EXAM 4 OBJECTIVES
BIOLOGY 1406 - CHAPTER 10
PHOTOSYNTHESIS
1. Distinguish between autotrophs and heterotrophs and between chemosynthetic and photosynthetic autotrophs. 

2. Review the structure of the leaf and chloroplast explaining how this facilitates photosynthesis. 

3. Write a summary reaction for photosynthesis explaining the origin and fate of the reactants and end products. 

4. Review the physical properties of light and how the absorption of photons can activate chlorophyll "a" and the role of accessory pigments.. 

5. Compare the absorption and action spectra of chlorophyll "a" and photosynthesis. 

6. Compare and contrast the light dependent and light independent reactions of photosynthesis. 

7. Explain the function of photosystem I and II and the concept of a reaction center. 

8. Explain both cyclic and noncyclic electron flow (photophosphorylation). 

9. Explain the process of carbon fixation (Calvin cycle) including how many ATP and NADPH + H+ are required. 

10. Review the process of photorespiration. 

11. Review the advantages of C4 photosynthesis over C3 photosynthesis under conditions of bright light and high temperature. 

12. Explain crassulacean acid metabolism (CAM). 

 

BIOLOGY 1406 - CHAPTER 11 
CELL COMMUNIFICATIONS
1. Recognize the importance of cell communications.
2. Identify and explain examples of local regulators, distant regulators, cell to cell junctions and cell to cell contact.

3. Identify and explain the three steps in transduction.

4. Discuss epinephrine as an example of a messenger.

5. Review and explain three families of plasma membrane receptors.  
G-protein Receptors, Receptor Tyrosine Kinases, and Ion Channel Receptors.

6. Explain the concept of a phosphorylation cascade as part or all of the transduction pathway and the role of protein kinases and protein phosphatases.
7. Distinguish between “first messengers” and “second messengers”.

8. Identify the role of cAMP and calcium ions as second messengers.  Give examples.  Identify the role of adenylyl cyclase.

9. How does cAMP differ from AMP?

10.  Explain the concept of signal amplification.  Give an example.

11.  Explain the concept of signal specificity.

12. Recognize that the cellular response can result from nuclear control rather than a purely cytoplasmic event.

13. Recognize that receptors can be plasma membrane receptors, receptors located in the cytoplasm and receptors located in the nucleus.

14.  Identify and explain the concept of apoptosis.  Why is it important and how is it initiated.
 

 

BIOLOGY 1406 - CHAPTER 12 
THE REPRODUCTION OF CELLS
1. Define all terms identified in the power points and ledcture.

2. Explain the structure of the eukaryotic genome. 

3. Define and explain haploid, diploid, mitosis, meiosis and cytokinesis. 

4. Identify and explain the stages in the cell cycle. Describe the principal events of each stage. 

5. List the events that occur in each stage of mitosis. 

6. Differentiate between plant and animal mitosis. 

7. Explain the significance of mitosis in the living world. 

8. Identify how mitosis is related to cancer.

 

 



EXAM 4 NOTES
CHAPTER 10 
ENERGY-ACQUIRING PATHWAYS 
1. Heterotrophs are organisms that must get food from the environment. They can not make their own food from inorganic compounds. On the other hand, autotrophs are organisms that make their own food (organic compounds) from simple inorganic compounds. An outside source of energy is needed to drive these highly endergonic reactions. Autotrophic nutrition is either photosynthesis or chemosynthesis. In photosynthesis, the atoms of CO2 and H2O are used in the making of carbohydrates. The source of energy is light. Chemosynthesis is similar in that carbohydrates are synthesized using energy derived from the oxidation of inorganic compound. 

2. The leaf is a specialized stem that is flattened so that it can collect as much light as possible. Within the leaf, cells are arranged so that they can collect as much light as possible. Chloroplast located within the cells serve as the organelles of photosynthesis. Each chloroplast is surrounded by two smooth outer membranes with a complex inner network of membranes the thylakoids. Thylakoids are arranged in stacks of thylakoid discs called grana. Photosynthetic pigments and the compounds of the electron transport system are located in the thylakoid membranes. The fluid filled region of the chloroplast outside the thylakoids, which contains the enzymes involved with carbon fixation, is the stroma . 

3. SUMMARY OF PHOTOSYNTHESIS:  6CO2 + 12 H2O ---------> C6H12O6 + 6O2 + 6H2O 

4. Visible light makes up a small part of the spectrum of electromagnetic energy. Different forms of electromagnetic energy differ from each other in the wavelength of the energy. Electromagnetic energy ranges from gamma rays at the short wave end, with a wavelength 10nm, to radio waves, with wavelengths up to several meters, at the long wave end of the spectrum. Short wave energy has the greatest amount of energy. Visible light is found just beyond ultraviolet energy, and has a wavelength that ranges from 400 to 750nm. Light energy is measured in photons. Photons are absorbed by plant pigments such as chlorophyll and carotenoid. Light energy is transferred to electrons of the pigments and is ultimately used in the synthesis of ATP. 
5. Chlorophyll a is the essential photosynthetic pigment of all green plants. Other pigments such as chlorophyll b, c, d, carotenoids and xanthrophylls are accessory pigments that transfer light energy in the form of excited electrons to chlorophyll a. The absorption spectrum of chlorophyll identifies the colors of visible light absorbed by chlorophyll. Chlorophyll a and b absorb very little light in the green range but are very active in the absorption of blue and red light. The action spectrum of photosynthesis describes the activity of the various colors of light in photosynthesis. Accessory pigments collect energy from colors of light not utilized by chlorophyll a and transfer the energy to chlorophyll a. 

6. The light dependent phase of photosynthesis is dependent upon light as a source of energy, while the light independent phase is dependent upon ATP generated in the light dependent phase as its energy source. The light dependent phase uses water as a raw material and produces ATP, NADPH and oxygen. The light dependent phase occurs in association with the thylakoids. The light independent phase occurs in the stroma and uses H from NADPH and energy from ATP to reduce carbon dioxide to a carbohydrate. 

7. Photosystems are collections of chlorophyll and accessory pigments that function as light harvesting units in photosynthesis. The photosystems are embedded in the thylakoid membrane. Light energy is transferred to high energy electrons in the photosystem. This is the conversion of electromagnetic energy into chemical energy. 
8. Cyclic electron flow (photophosphorylation) is a process that is not an essential part of photosynthesis, but is a process through which ATP is produced in the presence of light. In cyclic electron flow, electrons of the reaction center chlorophylls of photosystem I are excited by radiant energy and are transferred to an electron transport chain which release free energy. This free energy is used to pump H+ into the thylakoid space forming an electrochemical gradient which is used to produce ATP. The process is cyclic because the same electrons are returned to the photosystem from which they exited,  Noncyclic electron flow (photophosphorylation) is a second process in the light dependent phase of photosynthesis. It involves both photosystems I and II. It is noncyclic because the electrons returned to the photosystems are not the same ones that originally exited. The electrons that leave from photosystem I pass through a series of electron transport pigments eventually reducing NADP+ to NADP-. NADP- then attracts a H+ becoming NADPH. Photosystem II absorbs photons and transfers high energy electrons to an electron transport system. This electron transport system releases energy used to establish an electrochemical gradient across the thylakoid membrane. This results in the production of ATP. The electrons from photosystem II are transferred to photosystem I. Photosystem II is now short 2e-. These are pulled from water in the process of photolysis which produces 2H+ and O.  The H+ are released in the thylakoid space.
9. In photosynthesis, chemiosmosis occurs by H+ being pumped from the stroma to the thylakoid space. This establishes an electrochemical gradient across the thylakoid membrane.  By chemiosmosis, hydrogen ions move back to the stroma through a channel protein, coupled to ATP synthase, energy is provided for the synthesis of  ATP. This is called photophosphorylation. 

10. The light independent phase is also referred to as the Calvin Cycle or simply as carbon fixation. During this phase carbon dioxide is reduced by H from NADPH producing a carbohydrate. Energy for this highly endergonic process is derived from ATP produced in the light dependent phase. Carbon fixation is a cyclic process dependent upon the regeneration of a 5C compound,) ribulose 1,5 bisphosphate (RuBP). RuBP is the compound that initially accepts CO2 at the beginning of the Calvin Cycle. 

11. Photorespiration is a process in which oxygen competes with carbon dioxide for the binding site on RuBP. The higher the O2 concentration the greater the chance of O2 binding to RuBP. Bright light and high temperature increases the chance of photorespiration. When O2 binds to RuBP it results in the break down of RuBP, thus reducing the rate of photosynthesis by as much as 50%. 

12. The type of photosynthesis discussed so far is C3 photosynthesis. This is because a three carbon compound is the first identifiable compound produced as carbon dioxide enters the Calvin Cycle. C3 photosynthesis is especially sensitive to photorespiration, thus under conditions of bright light and high temperature, C3 plants suffer greatly from photorespiration. C4 plants avoid photorespiration by binding CO2 to a 3C compound, phosphoenol pyruvate, producing a 4C compound, oxaloacetate, in the mesophyll cells. Oxaloacetate is converted into malate that diffuses into the bundle sheath cells where CO2 is released, converting malate into 3C pyruvate which diffuses back to the mesophyll. The release of CO2 in the bundle sheath cells creates a high concentration of CO2 in the bundle sheath cell. As a result the Calvin Cycle is completed in the bundle sheath cells greatly increasing photosynthetic efficiency under conditions of bright light and high temperatures. Many tropical plants adapted to these conditions are C4 plants. These include sugar cane, Bermuda grass and many others. 

13. Crassulacean acid metabolism (CAM) is a process that occurs in certain plants adapted to very dry conditions. In this process the plants close their stomata during the day and open them at night. This allows them to conserve water, but restricts their CO2 uptake during daylight hours. CAM plants take CO2 from the atmosphere at night and convert it to organic acids. During the day the acids release CO2 which is used in photosynthesis. Cacti are common CAM plants. 

 

 

BIOLOGY 1406
CHAPTER 11
CELL COMMUNICATIONS
1. Cell Signaling 
· An ability that evolved early in the history of life 

· Signaling by chemical messengers between cells is characteristic of all life forms, even the most primitive organisms. 

· Example: Two mating types in yeast and reproductive behavior. 

· Behavior controlled by chemical signals. 

· Each type produces a signaling compound that when it attaches to the other type causes a response that results in the type receiving the signal moving toward the type sending the signal.  When both types have received the signal from the other they move together and fuse together leading to mating activity. 

· Signal Transduction Pathway - Series of steps by which a chemical signal is converted into a cellular response. 

· Cells may be near each other or distant and still be able to communicate by chemical messengers. 

· Local Regulator - Chemical regulator that works between cells located near each other. 

· Paracrine Signaling - A cell secretes the signal into the extracellular fluid affecting a nearby target cell.  EX. Growth factor and cell division. 

· Synaptic Signaling - Neurotransmitter transmitted across the synaptic gap between nerve cells. 

· Hormone - Chemical signal that can communicate with cells separated by some distance.  Hormones may operate between cells that are located near each other or those located in different regions of the body. 

· Both plants and animals have hormones.  Insulin and thyroxin are an example of a hormone in animals while auxin and ethylene are examples in plants. 

· Cells may communicate directly with each other by cytoplasmic connections such as plasmodesmata in plants and gap junctions in animals. 

· Three stages of cell signaling. 

· Signal reception - The signal binds to a specific receptor usually located on the surface of the cell membrane. 

· Signal Transduction - The receptor usually changes shape due to binding to the signal.  This causes a series of changes in the cell leading to a specific cellular response.  Signal transduction may have one to many steps. 

· Cellular response - transduction will initiate a specific cellular response, such as enzyme activation or inactivation or a change in gene expression. 

2.  Signal reception and initiation of transduction. 

· The signal molecule is complimentary to a specific receptor, much as the substrate is to the active site of an enzyme. 

· The signal acts like a ligand, which is a molecule that binds to a different larger molecule. 

· Binding of the signal molecule activates the receptor which in turn interacts with a cellular molecule, thus the message has been transferred across the cell membrane. 

· The message may be transmitted directly to  the target or go through a series of intermediate compounds. 

· Signal receptors are usually proteins located on the surface of the cell membrane.  We will review three types groups of membrane receptors. 

· G-Protein Linked Receptors 

· Composed of a single polypeptide which passes back and forth through the membrane producing seven transmembrane domains.The receptor transmits the signal by interacting with a variety of cytoplasmic proteins called G-proteins.   They are called G-proteins because they interact with GDP or GTP, which are guanine nucleotides. 

· As the signal binds to the receptor the receptor changes conformation such that it interacts with a G-protein on the cytoplasmic side of the membrane. 

· As the receptor interacts with the G-protein, GDP bound to the inactive G-protein is displaced by GTP which activates the G-protein. 

· The activated G-protein interacts with another protein, often an enzyme, thus activating enzyme activity. 

· Activation of the G-protein is temporary since the activated G-protein has GTPase activity which hydrolyzes GTP to GDP. 

· G-proteins are involved in the regulation of many critical metabolic processes and developmental processes. 

· Tyrosine-kinase Receptors - Have an external receptor and an internal domain with tyrosine kinase enzyme activity. 

· Two receptor units join together forming a receptor dimer due to the ligand binding to the extracellular receptor. 

· Formation of the dimer activates tyrosine kinase activity on the cytoplasmic domain. 

· Activation of the endogenous tyrosine kinases results in the transfer of phosphate from ATP to tyrosine ammo acids that are part of the cytoplasmic domain of the tyrosine kinase receptor itself. 

· Phosphorylation of  the cytoplasmic domain of the tyrosine kinase receptor activates a second, relay protein which leads to the initiation of a transduction system resulting in a cellular response. 

· Many different proteins may be activated leading to the initiation of many transduction pathways, possibly different transduction pathways. 

· Dephosphorylation of the tyrosine kinase receptor results in the termination of the signal process. 

· Ion Channel Receptors 

· Signal proteins binds to a gated ion channel which is an channel protein which can be either opened or closed in response to the binding of a ligand signal protein. 

· Ion channels proteins are for a specific ion such as Na+, Ca2+ or K+ 

· Intracellular Receptors 

· Some receptors are not located on the membrane surface, but are located within the cytoplasm, thus the signal must pass through the membrane to reach the receptor.  Examples are hormones like progesterone, testosterone estradiol and thyroid hormones. 

3.  Signal Transduction Pathways 

· The signal is relayed through a series of steps from the receptor to the target molecule. 

· The signal molecule is not passed along the transduction pathway, rather it is a message that is passed along form receptor to intermediate(s) to target. 

· Protein phosphorylation is a common method of signal transduction. 

· Cytoplasmic protein kinases facilitate the transfer of phosphate from ATP to other proteins some of which may be enzymes. 

· Phosphorylation may serve to activate an enzyme or to inactivate it.   
· The signal transduction pathway is turned off when the signal is no longer present.  Protein phosphatases can reverse the effects of protein kinases. 

· Second Messengers - Small, nonprotein water soluble molecules and ions that propagate signals along a transduction pathway. 

· Cyclic AMP - cAMP 

· cAMP is used as a second messenger by several hormones. 

· cAMP related transduction pathway 

· Ligand (signal) binds to the receptor.  This is the first messenger. 

· A G-protein on the cytoplasmic side of the membrane is activated by the receptor. 

· The activated G-protein activates the enzyme, adenylyl cyclase, which converts ATP into cAMP. 

· cAMP activates a cytoplasmic enzyme such as a protein kinase. 

· The protein kinase propagates the signal by phosphorylating various proteins, resulting in a cellular response. 

Ion Channels
· An increase in calcium ion concentration is important in inducing a specific response from a transduction system.  Ca2+ concentration can be affected in two ways. 

· The binding of a ligand to a Ca2+ gated ion channel protein. 

Activation of the inositol triphosphate (IP3) signaling pathway which then triggers the release of Ca2+. 

· The IP3 pathway involves the following steps. 

· Signal (ligand) binds to the membrane receptor. 

· Activation of phospholipase, an enzyme located on the cytoplasmic side of the membrane. 

· The activated enzyme hydrolyzes membrane phospholipids into IP3 and diacylglycerol, both of which are important second messengers. 

· Diacylglycerol is associated with with a pathway that involves protein kinase. 

· IP3 is associated with Ca2+ signaling pathways.  IP3 binds to Ca2+ gated channel proteins.  IP3 binding causes a release of Ca2+ which in turn can activate target proteins or Ca2+ can bind to a relay protein, calmodulin, which modulates the activity of specific target proteins. 

4.  Cellular Responses to Signals 

· The cell may either regulate metabolic activity in the cytoplasm or regulate transcription in the nucleus as it responds to external signals. 

· Signals affect cytoplasmic activity by regulating the function or activity of proteins involved with cellular processes. 

· Rearrangement of the cytoskeleton. 

· Regulating ion channels. 

· Regulate critical points in metabolic pathways. 

· Signaling regulates the production of proteins by modulating the expression of specific genes.  This is accomplished by regulation transcription of mRNA and the translation of mRNA. 

· Complex pathways amplify and specify how the cell responds to signals. 

· Signal amplification - The production of a second messenger amplifies the signal since one initial signal protein may cause the production of many second messengers.  If the second messengers activate can be enhanced if it is linked to a phosphorylation cascade.  As a result a few primary signals might produce a very large response. 

· Signal Specificity - The same signal may cause different responses in different cell types.  Example: Epinephrine causes glycogen breakdown in liver cells while it causes muscle contraction in cardiac muscle cells.   Another possibility is that a single signal may stimulate divergent systems in the same cell resulting in coordination and economy in the number of signals needed. 

CHAPTERS 12 
CHROMOSOMES, CELL DIVISION, MITOSIS
1. The eukaryotic genome is composed of long linear strands of double stranded DNA. Each DNA strand is associated with considerable histone protein which acts as structural material which supports the DNA and prevents it from breaking. Histone molecules are organized into groups of four with DNA wound around. Each of these complexes of histone and DNA is a bold nucleosome. Each strand of DNA is divided into functional subunits called genes. Each gene codes for the production of a polypeptide or specific type of RNA. Through the production of polypeptides, the genes control protein synthesis, which in turn controls cellular metabolism. Each long strand of DNA, containing many genes is a chromosome. Chromosomes as visual structural units appear only during mitosis or meiosis. A chromosome is a tightly coiled strand of DNA which facilitates movement and separation during mitosis or meiosis. 

· Mitotic cell division involves two processes, mitosis and cytokinesis. Mitosis is division of the nucleus. In mitosis chromosomes duplicate so that division of the nucleus results in the production of two daughter nuclei that are identical to the mother nucleus in chromosome makeup and number. 

· Cytokinesis usually follows mitosis and is division of the cytoplasm to produce two cells. 

2. The cell cycle is the period of time required for the cell to complete one life cycle, that is from one division to the next. The cell cycle includes a nondividing period, interphase, and a dividing period, either mitosis or meiosis. Interphase is divided into three phases, G1, S and G2. G1 is a period of cell growth and a time when the cell is synthesizing necessary nucleotides and proteins for the duplication of DNA. The S phase is the time during which DNA is duplicated, and G2 is a final phase of growth and the synthesis of proteins and materials needed for mitosis. Mitosis is the period or time during which the chromosomes and nucleus is dividing. It is divided into four phases, but requires much less time than interphase. 

3. Mitosis is divided into prophase, prometaphase, metaphase, anaphase and telophase. Listed below is an outline of the events of each phase. 

A. Prophase 

· Chromosomes coil becoming visible under the light microscope. 

· Chromosomes continue to coil, shortening and thickening, until they become short rod-like structures. 

· Centrosome duplicates with the two centrosomes moving toward opposite poles of the cell to establishing the mitotic spindle. Centrosomes of animal cells contain a pair of rod-like bodies called centrioles. 

B. Prometaphase 

· The nuclear envelope disintegrates. 

· The nucleolus disappears. 

· Kinetochore microtubules (spindle fibers) extend from each centrosome and attach to the kinetochore of the centromere of each duplicated chromosome. 
· Each duplicated chromosome consist of two complete copies of the original chromosome. Each copy is a chromatid, with the two sister chromatid being attached at the centromere. 
· Then microtubules pull on the chromosomes from each pole causing considerable agitation as the chromosomes move toward the center of the mitotic spindle. 

· Non-kinetochore microtubules extend from mitotic pole to pole, ultimately pushing the poles apart causing the cell to elongate. 




C. Metaphase 

· Centromeres move to the equatorial plane of the cell (metaphase plate). This is a plane equidistant between the mitotic poles and perpendicular to the axis of the mitotic spindle. 

· Non-kinetochore microtubules push the mitotic poles apart elongating the cell. 

D. Anaphase 

· Anaphase begins as the chromatids separate at the centromere. Each sister chromatid becomes an independent chromosome and sister chromatid moves to opposite poles of the cell, thus sister chromatids ends up as chromosomes in different nuclei at the conclusion of mitosis. 

· Chromosomes continue to move to the poles of the cell as kinetochore microtubules shorten. 

E. Telophase 

· Telophase is more or less the opposite of prophase. 
· Chromosomes collect in dense clumps at the poles of the cell. 

· Chromosomes begin to uncoil, dispersing into the chromatin network. 

· Nuclear envelope regenerates. 

· Nucleolus reappears. 

· The cytoplasm usually divides in a process called cytokinesis. 

6. Plant vs. animal mitosis and cytokinesis. 

Animal cells have centrioles which appear to produce the mitotic spindle, although it has been determined recently that they are not involved in spindle development, while plant cells do not. Animal cells under go cytokinesis by the formation of a cleavage furrow which occurs as a result of a ring of microfilaments on the inside of the cell membrane contracting inward until the cytoplasm pinches into two cells. These microfilaments are located around the equator of the cell. Plant cytokinesis results from the alignment of membrane vesicles, derived from the Golgi, between the two newly forming nuclei. These vesicles produce a structure called the cell plate which develops from the inside out producing new cell membranes. Eventually new cell walls are deposited outside each newly formed cell membrane.
7. Mitosis is important for the production of new cells as plants and animals grow and develop, is necessary for the repair of injuries and is the process that results in asexual reproduction in many unicellular organisms. 
8. Asexual reproduction involves only one individual reproducing through cell division, binary fission budding, rooting, etc. There is no recombination of genetic material in asexual reproduction. Offspring are clones of the parent.  Sexual reproduction involves two parents. Each parent contributes equal amounts of genetic material through the gametes, egg and sperm, to the offspring. Genetic recombination does occur and the offspring is not genetically identical to the either parent. 

9. Haploid (n) refer to a condition in which there is only one set of chromosomes in the nucleus of the cell. This means that the cell has one chromosome of each kind.  Human gametes are haploid.  Diploid (2n) refers to a condition in which there are two sets of chromosomes in the nucleus, that is two chromosomes of each type in the cell. Human body cells are diploid.  Homologous chromosomes are chromosomes that carry genes for the same characteristics, even though the genes may be for different expressions of the characteristic. i.e. The gene is for the characteristic eye color; expressions may be blue or brown. 
 



