






























DNA Uptake in Bacterial
Transformation (details of 

mechanism )
• Protein system allows DNA to move

across cell walls

– Gram-negatives

• PilQ aids in movement across
outer membrane

• Pilin complex (PilE) moves
DNA across periplasm and
peptidoglycan

• ComE is DNA binding protein

• N is nuclease that degrades 
one strand

• ComA forms transmembrane 
channel

– Similar system in Gram-pos.
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F’ Conjugation

51

• Result when the F 
factor incorrectly leaves 
the host chromosome

• Some of the F factor is 
left behind in the host 
chromosome

• Some host genes have
been removed along
with some of the F
factor

– these genes can be 
transferred to a second 
host cell by conjugation



















































Drug Resistance
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• An increasing problem
– once resistance originates in a population it 

can be transmitted to other bacteria
– a particular type of resistance mechanism is 

not confirmed to a single class of drugs

• Microbes in abscesses or biofilms may be 
growing slowly and not be susceptible

• Resistance mutants arise spontaneously and 
are then selected



Drug Resistant “Superbug”
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• A methicillin-resistant Staphylococcus aureus
(MRSA) that developed resistance to vancomycin

– this new vancomycin-resistant S. aureus (VRSA) 
was also resistant to most other antibiotics

– isolated from foot ulcers on a diabetic patient
– Acquired from conjugation with vancomycin-

resistant enterococci (VRE) were isolated from 
same patient

• These drug resistant organisms are a serious 
threat to human health
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Mechanisms of Drug Resistance

• Prevent entrance of drug

• Drug efflux (pump drug out 
of cell)

• Inactivation of drug

– chemical modification of drug 
by pathogen

• Modification of target 
enzyme or organelle

• Use of alternative pathways 
or increased production of 
target metabolite



The Origin and Transmission of 
Drug Resistance
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• Immunity genes
– resistance genes that exist in nature to 

protect antibiotic producing microbes from 
their own antibiotics

• Horizontal gene transfer
– transferred immunity genes from antibiotic 

producers to non-producing microbes



Origin and Transmission…
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• Chromosomal genes
– resistance from (rare) 

spontaneous mutations 
(usually result in a change 
in the drug target)

• R (resistance) plasmids
– can be transferred to other 

cells by conjugation, 
transduction, and 
transformation

– can carry multiple 
resistance genes
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