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N
early all microbiologists know the name 
Streptomyces, but fewer will recognize 
Actinobacteria, the group to which it 
belongs and which is showcased in this 
issue of Microbiology Today. Identifi ed 
from the 1870s onwards, these organisms 

confused their discoverers by sharing characteristics of both 
bacteria and fungi: they grew like moulds as fi laments, or at 
least as wavy, occasionally branching rods, but had the tiny 
dimensions of bacteria. Naming of the fi rst to be described, 
Actinomyces bovis from cases of lumpy jaw in cattle, laid a 
false trail (Actinomycesfalse trail (Actinomycesfalse trail (  means ‘ray fungus’) while the next 
two examples, causing leprosy and tuberculosis, came to be 
called Mycobacterium (‘fungus bacterium’). Only in the late 
1950s was the true position of the actinomycetes revealed 
by molecular and genetic studies. They are true prokaryotes, 
forming a distinct branch of the Gram-positive bacteria 
characterized by a high content of G and C in their DNA 

compared with the low-G+C staphylococci, streptococci 
and bacilli, but are no more closely related to the eukaryotic 
fungi than any other bacterial group.
 Members of the genus Streptomyces remained an obscure 
family of soil-living microbes through the 1920s and 1930s. 
Interest in them was kept alive largely by Selman Waksman 
at Rutgers University in New Jersey, who isolated them in 
their hundreds (Figs 1 & 2) and studied them as members 
of the varied community of microbes that recycle plant 
and animal debris into humus. Then, in 1939, stung by 
the discovery of the fi rst medically important antibacterial 
drugs – gramicidin from a Bacillus and, especially, the fungal 
product penicillin – he switched his laboratory overnight to 
a search for other life-saving antibiotics. His group was soon 
rewarded by fi nding that Streptomyces species are the most 
prolifi c antibiotic producers, with streptomycin becoming, 
by 1946, the fi rst effective cure for tuberculosis. There follow-
ed two decades of fruitful searching, mainly by commercial 

companies, which revealed a gamut of 
important antibacterial, antifungal, anti- 
parasitic and anticancer compounds 
(secondary metabolites) from Strepto-
myces species and organisms split off in- 
to new genera such as Saccharopolyspora
and Amycolatopsis (Fig. 3 and Table 1).
 By the mid-1960s the rate of discov-
ery of useful compounds – especially
antibacterials – declined sharply and 
by the 1980s large pharmaceutical 
companies concluded that all the good 
natural compounds had been found. 
They switched their efforts back to 
the synthetic chemistry that had 
dominated the industry before the anti-
biotics era, spurred on by the invention 
of robotic or ‘combinatorial’ chemistry. 
This technique churned out huge 
numbers of compounds, but almost 
without exception they did not prove 
‘drugable’: they lacked the features, often 
depending on precise stereochemistry, 
essential for interaction with biological 
targets. But in an exciting alternative 
approach, small biotech start-ups ex-
ploited the newly developed ability 
to clone and manipulate the clusters 
of actinomycete genes that specify 
complex natural products, especially 
of the polyketide class that includes a 
disproportionate number of important 
compounds. This ability to ‘do medi-
cinal chemistry by genetics’ is meeting 

with some success, with anticancer 
and immunosuppressant candidates in 
clinical trials.
 Meanwhile, at the turn of the mil-
lennium, Streptomyces genetics took a 
quantum leap with the sequencing of 
the genomes of two species, the acad-
emic model Streptomyces coelicolor
and the avermectin producer Strepto-
myces avermitilis. Amongst the large 
gene complements of these organ-
isms – nearly 8,000 genes, twice the 

number in the bacteria Escherichia 
coli and Bacillus subtilis, and one-third 
more than in the yeast Saccharomyces 
cerevisiae – 20–30 clusters of genes 
that would specify secondary metabol-
ites with novel structures were pre-
dicted. Most of them were unexpected 
from prior screening tests, and nearly 
all were different between the two 
species. This fi nding tells us that 
many potentially useful compounds 
are missed during routine screening but 
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 Fig. 1. A Streptomyces coelicolor culture 
making the blue antibiotic actinorhodin.

 Fig. 2. A group of Streptomyces strains 
freshly isolated from soil. 

 Images reproduced from Hopwood, D.A. 
(2007), Streptomyces in Nature and 
Medicine: the Antibiotic Makers with 
permission from Oxford University Press.
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might be found if ‘silent’ gene clusters could be expressed. On 
this hypothesis the decline in the discovery rate seen in Fig. 
3 may refl ect limitations of screening rather than exhaustion 
of Nature’s potential to make interesting compounds.
 If this newly predicted source of novel drugs is to be 
exploited, we need a much deeper understanding of the 
regulation of secondary metabolite production in response 
to environmental signals. The gene clusters that remain 
unexpressed during standard laboratory screening are surely 
adaptive to the organisms under specialized conditions in the 
soil, or in response to competition by other soil inhabitants. 
There are several recent examples where individual pathways 
have been activated by changing the screening conditions, 
but the current challenge is to fi nd generic ways of awakening 
sleeping genes; no company can justify spending years trying 
to understand a single strain. Amongst the myriad regulatory 
genes predicted in the Streptomyces genome sequences, 
there are some indications of ‘master’ switches of secondary 
metabolism, so this is certainly not a forlorn hope.
 Both from this practical point of view and as part of our 
desire as microbiologists to reveal all aspects of microbial 
life, we need to gain more insights into the ecology of these 
fascinating organisms and how they interact with plants and 
animals. Two articles in this issue describe actinomycetes as 
pathogens. The deadly Mycobacterium tuberculosis kills more 
than 2 million people annually and infects, at some time in 
our lives, one-third of the human race, often leaving the 
pathogen in a dormant state that can fl are up into TB decades 
later – see the article by Matt Hutchings on p. 78. How is 
this intimate relationship between bacterium and eukary-
otic host regulated? As a plant pathogen, Streptomyces scabies

causes scab disease of potatoes (as Rosemary Loria describes 
on p. 64). These diseases though are probably the exception 
rather than the rule for actinomycete interactions with higher 
organisms: symbiosis may be more typical. Members of the 
genus Pseudonocardia interact symbiotically with female leaf-
cutting ants to protect their fungal food gardens from maraud-
ing moulds, and there are increasing numbers of reports 
of actinomycetes inhabiting not only the roots but also the 
aerial parts of plants where they probably protect the host 
from fungal attack. Five genera accommodated the actino-
mycetes in Waksman’s day, but now there are at least 150, 
representing a huge range of structural and physiological 
types, as Paul Hoskisson relates on p. 68. Nor is antibiotic 
production the only industrially important actinomycete 
activity. As described by Michael Bott on p. 74, members 
of the genus Corynebacterium underpin a huge fermentation 
industry dedicated to amino acid production, representing 
one of the fi nest examples of rational strain improvement in 
applied microbiology.
 Our knowledge of the Actinobacteria has expanded beyond 
recognition since the 1870s, as I describe in my recent book 
(reviewed on p. 96), but much more needs to be done and is 
now within our grasp in the era of functional genomics and 
systems biology. Hopefully, this issue of Microbiology Today
will help to bring the Actinobacteria to the attention of some 
bright young microbiologists who might decide to devote 
their careers to them as I have done.

 Sir David Hopwood, FRS
John Innes Centre, Norwich, Research Park, Colney, 

 Norwich NR4 7UH, UK (e david.hopwood@bbsrc.ac.uk)

 Fig. 3. Discovery of useful secondary 
metabolites. Compounds in blue are 
from fungi and those in magenta from 
non-actinomycete bacteria; all the other 
compounds are made by actinomycetes. 
Reproduced from Hopwood, D.A. (2007), 
Streptomyces in Nature and Medicine: the 
Antibiotic Makers with permission from 
Oxford University Press.

Table 1. Some important actinomycete products

Compound Biochemical target Application
TetracyclineTetracycline Bacterial ribosomes Respiratory tract infectionsRespiratory tract infections
ErythromycinErythromycin Bacterial ribosomes Respiratory tract infections; Respiratory tract infections; LegionellaLegionella
VancomycinVancomycin Bacterial cell wall Resistant pathogens like MRSAResistant pathogens like MRSA
RifamycinRifamycin Bacterial RNA polymeraseBacterial RNA polymerase Tuberculosis, leprosyTuberculosis, leprosy
AmphotericinAmphotericin Fungal membranesFungal membranes Human fungal infectionsHuman fungal infections
Adriamycin (doxorubicin)Adriamycin (doxorubicin) DNA replicationDNA replication Cancer
Avermectin Nervous conduction Animal parasites (nematodes, warble fl y); river blindness in AfricaAnimal parasites (nematodes, warble fl y); river blindness in Africa
RapamycinRapamycin Immune systemImmune system Organ transplantationOrgan transplantation


