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By Dr. David Newman

As we all realize, the search for novel antimicrobials 
(antibacterial and antifungal agents in my lexicon) has 
now largely moved from “big pharma” into the realm 
of small pharma, non-profits and academia, exemplified 

by Cubist Pharmaceuticals and other companies of similar or 
smaller size, plus very interesting input from a number of aca-
demic consortia. In addition, the large predominately terrestrial 
microbial collections of yesteryears have been distributed to 
a number of smaller groups. For example, the Merck collec-
tion is now with a non-profit and the Lilly collection has been 
dispersed to a number of smaller companies. Two of the other 
main collections in the United States, those of Bristol Myers 
Squibb and Pfizer (first Lederle, then Wyeth), appear to be just 
stored and not utilized.

However, in the last 10 to 15 or so years, there have been 

some extremely interesting reports of studies related to anti-
bacterial and antifungal agents that have been identified as a 
result of studying the interactions between insects, bacteria, 
and fungi. In addition, of course, there are increasing number 
of reports of antimicrobial agents coming from studies of shal-
low and deep sea microbes. These organisms are frequently 
isolated from “muds” and not necessarily from studies of com-
mensals of invertebrates.

In the late 1990s, a series of papers from Dr. Cameron Cur-
rie’s group1, 2 identified the “apparently symbiotic relationship” 

between the leaf-cutter Attine ants in South America, their fun-
gal gardens that they cultivated for food, and the production of 
a bacterial antifungal agent effective against a rapidly growing 
fungus identified as an Escovopsis species. This was originally 
thought to be a generalized example of tripartite symbiosis, and 
in the example that I will discuss below, it almost certainly is. 
However, the generalized example does not hold when extended 
to other published examples in this geographic area, as dem-
onstrated by the excellent recent review by Dr. Ulrich Mueller,3 a 
collaborator of Dr. Currie in some of the earliest studies. In the 
wider examples given by Dr. Mueller, a plethora of bacteria as-
sociated with the ant produce a number of both known and pre-
viously undescribed antifungal agents in response to the chal-
lenge by Escovopsis species in attacking the ants’ fungal farms 
in other parts of the New World.

However, in the following case, there is no doubt about the 
symbiosis. In 2009, ASP Fellow Dr. Jon Clardy working with Dr. 
Currie, published an extremely interesting paper4 showing that 
the Pseudonocardia strain covering the ant body in this particular 
area in Panama, produced an antifungal agent directed against 
the attacker (Escovopsis sp.); however, this had little to no effect 
upon the basidiomycota that were the ant’s food source. The 
compound, named as dentigerumycin (1) contained the unusual 
pyrazine amino acids that had been reported earlier in the anti-
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tumor aurantimycin and azinothricin molecules, but the arrange-
ment of substituents within the depsipeptide rings differed (see 
structures 2, 3).

Continuing the studies with the Currie and other related labo-
ratories, the Clardy laboratory then turned their attention to the 
interplay between the southern pine beetle (SPB) and its mi-
crobes. The SPB has a mutualistic relationship with a species 
of the fungus Entomocorticium, which acts as a food source 
for the beetle larvae. However, there is a “hitch-hiker” in this 
process; a mite attaches itself to the chitin exoskeleton of the 
SPB and brings along another faster-growing fungus, Ophios-
toma minus. Thus if this latter fungus is allowed to grow, the 
larvae lose their food source. In this case, from the rampant 
growth of actinomycetes observed in the system, two morpho-
types were isolated and cultivated. One produced a novel anti-

fungal agent named mycangimycin (4) which had the unusual 
peroxo substitution reminiscent of artemisinin, and it exhibited 
antiplasmodial activity comparable to this agent.5 The other 
morphotype did not reveal any antifungal agent until a differ-
ent metabolomics strategy was used. Then, a series of novel 
antifungal agents, the frontalamides (5,6), were isolated from 
this morphotype.6

These are just a few of the examples that have been pub-
lished in the last few years, and for further information, the ex-
cellent reviews from the Clardy7 and Hertweck8 groups should 
be read. They demonstrate that we have not even brushed the 
surface of the possibilities for sourcing novel agents, particu-
larly naturally occurring structures that demonstrate antifungal 
activity. Even today, physicians are still using amphotericin (aka 
“ampho-terrible”) as a drug frequently of last resort. n
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