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Prodigiosin is a red pigment characterized by a common pyrrolylpyrromethane skeleton. It is produced
by Serratia marcescens, Vibrio psychroerythrus, Hahella chejuensis, etc. Prodigiosin has been reported
to possess anticancer, immunosuppressant, antifungal antimalarial, and algicidal activities. However,
despite prodigiosin’s diverse range of activities, its production rate is significantly low and biosynthesis
conditions are difficult. Consequently, the selling price is high, and its usability is limited. This study
aimed to increase the efficiency of prodigiosin production according to the culture conditions of
Serratia. In this study, a bacterial strain PDGS""" producing prodigiosin was isolated from lightly
contaminated stream water in Busan and identified as a strain of Serratia sp. based on 16S rDNA
gene sequence analysis and physiological characteristics. The reddish pigment from PDGS""" was
directly extracted using acidified ethanol, and a characterization analysis confirmed that it was a prodi-
giosin compound. The optimal conditions for pigment production were 25°C, pH 7, and 0% NaCl
concentration for a duration of 14 hr. Furthermore, by treating carbon and nitrogen sources, such
as fructose and beef extract, respectively, prodigiosin production increased approximately six-fold and
four-fold. Among the minerals tested, 0.1% KCI1 was found to be the most effective for prodigiosin
production. Moreover, casein was identified as the most suitable source for prodigiosin production.
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Introduction

The genus Serratia, a member of the enterobacteriacae,
is comprised of a gram negative bacteria. They grow well
on ordinary media under anaerobic conditions. Optimum
growth of all strains of Serratia has been observed at pH
9 and temperatures from 20-37°C. Serratia can be distin-
guished from other genera by its production of three special
enzymes DNase, lipase, and gelatinase [6]. Serratia also pro-
duces a non-diffusible red pigment, prodigiosin, which is only
present in a small percentage of isolated cultures under aero-
bic conditions [14]. Pigmentation is highly variable among
species and depends on many factors, such as species type

and incubation time.
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Prodigiosin is a secondary metabolite formed by the enzy-
matic condensation of 2-methyl-3amylpyrrole (MAP) and 4-
methoxy-2,2’-bipyrrole-5carboxyaldehyde (MBC), leading to
a tripyrrole derivative, 2-methyl-3-amyl-6-methoxyprodigio-
sene [8]. It is isolated from a few species, such as Serratia,
Pseudomonas, and Streptomyces [6, 24]. It is sensitive to
light and insoluble in water but moderately soluble in alcohol
and ether, and soluble in chloroform, methanol acetonitrile,
and DMSO [7, 14]. Prodigiosin and its derivatives have been
reported to have antimicrobial [6, 28], anticancer [5, 20, 21],
immunosuppressive effect [11], antifungal [13], and algicidal
activities [12]. Despite these extensive researches, the in-
dustrial applications are incomplete because producing prodi-
giosin is limited [22, 27].

This article was isolated an environmental microorganism
(Serratia sp. PDGS"""

from slightly contaminated stream water. We have investigate

), which could produce prodigiosin

the effects of media compositions, such as carbon, nitrogen

sources, and several minerals, on prodigiosin production.
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Materials and Methods

Materials
All reagents used were analytically pure chemicals (com-

mercial grade).

Isolation and identification of bacterial strains

120915 .
was isolated

The environmental bacterium PDGS
from lightly contaminated stream water in Busan and in-
cubated in LB medium at 25C for 14 hr. One strain was
selected to produce prodigiosin and identified sequencing of
16S rDNA and pig A (prodigiosin pigmentation gene A)
gene. Analysis of 16S rDNA sequence was used to identify
the PDGS"®”" isolated. Bacterial genomic DNA was ex-
tracted and purified for the sequence analysis using a Wizard
Genomic DNA Prep (Promega Co., Madison, USA). 16S
rDNA was amplified by PCR using the universal primer and
sequenced. PCR was performed with bacterial 16S rDNA pri-
mers 8F (5’- AGAGTTTGATCCATGGC-3’) and 1492R (5°’-
GTTACCTTGTTACGACTT-3"). The PCR thermal profile of
16S rDNA was 94C for 3 min, followed by 35 cycles of
94°C for 30 sec, 60°C for 30 sec, and 72°C for 90 sec. The
final cycle included an extension for 7 min at 72°C to ensure
full extension of the products. The pig A region was ampli-
fied using two oligonucleotide primers, 5’-ATGGATTTTAA
CYTRTCAART-3’ and 5’-ACCAGRCCGAGTTCBTGATC-
3’. The PCR reaction was run for 30 cycles. The following
thermal profile was used for the PCR : pre-denaturation at
94°C for 5 min, primer annealing at 52°C for 30 sec, 72°C
for 70 sec, and a final extension step at 72°C for 7 min. DNA
sequencing was performed by a capillary DNA sequencer
(Genotech, Korea). The nucleotide sequence of the 16S rDNA
from PDGS"*" strain has been deposited in the NCBI data-

base under accession number KC007128.

Extraction and estimation of prodigiosin

The isolated PDGS"”"® was precultured for 24 hr at 30C
and then re-inoculated in 200 ml LB broth. The cells were
harvested by centrifugation at 10,000x g for 20 min. The
supernatant was discarded, and the pellet was re-suspended
in acidified ethanol (5% HCI and 95% ethanol). The mixture
was vigorously shaken until completely suspended, and the
suspension was centrifuged at 10,000x g for 20 min. The
extract was then dried and used for further analysis.

The absorption spectra were measured using a spectropho-
tometer in a wavelength range from 400 to 650 nm. The pro-

digiosin absorption maxima were at 499 nm. Also, the bacte-

rial cell absorption prior to extraction was noted at every step.
Isolated prodigiosin was estimated using the following equa-
tion [19].

Prodigiosin _ [OD499 — (1.381 x ODe20)]
unti/cell ODg¢20

% 100

OD499-Pigment absorbance; ODgo-Bacterial cell absorb-

ance; 1.381-Constant

Also, absorption spectra were measured in 535 nm, and
pigment concentration was obtained using the purified prodi-

giosin absorbance standard curve.

Optimization of prodigiosin production

In order to examine the effects of incubation time, initial
pH, temperature, NaCl concentration, carbon sources, nitro-
gen sources, and minerals on the prodigiosin production,
1%(v/v) of the bacterial cell was inoculated in LB broth. The
inoculated cell was incubated at different times of incubation
0 to 72 hr. The prodigiosin production was estimated with
2 hr intervals. The bacterial isolate was inoculated in LB
broth with various initial pH viz. 4 to 11. The inoculated
cells were incubated at 25°C for 14 hr. The initial pH at
which maximum production of prodigiosin was maintained
in the following studies. Inoculated cells were incubated at
different temperatures viz. 4, 15, 20, 25, 28, 30, 37, and 42°C
for 14 hr. The bacterial isolate was inoculated in LB broth
with different NaCl concentrations viz. 0 to 10%. The bacte-
rial cells were inoculated in various culture media such as
LB, NB, casein, and soybean oil. Especially casein and soy-
bean oil were used a sole nutrient source in the culture me-
dium test. The bacterial cells were inoculated in LB broth
containing various carbon sources. All carbon sources are
added at 1% and followed: fructose, galactose, glucose, mal-
tose, mannitol, mannose, sorbitol, sucrose, trehalose, arabi-
nose, cellobiose, lactose, melibiose, raffinose and xylose. The
bacterial cells were inoculated in prepared LB broth contain-
ing 0.5% nitrogen sources such as peptone, polypeptone, pro-
teose peptone, soytone, tryptone, yeast extract, beef extract,
sodium nitrate, ammonium sulfate, and ammonium phosphate.
The isolated bacterial cells were inoculated in 0.1% miner-
al-containing LB broth. Used minerals were CaCl,, CuSQOs,
HgCl,, KCl, MgCl,, MnCl,, Na,HPO4 and ZnCl,. Each min-
eral was added at 0.1%.

Results and Discussion

Identification of bacteria and pigment



PDGS"™" strain was a mobile, non-spore, anaerobic Gram-
negative bacterium forming compact red colonies (Table 1).
In 1986, Grimont et al. proposed ribotyping as a general
method for molecular bacterial identification [8]. This method
can also discriminate between isolates of the same species
and has proven to be a useful epidemiological tool in studying
various bacteria. Phylogenetic analysis using 16S rDNA se-
quences and the neighbor-joining method showed that the
PDGS"”" strain is a member of Serratia close to S. marces-
cens and S. marcescens subsp. sakuensis KREDT (Fig. 1).

The isolated strain showed the highest nucleotide sequence

Table 1. Biochemical characteristics of Serratia sp. PDGS"""

and other Serratia species

Characteristic 1 2f 3
Spore - - +
Motility + + +
Anaerobic growth + + +
Utilization of

Arabinose - + -
Cellobiose - - N/D
Citrate + N/D N/D
Fructose + + N/D
Galactose + - N/D
Glucose + + +
Lactose - N/D -
Maltose + + N/D
Mannitol + + N/D
Mannose + + N/D
Melibiose - + N/D
Raffinose - - -
Sorbitol + + +
Sucrose + + +
Trehalose + + N/D
Xylose - - -
Hydrolysis of
Gelatin + + N/D
Urea - - N/D
Casein + N/D +
Starch - - -
B-hemolysis + N/D N/D
Production of
Acetoin - + N/D
HoS - N/D N/D
Indole + - -
Mixed acid - N/D -
Gas - - N/D
Strains: 1, Serratia sp. PDGS]209]5; 2, Serratia marcescens;

3, Serratia marcescens subsp. Sakuensis
N/D; Not determined

"Grimont and Grimont [7]

*Ajithkumar B [1]
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similarity to S. marcescens subsp. sakuensis KREDT to 98%.

Prodigiosin, reported by S. marcescens [3], had a max-
imum absorption spectrum at 537-538 nm. As shown in Fig.
2, the maximum absorption spectrum of extracted prodigiosin
from Serratia sp. PDGS"*""
(Fig. 2). Also, HPLC profile of purified prodigiosin from

showed similar characteristics

Serratia sp. PDGS"" showed similar characteristics (Fig.
3). According to Allen’s researches [2], prodigiosin, the pig-
ment produced by S. marcescens, was red in acid solution

with an absorption maximum at 535-540 nm.

Growthconditions for prodigiosin production

To verify the optimal culture condition for the production
of prodigiosin from Serratia sp. PDGS”", the effect of cul-
ture conditions on growth rate and amount of pigment pro-
duction were examined. In 2000, Thomson and co-authors
demonstrated that producing prodigiosin was coordinately
regulated via a quorum sensing system [26]. In this study,
related to growth rate and amount of pigment production,
bacterial growth was observed at maximum for 8 hr after
incubation, but pigment biosynthesis was produced drastically
after 12 hr (Fig. 4A).

From the results of growth and pigment biosynthesis, it was
different with other studies. Isolated Serratia sp. PDGS"""
was grown broadly at pH 5-12, and optimal growth was ob-
served at pH 5, which is slightly acidic. However, optimal
prodigiosin production was observed at pH 7 (Fig. 4B). These
results are considered suppressed or non-expressed synthesis
of prodigiosin according to inhibited enzyme and membrane
transport protein activities.

As shown Fig. 4C, optimal temperature of growth and pig-
mentation were observed at 25°C, but other prodigiosin-pro-
ducing bacteria such as Zooshikella ganghwensis [17] and
Hahella chejuensis [16] were observed at 30°C. These results
were expected to be caused by habitat differences in marine,
soil, and stream water. However, all strains were completely
blocked in prodigiosin production at 37°C [23].

To investigate the effect of NaCl concentration on bacterial
growth and secondary metabolites biosynthesis, measured the
growth rate and amount of pigment production at the range
of 0-10% NaCl. Bacterial growth showed 1.0 or more cell
density values in the range of 0-6% NaCl, and optimal con-
dition was observed at 1% NaCl. Meanwhile, the maximum
pigment production was 0% NaCl, which was reduced sharp-
ly as concentration was increased (Fig. 4D). It was considered
that Na“ was not necessary for the stability of cell membrane

and enzyme activity at the growth of Serratia sp. PDGS™"".
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Fig. 1. Neighbour-joining tree based on 16S rDNA sequence, showing relationships between PDGS
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and highly homologous

group. Number at the nodes are levels of bootstrap support, based on neighbor-joining analyses of 1,000 resample datasets.
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Fig. 2. UV spectrum of prodigiosin isolated from Serratia sp.
PDGS"™™" and Serratia marcescens. Line; Serratia sp.
PDGS]m]S, dotted line; Serratia marcescens.

Effects of culture media on the prodigiosin pro-
duction
Kim and co-authors [15] had demonstrated that soybean

oil and casein positively influenced prodigiosin production.
However, in our study, soybean oil didn’t have a positive
influence. However, casein showed positive influences be-
tween 24 hr and 60 hr incubations (Fig. 5). Kim also ex-
plained that the easily useful compounds, such as mono-
saccharides were activated cell growth but inhibited prodigio-
sin production. In contrast, our results showed that the rapid
cell growth led highly prodigiosin production. Casein con-
tains much proline and doesn't have a disulfide bridge.
Mentioned as before, the amino acid has an important role
in prodigiosin production. So we consider that the prodigiosin
production was increased according to the proline oxidase
which was produced after the stationary phase.

As summarized in Table 3, when only tyrosin was added
to the NB medium, production increased about two-fold.
Additionally, there is a study that confirmed an increase of
about 2.6 times when methionene and proline were added
to 1% peptone water. However, when fatty acids that promote
the synthesis of MAP and 2-octanal, such as vegetable oil
mixture, are added, production tends to increase. In addition,

when hydrophobic polyurethane, which promotes pigment se-
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Fig. 3. HPLC profile of prodigiosin from Serratia sp. PDGS
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cretion and pigment collection as an adsorbent carrier, was
added, an increase of nearly 80 times was confirmed [10].

Absolute comparison is difficult because it is different
from the bacterial species used in this study, but since this
study also confirmed an increase of about 6 times or more
just by adding a carbon source, it is expected that an increase

in production can be achieved if additional research is

conducted.

Effects of medium composition for the prodigiosin
production

To verify the effect of various nutritional sources on
growth rate and amount of pigment production, 1% carbon

sources, 0.5% nitrogen sources, and 0.1% minerals were add-
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ed in LB medium, respectively. Bacterial growth was pro-

moted in most carbon sources except lactose compared with

a control group. An increase of pigment production was ob-
served in most carbon sources. Fructose was the most effec-
tive carbon source in bacterial growth and pigment pro-
duction. It was improved significantly about 613%. Mean-
while, bacterial growth rate was increased in the case of glu-
cose, but pigment biosynthesis was decreased. This inhibition
of prodigiosin biosynthesis was caused by glucose, and it
showed the same result in other studies [4]. The biosynthesis
of prodigiosin is related to proline oxidase, but glucose is
inhibition in proline oxidase production [18]. Furthermore,
readily available substrates are associated with indirect in-
hibition effect caused by accumulated pyruvic acid and a-
ketoglutaric acid during fermentation [25].

Nitrogen sources are significant components in bacterial
metabolism, when organic and inorganic nitrogen sources
were added in LB medium, bacterial growth rate and pigment
production were increased in most of the nitrogen sources
except sodium nitrate compared to a control group. A high

increase was observed in beef extracts (about 399%) and

Table 2. Effect of carbon, nitrogen and mineral sources on the cell growth and prodigiosin production

Cell growth

Prodigiosin content

Prodigiosin content

Source Component (ODgaomm) (unit/cell) (mg/L)
Control 1.282 139.91 812.14

Galactose 1.734 735.73 4270.72

Glucose 1.417 64.97 377.13

Maltose 1.686 687.73 3992.09

Sorbitol 1.613 603.17 3501.24

Sucorse 1.744 823.39 4779.56

Fructose 1.789 857.59 4978.08

Mannitol 1.628 613.25 3559.75

Carbon Arabinose 1.417 297.36 1726.09
(1%, w/v) Cellobiose 1.403 244.08 1416.82
Lactose 1.292 178.25 1034.69

Xylose 1.429 300.73 1745.66

Starch 1.538 415.58 2412.33

Trehalose 1.667 651.18 3779.93

Melibiose 1.376 238.25 1382.98

Mannose 1.595 574.27 3333.48

Raffinose 1.378 239.65 1391.10

Peptone 1.347 223.65 1298.23

Yeast extract 1.620 525.89 3052.65

Nitrogen Beef extract 1.639 558.74 3243.34
(0.5%, w/v) NaNO; 1.115 23.59 136.93
(NH4)2S04 1.367 247.01 1433.83

(NH4),HPO4 1.371 234.76 1362.72

CaCl, 1.406 253.98 1474.29

Mineral KCl 1.409 287.14 1666.77
(0.1%, wiv) MgCl, 1.436 261.54 1518.17
’ MnCl, 1.396 255.20 1481.37
Na;HPO,4 1.399 262.95 1526.35




Table 3. Medium supplement for prodigiosin production
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Microorganism Supplement Medium Prodigiosin yield  Increased fold
S. marcescens WSE Tyrosin, 0.5% Nutrient broth 21.28 mg/L 2
P. putida KT2440 Hydrophobic polyurethane LB medium 94 mg/L 78.33
S. marcescens (SR1) Vegetative oil mixture, 4% Casein-enriched medium 765.1 mg/L ND
S. rubidaea Methionine, proline Peptone water 1% 10 mg/L 2.6

ND; data not available

yeast extract (about 376%). Williams and others already re-
ported that prodigiosin biosynthesis is synthesized from vari-
ous amino acids [18]. Thus, the prodigiosin production were
increased the production of nitrogen sources composed of
amino acids, minerals and vitamins such as yeast extract and
beef extract.

Minerals play an essential role in producing secondary
metabolites. Therefore, to verify the effect of various miner-
als on the growth rate and the amount of pigment production,
0.1% of CaCl,, CuSO4, HgCl, KCl, MgCl,, MnCl,, Na,HPOs,
and ZnCl, were added in LB medium, respectively. Heavy
metal minerals such as CuSOs4, HgCl, and ZnCl, were consid-
ered hindrance factors in bacterial growth and pigment pro-
duction (data not shown). The results are supposed to be re-
lated to protein inactivation when the heavy metals combine
with a protein with an -SH functional group. MgCl, and
MnCl, were increased bacterial growth and pigment pro-
duction (about 187% and 182%). Also, KCI were increased
pigment production (about 205%) but bacterial growth did
not increase. This result showed that Cl- influenced the pig-
ment synthesis (Table 2).

Acknowledgment

This work was supported by a Research Grant of Pukyong
National University (2023).

The Conflict of Interest Statement

The authors declare that they have no conflicts of interest

with the contents of this article.

References

1. Ajithkumar, B., Ajithkumar, V. P., Iriye, R., Doi, Y. and
Sakai, T. 2003. Spore-forming Serratia marcescens subsp.
sakuensis subsp. nov., isolated from a domestic wastewater
treatment tank. /nt. J. Syst. Evol. Microbiol. 53, 253-258.

2. Allen, E. G. 1967. Conditions of the colour change of
prodigiosin. Nature 216, 929-931.

3. Castro, A. J., Corwin, A. H., Waxham, F. J. and Beilby,
A. L. 1959. Products from Serratia marcescens. J. Org.
Chem. 24, 455-459.

4. Clements-Jewery, S. 1976. The reversal of glucose re-
pressed prodigiosin production in Serratia marcescens by
the cyclin 3°,5’-adenosine monophosphate inhibitor theo-
phylline. Biochem. Biophys. Act. 15, 421-422.

5. D'Alessio, R., Bargiotti, A., Carlini, O., Colotta, F., Ferrari,
M., Gnocchi, P., Isetta, A., Mongelli, N., Motta, P., Rossi,
A., Rossi, M., Tibolla, M. and Vanotti, E. 2000. Synthesis
and immunosuppressive activity of novel prodigiosin deri-
vatives. J. Med. Chem. 43, 2557-2565.

6. Danevcic, T. and Stopar, D. 2009. Environmental quality
determines physiological behavior of bacteria, pp.
349-364. In: Drury, E. K., Pridgen, T. S. (eds.) Handbook
of environmental quality. Nova Inc: New York.

7. Grimont, F. and Grimont, P. A. D. 1986. Ribosomal ribo-
nucleic acid gene restriction patterns as potential taxo-
nomic tools. Annales de I'Institut Pasteur, Microbiologie.
137B, 165-175.

8. Grimont, F. and Grimont, P. A. D. 2006. The genus
Serratia. The prokaryotes. pp. 219-244. Springer, New
York.

9. Grimont, P. A. D., Grimont, F., Dulong, H. L. C., De
Rosnay and Sneath, P. H. A. 1977. Taxonomy of the genus
Serratia. J. Gen. Microbiol. 98, 39.

10. Han, R., Xiang, R., Li, J.,, Wang, F. and Wang, C. 2021.
High-level production of microbial prodigiosin: A review.
J. Basic Microbiol. 61, 506-523.

11. Han, S. B,, Kim, M. H. Kim, Y. H., Lee, C. W., Jang,
E. S., Son, K. H., Kim, S. U. and Kim, Y. K. 1998. T-cell
specific immunosuppression by prodigiosin isolated from
Serratia marcescens. Int. J. Immunopharmacol. 20, 1-13.

12. Huh, J. E., Yim, J. H., Lee, H. K., Moon, E. Y., Rhee,
D. K. and Pyo, S. 2007. Prodigiosin isolated from Hahella
chejuensis suppresses lipopolysaccharide-induced NO pro-
duction by inhibiting p38 MARK, JNK and NK-kB activa-
tion in murine peritoneal macrophages. Int. Immunophar-
macol. 7, 1825-1833.

13. Hwang, E. I, Kim, Y. K., Lee, H. B. and Kim, S. U. 2000.
Screening system from chitin synthase II inhibitors from
natural resources and its inhibitor prodigiosin. J. Micro-
biol. Biotechnol. 10, 251-257.

14. Khanafari, A., Mahnaz, M. and Assadi, M. 2006. Review
of prodigiosin, pigmentation in Serratia marcescens.
Online J. Biological. Sci. 6, 1-13.

15. Kim, C. H.,, Kim, S. H. and Hong, S. 1. 1998. Isolation



384

16.

17.

18.

19.

20.

21.

BB USIBIX] 2024, Vol. 34. No. 6

and characteristics of prodigiosin-like red pigment pro-
duced by Serratia sp. KH-95. Kor. J. Appl. Microbiol.
Biotechnol. 26, 283-289.

Kim, D., Lee, J. S., Park, Y. K., Kim, J. F., Jeong, T.
K., Kim, B. S. and Lee, C. H. 2007. Biosynthesis of anti-
biotic prodiginines in the marine bacterium Hahella che-
juensis KCTC 2396. J. appl. Microbial. 102, 937-944.
Kim, J. S., Kim, M. C., Lee, K. J. and Heo, M. S. 2009.
Isolation and optimal culture conditions of prodigiosin-like
pigment produced by Zooshikella sp. JE-34. Kor. J. Micro-
biol. Biotechnol. 37, 219-225.

Lim, D. B., Qadri, S. M. H., Nichols, C. and Williams,
R. P. 1977. Biosynthesis of prodigiosin by nonproliferating
wild-type Serratia marcescens and mutant deficient in ca-
tabolism of alanine, histidine and proline. J. Bacteriol.
129, 124-129.

Mekhael, R. and Yousif, S. Y. 2009. The role of red pig-
ment produced by Serratia marcescens as antibacterial and
plasmid curing agent. J. Duhok. Univ. 12, 268-274.
Montaner, B., Navarro, S., Pique, M., Vilaseca, M., Marti-
nell, M., Giralt, E., Gil, J. and Tomas, P. 2000. Prodigiosin
from the supernatant of Serratia marcescens induces apop-
tosis in haematopoietic cancer cell lines. Brit. J. Phar-
macol. 131, 585-593.

Montaner, B. and Perez-Tomas, R. 2001. Prodigiosin-in-

22.

23.

24.

25.

26.

27.

28.

duced apoptosis in human colon cancer cells. Life Sci. 68,
2025-2036.

Natarajan, V. and Kamath, P. K. 1995. UV stable pigment:
prodigiosin. Paintindia, 45, 23-33.

Pryce, L. H. and Terry, E. W. 2000. Spectrophotometric as-
say of gene expression: Serratia marcescens pigmentation.
Bioscience. 26, 3-13.

Song, M. J., Bae, J., Lee, D. S., Kim, C. H., Kim, J. S.,
Kim, S. W. and Hong, S. 1. 2006. Purification and charac-
terization of prodigiosin produced by integrated bioreactor
from Serratia sp. KH-95. J. Biosci. Bioeng. 101, 157-161.
Tanaka, S. 1992. Fermentation processes in screening for
new bioactive substances. pp. 303-326. In S. Omura (ed.).
The search for bioactive compound from microorganism.
Springer-Verlag, New York.

Thomson, N. R., Crow, M. A., McGowan, S. J., Cox, A.
and Salmond, G. P. C. 2000. Biosynthesis of carbapenem
antibiotic and prodigiosin pigment in Serratia is under
quorum sensing control. Mol. Microbiol. 36, 539-556.
Williams, R. P. and Qadri, S. M. H. 1980. The pigment
of Serratia. pp. 31-79. Von Graevenitz, A., and Rubin, S.
J. (eds.) The genus Serratia. Boca Raton, CRC Press.
Williamson, N. R., Fineran, P. C., Leeper, F. J and
Salmond, G. P. C. 2006. The biosynthesis and regulation
of bacterial prodiginines. Nat. Rev. Microbiol. 4, 887-899.

=251
x2s" - ZAef>

L2 YR AL Serratia marcescens, Vibrio psychroerythrus, Hahella chejuensis ] A2+sl= Iuk= <l
Aoy, 222 41L& ek, HH Y E

ZRUA A vk &Ago] Hls AYikgo]l FA

S, AR 270 ATET. o= s W) A1Ho] ET, FEA0 YTk B ATE Seratin®) W%

pyrrolylpyrromethane &4 -5 S§302 & HF24

ghelo}, A4z FAHS ZE= AoF BiuHoglth

d0flA] 228t Serratia sp. PDGS'2%°1°0| TZC|X|QAl AJAL

N TR

|, &, &

z700 w2 A4 B8 wol7] AT thdd A7E AFsTh B ATl = 16S 1DNA F12 A<
4 2 At 54 79 2 prodigiosing B ASHE HElElol #F PDGSPPE R4ke] A u|EA

@8 sagol A B

o] g-5e] =7

F&5

28t Serratia sp.o] TFE 215 ATH PDGSPP Y B MAS A4 ELS
I EAEAE AAS A7 2202 4 SgEE FRAHAT Aa g 25T,

pH 7 & 0% NaCl 55 274 1447 S vl gdls of HHES S BYTh =3 -8 & fructose}

beef extract 22 B4 2 AAYE st ZEUX QA AYsko] Zhzh oF eull 9} 4u)

Zrlate Ae

BASAT. MU Zel A KClo] ZEUA A A Zrhol g Aol Uk Al e EY T2

LAl Aatel] 74 At FEdol Ut



