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Over the past 10 years or so, however, researchers have
demonsirated that the human body is not such a neatly self-
sufficient island after all. Tt is more like a complex ecosystem—
a social network—containing trillions of bacteria and other mi-
croorganisms that inhabit our skin, genital areas, mouth and
especially intestines. In fact, most of the cells in the human
bedy are not human at all. Baclerial cells in the human body
cuinumber human cells 10 to one. Moreover, this mixed com-
munity of microbial cells and the genes they contain, collective-
1y known as the microbiome, does not threaten us but offers vi-
tal help with basic physiological processes—from digestion to
growih to self-defense.

So much for human autonomy.

Biologists have made good progress characterizing the most
prevalent species of microbes in the body. More recently, they
have begun to identify the specific effects of these residents. In
so doing, they are gaining a new view of how our bodies func-
tion and why certain modern diseases, such as obesity and an-
toimmune disorders, are on the rise.

QUT OF MANY, ONE
WHEN PEGPLE THINK of mierobes in the body, they usually think of
pathogens. Indeed, for a long time researchers focused solely on
these harmful bugs and ignored the possible importance of more
benign ones. The reason, argues biologist Sarkis K. Mazmanian
of the California Institute of Technology, is our skewed view of

Jennifer Ackerman iz an award-winning
science writer and author of Afi-Chioo!

The Uncommon Life of Your Commeon Cold
(Twelve, 2010), She is now wiiting a book
about the intelligence of birds.

IOLOGISTS ONCE THOUGHT THAT HUMAN BEINGS WERE
physiclogical islands, entirely capable of regulating
their own internal workings. Our bodies made all the
enzymes needed for breaking down food and using its
nutrients to power and repair our tissues and organs.
Signals from our own tissues dictated body states such as hun-
ger or satiety. The specialized cells of our immune system taught
themselves how to recognize and attack dangerous microbes—
pathogens—while at the same time sparing our own tissues.

the world. “Our narcissism held us back;
we tended to think we had all the func-
tions required for our health,” he says.
“But just because microbes are foreign,
just because we acquire them through-
out life, doesn’t mean they’re any less a
fundamental part of us.”

Indeed, all humans have a microbi-
ome from very early in life, even though they do not start out
with one. Bach individual acquires his or her own community of
commensals (from the Latin for “sharing a table") from the sur-
rounding environment., Because the womb does not normally
contain bacteria, newborns begin life as sterile, singular beings.
But as they pass through the birth canal, they pick up some of
Mom’s commensal eells, which then begin to multiply. Breast-
feeding and handling by proud parents, grandparents, siblings,
and friends—not to mention ordinary contact with bedsheets,
blankets, and even pels—quiekly contribuie to an expanding ark
of mierobes. By late infancy our bodies support one of the most
complex micrebial ecosystems on the planet.

For the past five years or so scientists have been working to
characterize the nature of this ecosystem. The task has been dev-
ilishly difficult. The bacterial cells in the intestines, for example,
have evolved to grow in the crowded, oxygen-free environment
of the gut, so many species do not survive well in the lonely ex-
panse of 4 petyi dish. Researchers have gotten around this prob-
lem, however, by studying the genetic instructions, the strands of
DNA and RNA, found within a microbe rather than the whole
cell itself, Because DNA and ENA can be manipulated in a nor-
mai, oxygenated laboratory environment, investigators can take
microbial samples from the body, extract the genomic material
and analyze the resuits.

Each species of commensal bacteria has a signature, it turns
out--its own unique versien of o gene (known as the 158 ribo-
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Bacteral cells in the body outnumber
human cells by a factor of 10 to 1. Yet
only recently have researchers begun
1o elucidate the beneficial roles these
microbes play in fostering health.

Some of these bacteria possess genes
that encode for beneficial compounds
that the body cannot make on its own.
Qther bacteria seem to train the body
not to averreact ta outside threats.

Advances in computing and gene se-
quencing are allowing investigators o
create a detailed catalogue of all the
bacterial genes that make up this so-
called microbiome.

38 Scientific American, June 2012

© 2012 Scientific American

Unfortunately, the inadvenent de-
struction of beneficial microbes by the
use of antthintics, among other things,
may be leading to an increase in auto-
imrmune disorders and abesity.
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somal RNA gene) that codes for a particular RNA molecule
found in the ribosomes, the protein-making machinery of cells.
By determining the sequence of this gene, scientists are creating
a catalogue of the entire human microbiome. In this way, they
can glean which species exist in our bodies and how the precise
combination of species may differ from one person to another.

The next step is to analyze other genes found in the microbial
community to determine which ones are active in people and
what functions they perform. Again, that chore is a tall order be-
cause of the great number of species and because their genes get
mixed together in the extraction process. Determining whethera
specific bacterial gene is active (or expressed) in the body is rela-
tively straightforward; figuring out to which species that partic-
ular gene belongs is not. Fortunately, the development of ever
more powerful computers and ultrafast gene sequencers in the
first decade of the 21st century has turned what would once have
been an impaossible task of sorting and analysis into merely a
very complicated one,

Two separate groups of scientists, one in the U5, and the
other in Europe, have harnessed this new technology to enu-
merate the bacterial genes within the human body. In early 2010
the Eurcpean group published iis census of microbial genes in
the human digestive system—3.3 million genes (from more than
1,000 species)—about 150 times the 20,000 to 25,000 genes in
the human genome.

Research inte the pature of the human microbiome has
yvielded many surprises: no two people share the same microhial
makeup, for instance—even identical twins. This finding may
help unravel a mystery presented by the Human Genome Proj-
ect, which confirmed that the human DNA of
all people the world over is 99.9 percent alike.

gut bacteria break down certain components of food that would
otherwise be indigestible and would pass out of the body un-
used. Only in the past few years, however, have they learned the
juicy details: two commensal species in particular play major
roles in both digestion and the regulation of appetite.

Perhaps the prime example of & helpful bug sounds like it
was named after a Greek sorority or {raternity. Bacteroides the-
taioteomicron is a champion carbehydrate chomper, capable of
breaking down the large, complex earbohydrates found in many
plant foods into glucose and other small, simple, easily digest-
ible sugars. The human genome lacks most of the genes re-
quired to make the enzymes that degrade these complex carbo-
hydrates. B. thetaiotaomicron, on the other hand, has genes that
code for more than 260 enzymes capable of digesting plant mat-
ter, thus providing humans with a way to efficiently extract nu-
trients from oranges, apples, potatoes and wheat germ, among
other foods,

Fascinating details about how B. thetaiotammicron interacis
with, and provides sustenance to, its hosts come from studies of
mice raised in a completely sterile environment (so they had no
microbiome) and then exposed only to this particular strain of
micrgbes. In 2005 researchers at Washington University in St.
Louis reported that B. thetaiotaomicron survives by consuming
complex carbohydrates known as polysaccharides. The bacteria
ferment these substances, generating short-chain fatty acids (es-
sentially their feces) that the mice can use as Tnel. Tn this way,
bacteria salvage calories from normally indigestible forms of
carbohydrate, such as the dietary fiber in oat bran. (Indeed, ro-
dents that are completely devoid of bacteria have to eat 30 per-

MORE THAN HUMAN

Our individual fates, health and perhaps even
some of our actions may have much more to
do with the variation in the genes found in
our microbiome than in our own genes. And
although the microbiomes of different people
vary markedly in the relative number and
types of species they contain, most people
share a core complement of helpful bacterial
genes, which may derive from different spe-
cies. Even the most beneficial bacteria can
cause serious illness, however, if they wind up
somewhere they are not supposed to be-for
example, in the blood (causing sepsis) or in
the web of tissue between the abdominal or-
gans {causing peritonitis).

FRIENDS WITH BENEFITS
THE FIRST INKLING that beneficial bugs might
do us good came decades ago during research
on digestion and the production of vitamins
in the guts of animals. By the 1980s investiga-
tors had learned that hman tissue needs vi-
tamin B, for, among other things, cellular en-
ergy production, DNA synthesis and the man-
ufacture of fatty acids and had determined
that only bacteria synthesize the enzymes
needed to make the vitamin from scratch.
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MICRHOBIAL LOCATOR MAP OF THE BODY

Different Species for Different Reasons

Various types of microbes congragate everywhere in and on the human body. Their presence maintains their host's health in part by
making it hard for disease-causing germs to gain access to the body. Several species, such as Bacteroides fragilis, also perform specific
useful funetions, including afding in the development and regulation of the immune system (beiow, right}.

Immune cells called dendritic cells pick
up amolecule called polysaccharide A
{PSA} from the B. fragifis cells and
present it to undifferentiated T cells,

Regulatory
Teells

The bits and pleces of PSA

" stimulate the undifferentiated - Inflammatory
T eells to become regulatory Inflamed area Teells
T eells, which in tum preduce
substances that tamp down

the aggressive efforis of in-
flammatory T cells.

Case Study: How One Bacterial Species Helps

Stirdies on mice raised in sterfle conditions reveal that B. fragilis bacteria are crucial
to maintaining the heakth of the intestines. In one experiment, germ-free mice that
were given a strain of B, fragilis bacteria that produced the complex carbohydrate
polysaccharide A did not develop inflammation of the intesting (colitis), whareas
mice that were given a strain of B fragilis bacteria that did not make PSA developed
chronic inflammatian of the qut. Investigators showed that the presenca of PSA
stimulated the development of regulatory T cefls that in tumn switched off the

inflammatary T cells, thereby restoring health,
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SCHIRCE: “INSIDE THE MICROBIAL AND IMMUNE LAGYRINTH; GUT MICROEES: FRIZNDS

OR TENDST™ BY WARREN STROBER, 14 NATURE MEDICINE, VOL18; 2090 (E. fragifs case study)



