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Abstract - Prodigiosin was isolated from marine bacteria Hahella chejuensis which has been recently discov-
ered from Marado, Cheju Island, Republic of Korea. Immunosuppressive properties have been reported for pro-
digiosin members such as undecylprodigiosin, metacycloprodigiosin, prodigiosin, and its synthetic analogue
PNU156804 (PNU). However, the effect of this agent on the function of macrophage and splenocyte has not
been characterized in detail. In the present study, we examined the effects of prodigiosin for its ability to alter the
function of murine macrophage and NK cell, and the proliferation of splenocytes. When thioglycollate-elicited
macrophages pre-exposed to prodigiosin (1-50 ng/ml) were stimulated with LPS/IFN-γ, pretreatment with prodi-
giosin resulted in the inhibition of tumoricidal activity of macrophage in a concentration-dependent manner.
Tumoricidal activity of NK cell was also inhibited by prodigiosin. Moreover, we found that prodigiosin was able to
cause a dose-dependent inhibition of murine lymphocyte responsiveness to Con A and LPS although T-mitoge-
nic response was the more sensitive one. Taken together, the present results point out that prodigiosin has a
suppressive effect on the mitogen-induced proliferation of murine lymphocytes and the function of macrophage
and NK cell.
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INTRODUCTION

There has been increasing interest in the discovery
and development of novel pharmaceuticals from marine
microorganisms that have the same or better immuno-
suppressants accompanied by less side effects. Recently,
the only species of the genus, Hahella chejuensis, was
isolated from the coastal marine sediment of the south-
ernmost island in Korea and the complete genome
sequence of H.chejuensis in its class was determined
(Jeong et al., 2005). This bacterium produces abundant
extracellular polysaccharides and prodigosin (Lee et al.,
2001). Prodigiosins are a family of natural red pigments
containing three pyrrole rings produced by S. marce-
scens, Pseudomonas magnesiorubra, Vibrio psychro-

erythrus and other bacteria. Some members of this
family, including prodigiosin, have been suggested to
have immunosuppressive activity, which suppress cyto-
toxic T cells by inhibition of acidification of intracellular
organelles without affecting B cell-mediated immune
functions, different from that of the other well known
immunosuppressors such as cyclosporine A, FK506 and
rapamycin (Kataoka et al., 1995; Songia et al., 1997;
Pandeya et al., 2003). However, the effect of prodigiosin
on the function of macrophage, Natural killer (NK) cells
and splenocyte is less well understood. 

Macrophages and NK cells in peripheral blood play
important roles in the antigen-independent initial host
defense system against infection with various microbes.
NK cells are an important component of the innate
immune system and mediate the cytolytic activities
against tumor and virus-infected targets. In addition to the
cytotoxic activity, there are increasing indications that NK
cells can secrete a variety of cytokines and cytotoxic fac-
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tors (Herberman and Callewaert, 1985). Macrophages
have been shown to be important components of the host
defenses against bacterial infections and murine tumor
cells (lymphoma and mastocytoma) (Hahn et al., 1981;
Verstovsek et al., 1992). 

In the present study, we determined the effect of prodi-
giosin on the proliferation of lymphocyte and the function
of murine macrophages and natural killer cells (NK) in
order to gain a further insight into the mechanisms
whereby this compound may mediate its immunosup-
pressive action in vivo. 

Materials and Methods

Isolation of prodigiosin 
Prodigiosin was extracted with a mixture of methanol/

1N HCl (24:1, v/v) from the supernatant of H.chejuensis
culture which was grown on Marine Broth (Difco) for 24–
48 h at 300C with vigorous shaking, as previously
described (Jeong et al., 2005). Red-colored fraction was
purified through high-performance liquid chromatography
(LC). Following LC using acetonitrile and water (with
0.1% formic acid) as the mobile phase at a flow rate of
0.2 ml/min, ESI-MS was carried out with a Finnigan LCQ
Advantage MAX ion trap mass spectrometer equipped
with a Finnigan electrospray source. To determine the
molecular structure, 1H NMR (CD3OD, 300 MHz) and
13C NMR (CD3OD, 75 MHz) analyses were performed,
resulting in the raw data of 6.94 (m, 1H), 6.71 (m, 1H),
6.66 (s, 1H), 6.39 (s, 1H), 6.21 (m, 1H), 6.01 (s, 1H), 3.89
(s, 3H), 2.37 (t, 2H), 2.27 (s, 3H), 1.53 (m, 2H), 1.33 (m,
4H), 0.90 (t, 3H) (1H NMR) and 169.6, 160.2, 141.0,
135.8, 129.9, 129.2, 125.1, 123.0, 120.6, 115.9, 113.1,
110.9, 95.9, 58.9, 32.7, 31.8, 26.6, 23.6, 14.4, 11.5 (13C
NMR). 

Mice, chemicals and reagents
The C57BL/6 male mice (6-8 weeks old, 17-21 g) were

obtained from Charles River Breeding Laboratories
(Atsugi, Japan). Unless otherwise indicated, all the chem-
icals were purchased from Sigma Chemical Co. (St
Louis, MO). The RPMI 1640 medium and fetal bovine
serum were purchased from GIBCO (Grand Island, NY).
All tissue culture reagents, the thioglycollate broth and
prodigiosin were assayed for any endotoxin contamina-
tion using the Limulus lysate test (E-Toxate kit, Sigma)
and the level of endotoxin was found to be < 10 pg/ml.

Isolation of inflammatory peritoneal macrophages
The thioglycollate-elicited peritoneal-exudate cells were

obtained from C57BL/6 male mice (6-8 weeks old, 17-21
g) after they were given an intraperitoneal injection of 1
ml Brewer Thioglycollate broth (4.05 g/100 ml) (Difco
Laboratories, Detroit, ML) followed by a lavage of the
peritoneal cavity with 5 ml of medium 3-4 days later. The
cells were washed twice and resuspended in RPMI-1640
containing 10% heat-inactivated fetal bovine serum
(FBS), penicillin (100 IU/ml) and streptomycin (100 µg/
ml). The macrophages were isolated from the peritoneal
exudate cells using the method described by Um et al.
(2002). The peritoneal exudate cells were seeded on
teflon-coated petri dishes (100×15 mm) at densities of 5-
6×105 cells/cm2 and the macrophages were allowed to
adhere for 2-3 h at 37oC in a 5% CO2 humidified atmo-
sphere. Teflon-coated petri dishes were prepared by
spraying them with aerosolized teflon (Fisher Scientific,
Pittsburgh, PA), which was followed by sterilization using
ultraviolet light for 3 h. The non-adherent cells were
removed by washing the dishes twice with a 10 ml pre-
warmed medium and incubating the dishes for 10 min at
4oC. The supernatants were then carefully removed and
discarded, and the plates were washed once with a pre-
warmed Dulbecco’s Phosphate Buffered Saline solution
(PBS) (GIBCO). Cold PBS (15 ml) containing 1.5% FBS
was then added, which was followed by the addition of
0.3 ml of 0.1 M EDTA (pH 7.0). The plates were incu-
bated for 15 min at room temperature and the macroph-
ages were removed by rinsing the plates 10 times using
a 10 ml syringe. The viability of the detached cells was
assessed by trypan blue exclusion and the proportion of
macrophages was determined after cytoplasmic staining
with acridine orange using fluorescence microscopy.
More than 95% of the cell preparations were viable and
contained > 95% macrophages. 

MTT proliferation assay
A modification of the method of Mosmann et al. (1983)

was used. Spleens were aseptically removed and disso-
ciated into a single-cell suspension in culture medium.
The concentration was adjusted to 2×106 cells/ml. Mito-
genic stimulation was done as follows, 5×105 cells per
well in a total volume of 50 µl were incubated in the
absence (control) or presence of mitogens. Additions (50
µl) were: concanavalin A (Con A) for T cell activation at 4
µg/ml; and lipopolysaccharide (LPS) for B cell activation
at 10 µg/ml. After an incubation period of 48 h, the
enzyme activity of viable cells was measured by addition
of 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl tetrazolium bro-
mide (MTT) to each well. After 4 h additional incubation
and the dissolution of the crystals of MTT, the absorption
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was measured at 570 nm using a Molecular Devices
microplate reader (Menlo Park, CA).  

Assessment of cell viability
To evaluate a possible toxicity of prodigiosin against

splenocytes and macrophages, cells were seeded at a
concentration of 1×105 cells/well in 96-well tissue culture
plates and treated with various concentrations of prodigi-
osin for 2 h. Cell viability was measured by the trypan
blue exclusion assay 

Macrophage-mediated cytotoxicity  
The assay for macrophage cytotoxicity was based on

an assay described elsewhere (Bae et al. 2006). Briefly,
the macrophages (1×105 cells/well) were plated into 96-
well microtiter plates and preincubated with various con-
centrations of prodigiosin for 2 h at 37oC in a 5% CO2

incubator. The macrophages were then treated with IFN-γ
(100 U/ml) combined with LPS (1 µg/ml). The macroph-
ages were washed with RPMI-FBS to remove the CR-
ME and co-incubated with the B16 melanoma cells
(ATCC, Rockville, MD) (1.0×104/wells; an initial effec-
tor:target cell ratio of 10:1) at 37oC in a 5% CO2 incuba-
tor. The cell density was then assessed by incubating the
cells with 25 µg/ml MTT [3-(4,5-dimethylthiaozle-2-yl)-2,5-
diphenyl-tetrazolium bromide] for a further 4 h. The for-
mazan produced was dissolved in dimethyl sulfoxide and
the optical density of each well was determined at a
wavelength of 540 nm using a molecular device micro-
plate reader (Menlo Park, CA). The cytotolytic activity is
expressed as the percentage tumor cytotoxicity as fol-
lows:

 % Cytotoxicity = {1 - O.D. of [(target＋ macrophages)
－ macrophages] / O.D. of target (nontreated)}×100

Assessment of NK cell cytotoxicity 
The NK cell cytotoxicity was determined using a stan-

dard 51Cr release assay (Kim et al., 2003). Spleen cells
were tested as effector cells and YAC-1 mouse lym-
phoma cells (ATCC) were used as the target cells labeled
with a sodium 51Cr-chromate solution (Amersham, Aril-
ington Height, IL). Splenocytes were pretreated with vari-
ous concentrations of prodigiosin for 2 h at 37oC in a 5%
CO2 incubator. Cells were then treated with IL-2 (100 U/
ml). The NK cell assays were carried out in 96-well v-bot-
tom plates at effector/target cell ratios 10:1, 50:1 and
100:1 with 1×104 of the target cells in a final well volume
of 200 µl for 6 h at 37oC in a 5% CO2 humidified incuba-
tor. The specific release of 51Cr by the YAC-1 target cells

reflected the natural cytotoxic activity of the NK cells, and
was calculated as follows: % cytotoxicity=[(E－S)/(T－
S)]×100 

where E is the activity of the 51Cr released from the tar-
get cells in the presence of effector cells, S is the activity
of 51Cr released spontaneously from the target cells
alone under identical conditions. T is the maximum activ-
ity of the 51Cr released when all the target cells were
destroyed.

Statistical analysis
Each result is reported as means±S.E.M. Two-way

analysis of variance was used for analysis of differences
among groups and the significant values are represented
by an asterisk (*p < 0.05 ).

RESULTS AND DISCUSSION

Since lymphocyte proliferation is a crucial event in the
activation cascade of both cellular and humoral immune
responses, we examined whether prodigiosin affects T
and B cell proliferation. Splenocytes from mice were pre-
treated with various concentrations (1-50 ng/ml) of prodi-
giosin for 2 h prior to stimulation with the mitogens Con A
(a T-cell-specific mitogen) or LPS (a B-cell-specific mito-
gen). Treatment of splenocytes with prodigiosin reduced
the proliferation in a concentration-dependent manner
(Fig. 1a). Similar results were seen when splenocytes
were treated with prodigiosin and concurrently stimulated
with mitogens (Fig. 1b). The antiproliferative effect of this
prodigiosin was not due to a toxic effect on lymphocytes,
since prodigiosin at the highest concentration used did
not cause any significant loss of cell viability (data not
shown). 

Con A and LPS were shown to strongly affect the pro-
liferation of the two lymphocyte populations. It can be
noted that the suppressive effect of prodigiosin was sig-
nificantly stronger against the mitogenic response
induced by Con A than against that induced by LPS.
These data which lead us to conclude that prodigiosin
inhibited T-lymphocytes preferentially are in keeping with
the previous notion that T-lymphocytes proliferation was
suppressed by prodigiosin members from various micro-
organisms (Nakamura et al. 1986: Pandeya et al. 2003).

In the next set of experiment, the cytolytic capacity of
the NK cells was measured using a 51Cr releasing assay
at different E:T ratios. The pretreatment with prodigiosin
resulted in a significant suppression in NK activity com-
pared with the control at E:T ratio of 10:1 (Fig. 2a). The
effect of prodigiosin on the NK activity was also exam-
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ined at E:T ratios of 50:1 and 100:1. Culturing the spleno-
cytes with prodigiosin for 2 h resulted in the suppression
of NK cell activity, which was dose dependent. 10 ng/ml
prodigiosin decreased the NK cell activity by 31% and
41% at E:T ratios of 50:1 and 100:1, respectively. The NK
cell activity at E:T ratio of 50:1 or 100:1 was further
decreased (45%, 55%) with increasing the prodigiosin
concentration to 50 ng/ml (Fig. 2b). This indicates that
prodigiosin can suppress the cytolytic activity of NK cells.
Although significant inhibition of cytotoxicity by prodigi-
osin was observed in the present experiment, a com-
plete suppression of NK activity was never obtained. This
finding may reflect the existence of a subpopulation of NK
cells that lack signaling via prodigiosin receptor-like mole-
cule and are therefore resistant to prodigiosin-mediated
suppression.

Macrophages have been shown to be important com-
ponents of the host defenses against bacterial infections
and tumor cells. Their ability to perform these various
roles is related to their functional state (Adams and
Hamilton, 1984). We next examined the effect of prodigi-

Fig. 1. Effects of prodigiosin on splenocyte proliferation. Sple-
nocytes from mice were treated with Con A (4 µg/ml) or LPS
(10 µg/ml). Prodigiosin was added 2 h prior to mitogens (A) or
concurrently with mitogens (B) and the cells were further incu-
bated for 48 h. Proliferation was measured by MTT assay.
Data are presented as the mean ± SEM of quintuplicates from
a representative experiment. *P < 0.05: significantly different
from control (no treatment). Experiments were repeated 3
times.

Fig. 2. The effect of prodigiosin on the NK cell cytotoxicity.
Splenocytes were pretreated with various concentrations (1-
50 ng/ml) of prodigiosin for 2 h and co-cultured with target
cells (YAC-1) for 20 h in medium supplemented with IL-2 (100
U/ml). The NK cell cytotoxicity was examined at E:T ratios of
10:1, 50:1 and 100:l. The data represents the mean ± SE of
quadruplicate experiments. +P < 0.05; significantly different
from control (no treatment). *P < 0.05; significantly different
from IL-2 treated. Experiments were repeated 3 times.

Fig. 3. Inhibitory effect of prodigiosin on tumoricidal activities of
macrophages against B16 murine melanoma cells. Macroph-
ages were pretreated with various concentrations (1- 50 ng/ml)
of prodigiosin for 2 h and co-cultured with target cells (B16) for
24 h in medium supplemented with LPS(1 µg/ml) plus IFN-γ
(100 U/ml). The macrophage tumoricidal activity was deter-
mined as described in Materials and Methods. The data shown
are the results of an initial effector/target ratio of 10:1. The
results are mean ± S.E.M. of quintuplicates from a representa-
tive experiment. +P < 0.05; significantly different from control
(no prodigiosin treatment). *P < 0.05; significantly different from
LPS＋IFN-γ-treated. Experiments were repeated 3 times.
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osin on the function of macrophage. 
To determine the effect of prodigiosin on the ability of

macrophages to kill B16 melanoma cells that were TNF-
α or NO sensitive, macrophages exposed to prodigiosin
were stimulated with LPS/IFN-γ. These cells were then
incubated with target cells. At 10 and 50 ng/ml, a signifi-
cant reduction in macrophage-mediated cytotoxicity was
noted as compared with control (Fig. 3). At 50 ng/ml, pro-
digiosin treatment resulted in a 26% reduction under con-
ditions of maximum activation with LPS/IFN-γ. This
suppression of tumoricidal activity may be related to the
decreased production of NO which has been known to be
an important tumoricidal mediator, because our previous
studies have shown that prodigiosin inhibits NO produc-
tion and inducible nitric oxide synthase (iNOS) protein
and mRNA expression but not the production of pro-
inflammatory cytokines such as TNF-α, IL-1 and IL-6
(Huh et al, 2006). These data also suggest that inhibitory
effect of prodigiosin results from the suppression of p38
MAPK and JNK phosphorylation and NF-κB activation.
However, since it is known that reactive oxygen interme-
diate (ROI) is an important mediator for tumoricidal activ-
ity of macrophage (Ding et al., 1988), our data did not
exclude the possibility that tumoricidal activity reduced by
prodigiosin may be due to decrease of ROI production. 

In conclusion, the data in these studies indicate that
prodigiosin has a marked suppressive effect on spleno-
cyte and macrophage activity in vitro and suggest that
prodigiosin can regulate the reactivity of these cells in
vivo in certain situations. The present study does not pro-
vide direct evidence that immunosuppression by
prodiogsin occurs in vivo. It is reasonable, however, to
propose that if prodigiosin acts in vivo as it does in vitro,
inhibition of the immune response by this compound
would be a possible therapeutic approach to the treat-
ment of inflammatory diseases. 
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