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Bacterial Metabolism: 

The term metabolism refers to the sum of the biochemical reactions required for energy generation 

and the use of energy to synthesize cell material from small molecules in the environment. The 

diversity of procaryotes is expressed by their great variation in modes of energy generation and 

metabolism, and this feature allows procaryotes to flourish in all habitats suitable for life on earth. 

A. General characteristics 

• Bacterial metabolism 

o Is the sum of anabolic processes (synthesis of cellular constituents requiring energy) and catabolic 
processes (breakdown of cellular constituents with concomitant release of waste products and 
energy-rich compounds). Hence, metabolism has an energy-generating component, called 

catabolism, and an energy-consuming, biosynthetic component, called anabolism. 

 
Figure 1. The relationship between catabolism and anabolism in a cell. During catabolism, energy is changed 
from one form to another, and keeping with the laws of thermodynamics, such energy transformations are 
never completely efficient, i.e., some energy is lost in the form of heat. The efficiency of a catabolic sequence 
of reactions is the amount of energy made available to the cell (for anabolism) divided by the total amount of 
energy released during the reactions. 

o Varies depending on the nutritional environment. 
o Is heterotrophic for pathogenic bacteria. 

• Bacterial transport systems 

o Involve membrane-associated binding or transport proteins for sugars and amino acids. 
o Frequently require energy to concentrate substrates inside the cell. 
o Are usually inducible for nutrients that are catabolized; an exception glucose, which is 

constitutive. 
o Frequently use phosphotransferase systems when sugars are transported. 

Table/Distinguishing characteristics of bacterial transport systems 

 

Property 
PD 

passive 

diffusion 

FD 

facilitated 

diffusion 

IDT 

ion-driven 

transport 

BPDT 
binding protein 

dependent transport 

GT 
group 

translocation 

carrier mediated - + + + + 
conc. against gradient - - + + NA 

specificity - + + + + 
energy expended - - pmf ATP PEP 

solute modified during transport - - - - + 
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B. Generation of Energy 

Bacteria don't have intracellular organelles for energy producing processes such as respiration or 
photosynthesis. Instead, the cytoplasmic membrane carries out these functions. The membrane is the 
location of electron transport systems (ETS) used to produce energy during photosynthesis and respiration, 
and it is the location of an enzyme called ATP synthetase (ATPase) which is used to synthesize ATP. 

When the electron transport system operates, it establishes a pH gradient across of the membrane due 
to an accumulation of protons (H+) outside and hydroxyl ion (OH-) inside. Thus the outside is acidic and the 
inside is alkaline. Operation of the ETS also establishes a charge on the membrane called proton motive 

force  (pmf). The outer face of the membrane becomes charged positive while inner face is charged 
negative, so the membrane has a positive side and a negative side (like a battery). The pmf can be used to do 
various types of work including the rotation of the flagellum, or active transport as described above. The 
pmf can also be used to make ATP by the 
membrane ATPase enzyme which consumes 
protons when it synthesizes ATP from ADP and 
phosphate. The connection between electron 
transport, establishment of pmf, and ATP synthesis 
during respiration is known as oxidative 

phosphorylation; during photosynthesis, it is called 
photophorylation. 
 

Figure: illustrates the membrane of E. coli. The 

topographical features of the membrane 

from top to bottom are  

1. lactose transport system. 

2. the flagellar motor coupled to the hook and 

filament.   

3. Na+ transport (export) system  

4. Ca++ transport (export) system;  

5. electron transport system. 

6. ATPase enzyme. 

7. Proline transport system.  

The operation of the electron transport system 

during respiration produces the H+ charge on the 

membrane (pmf). The pmf ( H+) is used by the 

transport systems to move molecules from one 

side of the membrane to the other; by the 

flagellar motor ring to rotate the flagellar filament; 

and by the ATPase enzyme to synthesize ATP. 
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C. Carbohydrate metabolism 

• Fermentation 

o Is a method by which some bacteria obtain metabolic energy 
o Is characterized by a substrate phosphorylation. 
o Involves the formation of ATP not coupled to electron transfer. 
o Requires an organic electron acceptor, such as pyruvate. 
o Results in the synthesis of specific metabolic end products that may aid in the identification 

of bacterial species. 
• Respiration 

o Refers to the method of obtaining metabolic energy that involves an oxidative 

phosphorylation. 
o Involves the formation of ATP during electron transfer and the reduction of gaseous 

oxygen in aerobic respiration. 
o Involves a cell membrane electron transport chain composed of cytochrome enzymes, 

lipid cofactors, and coupling factors. 
 

D. Regulation of metabolism 

• Regulation of enzyme activity 

o May occur because enzymes are allosteric proteins, susceptible to binding of effectors 
molecules that influence their activity. 

o May occur by feedback inhibition involving the end product. 
o May involve substrate-binding enhancement (cooperatively) of catalytic activity. 

• Regulation of enzyme synthesis 

o May involve regulatory proteins that activate (activators) or inhibit (repressors) gene 

transcription. 
o May involve end product feedback repression of biosynthetic pathway enzymes. 
o May involve substrate induction of catabolic enzymes. 
o May involve attenuation control sequences in enzyme mRNA. 
o May involve the process of catabolite repression, which is under positive control of the 

catabolite activator protein. 
• Pasteur effect 

o Occurs in facultative bacteria. 
o Is caused by oxygen blocking the fermentative capacity of the bacteria. 
o Means that the energy needs are met by using less glucose during aerobic growth. 

Cell Wall Synthesis 
• Involves the cytoplasmic synthesis of peptidoglycan subunits, which are translocated by a 

membrane lipid carrier and cross-linked to existing cell wall by enzymes associated with the 
plasma membrane of gram-positive bacteria or found in the periplasmic region of gram-negative 
bacteria. 

• Involves the covalent linkage of teichoic acid to N-acetylmuramic acid residues in gram-positive 

cells. 
• Is affected by many antibiotics, including penicillins, cephalosporins, and carbapenems. 
• Includes the addition of three components (lipoprotein, outer membrane, lipopolysaccharide), 

whose constituents or subunits are synthesized on or in the cytoplasmic membrane and 
assembled outside of it in gram-negative cells. 

Sterilization and Disinfection 
A. Terminology 

• Sterility: total absence of viable microorganisms as assessed by no growth on any medium. 
• Bactericidal: kills bacteria 
• Bacteriostatic: inhibits growth of bacteria 
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• Sterilization: removal or killing of all microorganisms 
• Disinfection: removal or killing of disease-causing microorganisms 
• Sepsis: infection 
• Aseptic: without infection 
• Antisepsis: any procedure that inhibits the growth and multiplication of microorganisms. 

B. Kinetics of killing 

• Is affected by menstruum or medium, the concentration of organisms and antimicrobial agents, 
temperature, pH, and the presence of endospores. 

• Can be exponential (logarithmic). 
• Can result in a killing curve that becomes asymptotic, requiring extra considerations in killing 

final numbers, especially if the population is heterogeneous relative to sensitivity. 

C. Methods of control include 

• Moist heat (autoclaving at 121°C for 15 minutes at a steam pressure of 15 pounds per square inch 
kills microorganisms, including endospores) 

• Dry heat and incineration (both methods oxidize proteins, killing bacteria) 
• Ultraviolet radiation (blocks DNA replication) 
• Chemicals includes: 

a. Phenol: is used as a disinfectant standard that is expressed as a phenol coefficient, which 
compares the rate of the minimal sterilizing concentration of phenol to that of the test 
compound for a particular organism. 

b. Chlorhexidine: is a diphenyl cationic analogue that is a useful topical disinfectant. 
c. Iodine: is bactericidal in a 2% solution of aqueous alcohol containing potassium iodide, acts as 

an oxidizing agent and combines irreversibly with proteins and can cause hypersensitivity 
reactions. 

d. Chlorine: inactivates bacteria and most viruses by oxidizing free sulfhydryl groups. 
e. Formaldehyde: is used as a disinfectant in aqueous solution (37%). 
f. Ethylene oxide: is an alkylating agent that is especially useful for sterilizing heat-sensitive 

hospital instruments, requires exposure times of 4-6 hours, followed by a reaction to 
remove absorbed gas. 

g. Alcohol: requires concentrations of 70% - 95% to kill bacteria given sufficient time, Isopropyl 
alcohol (90% - 95%) is the major form in use in hospitals. 

Antimicrobial Chemotherapy 
A. General characteristics of antimicrobial chemotherapy 

• Is based on the principle of selective toxicity, which implies that a compound is harmful to a 
microorganism but innocuous to its host. 

• involves drugs that:                        (What are the Mechanism of action) 
o Are anti-metabolites 
o Inhibit cell wall biosynthesis 

o Inhibit protein synthesis 

o Inhibit nucleic acid synthesis 

o Alter or inhibit cell membrane permeability or transport 

� Includes both Bacteriostatic (inhibit growth) and bactericidal (kill) drugs. 
� May be characterized as broad spectrum (effective against a wide variety of bacterial species) or 

narrow spectrum (effective against one or a few bacterial species). 
� May use synergistic combinations of Bacteriostatic drugs (e.g., trimethoprim and sulfonamide). 
� Incorporates both drug-parasite relationships (e.g., location of bacteria and drug distribution) and 

alterations of host-parasite relationships (e.g., immune response and microbial flora) to be 
effective.( @ABCDE FGHIJ دCHGBا  MNOIGBوا MQCDBا FAR MSCNIBوا MNOIGBر واCUDBا FAR CV MSCNIBا Wات ھZA[\IBا FV FAS]^ ) 
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B. Drug antimicrobial activity                        (list the important aspects of drug antimicrobial activity) 

• Is usually determined by dilution or diffusion tests. (@ABCDNBس اCA` aQاZط) 
• Is quantitated by determining the minimal inhibitory concentration.( WGcBس اCAUBر اCADV  dAeZIBاf^دgا hijGBا ) 
• May differ in vitro and in vivo. 
• Is affected by pH, drug stability, microbial environment, number of microorganisms present, length 

of incubation with drug, and metabolic activity of microorganisms.( اCU^ mn WJCAoBط ABCDE fkS ZA[\J ClB@ اCHGBد ) 
• May be modified for a specific bacterium if genetic or nongenetic drug resistance develops. 

C. Drug resistance                                (list the important aspects of drug resistance) 

• Non-genetic mechanisms of drug resistance 

o May involve loss of specific target structures, such as cell wall by L 
forms of bacteria.  

o May result from metabolic inactivity of microorganisms.  
• Genetic mechanisms of drug resistance 

o May result from either chromosomal or extrachromosomal (plasmid) 
resistance. 

o May involve a chromosomal mutation that alters the structure of the 

cellular target (e.g., penicillin-binding protein) of the drug or the 
permeability of the drug. 

o May result from the introduction of a plasmid (R plasmid) that codes 
for enzymes that degrade the drug (β-lactamase) or modify it 

(acetyltransferase), or from the introduction of proteins that pump it 

from the cell in an energy-dependent fashion. 
• R factor or R plasmid 

o Contains insertion sequences and transposons. 
o May acquire additional resistance genes by plasmid fusion or from 

transposons. 
o May consist of two plasmids, the resistance transfer factor (RTF), which codes for replication 

and transfer, and the r or resistance determinant, which contains genes for replication and 
resistance. 

o Can be transmitted from species to species. 
o Is responsible for the rapid development of multiple drug-resistant bacteria over the past 30 

years.  
 

Toxins 
A. Difination: A poisonous substance, especially a protein, that is produced by living cells or organisms and 

is capable of causing disease when introduced into the body tissues but is often also capable of inducing 
neutralizing antibodies or antitoxins.   (The term "biotoxin" used to confirm the biological origin).  

• Biotoxins are further classified into fungal biotoxins (Mycotoxins), microbial biotoxins, plant biotoxins 
(Phytotoxins) and animal biotoxins. 

• terminology of individual toxins relates them to the anatomical location where their effects are most 
notable: Hemotoxin, causes destruction of red blood cells (hemolysis) Phototoxin, causes dangerous 
photosensitivity 

B.  Microbial biotoxins /Definition 

• Are toxins produced by micro-organisms, including bacteria and fungi. that damage host cells 
or host tissues. 

• Are important virulence determinants responsible for microbial pathogenicity and/or evasion(ب���) 

of the host immune response 
• bacterial toxins, such as Botulinum neurotoxins, are the most potent natural toxins known. 
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• Toxinosis is pathogenesis caused by the bacterial toxin alone, not necessarily involving 
bacterial infection (e.g. when the bacteria have died, but have already produced toxin, 
which are ingested). It can be caused by Staphylococcus aureus toxins, for example. 

C.   Classification 

• Toxins are generally classified into two groups: exotoxins, being excreted by an organism, or 

endotoxins, that are released mainly when bacteria are lysed. 

• An important non-protein toxin is lipopolysaccharide or endotoxin. 
D.   Mechanism of action 

• Toxins may damage the eukaryotic cell membrane by combining with some structural 
component, or otherwise alter its function.  

• Many toxins combine with specific receptors on the surface membrane, frequently 
glycoproteins or gangliosides, and penetrate the cell to reach their intracellular target.  

• A common mechanism of entry is absorptive endocytosis. 
• Many toxins possess an A and a B polypeptide fragment. 

o The A (active) subunit enters the cell and exerts its toxic effect. 
o The B (binding) subunit is responsible for initial attachment of the toxin to the specific 

target tissue. 
o Antitoxin interacts only with the B subunit to block its attachment; once toxin is bound, the 

antitoxin is ineffective. 

E.    Example of Toxins composed of A and B polypeptides 

• Pseudomonas aeruginos exotoxin A / inhibits protein synthesis via the tRNA EF-2. 
• Shigella dysenteriae shiga neurotoxin / inhibits synthesis via the 60S ribosomal unit by RNase action 

on 28S ribosomal RNA. 
• Escherichia coli heat-labile enterotoxin / stimulates Adenylate cyclase to overproduce cyclic AMP 

and induce loss of fluids and electrolytes. (similar to choleragen). 
• Bordetella pertussis ADP-ribosylation of a G protein, which increases Adenylate cyclase activity by 

preventing its inactivation. 
• Clostridium tetani tetanospasm exotoxin / acts on synaptosomes; gangliosides bind the toxin and 

block the release of glycine, which obliterates the inhibitory reflex response of nerves, causing 
uncontrolled spastic impulses (hyperreflexia of skeletal muscles). 

F.   Example of Toxins composed of a single polypeptide 

• Clostridium perfringens toxin that is an enzyme phospholipase C; it disrupts cellular and 
mitochondrial membranes. 

• E. coli heat-stable enterotoxin / stimulates guanylate cyclase to overproduce cyclic guanosine 
monophosphate, which impairs chloride and sodium absorption. 

• Staphylococcus aureus exfoliative toxin that disrupts the stratum granulosum in the epidermis. 


