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Biology 101 A is one semester of a first year
core course in general biology intended for
biology majors. Not open to students who
have taken Bio 1B. The curriculum covers
biological chemistry; cell structure and function;
the mitotic cell cycle; patterns of sexual
reproduction; meiosis and fertilization; DNA
replication, transcription, translation; Mendelian
and molecular genetics; genetic engineering;
gene expression.
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III. CATALOG DESCRIPTION
A general introduction to cell structure and function; cell biochemistry; the cell cycle;
principles of molecular and organismic genetics and genetic engineering. Intended
for students majoring in the biological sciences but open to all qualified students.
CSU.
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IV. COURSE OBJECTIVES

After completing this course the student will be able to
A. explain the study of Biology in the context of evolution, unity and diversity;
B. describe the chemical context of life;
C. illustrate how the significance of water for life relates to its structure;
D. explain the importance of carbon for the molecular diversity of life;
E. compare the structure and function of macromolecules;
F. explain the role of energy transformation and enzymes in metabolic pathways;
G. compare and contrast the various subcellular structures;
H. relate membrane structure to membrane function;
I. describe the process of cellular respiration;
J. describe the process of photosynthesis;
L. explain the role of cell division, the mitotic cell cycle, and mechanisms that

regulate the cell cycle;
M. explain the role of meiosis in sexual life cycles;
N. evaluate Mendelian inheritance in the context of our current understanding of

inheritance;
O. explain the chromosomal basis of inheritance;
P. explain the molecular basis of inheritance, including the mechanisms for DNA

replicaiton and repair;
Q. describe the synthesis and processing of RNA and proteins;
R. compare and contrast the genetics of bacteria and viruses;
S. explain the organization and control of eUkaryotic genomes;
T. discuss technological methods and ethical considerations regarding DNA

technology;
U. explain the genetic basis of development.
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V COURSE CONTENT
I. Introduction: Themes in the Study of Biology

A. life's Hierarchical Order
1. Each level of biological structure builds on the level below
2. Each level has emergent properties
3. Cells are the basic units of structure and function
4. The continuity of life is based on heritable information in DNA
5. Structure and function are correlated at all levels of organization
6. Organisms interact continuously with their enviroment
7. Regulatory mechanisms ensure a dynamic balance in living systems

B. Evolution, Unity, and Diversity
1. Diversity and unity are the dual faces of life on earth
2. Evolution is the core theme of biology

C. Science as process
1. Testable hypotheses are the hallmarks of the scientific process
2. Science and technology are the functions of society
3. Biology is multidisciplinary

II. The Chemical Content of Life
A. Elements and compounds; atoms and molecules
B. Water is the solvent of life

1. Effects of polarity
2. Effects of dissociation and changes in pH.

C. Carbon forms the backbone of the molecules of life
1. Variation in carbon skeletons contributes to diversity of organic molecules
2. Function groups also contribute to molecular diversity of life

D. Structure and function of macromolecules
1. Polymer principles
2. Carbohydrates: fuel and structural material

a. Sugars serve as fuel and carbon sOurces
b. Polysaccharides, polymers of sugars, have storage and structural roles

3. Lipids: diverse hydrophobic molecules
a. Fats, fatty acids bonded to glycerol, store large amounts of energy
b. Phopholipids are major components of cell membranes
c. Steroids include cholesterol and certain hormones

4. Proteins: molecular tools of the cell
a. Polypeptides: polymers of amino acids connected in a specific sequence
b. Protein function depends on its specific conformation

5. Nucleic acids: informational polymers
a. Nucleic acids store and transmit hereditary information
b. A nucleic acid strand is a polymer of nucleotides
c. Inheritance is based on replication of the DNA double helix
d. DNA and proteins can be used as tape measures of evolution
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III. Introduction to Metabolism
A. Metabolism, Energy and Life

1. The chemistry of life is organized into catabolic and anabolic pathways
2. Organisms transform energy

a. Enery transformation are subject to two laws of thermodynamics
b. Organisms live at the expense of free energy
c. ATP powers cellular work

B. Enzymes
1. Speed up metabolic reactions by lowering energy barriers
2. Substrate specificity
3. Activity affected by physical and chemical environment

C. Control of Metabolism
1. Allosteric regulation
2. Location of enzymes in cell

IV. Cell Structure
A. Determined Using Microscopes and Cell Fractionation Techniques
B. Prokaryotic and Eukaryotic Cells

1. Differ in size and complexity
2. Internal membranes compartmentalize functions in eukaryotic cells

C. The Nucleus and Ribosomes
1. The nucleus contains a eukaryotic cell's genetic library
2. Ribosomes build a cell's proteins

D. The Endomembrane System
1. The endoplasmic reticulum

a. Manufactures membranes
b. Performs biosynthetic functions

2. The Golgi apparatus finishes, sorts, and ships cell products
a. Products are packaged in vesicles - membrane sacs
b. Lysosomes are digestive compartments
c. Vacuoles have diverse functions in the cell

E. Other Membraneous Organelles
1. Mitochondria and chloroplasts are the main energy transformers
2. Peroxisomes and Glyoxysomes perform various metabolic reactions

F. The Cytoskeleton
1. Structural support
2. Motility and regulation

G. Cell Surfaces and Junctions
1. Cell walls encase the cells of plants, fungi, many protists, and most bacteria
2. The extracellular matrix (ECM) of animal cells functions in support,

adhesion, movement and development
3. Intercellular junctions help integrate cells into higher levels of structure and

function
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V. Membrane Structure and Function
A. Membrane Structure

1. Membrane models have evolved to fit new data
2. A fluid mosaic of lipids, proteins, and carbohydrates

8. Membrane Function - Regulating Traffic into and out of the Cell
1. Molecular organization of membrane results in selective permeability
2. Passive transport across the membrane

a. Simple diffusion across the lipid bilayer
b. Facilitated diffusion - selected so/utes pass through specific protein

channels.
c. Osmosis is the passive transport of water

3. Active transport is the pumping of solutes against their gradients
a. Some ion pumps generate voltage across the membranes
b. /n cotransport, a membrane protein couples the transport of one solute to

another
4. Exocytosis and endocytosis transport large molecules

C. Other Functions of membrane proteins
1. Enzymatic activity
2. Signal transduction
3. Intercellular joining
4. Cell-cell recognition
5. Attachment fo the cytoskeleton and the ECM (extracellular matrix)

VI. Cellular Respiration
A. Principles of Energy Conservation

1. Cellular respiration and fermentation are catabolic pathways
2. Cells must recycle ATP used for work
3. Redox reactions release energy when electrons move closer to

electronegative atoms
4. Electrons cascade from organic molecules to oxygen during cellular

respiration

5. The cascade of electons is stepwise, via NAD+ and an electron transport
chain

8. Process of Cellular Respiration
1. Glycolysis harvest chemical energy by oxidizing glucose to pyruvate
2. The Krebs cycle completes the energy yielding oxidation of organic

molecules in the matrix of the mitochondrion
3. the inner mitochondrial membrane couples electron transport to ATP

synthesis
4. Many molecules of ATP are generated for each sugar molecule oxidized

C. Related Metabolic Processes
1. Fermentation - Production of ATP in absence of oxygen
2. Glycolysis and the Krebs cycle connect to many other metabolic pathways
3. Feedback mechanisms control cellular respiration
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VII. Photosynthesis
A. Autotrophs - Producers of the Biosphere

1. Photosynthetic autotrophs
a. convert light energy to the chemical energy of food

2. Chemosynthetic autorophs
B. Pathways of Photosynthesis

1. Chloroplasts are the sites of photosynthesis in plants
2. Photosynthesis involves two series of reactions

a. Light dependent reactions transform solar energy to the chemical energy
of ATP and NADPH

b. Light independent reactions, the Calvin cycle, uses ATP and NADPH to
convert CO2 to sugar

c. Alternative mechanisms have evolved in hot, arid climates
C. Photosynthesis is the Metabolic Foundation of the Biosphere

VIII.Cell Communication
A. Cell Signalling

1. Evolved early in the history of life
2. Three stages are reception, transduction, and response

B. Signal Reception
1. Signal receptors are usually plasma-membrane proteins
2. A chemical signal binds to a receptor protein causing a change in its shape

C. Signal Transduction Pathways
1. Pathways relay signals from receptors to cellular responses
2. Protein phosphorylation is a major mechanism of signal transduction
3. Certain small molecules (second messengers) are key components in

signalling pathways.
D. Cellular Responses to Signals

1. In response to a signal, a cell may regulate activities in the cytoplasm or
transcripton in the nucleus

2. Elaborate pathways amplify and specify the cell's reponses to signals

IX. The Cell Cycle
A. The Key Roles of Cell Division

1. Cell division functions in reproduction, growth, and repair
2. Cell division distributes identical sets of chromosomes to daughter cells

B. The Mitotic Cell Cycle
1. The mitotic phase alternates with interphase in the cell cycle
2. The mitotic spindle distributes chromosomes to daughter nuclei
3. Cytokinesis partitions the cytoplasm into daughter cells
4. Mitosis in eukaryotes may have evolved from binary fission in bacteria
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C. Regulation of the Cell Cycle
1. A molecular control system drives the cell cycle
2. Internal and external cues help regulate the cell cycle
3. Cance cells have escaped from cell-cycle controls

X. Meiosis and Sexual Life Cycles
A. An Introduction to Heredity

1. Offspring acquire genes from parents by inheriting chromosomes
2. Asexual versus sexual reproduction - a comparison

B. The Role of Meiosis in Sexual Life Cycles
1. Fertilization and meiosis alternate in sexual life cycles
2. Meiosis reduces chromosome number from diploid to haploid
3. Fertilization restores the diploid number

C. Origins of Genetic Variation
1. Sexual life cycles produce genetic variation among offspring
2. Evolutionary adaptation depends on a population's genetic variation

XI. Mendelian Genetics
A. Gregor Mendel's Discoveries

1. The Law of Segregation
a. Two alleles for a character segregate during gametes formation in

meiosis
b. The paired condition is restored by the radom fusion of gametes at

fertilization.
2. The Law of Independent Assortment

a. Each pair of alleles segregates into gametes independently
b. Mendelian inheritance reflects the laws of probability

3. Mendel introduced an experimental and quantitative approach to genetics
B. Extending Mendelian Genetics

1. The relationship between genotype and phenotype is rarely simple
a. Incomplete dominance
b. Codominance
c. Multiple alleles
d. Pleiotropy
e. Epistasis
1. Polygenic inheritance

2. Mendelian Inheritance in Humans
a. Pedigree analysis reveals Mendelian patterns in human inheritance
b. Many human disorders follow Mendelian patterns of inheritance
c. technology is providing new tools for genetic testing and counseling
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C. The Chromosomal Basis of Inheritance
1. Relating Mendelism to Chromosomes

a. Morgan traced a gene to a specific chromosome
b. The physical basis of Mendelian inheritance lies in the behavior or

chromosomes during sexual life cycles
c. Linked genes tend to be inherited together bexuase they are located on

the same chromosome
d. Independent assortment and crossing over produce genetic

recombinants
e. Recombination data is used to map genetic loci on a chromosome

2. Sex chromosomes
a. The chromosomal basis of sex varies with the organism
b. Sex-linked genes have unique patterns of inheritance

3. Errors and exceptions to chromosomal inheritance
a. Alterations in chromosome number or structure cause some genetic

disorders
b. The phenotypic effect of some genes depends on whether they are

inherited from the mother or the father
c. Extranuclear genes exhibit a non-Mendelian pattern of inheritance

XII. The Molecular Basis of Inheritance
A. DNA as the Genetic Material

1. The search for the genetic material
a. Rosalind Franklin produced an X-ray photo of DNA
b. Watson and Crick discovered the double helix by building models to the

conform to the X-ray photo
B. DNA Replication and Repair

1. Base-pairing enables existing DNA strands to serve as templates for new
complementary strands

2. A large team of enzymes and other proteins are involved in DNA replication
a. Enzymes proof-read DNA during replication
b. Enzymes repair damage to existing DNA

3. The ends of DNA molecules in eukaryotes pose a special problem

XIII. From Gene to Protein
A. The Connection Between Genes and Proteins

1. Transcription
a. the DNA-directed synthesis of RNA
b. RNA plays multiple roles in the cell
c. Eukaryotic cells modify RNA after transcription
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2. Translation
a. The RNA-directed synthesis of a polypeptide
b. Nucleotide triplets specify amino acids
c. Point mutations can affect protein structure and function
d. Protein synthesis in prokaryotes and eukaryotes compared

B. The Genetic Code
1. A gene is a specific sequence of nucleotides at a given location in the

genome of the organism
2. The genetic code evolved early in the history of life
3. The study of metabolic defects provided the evidence that genes specify

proteins

XIV. Microbial Models
A. Discovery of Viruses

1. Researchers studying plant disease
2. Plant viruses are serious agricultural pests

B. The Genetics of Viruses
1. A virus is a genome enclosed in a protective coat
2. Viruses can reproduce only within a host cell
3. Possible evolution from other mobile genetic elements

C. Virus Types - Distinguished by Host
1. Phages

a. infect bacteria
b. reproduce using lytic or lysogenic cycles

2. Animal viruses are diverse in their modes of infection and replication
3. Plant viruses must penetrate plant cell wall
4. Viroids and prions are infectious agents even simpler than viruses

D. The Genetics of Bacteria
1. Short generation time facilitates their evolutionary adaptation to changing

environments
2. Genetic recombination produces new bacterial strains
3. Control of gene expression enables individual bacteria to adjust their

metabolism to environmental change

XV.Organization and Control of Eukaryotic Genomes
A. The Structure of Chromatin

1. Chromatin structure is based on successive levels of DNA packing
a. Nucleosomes - DNA wound around a core of histone proteins
b. 30-nm chromatin fiber - a tightly wound coil with six nucleosomes per turn
c. looped domains from further coiling and turning
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B. Genome Organization at DNA level
1. Each cell of a multicellular eukaryote expresses only a fraction of its genome
2. The control of gene expression can occur at any step in pathway from gene

to functional protein
3. Chromatin modifications affect availability of genes for expression
4. Control of transcription initiation
5. Posttranscriptional mechanisms play supporting roles in gene expression

C. The Molecular Biology of Cancer
1. Multiple mutations underlie the development of cancer
2. Cancer results from genetic changes that affect the cell cycle
3. Role of oncogene proteins and faulty tumor-suppressor proteins

XVI. DNA Technology
A. DNA Cloning

1. DNA technology makes it possible to clone genes
a. basic research
b. commercial applications

2. Restriction enzymes used to make recombinant DNA
3. DNA libraries - storage of cloned genes
4. Polymerase chain reaction (PCR) clones genes in vitro

B. Cloned DNA Analysis
1. Restriction fragment analysis detects DNA differences that affect restriction

sites
2. Entire genomes can be mapped at the DNA level

C. Practical Applications of DNA Technology
1. reshaping medicine and the pharmaceutical industry
2. offers forensic, environmental, and agricultural applications
3. raises important safety and ethical questions

XVII. Genetic Basis of Development
A. From Single Cell to Multicellular Organism

1. Embryoinc development involves cell division, morphogenesis, and cell
differentiation

2. Study of development in model organisms useful to identify general
principles

B. Differential Gene Expression
1. Different types of cells in an organism have the same DNA
2. Transcriptional regulation

a. Different cell types make different proteins
b. Directed by maternal molecules in the cytoplasm and signals from other

cells
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C. Genetic and Cellular Mechanisms of Pattern Formation
1. Development in Drosophila under genetic control shown by genetic analysis
2. Gradients of maternal molecules in the early embyro control axis formation
3. A cascade of gene activations sets of segmentation pattern
4. Homeotic genes direct identity of body parts
5. Homeobox genes have been highly conserved in evolution
6. Cell signaling and induction in the Nematode

a. neighboring cells instruct other cells to form particular structures
7. Plant development depends on

a. cell signaling
b. transcriptional regulation

VI. INSTRUCTIONAL METHODOLOGY

A. Assignments - each week:

1. Assigned reading in textbook; e.g., about testable hypotheses as the

hallmarks of the scientific process

2. Assigned reading and/or interaction with selected web pages, e.g.

interactive step-by-step "do it yourself glycolysis"

3. Assigned portions of the CD ROM (StUdy partner); e.g., labeling of

subcellular structures and their function

4. Assigned practice problems, e.g., writing an essay on cell cycle regulation

5. Active participation in 0nlin~tjiscussion group, e.g., posting questions

about the reading and study material or responding to someone's essay
~ '. "

on cell cycle regulation " , .' .....
-' ,'\ '.. '. ' '.'

6. Pre-lab and post-lab written work on the laboratory experiments, e.g.,

detailing the application of the scientific method to the question of

regulation of enzyme activity.

B. Evaluation:

1. Performance in the laboratory experiments and experimental write-ups,

e.g. a report on the investigation of factors influencing enzyme activity

2. Periodic laboratory quizzes, e.g., where students have to compare and

contrast various DNA extraction protocols .,
. . . .' I. I

3. Performance in the discussion group; e.g., an evaluation of the quality of a

submitted essay or the quantity and quality of a response to other

student's postings

4. Two practical laboratory examinations, e.g., where students have to

explain the purpose of procedures used in previous laboratory exercises;
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5. Weekly online quizzes on the lecture material, e.g., asking students to

answer specific mUltiple choice questions about the post-transcriptional

processing of RNA molecules.

6. Three on-campus written examinations covering concepts developed in

the online instruction and the laboratory, e.g. multiple choice questions,

questions from study guides, and essay questions referring to the

differences in structure and function of macromolecules \ ,': : ,,', ,,1,1 " • ,

7. One on~mpus f.inal covering concepts developed in the online instruction

and the laboratory. '
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