Lecture 8

I. Vocabulary to discuss in metabolism

a. The making and breaking of bonds means the moving of an electron

i. Oxidize: to remove an electron

ii. Reduce: to add an electron

b. In covalent bonds, the electron is accompanied by the atom

c. Methane example ( class discussion

d. Energy of a bond means the works it takes to make or break the bond

e. Different covalent bonds have different energies

i. C-H is strongest

ii. C=O is weakest

f. If bond changes from stronger to weaker, there is energy left over

g. Energy can be transferred to storage and used elsewhere to make other bonds; can change bonds from weaker to stronger with stored energy

h. Bond exchanges will go in direction of energy release all by themselves (spontaneously) in time to get to low energy state

i. However, cells cannot wait

II. LCA has catalysts

a. Catalysts speed reaction; reactions cannot be reversed without adding energy

b. Examples of catalysts include: some metals, 2-D surfaces, proteins, and RNA (not DNA, polysaccharides, or lipid membrane)

c. Six existing possibilities for catalysts in cells

i. Protein

ii. Protein-RNA

iii. RNA

iv. Protein-metal

v. Protein-RNA-metal

vi. RNA-metal

III. ATP – the battery

a. Subunit of DNA and RNA is AMP

b. Adding another phosphorous group gives ATP

c. P-P bonds have high energy (structure discussed in class)

d. AMP ( ATP by dehydration reaction: catabolism

e. ATP ( AMP by hydrolysis: anabolism

IV. History of LCA

a. Atmosphere lacked O2 ( put there by photosynthesis @ two billion years ago

b. Catabolism in atmosphere that lacked oxygen ( diagram in class or specific redox reactions

c. From 2000BYA to now, the planet has changed

i. Now 20% of atmosphere is O2 vs the previous 0.1%

ii. Atmosphere is oxidizing, not reducing

iii. Life depends on photosynthesis (PS)

iv. Plants are descendents of first photosynthetic cells, they are the maximum visible biomass (why we are called a green planet)

v. With O2, cells can oxidize macromolecules (food) to CO2 and energy, and use the energy to make new macromolecules ( metabolism of animals

vi. The atmosphere with oxygen is the biggest fossil of life and links all living things by common metabolism, as DNA links by common descent

V. Changing bond strength

a. Example: C-H bonds

b. Reducing any of them means making net bond energy higher ( what PS does: reduces CO2 to CH2O

c. Fermentation, oxidative phosphorylation recover energy by oxidizing CH2O to CO2

VI. Fermentation

a. Process: discussion and diagram

b. LCA ( now, metabolic expansion in bacteria, before eukaryotic cells

c. LCA gets energy from two places

i. Inorganic material

ii. Dead cells

d. No O2, no burning in fermentation, just bond movements, get about 2 ATP for one molecule of glucose

e. LCA first users of energy input to get a high energy bond

f. Use of sulfur expands life to other place on earth

VII. PSI and PSII

a. From PSI bacteria come PSII

b. Water, light, carbon dioxide yield ATP, simple sugar and oxygen

c. Life expands in seas

d. Cyanobacteria: result is that O2 increases 100x in atmosphere and CO2 decreases by the same amount (in ~2 BY)

e. In presence of O2 from cyanobacteria, LCA variations of fermentation given opportunity to put H onto O2 to make H2O with recovery of more ATP

f. Called oxidative phosphorylation or aerobic metabolism

g. Result: aerobic bacteria expand to solid surfaces and water with O2 dissolved in it

VIII. Endosymbiosis

a. We are preadapted to it

b. Aerobic cells enter anaerobic cells and form symbiotic relationship

c. Now eukaryotic cells have mitochondria

d. Complete metabolism available ( most successful

