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09- Microbial Metabolism  part 2   (Instructor: Şeref Tağı)  

 
 

Catabolism of Carbohydrates 
 
For chemoheterotrophs, our examples of metabolism start with the catabolism of 

polysaccharides such as glycogen, starch, or cellulose. Enzymes such as amylase, which breaks 

down glycogen or starch, and cellulases, which break down cellulose, can cause the hydrolysis 

of glycosidic bonds between the glucose monomers in these polymers, releasing glucose for 

further catabolism. 

 

Glycolysis For bacteria, eukaryotes, and most archaea, glycolysis is the most common pathway 

for the catabolism of glucose; it produces energy, reduced electron carriers, and precursor 

molecules for cellular metabolism. Every living organism carries out some form of glycolysis, 

suggesting this mechanism is an ancient universal metabolic process. The process itself  does 

not use oxygen; however, glycolysis can be coupled with additional metabolic processes that 

are either aerobic or anaerobic. Glycolysis takes place in the cytoplasm of prokaryotic and 

eukaryotic cells. It begins with a single six-carbon glucose molecule and ends with two 

molecules of a three-carbon sugar called pyruvate. Pyruvate may be broken down further 

after glycolysis to harness more energy through aerobic or anaerobic respiration, but many 

organisms, including many microbes, may be unable to respire; for these organisms, glycolysis 

may be their only source of generating ATP. The type of glycolysis found in animals and that 

is most common in microbes is the Embden-Meyerhof-Parnas (EMP) pathway, named after 

Gustav Embden (1874–1933), Otto Meyerhof (1884–1951), and Jakub Parnas (1884–1949). 

Glycolysis using the EMP pathway consists of two distinct phases (Figure 8.10). The first part 

of the pathway, called the energy investment phase, uses energy from two ATP molecules to 

modify a glucose molecule so that the six-carbon sugar molecule can be split evenly into two 

phosphorylated three-carbon molecules called glyceraldehyde 3-phosphate (G3P). The 

second part of the pathway, called the energy payoff phase, extracts energy 

byoxidizingG3Ptopyruvate,producingfourATPmoleculesandreducingtwomoleculesofNAD+ 

totwomolecules of NADH, using electrons that originated from glucose.  
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The ATP molecules produced during the energy payoff phase of glycolysis are formed by 

substrate-level phosphorylation , one of two mechanisms for producing ATP. In substrate-

level phosphorylation, a phosphate group is removed from an organic molecule and is 

directly transferred to an available ADP molecule, producingATP.Duringglycolysis,high-

energyphosphategroupsfromtheintermediate moleculesareaddedtoADP to make ATP. 

Overall, in this process of glycolysis, the net gain from the breakdown of a single glucose 

molecule is:  

• two ATP molecules  

• two NADH molecule, and 

 • two pyruvate molecules. 

 

 

 

The energy investment phase of the Embden-Meyerhof-Parnas glycolysis pathway uses two ATP 
molecules to phosphorylate glucose, forming two glyceraldehyde 3-phosphate (G3P) molecules. The 
energy payoff phase harnesses the energy in the G3P molecules, producing four ATP molecules, two 
NADH molecules, and two pyruvates. (https://openstax.org/details/books/microbiology) 
 



 

3 

Other Glycolytic Pathways  

 

When we refer to glycolysis, unless otherwise indicated, we are referring to the EMP pathway 

used by animals and many bacteria. However, some prokaryotes use alternative glycolytic 

pathways. One important alternative is the Entner-Doudoroff (ED) pathway, named after its 

discoverers Nathan Entner and Michael Doudoroff (1911–1975). Although some bacteria, 

including the opportunistic gram-negative pathogen Pseudomonas aeruginosa, contain only 

the ED pathway for glycolysis, other bacteria, like E. coli, have the ability to use either the ED 

pathway or the EMP pathway. A third type of glycolytic pathway that occurs in all cells, which 

is quite different from the previous two pathways, is the pentose phosphate pathway (PPP) 

also called the phosphogluconate pathway or the hexose monophosphate shunt.  

 

Krebs Cycle 

The Krebs cycle transfers remaining electrons from the acetyl group produced during the 

transition reaction to electron carrier molecules, thus reducing them. The Krebs cycle also 

occurs in the cytoplasm of prokaryotes along with glycolysis and the transition reaction, but it 

takes place in the mitochondrial matrix of eukaryotic cells where the transition reaction also 

occurs. The Krebs cycle is named after its discoverer, British scientist Hans Adolf Krebs (1900–

1981) and is also called the citric acid cycle, or the tricarboxylic acid cycle (TCA) because citric 

acid has three carboxyl groups in its structure. Unlike glycolysis, the Krebs cycle is a closed 

loop: The last part of the pathway regenerates the compound used in the first step . The eight 

steps of the cycle are a series of chemical reactions that capture the two-carbonacetyl 

group(theCoAcarrierdoesnotentertheKrebscycle)fromthetransition reaction, which is added 

to a four-carbon intermediate in the Krebs cycle, producing the six-carbon intermediate citric 

acid (giving the alternate name for this cycle). As one turn of the cycle returns to the starting 

point of the fourcarbon intermediate, the cycle produces two CO2 molecules, one ATP 

molecule (or an equivalent, such as guanosine triphosphate [GTP]) produced by substrate-

level phosphorylation, and three molecules of NADH and one of FADH2. Although many 

organisms use the Krebs cycle as described as part of glucose metabolism, several of the 

intermediate compounds in the Krebs cycle can be used in synthesizing a wide variety of 

important cellular molecules, including amino acids, chlorophylls, fatty acids, and nucleotides; 

therefore, the cycle is both anabolic and catabolic.   
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Many organisms use intermediates from the Krebs cycle, such as amino acids, fatty acids, and nucleotides, as 
building blocks for biosynthesis (https://openstax.org/details/books/microbiology) 
 

Cellular Respiration and Electron Transport System 

Glycolysis and the Krebs cycle—that generate ATP by substrate-level phosphorylation. Most 

ATP, however, is generated during a separate process called oxidative 

phosphorylation,whichoccursduringcellularrespiration.Cellularrespirationbeginswhenelectro

nsaretransferred from NADH and FADH2—made in glycolysis, the transition reaction, and the 

Krebs cycle—through a series of chemical reactions to a final inorganicelectron acceptor 

(either oxygen in aerobicrespiration or non-oxygen in organic molecules in anaerobic 

respiration). 

 

The electron transport system (ETS) is the last component involved in the process of cellular 

respiration; it comprises a series of membrane-associated protein complexes and associated 

mobile accessory electron carriers . Electron transport is a series of chemical reactions that 
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resembles a bucket brigade in that electrons from NADH and FADH2 are passed rapidly from 

one ETS electron carrier to the next. These carriers can pass electrons along in the ETS because 

of their redox potential. For a protein or chemical to accept electrons, it must have a more 

positive redox potential than the electron donor. Therefore, electrons move from electron 

carriers with more negative redox potential to those with more positive redox potential. The 

four major classes of electron carriers involved in both eukaryotic and prokaryotic electron 

transport systems are the cytochromes, flavoproteins, iron-sulfur proteins, and thequinones. 

In aerobic respiration, the final electron acceptor (i.e., the one having the most positive redox 

potential) at the end of the ETS is an oxygen molecule (O2) that becomes reduced to water 

(H2O) by the final ETS carrier. 

 

 

The electron transport chain (Microbiology for Dummies, 2019) 

The best electron acceptor known is O2, so in the presence of oxygen it is reduced to water 

(H2O). When it is absent, however, another compound is substituted.  One possible alternative 

to aerobic respiration is anaerobic respiration, using an inorganic molecule other than oxygen 

as a final electron acceptor. There are many types of anaerobic respiration found in bacteria 

and archaea. 

Denitrifiers are important soil bacteria that use nitrate NO3– and nitrite  NO2–  as final 

electron acceptors, producing nitrogen gas (N2). Many aerobically respiring bacteria, including 

E. coli, switch to using nitrate as a final electron acceptor and producing nitrite when oxygen 

levels have been depleted. 
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Summary of the theoretical maximum yields of ATP from various processes during the 
complete aerobic respirationof one glucose molecule (Download for free at 
https://openstax.org/details/books/microbiology) 

 

Microorganisms using anaerobic respiration commonly have an intact Krebscycle, so these 

organisms can Access the energy of the NADH and FADH2 molecules formed. However, 

anaerobic respirers use altered ETS carriers encoded by their genomes, including distinct 

complexes for electron transfer to their final electron acceptors. Smaller electrochemical 

gradients are generated from these electron transfer systems, so less ATP is formed through 

anaerobic respiration. 
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