
Effects of Lactobacillus plantarum Strain
OLL2712 Culture Conditions on the Anti-
inflammatory Activities for Murine
Immune Cells and Obese and Type 2
Diabetic Mice

T. Toshimitsu, S. Ozaki, J. Mochizuki, K. Furuichi, Y. Asami
Lactic Acid Bacteria Research Department, Food Science Research Laboratories, Division of Research and
Development, Meiji Co., Ltd., Odawara, Kanagawa, Japan

ABSTRACT Studies on the health-promoting effects of lactic acid bacteria (LAB) are
numerous, but few provide examples of the relationship between LAB function and
culture conditions. We verified the effect of differences in culture conditions on Lac-
tobacillus plantarum OLL2712 functionality; this strain exhibits anti-inflammatory ac-
tivity and preventive effects against metabolic disorders. We measured interleukin-10
(IL-10) and IL-12 production in murine immune cells treated with OLL2712 cells pre-
pared under various culture conditions. The results showed that the IL-10-inducing
activities of OLL2712 cells on murine immune cells differed dramatically between
OLL2712 groups at different culture phases and using different culture medium
components, temperatures, and neutralizing pHs. In particular, exponential-phase
cells had much more IL-10-inducing activity than stationary-phase cells. We con-
firmed that the Toll-like receptor 2 (TLR2) stimulation activity of OLL2712 cells de-
pended on culture conditions in conjunction with IL-10-inducing activity. We also
demonstrated functional differences by culture phases in vivo; OLL2712 cells at ex-
ponential phase had more anti-inflammatory activity and anti-metabolic-disorder ef-
fects on obese and diabetic mice than those by their stationary-phase counterparts.
These results suggest that culture conditions affect the functionality of anti-
inflammatory LAB.

IMPORTANCE While previous studies demonstrated that culture conditions affected
the immunomodulatory properties of lactic acid bacteria (LAB), few have compre-
hensively investigated the relationship between culture conditions and LAB function-
ality. In this study, we demonstrated several culture conditions of Lactobacillus plan-
tarum OLL2712 for higher anti-inflammatory activity. We also showed that culture
conditions concretely influenced the health-promoting functions of OLL2712 in vivo,
particularly against metabolic disorders. Further, we characterized a novel mecha-
nism by which changing LAB culture conditions affected immunomodulatory proper-
ties. Our results suggest that culture condition optimization is important for the pro-
duction of LAB with anti-inflammatory activity.
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Lactic acid bacteria (LAB) have been reported to modulate immune activities and
prevent or ameliorate immune-related disorders, including inflammatory bowel

diseases, allergies, and certain metabolic disorders (1–3). Certain LAB strains have been
selected as the most suitable strains against each disorder (4–6). In addition to the
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screening of strains, enhancing the abilities of selected strains improves the health-
promoting abilities of LAB. Moreover, the immunomodulatory properties of a given LAB
strain are reportedly sensitive to changing culture conditions (7–11). It was also
reported that the amount and structure of teichoic acids, which are principal immu-
nomodulatory components in LAB, depended on culture conditions (12–14). These
previous studies suggest that it is possible to regulate the immunomodulatory prop-
erties of a selected LAB strain by changing culture conditions; however, few studies
have comprehensively investigated the relationship between culture conditions and
LAB functionality.

In a previous study, we selected Lactobacillus plantarum OLL2712 for its strong
ability to induce interleukin-10 (IL-10) production in murine immune cells. Administra-
tion of heat-killed OLL2712 cells for 3 weeks alleviated chronic inflammation and
improved hyperlipidemia in KKAy mice, an obesity and diabetes model (15). IL-10 is an
anti-inflammatory cytokine secreted by immune cells in intestinal and adipose tissues
(16, 17). Induction of IL-10 prevented insulin resistance and improved glucose and lipid
metabolism in obese mice (18, 19). We therefore hypothesized that the antihyperlipi-
demic effect of OLL2712 was exerted via stimulation of IL-10 production and suppres-
sion of chronic inflammation. However, we did not consider the culture conditions of
OLL2712 in the previous study. The anti-inflammatory activity and antihyperlipidemic
effects of OLL2712 might be affected by its culture conditions.

In the present study, we evaluated the IL-10-inducing activity and the ratio of
IL-10-inducing activity to IL-12-inducing activity (IL-10/IL-12 ratio) by OLL2712 cells,
prepared under various culture conditions, on murine immune cells. In addition to
IL-10-inducing activity, the IL-10/IL-12 ratio is also considered to be a dominant index
for the anti-inflammatory activity of LAB (4, 20, 21); IL-12 is a proinflammatory cytokine
which induces chronic inflammation and metabolic disorders (22, 23). Additionally, we
analyzed the effect of OLL2712 culture conditions on the ability of this LAB to stimulate
murine Toll-like receptor 2 (TLR2) activity. TLR2 expressed on immune cell surfaces
recognizes bacterial cell components, including teichoic acids. The activation of TLR2
induced IL-10 production and suppressed IL-12 production (24, 25). Elucidation of the
culture conditions that affect these immunomodulatory properties is important not
only for developing a process for the production of LAB with anti-inflammatory activity
but also for investigating the mechanisms underlying LAB functionality.

The objective of the present study was to investigate the effect of OLL2712 culture
conditions on the immunomodulatory properties for murine immune cells. We also
sought to verify the preventive effects of OLL2712 cells, prepared under different
culture conditions, against metabolic disorders in obese and diabetic mice.

RESULTS
Effects of culture conditions on immunomodulatory properties of OLL2712 for

murine immune cells. (i) Culture phase and culture medium components. We
examined the effect of culture phases and culture medium components on the
immunomodulatory properties of OLL2712 cells. In this experiment, we fixed the
culture temperature at 33°C and the neutralizing pH at 5.8, because preliminary
examinations indicated that the bacterial cell yield was highest under these conditions.
Early or late-exponential-phase (cultured for 4 h or 8 h) OLL2712 cells showed higher
levels of IL-10-inducing activity in bone marrow-derived dendritic cells (BMDCs) than
their early or late-stationary-phase (cultured for 12 h or 16 h) counterparts. Relative to
IL-10-inducing activity, the influence of culture phases on IL-12-inducing activity was
less pronounced (Fig. 1A). Adding Q-17S, a decaglycerol mono-oleic acid ester, to the
culture medium increased the IL-10-inducing activity of exponential-phase OLL2712
cells (Fig. 1A). Adding the other nutrients, including vitamins, minerals, and mono-
stearic acid ester, did not affect the IL-10- or IL-12-inducing activity of OLL2712 cells
(data not shown). The same experiments using peritoneal macrophages (PMs) pro-
duced results similar to those of the BMDC experiments (Fig. 1B). IL-10-inducing activity
and the IL-10/IL-12 ratio of OLL2712 cells increased conspicuously when cultured in
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medium with Q-17S until exponential phase. Then, we cultured OLL2712 again for 8 h
(late-exponential phase) or 14 h (mid-stationary phase) with or without Q-17S and
confirmed that above-mentioned results were observed regardless of additive concen-
trations to BMDCs (Fig. 1C). Here, the bacterial cells cultured for 8 h, 14 h, and 16 h with
Q-17S are described as 8-h (�), 14-h (�), and 16-h (�) cells.

FIG 1 Effects of culture phases or culture medium components on immunomodulatory properties of OLL2712 cells for murine immune cells. (A and B) BMDCs (A) or
PMs (B) were treated with OLL2712 cells (50 �g/ml), prepared at different culture phases (4 h to 16 h) and in medium with (�) or without (e) mono-oleic acid ester
Q-17S, for 24 h. (C) BMDCs were treated with OLL2712 cells at indicated concentrations (1 to 50 �g/ml), prepared at different culture phases (8 h or 14 h) and in medium
with (�) or without (�) mono-oleic acid ester Q-17S, for 24 h. The temperature and neutralizing pH in OLL2712 cultures were 33°C and pH 5.8. The IL-10 and IL-12
concentrations in the supernatants were measured. The results are presented as means � SD (n � 4). Data are representative of 2 independent experiments.
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We examined the effect of culture phases and adding Q-17S on the immunomodu-
latory properties of MEP222801, an L. plantarum strain with high IL-10-inducing activity
second to OLL2712 in our LAB library (15), and obtained almost the same result as
OLL2712 (Fig. 2).

(ii) Culture temperature and neutralizing pH. We examined the effect of 29 to
40°C temperatures and neutralizing pH 4.4 to 6.8 on the immunomodulatory properties
of late-exponential-phase OLL2712 cells. When changing the temperature, the pH was
fixed at 5.8. When changing the pH, the temperature was fixed at 33°C. The IL-10-
inducing activity and IL-10/IL-12 ratio were maximal at 31 to 35°C and pH 5.3 to 6.0 (Fig.
3). At any temperature or pH, exponential-phase cells had much more IL-10-inducing
activity than stationary-phase cells. The same experiments using PMs produced results
similar to those of the BMDC experiments (data not shown).

Effects of culture conditions on OLL2712 yield and morphology. The number of
live bacteria increased by approximately 4-fold over 8 h, based on a comparison of 16-h
(�) and 8-h (�) data; however, the cell body dry weight increased only by about 2-fold.
Within this time frame, the mass per cell fell by half (Table 1). Scanning electron
microscope (SEM) images revealed many long bacilli at 8 h (�) and many short bacilli
at 16 h (�), but we could not observe any biofilm or extracellular matrix in the SEM
images (Fig. 4). Adding Q-17S did not affect OLL2712 growth or morphology.

Involvement of MyD88 and TLR2 pathways in immunomodulatory properties
of OLL2712 for murine immune cells. IL-10 and IL-12 production by OLL2712 was
completely reduced in BMDCs from MyD88�/� mice. The myeloid differentiation primary
response gene 88 (MyD88) is a factor that conveys Toll-like receptor (TLR) signals, including
TLR2 (24). In a comparison of BMDCs from Tlr2�/� and wild-type (WT) mice, IL-10 produc-
tion was reduced, whereas IL-12 production was increased in BMDCs from Tlr2�/� mice
(Fig. 5A and B). TLR2 is a receptor that recognizes LAB cell wall components (24). These
results suggest that OLL2712 stimulation of immune cell IL-10 production depends on
MyD88 and TLR2. In addition, we confirmed that OLL2712 cells cultured statically for 18 h
in de Man, Rogosa, and Sharpe (MRS) broth, which we had used in a previous study (15),
exhibited higher levels of IL-10 and IL-12 production than 8-h (�) cells.

Effects of culture conditions on TLR2 stimulation activity of OLL2712. We
checked whether TLR2 stimulation activity would be affected under OLL2712 culture
conditions. TLR2 has been reported to affect immune cell production of IL-10 (24,
26–29). We used the HEK 293 cell line, which highly expresses TLR2, and evaluated TLR2
stimulation activity by the quantity of secreted alkaline phosphatase protein (SEAP)
secreted outside the cells. We demonstrated that OLL2712 cells statically cultured in

FIG 2 Effects of culture phases or culture medium components on immunomodulatory properties of MEP222801 cells for murine immune cells. BMDCs were
treated with MEP222801 cells (50 �g/ml), prepared at different culture phases (5 h or 16 h) and in medium with (�) or without (�) mono-oleic acid ester Q-17S,
for 24 h. The temperature and neutralizing pH in MEP222801 cultures were 33°C and pH 5.8. The IL-10 and IL-12 concentrations in the supernatants were
measured. The results are presented as means � SD (n � 4). Data are representative of 2 independent experiments.
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MRS broth had the highest activity; TLR2 activities for the other groups, in descending
order, were 8-h (�), 8-h (�), 16-h (�), and 16-h (�) cells (Fig. 5C). The IL-10-inducing
activity and TLR2 stimulation activity positively correlated (R � 0.98, P � 0.01; Fig. 5D).

Anti-inflammatory and anti-metabolic-disorder effects of OLL2712 cells on
obese and diabetic mice were affected by their culture phases. In the experiment
to administer 8-h (�) cells, we observed no difference between groups in mouse
weight change or food intake; however, the final fasting blood glucose levels were
significantly lower in the high-dose group than in the control group (Table 2). The
blood triglyceride levels and blood free fatty acid levels were significantly lower in the
low-dose group and high-dose group than in the control group. The blood total
cholesterol levels did not significantly differ between groups (Fig. 6A). Furthermore, the

FIG 3 Effects of temperature or neutralizing pH on immunomodulatory properties of OLL2712 cells for murine immune cells. BMDCs were treated with
late-exponential-phase (�) or late-stationary-phase (e) OLL2712 cells (50 �g/ml) prepared at different temperature or neutralizing pH for 24 h. When changing
the temperature, the pH was fixed at 5.8. When changing the pH, the temperature was fixed at 33°C. The IL-10 and IL-12 concentrations in the supernatants
were measured. The results are shown as the ratio of control (at 33°C and pH 5.8). The results are presented as means � SD (n � 4). Data are representative
of 2 independent experiments.

TABLE 1 Dry cell weight, live cells, and dry cell weight per CFU of OLL2712

Cell
type

Dry cell wt
(mg/ml culture)

Live cell quantity
(CFU/ml culture) wt/cell (pg/CFU)

4 h (�) 0.94 5.80 � 108 1.62
4 h (�) 1.10 6.25 � 108 1.77
8 h (�) 3.67 4.70 � 109 0.78
8 h (�) 4.09 5.40 � 109 0.76
12 h (�) 8.40 1.72 � 1010 0.49
12 h (�) 8.78 1.82 � 1010 0.48
16 h (�) 8.65 1.89 � 1010 0.46
16 h (�) 8.60 1.99 � 1010 0.43
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proinflammatory cytokine production by adipose tissue stromal vascular fraction (SVF)
cells from KKAy mice was significantly suppressed by administering 8-h (�) cells (Fig.
7A). On the other hand, in the experiment to administer stationary-phase 14-h (�) cells,
a meaningful difference was not observed in the above-mentioned measurements
(Table 2 and Fig. 6B and 7B).

DISCUSSION

LAB may efficaciously prevent and/or treat metabolic disorders (3, 30); the anti-
inflammatory effect of LAB is assumed to be an essential mechanism of its action (15,

FIG 4 Effects of culture conditions on OLL2712 morphology.

FIG 5 The IL-10-inducing activity of OLL2712 cells depended on MyD88 and TLR2 pathways under any culture conditions.
med, medium. (A and B) BMDCs (from WT, Myd88�/�, or Tlr2�/� mice) were treated with OLL2712 cells (10 �g/ml) prepared
under different culture conditions for 24 h. The IL-10 and IL-12 concentrations in the supernatants were measured. (C)
HEK-293 cells expressing TLR2 were treated with OLL2712 cells (10 �g/ml) prepared under different culture conditions for
24 h. The TLR2 stimulation activity was evaluated by quantity of SEAP secreted outside the cells. The results are presented
as means � SD (n � 4). Data are representative of 2 independent experiments. (D) Correlation of IL-10-inducing activity
and TLR2 stimulation activity.

Toshimitsu et al. Applied and Environmental Microbiology

April 2017 Volume 83 Issue 7 e03001-16 aem.asm.org 6

http://aem.asm.org


31). Out of many strains in our LAB library, we had previously selected the optimal
OLL2712 strain, which has high IL-10-inducing activity (15). On the other hand, the
health-promoting properties of LAB may change in response to their culture conditions,
even when the strain remains the same (7–11). With respect to OLL2712, we expected
that the anti-inflammatory activity would be changed by modification of the culture
conditions. In the present study, we evaluated IL-10 and IL-12 production in murine
immune cells treated with OLL2712 cells prepared under various culture conditions. We
found that the IL-10-inducing activity and IL-10/IL-12 ratio varied dramatically between
OLL2712 groups under different culture conditions. The culture conditions for the
highest anti-inflammatory activity were exponential phase, mono-oleic acid ester
added to the culture medium, pH 5.3 to 6.0, and 31 to 35°C. We have also demonstrated
that the effects of OLL2712 cells on a mouse model of metabolic disorders changed in
response to OLL2712 culture phases.

TABLE 2 Food intake, body weight, and fasting blood glucose levelsa

Parameter Control Low dose High dose

8-h (�) cells
Food intake (g per 3 weeks) 121 � 5 124 � 2 123 � 5
Initial body wt (g) 32.9 � 0.6 33.3 � 0.6 32.7 � 0.4
Final body wt (g) 38.0 � 1.4 38.9 � 1.1 37.3 � 0.3
Initial blood glucose level (mg/dl) 297 � 22 310 � 19 290 � 21
Final blood glucose level (mg/dl) 359 � 18 342 � 19 274 � 26*

14-h (�) cells
Food intake (g per 3 weeks) 109 � 3 106 � 5 103 � 4
Initial body wt (g) 32.3 � 0.3 32.3 � 0.6 31.4 � 0.4
Final body wt (g) 37.0 � 0.5 37.0 � 0.5 36.8 � 0.6
Initial blood glucose level (mg/dl) 264 � 8 287 � 29 268 � 25
Final blood glucose level (mg/dl) 274 � 32 264 � 17 278 � 34

aValues are expressed as means with SE (n � 6). Significant differences compared with the control group
were determined by Dunnett’s test (*, P � 0.05). Data are representative of 2 independent experiments.

FIG 6 The blood lipid-lowering effects of OLL2712 cells on KKAy mice were affected by their culture phases. The 8-h (�) or 14-h (�)
OLL2712 cells were administered to KKAy mice for 3 weeks. After 4 h of fasting, the serum concentrations of triglycerides, free fatty acids,
and total cholesterols were measured. The results are presented as means � SE (n � 6). Significant differences compared with the control
group were determined by Dunnett’s test (*, P � 0.05; **, P � 0.01). Data are representative of 2 independent experiments.
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We confirmed that the function of OLL2712 cells differed between culture phases in
vitro and in vivo. Prior studies have shown that the immunomodulatory properties of
LAB change in response to changes in the culture phases. Sashihara et al. (9) showed
that stationary-phase cells of a Lactobacillus gasseri strain stimulated murine spleno-
cytes to secrete a greater amount of IL-12 than exponential-phase cells. van Baarlen et
al. (10) showed that exponential-phase and stationary-phase L. plantarum WCFS1 cells
elicited distinct human duodenal transcript profiles, which appeared to mainly result
from differential modulation of NF-�B-dependent signaling pathways. van Hemert et al.
(11) demonstrated that exponential-phase L. plantarum WCFS1 cells stimulated periph-
eral blood mononuclear cells (PBMCs) to secrete larger amounts of IL-10 and IL-12 than
stationary-phase cells. In this study, we showed that exponential-phase MEP222801
cells as well as OLL2712 cells stimulated BMDCs to secrete a greater amount of IL-10
than stationary-phase cells. To obtain maximal cell mass in industrial production, LAB
are generally cultivated to the stationary phase in pH-controlled batches. However, our
results indicate that exponential-phase OLL2712 cells (probably for MEP222801 as well)
showed obviously better performance than their stationary-phase counterparts. Culti-
vation until stationary phase might not be suitable for producing LAB with anti-
inflammatory activity.

Previous studies reported that oleic acid affected the cell growth (32) or survival in
gastric juice (33) of some LAB strains by being incorporated into bacterial cell surface
membrane lipids, but stearic acid did not. In this study, we found for the first time that
adding decaglycerol mono-oleic acid ester Q-17S, normally used as an emulsifier for
food, affected the immunomodulatory properties of L. plantarum strains, but decaglyc-
erol monostearic acid ester Q-18S did not. Although Q-17S did not affect the cell
growth of OLL2712 or MEP222801, we speculate that Q-17S may be incorporated into
bacterial cell surface membrane lipids and affect the structure of bacterial cell compo-
nents containing fatty acids. Further investigations are needed to clarify the details of
the mechanism.

Regarding the bacterial cell components responsible for the immunomodulating

FIG 7 The anti-inflammatory effects of OLL2712 cells on the adipose tissues of KKAy mice were affected by their culture phases. SVF cells
were prepared from each mouse and were incubated for 48 h. The concentrations of proinflammatory cytokines in the supernatant were
measured. The results are presented as means � SE (n � 6). Significant differences compared with the control group were determined
by Dunnett’s test (*, P � 0.05; **, P � 0.01). Data are representative of 2 independent experiments. MCP-1, monocyte chemotactic
protein 1.
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activity of LAB, Grangette et al. (34) reported that by genetically extinguishing D-alanine
substitution of the teichoic acids (especially lipoteichoic acids), the IL-10-inducing
activity of an L. plantarum strain for PBMCs rose remarkably, and the anti-inflammatory
effects on model colitis mice were also enhanced. The amount or structure of the
teichoic acids was found to strongly influence the IL-10-inducing activity of LAB
through the activation of TLR2 (24, 26–29). Moreover, the amount and structure of the
teichoic acids were reported to depend on the LAB culture conditions (12–14). It is
therefore possible that the amount or structure of the teichoic acids in OLL2712 cells
was changed by the culture conditions tested in the present study, resulting in the
changes to TLR2 stimulation activity and IL-10-inducing activity. On the other hand,
Kotaki et al. (25) reported that TLR2 suppressed TLR9-induced IL-12 production in
BMDCs. In this study, we confirmed that the levels of TLR2 stimulation activity under
various OLL2712 culture conditions were consistent with those of IL-10-inducing
activity, and that Tlr2�/� BMDCs exhibited lower IL-10 production and higher IL-12
production than WT BMDCs (Fig. 5). Furthermore, administration of 8-h (�) cells
possessing high TLR2 stimulation activity suppressed proinflammatory cytokine levels
in the adipose tissues of KKAy mice, whereas stationary-phase cells, possessing little
TLR2 stimulation activity, did not (Fig. 7). These results suggest that the cell surface
components that activate TLR2 are the main cause of IL-10-inducing activity by
OLL2712 cells. Moreover, TLR2 stimulation activity of OLL2712 cells suppressed chronic
inflammation in KKAy mice by inhibiting proinflammatory cytokines, such as IL-12, as
well as by inducing IL-10 production.

The modification of cell surface components by genetic recombination reportedly
influences the dextran sulfate sodium (DSS) colitis-improving effect of LAB in vivo
(34–36). Culture condition changes have been reported previously to influence LAB
immunomodulatory properties in vitro and in vivo (8–10). However, to our knowledge,
the present study is the first to show that culture conditions concretely influenced
health-promoting functions of LAB in vivo, particularly against metabolic disorders.
Modification of culture conditions is more applicable than genetic recombination to
industrial production. Our results suggest that both strain screening and culture
condition optimization are important for the production of LAB with anti-inflammatory
activity.

In conclusion, the immunomodulatory properties of OLL2712 cells were dramat-
ically changed by their culture conditions, and culture conditions affected the
anti-inflammatory activity of OLL2712 cells. Changes in OLL2712 anti-inflammatory
activity in response to culture phase were reflected by this strain’s observed
antidiabetic and antihyperlipidemic effects in vivo. In addition, we indicated that
the change in IL-10-inducing activity of OLL2712 by culture conditions depended
on the change of bacterial cell surface molecules affecting TLR2. Investigating the
reasons for these changes would further elucidate the mechanisms of LAB function.
We intend to investigate the relationship among the amount or structure of
OLL2712 cell surface components and the immunomodulatory properties for im-
mune cells by comparing various types of OLL2712 cells prepared under different
culture conditions.

MATERIALS AND METHODS
Bacterial strains and culture conditions. OLL2712 and Lactobacillus plantarum MEP222801 were

isolated from the feces from a young Japanese woman volunteer and identified as previously described
(15). The preculture of OLL2712 or MEP222801 was grown in de Man, Rogosa, and Sharpe (MRS) broth
(Becton Dickinson, Cockeysville, MD) at 37°C under an anaerobic atmosphere for 18 h. In a pH-controlled
culture for industrial production, the medium was prepared as follows. Whey powder (Meiji, Odawara,
Japan) and whey protein concentrate (WPC472; Fonterra, NZ) were dissolved in distilled water for final
concentrations of 6.25% (wt/wt) and 1.75% (wt/wt), respectively; they were digested using protease A
(Amano Enzyme, Nagoya, Japan) at 48°C for 3 h. After digestion, yeast extract (Asahi Food and
Healthcare, Tokyo, Japan), fish extract [Bacterio N-K(N); Maruha Nichiro, Tokyo, Japan], and MnSO4 were
added to final concentrations of 0.5% (wt/wt), 0.5% (wt/wt), and 0.01% (wt/wt), respectively. In addition,
each of the nutrients, including vitamins (sodium ascorbate, thiamine hydrochloride, riboflavin, nicotinic
acid, nicotinamide, calcium pantothenate, pyridoxine hydrochloride, biotin, and folic acid), minerals
(MgSO4, CaCl2, FeSO4, and ferric ammonium sulfate), and fatty acid esters (decaglycerol mono-oleic acid
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ester [Q-17S; Taiyo Kagaku, Yokkaichi, Japan] and decaglycerol monostearic acid ester [Q-18S; Taiyo
Kagaku) was added to final concentrations of 0.05% (wt/wt). The pH was adjusted to 6.7 with NaOH, and
the medium was autoclaved at 121°C for 2 min. The preculture was inoculated to the medium at 4%
(vol/vol). During incubation, the pH was adjusted to several set points using K2CO3. The culture
conditions were 29 to 40°C at pH 4.8 to 6.8, for 4 to 16 h. In a static culture only for the experiment
in Fig. 5, the preculture was inoculated in MRS broth at 1% (vol/vol) and incubated at 37°C under
an anaerobic atmosphere for 18 h. The cells were harvested by centrifugation (8,000 � g, 15 min,
4°C), washed twice with saline solution, and washed once with distilled water. The cells were
resuspended in distilled water, heat killed at 75°C for 60 min, and lyophilized. The lyophilized cells
were resuspended in phosphate-buffered saline (PBS) at an adequate concentration and used for in
vitro and in vivo assays.

Experiments with murine immune cells. Bone marrow-derived dendritic cells (BMDCs) and peri-
toneal macrophages (PMs) were prepared from BALB/c mice, as previously described (15). The immune
cells were cultured in RPMI 1640 medium (Invitrogen, Carlsbad, CA) containing 10% fetal bovine serum
(FBS) and maintained at 37°C in a water-jacketed incubator under 5% carbon dioxide. The immune cells
were treated with different preparations of OLL2712 cells for 24 h. The IL-10 and IL-12 (p70) concentra-
tions in the supernatant were measured by enzyme-linked immunosorbent assay (ELISA) (BD Biosciences,
San Diego, CA), according to the manufacturer’s instructions.

TLR2 SEAP assay. TLR2 stimulation activity of OLL2712 was evaluated using a secreted alkaline
phosphatase protein (SEAP) reporter assay. Activation of TLR2 was determined using a reporter plasmid
(pNF-�B/SEAP; Imgenex, San Diego, CA) expressing SEAP under the control of the NF-�B promoter. These
plasmids were transfected into HEK 293 cells using Invitrogen Lipofectamine LTX, according to the
manufacturer’s protocol. Stable cell clones of the transfected cells were obtained by selection using G418
at 500 �g/ml. Further, 2 � 105 transfected HEK 293 cells were seeded into a 24-well plate 1 day prior to
treatment. The HEK 293 cells were next treated for 48 h with different preparations of OLL2712 cells. The
amount of SEAP in the supernatant was measured using an NF-�B SEAP reporter assay kit (Novus,
Littleton, CO).

Handling of mice. Eight-week-old specific-pathogen-free male BALB/c mice were purchased from
Japan SLC (Shizuoka, Japan). Eight-week-old specific-pathogen-free male MyD88�/� or Tlr2�/� BALB/c
mice were purchased from Oriental Bioservice (Kyoto, Japan). They were used for the preparation of
immune cells. Five-week-old specific-pathogen-free male KKAy mice were purchased from CLEA Japan
(Shizuoka, Japan) and used for the in vivo studies. All mice were housed in standard plastic cages in a
temperature-controlled (23 � 2°C) room, using a 12-h light-dark cycle. They were allowed free access to
water and a purified diet (AIN-93M; Oriental Yeast, Tokyo, Japan). The KKAy mice were divided into three
groups; to each group (n � 6), we administered distilled water, a low dose of OLL2712, or a high dose
of OLL2712. Each day, the mice were intragastrically administered 0.5 ml of either distilled water or
distilled water containing lyophilized powder of heat-killed OLL2712 cells (0.2 mg or 2 mg per mouse).
After 3 weeks of feeding, the mice were subjected to fasting for 4 h and anesthetized by isoflurane
inhalation, after which a whole-blood sample was drawn from the axillary artery. The serum was
separated from the blood samples and used to measure glucose and lipid levels. The retroperitoneal
white adipose tissue was removed from each mouse and used for stromal vascular fraction (SVF)
preparation. The Animal Care Committee of the Food Science Research Laboratories approved all study
protocols, and animals were maintained in accordance with the Meiji Co., Ltd. guidelines for the care and
use of laboratory animals.

Measurement of blood glucose and lipid levels. Blood glucose concentrations were measured
using the Breeze 2 blood glucose monitoring system (Bayer Healthcare, Whippany, NJ). Blood concen-
trations of triglyceride and total cholesterol were measured using the Fuji Dri-Chem analyzer and special
slides (TCHO-P III slide and TG-P III slide; Fujifilm, Tokyo, Japan). Blood concentrations of free fatty acids
were measured using the FFA quantification kit (BioVision, Milpitas, CA).

Experiments with SVF cells. Isolation of SVF was performed using the method proposed by a
previous study (17), with minor modifications. Retroperitoneal fat pads from KKAy mice were excised
and minced in PBS with calcium chloride and 0.5% BSA. Tissue suspensions were centrifuged at
500 � g for 5 min at 4°C to remove erythrocytes and free leukocytes. Collagenase (Sigma, St. Louis,
MO) was added to 1 mg/ml and incubated at 37°C for 20 min with shaking. The cell suspension was
filtered through a 100-�m filter and subsequently spun at 300 � g for 5 min at 4°C to separate
adipocytes from the SVF pellet. For cell culture, the pellet containing the SVF cells was resuspended
in RPMI 1640 medium and incubated at 37°C for 48 h under stimulation of 1 �g/ml lipopolysac-
charide (LPS).

Statistical analyses. Measurements are presented as the means � standard deviations (SD) or
standard errors (SE). Statistical evaluation was performed using the StatView software (SAS, Cary, NC).
Statistical differences were analyzed using Dunnett’s test. Statistical significance was considered at a P
value of �0.05. Each experiment was repeated at least twice, producing similar results; consequently,
only one set of results for each experiment is shown.
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