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Abstract

Background: Bacterial vaginosis is one of the most common vaginal dysbiosis that can occur in women of
reproductive age and is caused by a shift in bacterial composition of the vaginal microbiome. In a healthy
state, the vaginal microbiome is dominated by lactobacilli including Lactobacillus crispatus, while
Gardnerella vaginalis is one of the main characteristics of bacterial vaginosis. Currently there is a lack of
knowledge about the growth of these bacteria, hence a lack of efficient treatments against BV.
Objective: This study investigated the growth of L. crispatus and G. vaginalis on glucose and glycogen
and how these bacteria use these carbon sources. Furthermore, it was explored whether acarbose, an a-
glucosidase inhibitor, could be a potential novel treatment against BV.

Methods: Two strains of lactobacilli, 9 and 10, and G. vaginalis were grown on glucose and/or glycogen
to identify the growth on these carbon sources. A Glucose Oxidase Peroxidase assay was performed to
investigate the carbon source usage of these bacteria. Acarbose was studied as potential novel
treatment against bacterial vaginosis by studying its growth inhibitory capacity on glucose and/or
glycogen.

Results: L. crispatus 9 was unable to grow on glycogen, while L. crispatus 10 was able to grow on both
glucose and glycogen. L. crispatus 10 grows better on glucose than on glycogen. Furthermore, it was
shown that L. crispatus 10 starts to use glucose first for growth before using glycogen. Conversely, G.
vaginalis grows to a higher optical density on glycogen than on glucose. It was not determined which
carbon source it starts to use first for growth. Lastly, it is shown that acarbose is able to inhibit growth of
G. vaginalis on double carbon sources, while L. crispatus 10 growth does not seem affected by addition
of acarbose.

Conclusion: L. crispatus shows a preference for glucose, while the preference of G. vaginalis remains
unknown. It is suggested that it has a preference for glycogen, due to a higher optical density on
glycogen. Furthermore, acarbose shows potential as a novel treatment against bacterial vaginosis due to
his ability to inhibit growth of G. vaginalis on double carbon sources. Future research is needed to
investigate which carbon source G. vaginalis prefers growth and how both G. vaginalis and L. crispatus
behave when they are grown together with and or without the addition of acarbose. With these
experiments it can be tested whether acarbose is truly a novel treatment against BV.



Introduction

Bacterial vaginosis (BV) is currently one of the most common vaginal dysbiosis that can occur in women
of reproductive agel. It is estimated that the prevalence amongst the general population worldwide
ranges between 23% (in Europe) and 29% (India). Prevalence of BV also shows ethnicity differences
which ranged from 23% in non-Hispanic whites to 32% in Mexican Americans in the US 23, This was also
found in the Netherlands where a microbiome associated with BV was more prevalent in people of Sub-
Saharan African descent then in people of Dutch descent?®. Although BV is mostly asymptomatic, it can
lead to vaginal odor and pain but also to preterm birth when BV is present during pregnancy>®.

BV can be defined as the shift in bacterial composition of the vaginal microbiome from
lactobacilli to various anaerobic species including Gardnerella vaginalis’. It has been shown that in
reproductive women the most abundant bacteria are the lactobacilli, although the composition of
subspecies varies from person to person®°. The vaginal microbiome of individuals is dominated by either
Lactobacillus crispatus, L.iners, L.gasseri or L.jensenii’°. These bacteria produce lactic acid from
fermenting carbohydrates in order to maintain a low pH (<4.5)>°. However, when the vaginal
microbiome consists of various anaerobic species, including G. vaginalis, the pH increases, which results
in a higher chance of acquiring BV'°. Furthermore, it has been demonstrated that a high diversity of the
vaginal microbiome increases the chance of sexually transmitted infections (STIs) including HIV*.. In
contrast to the microbiome of the skin and mouth, the microbiome of the vagina of healthy women lacks
the diversity of the former two'?.

Currently, there still is a lack of understanding about the growth of various lactobacilli and G.
vaginalis. 1t has been shown that there are high levels of glycogen present in the vaginal lumen®3. It was
thought that L. crispatus is not able to breakdown glycogen by itself, but that it relies on the host or
other bacterial species to degrade glycogen into glucose, maltose and other oligosaccharides'**>,
Recently however, one study succeeded in growing L. crispatus with extracellular glycogen. This study
also identified a putative pullulanase type | gene that is responsible for the breakdown of glycogen.
However, this gene is not present in every variant of L. crispatus'®. The pullulanase type | enzyme is
involved in catalyzing the hydrolysis of a-(1,6) linked branches that are present in the structure of
glycogen®®. In a study that reviewed the growth of G. vaginalis, it was indicated that this bacteria is the
dominant component of the BV biofilm, hereby potentially allowing other anaerobic bacteria to colonize
the vagina as well'’. One study suggested that G. vaginalis uses an a -1,4- glucan phosphorylase enzyme
to cut glycogen into smaller mono- and oligosaccharides. Furthermore, a recent study identified in the
genome of G. vaginalis different domains that express pullulanases (fig 1)**°,

Due to the lack of understanding of the vaginal microbiome there still is no efficient treatment
found for people with BV*%. Currently metronidazole and clindamycin are used, but some G. vaginalis
have become resistant against these antibiotics. Furthermore, these antibiotics target a broad spectrum
of anaerobic bacteria, hereby also targeting bacteria that are good for health?!.
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Figure 1: Schematic overview of the proposed glycogen usage by L. crispatus and G. vaginalis. In bold (glycogen and glucose) are
the carbohydrates that are measured in this study. During puberty the amount of estrogen increases, hereby causing the
maturation of epithelial cells in the vagina and deposition of glycogen. Lysis of epithelial cells causes the release of glycogen in
the vaginal lumen. Glycogen is processed by L. crispatus 10 due to activation of a putative pullulanase type | gene. L. crispatus 9
cannot process glycogen due to a deletion in this gene. Pullulanase type | cuts glycogen outside the cell into glucose, maltose
and maltotriose hereby increasing the levels of these carbohydrates in the vaginal lumen?®. These carbohydrates are taken up by
L. crispatus and further processed by lactate dehydrogenase in the glycolysis into lactic acid that lowers the pH which provides
an optimal environment for growth of Lactobacilli and protection against other (pathogenic) anaerobic species®. G. vaginalis
uses the enzymes alpha 1,4- glucan phosphorylase and pullulanase to cut glycogen into glucose, maltose and maltotriose!819,
These are probably used for growth, but their actual fate remains unknown. G. vaginalis is also considered as one of the main
characteristics of BV by forming biofilm at vaginal epithelial cells. Forming biofilm protects G. vaginalis against lactobacilli, but
also provides a doorway for other anaerobic species to colononize the vagina. The symbiotic nature between the anaerobic
bacteria result in various products including ammonia (NH3) that is utilized by G. vaginalis for growth. Furthermore, ammonia
results in an increase in pH, hereby suppressing growth of lactobacilli and favoring growth of G. vaginalis and other anaerobic
bacterial’.

The aim of this study was to acquire a better understanding of the growth of L. crispatus 9,
L.crispatus 10 and G. vaginalis on glucose and glycogen. Because multiple L. crispatus strains can be
isolated from the same patient, it was explored whether there is a difference in growth between L.
crispatus 9 and L. crispatus 10. Moreover, we investigated whether acarbose is a suitable drug that can
be used as replacement for antibiotics. Acarbose is an a- glucosidase inhibitor that is primarily used in
China against diabetis mellitus type 11?2, Acarbose shows structural similarity with glycogen, whereas the
difference is that in acarbose two glucose molecules can be bound together by a nitrogen-carbon bond
instead of an oxygen —carbon bond (fig 2A and B). Due to this difference acarbose has a higher affinity
for binding to amyloglucosidases hereby competitively inhibiting the degradation of glycogen into
glucose molecules (fig 2C)%. It was hypothesized that L. crispatus and G. vaginalis have a preference for
either glucose or glycogen as primary supply source for growth. Furthermore, due to this preference for




a particular carbon source, it was also hypothesized that acarbose has a different inhibitory effect on the
growth of these bacteria. To answer these questions concerning the growth of these bacteria and the
usage of glucose and glycogen, the first part of this study will discuss the growth of different L. crispatus
strains and G. vaginalis. These bacteria are grown on either glucose and glycogen to investigate whether
there is a difference in growth. The second part will investigate the usage of glucose and glycogen over
time of L. crispatus and G. vaginalis. The bacteria are grown on double carbon sources (glucose and
glycogen) and the usage of these carbon sources is investigated by a Glucose Oxidase Peroxidase assay .
The last part will explore the influence of acarbose on growth of these bacteria. The bacteria are grown
on glucose and/or glycogen with or without addition of acarbose to investigate whether acarbose could
be a new potential treatment against BV.
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Figure 2: Structure of A glycogen, B acarbose and C the expected method of action of acarbose against an a- glucosidase.
Normally glycogen binds to extracellular pullulanase type | that cuts it into smaller glucose, maltose and maltotriose molecules.
Acarbose has almost the same structure as glycogen. However, acarbose has a higher affinity for binding to amyloglucosidases.
It binds reversibly to the pullulanase receptor hereby blocking the entry for glycogen. The figure is adapted from Moller et al.
(2017)16.



Methods

Samples

L. crispatus 9 (RL-09), L. crispatus 10 (RL-10) and G. vaginalis (DSM 4944) were isolated from vaginal
swabs of women with or without BV. L. crispatus strains were obtained from the Sexually Transmitted
Infections Clinic in Amsterdam and the Netherlands Organisation for Applied Scientific Research (TNO)?*.
G. vaginalis strains were obtained from the DSM collection?. The isolates were stored in 20% glycerol at
-80°C.

Growth media

L. crispatus and G. vaginalis strains were grown on NYCIII agar plates. NYCIII agar plates contained HEPES
(2.7 g/L), Proteose Peptone No.3 (16.7 g/L), Yeast extract (4,2 g/L), NaCl (5,6 g/L), glucose monohydrate
(6,1 g/L), 1% agar and after autoclaving 50 ml heat inactivated horse serum. The compounds were solved
in 450 ml demiwater. The pH before autoclaving was between 7.1 and 7.3.

For 1.1x carbo-deprived liquid NYCIIl medium the compounds were the same as described above except
that there was no glucose and agar added. Furthermore, 400 ml demiwater was used instead of 450 ml.

Growth experiment

Standard Inoculation conditions and Optical Density measurements L. crispatus and G. vaginalis
growth

L. crispatus 10 and G. vaginalis were inoculated according to this protocol. When there was a deviation
from this method, it is stated in the respective growth experiment section. Both bacteria were acquired
from the -80 stocks. The bacteria were inoculated in the anaerobic chamber on NYCIII plates. These
plates were incubated anaerobically at 37°C for three days. After a minimal of three days of growth
colonies were scraped from the plate and precultures for growth experiments were prepared that
consisted of NYCIII liquid medium and 5 g/L glucose. G. vaginalis precultures were grown for two days at
37°C, while L. crispatus 10 precultures were grown for 1 day at 37°C. A cell free control preculture was
included with 5 g/L glucose.

During the growth experiments the Eppendorf tubes were stored in an incubator set on 37°C.
This incubator was situated in the anaerobic chamber. Every 2 hours 100 uL of each sample was
transported to a F-bottom 96 wells plate. The OD590 was measured with either the multiskan GO or
OMEGA fluostar plate reader. When exponential growth was noticed, the OD590 was measured every
hour. When OD590 reached 0.8, the sample was diluted 5x in PBS.



CO; conditions anaerobic chamber growth check

L. crispatus 10 strain was directly inoculated from -80°C in 1 ml NYCIII liqguid medium and 5 g/L glucose.
Precultures were stored in an anaerobic jar with a cell free control consisting of 5 g/L glucose. The jar
was made anaerobic by 3x filling the environment with 5% CO,/N, and vacuum pulling. The jar was
stored at 37°C for two days. After two days 50 plL from the preculture was transported to 1 ml NYCII|
liquid medium with 5 g/L glucose and different concentrations of bicarbonate (0 mM, 0.25 mM, 2.5 mM
and 25 mM). OD was measured according to standard protocol. During this experiment the sample was
not diluted 5x in PBS.

L. crispatus 9 and 10 growth comparison

L. crispatus 9 and 10 precultures were prepared with colonies directly inoculated from the -80 stock in
the laminar flow cabinet. These precultures were stored in an anaerobic jar together with a cell free
control consisting of 5 g/L glucose. The anaerobic jar was made anaerobic by 3x vacuum pulling and
filling the environment with 5% CO/N,. The anaerobic jar was stored for 2 days at 37°C. After two days
50 uL of preculture was transported to 1 ml NYCIII liquid medium with either 5 g/L glucose or 5 g/L
glycogen in an Eppendorf tube. OD was measured according to the standard protocol.

Temperature growth check

Two NYCIII plates were inoculated by taking a scoop of L. crispatus 10 -80 stock and stored for three days
at 37°C. After three days one plate was taken out and cycled in the anaerobic chamber, while the other
stayed at 37°C. From the plate in the anaerobic chamber a preculture was prepared and stored for 1 day
at 37°C. The plate in the anaerobic chamber stayed there for two days. After one day OD590 of the
preculture was measured with OMEGA fluostar plate reader. After two days the plate at 37°C was taken
out and cycled in anaerobic chamber. From both plates precultures were prepared and stored for 1 day
at 37°C. After 1 day OD590 was measured for both precultures (See supplement 3 for Method Scheme).

G. vaginalis and GOPOD growth

Pre- growth of G. vaginalis was carried out according to the standard protocol. After 2 days 100 uL
preculture sample was transported to 1 ml NYCIII liquid medium with 5 g/L glucose or 5 g/L glycogen.
Two cell free controls with either 5 g/L glucose or 5 g/L glycogen was included. OD was measured
according to the standard protocol.

For GOPOD pre- growth of G. vaginalis and L. crispatus 10 were carried out according to the
standard protocol. Before the growth experiments 100 pL of G. vaginalis or L. crispatus 10 preculture
was transported to 1 ml NYCIII liquid medium with 2 g/L glucose and 2 g/L glycogen. A cell free control
with 2 g/L glucose and 2 g/L glycogen was also included. OD was measured according to the standard



protocol. Additionally, after each GOPOD growth OD measurement 100 pL of the sample was pippeted
back from the F-bottom 96 wells plate into a new Eppendorf tube. These tubes were centrifuged at
15000 rpm and supernatant was collected and stored at -20°C for the GOPOD assay.

Acarbose growth inhibition

Pre- growth of G. vaginalis and L. crispatus 10 was carried out according to the standard protocol. For
growth experiments 100 pL L. crispatus 10 or G. vaginalis preculture was transported to 1 ml NYCIII
liguid medium with 2 g/L glucose and/or 2 g/L glycogen and either no or 100 uM acarbose. A cell free
control was added that included 2 g/L glucose, 2 g/L glycogen and 100 uM acarbose. OD was measured
according to the standard protocol.

Furthermore, L. crispatus 10 was grown in 1 ml NYCIII liquid medium with different concentrations
acarbose (0 pM, 25 uM, 50 uM and 100 uM) and 2 g/L glycogen. OD was measured according to
standard protocol.

Glucose Peroxidase assay

For the Glucose Peroxidase (GOPOD) assay a GOPOD reagent was prepared with 0.5 ml glucose oxidase
(5 mg/ml), 0.5 ml horse radish peroxidase (5 mg/ml), 5 ml 4-hydroxybenzoic acid (7,3 mM) and 2.5 ml 4-
aminoantipyrine (20 mM). Ice cold PBS was added to an end volume of 50 ml. The reagent was aliquoted
in 2 ml and stored at -20°C.

10 pl of 100x diluted amyloglucosidase was added to 40 uL sample in a V-bottom 96 wells. Furthermore,
a glycogen standard curve was used between 0 and 2 mg/ml. For every sample and standard curve an
amylase buffer control without amyloglucosidase was included. In the samples without amyloglucosidase
no conversion of glycogen to glucose takes place. The plate was sealed off with parafilm and sterile
adhesive film. After sealing, the plate was incubated for 1 hour in a 60°C incubator. During the
incubation step, the GOPOD reagent was taken from the -20°C and stored in ice water for thawing.

After 1 hour the plate was checked for condense forming. When condense was formed, the plate was
centrifuged for 1 minute at 3000 rpm. After the condense check 5 pL of the sample in the V-bottom 96
wells plate was transported to a F-bottom 96 wells plate. 95 uL of GOPOD reagent was added to each
well and a glucose calibration curve was included. The OD was measured at an absorbance of 510 nm in
a Multiskan GO plate reader for 200 runs of 1 minute. To calculate the glycogen concentration the
0OD510 of the control wells (with amylase buffer) was substracted from the OD510 of the sample wells
(with amyloglucosidase). The signal was divided by the slope of the calibration curve to calculate the
concentration of glucose and glycogen.



Statistical analysis

Values are presented by mean * standard deviation (SD). Data were tested for normality with the
Shapiro- Wilkinson test. For comparison between two different groups an independent student t-test
was performed with Welsh correction for assuming unequal standard deviation. A p-value < 0.05 was
considered as statistically significant. Statistical analysis and plots were carried out by Graphpad Prism
7.04 for Windows, Graphpad Software, La Jolla California USA, www.graphpad.com.




Results

Growth experiments

The aim of this study was to investigate the growth of L. crispatus and G. vaginalis on glucose and
glycogen and how they are using these carbon sources. Furthermore, it was explored whether acarbose
could be a potential novel treatment against BV.

CO;, Concentration anaerobic chamber was sufficient for growth anaerobic bacteria

Before we could start with the actual growth experiments to answer our aim we first wanted to know
whether the bacteria can grow in the anaerobic chamber with 5% CO2/N2. This is important because
then we know that the standard conditions in the chamber are sufficient. To answer this question L.
crispatus 10 was grown on 5 g/L glucose and was further subjected to various concentrations
bicarbonate. Adding extra bicarbonate supplies bacteria with an additional single carbon source (CO,).
Figure S1 shows that extra bicarbonate did not result in greater growth for L. crispatus. Furthermore, L.
crispatus without extra bicarbonate was able to grow to almost the same OD as L. crispatus with 25 uM
bicarbonate after 24h. This indicated that the anaerobic chamber had a sufficient concentration of CO,
for the growth of anaerobic bacteria.

L. crispatus 9 is not able to grow on glycogen and L. crispatus 10 grows better on glucose than on
glycogen.

Because we now know that the standard conditions in the anaerobic chamber were sufficient enough for
the growth of our bacteria we could investigate whether there is a difference in growth between two
different lactobacilli strains. To answer this question, L. crispatus 9 and L. crispatus 10 were inoculated
directly from -80 were grown on either 5 g/L glucose or 5 g/L glycogen. Figure 3 shows the comparison
between final growth OD for 24 hours of L. crispatus 9 and L. crispatus 10 on glucose and glycogen. It
was shown that there was a significant difference in growth of L. crispatus 9 between glucose and
glycogen (mean glucose = 0.58 + 0.026 versus mean glycogen = 0.12 + 0.01, p = 0.003). There was no
significant difference between growth on glucose or glycogen for L. crispatus 10 (mean glucose=0.51
0.11 versus mean glycogen = 0.48 + 0.11, p = 0.72). This indicates that both strains can grow on glucose,
but that only L. crispatus 10 can grow on glycogen.



Comparison L.crispatus 9 and L.crispatus 10
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Figure 3: Final OD growth for 24h of L. crispatus 9 on 5 g/L glucose or 5 g/L glycogen (mean glucose = 0.58 + 0.03 versus mean
glycogen =0.12 + 0.01, p = 0.003) and L. crispatus 10 on 5 g/L glucose or 5 g/L glycogen (mean glucose = 0.51 + 0.11 versus mean
glycogen =0.48 + 0.11, p = 0.72). Every data point represents an experiment. The horizontal line represents the mean, while the
vertical lines represent the standard deviation. Two cell free controls were used with either 5 g/L glucose or 5 g/L glycogen.

From the previous growth experiment it became clear that there is a difference in growth between
different L. crispatus strains. However, it could be that the growth temporarily stops after 24h, due to
the production of too much lactic acid and not because there is a lack of carbon sources(figure S2). Based
on this hypothesis, it is decided to grow L. crispatus 10 on a lower glucose or glycogen concentration. L.
crispatus 10 was pre-grown on a NYCIII plate at 37°C for three days, inoculated in a preculture consisting
of 1 ml NYCIII liquid medium and 5 g/L glucose and then inoculated in the anaerobic chamber with 2 g/L
glucose or 2 g/L glycogen. Figure 4 shows that there was no significant difference in final OD between
growth on glucose or glycogen (mean glucose = 0.39 + 0.028 versus mean glycogen = 0.29 £ 0.029, p =
0.07). However, in every experiment it was noticed that L. crispatus grew to a higher OD on glucose than
on glycogen suggesting that L. crispatus has a preference for glucose as a carbon source for growth.

In the experiment with 5 g/L glucose or glycogen it was noticed that it took a long time for L. crispatus 10
to start growing (figure S2). Furthermore, it was noticed that the OD of the precultures were different
each day (data not shown). It was argued that temperature could play a role in length of the lag phase of
these bacteria. It is hypothesized that when bacteria are at room temperature they go into stationary
phase. When the temperature rises again it takes the bacteria a certain time to start growing. An



experiment was designed where bacteria were grown on two NYCIII plates at 37°C. After 3 days one
plate was kept at room temperature and one at 37°C for two days. Then the precultures from these
plates were compared (figure S3). It shows that the preculture from the room temperature plate only
had an OD590 of 0.2 while the preculture from the 37°C plate had an OD590 of 0.87 (fig S4) after
overnight growth. After this observation we decided to grow our bacteria first on plate before making a
preculture instead of making a preculture directly from the -80°C stock.

L.crispatus 10 glucose/glycogen growth
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Figure 4: Final OD growth for 26h of L.crispatus 10 on 2 g/L glucose or 2 g/L glycogen (mean glucose = 0.39 + 0.028 versus mean
glycogen = 0.29 + 0.029, p = 0.07). Every data point represents an experiment. The horizontal line represents the mean, while
the vertical lines represent the standard deviation. Two cell free controls were used with 2 g/L glucose or 2 g/L glycogen.



L.crispatus 10 growth double carbon source

Growth OD590

L. crispatus 10 uses glucose prior to glycogen

In the previous section we saw that L. crispatus 10 can grow to a higher OD on glucose than on glycogen,
which could indicate that glucose is the preferred carbon source for growth of L. crispatus 10. Next, we
wanted to know whether glucose is the first carbon source used for growth when glycogen is also
present . To answer this question, L. crispatus 10 was grown on 2 g/L glucose and 2 g/L glycogen. A
Glucose Oxidase Peroxidase (GOPOD) assay was used to investigate the utilization of these carbon
sources. This assay required some troubleshooting before it could be used to study glucose and glycogen

usage (see supplement 6). Figure 5A shows the growth curve of L. crispatus 10 on double carbon sources.

During growth L. crispatus 10 uses glucose immediately, while glycogen starts decreasing after
approximately 2 hours (Fig 5B). Thus it is suggested that glucose acts as the preferred carbon source for
L. crispatus 10 growth.

0.8+ .
& Growth L.crispatus 41
0.64 -9+ Control 3]
S
3 21 3§
Q P \
AU
o s
- S Sy
0 T T = H 1
1 10 20 30
30

-1- Time (h)

Figure 5: Glucose Oxidase Peroxidase assay of L. crispatus 10. A L. crispatus 10 growth on 2 g/L glucose and 2 g/L glycogen. A
cell free control was used with 2 g/L glucose and 2 g/L glycogen B Glucose and glycogen usage over time by L. crispatus 10. This
experiment was carried out in triplicate. The vertical lines represent the standard deviation.
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G. vaginalis is able to grow to a higher final OD on glycogen than on glucose.

Now that we know that L. crispatus 10 favors glucose over glycogen as carbon source for growth, we
want to investigate which carbon source G. vaginalis prefers. G. vaginalis is considered as one of the
most prominent members of BV. One study suggested that G. vaginalis consists of virulence factors that
assist in creating a biofilm and allow it to compete with lactobacilli in the vagina'’. However, it could also
be that G. vaginalis can compete with L. crispatus for the same carbon sources. To answer our question
G. vaginalis was grown on either 5 g/L glucose or 5 g/L glycogen. G. vaginalis has a slightly higher final
OD when grown on glycogen compared to growth on glucose, but it was not significant (mean = 0,86+
0.35 versus mean = 0.6+ 0.19, p = 0.27) (fig 6). However, in all experiments G. vaginalis grew to a higher
final OD on glycogen than on glucose which could indicate that G. vaginalis shows a preference for
glycogen as a carbon source for growth.
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Figure 6: G. vaginalis final OD growth for 26h on either 5 g/L glycogen or 5 g/L glucose (mean glycogen = 0,86 + 0.35 versus
mean glucose = 0.60 + 0.19, p = 0.27). Every data point represents an experiment. The horizontal line represents the mean,
while the vertical lines represent the standard deviation. Two cell free controls were used with 5 g/L glucose or 5 g/L glycogen.



G. vaginalis glucose/glycogen usage remains unclear

During the growth experiments it was noticed that G. vaginalis grows to a higher final OD on glycogen
than on glucose. This could indicate that glycogen acts as a preferred carbon source for the growth of G.
vaginalis. Next, we wanted to explore whether glycogen is the first carbon source that is used for growth
by G. vaginalis. To investigate the carbon source usage, G. vaginalis was grown on 2 g/L glucose and 2
g/L glycogen. GOPOD was used to investigate the utilization of these carbon sources. Figure 7 shows the
growth curve on double carbon sources (fig 7A) and the glucose and glycogen usage of G. vaginalis (fig
7B). Between 7 and 24 hours, G. vaginalis is able to grow and during this time both glucose and glycogen
are almost completely depleted. However, in this period there was no measurement, so with GOPOD it
could not be determined whether G. vaginalis starts to grow first on glucose or glycogen.
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Figure 7: Glucose and glycogen usage G. vaginalis. A Growth curve G. vaginalis on double carbon sources. A cell free control
with 2 g/L glucose and 2 g/L glycogen was used. B Glucose and glycogen usage of G. vaginalis. This experiment was carried out
in triplicate. The vertical lines represent the standard deviation.

Acarbose inhibits growth on glycogen of both L. crispatus and G. vaginalis

In the previous sections it was noticed that L. crispatus 10 shows a preference for glucose while G.
vaginalis seems to have a preference for glycogen. This could be important for novel treatments that can
target glycogen. In this section it was investigated whether acarbose is a potential novel treatment
against BV. As mentioned in the introduction acarbose is an a- glucosidase inhibitor that can reversibly
inhibit the conversion of glycogen to glucose. L. crispatus 10 and G. vaginalis were both grown on either
2 g/L glucose or 2 g/L glycogen. In both cases either no acarbose or 100 uM acarbose was added. Figure
8 represents the growth of both L. crispatus 10 and G. vaginalis. Growth of L. crispatus 10 is not
significantly influenced by acarbose when grown on glucose as carbon source (mean - acarbose = 0.39 +
0.05 versus mean + acarbose = 0.38 + 0.05, p = 0.74). However, there is a significant difference in growth
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on glycogen between without acarbose and growth with 100 uM acarbose (mean - acarbose = 0.29 *
0.05 versus mean + acarbose = 0.13 + 0.02, p = 0.02) (figure 9A). It was also studied what the effect of
different concentrations of acarbose was on the growth of L. crispatus 10. L. crispatus 10 grown on 2 g/L
glycogen was subjected to different concentrations of acarbose (0 uM, 25 uM, 50 uM and 100 uM). It
was shown that the higher the concentration of acarbose, the higher the impact on L. crispatus 10
growth (figure S4). Due to time restraints we were unable to perform this experiment multiple times and
to investigate whether this result would be the same for G. vaginalis.

Figure 8B shows the influence of acarbose on the growth of G. vaginalis. This experiment was
carried out twice, which also meant that it could not be determined yet whether there is a significant
difference in growth when acarbose is added. However, based on these results it is suggested that
acarbose has an impact on growth of G. vaginalis when grown on either glucose or glycogen. G. vaginalis
was able to grow to a higher OD on glucose when no acarbose was added, while the OD was lower when
100 uM acarbose was added ( mean - acarbose = 0.34 + 0.004 versus mean + acarbose=0.21 + 0.006). G.
vaginalis was unable to grow on glycogen when 100 uM acarbose was added( mean - acarbose = 0.42 +
0.03 versus mean + acarbose = 0.15 + 0.001).

These results suggest that acarbose is able to inhibit growth on glycogen of both L. crispatus 10
and G. vaginalis. Furthermore, we saw that G. vaginalis grew to a lower final OD on glucose when
acarbose was added.

A B
L.crispatus acarbose growth G.vaginalis acarbose growth glucose or glycogen +- acarbose
0.5
0.5 ® no acarbose
" ¢ No acarbose _I_
0.4 % T »  Acarbose 0.4+ m acarbose
- A Control
S 03 % A Control o 03]
a 3
o 021 O 02{ ™
0.11 * 0.1 -
* k-3
0.0 T T T 0.0
\ ! T T T
g N O 2 & &
o & o> &
©) O O o
& ‘§§ ¢
Carbon Source Growth

Carbon source

Figure 8: Growth of L. crispatus and G.vaginalis with and without acarbose. A L. crispatus 10 final OD growth for 26 h on 2 g/L
glucose with or without 100 uM acarbose ( mean - acarbose = 0.39 + 0.05 versus mean + acarbose = 0.38+ 0.05, p = 0.74) or
2g/L glycogen with or without addition of 100 uM acarbose ( mean - acarbose = 0.29 * 0.05 versus mean + acarbose = 0.13 +
0.02, p = 0.02) B G. vaginalis growth on 2 g/L glucose with or without 100 uM ( mean - acarbose = 0.34 + 0.004 versus mean +
acarbose = 0.21 £ 0.006) or 2 g/L glycogen with or without addition of 100 uM acarbose ( mean - acarbose = 0.42 * 0.03 versus
mean + acarbose = 0.15 + 0.001). Every data point represents an experiment. The horizontal line represents the mean, while the
vertical lines represent the standard deviation. In both L. crispatus and G.vaginalis experiments a cell free control with 2 g/L
glucose or 2 g/L glycogen and 100 uM acarbose was added.



G. vaginalis growth is slightly more affected when grown on double carbon source and acarbose
in contrast to L. crispatus 10

In the previous section it was described that acarbose inhibits the growth of both L. crispatus 10 and G.
vaginalis when grown on only glycogen. Now we want to know whether acarbose reaches the same
inhibitory effect when the bacteria are grown on double carbon sources because it could be that the
growth on glucose diminishes the inhibitory effect of acarbose. In this section both bacteria were grown
on double carbon sources and with or without the addition of 100 uM acarbose. There was no significant
difference in growth of L. crispatus with or without addition of acarbose (mean - acarbose = 0.52 + 0.06
versus mean + acarbose = 0.49 + 0.07, p = 0.54). Growth of G. vaginalis was slightly impaired with the
addition of acarbose, although not significantly (mean - acarbose = 0.58 + 0.02 versus mean + acarbose =
0.39 £ 0.09, p= 0.06) (fig 9A). However, growth of G. vaginalis without acarbose shows a slightly higher
OD than growth with acarbose in every measurement, suggesting that acarbose might have a greater
influence on the growth of G. vaginalis than of L. crispatus 10 (figure 9B).
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Figure 9: Final OD Growth for 26h of L. crispatus and G. vaginalis on 2 g/L glucose and 2 g/L glycogen with or without addition of
100 uM acarbose. A Final OD growth for 26h of L. crispatus 10 with or without acarbose (mean + acarbose = 0.49 #+ 0.07 versus
mean - acarbose = 0.52 + 0.06, p = 0.54). G.vaginalis final OD growth for 26h with or without acarbose (mean - acarbose = 0.58 +
0.02 versus mean + acarbose = 0.39 + 0.09, p= 0.06). Every data point in the figure represents an experiment. The horizontal line
represents the mean, while the vertical lines represent the standard deviation. During the experiments a cell free control with 2
g/L glucose, 2 g/L glycogen and 100 uM was added. B Relation glucose/glycogen between every experiment. The lines indicate
that these measurement belong to the same experiment. Every data point represents an experiment.



Discussion

Bacterial vaginosis can be defined as a shift in the bacterial composition of lactobacilli to various
anaerobic species including G. vaginalis. There is currently not much known about the growth of these
bacteria which resulted in inefficient treatments with antibiotics. In this study it was investigated what
the growth is of L. crispatus 9, 10 and G. vaginalis on glucose or glycogen and glucose and glycogen
together. This question was answered by carrying out growth experiments on glucose and glycogen and
enzymatic assays to investigate glucose/glycogen usage of these bacteria. Furthermore, it was studied
whether acarbose was able to inhibit the growth of L. crispatus 10 and G.vaginalis by growing these
bacteria on glucose and glycogen without or with acarbose. It was hypothesized that L. crispatus 10 uses
glucose as a preferred carbon source for growth, while G. vaginalis is able to use both carbon sources at

the same time.

L. crispatus 9 L. crispatus 10
Glucose v 4 (preferred)
Glycogen X v

Table 1: Key findings growth carbon sources

L. crispatus 10 + L. crispatus 10 +
glucose glycogen

No acarbose v v

100 uM acarbose v X

Table 2: Key findings L. crispatus 10 with or without 100 uM acarbose

G. vaginalis + glucose G. vaginalis + glycogen

No acarbose v v

100 pM acarbose 4 (impact on growth) X

Table 3: Key findings G. vaginalis with or without 100 uM acarbose

G. vaginalis

v
v

L. crispatus 10 +
glucose + glycogen

v
v

G. vaginalis + glucose +
glycogen

v

4 (impact on growth)



This study had several important findings (summarized in Table 1,2 and 3) that bring us closer to
understanding the growth of L. crispatus and G. vaginalis. In summary, we saw that L. crispatus 9 was
unable to grow on glycogen and that L. crispatus 10 grows to a higher OD on glucose than on glycogen.
Furthermore, we saw that G. vaginalis grows to a higher OD on glycogen then on glucose. With the
GOPOD assay we established that L. crispatus 10 starts growing on glucose and starts using glycogen
after 2-3 hours (fig 6). Although we did not perform a GOPOD assay on L.crispatus 9, it is assumed that it
follows the same usage for glucose, but that glycogen is not processed and stays at the same
concentration level based on the final growth OD. With this assay we were not able to find which carbon
source G. vaginalis uses to start growing (fig 8). Lastly, we saw that acarbose was able to inhibit the
growth of both bacteria when grown on only glycogen. However, when grown on both glucose and
glycogen, it did not have an impact on final OD in case of L. crispatus 10, while on G. vaginalis it seemed
to affect growth (Table 2 and 3).

L.crispatus 9, 10 show preference for glucose, G.vaginalis grows better on glycogen

L. crispatus 9 was unable to grow on glycogen, while it was able to grow on glucose (table 1). This is
consistent with other studies and literature, because they showed that L.crispatus 9 contains a deletion
in the putative pullulanase type | gene that is involved in conversion of glycogen to glucose'®. We
showed here that L. crispatus 10 is able to grow to a higher final OD on glucose than on glycogen. This
was a remarkable observation because we would have expected, even after a slower start, that L.
crispatus 10 grows to the same OD on glycogen as on glucose. Mirmonsef et al (2016) speculated that
lactobacilli might not be able to breakdown all glycogen into glucose, maltose or maltotriose?®. Glycogen
consists of both a-(1,6) linked branches and a-(1,4) linked branches and it is thought that L. crispatus 10
has a type | pullulanase that is only able to cut a-(1,6) linked branches, so glycogen might not be fully cut
into smaller units by L. crispatus 10, This could explain the reason why L. crispatus 10 grows to a lower
OD on glycogen then on glucose. Hypothetically, both non- glycogen degrading (including L. crispatus 9)
and glycogen degrading (lincluding L. crispatus 10) lactobacilli strains can be isolated from the same
patient. This suggests that glycogen presence is not a prerequisite for growth of these bacteria. It could
be that non- glycogen degrading lactobacilli strains can survive based on the glucose products produced
by lactobacilli strains that can degrade glycogen in a sort of wild type helper effect.

Lastly, we noticed that G. vaginalis grows to a higher final OD on glycogen than on glucose. It has
been suggested that G. vaginalis contains an a-1,4 glucan phosphorylase®®. It could be that adding a
phosphate group is beneficial for G. vaginalis survival because L. crispatus might not be able anymore to
take up glucose with a phosphate group from outside the cell. It has also been demonstrated that the G.
vaginalis genome contains domains that express pullulanases, which indicates that these bacteria could
have a second option to cut glycogen into glucose and other oligosaccharides®. Furthermore, one study
demonstrated that pH is negatively correlated with the amount of glycogen present in the vagina®. A
low pH protects the vaginal microbiome against colonization of anaerobic bacteria including G. vaginalis.
It could be that G. vaginalis uses glycogen more efficiently than L. crispatus that can result in an increase
in pH. The pH increases because the lactobacilli have less glycogen to convert into lactic acid.

The strength of our growth method was that we were now able to grow our bacteria over time
in the anaerobic chamber. Due to the anaerobic nature of our bacteria this increased their viability and
gives a more trustworthy result than growing it partly anaerobic and then slightly aerobic in the plate
reader with a sealed 96 wells plate. However, one of the limitations was that the plate reader was not



situated in the anaerobic chamber. This meant that we had to transfer samples from the anaerobic
chamber to the plate reader and back every hour. This is time consuming because this also meant that
every hour we had to pipet sample in a 96 wells plate to measure the OD. This also resulted in a higher
chance of pipetting errors, especially after 24h because of the pellet forming that was not sufficiently
solved in the sample. We accounted for this by doing additional OD measurements at later time points
to check whether our 24h measurement was correct.

Although we found important results, there are still some questions open. For future studies it is
recommended to look at what happens with the products that arise from glycogen degradation. It could
be that they are simply used for growth, but it can also be that they are used for the production of other
metabolites. This could be done with a High Performance Liquid Chromatography (HPLC) that can
identify various compounds in a mixture (for example supernatant). During the growth experiments each
hour or every two hours the supernatant can be acquired for the HPLC. With this method you can
identify the compounds for every measurement and how this relates to the growth.

On double carbon sources L. crispatus 10 uses glucose for start growth, G. vaginalis remains
unknown

We were not only interested in the growth of L. crispatus and G. vaginalis on glucose or glycogen, but
also when these bacteria start using these carbon sources. With the GOPOD assay we saw that L.
crispatus 10 immediately uses glucose when it grows, while glycogen only began to decrease after
approximately 2 hours. This indicated that L. crispatus 10 has a preference for glucose as carbon source
for growth, which was what we hypothesized. In the case of G. vaginalis we were unable to determine
which carbon source it starts to use first for growth. The main reason was because of the long lag phase
of G. vaginalis, which meant that it started growing between 7h and 24h where no measurement was
taking place. At 24h we noticed that both glucose and glycogen were already depleted and the
exponential phase already happened.

This study is one of the first that uses the GOPOD assay to identify both glucose and glycogen
usage of L. crispatus 10 and G. vaginalis. One of the strengths of the GOPOD assay is that we could
identify the use of glucose and glycogen of L. crispatus and G. vaginalis with only a small amount of
sample. Furthermore, this assay is faster than other techniques such as the HPLC to measure the glucose
and glycogen concentrations. A HPLC needs a half hour for 1 sample, while with GOPOD we could
simultaneously measure all samples in one 96 wells plate. Unfortunately, one of the limitations of this
assay was the ability of GOPOD to measure the exact amount of glucose and glycogen. Especially
determining the amount of glycogen proved to be difficult. However, we were still able to identify the
usage of glucose and glycogen over time quantitavely of L. crispatus 10 and G. vaginalis.

Future studies have to discover the time that G. vaginalis starts to grow exponentially. When this
is known, it can be used to investigate whether on glucose or glycogen G. vaginalis starts to use first for
growth. We saw that G. vaginalis started to grow between the 7™ and 24" hour, the period that no
measurement took place. We suggest that either a lower amount of G. vaginalis sample is inoculated,
that results in expanding the lag phase, or inoculating a higher amount of G. vaginalis, that results in
shortening the lag phase to identify the start of the exponential growth phase.



Acarbose shows potential as an inhibitor for growth G. vaginalis

Although we were not able to determine whether G. vaginalis uses glucose and glycogen first as carbon
source for growth, there are some indications that G. vaginalis prefers glycogen as a carbon source for
growth. First of all is that it grows to a higher OD on glycogen (Fig 6). Secondly, G. vaginalis on double
carbon sources grew to a lower final OD when acarbose has been added (fig 8). Another remarkable
finding was that G. vaginalis grew to a lower OD on glucose as a single carbon source in addition with
acarbose (fig 9A). As mentioned in the introduction acarbose is an a- glucosidase inhibitor. It inhibits the
degradation of glycogen into glucose molecules. An argument for that G. vaginalis grows to a lower OD
with acarbose on glucose is that G. vaginalis has a longer lag phase then L. crispatus 10 and that it
requires more energy to start growing when acarbose is present (fig 7A). It could also be hypothesized
that an a- glucosidase of G. vaginalis not only serves to degrade glycogen into smaller saccharides but
also as transporter to transport the saccharides inside the cell. In case of L. crispatus we saw that the OD
with or without acarbose was approximately the same when grown on double carbon source. Moreover,
acarbose did not show to have an impact on growth on glucose. In gut lactobacilli it was proposed that
the pullulanase type | enzyme is bound to the outside layer of the cell and that the glucose molecules are
transported via a different selective channel inside the cell®. This could explain why the growth on
glucose is not affected in the case of L. crispatus 10. That growth on double carbon sources is not
significantly altered could be explained because L. crispatus first starts to use glucose and then glycogen
for growth. By first growing on glucose it is hypothesized that there are enough bacteria present to
diminish the effect of acarbose. Furthermore, it could be that because there is only a certain amount of
acarbose present some bacteria can still use glycogen for growth. This was also noticed when we added
a lower dose of acarbose to L. crispatus which still allowed the bacteria to grow to a higher OD on
glycogen (fig S5).

This experiment was one of the first to investigate whether acarbose could be a potential novel
treatment against BV. However, multiple studies have performed acarbose experiments with lactobacilli
that are present in the gut microbiome. One of these studies showed that acarbose decreased the
abundance of lactobacilli in the gut microbiome in mice?®. This study was performed with an extremely
high dose of 1550 uM acarbose. Another study treated mice with either a high dose of acarbose or a low
dose of acarbose and showed that a low dose of acarbose did not have a significant effect on growth of
lactobacilli in the gut, while a high dose acarbose significantly decreased the abundance of lactobacilli?’.
These results correspond with our result that the growth of L. crispatus 10 depends on the dose of
acarbose and that a higher dose has a bigger effect on the growth than a lower dose (fig S5). Based on
our results and the results from other studies you could argue that at a low dose acarbose could be a
potential novel treatment.

Our G. vaginalis growth experiments on single carbon source with or without acarbose were
performed twice on the same day with two different precultures from the same plate. It could be argued
whether this is truly a biological replicate. In our opinion it is, because not all colonies on the plate are
the same and different amount are scraped from the plate to make a preculture. However, to be
absolutely sure it is better to redo this experiment to validate the results.

For potential future use in the clinic acarbose has to have a limited effect on the growth of
lactobacilli and a higher impact on the growth of G. vaginalis. A possible solution to maintain a
microbiome dominated by lactobacilli is a combination of acarbose and prebiotics. Prebiotics are defined
as substrates that are used by beneficial host microorganisms selectively to obtain an advantage against
pathogenic bacteria®. A recent study identified the prebiotic lactulose that was able to stimulate various



Lactobacilli including L. crispatus, while not affecting the growth of various BV causing species including
G. vaginalis. More importantly they also showed that in case of L. crispatus the stimulation was not
strain specific, which indicates that this prebiotic could be beneficial for many women?°.

Future studies need to investigate further the effect of acarbose on G. vaginalis growth. We saw
that different doses of acarbose have a different impact on L.crispatus, so further investigation is needed
to test whether this is the same for G. vaginalis. Furthermore, future studies could involve a competition
experiment where L. crispatus and G. vaginalis are grown together with lactulose and with or without
acarbose. This could be carried out by a quantitative PCR to identify the abundance of these bacteria in
combination with these compounds to investigate whether L. crispatus is able to outcompete G.
vaginalis with these resources.

Conclusions

To conclude, this study provided novel insights in the growth of L. crispatus and G. vaginalis that could
be introduced as novel targets against BV. lactobacilli are important for vaginal health, so the notion that
L. crispatus grows better on glucose and G. vaginalis possibly better on glycogen suggests that bacterial
glycogen metabolism could be a new target for treatment. This was supported by our finding that
acarbose seems to have a higher impact on the growth of G. vaginalis than on the growth of L. crispatus.
Future studies are needed to identify whether G. vaginalis prefers glucose or glycogen and to identify
how the bacteria behave in competition with each other with or without the addition of acarbose. With
these extra information it can be investigated whether acarbose is truly a novel treatment against BV.
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Supplements

Supplement 1: Growth Bicarbonate concentration

To investigate whether the CO, concentration in the anaerobic chamber was sufficient for anaerobic
growth, L. crispatus 10 was subjected to different concentrations of bicarbonate or no bicarbonate. It
was noticed that L. crispatus 10 without bicarbonate had almost the same OD590 as with L. crispatus 10
with the highest amount of bicarbonate concentration. Also the growth between different bicarbonate
concentrations did not differ much. This indicated that the anaerobic chamber consisted of enough CO,
on his own for sufficient growth of our bacteria.

Growth curves Bicarbonate concentration L. crispatus 10

OD590

0 5 10 15 20 25 30
Time (h)
—®— 25mM HCO3 multi —@—2,5 mM HCO3 multi 0,25 Mm HCO3 multi

0,025 mM HCO3 —@— 0 mM HCO3 multi —@—25mM controle

Figure S1: L. crispatus 10 growth on glucose with different bicarbonate concentrations, N = 1. This was a single experiment.
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Supplement 2: Growth curve L. crispatus 9 and 10

We compared growth between L. crispatus 9 and L. crispatus 10. Both bacteria were grown with either 5
g/L glucose or 5 g/L glycogen. Figure S2 shows that L. crispatus 9 cannot grow on glycogen, while it has a
shorter lag phase on glucose compared to L. crispatus 10. It could be argued that having a pullanase type
| gene is also a disadvantage, that require energy to activate. This could explain why L. crispatus 10 has a
longer lag phase compared to L. crispatus 9 when grown on glucose. Both strains can be isolated from
the same patient, so it could be hypothesized that there is a sort of wild type helper effect that L.
crispatus 9 uses the ability of L. crispatus 10 to cut glycogen into glucose, maltose and maltotriose. These
products can also be used by L. crispatus 9 for growth.

L. crispatus 9 vs 10

0,7
06
0,5
0,4
03
0.2

0OD590

0 5 10 15 20 25 30 35
Time (h)

—@— L.crisp 9 + glc —@—L.crisp 9 +gly L.crisp 10 + glc L.crisp 10 + gly —@— Cell free control + glc

Figure S2: Growth curves of L. crispatus 9 and L. crispatus 10 with either 5 g/L glucose or 5 g/L glycogen. L. crispatus 9 is not able
to grow on glycogen, while it starts to grow earlier on glucose then growth on glucose of L. crispatus 10, N = 1. This figure is
representative for all three experiments that studied the growth of L. crispatus 9 and L. crispatus 10.
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Supplement 3: Temperature experiment and results

2 NYCIIl plates with L.crispatus
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1 ml Preculture was made immediately. ‘
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Figure S3: Temperature experiment Scheme

L.crispatus 10 preculture room
L.Crispatus 10 preculture 37 degrees temperature

Figure S4: Precultures made from plate situated for 2 days in 37°C (left) and 2 days at room temperature
(right). Preculture directly made from plate situated in 37°C showed an OD590 of 0,87 after 1 day of growth
while preculture made from plate situated at room temperature for 2 days had an OD590 of 0,20 after 1
day of growth.
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Supplement 4: Growth different acarbose concentrations

We wanted to investigate whether a different dose of acarbose results in a different impact on growth of
L. crispatus 10. L. crispatus 10 was prepared exactly the same way as previous acarbose experiments (see
material and methods) with the exception that we not only used 100 uM acarbose, but also 25 uM and
50 uM acarbose. Growth on 2 g/L glycogen was compared with the different acarbose concentrations.
Figure S5 shows the growth with addition of different concentrations acarbose. It is shown that the
higher the dose of acarbose, the higher the impact on growth of L. crispatus 10. This suggests that the
dose of acarbose is important for his inhibitory capacity.

Growth L. crispatus 10 after 26 h with different
acarbose concentration

04
0,34

0,35 031
03

0,25
0,2

0,15 014 0,12
01

0,05

OD590

0 25 50 100

Concentration acarbose (uM)

Figure S5: L. crispatus 10 final OD for 26h on 2 g/L glycogen and different concentrations of acarbose. The higher the dose of
acarbose, the stronger the impact on growth of L. crispatus 10, N = 1. This was a single experiment.
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Supplement 5: GOPOD assay troubleshooting

This assay required some troublehooting to investigate the usage of glucose and glycogen. The first
problem that occurred was the saturation after already 1.25 g/L glucose and glycogen (figure S5A). This
meant that the OD590 did not go up proportionally to the amount of glucose or glycogen that was
added. The GOPOD reagent consisted of 20 mM amino-antipyrine (AAP), 2 mM 4- hydroxybenzoic- acid
(HBA), 5 mg/ml Glucose oxidase (GOX) and 5 mg/ml Horse Radish Peroxidase (HRPO). The amount of
AAP and HBA was multiplied by 5. In the mix 0.5 ml AAP, 0.5 ml HBA, 1 ml GOX and 1 ml HRPO were
added together and filled to 50 ml with ice cold PBS.

It was investigated whether the ingredients of the GOPOD reagent contained the right amount. It was
noticed that adding extra GOX or HRPO did not show a higher amount of color forming in the wells (not
shown). However, we did notice that increasing the amount of AAP and HBA also increased the OD
value. This resulted in that we made a new GOPOD reagens with the same amounts of ingredients,
except that we did not multiply the amount of HBA and AAP by 5 and that we added 2.5 mg extra HBA
and 1 ml extra AAP in 25 ml GOPOD reagent.

glc GOPOD 15 januari 2020 Calibration curve glc with extra
0,35 AAP and HBA
0,30 —— —e -
- 0,25 !
S 0,20 15 —®
8 0,15 o
0,10 S 1,0
0,05 CDD
0,00 0,5
0 2 4 6 8 10 12
conc (g/L) 0,0
0 2 4 6 8 10
gly GOPOD 15 januari  —®—glc GOPOD Conc (g/L)

Figure S5: Calibration curves with old GOPOD (A) and new GOPOD (B). With old GOPOD saturation occurred after 1.25 g/L
glucose or glycogen, while with the new GOPOD saturation occurred at 5 g/L.

Although the OD510 values corresponded more with the concentration of glucose, a new problem
occurred. We discovered that the glycogen calibration curve was always approximately half of the
glucose calibration curve (figure S6). For calculations of the glycogen concentration this resulted in a
higher amount of glycogen than the amount that we actually added during growth experiments. We
explored whether the amyloglucosidase (AMG) was able to convert all the glycogen present in the
supernatant to glucose by adding additional amylase. Both AMG and amylase were 100x diluted. It could
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be possible that AMG has trouble with cutting multiple glucose molecules into single glucose molecules
on his own. By adding extra amylase it was thought that the amylase cuts glycogen into maltose (2
glucose molecules) and maltotriose (three glucose molecules), which would make it more easy for AMG
to cut into single glucose molecules. Unfortunately, AMG in combination with amylase did not have a
significant better effect on OD values with glycogen (fig S7).

Glucose and glycogen calibration curves

1,2
1 y=0,47x + 0,07
RZ=1
o 08
n
p 0,6
© 04

y=0,24x+0,12

0,2 R2= 1
0
0 0,5 1 1,5 2 2,5
Conc (g/L)
—8— Glycogen cal.curve —— Glucose cal.curve
—— Lineair (Glycogen cal.curve) —— Lineair (Glucose cal.curve)

Figure S6: Glucose and glycogen calibration curves after adding 1 ml extra AAP and 2.5 g extra HBA to 25 ml GOPOD reagent.
The glycogen calibration curve was approximately 50% lower than the glucose calibration curve.

Glycogen cal.curve +/- amylase
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Figure S7: Glycogen calibration curves with or without extra amylase added to AMG. Extra 100x diluted amylase did not result in
an increase of optical density.
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Subsequently we noticed that the OD510 at 0 g/L glycogen also gave an absorbance signal (S8). We
suggested that we had to substract the OD510 of 0 g/L glycogen without AMG from OD510 with AMG
and use the result as correction for the glycogen concentration. This meant that we substracted this
result together with the OD510 without AMG from the OD510 with AMG to calculate the glycogen OD:

glycogen OD = O0D510 with AMG — O0D510 without AMG —
correction acquired from calibration curve

This resulted that the glycogen concentration became closer to 2 g/L, which was the concentration that
we actually added (fig S9). However, still the concentration of glycogen was often higher (approx 2.5 g/L)
while the concentration of glucose was always lower (approx 1.5 g/L). After this observation we decided
that although we cannot measure the glycogen and glucose concentration quantitavely we still can use
GOPOD to investigate how the concentration of glucose and glycogen changes over time.

Glycogen cal.curve with and without AMG
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Figure S8: Glycogen calibration curve with and without AMG.



Graph glc and gly usage L. crispatus 10
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Figure S9: Glycogen and glucose usage after correction. Glycogen concentration becomes closer to 2 g/L after substraction of the
correction, while glucose concentration is approximately 1.3 g/L after correction.
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Supplement 6: Schedule experiments and strain usage

Experiment

Bicarbonate experiment

Growth L.crisp 9 vs L.crisp 10

Growth L.crisp 10 glucose vs glycogen
Growth G. vaginalis

GOPOD L. crispatus 10

GOPOD G. vaginalis

Growth acarbose L. crispatus glc or gly
Growth acarbose G. vaginalis glc or gly
Growth acarbose L. crispatus double carbon
source

Growth acarbose G. vaginalis double carbon
source

Growth for GOPOD L. crispatus

Growth for GOPOD G. vaginalis

Bacteria

L. crispatus 9
L. crispatus 10
G. vaginalis

Data used for analysis

12/11/20

28/11/19, 05/03/20 and 11/03/20
30/01/20, 06/02/20, 20/02/20

11/12/19, 19/12/19, 20/02/20 and 11/03/20
12/02/20, 28/02/20, 06/03/20

05/02/20, 13/02/20, 28/02/20,

30/01/20, 06/02/20, 20/02/20

11/03/20 (preculture 1 and 2)

06/02/20, 13/02/20, 20/02/20

06/02/20, 20/02/20, 11/03/20,

06/02/20, 20/02/20, 05/03/20
30/01/20, 06/02/20, 20/02/20

Stock

Stock 2 (column 2)

Stock 2 (column 2)
Original stock (column 2)



