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BIO 5099: Molecular Biology
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Lecture 12: More metabolism and a 
theory of the origin of life.
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Larry.Hunter@uchsc.edu

Respiration efficiency

Respiration produces a net gain of as many as 38 
moles of ATP per mole of glucose
– Glycolysis: 2 ATP +  2 NADH (no recycling in respiration)
– Oxidation of pyruvate:  2 NADH per glucose
– Krebs: 2 ATP + 6 NADH + 2 FADH per glucose

Oxidative phosphorylation yields:
– 10 NADH  ~30 ATP
– 2 FADH � ~4 ATP

Uncertainties because proton motive force  leaks a bit 
(and is used for other tasks).

Respiration summary

Cellular respiration consumes O2 and produces CO2
just like breathing...
Respiration is the main catabolic pathway. 
– Others which break down fats, starch, protein, etc. all eventually 

feed into glycolysis and/or Krebs.
– Only additional kind is neutralization of toxins

(which also uses cytochromes, although different ones) 
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Glycogen Energy Storage

Since ATP production is regulated to be near 
consumption levels, other molecules must be used to 
store energy
Glycogen is a storage form
of glucose.  It is a large, 
branched polymer of 
glucose residues
Glycogen is cleaved by
glycogen phosphorylase
to produce glucose-1-phosphate

Glycogen metabolism

Glycogen is phosphorylised rather than hydrolysed (to 
glucose), saving the energy required for the first 
glucose phosphorylation
Synthesis of glycogen from glucose 6-phosphate is 
mediated by uridine diphosphate (a close relation of 
the nucleotide uracil)
Costs 1 ATP per glucose 6-p to incorporate.   Non-
branching residues are phosphorylised at no energetic 
cost, so it takes only 1 of the 36 potential ATPs to 
store (<3%) a glucose.

Glycogen to glucose

Mostly catalyzed by
glycogen phosphorylase
Doesn't work within 4
glucose residues of a 
branch point
Debranching enzyme
both isomerizes the 
glycogen and cleaves 
a glucose
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More about glycogen

Glycogen metabolism is regulated by a reversible post-
translational modification of an enzyme
– Phosphorylation of a single serine residue in the phosphorylase 

enzyme (a covalent post-translational modification) turns off 
glycogen to glucose conversion.

Glycogen provides a large reservoir of rapidly 
accessible glucose.  Typical human energy reserves are 
40kcal of glucose and 600kcal of glycogen

Fatty acid energy storage

Triglycerides (a kind of fatty acid) are high capacity 
energy storage molecules
They have high energy storage capacity because they 
are very highly reduced and anhydrous.
– 9kcal/g for fatty acids vs. 4kcal/g for glucose
– Fatty acids are anhydrous because they are non-polar.  One 

gram of dry glycogen rapidly hydrates with two grams of water, 
so hydrated energy density of fatty acids is 3*9/4 or more than 
6x glycogen's.

Fatty acid metabolism

Fatty acids are broken down by -oxidation, activating 
them by binding them to acetyl CoA, then by a 
repeated four step process:
– an oxidation generating FADH2

– hydration
– an oxidation generating NADH
– thiolysis releasing the acetyl CoA

They are synthesized by starting from acetic acids (and 
dihydroxyacetone phosphate)
Related process synthesizes membrane lipids
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Amino Acid Metabolism

Amino acids as an energy source!
– Excess over requirements for protein synthesis cannot be stored 

and are not excreted.  They are oxidized for energy.
Glutamate (an amino acid) + NAD + H2O 
↔ -ketoglutarate + NADH  + NH4 + H 
Produces both reduced NADH and an intermediate in 
the Krebs cycle.

Amino Acid Synthesis

The previous reaction in the reductive direction (using 
NADP and NADPH) is the key nitrogen incorporation 
step in making all the other amino acids.  

α-ketoglutarate Glutamate

NADP-dependent glutamate
dehydrogenase

From Glutamate to...

Glutamate can be enzymatically transformed into 
glutamine, proline and arginine.
Other amino acids are formed by a transamination 
from glutamate and another Krebs cycle intermediate:
– glutamate + pyruvate ↔ alanine + α-ketoglutarate
– glutamate + oxaloacetate  ↔ aspartate + α-ketoglutarate

Several other amino acids can be synthesized 
enzymatically from these
– e.g. aspartate  asparagine 
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Amino acid carbon sources

Amino group comes from glutamine, carbon 
backbones from catabolic intermediates

Synthesis of “essential” 
amino acids

Humans cannot make 9 amino acids that can be 
synthesized by plants and microorganisms
Synthetic pathways of these amino acids are much 
more complex.
– Formation of sulfur containing and cyclic side chains
– Even in these pathways glutamine serves as a donor of amino 

groups. 

Regulation of 
amino acid synthesis

Feedback inhibition is the general method for control 
of amino acid synthesis.
The first irreversible step in a pathway is called the 
committed step, and it is usually an important 
regulatory site.
The final product of the pathway often inhibits the 
enzyme that catalyzes the committed step.

A B C D E ... Zx
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Complex feedback inhibitions
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Amino acids are precursors to 
nucleic acids

Most importantly, purines and pyrimidines (the 
dinitrogen heterocycles in nucleic acids) are 
synthesized based on amino acids
– glutamine plays a key role in the synthesis of purines
– both glutamine and aspartate are precursors to pyrimidines

6 of 9 atoms in purine rings and 4 of 6 atoms in 
pyrimidine rings are derived from amino acids
Ribose synthesis is separate...

Nucleic acid synthesis is
expensive

It takes complex 
precursors and a lot 
of ATP to synthesize 
nucleotides 
(especially purines)
Purines take a  
phosphoribosylphosphate, 
aspartate, carbon dioxide, 
glycine, glutamine and 2 
tetrahydrofolic acids
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Anabolism summary

Anabolic networks can be organized in layers with 
gateways
Innermost layer is C, H, O, P (& maybe S) 
– E.g. gluconeogenesis, glycogen & lipid synthesis

Next layer involves the inclusion of N with a 
glutamate gateway 
– In autotrophs, N2 → NH4

– In all organisms NH4 + α-ketogluterate → glutamate
Last layer is synthesis of dinitrogen heterocycles

Origin of Life theories

Many, varied, and largely speculative
Must account for first self-replicating entity in 
prebiotic environment
– Need to arise chemically with reasonable probability
– No oxygen, highly reducing environment
– Problem of low concentrations of products

Miller-Urey: Proteins first 
– Spontaneous amino acids, but concentration problem

RNA world:
– Catalytic and template reproduction, but what origin?

Biogenesis recapitulates 
Metabolism

Morowitz (1992).   Universality is not just in proteins 
and DNA/RNA, but also metabolism
Metabolism first?
– Reductive Krebs turns CO2 and reducing power (e.g., H2) into 

lots of interesting biomolecules in self-sustaining way.
– A few modern chemoautotrophs do this. 


