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Abstract

 Construct fat-5 and fat-7 reporter transgenes using Gibson assembly. When introduced
into C. elegans, these transgenes will be used to understand how the microbiome
influences essential lipid metabolism pathways, organismal lifespan, and development
in the nematode.

 Understand what microbes in Kombucha are responsible for the observed physiological
phenotypes (i.e. faster growth, smaller body size, and increased longevity) in C. elegans.

 Use Pclec-60::GFP to find a synthetic mixture of microbes that recapitulates the
expression of the reporter when animals are grown on Kombucha culture.
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Due to its associated health benefits, Kombucha has gained immense popularity in
recent times. Previous research has suggested the fermented tea enhances cognition,
has anti-cancer properties, and extends lifespan. In Kombucha cultures, yeast breaks
down sucrose into glucose and fructose and converts it into ethanol. The Dowen Lab
has isolated Acetobacter from homegrown Kombucha and studies how C. elegans
metabolizes the acetic acid that is created by Acetobacter via conversion from ethanol.
Acetic Acid may play an important role in C. elegans longevity.

The clec-60 gene, which plays a key role in innate immunity, is strongly induced when
Kombucha is fed to C. elegans. We monitor the expression of this gene using a Pclec-
60::GFP transgene (clec-60 promoter fused to GFP).

The PClec-60::GFP transgene serves as a readout to compare how C. elegans looks on
different food sources versus Kombucha. Adding more Acetobacter and Yeast may elicit
higher expression of the transgene and lead to a “simple culture” that supports and
influences host physiology & metabolism as detected on Kombucha.
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The human microbiome plays a major role in regulation of lipid
metabolic pathways and the alteration of its composition through diet is
associated with an increased risk of developing metabolic syndromes,
such as obesity and diabetes. The interaction between gut bacteria and
the nematode, C. elegans, can be used to investigate conserved signal
transduction pathways that mediate host-microbiome interactions in
humans. This project focused on the construction of dietary reporter
transgenes and how host dietary pathways respond to microbial signals,
including metabolites, to alter C. elegans development and aging. Using
dietary reporter transgenes, this project will investigate how specific
microbes shape key metabolic processes in the worm and through what
pathways Kombucha, a fermented tea and purported probiotic, regulates
metabolic gene expression and longevity in the animal.

C. elegans is a robust, genetically tractable, model system for investigating
metabolic regulatory pathways under different environmental conditions. The
impact of the gut microbiome on C. elegans development and lipid metabolism
pathways can be monitored by observing gene expression changes in response to
different diets using mRNA-Seq or specific reporter transgenes.

In C. elegans, unsaturated fatty acid synthesis is carried out by the fat genes: fat-5,
fat-6, and fat-7. All three genes are expressed in the intestine and are orthologs of
human SCD-5 (stearoyl-CoA desaturase 5). The expression patterns of these genes
in C. elegans can be monitored by fusing the promoter sequence of each gene
upstream of a fluorescent protein, such as GFP. Once the recombinant vector is
successfully injected into the germline, the transparency of C. elegans permits the
use of fluorescence microscopy to analyze gene expression in living animals.
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B. Process of incorporating microbes into C. elegans and monitoring Gene Expression
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Inoculate 
Yeast and 
Acetobacter in 
mannitol + 
(1% glycerol + 
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and grow 
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Acetobacter to 
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Figure 1. The addition of 
Yeast, Zygosaccharomyces 
bailii (Z.b.), to acetobacter 
tropicalis (A.t.) leads to 
increased expression of the 
reporter as evidenced by the 
increased brightness in the 
C. elegans intestine. 75 % 
A.t/25% Z. bailii is an 
optimal ratio that almost 
recapitulates Pclec-60::GFP 
expression as observed on 
Kombucha. Addition of 
ethanol or another microbe 
in combination with this 
ratio may lead to the 
creation of a “simple 
culture” that influences C. 
elegans physiology as seen 
on Kombucha culture.  

PClec-60::GFP

 I successfully generated fat-5 and fat-7 transcriptional reporters using Gibson
assembly. These transgenes will be injected into C. elegans germlines to
generate lipid metabolism reporter strains.

 The fat-5 and fat-7 reporters will allow us to screen these reporters along with
other constructs, such as the Pacdh-1::GFP transgene (involved in short-chain faty
acid metabolism), to investigate how C. elegans diverts its resources to maintain
lipid homeostasis with various diets.

 Isolation of Acetobacter leads to a phenotype that is similar to the one seen in
kombucha.

 Establish C. elegans’ native microbiome in order to study host-microbiome 
interactions which were difficult to understand with synthetic communities. 

 Create a simplified culture of microbe(s) that recapitulates the longevity 
phenotypes observed in populations consuming Kombucha.

 Sequence Kombucha culture and work to identify which combination of 
microbes are  needed to recapitulate the observed metabolic and longevity 
phenotypes.

 Investigate if Kombucha increases longevity in an animal that has a more 
traditional microbiome.
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