Summit County ESC Standards-Based Science Course of Study 2003


HIGH SCHOOL ELECTIVE
bioChemistry (USED AS A YEAR-LONG OR BLOCK-SCHEDULED COURSE)

Life Sciences Standard (LS)

Physical Sciences Standard (PS)
	11-12 Benchmarks
	Grade Level Indicators

and Sub-Objectives


	Teaching Strategies/Resources

	By the end of the 11-12 program, the student will, 

Life Sciences
Life Sciences

· Explain how processes at the cellular level affect the functions and characteristics of an organism. (LS-A)

· Explain how humans are connected to and impact natural systems. (LS-B)

· Explain how the molecular basis of life and the principles of genetics determine inheritance. (LS-C)

· Relate how biotic and abiotic global changes have occurred in the past and will continue to do so in the future. (LS-D)

· Explain the interconnectedness of the components of a natural system. (LS-E)
· Explain how human choices today will affect the quality and quantity of life on earth. (LS-F)
Physical Sciences

· Explain how variations in the arrangement and motion of atoms and molecules form the basis of a variety of biological, chemical and physical phenomena. (PS-A)
· Describe how atoms and molecules can gain or lose energy only in discrete amounts. (PS-C)
· Summarize the historical development of scientific theories and ideas within the study of physical sciences. (PS-E)
	By the end of Eleventh/Twelfth Grades, the student will:

Characteristics and Structure of Life

· Describe how the maintenance of a relatively stable internal environment is required for the continuation of life, and explain how stability is challenged by changing physical, chemical and environmental conditions as well as the presence of pathogens. (LS-11-1)


· Recognize that chemical bonds of food molecules contain energy.  Energy is released when the bonds of food molecules are broken and new compounds with lower energy bonds are formed.  Some of this energy is released as thermal energy. (LS-11-2)
· Recognize that information stored in DNA provides the instructions for assembling protein molecules used by the cells that determine the characteristics of the organism. (LS-12-1)
· Explain that the sun is essentially the primary source of energy for life.  Plants capture energy by absorbing light and using it to form strong (covalent) chemical bonds between the atoms of carbon-containing (organic) molecules. (LS-12-3)
· Explain that carbon-containing molecules can be used to assemble larger molecules with biological activity (including proteins, DNA, sugars and fats).  In addition, the energy stored in bonds between the atoms (chemical energy) can be used as sources of energy for life processes. (LS-12-4)

Historical Perspectives and Scientific Revolutions

· Trace the historical development of a biological theory or idea (e.g., genetics, cytology and germ theory). (LS-12-11)

· Describe advances in life sciences that have important, long-lasting effects on science and society (e.g., biotechnology). (LS-12-12)
Nature of Matter

· Explain that elements with the same number of protons may or may not have the same mass and those with different masses (different numbers of neutrons) are called isotopes.  Some of these are radioactive. (PS-11-1)

· Explain that humans have used unique bonding of carbon atoms to make a variety of molecules (e.g., plastics). (PS-11-2)

· Explain how atoms join with one another in various combinations in distinct molecules or in repeating crystal patterns. (PS-12-1)

· Describe how a physical, chemical or ecological system in equilibrium may return to the same state of equilibrium if the disturbances it experiences are small.  Large disturbances may cause it to escape that equilibrium and eventually settle into some other state of equilibrium. (PS-12-2)
· Explain how all matter tends toward more disorganized states and describe real world examples (e.g., erosion of rocks and expansion of the universe). (PS-12-3)
Forces and Motion

· Describe real world examples showing that all energy transformations tend toward disorganized states (e.g., fossil fuel combustion, food pyramids and electrical use). (PS-11-4)

Nature of Energy

· Explain the characteristics of isotopes.  The nucleus of radioactive isotopes is unstable and spontaneously decays emitting particles and/or wavelike radiation.  It cannot be predicted exactly when, if ever, an unstable nucleus will decay, but a large group of identical nuclei decay at a predictable rate. (PS-12-9)
· Use the predictability of decay rates and the concept of half-life to explain how radioactive substances can be used in estimating the age of materials. (PS-12-10)
· Describe how different atomic energy levels are associated with the electron configurations of atoms and electron configurations (and/or conformations) of molecules. (PS-12-11)
· Explain how atoms and molecules can gain or lose energy in particular discrete amounts (quanta or packets); therefore they can only absorb or emit light at the wavelengths corresponding to these amounts. (PS-12-13)
Historical Perspectives and Scientific Revolutions

· Use historical examples to explain how new ideas are limited by the context in which they are conceived; are often initially rejected by the scientific establishment; sometimes spring from unexpected findings; and usually grow slowly through contributions from many different investigators (e.g., nuclear energy, quantum theory and theory of relativity). (PS-12-11)
· Describe concepts/ideas in physical sciences that have important, long-lasting effects on science and society (e.g., quantum theory, theory of relativity, age of the universe). (PS-12-12)

Sub-Objectives to Meet Indicators:
Chemistry
· Define the hierarchy of matter and its components and classify various examples through:

· constructing a flowchart of the hierarchy

· categorizing forms of matter

· listing critical criteria of each category

· Define and identify various physical and chemical changes by:

· listing critical criteria of each type of change

· describing the practical uses of various separations
· classifying a change based on observation
· Make, define, and interpret various forms of measurements using the metric system, significant digits, and scientific notation, including:

· examining various ways to determine volume

· employing dimensional analysis to make conversions

· using correctly a balance, pipette, graduated cylinder, burette, thermometer, and ruler

· Name compounds, write their formulas, and distinguish the basic differences between metals and nonmetals in terms of molecular state by:

· employing SI nomenclature rules for inorganic compounds

· employing Latin nomenclature rules for nonmetal binary compounds

· listing diatomic and catenated forms of elements

· employing SI nomenclature for basic alkanes and alcohols

· Predict the results of various reactions and write complete, balanced equations to represent the reactions, including:

· listing the critical criteria of each type of reaction

· utilizing solubility rules in metathesis reactions

· predicting reaction outcomes

· correctly representing products involved in secondary equilibrium reactions

· balancing equations in accordance with the Law of Conservation of Mass/Energy

· classifying the materials in terms of physical state

· explaining effects of chemical reactions on the environment

· Utilize stoichiometrical principles in solving and predicting outcomes in various chemical reactions by:

· employing dimensional analysis

· defining and applying molarity, Avogadro’s number, moles, molecular mass, mol-mol ratios from formulas and equations, and the Ideal Gas Law

· Apply the principles of Kinetic-Molecular Theory of Gases (KMTG) to real-life situations by utilizing the gas laws, including:

· explaining the significance of each aspect and terms associated, such as pressure, to KMTG by illustrating with real-life applications

· solving gas law problems

· constructing a Maxwell-Boltzmann distribution for a sample of varying temperatures and identifying salient features

· identifying conditions and reasons behind deviations in ideal gas behavior

· Explain how the model of the atom today evolved by citing significant contributions in history and their ramifications through:

· constructing representations of the quantum mechanics of the atom

· predicting and explaining the reason behind colors of various materials

· comparing and contrasting various models of the atom

· listing the forms of electromagnetic radiation and applying wavelength, frequency, photon energy, and amplitude in his/her discussion

· delineating the properties of major and minor subatomic particles

· Name and apply trends in the periodic table, while explaining these trends and the properties of elements through:

· constructing various representations of electron structure and making predictions of their properties

· classifying and differentiating among elements by properties

· explaining the reasons for properties, such as stability

· Compare, contrast, and make applications among covalent, ionic, and metallic bonding theories by:

· constructing models to explain such things as malleability, boiling point, conductivity, and solubility

· applying thermodynamic principles to assess the stability of species and the likelihood of possible reactions

· Explain and apply the concepts of thermodynamics to chemical and physical phenomena by:

· determining the change in heat of a reaction through given calorimetric data of the heats of formation of the constituent materials

· quantitatively comparing and contrasting among the variables of enthalpy, heat, temperature, and heat capacity 

· assessing the impact of entropy, temperature, and enthalpy on the spontaneity of a reaction

·  Assess and analyze the kinetics of various models by:

· identifying factors which affect reaction rates

· explaining and predicting the outcome of reversible processes through the use of equilibrium principles

· Accurately predict and explain the outcomes of acid-base reactions through:

· identifying properties of acids and bases

· explaining the difference between strong and weak electrolytes

Biochemistry

· Compare and contrast organic and inorganic substances.

· Classify the four main groups of biologically important organic molecules (carbohydrates, lipids, proteins, and nucleic acids) and their monomer units.

· Describe how the four biologically important inorganic molecules interact.

· Demonstrate the use of biological/chemical indicators on various organic substances.

· Recognize relationships between monomers and polymers and the          various organic macromolecules.

· Distinguish among nonpolar covalent, polar covalent, and ionic bonds.

· Compare and contrast buffers, acids, and bases.

· Demonstrate the ability to perform a dehydration synthesis and a hydrolysis reaction.

Cytology

· Recognize the relationship between cell theory and how technology has added to or taken from various portions of that theory.

· Describe the historical contribution to cell theory with regard to scientific inquiry.

· Demonstrate competency in proper utilization and the implementation of microscopes in general biological research.

· Associate the different cell organelles with their particular functions and their relevance to the continuation of life.

· Show the interrelationships of the cell organelles in the production of cell products.

· Compare and contrast eukaryotic and prokaryotic cells.

· Explain the probable functions and ultra structure of the cytoskeleton.

Homeostasis and Plasma Membrane

· Recognize the importance of membrane surface area versus volume of a cell.

· Construct an apparatus that demonstrates the processes of diffusion and osmosis.

· Identify and differentiate between the processes of active and passive cellular transport and their importance to maintaining life through both endocytosis and exocytosis.

· Discuss how membrane proteins determine in part what cells can transport.

· Discuss how the membrane maintains its fluid consistency.

· Describe the fluid-mosaic model of membrane structure.

· Distinguish among hypertonic, hypotonic, and isotonic solutions.

· Explain a concentration gradient.

· Discuss osmotic pressure.

· Explain the sodium/potassium pump, endocytosis, and exocytosis.

· Explain a dynamic equilibrium.

Energy and Enzymes

· Explain the First and Second Laws of Thermodynamics.

· Distinguish between catabolic and anabolic pathways.

· Describe the function of ATP in the cell.

· List the three components of ATP and identify the major class of macromolecules to which each belongs.

· Describe the function of enzymes in a biological system. 

· Explain the induced fit model of enzyme function.

· Describe how enzymes function.

· Differentiate between competitive and noncompetitive inhibition.

· Explain how enzyme activity can be regulated or controlled.

Photosynthesis

· Trace the role of carbon dioxide in the Calvin cycle.

· Utilize various extraction methods of chromatography to compare and contrast pigments of various plants and algae.

· Identify various leaf structures and their relationships to photosynthesis.

· Demonstrate how different wavelengths of light correspond to different plant pigments.

· Compare and contrast photosynthesizes to chemosynthesizers.

· Compare and contrast the light and light independent/dark reactions (Calvin Cycle) of photosynthesis.

· Compare and contrast cyclic and noncyclic electron flow.

· Perform a computer-based interactive presentation on photosynthesis Describe the relationship between the action spectrum and absorption spectrum.

· Describe the chemiosmotic mechanism of photophosphorylation.

· Perform a “play” in class to illustrate the steps of photosynthesis.
Cellular Respiration

· Distinguish between aerobic and anaerobic respiration.

· Recount the steps involved in glycolysis, the Krebs cycle, and the electron transport chain.

· Trace the flow of energy from glucose to ATP via cellular respiration.

· Explain mitochondrial structure and function related to cellular respiration.

· Describe the process of chemiosmosis.

· Explain how membrane structure is related to membrane function in chemiosmosis.

· Summarize the net ATP yield from glucose oxidation.

· Explain why fermentation is necessary.

· Differentiate between plant fermentation and animal fermentation.

Mitosis/Meiosis

· Differentiate between asexual and sexual reproduction in plants and animals.

· Trace the significant events that occur during mitosis and the two meiotic divisions (I, II). 

· Recognize the relationship between crossing over and independent assortment with genetic variability.

· Determine the difference in the genetic outcome of mitotic daughter cells.

· Relate the role of the cell cycle to various cells and predict the outcomes that will result from manipulation of the cell cycle.

· Illustrate how meiosis is responsible for the production of gametes in animals and spores in plants.

· Illustrate karyotypes and how they may differ with different genetic abnormalities.

· Discuss what happens when mitosis and/or meiosis go wrong.

DNA/RNA

· Identify the monomers involved in the structure of DNA and RNA.

· Explain the central dogma of DNA.

· Discuss the 3’ to 5’ and 5’ to 3’ concept.

· Compare and contrast the processes of translation and transcription.

· Create a model demonstrating replication, translation, and transcription of nucleic acids.

· Investigate mutations and distinguish between various types and their implications to population.

· Discuss present genetic technology and project to future needs (PCR, Gene splicing, gel electrophoresis, and DNA fingerprinting).

· Discuss ethical issues in genetic research and its relation to testing, gene therapies, and DNA ownership.

· Examine the pros and cons of gene therapy and recombinant DNA.

From Mendelian to Modern Genetic Theory

· Recount a brief history of Mendel’s work in genetics.

· Distinguish between a genotype and its corresponding phenotype and the role of alleles.

· Associate Mendel’s Law of Dominance and Law of Independent Assortment with the results of a cross and probability.

· Employ the Punnet Square to determine results of monohybrid and dihybrid crosses.

· Discuss non-Mendelian trait inheritance such as sex-linked, sex-influenced, codominance, and polygenic traits.

· Construct a karyotype from model chromosomes to determine genetic disorders and sex of the individual.

· Perform a lab that uses Mendel’s laws of genetics.

Origins and History of Life

· Trace the chronology of the origins and history of life from Lamarck to Darwin to present day.

· Recount and evaluate scientific evidence supporting modern evolutionary theory, including geographic separation, fossils, anatomical similarities, and biochemical differences.

· State the conditions for the Hardy-Weinberg Law to be in effect and what conditions can change the genetic outcomes.

· Recognize relationships between mutation and change over time in plant and animal populations.

· Recognize the relationship between selection and fitness of an organism.

· Predict the impact of genetic drift on a population and its effect in the community.

· Characterize reproductive barriers and their effects on a population.
· Examine modern trends in evolutionary theory, such as adaptive radiation and convergent/divergent evolution, and identify examples of these trends in the world.
Classification and Taxonomy

· Compare and contrast the characteristics of the six kingdoms of organisms.

· Evaluate the history, methods, and purpose of taxonomy.

· Compare and contrast anatomical structures of representative organisms.

· Discuss the future trends or needs in classification.

· Demonstrate the use of concepts in classification and the purpose of phylogenetic classification.

· Identify examples from each of the six kingdoms.
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