
Metabolism 

Gibbs free energy- DG includes enthalpy and entropy.DG = DH – TDS 

- DH: Change in enthalpy, the heat energy absorbed or released 

- TDS: Product of temperature and entropy change 

- If DG < 0, the process may go forward. 

- If DG > 0, the reaction will go in reverse. Energy is the ability to do 

work. Entropy is a measure of the disorder or randomness of a system.  

Essential processes for genomes- > Forming cell macromolecules 

Macronutrients–Major elements in– C, O, H, N, P, S –Ions necessary 

for protein function –Mg2+, Ca2+, Fe2+, K+ 

Micronutrients –Trace elements necessary for enzyme function –Co, Cu, Mn, Zn 

How Microbes Build Biomass  

Carbon Source – Autotrophs fix CO2 and assemble into organic molecules (mainly sugars). – Heterotrophs use 

preformed organic molecules. Energy source. –Phototrophs obtain energy from chemical reactions triggered by light. 

–Chemotrophs obtain energy from oxidation-reduction reactions. Electron Source –Lithotrophs use inorganic 

molecules as a source of electrons. –Organotrophs use organic molecules. 

Anaerobic vs aerobic respiration: Generally yields less energy because 

E0 of electron acceptor is less positive than E0 of O2. Lithotrophy is the 

acquisition of energy by oxidation of inorganic electron donors. A kind of 

lithotrophy of great importance in the environment is nitrogen 

oxidation. Hydrogenotrophy is the use of molecular hydrogen (H2) as an 

electron donor. H2 has sufficient reducing potential to donate e– to nearly all biological electron acceptors. Including 

chlorinated organic molecules, via dehalorespiration which has potential for bioremediation. Methanogenesis is the 

reduction of CO2 and other single-carbon compounds to methane. Performed only by archaea called methanogens. 

Phototrophy is the harnessing of photo excited electrons to power cell growth, In most ecosystems, photosynthesis 

is based on chlorophyll; however, many prokaryotes use a simpler, more ancient form of phototrophy, 

Bacteriorhodopsin uses a single-protein, light-driven proton pump with a molecule of retinal, which is linked to a 

lysine residue A photon is absorbed by retinal, which shifts its configuration from trans to cis. The cycle of excitation 

and relaxation back to the Trans form is coupled to pumping of 1H+ from the cytoplasm across the membrane. The 

proton gradient thus generated drives ATP synthesis by a typical F1Fo ATP synthase. Haemolysins-Extracellular 

enzyme of human pathogens cause tissue damage.  

Transport:  permeases -Substrate-specific carrier proteins. Siderophores are specialized molecules secreted to bind 

ferric ion (Fe3+) and transport it into the cell. The iron is released into the cytoplasm and reduced to the more useful 

ferrous (Fe2+) form. Phosphotransferase system (PTS) process that uses Group translocation- energy to chemically 

alter the substrate during its transport.  

Catabolism- Fermentation: Partial breakdown of organic food without net electron transfer to an inorganic terminal 

electron acceptor – Respiration: Complete breakdown of organic molecules with electron transfer to a terminal 

electron acceptor such as O2 – Photoheterotrophy: Catabolism is conducted with a “boost” from light. 

Polysaccharides are broken down to disaccharides, and then to monosaccharides. - Sugar and sugar derivatives, such 

as amines and acids, are catabolized to pyruvate. Pyruvate and other intermediary products of sugar catabolism are 

fermented or further catabolized to CO2 and H2O via the TCA cycle. Lipids and amino acids are catabolized to 


