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When it comes to maintaining human life, our own cells are a junior partner in the
enterprise. By the numbers, human cells may comprise a mere 30% of the average
human body, though current thinking suggests the surprising possibility of just
10%.  Bacteria—100 trillion at least—make up most of the DNA sequences in our
body, and there are about 1,000 species in the intestine alone.

“We live in a bacterial
world,” Dr. Velmurugesan Arulampalam, Head of the Karolinska Institutet’s Core
Facility for Germ-Free Research (CFGR) told us. “We are colonized in every niche.
These organisms, which live principally but certainly not exclusively in the gut,
harvest energy from nutrients and affect the integrity of the gut lining, which in turn
determines absorption, immunity, and metabolic thresholds.

“Fortunately,” Dr. Arulampalam continued, “we have the technology now to parse
the collective behavior of resident microorganism populations in order to inquire
about the part each plays in human health. The microbiota gene set is about 150
times larger than the human gene complement. But why are there so many and
what is the purpose of all these genes? Which metabolites and enzymes do they
produce, and under what circumstances do they produce them? What are the
microbial gene sequences? Which genes are expressed? What RNA transcription
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patterns does gene expression produce? What part do the other non-bacterial
microorganisms play?”

• CONFERENCE AGENDA ANNOUNCED:

The highly-anticipated educational tracks for the 2015 R&D 100 Awards &
Technology Conference feature 28 sessions, plus keynote speakers Dean
Kamen and Oak Ridge National Laboratory Director Thom Mason. Learn
more [1].

Axenic and Gnotobiotic Research Models
The key to identifying bacterial fingerprints among the many species inhabiting the
gut, and the nature of their interactive relationship with the intestine itself, is the
production and use of axenic and gnotobiotic animals. Axenic animals are bred
germ free. Scientists populate the axenic animal's intestine with one or more
microorganisms. At that point the animal is designated gnotobiotic, which means all
the microorganisms are known. In this way, scientists may systematically record the
presence of illnesses, conditions, diseases, and phenotype with distinct microflora.

We spoke with Dr. Manuel Rebelo, Animal Facility Head, Instituto Gulbenkian de
Ciência (IGC) in Oeiras Portugal, an Infrafrontier/EMMA node which offers high-
quality services in the field of germ-free mice, and with Joana Bom, EMMA
(European Mouse Mutant Archive) and IGC Animal House Technician, about the
nature, breeding and maintaining of axenic animals.

“Embryos and fetuses are sterile,” Dr. Rebelo told us. “They lack gut bacteria and
also lack the normal skin, nose, genital area, and other body flora and the anaerobic
organisms that normally inhabit a body.”

Axenic mice are fed normal mouse chow and ordinary lab prepack water, both
sterilized. They nurse normally, though differences in response to mother at birth,
eating and drinking are not yet reported. There are no macroscopic observable
differences, Dr. Rebelo said, except that, due to the lack of intestinal flora, the
axenic mouse has no smell. There are many physiological differences; among them
very reduced seric Ig and an enlarged cecum and feces consistency. Dr.
Arulampalam added that germ-free mice don't weigh as much and don't store fat.
Concerning developmental differences, Dr. Rebelo continued, there are claims for
immunity and some nuanced neurological differences that are not yet well
documented.

“To produce a germ-free animal,” Ms. Bom wrote, "everything takes place inside the
isolator. You clean the strain, changing the health status to germ-free. This is
achieved by embryo or fetus transfer. The embryos can be produced naturally or by
IVF and then transferred to a germ-free female in sterile conditions.

“The fetus is produced outside the isolator by natural matings. A C-section is
preformed and the fetus is retrieved in sterile conditions. Once inside the isolator,
these fetus/pups will be adopted by a germ-free female. The embryo/fetus donors
are recommended to be Specific Pathogen Free (SPF), but not mandatory. We use
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fetus transfer to produce germ-free animals.”

We asked Dr. Rebelo about monitoring an axenic animal after it has been
associated with an organism, rendering the animal gnotobiotic. Dr. Rebelo told us
they confirm that the animal remains monocolonized; that is, that no other bacteria
are detectable. This is done by very sensitive culture methods and PCR, polymerase
chain reaction, which multiplies and magnifies pieces of DNA. “To address and
analyse the scientific question that justified the experiment,” he says, “the
investigator uses the same tools as one uses for the standard mouse experiment.”

Isolation units are key. “The use of isolators,” Dr. Arulampalam says, “can open a
Pandora's box of questions about enrichment, welfare and the impact of a more
natural environment on the animal, the bacteria and the product of their
partnership.”

The Microbiome and the
Gut Itself are a Team
By studying the gut bacteria themselves—pathogenic, innocuous, and beneficial
commensals (host and bacterium enjoy a beneficial symbiosis)—the genes in these
bacteria, the substrates that are produced by these bacteria, and the intestinal
mucosa itself including the immune cells housed there, science has demonstrated
that the teeming microbiome influences digestion and metabolism, immunity,
hormonal production, mood, and chronic disease. Study results have illuminated
some interactions when the intestinal epithelium is regenerating. Science knows
that metabolic disorders are associated with the microbiota composition. The
microbial signals permeate into many other organs.

But it is not a one-way street. Rather, the microbiome and the intestine are locked
in a complex, tightly-specified interactive interdependency that control digestion
and absorption. Take a look.

The mammalian intestine is covered by a substantial layer of mucus, especially in
the colon but a single layer of epithelial cells that turn over every four to five days.
Stem cells reside in crypts underneath, where new lining cells are produced. These

Page 3 of 6



Microbiomes: It Takes Guts
Published on ALN (http://www.alnmag.com)

vital cells are connected by tight junctions, and have a tightly specified level of
permeability. The gut population helps to maintain the integrity of the intestinal
wall, which forms the barrier between what comes in from the outside world and
what gets into the body interior.

The integrity of this lining depends on the presence, health and proper functioning
of the ordinarily resident gut bacteria. Alter that population—kill off some of them
with antibiotics or incessant bad diet, replace them with foreign overgrowth—and
that vital barrier between the interior of our bodies and the outside world is no
longer solid. That is, the gut wall can leak. And that is a real problem, because a
beneficial bacterium inside the gut is a bad bacterium in your bloodstream or
lodged in one of your internal organs.

Good gut bacteria alter incoming food products into forms useable by our bodies
and usable by the various bacterial populations to maintain their own healthy lives.
Breaking down food we can use is called digestion but these good bacteria have
many other functions. They transform the bioactive parts of the soybean, genistein
and daidzein, into equol, an isoflavone beneficial to breast, bone, and prostate
health. Some among the bacteria produce vitamins, such as K2 which is essential to
cardiovascular and bone health. They produce short chain fatty acids, which are the
mediators of bowel inflammation; without the good bacteria producing these fatty
acids, the bowel is virtually unprotected from inflammation.

These bacteria also interact in another vital partnership: they are hand in glove with
the innate and adaptive immune systems. The cross talk between the gut mucosal
immune system and the microflora engenders mutual growth and health. When this
communication is thrown off, multiple problems can arise. The immune system
provides a gatekeeper that helps the gut choose which bacteria should be present.
The immune system cells specifically act to continuously sample the bacteria,
pathogens, and antigens present to make sure there are no invaders. If this
microfloral environment is altered, these cells don’t function properly, which can
result in either a lack of recognition by the immune system of an invader, or a
misinterpretation of immune response leading to autoimmune conditions, allergies,
and other chronic conditions.

So, a foundational element of all good health comes from a healthy and properly
functioning relationship between us and the good bacteria that inhabit our digestive
tract. Without this vital relationship, none of us would thrive.

A Long History and a Bright Future
 “Although questions about the role of gut bugs in human health go back to the late
1930 and early 1940s,” Dr. Arulampalam, says, "high throughput analyses have
made this research much more appealing, and since 2000, scientists worldwide
have been keenly pursuing answers to these and other questions with surprising
results. The bottom line is, not only are intestinal flora tasked with digestion; in
partnership with us, gut bugs mediate our health, well-being, and longevity.  Once
you know that, it's quite straightforward to see that the environment we provide for
our guests, and what we feed them, in large part determines how efficiently they
work and how healthy we will be."
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The intestinal flora are fit for purpose in an elegantly-evolved symbiotic relationship
that Velmurugesan Arulampalam says was likely established a very long time ago.
“Gut bacteria have made a major contribution to how we have evolved as a
species,” he told us. “For example, looking at the gut flora of people in different
places and different conditions, you find that people living in certain secluded tribes
have more diverse bacteria that are antibiotic resistant. Is that surprising? What are
these bacteria doing? Ultimately we want to understand the holistic composition of
multi-cellular organisms. For now the axenic animal is the only canvas available
upon which we can query the function of the microbiota and record our findings in
order to build a collage that represents the big picture.”

The authors thank Velmurugesan Arulampalam for his interest in our work and his
time exploring and sharing ideas.
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US. She is presently undertaking a research project on the epigenetic effects of the
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