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two bands at 1000 bp and approximately 100 bp (Fig. 1B) with the BUK
primer set. A band at 700bp was detected for Clostridium sp. ASF 500
(Fig. 1C). A PCR product was seen for E. plexicaudatum ASF 492 using
primer BCoATD at approximately 900 bp (data not shown). No PCR
product was obtained for B. longum (ATCC 15707), E. faecalis (OG1S),
L.acidophilus NCFM), L. johnsonii (NF-1), and L.casei (ASF 360).

Figure 1. PCR profiles of a selection of butyrate producing microbiota on 1% gel. (A

and B) Represent primers that amplify butyryl CoA transferase gene. (C) Represent
primer that amplify butyrate kinase gene. (1) Bifidobacterium longum (ATCC 15707). (2)
Enterococcus faecalis (OG1S). (3) Lactobacillus acidophilus (NCFM). (4) Lactobacillus
casei (ASF 360). (5) Lactobacillus johnsonii (NF-1). (6) Eubacterium plexicaudatum XIV
cluster (ASF 492). (7) Clostridium sp XIV (ASF 500). (8) Clostridium sp XIV (ASF 502).
(9) Control sample.
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Growth of Bacteria in Mono- and Co-Culture

There are high similarities in mono-culture growth for E. plexi-
caudatum, B. longum, E. faecalis, L.acidophilus, and L. johnsonii, and
are relatively constant in run one and two. However, growth is lower
in run three. Co-culture growth for samples 6 through 9 was relatively
constant in all three runs (Table 4).

Sample Organism 600 nm

run 1 run 2 Run 3
Eubacterium plexicandatun (ASF 492)  0.419 0.577 0.247
L.acidophilus (NCFM) 0.258 0.175 0.045
L.johnsonii (NF-1) 0.210 0.188 0.207
E faecalis (OG1S) 0.445 0.409 -
B.longum (15707) 0.425 0.443 -
ASF 492 + NCFM 0.321 0.449 0.304
ASF 492 + NF-1 0.318 0.316 0.300
ASF 492 + OG1S 0.406 0.421 0.428
ASF 492 + 15707 0.512 0.492 0.514

Table 4. Co-culture absorbance reading at 600nm for all three runs. Runs 1 and 3 for 24
h, and run 2 for 48 h

Quantitation of bacteria in co-culture using gPCR
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Figure 2. Representation of bacterial quantity in mono- and co-culture using qPCR. The
results are presented in a logarithmic scale. The quantity of bacteria per ml was calculated
based on the distinct 16S rDNA gene for each representative organism
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Butyrate Concentration in bacterial co-culture
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Figure 3. Butyrate concentration in co-culture experiment in runs one and two. Butyrate
concentration was determined from the supernatant fluids collected from all three runs
using GC/MS analysis.

Quantitation of Bacteria Using qPCR

Figure 2 revealed a variation in the number of bacteria for all
runs. E. plexicaudatum ASF492 maintained a number between 10 and
10% bacteria per 1 ml in sample 1 and 6, and between 10° and 10° bacte-
ria per 1 ml for samples 7 through 9 for all three runs. Both E. faecalis
(sample 4 and 8) and B. longum (sample 5 and 9) thrived in mono- and
co-culture and ranged between 10%and 10'* bacteria per 1 ml in experi-
mental runs one and two. Both L. acidophilus (sample 2) and L. john-
sonii (sample 2) were detectable at low levels (10" to 10 bacteria per ml)
in mono-culture. No detectable lactobacilli were seen in the co-culture
samples (Fig. 2).

Quantitation of Butyrate by GC/MS in

Culture Supernatant

All experimental samples were tested for butyrate level using
GC/MS (Fig. 3). The butyrate level for run three was not available for
this paper. All mono-culture samples (samples 1 to 5) displayed butyrate
activities in consistent amounts, whereas co-culture samples (samples
6 through 9) demonstrated higher butyrate level. Butyrate levels in the
mono-cultures (sample 1 through 4) remained constant between 0.2 and
0.3pg/ 500 pl. The butyrate level was highest for B.longum (sample 5,
run 2) at 0.7 pg/ 500 pl. In co-culture, butyrate levels for L.acidophilus
and L. johnsonii with ASF 492 (sample 6 through 8, runs 1 and 2) was
between 0.5 pg/ 500 pl and 1.5 pg/ 500 pl. The highest overall butyrate
level was detected for samples containing E. faecalis with ASF 492
(sample 8) 2.0 pg/ 500 pl for run one and 2.5 pg/ 500 ul for run two.
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DISCUSSION

The overall goal of this line of experimentation was to devel-
op an in vitro system to study cellular interaction between lactic acid
bacteria and butyrate-producing bacteria. In this study, a representative
group of lactate- and butyrate-producing strains of bacteria was used.
The PCR results using published primer sets confirmed that butyryl-CoA
CoA transferase and the butyrate kinase gene were found in Clostrid-
ium sp. XIV ASF 500 (Louis et al., 2007; Charrier et al., 2006; Louis
et al., 2004). Clostridium sp. XIV ASF 502 contained the gene that is
only responsible for butyryl-CoA CoA transferase. In a separate PCR
experiment butyryl-CoA CoA transferase was also found in the Eubac-
terium plexicaudatum ASF 492 strain (data not shown). This finding
corresponds to a previous study conducted by Barcenilla et al. (2000),
which showed 80% of butyrate-producing gut bacteria are related to the
Clostridium X1IVa cluster. All three of these bacterial strains are member
of the Clostridium sp. XIVa cluster. Furthermore, these results are con-
sistent with past observation that most butyrate-producing gut microbes
preferentially possess the gene for butyryl-CoA CoA transferase (Bar-
cenilla et al., 2000; Louis et al., 2004). None of the lactic acid bacteria
tested had either gene for butyrate production. It is interesting to note
that E. Faecalis OG1S did not contain the gene for butyrate kinase (buk).
This is somewhat unexpected, as other investigators have found buk in
other isolates of E. Faecalis (Louis et al., 2004; Benson et al., 2003). The
inability to consistently detect either the butyrate kinase gene (buk) or
the butyryl-CoA CoA transferase gene in these representative strains of
gut bacteria suggests that further work on PCR optimization needs to be
performed. The eventual goal of isolating these gene sequences will be
to clone, sequence, and develop molecular tools to study gene distribu-
tion and gene expression in both in vitro and in vivo model systems.

From the co-culture experiments, butyrate production was
detected for all organisms including those that do not possess activity
for butyrate. This finding does not correspond with the distribution of
butyrate-producing genes revealed by PCR. Although previous studies
have reported that Lactobacilli and Bifidobacteria do not produce bu-
tyrate, this strongly suggested that these specific strains are able to make
butyrate. An alternative interpretation is that the level of butyrate pro-
duced for the individual cultures is at the lowest level of detection for the
GC/MS. Butyrate production seemed to be enhanced in the co-culture
with lactic acid producing bacteria and butyrate producing bacteria. The
enhancement of butyrate production by lactic acid bacteria has been seen
with other gut microbes (Tsukahara et al., 2006; Belenguer et al., 2006;
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Falony et al., 2006; Duncan et al., 2004). An interesting observation was
that co-culture tubes containing E.plexicaudatum ASF 492 and either L.
acidophilus NCFM or L. johnsonii NF-1 showed considerable flocculent
growth. Other co-culture tubes showed only turbid growth of bacteria.
This flocculent growth suggested that specific cellular interactions might
be happening between the lactobacilli and the Eubacterium.

Real-time PCR experiments were somewhat inconsistent, es-
pecially with the /actobacilli. Further experiments will include the op-
timization of bacterial quantification using gPCR, and more controlled
co-culture experiments using all bacteria listed in Table 1.

In conclusion, this study presented preliminary data on the de-
velopment of an in vitro co-culture system to study bacterial cellular
interaction between gut microbes. This system will help identify not only
metabolic interaction between different microbes, but also cellular in-
teraction such as coaggregation and quorum sensing. Further studies on
gene regulation will be explored as well. The hope is to initially study
these bacterial interactions in vitro, and then move them into a mouse
model system for further study.
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