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Abstract

The members of the infant microbiome are governed by feeding choice (breastmilk vs. formula).
Regardless of feeding choice, a competitive growth advantage can be provided to commensals
through prebiatics - either human milk oligosaccharides (HMOs) or plant oligosaccharides

that are supplemented into formula. To characterize how prebiotics modulate commensal —
pathogen interactions, we have designed and studied a minimal microbiome where a pathogen,
Streptococcus agalactiae engages with a commensal, Streptococcus salivarius. \We discovered that
while S. agalactiae suppresses the growth of S. salivarius via increased lactic acid production,
galacto-oligosaccharides (GOS) supplementation reverses the effect. This result has major
implications in characterizing how single species survive in the gut, what niche they occupy,

and how they engage with other community members.
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Insert text for Table of Contents here. The study of infant microbiome and how the flora is affected
by feeding choice has recently gained interest. We designed a two species microbiome in which
the pathogenic Streptococcus agalactiae encounters the commensal Streptococcus salivarius. We
uncovered that the common infant formula supplement, galacto-oligosaccharides is able to reverse
the effects of S. salivarius growth suppression by S. agalactiae.
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Introduction

The gut microbiome is home to a densely populated community of microorganisms. This
community provides the host with nutritional and physiological benefits and protection
against pathogens.[t] As the gut is a nutrient deplete environment, microorganisms have
evolved strategies to either coexist or compete with other organisms for resources. While
some species adjust their metabolism to use secondary metabolites, others are more
aggressive and directly engage with their competitors through chemical warfare. For
example, commensal bacteria prevent colonization of pathogens through consumption of
essential nutrients, production of antimicrobials that inhibit adhesion, and production of
metabolites that stimulate the host immune response.[2] In the case of the infant microbiome,
these community dynamics are influenced by several factors including mode of delivery,
antibiotic exposure, and feeding source.

In terms of neonatal health and wellness, few pathogens rival the importance of the
gram-positive bacteria Streptococcus agalactiae which colonizes the gastrointestinal tract
and vaginal epithelium of pregnant women.[3] With ca. 25% of pregnant women carrying
S. agalactiae at the time of delivery, infants are at high risk for infection via vertical
transmission either in utero or during labor and delivery.[32 41 S, aga/actiae infections

are a leading cause of neonatal sepsis, meningitis, pneumonia, bacteraemia, and morbidity.
[5] Currently, the only effective recourse against S. aga/actiae infection is intrapartum
antibiotic prophylaxis (I1AP).[6] However, while IAP significantly reduces the risk of

S. agalactiae early-onset disease, antibiotic treatment is not unflawed.[”] In addition to
resistance evolution, antibiotics are associated with dysbiosis of the gut microbiota in both
mother and child.[é]
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To characterize the body’s defense mechanisms against S. agalactiae, we previously
explored the antimicrobial and antibiofilm properties of human milk oligosaccharides
(HMOs) against this organism. After lactose and lipids, HMOs are the third most abundant
macromolecule in human breast milk.[ In their most widely understood mechanism, HMOs
are prebiotics that stimulate the growth of beneficial gut bacteria.[®] Our contribution to
this area started with the discovery that HMOs possess both bacteriostatic and antibiofilm
activity against not only S. agalactiae, but several of the highly infectious ESKAPE
pathogens.[1] We hypothesized that HMOs act by increasing cell membrane permeability.
This hypothesis was due, in part, to our observation that HMOs potentiate intracellular-
targeting antibiotics.[*] Additionally, through metabolomic analysis, we confirmed that
HMOs disrupt several metabolic pathways critical to cell membrane development and
maintenance.[110]

In the time since these discoveries, we developed an interest in characterizing how
commensal — pathogen dyads are affected by each other’s oligosaccharide metabolism.
Indeed, this question is one critical to infant health and wellness. For example, it is
well-established that breastfeeding provides all protective and immunological components
necessary for an infant’s growth and development.[12] Formula companies strive to deliver
optimal nutrition to the infant by attempting to mimic human breast milk as closely

as is ethical. Due to their known prebiotic and antiadhesive properties, HMOs and,

more commonly, plant oligosaccharides are supplemented into commercially available
formula.[X3] For example, the plant fiber’s galacto-oliogosaccharides (GOS) and fructo-
oligosaccharides (FOS) are added to formula to mimic the function of HMOs.[14] While
these molecules are still used, modern formulations are frequently using 2’-fucosyllactose
(2’-FL) and lacto- A-neotetraose (LNNT) as supplements.[142. 151 |nterestingly, although
supplementation is routine, several aspects of the strategy are poorly understood. For
example, it is not well-characterized how the addition of fiber effects microbial community
dynamics. In the study described herein, we hypothesize that HMOs and plant polymers
differentially effect the growth dynamics between commensals and pathogens. To test this
hypothesis, we studied the relationship between two microorganisms, S. agalactiae and
Streptococcus salivarius (S. salivarius). While the majority of streptococcal species are
pathogenic in nature, S. salivarius is one of the prominent commensal species in both the
oral and gut microbiomes.[*8] S. sa/ivarius is also one of the earliest colonizers of healthy
infants, typically present immediately after birth.[160. 171 5. sa/jvarius K12, is a probiotic
successfully used to prevent and treat S. pyogenes, the bacteria that causes strep throat.[18]
In this study, we hypothesized that coculturing S. salivarius with S. agalactiae - in addition
to oligosaccharide supplementation — would enable characterizing the growth effects of
oligosaccharide metabolism on both commensal and pathogenic bacteria in a minimal,
model infant microbiome.
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Results and Discussion

S. agalactiae suppresses the growth of Streptococcus salivarius. Growth suppression is
reversed through GOS supplementation.

In an orienting experiment, we screened six oligosaccharide prebiotics for their
antimicrobial activity. Four of the substrates were HMOs: 2”-fucosyllactose (2-FL,

1), 3’-siallylactose (3'-SL, 2), 3-fucosyllactose (3-FL, 3), and 6’-siallyactose (6"-SL,

4). Additionally, we studied galacto-oligosaccharides (GOS, 5), as they are a formula
supplement and a cocktail of HMOs isolated from the breast milk of 7 donors (Figure

1). The growth of S. agalactiae (strain GB00002) and S. salivarius (strain ATCC

19258) were assessed over a period of 24 hours and quantified using ODggg absorbance
readings. Antimicrobial activity was evaluated by comparing growth and viability of either
S. agalactiae or S. salivariusin unsupplemented medium to growth in medium with
oligosaccharide supplementation (Figure 2). The test substrates were dosed at ca. 5 mg/mL,
the low end of concentrations commonly observed in human milk or infant formula.

In the S. salivarius model, GOS increases growth starting at hour 6, with an increase of 64%
at 24 hours. To contrast, the HMO cocktail completely inhibits growth of S. salivarius over
the entirety of the 24-hour experiment. Interestingly, the four naturally occurring HMOs

did not have a significant effect on S. salivarius growth. As expected, in the S. agalactiae
model, the HMO cocktail suppressed growth over the entire 24-hour period. However, in

a result that contrasts the S. salivarius assay, GOS reduced cellular growth starting at hour
4, with a 24% decrease at 24 hours. 3-FL (11%), 3'-SL (14%), and 6”-SL (12%) also
significantly decreased the growth of S. agalactiae at 24 hours. This result is particularly
interesting as GOS has not previously been evaluated as an antimicrobial agent. Similar
trends were observed for bacterial viability across both strains. Specifically for S. salivarius,
GOS increased viability starting at hour 6, with an increase of 18% at 24 hours. As was
observed with S. salivarius growth, the HMO cocktail significantly reduced viability of the
entire 24-hour period. In the S. agalactiae model, viability was also significantly reduced
over the same time period for the HMO cocktail.

With an understanding of how S. salivarius and S. agalactiae respond to oligosaccharide
supplementation, and the intriguing contrast in growth responses to GOS, we moved to
explore the growth dynamics of the two strains in a two-species microbiome (coculture)
with and without GOS supplementation. We used the transwell plate system for coculturing
which enables characterization of the interactions between two bacterial cell populations
(Figure 3). While the organisms are physically separated by a semi-permeable membrane;
all macromolecules, primary, and secondary metabolites passively diffuse across the plate.
As a control, both strains were grown in their own wells. Grown separately, we observed a
25% difference in growth between the two strains. As expected, upon supplementation with
GOS, we observed a 67% increase in the growth of S. salivarius. Interestingly, we observed
an extreme suppression of S. salivarius growth by S. agalactiae in coculture. Specifically, we
observed a 54% decrease from the solo culture, a 286% difference in growth between the
two strains, and a 40% increase of S. agalactiae growth from the solo culture. The addition
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of GOS allowed both S. salivarius and S. agalactiae growth to completely rebound to that of
the solo culture.

An acidic environment caused by S. agalactiae lactic acid production is likely contributing
to S. salivarius growth inhibition.

We hypothesized S. agalactiae was producing a metabolite in response to cell-to-cell
interactions with a competitor. To test this hypothesis, we explored the inhibitory effects

of cell-free supernatants. The phenotype was still observed upon treatment with S. agalactiae
cell-free supernatants from both solo and cocultures (Figure S1). To narrow down whether
proteins, lipids, carbohydrates, or DNA are responsible for growth inhibition we incubated
the cell-free supernatants with proteinase K, lipase, a-amylase, or DNAase | for 24 hours
(Figure 4). Surprisingly, we did not observe S. salivarius growth inhibition by S. agalactiae
from both solo and cocultures upon incubation with each enzyme. Hypothesizing that each
enzyme is highly buffered, we added 1 mM TRIS buffer to the cell-free supernatants. Just
as was observed with the enzymatic experiments, we did not observe suppression of S.
salivarius growth. Thus, we concluded S. salivarius inhibition is only observed in an acidic
environment (Tables S1 and S2).

S. agalactiae produces a myriad of virulence factors responsible for its pathogenesis and
ability to persist in harsh environments. In addition to pore-forming toxins, biofilms,

and sialylated capsular polysaccharides, lactic acid has recently been implicated in the
virulence of S. agalactiae.19 S. agalactiae produces lactic acid as an end product of
anaerobic carbohydrate fermentation.[29] We hypothesized that lactic acid production was
contributing to the suppression of S. salivarius growth. Accordingly, a lactic acid production
assay was employed to measure the concentration of lactic acid present in each sample in
Figure 3. Using the lactic acid standard curve (Figure S3), the concentration of lactic acid
was calculated (Figure 5). In the solo cultures, S. agalactiae produced ca. 49.2 ng/uL of
lactic acid. The remaining cocultures produced an average of 34.5 ng/uL lactic acid, 30%
less than S. agalactiae in medium alone. This data validates the hypothesis that S. agalactiae
is producing a significant amount of lactic acid — likely contributing to its modulation of S.
salivarius growth.

Reversal of S. salivarius suppression is carbohydrate specific to GOS and galactose.

We questioned whether the rebound of S. salivarius growth in coculture with S. agalactiae
was specific to GOS or if other carbohydrates could produce this phenotype. We elected

to screen three monosaccharides and two disaccharides against S. sa/ivarius to determine

if they elicit the same response as GOS (Figure 6). Perhaps not surprisingly, galactose,
glucose, and lactose all increased growth by 48%, 62%, and 96%, respectively. We next

set up cocultures with supplementation of these three carbohydrates and GOS (Figure 7).
Interestingly, only GOS and galactose caused S. safivarius growth to fully rebound from the
suppression triggered by S. agalactiae. Since GOS is a polymer composed of between two
and eight monomeric units of galactose, we conclude this reversal of S. salivarius inhibition
is specific to galactose.

Chembiochem. Author manuscript; available in PMC 2023 February 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moore et al. Page 6

Conclusion

In summary, we have provided strong evidence that increased lactic acid production

plays a significant role in S. agalactiae modulation of S. salivarius. Intriguingly,
supplementation of galactose/GOS circumnavigates this inhibition of S. salivarius growth.
This result is a critical first step toward understanding commensal-pathogen interactions in
carbohydrate-rich environments. Moving forward, our goal is to continue characterizing how
oligosaccharides influence interactions between microbiome community members.

Experimental Section

Materials and Methods—2’-fucosyllactose, 3-fucosyllactose, 3”-sialyllactose, 6’-
sialyllactose, D-galactose, and D-cellobiose were purchased from Carbosynth. Lactose and
D-glucose were purchased from Sigma Aldrich. D-xylose was purchased from Oakwood
Chemical. Galacto-oligosaccharides were purchased from FrieslandCampina.

HMO isolation—Human milk was obtained from 7 healthy, lactating women between

3 days and 3 months postpartum and stored between —80 and —20°C. Deidentified milk

was provided by Jorn-Hendrik Weitkamp from the Vanderbilt Department of Pediatrics.
Milk samples were thawed and then centrifuged at 3750 rpm for 45 min. Following
centrifugation, the resultant top lipid layer was removed. The proteins were then removed by
diluting the remaining sample with roughly 1:1 (vol/vol) 180 or 200 proof ethanol, chilling
the sample briefly, and centrifuging for 45 min at 3750 rpm, followed by removal of the
resulting HMO-containing supernatant. Following concentration of the supernatant in vacuo,
the HMO-containing extract was dissolved in 0.2 M phosphate buffer (pH 6.5) and heated

to 37°C. 1 mL of B-Galactosidase from K/uyveromyces lactis was added, and the reaction
mixture was stirred until lactose hydrolysis was complete. The reaction mixture was diluted
with roughly 1:0.5 (vol/vol) 180 or 200 proof ethanol, chilled briefly, and then centrifuged
at 3750 rpm for 30 min. The supernatant was removed and concentrated in vacuo, and

the remaining salts, glucose, and galactose were separated from the oligosaccharides using
size exclusion chromatography with P-2 gel (H2O eluent). The oligosaccharides were then
dried by lyophilization. Correspondingly, HMO isolates from donors were combined and
solubilized in water to reach a final concentration of 102.6 mg/ml.

Bacterial strains and culture conditions—S. agalactiae strain GB00002 was
previously recovered from a vaginal/rectal swab taken from a pregnant mother prior to
childbirth [20]: it was previously classified as a serotype la strain belonging to multilocus
sequence type (ST)-23 [21]. S. salivarius strain (ATCC 19258) is a type strain. Both strains
were grown on tryptic soy agar plates supplemented with 5% sheep blood (blood agar
plates) at 37 °C in ambient air overnight. Strains were subcultured from blood agar plates
into 5 mL of Todd-Hewitt broth (THB) and incubated under shaking conditions at 180 rpm
at 37 °C in ambient air overnight. Following overnight incubation, bacterial density was
quantified through absorbance readings at 600 nm (ODgqg) using a Promega GloMax-Multi
Detection System plate reader. Bacterial numbers were determined using the predetermined
coefficient of 1 ODgog = 10° CFU/mL.
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Bacterial growth assays and viability assays—Bacterial strains were grown
overnight as described above and used to inoculate fresh THB at a concentration of 108
colony forming units per 200 pL of growth media in 96 well tissue culture treated, sterile
polystyrene plates (Corning, Inc.). Compounds were dissolved in DI water to achieve a
concentration of 80 mg/mL and filtered through a 0.2 um syringe filter. Compounds were
added to achieve final carbohydrate concentrations of ca. 10, 5, 2.5, 1.25, 0.625, and 0.3125
mg/mL. Bacteria grown in THB in the absence of any compounds served as the control.
Cultures were grown under static conditions at 37 °C in ambient air for 24 h. Growth was
quantified through spectrophotometric reading at ODggg with readings taken at 0, 2, 4, 6, 7,
and 8 h then a final reading at 24 h. Viability was assessed through serial dilution and plating
onto blood agar plates followed by quantification of viable CFU/mL with readings taken at
0,2,4,6,7,8,and 24 h for S. salivariusand 0, 4, 7, and 24 h for S. agalactiae.

Coculture model system—Bacterial strains were grown overnight as described above
and used to inoculate fresh THB to achieve 5 x 10° CFU/mlI. To 12-well tissue culture-
treated, sterile polystyrene plates was added the inoculated media in the presence of HMO
or carbohydrate to achieve a final volume of 3 ml per well. Bacteria grown in medium in
the absence of any compounds served as the controls. To a 6-well culture treated, sterile,
polystyrene transwell plate was added 3 ml of THB media below and above the membrane.
Bacterial strains were grown overnight as described above and used to inoculate the fresh
THB on each side of the membrane to achieve 5 x 10° CFU/ml (S. agalactiae on bottom
and S. salivarius on top). Compounds were added to each side of the membrane to achieve
a final carbohydrate concentration of ca. 5 mg/mL. Bacteria grown in THB in the absence
of any compounds served as the control. Cultures were grown under static conditions at
37 °C in ambient air or in a CO, incubator for 24 h. Growth was quantified through
spectrophotometric reading at ODggqp.

Supernatant treated cultures—Cocultures were set up as described above. The media
and cells from overnight growth plates were removed from each side of the transwell and
transferred to 15 ml conical centrifuge tubes. The samples were centrifuged at 5000 rpm for
15 min to generate a bacterial pellet. The supernatant was removed and filtered through a 0.2
um syringe filter. To a 6-well culture treated, sterile, polystyrene transwell plate was added 3
ml of THB media below the membrane. The filtered supernatant was added to the top of the
membrane. Bacterial strains were grown overnight as described above and used to inoculate
the fresh THB on the bottom of the membrane to achieve 5 x 10° CFU/mI (S. agalactiae if S.
salivarius supernatant on top, S. salivarius if S. agalactiae supernatant on top). Compounds
were added to each side of the membrane to achieve a final carbohydrate concentration

of ca. 5 mg/mL. Bacteria grown in THB in the absence of any compounds served as the
control. Cultures were grown under static conditions at 37 °C in ambient air for 24 h. For
enzyme and buffer treated supernatants, 15 pl of either DNAase I, proteinase K, lipase,
a-amylase or 1 mM TRIS buffer was added to supernatants and incubated for 1 hour at 37
°C before adding to the transwell plates. Cultures were then grown under static conditions at
37 °C in ambient air for 24 h. Growth was quantified through spectrophotometric reading at
ODgoo.
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Lactic acid production assay—Cocultures were set up as described above. Lactate
standards for colorimetric detection were prepared as described using the Sigma-Aldrich
using Lactate Assay Kit Il. Media and cells were removed and centrifuged the samples at
5000 rpm for 10 minutes to remove insoluble material. 50 ul of the soluble fraction was
added to each well of a 96 well tissue culture treated, sterile polystyrene plates (Corning,
Inc.). 50 pl of the appropriate Reaction Mix (as prepared from the Sigma-Aldrich Lactate
Assay Kit I1) was added to each well. The plates were mixed using a horizontal shaker for
30 minutes at room temperature while protected from light. The absorbance was read at
ODysp. The values obtained from the lactate standards were used to plot a standard curve.
The amount of lactate in each sample was determined from the standard curve.

Statistical analysis—All data shown signify three independent experiments each with
three technical replicates. Data are expressed as the mean + SEM. Statistical analyses were
performed in GraphPad Prism Software v. 8.2.1. Statistical significance was determined
using one-way analysis of variance (ANOVA) with post hoc Dunnett’s multiple-comparison
test comparing growth in the presence of ca. 5 mg/ml HMOs or carbohydrates to growth in
medium alone.
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Figure 1.
Structures of oligosaccharide prebiotics used in this study.
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Figure2.
Effects of single-entity oligosaccharides and the HMO cocktail at ca. 5 mg/mL on growth

and viability of S. salivarius (ATCC 19258) and S. agalactiae (GB00002). Growth was
quantified via OD600 readings at 0, 2, 4, 6, 7, 8, and 24 h. Mean OD600 for each time
point is indicated by the corresponding symbols. Viability was assessed by enumeration

of CFU/mL performed at 0, 2, 4, 6, 7, 8, and 24 h for S. salivariusand 0, 4, 7, and

24 h for S. agalactiae. Log10 CFU/mL for each HMO and time point is designated by

the corresponding symbols. (A) Growth of S. salivarius (OD600) in the presence of single-
entity oligosaccharides and the HMO cocktail. (B) Viability of S. salivarius (CFU/mL)
corresponding to the OD values graphed in Figure 2A. (C) Growth of S. agalactiae (OD600)
in the presence of single-entity oligosaccharides and the HMO cocktail. (D) Viability of S.
agalactiae (CFU/mL) corresponding to the OD values graphed in Figure 2C. Data displayed
represent the relative mean growth ratios + SEM of three independent experiments, each
with three technical replicates. In (A) **** represents p < 0.0001, *** represents p =
0.0009 and p = 0.0003, and * represents p = 0.0132 by two-way ANOVA with post

hoc Dunnett’s multiple comparison test comparing the growth of S. salivariusin each
oligosaccharide supplementation condition to the growth of S. salivarius in medium alone.
In (B) **x** represents p < 0.0001, *** represents p = 0.0005, ** represents p = 0.0085,

p =0.0062, and p = 0.0022, and * represents p = 0.0484 by two-way ANOVA with post
hoc Dunnett’s multiple comparison test comparing the growth of S. salivariusin each
oligosaccharide supplementation condition to the growth of S. sa/ivarius in medium alone.
In (C) **x*x represents p < 0.0001, *** represents p = 0.0009 and p = 0.0007, and **
represents p = 0.0015 by two-way ANOVA with post hoc Dunnett’s multiple comparison
test comparing the growth of S. agalactiae in each HMO supplementation condition to the
growth of S. agalactiae in medium alone. In (D) *** represents p = 0.0010, p = 0.0005,

and p = 0.0002, and ** represents p = 0.0037 by two-way ANOVA with post hoc Dunnett’s
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multiple comparison test comparing the growth of S. agalactiae in each oligosaccharide
supplementation condition to the growth of S. agalactiae in medium alone.
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Figure 3.
S. agalactiae suppresses growth of S. salivarius in coculture; GOS supplementation reverses

this suppression. The first four bars represent controls in which S. salivarius (ATCC

19258) and S. agalactiae (GB00002) were grown separately, either with or without GOS
supplementation at ca. 5 mg/ml. The last four bars represent the two strains grown

in coculture either with or without GOS supplementation at ca. 5 mg/ml. Growth was
quantified via ODgq readings at 24 h. Data displayed represent the relative mean growth
ratios + SEM of three independent experiments, each with three technical replicates. ****
represents p < 0.0001 by one-way ANOVA with post hoc Dunnett’s multiple comparison test
comparing the mean growth of each condition with the mean of every other condition.
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=3 S. salivarius

| Cocultures | o s agalactiae

Solo Cultures

Suppression of S. salivariusby S. agalactiae is combatted when the supernatants from
overnight cultures are treated with DNAase I, lipase, a-amylase, proteinase K, or 1 mM
TRIS buffer. Supernatants from overnight solo cultures and cocultures are treated with
enzyme or TRIS buffer to determine if the suppression of S. salivariusby S. agalactiae

is reversed. Cultures with GOS supplementation were added at ca. 5 mg/ml. Growth was
quantified via ODgqg readings at 24 h. Data displayed is a combined from treatments with

all four enzymes and TRIS buffer. Data displayed represent the relative mean growth ratios +
SEM of three independent experiments, each with three technical replicates.

Chembiochem. Author manuscript; available in PMC 2023 February 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Moore et al. Page 15

=3 S. salivarius
BEm S. agalactiae

- Ea S. salivarius + GOS
Bl S. agalactiae + GOS

[<2]
o
1

=y
o
1

N
o
1

Lactate Concentration (ng/pL)
o
L

Controls Cocultures

Figure5.
S. agalactiae in medium alone produces significantly more lactic acid compared to all

other conditions tested. The first four bars represent controls in which S, salivarius (ATCC
19258) and S. agalactiae (GB00002) were grown separately, either with or without GOS
supplementation at ca. 5 mg/ml. The last four bars represent the two strains grown

in coculture either with or without GOS supplementation at ca. 5 mg/ml. Lactic acid
concentration was quantified via ODgysq readings at 24 h. Data displayed represent the
relative mean growth ratios £ SEM of three independent experiments, each with three
technical replicates. **** represents p < 0.0001 by one-way ANOVA with post hoc
Dunnett’s multiple comparison test comparing growth in S. agalactiae in medium alone

to growth in all other conditions.
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Figure6.
Effects of mono-, di-, and oligosaccharides at ca. 5 mg/mL on growth of S. salivarius

(ATCC 19258). Growth was quantified via ODggg readings at 24 h. Data displayed represent
the relative mean growth ratios + SEM of three independent experiments, each with

three technical replicates. **** represents p < 0.0001 by one-way ANOVA with post

hoc Dunnett’s multiple comparison test comparing growth in carbohydrate-supplemented
Todd-Hewitt Broth (THB) to growth in carbohydrate-free THB.
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3 S. salivarius
BEm S. agalactiae

In coculture, GOS and galactose supplementation assist in circumnavigating the suppression
of S. salivariusby S. agalactiae. Growth of S. salivarius (ATCC 19258) and S. agalactiae
(GB00002) supplemented with ca. 5 mg/ml of GOS, galactose, glucose, and lactose were
compared to growth of S. salivarius and S. agalactiae grown in THB medium alone. Growth
was quantified via OD600 24 h. Data displayed represent the relative mean growth ratios +
SEM of three independent experiments, each with three technical replicates. **** represents
p < 0.0001, *** represents p = 0.0006, ** represents p = 0.0099 and p = 0.0085 by

one-way ANOVA with post hoc Dunnett’s multiple comparison test comparing growth in
carbohydrate-supplemented Todd-Hewitt Broth (THB) to growth in carbohydrate-free THB.
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