost. Inversion occurs when a piece breaks from a chromosome and reattaches itself to the chromosome in the reverse orientation. Translocation occurs when a broken piece attaches to a nonhomologous chromosome. Another kind of chromosomal mutation, called nondisjunction, occurs when a replicated chromosome pair fails to seperate during cell division. When nondisjunction occurs, one daughter cell recieves an extra copy of a chromosome, and the other daughter cell lacks that chromosome entirely. In humans, for example, if nondisjunction occurs during sperm formation, one sperm cell may have 22 chromosomes, and the other may have 24. If one of these gametes combines with a normal egg, the zygote will have either 45 (monosomy) or 47 (trisomy) chromosomes. [An extra chromosome 21, for example, results in Down syndrome, a disorder characterized by mental retardation, a fold of skin above the eyes, and weak muscles. Klinefelter syndrome results from the trisomic genotype XXY. Klinefelter individuals may be mentally retarded and have low fertility. Turner syndrome is a monosomic condition with the genotype XO. An XO female is characterized by immature physical development, sterility, and a webbed neck.]

Gene mutations arise from mistakes in DNA replication. When one nitrogen base is substituted for another, added, or deleted a point mutation has occured. The addition or deletion of a nitrogen base is a point mutation called a frameshift mutation (WHY?). Very serious. The substitution of a nucleotide will sometimes have no effect because of the redundancy of the genetic code. Other substitutions called missense mutations lead to the production of a different protein because one amino acid has been changed. One well known genetic mutation is a human disorder called sickle-cell anemia. See Figure 24.17 on page 479. This genetic disorder affects the structure of the oxygen-carrying molecule found in red blood cells. The alteration of a single nitrogen base causes valine to replace glutamate as the sixth amino acid in one of the protein chains. Even this slight change has devastating consequences. The red blood cell assumes a sickle shape and is unable to carry an adequate amount of oxygen. To make matters worse the sickle-shaped cells clog the small capillaries, starving the body's tissues of oxygen.

If a base substitution results in a stop codon [what would happen?] transcription is terminated and an incomplete polypeptide results. These are called nonsense mutations. A substitution having this effect may be the cause of the X-linked clotting disorder known as [?] hemophilia. The most common type of hemophilia results from the absence or minimal presence of a particular clotting factor called factor VIII. 

KEY Answer 1: Arginine. Answer 2: Proline, Glutamine, Lysine, Arginine. 

Cancer

[Read pg. 476] Cancer cells have characteristics indicating a severe failure in the control of gene expression.

Describe cancer with respect to:

a- disorganized and uncontrolled growth (anaplasia) 

b- lack of contact inhibition

c- vascularization
d- metastasis

e- abnormal nuclei
(a) Normal cells only divide about 50 times, but cancer cells enter the cell cycle over and over again and never fully differentiate. This process is also called anaplasia. In the body, cancer cells produce a tumor, which invades and destroys neignboring tissue. The nondifferentiated cells are disorganized and do not function as they should.
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(b) In tissue culture, normal cells (shown left and immediately below) grow in only one layer because they adhere to the glass and stop dividing when they make contact with their neighbors. 
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Cancer cells cells (shown left and immediately below) have lost this contact inhibition and grow in multiple layers. (e) Cancer cells (left) also exibit abnormal (larger) nuclei.
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(c) To support their growth cancer cells release a growth factor that causes neighboring blood vessels to branch into the cancerous tissue, a process called vascularization. 

(d) In a process called metastisis (see fig. 24.18 Page 480), cancer cells detach from the tumor and spread around the body. Cancer cells produce hydrolytic enzymes which enable them to invade underlying tissues. After travelling through the blood vessels or the lymphatic vessels, cancer cells start new tumors elsewhere in the body. This is why early detection is so important in treating cancer. If the cancer is found before metastis the chance of curing it is much greater.

List the seven danger signals that may indicate the presence of cancer

The danger signals that can indicate the possibility of a cancerous tumor are:

unusual discharge or bleeding, 

a lump or thickening of the breast or anywhere, 

a sore that does not heal, 

change in bowel or bladder habits, 

persistent cough or hoarseness, 

persistent indigestion or difficulty in swallowing 

or a change in a wart or mole.

Differentiate between a proto-oncogene and an oncogene

Cells contain certain genes which are necessary for the normal functioning of the cell but have the ability to become oncogenes called proto oncogenes. The proto-oncogene can be converted to an oncogene by a mutation or by environmental factors. It may require only one nucleotide change in the DNA sequence to make a proto-oncogene an oncogene. Oncogenes can also be introduced into a cell by a virus. The oncogene either expresses itself inappropriately, or expresses itself to a greater degree than normal. Oncogenes code for proteins that affect growth and organization of tissues. Several oncogenes have been identified as developing from genes which cause the production of cell growth factors, or are involved in the production of cell surface receptors for growth factors. Once a proto-oncogene becomes an oncogene the cell is now cancerous. The cancerous cell will normally be destroyed by the immune system, but if the immune system fails to function then a cancer will develop. See Figure 24.19

 
Use examples to outline the roles of initiators and promoters in carcinogenesis

Carcinogenesis - the development of cancer

Initiators are generally mutagens (radiation, X rays, chemicals), compounds that cause changes in the DNA in a cell that helps bring on cancerous growth in the future. [A papilloma viral infection , the cause of genital warts may lead to cervical cancer. Cigarette smoke contains chemical carcinogens and causes lung cancer.]

Promoters speed up the expression of cancerous growth by stimulating the cell to multiply. It is also possible that a promoter only provides the environment that causes mutated cells to form a tumor. [There is some evidence to suggest that a diet rich in saturated fats and cholesterol is a cancer promoter. Considerable time may elapse between initiation and promotion. This is why cancer is more often seen in older than younger individuals.]

 

Demonstrate a knowledge of how a virus can bring about carcinogenesis

[Certain genes which are necessary for the normal functioning of the cell have the ability to become oncogenes. It may require only one nucleotide change in the DNA sequence to make a proto-oncogene an oncogene. Several oncogenes have been identified as developing from genes which cause the production of cell growth factors, or are involved in the production of cell surface receptors for growth factors.] A virus infection can also introduce an oncogene or an enhancer into a cell, making it cancerous. For example, a papilloma viral infection, the cause of genital warts, may lead to cervical cancer. See fig 24.19 Page 481. 

The following terms are often used to describe a cancerous tumor.

1) Benign - slow growth rate, contain more differentiated cells, do not metastisize

2) Malignant - aggressive, grow rapidly, contain more undifferentiated cells, metastisize 

Closing Notes: Read page 482 - Genes That Suppress Tumors and Preventing Cancer.
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Transport Across Cell Membranes

The cell membrane is the outer living boundary of the cell. It helps give a cell mechanical strength and shape and regulates the passage of molecules into and out of the cell. Because of this second function it is largely responsible for maintaining cellular homeostasis. The structure of the cell membrane is largely related to its function. 

Apply knowledge of organic molecules to explain the structure and function of the fluid-mosaic membrane model
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The membrane is composed of a phospholipid bilayer (which has a fluid consistency) in which proteins are wholly or partially imbedded (in a mosaic pattern). 

The membrane forms a solubility barrier which separates the contents of the enclosed volume from its surroundings.

Phospholipids - Contain a phosphate group in place of the third fatty acid. The phosphate group can ionize forming a polar head while the two fatty acids form a nonpolar tail. The cell membrane is a phospholipid bilayer in which the heads face outward because they are hydrophilic (water loving) and the tails face inward because they are hydrophobic (water repelling).

Integral membrane proteins are imbedded in the membrane (non-polar R groups of the protein participate in hydrophobic interaction with non-polar interior of lipid bilayer). Peripheral proteins associate with membrane surface by ionic interactions and hydrogen bonds. Supported by evidence from freeze-fracture electron microscopy.

Carbohydrates if present are components of glycolipids or glycoproteins and are oriented to the outside of the plasma membrane. Glycolipids are constructed similarly to phospholipids except that the polar head consists of a chain of carbohydrate molecules. Glycoproteins are protein molecules that span the membrane with attached carbohydrate chain. Animal cell membranes also contain cholesterol molecules. [These molecules lend stability to the lipid bilayer and prevent a drastic decrease in fluidity at low temperatures.] 

 

 

The lipid bilayer determines the basic structure and the proteins carry out the various functions(Study Figure 4.2 Pg. 62): 

Glycoproteins unique to the cell allow cell recognition

Other proteins (channel and carrier) are involved in passage of molecules across the membrane

Other proteins are receptors that allow specific molecules to bind (hormones, viruses)

Enzymatic proteins catalyze a specific reaction 

Explain why the cell membrane is described as "selectively permeable"

Membrane transport properties: The structure of the lipid bilayer dictates that most polar compounds are unable to pass through it unless assisted by some transport mechanism. Large molecules (macromolecules) cannot freely cross the membrane. Small noncharged molecules, particularly if they are lipid soluble, have no difficulty crossing the membrane. Gases can also diffuse through the lipid bilayer (ex. Lungs). Water passes into and out of cells with relative ease.

Because passage is restricted, the cell membrane is said to be selectively permeable (or differentially permeable)

Compare and contrast the following: diffusion, facilitated transport, osmosis, active transport [See Table 4.1]
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Diffusion (shown left) is the random movement of molecules in a solution which leads to a generally uniform dispersion of molecules. Diffusion occurs spontaneously and minimizes concentration differences. Diffusion is the net movement of a substance (liquid or gas) from an area of higher concentration to one of lower concentration. Since the molecules of any substance (solid, liquid, or gas) are in motion when that substance is above absolute zero (0 degrees Kelvin or -273 degrees C), there is available energy for movement of the molecules from a higher potential state to a lower potential state. The majority of the molecules move from higher to lower concentration, although there will be some that move from low to high. The overall (or net) movement is thus from high to low concentration. Eventually, if no energy is input into the system the molecules will reach a state of equilibrium where they will be distributed equally throughout the system. Water, carbon dioxide, and oxygen are among the few simple molecules that can cross the cell membrane by diffusion (or a type of diffusion known as osmosis ). Diffusion is one principle method of movement of substances within cells, as well as method for essential small molecules to cross the cell membrane. Gas exchange in gills and lungs operates by this process. Carbon dioxide is produced by all cells as a result of cellular metabolic processes. Since the source is inside the cell, the concentration gradient is constantly being replenished/re-elevated, thus the net flow of CO2 is out of the cell. Metabolic processes usually require oxygen, which is in greater concentration outside the cell, thus the net flow of oxygen is into the cell.

Osmosis (Study fig. 4.5 pg. 66, a thistle tube) is the diffusion of water across a selectively permeable membrane to an area of higher solute concentration. More on that later in the notes.

Membrane transport properties: Most polar compounds are unable to pass through the lipid bilayer unless assisted by some transport mechanism. Transport may be passive, facilitated or active. 
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Passive transport (left) involves movement through actual penetration of the compound into and through the lipid bilayer or it may involve passage through a pore. Some integral membrane proteins serve as channel proteins which form a pore or small opening through which compounds can pass. Passive transport requires no energy from the cell. Examples include the diffusion of oxygen and carbon dioxide, osmosis of water, and facilitated diffusion Facilitated transport (facilitated diffusion) [fig 4.7] involves the participation of an integral membrane protein which may change conformation to assist passage of the solute. The shape change facilitates release of the solute on the other side of the membrane. Passive and facilitated transport always occur down a concentration gradient and therefore do not require energy. 
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Active transport [fig. 4.8] may involve movement of solute up a concentration gradient but can do so only with expenditure of energy from some energy source. An example is the sodium, potassium pump which utilizes ATP to pump sodium ions out and potassium ions in to cells [fig. 4.9]. The sodium-potassium pump is associated with nerve and muscle cells. A change in carrier shape after the attachment and again after the detachment of a phosphate group allows it to alternately combine with sodium ions and potassium ions. The phosphate group is donated by ATP. Up to one-third of the ATP used by a resting animal is used to reset the Na-K pump.

Explain factors that affect the rate of diffusion across a cell membrane

[Diffusion is the random movement of molecules in a solution which leads to a generally uniform dispersion of molecules. Diffusion occurs spontaneously and minimizes concentration differences.]

During diffusion, molecules move from higher to lower concentration.

What factors affect the rate of diffusion?

The higher the temperature the faster the rate of diffusion (Why? Collisions)

Higher the solute concentrations will also increase the collisions and therefore rate.

Agitation will also increase the rate of diffusion (More collisions)

The greater the amount of exposed cell membrane surface area will also play a large role in the rate of diffusion across a membrane.

 

 

 
Describe endocytosis, including phagocytosis and pinocytosis, and contrast it with exocytosis
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Endocytosis (left): process of cellular uptake of macromolecules and particulate matter whereby a membrane invaginates to enclose the material and then pinches off to form an intracellular vesicle. Requires energy. Phagocytosis is the endocytosis of very large molecules [bacteria, red blood cells. This process is visible with light microscope] Pinocytosis is the endocytosis of large molecules [proteins. This process is visible only with the electron microscope.]

Exocytosis (above): process of cellular secretion of macromolecules by which an intracellular vesicle fuses with plasma membrane and discharges contents external to the cell. Required for secretion. (the reverse of endocytosis). Ex. Vesicles formed at by the Golgi apparatus secrete cell products at the cell membrane.

Predict the effects of hypertonic, isotonic, and hypotonic environments on animal cells

Osmosis is the diffusion of water across a selectively permeable membrane. Net movement of water is from a hypotonic solution (low solute concentration or high water concentration) to hypertonic solution (higher solute concentration or lower water concentration). If solutions are isotonic there is no net movement of water across the membrane.

hypotonic solution - lower solute concentration or higher water concentration outside of cell

hypertonic solution- higher solute concentration or lower water concentration outside of cell

isotonic - solute concentration or water concentration outside of cell same as inside of cell

hypotonic solution - there is a net movement of water into the cell (may cause lysis)

hypertonic solution - there is no net movement of water out of the cell 

isotonic - there is no net movement of water across the membrane

hypotonic solution - may cause lysis in animals, turgor pressure develops in plants

hypertonic solution - causes crenation in animals, causes plasmolysis in plants

See the diagram below to better understand the effects of different solutions
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Collect, display, and interpret data

Complete potato disc assignment.

Demonstrate an understanding of the relationship and significance of surface area to volume, with reference to cell size

What limits cell size? Since volume of a sphere increases as the cube of the radius, while surface area only increases as the square of the radius, the surface area will relatively decrease in size as a cell grows larger. Smaller cells will have a relatively larger ratio of surface area to volume than larger cells. Conversely, as a cell grows larger, its surface area to volume ratio will decrease. Since the surface area (cell membrane) is the only entry or exit for substances needed by or excreted from cells, the relative size of the cell membrane is of prime importance to the efficiency with which cells can metabolize or synthesize.

Enzymes

Demonstrate an understanding of the following terms: metabolism, enzyme, substrate, coenzyme, activation energy

[A chemical reaction involves bond breaking and bond forming. When a reaction rearranges the atoms of molecules, existing bonds in the reactants must be broken and the new bonds of the products must be formed. These processes require exchanges of energy between the mixture of molecules and the surrounding environment.]

Metabolism - is the sum of all chemical reactions occuring inside a living cell. Reactions in cells are usually part of a metabolic pathway. 

Metabolic pathways begin with a particular reactant and terminate with an end product with many small steps in between. In the pathway one reaction leads to the next reaction in an organized, highly structured manner. This arrangement makes it possible for one pathway to lead to several others. Also, metabolic energy is captured and utilized more easily if it is released in small increments [rather than all at once]. The enzymes in a series can be located adjacent to each other (in an organelle or in the membrane of an organelle), thus speeding the reaction process. Also, intermediate products tend not to accumulate, making the process more efficient. By removing intermediates (and by inference end products) from the reactive pathway, equilibrium (the tendency of reactions to reverse when concentrations of the products build up to a certain level) effects are minimized, since equilibrium is not attained, and so the reactions will proceed in the "preferred" direction.

See diagram bottom page 75 and read last paragraph

Enzyme - Enzymes allow many chemical reactions to occur within the homeostasis constraints of a living system. Enzymes function as organic catalysts. A catalyst is a chemical involved in, but not changed by, a chemical reaction. Many enzymes function by lowering the activation energy of reactions. By bringing the reactants closer together, chemical bonds may be weakened and reactions will proceed faster than without the catalyst. Every reaction in a cell requires a specific enzyme. In most instances, an enzyme is a protein molecule that functions as an organic catalyst to speed up chemical reactions. [It was previously believed that all enzymes are proteins until the recent discovery of catalytic RNA molecules called ribozymes] [In the cell, an enzyme brings together particular molecules and causes them to react with one another just like a mutual friend might bring together two people at a crowded school dance] An enzyme is very specific in its action and can speed up only one particular reaction. Ex. Sucrase speeds up the breakdown of Sucrose (+H2O) into its component molecules Glucose and Fructose. [Enzymes are named for their substrates (see table 5.1) or for the action they perform (dehydrogenase removes hydrogen atoms from its substrate] An enzymes specificity is tied to its unique shape. Enzymes can act rapidly, as in the case of carbonic anhydrase (enzymes typically end in the -ase suffix), which causes the chemicals to react 107 times faster than without the enzyme present. Carbonic anhydrase speeds up the transfer of carbon dioxide from cells to the blood. There are over 2000 known enzymes, each of which is involved with one specific chemical reaction. Enzymes are substrate specific. The enzyme peptidase (which breaks peptide bonds in proteins) will not work on starch (which is broken down by human-produced amylase in the mouth).

Substrate - [A reactant is a substance that participates in a reaction] the reactants in an enzymatic reaction are called the substrates for that enzyme.

Coenzyme - Many enzymes require a nonprotein cofactor to assist them in carrying out their function. [Some are ions such as Mg, K or Ca.] Coenzymes are cofactors that consist of organic molecules that bind to enzymes and serve as carriers for chemical groups or electrons. The protein portion of the enzyme accounts for its specificity and the coenzyme portion of the enzyme participates in the reaction. A coenzyme is generally a large molecule that the body is incapable of synthesizing without the ingestion of a vitamin.

Activation energy (Ea) - The initial investment of energy for starting a reaction - the energy required to break the bonds of the reactant molecules - is known as the activation energy. [It acts as a barrier that keeps the molecules of life from spontaneously decomposing. Occasionally however, cells need for reactions to occur.]
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Enzymes are absolutely necessary to the continued existence of a cell because they allow reactions to occur at moderate temperatures. Enzymes lower the activation energy - the amount of heat needed for a reaction to occur. The hydrolysis of casein , the protein found in milk requires 20, 600 Kcal/gram molecular weight to occur when there is no enzyme and only 12,000 Kcal with the enzyme. Enzymes lower the activation energy by binding with their substrates in such a way that a reaction can occur more readily. 
Identify the source gland for thyroxin and relate the function of thyroxin to metabolism

The source gland for thyroxin is the thyroid gland located in the neck attached to the trachea just below the laryrnx. Thyroxin stimulates most cells of the body to metabolize at a faster rate. The number of respiratory enzymes in the cell increases as does oxygen uptake.

[Read Page 352 up to calcitonin and observe figures 19.9- 19.12.]

Explain the "lock and key" model of enzymatic action
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Enzymes are proteins. The functioning of the enzyme is determined by the shape of the protein. The arrangement of molecules on the enzyme produces an area known as the active site within which the specific substrate(s) will "fit". It recognizes, confines and orients the substrate in a particular direction. Enzymes form a complex a complex with their substrates. [Study figure 5.4 page 77] The enzyme does not undergoe a permanent change so it can be used over and over again. Therefore only a small amount of enzyme actually is found in a cell. The shape of the enzyme allows an enzyme-substrate complex to form which explains the specificity of an enzyme. The substrates are seemingly specific to the enzyme because their shapes fit together as a key fits a lock. [They are held in place by weak interactions such as hydrogen bonds and ionic bonds] The induced fit hypothesis (shown above) suggests that the binding of the substrate to the enzyme alters the structure of the enzyme, placing some strain on the substrate and further facilitating the reaction.

Identify the role of vitamins in biochemical reactions

A coenzyme is generally a large molecule that the body is incapable of synthesizing without the ingestion of a vitamin. Vitamins are organic dietary requirments needed in small amounts only. Niacin, thiamin (vitamin B1) riboflavin, folate, and biotin are just a few examples of well known vitamins that are parts of coenzymes.
Differentiate between the roles of enzymes and co-enzymes in biochemical reactions

An enzyme is a protein molecule that functions as an organic catalyst to speed up chemical reactions. Coenzymes are cofactors that consist of organic molecules that bind to enzymes and serve as carriers for chemical groups or electrons. The protein portion of the enzyme accounts for its specificity and the coenzyme portion of the enzyme participates in the reaction. Coenzymes are nonprotein organic molecules bound to enzymes near the active site. NAD (nicotinamide adenine dinucleotide) is an example.

Apply knowledge of proteins to explain the effects on enzyme activity of pH, temperature, substrate concentration, enzyme concentration, competitive inhibitors, and heavy metals

[Recall from our discussion of biological molecules that the three-dimensional structure of enzymes and other proteins are sensitive to their environment.] 
Each enzyme has optimal conditions in which it works best, because that environment favors the most active conformation of the enzyme

Optimum temperature results in more product (figure 5.5)

Up to a certain point, the velocity of an enzymatic reaction increases with increasing temperature, partly because substrates collide with active sites more frequently when the molecules move more rapidly. But at some point on the temperature scale, the speed of the enzymatic reaction drops sharply with additional increases in temperature. The thermal agitation of the enzyme molecule disrupts the hydrogen bonds, ionic bonds, and other weak interactions that stabilize the active conformation, and the protein molecule denatures. Each enzyme has an optimum temperature at which its reaction rate is fastest. This temperature allows the greatest number of molecular collisions without denaturing the enzyme. [Most human enzymes have optimal temperatures of 35 to 40 degrees Celcius. Bacteria that live in hot springs contain enzymes with optimal temperatures of 70 degrees or higher.]

Optimum pH results in more product
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The optimal pH range for most enzymes is 6 to 8 but there are exceptions. Pepsin, a digestive enzyme in the stomach, works best at pH 2. Trypsin, a digestive enzyme residing in the alkaline environment of the intestine, has an optimal pH of 8.
Competitive inhibition results in less product
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A compettitive inhibitor mimics the substrate and competes for the active site blocking the substrate from entering the active site thus resulting in less product.
 

 

 

 

 

Noncompetitive Inhibition occurs when the inhibitory chemical, which does not have to resemble the substrate, binds to the enzyme other than at the active site. Lead binds to SH groups in this fashion. Irreversible Inhibition occurs when the chemical either permanently binds to or massively denatures the enzyme so that the tertiary structure cannot be restored. Nerve gas permanently blocks pathways involved in nerve message transmission, resulting in death. Penicillin, the first of the "wonder drug" antibiotics, permanently blocks the pathways certain]

Adding substrate results in more product

Assuming there are enough enzymes with available active sites more substrate will result in more product. Increasing the concentration of product can also help to overcome the effects of competitive inhibition because substrate will be more likely to bind than the inhibitor as sites become available.

Adding enzyme results in more product

Assuming there are enough substrate molecules adding more enzymes with available active sites will result in more product. 

Devise an experiment using the scientific method

Be able to describe an experiment you would conduct to test the effects of some substance on enzyme activity.
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The diagrams illustrate a reaction that occurs in the small intestine. Give the specific name for each of the following.

a) Molecule X:

 

b) Molecule Y:

 

b) In a laboratory experiment, substance Y was added in increasing amounts until it eventually had no effect on the rate of the reaction. Explain why.

 

 

c) A solution containing lead ions was added to the reaction. How will the addition of this

solution affect the reaction? Explain why.

 

 

 

You could be asked to draw a labelled diagram to illustrate the "lock and key" model of enzymatic action. If this happens draw and label the following as your answer.
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Digestive System

Introduction

Single-celled organisms can directly take in nutrients from their outside environment. Multicellular animals, with most of their cells removed from contact directly with the outside environment, have developed specialized structures for obtaining and breaking

down their food. Animals depend on two processes: feeding and digestion. Animals are heterotrophs, they must absorb nutrients or ingest food sources. The digestive system uses mechanical and chemical methods to break food down into nutrient molecules that can be absorbed into the blood. There are two types of plans and two locations of digestion. Sac-like plans are found in many invertebrates, who have a single opening for food intake and the discharge of wastes. Vertebrates use the more efficient tube-within-a-tube plan with food entering through one opening (the mouth) and wastes leaving through another (the anus). 

Intracellular digestion: food is taken into cells by phagocytosis with digestive enzymes being secreted into the phagocytic vesicles; occurs in sponges, coelenterates and most protozoans.

Extracellular digestion: digestion occurs in the lumen (opening) of the digestive system, with the nutrient molecules being transferred to the blood or body fluid; occurs in chordates, annelids, and crustaceans.

Stages in the Digestive Process:

1.movement: propels food through the digestive system 

2.secretion: release of digestive juices in response to a specific stimulus 

3.digestion: breakdown of food into molecular components small enough to cross the plasma membrane. 

4.absorption: passage of the molecules into the body's interior and their passage throughout the body 

5.elimination: removal of undigested food and wastes

Too often we are inclined to think that proteins and carbohydrates nourish us but it is actually the amino acids and sugars that actually enter our blood and nourish our cells.

The human digestive system is a coiled, muscular tube (6-9 meters long when fully extended) extending from the mouth to the anus. Several specialized compartments occur along this length: mouth, pharynx, esophagus, stomach, small intestine, large intestine, and anus. Accessory digestive organs are connected to the main system by a series of ducts: salivary glands, parts of the pancreas, and the liver and gall bladder. The digestion of food requires a cooperative effort between different parts of the body.

 

 

Identify and give a function for each of the following:

- mouth - Ingestive eaters, the majority of animals, use a mouth to ingest food. In humans the digestion of starch also begins here. [Absorptive feeders, such as tapeworms, live in a digestive system of another animal and absorb nutrients from that animal directly through their body wall]

- tongue and teeth - Mechanical breakdown begins in the mouth by chewing (teeth) and actions of the tongue. [The tongue is composed of striated muscle with an outer layer of mucous membrane]. The tongue manipulates food during chewing and swallowing. It mixes food with saliva and then forms the mixture into a bolus in preparation for swallowing. Mammals have tastebuds clustered on their tongues. Taste buds play a role in what we call taste but it is largely a product of the olfactory receptors in the nose. 20 deciduous teeth. 32 adult teeth. 4 types: incisors (biting), canine (tearing), premolars (grinding), molars (crushing)

- salivary glands - Three pairs of exocrine glands (the parotid, sublingual, and submandibular glands) that send their juices by way of ducts to the mouth. Chemical breakdown of starch by production of salivary amylase from the salivary glands. Mucus moistens food and lubricates the esophagus. Bicarbonate ions in saliva neutralize the acids in foods. This mixture of food and saliva is then pushed into the pharynx and esophagus. [Also contains lysozyme (antibacterial) and antibodies][ Mumps begins as infective parotitis in the parotid glands in the cheek]

- pharynx - Swallowing moves food from the mouth through the pharynx into the esophagus and then to the stomach. 

- epiglottis - The opening from the pharynx to the trachea (the glottis) is covered during swallowing by a flap of tissue called the epiglottis. Fig 11.4 page 175

- esophagus - The esophagus is a muscular tube leading from the pharynx to the stomach whose muscular contractions (peristalsis) propel food to the stomach. 

- cardiac sphincter - constrictor muscle at the entrance of the stomach that acts as a valve. Relaxes during swallowing. Failure ----> heartburn. When vomiting occurs a reverse peristaltic wave causes the sphincter to relax and the contents of the stomach are propelled upward through the esophagus.
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- cardiac sphincter - constrictor muscle at the entrance of the stomach that acts as a valve. Relaxes during swallowing. Failure ----> heartburn. When vomiting occurs a reverse peristaltic wave causes the sphincter to relax and the contents of the stomach are propelled upward through the esophagus.

- stomach - During a meal, the stomach gradually fills to a capacity of 1 liter, from an empty capacity of 50-100 milliliters. At a price of discomfort, the stomach can distend to hold 2 liters or more. Epithelial cells line inner surface of the stomach, and secrete about 2 liters of gastric juices per day. Gastric juice contains hydrochloric acid, pepsinogen, and mucus; ingredients important in digestion. Secretions are controlled by nervous (smells,

thoughts, and caffeine) and endocrine signals. Hydrochloric acid (HCl) lowers pH of the stomach so pepsin is activated (and pH kills most bacteria). Pepsin is an enzyme that controls the hydrolysis of proteins into peptides. Mucus protests the wall of the stomach from HCl. Failure ---> Ulcer [However, there is now evidence that a bacterial infection by Heliobacter pylori may impair the ability of cells to produce protective mucous] The stomach also mechanically churns the food. Chyme, the mix of acid and food in the stomach, leaves the stomach and enters the small intestine.

- pyloric sphincter - The pyloric sphincter repeatedly opens and closes, allowing the chyme to enter the small intestine in small squirts only. [stomach empties in 2 - 6 hours.]

- duodenum The first 25 cm of the small intestine where ducts from the gallbladder and pancreas join and enter the duodenum

- liver and gall bladder - Bile, a watery greenish fluid is produced by the liver and secreted via the hepatic duct and cystic duct to the gall bladder for storage, and thence on demand via the common bile duct to an opening near the pancreatic duct in the duodenum. It contains bile salts, bile pigments (mainly bilerubin, essentially the non-iron part of hemoglobin) cholesterol and phospholipids. Bile salts and phospholipids emulsify fats, the rest are just being excreted. [Gallstones are usually cholesterol based, may block the hepatic or common bile ducts causing pain, jaundice.]

- pancreas - produces pancreatic juice which contains sodium bicarbonate (basic) and neutralizes the acidity of the chyme as it enters the duodenum. [Endocrine and exocrine gland. Exocrine part produces many enzymes which enter the duodenum via the pancreatic duct. Endocrine part produces insulin, blood sugar regulator]

- small intestine - Receives bile from the gall bladder and secretions from the pancreas, chemically breaks down chyme, absorbs nutrient molecules, and transports undigested material to the large intestine. 

- large intestine (colon) - The large intestine is made up by the colon, cecum, appendix, and rectum. Material in the large intestine is mostly indigestible residue and liquid. Movements are due to involuntary contractions that shuffle contents back and forth and propulsive contractions that move material through the large intestine. Secretions in the large intestine are an alkaline mucus that protects epithelial tissues and neutralizes acids produced by bacterial metabolism. Water, salts, and vitamins are absorbed, the remaining contents in the lumen form feces (mostly cellulose, bacteria, bilirubin). [Bacteria in the large intestine, such as E. coli, produce vitamins (including vitamin K) that are absorbed.]

 

 

- appendix - The appendix is a small projection on the large intestine near the entrance of the small intestine. In humans the appendix may play a role in immunity. [This organ is subject to inflammation a condition called appendicitis. It removal is delayed and the appendix burst it can lead to a generalized infection of the abdominal cavity.]

- rectum - The last 20 cm of the large intestine.

- anus - The rectum opens at the anus where defecation, (expulsion of feces) occurs. Feces contains nondigestible remains, bile pigments (give color), and bacteria (give smell).

Relate the following digestive enzymes to their glandular sources and describe the digestive reactions they promote:

- salivary amylase - component of saliva produced by the salivary glands. Begins the process of digesting food, specifically starch. With the addition of water the enzyme allows starch to be converted to maltose. 

- pancreatic amylase - produced by the pancreas and sent to the duodenum. With the addition of water the enzyme allows starch to be converted to maltose

- proteases (pepsin, trypsin) - With the addition of water these enzymes allow protein to be converted to peptides. Pepsin is produced and used in the stomach. Trypsin is produced by the pancreas and sent to the duodenum.

- lipase - produced by the pancreas and sent to the duodenum. With the addition of water the enzyme allows fat droplets to be converted to glycerol + 3 fatty acids. [Before lipase can act the fat has to be emulsified into fat droplets by the bile salts.]

- peptidase - present in the mucosa of the intestinal villi of the small intestine, peptidase completes the digestion of peptides into amino acids (with the addition of water). 

[only after this reaction are the molecules small enough to cross the cell membrane]

- maltase- present in the mucosa of the intestinal villi of the small intestine, maltase completes the digestion of maltose into glucose (with the addition of water). [only after this reaction are the molecules small enough to cross the cell membrane] 
[Notice that the digestion of starch and proteins is a two step process]

- nuclease - A team of enzymes called nucleases produced in the small intestine and pancreas, hydrolyze DNA and RNA in food into their component nucleotides. Other hydrolytic enzymes then break nucleotides down further into nitrogenous bases, sugars, and phosphates.

Note: There will be a test question on figure 11.13 and very likely an exam question based on a similar experiment.

 

 

 

Describe swallowing and peristalsis

Swallowing moves food from the mouth through the pharynx into the esophagus and then to the stomach.
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Step 1: A mass of chewed, moistened food, a bolus, is moved to the back of the moth by the tongue (voluntary). In the pharynx, the bolus triggers an involuntary swallowing reflex that prevents food from entering the lungs, and directs the bolus into the esophagus. 

Step 2: Muscles in the esophagus propel the bolus by waves of involuntary muscular contractions (peristalsis) of smooth muscle lining the esophagus. (Fig. 11.9 Page 179)

Step 3: The bolus passes through the gastroesophageal sphincter, into the stomach. Heartburn results from irritation of the esophagus by gastric juices that leak through this sphincter.

Identify the components and describe the digestive actions of gastric juice

Gastric juice contains HCl and pepsin. The HCl does not digest food but it does break down the connective tissue in meat and provides the low pH that pepsin needs to operate. Pepsin digests proteins into peptides.
Identify the components and describe the digestive actions of pancreatic juice
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(a)Amylase Acts on starch

Starch--> Maltose

(b)Trypsin Acts on proteins

Proteins --> Amino acids

(c)Lipase Acts on fats (lipids) 

Fats --> Glycerol + 3 fatty acids

(d)Sodium bicarbonate Buffer, neutralizes acid chyme

 

 

Identify the components and describe the digestive actions of intestinal juice

Peptidase - Acts on peptides thus completing the digestion of protein into amino acids. Peptides + H2O ---> amino acids
Maltase - Act on maltose thus completing the digestion of starch into glucose

Maltose + H2O ---> glucose

Identify the source gland for and describe the function of insulin

The endocrine portion of the pancreas called the islets of Langerhans produces and secretes insulin [and glucagon] directly into the blood. All the cells of the body use glucose as an energy source. It is important that the glucose concentration remain within normal limits. Insulin is secreted when there is a high level of glucose in the blood, which usually occurs just after eating. Insulin has three different actions.

(1) it stimulates the liver, fat and muscle cells to take up and metabolize glucose

(2) it stimulates the liver and muscle to store glucose as glycogen

(3) it promotes the buildup of fats and proteins and inhibits their use as an energy source

[Glucagon stimulates the breakdown of stored nutrients and causes the blood glucose level to rise.]

Explain the role of bile in the emulsification of fats
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Nearly all the fat in a meal reaches the small intestine completely undigested. Hydrolysis of fats is a special problem, because fat molecules are insoluble in water. Bile salts secreted into the duodenum coat tiny fat droplets and keep them from coalescing, a process called emulsification. Because the droplets are small there is a large surface area of fat exposed to lipase an enzyme that digests fat molecules.
 

 

 

 
List six major functions of the liver
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[Multifunctional: important in this context since the capillaries of the small intestine drain fat and other nutrient rich lymph into it via the hepatic portal system] The liver sends bile to the small intestine. Bile contains bile salts, which emulsify fats, making them susceptible to enzymatic breakdown. In addition to digestive functions, the liver functions in other systems: 

1) detoxification of blood; 

2) synthesis of blood proteins; 

3) destruction of old erythrocytes and conversion of hemoglobin into a component of bile; 

4) production of bile; 

5) storage of glucose as glycogen; and 

6) production of urea from amino groups and ammonia.

[Glycogen (chains of glucose molecules) serves as a reservoir for glucose. Low glucose levels in the blood cause release of hormones to stimulate breakdown of glycogen into glucose. When no glucose or glycogen is available, amino acids are converted into glucose in the liver. The process of deamination removes the amino groups from amino acids. Urea is formed and passed through the blood to the kidney for export from the body.]

[Jaundice occurs when the characteristic yellow tint to the skin is caused by excess hemoglobin breakdown products in the blood, a sign that the liver is not properly functioning. Jaundice may occur when liver function has been impaired by obstruction of the bile duct and by damage caused by hepatitis. Hepatitis A, B, and C can all cause liver damage. Cirrhosis of the liver commonly occurs in alcoholics, who place the liver in a stress situation due to the amount of alcohol to be broken down.]

Examine the small intestine and describe how it is specialized for digestion and absorption - 
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The wall of the small intestine contains fingerlike projections called villi that increase the total absorptive surface area. Each villus is further subdivided into a series of yet smaller villi (microvilli) which increase the absorptive surface area even more. [The lining of the small intestine as a result of these wrinkles upon wrinkles has a total absorptive surface area of 600 square meters, about the size of a baseball diamond.] Each villus contains blood vessels and a small lymphatic vessel called a lacteal. [fig. 11.7 page 177] The lymphatic system is an adjunct to the circulatory system; its vessels carry a fluid called lymph to the circulatory veins. The microvilli bear the intestinal digestive enzymes which finish the digestion of chyme to molecules small enough to cross the membrane of a cell. [The intestinal digestive enzymes are also called brush-border enzymes because the microvilli that give the interior of the small intestine a fuzzy border in electron micrographs.]

Describe the functions of E. coli in the colon

Bacteria in the large intestine, such as E. coli, produce vitamins (including vitamin B and K) that are absorbed. Bacteria also produce characteristic gasses which may stimulate defecation reflexes.

Circulation and Blood  [Blood moving through circular vessels brings our cells their daily supply of nutrients, such as amino acids and glucose, and takes away their wastes, such as CO2.]  
Describe and differentiate among the five types of blood vessels   
Arteries - (Left or fig 12.1 b.) carry blood away from the heart. Walls are so thick they have their own blood vessels.   
Arterioles - small arteries just visible to the eye that carry blood away from the heart. Can constrict/dilate thus increasing/decreasing blood pressure.   
Capilliaries - extremely narrow microscopic tube with walls only one cell thick composed only of endothelium. Exchange nutrient/waste material with the tissues. Only certain capillaries are open at any given time. Shunting of blood is possible because each capillary bed (above) has a thoroughfare channel, which allows blood to go directly from arteriole to venule. [After eating, blood is shunted away from the muscles to the digestive system. This is why swimming after a meal may cause cramping.]   
Venules - return blood to the heart from the capillary beds by joining to form veins.   Veins (left or fig 12.1 d.) - return blood to the heart. Notice that the middle is less developed resulting in thinner walls compared to arteries. 
Veins often have valves, which allow blood to flow only toward the heart.    
Identify (using Figure 12.10 Pg. 207) and give functions for each of the following: 
- subclavian arteries and veins 
- subclavian arteries carry oxygenated blood to the arms. Subclavian veins carry deoxygenated blood from the arms to the superior vena cava 
- jugular veins - jugular veins carry deoxygenated blood from the head to the superior vena cava. - carotid arteries 
- carotid arteries carry oxygenated blood to the head 
- mesenteric arteries - mesenteric arteries carry oxygenated blood to the digestive tract. 
- anterior and posterior vena cave - the largest veins. Superior (anterior) collects from head, neck and arms. Inferior (posterior) collects from the trunk and legs. - pulmonary veins and arteries 
- Pulmonary veins carry oxygenated blood to the heart from the lungs. Pulmonary arteries carry deoxygenated blood to the lungs from the heart. 
- hepatic vein (X)- leaves the liver with deoxygenated blood and enters the inferior vena cava. 
- hepatic portal vein (Y) - A portal system begins and ends in capillaries. In the hepatic portal system, capillaries at the villi of the small intestine become venules that join to form the hepatic portal vein which connects with capillaries at the liver. See figure 11.1 on page 181 - Follow steps 1 to 4. The hepatic portal vein takes the products of digestion from the digestive system to the liver, where they are processed before entering the circulatory system proper. The liver removes poisonous substances, removes excess glucose and stores it as glycogen to release when blood sugar levels fall. If the supply of glucose/glycogen runs short the liver converts amino acids to glucose molecules, producing urea in the process. 
- renal arteries and veins (Z) renal arteries carry oxygenated blood to the kidneys. Renal veins carry deoxygenated blood from the kidneys to the inferior vena cava 
- iliac arteries and veins - Iliac arteries carry oxygenated blood to the trunk and legs. Iliac veins carry deoxygenated blood from the trunk and legs to the inferior vena cava 
- coronary arteries and veins - coronary arteries carry oxygenated blood to the heart muscle. cardiac veins carry deoxygenated blood from the exterior of the heart back to the right atrium 
- aorta - all the other arteries branch off of the aorta which leaves the heart carrying oxygenated blood.   
Distinguish between pulmonary and systemic circulation

The pulmonary circuit circulates blood throught the lungs.    
The systemic circuit serves the needs of the body tissues.   
In the pulmonary circuit arteries carry deoxygenated blood and veins carry oxygenated blood, the opposite of the systemic circuit.   [In both systems arteries always move blood away from the heart veins always move blood towards the heart.]  
Identify and describe differences in structure and circulation between fetal and adult systems 
[Study  figure 21.18 (page 411)] 
The fetus has 4 circulatory features that are not present in adult circulation. All of these features can be related to the fact that the fetus does not use its lungs for gas exchange since it recieves oxygen and nutrients from the mother's blood by way of the placenta 
1. Oval opening (X), or foramen ovale, an opening between the two atria. This opening is covered by a flap of tissue that acts as a valve. By allowing blood to go directly from the right atria to the left atria the oval opening is the first chance the blood has to bypass the lungs. 
2. Arterial duct, or ductus arteriosis, a connection between the pulmonary artery and the aorta. The arterial duct is the second place where blood can bypass the lungs which are not used by the fetus. 
3. Umbilical arteries and vein, umbilical arteries are vessels that travel to the placenta with deoxygenated blood to leave wastes. Umbilical vein vessel that travels from the placenta bringing oxygenated blood containing nutrients. 
4. Venous duct, or ductus venosus, a connection between the umbilical vein and the inferior vena cava which passes directly through the liver. The place where oxygenated blood from the mother enters the adult portion of the fetal circulatory system and mixes with the deoxygenated blood already there.   
- To trace the path of blood in the fetus, begin with the right atrium. From the right atrium, blood may pass directly into the left atrium by way of the oval opening or it may pass through the atrioventricular valve into the right ventrical. From the right ventrical, blood goes into the pulmonary artery, but because of the arterial duct, most blood then passes into the aorta instead of the lungs. Blood within the aorta travels to the various branches, including the iliac arteries, which connect to the umbilical arteries leading to the placenta. Exchange between maternal and fetal blood takes place at the placenta. Blood returns from the placenta in the umbilical vein which is connected to the venous duct. The venous duct connects to the inferior vena cava, a vessel that contains deoxygenated blood. The vena cava returns this mixed blood to the right atrium of the heart. Demonstrate a knowledge of the path of a blood cell from the aorta through the body and back to the left ventricle  
Aorta --> artery --> arterioles --> capillaries --> venules --> veins --> inferior or superior vena cava --> right atrium --> right ventricle --> pulmonary trunk --> pulmonary arteries --> arterioles --> pulmonary capillaries --> pulmonary venules --> pulmonary veins --> left atrium --> left ventricle --> aorta --> etc.  
List the major components of plasma  
Plasma is the liquid portion of blood accounting for ~55% of the total volume. Plasma contains a variety of inorganic and organic substances dissolved in water. The major components of plasma are:  
- Water  
- Plasma proteins   - Albumin transports bilirubin      
                               - Globulins are lipoproteins that transport cholesterol      
                               - Fibrinogen is necessary to blood clotting 
- Salts  
- Gases  
- Nutrients    - Fats 
    
                     - Glucose 
    
                     - Amino acids  
- Urea, Hormones, Vitamins, etc.  
Note: Plasma proteins in addition to their intended functions also play a role in maintaining blood volume because they are too large to pass through a capillary wall. Therefore capillaries are always areas of lesser water concentration compared to tissue fluid and water automatically diffuses into capillaries.  
Identify and give functions of Iymph capillaries, veins, and nodes  
The lymphatic system has three main functions:  
(1) lymhatic vessels take up excess tissue fluid and return it to the bloodstream 
(2) lymphatic capillaries absorb fat molecules at the lacteals and transport them to the bloodstream 
(3) the lymphatic system helps to defend the body against disease. 
(Any excess tissue fluid not picked up by the capillaries of the circulatory system enters the lymphatic capillaries. The lymphatic capillaries join to form lymphatic vessels.) Lymph is tissue fluid contained within lymphatic vessels. Lymph is returned to the systemic venous blood when the major lymphatic vessels enter the subclavian veins in the shoulder region. Be able to recognize a lymph node given a diagram like that on page 221 or to the left. At certain points along the lymphatic vessels, small ovoid, or round structures called lymph nodes occur where the lymph gets cleansed. A lymph node contains a sinus with lymphocytes and macrophages. As the lymph passes through the sinus, the macrophages purify it of microbes and any other debris. [The spleen is similar to the lymph node except that it is larger and filled with blood. The spleen serves as a reservoir for blood, and filters or purifies the blood and lymph fluid that flows through it. If the spleen is damaged or removed, the individual is more susceptible to infections.]  
Describe the shape, function, and origin of red blood cells (X), white blood cells (Z), and platelets (Z).  
Each red blood cell is a biconcave disc with no nucleus containing about 200 million hemoblobin molecules tightly joined to one another. Each hemoglobin molecule is composed of 4 polypeptide chains each of which have an associated iron-containing group that aquires oxygen in the lungs and gives it up in the tissues. As well as carrying oxygen, hemoglobin assists in the transport of CO2. Red blood cells are continuously manufactured in the red bone marrow of the skull, ribs, the vertebrae, and the ends of the long bones.  
White blood cells are usually larger than red blood cells, have a nucleus and no hemoglobin. They are spherical cells whose appearance mainly depends on the type and number of granules present. The main role of leukocytes is to fight infection. Many are phagocytic, meaning they can engulf foreign particles. White blood cells are produced in the bone marrow.  
Platelets are small disc-shaped cell fragments with no nuclei. Their function is to initiate clotting. They are produced in the bone marrow by the fragmentation of certain large cells called megakaryocytes. When a blood vessel is damaged, platelets clump at the site of the punctureand partially seal the leak. They and the injured tissue release a clotting factor.  
Explain the roles of antigens and antibodies  
Antigens and antibodies play a role in the specific defenses of the immune system.  
An antigen is a protein (or polysaccharide) molecule that the body recognizes as nonself (microbes, foreign cells, cancer cells). 
Antibodies (left) are proteins that are capable of combining with and neutralizing antigens or marking them for   destruction by other forces. These antibodies are secreted into blood, lymph and mucus. Antibodies are produced by B lymphocytes in the bone marrow. Antibodies bind to specific antigens(left) in a lock and key fashion, forming an antigen-antibody complex. Antibodies are a type of protein molecule known as immunoglobulins. There are five classes: IgG, IgA, IgD, IgE, IgM.  
Describe capillary-tissue fluid exchange  
At the arterial end of a capillary, blood pressure is higher than osmotic pressure causing water to exit. Tissue fluid created by this process consists of all the components of plasma except the proteins because they are too large to leave the capillary. Because blood pressure is reduced at the venous end of the capillary, osmotic pressure tends to pull some water back in.   Any excess tissue fluid not picked up enters the lymphatic capillaries. [Lymph is tissue fluid contained within lymphatic vessels. Lymph is returned to the systemic venous blood when the major lymphatic vessels enter the subclavian veins in the shoulder region.] 

Heart Structure and Function

[The heart is a cone-shaped, muscular organ about the size of a fist. It is located in between the lungs directly behind the sternum. The major portion of the heart is the myocardium (cardiac muscle) The heart lies within the pericardium, a sac which contains a small quantity of lubricating liquid. The heart has 4 chambers: 2 upper, thin walled atria and 2 lower thick walled ventricles.
Identify and give functions for each of the following:

- left and right atria - The left atrium sends blood through an atrioventricular valve to the left ventricle. The right atrium atrium sends blood through an atrioventricular valve to the right ventricle.

- left and right ventricles - the left ventricle sends blood throught the aortic semilunar valve into the aorta to the body. The right ventricle sends blood throught the pulmonary semilunar valve into the pulmonary trunk and the pulmonary arteries to the lungs.

- coronary arteries and veins - Important part of the systemic circuit they serve the heart muscle itself. The coronary areteries are the first branches off the aorta. The coronary capillary beds on the exterior of the heart join to form venules. The venules converge to form cardiac veins which empty into the right atrium.

- anterior (superior) and posterior (inferior) vena cave - both carry deoxygenated blood (low O2 high CO2) to the right atrium. Superior collects from the head chest and arms. Inferior collects from the lower body regions.

- aorta - The path of the systemic blood to any organ in the body begins in the left ventricle, which pumps blood into the aorta.

- pulmonary arteries and veins - Pulmonary arteries carry deoxygenated to the lungs from the heart. Pulmonary veins carry oxygenated blood to the heart from the lungs. 

- pulmonary trunk - Blood from all regions of the body first collects in the right atrium and then passes into the right ventricle, which pumps it into the pulmonary trunk. The pulmonary trunk divides into the pulmonary arteries to each lung.

- atrioventricular valves - The valves between the atria and ventricles. Supported by strong fibrous strings called chordae tendineae that prevent the valves from inverting. Prevent the backflow of blood into the atria after it has entered the ventricle.

- chordae tendineae - that prevent the atrioventricular valves from inverting

- semi-lunar valves - between the ventricles and their attached vessels. The pulmonary semilunar valve lies between the right ventricle and the pulmonary trunk. The aortic semilunar valve lies between the left ventricle and the aorta.

- septum - A wall that seperates the heart into a right side and a left side

 

 

Describe the location and functions of the SA node, AV node, and Purkinje fibres

The SA (sinoatrial) node is found in the upper dorsal wall of the right atrium. The AV atrioventricular) node is found in the base of the right atrium very near the septum. The purkinji fibres are small and numerous and extend from two large fibres that carry a signal from the AV node through the walls of the ventricles. The SA node initiates the heartbeat and automatically sends out an excitation impulse every 0.85 seconds causing the atria to contract. When the impulse reaches the AV node, the AV node signals the ventricles to contract by sending the signals to the purkinje fibres. Because the SA node keeps the heartbeat regular it is called the pacemaker
Describe the autonomic regulation of the heartbeat by the nervous system

The autonomic nervous system, a part of the peripheral nervous system, is made up of motor neurons that control the internal organs automatically and usually without need for conscious intervention. 
There are two divisions of the autonomic nervous system: the sympathetic system and the parasympathetic system. 

The sympathetic system is especially important during emergency situations and is associated with "fight or flight." It inhibits the digestive tract, but it dilates the pupil, accelerates the heartbeat, and increases the breathing rate.

The parasympathetic system, sometimes called the "housekeeper system" promotes all the internal responses we associate with a relaxed state. It promotes digestion of food, causes the pupil of the eye to contract and retards the heartbeat.

Distinguish between systolic and diastolic pressures

Systole refers to the contraction of the heart muscle and diastole refers to relaxation of the heart muscle. The heart contracts (or beats) about 70 times per minute each beat lasting about 0.85 sec. Normally the pulse rate indicates the heart rate because the arterial walls swell with the surge of blood every time the left ventricle contracts and then immediately contract. 
Systolic pressure (the highest arterial pressure) is reached during ejection of blood from the heart.

Diastolic pressure (the lowest arterial pressure) is ocurs while the heart ventricles are relaxing.

Normal resting blood pressure for a young adult is said to be 120/80. The higher number is the systolic pressure in mm Hg the lower number is diastolic pressure.

Demonstrate the measurement of blood pressure

Blood pressure is the pressure of blood against the wall of a blood vessel. A sphygmomanometer is used to measure blood pressure. To read someones blood pressure place the cuff two finger widths above the bend in the elbow. The brachial artery (which you want to listen for is just to the inside of center above the bend in the elbow. Find it by using your fingers to find a pulse. You should then position the stethoscope before inflating the cuff. Inflate the cuff with to about 160 mm Hg. Remember to close the air valve before pumping the bulb. Listetning in the stethoscope you will hear no sound because the artery is closed by the pressure of the cuff. Listen as you gradually release the pressure by opening the valve on the inflation bulb. Record the pressure reading the instant you begin to here a sound. This is the systolic pressure. The sound is the artery opening and closing. Keep releasing the pressure gradually and record the pressure reading the instant there is again no sound. This is the diastolic pressure. No sound is heard because the artery is open. Normal resting blood pressure for a young adult is said to be 120/80. The higher number is the systolic pressure in mm Hg the lower number is diastolic pressure.
Relate factors that affect and regulate blood pressure to hypertension and hypotension

Hypertension - high blood pressure. 160/95 or above in women
130/90 or above in men under age 45

140/95 or above in men beyond age 45

Diastolic pressure is emphasized when medical treatment is being considered.

Two controllable behaviors contribute to hypertension. Smoking cigarettes and obesity. 

Hypertension is also seen in individuals who have artherosclerosis. Artherosclerosis is an accumulatation of soft masses, particularly cholesterol, beneath the inner linings of the arteries. These deposits called plaque tend to protrude into the vessel and interfere with blood flow. To prevent the onset and development of artherosclerosis doctors recommend a diet low in saturated fat and cholesterol.

A stroke occurs when a portion of the brain dies due to a lack of oxygen.

A heart attack occurs when a portion of the heart muscle dies because of a lack of oxygen.

[Check out figure 12.18 on page 216 if you have ever wondered what a coronary bypass operation entails.]
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The word respiration describes several processes: 

Internal respiration is the exchange of respiratory gases between blood and the tissues. 

Cellular respiration is the process by which glucose or other small molecules are oxidised to produce energy: this requires oxygen and generates carbon dioxide.t.

Identify and give functions for each of the following:

- larynx - To conduct air and, through the vocal cords, to produce sound. The entry of food and drink into the larynx is prevented by the structure of the larynx (epiglottis) and by the complicated act of swallowing. The larynx is protected by three pairs of folds which close off the airway.

- trachea- The trachea (windpipe) extends from the neck into the thorax, where it divides into right and left main bronchi. Its function is to clean, moisturize, heat, and conduct inhaled air. [Below the larynx the trachea is usually open, and kept so by rings of cartilage in its walls. However it may be necessary to ensure that this condition is maintained by passing a tube (endotracheal intubation) to maintain the airway, especially post operatively if the patient has been given a muscle relaxant. Another common surgical procedure, tracheotomy, involves a small transverse cut in the neck. If this is done with anatomical knowledge no major structure is disturbed and the opening may be used for a suction tube, a ventilator, or in cases of tracheal obstruction as a permanent airway.]

- bronchi, bronchioles, alveoli - To conduct, moisturize, and warm inhaled air and, by bronchiolar sphincters, to regulate the passage of air into the alveoli. Bronchi enter the right and left lungs, breaking up as they do so into smaller bronchi and bronchioles and ending in small air sacs or alveoli, where gaseous exchange occurs. The structure of the alveoli facilitates their function. • They are moist which increases the rate of diffusion of gases. • They are highly vascularized which allows more exchange of gases. • The thin walls of the alveoli allow materials to be exchanged quickly

and easily. • A layer of lipoprotein reduces surface tension and prevents the alveoli

from collapsing. • They are small and number in the millions. This increases their surface area and allows for speedy gas exchange.

• Stretch receptors in their walls signal medulla oblongata to stop inhalation.

- diaphragm and ribs - The diaphragm is a layer of muscle which is convex above, domed, and squashed in the centre by the heart. When it contracts it flattens and increases the space above it to assist in bringing in and expelling air from the lungs. The ribs are elevated as we inhale to further expand the volume of the cavity and assist in bringing in air.

· pleural membranes - Like most internal organs, each lung is enclosed in a double-layered sac the pleural membranes. Between the inner and outer membranes is a space in which the pressure is less than atmospheric (less by 5-10 atm.); this is what is often referred to as "negative pressure".

· thoracic cavity - As the thorax expands during inspiration (ribs raised, diaphragm lowered), the pleural space expands and the sub-atmospheric pressure is further decreased; this assists in drawing air into the lungs. The reverse takes place during exhalation.

Explain the relationship between the structure and function of alveoli
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Gaseous exchange relies on simple diffusion. In order to provide sufficient oxygen and to get rid of sufficient carbon dioxide there must be a large surface area for gaseous exchange and a very short diffusion path between alveolar air and capillaries. 

(Below is a blow up of the boxed area in the diagram)
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The alveoli have very thin walls and a vast total surface area across which respiratory gases diffuse into and from the numerous alveolar capillaries that surround them (fig 14.2 pg. 242). A film of lipoprotein lining the alveoli of mammalian lungs prevents them from closing/collapsing. [The surface available is around 140m2 in an adult, around the area of a singles tennis court].

Explain the roles of cilia and mucus in the respiratory tract

The cilia (tiny hairs) found in the lining of the nostrils and trachea entrap dust and soot particles from the inhaled air. In the trachea their sweeping movements, move these particles to the pharynx for expectoration. [Smoking will eventually kill the cilia causing scar tissue to form in their place, thus depriving the body of a way to clean and clear inhaled dust and pose a health hazard to the air passages and the lungs]

The fact that at the alveoli an area of our body the size of a tennis court is separated from the outside air by a very narrow barrier imposes demands on the respiratory tract.

Outside air:

- varies in temperature. At the alveolar surface it must be at body temperature 

- varies from very dry to very humid. At the alveolar surface it must be saturated with water vapour 

- contains dust and debris. These must not reach the alveolar wall 

- contains micro-organisms, which must be filtered out of the inspired air and disposed of before they reach the alveoli, enter the blood and cause possible problems. 

It is easy to see that the temperature and humidity of inspired air will increase as it passes down a long series of tubes lined with a moist mucosa at body temperature. The mechanisms for filtering are not so obvious.

Mucus - The respiratory tract, from nasal cavities to the smallest bronchi, is lined by a layer of sticky mucus, secreted by the epithelium assisted by small ducted glands. Particles which hit the side wall of the tract are trapped in this mucus.

Cilia - Once the particles have been sidelined by the mucus they have to be removed, as does the mucous. This is carried out by cilia on the epithelial cells which move the mucous continually up or down the tract towards the nose and mouth. (Those in the nose beat downwards, those in the trachea and below upwards). The mucus and its trapped particles and bacteria are then swallowed, taking them to the sterilising vat of the stomach.

 

 

 

 
Compare and contrast the mechanics of the processes of inhalation and exhalation

[In common with all mammals humans ventilate their lungs by breathing in and out. This reciprocal movement of air is less efficient and is achieved by alternately increasing and decreasing the volume of the chest in breathing. The body's requirements for oxygen vary widely with muscular activity. In violent exercise the rate and depth of ventilation increase greatly: this will only work in conjunction with increase in blood flow, controlled mainly by the rich innervation of the lungs. Inadequate gas exchange is common in many diseases, producing respiratory distress.]

The medulla sends motor impulses (via the phrenic nerves) to the intercostal muscles which will then contract and raise the ribs and to the diaphragm which will contract (lower). In this way the thorax is enlarged and air taken into the chest. Inhibitory effects on the medulla will cause the reverse of the noted effects.
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During inspiration (active) the diaphragm tenses (contracts) and moves down (lowers). During exhalation (usually passive) the diaphragm relaxes and is raised.

During inspiration the intercostal muscles elevate the ribs; during exhalation these muscles relax and the ribs lower themselves.

With the expansion of the thorax during inspiration (inhalation) the air rushes in and the lungs inflate; they deflate with the contraction of the thorax during exhalation.

Describe the interaction of the lungs, pleural membranes, ribs, and diaphragm in the breathing process

Like most internal organs, each lung is enclosed in a double-layered sac the pleural membranes. The inner-most of these membranes (the visceral pleura) is intimately connected to the lung itself. Between the inner and outer (parietal pleura) membranes is a space in which the pressure is less than atmospheric (less by 5-10 atm.); this is what is often referred to as "negative pressure". As the thorax expands during inspiration (ribs raised, diaphragm lowered), the pleural space expands and the sub-atmospheric pressure is further decreased (due to Boyle's Law of gases); this assists in drawing air into the lungs. The reverse takes place during exhalation. If you get stabbed in the chest, the lung would collapse due to the destruction of the sub-atmospheric pressure in the pleural sacs in which the pressure would now be equal to that of the atmosphere. It is known as a pneumothorax.

[Breathing works by making the cage bigger: the pleural layers slide over each other and the pressure in the lung is decreased, so air is sucked in. Breathing out does the reverse, the cage collapses and air is expelled. The main component acting here is the diaphragm. When it contracts it flattens and increases the space above it. When it relaxes the abdominal contents push it up again. The proportion of breathing which is diaphragmatic varies from person to person. For instance breathing in children and pregnant women is largely diaphragmatic, and there is said to be more diaphragmatic respiration in women than in men. The process is helped by the ribs which move up and out also increasing the space available. The complexity of breathing increases as does the need for efficiency. In quiet respiration, say whilst lying on ones back, almost all movement is diaphragmatic and the chest wall is still. This will increase thoracic volume by 500-700ml. The expansion of the lung deforms the flexible walls of the alveoli and bronchi and stretches the elastic fibres in the lung. When the diaphragm relaxes elastic recoil and abdominal musculature reposition the diaphragm again. Deeper respiration brings in the muscles of the chest wall, so that the ribs move too. We must therefore understand the skeleton and muscular system of the thoracic wall. The 12 pairs of ribs pass around the thoracic wall, articulating via synovial joints with the vertebral column - in fact two per rib. The ribs then curve outwards then forwards and downwards and attach to the sternum via the flexible costal cartilages. Between the ribs run two sets of intercostal muscles, the external intercostals running forward and downwards, the internal intercostals running up and back. These two muscle sheets thus run between ribs with fibres roughly at right angles. When they contract each rib moves closer to its neighbors. The ribs are all, therefore pulled up towards the horizontal, increasing anterior-posterior and lateral thoracic diameters.

With more and more effort put into deeper and deeper breathing the scalene muscles of the neck contract, raising the first rib and hence the rest of the cage, then other neck muscles and even those of the upper limb become involved. A patient with difficulty in breathing often grips a table edge in order to stabilize the limbs so that their muscles can be used to help in moving the thoracic wall.]

Explain the roles of carbon dioxide and hydrogen ions in stimulating the breathing centre in the medulla oblongata

As the carbon dioxide levels in the blood increase, respiratory centers in the brain (medulla) are stimulated and the respiratory rate increases. Too little carbon dioxide in the blood will decrease respiratory stimuli. The hydrogen levels in the blood (i.e., blood acidity or low blood pH) will have a similar effect to that of carbon dioxide.

Respiratory rates are controlled by the respiratory centers in the medulla oblongata which stimulate the diaphragm and intercostal muscles via the phrenic nerves.

- If hyperventilation occurs it will "wash out" the carbon dioxide and hydrogen ions and thus decrease the respiratory rate and depth.

- Holding your breath causes accumulation of carbon dioxide and hydrogen ions in the blood and will thus increase the rate and depth of respiration when breathing is resumed.

Describe the exchange of carbon dioxide and oxygen during external and internal respiration

In the lung alveoli the partial pressure of carbon dioxide in the blood is greater than the partial pressure of carbon dioxide in the alveoli so the carbon dioxide will diffuse out of the blood and into the alveoli. The partial pressure of oxygen in the alveoli is greater than that in the blood capillaries so oxygen diffuses in. 

During external respiration, the following reactions involving gases occur in the capillaries:

- oxygen combines with hemoglobin to form oxyhemoglobin (O 2 + Hb  HbO 2 )

- carbaminohemoglobin releases carbon dioxide ( HbCO2  CO2 + Hb )

- bicarbonate ions combine with hydrogen ions to release carbon dioxide

Conditions in the capillaries that affect the rate of the reactions above include:

- Blood at the lung capillaries has a lower temperature.

- Blood at the lung capillaries has a higher pH / less acidic.

- Blood at the lung capillaries has a lower oxygen concentration.

- Blood at the lung capillaries has a higher carbon dioxide concentration.

- Low amounts of hemoglobin will reduce the amount of O 2 diffused per minute.

- Changes in blood pressure and blood velocity will affect the rate of gas exchange.

In the tissues the partial pressure of oxygen is less than that in the tissue capillaries so

oxygen diffuses into the tissues. The partial pressure of carbon dioxide is greater than that in the capillaries so carbon dioxide diffuses out of the tissues into the capillaries.

Gaseous exchange relies on simple diffusion. In order to provide sufficient oxygen and to get rid of sufficient carbon dioxide there must be a large surface area for gaseous exchange a very short diffusion path between alveolar air and blood concentration gradients for oxygen and carbon dioxide between alveolar air and blood. The surface available in an adult is around 140m2 in an adult, around the area of a singles tennis court. The blood in the alveolar capillaries is separated from alveolar air by 6 hundredths of a mm in many places.

Diffusion gradients are maintained by ventilation (breathing) which renews alveolar air, maintaining oxygen concentration near that of atmospheric air and preventing the accumulation of carbon dioxide the flow of blood in alveolar capillaries which continually brings blood with low oxygen concentration and high carbon dioxide concentration

Distinguish between the transport of CO2 and O2 in the blood by explaining the roles of oxyhemoglobin, carbaminohemoglobin, reduced hemoglobin, and bicarbonate ions

Oxyhemoglobin in the red blood cells carries most of the oxygen from the lungs to the tissues. When the respiratory pigment hemoglobin gives up the hydrogen ions it has been carrying it is called deoxyhemoglobin and can more readily take up oxygen to become oxyhemoglobin.

Carbaminohemoglobin in the red blood cells carries a small amount of carbon dioxide from the tissues to the lungs. Carbaminohemoglobin is formed when hemoglobin takes up CO2.
Bicarbonate ions are the forms in which most of the carbon dioxide is transported in the blood plasma from the tissues to the lungs. Carbon dioxide combines with water to form carbonic acid which dissociates to hydrogen ions and bicarbonateions. The globin portion of hemoglobin combines with excess hydrogen ions produced by the reaction and becomes reduced hemoglobin.

The following substances found in the plasma will cause an increase in the rate of air intake during exercise? 

• adrenalin 

• hydrogen ions (H + ) 

• carbon dioxide (CO 2 ) 

• bicarbonate ions (HCO 3•)

• reduced hemoglobin

The chemical reactions that occur during internal respiration that return the rate of air intake during exercise to the resting rate are:

• CO2 + H2O  H2CO3  HCO3- + H+

• H+ +Hb  HHb +
• Hb +CO 2  HbCO 2
• HbO 2  Hb+ O 2
When the body encounters an environment that contains lower than normal oxygen levels several things happen:

• The rate of cell division in the bone marrow will increase thus increasing the number of hemoglobin / red blood cells. The increased number of red blood cells will allow more oxygen to be carried to the tissues.

• Breathing rate will increase. As the breathing rate increases the rate of gas exchange also increases. More O2 is accepted by the hemoglobin. There is more external respiration.

During a climb, as the oxygen concentration gets lower, the blood pH decreases. The body compensates for this change by:

• excretion of H+ by the kidneys 

• excretion of NH 3 by the kidneys

• reabsorption of HCO 3• by the kidneys

• the increased amount of H + combines with hemoglobin producing more reduced hemoglobin (HHb)

• breathing rate increases to exhale more CO 2 • buffers maintain pH by accepting H +
Neuron, Impulse Generation and Reflex Arc

Identify and give functions for each of the following: dendrite, cell body, axon

[Nervous tissue is composed of two main cell types: neurons and glial cells. Neurons transmit nerve messages. Glial cells are in direct contact with neurons and often surround them. The neuron is the functional unit of the nervous system. Humans have about 100 billion neurons in their brain alone! While variable in size and shape, all neurons have three parts. Open your book to Fig. 16.2 Page 280 before proceeding] 

Dendrites receive information from another cell and transmit the message to the cell body. The cell body contains the nucleus, mitochondria and other organelles typical of eukaryotic cells. The axon conducts messages away from the cell body and will usually display axon bulbs in a diagram to distinguish them from dendrites. Be able to label the the three parts on a digram.

Distinguish among sensory, motor, and interneurons with respect to structure and function

Three types of neurons occur. Sensory neurons typically have a long dendrite and short axon, and carry messages from sensory receptors to the central nervous system. Motor neurons have a long axon and short dendrites and transmit messages from the central nervous system to the effector (muscles or glands). Interneurons have short dendrites and long or short axons and are found only within the central nervous system where they connect neuron to neuron. Sometimes a sensory neuron is refered to as an afferent neuron and a motor neuron is called the efferent neuron.

Explain the transmission of a nerve impulse through a neuron, using the following terms: - resting and action potential - depolarization and repolarization - sodium and potassium gates - sodium-potassium pump - recovery period - threshold ("all-or-none response")

[Turn to figure 16.5 Page 283 before proceeding] A nerve impulse is the way a neuron transmits information. The plasma membrane of neurons (the axomembrane), like all other cells, has an unequal distribution of ions and electrical charges between the two sides of the membrane. The outside of the membrane has a positive charge, inside has a negative charge. This charge difference is a resting potential and is measured in millivolts. Passage of ions across the cell membrane passes the electrical charge along the cell. The voltage potential is -65mV (millivolts) of a cell at rest (resting potential). Resting potential results from differences between sodium and potassium positively charged ions and negatively charged ions in the cytoplasm. Sodium ions are more concentrated outside the membrane, while potassium ions are more concentrated inside the membrane. This imbalance is maintained by the active transport of ions to reset the membrane known as the sodium potassium pump. The sodium-potassium pump maintains this unequal concentration by actively transporting ions against their concentration gradients. The sodium-potassium pump pumps out sodium and pumps in potassium. It must work continuously because the membrane is somewhat permeable to both substances. The membrane is slightly more permeable to potassium than sodium which accounts for the resting potential of -65 mV. Changed polarity of the membrane, the action potential, results in propagation of the nerve impulse along the membrane. An action potential is a temporary reversal of the electrical potential along the membrane for a few milliseconds when the voltage difference inside the cells jumps to + 40 mV. Sodium gates and potassium gates open in the membrane to allow their respective ions to cross. Sodium and potassium ions reverse positions by passing through membrane protein channel gates that can be opened or closed to control ion passage. Sodium crosses first and the voltage difference inside the cells jumps to + 40 mV (depolarization). At the height of the membrane potential reversal, potassium channels open to allow potassium ions to pass to the outside of the membrane. Potassium crosses second, resulting in changed ionic distributions, which must be reset by the continuously running sodium-potassium pump. Eventually enough potassium ions pass to the outside to restore the membrane charges to those of the original resting potential (repolarization).The cell begins then to pump the ions back to their original sides of the membrane. 

The action potential begins at one spot on the membrane, but spreads to adjacent areas of the membrane, propagating the message along the length of the cell membrane. After passage of the action potential, there is a brief period, the refractory period (recovery period), during which the membrane cannot be stimulated. This prevents the message from being transmitted backward along the membrane. threshold ("all-or-none response") - Wether or not a neuron fires (conducts a nerve impulse) depends on summation, the net effect of all the excitatory and inhibitory stimuli it is recieving. If enough sodium ion channels open, excitation is sufficient to raise the membrane above the threshold level and the neuron fires. Otherwise it does not fire. It is an all or none response because either the stimuli are sufficient to make the neuron fire or they are not sufficient. A stimulus that is half the intensity of one which was just able to make the neuron fire will not cause the neuron to fire or to half fire. It is all or nothing. To make an analogy there are no "half marks". It's all or nothing.

Steps in an Action Potential

1. At rest the outside of the membrane is more positive than the inside. 

2. Sodium moves inside the cell causing an action potential, the influx of positive sodium ions makes the inside of the membrane more positive than the outside.

3. Potassium ions flow out of the cell, restoring the resting potential net charges.

4. Sodium ions are pumped out of the cell and potassium ions are pumped into the cell, restoring the original distribution of ions. (recovery period)

Relate the structure of a myelinated nerve fibre to the speed of impulse conduction

[Turn to Figure 16.3 Page 280 before continuing] Some axons are wrapped in a myelin sheath formed from the plasma membranes of specialized glial cells known as Schwann cells. Schwann cells serve as supportive, nutritive, and service facilities for neurons. The myelin serves as an excellent electrical insulator. The gap between Schwann cells is known as the node of Ranvier, and serves as points along the neuron for generating a signal. Signals jumping from node to node travel hundreds of times faster than signals traveling along the surface of the axon. This allows your brain to communicate with your toes in a few thousandths of a second. [Because of the manner in which the Schwann cells wrap themselves around the nerve fiber two sheaths are formed. The inner is the above mentioned myelin sheath and the outer is the neurilemma. In the peripheral nervous system the neurilemma plays an important role in nerve regeneration.]

Identify the major components of a synapse

[Turn to figure 16.7 Page 285 before continuing] The junction between a nerve cell and another cell is called a synapse. Messages travel within the neuron as an electrical action potential. But neurons do not have an electrical connection with each other. They are in fact seperated by a small space. The space between two cells is known as the synaptic cleft. For the signal to cross the synaptic cleft requires the actions of neurotransmitters. Neurotransmitters are stored in small synaptic vessicles clustered at the tip of the axon which migrate the cleft to the dendrite of the next neuron. The membrane of the axon carrying the signal to the cleft is termed the presynaptic membrane and membrane of the dendrite recieving the signal on the other side is termed the postsynaptic membrane.

Explain the process by which impulses travel across a synapse

Arrival of the action potential causes the axomembrane to become permeable to calcium ions. These ions interact with the microfilaments causing some of the vesicles (containing neurotransmitters) to move to the end of the axon and discharge their contents into the synaptic cleft. Released neurotransmitters diffuse across the cleft, and bind to receptors on the other cell's membrane, causing ion channels on that cell to open. Some neurotransmitters cause an action potential, others are inhibitory. Neurotransmitters tend to be small molecules, some are even hormones. The time for neurotransmitter action is between 0,5 and 1 millisecond. Neurotransmitters are either destroyed by specific enzymes in the synaptic cleft, diffuse out of the cleft, or are reabsorbed by the cell. More than 30 organic molecules are thought to act as neurotransmitters. The neurotransmitters cross the cleft, binding to receptor molecules on the next cell, prompting transmission of the message along that cell's membrane. Acetylcholine is an example of a neurotransmitter, as is norepinephrine, although each acts in different responses. 

[Diseases that affect the function of signal transmission can have serious consequences. Parkinson's disease has a deficiency of the neurotransmitter dopamine. Progressive death of brain cells increases this deficit, causing tremors, rigidity and unstable posture. L-dopa is a chemical related to dopamine that eases some of the symptoms (by acting as a substitute neurotransmitter) but cannot reverse the progression of the disease.

The bacterium Clostridium tetani produces a toxin that prevents the release of GABA. GABA is important in control of skeletal muscles. Without this control chemical, regulation of muscle contraction is lost; it can be fatal when it effects the muscles used in breathing. Clostridium botulinum produces a toxin found in improperly canned foods. This toxin causes the progressive relaxation of muscles, and can be fatal. A wide range of drugs also operate in the synapses: cocaine, LSD, caffeine, and insecticides.]

 

Demonstrate knowledge of how neurotransmitters are broken down in the synaptic cleft

Once in the cleft, neurotransmitters are active for only a short time. In some synapses the cleft contains enzymes that inactivate the neurotransmitters. For example, acetylecholinesterase breaks down acetylcholine. Inactivated neurotransmitters are taken back into the axon and recycled. In other synapses, the synaptic ending rapidly absorbs the neurotransmitter substance, possibly for repackaging in synaptic vessicles or for chemical breakdown. For example, the enzyme monoamine oxidase breaks down norepinephrione after it is absorbed. The short existence of neurotransmitters in the synapse prevents continuous stimulation or inhibition of postsynaptic membranes.

Relate the structure of a reflex arc to how it functions

[Turn to Figure 16.11 Page 288 before continuing] The reflex arc allows an automatic, involuntary reaction to a stimulus. When the doctor taps your knee with the rubber hammer, she/he is testing your reflex (or knee-jerk). The reaction to the stimulus is involuntary, with the CNS being informed but not consciously controlling the response. Examples of reflex arcs include balance, the blinking reflex, and the stretch reflex. The reflex arc is essentially a short cut between your receptor sensing a potentially harmful situation and your muscles which can remove the receptors from that situation. It is a short cut because normally information from the receptor would travel up the spinal cord to the brain for processing and then back down the cord and to the muscle with the action decided on. In the reflex arc the sensory receptor sends a signal to the spinal cord where an interneuron connects it immediatly to the appropriate effector muscle. This saves time to spare the body of furhter potential harm. For example, If you touch a very hot object, a receptor in the skin generates nerve impulses which move along the dendrite of a sensory neuron toward the cell body in the dorsal-root ganglion just outside the cord. From the cell body the impulses travel along the axon of the sensory neuron and enter the cord by way of the ventral root of a spinal nerve. The impulses then pass to many interneurons, one of which connects to a motor neuron. The impulse will travel through the dendrite, cell body and finally axon of the motor neuron and ultimately cause the muscle fibers to contract so that your hand is pulled away from the hot object. Connections to other interneurons also cause you to look towards the object, jump back and utter appropriate exclamations. 

Divisions of the Nervous System and the Brain

Contrast the locations and functions of the central and peripheral nervous systems

[Turn to figure 16.8 Page 286 before continuing] The nervous system monitors and controls almost every organ system through a series of positive and negative feedback loops. The Central Nervous System (CNS) includes the brain and spinal cord which lie at the center of the body. The CNS integrates (sums up) the information it recieves from all over the body allowing us to make decisions. The Peripheral Nervous System (PNS) is composed of nerves (bundles of neurons, see Fig. 16.9 Page 287), lies to either side of the body and connects the CNS to other parts of the body.

The Peripheral Nervous System (PNS)contains only nerves and connects the brain and spinal cord (CNS) to the rest of the body. The axons and dendrites are surrounded by a white myelin sheath. Cell bodies are in the central nervous system (CNS) or ganglia. Ganglia are collections of nerve cell bodies within the PNS. Cranial nerves in the PNS take impulses to and from the brain (CNS). Spinal nerves take impulses to and away from the spinal cord. They enter the cord through the dorsal root and leave through the ventral root.

Two main components of the PNS:

1. sensory (afferent) pathways that provide input from the body into the CNS.

2. motor (efferent) pathways that carry signals from CNS to muscles and glands (effectors).

Most sensory input carried in the PNS remains below the level of conscious awareness. Input that does reach the conscious level contributes to perception of our external environment. Sensory input from the PNS is processed by the CNS and responses are sent by the PNS from the CNS to the organs of the body.

There are two major subdivisions of the PNS motor and sensory pathways: the somatic and the autonomic. The somatic nervous system includes all nerves that serve the musculoskeletal system. The autonomic nervous system includes the motor neurons that control the internal organs automatically and usually without need for concious intervention.

Differentiate between the functions of the sympathetic and parasympathetic divisions of the autonomic nervous system

The peripheral nervous system consists of all body nerves. Motor neuron pathways are of two types: somatic (skeletal) and autonomic (smooth muscle, cardiac muscle, and glands). The Somatic Nervous System (SNS) includes all nerves controlling the muscular system and external sensory receptors. External sense organs (including skin) are receptors. Muscle fibers and gland cells are effectors. The Autonomic Nervous System is that part of PNS consisting of motor neurons that control internal organs The autonomic system controls muscles in the heart, the smooth muscle in internal organs such as the intestine, bladder, and uterus. It has two subsystems. The Sympathetic Nervous System is involved in the fight or flight response. The Parasympathetic Nervous System is involved in relaxation. Each of these subsystems operates in the reverse of the other (antagonism). Both systems innervate the same organs and act in opposition to maintain homeostasis. For example: when you are scared the sympathetic system causes your heart to beat faster; the parasympathetic system reverses this effect. Motor neurons in this system do not reach their targets directly (as do those in the somatic system) but rather connect to a secondary motor neuron which in turn innervates the target organ.

Neurotransmitter substance released on stimulation of the parasympathetic nervous system is Acetylcholine.

Neurotransmitter substance released on stimulation of the sympathetic nervous system is Adrenaline.

	Activity
	Parasympathetic Effect
	Sympathetic Effect

	DIGESTlON
	Stimulation
	Inhibtion

	BREATHING RATE
	Decreased
	Increased

	HEART RATE
	Decreased
	Increased

	PUPIL SIZE (diameter)
	Decreased
	Increased

	ARTERIAL DIAMETER
	Increased to digestive organs, etc. but decreased to skeletal muscle.
	Decreased to digestive organs, but increased to skeletal muscle


Identify the source gland for adrenalin and explain its role in the "fight or flight" response

The adrenal gland which is situated atop your left kidney (see fig. 16.12 Page 290) consists of an inner portion called the medulla and an outer portion called the cortex. When stimulated by the sympathetic nervous system the adrenal medulla releases adrenalin (also called epinephrine) and noradrenaline (also called norepinepherine). Together they cause:

• Increased heart rate - blood circulates faster

• Constriction of arteries going to digestive system kidney, skin - diverts blood to where it is needed immediately, i.e., skeletal muscles

• Dilation of arteries going to skeletal muscle - carries more blood to skeletal muscles, ready for action

• Dilates bronchioles - better gaseous exhange in the lungs

• Slows gut movement - blood diverted from intestine

• Hair stands on end - makes a mammal appear bigger and more frightening

• increase sweat secretion - cool body if activity speeds up

• Dilates pupil -better peripheral vision

• Contracts bladder and anal sphincter - this is no time to go to the washroom!

• Relaxation of bladder - elimination experienced in cases of severe fright, possibly to reduce weight

Identify and give functions for each of the following: - medulla oblongata - cerebrum - thalamus - cerebellum - hypothalamus - corpus callosum

The brain is composed of three parts: the cerebrum (seat of consciousness), the cerebellum, and the medulla oblongata (these latter two are "part of the unconscious brain"). 

The medulla oblongata is closest to the spinal cord, and is involved with the regulation of heartbeat, breathing, vasoconstriction (blood pressure), and reflex centers for vomiting, coughing, sneezing, swallowing, and hiccuping. The hypothalamus regulates homeostasis (constancy of the internal environment). It has regulatory areas for thirst, hunger, sleep, body temperature, water balance, and blood pressure, and links the Nervous System to the Endocrine System (via the pituatury gland). The midbrain and pons are also part of the unconscious brain. 

The thalamus serves as a central relay point for incoming nervous messages. It recieves all sensory impulses (except those associated with the sense of smell) and channels them to the appropriate regions of the cerebrum. Sometimes called the gatekeeper to the cerebrum because it only alerts the cerebrum to info that it feels requires immediate attention. We are not aware of most of the sensory impulses recieved by the CNS.

The cerebellum is the second largest part of the brain, after the cerebrum. It functions for muscle coordination and maintains normal muscle tone and posture. The cerebellum coordinates balance.

The cerebrum is the only area responsible consciousness. The cerebrum, the largest part of the human brain, is divided into left and right hemispheres connected to each other by the corpus callosum. In reptiles, birds, and mammals, the cerebrum coordinates sensory data and motor functions. The cerebrum governs intelligence and reasoning, learning and memory. The hemispheres are covered by a thin layer of gray matter known as the cerebral cortex, the most recently evolved region of the vertebrate brain. The cortex in each hemisphere of the cerebrum is between 1 and 4 mm thick. Folds divide the cortex into four lobes: occipital, temporal, parietal, and frontal. No region of the brain functions alone, although major functions of various parts of the lobes have been determined.
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Important: Use Fig. 16.13 on Page 291 to label the above diagram using the bold print words in the above section of text. This is the diagram that examiners (and I) will use to ask you to identify structures of the human brain.

Explain how the hypothalamus and pituitary gland interact as the neuroendocrine control centre

The hypothalmus controls the pituitary gland and thus body homeostasis. It has centres for hunger, satiety, sleep, thirst, body temperature, and blood pressure. The pituitary gland is divided into two portions, the anterior pituitary and the posterior pituitary. Neurosecretory cells in the hypothalmus respond to neurotransmitter substances and produce two hormones (ADH and Oxytocin) that are stored in and released from the posterior pituitary. The hypothalmus controls the anterior pituitary by producing specific releasing hormones that cause the anterior pituitary to release one of the several hormones produced in the anterior pituitary. The hypothalmus can also secrete specific release inhibiting hormones that stop or prevent the anterior pituitary from releasing one of the hormones produced there. The hypothalmic-releasing/release-inhibiting hormones travel from the hypothalmus to the pituitary by way of a portal system. [Hormones produced in the anterior pituitary , the master gland, include Growth hormone, Prolactin, and Melanocyte-stimulating hormone.

Identify and give functions for each of the following: - kidney - ureter - urethra - urinary bladder - renal cortex - renal medulla - renal pelvis

Kidneys perform a number of homeostatic functions:

- Maintain volume of extracellular fluid

- Maintain ionic balance in extracellular fluid

- Maintain pH and osmotic concentration of the extracellular fluid. 

- Excrete toxic metabolic by-products such as urea, ammonia, and uric acid. 
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The urinary system (see left) is made-up of the kidneys, ureters, bladder, and urethra. The nephron, an evolutionary modification of the nephridium, is the kidney's functional unit. Waste is filtered from the blood and collected as urine in each kidney (W). Urine leaves the kidneys by ureters (X), and collects in the urinary bladder (Y). The bladder can distend to store urine (up to 600mL) that eventually leaves the body through the urethra (Z). (an important distiction to make here - and perhaps on the final exam - is that it would be wrong to say that the kidneys secrete urine. Only glands do that. The kidney produces urine by filtering blood and collecting the components that we call urine)
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The renal cortex, renal medulla and renal pelvis are all regions of the kidney (see left) visible when it is sliced lengthwise (see also Fig. 15.6 b. Page 265). The renal cortex (W) is the outer layer it houses the Bowman's capsule and the convoluted tubules. The renal medulla (X) is the inner layer of tissue into which the loop of Henle dips. The renal pelvis (Y) is an inner space continuous with the ureter (Z) that collects the urine from the collecting ducts of several nephrons. 
 

 

 
Identify and give functions for each of the following: - nephron - glomerulus - Bowman's capsule - afferent and efferent arterioles - peritubular capillary network - proximal and distal convoluted tubules - collecting duct - loop of Henle
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The nephron (shown above) consists of a cup-shaped capsule containing capillaries and the glomerulus, and a long renal tube. (Turn to Fig. 15.8 Page 267 before continuing) Blood flows into the kidney through the renal artery. The afferent arteriole brings blood to the glomerulus. The efferent areteriole then takes this blood from the glomerulus and branches into the peritubular capillary network. Arterial pressure causes water and solutes from the blood to filter out of the capillaries of the glomerulus into the Bowman's capsule. From there the fluid flows through the proximal convoluted tubules, which include the loop of Henle, and then into the distal convoluted tubules. The distal tubule empties into a collecting duct. Fluids and solutes are returned to the capillaries that surround the nephron tubule (the peritubular capillary network). 

Urine Formation - (Turn to figure 15.9 Page 268 before continuing) 

There are three steps in urine formation: 

1.pressure filtration, 2. selective reabsorbtion, and 3. tubular excretion. 

1. Pressure filtration - Whole blood enters the glomerulus where pressure causes small molecules to move from the glomerulus to the inside of the Bowman's capsule across the thin walls of each. The filterable components (water, glucose, amino acids, urea, uric acid, creatinine) form the glomerular filtrate (which contains small dissolved molecules in approximately the same concentration as plasma). The non-filterable components (proteins, blood cells and platelets) stay within the glomerulus.

2. Selective reabsorbtion (passive and active) occurs as the filtrate moves along the proximal convuluted tubule. Nearly all of the water, glucose, amino acids, salts are returned to the blood in the peritubular capillaries by diffusion and active transport (see table 15.3). The cells lining the proximal convuluted tubule are adapted for active reabsorption with microvilli for surface area and numerous mitochondria for energy.

3. Tubular excretion is the active transport of hydrogen and amonium ions, uric acid, creatine, and drugs like penicillin from blood in the peritubular capillaries into the distal convuluted tubule. The cells lining the distal convuluted tubule are adapted for active reabsorption with numerous mitochondria for energy. They do not, however, have microvilli.

NOTE: (Go to fig. 15.11 Page 270 Before continuing) The reabsorption of water occurs along the length of the nephron. Notably at the loop of Henle and collecting duct, water returns by osmosis (passive) following active reabsorption of salt (sodium ions and chloride ions) and in response to the nonfilterable proteins that remained in the blood of the peritubular capillaries when it left the glomerulus. At this point urine is isotonic to blood. The creation of hypertonic urine relies on the fact that renal medula is increasingly hypertonic as you move inwards. This situation is a result of Salt (Na+Cl-) diffusing and being actively transported out of the ascending limb of the loop of Henle (which is impermeable to water ions) into the renal medulla. In addition, urea is believed to leak from the lower portion of the collecting duct contributing to the high solute concentration (ie hypertonic environment) in the inner renal medulla. As the collecting duct passes through the renal medulla, which is increasingly hypertonic, water diffuses out of the collecting duct into the renal medulla, and the urine within the collecting duct becomes increasingly hypertonic to blood plasma.

Contrast the blood in the renal artery and the renal vein with respect to urea and glucose content

The blood in the renal vein will contain less urea than the renal artery because having passed through the kidney urea will have left the blood through pressure filtration at the glomerulus with only a small amount being passively reabsorbed at the proximal convuluted tubule.

Glucose content would be the same in both the renal artery and renal vein because although it too would have left the blood through pressure filtration at the glomerulus, almost all of the glucose is actively reabsorbed by the cells lining the proximal convuluted tubule. Reabsorption by active transport is termed selective reabsorption because only molecules recognized by carrier molecules are actively reabsorbed.
Note: The composition of urine is described in table 15.2. Urine contains all of the molecules that were filtered but not reabsorbed in the proximal convoluted tubule, as well as those molecules that underwent tubular excretion at the distal convoluted tubule.
Summary of Functions

Kidney:

• Helps maintain pH.

• Excretes nitrogenous wastes, excess salts and H 2 O or produces and excretes urine.

• Helps maintain water balance.

• Removes histamines, penicillin, etc.

• Helps maintain nutrient and mineral balance.

• Purifies blood.

• Regulates blood volume.
The nephron has three functions: 

• Glomerular filtration of water and solutes from the blood.

• Tubular reabsorption of water and conserved molecules back into the blood.

• Tubular secretion of ions and other waste products from surrounding capillaries into the distal tubule.

afferent arteriole • Brings blood to the glomerulus.

efferent arteriole • Brings blood from the glomerulus to the peritubular capillaries.

glomerulus: • To mechanically filter the blood

Bowman's capsule: • To receive the glomerular filtrate

proximal tubule

• Reabsorbs water.

• Selectively reabsorbs nutrients such as glucose and amino acids.

• Selective reabsorption of salts.

• Selective reabsorption of amino acids.

• Selective reabsorption of glucose.

• Active transmission of nutrients.

• Moves filtrate to the loop of Henle.

Loop of Henle

• Osmoregulation.

• Maintains salt and water balance.

distal convoluted tubule

• Reabsorbs water.

• Regulates blood pH.

• Carries out selective reabsorption of K, H, NaCl and HCO.

collecting duct:

• Reabsorbs water.

• Carries urine to the renal pelvis.

• Regulation of pH.

• Regulates blood volume.

peritubular capillaries:

• Carries reabsorbed substances from the kidney nephrons to the general circulation.

Identify the source glands for ADH and aldosterone and explain how these hormones are regulated

The hypothalmus controls the pituitary gland and thus body homeostasis. It has centres for hunger, satiety, sleep, thirst, body temperature, and blood pressure. The pituitary gland is divided into two portions, the anterior pituitary and the posterior pituitary. Neurosecretory cells in the hypothalmus respond to neurotransmitter substances and produce ADH that is stored in and released from the posterior pituitary when the hypothalmus senses high osmotic pressure (low water in blood). Aldosterone is secreted by the adrenal cortex in response to low sodium levels (decreased blood volume).

(These hormones are regulated through negative feedback control. In this type of system the response dampens or even cancels the stimulus that brought about the response. This type of homeostatic regulation results in fluctuation above and below a mean. Negative feedback control is a self-regulatory mechanism.) 

ADH increases the amount of water in the blood cancelling the stimulus to the hypothalmus shutting off the secretion of ADH (negative feedback). 

Aldosterone responds to a decrease in blood volume, this hormone functions to return blood volume to normal levels by causing sodium and potassium ions to be reabsorbed by active transport at the distal tubule or collecting duct. This increases the Na+ concentration of the blood (therefore, more fluid returns from the tissues by osmosis and the blood volume increases) shutting off the signal to the adrenal cortex to secrete aldosterone.

Relate ADH, aldosterone, and the nephron to the regulation of water and sodium levels in the blood

The kidneys and the hypothalamus work together to regulate blood volume through negative feedback. (Note: diuresis means increased amount of urine)

• Hypothalamus senses high osmotic pressure (a decrease in blood volume). 

• ADH (antidiuretic hormone) is released (fxn is to return blood volume to normal levels)

• Kidneys increase their retention of H 2 O.

• Distal tubule becomes more permeable to water.

• Collecting duct becomes more permeable to water.

• An increased amount of fluid/water/solution/extra cellular fluid is reabsorbed by the peritubular capillary network. 

• Results in increased blood volume.

• Results in decreased osmotic pressure. 

• Negative feedback occurs in the posterior pituitary which stops ADH secretion.

• Negative feedback occurs in the hypothalamus which stops ADH secretion.

(When too much fluid is present in the blood sensors in the heart signal the hypothalmus to cause a reduction of the amount of ADH in the blood.)

Aldosterone responds to a decrease in blood volume (renin stimulates its release). Aldosterone is a hormone functions to return blood volume to normal levels. 

• Sodium and potassium ions are reabsorbed by active transport at the distal tubule or

collecting duct.

• This increases the solute concentration of the blood; therefore, more fluid returns from

the tissues and the blood volume increases. 

A Case Study of the Urinary System

Suppose Will Brown's plasma was analyzed before and after a ten kilometre cross-country run. During the run, Will became dehydrated. His resulting lowered blood

volume would be detected by his body and one of three homeostatic mechanisms would return it to normal.

Path One:

• Stretch receptors in the walls of the arteries detect that the plasma lacks sufficient water.

• ADH (antidiuretic hormone) produced by hypothalamic neurons is transported to the posterior pituitary where it is released into the blood.

• ADH increases the permeability of the distal convoluted tubule and the collecting duct in the nephron.

• This increased permeability causes more water to be reabsorbed.

• Increased water in the plasma will return ion concentrations to normal levels.

• As the blood becomes more dilute, ADH ceases to be produced and released.

• This mechanism is an example of negative feedback.

OR

Path Two:

• Osmoreceptors in the hypothalamus detect that the plasma lacks sufficient water.

• The hypothalamus causes sensations of thirst.

• The student drinks.

• Water is absorbed from the stomach, small intestine and large intestine into the blood.

• Blood volume is increased.

OR

Path Three:

• Kidney releases an enzyme when blood volume and Na+ is low which

eventually targets adrenal gland.

• Adrenal gland releases aldosterone.

• Aldosterone targets kidney tubules.

• This increases Na + recovery in the nephrons.

• This results in increased water recovery and subsequent increase in

blood volume.

[ The Following Is For Your Interest Only] 

Nitrogen wastes are a by product of protein metabolism. Amino groups are removed from amino acids prior to energy conversion. The NH2 (amino group) combines with a hydrogen ion (proton) to form ammonia (NH3). Ammonia is very toxic and usually is excreted directly by marine animals. Terrestrial animals usually need to conserve water. Ammonia is converted to urea, a compound the body can tolerate at higher concentrations than ammonia. Birds and insects secrete uric acid that they make through large energy expenditure but little water loss. Amphibians and mammals secrete urea that they form in their liver. Amino groups are turned into ammonia, which in turn is converted to urea, dumped into the blood and concentrated by the kidneys.]

Reproductive System

[In sexual reproduction new individuals are produced by the fusion of haploid gametes to form a diploid zygote. Sperm are male gametes, ova (ovum singular) are female gametes. Meiosis produces cells that are genetically distinct from each other; fertilization is the fusion of two such distinctive cells that produces a unique new combination of alleles, thus increasing variation on which natural selection can operate. Human reproduction employs internal fertilization, and depends on the integrated action of hormones, the nervous system, and the reproductive system. Gonads are sex organs that produce gametes. Male gonads are the testes, which produce sperm and male sex hormones. Female gonads are the ovaries, which produce eggs (ova) and female sex hormones.]
Identify and give functions for each of the following:
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- testes (seminiferous tubules and interstitial cells) • Produce sperm.

• Produce testosterone.

- epididymis Maturation and storage of sperm

- ductus (vas) deferens Conducts sperm and stores sperm

- prostate gland Manufacture and storage of seminal fluid

- Cowper's glands Storage of seminal fluid

- seminal vesicles Manufacture and storage of seminal fluid

- penis Erection prior to sexual intercourse

- urethra Conducts semen (and urine)

 

 

 

 

 

Demonstrate a knowledge of the path of sperm from the seminiferous tubules to the urethral opening

Testes are suspended outside the abdominal cavity by the scrotum, a pouch of skin that keeps the testes close or far from the body at an optimal temperature for sperm development. Seminiferous tubules are inside each testis, and are where sperm are produced by meiosis. Once sperm form they move into the epididymis, where they mature and are stored. Sperm pass through the vas deferens and connect to a short ejaculatory duct that connects to the urethra. The urethra passes through the penis and opens to the outside.
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[About 250 meters (850 feet) of tubules are packed into each testis. Spermatocytes inside the tubules divide by meiosis to produce spermatids that in turn develop into mature sperm. Sperm production begins at puberty at continues throughout life, with several hundred million sperm being produced each day]

List the functions of seminal fluid

At the time of ejaculation, sperm leave the penis in a fluid called seminal fluid (also called semen). 
• Secretions from the seminal vesicles add fructose and prostaglandins to sperm as they pass. Fructose serves as an energy source for swimming sperm. Prostaglandins are chemicals that cause the uterus in females to contract. (Some investigators now believe that uterine contraction is necessary to help propel the sperm toward the egg).
• The prostate gland secretes a milky alkaline fluid. Sperm are more viable in a basic solution (pH 7.5).
• The Cowper's (bulbourethral) gland secretes a mucus-like fluid that provides lubrication for intercourse. Sperm and secretions make up semen.
Identify the tail, midpiece, head, and acrosome of a mature sperm and state their functions
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W- acrosome Contains acrosome enzymes which aid the sperm in reaching the surface of the egg and allow a single sperm to penetrate the egg (zone pellucida). 
X- head Stores genetic material (or DNA) required to produce a new human being. (Contains 23 chromosomes) 
Y- midpiece Produces ATP in mitochondria to provide energy to tail for swimming.

Z- the tail Provides the locomotion needed by the sperm to reach the egg (so that

fertilization can occur).

Describe the functions of testosterone

• Maturation of penis and testes. • Production of sperm. • Growth of body hair.

• Larynx and vocal chords enlarge. • Increased muscle strength. 

• Oil and sweat glands secrete. (most effects associated with puberty)

Demonstrate a knowledge of the control of testosterone levels by the endocrine system

The hypothalamus produces gonadotropic releasing hormone (GnRH) which causes the anterior pituitary to produce and release two gonadotropic hormones: LH (Luteinizing Hormone) and FSH (Follicle Stimulating Hormone)[named for their function in females]. These two pituitary hormones act on the testicles: LH promotes the production of testosterone in the interstitial cells, and FSH promotes spermatogenesis (produces sperm) in the seminiferous tubules (by causing spermatogenic cells to take up testosterone). Testosterone production and spermatogenesis is regulated through a negative feedback loop between the testicles and the hypothalamus/ pituitary gland. As the level of testosterone in the blood rises to a certain level, it causes the anterior pituitary/hypothalmus to decrease its secretion of LH. As the level of testosterone in the blood falls below a certain level begins to fall the anterior pituitary increases secretion of LH, and stimulation of the interstitial cells reoccurs. Recently isolated is hormone called inhibin. Inhibin is produced by the seminiferous tubules (in addition to sperm) and exerts negative feedback control over the hypothalmus/pituitary glands to block FSH secretion.

Identify and give a function for each of the following:
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- ovaries (follicles and corpus luteum) • Release egg(s). • Mature egg(s).

• Secrete estrogen. • Secrete progesterone.

- oviducts (fallopian tubes) To conduct the egg from the ovary to the uterus. Fertilization usually occurs in the tube.

- uterus The lining of the uterus is called the endometrium participates in the formation of the placenta. The uterus functions to nourish (endometrium) and contain the fetus/embryo during gestation (pregnancy) and to assist in partuition (birth).

- cervix The entrance to the uterus; part of the birth canal. Must dilate at birth.

- vagina Receives penis during sexual intercourse; part of the birth canal

- clitoris important in arousal, is a short shaft with a sensitive tip covered by a fold of skin.

Describe the functions of estrogen

Estrogen:

• Causes eggs to mature.

• Causes breasts to develop (during puberty).

• Causes endometrium to thicken.

• Causes the pelvic girdle to enlarge(during puberty).

• Causes growth of uterus and vagina (during puberty).

• Causes the onset of the menstrual cycle (during puberty).

• Causes growth of pubic and underarm hair (during puberty).

• Causes changes in fat distribution (during puberty).

 

 

Describe the sequence of events in the ovarian and uterine cycles

ovarian cycle - A longitudinal section shows there are many sac-like structures called follicles in the cortex of each ovary. Each follicle contains an immature egg. One follicle matures to produce an egg each month during a females reproductive years. 

During the first 14 days of the ovarian cycle, the follicle matures and releases estrogen (follicular phase). On the 14th day, the follicle balloons out of the ovary and bursts to release the egg (ovulation) which is surrounded by a mucoprptein substance called the zona pellucida. Once a follicle has lost its egg (days 15-28), it develops into a corpus luteum (luteal phase), a structure that secretes progesterone. If pregnancy does not occur, the corpus luteum begins to degenerate after about 10 days. If pregnancy does occur the corpus luteum persists for 3 - 6 months. The follicle and corpus luteum secrete the female sex hormones estrogen and progesterone respectively.

uterine cycle - Menstrual cycles vary from between 15 and 31 days. The first day of the cycle is the first day of blood flow (day 0) known as menstruation. During menstruation the uterine lining is broken down and shed as menstrual flow. Midcycle, Estrogen and progesterone stimulate the development of the endometrium and preparation of the uterine inner lining for implantation of a zygote. If pregnancy does not occur, the corpus luteum disintegrates. The drop in hormones causes the sloughing off of the inner lining of the uterus by a series of muscle contractions of the uterus.

 

[image: image43.png]Ovlation 1o

[aoniostin 7o —whos ~
oyde m 260% 1218

Blesiaoyst

-

Frogesterong,

Prinitve Eload Vessels

in Charcric Wesadem

& Pimitive Embryoric
Circuion

Feriization




Demonstrate knowledge of the control of the ovarian and uterine cycles by hormones

The ovarian cycle is hormonally regulated in two phases. The follicle secretes estrogen before ovulation; the corpus luteum secretes both estrogen and progesterone after ovulation. Hormones from the hypothalamus and anterior pituitary control the ovarian cycle. The ovarian cycle covers events in the ovary; the uterine (menstrual) cycle occurs in the uterus. Menstrual cycles vary between individuals from 15 to 31 days. The first day of the cycle is the first day of blood flow (day 0) known as menstruation. During menstruation the uterine lining is broken down and shed as menstrual flow. FSH (primarily) and LH are secreted on day 0, beginning both the menstrual cycle and the ovarian cycle. Days 1 - 14, FSH (primarily) and LH stimulate the maturation of a single follicle in one of the ovaries. The maturing follicle secretes estrogen. Rising levels of estrogen in the blood trigger further secretion of LH (positive feedback on the hypothalmus), which stimulates follicle maturation and ovulation (day 14, or midcycle). LH stimulates the remaining follicle cells to form the corpus luteum, which produces both estrogen and progesterone. Estrogen and progesterone stimulate the development of the endometrium and preparation of the uterine inner lining for implantation of a zygote. If pregnancy does not occur, the drop in FSH and LH cause the corpus luteum to disintegrate. The drop in hormones also causes the sloughing off of the inner lining of the uterus by a series of muscle contractions of the uterus (menses).

Summary table of the ovarian cycle
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What happens on day 14?

• Ovulation occurs on Day 14. 

What causes this event to occur? 

• A surge of LH is thought to be responsible.

What causes Phase 2 to end? 

• Degeneration of the corpus luteum. • All hormones are at their lowest levels.

• Negative feedback of LH stops its production.

Describe the effects of implantation (pregnancy) on the ovarian cycle.

• Degeneration of the corpus luteum is prevented.

• More progesterone is produced.

• No new follicles mature.
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Demonstrate knowledge of a positive feedback mechanism involving oxytocin

Oxytocin. 

• Causes expression of milk by mammary glands. When a breast is suckled, nerve endings in the areola (pigmented area around the nipple) are stimulated. The signal travels to the hypothalmus which causes oxytocin to be released from the posterior pituitary. When this hormone arrives at the breasts it causes the lobules to contract so that milk flows into the ducts.

• Causes the smooth muscles of the uterus to contract [during parturition - labour and expulsion of the fetus] and these contractions increase the release of more oxytocin from the posterior pituitary (positive feedback). [Can be given to induce parturition]

Describe the hormonal changes that occur as a result of implantation

• Embryonic membrane produces HCG (human chorionic

gonadotropic) hormone.

• HCG maintains corpus luteum in the secretory phase; therefore,

it continues to secrete progesterone (in even larger amounts).

• After its formation, the placenta continues HCG production.

• Negative feedback results in decreased FSH (follicle-stimulating

hormone) and LH production.

• Placenta secretes estrogen and progesterone and the corpus

luteum degenerates by the end of the first trimester.

Describe the effects of implantation (pregnancy) on the ovarian cycle.

• Degeneration of the corpus luteum is prevented (HCG).

• More progesterone is produced (corpus luteum and placenta).

• No new follicles mature (decreased FSH and increased estrogen and progesterone).

• More estrogen and progesterone from the placenta also help to maintain the lining of the uterus so that the corpus luteum is not needed

[Sexual Responses]

Humans do not have a mating season , females are sexually receptive to the male at all times of the year. There are four stages in mating: arousal, plateau, orgasm, and resolution. During male arousal, blood flows into the three shafts of spongy erectile tissue inside the penis, causing it to become elongated and erect. The female arousal has the swelling of the areas around the vagina, erection of the clitoris and

nipples, and secretion of lubricating fluids in the vagina. After insertion of the penis into the vagina, pelvic thrusts by both partners stimulate sensory receptors in the penis, vaginal walls, and clitoris. The sperm leave the epididymis and secretions of glands form the semen. Orgasm involves contractions of muscles of the penis (male) or vagina (female) and waves of pleasurable sensations. 

Resolution reverses the previous phases: muscles relax, breathing slows, the penis returns to its normal size.

LH (luteinizing hormone): 

• A surge of LH causes ovulation in females.

• Promotes testosterone production in males.

• Leads to luteal phase in females (ovarian cycle).

• Causes development of the corpus luteum in females.

Follicle stimulating hormone:

• Promotes the development of the follicle.

• Produces sperm.

• Causes spermatogenic cells to take up testosterone.

• Maturation of the egg.

