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Mechanistic Insight into Intestinal Microbiota Function and Manipulation

Justin L. Sonnenburg

Trillions of microbes live in our digestive tract and influence our biology in profound and diverse ways. Several
diseases, including obesity and inflammatory bowel diseases, have been associated with large-scale shifts in micro-
biota composition. The ability to address basic questions concerning community function and plasticity are funda-
mental to understanding the extent of causal relationships between host biology and microbiota perturbations, and
whether the microbiota is a viable therapeutic target. One of our long-term goals is to achieve a level of function-
al understanding that would allow us to accurately predict aspects of a microbial community’s functional adapta-
tion to a specific perturbation (e.g., dietary change).

To investigate how changes in the intestinal environment alter microbiota function, and how these changes, in
turn, influence host biology we have characterized responses of simplified microbiotas living within the gut of gno-
tobiotic mice to changes in host diet, community membership, and host genotype. These studies have revealed the
importance of finely-tuned systems of polysaccharide sensing and utilization in Bacteroides species. We are cur-
rently using a single polysaccharide utilization locus (PUL) dedicated to dietary fructan utilization of Bacteroides
as a model to understand mechanisms underlying diet-induced changes in microbiota function and composition.
These data have elucidated how Bacteroides species acquire and process this common class of dietary carbohy-
drates. Comparative genomic analysis revealed that the fructan PUL is conserved to varying extents among
Bacteroides species, corresponding to a range of fructan utilization capability across the genus. Using model intesti-
nal microbiotas living within gnotobiotic mice, we demonstrate that dietary fructan can have disparate effects on
community composition, depending upon the fructan degrading capacity of members of the microbiota.

Analysis of >10 members of the Bacteroides genus has revealed that each species has specialized in use of
either 2-1 (inulin)- or B2-6 (levan)-linked fructan, but no species is adept at using both linkages. Investigation of
several B. thetaiotaomicron isolates has revealed that even closely related strains within the same species have
differing specificities for the fructan linkage. We have set out to understand the genomic and molecular basis for
these differences in fructan-use specificity suspecting that either lateral gene transfer or rapid evolution (i.e., pos-
itive selection) could explain the functional differences that we observe. Bi-associated gnotobiotic mice colonized
with wild-type (wt) Bacteroides species, genetically modified Bacteroides species, and/or Bifidobacterium species
have revealed how genomic sequence information can be translated to understand and predict community dynam-
ics in vivo.

In addition to alterations in diet, differences in host genotype, antibiotics, orally acquired microbes, and numer-
ous other factors can impact the microbiota. Understanding how variability in these environmental factors influ-
ence the composition, function, and interaction within the microbiota, and how these changes, in turn, affect our
biology as hosts, is experimentally challenging due to the complexity of the community. We have used gnotobiotic
mice harboring defined model communities or a completed human microbiota (‘humanized’) to unravel the com-
plexity associated with the ‘universe’ of small molecules associated with microbiota-host interaction. Small mole-
cule metabolites produced by the microbiota are important mediators of microbe-microbe and microbe-host inter-
actions. New technology in mass-spectrometry offers the ability to perform extensive characterization of small mol-
ecule metabolites produced by the microbiota or via microbiota-host interaction. We are applying these metabolom-
ic approaches to understand how alterations in the composition of the gut microbiota influence the metabolite pro-
file of urine, blood or feces. Metabolomic analysis of these biofluids allows us to monitor the dynamics of microbial
colonization and provides an instantaneous readout of gut microbiota functionality. We are also defining novel, bio-
logically important compounds produced by members of the microbiota. Together these data set the stage for pre-
dicting, based on gene content or metabolite profile, how a microbiota will respond to changes in the nutrient envi-
ronment and suggest how systems-level data could facilitate both the diagnostic potential and the personalized
therapeutic manipulation of the intestinal microbiota.



