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Antibiotics from Nature: Looking for inhibitors

THE SOIL AS A SOURCE OF MICROORGANISMS ANTAGONISTIC TO 

DISEASE-PRODUCING BACTERIA

SELMAN A. WAKSMAN AND H. BOYD WOODRUFF

J Bacteriol. 1940 40: 581–600

Bacteria pathogenic for man and animals find their way to the soil, either in 

the excreta of the hosts or in their remains. If one considers the period for 

which animals and plants have existed on this planet and the great numbers 

of disease-producing microbes that must have thus gained entrance into the 

soil, one can only wonder that the soil harbors so few bacteria capable of 

causing infectious diseases in man and in animals. One hardly thinks of the 

soil as a source of epidemics. What has become of all the bacteria causing 

typhoid, dysentery, cholera, diphtheria, pneumonia, bubonic plague, 

tuberculosis, leprosy, and numerous others? This question was first raised by 

medical bacteriologists in the eighties of the last century. The soil was 

searched for bacterial agents of infectious diseases, until the conclusion was 

reached that these do not survive long in the soil. It was suggested that the 

cause of the disappearance of these disease- producing organisms in the soil 

is to be looked for among the soil-inhabiting microbes, antagonistic to the 

pathogens and bringing about their rapid destruction in the soil.



Antibiotics: Weapons in a microbial warfare



Origin and dissemination of antibiotic resistance genes

patOP

Proc. Nat. Acad. Sci. USA Vol. 70 pp. 2276-2280,1973 Aminoglycoside 

Antibiotic-Inactivating Enzymes in Actinomycetes Similar to Those Present 

in Clinical Isolates of Antibiotic-Resistant Bacteria 

RAOUL BENVENISTE AND JULIAN DAVIES 

The metabolic role of the aminoglycoside-modifying enzymes in actinomycetes is 

not known. Miller and Walker have postulated that phosphorylated streptomycin 

might be important as a metabolic precursor of streptomycin or to detoxify the 

antibiotic (7). The enzymes might also be required for transport of these 

antibiotics in or out of the cell. Alternatively, they may have nothing to do with 

antibiotic biosynthesis and may play a role in another biosynthetic process. 

Nothing is known about the origin of R factors. The Watanabe hypothesis (4) 

provides a simple molecular mechanism  for their origin, but we can only speculate 

on the environmental and evolutionary factors that play a role in their formation 

and maintenance. Their presence does not seem to require the extensive use 

of a selective antibiotic environment since Gardner et al. (21) have found R 

factors in an "antibiotic virgin population" in the Solomon Islands. 



Resistance is everywhere: 
Risks must be ranked

Resistance in producers



Intrinsic resistome

The intrinsic resistome can be defined as the ensemble of elements that contribute 
to the characteristic phenotype of susceptibility to antibiotics of a given bacterial 
species (or clone).

These elements belong to the core genome and has not been recently acquired by 
HGT as the consequence of the recent use of antibiotics at clinical settings.

The genes contributing to intrinsic resistance in a given species, might contribute 

to acquired resistance in a different one if they are transferred by HGT. However, 

only a few have been found in mobile elements



The significant resistome



Resistance and resilience



Natural ecosystems as origin, reservoires and vehicles 
for the dissemination of antibiotic resistance



Ecological connectivity



Antibiotic Use
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Baquero F, Martínez, J. L., Cantón R. (2008). Current Opinion in Biotechnology 19:260-5



Founder effect in the establishment of antibiotic 
resistance genes

TEM-1 beta-lactamase is the first antibiotic resistance gene described.

Altought several derivatives of TEM-1 (and other plasmid-encoded betalactamases) 

are selected in pathogenic bacteria, the number of completely different plasmidic 

beta-lactamases is rather low considering the amount of potential beta-lactamases in 

environmental bacteria.
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FEMS Microbiology Reviews 33: 44-65











Acquisition of secondary mechanisms of resistance 
may compensate fitness costs



Environmental 
dissemination of 
resistance: Going 
back to natural 

ecosystems
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On the different fate pollution by antibiotics or by 
resistance genes

Martínez, J.L. (2009) Environmental Pollution 157:2893-902



Selection requires long time because is not lethal. 

Maybe not important at clinical settings but highly 

relevant in antibiotic polluted environments as 

hospital waste-waters©©



Waste Water Treatment Plants as epidemiological markers for early detection 
of antibiotic resistance



Pollution is the major source of significant resistome in natural 
ecosystems 

Neverthess, environmental bacteria (non-producers) are in  several cases the original source of 

antibiotic resistance



One Health and Global Health: Similar concepts, but not 
exactly the same
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Thomas P. Van Boeckel et al. PNAS 2015;112:18:5649-5654©2015 by National Academy of Sciences

(A) Largest five consumers of antimicrobials in livestock in 2010. (B) Largest five consumers of antimicrobials 

in livestock in 2030 (projected). (C) Largest Increase in antimicrobial consumption between 2010 and 2030. 

(D) Largest relative increase in antimicrobial consumption between 2010 and 2030. 





A. E. Mather et al. Science 2013;341:1514-1517
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Antibiotic resistance in humans and in other animals: Non all strains are eco-
equivalent



Antibiotic resistance in humans and in other animals: Transfer bi-directionality





Economy and the use of antibiotics: Antibiotic selective pressure is not the main 
reason for inter-country differences in antibiotic resistance



Reduction of antibiotic resistance genes at Waste Water Treatment Plants:
Impact in the dissemination of antibiotic resistance



Clinical Infectious Diseases, Volume 33, Issue 3, 1 August 2001, Pages 364–369, https://doi.org/10.1086/321877

The content of this slide may be subject to copyright: please see the slide notes for details.

International transmission of antibiotic-resistant bacteria.
International transmission of antibiotic resistance



International transmission of antibiotic-resistant bacteria.

International transmission of antibiotic resistance: The path from high-
incidence to low incidence countries



International transmission of antibiotic-resistant bacteria.

International transmission of antibiotic resistance: The path from high-
incidence to low incidence countries



Different levels for 
fighting antibiotic 

resistance

Individual Health: Direct therapeutic actions

One-Health: Direct actions and regulations that require the approval of local (national) 

authorities. 

Global Health: Mainly recommendations: Soft power (UN, WHO) important. Hard power is 

over for Health issues that have ethical, political and economical consequences.
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Breaking transmission of antibiotic resistance: The resistance entities

Nature Reviews Microbiology volume 13, pages 310–317 (2015)

Novel therapies

Reduction of selection pressure

Blocking transmission

Restoring susceptible populations



The need of Universal Health Services: What Public Health means?

The current focus in the political, economical and ethical aspects.

We need moving to technical issues

Cancer is an individual disease. If someone is not 

treated, this does not affect the health of others.

Infection is a social disease: anything that happens in 

a given host impacts the health of all of us.
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