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ABSTRACT : Pseudomonas fluorescens produces the antibiotic, 2,4-diacetylphloroglucinol (Phl),
which promotes plant growth by inhibiting bacteria and fungi. Cosmids (genomic library) were
mobilized into Phl-nonproducing mutants through the triparental matings with pRK2013 as the
helper plasmid at the frequency of 8.37X107% Complemented mutants that showed antibiotic
activity were selected among about 2,000 transconjugants. The complemented mutants were confir-
med by acquired drug resistances (kanamycin and tetracycline). The antibiotic substances of wild
type and complemented mutants showed the most excellent anti-bacterial activity. Inhibitory effects
of complemented P. fluorescens against phytopathogenic fungi were equal to the parental strain.
Complemented mutant and wild type of P. fluorescens were causal microbes of fungal morphologi-
cal abnormalities. Complemented mutants in potato dextrose agar supplemented with bromothymol
blue also showed restoration of glucose utilization as wild type. Plasmids of complemented mutants
were isolated from transcojugants and transformed into competent cells of E. coli DHSa. The
plasmid DNA was reisolated from transformed E. coli DH5a.
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pepper blight.

Fluorescent pseudomonads are common soil mi-
croorganisms, often found on plant root surfaces.
Cook and Rovira suggested that antibiotic-produ-
cing, root-colonizing pseudomonads might be useful
for controlling take-all of wheat (2,5). Pseudomonas
putida and P. fluorescens include strains able to pro-
mote plant growth and suppress plant pathogens
through a production of 24-diacetylphloroglucinol
(Phl) and phenazine (1).

In the last few years numerous genes involved
in the biosynthesis of antibiotics, pigments, and
other secondary metabolites have been cloned (13).
In some cases it appears that an antibiotic resista-
nce gene is a part of a cluster containing at least
some of the corresponding biosynthesis genes (15).
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Understanding expression of these genes, which are
not essential for growth, is of utmost importance
for establishing how they have evolved as compared
to operons of primary biosynthetic genes.
Genetic analysis of several Pseudomonas strains
has established a positive correlation between anti-
biotic production and disease suppression (4). Fu-
thermore, knowledge of the regulatory mechanisms
controlling gene expression has relevance for indus-
trial overproduction of these metabolites (9). Doug-
las and Gutterson showed that glucose stimulated
the production of some antibiotics by a strain of
P. fluorescens, whereas the production of other anti-
biotics was inhibited by glucose (3, 12). As yet, rela-
tively little is known of the control mechanisms
which regulate expression of genes of antibiotic sy-
nthesis or modification. Many antibiotics from
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Pseudomonas species were identified and chemically
characterized (6).

In this study, complemented mutants of P. fluores-
cens were obtained through conjugation and used
for cloning of a gene related in Phl biosynthesis.
On the other hand, we also examined the characte-
rized complemented mutants by chemical and ge-
netic analyses.

MATERIALS AND METHODS

Organisms and culture conditions. Antagonistic P,
Sluorescens was provided from Kim e al. (6). The
strain of nonantagonistic mutant was obtained from
Lee et al. and the strain was rifampicin and kanam-
yein resistant (7). Cosmid pLAFR3 in Escherichia
coli HB101 and nonantagonistic mutant were used
to make complemented mutants. Phytophthora cap-
sici, Colletotrichum gloeosporioides, Fusarium oxyspo-
rum f. sp. cucumerinum, -Rhizoctonia solani, Pythium
Spp., Agrobacterium tumefaciens and Pseudomonas so-
lanacearum were used for the bioassay of biological
activity of complementation in P. fluorescens. Plant
pathogenic bacteria and E. coli were cultured at 30°
C and 37C, respectively. All fungi were grown on
potato dextrose agar (PDA) at 25°C. The concentra-
tions of antibiotics were as follow: rifampicin, 100
ug/ml; kanamycin, 25 ug/ml; tetracycline, 15 ug/ml.

Transformation. Transformation of E. coli was
done as described by Sambrook e al (11).

Complementation. The mobilization of broad
host range cosmid pLLAFR3 (genomic library) into
P. fluorescens strain was done by using the triparen-
tal mating with E. coli HB101 pRK2013 as a helper
plasmid (11). :

Selection of complemented mutants of P. fluores-
cens were selected through the ability of inhibiting
growth of fungi on PDA plate. Paper disc contai-
ning culture of complemented mutants was placed
on PDA plate and incubated at 30°C for 24 hrs.
The fungi were transferred then to the center of
PDA plate and incubated for 3~4 days.

Biological activity of complemented and nonantago-
nistic mutants. The antibacterial activity of purified
antibiotics from wild type, nonantagonistic mutant
and complemented mutants (C1-C4) of P. fluorescens
was tested by using a paper disc method for 4.
tumefaciens and P. solanacearum. Each compound
was dissolved in ethyl acetate and bioassayed agai-

nst two bacteria. Paper disc (8 mm, ¢) soaked with
each solution were placed on LB agar and PS agar.
Ethyl acetate was used as control. Inhibition zone
was measured after incubation at 30°C for 24 hrs.
The method for P. capsici, C. gloeosporioides, F. oxys-
porum f. sp. cucumerinum, R. solani and Pythium spp.
was just the same with selection of complemented
mutants. In this case, L broth was used as control.
Morphological changes of fungal mycelia by 24-
diacetylphloroglucinol of P. fluorescens strains were
observed under the light microscope. The agar blo-
cks of the inhibition zone were cut and observed
under the microscope.

Detection of antibiotics (Phl). The crude extract
was concentrated into 1 ml of the volume and anal-
yzed by thin layer chromatography (TLC). Each
crude extract and the standard antibiotic solution
in ethyl acetate were chromatographed on a silica
gel 60 F254 plate. The plate was developed in chlo-
roform-methanol (9:1) solvent system and was
dried. By spraying with 0.5% p-anisaldehyde, each
antibiotic was observed after charring the TLC pla-
tes (110°C, 5 min).

Restoration of glucose utilization. For restoration
of glucose utilization, wild type, nonantagonistic and
complemented mutants were toothpicked onto PDA
supplemented with 0.15g bromothymol blue per li-
ter. The plates were incubated at 30°C for 72 hrs
(8).

DNA digestions and agarose gel electrophoresis.
For agarose gel electrophoresis, horizontal slab gels
containing 0.8% agarose were prepared in TBE (0.
045 M Tris-borate and 0.001 M EDTA) buffer. DNA
samples containing dye mixture (0.25% bromophe-
nol blue, 0.25% xylene cyanol FF and 15% Ficoll
(Type 400)) were loaded into the gel. Electrophoresis
was carried out at 30V. The gels were stained for
30 min in 2 ug/ml of ethidium bromide solution and
visualized with UV transilluminator (254 nm). La-
mda DNA digested with HindIll were used as size
markers.

RESULT

Restoration of antibiotic production in complemen-
ted mutant. While nonantagonistic mutant did not
exhibit yellow halo within 60 to 72 hrs, 4 comple-
mented mutants did show yellow halo on the me-
dium indicating the conversion of glucose into glu-
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conate. Mutant strains deficient in glucose dehydro-
genase failed to grow on glucose, but complemented
mutants exhibited glucose utilization as wild type.
Complemented mutants were regarded as restora-
tion of biosynthesis of the 24-diacetylphloroglucinol
(Phl) (Fig.1). To detect the production of Phl in
a complemented mutant, the solution was analyzed
by a thin layer chromatography (TLC). Compounds
of a complemented mutant and wild type exhibited
brown spots when sprayed with reagents (Fig.2).
However, nonantagonistic mutants did not show
brown spot.

Biological activity of a complemented mutant.
When the paper discs containing Phl of compleme-
nted mutants were placed on medium of Agrobacte-
rium tumefaciens and Pseudomonas solanacearum,
inhibition zones were observed (Table 1). But mu-

Fig. 1. Restoration of glucose utilization in a comple-
mented mutant (C1) of P. fluorescens on PDA (pH 7.0)
plus 0.015% bromothymol blue.

tant did not show an activity against A. tumefaciens
and P solanacearum. Especially complemented P.
fluorescens against P. solanacearum showed greater
antibacterial activity than it did against A. wumefa-
ciens. A complemented mutant of P. fluorescens sho-
wed an antifungal activity against C. gloeosporioides,

Fig. 2. Thin layer chromatogram of antibiotics produ-
ced by P. fluorescens. Phl; 24-diacetylphloroglucinol, W:
Wild type, M; Mutant, C; Complemented mutant.

Table 1. Inhibitory effect of complemented Pseudomonas fluorescens against microorganisms

. . Wild type Complemented

Microorganisms Control (P. fluorescens) Mutant mutz nt (C1)
Agrobacterium tumefaciens + - +
Pseudomonas solanacearum + — +
Colletotricum gloeosporioides + - +
Fusarium oxysporum f. sp. cucumerinum + - +
Rhizoctonia solani + - +
Phytophthora capsici + - +
Pythium spp. + - +

— :No inhibition zone, + :inhibition zone, Control: ethylacetate or L broth.
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Fig. 3. Fungal morphological abnormalities induced by
P fluorescens. A:Normal mycelia of Pythium spp.. B:
Abnormal mycelia induced by wild type of P. fluores-
cens, C:Normal mycelia in the presence of a mutant
of P. fluorescens, D : Abnormal mycelia induced by a
complemented mutant of P. fluorescens. The scale bars
represent 50 pm (A, D) and 25pm (B, C), respectively.

F. oxysporum f. sp. cucumerinum, R. solani, P. capsici
and Pythium spp. While complemented mutants of
P. fluorescens showed inHibition zones as wild type,
a nonantagonistic mutant did not exhibit inhibitory
effect.

Morphological abnormalities of Pythium spp. indu-
ced by a complemented mutant. The effect of Phl
in complemented mutants suppressed myceilal gro-
wth of Pyrhium spp. The agar blocks were observed
under microscope and the antifungal substance
produced by complemented mutants were found to
cause a hyphal curling and swelling (Fig. 3D). This
effect was similar to wild type (Fig. 3B), but nonan-
tagonistic mutants did not show a hyphal swelling
(Fig. 3C). Assay plate without Phl showed normal
mycelial growth of Pythium spp. (Fig 3A).

Complementation and transformation. Comple-
mentation by triparental mating was accomplished
with frequency of 8.37X107% All 11,011 transconju-
gants containing genomic DNA were screened. Four
complemented mutants, C1, C2, C3 and C4 were
rifampicin, kanamycin and tetracycline resistant and
restored fungal inhibition activity fully. Such muta-
nts were believed to be complemented to the level
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Fig. 4. Digestion of complemented plasmid (C1-C3)
with EcoRI. Electrophoresis was carried out for 4 hrs
at 30V on 08% agarose gel. Lane 1:ADNA HindIIL,
size marker; Lanes 2, 4 and 6 : Undigested DNA: Lanes
3, 5 and 7:Digested DNA; Lanes 2 and 3:Cl: Lanes
4 and 5:C2; Lanes 6 and 7:C3.

12345678

Fig. 5. Profiles of transformed plasmid DNA. Electro-
phoresis was carried out for 4 hrs at 30V on 0.8% aga-
rose gel. Lane 1:ADNA Hindlll, size marker; Lane 2,
3,4, 5, 6 and 7:Transformed plasmid DNA.

of wild type. Cosmid clones were isolated and were
digested with EcoRI (Fig.4). The average size of co-
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smid clones were about 8 Kb. It will relate to pro-
ducing antibiotics and inhibitory effects of antago-
nists. The cosmid clone from that transconjugant
was isolated and transferred into E. coli DH5a by
transformation. The transfomants were tetracycline
resistant and the plasmid DNA was reisolated (Fig.
5).

DISCUSSION

P. fluorescens protects pepper seedlings from pep-
per blight caused by Phytophthora capsici (10). Ho-
wever, Rhizoctonia solani was used to test the inhibi-
tory effect of antifungal substance in disease protec-
tion in this study, because of its faster growth rate
than any other fungi.

The broad toxic activity of Phl is well documen-
ted. The mode of action of Phl is unclear and little
is known about the genetics of fungal inhibition
by pseudomonads, however (4). This study showed
that P. fluorecens was amenable to genetic analysis
and to study the synthesis of antifungal substance
at the molecular level.

Molecular evidence for a key role of antibiosis
in disease suppression has also come from rescent
studies on TnS mutants of P. fluorescens and P. au-
reofaciens, which are deficient in the synthesis of
a phenazine antibiotics. These mutants exhibited
significantly less protection against take-all disease
of wheat than do their parental strains (13). Comp-
lementation of the mutants with cloned homologous
sequences from a library of wild-type DNA coordi-
nately restored antibiotic synthesis, fungal inhibition
and control of pepper-blight on pepper scedlings
to wild-type levels (data not shown).

P. fluorescens does not contain significant levels
of the Entner-Doudoroff (ED) pathway enzymes,
6-phosphogluconate (6-PG) dehydratase and 2-keto-
3-deoxy-6-phosphogluconate (KDPG) aldolase when
grown in the absence of either glucose or gluconate.
ED pathway enzymes in P. fluorescens are induced
by gluconate and that such induction was occured
in the presence of glucose because of the metabolic
production of inducer.

In this study, TLC and PDA supplemented with
bromothymol blue analysis showed the restoration
of glucose utilization in complemented mutant. It
will suppose that one or both of the genetic loci
in the mutants could also regulate Phl production

either directly or by modulating the activity of peri-
pheral pathways that affect antibiotic synthesis. Clo-
ning of genes involved in antibiotic synthesis has
opened the possibility of designing superior biocon-
trol agents by incorporating desirable traits from
several strains into a single strain' (14). Cosmid clo-
nes of complemented mutants were isolated and
digested with EcoRL. The average sizes were about
8 Kb and were suggested to link to antibiotic produ-
ction with fungal disease suppression. For the stable
acquisition of genes, transfomation was performed.
In addition, the cloned gene will be avaiable to
explore regulation of gene expression and sequen-
cing in P. fluorescens.
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