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Microbes for the Future
Microorganisms are tiny, but together, they make up more

than 60 percent of the earth’s living matter. Often people think
only of bacteria when they talk about microbes, but viruses, fungi, protozoa,

and microalgae are also microbes. Scientists estimate that there are 
2 to 3 billion species of microorganisms.

By learning what genes microbes contain and how they are arranged, what they do, and how they
are expressed, researchers get a better grasp on how microbes have evolved, new possibilities for
diagnosing and treating diseases, and ideas for ways to clean up  the environment and produce energy.

You can be a part of this exciting work in many ways. Figuring out the genes in microbes, or
microbial genomics, is a field that gets a lot of help from computer science and mathematics. You
could go into bioinformatics, which uses computers to collect and sort information about living matter.
Or you could try computational modeling and help develop simple models of what an organism would
look like and how it would function. 

Researchers want to understand microbes’ genetics well enough to build useful ones. As we
move toward that possibility, we need to think about how that ability can be used wisely or poorly.

Enjoy learning about microbial genomics in this issue of Your World, and think about what part
you’d like to take in exploring this vital field.

Paul A. Hanle
President, Biotechnology Institute

MICROBIAL GENOMICS: FROM DISCOVERY TO APPLICATION

CURRENT USES OF MICROBES

Saccharomyces cerevisiae (baker’s yeast): produces the CO2 that makes bread rise and is also used to make beer.

Streptomyces : soil bacteria that make streptomycin, an antibiotic, used to treat infections.

Pseudomonas putida : one of many microbes used to clean wastes from sewage at water treatment plants.

Escherichia coli : one of many kinds of microbes that live in your gut and help digest your food.

Bacillus thuringiensis : a common soil bacterium that acts as a natural pest-killer in gardens and on crops.2  Microbes: Parts and Potential



Lactobacillus acidophilus : one of the bacteria 
that turn milk into yogurt.

Arbuscular mycorrhizas : a soil-living fungus family 
that helps plants take up nutrients.

Methanotrophs: bacteria that make an enzyme able to break down more than 250 pollutants. 
By piping methane into the soil, we can increase growth of the methanotrophs normally living there and encourage them to clean up the polluted soil.
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CAREER CHOICES 
Proteomics: Studying a gene’s proteins 

and how they work together. 

TIME LINE 
1995: First genome of a bacterium sequenced 

(H. influenzae).
2000: About 35 bacterial genomes sequenced.
2005: Around 250 microbial genomes fully sequenced,

hundreds more in progress.

Pharmaceutical

Microbes? Yuk! They’re dirty, nasty, dangerous,
and cause infections, right? Well, some do, but
most others perform tasks that keep our bodies,
our environment, and our whole planet healthy
and in balance. 

Microbes are much more our friends than our
enemies, and they are an integral part of you.
Consider this: Each of us has about 75 million to
100 trillion (1011) cells that make up our body. 
But only about 10 percent of these are “you”—
that is, cells that contain your own genetic material.
Around 40 trillion are bacterial cells living in your
digestive system, mainly in your large intestine,
and on your skin. They consider you their home.

Bacterial cells are much smaller than human
cells, so they take up less that 50 percent of your
body’s space and mass. In fact, most of your body
mass is accounted for by only the 4 trillion cells of
your solid tissues, especially muscle and skeletal
cells, organs, brain, skin, and so on. Most of the
rest are circulating blood cells. So the bacteria 
living on and in you vastly outnumber the part 
of you that looks and feels like “you.”

Bacteria and other microbes are among the
oldest and simplest forms of life, and the most
abundant. Microbes were here 3.5 billion years ago,
and taken together they weigh as much as all the
plant life around us—-about a gigaton of material
—-but over 90 percent live underground or on the
ocean floor. 

A single bacterial cell can reproduce into 
2 million cells every day. If they all survived, within 
a few weeks the cell and its offspring would equal
the mass of the Earth. Fortunately, these bacteria
can’t all survive because they deplete the nutrients
that they need to live. They die and break down to
provide food for other life.

A bacterium may lack a cell nucleus but, like 
all life on Earth, it reproduces by replicating DNA.
Sequencing the genes in the DNA of microbes—-
what we call “microbial genomics”—-has provided
new insights into microbial evolution (see “Tree of
Life,” p. 8), possibilities for harnessing their meta-
bolic capabilities, better approaches to diagnosing
and treating diseases, information on human genes
(comparative genomics), many industrial processes,
and possible solutions to rebuilding the environment
and producing energy. (See Your World, “Industrial
and Environmental Biotech,” Spring 2004.)

Atmospheric sulfur triggers cloud formation, in
turn, directly affecting the planet’s temperature
and energy regulation, while carbon dioxide is 
a greenhouse gas.

■ By comparing the DNA sequences of several
spirochetes (corkscrew-shaped bacteria) that
cause gum disease, syphilis, and Lyme disease,
researchers hope to figure out what makes a
bacterium cause disease, live free in the envi-
ronment, or even be beneficial to its host.

■ The first genome of Wolbachia—-bacteria that
live within another “host” cell and manipulate
the reproduction of their hosts—-may help
bring about treatments against dengue fever
and other diseases.

■ Microbes discovered in an abandoned mine that
produce nanometer-scale crystals of extraordinary
length may open the way for us to understand
how nature produces bone, teeth, and shells,
some of nature’s toughest and most intriguing
biological materials—-and perhaps, enable us 
to do it ourselves.

■ New microbial fuel cells might produce energy
from wastewater.

■ The genome of a sulfate-using bacterium could
help us find a way to protect oil and natural gas
pipelines and oil field equipment from corrosion.
Enjoy the magazine, where you’ll learn more

about systems biology, how new microbes might be
put together, and the complexities of sorting out
such issues as who owns the information that these
studies produce!

–Bruce Durie

Getting to Know Our Friends, the MICR BES
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Gene Reassembly Technology

In the future, microbes will be developed 
for use in a gazillion more ways. For example, 
■ A new bioprocessing technology could reduce

the waste generated by many chemical manu-
facturing processes, allow the water used in
chemical production to be recycled, reduce or
eliminate the use of hazardous solvents from
the manufacturing process, and make specialty
chemicals used in drugs much less expensive.

■ Sequencing the genome of Silicibacter pomeroyi,
a marine bacterium, will help researchers better
understand how it and related organisms 
regulate release of sulfur and carbon dioxide.



Did you know you have
inessential parts? How
about your ear lobes?
Hardly vital. Your two 
littlest toes? You’re not
going to topple over. Come to
think of it, you haven’t got much
use for that appendix,
and although you’d
miss your arms for
lots of things, you
could still play soccer without them.

This is the type of game Craig
Venter and teammates have been
playing with an infectious bacterium
called Mycoplasma genitalium
(MG). A microbe that grows
in urine and infects human
urinary tracts. No one is
sorry to see MG picked apart, but
Venter mainly chose it because

there aren’t so many
parts to it.

Craig Venter is 
the scientist who rose to fame 
in the 1990s by forming a DNA
sequencing company that raced

the International Human
Genome Project to com-
plete the human genome.

(The race ended in a tie.) Then he
sequenced the DNA of his pet 
poodle, Shadow. 

Being among the
scientists to see the
pieces of these giant

genomes first stack up, it’s not 
surprising that Venter and other
scientists would start playing

“gene-Jenga.” Jenga™ is a
game in which each player
pulls out a wooden block

from a tower until the tower crashes
because there aren’t enough blocks to 
support it. 

MG’s entire genome has only 480 pro-
tein-encoding genes. That may sound like
a lot, but it’s less than 1 percent of what’s
in a poodle. MG also happens to be about
a hundredth the size of even just one cell
of a poodle—making it about the smallest
bacterium scientists know.      

People often talk about a genome 
as a “blueprint” or a “set of instructions.”
Really though, it’s just a parts list with 
no pictures or explanations about how
they fit together or even in what order.
Translate a poodle’s worth of genes 
into proteins, and you’ll have more 
than 100,000 pieces on the floor. What’s
more, they wouldn’t even all be expressed
in a single cell. Some are just used in skin
cells, some in nerve cells, and so on.

FUN FACT 
Mycoplasma genitalium (MG)
acted as a benchmark for 
the people at NASA making
instruments for Martian

rovers: To look for life on
Mars, the instruments have
to be sensitive enough to

detect a microbe 
as small as MG.

4  Microbes: Parts and Potential

CAREER CHOICE
Bioinformatics
In bioinformatics, you’ll use biology,
computers, math, and 
statistics to store, retrieve,

analyze, or predict biological molecules. As
genomes are sequenced faster and faster,

it’s clear that the data must be 
organized and made manageable. 

See http://bioinformatics.org/faq/#overview.

GETTING
DOWN TO
ESSENTIALS



To find the most basic workings of a single cell, Venter
liked MG’s genome better than Shadow’s. Just as you
play Jenga by taking out a block at a time to see how
few can support a tower, Venter played gene-Jenga by
removing one gene at a time, each time watching to
see if the microbe would still “stand,” or thrive. 

Now, there isn’t much to see when a microbe falls
over. The only way the researchers can tell that it is
broken is to put it in a petri dish and see if it grows.
Venter and his team didn’t quite get down to the
minimal set of approximately 300 genes it takes to
support life, because testing genes one at a time
has a weakness. But they think they did get
close to that minimal set. 

The estimated minimal set of 300 genes
included a lot of the usual suspects believed
to be critical to life, such as genes for the
enzymes that replicate and transcribe DNA,
and others that make or move around ATP
(adenosine triphosphate—energy). But the
researchers also spotted about 100 that
look like no gene ever studied, so nobody
has any idea what they do. 

Other researchers have gotten the
number much lower than 300 already.
Every cell carries spare parts, so it’s
hard to tell what the true minimum is.
When you don’t know what each gene
does, removing just one may leave
behind the backups. Current tech-
nology only lets scientists play by
removing gene after gene, but each
time from a different cell, but with
so many scientists working toward
this end, it may not be long
before they have have identified
the critical genes. 

Of course, if the research-
ers were to build genomes
from the ground up, they’d
be able to see which genes
were merely optional. In
fact, that’s the game they’re
playing next.

–Oliver Baker

Mycoplasma infecting human cell
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SY
STEM

S 
Consider the fluorescent purple, solar-powered, extreme-salt-loving

archaeon* Halobacterium halobium (called “Halo”). It’s got a
hybrid engine that runs on both sunlight and oxygen—and a transmission
to control the balance between the two. 

The problem is that, although scientists have sequenced every letter
of DNA in its genome, the word “T-R-A-N-S-M-I-S-S-I-O-N” appears nowhere.
If this were a car, you’d just look for the gears and levers, but like other
cells, Halo uses genes to make molecules—such as enzymes—and it
operates by way of chemistry. Making just a few hundred molecules 
in the microscopic confines of a cell may drive one reaction forward, 
shift another into reverse, and put the brakes on a third. 

Peering through a microscope and under Halo’s “hood” has gotten
researchers almost nowhere: Even a molecule as big as an enzyme is 
too small to watch in action. Switching gears between running on sun
and running on oxygen happens all at once across the cell. What’s more,
almost any of its 2,413 genes could be playing a part. This is a job for 
a systems biologist. 

GO
“To really understand systems, you have to capture
global data sets from [measurements of DNA,
RNA, and proteins] and then integrate them.”

– Leroy E. Hood,
Institute for Systems Biology, Chemical and Engineering News, 2003

6  Microbes: Parts and Potential
*Archaea and bacteria are classified as prokaryotes, cells without nuclei. 
See “Building the Tree of Life,” p. 8.
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Systems biology has
always been an option
for biologists wonder-
ing about the big pic-
ture. The systems scien-
tist integrates information,
assembling an explanation
based on reports from the field—
about what he or she hears various
proteins do in isolation in different
people’s labs, for example. 

Before so many of the tools of molecular
biology were handed over to robots, news
about proteins came out slowly, one by one. Now
with gene chips that chart the expression of 10,000
genes at a time, there’s a rush to make sense of all the
data. Systems biology has become a full-time profession. 

Since the systems scientists’ goal is to write fact, not 
fiction, they never propose a story that violates a natural law.
For example, time moves as it does on Earth: nothing goes faster
in one place than in any other. The job’s creative element comes
in defining which kind of molecules are the characters and how
they are related. Once definitions are written into a computer
program, the rules of chemistry and physics carry the story
along. Animated graphs on the screen plot in different colors
how characters change, and the story earns a thumbs-up or
thumbs-down for how closely it resembles what others see in
the field. 

For the investigation of the Halobacterium “transmission,”
researchers at the Institute for Systems Biology (ISB) in Seattle,
Washington, brought in two special agents: A couple of Halos
with disastrously malfunctioning transmissions. Each malfunction
resulted from a different mutation. 

ISB’s idea for deciphering the Halo transmission was to 
compare ordinary (or “wild-type”) Halos with their mutants. 
They used gene chip readers and proteomic tools to measure
what was going on with the 2,413 genes at once. In effect, this
revealed which other parts of the Halo stopped or sped up when
either of the two mutations knocked out a gene. From the three
patterns of gene expression they saw, they now think they know
how the system operates. 

The systems biologists think Halo’s transmission works like
this: As oxygen runs low on a deep dive in the supersalty Dead
Sea or Great Salt Lake, Halo draws gas into its internal buoys,
called gas vesicles, and it rises to catch more sunlight. As a
result, the proteins making ATP (energy) from light work faster,
the ones making it from oxygen work slower, and ATP produc-
tion stays the same. 

But of course this story hasn’t come from the sea or from
movies of the Halo in action. It’s from measurements of which
protein concentrations are up and which are down in three 
different culture dishes—one with mutant 1, one with mutant 2,
and one with Halo wild-type. It’s a hypothesis, which the scien-
tists can simulate on a computer without violating anything
they know about the proteins or their data. 

The story might look good now, but maybe not so good once
there are more facts that need tying in. Testing the transmission
hypothesis would require not only realistic experiments on Halo
in action, but also test-tube experiments on isolated parts of Halo
and combinations of parts. 

Are spirits down among systems biologists? Nope. Once they
couldn’t even make a guess about the pieces involved. Now the
scientists smile and tell the field agents to keep sending in reports.

–Oliver Baker

the microbe M. jannaschii 
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Reading a Sequencing Reaction

After a gene is sequenced, a laser reads the fluorescence intensity of each fragment. Each of
the four colors represents a different nucleotide (C, A, T, G) and shows the location of each
nucleotide. The result is called an electropherogram.
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In 1983, scientists made an amazing
discovery—-single-celled creatures
living in a smoking hydrothermal 

vent deep in the Pacific Ocean. Not only
could these microorganisms survive with-
out sunlight, oxygen, or organic carbon,
they also thrived in temperatures 
of 85 degrees Celsius (185oF) and pro-
duced a gas called methane. Scientists
named the organism Methanococcus 
jannaschii.  

What exactly was this organism?
Scientists knew that it was a prokaryote,
a cell without a nucleus. Prokaryotes are
typically bacteria, so for many years, sci-
entists assumed that M. jannaschii was
also a bacterium. In scientific terms, 
that meant that M. jannaschii would 
be classified in the Bacteria domain.

Building the Tree of Life

Transformation

Conjugation

Transduction

HORIZONTAL GENE TRANSFER can take place in 
three ways—but it happens one transfer at a time.

8  Microbes: Parts and Potential

Meanwhile, work begun in the 1970s
was starting to show promise. With Dr.
Carl R. Woese of the University of Illinois
taking the lead, scientists figured out how
to use ribosomal RNA (rRNA) to learn
more about an organism. In a ribosome,
proteins and rRNA take information 
from genes and translate it into protein
sequences. These protein sequences are
the parts of the cells that carry out all
its functions. 

Because all cells need ribosomes, 
all organisms have genes that encode
rRNA. By analyzing the rRNA sequence
in many organisms, scientists can
compare them and identify each
more precisely. As more organ-
isms were studied, it became
increasingly clear that M. jan-

naschii—-and other organisms that can
survive under extreme conditions—were
distinctive enough to warrant their own
place on the scientific classification charts.
In 1996, thirteen years after the organism
was discovered, scientists placed M. jan-
naschii in its own domain, called Archaea,
next to Bacteria (also prokaryotes—-sin-
gle-celled organisms without a nucleus)
and Eukarya, single-celled and multicellu-
lar organisms with a nucleus. 

BACTERIA
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Problems at the Tree’s Roots

As Woese and his team continued
sequencing microorganisms, they real-
ized that their findings had tremendous
possibilities. They could place their data
on a model called the Tree of Life. The
purpose of this model is to show rela-
tionships among organisms and to per-
haps even prove that all living things are
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DNA came from an archaea; on the
other hand, an archaea that researchers 
studied had many bacterial genes.
What’s more, scientists have evidence
that bacteria-type genes play key roles 
in the functioning of cells from both the
Archaea and Eukarya domains.

Gene swapping has changed the way
scientists view the Tree of Life. For one
thing, it has made it difficult to know how
to classify any microorganism. Second,
the search for a common ancestor has
become very confusing. While scientists
still believe such an ancestor exists, their
ideas about where it came from are
evolving. One biologist, Dr. Ford Doolittle
of Halifax, Canada, thinks that many
branches on the tree may have been 
lost before the common ancestor even
appeared. Dr. Woese now argues that life
may have emerged from a pool of genes
rather than from a single organism.

Although the search for a common
ancestor may have hit a snag, biologists
are excited about the possibilities of full
genomic sequencing. Through this work,
they have an opportunity to learn more
about the relationships among organisms
—-knowledge that will result in deeper
insights into the nature of life itself. 

–Marilyn Fenichel

connected and have one common ances-
tor. The working hypothesis was that the
more similarities among RNA sequences,
the more recently the organisms would
have had an ancestor in common. 

This hypothesis held up—-for a
while. Then more sophisticated technol-
ogy became available: the knowledge 
of how to sequence the full genome, 
or complete DNA, of microorganisms.
Once this work began and more gene

sequences were compared, the
foundation of the Tree of Life

suddenly appeared shaky.
What happened?

Researchers discov-
ered that at the

microbial level,
organisms can
actually swap
genes. In what’s
called horizontal
gene transfer, one

organism can take
the genes of anoth-

er, and this can hap-
pen among organisms

with no common character-
istics. In one bacterium stud-

ied, almost a quarter of its

Which Microbes Do Scientists Sequence?
Scientists tend to pick microbes with properties that can be put to work for human beings.
Take Deinoccocus radiodurans, a bacterium that can survive large doses of radiation. 

This characteristic makes it a potential tool in the cleanup of sites of radiation and toxic
chemicals. Scientists completed sequencing of this microbe in 1999. Their next step is to 

add genes to it, expanding the microorganism’s natural capabilities.   
This organism also shows amazing abilities to repair itself at the genomic level. By studying 

how it can repair its DNA, scientists may learn more about how defects in human cells lead to cancer. 
(See http://www.microbialgenome.org/primer/featured_bugs.shtml.)

—M.F.

Source: T. D. Brock, 1994

ARCHAEA

EUKARYA

.
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Considering All Things
Thousands of researchers use a whole array of genomic technologies to study microbes that might provide answers for the challenges 

of today and tomorrow. Why? To formulate new drugs and vaccines, find ways to clean up pollution, and create methods to protect people
against biological weapons. But along with the benefits come legal and ethical questions. Should the information gathered be free? 
Should it be openly available to everyone? How safe is it to release changed “bugs” into new environments? 

Here are three case studies taken from the headlines that raise controversial issues in microbial genomics. As you read these stories,
consider what you think society should do to resolve them.

Case Study: Who owns
microbial data, especially
during a health emergency?

When severe acute respiratory syn-
drome (SARS) hit the world in 2002,

a global panic ensued. The previ-
ously unknown disease that 
created flu-like symptoms—high

fever, coughs, and headaches—
spread rapidly through Asia and then headed west
via airplane passengers. Between November 2002
and July 2003, nearly 8,100 people contracted SARS.
Eventually, some 880 of them died. 

At first, no one knew what caused the disease
and no test existed for it. By March 2003, though,
scientists isolated the responsible agent: a new 
type of coronavirus. Soon after, different researchers
sequenced the DNA of several strains of the “bug,”
in what was heralded as a scientific and public
health triumph because tests and treatments 
could then be devised from the information. 

But when several institutions 
in Hong Kong, Canada, and the
United States filed patents on their
sequences, a controversy began

about who owned the “rights” to 
the data. That’s because whoever

holds a patent may charge
fees to others who use

the information (con-
sidered intellectual
property) contained

within the patent.
Ultimately, the groups 

permitted free access to
their sequence data, allowing

unrestricted research to continue.
But without a doubt, the question
of who owns what will come 
up again. 

Questions: Should companies
or individuals have exclusive patent
rights to DNA sequences? If companies

don’t charge for genomic data, how will
they recover their research costs? 

12  Microbes: Parts and Potential



Case Study: Could terrorists
exploit microbial genomic
research?

In July 2002, less than a year after
September 11 and the anthrax mailings,
Dr. Eckard Wimmer, a U.S. scientist, pub-
lished research in the prestigious journal
Science about how he and colleagues
manufactured the first synthetic virus
using poliovirus’s genetic sequence
found in public databases. The synthetic
virus paralyzed and killed laboratory
mice, he reported, like its real counter-
part. Dr. Wimmer said he hoped his
actions would alert the world about how
terrorists might use similar methods to
concoct bioweapons. 

Some scientists and government offi-
cials, however, feared terrorists might
actually replicate his findings and criti-
cized him and the journal for publishing
them. Since then, the government said 
it would create an advisory board to
address the kinds of research that may
affect national security. Journal editors
also said they would be more careful
about what they published. But some 
scientists say all findings should remain
available because secrecy could make it
harder to protect against and respond to
an attack. Today, scientists are beginning
to think more about how they can prevent
any potential harm from their work. 

Question: How do you think scien-
tists can determine if their research 
can be used for good or harm?

Case Study: How 
safe is it to release

microbes into
new environments?

Chlorinated organic solvents,
by-products of industrial pollution,

remain a major source of dangerous
groundwater contamination worldwide.
But a few years ago, Cornell University
scientists identified a bacterium,
Dehalococcoides etheneogenes, living 
in a sewage treatment plant near the 
university that had an unusual behavior:
It could gobble up the toxic sewage and
turn it into a relatively safe by-product.
Since then, the microbe has helped clean
up almost 20 contaminated sites. More
recently, in January 2005, researchers
published the microbe’s DNA sequence.
They hope to develop new methods to
clean up pollution (remediation) by
deciphering the bug’s genetic code and
understanding how it metabolizes poi-
sonous chemicals. No one knows if there
are dangers in releasing a natural or an
engineered D. etheneogenes into an 
environment where it’s never been
before. Some fear, though, that the bug
could alter ecosystems because it, like
other microorganisms, can exchange
genetic information with other microbes.

Questions: What do you think 
are the dangers or benefits in releasing
microbes into new environments to
clean up pollution? What are the 
dangers of isolating this mechanism 
and inserting it into another organism 
to clean up the environment?

–Robin Eisner

To Learn More
“Seeking Security: Pathogens, Open Access, and Genome Databases,”
http://www.nap.edu/books/0309093058/html/

“Got a Toxic Mess, Call in the Microbes,”
http://www.genomenewsnetwork.org/articles/2004/04/02/toxic_microbe.php
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CAREER PROFILE
Some people will do anything to avoid writing résumés and sitting through

job interviews. To Christophe Schilling, it seemed easier to start his own
company. That’s what the newly minted Ph.D. did in 2000, when he co-founded
San Diego–based Genomatica along with one of his professors. 

Today, Schilling leads the 25-person company,
which builds computer models that show how 
cells work and predict how they’ll behave if their
genomes are tweaked. “We create virtual cells,”
Schilling explains. “We use these models to see
what kind of changes we can make inside cells—
what types of genes we can add or get rid of—to
help them produce specific chemicals or proteins.”
Other companies, academic labs, and the federal
government then use these simulated cells to seek
out biotech solutions to medical and industrial
problems.  

Sometimes called in silico research—after the
silicon in computers—computer modeling has 
several advantages over hands-on biological
research. By combining computer modeling and 
traditional lab work, researchers can find answers
to questions faster and cheaper. 

Schilling’s background was perfect preparation for this biology-technology
blend. As a child, he excelled in math and science—interests he describes as
compensation for his poor English skills as the child of European immigrants.
As a biomedical engineering major at Duke, Schilling started out studying medical
equipment like prosthetic limbs and pacemakers. Then he got interested in genes
and earned a minor in genetics. After graduating in 1995, he headed to the
University of California–San Diego and earned a doctorate in bioengineering. 

“I was able to look at biology problems from a different perspective than
most biologists because I was an engineer,” says Schilling. “That’s where every-
thing started for me.”  

All this schooling isn’t part of Schilling’s heritage. “I was the first in my family
to get any advanced degree,” he says. But his parents did pass on something
else that has served Schilling well: an entrepreneurial spirit. Growing up in
Detroit, he watched as his father created small businesses selling everything
from ski clothes to plastic car parts to a chemical used in blueprint paper. 

These days, Schilling does a whole lot more business than he does science.
“When I first started the company, I spent quite a bit of time working on the
science,” he explains, noting that technological research he and his grad school
colleagues conducted in his co-founder’s lab formed the basis for Genomatica’s
work. A small-business grant from the National Science Foundation helped get
Genomatica off the ground, and the company soon developed its software
application SimPheny. Since then, says Schilling, “I’ve transitioned into managing
a team of 10 wonderful scientists who now do most of the scientific work on
my behalf.” 

Schilling spends his days reviewing research with his scientists, meeting
with clients, and running the firm. “I spend my time thinking about how to
build a great company,” he says. “I’m doing what I’ve always wanted to do.
When I walk in the door each day, I’m happy to be here.” 

–Rebecca A. Clay  
More about Computational Modeling
To learn more about systems biology and computational modeling, go to this story:
http://pubs.acs.org/cen/coverstory/8120/8120biology.html

Christophe H. Schilling, Ph.D.
President and Chief Scientific Officer

Genomatica, Inc.

The Business

of Science

BIOTECHNOLOGY DEPENDS ON BOTH BUSINESS AND SCIENCE.
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Answer These Questions

1. How do you know what known sequence of DNA
was closest to your unknown sequence?

2. If you had more nucleotides in your sequence
to enter into BLAST (say, 1,000 instead of 100),
do you think it would find more-specific or 
less-specific matches? Explain.

3. How would scientists all over the world check to see what
a newly sequenced region of DNA is similar to? What do
you think they do with the new DNA sequence if it is
unknown? Explain.
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In this exercise, using a technique that professional research scientists
use, you will be given nucleotide sequences found in real DNA that are
associated with genetic diseases when mutated. Compare the sequences
you are given with the nucleotide sequences of most known genes. 
Using a search engine for genetic databases, you will be able to:

1. Connect to the Internet.

2. Find the home page for the National Center for 
Biological Information (NCBI), www.ncbi.nlm.nih.gov.

3. Click on the word “BLAST,” 
located on the blue bar at the top of the page.

4. Scroll down the screen until you find the heading 
“Nucleotide Blast.” Click on the link 
“Standard Nucleotide-Nucleotide Blast.”

5. Type (using lower case) in the large empty box the exact
nucleotide sequence you were given. Accuracy counts!
Hint: It is easier to read in threes to your partner!

6. When you have finished entering your sequence, click on BLAST!
On the next screen, click on the “Format” box. You should then
see a screen asking you to wait 10 to 20 seconds for the search.
Be patient while formatting takes place!

7. After the search has ended, scroll down the screen until you find
the words “Sequences Producing Significant Alignments.”
Listed in order are the closest matches with your DNA sequence.
Click on the blue reference number preceding the first
listing (the closest match). This will tell you the name of 
the gene and its abbreviation (if available).

8. Once you have identified the gene, return to the NCBI Home
Page by repeated clicks on the BACK button in the upper left
corner of the screen. In order to do so, you may have to
close one of the BLAST search pages.

9. In the righthand column, find and click on the link 
“Genes and Diseases.”

10. Across the top of the page, you will notice the numbers 1-22 X Y.
These numbers represent the chromosomes found in humans.
Click on each number to locate the position of your
gene on a chromosome.

11. Click on the name or abbreviation of the gene on 
the chromosome in order to find out the effects or symptoms
produced by the defective gene.

12. Fill in the data sheet for the unknown gene, 
using the information from your search.

Student Data Sheet
Sample Nucleotide Sequence:
ATGGCGACCCTGGAAAAGCTGATGAAGGCCTTCGAGTCCCTCAAGTC
CTTCCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC

Provide the following information from your search:
Genetic disease associated with defective gene:
Chromosome number (location of gene):
Describe the effects/symptoms (phenotype) of the genetic disease:

N A M E  T H AT  G E N E

Directions

How would you
like to have access
to all known genes
at your fingertips?

A
Name the gene
that contains 
the sequence

you are 
investigating.

B
Locate the 
gene on its 

corresponding
chromosome.

C
Describe the 
disease that
results when 
the gene is 
defective.

This kind of work is part of bioinformatics, which uses computers 
to process large amounts of information in medicine and science.

Adapted from The American Biology Teacher 65, no. 8 (October 2003) with permission from
NABT, 12030 Sunrise Blvd., Reston, VA 20190.
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Organisms in the Program (Complete and in Progress): 
Sequencing Microbial Genomes to Uncover Potential Applications
Relevant to DOE Missions
http://www.microbialgenome.org/organisms.shtml

Sequenced Genomes
http://www.ornl.gov/sci/techresources/Human_Genome/vl_organisms.s

html

The Microbe Zoo
http://commtechlab.msu.edu/sites/dlc-me/zoo/

Microbial Genomics: Blueprints for Life
American Academy of Microbiology
http://www.qub.ac.uk/mlpage/courses/level3/genome.pdf

Systems, Go
http://www.systemsbiology.org/Default.aspx?pagename=halobacterium
http://halo.systemsbiology.net/
Nitin S. Baliga et al., “Coordinate Regulation of Energy Transduction
Modules in Halobacterium sp. Analyzed by a Global Systems
Approach,” PNAS 99, no. 23 (November 12, 2002): 14913–14918. Online
abstract at http://www.pnas.org/cgi/content/abstract/99/23/14913

Down to Essentials

Clyde A. Hutchison III et al., “Global Transposon Mutagenesis and a
Minimal Mycoplasma Genome,” Science 286, no. 5447 (December 10,
1999): 2165–2169. Online at
http://www.sciencemag.org/cgi/reprint/286/5447/2165
Carl Zimmer, “Tinker, Tailor: Can Venter Stitch Together a Genome from
Scratch?” Science 299, no. 5609 (February 14, 2003): 1006–1007.

Tree of Life
http://www.learner.org/channel/courses/biology/units/compev/experts/

woese.html
http://www.learner.org/channel/courses/biology/textbook/microb/micr

ob_5.html
http://www.samsloan.com/eukarya.htm
http://www.sciencenews.org/articles/20000722/bob10.asp
http://helios.bto.ed.ac.uk/bto/microbes/
http://www.tigr.org/tdb/CMR/arg/htmls/Background.html
http://funpecrp.com/br/gmr/year2004/vol3-3/gmr0121_full_text.htm

RESOURCES


