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Mechanism of antimicrobial resistance :

1. Drug inactivation or modification: for example, enzymatic
deactivation of penicillin g in some penicillin-resistant bacteria
through the produced .Most commonly, the protective enzymes
produced by the bacterial cell will add an acetyl or phosphate
group to a specific site on the antibiotic, which will reduce its
ability to bind to the bacterial ribosomes and disrupt protein
synthesis. Resistance genes may code for enzymes that chemically
modify an antimicrobial, thereby inactivating it, or destroy an
antimicrobial through hydrolysis. Resistance to many types of
antimicrobials occurs through this mechanism. For example,
aminoglycoside resistance can occur through enzymatic transfer of
chemical groups to the drug molecule, impairing the binding of the
drug to its bacterial target. For p-lactams, bacterial resistance can
involve the enzymatic hydrolysis of the B-lactam bond within the
B-lactam ring of the drug molecule. Once the B-lactam bond is
broken, the drug loses its antibacterial activity. This mechanism of

resistance is mediated by p-lactamases, which are the most



common mechanism of B-lactam resistance. Inactivation of
rifampin commonly occurs through glycosylation,
phosphorylation, or adenosine diphosphate (ADP) ribosylation,
and resistance to macrolides and lincosamides can also occur due

to enzymatic inactivation of the drug or modification.

2. Alteration of target- or binding site: for example, alteration the
binding target site of penicillins—in and other penicillin-resistant
bacteria. Another protective mechanism found among bacterial
species is ribosomal protection proteins. These proteins protect the
bacterial cell from antibiotics that target the cell's ribosomes to
inhibit protein synthesis. The mechanism involves the binding of
the ribosomal protection proteins to the ribosomes of the bacterial
cell, which in turn changes its conformational shape. This allows
the ribosomes to continue synthesizing proteins essential to the
cell while preventing antibiotics from binding to the ribosome to
inhibit protein synthesis. Because antimicrobial drugs have very
specific targets, structural changes to those targets can prevent
drug binding, rendering the drug ineffective. Through spontaneous
mutations in the genes encoding antibacterial drug targets, bacteria
have an evolutionary advantage that allows them to develop

resistance to drugs. This mechanism of resistance development is



quite common. Genetic changes impacting the active site of
penicillin-binding proteins can inhibit the binding of B-lactam
drugs and provide resistance to multiple drugs within this class.
This mechanism is very common among strains of Streptococcus
pneumoniae, which alter their own PBPs through genetic
mechanisms. In contrast, strains of Staphylococcus aureus
develop resistance to methicillin through the acquisition of a new
low-affinity PBP, rather than structurally alter their existing PBPs.
Not only does this new low-affinity PBP provide resistance to
methicillin but it provides resistance to virtually all f-lactam
drugs, with the exception of the newer fifth-generation
cephalosporins designed specifically to kill MRSA. Other

examples of this resistance strategy include alterations in

3. Alteration of metabolic pathway: for example, some -resistant
bacteria do not , an important precursor for the synthesis of folic
acid and nucleic acids in bacteria inhibited by sulfonamides,
instead, like mammalian cells, they turn to using preformed folic
acid.

Microbes may develop resistance mechanisms that involve
inhibiting the accumulation of an antimicrobial drug, which then

prevents the drug from reaching its cellular target. This strategy is



common among gram-negative pathogens and can involve changes
in outer membrane lipid composition, porin channel selectivity,
and/or porin channel concentrations. For example, a common
mechanism of carbapenem resistance among Pseudomonas
aeruginosa is to decrease the amount of its OprD porin, which is
the primary portal of entry for carbapenems through the outer
membrane of this pathogen. Additionally, many gram-positive and
gram-negative pathogenic bacteria produce efflux pumps that
actively transport an antimicrobial drug out of the cell and prevent
the accumulation of drug to a level that would be antibacterial. For
example, resistance to -lactams, tetracyclines, and
fluoroguinolones commonly occurs through active efflux out of the
cell, and it is rather common for a single efflux pump to have the

ability to translocate multiple types of antimicrobials.

. Reduced drug accumulation: by decreasing drug permeability or
increasing active efflux (pumping out) of the drugs across the cell
surface These pumps within the cellular membrane of certain
bacterial species are used to pump antibiotics out of the cell before
they are able to do any damage. They are often activated by a
specific substrate associated with an antibiotic. as in fluroquline

resistance.



From a clinical perspective, our greatest concerns are multidrug-
resistant microbes (MDRs) and cross resistance. MDRs are
colloquially known as “‘superbugs” and carry one or more
resistance mechanism(s), making them resistant to multiple
antimicrobials. In cross-resistance, a single resistance mechanism
confers resistance to multiple antimicrobial drugs. For example,
having an efflux pump that can export multiple antimicrobial
drugs is a common way for microbes to be resistant to multiple
drugs by using a single resistance mechanism. In recent years,
several clinically important superbugs have emerged, and the CDC
reports that superbugs are responsible for more than 2 million
infections in the US annually, resulting in at least Several of the
superbugs discussed in the following sections have been dubbed
the Epathogens. This acronym refers to the names of the
pathogens , but it is also fitting in that these pathogens are able to
“escape” many conventional forms of antimicrobial therapy. As
such, infections by ESKAPE pathogens can be difficult to treat

and they cause a large number of nosocomial infections.



