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Abstract

Exposure to environmental pollutants is associated with a greater risk for metabolic diseases
including cardiovascular disease. Pollutant exposure can also alter gut microbial populations that
may contribute to metabolic effects and progression of inflammatory diseases. Short-chain fatty
acids (SCFAs), produced from gut fermentation of dietary carbohydrates, such as inulin, exert
numerous effects on host energy metabolism and are linked to a reduced risk of diseases. The
hypothesis was that exposure to dioxin-like pollutants modulate gut microbial viability and/or
fermentation processes. An inulin-utilizing isolate was collected from murine feces, characterized
and used in subsequent experiments. Exposure to polychlorinated biphenyl, PCB 126 impeded
bacterial viability of the isolate at concentrations of 20 and 200 uM. PCB 126 exposure also
resulted in a significant loss of intracellular potassium following exposure, indicating cell
membrane disruption of the isolate. Furthermore, total fecal microbe samples from mice were
harvested, resuspended and incubated for 24 hours in anaerobic media containing inulin with or
without PCB 126. HPLC analysis of supernatants revealed that PCB 126 exposure reduced
succinic acid production, but increased propionate production, both of which can influence host
glucose and lipid metabolism. Overall, the presented evidence supports the idea that pollutant
exposure may contribute to alterations in host metabolism through gut microbiota-dependent
mechanisms, specifically through bacterial fermentation processes or membrane disruption.
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Introduction

Exposure to environmental pollutants can illicit numerous deleterious health effects.
Polychlorinated biphenyls are a class of persistent organic pollutants that increase
development of chronic inflammatory diseases such as diabetes and atherosclerosis,
primarily through inflammatory mechanisms [1]. Due to their lipophilic nature, they
accumulate in the adipose tissue of living organisms and bioaccumulate along the food
chain. Thus, one of the primary routes of human exposure is through the ingestion of
contaminated foods including fatty meats, fish, and dairy [1]. This exposure route is unique
in that it has the ability to directly impact the gastrointestinal tract and gut microbiota.

The gut microbiota can be impacted by outside influences including diet and environmental
exposures [2]. Over the past decade, greater appreciation and understanding has come about
regarding the gut microbiota and its influence on overall host health and wellbeing. The gut
microbiota exerts impacts on neurological, metabolic, and inflammatory bowel diseases,
highlighting the diverse and wide-reaching impact of our intestinal bacterial residents [3].
Fermentation is an innate aspect of gut microbial metabolism and the metabolites produced
can have diverse impacts on host health. The primary end products of bacterial saccharolytic
fermentation of non-digestible carbohydrates are short chain fatty acids (SCFAS). These
SCFA are formed when carbohydrates escape digestion and absorption in the small intestine
and thus persist into more distal regions of the digestive tract where they are metabolized by
the residing gut microbiota [4]. The primary SCFA formed by bacterial fermentation are
acetate, propionate, and butyrate, although there are numerous other fermentation acids
produced. SCFA exert effects both locally, within the intestine, and systemically, and they
serve a variety of biological purposes [4]. For example, butyrate serves as a preferential
energy source for the colonic epithelial cells, facilitating the maintenance of an intestinal
barrier through regulation of tight junction proteins such as ZO-1, occludins, and claudins
[4, 5]. A strong intestinal barrier is critical for preventing leakage of bacteria and toxins into
the systemic circulation, which may contribute to chronic inflammatory responses that can
influence the development of disease [4, 6]. Additionally, SCFA concentrations are sensed
by specific G-protein coupled receptors (GPRs), GPR41 and GPR43, which are involved in
numerous systemic processes including the regulation of glucose and lipid metabolism [4,
5].

The prebiotic inulin is a polymer of fructans containing linear chains of fructosyl groups that
are linked by B(2-1) glycosidic bonds and terminated with an alpha-D(1-2) glucopyranoside
ring group on the reducing end [7]. The chain length of inulin varies from having two to
more than 100 fructose units, which results in differences in fermentation by gut microbiota
[71. In preclinical and clinical models, inulin has been demonstrated to have beneficial
effects on several disease states including cardiovascular disease and diabetes [8-10]. Inulin
is fermented by certain members of the gut microbial community to produce short chain
fatty acids including acetate, propionate, and butyrate, which is believed to be one of the
mechanisms of action in which inulin exerts host health effects [11]. In the human nutrition
community, inulin, is commonly referred to as a dietary fiber based on its inability to be
metabolized by mammalian enzymes and thus is not absorbed by the human body [12]. Due
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to the observed health effects of inulin consumption, it is commonly added to numerous
food products to increase the dietary fiber content while adding slight non-caloric sweetness.

Our lab has demonstrated previously that PCB 126 exposure decreases gut microbial
diversity, reduces specific bacterial populations, and impacts overall host metabolism in a
mouse model [13]. However, little is known about the mechanisms by which PCBs impact
the gut microbiota and how this may translate to effects for the host. Therefore, the objective
of this study was to examine the impacts of PCB 126 exposure on gut microbial viability and
fermentation utilizing the prebiotic inulin as a substrate.

Materials and Methods

Materials and Chemicals

Inulin from chicory was purchased from Sigma Aldrich (St. Louis, MO, USA). 3,3",4,4° 5-
pentachlorobiphenyl (PCB 126) was obtained from AccuStandard Inc. (New Haven, CT,
USA).

Animals and Fecal Collection

Male C56BL6/J mice were fed a standard chow diet ad /ibitum, housed at 22 °C with 50%
humidity, and exposed to a 12-h light/ 12-h dark cycle. When fecal samples were needed for
in vitro experiments, fresh fecal pellets were collected from mice and immediately placed in
a sterile microcentrifuge tube. Samples were quickly transferred in an insulated container at
37 °C for immediate experiment setup to ensure bacterial viability. For fermentation
experiments, fecal cell suspensions were made from pooled samples of three mice and
repeated a total of three times. The University of Kentucky animal care and use committee
approved all animal procedures.

Media and Anaerobic Technique

Growth medium was prepared, and cultures were transferred using the Hungate anaerobic
method. Growth medium contained (per 1 L) 240 mg KH,PQOy, 240 mg Ky,HPO4, 480 mg
NaCl, 480 mg (NH,4),S0O4, 100 mg MgSO4 7H,0, 64 mg CaCl, 2H,0, and 600 mg cysteine
hydrochloride [14]. Media was adjusted to a pH of 6.7 by adding NaOH, autoclaved to
remove Oo, and cooled under CO,, at which point 4.0 g Na,CO, was added. Media was then
anaerobically transferred to Hungate tubes, capped with rubber stoppers and aluminum
seals, and autoclaved for sterilization. Inulin was prepared anaerobically and added
aseptically at a concentration of 4 g/L unless otherwise indicated. Cultures were routinely
transferred with anaerobic technique using a tuberculin syringe and incubated at 37*C.

Inulin-Fermenter Enumeration, Isolation, and Characterization

Fecal samples (175 mg) were placed in anaerobic chamber (Coy Labs, Grass Lake, MI; 95%
CO», 5% Hy), suspended in 1 mL dilution buffer (PBS), and subjected to 10-fold serial
dilution in dilution buffer using sterile anaerobic techniques. Samples (200 pL) from the
dilutions were plated on basal medium agar (15 mg/mL) containing 4g/L of inulin for
bacterial isolation. Dilution plates were incubated in an anaerobic chamber for 72h at 37 °C.
Following incubation, colonies were isolated and grown in liquid growth media (4 g/L
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inulin) at 37 °C for 24-48h. Cultures were then characterized by Gram staining and light
microscopy. Phylogenetic identity was determined via 16S rRNA sequencing. Genomic
DNA was extracted (QiaAMP DNA Mini Stool Kit; Qiagen, CA, USA) and amplified by
PCR using PuReTaq™ Ready-to-Go™ PCR beads (GE Healthcare, Buckinghamshire, United
Kingdom) and universal 16S primers (10 pmol; Integrated DNA Technologies, Coralville,
IA, USA; Forward-5"-AGAGTTTGATCCTGGCTCAG-3’, Reverse — 3’-
ACGGCTACCTTGTTACGACTT-5"). The PCR cycles were: denaturing (94 °C; 5 min), 35
cycles (94 °C, 0.5 min; 55 °C, 1 min; 72 °C, 1 min), and final extension (72 °C; 5 min). PCR
products were sequenced by the University of Kentucky, sequencing core facility
(Lexington, KY, USA) using an ABI 3730 DNA Analyzer (Applied Biosystems, CT, USA).
The closest phylogenetic relatives were identified using a BLAST search of GenBank [15].
The 16S sequences were aligned and a phylogenetic dendrogram was assembled using the
Neighbor-Joining method in Geneious (version 10.2.5). The bacterial isolate was further
characterized for substrate utilization using an API 20A kit (BioMeriux, Marcy I’Etoile,
France).

Growth Experiments

Intracellular

Growth experiments were conducted in growth media (9mL, pH 6.7) in Hungate tubes.
Stock solutions of PCB 126 were solubilized in DMSO and the same amounts of DMSO as
in PCB-treated cultures were added to control cultures. The levels of DMSO in cultures was
less than 0.05%. PCB 126 (0.02 pM) or control (DMSO) was added to growth media prior to
inoculation with JB12 cultures. The dose of 0.2 uM was chosen as a level that has been
documented a in exposed human populations. Each tube was inoculated with (1% v/v) from
stationary phase (16 h) cultures and incubated at 37 °C. Optical densities were determined
via spectrophotometry (600 nm) to quantify bacterial growth.

The effect of increasing concentrations of PCB 126 on the growth of the inulin-fermenting
isolate was conducted via broth dilution (10-fold increments). Isolates were transferred and
maintained in growth media (9 mL, pH 6.7) containing 4 g/L of inulin that was prepared
using sterile anaerobic technique. PCB 126 was added to growth media via a Hamilton
syringe in 10-fold dilutions (0.02, 0.2, 2, 20, 200 pM). Each tube was inoculated with a
stationary phase (1% v/v) from 16h cultures and incubated at 37 °C. Optical densities were
recorded 24h after inoculation and the degree to which growth was observed was
documented. All growth experiments were conducted in triplicate.

Potassium Quantification

Intracellular potassium was quantified using a method described in Flythe et. al.2007 [16].
Growing cultures were energized with glucose for 25min, at which point PCB 126 or vehicle
control (DMSO) were introduced. Concentrations and preparations of PCB 126 and DMSO
were as described above. At each timepoint, cells were separated from supernatant via
centrifugation (13000g, 1 min) through silicon oil using a 50:50 mixture of Dexter Hysol
550 and 560. Cell pellets were removed with dog nail trimmers, and subsequently digested
in 3 N HNOg (25 °C for 72h). Insoluble cell material was removed via centrifugation
(13,000¢, 2 min) and the potassium concentrations were determined using flame photometry
(Cole-Parmer 2655-00 Digital Flame Analyzer; Cole-Parmer Instruments, IL, USA).
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Fecal Cell Suspensions:

Fecal samples (175 mg) were placed in an anaerobic chamber and suspended in 9mL of
basal medium[14]. Samples were centrifuged (340g, 5 min) to remove major undigested
material. Supernatants were collected and centrifuged (25,0009, 10 min) to pellet bacteria.
Bacterial pellets were resuspended in 9mL of growth medium and split into 3 tubes each
containing 2 mL of bacterial suspension. PCB 126 (0.02, 0.2 or 2uM final conc.) or vehicle
control (DMSO) and inulin (4 g/L or 10 g/L final conc.) were added to the bacterial
suspensions. The preparation of PCB 126 and DMSO were the same as described above.
The pH and optical density (OD; absorbance at 600 nm) were quantified to ensure
normalization. Samples were incubated for Oh or 48h at 37 °C, centrifuged (21,000g, 2 min)
to collect supernatant for fermentation end product quantification, and frozen stored at

—20 °C until analysis.

Fermentation End Product Quantification

Statistics

Results

Fermentation end product quantification was conducted as discussed previously [14].
Supernatant samples were thawed and clarified in a microcentrifuge (21,000g, 2 min) for
short-chain fatty acid (SCFA) quantifications. SCFAs were quantified using as Summit
HPLC (Dionex; CA, USA). Extracts (100 pL) were injected into an anion-exchange column
(Amine HP-87H; Bio-Rad, Hercules, CA) at 50 °C, separated isocratically with 5 mM
sulfuric acid (0.4 mL/min flow rate), and subsequently detected via refractive index and UV
absorption at 210 nm.

Each experiment was performed in triplicate. Data were input into GraphPad Prism
(GraphPad Software, Inc., La Jolla, CA) for statistical analyses and graphing. Growth
inhibition, intracellular potassium, and fermentation acid data were analyzed by Student’s t-
test to calculate comparisons of means between treatment groups. All data are presented as
means + SEM and results were considered statistically significant with an observed p-value
<0.05.

Identification of an inulin fermenting isolate

An inulin fermenting microorganism (JB12) was isolated mouse feces. The isolate formed
smooth, white opaque colonies approximately 1mm in diameter on basal medium agar with
4 g/L inulin. Culture purity was confirmed through repeated isolation streak. Sequence
homology (16S rRNA) revealed that the closest characterized relative of JB12 was
Acutalibacter muris (96% identity), a member of the Ruminococcaceae (Figure 1). JB12 was
Gram-positive, and, unlike A. muris, it formed central endospores. In addition to inulin,
JB12 metabolized glucose, saccharose, maltose, salicin, xylose, cellobiose, mannose, and
trehalose (Table 1) [17-19].
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Effect of PCB 126 on bacterial growth

To elucidate the effects of PCB 126 on an isolate JB12, experiments examining growth
effects were conducted. For growth curve experiments, PCB 126 (0.02 uM) or control
(DMSO) was added to growth media (9 mL) and subsequently inoculated with a stationary
phase (16h culture; 1% v/v) of JB12 cultures. Cultures were incubated at 37°C and growth
was quantified over time via optical densities (600 nm). JB12 grew rapidly in the growth
medium with inulin as the substrate and reached an optical density of approximately 2.5
(DMSO) and 1.5 OD600 (PCB 126) after 5h. (data not shown).

To examine the effects of PCB 126 dose on JB12 growth, increasing doses of PCB 126 were
added to tubes containing basal media which were subsequently inoculated with a stationary
phase (16h culture; 1% v/v) culture of JB12 and incubated at 37°C for 24h. 24h after
inoculation, growth was evaluated via optical density. We observed a significant reduction of
bacterial growth at the two highest PCB 126 concentrations (20 uM and 200 uM) compared
to control (P<0.05) (Figure 2). Apparent reduction in bacterial growth at lower PCB
concentrations less than 20 uM were not significant.

Disruption of bacterial cell membrane by PCB 126

When cell suspensions of the inulin-fermenting isolate were energized with glucose, they
accumulated intracellular potassium. When PCB 126 was added to the cell suspension,
energized cells continuously lost intracellular potassium while a control that received only
vehicle continued to accumulate intracellular potassium (Figure 3). Significantly lower
levels of intracellular-potassium observed at 35, 45, 55, and 65 minutes compared to vehicle
control.

PCB 126-induced modulation of fermentation acid production from inulin substrate

Fecal cell suspensions were grown and maintained using inulin as a substrate (4g/L or
10g/L) and exposed to PCB 126 at varying doses or DMSO control for 48h. Examination of
the fermentation acid production from inulin at 4g/L revealed that the highest concentrations
of PCB 126 (0.2 uM and 2 uM) reduced production of succinate (Figure 4). Additionally,
PCB 126 exposure significantly increased propionate concentrations in the 2uM exposed
cells. The cells that were not exposed to PCB 126 produced 46 mM total fermentation acids,
including 11 mM propionate, 12 mM butyrate, and 21 mM acetate. To further understand the
effects of PCB 126 on fermentation acid production, we performed a second experiment in
which the inulin substrate concentration was increased to 10g/L. At this increased
concentration of inulin, PCB 126 exerted no significant effects on fermentation acid
production at any of the exposure levels (Figure 5).

Discussion

The objective of this study was to examine the impacts of PCB 126 exposure on gut
fermentation utilizing the prebiotic inulin as a substrate. Previous results indicated that the
dioxin-like PCB altered the population sizes of a variety of phylogenetic groups in the
hindgut when mice received the toxicant /n vivo [13]. The current study follows up by
mechanistically examining the effects of PCB 126 on bacteria isolated from murine feces.
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The effects on uncultivated hindgut bacterial fermentation ex vivo are also shown. Bacterial
fermentation is a key metabolic process allowing bacteria to extract energy from compounds
that the host takes in [4, 5]. Products of fermentation of indigestible carbohydrates, such as
inulin, include various fermentation acids or short chain fatty acids. SCFA are common,
easily-quantifiable products of bacterial fermentation and thus are a good measure to
examine potential pollutant-induced effects [4, 5].

Inulin was chosen as the host-indigestible carbohydrate substrate due to its increased
popularity in the food and supplement industry as well as the strong basis of scientific
evidence linking inulin consumption to beneficial host health outcomes [11, 20-22]. United
States citizens ingest 1-4g of inulin-type fructans per day, which can be anticipated to rise
with increasing popularity [23]. Administration of inulin has been demonstrated to reduce
adiposity and parameters associated with metabolic syndrome [8, 10, 22]. The mechanisms
behind the beneficial actions of inulin are believed to include alterations in gastrointestinal
peptide and short chain fatty acid production, regulation of the immune system, and
modulation of lipid metabolism [22]. For example, Weitkunat et. al. found that gnotobiotic
mice colonized with a human microbiota and fed an inulin-enriched diet had significantly
greater amounts of acetate, propionate and butyrate in the cecum as well as elevated levels of
acetate and propionate in the plasma of the portal vein compared to mice fed cellulose [24].
Inulin feeding also altered hepatic genes associated with lipogenesis and fatty acid
elongation, which was hypothesized to be due to the differences in short chain fatty acid
levels. These data highlight the fermentative capability of inulin and the role that
fermentation products (SCFA) play on overall host health, making inulin a relevant substrate
to study the effects of pollutant exposure.

An inulin-utilizing microorganism was isolated from feces in order to examine the inhibitory
effects of PCB 126 at a physiological level. The isolate (JB12) was most closely related to
Acutalibacter murfs which was previously isolated from murine feces [19]. Isolate JB12
grew rapidly in the growth medium when inulin was provided as the substrate, but growth
slowed in an apparent stationary phase in the presence of PCB 126 at 0.2 uM. However, the
growth appeared to be diauxic because greater optical densities were observed at 24h (Figure
2). At 24h, there was a dose-response inhibitory effect of PCB 126 on the culture. Diauxic,
or biphasic, growth is not surprising because inulin is not truly a single substrate. It is
composed of oligofructose of different chain lengths, which are fermented at different rates
and to different extents [25]. When polymers of different chain lengths are fermented as
though they were different substrates, classical diauxic growth could occur [26]. It was also
observed that concentrations greater than 20 uM of the polychlorinated biphenyl reduced the
growth of JB12. These results are consistent with the previous /17 vivo data that showed PCB
126 exposure disrupted bacterial populations and decreased bacterial diversity [13].
However, the antimicrobial mechanism of action of PCB 126 on gut bacteria was unknown.
Previously, research was conducted on the effects of PCBs and other environmental
pollutants on soil microbes [27]. It has been discussed that there is no convincing evidence
that PCBs exert genotoxicity in bacteria, such as Salmonella enterica [28]. Additionally,
there is some evidence that PCBs may be membrane active within specific soil microbial
populations [27]; therefore, we examined the effect of PCB 126 on the intracellular
potassium of isolate JB12. Potassium is the main intracellular cation in bacterial cells and
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serves important roles such as acting as a cofactor for certain enzymes [29]. Quantification
of intracellular potassium is a method that allows examination of potential membrane
disruptions that that result in the leakage or loss of this intracellular cation. We observed that
upon exposure to PCB 126, the bacterial cells rapidly lost potassium, which is consistent
with a loss of cell membrane integrity. This result indicates that bacterial cell membrane
disruption is a potential antimicrobial mechanism of action by which polychlorinated
biphenyls could disrupt gut microbial communities.

To better understand how these findings may impact the gut microbiota as a whole, we
examined the effects of PCB 126 on fermentation acid production in a fecal microbial cell
suspension. PCB 126 addition (0.2 uM and 2 uM) to the fecal cell suspension completely
inhibited succinate production and increased propionate production (2 pM). This is
important for the host due because succinate is a substrate in intestinal gluconeogenesis.
Impaired intestinal gluconeogenesis was shown to impact systemic glucose tolerance [30].
Furthermore, microbiota-derived succinate was shown to improve glucose and insulin
tolerance in wild-type mice [31]. It has been documented that PCB 126 disrupts glucose
tolerance, yielding a diabetic phenotype in mouse models, thus this new finding of
microbial-derived succinate loss with PCB 126 may play a role in this previously observed
phenotype [32]. An increase in propionate was also observed in the fecal cell suspensions
exposed to PCB 126, which may have implications in alterations in host hepatic metabolism.
In support of this data, previous /n vivo evidence indicated an increase in propionate
producers including Clostridiales [33] and Akkermansia [34] in cecum samples of mice
exposed to PCB 126 [13]. Propionate can affect hepatic de novo lipogenesis as well as
lipolysis and in humans an increased level of propionate has been observed in individuals
with non-alcoholic fatty liver disease [35]. It is well documented that exposure to dioxin-like
pollutants increases hepatic lipid content and exacerbated non-alcoholic fatty liver disease
[36, 37]. Therefore, the effects observed on propionate production have the potential to
contribute to these well-known hepatic consequences of pollutant exposure.

The modulatory effects of PCB 126 on fermentation acid production were not observed
when the inulin concentration was increased to 10 g/L. This is not surprising because all of
the microorganisms in the gut microbiome were not sensitive to PCB 126 at the
concentrations tested. At higher inulin concentrations, lactate was a major end product.
Lactic acid production is common when easily fermented carbohydrate is in excess. Many
Firmicutes (e.g. streptococci) and Proteobacteria (e.g. E. coli) possess a 1,6- fructose
bisphosphate (FBP)-dependent lactate dehydrogenase (LDH) [38]. Rapid membrane
transport of sugars leads to an increase in cellular FBP, which triggers LDH and homolactic
metabolism [38]. Abundant lactate production regardless of PCB 126 suggests that one or
more fructanolytic lactic acid bacterial species were not sensitive to PCB 126. It is important
to note that increased lactate production from fructans fermentation is not always beneficial.
For example, in horses, excess lactate production and resultant drop in pH in the hindgut can
increase intestinal permeability and contribute to the development of laminitis, resulting in
required euthanasia [14]. Our present data do not warrant a suggestion for excess
consumption of inulin, but rather serves to highlight that the bacterial populations that are
able to grow at higher concentrations of inulin are not sensitive to PCB 126. These data
indicate that PCBs might be selectively toxic to specific gut microbial populations.
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Although this present study is novel and adds to the growing body of literature examining
the impacts of pollutant exposure on gut microbial populations, there are a few limitations
that should be noted and addressed in subsequent studies. First, the mechanistic aspects of
this study focus on a single isolate and thus the translatability of our findings to other
microbial species is limited but should be examined in future experiments. Additionally, it
has been reported that serum concentrations of PCBs can be found at approximately 3uM in
exposed individuals [39]. Due to the primary route of exposure (i.e. food consumption), it
could be expected then that the intestinal environment sees similar or higher levels. Thus, the
0.02uM, 0.2uM and 2uM concentrations used for most experiments in this manuscript are
physiologically relevant, especially in heavily exposed populations. However, the highest
concentrations in utilized in the inhibition experiment (Figure 2) are supraphysiological. Use
of these higher levels, while not found in human populations, is important to help
characterize and better understand the microbial impact of PCB 126. Furthermore, the
experiments conducted in the present study are representative of acute exposures while
humans often see more chronic exposures due to the primary route of exposure of PCBs (i.e.
food) and their participation in enterohepatic circulation. Thus, gastrointestinal microbial
populations are continually exposed to these pollutants which could elicit a different and
perhaps more detrimental response over time. Finally, it appears that some microbiota are
effected by exposure to PCB 126 while others are not. This is the first study to show impacts
of a polychlorinated biphenyl compound on fermentation by gut microbiota. It remains to be
seen if this interaction of the native gut microorganisms with an environmental toxicant is
beneficial to the host.

Conclusion

PCB 126 decreased the fermentative ability and viability of an inulin-metabolizing murine
fecal bacterium. Potassium efflux indicated that the mechanism of action was membrane
perturbation. The fermentation of washed fecal microorganisms were also impacted by PCB
126 ex vivo when the inulin concentration was low. However, the toxicant was not inhibitory
to fermentation when the inulin concentration was greater. These results indicate that not all
species (e.g. the lactic acid bacteria that flourish under carbohydrate excess conditions) were
equally sensitive, a conclusion which is consistent with previous results by our research
group using culture-independent methods [13].
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Highlights:

Exposure to polychlorinated biphenyl PCB 126 impeded bacterial viability of
an inulin-fermenting isolate.

PCB 126 induced membrane disruptions in an inulin-fermenting isolate.

Reductions in succinate and increases in propionate production were observed
in fecal cell suspensions exposed to PCB 126.

Increased inulin substrate provision abolished PCB 126-induced alterations in
fermentation acid production.
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A phylogenetic dendrogram of isolate JB12 and closely related relatives. Relationships were
based on 16S rRNA sequences. The tree was constructed using the neighbor-joining method
in Geneious (version 10.2.5) and bootstrap values are expressed as a percentage of 1000
replications. The scale represents a 2% difference in nucleotide sequence.

Apnaerobe. Author manuscript; available in PMC 2020 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hoffman et al.

i
o
1

2.0-

1.5-

Optical Density (OD600)
N
3

Page 15

-
o

) ] ) I I

S & & v o S

PCB 126 conc. (uM)

Figure 2.
PCB 126 is an inhibitor to an inulin-utilizing bacteria. Growing cultures of isolate JB12

were exposed to increasing concentrations of PCB 126 (0.02, 0.2, 2, 20, 200 pM) and optical
density was quantified after 24 hours of incubation (n=3). PCB 126 impeded bacterial
growth at concentrations of 20 and 200 uM (p<0.05). All data are presented as means +
SEM. *Statistically different compared to 0 uM PCB 126 control (p<0.05; Student’s t-test).
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Figure 3.

PCB 126 treatment significantly decreases levels of intracellular potassium over time in
energized inulin-fermenting strain JB12. Growing cultures were energized with glucose at
time 0 and PCB126 and vehicle control (DMSO) were introduced at 25m (n=3). Samples at
each timepoint were subject to centrifugation to remove insoluble cell material and
potassium concentration was determined using flame photometry. PCB 126 significantly
reduced intracellular potassium levels at 35, 45, 55, and 65 minutes compared to vehicle
control. All data are presented as means + SEM. * Significantly different compared to
vehicle control (DMSO) at specific timepoint (p<0.05; Student’s t-test).
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Figure 4.

PCB 126 treatment differentially modulates fermentative SCFA from moderate
concentrations of the dietary fiber inulin. Bacterial cell suspensions were maintained on
inulin substrate (4 g/L) and subsequently exposed to PCB 126 (0.02 uM, 0.2 UM, 2 uM) or
vehicle control (DMSO) for 48h (n=3). HPLC was utilized to quantify fermentation acids in
the media after incubation. PCB 126 significantly reduced production of succinate at 0.2 uyM
and 2uM exposure concentrations and significantly increased propionate production at the 2
UM concentration. All data are presented as means + SEM. * Significantly different
compared to vehicle control (DMSO) (p<0.05; Student’s t-test).
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Figure 5.

Increased inulin provision abolishes effects of PCB 126 treatment on fermentative SCFA
production by isolated fecal bacterial. Bacterial cell suspensions were maintained on inulin
substrate (10g/L) and subsequently exposed to PCB 126 (0.02 uM, 0.2 uM, 2 uM) or vehicle
control (DMSO) for 48h (n=3). HPLC was utilized to quantify fermentation acids in the
media after incubation. PCB 126 had no significant effect on fermentation acid production
from a higher inulin substrate concentration (10 g/L). There was a trend towards lower total
fermentation acid production (p=0.055) in bacterial cultures exposed to higher levels of PCB
126. All data are presented as means = SEM. * Significantly different compared to vehicle
control (DMSO) (p<0.05; Student’s t-test)
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Table 1:

Substrate utilization profile of isolate JB12 and close relatives

Page 19

Coccus

Substrate Isolate JB12 Acutalibacter muris (Strain Anaeromassilibacillus senegalensis Clostridium leptum (ATCC
Kb18) (strain mt9") 29065)
Indole - - - n.d.
Urea - - - n.d.
Glucose + - - = (w)
Mannitol - - - n.d.
Lactose + - - -
Saccharose + - - -
Maltose + - + +
Salicin + - n.d. -
Xylose + - n.d. = (w)
Arabinose - - n.d. -
Gelatin - - n.d. -
Esculin - + n.d. = (w)
Glycerol - - n.d. n.d.
Cellobiose + - n.d. -
Mannose + - - -
Melezitose - - n.d. n.d.
Raffinose - - n.d. -
Sorbitol - - n.d. -
Rhamnose - - n.d. -
Trehalose + - n.d. = (w)
Catalase - - - -
Spores + n.d. + +
Gram Reaction + n.d. - +

+ positive reaction; — negative reaction; (w) weakly; n.d. not determined [17,18,19]
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