Cell Biology – Lecture 2
Biochemistry Essentials
Carbon


Valence of 4 = strong covalent bonds, great diversity of arrangements



Stability – covalent bonds are strong, able to withstand thermal energy (but susceptible to UV)


Diversity – double & triple bonds; rings; *functional groups; *stereoisomers (LD)
*Water

 
About 80% of cell is water


Polarity





Cohesion – hydrogen bonding 




surface tension (transpiration)




specific heat (resists temperature change)




heat of vaporization (cooling through sweating and panting)



Solvent

How larger molecules are formed from smaller


*Four major types of biological macromolecules – three are built in a similar way (polymerization)



Building blocks



*Condensation/dehydration synthesis, hydrolysis



*Directionality of molecules



Endergonic (ATP)


*Build up to organelles, cells, etc.


3D shapes



*Covalent, including Disulfide (cysteine)


Hydrogen – helical and pleats for proteins, strands of DNA



Ionic – charged subunits; disrupted by pH changes



Van der Waals – asymmetry, polar attractions, transient, very weak
Major macromolecules – structure & function


Proteins 


*functions, examples



*subunits



*polypeptide/peptide bonds



*3-D structure; 
*levels of organization; *alpha helix & beta pleats

Nucleic Acids



function, examples



*subunits, relate to ATP


*phosphodiester & hydrogen bonds



*3D shape


Carbohydrates/Polysaccharides



function, examples (storage – starch, glycogen; structural – cellulose)



subunits – mono, di, oligo, poly




mono = 3-7 carbons




*types: aldo, keto; ring forms




*alpha & beta linkages; branching

Lipids



Function, examples – energy storage, membrane structure, chemical signaling


*Subunits – fatty acids; but not built in the same manner as other macromolecules



*Saturated vs. unsaturated



Amphipathic (phospholipids)

Energy


*Definition


Types of energy:  Kinetic and Potential

Forms of energy:  Chemical, Electrical, Mechanical, Thermal, Electromagnetic


*Types of work:  Synthesis, Mechanical, Concentration (electrical), Heat production, Bioluminescence


Thermodynamics laws



*Open vs. closed systems

 energy lost as heat in biological systems (enthalpy); endo & exothermic


*Free energy – energy available for doing work; G if -, then exergonic (increase in entropy, decrease in G)

*Reactions kept out of equilibrium store Free Energy
Enzymes


Even exergonic reactions do not occur spontaneously at appreciable rates


Catalysts lower *activation energy (rates are 107-1017 faster)


How enzymes work as catalysts



*Active sites (metals & coenzymes)


*Specificity (therefore diverse)


*Denaturation (Temp, pH)


*Lock & Key vs. Induced Fit models



*How are substrates activated – bond distortion, proton transfer, electron transfer


Kinetics



*Michaelis-Menten:  Vmax, Km; assuming standard enzyme concentration



*Lineweaver-Burk for calculating 

Regulation



Inhibition – our cells use inhibition for regulating processes, also toxins & drugs




Protease inhibitors – protease cleaves proteins needed for viral assembly




Penicillin – blocks the production of peptidoglycan




Viagra – inhibits the enzyme that degrades the signaling molecule that triggers smooth muscle 





Relaxation




Microcystin – algal blooms; inhibits protein phosphatases




Ricin – inhibits ribosome activity; irreversible, so minute quantities needed




*Reversible vs. irreversible




Competitive vs. non-competitive




*Feedback inhibition




*Allosteric Enzymes – second binding site can increase or decrease substrate affinity

