Metabolism: chem reactions that convert molecules into other molecules and transfer energy to living organisms.
Catabolism: break down molecules into smaller units. Exergonic, -∆G, energetically favorable
Anabolism: build molecules up from smaller units. (synthesis of proteins), Endergonic, +∆G
Chem Energy: PE stored in chem bonds, strong bonds-doesn’t need a lot of energy to stay(CO2, H2O), weak bonds,- needs a lot of energy to stay (more PE) (carbohydrates, lipids, proteins)
Adenosine: adenine base + 5 carbon sugar ribose attached to 3 phosphate groups (Chem energy held in phosphate groups
Cellular respiration: chem reaction convert chem energy in fuel molecules to ATP (catabolic, with or without oxygen)
Average 32 molecules of ATP produced from aerobic respiration of 1 glucose, 34% of total energy released by aerobic respiration in form of ATP. (2 ways prod. ATP)
Substrate level phosphorylation: org molecule transfers a phosphate group to ADP, 2 coupled reactions, hydrolysis of org molecule to yield a phosphate group and addition of that to ADP. Produce only 12% of ATP if fuel is glucose.
Oxidative phosphorylation:  chem energy from org. molecule transferred first to e- carrier, then transports e- to ETC, which transfers e- along membrane assoc. proteins to TEA, and during, harness energy released to produce ATP, produce remaining 88%, TEA: oxygen.
Oxidation: lose e-, gain O/lose H, Reduction: gain e-, lose O/gain H
4 stages of cellular respiration: glucose oxidized to CO2, glucose to e- carrier reduced (NAD+→NADH), ate ETC, e- carrier oxidized NADH→NAD+, TEA: O2 
Glycolysis: 6C sugar split into two 3C molecules, anaerobic, net total of 2 ATP, by subs. phos.  2 NADH
1st phase: add 2 phos. Group to glucose, endergonic. 2nd phase: 6C molecule split into two 3C molecules.
3rd phase: ATP, NADH produced, 2 pyruvate also produced
Pyruvate oxidation: 1st pyruvate oxidized and splits off to form CO2, NAD+ into NADH, acetyl group transferred to CoA (large PE), overall: 2 NADH, 2 acetyl CoA produced from 1 glucose(2 pyruvate) all 6 original carbons completely oxidized to CO2, FADH2 synthesized from FAD, picks up 2 e-
Citric acid cycle: 1st reaction: 2 carbon transferred to 4 carbon to form 6 carbon, complete oxidation of acetyl CoA, 2 carbons eliminated released as CO2 , 
4 redox reactions produce NADH and FADH2, overall: 2 acetyl CoA from 1 glucose→ 2 ATP, 6 NADH. 2 FADH2
Oxidative phosphorylation: e- delivered by NADH , FADH2, energy captured by e- passed thru ETC, drives energy needed to pump protons across mito membrane, protons flow thru ATP synthase, results in synthesis of ATP, flow of e- along ETC favorable. In Euk. Step 1 in cytoplasm, 2-3 in mitochondrial matrix and 4 in inner mito membrane
ETC: 4 large complex proteins, proton gradient → chem (diff in conc.) and elec. (diff in charge)
Proton high conc in intermembrane space, low conc in matrix. More pH in matrix, more protons- more acidic→less pH
Oxidation of NADH and FADH → generation of proton gradient. (source of PE to synthesize ATP)
Approx 2.5 ATP produced for each NADH and 1.5 ATP for each FADH, overall 32 ATP from 4 stages of CR.
ETC uses energy stored in carriers to pump protons across inner membrane, energy of reduced e- carriers transformed into energy stored in gradient, ATP synthase converts energy from gradient to rotational energy, which drives synthesis of ATP.
Fermentation: pyruvate broken down in absence of oxygen, 2 pathways, Lactic acid (animals and bact) and Ethanol (plants), 1 glucose yields 2 ATP. End products: ethanol and lactic acid, not fully oxidized.
Photosynthesis: building carbohydrates from energy of sunlight and CO2 from air. Synthesis of CO2 and water is redox, water → ultimate e- donor, oxidation of water – reduction of CO2. Carboxylase: enzyme that adds CO2 to another molecule.
Photo ETC: sunlight provides energy to drive e- thru, mvt of e- thru is used to make ATP and NADPH which are needed to synthesize carbohydrates using CO2 thru Calvin Cycle. ATP produced within chloroplast, but only carbs exported to cytosol.
Photo ETC located in membrane within cytoplasm(bacteria) and chloroplast (Euk) 
Thylakoid membrane: centre of chloroplast, contains photo ETC (flattened sacs). Granum: stack of thylakoid discs. 
Lumen: enclosed compartment by thylakoid membrane. Stroma: region surrounding thylakoid membrane.  
Calvin Cycle: In: CO2, Out: one 3C sugar, GAP/ 3 CO2 Photosynthesis: out: GAP
Carboxylation: CO2 added to RuBP(5C sugar), catalyzed by rubisco, produces two 3 phosphoglycerate (3-PGA)
Reduction: Two 3 PGA phosphorylated by ATP and reduced by NADPH to produce Glyceraldehyde 3 phosphate (GAP), 2 reactions, ATP donates phos group to 3 PGA and NADPH transfers 2 e- plus H+ to phosphorylated compound.
Regeneration: Remaining GAP used in ATP dependent reactions that regenerate RuBP (12 reactions of 15)
Triose phosphates: 3C carbohydrate molecule, true products of CC, every 6 produced, 1 withdrawn from CC. 
2 NADPH, 3 ATP for eachCO2 incorporated by rubisco. CC does not need sunlight directly, but needs energy by NADPH and ATP, both supplied by photo ETC and light is captured and transformed into chem energy. 
Light Dependent Reactions Photosystem II:  (Large decrease in energy as e- pass thru each of the 2 photosystems)
· Electrons supplied by H2O split, regenerates O2, e- move along ETC to provide energy to pump H+ into lumen. 
· Electrochem gradient created in thylakoid lumen, oxygenic photophosphorylation, e- from H2O reduces the PS II photosystem and releases O2  (H2O oxidized to O2)
Phosphorylation- Photosystem I: (Decrease in energy as e- move between photosystems)
· More light energy input at PS I, energizes e- to drive reduction of NADP+ (NADP→NADPH)
· NADPH and ATP synthesized in stroma, for ATP synthesized via chemiosmosis, H+ moves thru ATP synthase
Reaction centre: specially configured chlorophyll, where light energy converted to electron transport. Most chlorophyll acts as antenna- transfer energy between chlorophyll until it reaches reaction centre. 
H2O donates e- at one end of photo ETC and NADP+ accepts at other end. ATP result of proton movement from thylakoid lumen to stroma
Oxidation of H2O releases protons and O2 into lumen. Water is ideal source of e- for photosynthesis, O2 diffuses easily
Diffusion: random movement of molecules from high conc to low conc, until equilibrium reached, diffusion of water is osmosis.
Facilitated diffusion: molecules diffuse thru membrane protein and bypass lipid bilayer
Aquaporins: protein channel which water passes thru. Cytosol: aq environment outside of cell.
Active transport: uphill movement of substance against a conc gradient. Two types of membrane transporters: channel(opening) and carrier(binds)
Primary active transport: uses ATP directly, Secondary transport: uses PE of gradient to drive movement of molecules.  
Proteins: structural support, facilitate chem reactions, monomer: amino acid, covalent bond: peptide bonds
Nucleic acid: encodes and transmit genetic info, monomer: nucleic acid, covalent bond: phosphodiester bonds
Carbohydrates: provide a source of energy, make up cell wall, monomer: monosaccharides, covalent bond: glycosidic
Lipids: store energy, signalling molecule, hydrophobic, monomer: fatty acids, covalent bond: Ester linkage
Amino acid: Alpha carbon, amino group(NH), carboxyl group(COOH), H, R side chain, 
Peptide bond: C of carboxyl group joined to N of next amino group
Saturated lipid: no double bonds. Amphipathic: both hydrophobic/philic regions
Phospholipid: Glycerol backbone attached to phosphate group(hydrophilic) and 2 fatty acid tails(hydrophobic), in aq environment, amphipathic lipids arrange so polar head group interact w water and non polar stay away from.
Cholesterol: hydrophilic→ OH, hydrophobic→ 4 Carbon rings, increase membrane fluidity at low temp
Bulky head and single tail, wedged shaped packed into micelles, less bulky head and 2 tails form a bilayer, heads outside of bilayer, tails sandwiched between, no contact w water
Liposome: spherical bilayer, for purified lipids with small head and double tails. Residues: amino acid in protein
Primary structure: sequence of amino acids, Secondary structure: interaction between H bonds, Tertiary structure: interaction between amino R groups, Quaternary structure: interaction of several polypeptide chains, 
Denaturation: unfolding of protein by chem treatment, disrupts H and Ionic bonds.
Chaperone: protein that helps protect slowfolding proteins until it can attain proper 3D structure, binds w hydrophobic groups and non polar R groups
2 types of secondary structure: Alpha Helix and Beta sheet, both stabilized by H bond along polypeptide backbone
Glycine: only symmetric amino acid, non polar, small enough to tuck into spaces, freer C-N rotation, increase flexibility of backbone, good for protein folding
Proline: R group linked back to amino group, causes a bend and restricts C-N rotation, constraint on protein folding
Cysteine: S-H group, also can form S-S bonds, covalently joins side chain, S-S bonds stronger than ionic interactions of other pairs of amino acid. 
Allosteric Enzyme: regulated by molecules that bind at site other than active site. Negative Feedback: when final product inhibits 1st step of reaction
DNA temp read 3’-5’, RNA read 5’-3’,RNA Pol moves along 5’-3’,  RNA additional 2’ OH group, 5’ end→ triphosphate, much shorter then DNA and single stranded.
RNA Pol: Initiation, Elongation, Termination, all nucleic acids synthesized at 3’ end grows 5’-3’
Sigma Factor: -10 and -35 box (Bacteria) Trans. Factor: 5’-TATAAA-3’ box(Euk) facilitates binding to promoters. 
Primary transcript: initial RNA transcript from temp DNA strand, in prok, mRNA is primary transcript. 
Pyrimidine: C, T(single ring) Purine: A, G(double ring) complementary base pairs: A-T(2 H bonds), C-G(3 H bonds)
DNA structure levels: Primary: sequence, Secondary: double helix, Tertiary: chromatin, sugar phosphate group neg charged, hydrophilic, base stacked on top of other hydrophobic core away form solution, base can H bond w each other, denature at lowest temp (# of H bonds) nucleotides linked w phosphodiester bonds
Transcription: gene expression, DNA temp to RNA, catalyzed by RNA pol
Translation: protein synthesis, mRNA codons to amino acids, catalyzed in ribosome
mRNA complementary to DNA temp starting at transcription site, non temp strand also called coding strand
Downstream: heading towards 5’ end, terminator always downstream of promoter
Transcription/translation: Bacteria: same time and space, Euk: nucleus/cytoplasm
Promoter activity controls gene expression. Basal trans. Complex: minimum needed to start transcription
1st base translated: +1 site(Bacteria), transcription start site (Euk)
Euk mRNA processing: 1. Add 5’ cap 2. Add poly AAA tail 3. Remove introns(intervening sequence) and splice exons(expressed sequence) 
Start codon: AUG(methionine), Stop codon: UAA, UAG, UGA, mRNA 5’-3’→tRNA 3’-5’
tRNA: binds to codons on mRNA< deliver amino acids, interact w mRNA by H bonds, 5’ end: ribosome binding site                                
Supercoils: coils of circular DNA. Nucleoid: cell structure w multiple loops formed from supercoils (Prok) 
Nucleosome: 8 histone proteins, rich in +charged amino acids, attracted to neg phosphate group in DNA                                                                           
[bookmark: _GoBack]Activator: regulatory protein, no activator, no transcription. Inducer: stops repressor.
Operon: region of DNA consists of promoter, operator, coding seq. of structural gene. Polycistronic mRNA: code for multiple proteins
Lac operon: code for sequences of amino acids, primary structure of each protein, only turned on when lactose present (neg reg removed), no lactose- no need to break down enzymes
LacZ: galactosidase, cleaves lactose molecule into its constituents, mutant: LacZ+
LacY: protein lactose permease, transports lactose into cell mutant: LacY+
LacI: regulates LacZ and LacY, repressor protein, constitutively expressed
Lactose: disaccharide of galactose and glucose, low lactose- no need for LacY or Z, LacI represses
Maltose: disaccharide of 2 glucose, broken down by MalP and MalQ, regulated by MalT, when maltose is low, mal operon off, maltose present, mal operon on
Topoisomerase: relieves stress of unwinding, upstream from rep fork. Helicase: unwinds parental DNA strands
RNA primase: makes RNA primers→ complementary to DNA temp. DNA ligase: joins Okazaki fragments
DNA Pol: catalyzes nucleoid triphosphate addition to 3’ OH, read 3’-5’, elongation occurs in 5’-3’
Bacteria: 1 origin of rep, starts and moves around circular chromosome in both directions
Euk: many origins of rep, each rep bubble has 2 rep forks that move in opp. direction
DNA synthesis takes place at rep fork, fork moves in opp. direction, rep bubble increases
Leading strand: daughter strand w 3’ pointing towards rep fork, synthesized as one long continuous polymer
Lagging strand: strand w 5’ towards rep fork, synthesized in short discontinuous pieces called Okazaki fragments, one primer for each piece, when growing fragments touch, diff DNA Pol takes over, removes prev. primer and extending growing fragment w DNA nucleotide to fill space.
Single stranded binding protein: binds to prevent template strand coming back together
Trombone loop: lagging strand looped around to match rate of synthesis w leading strand
Telomerase: restore shortened 3’ end of lagging strand by addition of telomere repeats (3’-GGGATT-5’), telomere contains RNA molecule complementary to telomerase sequence, shortened by 100 base pairs /per division, stops dividing at < 100 
Mechanisms of repair after DNA rep: Mismatch repair, base excision repair, nucleotide excision repair 
Damages: break in sugar phos. backbone, cross link between adjacent pyrimidine bases, loss of base from sugar, results in a gap in one strand, spontaneous loss of purine base most common, mutation increase with exposure to mutagens
In PCR primer is DNA, in cell it is RNA. DNA primers parallel to template. Amplification: coping DNA over and over, Oligonucleotides: 20-30 nucleotides long.
Denaturation: heat solution just short of boiling to break H bonds between bases. Annealing: cooling, 2 primers bind to their complementary structures of DNA. Extension: solution heated for DNA Pol to elongate primer w deoxy triphosphate. Taq DNA Pol: carries out template directed by DNA synthesis.
Base sequence chosen to be complementary ends of region of DNA to be amplified, 3’ oriented towards region to be amplified. 

