Big Ideas & Major Unifying Themes throughout Biology:

1. Form follows function:

a. Proteins have 4 levels of structure which determine their function.
i. Primary:  amino acid order determined by the DNA(RNA(protein transcription process of a and translation process of mRNA into amino acids at ribosomes.

ii. Secondary:  H-bonds twist amino acid strands into a helix or fold amino acid strands into sheets
iii. Tertiary:  3-D structure based on interactions of all bonds within the amino acid sequence

iv. Quaternary:  Association of many peptides (smaller proteins) into a functional protein

b. The “induced fit” of proteins function works for many cellular systems and is based on protein shape.

i. Enzymes digest (hydrolyze) specific substrates

1. glycolysis, phosporylation using ATPase, etc.

ii. Hormones are ligands that attach to specific receptors on either

1. the cell membrane (proteins are second messengers: indirect influence on cell processes by attaching to membrane receptors)

a. adrenaline, insulin, growth hormone, FSH, LH

2. or DNA (steroid hormones are first messenger model: direct influence by attaching to cytoplasmic receptors that travel to genes in nucleus)

a. estrogen, testosterone, steroid hormones like cortisol
iii. Antibodies (Ig immunoglobulins) bond specifically to antigens

1. antibodies have a variable region in the Y shape based on genetic coding
iv. Cellular communication and cell signaling 
v. Cell receptors on the membrane bond with specific molecules or remain open and transport them into the cell by active transport

1. Local signaling:  cell-cell contact in immune cells 

a. CD4 receptors on Th-cells

b. MHC receptors (self vs. non-self)

c. cytokines (interleukin proteins)

2. Local signaling:  neurons do not touch but send signals only a few micrometers apart

a. Na+/K+ pump generates action potentials using electrochemical gradients
b. synapse:  space between neurons where neurotransmitters attach to receptors

3. Long distance signaling:  endocrine hormones, target cells and feedback (see below)
vi. All of these models rely on H-bonds (temporary bonds) and are influenced by temperature, salinity, acidity, concentration of molecules, etc.

c. Cells have functional units to increase surface area for work to be done.

i. Endomembrane system:  linked system of membranes in cells

1. nuclear membrane (barrier protects chromosomes, lets ribosomes leave nucleolus)
2. RER & Golgi bodies (produce and modify proteins for specific functions)
3. vesicles/vacuoles (move materials around using dynein on cytoskeleton microtubules)
4. plasma membrane (part of endomembrane system in cells regulating cell homeostasis)
ii. cristae of mitochondria & thylakoid membrane of chloroplasts

d. Organs & organ systems have functional units to increase surface area for work to be done.

i. Capillaries:  blood vessels that transport, diffuse, do osmosis, absorption, secretion in organs
ii. Villi & microvilli:  tiny folds of the digestive system that absorb nutrients into capillaries
iii. Nephrons:  tiny filters in the kidneys that remove urea in the blood using pressurized capillaries
iv. Alveoli:  tiny air sacs in the lungs where gas exchange between the capillaries and air occurs
v. Neurons:  cells that communicate, coordinate and integrate information in the nervous system
vi. Pancreatic Islets of Langerhans:  alpha cells produce glucagon hormone, beta cells produce insulin
2. Natural Selection & Survival of the fittest:  Best adaptations for a specific environment increase reproductive success and fitness (most surviving offspring in next generation) = ULTIMATE CAUSATION for survival
a. environment & climate of aquatic & terrestrial biomes

b. natural disasters

c. Niche:  specific roles and symbiotic relationships of organisms

d. Isolation:  Geographic and Reproductive

e. Sexual reproduction

f. Competition & extinction

g. Variation & Biodiversity
i. of genes

ii. of individuals within a species

iii. of species

iv. of environments

h. Mutations

i. Gene flow & genetic drift

j. Large population size

k. K strategist vs. r strategists

i. carrying capacity vs. exponential growth

ii. density dependent & density independent limiting factors

3. Sources of Genetic Diversity:

a. Sexual Reproduction

i. XX & XY:  chromosome diversity
ii. estrogen & testosterone:  hormonal cycles
iii. egg & sperm:  gametes 
b. Meiosis

i. Thousands of gametes produced with ½ the number of chromosomes of species

ii. Crossing over during synapsis and disjunction of homologous chromosomes 

iii. Independent assortment, segregation and recombination

c. Mutations

i. beneficial leads to phenotype with better adaptation

ii. deleterious leads to removal from gene pool

d. Homozygous dominant, recessive and heterozygous genotypes

i. DNA & RNA unifies all of life yet the nucleotide order in the ATCG & AUCG codes varies

e. Natural selection and differential reproductive success

f. Genetic Recombination/Gene splicing

i. plasmids as vectors to transfer DNA from one bacterium to another
ii. palindrome DNA sites common among species (used to make sticky cuts on DNA)
iii. enzymatic control of processes (restriction endonuclease enzymes make the sticky cuts)
iv. transgenic species produced with new properties (glow in the dark bunnies, mice, flies)
g. In Bacteria

i. Conjugation:  bacteria trade plasmid chromosomes using sex pili (resembles sex but it’s not)
ii. Transformation:  bacteria take DNA from the environment that provides new traits (you made bacteria glow with pGLO plamid DNA in lab).
iii. Transduction:  bacterial threesome with a virus that accidentally gives new traits to bacteria
4. Feedback mechanisms:
a. Microbiome positively influences immune system health, hunger, metabolism & homeostasis, mood, birth and lactating in infancy, digestive health.  FMTs (fecal matter transplants) reduce health issues caused by C. dificile bacteria which move in on good gut bacteria’s niche.

b. Negative feedback:  major regulatory system maintains or returns levels of hormones to normal.

c. Positive feedback:  increases hormone level or response to hormones

i. ( LH, ( ovulation in ovary.

ii. ( FSH, ( egg growth in the ovary.

iii. ( estrogen or testosterone, ( sex characteristic development.

iv. ( progesterone, ( uterus thickness for implantation of embryo.

v. ( adrenaline, ( heart rate, ( breathing, ( digestion & sex.

vi. ( glucose, ( insulin, ( blood sugar levels (normal), ( glycogen.

vii. ( glucose, ( glucagon in liver to ( blood sugar then ( insulin to ( blood sugar, ( glycogen.

viii. ( insulin, ( blood sugar levels (diabetes).
d. Mitosis

i. Cell cycle (G1, S, G2, M)
ii. Apoptosis and G0
iii. Telomere length influences life span
iv. Concentration of proteins like cyclin & mitosis promoting factor (MPF)

e. Ingestion of food increases enzyme release and increases digestion and absorption of nutrients

f. Kreb’s cycle & Calvin cycle
5. Tools of science:

a. Visualization of cellular components

i. Electron microscope magnifies up to 1 million times but specimens are dead
ii. Light microscope magnifies up to 1000x with life specimens
iii. Stains and dyes like methylene blue to see cheek cells and DNA bands on electrophoresis
b. Separation of cellular components

i. Centrifuge:  spins test tubes 
ii. Gel Electrophoresis/RFLP:  separates DNA into bands of DNA “fingerprints” by size & charge
iii. Chromatography:  separates pigments in plant leaves
c. Isolation of cellular components

i. PCR:  heat, cool, heat DNA 30x to produce 1 billion copies
ii. cDNA (complimentary DNA) and reverse transcriptase (from HIV) to make DNA from mRNA
d. Gene editing

i. CRISPR-CAS9:  cut and paste DNA to edit in or out genes using bacterial restriction enzymes and guide RNA
6. Scientists:

a. Robert Hooke, Anton van Leeuwenheok:  discovered cells
b. Schleiden & Schwann:  all plants & animals are made of cells
c. Carolus Linnaeus:  classified life using taxonomy
d. Gregor Mendel:  studied peas, figured out ratios of 3:1 and 9:3:3:1 for hybrid crosses
e. Edward Jenner:  created first vaccine in 1790’s for small pox
f. Charles Darwin:  natural selection
g. Jean Baptiste de Lamarck:  French guy got evolution all wrong
h. Thomas Hunt Morgan:  Fruit flies have chromosomes that carry genes that can be mutated
i. Fredrick Griffith:  First scientist to transform bacteria
j. Martha Hershey & Alfred Chase:  DNA is genetic material in viruses, not proteins
k. James Watson, Francis Crick and Rosalind Franklin:  discovered DNA double helix shape
l. Barbara McClintock:  discovered genes can splice or jump around the genome disrupting traits
7. Major representative organisms to know:

a. Bacteriophage (virus that infects bacteria)
b. HIV (retrovirus)
c. Coronavirus (ssRNA virus)
d. E. coli (bacterium)
e. C. dificile (bacterium)
f. Drosophila melanogaster (fruit fly)
g. Homo sapiens
Section 2 in RED on this outline is NOT TESTED IN 2020








