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The Global Selection Pressure for Antibiotic Resistance

In the USA alone, more than 25 million pounds of antimicrobials
were manufactured in 2000.

Over a period of 50 years this equates to upwards of
ONE MILLION METRIC TONS

The USA is not the leading producer of antibiotics: Russia,
China, and India each produce larger quantities of these
biologically active agents.

Half or more of the production is for non-human use.

(It is not possible to obtain accurate figures from manufacturers;
these numbers are based on surveys by various agencies.)



Biochemical Mechanisms of Antibiotic Resistance

2007
Increased efflux* Decreased influx*
Enzymatic inactivation Sequestration
Target modification* Target by-pass
Target repair Target amplification*
Biofilm formation* Intracellular localisation

All of these mechanisms can be acquired
by horizontal gene transfer (* also mutation).

Multi-drug resistance is the rule, rather than the exception.



The Discovery of Transferable Multi-Antibiotic Resi stance
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The Plasmid Meeting
Kavouri 1976



Mortality rates of staphylococcal bacteraemia 1937- 2000

Dancer, S. J. J. Antimicrob. Chemother. 2008 61:246 -253; doi:10.1093/jac/dkm465

Copyright restrictions may apply.



2001-2002

%77 Outbreak

B Endemic






Where do resistance genes come from?

The Biology of Small Molecules:
Are Antibiotics naturally Antibiotics?



Antibiotic Resistance in the Environment

1972 Identification of 3-lactamases in soil actinomycetes

1974 Identification of aminoglycoside-modifying enzymes in soll
bacteria

2001 Identification of gyrA allelism in solil isolates: "natural”
fluoroquinolone resistance

2004 Resistance genes identified in soil metagenome

2006 The environmental "resistome”. multidrug resistance in soill
Isolates

2006 The "intrinsic" resistome of pathogens

2008 The environmental “subsistome”: bacterial degradation of
antibiotics



Multi-Antibiotic Resistance in Soil Streptomycetes

Number of Resistance Phenotypes per Isolate

D'Costa et al. 2006



Microbes, their Genes, Populations and Interactions
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Wastewater Treatment
The mixing pot for genes and vectors?



A composite multi-component plasmid
from a wastewater treatment plant

(Szezpanowski 2004)



Nested transposable elements are common

Heuer, 2004



Integrons and their evolution

* DNA elements which capture and express circular DNA units
called gene cassettes.

» Antibiotic resistance cassettes widely distributed in Gram-
negative pathogens.

 Environmental sampling suggests an evolutionary role for
iIntegrons

Integrons may have originated in environmental Betaproteobacteria (Gillings et al 2008)



Role of horizontal gene transfer in
the creation of resistance genes
and their dissemination

ENVIRONMENT

Bacterial metabolic genes
that modify small molecules,
macromolecules, pumps, and their
expression
Gene pick-up, HGT,
tailoring, over-expression
for advantageous function

Selection pressure
(metabolic, inhibitor)

RESISTANT ORGANISM
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Phenotypic array analyses (BIOLOG) of
E. coli MG1655 antibiotic-resistant mutants

Mutant Phenotypic gain Phenotypic loss
RifampicinR (rpoB8) 1C, 2P, 14N 0
. -

Spectinomycin 45N, 52C, 9P, 10S IN
(rpskEl)

StreptomycinR 3N. 2P 1S 2N
(rpsL1) o

Kasugamycin® 14N, 2C, 7P, 13S 2N
(ksgA2)

Kasugamycin® 14N, 2C, 7P, 13S 2N
(ksgA4)




The Ages of Antibiotic Discovery

Transmissible

oL : : fluoroquinolone
Antibiotic resistance plasmids d

Penicillinase + resistance
discovery * ?
* Increasing Antibiotic Resistance . *
1940 1950 1960 1970 1980 1990 2000
Primordial Golden Biochemical Target Genomic
HTS

Pharmacologic .
The Dark Ages * Disenchantment

(Semmelweis) _
(Semmelweis),

! FDA Office of (again!)
; New Drugs :



Novel antibiotics introduced 1983-2007

(Five year periods)

Spellberg et al 2007



The Problems in Infectious Diseases
Demand Multiple Solutions

@Novel antimicrobials and their prudent use

@Rapid, inexpensive, accurate diagnostic methods

@Better understanding of pathogen, commensal, and host biology
@Increased surveillance and epidemiology of resistance
dlmproved public and healthcare specialist education

dlmproved hygiene (back to Semmelweiss)

@Banning non-therapeutic uses of antimicrobials

@Reduced biocide (antimicrobial) use

@Alternative approaches (immunity, phage, probiotics)

[CDC, FDA, NIH, (2004)]




What excuses does BigPharma give
for quitting antibiotic discovery?

1.Good antibiotics now available

2.Too expensive to develop new

3.Too long to develop new

4.Too hard to find:the low-hanging fruit notion
5. Poor profit return

6. Lifestyle drugs more profitable



"Antibiotics" are highly bioactive (pleiotropic) mo lecules
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Detection of bioactive production in situ
using reporter strains

Nutrient-poor soil

Sub-surface sample

Helena Huimi Wang 2008



"Human intelligence,culture and technology have left all other
plant and animal species out of the competition... but we have
too many illusions that we can govern the microbes that remain
our competitors of last resort for domination of the planet.

In natural evolutionary competition, there is no guarantee that
we will find ourselves the survivors."

Joshua Lederberg,1998



A well-tested broad-spectrum alternative:
the therapeutic virtues of champagne

Aging Flatulence
Anguish Gynecological problems
Allergy Indigestion
Arteriosclerosis Insomnia
Constipation Lack of desire
"Crise de Foie" Loss of appetite
Depression Migraine
Drugs and intoxication Obesity

Bonal et al. Les vertus thérapeutiques du champagne. Editions Artulen 1990.



"Life would not exist with macromolecules alone;
the central dogma of DNA, RNA, and proteins
must include small molecules”

The Chemical Biologist's Gospel. Stuart Schreiber, 2005



"It Is not the strongest of species that survive,
nor the most intelligent, but the ones most
responsive to change."

CHARLES DARWIN

"The microbe always has the last word."
LOUIS PASTEUR

"Antibiotic discovery should not be left solely In

the hands of the pharmaceutical industry."
JED



NATURE AND CONTENT OF BACTERIAL GENOMES
(Ochman and Davalos, 2006)



The Dynamic Diversity of Pathogen Genomes

UPEC1| UPEC2 | MG 1655 | EHEC 1 | EHEC 2
Chromosome | 4,938 5.231 4.639 5.528 5.498

Size (Mb)

Prophages 1 5 10 16 24
ORFs 4747 5333 4411 5361 5981
tRNAs 81 88 87 100 103

Strain-specific 374 867 406 1270 ND

ORFs




A well-tested broad-spectrum alternative:
the therapeutic virtues of champagne

Aging Flatulence
Anguish Gynecological problems

Allergy Indigestion
Arteriosclerosis Insomnia

Constipation

Lack of desire

"Crise de Foie"

Loss of appetite

Depression

Migraine

Drugs and intoxication

Obesity

Bonal et al. Les vertus thérapeutiques du champagne. Editions Artulen 1990.




Unnecessary Antibiotic Prescriptions

Sinusitis [ EE———

Sore throat

Bronchitis

—

—
Common cold [

—

Ear infections

0 5 10 15 20 25
Totals prescribed per year (millions)

oUnnecessary prescriptions m Prescriptions written

Estimated antibiotic prescriptions per year in the US
(Center for Veterinary Medicine, 1999)




Antibacterial Agents Approved 1983-2004

Source: Spellberg et al., Clinical Infectious Diseases, May 1, 2004 (modified)
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lasl in MG 1655

Soil #1 Soil #2 Soil #3

lasl in MG1655 imp-mutant Soil samples were overlayed with 2X diluted
LB agar and incubated at 37° for 20 hours.



Bacillus pumilxs(
Bacillus sp. BA}\<6<5
Bacillus sp.

MK13 \

Bacillus
cereus \

Sediment sample taken from Subsurface sample, LTSP site,
Williams Lake, BC BC Ministry of Forests

Samples were ground, sifted and suspended in TE buffer(pH=7.6);
100m of suspension was mixed with 6ml of 0.5% agar preinoculated
with reporter construct, poured on LB agar and incubated for 18 hours.
Colonies were picked and purified.



RESISTANCE MAY BE MORE THAN WE THINK!

Are antibiotic resistant strains quasi-species?
Do environmental resistant strains undergo compensation?

Do mutations to resistance affect bacterial signalling responses?

In the environment, might nutritional shifts be

a surrogate selection for antibiotic resistant mutants?



