Ribosomal Inhibitors
Bacterial ribosomes have a 50S subunit and a 30S subunit, creating a whole 70S ribosome.  
Humans have an 80S ribosome.  Inside the 50S subunit is a peptide tunnel exit tunnel and 
a peptidyl transferase cavity.  Inside the 30S subunit there are A, P, and E sites.
During polypeptide elongation, there are several steps that are good for targeting.  One is tRNA 
engaging in ribosome A site.  Another is the protein chain shifting over in the ribosome.
Aminoglycosides – Gentamicin, Amikacin
These block initiation of protein synthesis and tRNA docking at the A site.  Causes premature 
terminations and lots of mRNA misreads.  Misreads occur because Gentamicin increases 
the affinity of mismatched near-cognate amino acid tRNA.
Gentamicin lodges in the A site of the 30S subunit.
Aminoglycosides are actively transported and retained in bacterial cells.  They hijack a 
transporter that pulls them in.

Antagonism with chloramphenicol.  Synergism with β-lactams.
Do not work in anaerobic environments such as abscesses.

Aminoglycosides show concentration-dependent killing.

Aminoglycosides show PAE against Gram- bacteria.

Aminoglycosides are good against all Gram- bacteria, including Pseudomonas
Streptomycin is used to treat Tuberculosis.
They have poor penetration into CSF and host cells (except kidney and ear – see below).
Our 80S ribosomes don’t bind aminoglycosides, and our cells don’t transport them.  The 
exception to this is cells with megalin (gp330) membrane transporters:


--proximal convoluted tubules of the kidney ( reversible neprotoxicity
This is common with aminoglycosides.  Kidney cortex accumulates drug, causing lysosome dysfunction, cell granulation, necrosis, decreased GFR.  Normal renal function is a risk factor because you accumulate more drug.  General rule is that aminoglycosides are free of toxicity for the first week, then begin to accumulate too much drug.

--inner ear epithelial cells  (  irreversible ototoxicity (affects hearing and balance)
This is an uncommon but serious side effect.  Loss of high frequency at first, but also tinnitus.  Sense of imbalance, vertigo, nausea.  The damage is cumulative and progresses even after cessation of aminoglycoside therapy.
Once-daily dosing allows high peaks and drug-free intervals.  The rationale is based on 
concentration-dependent killing, PAE, and slowing adaptive resistance of bacteria.  You 
can achieve a Cmax/MIC ratio of ≥10 with once-daily dosing, but only 3 with traditional 
dosing.  Cure rate is the same, but once-daily reduces nephrotoxicity.  Ototoxicity does 
not improve.
Tetracyclines – Doxycycline 
These contact the ribosomal A site, but away from the codon-anticodon complex.  This allows 
decoding, but tRNA can’t swing into its proper position in the A site.
Selective toxicity is an access and accumulation issue, rather than based on different ribosomal 
structures.  Our cells allow tetracyclines to diffuse passively, whereas bacteria actively 
accumulate them.

Tetracyclines used to treat Chlamydia!  Also, atypicals such as B. bergdorferi, H. pylori, 
spirochetes, and parasites.
One adverse effect is in young children.  Doxycycline is chelated with calcium and deposited in 
developing teeth.  It leaves dark bands in teeth when exposed to sunlight.
Oxazolidanones – Linezolid 
Linezolid blocks the 50S subunit from joining with the 30S to make a complete 70S ribosome.  It 
acts at the 50S P site to do this.  The entire ribosome can’t join together.  This has the 
effect of blocking fMet-tRNA (the start codon) from entering the P site.
Selective toxicity occurs because Linezolid doesn’t block our 80S ribosomes.
Linezolid has a post-antibiotic effect (PAE).

Linezolid displays time-dependent killing.

Linezolid is powerful against all Gram+ and kills seriously resistant strains like MRSA and VRE.

Chloramphenicol
Binds to the 50S A site, inhibiting peptide bond formation by peptidyl transferase.  Its binding 
site overlaps with Linezolid, Clindamycin, and Macrolides.

Selective toxicity occurs because it doesn’t bind our 80S ribosomes or our peptidyl transferase.  However, it does bind and inhibit our mitochondrial peptidyl transferase.
Major toxicity is bone marrow suppresion.  This suppression is dose-related and reversible.

Also can cause aplastic anemia.  This is not dose or time related, and is irreversible and fatal.
Chloramphenicol is used to treat Gram- bacteria and anaerobes.  It is especially good for treatment 
of CNS infections.  Excellent intracellular and CSF penetration.

Clindamycin
Directly inhibits peptidyl transferase at the border between A and P sites.  Peptide bonds can’t 
form.  This binding site overlaps with Linezolid, Chloramphenicol, and Macrolides.

Selective toxicity because Clindamycin doesn’t bind our 80S ribosomes or our peptidyl transferase.

Major toxicity is colitis.  Unabsorbed drug alters gut flora and C. difficile overgrows, causing a 
pseudomembranous colitis.  Treat this secondary infection with Metronidazole.

It is great against Gram+ cocci such as Strep and Staph, as well as all anaerobes.

Macrolides – Azithromycin, Erythromycin, Clarithromycin
Generally these covalently block the exit tunnel of the ribosome.  They bind at the peptidyl 
transferase cavity.  Allows up to a tetrapeptide.  Binding site overlaps with Linezolid, 
Clindamycin, Chloramphenicol.
Selective toxicity because macrolides don’t bind our 80S ribosome, so they don’t inhibit 
eukaryotic protein synthesis.
These are the safest of all ABX, with virtually no side effects.

Azithromycin is good at penetrating macrophages.  Very good cellular uptake.

Great at fighting atypical organisms (Mycoplasma pneumoniae, Chlamydia pneumoniae, 
Legionella pneumophila) as well as Str. pneumoniae and Group A Strep in people with 
penicillin allergies.

(Raymond removed images of tables showing cidal/static, site of action, mechanism of action, and time and conc dependence of various antibiotics.)










