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I. Antibiotics: Overview 
 
A. Definitions 
 
Definition:  Antibiotics are molecules that kill, or stop the growth of, microorganisms, including both 
bacteria and fungi. 
 
Antibiotics that kill bacteria are called "bactericidal" 
Antibiotics that stop the growth of bacteria are called "bacteriostatic" 
 

 
 
 
B. Why do we want to kill bacteria? 
 
 Types of bacteria: Gram stain 
 
 - A test, resulting in the classification of bacteria, developed in the last century by Hans Christian 
  Gram, a Danish microbiologist 
 - Gram positive bacteria will retain the original blue stain 
 - Gram negative bacteria will lose the blue stain upon intermediate acetone treatment and will  
  stain red 
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Definitions: 
 
Pneumonia: Inflammation of the lung, usually caused by bacteria or viruses. 
Otis media: Inflammation of the middle ear 
Endocarditis: Inflammation of the innermost tunic of the heart 
Septicemia: Systemic disease caused by the spread of microorganisms and their toxins via the circulating 
blood (also called "blood poisoning") 
Pathogen: a microorganism that causes disease. 
Virulence: The disease-evoking severity of a pathogen 
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C. Classes of antibiotics 
 
1. β-Lactam antibiotics 
  examples: penicillins (e.g. amoxicillin), cephalosporins, carbapenems, monobactams, etc. 
2. Tetracyclines 
  example: tetracycline 
3.  Macrolide antibiotics 
  example: erythromycin 
4.  Aminoglycosides 
  examples: Gentamicin, Tobramycin, Amikacin 
5. Quinolones 
  example: Ciprofloxacin (a fluoroquinolone) 
6. Cyclic peptides 
  examples: Vancomycin, Streptogramins, Polymyxins 
7. Lincosamides 
  example: clindamycin 
8. Oxazolidinoes 
  example: Linezolid (Zyvox) 
9. Sulfa antibiotics 
  example: sulfisoxazole 
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D. Which antibiotics are most commonly used? 
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How do antibiotics work?  
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Why is there a need for new antibiotics? 
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Why does resistance develop? 
 
 The large numbers of bacterial cells, combined with the short generation times facilitate the 
development of mutants.  In a typical bacterial population of 1011 bacterial cells (e.g. in an infected 
patient) there can easily be 1000 mutants.  If a mutant confers a selective advantage upon the bacterium 
(e.g. the ability to survive in the presence of an antibiotic) then that resistant bacterium will be selected 
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and continue to grow while its neighbors perish.  This can happen in a matter of days in patients being 
treated with antibiotics. 
 
B. Origins of antibiotics 
 
1. Most classes of antibiotics, including the b-lactam antibiotics, tetracyclines, aminoglycosides, and 
macrolides. originally derived from natural sources, and were then further chemically modified to confer 
better properties on the drug. 
 
2. However, some important classes of antibiotics (including the sulfa antibiotics, the quinolones, and 
the oxazolidinones) are man-made, originating totally from synthetic chemical operations. 
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I. Penicillins 
 A. History 
  1. 1928: Alexander Fleming noticed killing effect of mold accidentally blown onto his agar  
   plate.  After attempt at isolation of compound responsible, judged to be too unstable for use 
   as antibiotic 
  2. 1938, Problem of isolating penicillin solved by Florey and Chain using a process called  
   "freeze drying"  now called lyophilization. 
  3. 1941, first clinical trial of penicillin were successful 
  4. 1944, used against casualties in D-day landing 
  5. 1945, structure of penicillin finally solved 
 B. Show structure of Benzylpenicillin (Penicillin G) 
  1. Structure was solved by x-ray crystallography by Dorothy Hodgkins 
  2. Previous to this, such a structure was proposed but was said to be "impossibly strained" 
 C. Key features of structure 
  1. β-lactam ring 
   a. "Lactam" is a word for any cyclic amide  (the word "lactone" is used for a cyclic ester) 
   b. a β-lactam means that the nitrogen is joined to the carbon which is beta to the carbonyl 
   c. this creates strain in the ring, since it is  a  four membered ring 
   d. b-lactam becomes good acylating agent for active site serine of penicillin binding  
    protein (see later) 
  2. Carboxylate 
   a. Negatively charged at neutral pH 
   b. Anchors drug in active site pocket (positively charged) 
  3. Acylamido side chain 
   a. Necessary for biological potency 
   b. Proper stereochemistry of attachment to ring essential for activity 
   c. Variation at side chain can dramatically affect biological activity against various strains 
    of bacteria 
 D. Common Early Penicillins 
  1. Penicillin G had to be administered parenterally, since it is not acid stable 
  2. Penicillin V has more acid stability, and can be administered orally 
 
 
How Does Penicillin Work? 
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II. Penicillin Resistance due to β-Lactamase 
 A. What is β-lactamase? 
 B. Why is it a problem? 



 20

 
III. Penicillins: Part II 
 A. Methicillin: A drug designed to be resistant to b-lactamase (previously called penicillinase). 
  1. Structure of methicillin 
  2. Notice "steric shield" on side chain to protect b-lactam from hydrolysis 
  3. Biological activity & pharmacokinetics of methicillin 
   a. Has to be administer parenterally, since it has no electron withdrawing group on the  
    side chain 
   b. Inactive against gram negative bacteria 
 

 
 

 
 B. Oxacillin 
  1. Still resistant to b-lactamases 
  2. More acid stability than methicillin 
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 C. Better Gram-negative activity: Ampicillin and Amoxicillin 
  1. Attaching a hydrophilic group to the side chain seemed to give the drug better Gram   
   negative activity 
  2. This was achieved by employing an amino substituent directly adjacent to carbonyl of side 
    chain 
  3. Still inactive agains Pseudomonas aeruginosa, a particularly challenging pathogen 
  4. Sometimes administered as prodrugs (esters) due to poor absorption through the gut (show 
   pivampicillin structure) 
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 D. Best activity against Gram-negative organisms, including Pseudomonas aeuruginosa:   
  carbenicillin 
 
 
 
 
II. Cephalosporins: 
 A. History 
  1. First isolated from fungus found in  sewer line on island of Sardina in 1948 
  2. Structure wasn't elucidated until 1961 
 
 B. Prototypical Early cephalosporin: Cephalothin 
  1. Less antibiotic activity than Penicillin G against Gram positive bacteria 
  2. More activity than Pen G against Gram negative bacteria 
  3. Can be used on patients who are allergic to penicillin 
  4. Side chain acetoxy group is hot point for metabolic inactivation 
 

 
 

 
 
 
 
 
 
 
 
 C. Cephaloridine 
  1. Better leaving group in form of positively charged pyridinium group will "activate" system 
  2. Avoids metabolic inactivation 
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  3. Note that compound is "zwitterion" 
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 D. Ceftazidime 
  1. Combines activation of ceftazidime with steric shielding of b-lactam to protect it from  
    hydrolysis by b-lactamase 
  2. Note additional hydrophilic groups on side chain further improve activity against gram  
    negative strains. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 


