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Antibiotics — Historical Perspective
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Given the political climate under which it was rediscovered and produced, it is not
surprising that initially penicillin was used almost exclusively to treat soldiers injured during
the war. That would change, though, with one fateful disaster.

Perhaps penicillin’'s most important clinical trial occurred after a fire at a Boston club, which
resulted in numerous burn victims being sent to Boston-area hospitals. At that time, it was
common for severe burn victims to die of bacterial infections, such as those from
Staphylococcus. In response to this crisis, Merck rushed a large supply of a “priceless”
drug (penicillin) to the Massachusetts General Hospital. The success that physicians had
in treating severely burned victims that night was largely attributed to the effects of
penicillin. The fire—and the success of penicilin—made national headlines, vaulting the
drug into the public spotlight.

By 1946, the drug had become widespread for clinical use.

http://www.molbio.princeton.edu/courses/mb427/2001/projects/02/antibiotics.htm
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Glycopeptide Antibiotics Approved for Use in Humans
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Other Glycopeptide Antibiotics "
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Sites of Action of Antimicrobial Agents
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Bacterial Targets and Resistance Mechanisms

Table 2: Antibictic targets and resistance mechanisms.

Anti biotic Target Resistance mechanism

cell wail

f-lactams transpeptidaseftransglycosylases [#-lactamases, PBP mutants
(PBPs)

vancomycin p-Ala-p-Ala termini of peptidoglycan reprogramming of o-Ala-o-Ala to p-Ala-p-Lac
and lipid 1 or p-Ala-p-Ser

teicoplanin o-Ala-p-Ala termini of peptidoglycan reprogramming of o-Ala-n-Ala to o-Ala-o-Lac
and lipid i1 or o-Ala-p-Ser

protein synthesis

erythromycins peptidyl transferasef rRNA methylation fefflux
ribasome

tetracyclines peptidyl transferase drug efflux

aminoglycosides peptidyl transferase drug modification

oxazolidinones  peptidyl transferase unknown

DNA rephcation/
repair
fluorogquinolones DNA gyrase pyrase mutations




Modes of Transmission of Resistance
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How did Bacteria Become Vancomycin Resistant?

Vancomycin and other antimicrobial agents are themselves produced by bacteia. While
evolving production of the anti-bacterials, these bacteria have also developed self-protection
and immunity from these chemical weapons. The antibiotic production and antibiotic
resistance genes are co-localized, enabling these genes to be turned on in concert. Often
these genes code for transmembrane proteins that serve as efflux pumps keeping the
intracellular concentration of the antibiotic below harmful levels. A more specialized
resistance mechanism for two glycopeptide producing bacteria is shown below. This 1s
believed to be the source of resistance for Vancomycin Resistant Enterococci (VRE).

Streplomyces toyeraens:s (producer)
—_— murX - vanila - dett vanXs— ot —

T ; 1 T 1 r
kb 1.4 2.0 3.9 4.0 5.0 6.0

Entarccoccus faccium (resigtant)

Figure 5. Gene cassettes for vancomycin resistance in the producing
organisim and resistant strains.
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The Molecular Basis for Vancomycin Resistance

Table V: Yancomycin Binding Experiments”

compaound K (mM)
NAc-p-Ala-n-Ala 0.054
NAc-p-Ala-n-Phe > 58
NAc-p-Ala-D-ABut >|g¢
NAc-D-Ala-D-Lac > 458
NAc-o-Alz-0-HBut »>73

Y Aldiacetyl-L-1Lys-D-Ala-n-Ala 0.021
‘\. Ndiacetvl-1-Lys-p-Ala-p-Lac »3RY

“Binding assays were carried ou: using the UV binding assay of
Nieto and Perkins (319711 *Little or ne binding was observed at the
highest ligand concentrztion (expenimenta! error 10%). The lower
fimit quoted for Ky is five times the maximum concentration of ligand
at which no binding is observed. Abbreviatiens; ABut, 2-zmino-

butyrate.
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Synthesis and Activity of Vancomycin Dimers

Can pre-dimerization of Vancomycin lead to enhanced activity?
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Glycopeptides Dimerize in the Presence of D-Ala-D-Ala

Table 1. Compound in Vitro Antibacterial Activity and f«ff inity for a
Monomeric hodel Peptide. dansyl-Lys{Ac)-D-Ala-D-Ala’?

compotnd WIC {pegimb i Klechol®
1 1200 13
2 = 1200 =6l i ) .
3 12 = 60 The dimers prepared in this
4 58 > 60 study show no binding to D-Ala-
2 ::: L; D-Lac, yet regain the activity of

Vancomycin.
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peptide = FaM. 25 C.in 10 mM HEPES, 6 mM NaCl, pH = 7.0
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Figure 1. (a1 Fluorescence itration of dimenc model peptide e-¥-succinyl-
(d;msy]-1.)'&-!)-AE&»I)~.~\ fagz with compounds 4 ¢+ and 6 (#) f)u%t muned
at 25 C opeptide = 1 aMom 10 mM HEPES, o mM NaCl pH = 700 (by

SPR sensormrams of Ac-Lys-n-Ala-D-Ala mmobilized surfaces dului by
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at 25 C e 10 mMOHEPES, 1500 md NaCl 5 mM EDTAL G065,
surfactang P20



Partitioning the Loss in Vancomycin Binding Affinity for D-

Ala-D-Lac into Lost H-Bond and Repulsive Lone Pair
Contributions
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Partitioning the Loss in Vancomycin Binding Affinity for D-

Ala-p-Lac into Lost H-Bond and Repulsive Lone Pair
Contributions
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Summary

A number of model peptides or depsipeptides were prepared and their
binding constants to Vancomycin and its aglycon were measured.

The free energies of binding of the model compounds delineated the
effect of H-Bond loss and repulsive lone-pair interactions.

The loss in H-Bonding capability from D-Ala-D-Ala to D-Ala-D-Lac
was determined to account for ~1.5 kcal/mol of the 4.1 kcal/mol
(~1000 fold decrease in binding) that is lost. The lone-pair repulsion

was found to account for the majority of the loss in binding affinity at
2.6 kcal/mol.



