Cell Wall Active Antibiotics I
Penicillin G is the main ABX in this class.

Binary fission of cell wall during bacterial replication requires lots of cell wall remodeling.

Gram+ cells have thick peptidoglycan layer and β-lactamases on outer surface.  Also have DAP, 
a carboxylated lysine unique to bacterial cell walls, and D-alanine which is not found in 
vertebrates.
Peptidoglycan strands all terminate in two D-ala amino acids.  In Gram- rods, the enzyme 
transpeptidase targets this bond, cleaves it, and crosslinks D-ala to DAP.  In Gram+ 
cocci, the D-ala is crosslinked to lysine via a pentaglycine bridge.  In any case, D-ala is 
the key to peptidoglycan crosslinks.
Penicillin has a β-lactam ring, which mimics the N-C=O portion of D-ala/D-ala.  Transpeptidase 
recognizes this analogue structure on penicillin and acylates it covalently.  So penicillin is 
a suicide substrate.  This inhibits cross-linking of peptidoglycan by transpeptidase.
Cell walls are created/expanded by dissolving one peptidoglycan and laying down three new 
ones in its place.  With transpeptidase inhibited, bacterial autolysins continue to dissolve 
their own remaining peptidoglycan and ruin their own cell wall.
Transpeptidase is only one of a few penicillin binding proteins (PBP’s), which are located in the 
cell membrane. 
Humans do not have D-ala/D-ala or transpeptidase, so we are unaffected.

Penicillins display time-dependent killing!  Above the MIC, killing rate is independent of 
concentration, so low concentrations are quite effective.
Penicillins also display a post-antibiotic effect (PAE) in Gram+ but not Gram-.
Resistance to Penicillin
Alteration of PBP side, reduced permeability, and β-lactamase.
β-lactamase is constitutive and periplasmic in Gram-, but plasmid mediated in Gram+.  

It hydrolyzes the β-lactam ring on penicillin, creating an inactive penicilloic acid.  


We can counter this using decoy β-lactam ring drugs such as Clavulanate, which 
competes for access to β-lactamase enzyme, sparing penicillin.
Spectrum of Activity of Penicillin G
“Dumb” Gram- rods N. meningitidis, as well as Streptococcus, Syphilis, Listeria, Bacillus anthracis.

Penicillin has meager CSF penetration, but penetration improved with inflammation because the 
organic ion transporter that pumps it out of cells it shut off during inflammation.
Adverse Reactions to Penicillin

Major issue is allergic hypersensitivity, often a Type I immediate anaphylactic rxn.  

IgE stimulates mast cells to degranulate.  Can also cause a Type II hemolytic anemia.  
Can test for adverse reactions using PPL and MDM skin tests.
So weaknesses of penicillin include short half-life, instability in stomach acid, allergenicity, 
inactivation by β-lactamase, and poor efficacy against Gram- bacteria.
(Raymond removed image of peptidoglycan cross-linking, and image depicting difference in gram positive and gram negative cell walls.)

