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Abstract Serratia marcescens strain B2 is a potential bio-
control agent that produces the antibiotic pigment prodigi-
osin. When this strain was incubated under white or blue
light conditions (<100 umol m *s™"), prodigiosin concentra-
tion in bacterial cells decreased, but growth did not. How-
ever, red and far-red light had no effect on prodigiosin
concentration in bacterial cells. Purified prodigiosin was
degraded under white or blue light conditions but was not
degraded under red and far-red light. Because white and
blue light appeared to affect the stability of prodigiosin
itself, light conditions may affect the suppressive effects of
the biocontrol agent S. marcescens strain B2.
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Numerous bacteria produce antibiotics to ensure their own
survival. Some of these antibiotics are effective inhibitors of
phytopathogens and play important roles in the biological
control of plant diseases. One such biocontrol agent, Serra-
tia marcescens, effectively inhibits the growth of several
phytopathogenic fungi and suppresses some crop diseases
(Akutsu et al. 1993; Iyozumi et al. 1996; Okamoto et al.
1998a; Someya et al. 2000). S. marcescens produces antifun-
gal factors including lytic enzymes, such as chitinases, and
the antibiotic pigment prodigiosin (Okamoto et al. 1998b;
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Someya et al. 2001). Prodigiosin is a tripyrrole antibiotic
(Bennett and Bentley 2000; Marks and Bogorad 1960) and
has been shown to inhibit effectively the growth of phyto-
pathogenic fungi (Okamoto et al. 1998b; Someya et al. 2001,
2003a, 2003b). This pigment is therefore one of the most
important antifungal factors produced by S. marcescens.

Prodigiosin is a secondary metabolite; and numerous fac-
tors, including biotic and abiotic factors, have been reported
to affect its production in S. marcescens (Ang-Kiiciiker et al.
1999; Blessing and Siissmuth 1991; Cang et al. 2000;
Dierstein et al. 1989; Qadri and Williams 1972; Silverman
and Munoz 1973; Solé et al. 1994, 1997; Tsang and Feng
1983; Vinas et al. 1987). Similarly, light influences prodigi-
osin production by S. marcescens; Ryazantseva et al. (1995)
reported that visible light induced phototranslation of pro-
digiosin and suggested that the pigmented bacterium uses
prodigiosin to store visible light energy. However, a clear
relation between light conditions and prodigiosin stability
has not been demonstrated for biological control. Disease
suppression is attributed to the ability of biocontrol agents
to produce an antibiotic, either in the rhizosphere or on the
plant surface; thus, the suppressive effects of a biocontrol
agent are readily influenced by environmental factors. In
the present article we report that light conditions can affect
prodigiosin stability in the biocontrol agent S. marcescens
strain B2.

Serratia marcescens strain B2 was isolated from the
phylloplane of a tomato plant and stored at Ibaraki Univer-
sity, Ibaraki, Japan (Akutsu et al. 1993). For bacterial
growth, Luria-Bertani (LB) medium (Sigma-Aldrich Japan,
Tokyo, Japan) was used. A suspension of S. marcescens
strain B2 cells (approximately 10’cfuml ') was inoculated
onto LB agar plates with a sterile toothpick. Plates were
incubated at 25°C under continuous dark conditions or
under white, blue, red, or far-red light. White light was
provided by an FL20SW white fluorescent tube (Toshiba,
Tokyo, Japan). Blue (470nm), red (660nm), and far-red
(730nm) light was provided by MIL-B18, MIL-R18,
and MIL-IF18 light-emitting diodes, respectively (Sanyo
Electric Biomedical, Osaka, Japan). The fluence rate
of each light source was measured using a LI-250 quantum
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Fig. 1. Pigmentation of colonies of Serratia marcescens strain B2 on
Luria-Bertani (LB) agar plates in the dark (D) or under blue (B), red
(R), far-red (FR), or white (W) light. Each colony was incubated at
25°C for 72h
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Fig. 2. Effect of light conditions on prodigiosin accumulation by S.
marcescens strain B2. Bacteria were incubated on LB agar plates at
25°C in continuous dark (D) or under blue (B), red (R), far-red (FR),
or white (W) light at 50umolm s ", Prodigiosin was purified from 1g
of bacterial cells, and purified prodigiosin was dissolved in 100ml of
ethanol. Prodigiosin concentration was measured based on absorbance
at 467nm

photometer (Li-Cor, Lincoln, NE, USA). The pigmentation
of bacterial cells was observed after 72h of incubation.

To examine the amount of prodigiosin, 1g of bacterial
cells, scraped from LB agar plates, was suspended in 9ml of
ethanol. Prodigiosin was then extracted from the cells by
shaking this suspension for 1h followed by centrifugation.
The supernatant was then filtered through a 0.20-um filter
(Toyo Roshi, Tokyo, Japan) and concentrated under re-
duced pressure at room temperature in the dark. The etha-
nol extracts were then further extracted using chloroform.
The chloroform extracts were fractionated using LKS5 silica
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Fig. 3. Effect of light regimen on pigmentation of S. marcescens strain
B2. Bacteria were incubated on LB agar plates at 25°C in the dark for
12, 24, or 48h, then transferred to white (W), blue (B), red (R), or
far-red (FR) light at 50 umolm s ™"
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Fig. 4. Stability of prodigiosin under blue (B), red (R), far-red (FR),
and white (W) light at 50pumolm *s™". Purified prodigiosin was incu-
bated at 25°C. After incubation, prodigiosin were refractionated using
silica gel thin-layer chromatography. Bands indicate prodigiosin, with
an R, value in the range of 0.90 to 0.95

gel thin-layer chromatography (Whatman International,
Maidstone, UK), and the pigment spots were scraped from
the plates and extracted with ethanol. The red pigment
having an Rf value in the range of 0.90 to 0.95 was defined
as prodigiosin (Someya et al. 2001). Purified prodigiosin
from 1g of bacterial cells was then dissolved in 100ml of
ethanol. To determine prodigiosin concentration, the absor-
bance of each solution was measured at 467nm using a
spectrophotometer (Okamoto et al. 1998b; Someya et al.
2001). Each experiment was performed in triplicate.

To investigate the effects of light conditions on prodigi-
osin in the bacterial cells at a later stationary phase of
bacterial growth, light conditions were changed during incu-
bation. S. marcescens strain B2 was inoculated on LB agar
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Fig. 5. Effect of light conditions on prodigiosin stability under dark
(D), blue (B), red (R), far-red (FR), and white (W) light at
50umolm s, Purified prodigiosin from 1g of bacterial cells was dis-
solved in 100ml of ethanol. Prodigiosin solution was incubated at 25°C
in the dark or under B, R, FR, or W light conditions. Prodigiosin
concentration was measured based on absorbance at 467nm

plates and was incubated at 25°C under dark conditions.
After 12, 24, and 48h of incubation, plates were trans-
ferred to white, blue, red, or far-red light conditions
(50umol m *s™'). The pigmentation of the bacterial cells
was observed after 72h of incubation.

Prodigiosin stability under various light conditions was
investigated by purifying prodigiosin from bacterial cells
incubated for 72h under dark conditions. Purified prodigi-
osin from 1g of bacterial cells was dissolved in 100ml of
ethanol, and 2ml of this solution was poured into a petri
dish (35mm in diameter). Each petri dish was incubated at
25°C under dark conditions or under white, blue, red, or
far-red light (50umol m *s™"). The absorbance of prodigi-
osin was then measured at 467nm using a spectrophotom-
eter (Someya et al. 2001), and 100ul of each solution was
analyzed by silica gel thin-layer chromatography. Each ex-
periment was performed in triplicate.

Growth of S. marcescens strain B2 was slightly inhibited
under white light of 125 and 150 umol m *s™' (Fig. 1). How-
ever, bacterial growth was not inhibited under blue, red,
and far-red light conditions. Pigmentation of bacterial cells
was inhibited by white light irradiation; and although the
inhibitory effects were dependent on light intensity, pig-
mentation was inhibited even under weak white light
(>0.1umol m *s™") conditions. Under white light of 125 and
150pumol m~*s™', bacterial cells were mostly whitish. Pig-
mentation of bacterial cells was not influenced by red or
far-red light irradiation. However, blue light irradiation
inhibited the pigmentation of bacterial cells in a manner
similar to that seen with white light. Large amounts of pro-
digiosin accumulated in bacterial cells in the dark and under
red or far-red light (Fig. 2). However, prodigiosin accumu-
lation under white or blue light was lower than that in
bacterial cells under red or far-red light.

Pigmentation of bacterial cells was initially observed
after 18-24h of incubation in the dark. White or blue light
inhibited pigmentation of the bacterial cells at early stages
of bacterial growth (Fig. 3). Red or far-red light had no
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effect on pigmentation. In addition, purified prodigiosin
was degraded under white and blue light but was not de-
graded under red or far-red light (Figs. 4, 5). Almost all of
the prodigiosin was degraded after 36h of white or blue
light irradiation at 50umol m *s ™.

Antibiotic production is now recognized as an important
mechanism in the function of biological control agents. For
example, a prodigiosin-defective mutant of S. marcescens
reportedly fails to suppress cucumber damping off
(Okamoto et al. 1998a). Numerous factors, including biotic
and abiotic factors, have been reported to affect prodigiosin
production in S. marcescens. We also previously reported
that some rice-isolated bacteria inhibited prodigiosin
biosynthesis in S. marcescens without inhibiting growth
(Someya et al. 2003a, 2003b). However, a clear relation
between light conditions and prodigiosin stability had not
been demonstrated. In the present study, prodigiosin in
bacterial cells was strongly affected by white or blue light,
and prodigiosin itself was degraded by white or blue light.
These data suggest that prodigiosin, one of the important
antifungal factors in S. marcescens, may be influenced by
light conditions on the plant surface. We previously re-
ported that S. marcescens strain B2 suppressed cyclamen
gray mold, damping off, and fusarium wilt caused by
Botrytis cinerea, Rhizoctonia solani, and Fusarium oxys-
porum f. sp. cyclaminis, respectively (Iyozumi et al. 1996;
Someya et al. 2000). The suppressive effects of S.
marcescens strain B2 on aerial diseases was lower than that
on soil diseases. We presume that this is due to antibiotic
degradation by visible light, thus reducing the suppressive
effects of S. marcescens. We are currently focusing on pro-
digiosin biosynthesis and degradation in S. marcescens
strain B2 on plant surfaces under field conditions. The prac-
tical use of biocontrol agents under various climatic condi-
tions requires further study in the field.
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