|. 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

§ Conkral
g + Bacteriostatic Agent
g Flgure 1.1 Effects of bacteriostatic versus bactericidal
§ antibiotics on a logarfithmically growing bacterial cul-
ture. {From Scholar and Prant |2000], with permis-
Tofie 30T )

B. Why do we want to kill bacteria?
Types of bacteria: Gram stain

- Atest, 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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Table 2.3 Bacteria that are common causes of infections

Gram-negative pathogens Gram-positing pathagens
Burng Preudomands Seruginasa Staphylocooous aurewus
ikin infections 5. Bl
Throat Streplocoious DroQenes
Oititis media Haemophilus influénEse SHrepiOCoOCLE DU e
Pridfrisnie H. influsnzss 5 preumonise
Endocarditis 5. aureus, Entenocodous

faecalin

Seplecemia Escherichia cali 5 aureus, 5 ppogenes
Gastraintestinal Salmanells enterica Senowar
trat Typhimurium

Helicobacter pytar £ ol

Shigella dysenterise
Urinary tract E. coli Enferooorcus L.

Adapaed from Table 1,1 of Scholas snd Pran (30060), with permisicn,

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



C. Classes of antibiotics

1. B-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



Strecures of naturally and symthetically derived antibacterials.



D. Which antibiotics are most commonly used?

Table 2.2 Antibiotic market in 1995

Cephalodporing B dd5 Cedachor, cafuraxinme Bronchitis, prewmonda,
mendngitia
Penstlling 4413 Amawicillin, ampicillin Preumonia,
septicemnia, bronchitis
Flusroguinolones 3,309 Ciprofiaxscin, Toxic shock syndnomse,
oflaxadin misndngitis
Blacrolides 2927 Clarithromycin, Toxic shoch syndiomse,
erythromycin meningitiia
Tertracyclines Tad Minocycline Urinary tract
infections, pelvc
inflammatory disease
Aminoglycosides 723 'r| Intestinal infections,
Gentamicin septicemia
Ghyeopeptides 462 Vanoomyin Intestinal infections
All other systemic 1,873 Imipenem, rifampin Bronchitls, tuberculosis
antibsotics

Twble 1,2 Sammary of sales of major chemotherapeutic antibacierial agenis

Sales
Class {billiean of dollars) Trend
Cephalosparing 6.0 up
Penicillim 2.5 little changs
Cuinolones 1.7 strongly up
Macrolides 1.5 slightly up
Tetracyclines 0.5 down
Aminoglyoosides s down
Others 0 titile change




Table 2.1 Amibiotic sales in 1997

Cephalosporing
Rocephin (Roche) 933
Ceftin (GlaxoWellcome) &40
Ceclor (Lilly) 542
Fortaz (Glaxo'Wellcome) 449
Claforan (Hofmann LaRoche) 335
Macrolides
Biaxin (Abbott) 1,150
Zithroemax (Plizer) &19
B-Lactamase inhibitors
Augrentin (GlaxnoSmithKlne) 1,354
Prirmaxin (Merck) 555
Unasyn (Plizer) 619
Penicillin:
Armoail (G LaxaSmithdlane) i
Quinolones
Ciprafloxscin (Bayer) 1,260

How do antibiotics work?
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Figure 2.2 Major targets for antibacierial action, (Adapted from a poster on Mechanisms of
Antibiotic Aotsion and Resistance, C. Walsh, . Trauger, . Courvalin, and [. Davies [2001],
Trends it Microbiology, The Lincer Iifecriows Dhisease, Ciorrent Opinion i Microbiology, Trends
ft Molecidar Medicine )
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Fig. 14.5 Sites of antibactesdial acthon.




Table 2.5 Major antiblotics: drecural classes, ta rgets, amd Pessstance mechanisms

Antibiotic Target Resistande mechaniim
Cell wall
B-Lactaems Tranipeptidases/ Flactamases, PEP mutants
tranaglycosylases (PEPs')
Wancomycin t-Ala-o-ala termini of Reprogramming of o-Ala-o-Ala
Teicoplanin peptidaglycan and of liphd I | to p-Als-p-Lac or p-Ala-p-Ser
Protedin synthasls
Erythromycing Peptidyltransferase fribosome | rRNA methylationefflux
Tetracyclines Peptidyltransferase Dirug efflux
Aminoglycosides Peptidyltransferase Dirug modification
Omazolidinones Peptidyttransferase Linknown
DMA replication / repair
Flurogquinchones DA gyrase Gyrase mutations

'FBYP, pemicillin-binding protein

Why is there a need for new antibiotics?

Table 1.1 Esolution of resstance 1o antibiotics

antibiotic” Year deployed Hesstanoe ghsereed
Sulfonamidies 1930 1540
Penicillin 1943 1546
SUreptomyCin 1943 1959
Chloramphenicol 1947 1959
Tetracycline 1948 1953
Erythromycin 1952 1988
Vanoomycin 1958 1588
Methicillin 19650 1961
Armipicillin 1961 1972
Cephabosporing 15604 late 1960

Frioits Palismba (3000 ), will perimsdnsd,
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Table 1.1 Bacteria that have geined reststance to some drug therapy

Bacteria Dsease/disorder Drate (approx, )
Penicillin resistant

Preumococe Prcumonia, menimgitis mid 19 s-presemm
Legioneliz Legionnaire’s disesde (pacumonia) mid 19N s=presen
Barrelio burgdorfery Lymse discass 19 =present
Salmoaela Gastroindestinal desorders 1580~ preent
Ssaphylocorel Toie Shock Syndrome 158k

E. endil (M5THT Gastrointestingl disorders mid 19Bi-prescns
Melulti-drug resistant

M. fuberculoniy Tabercalons late 1980s-present
Vamncomycin ressiant

Enteracore Wosind. Bleod and enteric infections  lnte 1980s=present
V. cholerae Chaoler peesent
Multi-drug resistant “super bugs' "
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Figure 1.2 Progression of antibiotics required for efficacy in staphylococeal infecti
(Adapted from Palumbi [2001], with permission. ) 2 = e

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 10** 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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Table 34.3. Commercially Significant Penicillins and Related Molecules
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Table 24.B. First-generation Cephalosporing
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Table 34.9. Second-gensration Cephalosporins
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Tabrle 34.70. Third-genaration Caphalosporins
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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
1938, Problem of isolating penicillin solved by Florey and Chain using a process called
"freeze drying" now called lyophilization.
1941, first clinical trial of penicillin were successful
1944, used against casualties in D-day landing
1945, structure of penicillin finally solved
how structure of Benzylpenicillin (Penicillin G)
Structure was solved by x-ray crystallography by Dorothy Hodgkins
Previous to this, such a structure was proposed but was said to be "impossibly strained"
ey features of structure
B-lactam ring
a. "Lactam" is a word for any cyclic amide (the word "lactone™ is used for a cyclic ester)
b. ap-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 VV has more acid stability, and can be administered orally

VoA w N
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How Does Penicillin Work?
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Fig. 14.61 Sugaes contained incell wall structure of bacterla.
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Fig. 14,62 Cross-linking of bacteria cefl walls inhibited by penicillin,
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Fig. 14.63 Cross-linking mechanism by transpeptidase enzymie.
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Penicillin Resistance due to -Lactamase
A. What is B-lactamase?
B. Why is it a problem?
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I11. Penicillins: Part 11
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
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Fig. 14.31 Blocking penicillin from reaching the penicillinase active site.
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Fig. 14.32 Methicillin,

B. Oxacillin
1. Still resistant to b-lactamases
2. More acid stability than methicillin

Chscillin E=R'=sH
Cloxacillin R={l, R'=H
Flucloxacillin RE=Cl, R =F
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Fig. 14.33 Incorporation of a five-membered heterocyele.,



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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Fig. 14.34 Permeability barrier of 2 Gram-negative bacterial cell,
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Fig. 14,36 Class | broad spectrem antibiotics.



D. Best activity against Gram-negative organisms, including Pseudomonas aeuruginosa:
carbenicillin

Cephalosporins:

A. History
1. Firstisolated 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
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Fig. 14.47 Metabolic hydeolysis of cephalothin,

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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Fig. 14.48 Cephaloridine.
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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.
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Flg. 14.54 Ceftazidime.



