Biology 1406: Cell and Molecular Biology

Course Outline

1. Introduction to biology
--the scientific study of organisms

--properties of life

--assumptions, methods and limitations of science

--underlying themes of biology

--evolution as a unifying concept

2. Basic chemistry and biochemistry

--structure of atoms and molecules


--chemical bonds and interactions


--acids and bases and pH


--chemical reactions and functional groups


--properties of water and its importance to living systems


--structure and function of carbohydrates, lipids, nucleotide-based compounds  and proteins

3. Introduction to cell structure and function

--cell theory


--methods of studying cells


--structures and functions of prokaryotic and eukaryotic cells

4. Membranes and cell transport

--structures and functions of cell membranes


--membrane transport of large and small molecules


--osmosis and diffusion

5. Principles of cell metabolism

--chemical reactions and energy


--role of ATP in coupled chemical reactions


--function of catalysts


--how enzymes work, regulation of enzyme activity, factors that affect enzyme  activity


--biochemical pathways, substrates, products and intermediate products

6. Photosynthesis

--structure and function of chloroplasts


--light-dependent reactions, cyclic and non-cyclic


--light-independent reactions

7. Respiration and fermentation

--glycolysis


--citric acid cycle


--electron transport chain and oxidative phosphorylation


--aerobic versus anaerobic processes


--fermentation

8. Cell cycles

--cell cycle


--binary fission in prokaryotes 

--process and function of meiosis and mitosis

--cytokinesis

9. Patterns of inheritance

--genetic terms


--genotypic and phenotypic variation


--dominant and recessive traits


--mendelian model of inheritance


--chromosomal aberrations

10. DNA structure and chromosome

--structure of nucleotides and the DNA double helix


--replication of DNA


--DNA repair mechanisms


--mutations

11. Protein synthesis

--genetic code


--RNA structure, transcription and processing


--translation: protein syntheses, processing and distribution

12. Gene regulation

​--gene regulation in prokaryotes (e.g. lac operon)


--gene regulation strategies in eukaryotes

13. Viruses -structure and replication of viruses

14. Genetic manipulation

--plasmid and virus vectors


--recombinant DNA and cloning techniques


--PCR


--applications of biotechnology

Biology 1406: Cell and Molecular Biology

Course Objectives

By the end of the course, students should be able to:

Introduction to Biology

1.  Discuss scientific processes and how they are used in studying biology.

2.  Distinguish between living organisms and nonliving matter.

3.  Identify some limitations of science.

4.  Discuss some underlying themes of biology (e.g. hierarchy, homeostasis, emergent properties)

5.  Explain evolution and natural selection, they are unifying concepts in biology.

Basic Chemistry and Biochemistry

1. Describe the basic structure of atoms. 

2. Interpret chemical and structural formulas.

3.  Describe ionic and covalent bonds.

4.  Discuss hydrogen bonds and non-polar interactions, and their importance for living organisms.

5.  Identify some characteristics of carbon that allow it to play such an important role in the chemistry of life.

6. Explain isomers in biology.

7. Describe properties of water and explain their importance to living systems.

8. Explain properties of acids, bases and salts.

9. Understand pH.

9. Explain roles buffers play in living organisms.

10. Identify functional groups of biological molecules.

11. Describe structures and functions of carbohydrates, lipids, proteins and nucleotide-based compounds.

12. Describe four levels of protein structure and how they relate to protein activity.

Introduction to Cell Structure and Function

1. Describe the cell theory.

2. Explain some factors that limit cell size.

3. Describe the typical prokaryotic cell (e.g. size, plasma membrane, cell wall, cytoplasm, ribosomes, nucleoid and flagella.)

4. Describe the typical eukaryotic cell and explain the structure and function of:

nucleus and nucleolus, endomembrane system, ribosomes, mitochondria, plastids, the cytoskeleton and cilia, flagella and centrioles.

5. Compare and contrast the characteristics of prokaryotes, eukaryotes and viruses.

6. Discuss diversity among eukaryotic cell types.

Membranes and Cell Transport

1. Describe the fluid mosaic model of membrane structure and explain the structure and functions of component molecules.

2. Compare and contrast diffusion, osmosis and dialysis.

3. Explain cell transport of large and small molecules across biological membranes.

4. Discuss cell signaling mechanisms including the role of cAMP.

Principles of Cell Metabolism

1. Distinguish between potential and kinetic energy.

2. Explain how the first and second laws of thermodynamics apply to living organisms.

3. Explain what a chemical reaction is and describe changes that take place during a chemical reaction.

4. Distinguish between endergonic and exergonic reactions and explain how they are coupled in living organisms.  Describe the roles of ATP and ADP in the coupling of chemical reactions.

5. Describe enzyme structure, how enzymes work, regulation of enzyme activity (e.g. cofactors and inhibitors) and factors that affect enzyme activity.

6. Describe biochemical pathways, substrates, products and intermediate products.

Photosynthesis

1. Explain the relationship between structure and function of chloroplasts

2. Describe the light-dependent reactions.

3. Describe light-independent reactions.

4. Summarize the process of photosynthesis and trace movement of CO2 and H2O through the process.

Respiration and Fermentation

1. Describe the process of glycolysis and fates of pyruvate. 

2. Explain relationships between structure and function of mitochondria.

3. Describe citric acid cycle and oxidative phosphorylation.

4. Summarize the process of aerobic respiration. Trace the fate of glucose and the role of O2 in the process. 

5. Discuss energy capture and release under anaerobic conditions (e.g. alcohol and lactic acid production.)

6. Compare and contrast aerobic and anaerobic processes.

7. Explain how other biomolecules can enter these biochemical pathways.

Cell Cycles

1. Describe binary fission in prokaryotic cells.

2. Discuss eukaryotic cell cycles and describe the events of interphase.

3. Describe mitosis.

4. Describe cytokinesis and distinguish between mitosis and cytokinesis.  Also distinguish between the cytokinesis of plant and animal cells.

5. Describe meiosis I and II 

6. Compare and contrast mitosis and meiosis.

Patterns of Inheritance

1. Define and be able to use the following terms correctly: genotype, phenotype, homozygous, heterozygous, alleles and genes.

2. Discuss the Mendelian model of inheritance.

3. Describe patterns of inheritance (e.g. sex linkage, dominant, recessive, codominant and incomplete dominant.)

4. Describe genotypic and phenotypic variation.

5. Discuss chromosomal variations in humans.

DNA Structure and Chromosomes

1. Describe the structure of nucleotides.

2. Describe the DNA molecule.

3. Describe DNA replication, including the principle steps and enzymes involved.

4. Discuss the structure of eukaryotic and prokaryotic chromosomes.

5. Discuss DNA repair mechanisms.

6. Define mutation and give examples (e.g. point mutations, chromosome changes.)

Protein Synthesis

1. Describe the structure of RNA.

2. Compare and contrast RNA and DNA.

3. Describe transcription, including the principle steps and enzymes involved.

4. Describe posttranscriptional modifications of mRNA in eukaryotic cells.

5. In detail, describe the process of translation, identifying the principles steps.

6. Use base pairing rules to replicate a segment of DNA, transcribe it and match the anticodon of tRNA to mRNA.  Translate a segment of mRNA using a genetic table.

7. Explain how various types of mutations can alter the structure of a polypeptide chain.

8.  Describe protein processing and distribution.

Gene Regulation

1. Describe processes of gene regulation in prokaryotic cells (e.g. operon system.) 

2. Describe gene regulation strategies in eukaryotic cells.

Viruses 

1. Describe the structure of viruses and how they are replicated.

Genetic Manipulation

1. Compare artificial genetic recombination to natural processes.

2. Describe plasmid and virus vectors.

3. Discuss recombinant DNA and cloning techniques.

4. Describe PCR and its utility.

5. Discuss applications of biotechnology (e.g. RFLPs, VNTR, DNA fingerprinting)

Laboratory Objectives

By the end of the course students should be able to:

Measuring weight and volume
1. Identify basic laboratory items

2. Use metric units and measuring devices

3. Perform statistical calculations of mean, percent error and standard deviation

Solutions
1. Prepare solutions of given molarity and volume

2. Prepare parallel and serial dilution series

pH
1. Use the pH meter correctly and adjust the pH of solutions

2. Prepare buffers and determine buffering range

Microscopes
1. Identify the parts of the brightfield microscope and demonstrate its use

and care

2. Prepare wet mounts

3. Measure specimens viewed with the brightfield microscope
Cell Transport
1. Describe factors that affect the direction and speed of molecular movement

2. Compare and contrast simple diffusion, facilitated diffusion, osmosis and dialysis

3. Describe the factors that affect the rate and direction of cell transport

4. Use chemical indicators

5. Compare and contrast isotonic, hypotonic and hypertonic solutions

6. Describe the role of the cell wall in plants

Enzymes
1. Use spectrophotometers

2. Demonstrate some factors that affect enzyme activity

3. Graph data

4. Statistically analyze data

Thin Layer Chromatography
1. Separate molecules using TLC

2. Use a scanning spectrophotometer to make an absorption spectrum

Protein Purification
1. Isolate a specific protein from a biological sample

2. Use differential solubility and centrifugation

3. Use ultrafiltration

4. Use size exclusion column chromatography

5. Determine protein concentration using a standard curve

6. Perform SDS-PAGE electrophoresis

7. Analyze an SDS-PAGE gel to determine molecular weights of isolated proteins

DNA
1. Perform recombinant DNA techniques

2. Isolate DNA from biological samples

3. Characterize isolated DNA using agarose gel electrophoresis

4. Perform basic microbiological techniques such as sterile plating and isolation of single colonies

5. Graph and analyze agarose gel data

