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Molecular basis of antifungal toxin

production by fluorescent Pseudomonas sp.
strain EM 85 — A biological control agent
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A fluorescent Pseudomonas sp. (strain EM 85) was
found to inhibit growth of many soil-borne plant
pathogenic fungi and elfectively control fungal
discases. The genetics governing this character was
probed by mutagenesis followed by a functional com-
plementation analysis after construction of a genomic
library of the wild-type strain using the cosmid vector
pLAFR 1. A cosmid clone, pANF 17 was able to
complement the antifungal toxin production in a

RH1ZOSPHERE-competent bacteria and fungi are the most
preferred candidates as biological control agents. Soil
pseudomonads are important among them as they colonize
the underground growing plant organs efficiently and
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defective mutant, The chromosomal origin of the DNA
fragment In the cosmid clone was confirmed by a
Southern blot. Sub-clones of the three EcoRI fragments
from pANF 17, however, failed in the complementation
test. The complementing cosmid was found to be stably
maintained and expressed in the defective mutant under
laboratory plate assay and in vivo conditions as evidenced
by the extraction and detection of the toxin and biological
control experiment.

survive in a variety of diverse conditions'. The biclog-
ical activiies by which these pscudomonads  bring
about discase control include rhizosphere colonization,
antibiosis, won chelation by siderophore  production,
production of volatile compounds, ind_t.xcliun of systemig
resistance and competition for nutrients”,
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Genetic improvement as well as modification of these
biocontrol strains tor improved efticiency and consistency
of performance in ditferent conditions require a thorough
understanding of the mechanism of biocontrol at the
molecular level. Complementation of specific mutants
defective in antitungal property, generated either through
transposon or NTG mutagenesis have been employed
for identification of gene(s) responsible for antitungal
toxin biosynthesis 1n  Pseudomonas spp. by many
workers™™

Pseudomonas sp. strain EM 85 was isolated from maize
rhizosphere, at the Division of Microbtology, TARI, New
Delhi, and 1s reported to have biological control property
against charcoal rot, toot rot and collar rot of maize
caused by Macrophonuna phaseolina. Fusarium gramni-
nearum and F. moniliforme respectively’. The strain also
controlled damping-ott of cotton caused by Pyrhium
ultimum and Rhitzoctonia solani. It is also reported that
th1s 1solate possesses multiple antifungal properties and
produces siderophores, HCN, fluorescent pigments and
ammonia . Possession of multiple antifungal properties
makes any biological control agent a better candidate for
etfictent field performance. However, understanding the
exact mechanism of fungal growth 1nhibition is essential
to improve the strain through genetic manipulation. Here,
an attempt is made to understand the molecular basis
of antifungal property of the fluorescent Pseudomonas
sp. strain EM 85 through mutagenesis and functional

complementation.

Materials and methods

Media, culture conditions, bacterial strains, fungal
cultures and plasmids

Bactertal strains were grown 1n Luria-Bertani (LBY
Agar (LA) at 30 or 37°C, Antibiotics were added into
the medium as and when required, at the following
concentrations: ampicillin, 50 mg; tetracycline, 10 mg;
streptomycin, 100 mg; kanamycin 50 mg per one litre of
the medium. Fungi were grown on potato dextrose agar
(PDA). The bactenal strains, fungal cultures, plasmids
and their derivatives used in this study are described in

Table 1.

[dentification of the biological control bacteria

The taxonomic position of the bacterial strain was
identitied by carrying out biochemical tests for bacterial
identification'’. The GC content of the total DNA of the
bactenial strain was found by observing the melting
ternperature of the DNA''.

Screening of Pseudomonas strain EM 85 for
antagonism against plant pathogenic fungi

Screening was done on PDA medium according to the
method of Carruthers er al.” Actively growing Pseudo-

Table 1. Bacterial strains. fungal cultures, plasmids and plasmid derivatives used
Organisms Relevent character Reference
Bacterial strains
Escherichiu coli
HB 10l F, Pro, Leu, thi, LacY, recA, LamB, Stt 25
DH5« F, lacZAMIS, hadR 1, rec A 1, gyt A 96, thi-|, rel A 12
Pseudomonus
Strain EM 85 Antifungal toxin producing (Aft"), Amp' 9
Strain AN 21 NTG derivative of EM 85 (Aft’), Amp’ This study
Plasmids
pLAFR | Wide host range cosmid vector, Tet’, Ori (RK 2), Tra’ 26
pRK 2013 Kan', Tra*, mobilizing plasmid 27
pKT 230 RSF 1010 derivative K" Str' 21
pANF 17 pLAFR | cosmid clone from EM 85 gene bank complementing
AN 21 mutant phenotype This study
pANF 17-1] pKT 230 carrying 11.5 kb EcoRI fragment from pANF 17 This study
pANF 17-2 pKT 230 carrying 9 kb EcoRI fragment from pANF 17 This study
pANF 17-3 pKT 230 carrying 3 kb EcoRl fragment from pANF |7 This study

Fungal cultures (All virulent strains
obtained from ITCC, New Delhi)

Rhizoctonia selani

Fusarium oxysporum f. 8p. ciceri
Fusarium moniliforine

Fusarium soluni

Macrophomina phaseolina
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monas EM 85 culture was spotted using a loop on the
edge of a PDA plate. A fungal agar disc of 5 mm diameter
was cut out from an actively growing fungal culture
grown on PDA and kept at the centre of the
PDA plate inoculated with bacterial culture. Plates were
incubated for two to five days and observed for zone of
fungal growth inhibition around the bacterial streak.

Chemical mutagenesis of Pseudomonas strain
EM 85 and screening for defective mutants

Pseudomonas strain EM 85 was incubated in 10 ml LB to
log phase. To this NTG @ 100 pug/ml was added and
incubated at 30°C for 2 h while shaking. The cells were
washed thrice with sterile water and resuspended in 10 ml
LB. Mutations were fixed by incubating the broth
overnight and the mutant bank was stored at — 70°C after
addition of glycerol to a final concentration of 25%.
R. solani and single colonies of Pseudomonas from the
mutant bank were co-inoculated on PDA plates for
screening defective mutants. Wild-type strain served as a
control 1n the screening tests.

Construction of genomic library of the wild-type
Pseudomonas strain EM 85

Plasmid extraction, restriction digestion, agarose gel
electrophoresis, preparation and transformation of compe-
tent cells, etc. were done according to Sambrook et al.'?,
unless otherwise mentioned. Total genomic DNA of strain
EM 85 was isolated from four 1 ml log phase culture
aliquots using Wizard' W genomic DNA isolation kit
(Promega Corporation, Madison, USA). One mg each of
genomic DNA was restricted with varying concentrations
of EcoRI (0.125, 0.25, 0.5 and 1 unit) in a total reaction
volume of 20 ul, for 1 h at 37°C to find out the enzyme
dose which can produce maximum amount of DNA
having 17-23 kb size. Restriction digestion was stopped
by addition of 10 mM EDTA, followed by heat inacti-
vation at 65°C for 15 min. After standardizing the dose of
the enzyme, 200 pg of genomic DNA was restricted with
appropriate quantity of EcoRI. The partially restricted
genomic DNA was carefully layered over a 10-40%
sucrose density gradient in a 38 ml polypropylene tube. It
was subjected to centrifugation in a Beckman SW 28 rotor
for 24 h at 24,000 rpm at 20°C in a Beckman ultra-
centrifuge. The gradient tube was punctured at the bottom
and fractions of S00 pul were collected. Fractions con-
taining DNA fragments of 17-23 kb were pooled alter
analysing the fractions on a 0.4% agarose gel und
subjected to dialysis for 24 h against T, 13, bufter at room
temperature with seven changes of buffer. The dialysed
DNA was then extracted with butanol and ethanol
precipitated and dissolved in 200 ul of TE buflfer,
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Cosmid vector pLAFR1 was restricted to completion
with EcoRI and dephosphorylated with calf intestine
alkaline phosphatase (CIAP). Two pg each of genomic
DNA fragments and linearized, dephosphorylated vector
DNA were allowed to ligate at 16°C for 18 h. Giga Pack
II (Stratagene) was used for packaging cosmid clones in A
heads and the instructions given by the manufacturer were
followed. E. coli HB 101 strain was incubated for 16 h at
37°C in 50 m] of LB containing 10 mM MgSO, and 0.2%
(w/v) maltose. The cells were harvested in 10 mM MgSO,
and the OD of the suspension adjusted to 0.5 with the
same. A 1:1 dilution of the A phage mixture was made
with SM buffer. 100 pl each of the diluted phage and HB
101 cell suspension were mixed and incubated at room
temperature for 30 min. 200 ul of LB was added into this
and incubated at 37°C for 1 h. The mixture was pelletted
and resuspended 1n 50 ul of fresh LB. The suspension was
serially diluted and spread plated onto LB plates
containing tetracycline. Colonies were pooled after incu-
bation, in small amounts of LB and stored at — 70°C after
addition of DMSO @ &8 ul/mil.

Screening of genomic library for cosmid clones
complementing Aft™ phenotype

Cosmid clones were conjugally mobilized into the Aft

- mutant by triparental mating. Individual colonies of AN

21 and HB 101 (pRK 2013) were incubated in 5 m! each
of LB containing antibiotics. Cells from 1 ml culture of
AN 21 and HB 101 (pRK 2013) were harvested, washed
twice with fresh LB, and dissolved in 0.5 ml LB. 100 ul
of genomic library stock was spotted onto LA Tet plates
and 1ncubated overnight. The patch was scrapped and
dissolved 1n 0.5 ml LB and washed once with fresh LB,
The mutant, helper and the genomic library were mixed
well in aratio of 1:1:1 and spotted on a fresh plain LA
plate and incubated for 16 h at 37°C. Different dilu-
tions of the conjugal mixture were plated on LA
plates, containing ampicillin and tetracycline. The trans-
conjugants of AN 21 coming up after 24 h of incubation

were individually checked for production of antifungal
toxin against R, solani on PDA.

Isolation of cosmid DNA complementing Aft”
phenotype and sub-cloning

Total plasmid was extracted from transconjugant of
AN 21 exhibiting Aft" activity by alkaline lysis plasmid
miniprep method'®, This was used to transform competent
cells of DISa and the transformants were selected on LA
Tet plates. A few transtormed colonies were picked up
and the plasmids in them were individually mobilized into
the mutant strain AN 21 by triparental mating, as
described earlier. Individual transconjugants were again
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checked for antitungal toxin production against R. solani.
Plasmmd isolation was carried out from the tranformants of
DHS5a containing the cosmid carrying afi” DNA fragment.
For sub-cloning, pANF 17 was restricted to completion
with EcoRI and subjected to electrophorests on a 0.75%
low melting point agarose under cold room condition. The
three genomic DNA fragments of molecular weight 11.5,
9 and 3 kb were eluted separately using DNA cleantng kit
(Bangalore Genei (P) Ltd). Plasmid vector pKT 230 was
used for sub-cloning. Isolation of plasmid, linearization
with EcoRl, dephosphorylation of the vector and ligation
reaction were performed according to Sambrook et al.'?
and the procedure described earlier.

Southern hybridization

1 pg each of total genomic DNA and the native plasmid
DNA of the wild-type strain Pseudomonas EM 85 was
electrophoresed on a 0.4% agarose gel. The DNA in the
gel was depurinated in 0.2 N HCI for 10 min and then
denatured with several volumes of 0.2 N NaOH and 0.6 M
NaCl for 20 min with gentle shaking. The gel was then
soaked in 25 mM sodium phosphate buffer, pH 6.8 as
described by Bittner et al.””. The denatured DNA was
transferred to nylon membrane in LKB 2005 transphor
unit {Pharmacia, UK). The nylon membrane was air dried
and baked in vacuum at 80°C for 2 h using a gel drier and
prehybridized at 65°C in a hybridization oven (Amersham
Life Sciences, UK) in 25 m} of prehybridization buffer
with constant rotation for 6 h. The 11.5 kb EcoRI frag-
ment from pANF 17 was eluted and radiolabelled with
[a*P1dCTP using the labelling kit supplied by Promega
Corporation, USA, as per the instructions given by the
manufacturer. The labelled probe DNA was added to the
prehybridization buffer and hybridjzation was carried out
at 65°C with constant rotation for 18 h. The membrane
was washed under stringent conditions, i.e. thrice with
solutions containing 2 x SSC and 0.2% SDS at 65°C. The
membrane was exposed to X-ray film in a cassette for 3
days at - 70°C.,

Extraction of antifungal compound from
Pseudomonas strain EM 85 and derivatives

Antifungal toxin was extracted according to the method
given by Levy and Eyal'® with slight modification. Ten
PDA plates each were heavily inoculated with EM &35,
AN 21 and AN 21 (pANF 17) by cross streaking on all
directions. After incubation, agar was scrapped from
plates, made into small pieces, put inside a 11 flask and 2
volumes of acetone was added. After shaking for a period
of 24 h, the contents were passed through muslin cloth
and centrifuged. The supernatant was collected and
acetone evaporated in a rotary evaporator. The aqueous
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fraction was extracted twice with diethyl ether and the
ether fraction evaporated to dryness. The dried material
was dissolved in 1 ml of acetonitrile and used for bipassay
against R. solani on PDA. Wells of 10 mm diameter were
made towards the edge in PDA plates by removing agar
disc from the medium using a cork borer. The wells were
then partially sealed with molten soft agar. When the agar
solidified, 100 ul of crude antifungal toxin was put
carefully into the well and allowed to percolate. Bioassay
against R. solani was performed by co-inoculating agar
disc of R. solani growth on the centre of the plate. Growth
inhibition was observed after 2 days of incubation.

In vivo biological control activity

The ability of the Pseudomonas strains EM85 (Aft"), AN
21 (Aft") and AN 21 carrying pANF 17 (Aft") to control
R. solani induced damping-off of cotton was assessed. A
completely randomized design was employed. The treat-
ments were (1) R. solani alone, (n) R. solani + EM 83,
(i1t) R. solani + AN 21, (iv) R. solani + AN 21 (pANF
17), and (v) No inoculation.

Pats of 12 inch diameter were filled with soil @ 12 kg/f
pot. One week prior to sowing, fungal inoculum @
100 g/pot was applied to the upper 10 cm of the pots.
Fungal inoculum was prepared in sand, maize powder
mixture (9 : 1). Bacterial inoculum was prepared in LB.
Seeds were soaked in water for 10 h pnior to sowing. 10
seeds/pots were sown. Four replications were kept in each
treatment. 3 ml of bacterial inoculum was added to each
seed after sowing and covered with soil. Observations on
damping-off were made one week after sowing. The data
were statistically anal ysed‘s.

Results and discussion

The results of the various biochemical, morphological and
physiological tests showed that the strain belongs to the
genus Pseudomonas and falls 1n the fluorescence group.
The organism was gram negative, motile rod, having
positive reactions for tluorescent pigment production,
oxidase, catalase, urease and negative reactions for
ONPG, arginine hydrolase, indole, MR and VP. The
strain was able to utilize carbohydrates [ike glucose,
palactose, arabinose, xytose, fructose, sucrose, trehalose,
mannose and unable to use rhamnose, ribose, lactose and
inulin. The 7, value of the DNA was found to be
82 + 1°C and the GC content of the total genomic DNA
was 68.6 mole%, which talls under the GC content range
of the genus Pseudomonas'®,

Inhibition of fungal growth on a nutritionally rich
medium like PDA by the bacterial strain is an indication
of strong antagonistic properiy. The strain EM 85 was
found to inhibit the growth of many soil-borne fung:
under PDA plate assay (Table 2). For turther studies, K.
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solani was selected due to its faster growth on PDA
medium. The phenotype of the wild-type strain was
designated as Aft" (Antifungal toxin positive) with respect
to the fungal growth inhibition.

Incubation with nitrosoguanidine @ 100 pg/ml of the
Pseudomonas EM 85 culture for 2 h was found to give a
percentage killing of 99.42 and hence probability of
finding a particular type of mutant in the surviving
population was high. Though nitrosoguanidine induces
multiple notoriously close-linked mutations'’, it has been
used for generation of bacterial mutants in genetic
experiments™®. On screening the mutant bank, several
colonies showed varying degrees of fungal growth
inhibition as measured by the distance between the
bacterial streak and the growing edge of the fungus. A
colony was found to be completely defective in antifungal
toxin production and was designated as AN 21. This
mutant was subjected to detailed analysis for finding out
the nature of the mutation, and has been found to be
1sogenic to the wild-type strain in all characters examined,
like colony morphology, cell shape and size, growth rate,
production of siderophores, fluorescent pigments, HCN
and ammonia, except for fungal growth inhibition'®. It
was found that the fungus grew over the mutant bacterial
streak after two days of incubation, whereas the wild-type
strain showed a clear zone of inhibition around the colony
even after one week of incubation (Figure 1). This showed
that mutation affected the antifungal toxin biosynthesis
gene(s) in AN 21 and the same was selected for further
genetic analysis.

Construction of gene banks employing cosmid cloning
is advantageous because concatamers of foreign DNA
having 37-52 kb size, i.e. 75 to 105% the size of the
lambda DNA can be packaged into A phage heads. Thus,
the total genomic library can be represented in lesser
number of independent cosmid clones'”. Wide range
cosmid vector pLAFR 1 was used here for the construc-
tion of the genomic library since the wild-type and the
mutant Pseudomonas strains were susceptible to tetra-
cychine, a marker possessed by the comid vector, enabling
easy selection. Out of the four different enzyme con-
centrations used for partial restriction of the total genomic
DNA, 0.25 units of enzyme/pg of the DNA was found to
yield maximum amount of fragments of size 17-23 kb.

Table 2. Distance of inhibition zone on phytopathogenic fungi by
strain EM BS

Distance of inhibition {mm)*
(from the growing edge of the

Fungal culture fungus)
Rhizoctonia solani 1.0
Fusariuwm oxysporum {, sp. ciceri 6.5
Fusarium moniliforme 6.5
Fusarium solani 6.0
Mucrophomina phaseolina 35

*Average ol 10 independent measurenments,
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Packaging of the ligated vector-insert molecule in A heads
and subsequent transfection of the phage to E. coli HB
101 resulted in the formation of around 25,000 bacterial
colonies. Plasmid isolation and restriction analysis of
eight randomly picked clones showed presence of insert
fragments in all of them. The average insert size has been
calculated as 26.06 kb (Table 3). Assuming that the EM
85 genome is similar to E. coli genome (approximately
4000 kb), the number of clones to be screened to get a
specific DNA. fragment of interest in the constructed
genomic library with 99% probability was found to be
704.5 or around 705 colonies™.

Mobilization of individual gene bank clones separately
Into the mutant requires lot of manpower as well as
material. So en masse mobilization of the genomic
hibrary into AN 21 was performed for complementation
experiments. A colony of AN 21 carrying a cosmid clone

was thus obtained which possessed antifungal toxin

Figure 1. Growth inhibition ol Rhizoctonta solani by Pseudomonas.
A, Wild-type strain EM 8S; B, Mutant strain AN 21; C, Mutant strain
AN 21 carrying complemcnung cosmid pANF 17.

Table 3, DNA insertion in randomly
picked cosmid clones from the genomidc

library

Clone No. ol DNA  Total molecular
no. fragments weight (kb)
i 4 3286

2 . 28N

3 2 24.51

4 2 25.08

' 2 26.06

6 3 19.78

7 2 28.72

8 2 26.06
Average 26.06
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production. The complementing clone was named as
pANF 17. A new approach was used to isolate the cosmid
clone responsible for complementing the defective
character. Total plasmid from the transconjugant of AN
21 showing Aft" phenotype, i.e. AN 21 carrying the aft’
cosmid clone, was isolated, used for transformation of
competent cells of E. coli DH5axand selected on LA Tet
plates. It was made sure that the cosmid clone was
brought back to the E. coli background. It was important
to prove that the restoration of Aft™ activity by the
transconjugant of AN 21 was not by any reversion, but by
the complementation of the character by the cosmid clone
inside. Hence, the complemented cosmid clone pANF 17
in E. coli background was again conjugally mobilized into
the Aft™ phenotype AN 21 and the transconjugant was
tested for production of antifungal toxin against R. solani.
The suppression of fungal growth by the transconjugant
thus obtained contirmed the ability of pANF 17 to
functionally complement the antifungal toxin production
by the defective mutant AN 21 (Figure 1).

Plasmid DNA was extracted from £E. coli DHS«
harbouring pANF 17 and restricted to completion with
EcoRI. It was found that the cosmid contained a DNA
fragment of size 23.5 kb and had two internal cut sites of
EcoRl yielding DNA fragments of molecular weights
11.5, 9 and 3 kb (Figure 2). Restriction digestion with
Sall, Bglll and BamHI showed that there were 3, 2 and 3
internal cut sites respectively, in the inserted DNA
fragment in the complementing clone.

The origin of the clone pANF 17 was ascertained by a
Southern blot experiment. The strain EM 85 carried a
native plasmid of size approximately 25 kb. Since the
total DNA extraction may also include this, for
confirming the origin of the complementing cosmid clone,

Figure 2. Apgarose gel electrophoresis of complementing clone.
Lane |, pANF 17 restricted with EcoRI; lane 2, EcoRl linearized
pLAFR 1; and lanc 3, A Hindill + EcoRI MW marker,
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it was necessary to take the plasmid DNA also for
Southern blot experiment. The labelled 11.5 kb EcoRI
fragment of pANF 17 cosmid clone was found to hybri-
dize with the total genomic DNA of the wild-type strain
EM 85. There was no signal on the lane with the native
plasmid (Figure 3). It was thus confirmed that the gene(s)
responsible for Aft" phenotype was carried by the
chromosome of the Pseudomonas strain EM 85 and the
clone pANF 17 was originally derived from the wild-type
genome of EM 85.

PANF 17 on restriction digestion with EcoRI released
the inserted DNA fragment in pLAFR 1. The gene(s)
responsible for antifungal toxin production might be
located anywhere in the 23.5 kb fragment. Sub-cloning is
an important molecular tool in finding out the smallest
possible DNA segment conferring any character. Plasmid
pKT 230, a derivative of RSF 1010 which is having wide
host range, has been used for sub-cloning since it was able
to multiply in all gram negative bacterial backgrounds®'.
Biparental mating was done to mobilize the sub-cloned
plasmids pANF 17-1, 17-2 and 17-3 into AN 21 and the
transconjugants were tested for antifungal toxin produc-
tion. No complementation of Aft™ phenotype was obser-
ved 1n these transconjugants. This may be due to a break
In the continuous coding region of the aft gene, i.e. EcoRI
might be having a cut site within the aft gene, thus the
individual sub-clones are not in a position to functionally
complement the defective character. Sub-cloning with
DNA fragments obtained by restriction digestion of pANF
17 with other enzymes or combination of two enzymes
may give turther details in this regard.

- The crude antibiotic from EM 85 and AN 21 (pANF
17) inhibited the mycelial growth of R. solani in PDA
plate assay, whereas that from AN 21 had no inhibitory
effect. This shows that the cosmid clone was stable in the
mutant background and expressed. This again affirms that
the cosmid clone pANF 17 carried gene(s) or any essen-
tial part(s) of gene(s) which determine antifungal toxin
production by the Pseudomonas strain EM 85.

Pre-emergent damping-oft was observed on the emer-
ging seedlings of cotton after one week of sowing. The
diseased plants tailed to grow. Hence, the number of

Figure 3. Southern blot of DNA from Pseudomonus strain EM 85
with racdiolabelled 11.5 kb EcoR1 fragment from pANF 17; A, Total
genomic DNA; B, Native ptasimd DNA.

CURRENT SCIENCE, YOL. 77, NO. 5, 10 SEPTEMBER 1999
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Figure 4. Damping-off suppression by Pseudomonas on cotton
seedlings. A, R. solani + EM 85; B, R. solani + AN 21;: C, R.
solani + AN 21 carrying pANF 17; D, R. solani alone; E, No
inoculation with pathogen (control).

*Mean of four replications having 10 seeds each. CD at P (0.05) 1.23.

surviving plants in each treatment was noted for the
assessment of disease suppressive ability of the strains
(Figure 4). In vivo biocontrol efficiency of the mutant and
the wild-type strain differed significantly compared
to the control treatment. The disease suppression was
57.89% in the case of the wild-type strain and 52.63% in
the case of AN 21 carrying the complementing clone
pANF 17. There was no significant difference between the
disease-controlling ability of the wild-type strain EM 85
and AN 21 having pANF 17. In vivo biological control
ability of antifungal toxin defective mutants carrying
complementing clones have been reported earlier*™*, The
results show that the complementing clone pANF 17 was
stably maintained in the mutant background and was
expressed in the pot culture conditions efficiently. The
strain EM 85 was reported to produce multiple antifungal
compounds and a preliminary study of the chemical nature
of the antifungal compound was done by Pal’. A detailed
analysis of the structure of the compound will further help
identify the relative importance of the same in biological
control conditions by detecting the chemical in
in vivo systems, especially in the rhizosphere.

The possibility of using the cosmid clone pANF 17 to
engineer Aft™ Pseudomonas strains to Aft" phenotype by
heterologous expression is open when finer regulatory
mechanisms as well as expression studies are made on the
aft genes.
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