


Bacterial Resistance:
 Two types:
 1. Natural (innate) resistance, this is particularly 

important in gram negative (G-) bacteria mediated by 
the reduced permeability of the outer cell envelope of 
Gram negative bacilli which is linked to the cell wall 
via the peptidoglycan, such cell envelope is not present 
is gram positive bacteria

 2. Other normally resistant bacteria can develop 
resistance by generating resistance enzymes by 
mutation or natural selection 



Bacterial Resistance:
 The second type of enzymatic resistance is the most 

common resistance mechanism. 
 The resistant enzymes are collectively known as “ 

penicillinases” and are of two general types:
 1. B-lactamases (most important)
 2. Acylases



β-lactamase (Penicillinase):
 β-lactamase break the β-lactam ring, they are either 

chromosomal or plasmid, constitutive or inducible 
depending on particular species:

 Gram +ve S.aureus: 1. inducible β-lactamase
2. synthesized at cell wall and released extracellularly
95% of S.aureus became resistant to penicillins
o Gram –ve bacillic 1. constitutive R-factor 
2. Cytoplasmic enzymes
Again β-lactamase from different species are different in 
structure and properties.



β-lactamase (Penicillinase):
 Gram +ve bacteria normally release β-lactamase to 

outside of the cell that will cleave penicillin before 
reaching the bacteria.

 Gram –ve bacteria release β-lactamase into the 
periplasmic space, which again will cleave penicillin 
before reaching the plasma membrane.

 Penicillin has to reach the plasma membrane where 
the transpeptidase present to do its antibacterial 
action.

 Most of gram –ve bacteria are β-lactamase producing 
bacteria



2. Acylases
 These enzymes can hydrolyze the acylamino-side 

chain of penicillins
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Rules to create Pinicillinase
resistant Penicillins
 Increase the steric bulk at the α-carbon on the acyl-

amino group enhances good penicillins activity
 Antibacterial activity is enhanced when the α-carbon 

is part of aromatic ring, so based on these points we 
can conclude that Ortho substituted aromatic ring 
should produce excellent β-lactamase resistance

 See the following slide for examples.



β-lactamase resistant Penicillins
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Methicillin
b-lactamase stable
Acid sensitive (why?)

N

S

O

H
N

O

COOH

O

Nafcillin
b-lactamase stable
Acid sensitive

N

S

O

H
N

O

COOH

S

CO2H
OCH3

Temocillin

Electron donating groups (methoxy) so more
sensitive to acid than penicillin G

Ticarcillin Orally 
inactive, Broad 
spectrum and β-
lactamase sensitive 
given with clavulinic
acid



Isoxazoyl Penicillins

 Bulkier substituents are required for small sized heterocycles to give good anti-
β-lactamase activity 

 Acid stable due to the electron withdrawing effect of the isoxazole ring.
 Used against S.aureus resistant bacteria.
 Most penicillinase-resistant penicillins are less active than Penicillin G or 

Phenoxymethyl penicillin (V) against most non-β-lactamase procedures that 
are normally sensitive to penicillins, increasing α carbon bulkiness is with price 

 Penicillinase-resistant penicillins tend to be bulky and lipophilic with poor 
penetration into Gram negative bacteria cell envelope
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R1, R2 = H            Oxacillin
R1 = Cl, R2 = H     Cloxacillin
R1 = Cl, R2 = F     Flucloxacillin
R1, R2 = Cl           Dicloxacillin

Flucloxacillin: (how to 
think and analyze) 
• Bulky which means β-

lactamase resistant
• E-withdrawing which 

means acid stable
• α-carbon is part of an 

aromatic ring which 
means good activity





Broad Spectrum Penicillins
 Very important finding is the fact that substitution of 

α-carbon with polar or ionized group will produce 
wide spectrum of activity including Gram negative 
bacteria It works against (Pseudomonas , E.coli , 
Haemophilus influenza , … ) 
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Ampicillin
Orally active

In plasma PH NH2 will become ionized to NH3+

Amoxicillin
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Broad Spectrum Penicillins
Ampicillin and Amoxicillin are effective against Gram 

negative genera E.Coli, Klebsiella, Haemophila
Salmonella, Shiegella and some proteus

Ampicillin and Amoxicillin largely retain Gram positive 
activity

D-isomer is more active than the L-isomer
The extended activity of α-amino-benzyl-penicillin is not 

due to the anti-β-lactamase resistant activity rather it 
is due to the hydrophillic nature of the molecule which 
enables it to penetrate the outer cell-envelope through 
the porin channels



Broad Spectrum Penicillins
 α-OH also expand the activity but they are less active 

than the α-NH2 derivatives and less acid-stable than 
the α-amino group

 α-COOH has wide spectrum activity including all the 
bacteria that are α-NH2 sensitive as well as gram 
negative bacilli of the genera “Pseudomonas, 
Klebsiella, Enterobacter and Proteus” however its 
potency against Ampicillin-Sensitive bacteria is lower 
than Ampicillin 



Carboxypenicillins
 They have a carboxylic acid at the -carbon of the acyl 

side chain.
 They have broad spectrum activity.



Ampicillin and amoxicillin prodrugs
 Ampicillin and amoxicillin are Poorly absorbed 

through the mucus membrane, this is due to the fact 
that they formed a zwitter ionic molecule at 
physiological pH (they contain a carboxylic acid and 
an amino group in their structure.
 The oral bioavailability can be improved by masking one 

of them, mainly the carboxylic acid…. By preparing a 
prodrug esters.



Ampicillin prodrugs

 The methyl ester did not give the same improvement in absorption and activity (why?).





Ureidopenicillins
 They all have a urea group at the -carbon in the acyl side 

chain.
 They have better activity 

compared to amoxicillin
and they are more resistant to 
β-lactamase.

 Used parenterally for gram –ve
infections especially P.aeruginosa.

 the ureido group though to mimic
Some of the peptidoglycan structure, 
which means that it can bind to 
penicillin-binding protein






