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Supplemental Table 1: Environmental chemicals metabolized by the GI microbiota

Compound Experimental protocol
Class Name Use Enzyme sources Parameters Results Reference
evaluated
Found in .
Benzo(a)- diesel engine SHIME inoculated with Metabolism, Colonic digests became estrogenic. 7-OH (.V an de
.. yeast estrogen . . Wiele et al.
pyrene emission, human feces . benzo(a)pyrene detected in colonic digests.
bioassay 2005)
cooked meat
Insecticide, SHIME inoculated with Metabolism, .. . (.V an de
yeast estrogen Colonic digests became estrogenic. Wiele et al.
used as human feces .
bioassay 2005)
Naphthalene precursor for Enterohepatic circulation of naphtalene glutathion
PAHs plasticizer Bile cannulated rats, GF . reronepaie wation of haphtaiene g 1o (Bakke et al.
synthesis VS, convy rats Metabolism conjugates. Microbiota involved in the production of 1985)
) CH;S-metabolites and the naphthols.
Fpund n SHIME inoculated with Metabolism, .. . (.V an de
Phenanthrene cigarette yeast estrogen Colonic digests became estrogenic. Wiele et al.
human feces .
smoke bioassay 2005)
Used as dye SHIME inoculated with Metabolism, Colonic digests became estrogenic. 1-OH pyrene (.V an de
Pyrene and dye yeast estrogen . Lo Wiele et al.
human feces . detected in colonic digests.
precursor bioassay 2005)
GF and conv rats treated Metabolism, .7_’ >3-, I_OH. acety lamlnoﬂu(?rene major metabol.l te.:s (Moller et al.
in conv rats, while only OH-NF in GF rats. Mutagenicity
orally Ames test . LT 1988)
increased in urine and feces of GF rats.
2- By-product of
nitrofluorene combustion DNA adduct
GF and conv rats treated formation in More DNA adducts in conv animals in all tissues (Moller et al.
orally liver, kidney, studied. 1994)
lung, heart
Fecal suspensions (human . . (Cerniglia et
6. Found in and rat) Metabolism Reduced to 6-aminobenzo(a)pyrene al. 1984)
Nitro-PAH itrob: - i ) . -ni _
itro S | nitrobenzo(a) engine Fluman fecal suspensions Metabolism, Reduced to 6 mtrosoben.zo(a)pyrene and 6 (Fu et al.
pyrene emission . aminobenzo(a)pyrene. 6-nitrosobenzo[a]pyrene
(anaerobic) Ames test o . . o 1988)
exhibited strong direct-acting mutagenicity.
3- Found in . .
. . Rat fecal suspensions . . (Richardson
nitrobenzo(a)- engine (anaerobic) Metabolism Reduced as 3-aminobenzo(a)pyrene et al. 1988)
pyrene emission
SHIME inoculated with
. 6- Foqnd n human .feces. Fecal Metabolism Reduced to 6-aminochrysene (Manning et
nitrochrysene ambient air suspensions (human, al. 1988)
mouse, rat)




Compound Experimental protocol
Class Name Use Enzyme sources Parameters Results Reference
evaluated
Suspension of intestinal . . . (Howard et
content (rats) Metabolism Metabolized to 1-aminopyrene al. 1983)
Semi continuous culture Ames test Metabolites were non mutagenic (Manning et
system al. 1986)
Fecal suspension (human, Ames test Mutagenicity was reduced (King et al.
rat, mouse) 1990)
. Metabolism, C leptum, C paraputrificum, C clc.)strldllforme, another (Rafil et al.
Fecal suspension (human) Ames test Clostridium sp. and a Eubacterium sp. were able to 1991)
metabolize 1-NP. Metabolites were not mutagenic.
GF and conv Fisher rats . . . . (El-Bayoumy
treated orally Metabolism Reduced to 1-aminopyrene in conv but not in GF rats. etal. 1983)
GF and conv F344 rats . 1-aminopyrene, 1—am1no—.6-hy.droxypyrene, 1-amino-8- (EL-Bayoumy
Metabolism hydroxypyrene detected in urine and feces of conv rats
B d f treated orally . et al. 1983)
. I-nitropyrene y-pro gct 0 but not in GF rats
Nitro-PAHs combustion in L Covalent binding of 1-NP metabolites greater in liver
(1-NP) . . Radioactivity . .
diesel engine . and kidney from conv rats, and in GI tract from GF rats.
concentrations, . . . .
. Fecal extracts and urine from conv rats more mutagenic | (Kinouchi et
Conv and GF Wistar rats covalent . . .
. in presence of an S9 mix, while those from GF rats more al. 1986)
binding, Ames .. . .
. mutagenic in the absence of S9. Glucuronide conjugates
test, metabolism . .. .
major metabolites in urine of conv rats.
Conv and GF AGUS rats, Metabolism, Metabo.hzed to 6-hy droxy-.l-acetamldopy rene mn conv (Ball et al.
A rats. Urine from conv rats is more mutagenic than that
i.p. injection. Ames test from GF rats 1991)
Mice +/T antlblOtIC.S Ames test and Specific DNA adducts were detected in the saline-treated | (Kinouchi et
gavaged with glutathione DNA adduct roup but not in the antibiotics-treated grou al. 1992)
conjugates of 1-NP oxides formation group group )
Beta-lyase from Cysteine conjugates of 1-NP oxides are changed to a (Kataoka et
Peptostreptococcus Ames test . . . .
magnus more genotoxic form by b-lyase-mediated deconjugation al. 1995)
. GF and conv F344 rats . No induction of DNA repair in GF animals whereas (Doolittle et
2-nitrotoluene DNA repair . . .
. treated orally DNA repair was induced in conv males. al. 1983)
Used in the - - — -
. Metabolism & 4-N-acetyl-2-nitrobenzoic acid and 2-amino-4- .
production of GF and conv F344 rats . . T . . (Rickert et al.
.. hepatic covalent | nitrobenzoic acid detected in conv but not GF animals.
Dinitro- polyurethane treated orally . . o . 1981)
toluenes 2.4- Foams binding Hepatic covalent binding was decreased in GF rats.
dinitrotol S i
(DNT) IMITOTOIUENE 1 5 utomobile air Caccal suspension (HTO““” . Reduced to 2-amino-4-nitrotoluene, 2-nitro-4- (Guest et al.
rat). Fecal suspension Metabolism . L
bags, dyes and (human) aminotoluene and 2 4-diaminotoluene 1982)
explosives - —
.. 2.6- GF and ex-GF rats treated Autqradlo- Absence of unscheduled DNA synthesis in GF rats (Mirsalis et
dinitrotoluene orally graphic assay al. 1982)




Compound

Experimental protocol

Class Name Use Enzyme sources Parameters Results Reference
evaluated
Eubacterium limosum . Metabolized to 1,1-dichloro-2,2-bis(p- (Yim et al.
isolated from human GI Metabolism
. . chlorophenyl)ethane (DDD) 2008)
Organo- microbiota
DDT chlorine Rats injected by stomach (Mendel and
pesticide tube or ip; cultures of E. . DDD detected in rats receiving DDT by stomach tube
. Metabolism . . . Walton
Coli or A. aerogenes not ny ip. DDD detected in bacterial cultures. 1966)
isolated from rat feces
Bile cannulated rats, GF v. . Glutathion conjugate, C)./steme cogjug.ate, mercapturate (Gustafsson
Metabolism and mercapturate sulfoxide found in bile. Water soluble
conv rats . . etal. 1981)
- . metabolites of propachlor only in feces of GF rats.
Pesticides Acetamide - ; - ;
Propachlor .. N-acetyl-cysteine and cysteine conjugates main
herbicide o .
GF vs. conv rats Metabolism metabolites in GF rats. In conv rats, 11 metabolites (Bakke et al.
’ detected in urine, 6 of which were 2- 1980)
methylsulfonylacetanilides not detected in GF rats.
Organo- . . .
Methoxychlor chlorine . Eubacterium limosum Metabolism Metabolized to methoxydichlor (Yim et al.
. .. isolated from human feces 2008)
insecticide
Organo- (Stein et al
Lindane chlorine Cecal content (rat) Metabolism Dechlorinated to 3.,4,5,6-Tetrachlorocyclohex-1-ene 1980) ’
pesticide
Small intestine and caecum Metabolism Metabolized to a volatile product (Rowland et
content from rats al. 1978)
. . Excretion, Mercury excretion was lower in feces from GF mice. (Nakamura et
Environmental GF vs conv mice . .. . . .
. accumulation Mercury retention in organs was higher in GF mice. al. 1977)
Methyl- contaminants -
o . Excretion, . . . . (Seko et al.
mercury of aqueous Antibiotics vs conv mice . Mercury excretion was lower in antibiotics-treated mice.
ecosvstems accumulation 1981)
y . Mercury excretion was lower in feces from antibiotics-
. Excretion, .. . . (Rowland et
Antibiotics vs conv rats . treated rats. Mercury retention in organs was higher in
accumulation B al. 1980)
Metals antibiotics-treated rats.
. Both inorganic As and soil-contaminated As were (Van de
Feacal suspensions . . . . .
L Metabolism metabolized into methylated arsenicals and Wiele et al.
Ubiquitous (human); SHIME . .
. . thioarsenicals 2010)
Arsenic (As) environmental ; : p ;
. .. Generation of thioarsenicals dependant of enterohepatic
contaminant WT vs. MDR2-deficient . . . . . (Bu et al.
cats Metabolism ciculation. Arsenicals excreted from bile transformed 2011)
into MMMTA(V) and DMMTA(V)
Used in Feces samples (human); Human feces and isolated gut segments of conv mice (Michalke et
Bismuth pharma, isolated gut segments of Metabolism produced trimethylbismuth [(CH;);Bi], gut segments of
. . . . al. 2008)
cosmetics conv and GF mice GF mice did not.




Experimental protocol

Compound
Class Name Use Enzyme sources Parameters Results Reference
evaluated
. . Fat from conv rats contained 3-15 times more
24'5- Were widely | Bile cannulated rats, GF v. Accumulation radioactivity than GF. 95% of radioactivity detected in (Gustafsson
. used as conv rats . etal. 1981)
PCBs trichloro- dielectric and bile of conv rats.
biphenyl . . Accumulation, | 4-MeSO,-triCB higher in lung, kidneys and liver of conv | (Brandt et al.
coolant fluids GF vs. conv mice . .
Metabolism mice 1982)
Used in the GF, antibiotic treated or Methemoglobon - S (Reddy et al.
production of ex-GF rats treated ip in determination No methemoglobin in GF or antibiotic treated rats, 1976)
aniline, which
is a precursor
Nitrobenzene to rupber . Reduced to nitrosobenzene, phenylhydroxylamine and .
chemicals, Cecal suspensions; Conv . N o . (Levin and
.. D Metabolism alinine in vitro. In antibiotic treated rats, urinary
Benzene pesticides, and antibiotic treated rats . o1 Dent 1982)
S excretion of p-hydroxyacetanilide reduced.
derivatives dyes,
explosives and
pharma
Used in the GF rats produced less methemoglobin than conv rats.
13 Conv, GF and ex-GF F- Methemoglobon Ataxia in GF but not in conv or ex-GF rats. Higher (Philbert et
.. manufacture . . oo . . . . Lo
dinitrobenzene . 344 rats treated ip in determination concentrations of 1,3-dinitrobenzene radioactivity in al. 1987)
of explosives .o
brain, liver and plasma from GF.
Azobenzene GF vs conv rats Metabolism Reduced to aniline only in conv. rats. (I\E/l[laclhgc;glg)et
Sudan [, II, I1, Human fecal suspensions . Metabolized to aniline, 2 ,4-dimethylaniline, o-toluidine, (Xu et al.
IV and . Metabolism . .
. (anaerobic) and 4-nitroaniline. 2007)
Azo dves ParaRed Colorants in
y food products Bifidobacterium infantis, Clostridium indolis,
Sudan I, IT, 11T, Human intestinal bacteria . Enterocloccusf aecalis, Lactobacillus rhamnosus and (Xu et al.
. . Metabolism Ruminococcus obeum able to reduce the 4 dyes.
v (isolated strains) .. . 2010)
Escherichia coli and Peptostreptococcus magnus not
able to reduce any of the 4 dyes.
Plasticizer, Fecal suspensions (rats). Metabolism, Kl.e b;zella converted melamine t(.) cyanurice aCI.d'
. . . Antibiotic treatment reduced melamine-induced kidney (Zheng et al.
Melamine food Rats treated with Kidney . . .
. o . damage. Colonisation by Klebsiella terrigena 2013)
contaminant antibiotics histology . -
exacerbated melamine-induced nephrotoxicity.
Miscella- . By—pr.odl.lcts Salmonella
neous Haloacetic of drinking . . . . . .. (Nelson et al.
. Rat cecal suspensions microsuspensio Presence of microflora did not alter mutagenicity.
acids water . 2001)
.. . n bioassay
disinfection
Anti-microbial Fecalase mixture from Cytotoxicity and Metabolized to paraben, thereby reducing cytotoxicity (Khanal et al.
Butyl paraben . g ..
preservatives human feces apoptosis and apoptosis in HepG2 cells. 2012)




Compound

Experimental protocol

Parameters

Class Name Use Enzyme sources Results Reference
evaluated
"“C-labelled cyclamate
incubated with
preparations of liver, . (Renwick
kidney, spleen, blood and Metabolism Cyclamate converted to cyclohexamine by .the lower gut and Williams
content of cyclamate pretreated animals
lower gut contents of 1969)
cyclamate-preteated or of
control rats
"“C-labelled cyclamate When given orally, cyclamate is excreted unchanged. .
. . . . (Renwick
Used as sugar administered to guinea . When the same animals are placed on a cyclamate- s
. . . . Metabolism . . . and Williams
substitute in a pigs, rabbits, rats and containing diet, cyclamate is converted to
Cyclamate . . 1972)
variety of food humans cyclohexamine.
product . Rats given cyclamate for 6-15 months converted
Rats given cyclamate and . . .
T . cyclamate to cyclohexamine. Co-treatment with (Bickel et al.
antibiotics in drinking Metabolism o -
water antibiotics suppressed the ability to convert cyclamate to 1974)
cyclohexamine
Artificial Cyclamate was converted into cyclohexylamine when
Cecum and colon contents, . . .
sweeteners incubated with rats, rabbits and 1/3 human samples, not
feces of cyclamate-pre . . . . . (Drasar et al.
. . Metabolism guinea pigs. The gut organisms converting cyclamate
treated rats, rabbits, guinea . : e . 1972)
. into cyclohexylamine are clostridia in rat, enterobacteria
pigs and humans . . ..
in rabbit and enterococci in man.
'*C-labelled saccharin
administered orally to rats
and rabbits on a normal . . (Ball et al.
diet or rats and rabbits Metabolism No metabolite detected 1977)
given a saccharin-enriched
. Sugar diet for months.
Saccharin .
substitute Fecal homogenates from
. . . (Ball et al.
rats kept on a saccharin Metabolism No metabolite detected 1977)
diet for 2 years
Several animal species and (Rymon
humans + human intestinal Metabolism No metabolite detected Lipinski

strains

1985)




Supplemental Table 2: Environmental chemicals that interfere with the composition or the activity of the GI microbiota

Compound Experimental protocol
Class Name Use Exposure protocole Parameters Results Reference
evaluated
E.f aecalzs.lsolated from feces of cattle Bacterial 0.1 mg/ml Glyphosate and round up inhibited E. | (Kriiger et al.
and horse incubated with glyphosat or rowth Faecalis erowth 2013)
Most widely used roundup (0-10 mg/ml) for 8 h £ ecans g
herbicide in the Highly pathogenic bacteria (S. Entritidis, S.
Glyphosate world, active Gallinarum...) highly resistant to glyphosate
component of Various bacterial strains isolated from Bacterial (Minimal inhibitory concentrations 5 mg/ml), (Shehata et al.
Round Up chicken growth whereas beneficial bacteria (E. faecalis...) 2013)
moderate to highly susceptible (MIC 0.07-0.3
pg/ml)
Slight increase in the total aerobic and anaerobic
Pesticides Bacterial counts; strong increase over time in the numbers
SHIME inoculated with human feces count of Enterococcus spp. and a moderate increase in
the numbers of Bacteroides spp. Decrease in
Lactobacillus sp. and Bifidobacterium sp counts
: Organophosphate The total anaerobic counts did not differ (Joly et al.
Chlorpyrifos . .. . . .
insecticide significantly. No difference in Enterococcus spp. 2013)
Rats gavaged with 1 mg/kg/day from Bacterial or Bacteroides spp., §hght increase in the 1leym
. and the colon but not in the cecum. Lactobacillus
gestation to PND60 count s .
sp. counts significantly lower in ileum, cecum
and colon. Decrease in Bifidobacterium spp.
count in the colon
Mice exposed to 23 to 50 mg/kg in Bacterial Sharp decrease in the population of all intestinal (Fazeli et al.
drinking water for 45 days count bacteria 2011)
Cadmium Mice exposed to 20 or 100 ppm in 16S rRNA Decrease?d Lachnospzracege and.mcreased (Breton et al.
S gene Lactobacillaceae and Erysipelotrichaceacae
. drinking water for 8 weeks . . . .. 2013)
Ubiquitous sequencing (mainly due to changes in Turicibacter sp)
Metals env1ronrpental Mice exposed to 100 or 500 ppm in 16S rRNA Decrease?d Lachnospzracege and.mcreased (Breton et al.
Lead contaminants . gene Lactobacillaceae and Erysipelotrichaceacae
drinking water for 8 weeks . . . .. 2013)
sequencing (mainly due to changes in Turicibacter sp)
Arsenic Mice exposed to 10 ppm inorganic 165 ;ECNA No changes in Bacteroides. Significant changes (Lu et al.
arsenic in drinking water for 4 weeks gene, in 6 families of Firmicutes. 2014)
sequencing




Compound Experimental protocol
Class Name Use Exposure protocole Parameters Results Reference
evaluated
Aspartame increased total fecal bacteria and the
Rats fed chow or HF diet +/- aspartame | qRT-PCR of abl.m.d ance of Enterobacteriaceae and .
Aspartame (5-7 mg/kg/day) in drinking water for 8 16S rRNA Clostridium leptum. Aspartame decreased the (Palmnis et al.
p gkeicay & HF-induced increase in the 2014)
weeks . . .
Firmicutes/Bacteroidetes ratio.
Metabolomics Increased serum levels of propionate
Rats kept on a cyclamate diet for 4 Bacterial Significant increase in clostridia counts in feces. (Drasar et al.
Cvelamate months count 1972)
Y Rat fecal microbiota maintained under Bacterial Increased sulfamase activity but no significant (Mallett et al.
continuous flow conditions count taxonomic change 1985)
Artificial Acesulfame . ND ND Neither antlb?lcterlal effects nor promotion of . (Ryr.non
sweeteners K Sugar substitutes bacterial growth were observed Lipinski 1985)
Rats gavaged with 100, 300, 500, 1000 Number of total anaerobes, bifidobacteria,
Sucralose mg/kg bw/day slenda (containing 1.1% ND lactobacilli, Bacteroides, clostridia and total (Abou-Donia
w/w sucralose + maltodextrin + aerobic bacteria decreased in feces. No effect on et al. 2008)
glucose) for 12 weeks enterobacteria.
16S tRNA Eecal mlcroblqta of saccharlln-(.:onsummg mice
ene displayed considerable dysbiosis, among which
Mice treated with commercial gene increased in bacteria from the Bacteroides genus
. . o sequencing + . - (Suez et al.
Saccharin formulation or pure saccharin in and Clostridiales order. Glycan degradation
. shotgun . 2014)
drinking water . pathway is over represented and SCFA
metagenomic . )
. (propionate and acetate) are elevated in stool
sequencing

from saccharin-consuming mice.




Compound Experimental protocol
Class Name Use Exposure protocol Parameters Results Reference
evaluated
Bacterial Growth inhibition of caecal bacteria , especially
count enterococci
BCA: caecal beta-galactosidase activity elevated,
large intestinal beta-galactosidase and beta-
glucosidase elevated, cecal azoreductase
Rats provided water ad libitum beta-glncuronide actity decremed. lrge | (George et
. By-products of containing 1g/L BCA, DCA or DBA cla-glueuro © y decreased. large & ’
Holoacetic L Enzyme intestinal beta-galactosidase and beta- 2000)
. drinking water for up to one month A .
acids disinfection activity glucosidase elevated, cecal azoreductase,
nitroreductase and dechlorinase decreased. DBA:
ceacal beta-galactosidase and beta-glucuronidase
activity decreased. Large intestinal beta-
glucosidase elevated, cecal azoreductase and
dechlorinase decreased
Rat caecal homogenates incubate Enzyme Increase in beta-glucosidase and (Nelson et al.
anaerobically with BCA activity dehydrochlorinase activities. 2001)
.. . . o Bacterial Dose dependent growth inhibition of L. (Hsu et al.
Miscellaneous Nonylphenol Plasticizer L. acidophilus and B. bifidum erowth acidophilus and B. bifidum 2009)
TCDD Dioxin Mice Bacterial No change in bacterial count (Ishikawa
count 2009)
Arise from Bacterial Sll§.mf1.ca11t char:jg\e]s in amot.mtsb(?f ]t3)actter.()1<.ies,
Particulate vehicle exhaust Mice gavaged with Ottawa urban composition frmicutes an erfru;:osmlcro 1a bacteria m (Kish et al.
matter and industrial PM10 for 35 days : CCeS. - 2013)
.. Decrease in butyric acid and valeric acid in
emissions Cecal SCFA
cecum.
Sudan dves Colorants in food 11 prevalent human intestinal bacterial Bacterial Cell growth of 2, 3,5, 5, and 1 strains inhibited (Pan et al.
y products strains growth by Sudan I, II, III, IV and Para Red resp. 2012)
Were widely used Mice treated by oral gavage with a . .
PCBs as dielectric and mixture of PCB153, PCB138, and 16S rRNA Decreased abunss;zz&iltégj taxa, primarily (ngllgt) al.
coolant fluids PCB180 (150 ymol/kg) for 2 days )
2378 1S RNA | brio s but depleted
tetrachlorodi | Persistent organic WT and AhR-/- mice fed a diet gene . ITIVIOTLo 3p. pe . (Zhang et al.
. . Oscillobacter sp. Bile acid metabolism, hepatic
benzofuran pollutant containing 24 mg/kg for 5 days sequencing + . . . . 2015)
(TCDF) metabolomics lipogenesis, glucogenesis and glycogenolysis
altered in an AhR-dependant manner.
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