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Why do we must know the metabolism of 

bacteria ? 

Because we want to know how to “inhibit 

or stop” bacteria growth and want to 

control their metabolism to prolong shelf-

life of food products.



What is Metabolism?

 The Greek metabole, meaning change 

 It is the totality of an organism's chemical 

processes to maintain life.

- Catabolism

- Anabolism



What are nutrients that  bacteria want?

C Sugar, Lipid   Energy, Biosynthesis

N Protein Biosynthesis

O Air Energy



Overview of Metabolism



Carbon Source

- The most Carbon source of bacteria is “Glucose”

- The major carbohydrate-metabolizing pathway 

are

1. Embden–Meyerhof–Parnas (EMP) pathway,  glycolysis

2. Entner–Doudoroff (ED) pathway

3. Pentose phosphate (PP) pathway

4. Tricarboxylic acid cycle, TCA cycle, 

Kreb’s cycle, citric acid cycle



Carbohydrate Metabolism

1. Embden–Meyerhof–Parnas (EMP) pathway,  glycolysis



Carbohydrate Metabolism

2. Entner–Doudoroff (ED) pathway



Carbohydrate Metabolism

3. Pentose phosphate (PP) pathway



Table 1: Distribution of Embden–Meyerhof–Parnas (EMP), Entner–Doudoroff
(ED), and pentose phosphate (PP) pathway in bacteria

Organism EMP ED PP
Pseudomonas aeruginosa - +i -
Enterococcus faecalis + +i +
(Streptococcus)
Salmonella typhimurium + +i +
Bacillus subtilis + - -
Escherichia coli + +i +
Yersinia pseudotuberculosis + +i -

Remark: + = Present; 
– = not present. 
i = inducible



Formation of intermediates of the Embden– Meyerhof–Parnas (EMP) and Entner–

Doudoroff (ED) pathway from carbohydrates other than glucose



If it is Anaerobic Condition what is going on?

Embden–Meyerhof–Parnas (EMP) pathway

Entner–Doudoroff (ED) pathway



Lipid Metabolism

 Lipids are essential to the structure and function of 

membranes

 Lipids also function as energy reserves, which can 

be mobilized as sources of carbon

 90% of this lipid is “triacyglycerol”

triacyglycerol lipase glycerol + 3 fatty acids

 The major fatty acid metabolism is  “β-oxidation” 



Lipid Metabolism

β-oxidation of fatty acid



Lipid Metabolism

Glycerol Metabolism



Nitrogen Metabolism

 Nitrogen is an essential element of 

biological molecules, such as amino acids, 

nucleotides, proteins, and DNA 

 Bacteria vary widely in their ability to utilize 

various sources of nitrogen for synthesis of 

proteins



General view of nitrogen metabolism



Pathways Involved in Nitrogen Utilization

1. Protein Digestion – by proteinase and 

peptidase

2. Oxidative Deamination



3. Reductive Deamination

4. Decarboxylation  



5. Transamination Reactions 



6. Nitrification 

7. Denitrification 



Synthesis of Cellular Components 

The reaction is catalysed by the enzyme nitrogenase



Benefits of studying metabolism of 

bacteria in food microbology

1. Can prolong shelf life of food product by 

control or block enzyme of the pathway

(Chemical Preservatives)

2.   Can be used to detection contamination 

by looking at metabolic activity



Chemical Preservative

1. Benzoic Acid 

Inhibit to enzyme in Glycolysis and 

TCA pathway





Chemical Preservative

2. Sorbic Acid

Inhibition by sorbic acid may cause 

cell death, slowing of growth







Metabolic Activity Test

1. Adenosine Triphosphate Assay 

- This method is based on ATP measurement by use of the firefly 
luciferin-luciferase system
- ATP bioluminescence has been applied for determining microbial 
quality of both raw and finished food products



Metabolic Activity Test

2. Catalase Test
-The majority of microorganisms that negatively impact food quality and safety are catalase-
positive
- Catalase activity can be used to assess bacterial populations under  certain conditions.
- The catalase test is based on measuring the amount of gas produced from a   mixture of 3% 
hydrogen peroxide (H2O2) solution and a food sample in a closed system. 
- This test has been applied in monitoring microbial contamination of raw materials, food samples 
from in-plant production lines and finished food products. 



Metabolic Activity Test

3. Electrical Impedance Test 

-During microbial growth, large, relatively uncharged molecules such as sugars, proteins and 
fats are metabolized to smaller, highly charged molecules such as lactic acid, amino acids and 
fatty acids. 
-The production of these highly charged molecules results in a decrease in the electrical 
impedance of the growth medium which can be detected 
-The most common application of impedance test is for estimating the aerobic plate count of 
food samples 



Metabolic Activity Test

4. Microcalorimetry 

- The measurement of small amounts of heat that microorganisms produce during growth
- Microcalorimetric tests conducted on food samples measure the exothermic heat production 
rate (HPR) of food-borne microorganisms
- This technique has been applied in the study of microbial spoilage of ground beef and canned 
foods, and estimation of bacteria in milk and meat products.



Metabolic Activity Test

5. Pyruvate Estimation

- Pyruvate is a common intermediary metabolite in many microorganisms 
- The vast majority of food-borne bacteria contain pyruvate in their metabolic pool and a 
portion of this metabolite is excreted into the surrounding medium.
- Pyruvate estimation has been applied mainly to determine the adequacy of sanitation practices 
in milk production and the bacteriological quality of raw and pasteurized milk 
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Energy production

 Nutrient molecules have 

energy associated with the 

electrons that form bonds 

between atoms

 Various catabolic reactions 

concentrate this energy into 

the bonds of ATP

 ATP has “high energy” or 

unstable bonds which allows 

the energy to be released 

quickly and easily.



General aspects of energy production

 Oxidation-reduction (redox) reactions

 Mechanisms of generation of ATP



Oxidation-reduction reactions

 Oxidation is the removal of electrons from a 

molecule

 Reduction is the gaining of electrons by a 

molecule

 Oxidation and reduction reactions are always 

coupled (redox reaction)



Dehydrogenation reactions

 Many cellular oxidation reactions involve the 

removal of hydrogen atoms [i.e., not just an 

electron but also a proton (H+)]

 Biological oxidation reactions are often 

dehydrogenation reactions



Electron carriers

 In catabolic 
reactions, energy is 
extracted from 
molecules in the 
form of electrons, 
which are 
transferred, along 
with H+ ions, to 
electron carriers 
like NAD+. This 
energy is used to 
generate ATP 

NAD+ NADH + H+

2H+ + 2e-



ATP generation

 Cells use redox reactions in catabolism to 

extract energy from nutrient molecules

 This energy is trapped by the generation of 

ATP by phosphorylation of ADP



Mechanisms of ATP generation

 Substrate-level phosphorylation

 Oxidative phosphorylation

 Photophosphorylation



Substrate-level phosphorylation

 ATP is generated when a high-energy 

phosphate is transferred directly to ADP from 

a phosphorylated substrate



Oxidative phosphorylation

 Electrons are transferred from organic compounds 
through a series of electron carriers to O2 or other 
oxidized inorganic or organic molecules

 The sequence of electron carriers is called the 
electron transport chain

 The transfer of 
electrons from one 
carrier to the next 
generates energy 
which is used to 
make ATP from 
ADP by
chemiosmosis



Photophosphorylation

 Only occurs in photosynthetic cells which 
contain light trapping pigments such as 
chlorophyll

 Light causes chlorophyll to give up electrons

 Energy released from 

the transfer of 

electrons (oxidation) 

of chlorophyll through 

a system of carrier 

molecules is used to 

generate ATP



How do microbes generate energy?

 6 main nutrients-carbohydrate, protein, 

fat, vitamins, minerals and water

 Most microorganisms oxidize 

carbohydrates as the major source of 

cellular energy

 Energy can also be derived from the 

breakdown of fats and proteins
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Glycolysis: preparatory stage

 2 ATPs are used

 Glucose is split to 

form 2 molecules of 
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Glycolysis: energy conserving stage 

 For each initial 

glucose molecule;

 2 Glyceraldehyde-3-

phosphate oxidized 

to 2 Pyruvic acid

 4 ATP produced

 2 NADH produced
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Triose phosphate 

dehydrogenase

Phosphoglycerokinase

Phosphoglyceromutase

Enolase

Pyruvate kinase



Summary of glycolysis

 Glucose (C6H12O6) is split and oxidized
through a ten step pathway to two 
molecules of pyruvic acid (C3H4O3)

 Net gain of 2 ATP molecules, 4 from 
energy conserving phase (by substrate 
level phosphorylation) minus 2 from 
preparatory phase

 2 NADH molecules produced
 Will be used to make more ATP!

 Pyruvic acid can now undergo either 
fermentation or respiration



Glycolysis – the universal metabolic pathway

 Glycolysis is an almost universal metabolic 
pathway
 Humans and animals

 Plants (?)

 Eukaryotic microbes

 Archea

 Bacteria – mostly

 There are some organisms that don’t use 
glycolysis
 Some are asaccharolytic – Campylobacter jejuni, 

Bordatella pertussis

 Some have alternative pathways 



Alternatives to glycolysis

 Many bacteria have an alternative pathway 

to glycolysis for the oxidation of glucose

 Phosphogluconate pathway

 Entner-doudoroff reaction



Phosphogluconate pathway

 Hexose monophosphate shunt (pentose phosphate 
pathway)

 Used simultaneously with glycolysis (several 
intermediates can reenter glycolysis)

 Breakdown of 5-carbon sugars (pentoses) as well as 
glucose

 Produces important intermediates in the synthesis of
 Nucleic acids (Ribose-5-phosphate)

 Glucose from CO2 in photosynthesis (Ribulose 5-phosphate)

 Certain amino acids (erythrose 4-phosphate)

 Produces NADPH (for anabolic reactions) from NADP+

 Yields only 1 ATP/glucose molecule
 Acetobacter sp., Bacillus subtilis, and Cyanobacteria 



Entner-Doudoroff pathway

 Bacteria that have the enzymes for this pathway 
can metabolize glucose without glycolysis or the 
pentose phosphate pathway

 Produces 2 NADPH and 1 ATP/glucose
molecule

 Used by obligate aerobes such as 
Pseudomonas sp. 
 Lack the phosphofructokinase glycolytic enzyme

 The ability to oxidize glucose by this pathway 
forms the basis of tests sometimes used to 
identify Pseudomonas in clinical laboratories 


