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Supplementary Box 1. The emerging utility of public mass spectrometry data 
repositories 
What to do when annotations are proposed with the strategies, discussed in the main text, 
the context, and meaning derived from context, is not readily available. For instance, “Is this 
mass spectrum in my human data set potentially microbial or host-derived?” This is, despite 
all the scientific advances in the field of MS, still very difficult to address at this time. This 
question may be, at least in part, answered with proper reference databases that are 
connected with search engines as it did for the sequencing community. BLAST is one such 
sequence search tool. BLAST provided context to sequencing data by searching a query 
sequence against a sequence repository1, and reporting which sequences are most similar 
as well as the connection to the relevant data. Inspired by BLAST, MASST2 is an open, web-
enabled tool to query MS/MS spectra against public datasets available in GNPS/MassIVE, 
including imported data that were originally deposited in other data repositories, such as 
MetaboLights3 and Metabolomics Workbench4. The reported results display the files and 
data sets in which the query MS/MS spectrum was observed, providing context. The utility of 
MASST and similar tools will increase as the data in the public domain grows. One limitation 
is the lack of agreement to make metabolomics data public, unlike in the genomics and 
proteomics fields, but the trend in increasing public data submissions is encouraging and 
suggests that the metabolomics field is going to transform into one where community 
knowledge is readily accessible. A strategic countermeasure to the apprehensiveness of 
public data sharing is via the development of useful tools to analyze public data and thereby 
the depositors gain, scientifically, from making data public5–7.  

One method of re-using public data is to perform a meta-analysis, i.e. analyze the 
results of multiple studies, for which there are numerous options. More recently, the 



Reanalysis of Data User interface (ReDU) provides the ability to re-analyze raw public data, 
specifically MS/MS data, rather than reported results8. Striving to meet the FAIR (findable, 
accessible, interoperable, and reusable) principles,9 ReDU includes a systematic way of 
entering metadata based on existing ontologies supplemented by a controlled vocabulary. 
Files in public data repositories can be discovered using ReDU-compliant metadata and re-
analysis can be performed. For example, the microbe-associated annotations observed in 
humans, rats, mice, plants, and environmental files were tallied, Fig. Box 1a. ReDU allows 
one to gain insight into the frequency known microbial molecules are detected via spectral 
matching. Fig. Box 1a displays the chemical annotation versus the percentage of files in 
which the chemical was observed as a stacked bar plot. The chemical annotations displayed 
are not comprehensive, but illustrate microbe-modified dietary chemicals (e.g. enterolactone) 
as well as microbe-modified human metabolites (e.g. deoxycholic acid). Fig Box 1b displays 
the distribution of the same molecules in human samples based on the biofluid or tissue in 
which certain chemicals are observed predominantly in one sample type (e.g. 12-
Ketodeoxycholic acid), whereas others are common in many sample types (e.g. Enterodiol). 

The Figure below shows the results of querying public MS/MS data for microbe-
associated chemicals via ReDU8, in which it is presented in a) Stacked bar plots displaying 
the percentage of files (normalized by sample type) in which microbe-associated chemicals 
were observed for humans (yellow), mouse (orange), rat (light blue), plant (light green) and 
environmental (purple) samples. b) Stacked bar plots displaying the percentage of files 

(normalized by tissue or biofluid) in human samples. a 2−(undec−1−en−1−yl)quinolin−4−ol 

(Series 2 HAQ C11:1), b 4−hydroxy−2−octylquinoline 1−oxide (Series 4 HAQ C8), c mixed-

MS/MS: 2−(non−1−en−1−yl)quinolin−4−ol (Series 2 HAQ C9:1) and 2−nonylquinolin−4−ol 

(Series 1 HAQ C9 aka HNQ), d 2−(non−1−en−1−yl)quinolin−4−ol (Series 2 HAQ C9:1), e 

mixed-MS/MS: 2−(hept−1−en−1−yl)quinolin−4−ol (Series 2 HAQ C7:1) and 

2−heptylquinolin−4−ol (Series 1 HAQ C7), f Methyl (3beta, 5beta, 8alpha, 9beta, 10alpha, 

13alpha)−3−acetoxy−4,4,8,12,16−pentamethyl−15,17,19−trioxoandrost−11−ene−14−carbox

ylate, g mixed-MS/MS: 2−(undec−1−en−1−yl)quinolin−4−ol (Series 2 HAQ C11:1) and 

2−undecylquinolin−4−ol (Series 1 HAQ C11), h 2−nonylquinoline−3,4−diol (Series 3 HAQ 

C9), i Putisolvin Derivative.(*) Metabolites not detected in Homo sapiens. All annotations are 

Level 2 or 310. 
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Supplementary Box 2. Animal models and their contribution to host-microbiota 
studies 
Animal models allow investigations of microbiome interactions at high levels of experimental 
control, which is hard to do in human studies11. Many animal models have been used in 
microbiome investigations, such as the bobtail squid (Euprymna scolopes), the fruit fly 
(Drosophila melanogaster), the zebrafish (Danio rerio), among others12–14. Particularly, the 
mice (Mus musculus) is one of the most widely used animal models to understand and 
establish the roles of microbiota in mammals11. The possibility of using gnotobiotic (germ-
free) animals allows the evaluation of the effects by colonization with specific microbes, or 
microbial communities in which it is possible to examine the effect of the human microbiota, 
generating a human-like condition15. The transplant of human microbiota into germ-free mice 
can provide new information about how the microbiome impacts depression16, 
schizophrenia17, autism18, among others.  

Recently, we performed a metabolomic approach in combination with 3D molecular 
cartography to reveal the effect of microbiota on the host in a regiospecific manner. All 29 
organs investigated, even ones distal from the gut such as the brain, were significantly 
altered upon colonization of germ-free mice with a specific pathogen-free microbial 



community19. It revealed that the microbiome is largely catabolic and is involved in food 
processing but also makes specific molecules that regulate host physiology. Soyasaponins, 
dietary molecules from soy, were detected throughout the entire gastrointestinal tract of the 
germ-free mice, while in the colonized mice (specific pathogen-free, SPF), these compounds 
were detected only from stomach to ileum, and its microbial-derived soyasapogenol was 
detected from cecum to stool. This shows the direct role of microbiota in the removal of the 
sugars from the soyasaponins as part of the digestion process (see figure below). In 
addition, molecular networking revealed the production of three new conjugated bile acids 
(microbial-derived), only detected in mice that were colonized in the upper intestine. It is 
therefore important to understand microbiome location with respect to the molecular 
environment and host physiology that they influence. These new bile acids are the most 
potent natural FXR antagonists found to date. This means that microbes have a sting effect 
on host physiology. A MASST search revealed that these findings were translational to 
humans and these new conjugated bile acids were also detected in public data from 
humans. A higher frequency of these compounds was observed in infants, and pancreatic 
insufficient cystic fibrosis patients and in the dysbiotic state of Crohn's patients. The above 
observations are a clear illustration of how model animals can be used to understand the 
roles of microbiota on the entire host.  
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