
Notes 0805

Audio recording started: 10:02 AM Tuesday, August 05, 2008

Interconvertable Pool of Hexoses- freely reversable pool ω

Interconvertable pool of trioses (3PG, 2PG, PEP)ƺ

How many ATPs produced? 2 ATPƺ

Glycolysisω

Making glucose from non carbohydrate precursorƺ

Bacteria:can grow on most carbon media (for example grow on succinate through utilizing gluconeogenesis)ƺ

liver has stored glycogen and adipose tissue that it breaks down for energy. Liver has finite amounts of glycogen and brain 
needs constant supply of glucose via gluconeogenesis and breakdown of protein (muscle) and fats.

Á

Cori cycle- recycling of componentsÁ

Mammals:ƺ

Gluconeogenesisω

Why can't reverse of glycolysis work?ƺ

ҟG0' (kcal/mol) Step Reaction Notes

+15 Step 1 2 pyruvate + 2ATP -> PEP + 2 ADP

+3.4 Step 2 F-1,6-BisP + ADP -> f-6-P + ADP

+4 Step 3 G-6-P + ADP -> G + ATP

+22.4 Total Overall reaction

Look at ҟG0' (kcal/mol) stepwise of reverse reaction of glycolysisÁ

ҟG0' (kcal/mol) Step Reaction Notes

+0.4 Step 1 2 pyruvate + 2ATP + 2GTP -> 2PEP + 2ADP + 2GDP +2PiSum of two enzyme activities (pyruvate carboxylase and PEP carboxykinase)

-4.0 Step 2 F-1,6-BP + H2O -> F-6-P + Pi F-1,6bisphosphatase

-3.3 Step 3 G-6-P + H2O -> glucose + Pi Glucose-6-phosphatase

-6.9 Total Overall reaction

Look at ҟG0' (kcal/mol) stepwise of actual gluconeogenesisÁ

-6.9 - (22.4) = -29.3 kcal/mol
Thermodynamic gainÁ

Lecture 08/05
Tuesday, August 05, 2008

10:00 AM

   CHEM 153C Page 1    



-6.9 - (22.4) = -29.3 kcal/molǏ

Replacing irreversible reactions of glycolysisǏ

Thermodynamic gain

Biotin is CO2carrying cofactorǏ

Pyruvate to phosphoenolpyruvateÁ

See handout pg 103 for energy difference glycolysis and gluconeogenesisƺ

Summary Equation of hypothetical reversal of glycolysisƺ

Summery Equation of gluconeogenesisƺ

ҟG0' (kcal/mol)= +32kcal/mol + 4ATP(-7.5kcal/mol) = +2kcal/molö

Compare to previously calculated -29.3 kcal/mol and this -30kcal/mol from 4ATPö
In a liver cell, gluconeogenesis is more favorable than +2kcal/mol

Energy ҟG0' (kcal/mol) calculation: How many ATP equivalents are used? 6 (4ATP + 2GTP)Á
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Audio recording started: 10:03 AM Wednesday, August 06, 2008

Kidney can also do gluconeogenesisƺ

Most of gluconeogenesis occurs in cytosol of liver cellsƺ

Reduced to malate or oxidized to aspartate for shuttle into cytosolǏ

Conversion to PEP by PEP carboxykinase to for shuttle into cytosolǏ

Oxaloacetate from mitochondrion shuttled to cytosolÁ

If amino acid is primary source of carbon then goes by aspartate/malate shuttleǏ

If have lactate as carbon source then goes by PEPǏ

High NADH in cytosole causes malate aspartate pathway to cytosol to back upÎ

Cytosol doesn't have a lot of NADH, so NADH concentration in cytosol drives the 
difference of PEP versus aspartate/malate shuttle

Ǐ

What dictates ifÁ

ҟG'0 = 0 in shuttle system and is driven by concentrationÁ

Shuttle system (see handout)ƺ

Citric acid cycle intermediates and amino acids that feed into citric acid cycle because they 
ultimately form oxaloacetate

Á

Exception Acetyl-CoA cannot be used to net synthesize glucose because its carbons are lost 
via 2x CO2 in citric acid cycle

Á

What else can serve as carbon source for gluconeogenesis?ƺ

Gluconeogenesisω

Different types of fatty acids (don't memorize all fatty acids on handout)ƺ

Esterified to adipose tissue, clip off and go into lipoproteins.Á

Trans fatty acids don't occur in nature. Enzymes cannot metabolize ƺ

Dietary fat is triacylglycerolƺ

Body stores fatty acids as triacylglycerol ƺ

CNS doesn't do beta-oxidation, most other tissue types doƺ

ATP + Fatty Acid -> Acyl-adenylase intermediate + pyrophosphate -> fatty-acyl CoA + AMPÁ

1 for long chain fatty acids, 1 for medium, 1 for shortǏ

3 different versions of acyl-CoA synthetase Á

Acyl-CoA synthetaseƺ

Fatty Acid Metabolismω

Beta-oxidation is in inner mitochondrial membraneÁ

Phosphatase is outside the inner matrix. Inner membrane in impermeable of acyl-CoAÁ

(don't have to know structure of carnitine)Á

No free energy change involved.1.
Important things:Á

Carnitine shuttle system (see handout)ƺ
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Carnetine acyltransferase I is very regulated -dictates decision in cell to oxidize a fatty 
acid or synthesize a fatty acid

2.

Oxidation occurs on ̡-carbonÁ

Oxidation clips off 2 carbons at a time as acetyl-CoA (see handout)Á

Notice succinate to oxaloacetate is a very similar pathway (FAD to FADH2 to trans double bond. 
Hydrate with H2O, NAD+to NADH + H+ to make keto)

Á

Oxidation of fatty acids (̡-oxidation)ƺ
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Audio recording started: 10:02 AM Thursday, August 07, 2008
Audio recording started: 10:22 AM Thursday, August 07, 2008
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Fatty Acid Metabolismω

Thermodynamics of palmitic acidƺ

Equation of palmitic acid oxidation ҟG0' kcal/mol Notes

C16H32O2+ 23O2 -> 16CO2 + 16H2O -1398

131ADP + 131Pi -> 131 ATP + 131H2O +983

ATP + 2H2O -> AMP + 2Pi -15

Total: palmiti cacid + 23O2 + 131ADP + 131Pi -> 16CO2 + 
145H2O + 130ATP + AMP + 2Pi

-430 Why 130 ATP vs 131 ATP? Each are actually 129 
ATP equivalents

-̡oxidation of fats creates lots of water as byproduct. Useful for camels, whales, hibernating animalsÁ

Enoyl-CoA isomerase, isomerases from ҟ3cis to ҟ2 trans (ҟ2 trans is an intermediate of ̡-oxidation)Á

ҟ4-cis changed to ҟ2-trans to ҟ3-trans to ҟ2 transÁ

Overlap between catabolic and anabolic pathway. Á

When ̡ -oxidation is occurring, when it generates intermediate that has a cis double bond that is too 
close to the business end where the chemistry is being done, then auxiliary enzymesmust be present 
to create a substrate that the ̡-oxidation enzymes can deal with.

Á

Unsaturated fatty acids (double bonds) see handout figure 17.5 and 17.6 though don't need to memorizeƺ

Final catalytic step of thiolitic cleavage from fatty acid to create a primary metabolic intermediateÁ

Odd chain fatty acidƺ
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Odd chain fatty acids can replenish TCA intermediatesÎ

Even chain fatty acids cannot replenish TCA intermediates & glucose due to Î

Anaplerotic- replenishment reactionǏ

Covalently bound to enzymes (ie propionyl carboxylase) - see handoutÎ

Cofactors have complicated structures and participate in complicated reaction mechanisms. Do not need to know mechanisms Î

Identify them (name)ö

Their Function (1C carrier)ö

1 Enzyme that contains themö

1 Reaction that uses themö

What are the reactive atoms (circle them)ö

First question in exam: 5 pictures of cofactorsÎ

Biotin is an activated carbon carrierö

BiotinÎ

Tetraporol - structure type (heme, chlorophyl, vitamin B12)ö

Co is central atom in tetraporolö

Vitamin B12Î

CofactorsǏ

Concepts in odd chain fatty acid metabolismÁ
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Notes 0808

Audio recording started: 10:02 AM Friday, August 08, 2008

Free radical exchange1.
2 types of reactionsƺ

Vitamin B12 transfers methyl groups from 1 group to another2.

Vitamin B12 (cont 08/07)ω

Ketone bodiesω

Ketone bodies form under fasting conditions or diabetes and synthesized in the liverƺ

Source of carbon is acetyl-CoA from ̡-oxidationƺ

Anabolism of ̡ -hydroxybutyrate - Mechanism:ƺ

All enzymes mitochondrial matrix of liver
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How many ATP?Á

Catabolism of ̡-hydroxybutyrate (see handout 17.11)ƺ

Liver does not have ̡-oxoacid-CoA transferase so it cannot perform catabolism of -̡hydroxybutyrateƺ

Fatty acids are insoluble and hard to transport so -̡hydroxybutyrate (soluble) allows for easy circulationƺ

Big Picture Metabolic Pathwaysω
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