


Dictyoglornus turgidus an unusual bacterium recently isolated from the volcanic areas of the 
Kuryl Islands. A long thread of cells rolls into a ball and forms a contiguous outer membrane. 
This allows the cells to modify the interior conditions. This obligate anaerobe lives at 70°C and 
decomposes plant carbohydrates. It is an example of the very unusual microbes that are to be 
found in nature. 

Photo: Confocal laser scanning microscopy by Joanne Whallon, East Lansing; isolated by 
George Zavarzin, Moscow 
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It is estimated that 50 percent 
of the living protoplasm on this 
planet is microbial. 
Microorganisms represent by 
far the richest repertoire of 
molecular and chemical 
diversity in nature. Without 
microorganisms, all life on 
Earth would cease. 

Microbial cycles impact our 
atmosphere. Pictured are the 
boreal wetlands of West Siberia, 
the largest wetland in the world 
(70,000 km2), and accessible only 
by helicopter. Different 
microorganisms produce and 
consume methane in these soils. 
Seasonal conditions disturb the 
balance of this methane cycle, 
releasing larger quantities of 
methane to the atmosphere. A 
team of Russian and Japanese 
scientists have measured average 
methane fluxes of 234 mg/m2/day 
which is an order of magnitude 
higher than found in North 
America and European wetlands. 
Methane is one of the greenhouse 
gases, and learning its sources and 
what controls them is an important 
aspect of microbial ecology 
research. 

Photo: Nicolai Panikov, F'ushchino 

Microbial diversity is an unseen national as well as 
international resource that deserves greater attention. Too 
small to be seen no longer means too small to be studied or 
valued. Microbial diversity encompasses the spectrum of 
microscopic organisms including bacteria, fungi, algae and 
protozoa. These organisms populate the soil, water and air 
that surround us and live in more unusual environments 
such as the boiling water of hydrothermal vents, deep ocean 
trenches and alkali lakes. 

Microbes: The earth's engine 
Microorganisms have been evolving for nearly 4 billion 

years and are capable of exploiting a vast range of energy 
sources and thriving in almost every habitat. For 2 billion 
years microbes were the only form of life on Earth. During 
this long history, all of the basic biochemistries of life 
evolved, and all life forms have developed fiom these 
microbial ancestors. It is estimated that 50 percent of the 
living protoplasm on this planet is microbial. 
Microorganisms represent by far the richest repertoire of 
molecular and chemical diversity in nature. They underlie 
basic ecosystem processes such as the biogeochemical 
cycles and food chains, as well as maintain vital and often 
elegant relationships between themselves and higher 
organisms. Microbes provide the fundamental 
underpinning of all ecosystems. Without microorganisms, 
all life on Earth would cease. 

Microbes: The biological frontier 

known, and this gap in knowledge is particularly apparent 
for bacteria and other small organisms. Current evidence 
suggests perhaps 1.5 million species of fungi exist yet only 
5 percent are described. For bacteria there may be 300,000 
to one million species on earth, yet only 3,100 bacteria are 
described in Bergey's Manual, the treatise of described 
bacteria. A gram of typical soil contains about 1 billion 
bacteria, but only 1 percent of those can be cultured. 
Similarly low fractions of microorganisms have been 
cultured fiom fresh water and ocean environments. Hence, 
most microbes remain to be discovered. 

Because microorganisms are small, they are least 
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A few new microbes are harmful. 
Cryptosporidium, the protozoan 
pictured above, has recently 
become a concern in drinking 
waters. In 1993 some residents of 
Milwaukee developed severe 
diarrhea, and some died. This 
outbreak was later shown to be due 
to Cvptosporidium in the 
municipal water supply, which 
probably originated from 
watershed run-off from infected 
animals. The detection of 
Cryptosporidium is very difficult 
and lengthy, and an example of the 
need for new rapid identification 
methods. Pictured are an empty 
oocyst (a) that has released its 
infective sporozoites (b) and a full 
oocyst (c). 

Photo: Ken Patton and Joan Rose, 
Florida 

The study of microbial 
diversity is also important to 
solve new and emerging 
disease problems and to 
advance biotechnology. 
Recently-developed 
technologies in molecular 
biology and genetics offer great 
promise for discovering 
untapped microbial diversity. 

The value of microbial diversity 
Focusing on microbial diversity is timely. Diverse 

microorganisms are essential to a sustainable biosphere. 
They are able to recycle nutrients, produce and consume 
gases that affect global climate, destroy pollutants, treat our 
wastes, and they can be used for biological control of plant 
and animal pests. The study of microbial diversity is also 
important to solve new and emerging disease problems and 
to advance biotechnology. New technologies, particularly 
in nucleic acid analysis, computer science, analytical 
chemistry, and habitat sampling and characterization place 
the study of microbial diversity on the cutting edge of 
science. 

Humans over the ages have been highly successful in 
applying processes carried out by microorganisms to solve 
problems in agriculture, food production, human health, 
environmental quality and industry. Recently-developed 
technologies in molecular biology and genetics offer great 
promise for discovering untapped microbial diversity. 
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Microorganisms are the major 
sources of antimicrobial agents 
andproduce a wide range of 
other important medicinal 
compounds. Pharmaceuticals 
of microbial origin have a 
market value (at the wholesale 
level in the developed world) of 
approximately $35-50 billion 
annually. 

New pharmaceuticals from 
microbes. The vast diversity of 
microorganisms continues to make 
them an important source of new 
pharmaceuticals. The fungus 
pictured above Tolypocludium 
inflaturn, secretes Cyclosporin A 
(SandimmunR) that is used in 
organ transplants to suppress the 
immune response. This drug 
generates over $1 billion annually 
in gross sales. 

Photo: M. Dreyfuss, Sandoz 

Microorganisms are the major sources of antimicrobial 
agents and produce a wide range of other important 
medicinal compounds including enzymes, enzyme 
inhibitors, antihelminthics, antitumor agents, insecticides, 
vitamins, immunosuppressants and imrnunomodulators. 
These agents have all been discovered during the past 50 
years and represent only a small portion of what is likely 
present in nature. Pharmaceuticals of microbial origin have 
a market value (at the wholesale level in the developed 
world) of approximately $35-50 billion annually. 

IdentifVing research priorities 
Forty-three scientists representing expertise in different 

habitats, different groups of organisms, different 
methodological expertise and from different regions of the 
world met to discuss and identify research and 
infrastructure needs in microbial diversity. The workshop 
participants identified four general areas of importance to 
better understand, manage and utilize our vast microbial 
resource. The first area addresses gaps in our basic 
understanding of how microbial diversity originates and 
where it resides. The second area focuses on the discovery 
of the unknown microbes, including the new methods that 
are needed to culture and rapidly characterize the 
previously unculturable organisms. The third area 
addresses the need of preserving newly discovered, often 
fastidious organisms, including in situ and consortia 
preservation as well as more rapid and efficient methods for 
preservation. The fourth area focuses on organizational and 
infrastructure needs, including improvements in databases, 
centralized facilities for specialized and routine efforts, and 
training of a new generation of microbial diversity and 
taxonomy experts. The group recommends that microbial 
diversity efforts be coordinated at an international level in 
so far as possible to bring the full talents of the scientific 
community to this large and exciting problem. 
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Forty-three scientists 
representing expertise in 
different habitats, different 
groups of organism, different 
methodological expertise and 
from different regions of the 
world recommend these four 
items as high priority needs if 
we are to better understand, 
manage and utilize vast 
microbial resources: 

1. Understand the origins and 
patterns of microbial 
biodiversity. 

2. Discover and characterize 
microbial diversity. 

3. Preserve microbial 
diversity. 

4. Address organizational and 
infrastructure needs 
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Pollutant destruction by 
consortia. Some important 
microbial processes are possible 
only by cooperation of two or more 
types of microorganisms. The 
three different organisms shown 
are necessary for the anaerobic 
degradation of phthalic acid, a 
component of plastic manufacture. 
Cultivation of consortia members 
and understanding their interactions 
is one of the most promising areas 
for microbial biodiversity research. 

Photo: Bernhard Schink, Konstanz 

Microbial diversity is a key frontier. It is the largest 
untapped resource for both understanding how biological 
systems function as well as for new biotechnologies. 
Advances in the molecular, chemical, optical, computer and 
information sciences has now made the exploration of this 
frontier practical. A coordinated effort by an international 
community of interested scientists over 10 years should 
make a new level of understanding possible. 
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The full text of the 1992 workshop report may be obtained from the Center for Microbial 
Ecology, Michigan State University, East Lansing, MI 48824, Email 2 l394llp@msu.edu. 
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