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Biogenic amines in food constitute a human health risk. Here we report that tyramine-producing Entero-
coccus durans strain IPLA655 (from cheese) was able to produce tyramine under conditions simulating transit
through the gastrointestinal tract. Activation of the tyramine biosynthetic pathway contributed to binding and
immunomodulation of enterocytes.

Biogenic amines (BAs) are formed by the decarboxylation of
amino acids and are involved in important biological functions
in the human body, such as nervous transmission, gastric acid
secretion, the immune response, and cell growth and differen-
tiation. Alterations of physiological concentrations of BAs
have been correlated with several disorders, such as allergies,
Parkinson’s syndrome, and migraines (15). The levels of BAs
in the body are in most cases the sum of endogenous synthesis
and exogenous contribution. However, in the case of tyramine,
the source is only exogenous, mainly by the ingestion of food-
stuffs in which BAs have accumulated by the action of decar-
boxylating bacteria, though synthesis by the gastrointestinal
tract (GIT) microbiota should not be dismissed. The consump-
tion of food containing high concentrations of tyramine can
induce adverse reactions such as nausea, headaches, and blood
pressure alterations, especially in combination with the use of
monoamine oxidase inhibitors as antidepressants (8). The con-
tribution of GIT microbiota to the biosynthesis of poly-
amine, a particular type of BA, has been quantified (13);
however, there is no information regarding the contribution
of endogenous microbiota to the biosynthesis of tyramine or
the role of food-borne BA-producing microorganisms once
they reach the GIT.

Certain species of Enterococcus and Lactobacillus are the
main organisms responsible for tyramine accumulation in fer-
mented foods (10). Tyramine-producing enterococci have been
isolated from human feces (7). In order to contribute to the
BA pool, a food-borne tyramine-producing strain must survive
passage through the GIT and produce tyramine under such
conditions. The contribution is enhanced if the microorganism
is able to persist in the intestine. To test the possibilities of
survival and persistence under these conditions, Enterococcus
durans IPLA655, a strain isolated from cheese that is able to
synthesize tyramine via tyrosine decarboxylation (2), was se-
lected for this study.

To monitor the survival and tyramine production capabili-

ties of E. durans IPLA655 under GIT conditions, a model
system previously validated with lactic acid bacteria (LAB) and
Bifidobacterium strains of food origin was used (3, 4). This
model simulates the normal physiological conditions of the
GIT, including the presence of lysozyme (saliva) and gastric
(G) stress provoked by pepsin at gradually decreasing pH val-
ues (from 5.0 to 1.8). After G stress at pH 5.0 or pH 4.1, stress
in the small intestine was also assayed (by determining the
presence of bile salts and pancreatin at a GI pH of 6.5).
Bacteria were grown to early stationary phase in ESTY me-
dium (0.5% beef extract, 0.5% tryptone, 0.25% yeast extract,
0.5% ascorbic acid, 1.9% disodium glycerophosphate, 0.025%
magnesium sulfate) (Pronadisa, Madrid, Spain), which con-
tains a basal tyrosine concentration of about 26 �M, supple-
mented with 0.5% glucose in the absence or presence of 10
mM tyrosine. After sedimentation and resuspension in fresh
medium, the bacteria were exposed to the various stresses.

Tyramine production under these conditions was quantified
by reverse-phase high-performance liquid chromatography
(RP-HPLC) (6), which revealed that in the presence of 10 mM
tyrosine, the bacterium was able to produce tyramine under
the assay conditions (Fig. 1). Maximum production was ob-
served after G stress at pHs 5.0 and 4.1, at which approximately
2 � 108 CFU ml�1 (determined by viable plate counting on
ESTY solid medium) were able to synthesize and release to the
culture supernatant a high concentration of tyramine (729 �
25 �M) during the 20-min incubation. The higher level of
tyramine production by E. durans observed at pH 5.0 could
correlate with the detection at this pH of the maximum tran-
scription levels of the tyrP and tdcA genes, which encode,
respectively, the tyrosine/tyramine antiporter and the tyrosine
decarboxylase, which catalyzes the synthesis of tyramine from
tyrosine (9). The pH value of 5.0 is also close to the reported
optimal pH (5.4) of tyrosine decarboxylase (11). Interestingly,
significant concentrations of tyramine (270 �M) were also ob-
served in the samples exposed to pH 1.8, even though only
8.6 � 101 CFU ml�1 were detected at the end of the assay,
indicating that under gastric conditions, the tyrosine decarbox-
ylase could catalyze tyramine biosynthesis either in nonviable
cells and/or in culture supernatants.

In order to understand the role of tyramine biosynthesis in
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cell survival under GIT conditions, the assays were performed
in the presence or absence of 10 mM tyrosine. In addition, a
knockout strain was constructed by replacing the tdcA gene
with the chloramphenicol-resistance gene, using pMN20-CM,
a suicide pUC19-derived plasmid harboring the 5� and 3� flank-
ing regions of the E. durans IPLA655 tdcA gene. This plasmid
was introduced by electroporation, and the double-crossover
mutant genotype was confirmed by PCR and Southern hybrid-
ization (data not shown). The inability of the E. durans �tdcA
mutant to produce tyramine was confirmed by RP-HPLC (data
not shown).

Survival of the wild-type and mutant strains under GIT
stress conditions was assessed by viable plate counting (Fig. 2)
after they were grown to the early stationary phase in ESTY
medium plus 0.5% glucose in either the presence or absence of
tyrosine. Approximately 50% of both bacterial populations

were able to survive under G stress at pH 3.0 in either the
presence or absence of tyrosine. For most of the analyzed
conditions, no differences were detected between the two
strains. We detected a significant increase in cell survival only
for the mutant strain under GI stress at pH 5.0. Possibly this
was due to utilization of the tyrosine for protein synthesis,
since we detected a marked reduction in tyrosine levels (from
10 mM to 306 �M) without concomitant tyramine production
in samples of the mutant strain supernatant (data not shown).
In addition, under G stress at pH 2.1, a marked increase in cell
survival, from 6.46 � 104 to 2.69 � 106 CFU ml�1, was de-
tected in the presence of tyrosine for the wild-type strain but
not for the mutant strain. This accords with the finding that the
tyramine biosynthetic pathway conserves the viability of En-
terococcus faecium E17 cells in a medium buffered at pH 2.5
(14). However, the GIT challenge involves not only acidic

FIG. 1. Tyramine produced (gray bars) by E. durans IPLA655 under GIT stress. The numbers of cells in the cultures are expressed as log CFU
ml�1 (white bars). Each value is the mean of the results of three independent experiments. The experiments were performed in the presence of
10 mM tyrosine.

FIG. 2. Cell survival after gastric and gastrointestinal stresses. E. durans strain IPLA655 (wt) and the IPLA655 �tdcA mutant strain were
subjected to various G or GI stresses as described in the text in the presence (gray bars) or absence (white bars) of 10 mM tyrosine (Tyr). Each
value is the mean of the results of three independent experiments. Differences in survival in the presence or absence of tyrosine were tested by
the two-tailed Student t test. **, P � 0.01.
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stress but also exposure to lysozyme, proteolytic enzymes, and
bile salts, and the Enterococcus genus seems to be well adapted
to intestinal conditions (5). This could explain the lack of a
clear effect of tyrosine decarboxylation at pH values other than
2.1 for E. durans IPLA655.

In any case, the results revealed that the tyramine-producing
E. durans strain IPLA655 is able to survive and to produce
tyramine during passage through the GIT and therefore may
contribute to tyramine content in the host. This contribution
would be greater if such strains were able to colonize the gut
and continue to synthesize tyramine. The ability to colonize the
gut is related to the capacity to adhere to the intestinal epi-
thelium. The difficulty of studying bacterial adhesion in vivo
has led to the development of in vitro model systems that are
based on adhesion to tissue culture cell lines such as Caco-2
cells, which, when differentiated, mimic mature enterocytes of
the small intestine. Bacteria were exposed to Caco-2 cells un-
der conditions previously described (4), and their adhesion was
assessed by plate counting. In addition, the interactions of the
strains with the Caco-2 cells were visualized by phase contrast
and fluorescence microscopy (data not shown), since both the
E. durans wild-type and mutant strains had been transformed
with the plasmid pMV158GFP, which encodes the green flu-
orescent protein (GFP) (12). The ability to bind to Caco-2 cells
was analyzed in the presence or absence of 10 mM tyrosine.
For the adhesion assay, 1.25 � 105 epithelial cells were ex-
posed to 1.25 � 107 bacterial cells in the presence of 1 ml of
Dulbecco modified Eagle medium (DMEM) (Invitrogen, Bar-
celona, Spain) for 1 h at 37°C in a 5% CO2 atmosphere as
previously described (4). Interestingly, when tyrosine was
present in the adhesion assay, a significant increase (approxi-
mately 3-fold) in the adherence of E. durans IPLA655 to
Caco-2 cells was observed (Fig. 3). In contrast, the presence of
tyrosine did not affect the binding of the mutant strain. Anal-
ysis of the supernatants from the adhesion samples by RP-
HPLC revealed that in the presence of 10 mM tyrosine, the
dairy (cheese) strain was able to synthesize tyramine (1.4 �
0.2 � 107 bacteria produced 141 � 15 nmol of tyramine in 1 h).

Supplementing the assay with 140 �M tyramine did not affect
the binding of either strain to Caco-2 cells (Fig. 3). These
results suggest that activation of the tyramine biosynthetic
pathway, rather than the actual production of tyramine, could
be involved in this enhancement of adhesion.

Production of the proinflammatory cytokine tumor necrosis
factor alpha (TNF-�) by Caco-2 cells (1.25 � 105 cells) after
8 h of exposure to the E. durans wild-type and mutant strains
(1.25 � 108 CFU) was quantified in sample supernatants as
previously described (3) in the presence or absence of 10 mM
tyrosine. In the absence of tyrosine, the presence of either
strain did not significantly affect the levels of the cytokine
produced and secreted by the Caco-2 cells (Table 1). In the
control samples lacking bacteria, the presence of tyrosine re-
sulted in a 2-fold decrease in TNF-� levels, which was accom-
panied by consumption of 83.5% of the tyrosine (Table 1).
Significantly lower levels of this cytokine (8% and 3.8% of the
levels with the mutant strain and the control, respectively)
were detected in the presence of the wild-type strain than in
the presence of the mutant or the control when tyrosine was
included in the assay (Table 1). The production of tyramine
was confirmed in the wild-type strain samples, in which it
reached a concentration of 3.12 � 19 mM in the presence of 10
mM tyrosine. The lack of a cytotoxic effect due to tyramine and
bacteria was confirmed using cell proliferation kit II (XTT)
(Roche Diagnostics, Mannheim, Germany) (data not shown).
Moreover, a similar level of tyrosine (approximately 4.3 mM)
was detected in samples exposed to both strains, indicating that
the differences in cytokine levels provoked by the bacteria were
not due to differences in the availability of tyrosine to the
Caco-2 cells. Therefore, the reduction in the synthesis of
TNF-� by the wild-type strain could be associated with the
tyramine biosynthetic pathway.

The overall results indicate that E. durans IPLA655, a tyra-
mine-producing strain present in cheese, can survive in the
intestinal environment and synthesize tyramine in the colon,
using this ability as a survival and colonization mechanism that
enhances adhesion to the intestinal epithelium and reduces
Th1 activation of the immune system. Unfortunately for the
host organism, the increased levels of tyramine can provoke

TABLE 1. Immunomodulation of Caco-2 cells by E. durans
IPLA655 and the E. durans IPLA655 �tdcA straina

Strain or control TNF-�
(pg ml�1)

Tyrosine
(�M)

Tyramine
(�M)

Strains
IPLA655

Without tyrosine 289.28 � 39.22 15.4 � 0.5 10.1 � 2.1
With tyrosine 9.33 � 1.04 4,196 � 78 3,116 � 189

IPLA655 �tdcA
Without tyrosine 558.5 � 83.75 20.03 � 1.3 �0.05
With tyrosine 116 � 13.75 4,512 � 365 �0.05

Controls
Without tyrosine 489.06 � 76.94 �0.03 �0.05
With tyrosine 247.25 � 54.17 1,654.13 � 87.12 �0.05

a TNF-� produced by Caco-2 cells alone (control) or in response to wild-type
or mutant strains after 8 h of incubation in the presence or absence of tyrosine
or tyramine. Tyramine and tyrosine concentrations in the cell supernatants were
also quantified by RP-HPLC. Each determination was performed in triplicate,
and the mean value and standard deviation are indicated.

FIG. 3. Adhesion of E. durans strain IPLA655 and the IPLA655
�tdcA mutant strain to Caco-2 cells. Adhesion levels are expressed as
percentages of the total number of bacteria (adhered plus unadhered)
detected after exposure to Caco-2 cells for 1 h in the presence of either
10 mM tyrosine (Tyr; gray bars) or 140 �M tyramine (Tym; black bars)
or in the absence of both compounds (white bars). Each adhesion assay
was conducted in triplicate. Each value is the mean of the results of
three independent experiments for which three independent determi-
nations were performed. Differences in adhesion in the presence or
absence of tyrosine were tested by the two-tailed Student t test. **, P �
0.01.
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adverse reactions, especially in individuals with reduced detox-
ification systems (1). These results offer further evidence of the
importance of eliminating the presence of BA-producing
strains in order to manufacture safer foods.
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