Biology 1A – Test 3 Study Guide

Chapter 9 – Respiration

A. Overview

a. C6H12O6 + 6 O2 + 38 ADP ( 6 CO2 + 6 H2O + 38 ATP

i. Glucose oxidized carbon dioxide

ii. Oxygen reduced to water

b. Relationship with photosynthesis (Fig. 9.2)

c. Energy harvest – slow breakdown of glucose can allow ATP synthesis (Fig. 9.5)

d. ATP made in 2 ways

i. Substrate-level phosphorylation – direct transfer by an enzyme (Fig. 9.7)

ii. Oxidative phosphorylation – uses an electron transport chain.

1. Two important coenzymes: NAD and FAD. These pick up electrons from glucose and transfer them to electron transport chain to make ATP. (Fig. 9.4)

2. NAD makes 3 ATP, FAD makes 2 ATP.

iii. Occurs in 4 sets of reactions: Glycolysis ( Acetyl-CoA Formation ( Kreb’s Cycle ( Oxidative Phosphorylation. Glycolysis occurs in cytosol, other three in mitochondria (Fig. 9.6)

B. Stages of Aerobic Respiration

a. Glycolysis

i. Glucose ( Pyruvate

ii. Yields 2 ATP and 2 NADH (Fig. 9.8)

iii. Energy investment steps

1. 2 ATPs used in 3 steps.

2. C6 ( 2C3 (G3P) in 1½ steps. 

iv. Energy harvesting steps

1. 4 ATPs and 2 NADHs produced in 5 steps. Remember, these totals reflect doubling of reactions because of 2C3 molecules. 

2. These ATPs are made by substrate level phosphorylation 

v. Pyruvate moves to mitochondria.

b. Acetyl-CoA formation

i. Yields 2 NADH (1 per pyruvate)

ii. Occurs in matrix of mitochondria.

iii. Pyruvate + CoA ( CO2 + Acetyl-CoA (Fig. 9.10)

c. Kreb’s Cycle (Fig. 9.11)

i. Yields 2 ATP, 6 NADH, and 2 FADH2 (2 turns for 2 acetyl-CoA) 

ii. Occurs in matrix of mitochondria.

iii. C4 (oxaloacetate) + Acetyl-CoA ( citrate (C6) + CoA

iv. C6 ( C5 ( C4 yielding 2 CO2 + energy.

d. Oxidative Phosphorylation

i. Occurs on the inner mitochondrial membrane. (Fig. 9.15)

ii. Converts energy from NADH and FADH2 to ATP 

iii. Electron transport chain made from cytochromes. 

a. 3 carriers pump protons out

b. NADH donates electron at 1st pump, FADH2 donates after 2nd pump.

c. Oxygen is needed to pick up electrons from last cytochrome.

iv. Chemiosmosis – production of ATP by a proton (H+) gradient. Protons have been pumped into intermembrane space. High concentration drives movement of protons back into matrix. ATP synthase: force of proton movement turns matrix portion which powers ATP synthesis. (Fig. 9.14)
e. Balance sheet: 38 ATP (34 from 10 NAD and 2 FAD)

f. Efficiency: glucose gives 2870 kJ/mol. ATP hydrolysis gives 32 kJ/mol. 38 X 32 gives 1216 kJ/mol. Therefore, aerobic respiration has about 42% efficiency.

C. Fermentation – a “shortcut” respiration process. It just regenerates NAD+ to run glycolysis. This produces ATP by substrate level phosphorylation only. Inefficient but very fast. (Fig. 9.17-18)

a. Alcohol fermentation – done by yeast. Ethanol and CO2 produced. 

b. Lactic acid fermentation – humans do. Lactic acid produced which may cause muscle fatigue.

D. Metabolic pools – nutrients other than glucose can fuel respiration. They can also be made from respiration intermediates (Fig. 9.19).

a. Catabolism – breakdown of molecules can feed into respiration pathway

b. Anabolism – excess can be built into storage molecules

c. Regulation – feedback on phosphofructokinase (Fig. 9.20)

i. AMP can stimulate.

ii. ATP and citrate can inhibit.

Chapters 11, 18, 21, 47 – Development

A. Differentiation – cells become specialized as they divide.
a. Initial signals (Fig. 18.17)
i. Maternal (cytoplasmic) determinants from egg. Unequal distribution of determinants determines polarity in embryo.

ii. Induction – neighbors send signals to determine fate.

b. Typical pathway in muscle cell differentiation (Fig. 18.18)

i. Determination: MyoD is txn factor that turns on muscle-specific genes.

ii. Differentiation: muscle-specific genes turn other genes to cause specific cell changes.
B. Embryogenesis in Drosophila

a. Life cycle: egg ( embryo ( larval stages ( pupa ( adult fly (Fig. 18.19)
b. Genetic history

i. Edward Lewis 1940 – identified mutant genes in development where limbs are in wrong places (Fig. 18.20)

ii. Nusslein-Volhard, Wieschaus 1970s created embryonic lethals and identified 1200 genes. 120 necessary for pattern formation.

c. Maternal effect genes – made by mother, placed in egg (Fig. 18.22)

i. Many determine egg polarity (anterior/posterior, dorsal/ventral)

ii. Focus on bicoid
1. Mutations were 2-tailed. 

2. Nurse cells deposit bicoid mRNA into egg at anterior. After fertilization, it gets tln into protein. This is a txn factor.

3. Injection of bicoid mRNA in posterior results in 2-headed larvae
d. Segmentation genes 

i. Direct the formation of segments in body plan

ii. Gap genes lay out basic anterior/posterior subdivisions (mutation removes many segments forming a gap in body)

iii. Pair-rule genes determine every-other segment (mutation removes every other segment)

iv. Segment polarity genes determine orientation of each segment (mutations lose polarity within a segment)

e. Homeotic genes – place body parts in correct segment

i. DNA binding protein using “homeobox” region.

ii. Master “switch” which turns on cascade of genes to make entire body part 
iii. Conserved among animals and plants (Fig. 21.18)

C. Embryogenesis in C. elegans

a. Cell lineage map. Best organism is C. elegans. Exactly 959 cells in adult and each cell has been fated (Fig. 47.18).

b. Model for induction

i. Hermaphrodites have both male and female reproductive organs. 

ii. Development controlled by nearby anchor cell 

1. Anchor cell secretes EGF (epidermal growth factor)

2. Closest cell receive it using a tyrosine kinase signaling cascade.

3. This cell becomes inner vulva and induces two neighbors to become outer vulva

4. Rest of cells become epidermis.

5. Laser ablation of anchor prevents vulva formation.

c. Apoptosis discovered

i. Apoptosis is a programmed cell death. Cell is taken apart neatly and packaged into vesicles that are phagocytosed. (Fig. 11.20)

ii. Important in development to remove unneeded cells. (Fig. 11.22)
iii. Mechanism

1. Death signals trigger signaling cascade (Fig. 11.21)
a. Some death signals can be internal. e.g. cytochrome c, an electron transport protein.
2. Caspases are proteases that cleave other caspases (activating them) and trigger breakdown of cells

3. Activated enzymes by caspase cleavage break up DNA, proteins, membranes etc. in an organized way.

Chapter 12 and 18 – Cancer

A. Forms

a. Tumors – solid

b. Benign – noninvasive

c. Malignant – invasive

d. Carcinoma – epithelial

e. Hematoma – blood

f. Sarcoma – connective tissue, muscle, bone

B. Features

a. Over-proliferation – unregulated cell division 
i. A checkpoint can be defective (Fig. 12.15-16)
ii. A growth factor can overstimulate division. E.g. add PDGF to fibroblasts (Fig. 12.18)
b. Invasive – move to new locations (Fig. 12.20)
c. Angiogenesis – formation of blood vessels to feed the tumor

d. Lose anchorage dependence (Fig. 12.19)

e. Lose contact inhibition

f. No response to apoptosis signals

g. Metastasis – invasion by secondary tumors (Fig. 12.20)

C. Genes in cancer (Fig. 18.24)
a. Oncogenes – cause cancer when overstimulated

i. Come from proto-oncogenes (normal form)

ii. Genetic changes: transposition, amplification, point mutation cause overexpression. Viruses may do these too (Fig. 18.23)

iii. E.g. ras in growth stimulating pathway (Fig. 18.24a)

1. 30% of cancers have ras mutation.

2. Is a G protein. Mutations cause overstimulation (even without Tyr-kinase activation)

b. Tumor-suppressor genes – cause cancer when understimulated/expressed

i. Normally block proliferation, or other features of cancer

ii. Mutations etc. cause knockout or loss of function

iii. E.g. p53 in growth-inhibition pathway (Fig. 18.24b)

1. 50% of cancers have p53 mutation

2. Is a txn factor for p21 that blocks cyclins

3. Turns on DNA repair genes.

4. Activates death signals for apoptosis
iv. E.g. BRCA is involved in DNA repair.
1. If one allele mutated, woman has 60% chance of getting breast cancer.
D. Multiple mutations and development of cancer: e.g. Colorectal cancer (Fig. 18.25)

a. Develops gradually, 135,000 cases every year.

b. APC gene is a tumor suppressor that blocks pathway for cell proliferation.

c. DCC is also a tumor suppressor gene specific for colorectal cancer

d. Polyp ( adenoma ( carcinoma 

e. Will metastasize with additional mutations.

E. Treatments

a. Traditional treatments are nonspecific and harm normal cells

i. Chemotherapy are drugs that block cell division

ii. Radiation therapy can cause other cancers.

b. New targeted drugs

i. Success in Gleevec which help leukemia. Drug that specifically blocks ATP binding site of Abl, a tyrosine kinase.

ii. Gene therapy: introduce a functional tumor suppressor gene.

Chapters 19 and 43 – Viruses and AIDS

A. Discovery of Viruses

a. Adolf Mayer 1883 showed tobacco mosaic virus can be transmitted through sap. Thought was bacteria too small to detect. (Fig. 19.2)
b. Dimitri Ivanowsky 1893 showed that transmission still exists even after filtering. Still thought it was bacteria.

c. Martinus Beijerinck 1897 showed that agent reproduces by serial transmission. Thought it was a smaller agent than bacteria.

d. Wendell Stanley 1935 crystallized TMV particle.

B. Overview of Viruses

a. Structure (Fig. 19.3)

i. Genetic material – single or double-stranded DNA or RNA

ii. Capsid – protein shell

iii. Envelope – some have surrounding membrane. Membrane from host with viral proteins added. Usually for infection

b. Life cycle

i. General

1. Attachment, entry, synthesis, assembly, release (Fig. 19.4)

ii. Bacteriophage – switches between lytic and lysogenic cycles (Fig. 19.6)

1. Lytic – like general life cycle. Host is lysed releasing mature particles.

2. Lysogenic – DNA can integrate into host and lays dormant. This DNA is prophage. Poor conditions for bacteria triggers lytic cycle.

iii. Animal viruses

1. Classes based on type of nucleic acid (Table 19.1)

2. RNA viruses

a. ssRNA genome can be sense strand (template for txn) or antisense which has to be made into template first. (Fig. 19.7)

b. Retroviruses make DNA copy that integrates into host (Fig. 19.8) 

i. Attachment/Entry – Fusion of membrane and insertion of capsid

ii. Reverse Transcription and DNA Synthesis 

iii. Transport of DNA to Nucleus 

iv. Integration into genome

v. Viral Transcription 

vi. Viral Protein Synthesis 

vii. Assembly – includes cleavage of proteins

viii. Release  – budding of viral particle

C. HIV and AIDS

a. Overview

i. Discovered in 1981: high rate of rare Kaposi’s sarcoma and pneumonia in immunocompromised group. Presently 40 million infected. 25 million died.

ii. Transmission through blood, sexual contact, nursing, and 25% mother-fetus.

iii. Caused by HIV-1 and HIV-2 strains that infect helper CD4 T-cells

iv. gp120 binds CD4 receptor (normally for macrophage contact). Coreceptor is fusin (and CCR5 on macrophages), a chemokine receptor (chemokines induce the immune system). 

b. Genes

i. gag – capsid proteins

ii. pol – reverse transcriptase, protease, integrase

iii. env - gp160 which gets cleaved into gp120 + gp41

c. Stages of Disease (Fig. 43.25)

i. Acute – flu-like symptoms. 2 weeks.

ii. Asymptomatic – no outward symptoms. Slow destruction of T cells. 2-10 years

iii. Symptomatic – immune function begins to break down. Months to a few years.

iv. AIDS – Significant loss of immune function. Both B and T cell loss. Months – death.

d. HIV avoids the immune response

i. Latent infection (asymptomatic phase)- very little or no RNA and protein made.

ii. High mutation rate- reverse transcriptase is very error-prone. 

iii. Immune suppression- infects the immune system itself.

e. Therapies 

i. Target Life Cycle

1. Nucleoside analogs – mimick dNTPs that block reverse transcription. E.g. AZT, ddI.

2. Inhibitors of reverse transcriptase – these drugs target RT itself.

3. Blockers of integrase – small oligonucleotides block the integration reaction.

4. Protease inhibitors – block protease to prevent gp160 cleavage.

5. Cocktails (combination of drugs) work the best

ii. Boost immunity

1. Thymic and adrenal hormones can increase numbers of T cells.

2. IL-2 increases CD4 cells.

iii. Virus decoys – create a protein or antibody that will bind up HIV and prevent it from binding a cell. Target gp41 and gp120.

iv. Vaccine – problem of developing because of high mutation rate of HIV.

Aging
A. Definition of Aging

a. Probability of death increases with age.

b. Phenotype changes occur in all individuals of a species.

i. Diseases of aging (cancer, heart disease) don’t count because not everyone is affected.

c. Metabolism produces damaging compounds, response to damage fights this (Fig. 1)

B. Oxidative damage

a. ROS – reactive oxygen species are formed during metabolism.

i. Superoxide O2-, H2O2, OH-

ii. Cause indiscriminative damage.

iii. Caloric restriction allows longer age due to less ROS formed.

b. SOD – superoxide dismutase converts ROS to harmless species

i. SOD overexpression results in longer-lived Drosophila and C. elegans

ii. However, KO generally makes no difference

C. Genome Instability

a. ERCs – extra chromosomal circles

i. In yeast, rRNA exists in 100-200 copies. With age, one pops out by recombination. It will replicate until it takes over cell. (Fig. 2)

ii. Daughters do not inherit ERCs (less cytoplasm from budding) 

iii. Premature aging: Werner, Rothmund-Thompson, Bloom syndromes all involve DNA helicase RecQ mutations. (Desktop)

1. Helicases help unwind DNA during replication. RecQ KO may stall replication, promoting ERCs or instability of chromosome.

2. Data in yeast support this. SGS1 blocks ERC formation

b. Telomeres

i. Shortening is normal in mortal cells. 

ii. Studies cannot prove that keeping telomere length reduces aging. 

iii. Maintaining telomeres is also a hallmark of cancer.

c. Mitochondrial DNA

i. mtDNA is 10-20 more prone to mutation.

ii. Mutations lead to less productive mitochondria and increase production of free radicals. ROS will lead to more mutations.
iii. Sir2 (sirtuins) deacetylate histones, causing them to bind to genes more tightly and silence them.
iv. Apoptosis may be induced by mutations/dysfunction. (Fig. 4)

D. Pathways

a. Developmental pathways

b. C. elegans Dauer pathway – used for dormancy during starvation etc. 
i. Life cycle: egg ( larva 1, 2, 3, ( adult.

ii. As dauer, can live for 6 months instead of weeks for adult (Fig. 5).

iii. Mutations in pathway allow Daf-16 to be active (a txn factor for defenses). Worms live 2-4x longer.

c. Cell death

i. Apoptosis – programmed. Probably not involved in aging. In fact, disruption of apoptosis may promote aging. Caloric restricted rats have more apoptosis and longer life.

ii. Necrosis – passive. Involvement unclear.

d. Systemic Pathways

i. Endocrine system.

1. Some hormones slow aging process.

2. Estrogen slows skin atrophy, osteoporosis, brain function loss. But may increase cancer rates!

ii. Dauer pathway uses signals.

