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Several bioactive metabolites, including pyrrolnitrin, N-
acylhomoserine lactones, and polyhydroxyalkanoates were
isolated from Burkholderia sp. O33. Effects of various
nutrients, including sugars, gluconolactone, glycerol,
tryptophan, chloride, and zine were investigated in relation
to the production of these metabolites. Logarithmic increase
of pyrrolnitrin was observed between 2-—5days and
reached a maximum at 7—10 days. Tryptophan concentration
reached the maximum at 3 days, whereas 7-chlorotryptophan
was gradually increased throughout the studies. Among
various carbon sources, gluconolactone, trehalose, and
glycerol enhanced pyrrolnitrin production, whereas strong
inhibitory effects were found with glucose. Relative
concentrations of pyrrolnitrin and its precursors were in
the order of pyrrolnitrin >> dechloroaminopyrrolnitrin or
aminopyrrolnitrin throughout the experiments. Among
three N-acylhomoserine lactones, the N-octanoyl analog
was the most abundant quorum sensing signal, of which
the concentrations reached the maximum in 2-3 days,
followed by a rapid dissipation to trace level. No significant
changes in pyrrolnitrin biosynthesis were observed by external
addition of N-acylhomoserine lactones. Polyhydroxyalkanoates
accumulated up to 3—4 days and decreased slowly thereafter.
According to the Kinetic analyses, no strong correlations were
found between the levels of pyrrolnitrin, N-acylhomoserine
lactones, and polyhydroxyalkanoates.

Keywords: Burkholderia O33, pyrrolnitrin, quorum sensing,
N-acylhomoserine lactone, polyhydroxyalkanoates

Halogenated antibiotics, pyrrolnitrin and pyoluteorin, are
produced from several bacterial species, including Pseudomonas,
Burkholderia, Serratia, and Myxococcus [12, 15, 24,28, 29].
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With the increased environmental concerns, the application
of biopesticides is considered as promising alternatives to
synthetic pesticides. In addition, natural products can serve
as synthetic lead compounds of novel fungicides (e.g.,
fludioxonil and fenpiclonil from pyrrolnitrin). Pyrrolnitrin
and pyoluteorin are produced from tryptophan and proline,
respectively [14, 17, 29, 35]. Chlorination of corresponding
amino acids by novel FADH,-dependent halogenases is the
most important biosynthetic step for both antibiotics
[8, 20, 22, 25]. Because of their antibiotic activities, various
aspects of gene regulations and environmental factors were
evaluated to improve the biosynthetic yield or adaptation in
a natural environment [e.g., 10, 12, 13, 30, 31]. Biosynthesis
of pyoluteorin is under the control of various regulatory
genes and antibiotics itself [2, 7, 13]. Although a detailed
mechanistic explanation is not available, it was proven that
bacterial production of pyrrolnitrin is also dependent on
the nutrient status in the culture medium [15, 21].

Among several interesting regulatory aspects, it has to
be mentioned that the N-acylhomoserine lactone (AHSL)-
mediated quorum sensing system regulates numerous primary
and secondary metabolisms in several Gram-negative bacteria
(e.g., Pseudomonas, Burkholderia, and Agrobacterium spp.)
[9, 11, 43].

In addition to antibiotics, Pseudomonas and Burkholderia
produce several additional bioactive metabolites of potential
industrial applications (biosurfactants and bioplastics) [16,
26, 34, 39].

From the screening experiments of Burkholderia sp.
033, it was found that this strain can produces AHSLs and
polyhydroxyalkanoates (PHAs) as well as pyrrolnitrin. In
this study, we investigated kinetic aspects of these metabolites
from this strain, grown with different nutrients. To identify
the possible correlation between quorum sensing signals
and other metabolites, the concentrations of AHSLs were
also monitored and compared with those of pyrrolnitrin
and PHAs at specified intervals.
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MATERIALS AND METHODS

Reagents

The following reagents were obtained from Aldrich (Sigma-
Aldrich Korea, Korea): pyrrolnitrin, poly(3-hydroxybutyrate-co-3-
hydroxyvalerate), 3-hydroxybutyric acid (3HB), sodium chloride,
N-hexanoylhomoserine lactone (C6-AHSL), N-octanoylhomoserine
lactone (C8-AHSL), and N-decanoylhomosetine lactone (C10-AHSL),
sugars (glucose, fructose, sucrose, and trehalose), glycerol, sodium
gluconolactone, ammonium  chloride, =zinc sulfate, bis
(trifluoromethylacetamide)—trimethylsilyl chloride (BSTFA-TMCS),
methoxylamine hydrochloride, and dry pyridine. Solvents, including
ethyl acetate, methanol, hexane, dimethyl sulfoxide (DMSO), and
methy! -butyl ether (MTBE) were HPLC grade or higher.

Bacterial Culture

Burkholderia sp. 033 was obtained from Korean Agricultural Culture
Collection (KACC, No. 12815) and maintained on nutrient agar.
Typically, strain 033 was cultured in phosphate-buffered nutrient broth
(NBM) medium, supplemented with different nutrients. The NBM
comprised Na,HPO, (1.20 g), KH,PO, (0.25 g), and nutrient broth
(1.5 g) in deionized water (500 mi), pH 6.8.

To a heat-sterilized culture medium, the following amounts of
different nutrients were supplemented aseptically: for sugars, glycerol,
or gluconolactone, 1 g/l; for other nutrients, p-tryptophan, L-tryptophan,
sodium chloride, or ammonium chloride, 500 mg/l; for zinc sulfate,
100 mg/l. After the addition, the culture was maintained at 30°C,
160 rpm. Three replicates were prepared for each nutrient treatment.

To test the effect of glucose supplementation during active
accumulation of pyrrolnitrin, additional culture was prepared as follows:
control culture was prepared as described above, and then glucose
(300 mg) was added after 4 days. The batch was further cultured at the
same condition.

To investigate the external addition of AHSLs, C6, C8, or C10-
AHSL (2 pM) was added to the control medium (NBM, alone) and
cultured at the same conditions.

For the preparation of large amount of pyrrokitrin, batch culture (2 1)
was prepared in NBM, supplemented with glycerol (10 g/l), and cultured
at the same condition for 10 days. Authentic monochloroaminopyrrolnitrin
and aminopyrrolnitrin were purified from 4-day cultures (3 and 4,
Fig. 1).

Extraction of Pyrrolnitrin, Precursors, and N-Acylhomoserine
Lactones

For quantitative analysis, an aliquot amount of culture (60 ml) was
collected after a predefined period and centrifuged (3,500 rpm, 50 min).
The supernatant was extracted twice with 80 ml of ethyl acetate and
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the organic layer was dried over anhydrous sodium sulfate. After
removing the organic solvent, the residue was redissolved in ethyl
acetate (1.2ml) and analyzed with a gas chromatograph—~mass
spectrometer (GC-MS).

For the preparation of large quantities of metabolites, the
supernatant from batch cultures (21) was saturated with sodium
chloride, and extracted with 500 ml of ethy! acetate three times. The
combined organic layer was dried over anhydrous sodium sulfate.
After removal of solvent, the residue was redissolved in ethyl
acetate (2 ml) and purified with preparative silica gel TLC [18].

Extraction and Derivatization of Supplemented Nutrients in
Culture Medium

The concentration of supplemented nufrients (sugars, glycerol,
gluconolactone, and tryptophan) in the culture medium was analyzed
by the following methods. An aliquot of culture medium (10 mi)
was centrifuged (13,000 rpm, 50 min). After concentration of the
supernatant to dryness, the residue was redissolved in methanol
(5 ml) and the insoluble precipitates were removed. The methanol
extracts were dried under nitrogen atmosphere. After dissolving the
residue in dry pyridine (1 ml), the sample was derivatized with
methoxylamine hydrochloride (100 pl, 1 g/10 mi pyridine) at 80°C
for 1 h, followed by BSTFA-TMCS (200 pl) at 90°C for 2 h.

Extraction and Derivatization of Polyhydroxyalkanoates

Cell pellets were collected by centrifugation (3,500 rpm, 50 min) and
washed with distilled water. To identify the monomeric composition,
polyhydroxyalkancates (PHAs) were purified according to the literature
method [1]. For the quantitative analyses of fatty acid and PHAs,
cell pellet (200 mg) was suspended in 2 N methanolic NaOH (5 ml)
and heated for 1.5 h at 80°C. After cooling to room temperature, the
pH was adjusted to 2.0 with concentrated hydrochloric acid. Released
fatty acids and PHA monomers were extracted twice with a 50-ml
mixture of hexane and MTBE (1:2, v/v). After removing organic
solvents, the residue was dissolved in dry pyridine (1 ml) and
derivatized with BSTFA-TMCS (150 ul, 80°C, 2 h).

Instrumental Analyses

Pyrrolnitrin and its precursors were analyzed with GC~MS (Shimadzu
GCMS QP-2000 and GC-2010), equipped with a DB-5MS column
(60m, 0.25 um film thickness, 0.25 mm i.d.; Agilent Technologies,
U.S.A.). Helium was the carrier gas at a flow rate of | ml/min. The
column temperatures were programmed as follows: 95°C (10 min)
and raised to 295°C at a rate of 2°C/min and held for 20 min. The
mass spectra of metabolites were obtained in full-scan mode whereas
the quantitation of AHSL was performed at selective ion monitoring
(SIM) mode. Ions for SIM analysis were m/z 143 (quantitation ion),
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Fig. 1. Biosynthetic pathway of pyrrolnitrin and corresponding enzymes. 1, tryptophan; 2, 7-chlorotryptophan; 3, monochloroaminopyrrolnitrin;

4, aminopyrrolnitrin; 5, pyrrolnitrin.
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Fig. 2. Change of biomass and production of pyrrolnitrin in nutrient broth, supplemented with selected carbon sources. Data from three
replicate experiments are presented with error bar for standard deviation.

125, and 156 (reference ion). Halogenated tryptophans were determined
as corresponding indoles in full-scan mode. The retention times
(Rts) of indole, 7-chloroindole, and 7-bromoindole were 27.8, 31.2,
and 36.8 min, respectively.

RESULTS

Pyrrolnitrin and Precursors in Different Nutrients
Pyrrolnitrin production was initiated after 1-2 days of
lag phase, followed by logarithmic increase up to 4 days.
In general, the concentration of pyrrolnitrin was almost
constant after 4-5 days (Fig. 2A). However, a continuous
increase over 7 days was observed in glycerol-supplemented
culture, while the amount of biomass reached the maximum
after 4-5 days in all test nutrients (Fig. 2B).
Concentrations of pyrrolnitrin in the culture medium
ranged from 1.7 to 13 mg/] after 4 days (Table 1). Among

the selected nutrients, gluconolactone, glycerol, trehalose,
sodium chloride, and ammonium chloride enhanced pyrrolnitrin
productions, whereas highly reduced amount of pyrrolnitrin
was observed in glucose-, sucrose-, and zinc-supplemented
cultures (Table 1). Supplementation of both p- and L-tryptophan
did not enhance the accumulation of pyrrolnitrin and its
precursors (Table 1). In general, pyrrolnitrin concentrations
were far higher than its precursors, regardless of nutrients.
However, a higher proportion of monochloroaminopyrrolnitrin
was obtained from p- and i-tryptophan, fructose, and
trehalose supplementation, whereas the concentration of
similar intermediates was much lower in the control and
other nutrient-supplemented NBM (Table 1).

In comparison with pyrrohitrin production, bacterial
growth in specific nutrient supplementation gave different
responses. For example, biomass productions in glucose—
and glycerol-NBM were approximately 2 fold higher than

Table 1. Concentration of pyrrolnitrin and its precursors, and the weight of biomass after 4 days.

. Concentrations of metabolites® (mg/l medium) Biomass
Nutrients
MAmPm AmPrn Prn Trp Trp-Cl &

Control 0.25£0.02 0.17£0.04 7.90+0.81 0.07x0.01 0.0120.00 1.35+0.32
Fructose 1.25+0.31 0.15+0.03 6.52£1.53 0.14+0.07 0.5240.03 1.1740.41
Glucose 0.02+0.01 ND° 1.7440.71 0.18+0.05 0.0110.00 2.34£0.57
Gluconolactone ND 0.28+0.10 9.51£1.21 0.08+0.01 0.11£0.01 1.1240.20
Sucrose ND ND 3.52+£1.02 0.01£0.00 0.0120.00 1.3410.42
Trehalose 1.12+0.43 0.6120.08 8.81+0.82 0.0940.01 0.08+0.01 1.35+0.21
Glycerol 0.01+0.00 0.51+0.07 5.51£0.91 0.18+0.03 0.07+0.01 2.27+0.39
Tryptophan, D 1.78+1.01 0.08+0.01 7.15£0.92 0.52+0.04 0.12+0.04 1.09+0.32
Tryptophan, L 2.34+1.00 0.21+0.12 7.42+1.21 0.57+0.01 0.1610.05 1.23£0.35
ZnS0O, 0.3710.11 0.28+0.15 6.25+1.17 0.12+0.02 0.130.04 0.8940.25
NaCl 0.43+0.11 0.5120.14 13.1510.56 0.03+0.00 0.04+0.01 1.12+£0.34
NH,Cl ND 0.20£0.05 8.81£0.65 0.1120.02 0.12+0.07 1.54+0.27

°Abbreviations of metabolites: MAmPrm, Monochloroaminopyrrolnitrin; AmPrn, aminopyrrolnitrin; Prm, pyrrolnitrin; Trp, tryptophan; Trp-Cl, 7-chlorotryptophan.

"ND, not detected.
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Fig. 3. Time-dependent change of concentrations of pyrrolnitrin and glucose in the culture medium, supplemented with glucose (A) and

effects of glucose supplementation on pyrrolnitrin production.

Glucose (500 mg/l) was added at 4 days to a control NBM culture (B). Data from three replicate experiments are presented with error bar for standard

deviation.

other nutrients, whereas slight inhibitory effects were observed
with zinc sulfate supplementation (Fig. 2B and Table 1).

Inhibition of Pyrrolnitrin Production by Glucose
Strong inhibition of pyrrolnitrin production was observed in
glucose-supplemented culture (Figs. 2 and 3). In comparison
with other nutrients, approximately 3 days of lag period
was observed in glucose—~NBM. The effects were gradually
relieved by the depletion of glucose in the culture medium
(Fig. 3A). It is noteworthy that the bacterial biomass was
approximately 2-fold higher in glucose- and glycerol-
supplemented NBM than other nutrients (Fig. 2). Glucose
supplementation over control culture (4 days) gave similar
effects (Fig. 3B). Rapid increase of pyrrolnitrin was
suppressed for 2-3 days, followed by logarithmic increase
again (Fig. 3B).

Polyhydroxyalkanoates

PHAs from strain O33 were obtained as white powdery
materials. The major monomeric constituents were identified
as 3-hydroxybutyric and (HB) and 3-hydroxyvaleric acid
(HV), where HB was a dominant component; approximately
9:1, HB vs. HV (Table 2). In general, PHA contents were
20-40% of cellular biomass. The concentrations were
dependent on carbon sources and incubation time (Table 2).
Among the selected carbon sources, PHA concentrations
in the cellular biomass from glucose-, glycerol-, and
disaccharide-supplemented NBM were significantly higher
than that of control culture, whereas the relative compositions
of monomer were almost constant over different carbon
sources (Table 2). The relative amount of PHA was decreased
during culture. For example, concentrations of PHAs were
decreased from 38% to 18% in trehalose-supplemented
NBM at 2 and 5 days, respectively.

N-Acylhomoserine Lactones and Pyrrolnitrin

From culture supernatants, several N-acylhomoserine lactones
were identified through GC-MS analyses. Three peaks
(retention times, Rts, 47.8, 54.3, and 61.2 min, respectively)
gave similar fragmentation patterns of authentic standards
and retention times. The most abundant AHSL was identified
as N-octanoylhomoserine lactone (C8-AHSL), followed by
C10- and C6-AHSLs. Concentrations of C8-AHSL were
dependent on nutrients, 0.78 to 2.05 uM (Table 3). The
AHSL concentrations reached the maximum at approximately
2-3 days and decreased rapidly to trace level at 4-7 days
(Fig. 4 and Table 3). Pyrrolnitrin concentrations in external

Table 2. PHA concentration of Burkholderia sp. 033, grown
with different carbon sources in NBM.

a Concentration Ratio of
Carbon source  Days (%=SD)’ HB/HV®
Control 2 32.117.3 92/8
5 19.24+9.3 90/10
Glucose 2 452+11.2 93/7
5 31.746.5 91/9
Fructose 2 28.5+4.2 93/7
5 24.3+5.6 95/5
Trehalose 2 38.3+7.7 94/6
5 18.5+7.9 90/10
Sucrose 2 38.71+4.2 91/9
5 19.5+10.2 92/8
Gluconolactone 2 32.149.4 93/7
5 24.3+3.9 94/6
Glycerol 2 42.348.2 89/11
5 30.5+2.1 91/9

“Days of culture.

"Percentage concentration of PHAs over cellular biomass (wet weight). SD
denotes standard deviation of three replicate experiments.

‘Relative ratio of 3-hydroxybutyrate (HB) and 3-hydroxyvalerate (HV).
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Table 3. Concentrations of N-acylhomoserine lactones in culture medium of Burkholderia sp. 033 in NBM with different nutrients.

Nutrients Days® Concentration (UM) Biomass
Cé6 Cs8 C10 &
Control 2 ND° 0.89+0.23 0.01+0.00 0.45+0.15
Fructose 3 0.02+0.01 1.44+0.45 0.06+0.02 0.62+0.29
Glucose 3 0.0110.01 1.33+0.23 0.03£0.01 1.48+0.19
Gluconolactone 2 0.01+0.00 1.31+0.45 0.05%0.01 0.38+0.12
Sucrose 3 ND 0.78+0.25 0.01£0.00 0.49+0.17
Trehalose 2 0.02+0.01 1.37+0.12 0.04+0.02 0.49+0.20
Glycerol 3 0.02+0.00 1.46+0.37 0.04+0.01 1.32+0.47
Tryptophan, D 2 0.0210.01 1.33+0.25 0.05+0.02 0.56+0.15
Treptophan, L 2 0.04+0.02 1.78+0.36 0.07+0.03 0.4710.14
ZnSO, 2 0.02+0.01 0.9710.24 0.03+0.01 0.31£0.08
NaCl 2 0.03+0.01 2.05+0.48 0.05+0.01 0.42+0.19
NH,C1 2 0.01£0.01 0.78+0.15 0.06+0.02 0.49+0.23

*Incubation time for maximum concentration of AHSLs.
"ND, not detected.

AHSL -treated culture showed practically no difference
between treatment and control (Fig. 5).

DISCUSSION

Bacterial species in the genus of Burkholderia have
numerous interesting properties of potential industrial
applications, including production of antibiotics, biosurfactant,
and bioplastics, and degradation of environmental contaminants
[15,21, 32, 39]. Bacterial biosynthesis of antibiotics is
highly dependent on environmental factors, including
types of nutrient, pH, and temperature [12, 15, 24, 36]. In
consideration of industrial applications, detailed understanding
of these factors will provide several advantages, including the
improvement of the production yield of specific antibiotics
and biocontrol efficiency in agricultural practices.
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Fig. 4. GC-MS SIM chromatograms of N-acylhomoserine
lactones in glucose—NBM culture medium of different incubation
times.

Chromatograms of culture extracts of 1, 2, 3, 4, and 7 days were listed from
top to bottom. Peaks of N-octanoylhomoserine lactone are marked with
asterisks.

Among selected carbon sources, glucose supplementation
gave the largest difference compared with other nutrients.
Although both glycerol and glucose strongly enhanced the
biomass production more than other nutrients, initiation of
pyrrolnitrin biosynthesis was strongly delayed by glucose,
accompanied by the reduction of absolute amount of
pyrrolnitrin. A similar phenomenon has been observed in
pyoluteorin biosynthesis by Pseudomonas fluorescens
CHAO [12]. However, the contradictory effect of glucose
was reported in the same strains during pyrrolnitrin
production [12]. Duffy and Defago [12, 13] suggested that
the inhibitory action of glucose over pyoluteorin biosynthesis
may be originated from PQQ-dependent enzyme inhibition,
where the corresponding protein is one of the most
important sources of energy production. However, no
detailed description has been provided for the stimulatory
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Fig. 5. Time dependent change of concentrations of pyrrolnitrin
in the culture medium of control, or the medium treated with C6,
C8, or C10-AHSLs at 2 (black bar) and 4 days (blank bar).
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effect of glucose over pyrrolnitrin biosynthesis from the
same organism. A similar effect of glucose was also reported
with some Burkholderia spp. [15)]. Results from current
research suggested that strain 033 may have a different
glucose-responsive regulatory mechanism of pyrrolnitrin
biosynthesis from other pyrrolnitrin-producing bacteria.
Another interesting effect of sugars was found in the
disaccharides, sucrose and trehalose. Although both can be
metabolized to glucose, trehalose enhanced pyrrolnitrin
biosynthesis, whereas an inhibitory effect was observed by
sucrose. In addition, gluconolactone strongly improved the
pyrrolnitrin production. These results indicate that a highly
complex regulatory system is involved in pyrrolnitrin
biosynthesis in strain 033, especially for carbohydrates.

Biosynthesis of pyrrolnitrin is initiated by the halogenation
of tryptophan (Fig. 1). In general, L-tryptophan is considered
as a preferred substrate of tryptophan halogenase of
Pseudomonas and Burkholderia spp. {4, 17, 29]. However,
contradictory report is also available [5]. Salcher and
Lingens [29] suggested that tryptophan racemase may
transform D-isomer to 1-form, followed by halogenation.
Strain O33 did not show any preference of 1- over p-
isomers for the production of pyrrohitrin (Table 1).
Further studies with purified enzymes and chiral separation
techniques will give better understanding of the preference
of - or L-isomers.

According to previous literature, supplementation of
trace minerals, especially zinc, can enhance the biosynthesis
of pyrrolnitrin and pyoluteorin in some pseudomonads
[12]. However, no effects were observed in strain 033,
supplemented with zinc sulfate. Minerals are important
constituents of many metaloproteins and gene elements.
For example, prrnD (aminopyrrolnitrin oxidase) contains a
catalytic Rieske center, which requires iron for proper
bioactivity. However, no zinc-containing enzymes are known
in pyrrolnitrin biosynthesis. The effect of zinc supplementation
may be related to other enzymes or regulatory elements.

Many rhizobial bacteria produce useful biopolymers,
including PHAs. In general, PHAs are heteropolymers of
hydroxyfatty acids with chain length of C4-C18 [26]. PHA
biosynthesis and degradation are dependent on cellular
nutritional status [19, 33, 34]. Although the monomeric
compositions of PHAs from strain O33 were almost constant
with any carbon source, the concentration was highly
dependent on carbon sources and incubation time (Table 2).
Differences in PHA concentration with different carbon
sources may arise from the relative flux of these carbon
sources to PHA monomers versus other metabolic pathways
[42]. Recently, it was reported that the phosphoenolpyruvate—
carbohydrate phosphotransferase transport system (PEP-
PTS) is one of the most critical regulator of PHA homeostasis
[37]. PEP-PTS is a well-known regulatory system of
bacterial carbohydrate metabolism. In addition, Ruiz ef al.
[27] reported that stationary phase sigma factor RpoS

enhances PHA depolymerization in stressed condition.
Reduction of PHA concentration in strain O33 in the
stationary phase may be attributable to the reduction of
nutrients and the accompanied stresses.

AHSL concentrations in supernatants showed dynamic
changes during the culture period. Some Burkholderia
species produce AHSLs to modulate their physiology in
response to surrounding environments [11}. Because the
biosynthesis of AHSLs is population-dependent, active
accumulation of AHSLs are commonly observed during
high-density cultures. Their concentrations, however, decreased
rapidly, when the cellular growth reached to stationary
phase [6]. AHSL concentrations in this study also showed
similar responses. However, many additional factors may
be involved in the regulation of AHSL biosynthesis. For
example, the amount of AHSLs in NaCl-NBM was
approximately 3-folds larger than those of control culture,
of which the biomass productions were almost similar
(Table 3). This finding suggested that nutrient characteristics
are also important determining factors of AHSL biosynthesis.
In the natyral environment, quorum signals, including
AHSLs, are rapidly inactivated through chemical and/
or biological degradation [9, 23, 38, 41]. Nonenzymatic
degradation (e.g., abiotic lactonolysis) is another possible
route of AHSL inactivation [3, 41].

Bacterial biosynthesis of some antibiotics is under the
control of the quorum sensing system [24, 40, 43]. Liu et
al. [24] reported that pyrrolnitrin production by Serratia
plymuthica requires a specific AHSL (N-3-oxo-hexanoyl
HSL), and disruption of the AHSL synthase gene results in
complete inhibition of pyrrolnitrin production. Zhou et al.
[43] reported that biosynthesis of unknown antifungal
compounds was under AHSL-mediated regulation in
Burkholderia ambifara BC-F. However, no studies are
available on other bacteria producing pyrrolnitrin. It is
noteworthy that the pyrrolnitrin concentration continuously
increased even after complete disappearance of AHSLs.
For example, no traces of AHSLs were observed after 5
days in glycerol-NBM, whereas the concentration of
pyrrolnitrin increased up to the end of the experiments
(Fig. 2). In addition, no significant changes of pyrrolnitrin
accumulation were observed in the cultures supplemented
with synthetic AHSLs (Fig. §). From the above results, it
can be postulated that AHSLs in strain O33 may have no
effects over pyrrolnitrin production.

In summary, Burkholderia sp. 033 can produce not only
pyrrolnitrin but also PHAs and quorum sensing signals.
Production of pyrrolnitrin was highly dependent on
nutrients. Trehalose, glycerol, and gluconolactone were the
preferred substrates for pyrrolnitrin production, whereas
glucose strongly inhibited pyrrolnitrin bijosynthesis. Both
glycerol and glucose were the best substrates for PHAs
production. Quorum sensing signals from strain 033 (V-
acylhomoserine lactones) showed dynamic changes during
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the culture period. However, no clear correlation has been
found between the production of pyrrolnitrins and PHAs
and AHSLs. Information from this study will provide a
better understanding to improve the biological characteristics
of this strain.
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