Antibacterial Agents

I. Definitions 

a. Chemotherapeutic agents – formed from chemical synthesis
b. Antibiotics – natural products produced from a biological source
c. Antimicrobic – new antibiotics are partly synthetic
II. Bacteriocidal vs. Bacteriostatic

a. Bacteriocidal – kills microbes w/o help of immune system

b. Bacteriostatic – halts growth of microbe

c. Examples:

	Bacteriocidal Agents (5)
	Bacteriostatic Agents (4)

	1. B-lactams 
	1. Sulfonamides

	Penicillin, Cephalosporin
	Trimethoprin

	2. Aminoglycosides
	2. Tetracyclines

	Streptomycin, Neomycin, Gentimicin
	Doxycycline

	3. Quinolones
	3. Chloramphenicol

	Ciprofloxacin
	4. Erythromycin (macrolides)

	4. Other Cell Wall Agents
	

	Vancomycin, Bacitracin
	

	5. Polymixin B
	


III. Susceptibility Testing

a. Disk or Kirby-Bauer Method

i. Plate entire surface with isolate
ii. Place different antimicrobial disks on plate
iii. Zone size is related to degree of antibacterial activity, but cannot be compared directly b/c of differences in diffusibility. 
b. Tube Dilution Method

i. Dilute suspension of bacterium is added to tubes w/ different concentrations of antibiotic to be tested.
ii. Minimal Inhibitory Concentration(MIC)=greatest dilution(lowest concentration) that prevents growth.
iii. Minimal Bacteriocidal Concentration(MBC)=greatest dilution that kills the test bacterium. 
IV. Resistance to Antimicrobials

a. Natural Resistance

i. Bacterium lacks the target

1. Ex: Mycobacterium & Chlamydia resistant to penicillin b/c have no cell walls. 

ii. Antimicrobial cannot enter bacterium

1. Early penicillins could not get past OM of Gram (-)

b. Bacterial Chromosomal Mutation

i. Note: Antimicrobials don’t induce mutations

c. Plasmid based resistance 

i. Plasmids may carry resistance genes for many antimicrobials

ii. Some resistance genes are within transposons. 

V. Antimetabolites

a. 1st antimicrobials discovered. Usually synthetic.

b. Structure mimics that of a vital structure required by bacterium.
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I. Antimetabolites:  

a. First antimicrobials discovered:  Structure mimics vital structure required by bacteria.  These are usually synthetic molecules.

b. The sulfonamides:  

i. Structure mimics p-aminobenzoic acid (PABA).  PABA is used by bacteria in synthesis of folic acid.  Sulfas indirectly inhibit the incorporation of PABA into the folic acid synthetic pathway (inhibits dihydropteroic acid synthetase)

ii. Humans require folic acid too but consume preformed folic acid in diet.  Thus, Sulfonamides can NOT influence folic acid synthesis in humans.  Performed folic acid does not diffuse into bacteria so the sulfas work even when bacteria are immersed in folic acid (as in body fluids).  Thus, they work against bacteria in blood.

iii. Spectrum:  Sulfas are bacteriostatic drugs that attack reasonably broad range of bacteria (many G-, some G+.  Used often in urinary tract infections.

iv. Resistance to sulfas occurs when:

1. plasmid mediated alteration of dihydropteroic acid synthetase

2. decreased permeability of drug into target bacteria (change in size of porin proteins)

3. synthesis of excessive amounts of PABA (kinetics favor PABA binding to enzymes, not sulfas)

c. Trimethoprim:  inhibits dihydrofolate reductase enzyme used in folic acid synthesis (at later step than sulfas).  Humans contain this enzyme.  

i. Used in conjunction with sulfas.  

ii. Bacteriostatic

iii. Spectrum includes G+ and G- bacteria

iv. Resistance depends on development of resistant reductase enzyme

d. Para-aminosalicylic acid (PAS):  mode of action like sulfonamides

e. Isonicotinic acid hydrazide (isoniazid or INH):

i. Inhibitor of nicotinamide (part of an important coenzyme) and pyroxidine (part of vitamin B6)

ii. Limited spectrum, bacteriocidal (limited effect on most bacteria)

iii. Previously used as front line against TB:  inhibits mycolic acid synthesis in tubercle bacilli

iv. Can be used against acid fast bacteria

II. Antimicrobes that affect the bacterial cell wall

a. The penicillins:  Discovered by Sir Alexander Fleming in 1929 from penicillium mold.  Became recognized in WWII.  Now of synthetic origin.  

i. Member of large group of beta lactams.  The beta lactam ring must remain intact for antimicrobial activity. Penicillinases (beta lactamases) inactivate them.

ii. First generation penicillins could not penetrate the lipid outer layer of G- cells, had limited spectrum and were easily destroyed by beta lactameses

iii. Second generation penicillins were semisynthetic with bulky side groups added to the 6 amino group to increase resistance to beta lactamases.  

iv. Third generation penicillins were semisynthetic and designed to permeate lipids, had an extended spectrum, and greater resistance to lactamases

v. Newer beta lactam antimicrobials (4th generation?) possess only a beta lactam (or derived beta lactam) ring such as carbapenem and monobactam

vi. Beta lactamase inhibitors such as clavulanic acid or sulbactam can be administered with the agents to increase half-life of drugs in vivo.

vii. Penicillin is bacteriocidal on growing cells.  Penicillin inhibits synthesis of new peptidoglycan  by binding to PBP (transpeptidases), enzymes used to crosslink peptidoglycan.  There are several different PBPs in one cell.  When bacterial enzymes nick their own cell walls to allow new PG units to be added, none is available to be inserted into gaps.  The cytoplasmic membrane protrudes through these gaps and ruptures in an unfavorable environment.  

viii. Resistance:  

1. Mycoplasma lacks cell wall

2. bacteria with natural or porin mutations may be impermeable to drug

3. beta lactamases:  plasmid based (major source), common transposon with beta lactamase genes found among different G- bacteria

ix. Peptidoglycan synthesis procedure:

1. Cytoplasmic formation of sugars and amino acids

2. Bactoprenol (lipid transporter) attaches to subunits so that they are able to pass through lipid cytoplasmic membrane into periplasmic space (G-) or outer layer of G+ bacteria

3. Transpeptidases crosslink 5 amino acids extending from muramic acid and carboxypeptidases knock off last amino acid (D-alanine) 

4. G+ peptidoglycan linked via pentaglycine bridge, G-linked through direct connection between 2 chains because unique amino acids at 3rd and 4th position.  

b. Cephalosporins

i. Contain 6 membered dihydrothiazine ring in place of 5 membered thiazolidine ring (penicillins)

ii. Same spectrum as penicillins

1. first generation like original penicillins but slight activity against G- bacteria

2. second generation products are more resistant to beta-lactamases

3. third generation have wider spectrum versus G- bateria

iii. Bacteriocidal via transpeptidase inhibition

iv. Resistance:  

1. Mycoplasma are resistant (lack cell wall)

2. Bacterial cell impermeability due to earlier generation molecules or porin mutation

3. Plasmid based beta lactamase

c. Monobactams:

i. Structure consists of monocyclic beta lactam

ii. Bacteriocidal via transpeptidase inhibition

iii. Spectrum includes many G- bacteria

iv. Resistance is rare

d. Carbapenems

i. Structure is like penicillin except a carbon atom replaces the sulfur atom

ii. Bacteriocidal via transpeptidase inhibition

iii. Spectrum is broadest of all beta-lactams, resistant to most beta lactamases

e. Other cell wall inhibitors of the peptidoglycan

i. Vancomycin:  binds D-alanine to D-alanine and blocks crossbridge

1. Works on the exterior (Gram +ve) and the periplasm (Gram –ve)

ii. Bacitracin:  binds to a large lipid molecule called bactoprenol that transports a peptidoglycan precursor across the lipid cytoplasmic membrane. (Works on the cell membrane)

iii. Cycloserine:  a structural analog of D-alanine and blocks D-alanine- D-alanine peptide synthesis (works in cytoplasm)

III. Inhibtiors of Protein Synthesis

a. Protein Synthesis

i. Initiation – tRNA carries F-met to the P site of the ribosome as the 30S subunit joins the 50S unit.  mRNA is already in place and specifies the order of the entering tRNA and their amino acids

ii. Translocation or elongation – A new tRNA brings amino acid #2 to the A site.  A peptidyl transferase moves F-met to amino acid #2 and a peptide bond is formed.  The dipeptide is then moved to the P site

iii. Termination – After many repeats of the elongation step a termination codon on the mRNA is reached and protein synthesis is ceased 

b. Inhibitors of the 30S subunit

i. Aminoglycoside Group

1. Structure: Amino substituted cyclic sugars with multiple hydroxyl side groups

2. Members: streptomycin, neomycin, gentamycin, kanamycin, amikacin, etc…

3. Spectrum: Bactericidal to both Gram positive and negative bacteria

4. Mechanism of action: Bind to the 30S subunit and block initiation 

5. Resistance:

a. Natural resistance for anaerobes since molecular O2 is needed for aminoglycosides to enter bacteria

b. Plasmids have genes for enzymes (found in transposons) that will add phospho, acetyl, or adenyl groups to the hydroxyl or amino groups.  This is the most common form of resistance 

ii. Tetracyclines

1. Structure: 4 cyclic rings with hydroxyl or other side groups. (Ex. Doxycycline and minocycline)

2. Spectrum: Bacteriostatic against Gram positive and negative, rickettsia and mycoplasma

3. Mechanism of action: Block initiation step (tRNA binding)

c. Inhibitors of the 50S subunit

i. Chloramphenicol

1. Simple molecule that has a broad spectrum despite being bacteriostatic 

a. Bacteriostatic drugs must be given for several days so that the immune system has enough time to turn “on” and kill the intruder

2. Mechanism of action: Blocks the elongation step by inhibiting peptidyl transferase

3. Resistance: Usually plasmid dependent – addition of acetyl groups to hydroxyl groups

4. Must limit the use due to severe toxicity of aplastic anemia (killing of all stem cells in the marrow)

ii. Macrolides (Erythromycin) and Lincosamides 

1. Spectrum is broad but bacteriostatic, but can rarely be bacteriocidal

2. Mechanism of action: Block the translocation-elongation step from P to A site in protein synthesis

3. Resistance

a. Due to impermeability of cell to drug

b. Methylation of ribosome prevents drug binding (plasmid mediated)

IV. Inhibitors of DNA or RNA Synthesis

a. Quinolones (ciprofloxacin, nalidixic acid)

i. Structure: quinolone or derived quinolone ring

ii. Spectrum: Bactericidal on both Gram positive and negative bacteria

iii. Mechanism of action: binds to one of the subunits of bacterial gyrase and blocks enzyme activity, disrupts ds DNA 

iv. Resistance

1. Chromosomal mutation of the enzyme to a resistant form

2. Permeability mutants of unknown genetic origin

b. Rifampin (rifamycin)

i. Spectrum: Bactericidal to tubercle bacillus (Acid Fast) and Gram positive and negative

ii. Mechanism of action: Inhibition of bacterial DNA dependent RNA polymerase that is required for RNA synthesis

iii. Resistance – mutational changes in the polymerase

c. Nitroimidazoles (metronidazole)

i. Structure: Nitro side chains on imidazole which must be reduced for antimicrobial activity

ii. Spectrum: Bactericidal to anaerobic bacteria and some protozoa

iii. Mechanism of action: Disruption of bacterial DNA

iv. Resistance: Rare

V. Inhibitors of the Cell Membrane

a. Polymyxin B

i. Structure: Cyclic peptide of 11 amino acids 

ii. Spectrum: Only Gram negative bacteria

iii. Mechanism of action: Acts as a detergent to destroy the integrity of the lipid
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