Thermodynamics

First Law
Total energy of system + Total energy of surroundings is constant



Energy is never created or destroyed, only transformed




Therefore ΔE(system) + ΔE(surroundings) = 0

Second Law
Entropy of system and surroundings (whole universe) always increases until equilibrium attained, where entropy is max under prevailing conditions of temperature and pressure.


Entropy = disorder


ΔS(system) + ΔS(surroundings) > 0 for spontaneous reaction


Definitions



Entropy
Disorder



Spontaneous
Determines if Reaction will occur (NOT rate)


Free Energy
Energy capable of doing work under Constant T & P

Free Energy



ΔG = ΔH – TΔS



ΔG
Useful Work = Free Energy




Negative = Spontaneous ( Forward reaction





Postitive = Nonspontaneous ( Backwards reaction




Does not determine rate (enzymes packet)




TΔS
NonUseful Work (T in Kelvins)



ΔH
Enthalpy (heat content of system)



Know what Δ mean

Standard Free energy



When all reactants and products are present at 1 M and T = 298K (25 C)


ΔG = ΔG(std) + RTln(prod/reacts)


At equilibrium ΔG = 0 


So ΔG(std) = -RTlnK(eq)



Know that it is ΔG not ΔG (standard) that drive reaction




Why? ΔG (std) does not take [diff] into account


Additive nature of ΔG’s


You can add them together



Coupled Reactions


ATP energy



ATP + H2O ( ADP

ΔG = -7.3


ADP + H2O ( AMP

ΔG = -7.3



AMP + H2O ( adenosine
ΔG = -3.4



Reasons ATP Hydrolysis favored
1. Decreases electrostatic repulsion

2. Resonance Stabilization

Creatine Phosphate Shuttle


Shuttle High Energy Phosphates to Muscle

Creatine Kinase & Creatine Phosphatase


Main Point:


Thermodynamics dictate direction of enzyme movement

Redox Reactions

Definitions



Oxidizing Agent
Gets Reduced

Accepts electrons (I think of H)


Reducing Agent
Gets Oxidized

Donates electrons


Oil Rig


Dehydrogenases
Oxidize reduced foodstuffs





Removes 2 H atoms and transfers them to CoEnzyme (NAD)




NAD ring from Niacin


Isozymes and Lactate Dehydrogenase


Isozymes
Different proteins but are products of same gene


LDH

Enzyme Packet

Niacin is part of NAD



Deficiency causes pellagra  (  skin problems


NADP (see in PPP)



NADH

catabolic

(
ATP production


NADPH
anabolic (PPP)

(
Macromolecules

Reduction Potentials


More negative ( will do reducing



Reaction will go so that ΔEh is always positive

Redox Problem

Alcohol Dehydrogenase - Standard Conditions



NAD + 2H + 2e 

(
NADH + H

E = -0.32



Acetylaldehyde + 2H + 2e
(
Ethanol

E = -0.163



More Negative gets flipped because E is supposed to be a positive number



NADH + H + acetylaldehyde
(
NAD + ethanol
E = -0.163 + 0.32 = + 0.157


Alcohol Dehydrogenase – Real Conditions



NAD/NADH = 100

Eh = Eo + 0.06/n log (ox/red)







Eh = -0.32 + 0.06/2 log (100)






Eh = -0.32 + 0.03 * 2 

Eh = -0.26


Acetyl/ethanol = 0.0001
Eh = Eo + .06/n log (ox/red)







Eh = -0.163 + 0.06/2 log (0.0001)







Eh = -0.163 + 0.03 * -4







Eh = -0.283



So Acetyl/ethanol is more negative so we flip it


NAD + ethanol 
(
acetylaldehyde + NADH + H

E = 0.283 – 0.26 = 0.023
Mitochondrial Structure ETC & Ox Phos
First put overall diagram on board


Put ETC diagram on board


Cytochrome covalently binds to a heme groups (protoporphyrin)

NADH Hydrogenases contain several Iron-Sulfur Centers

Proton-Motive Force ( protons give energy to drive ETC

The ATP phosphate energy rich part is what is released when bond is broken

Complex I (NADH – CoEnzyme Q oxidoreductase)


Accepts electrons from NADH made within mitochondrial matrix



Reduces ubiquinone (CoEnzyme Q)


Has several Fe-S centers



Has one flavin group ( accepts 2 protons


Inhibited by Rotenone

Complex II (Succinate CoEnzyme Oxidoreductase)


Transfers electrons from Succinate to CoEnzyme Q as acceptor



Contains flavin and 2 Fe-S centers


Contains cytochrome b



Does NOT NOT NOT pump protons


Free floating

Complex III (Ubiquinon Cytochrome c oxidoreductase)


Transfers electrons from Ubiquinal to cytochrome c


Contains several Fe-S centers



Has 2 cyt b’s and 1 cyt c


Inhibited by Antimycin-A


Complex IV (cytochrome c Oxidase)


Transfers electrons from cytochrome c to oxygen


Cytochromes a & a3


Transferred one at a time



Inhibited by CN & CO


ATP Synthase (mention synthase v. synthetase)


Uses energy of proton gradient to 


f1f0 (ATPase) = ATP synthase



f0
(
part in membrane thru which protons flow


f1
(
spinning part on top ( makes ATP



Inhibited by oligomycin

Adenine Nucleotide Translocase


Inhibited atractylose

DNP



Uncoupling agent – short circuits the proton gradient



Increase 02 consumption, ETC keeps pumping, but no ATP

Oxidases and Oxygenases

Definitions



Oxidase
Enzymes that utilize oxygen to oxidize an organic substrate




Reduces both atoms of O2 to H2O or H2O2



Mono-Oxygenase
Incorporate oxygen into substrate and water



Di-Oxygenases
Incorporate oxygen atoms into substrate


Oxidases



Talk about in ROS

Mono-amine Oxidases



Inactivating hormones and neurotransmitters (catecholamines)


Problem with MAO inhibitors ( increase tyramine ( hypertension

Parkinson’s Disease


Due to destruction of dopaminergic neurons (learn in Neuro)


Could treat with MAO inhibitors

Oxygenases


Mixed function


Found in Adrenal Cortex, Testes, Ovaries


P450



Cytochrome


Involves
flavoprotein p450 reductase


contains Fe-S center


transfers electrons from NADPH to cytochrome




And cytochrome p450



Important in

1.
Testes, Ovaris, Adrenal Cortex ( Hydroxylation of Steroids to activate



2.
in Smooth ER ( Hyroxylate hydrophobic compounds to make more polar





xenobiotics, many drugs removed this way



Defect leads to Congenital Adrenal Hyperplasia


Alcohol inhibits p450



P450 inhibits barbiturates



Alcohol + barbiturates = not a good idea
