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Abbreviations

Symbols

Abbreviations

BCA

Biologica Control agent

IR

infrared

ISR

Induced systemic resistance

MIC

Minimum inhibitory concentration

MNNG

N-methyl-N-nitro-N-nitrosoguanidine

O.D.

Optical density

P.aeruginosa

Pseudomonas aeruginosa

PCA

Phenazin -1-carboxylic acid

PDA

Potato dextrose agar

Phz R

Phenazin regulator

Re

factor of Retardation

rpm

Round per minute

SDS

Sodium dodecyl sulphate

TLC

Thin layer chromatography

W.T

Wild Type
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Conclusions;

1. The trait of antifungal compound production in P.aeruginosa OM13 is

|located on the chromosome.

2. Transformation between DNA of P.aeruginosa OM13 and E.coli
MM 294 does not succeed.

3. There may be a correlation between changing the colony color of
P.aeruginosa OM13 and the antifungal compound production.

4. MNNG is an effective mutagenic agent in improving the antifungal

compound production in P.aeruginosa OM 13.

5. The partially purified antifungal compound is one of phenazine

derivatives (pyocyanin)
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Recommendations:;

1. Further studies are required to isolate other rbiatogenera

capable of producing antifungal compounds.

2. Test the ability of this isolate and mutant isol&deinhibit the
growth of other pathogenic fungi for humans.

3. Using other genetic methods such as transformatimn
electroporation in an attempt to improve the prdiduc of the

antifungal compound bk.aeruginosa OM13.

4. It's of a great importance and interest to make ompiete
characterization and identification of our antifahgompound by
using (HNMR, *CNMR).
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Summary

The ability of P.aeruginosa OM 13 in antagonizing or inhibiting the
growth of some phytopathogenic fungi was tested by measuring the
inhibition zone for the growth of the test fungi (Alternaria alternate,
Rhizoctonia solani) caused by the growth of the bacterial isolate
(P.aeruginosa OM13 ) and by the action of the culture filtrate of this
isolate on test fungi. It was found that this isolate inhibited the growth of
the test fungi and the inhibition zone was Smm, 7mm for A. alternate and

R. solani respectively.

The plasmid profile for the P.aeruginosa OM13 was studied. The
results showed that this isolate has small plasmid DNA bands.

In order to determine the role of plasmid in antifungal compound
production, firstly, the antibiotic sensitivity disc test was made to find a
genetic marker for the curing and transformation experiment. Then the
curing experiment was performed by using sodium dodecyl sulfate (SDS)
and showed that a number of colonies (4%) had lost their ability to inhibit
fungal growth. It was also found that the cured cell became pale (lost its

color).

Transformation experiment between P.aeruginosa OM13 DNA
and E.coli MM294 strain did not succeeded. These results confirm that
the antifungal compound production trait in P.aeruginosa OM 13 may be

chromosomal born.

To improve the antifungal compound production by P.aeruginosa
OM13, it was treated with mutagenic agent N-methyl-N-nitro-N-
nitrosoguanidine (MNNG). Fifty colonies were selected randomly and the
antifungal activity of its filtrate was measured by using agar well method
and measuring the optical density (O.D) at 520nm. The results reported




that the antifungal agent production of 5 isolate was highly increased, in
which RAS5 gave the highest inhibition zone and O.Dsyonm Values when
compared with others,

An attempt to characterize the partially purified antifungal

compound produced by P.aeruginosa OM13 by using infrared (IR), UV

absorbance and thin layer chromatography (TLC) were done and the
results showed that the compound appeared as a single dark spot on a
TLC plate under UV-light that had R; value 0.32. From IR, UV analysisit
was confirmed that the compound was aromatic and contained aliphatic

group.
From the results of characterization tests, and depending on the Ry
value, color, IR, UV analysis, it can be said that the active antifungal

compound might be either pyocyanine which is a derivative of the

antibiotic phenazine or might be a new derivative of phenazine.
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Literature review

1.2-Biocontrol of plant disease:

Bacterial secondary metabolites play critical ralesnany aspects
of bacterium-host interaction. Secondary metabdiitat function as
virulence factors play central role in disease seggion by altering host
tissue (Rahmeet al .,1995;Kimura et al.,2001).

Other secondary metabolites produced by beneflzagkteria can
function to prevent infection by pathogens by atigithe environment and
improving the bacterium ability to compete with pagens by inhibiting
the activity of pathogens or by triggering hostatefes (Bleomberg and
Lugtenberg 2001; Raaijmakers et al., 2002).

Certain beneficial strains of fluoresceRtseudomonas bacterial
species colonize the roots of plants and providéogical control of soil
borne plant pathogens through the production iao sit small organic
molecules with antibiotic activityMembers of theP.fluorescence, P.
putida, P. aureofaciens, and P. aeruginosa have demonstrateth vitro
antagonism toward several soil microfungi, but wgheat variability
among the strains (Shanahah al., 1992) .Table (1-1) shows some

secondary metabolites from fluorescent pseudomonads
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Table (1-1) Secondary metabolites from fluorespsetudomonads
( Leisinger and Margraff .,1979)

Compound (trival name) structure
LIPIDS
. i 0, O= (o DOOEHCHC O 0H
Rhamnolipids
’ [’%"“ ch
Moo e
;
R
Pyolipic acid -H
Compound B —COCH-CH(CH),CH,
H CHCH,COOCHCHA OO
EHale  [CHak
o g oM LMy
il
A
R
Jarvia rhmnolipid -H
Compound A -Ci®-CH(CH,)4,CHs
PHENAZINE

N
=
@i D
N
PYRROLES

T 1
pyoluteorin cl

H
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Table (1-1) continued

Compound (trival name) structure

Phenylpyrroles

R B Rz R® R
Pyrrolnitrin -H —Cl -NO -CI -H
2-chloropyrolnitrin —Cl —Cl -N© —Cl -H
Aminopyrrolnitrin -H —Cl -NH -CI -H
Oxypyrrolnitrin -H —Cl -N© -CI -OH
Monodechloropyrrolnitrin -H -ClI -N@ -H -H
Amino-3-chlorophenylpyrrol-2- —COOHH- -NH —Cl -H
carboxylic acid
INDOLES

]
Ry W
Ry H

R _eR R
3-chloroindole -Cl -H H-
Indol-3-carboxaldehyde HT -H -H
6-Bromoindol-3-carboxaldehyde -CHO r-B -H
7-chloroindolacetic acid -QEOOH -H —Cl
PTERINES

R 3“

Pterine —H N
6-Aminopterine -NH
6-Hydroxymethylpterine — CHOH
Monapetrine —CHOHCHOHCHKDH

MISCELLANEOUS COMPOUNDS

Cyanhydric acid HCN
Aeruginoic acid
COoOH
Pseudomonic adl CQ]'
Gy T T OOy CO0H
H : Chig
oy
R

Pseudomonic acid A H

Pseudomonic acid B OH
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1.3-The genus Pseudomonas:

Straight or slightly curved rods, but not heli¢al5 —1.0x 1.5-5.0).
Many species accumulate pol-hydroxybutyrate as carbon reserve
materials, which appear as danophilic inclusioneyl'ldo not produce
prostheace and are not surrounded by sheathsstiogrstages are known.
Cells stains gram-negative. Motility occur by oneseveral polar flagella;
they are rarely non motile.

In some species lateral flagella of shorter wavglermay also be
formed. Aerobic, having a strictly respiratory typé metabolism with
oxygen as the terminal electron acceptor. In soase< nitrate can be used
as an alternative electron acceptor, allowing ghawtoccur an aerobically.
Xanthomonadins are not produced. Most if not akcsgs fail to grow
under acidic conditions (pH 4.5). Most species @b require organic
growth  factors. Oxidase  positive, catalase positivand
chemoorganotrophic; some species are facultatieenohthotrophs, able
to use Hor CQas energy sources. Widely distributed in naturené&o
species are pathogenic for humans, animals orp(&tutitet al., 1994).

SomePseudomonas species produce characteristics pigment; it was
found that aPseudomonas aeruginosa produce yellow —green diffusible
pigment (pyocyanine) an@.fluorescens produce a fluorescine pigment.
Pseudomonas species are widely distributed in soil and aquatiosystem,
occurring as free-living bacteria or in associatwith plants or animals

and some species are plant and animal pathogess@htl., 1995).
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1.4- Pseudomonas as biocontr ol agent:

Soil-borne, non-pathogenic bacteria with the apitit antagonize
fungal phytopathogens and thus prevent plant diseagresent realistic
alternative to chemical fungicides. It was founattimany soil bacteria
have biocontrol abilities, these bacteria knownsbyeral generic names,
including biological control agents (BCAs), plantogth promoting
rhizobacteria (BGPR) and biopesticiedes. Becausethefr catabolic
versatility, their excellent root-colonizing abidis, and their capacity to
produce a wide range of antifungal metabolites,sthieborne fluorescent
Pseudomonas have received attention .In addition sorfdseudomonas
BCAS have been shown to elicit a disease-resistaagpgonse in crop
species a phenomenon known as induced systemsgtaiese (ISR) (Van
loonet al ., 1998;Picterse and Van loon ., 1999).

This dual activity ofPseudomonas BCAs (i.e. direct antagonism at
phytopathogens and induction of disease resistamcéne host plant)
further highlights their potential as plant protent products (PPPs)
Suppressive soils contain rhizobacteria that aletalcontrol plant disease
that are caused by fungi or bacteria, the mechanesponsible for this
biocontrol activity include competition for nutriesp niche exclusion,
iInduced systemic resistance (ISR), and the proolicof antifungal
metabolites (AFMs) (Walsét al., 2001)..
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1.5-Pseudomonas as a sour ce of antibiotics production:

Numerous soil —inhibiting pseudomonadlonize the
surface of seeds and roots and inhibit the infachg soil borne plant
pathogens. Many of these bacteria produce antisioand other
compounds (siderophores, volatile substance) tleahaught to account in
part for their antimicrobial properties (Georgakoluset al., 1994).

Siderophores have been widely isolatedails (Akers, 1983) and
considerable work has been done on their role iorahial interaction
(Kloepper and Schroth 1981).

In contrast the role of antibiotics in affectitige population of the
microorganism in the rhizosphere is not clear, hewvdviazzolaet al.,
(1992) reported that the production of phenazingibextic by
Pseudomonas fluorescence 2-79 andPseudomonas aureofaciens 30-84
contribute to their ecological competence in sailthe rhizosphere of
wheat by enhancing their ability to compete witdigenous microflora.

Although phenazine-1-carboxylic acid and -2,4
diacetylphloroglucinol have been isolated from thzosphere of wheat
(Thomashowet al.,1990; Hass et al., 1991), antibiotics have in general,
only rarely been isolated from the soil, presumdidgause of sporadic
production, rapid inactivation, lack of sensitiveettnod (Williams and
Vickers., 1986 )or adsorption by soil colloids (&tgy ,1986).

Thomashow and Pierso(,991); Thomashow et al .,(2000) related
the inhibition of wheat root infection froaeumennomyces graminis, var.
Tritici by Pseudomonas aureofaciens 30-84 to phenazine antibiotic

production.
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1.6-Antifungal compound produced by bacterial isolates:

The use of antagonistic microorganisms to contlahtpathogenic
microfungi is receiving increasing attention asrent legislation restricts
the use of synthetic chemical pesticides. Seveealsy of searching for
bacterial strains capable of exhibiting biocontrale resulted in numerous
antagonistic isolate, in which the antagonistievétgthas been attributed to
release of antibiotics (Keel and Defago., 1997).

Various bacterial genera produce peptide antidsotshowing
antagonistic activity against a wide range of dédfe plant pathogenic
fungi (Miller et al., 1998), hence, the inhibition of mycelia growti b
viscosinamide (Nielsenet al., 1999), fengycin (Vanittanakom and
Loeffler., 1986),and tolaasin (Hutchison and Jobinst., 1993 )has been
attributed to perturbation of cell membrane struet(Manittanakom and
Loeffler ., 1986)or to the formation of ion chammel the cell wall (Endet
al ., 1997; Thran et al ., 1999). Furthermore the synthetic peptide aotiibi
and pneumocandine , was shown to inhibit#[3-glucan synthesis in the
ascomycetdspergillus fumigatus (Kurtz et al ., 1998) .

Tensin, a new antifungal cyclic lipopeptide isetat from
pseudomonas fluorescence strain 96.578, has antagonist activity against the
plant pathogenic fungughizoctonia Solani (Nielsenet al., 2000).

In particular, fluorescent pseudomonat®ww potential protective
application against the fungal plant pathodg@ythium ultimum, which
cause damage to pea, sugar beet, tobacco, cucambé&rmato crops. This
fungus is a major cause of damping off a seedlisgas$e that can greatly

reduce crop yield?seudomonas fluorescens strain Q —87, CHAO, and FII3
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have been shown to produce a natural antimicrotiatabolite, 2,4-
diacetylphloroglucinol (phl) which inhibitPythium. ultimum in plant
(Baintonet al .,2004).

Pseudomonas chlororaphis PCL 1391 exhibits biocontrol activity
against Fusarium oxysporum, Radicis lycopersici the causal agent of
tomato foot and root through the production of @rme —1-carboxamide
(PCN) (Thomaset al .,2001).

Pseudomonas aureofaciens strain 30-84 is a biological control
bacterium able to suppress take all disease of wdaeed by the fungal
pathogen Gaeumennomyces graminis, var.tritici through the production
of phenazine antibiotics (Whistler and Pierso2003).

Pseudomonas aureofaciens PA147-2 produces an antibiotic-like
compound that inhibits the growth of a plant fungpathogen,
Aphanomyces euteiches (Carrutherset al., 1994).

Pseudomonas aurantica isolated from soybean rhizosphere is able
to produce a pigment characterized by a strongoitihg capacity upon
different pathogenic fungi such Blytium spp.,Fusarium spp.,Alternaria
spp.,Macrophomina spp., andRhizoctonia solani (Altamirano et al.,
1996) .

Pseudomonas aeruginosa is widely distributed opportunistic
pathogen inhibit the growth @andida albicans, otherCandida spp., and
Aspergillus fumigatus (Kerr et al., 1999) It secretes proteins which are
toxic to a wide range of organism, it also secraetegious amount of
phenazine pigment .The major phenazine producethisyorganism is
pyocyanin (1-hydroxy-5-methylphenazine). Interagstpyocyanin derived
from its intense color, which make its presenceoswious from its
antibiotic properties and from the correlation betw its production and
pathogenesis, furthermore, pyocyanin can accepigéeselectron yielding

a relatively stable anion radical and readily ugdema redox cycle,
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previously noted that pyocyanin induced the biolsgats of manganese
containing superoxide dismutase (MnSoD) and it edusnhance
production of O, and it appeared that the antibiotic action of ygmin
might actually be an expression of the toxicity tbe O, and HO;
produced in increased amount in its presence (lHaasa Fridovich.,
1980).

1.7-Phenazine:

Certain strains of root-colonizing fluoresc&seudomonas bacteria
have gained attention in recent years becausepttoeluce broad-spectrum
metabolites active against fungal pathogens thasecasoil borne root
diseases. One such class of compounds, the phesamicludes over 50
members with the same core structure but with ffe chemical
modifications that largely determine their physicploperties and
biological activity. InP. aeruginosa, the most widely-studied phenazine-
producing pseudomonad, phenazines contribute nbt t@n biological
control activity but also to the activity of the dbaria as opportunistic
pathogens of animals, insects, nematodes, andspldhavrodi et al
.,2006).

Many phenazine compounds are found in eatmd are produced by
bacteria such asPseudomonas spp., Sreptomyces spp., Nocardia,
Sorangium, Burkholderia, Brevibacterium and Pantoea agglomerans.
These phenazine natural products have been imgdicatthe virulence and
competitive fitness of producing organisms. Such meenazine-1-
carboxylic acid, produced by a number of Pseudom®nancreases
survival in soil environments and has been showheaessential for the
biological control activity of certain strains. Rtazine chemical formula
(C1oHgN, or GH4N,CgHy) , it also called azophenylene , dibenzo-p-di@azin
, dibenzopyrazine, and acridizine, is the parenbsgnce of many
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dyestuffs, such as the eurhodines, toluylene retililines and safranines. It
Is a dibenzoparadiazine having the formula givefigare (1-1) (Turner
and Messenger, 1986; McDonaldaét 2001).

Figure (1-1) The general structure of phenazine
(Boland and Kuykendall, 1998)

1.7.1-M ode of action:

The broad-spectrum activity exhibited by phenazamnpounds
against fungi and other bacteria, it is thought thay diffuse across the
membrane and ,once inside the cell, accept a selgleron ,disrupting
respiration by interfering with the normal procesfselectron transport
.This result in the overproduction offzoand HBHO, ,which overwhelm
cellular superoxide dismutase and ultimately caedledeath .The cellular
superoxide dismutase d¢l.aeruginosa, a bacterium which produce the
phenazine compound pyocyanin, are more active tthase of phenazine
nonproducing bacteria such dsscherichia coli, and they provide

protection against phenazine (Hasse#l .,1995;Shannon et al.,2001).
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1.7.2- Phenazine types.

There are currently over 50 known phenazine camgs with

13

the same basic structure differing only in the \rzation of the

heterocyclic core .These modifications largely datee the physical

properties of the phenazines and influence theiogical activity against

plant and animal pathogens (Shanebal., 2001).Table (1-2)show some

kinds of phenazines differing in R —group and brgkgsis of phenazine by

Pseudomonas strains is illustrated in figure (1-2) .

Table (1-2) Phenazine types (Leisinger and Mar gr aff., 1979)

structure Kind R
R, R, | Rs Rs Rs | Ruo
Pyocyanin OH H| Ck| H H —
Hemipyocyanin OH Hl — H H —
N Idoinin OH H| O OH H @)
R A A ' R, |TubermycineB | COOH H| — H Hl —
Nﬁ Chlororaphine CONK| H H H H H
R ;‘“ ; Oxychlororaphine CONH, | H | — H H | —
Aeruginisin A H NH| — |[COOH| H |CH,
Aeruginosin B H NH| — | COOH| SOH | CH,4
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COOH 1=Hydroxy- 1-Hydroxy-
prenazing phenazine®
0~ monoxide” T
o, !
E‘—CH 1-Hydroxy- 2-Hydrouy - 2-Aming-5-rethyls 1-Hydroxy- S-methyl-
COOH prenazing phenazine-1- phenazire -6- pherazine
. carbu:ylate carboxylate {Pyoc ;||'alr1lrli'.]""I
Chorismc agid . (Aerugnosm Al
| ' /‘
§- h‘E'IhyIphlznazlnt -
——*  carboxylale
cmH “
Phenazine-1 B-dicarboxylate Phenazing -1-carboaylate
‘ v
fi-Hydroxyphenazing-1- carboxylate 9-Hydroxyphenazine-1-carboxylate
{
Y
16- Dibydraxyphenazine 13- Dinydroryphenazing -1-carboxylate
L
16-Dibydroxyphenazing-5- monoxide 1 8-Dihydroxyphenazing
16 -Oihydroxyphenazine-5 X -dioxide 1,8-Dinydroxyphenazine- ¥-monoxide”
(lodinin)™"

Figure (1-2): hypothetical scheme for phenazine synthesis in

Pseudomonas species 1P.phenazinium 2) P.iodina 3) P .aureofaciens

4) P. aeruginosa ( Leisinger and Margraff .,1979).
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1.8-Partial purification and characterization of antifungal

metabolite:

chromatographic methods namely thin layer papas, lgquid and
high performance liquid chromatography ,are usedelyi for separation
and identification of metabolites produced by morganism .However
such techniques may be suitable for small quangitiyer than production
(Warrenet al .,1990) .

separation of pyocyanin ,the primary extract cdogdapplied to a
column of a lumina oxide (Watsoet al .,1986).Although thin-layer
chromatography (TLC) also well recognized as amlidechnique for the
screening of drugs in toxicological analysis ,hmseaof its low cost and
convenience and the selectivity of the detecti@yeat ,objective criteria
for the evaluation of the separation ability of Th@ve often been lacking .
Choice of system mostly depend on its ability tpagate a product with
low contaminant, such ability called discriminatingpwer. However,
system also selected in accordance to informatsmnegl during utilization
of the unknown metabolites (UImetral .,1990) .

Thin layer chromatography (TLC) used for the sapan of the
phenazine antibiotic, coupled with inherent fluaesss properties under
ultraviolet illumination has provided to be the isd®r extremely sensitive
analytical methods (Betina ,1983).

A thin layer chromatography was carried out witd thw extract on
silica-gel with chloroform as mobile phase. Theateke mobility of each
band was determined considering the relative fldweach solute (R
using an ultraviolet —light( 254-350) transilluminator, the elution of
separate solutes was carried out by scraping getraad dilution in 100%

acetone. After removing silica gel by centrifugaticeach fraction was
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concentrated by acetone evaporation and dry resieee stored at -20°C
(Roveraet al., 2001).

Once a pure compound is obtained, its chemicattsire will be
determined by using a combination of gas chromapgyy mass—
spectrometry, FT-infrared (FTIR), and nuclear maignesonance (NMR).
Identification of the compound could lead to therical synthesis of this
compound and analogues for use in the suppresdidheodestructive
activities of pathogens in the field as well agmin storage (Jayaswel
al., 1990).

1.9-Genetic of Pseudomonas:

Genetic studies on fluorescerffseudomonas spp. the only
microorganism for which the genes responsible f@ assembly of the
heterocyclic phenazine nucleus have been cloned saguenced
(Bloemberg and Lugtenberg ., 2001).

The phenazine biosynthetic loci from. fluorescens 2-79 P.
aureofaciens 30-84 P. aeruginosa PAOlandP.chlororaphis each contains
a seven gene core operon regulate in a cell dedsipendent manner
(Piersoret al .,1995; Mavrordiet al .,1998; ; Mavrordiet al ., 2006) .

In P. fluorescens 2-79 ,P. aureofaciens 30-84, andP.chlororaphis
pcL 1391,the phzl/R genes are found directly upsirérom the phenazine
core .But phenazine production fh aeruginosa is controlled by two sets
of regulatory genes rhll/R and lasl/R located elsen@ in the genome .The
seven gene core operon designated as phzABCDEFGhandore gene
product phzC,phzD,phzE are homologous with phzEAplphzB in strain
30-84 ,are similar to enzymes of shikimic acid rhetsm (Shannomt al
.,2001).
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PhzA is thought to catalase one of the final steghe formation of
phenazine-1-caboxylic acid, the end product of phaere biosynthesis in
p. fluorescens 2-79 (Ahujaet al., 2004).

Piersoret al.,(1995)suggested that the phzC geng chureofaciens
30-84 ,and in particular the last 28 amino aciglfC protein are essential
for the production of 2-hydroxyphenazine-1-carbaxycid (2-OH-PCA)
and 2-hydroxyphenazine(2-OH-PHZ ).PhzG is simitapyridoxamine-5-
phosphate oxidase and probably is a source of wofdor the PCA
synthesizing enzymes (Mavrogtial .,1998).

Functional studies in phenazine-nonproducing rséraif fluorescent
pseudomonads indicated that each of the biosyntlogterons fromP.
aeruginosa is sufficient for production of a single compouptignazine-1-
carboxylic acid (PCA). Subsequent conversion of PGApyocyanin is
mediated irP. aeruginosa by two novel phenazine-modifying genes, phzM
and phzS, that encode putative phenazine-spec#ithyltransferase and
flavin-containing monooxygenase enzymes, respdgtiiexpression of
phzS alone irk. coli or in pyocyanin-nonproducin@. fluorescens resulted
in conversion of PCA to 1-hydroxyphenazinB. aeruginosa with
insertionally inactivated phzM or phzS genes devetb pyocyanin-
deficient phenotypes. A third phenazine-modifyireng, phzH, which has
a homologue irP. chlororaphis, also was identified and shown to control
synthesis of phenazine-1-carboxamide from PCA Hn aeruginosa
PAO1(Mavrordiet al ., 2006).
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1.10-Regulation of secondary metabolite production in root-

colonizing Pseudomonas spp. :

Certain strains of fluorescent Pseudomoradsmportant biological
components of agricultural soils that are suppvest diseases caused by
pathogenic fungi on crop plants. The biocontrolliaés of such strains
depend essentially on aggressive root colonizatimmdyction of systemic
resistance in the plant, and the production ofudiffle or volatile
antifungal antibiotics. Evidence that these compsusare produced in situ
Is based on their chemical extraction from the abphere and on the
expression of antibiotic biosynthetic genes in theducer strains
colonizing plant roots. Well-characterized antilwst with biocontrol
properties include phenazines, 2,4-diacetylphlaragbol, pyoluteorin,
pyrrolnitrin, lipopeptides, and hydrogen cyaniden Vitro, optimal
production of these compounds occurs at high aafisdies and during
conditions of restricted growth, involving (i) amber of transcriptional
regulators, which are mostly pathway-specific, gmndthe GacS/GacA
two-component system, which globally exerts a pasieffect on the
production of extracellular metabolites at a pastécriptional level. Small
untranslated RNAs have important roles in the Gae8A signal
transduction pathway (Hass and Keel., 2003) .

Biosynthesis of these compounds and of the exweeegzystrictly
depend on the GacS/GacA two-component system, vapehates a switch
from primary to secondary metabolism in variousngm@egative bacteria
and which can also be involved in pathogenicitplents and animals, in

ecological fitness and in stress tolerance (HeebHass ., 2001).
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GacS/GacA control of secondary metabolites was shovoccur in
strain CHAOQ at the posttranscriptional level invaly the RNA binding
protein RSmMA as a key regulatory element (Blustet .,1999).

RsmA is presumed to interact with specific ribosoabinding sites
present in target genes and there by prevent &tmslsuch translation
repression can be alleviated by the action of thallsregulatory RNAs
RsmY and RsmZ, whose expression is controlled &y @acS/GacA
system in response to signal molecules producdtdogtrain CHAO at the
end of exponential growth (Heebal .,2002;Valverde et al .,2003).

RsmY and RsmZ bind multiple copies of the RsmA tgiro
(Valverde et al .,2004)and , by a titration effect may thus rentes
ribosome-binding site of the target genes acchksddr the translation

machinery(Reimmaneét al .,2005).

In P. aeruginosa, RsmA posttranscriptionally control the production
of secondary metabolites directly as well as irdiyeby modulating the

guorumsensing circuitry (Pessi and Hass., 2001 ;Pessi et al., 2001).

Multiple regulators control phenazine productignpbaureofaciens
30-84 the quorum-sensing genes phzl and phzR (fPieatsal., 1994;
Wood and Pierson., 1996 ) are directly responddai¢he activation of the
phenazine biosynthetic operon (phzXYFABCD)(Piersoa .,1995).

In response to the cell density —dependent acatimoal of N-
hexanoyl homoserine lactone (HHL) produced by phtHlL association
with phzR is believed to cause it to fold in totausture enable it to bind to
a sequence (phz box) upstream of the biosynthgigrom activating
phenazine gene expression (Wabdl ., 1997).
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In 1994 Pierson.et al, identified phzR (phenazine regulator) as a
functional gene required for phenazine productibime predicted amino
acid sequence of phzR is a homology with other dyadt positive
transcriptional activator include LasR Efaeruginosa, LuxR of vibrio

fischerii and Tra R ofAgrobacterium tumefaciens.

A second quorum-sensing system, Csal/CsaR, alsilwate to the
accumulation of total N-acely-homoserine lacton&li(A signal by strain
30-84 but only influences phenazine production whersent in multiple

copies or when grown in specific medium (Zhang &iwerson., 2001).
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Chapter three

Results and Discussion
3.1-The antifungal activity of P. aeruginosa OM13:

It has been found in previous studies that Fheaeruginosa OM13
isolate, has the ability to inhibit fungal growthl tAhmed, 2004).

In order to examine the antagonistic propertiethefbacterial isolate
against phytopathogenic fungi, two methods werel uisethe first, a loopful
of 24-hrs old culture of the bacterial isolate.agruginosa OM13) was
inoculated at 2 cm juxtaposed to the fungal as imeed in (2.7.4) and the
results shows that tHeaeruginosa OM13 isolate inhibited the growth of the
test fungi A .alternata, R .solani)and the inhibition zone was 5mm for

A.alternata and 7mm for the fungr .solani figure (3-1).

I i
Figure (3-1): i)Effect of P.aeruginosa OM13 on fungal growth on PDA for

5 days at 28°C ii)Control (Aternaria alternata , Rhizoctonia solani)
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In the second method the antifungal activity of blaeterial isolate was
examined by testing the effect of culture filtrad€é the bacterium on the
growth of the fungal pathogens, which was assesgedgar-well method
(Guptaet al .,2001) as mentioned in (2.7.4) and the resultthisf method
indicated that this isolate inhibited the growthtbé fungiA .alternata ,R
.solani and the inhibition zone was 5mm, 7mm respectivigiyre (3-2). The
ratio between the growth of the fungus with baeleisolate and bacterial
fillrate to the growth of the fungus alone (contreVas determined as
illustrated in the table (3-1).

Table (3-1) Ratio*of fungus growth with bacteriusolate and cultural filtrate

_ Ratio of the fungus growth (cm) by using
Fung! Bacterium isolate Bacterium filtrate
A.alternata 0.5 0.54
R. solani 0.46 0.51

* The ratio between the growth of the fungus withteaal isolate and bacterial filtrate to the

growth of the fungus alone (control)

I [
Figure (3-2): i) effect the filtrate of P.aeruginosa OM13 on the growth of the test
fungi(R. solani, A.alternata) on PDA for 5 days at 28°C ii)control Rhizoctonia solani ,

Alternaria alternate
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3.2-Plasmid isolation:

In order to determine the plasmid profileR&eruginosa OM13, many
methods were used, Alkaline method and boiling oeth Maniatiset al .,
1982 ), salting out method (kieser , 1995) andrpidgsolation miniprep. kit
(Us biological ) has also been used. The last tvethods gave acceptable
results.

The results for both methods are shown in fig@8)(which indicated
that P. aeruginosa OM13 contained small plasmid DNA bands and these
bands are approximately in the same size compargd pBR322 plasmid
(4.363 Kb).

Many studies reported that the small plasmid DNAndsa in
P.aeruginosa are responsible for antibiotic resistance in thiacteria.
Padilla and Vasquez (1993) reported that the pl@smiP. aeruginosa were
responsible for the resistance of this bacteria ampicillin and
chloramphenicol. They also found that this bacteaebored pAz-10 and pC-
20 plasmids which are responsible for azlocillindanhloramphenicol
resistance, respectively, this was demonstratenleictty by their ability to
confer resistance to these antibacterial when foamed into susceptible
Escherichia coli hosts, and in (2004) Shahid and Malik showedrsistance

of P.aeruginosa to amikacin was plasmid mediated.



(C/;aja ter three ﬂgsuﬁ?& and ﬁi&cusm'on 42

<“——  Chromosomal DNA

} PlagniiNA bands

RNA

Figure (3-3): Gel electrophoresis of isolated plasith from the
bacterial isolates migrated on agarose gel (0.7%niTBE buffer at
(5V/cm).for 2 hrs

1. E.coli HB101 harboring pBR322 plasmid

2. Pseudomonas aeruginosa OM13
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3.3-Antibiotic sensitivity test:

In order to find a genetic marker that can be wlsaf curing and
transformation experiments, the standard disk slifia method was used to
determine the sensitivity ¢f.aeruginosa OM13 to antibiotics. Results in table
(3-1) showed thatP.aeruginosa OM13 was resistant to aztreonam,
erythromycin, ampenicillin, carbencillin, and chdamphenicol, sensitive to

tetracycline, streptomycin, norfloxacin, vancomya@nd gentamycin.

Table (3-2) Antibiotic sensitivity ofP.aeruginosa OM13

Antibiotict AZM |AMP |Nor [Cm | PY | TE | VA |[GMS | E

Strain

P.aeruginosa | R R S R R S S SN § R
OM13

R Resistance PY Carbenicillin

S Sensitive TE traeycline
AZM Aztreonam VA  Vancomycin
AMP Ampicillin GM  Gentamycin
Nor Norfloxacin S Streptomycin
Cm  Chloramphenicol E Erythromycin

Resistance oP.aeruginosa OM13 to chloramphenicol may be due to
destruction of the antibiotic by an enzyme (chlgoaenicol acetyltransferase)
that is under plasmid control, and resistance ythesmycin may be results of
an alteration (methylation) of the RNA receptorigtiis under control of
transmissible plasmid) (Jawett al., 1998).

Resistance dP.aeruginosa OM13 tof- lactam antibiotics (ampicillin,
carbencillin, aztroenam) may be attributed to degtian of the antibiotics by
B-lactamase enzyme which is normally plasmid encptiezk of penicillin
binding protein (PBP) for a specific antibiotics forally the microorganism
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change their permeability to the drug. (Saatal., 1999; Barlow and Hall,
2003).

In general it is well documented that very fewtbé& conventional
antibiotics are active againsP.aeruginosa, because many studies
demonstrated that a cluster of genes, which aréereitplasmid or
chromosomally encoded, are responsible for anidsotesistance inP.
aeruginosa (Hollowayet al., 1979; Padilla and Vasquez., 1993).

P.aeruginosa OM13 was capable to form viscous gels and this beay
due to its ability to produce alginate. Alginatesalplays a role in the
resistance ofP.aeruginosa to a wide range of antimicrobial agent which
completely blocked diffusion of the antibiotics dte its ability to form
viscous gels as well as to its ionic charge and Wizen the alginate is
degraded, this aminoglycoside blocked activityffeatively reduced (Match
and Schiller., 1998).

3.4- The role of plasmid in antifungal compound prduction:
In order to study the role of plasmid & aeruginosa OM13 in
antifungal compound production curing and transtdran experiments were

done.

3.4.1- Curing

An attempt was made to cuPeaeruginosa OM 13 plasmids by using
SDS. The results in table (3-2) indicated thathigdest concentration of SDS
that still allows the bacterial growth was 5%. Friims treatment, appropriate
dilution were made and spread on nutrient agareglathen 100 colonies
were selected and tested on a selective mediunaioamg antibiotics to
which the W.T is resistant (ampicillin, chlorampiet, aztroenam,

erythromycin) in order to determine the cured c@ern(which can not grow
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on these antibiotic containing media), and thenabity of obtained cured

colonies for fungal growth inhibition was tested.
Table (3-3) Effect of SDS on the growth d¢¥. aeruginosa OM 13

SDS

Concentratid 1% |[2% | 3% |4%|5% 6% |7% |8% |9% |10%
Bacterial

Growth +++ |+ H+ |+ | £ — — — - -

(+++): Very good growth

(++): Good growth
(+):moderate growth

(x):ight growth

—):(No growth

After repeatedly plated of the selected coloniesults indicated that a

number of colonies (4%) failed to grow on mediatagnng chloramphenicol

and, also failed to inhibit the growth of test fuilg .alternata, R .solani)as
shown in figures (3-4a), (3-4b),(3-4c),(3-4d). lasvshown also that these
colonies differ in color from green (color of the. Ty to pale and this

difference was illustrated in figure (3-5).

Figure (3.4a): Growth of the fungusA.alternata on PDA for 5 days at 28
°C with i) W.T ii) cured cell
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i i
Figure (3.4.b): Growth of the fungusR.solani on PDA for 5 days at 28 °C
with )W.T ii)cured cell

I i i
Figure (3.4.c): Growth of the fungusA.alternata on PDA for 5 days at 28
°C with the filtrate of 1) P.aeruginosa (W.T) ii)cured cell iii) A.alternata

(control)
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i
Figure (3.4.d): Growth of the fungusR.solani on PDA for 5 days at 28
°C with the filtrate of i) P.aeruginosa (W.T) ii)cured cell iii) R.solani

(control)

I i
Figure (3-5): The difference in color between theilfrate of wild type (i)
and cured cell (ii).
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In order to determine the inability of the curedoties to produce
antifungal compounds because of plasmid eliminatomot, plasmid from
the cured cells were isolated and compared with fiteen the W.T. The
results showed that there is no change in plasiittims between the cured
cells and the wild type( figure (3-6)). This indied that the small plasmid
DNA bands inP. aeruginosa OM13 are not responsible for the antifungal
compound production. It can be concluded that emghenicol resistance
and antifungal compound production trait fiaeruginosa OM13 may be
located on the chromosome and this conclusion dgreta Georgakopoulst
al .,(1994) results about the location of the genspassible for antifungal
compound production. Since the curing agent (SDOfecieon the bacterial
cell wall (Trevors, 1986), the inability of cureelcto produce antifungal
compound may be due to the physiological changbarmpermeability of the
cellular membrane and this conclusion was suppdryechanging in the color
of cured cells which refers to change in the baatazell wall had been
occurred. May also be that the genes which wer@oresble for the
antifungal compound production located on plasmdirbt appeared in the

gel (possibly due to its large size)
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<« Chromosomal DNA

Plasmid DNA bands

RNA

Figure (3-6): Gel electrophoresis of plasmids cont¢ of P.aeruginosa
OML13 before and after treatment with SDS on agarosgel (0.7%) in TBE
buffer at 5V/cm for 2 hrs.

1. Plasmid content of theP.aeruginosa OM13

2. Plasmid content of theP.aeruginosa OM13 (cured)
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3.4.2-Transformation
The ability of antifungal compound production titai transfer from one
bacterium to another by transformation is anothethamd to determine
whether antifungal production genes are locategblaamid or not. For this
reason transformation experiments were performetivden DNA of
P.aeruginosa OM13 (Cmj, produce antifungal compound) as a donor and
E.coli MM294 (Cni, does not produce antifungal compound) as a eaipi
Transformation mixtures were spread on a nutriagar medium
containing chloramphenicol in order to select tfameant colonies. Results
showed that all attempts to isolate transformedrdek which have the ability
to resist chloramphenicol and inhibit fungal growtére not succeed.
Failure to select transformant€.coli able to inhibit fungal growth )
may be due to one of the following reasons:
» -Transformation between different strains of diéier species is not
always possible.
« The DNA were taken up bE.coli but have been degraded by host
nucleases enzymes.
« The DNA were taken up b¥t.coli but were unable to replicate or
express their genetic marker (chloramphenicolhanew hostK.coli
MM294 )

50
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3.5- Mutagenesis oP.aeruginosa:
In an attempt to enhance antifungal compound primiudy P.
aeruginosa OM13 the survival curve op.aeruginosa OM 13 after

treatment with MNNG at different time is shown igure (3-6).

It was found that this bacterium was sensitivéMtdNG. The survival
curve showed increase of the lethal percentagenexp@lly with increasing
the time of exposure to MNNG, and the highest leflesicentage or the less
survival percentage was (0.1%) when the bacterias tneated with  MNNG
(30pg/ml) for 60 min. The treatment (15min) ledatsurvival percentage of
5.8% (94.2% killing). Therefore, it was selected dautants isolation.

It is known that MNNG is an effective mutagenicngmund. It can
generate mispairing lesion by adding alkyl group (aethyl group) to various
position on nucleic acids and hence missreplicadoBNA, or missrepair of
damaged DNA. Some of these lesions are potentlelltyal as they can
interfere with the unwinding of the DNA during regaltion and transcription
(Freifelder, 1987). It also can induce mutationdoyerror prone DNA repair
pathway (Stonesifeet al., 1985). Many studies dealing with the effect of
MNNG on different bacteria Qlostridium butyricum, Micrococcus spp.)
showed that these bacteria were sensitive XNk (Carrasco and Soto, 1987,
Al-Bakri and Umran, 1994).
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Figure (3-7) effect of MNNG (30 pug/ml) on a suspensof P.aeruginosa
OM13 in phosphate buffer (pH= 7).



((;ﬁdapter three :ﬂg&uft& and ﬂz’&cu.nn’o:n

3.6-Bioassay the antifungal activity of the Mutants

In order to know the effect of mutagenesis by MNMGmMprove the
production of antifungal compound HWy.aeruginosa OM13, mutagenized
culture from the selected treatments (bacteriaadeaith 30pg/ml of MNNG
for 15 min) were replica plated on King A agar plat an attempt to detect
any difference in color which is used as an ingic&r antifungal compound
production.

Results showed that there is no difference in cofabtained colonies
compared with W.T. For this reason, an alternatmethod for the detection of
antifungal compound production was employed foesomg of antifungal
compound produced by.aeruginosa OM13 mutants, in which (50) colonies
named (RA1-RA50) were grown in peptone broth intcethat 37°C for 18 hrs
then cells was pelleted by centrifugation, thenghpernatant was taken and
the antifungal compound production was determinechbasuring the optical
density at 520 nm. In addition, agar well method \aso used in which the
filtrate of the mutants were cultured with the fusgA. alternata and the
inhibition zone was measured after 5 days of intahaand compared with
the inhibition zone caused by W.T.

Results in table (3-3) indicated that coloniesaot®d after treatment
with MNNG varied in production of antifungal compa in which(34%) of
the mutants showed an increase in O.D. while (26186ved decrease, at the
same time other mutants(40%) remained the sanieeasild type.

Results showed also the relationship between thB. @nd the
inhibition zone, in which (5) colonies showed irtsgng more than four times.
It was also seen that (RA5) gave a highest O.D areasent (nine times) and

the highest inhibition zone.

53
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Table (3-4) O.onmValues and inhibition zone causedmgeruginosaOM13
mutants after treatment with MNNG (30ug/ml for 1&ini

Bacterial isolates 0.Ds20nm Inhibition zone
(mm)
OM13 o1 -
RA™L 0.45 10
RA2 0.56 10
RA3 0.7 10
RA4 0.8 10
RA5 0.9 P
RAG 0.29 5
RA7 0.28 5
RA 0.28 5
RA9 0.26 5
RA10 0.23 )
RA11 0.23 )
RA12 0.21 -
RA13 0.21 )
RA14 53 -
RA15 3 :
RA16 03 -
RAL7 53 -
RA18 0.15 5
RA19 0.16 6
RA20 0.12 5
RA21 0.16 6
RA22 0.12 5
RA23 0.18 7
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RA24 0.16 6
RA25 0.15 6
RA26 0.14 5
RA27 0.17 6
RA28 0.1 )
RA29 0.17 6
RA30 0.16 6
RA31 0.14 6
RA32 0.18 8
RA33 0.13 6
RA34 0.16 7
RA35 0.17 v
RA36 0.16 8
RA37 0.18 8
RA38 0.06 4
RA39 0.018 2
RA40 0.076 5
RA41 0.012 2
RA42 0.03 3
RA43 0.05 3
RA44 0.07 4
RA45 0.01 2
RA46 0.03 3
RA47 0.01 2
RA48 0.07 4
RA49 0.07 5
RA50 0.08 5

OM13 : W.T *:P. aeruginosa after treated with MNNG (30pg/ml)
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Results indicated that MNNG caused random mutaitiothe genes
responsible for antifungal compound production. Thatation may have
occurred in the regulatory genes rhl I/R las I/Bttlocated elsewhere in the
genome which is controlling the phenazine produnciroP.aeruginosa due to
decreasing in the antifungal compound productidra®onret al., 2001).

Mavrodi et al., (2006) reported thaP.aeruginosa have biosynthetic
operons which are sufficient for production of sengompound phenazine-1-
carboxylic acid (PCA). And subsequent conversiorPGfA to pyocyanin is
mediated by two novel phenazine modifying genezMland phz S, that
encode putative phenazine —specific methyl traasgerand flavin containing
monooxygenase enzyme respectively. So the mutatey have occurred in
this operon and led to decrease in the producticantfungal compound by
these mutants.

The increase in the antifungal compound produdtiom other mutants
may be attributed to the mutation occurring in {&ac S /Gac A) which
controlls the secondary metabolite production atgbsttranscriptional level
involving the RNA binding proteins RsmA as a kegukatory element. RsmA
Is presumed to interact with specific ribosome gdsites present in the
target genes and thereby prevent translation. 8adslation repression can
be elevated by the action of small regulatory RIR&m Y and RsmZ whose
expression is controlled by the Gac S /Gac A systemesponse to signal
molecules produced Hyseudomonas at the end of exponential growth phase
(Reimmanret al .,2005).

MNNG was used successfully to mutate and to gétrdnt mutants
from different bacteria. In 1974 Carson and Jenssed MNNG in
recognition of phenazine pigment (pyocyanin) mutantP.aeruginosa. Al-
Gelawi (1999) used MNNG to isolate salt sensitivegants fromMicrococcus
spp. strain G1.
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3.7- Characterization of the antifungal compound:
The following tests were performed in order torelaterize the partially
purified antifungal compound, and the results oésth tests were as

follows:-

« TLC analysis of antifungal compound:

When the partially purified antifungal compoumes spotted on
silica-gel TLC plate (1&10 cm) and examined under UV transilluminator for
characterization and purification, the result shdweat the active antifungal
compound has a single dark fluorescent spot undétight and has an R

value of (0.32) as illustrated in figure(3-8).

Figure (3-8) TLC analysis for the partially purdi@ntifungal compound
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o UV absorption:

The UV absorption spectrum figure (3-9) for the tiadly

purified antifungal compound shows two peak=819nm and 356 nm. These
bands may be attributed torar* and n«t* transition respectively.

A similar result was reported by authors workinghwpyocyanine
produced byP.aeruginosa (Vukomanovicet al., 1997).
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Figure (3-9) UV spectrum of the partially purified antifungal compound
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e IR analysis:-

The partially purified compound was subjected te 1R analysis,
figure (3-11), in order to know the functional cheah groups that are
found in the compound that may lead us to propopessible chemical
structure of the compound. Depending on Socrat33Q) for infra-red
spectrum characterization of organic compoundsaoansbecialist chemist
at the Chemistry Department at Al-Mustansirya ursitg. The IR results
of the partially purified compound (the main img@ort absorption bands)
shows the presence of different bands correspontbnthe following
functional groups present in the molecular strietstretching bands at
2950 cnit for (C-Hyipn) due to methyl group, 3090 &nfor (C-Harom ),
1600 cnt for (C=Cyom), 3200 crif for (O-H),1650 critfor (C=N), 1450
cm ™ for (C-Nyeic), 1200 crit for (C-Nyom), 1100 crit for (C-O). This
result was also supported by IR analysis of pyokydrom Integrated
Spectral Data Base System for Organic CompoundB&3[Dntrenet 1].

As shown from the IR results and by depending mectimlist chemists
we can propose the possible chemical structuréhefpiartially purified
antifungal compound fig (3-10) as follows:-
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Figure (3-10) The proposed chemical structure of # partially
purified antifungal compound from the IR results.
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Chapter three

Results and Discussion
3.1-The antifungal activity of P. aeruginosa OM13:

It has been found in previous studies that Fheaeruginosa OM13
isolate, has the ability to inhibit fungal growthl tAhmed, 2004).

In order to examine the antagonistic propertieshefbacterial isolate
against phytopathogenic fungi, two methods weral usethe first, a loopful
of 24-hrs old culture of the bacterial isolate.agruginosa OM13) was
inoculated at 2 cm juxtaposed to the fungal as imeed in (2.7.4) and the
results shows that tHeaeruginosa OM13 isolate inhibited the growth of the
test fungi A .alternata, R .solani)and the inhibition zone was 5mm for

A.alternata and 7mm for the fungr .solani figure (3-1).

Figure (3-1): i)Effect of P.aeruginosa OM13 on fungal growth on PDA for

5 days at 28°C ii)Control (Aternaria alternata , Rhizoctonia solani)
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In the second method the antifungal activity of blaeterial isolate was
examined by testing the effect of culture filtrad€ the bacterium on the
growth of the fungal pathogens, which was assebsgedgar-well method
(Guptaet al .,2001) as mentioned in (2.7.4) and the resultthisf method
indicated that this isolate inhibited the growthtbé fungiA .alternata ,R
.solani and the inhibition zone was 5mm, 7mm respectiligiyre (3-2). The
ratio between the growth of the fungus with baeleisolate and bacterial
filtrate to the growth of the fungus alone (contreVas determined as
illustrated in the table (3-1).

Table (3-1) Ratio*of fungus growth with bacteriusolate and cultural filtrate

_ Ratio of the fungus growth (cm) by using
Fung! Bacterium isolate Bacterium filtrate
A.alternata 0.5 0.54
R. solani 0.46 0.51

* The ratio between the growth of the fungus withteaal isolate and bacterial filtrate to the

growth of the fungus alone (control)

Figure (3-2): i) effect the filtrate of P.aeruginosa OM13 on the growth of the test
fungi(R. solani, A.alternata) on PDA for 5 days at 28°C ii)control Rhizoctonia solani ,
Alternaria alternate
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3.2-Plasmid isolation:

In order to determine the plasmid profileR&eruginosa OM13, many
methods were used, Alkaline method and boiling oeth Maniatiset al .,
1982 ), salting out method (kieser , 1995) andrpidgsolation miniprep. kit
(Us biological ) has also been used. The last tvethods gave acceptable
results.

The results for both methods are shown in fig@8)(which indicated
that P. aeruginosa OM13 contained small plasmid DNA bands and these
bands are approximately in the same size compargd pBR322 plasmid
(4.363 Kb).

Many studies reported that the small plasmid DNAndsa in
P.aeruginosa are responsible for antibiotic resistance in thiacteria.
Padilla and Vasquez (1993) reported that the pl@smiP. aeruginosa were
responsible for the resistance of this bacteria ampicillin and
chloramphenicol. They also found that this bacteaebored pAz-10 and pC-
20 plasmids which are responsible for azlocillindanhloramphenicol
resistance, respectively, this was demonstratenleictty by their ability to
confer resistance to these antibacterial when foamed into susceptible
Escherichia coli hosts, and in (2004) Shahid and Malik showedrsistance

of P.aeruginosa to amikacin was plasmid mediated.
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<“——  Chromosomal DNA

} PlagniiNA bands

RNA

Figure (3-3): Gel electrophoresis of isolated plasith from the
bacterial isolates migrated on agarose gel (0.7%niTBE buffer at
(5V/cm).for 2 hrs

1. E.coli HB101 harboring pBR322 plasmid

2. Pseudomonas aeruginosa OM13



((;ﬁdapter three :ﬂg&uft& and ﬂz’&cu.nn’o:n 43

3.3-Antibiotic sensitivity test:

In order to find a genetic marker that can be wlsaf curing and
transformation experiments, the standard disk slifia method was used to
determine the sensitivity ¢f.aeruginosa OM13 to antibiotics. Results in table
(3-1) showed thatP.aeruginosa OM13 was resistant to aztreonam,
erythromycin, ampenicillin, carbencillin, and chdamphenicol, sensitive to

tetracycline, streptomycin, norfloxacin, vancomya@nd gentamycin.

Table (3-2) Antibiotic sensitivity ofP.aeruginosa OM13

Antibiotict AZM |AMP |Nor [Cm | PY | TE | VA |[GMS | E

Strain

P.aeruginosa | R R S R R S S SN § R
OM13

R Resistance PY Carbenicillin

S Sensitive TE traeycline
AZM Aztreonam VA  Vancomycin
AMP Ampicillin GM  Gentamycin
Nor Norfloxacin S Streptomycin
Cm  Chloramphenicol E Erythromycin

Resistance oP.aeruginosa OM13 to chloramphenicol may be due to
destruction of the antibiotic by an enzyme (chlgoaenicol acetyltransferase)
that is under plasmid control, and resistance ythesmycin may be results of
an alteration (methylation) of the RNA receptorigtiis under control of
transmissible plasmid) (Jawett al., 1998).

Resistance dP.aeruginosa OM13 tof- lactam antibiotics (ampicillin,
carbencillin, aztroenam) may be attributed to degtian of the antibiotics by
B-lactamase enzyme which is normally plasmid encptiezk of penicillin
binding protein (PBP) for a specific antibiotics forally the microorganism
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change their permeability to the drug. (Saatal., 1999; Barlow and Hall,
2003).

In general it is well documented that very fewtbé& conventional
antibiotics are active againsP.aeruginosa, because many studies
demonstrated that a cluster of genes, which aréereitplasmid or
chromosomally encoded, are responsible for anidsotesistance inP.
aeruginosa (Hollowayet al., 1979; Padilla and Vasquez., 1993).

P.aeruginosa OM13 was capable to form viscous gels and this beay
due to its ability to produce alginate. Alginatesalplays a role in the
resistance ofP.aeruginosa to a wide range of antimicrobial agent which
completely blocked diffusion of the antibiotics dte its ability to form
viscous gels as well as to its ionic charge and Wizen the alginate is
degraded, this aminoglycoside blocked activityffeatively reduced (Match
and Schiller., 1998).

3.4- The role of plasmid in antifungal compound prduction:
In order to study the role of plasmid & aeruginosa OM13 in
antifungal compound production curing and transtdran experiments were

done.

3.4.1- Curing

An attempt was made to cuPeaeruginosa OM 13 plasmids by using
SDS. The results in table (3-2) indicated thathigdest concentration of SDS
that still allows the bacterial growth was 5%. Friims treatment, appropriate
dilution were made and spread on nutrient agareglathen 100 colonies
were selected and tested on a selective mediunaioamg antibiotics to
which the W.T is resistant (ampicillin, chlorampiet, aztroenam,

erythromycin) in order to determine the cured c@ern(which can not grow
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on these antibiotic containing media), and thenabiity of obtained cured

colonies for fungal growth inhibition was tested.
Table (3-3) Effect of SDS on the growth d¢¥. aeruginosa OM 13

SDS

Concentratid 1% |[2% | 3% |4%|5% 6% |7% |8% |9% |10%
Bacterial

Growth +++ |+ H+ |+ | £ — — — - -

(+++): Very good growth

(++): Good growth
(+):moderate growth

(x):ight growth

—):(No growth

After repeatedly plated of the selected coloniesults indicated that a

number of colonies (4%) failed to grow on mediatagnng chloramphenicol

and, also failed to inhibit the growth of test fuilg .alternata, R .solani)as
shown in figures (3-4a), (3-4b),(3-4c),(3-4d). lasvshown also that these
colonies differ in color from green (color of the. Ty to pale and this

difference was illustrated in figure (3-5).

i
Figure (3.4a): Growth of the fungusA.alternata on PDA for 5 days at 28
°C with i) W.T ii) cured cell
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i i
Figure (3.4.b): Growth of the fungusR.solani on PDA for 5 days at 28 °C
with )W.T ii)cured cell

Figure (3.4.c): Growth of the fungusA.alternata on PDA for 5 days at 28

°C with the filtrate of 1) P.aeruginosa (W.T) ii)cured cell iii) A.alternata

(control)
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1
Figure (3.4.d): Growth of the fungusR.solani on PDA for 5 days at 28
°C with the filtrate of i) P.aeruginosa (W.T) ii)cured cell iii) R.solani

(control)

Figure (3-5): The difference in color between theilirate of wild type (i)
and cured cell (ii).

47
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In order to determine the inability of the curedoties to produce
antifungal compounds because of plasmid eliminatomot, plasmid from
the cured cells were isolated and compared with fiteen the W.T. The
results showed that there is no change in plasiittims between the cured
cells and the wild type( figure (3-6)). This indied that the small plasmid
DNA bands inP. aeruginosa OM13 are not responsible for the antifungal
compound production. It can be concluded that emghenicol resistance
and antifungal compound production trait fiaeruginosa OM13 may be
located on the chromosome and this conclusion dgreta Georgakopoulst
al .,(1994) results about the location of the genspassible for antifungal
compound production. Since the curing agent (SDOfecieon the bacterial
cell wall (Trevors, 1986), the inability of cureelcto produce antifungal
compound may be due to the physiological changbarmpermeability of the
cellular membrane and this conclusion was suppdryechanging in the color
of cured cells which refers to change in the baatazell wall had been
occurred. May also be that the genes which wer@oresble for the
antifungal compound production located on plasmdirbt appeared in the

gel (possibly due to its large size)
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<« Chromosomal DNA

Plasmid DNA bands

RNA

Figure (3-6): Gel electrophoresis of plasmids cont¢ of P.aeruginosa
OML13 before and after treatment with SDS on agarosgel (0.7%) in TBE
buffer at 5V/cm for 2 hrs.

1. Plasmid content of theP.aeruginosa OM13

2. Plasmid content of theP.aeruginosa OM13 (cured)
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3.4.2-Transformation
The ability of antifungal compound production titai transfer from one
bacterium to another by transformation is anothethamd to determine
whether antifungal production genes are locategblaamid or not. For this
reason transformation experiments were performetivden DNA of
P.aeruginosa OM13 (Cmj, produce antifungal compound) as a donor and
E.coli MM294 (Cni, does not produce antifungal compound) as a eaipi
Transformation mixtures were spread on a nutriagar medium
containing chloramphenicol in order to select tfameant colonies. Results
showed that all attempts to isolate transformedrdaek which have the ability
to resist chloramphenicol and inhibit fungal growtére not succeed.
Failure to select transformant€.coli able to inhibit fungal growth )
may be due to one of the following reasons:
» -Transformation between different strains of diéier species is not
always possible.
« The DNA were taken up bE.coli but have been degraded by host
nucleases enzymes.
« The DNA were taken up b¥t.coli but were unable to replicate or
express their genetic marker (chloramphenicolhanew hostK.coli
MM294 )

50
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3.5- Mutagenesis oP.aeruginosa:
In an attempt to enhance antifungal compound primiudy P.
aeruginosa OM13 the survival curve op.aeruginosa OM 13 after

treatment with MNNG at different time is shown igure (3-6).

It was found that this bacterium was sensitivéMtdNG. The survival
curve showed increase of the lethal percentagenexp@lly with increasing
the time of exposure to MNNG, and the highest leflesicentage or the less
survival percentage was (0.1%) when the bacterias tneated with  MNNG
(30pg/ml) for 60 min. The treatment (15min) ledatsurvival percentage of
5.8% (94.2% killing). Therefore, it was selected dautants isolation.

It is known that MNNG is an effective mutagenicngmund. It can
generate mispairing lesion by adding alkyl group (aethyl group) to various
position on nucleic acids and hence missreplicadoBNA, or missrepair of
damaged DNA. Some of these lesions are potentlelltyal as they can
interfere with the unwinding of the DNA during regaltion and transcription
(Freifelder, 1987). It also can induce mutationdoyerror prone DNA repair
pathway (Stonesifeet al., 1985). Many studies dealing with the effect of
MNNG on different bacteria Qlostridium butyricum, Micrococcus spp.)
showed that these bacteria were sensitive XNk (Carrasco and Soto, 1987,
Al-Bakri and Umran, 1994).
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Figure (3-7) effect of MNNG (30 pug/ml) on a suspensof P.aeruginosa
OM13 in phosphate buffer (pH= 7).
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3.6-Bioassay the antifungal activity of the Mutants

In order to know the effect of mutagenesis by MNMGmMprove the
production of antifungal compound HWy.aeruginosa OM13, mutagenized
culture from the selected treatments (bacteriaadeaith 30 g/ml of MNNG
for 15 min) were replica plated on King A agar plat an attempt to detect
any difference in color which is used as an ingic&r antifungal compound
production.

Results showed that there is no difference in cofabtained colonies
compared with W.T. For this reason, an alternatmethod for the detection of
antifungal compound production was employed foesomg of antifungal
compound produced by.aeruginosa OM13 mutants, in which (50) colonies
named (RA1-RA50) were grown in peptone broth intcethat 37°C for 18 hrs
then cells was pelleted by centrifugation, thenghpernatant was taken and
the antifungal compound production was determinechbasuring the optical
density at 520 nm. In addition, agar well method \aso used in which the
filtrate of the mutants were cultured with the fusgA. alternata and the
inhibition zone was measured after 5 days of intahaand compared with
the inhibition zone caused by W.T.

Results in table (3-3) indicated that coloniesaot®d after treatment
with MNNG varied in production of antifungal compa in which(34%) of
the mutants showed an increase in O.D. while (26186ved decrease, at the
same time other mutants(40%) remained the sanieeasild type.

Results showed also the relationship between thB. @nd the
inhibition zone, in which (5) colonies showed irtsgng more than four times.
It was also seen that (RA5) gave a highest O.D areasent (nine times) and

the highest inhibition zone.
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Table (3-4) O.onmValues and inhibition zone causedmgeruginosaOM13
mutants after treatment with MNNG (30ug/ml for 1&ini

Bacterial isolates 0.Ds20nm Inhibition zone
(mm)
OM13 o1 -
RA™L 0.45 10
RA2 0.56 10
RA3 0.7 10
RA4 0.8 10
RA5 0.9 P
RAG 0.29 5
RA7 0.28 5
RA 0.28 5
RA9 0.26 5
RA10 0.23 )
RA11 0.23 )
RA12 0.21 -
RA13 0.21 )
RA14 53 -
RA15 3 :
RA16 03 -
RAL7 53 -
RA18 0.15 5
RA19 0.16 6
RA20 0.12 5
RA21 0.16 6
RA22 0.12 5
RA23 0.18 7
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RA24 0.16 6
RA25 0.15 6
RA26 0.14 5
RA27 0.17 6
RA28 0.1 )
RA29 0.17 6
RA30 0.16 6
RA31 0.14 6
RA32 0.18 8
RA33 0.13 6
RA34 0.16 7
RA35 0.17 v
RA36 0.16 8
RA37 0.18 8
RA38 0.06 4
RA39 0.018 2
RA40 0.076 5
RA41 0.012 2
RA42 0.03 3
RA43 0.05 3
RA44 0.07 4
RA45 0.01 2
RA46 0.03 3
RA47 0.01 2
RA48 0.07 4
RA49 0.07 5
RA50 0.08 5

OM13 : W.T *:P. aeruginosa after treated with MNNG (30pg/ml)
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Results indicated that MNNG caused random mutaitiothe genes
responsible for antifungal compound production. Thatation may have
occurred in the regulatory genes rhl I/R las I/Bttlocated elsewhere in the
genome which is controlling the phenazine produnciroP.aeruginosa due to
decreasing in the antifungal compound productidra®onret al., 2001).

Mavrodi et al., (2006) reported thaP.aeruginosa have biosynthetic
operons which are sufficient for production of sengompound phenazine-1-
carboxylic acid (PCA). And subsequent conversiorPGfA to pyocyanin is
mediated by two novel phenazine modifying genezMland phz S, that
encode putative phenazine —specific methyl traasgerand flavin containing
monooxygenase enzyme respectively. So the mutatey have occurred in
this operon and led to decrease in the producticantfungal compound by
these mutants.

The increase in the antifungal compound produdtiom other mutants
may be attributed to the mutation occurring in {&ac S /Gac A) which
controlls the secondary metabolite production atgbsttranscriptional level
involving the RNA binding proteins RsmA as a kegukatory element. RsmA
Is presumed to interact with specific ribosome gdsites present in the
target genes and thereby prevent translation. 8adslation repression can
be elevated by the action of small regulatory RIR&m Y and RsmZ whose
expression is controlled by the Gac S /Gac A systemesponse to signal
molecules produced Hyseudomonas at the end of exponential growth phase
(Reimmanret al .,2005).

MNNG was used successfully to mutate and to gétrdnt mutants
from different bacteria. In 1974 Carson and Jenssed MNNG in
recognition of phenazine pigment (pyocyanin) mutantP.aeruginosa. Al-
Gelawi (1999) used MNNG to isolate salt sensitivegants fromMicrococcus
spp. strain G1.
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3.7- Characterization of the antifungal compound:
The following tests were performed in order torelaterize the partially
purified antifungal compound, and the results oésth tests were as

follows:-

« TLC analysis of antifungal compound:

When the partially purified antifungal compoumes spotted on
silica-gel TLC plate (1&10 cm) and examined under UV transilluminator for
characterization and purification, the result shdweat the active antifungal
compound has a single dark fluorescent spot undétight and has an R

value of (0.32) as illustrated in figure(3-8).

Figure (3-8) TLC analysis for the partially purdi@ntifungal compound
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o UV absorption:

The UV absorption spectrum figure (3-9) for the tiadly

purified antifungal compound shows two peak=819nm and 356 nm. These
bands may be attributed torar* and n«t* transition respectively.

A similar result was reported by authors workinghwpyocyanine
produced byP.aeruginosa (Vukomanovicet al., 1997).

4
3 _
"
:
2 \
| | II".I
q .n'l
0 ! . — ———
200 300 400

500 600
Wavelangth (nm)

Figure (3-9) UV spectrum of the partially purified antifungal compound
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e IR analysis:-

The partially purified compound was subjected te 1R analysis,
figure (3-11), in order to know the functional cheah groups that are
found in the compound that may lead us to propopessible chemical
structure of the compound. Depending on Socrat33Q) for infra-red
spectrum characterization of organic compoundsaoansbecialist chemist
at the Chemistry Department at Al-Mustansirya ursitg. The IR results
of the partially purified compound (the main img@ort absorption bands)
shows the presence of different bands correspontbnthe following
functional groups present in the molecular strietstretching bands at
2950 cnit for (C-Hyipn) due to methyl group, 3090 &nfor (C-Harom ),
1600 cnt for (C=Cyom), 3200 crif for (O-H),1650 critfor (C=N), 1450
cm ™ for (C-Nyeic), 1200 crit for (C-Nyom), 1100 crit for (C-O). This
result was also supported by IR analysis of pyokydrom Integrated
Spectral Data Base System for Organic CompoundB&3[Dntrenet 1].

As shown from the IR results and by depending mectimlist chemists
we can propose the possible chemical structuréhefpiartially purified
antifungal compound fig (3-10) as follows:-
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Figure (3-10) The proposed chemical structure of # partially
purified antifungal compound from the IR results.
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1.1-Introduction

Plant diseases, caused primarily by fungal and bacterial pathogens,
cause severe losses to agricultural and horticultural crops every year. These
losses result in reduced food supplies, poorer-quality agricultural products,
economic hardships for growers and processes, and ultimately, higher
price. Traditional chemical control methods are not always economical or
effective for many diseases, and some chemical controls may have
unwanted health, safety and environmental risks.

Biological control involves the use of beneficial microorganisms,
such as specialized fungi and bacteria, to attack and control plant pathogens
and the diseases they cause. Biological control offers an environmentally
friendly approach to the management of plant disease and can be
incorporated with cultural and physical controls and limited chemical usage
for an effective and integrated disease-management system. Biological
control can be an important component in the development of more

sustainable agricultural systems (Rovera et al., 2000).

Certain strains of root colonizing fluorescent Pseudomonas spp.
particularly Pseudomonas putida and Pseudomonas fluorescens which are
commonly isolated from the plant rhizosphere, have shown to protect plant
from funga infection. Two factors have been sited as essentia for
biocontrol: colonization of the rhizosphere and production of antibiotics
(Jayaswal et al., 1990).

The fluorescent Pseudomonas produce a variety of biologically active
natural products (Budzikiewicz, 1993), many of which have an ecological
function in these gram-negative bacteria. Some of these natural products

contribute to the suppression of plant-pathogenic fungi (Thomashow,
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1996), where as other are important virulence factors of certain plant-
pathogenic Pseudomonas species (Thompson et al ., 2003).

Disease suppression is mainly due to the antifungal metabolites
phenazine, pyoluteorin, 2,4-diacetylphloroglucinol, pyrolnitrin and
hydrogen cyanide (HCN) which are produced at the end of the exponential
growth (Maurhofer et al ., 1998; Schnider-Keel et al ., 2000) .

Certain member of the genus Pseudomonas produce diverse low
molecular weight secondary metabolites including nitrogen containing
heterocyclic pigments known as phenazine compound (Whistler and
Pierson .,2003) since phenazines are involved directly in successful disease
control. Understanding the regulatory systems that contribute to phenazine
production may result in more consistent disease control under various
field conditions. Increase the production of such compound by using
genetic method and understanding the environmental factors that regulate
the biosynthesis of these antimicrobial compounds by disease-suppressive
strains of Pseudomonas is an essential step towards improving the level
and reliability of their biocontrol activity.

According to the above and because the very limited studies about
the genetics of antifungal compound production by Pseudomonas, this
study was conducted with the following aims: -

1. Determination the plasmid profile of Pseudomonas aeruginosa

OM13.

2. Determination the role of plasmid of this bacterium in antifungal
compound production by curing and transformation experiments.

3. Improving the ability of Pseudomonas aeruginosa OM 13 to produce
antifungal compound by mutagenesis.

4. |dentification and characterization the antifungal compound by IR
analysis and UV absorption spectrum.
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Materials and methods

2.1- Chemicals:

The chemicals used in this study are the following:

N Company (Origin)
Glucose, Sucrose Analar (U.K)
Glycerin, ethanol, NaOH Merck (Germany)
Chloroform,Acetone,Urea,peptone BDH (U.K)
NaCl, HCI, NaHPQ,, NgHPO, BDH (U.K)
Agar Biolife (Italy)
Boric acid , Bromophenol blue Riedel-Dettaen (Garma
Ethidium bromide , Agarose Sigma (USA)
Sodium dodecylsulfate (SDS)Fluka (Switzer-land)
Tris(hydroxy methyl) amino methane base,
Ethylenediamine-tetraacetic acid (EDTA),
N-methyl-N-nitro-N-nitrosoguanidine
(MNNG)

2.2-Antibiotics:

The following antibiotic discs were used duringstetudy:

Antibiotics Abbreviations | Concentration Source
(ug/disc) (origin)
Ampicillin Amp 10 Bioanalyse LTD
Tetracycline TE 30 Bioanalyse LTD
Chloramphenicol C 30 Bioanalyse LTD
Erythromycin E 15 Bioanalyse LTD
Aztreonam ATM 30 Bioanalyse LTD
Streptomycin S 10 Bioanalyse LTD
Gentamycin CN 10 Bioanalyse LTD
Vancomycin V 30 Bioanalyse LTD
Norfloxacin NOR 10 Bioanalyse LTD
Carbencillin CRB 100 Bioanalyse LTD
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2.3- Equipments and Apparatus:

The following equipments

and apparatus were usauhgl this

study:

Equipment Company (Origin)
Autoclave Express (West-Germany)
Incubator Termaks (U.K)

Distillator GFL (Germany)

Oven Gallen Kamp Sayo (U.K)

Millipore filter paper unit

Miliporecorp (USA)

pH-meter Metler Toledo (U.K)
Centrifuge Hermle £o A (Germany)
Shaker incubator GFL (Germany)
Sensitive balance Metler Ak (Switzerland)

UV-transilluminator

Vilber Lourmat (France)

Silica gel thin laye

chromatographic plate

" Merek(Germany)

Cooling centrifuge

Harrier (U.K.)

Micropipette

Witey (Germany)

Water bath

GFL (Germany)

Minimal electrophoresis apparatu

s Bio Rad (Italy)

Balance

Ohans (France)

Spectrophotometer

Aurora instruments Ltd.(England)

Eppendrof bench centrifuge

Netherler and Hinz (GNIBBermany)

Vortex

Buchi (Swissrain)
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2.4-Microorganisms:

Microorganisms used in this studyelisted bellow: -

Bacteria strain Phenotype Source
E.coli MM294 Rif '
E.coliHB101

_ Amp ", Tc' _

harboring pBR322 Department of Biotechnology, Al-
P.aeruginosa OM13 Cm' Nahrain University
Rhizoctonia solani W.T
Alternaria alternata W.T
2.5- Media:

2.5.1- Ready to use media:
These media were prepared according to the manuifag
companies and sterilized by autoclave at 121 Ci%omin:
1-Nutrient broth (Biolife)
2-Nutrient agar (Fluka)
3-Trypticase soy broth (Biolife)
4- Trypticase soy agar (Biolife)
5-Potato dextrose agar (Oxoide)

2.5.2-Laboratory prepared media:
- Antifungal compound assay media (peptonetth):

It is composed of:

Peptone 1%
NacCl 1%
Glycerol 1%

Sterilized by autoclave at 121°C for 15 min
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-King A (Starr etal., 1981)

Peptone 209
K.SO, 10g
MgCl, 1.4g

Glycerol 10 mi

Agar 159
D.W. 1000 mi

pH was adjusted to 7.2 and sterilized by autoclavinta°C for 15 min.

2.6- Buffers and Solutions

2.6.1- Plasmid extraction buffers and solutions:

-TE buffer (Maniatis et al., 1982):
EDTA 1mM
Tris-OH 10mM
pH was adjusted to 8.0 and sterilized by autoclave.

-SET buffer (Maniatis et al., 1982):

EDTA 25 mM
Tris- HCI 20 mM
NacCl 75 mM

pH was adjusted to 8.0 and sterilized by autoclave.

-NaCl solution (5M) in distilled water (Kieser, 19%).

-SDS solution (Kieser, 1995):

It was freshly prepared by dissolving 10 L0 ml of sterile distilled

water.
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-Lysozyme solution (Kieser, 1995):
This solution was freshly prepared by dissajvibO mg lysozyme

enzyme in 1 ml of sterile distilled water.

2.6.2-Plasmid isolation by miniprep kit solutions:

1. Solution No .1 (suspension buffer): Tris-HCI, EDPA:8
Solution No .2(lysis buffer): NaOH, SDS pH: 12
Solution No .3(potassium acetate): potassium sezeta
Solution No .4(precipitation buffer): mineral salts
Solution No .5(binding buffer): guanidine and sdrbe
Solution No .6(elution buffer): Tris-HCI .

R e

2.6.3- Electrophoresis buffer:

-5X Tris —Borate-EDTA (TBE) (pH 8.0) (Maniatis et al., 1982) :
Tris-base 54 g
Boric acid 275¢
EDTA (0.5M) 20 ml
Distilled water to 1L

-Ethidium bromide (Maniatis et al., 1982):

Prepared in concentration 10mg/ml in distilled waied store at 4 °C.

-6X Gel loading buffer (Maniatis et al., 1982):
Bromophenol blue 0.25 % (w/v)
Sucrose in D.W 40 % (wiv)
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2.6.4- Curing solution:
It was prepared as stock solution of SDS (10% wvyistilled

water.

2.6.5- Transformation solutions(Sambrook and Russell., 2001):
a-MgChL—-CaC} solution (80mM, 20mM)
b-CaC} solution (0.1 M)

2.6.6- Antibiotics solutiongSambrook and Russell ., 2001):
Ampicillin, chloramphenicol, aztreonam, erythromyci were
prepared as stock solution of 100mg/ml of antibigtowders in distilled

water, sterilized by filtration and stored at —20°C

2.6.7-Mutagenesis solutions
2.6.7.1-phosphate buffer (pH =7.0)

NaH,PO, 14.3g
NaHPO, 1.14g
D.W 1L

2.6.7.2- N-methyl-N-nitro-N-nitrosoguanidine (MNNG)solution:
It was prepared as stock solution of MBNLOmg/ml) in phosphate
buffer (pH = 7.0).
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2.7- Methods
2.7.1- Sterilization methods (Collins and Lyne, 198:

a- Culture media (liquid and solid) and solutions weterilized by
autoclaving at 121°C, 15 Ibfifior 15 minutes.

b- Glasswares (cylinders, petridishes, etc....) wereiliged in an
electric oven at 180-200 °C for 2 hours.

c- Thermolabile components or materials (such as sugad amino

acids) were sterilized by filtration through Milbpe filter paper (0.2
um).

2.7.2- Maintenance of bacterial strains:
Maintenance of bacterial strains were performedombtng to
Maniatiset al., (1982) and as follows:

1- Short — term storage:
Colonies of bacteria were maintained for pesiofl few weeks on
the surface of nutrient agar media, the plates vigiely wrapped in
parafilm and stored at 4°C.

2- Medium — term storage:

Bacterial isolates were maintained bgaking on slant of nutrient
agar medium for period of few months. Such mediuas \wrepared in
screw-capped vials containing 10-15 ml of the medilihe isolates were
streaked on these slant media and incubated at f8r°24 hr, the slants

with well growth were wrapped with parafilm andrgt at 4°C.
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3- Long — term storage:

Bacteria can be stored for many years in nutrigothb medium
containing 15% glycerol at low temperature withsignificant loss of
viability. This was done by adding 1.5 ml of steed glycerol to an
exponential growth of bacteria in a small screwpsapbottle with final

volume 10 ml and stored at —20 °C.

2.7.3- Maintenance of fungal isolates:

Fungal isolates were maintained for periods of fexeks on potato-
dextrose agar (PDA) plates and maintained on slantise same medium

for few months at 4°C.

2.7.4-Bioassay the antifungal activity ofP.aeruginosa OM13
(Kobayashi et al., 2000 ; Gupta et al., 2001):

In order to examine the antagonistic propertiebarfterial isolate
against phytopathogenic fungi, a dual culture tesqlmn was carried out
which is the simplest method to detect antifungaivéty. In this technique
an agar block (5 mm-diameters) of 5- day-old celtaf fungal pathogen
was placed in the center of plate containing padatdrose agar (PDA).

A loopful of 24-hrs-old culture of the tested ba@ePseudomonas
aeruginosa OM13 was inoculated at 2 cm juxtaposed to the &lingnd
some plates were left without inoculation of thetkaa which served as
control. The plates were incubated at 28°C + 15fdays and inhibition of
fungal growth was measured.

The antifungal activity of bacterial filtrat® @eruginosa OM13) was
also examined by agar-well method, Trypticase soyhb(TSB) inoculated
with P. aeruginosa OM13 was incubated at 28+1 °C for 5days.

Then centrifuged at 7000 rpm for 15 min. The suatmnt was
finally passed through a millipore filter (Oi#n) to get cell-free culture
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filtrate. One or two wells (5 mm diameter) werepgaeed with the help of
arterial cork borer on (PDA) plates in one radilsgm away from the
center. An actively growing fungal mycelia disc (@inwas placed in the
center of the plate. The culture filtrate (crudeérast, purified antifungal
compound) (10@l) was pipetted in each well. The plates were iatad at

28 +1°C and inhibition of the fungal growth wasaeted after 5 days.

2.7.5- Antibiotic sensitivity test(Atlas et al., 1995)

The disc diffusion method was used to test thebatic sensitivity
of theP. aeruginosa OM13, in order to find a genetic marker that colodd
useful in transformation experiment. A sterile oatswab was dipped in to
the inoculums (18 hr culture) and the entire sw@fat the nutrient agar
plate was swabbed three times by rotating the pgigroximately 60°
between streaking to ensure even distribution. Ttherdiscs of antibiotic
were applied and the plates incubated at 37 °C.zdhe of inhibition was
observed after incubation for 18 hrs. The antibiatensitivity of the
bacterium was determined according to the Natio@ammittee for
Clinical Laboratory Standards (NCCLS, 1991).
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2.7.6- Plasmid extraction:

Salting out method and plasmid isolation miniprépwere used to

isolate plasmid DNA as follows:

2.7.6.1-Salting out method (Kieser, 1995):

Culture of bacteria grown in 20 ml of nutrient brptvas pelleted by
centrifugation at 6000 rpm for 15 min.

The pellet washed with 3 ml of SET buffer, and ttedls were

resusped with 1.6 ml of SET buffer, and then freshtepared
lysozyme (final concentration 1mg /ml) was added sartubated at
37°C for 30 min.

One ml of 10% SDS was added and mixed by inversiban

incubate at room temperature for 30 min.

Two ml of 5M NaCl was added and mixed by inversainroom

temperature.

An equal volume of chloroform was added, mixed iyersion for

15 min. then centrifuged (6000 rpm at 4°C) for 28.m

The aqueous phase was transferred to anotherestebié, and 0.6
volume of isopropanol was added mixed by inversiomd kept at

room temperature for 5 min.

Centrifuged at 13000 rpm for 15 min. at 4°C.

The isopropanol was discarded and the precipitBtéd dissolved

in 100 pl TE buffer and stored at —20 °C.

2.7.6.2-Plasmid isolation Kkit:

The plasmid DNA was isolated by using a plasmidlaison

miniprepe kit (US biological) as following:

 Two ml of bacterial suspension was pelletted bytrdeigation

(6000 rpm 4C) for 1 min supernatant discarded.
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* One hundred micro liter of solution NO.1 (2.6.2)swadded and
vortex vigorously (up to complete cell homogeniaaji

* One hundred micro liter of solution NO.2 (2.6.2revadded. The
tube was inverted five times, incubated at room pemture

(25°C for 3 min).

* One hundred micro liter of solution NO.3 (2.6.2)reveadded.
Then mixed by inverting the tube five times, anduipated at
room temperature for 3 min.

e Two hundred microliter of solution NO.4 (2.6.2) weadded and
centrifuged at 12000 rpm for 3 min.

» The aqueous phase (400ul) was transferred to a héw
eppendroff tube, and (800ul) of solution No.5 (2)6vas added
vortex 3-5 second and then incubated at room teayer for 3
min. Vortex 3-5 second and centrifuged it for 10hnm 6000
rpm.

» The supernatant was discarded.

* One ml of 50% ethanol was added. Vortexed for ® sdconds,
pelletted by centrifugation at 6000 rpm for 1 min.

* The supernatant was discarded. The last step waesafssl.

* The pellet was dried for 3 min in 45° C.

» The pellet was suspended in 30ul of solution N®6.R)
centrifuged for 1 min at 12000 rpm and then ger2&bul of
supernatant was transferred to a new tube, whictiago the
plasmid DNA.

2.7.7- Agarose gel electrophoresis (Maniatet al., 1982) :

Agarose gels (0.7%) were run horizontally in Tredde-EDTA
(TBE 1X). Sample of DNA were mixed with 1/10 voluroéthe loading
buffer and added to the wells on the gel. Generg#ywas run for 2-3 hrs.
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at 5 V/ cm and the gel buffer added up to the lesfehorizontal gel
surface. Agarose gels were stained with ethidiuomitle by immersing
them in distilled water containing the dye at aaficoncentration of 0.5
png/ml for 30-45 min. DNA bands were visualized byUlumination at
302 nm on a U.V Transilluminator. Gels were destdim distilled water

for 30-60 min. to get ride of background before tolgoaphs were taken.

2.7.8- Role of plasmid in antifungal compound prodction:
2.7.8.1-Curing of plasmid DNA

Curing experiments were performed Bnaeruginosa OM13 by
using curing agent (SDS) and depending on Trei®8g). Bacterium was
grown in 5 ml of nutrient broth to mid log phasken 0.05 ml inoculums
of the culture were inoculated in a series of Smséli nutrient broth tubes
containing various concentration of SDS (0% , 1286,, 3% , 4% , 5% ,
6%, 7%, 8%, 9%, 10%) . All tubes were incubate87a8C for 24-48 hrs.

The growth density of different tubes was obserlgdicked eye
and compared with control to determine the effdc6DS on bacterial
growth. The lowest concentration of SDS that inleidithe growth of
bacterial isolate considered as the minimum inbrgitconcentration
(MIC).

Samples were taken from tube containing the higbestentration
of SDS that still allowed bacterial growth, andutild appropriately, then
0.1 ml from proper dilution were spread on nutriagar plates and
incubated overnight at 37 °C to score the colothassurvived.

Survived colonies (100 colonies) were analyzedtlier presence or
absence of antibiotics resistance as a result iofirgting the plasmid.
Those colonies were replica plated (using toothpiock nutrient agar
(master plates), and on nutrient agar containingpiatic to which the

original isolate is resistant.
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If colonies were able to grow on the master platé ot on the

selective agar containing the appropriate antibjotimeans that the cells

of this colony are cured cells that lost the resise to this antibiotic. These

colonies (cured) were tested for their abilityribit fungal growth.

2.7.8.2-Transformation Sambrook and Russel, 2001):
Attempts were done to transfoicoli MM294 (Rif " )with DNA of

P.aeruginosa OM13 as follow :-

One hundred milliliter of nutrient broth were indated with a
single colony ofE.coli MM294. the culture was incubated for 3
hrs at 37°C with vigorous agitation.

The bacterial cells were transferred to sterilspdsable ice cold
50 ml falcon tube, cooled the culture to 0°C byistpthe tubes
on ice for 10 minutes

The cells were recovered by centrifugation at 6g&@ for 15
min at 4°C.

The pellet was resuspended by gentle vortexing0irmB of ice
cold [MgChL-CaCh (80mM, 20 mM)].

The cells were recovered by centrifugation at 6g&@ for 10
min at 4°C.

The pellet was resuspended by gentle vortexing ml 2f ice-
cold 0.1M CadGlfor each 50 ml of original culture.

Two hundred micro liter of each suspension of caepecells
were transferred to a sterile tube using a chiflecropipette tip,
DNA was add to each tube (10ul). the tubes was Mikg
swirling gently, and stored on ice for 30 minutes.

The tubes were transferred to a rack, placed irebgated 42°C
circulating water bath, tubes stored in a rackd0rseconds (the

tubes should not be shaken).
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* The tubes were transferred rapidly to an ice b .cells were
allowed to chill for 1-2 minutes.

* Nutrient broth medium (800 pl) was added to eadbe tu the
cultures incubated for 45 min. at 37 °C to allowctbaa to
recover and to express the marker encoded by th& .DN

 Then 0.1 ml samples of the transformation mixtuerendiluted
properly and plated on to nutrient agar medium @oimg
chloramphenicol.

* The plates were inverted and incubated at 37°Cnsfoamed
colonies (Crh) should appear and tested for fungal growth
inhibition.

» Two controls were made. In the first, 10ul of DNAsvadded to
100ul of TE buffer, while in the second 10ul of bHffer was
added to 100ul of cell suspension of competentscalhd
spreaded on nutrient agar medium containing chlphemicol

and incubated as with the transformation mixture.

2.7.9- Mutagenesis:

Mutagenesis ofP.aeruginosa OM13 were made in an attempt to
improve the production of antifungal compound b thacterium and as
follow:

Cells were harvested from 10 ml of mid-exponenpalase by
centrifugation (6000 rpm, 10 min., 4°C), washed essilispended in 10 mi
phosphate buffer MNNG was added to the bacterigpesion to a final
concentration of 30pug/ml. The mixture was incubasd37 °C with
shaking. At various time intervals (0, 15, 30, 88) min. two samples of
each treatment were taken and as follow : 0.1 sahjted properly and
spread on nutrient agar for 24 hrs to determine thial viable

count(survival percentage), and 0.2 ml sample at2@ ml nutrient broth
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and incubated for 24 hr at 37 °C for expressidrentdiluted properly and
spread on nutrient agar .Plates were incubate@d4dirs .according to the
MNNG survival curve ,the treatment that led to avaial percentage of
approximately 10% as compared with the control seespected to have the
higher mutation frequency .From this treatment mloer of colonies (50)
were selected and tested for their ability to iithflangal growth and

compared with the original isolate.

2.7.10-Bioassay the antifungal activity of mutantell:

2.7.10.1-Spectrophotometrical method:

The antifungal compound production Byaeruginosa OM13 after
being treated with mutagenic agent (MNNG) was deiteed as described
by (Essaet al., (1990); Sarkisovat al.,( 2005) as follows:

W.T and (50) mutants were incubated for 18 h atC3iff peptone
broth (1% peptone, 1% NaCl, 1% glycerol). Thensalere pelleted by
centrifugation at 6000 rpm for 20min and the antoah antifungal
compound was determined for the supernatant spdaitometrically at
520 nm.

2.7.10.2-Inhibition zone method:
The antifungal activity of 50 mutants were deterad by measuring

the zone of inhibition as described in (2.7.4).
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2.7.11-Isolation and purification of the antifungalcompound

(Kobayashiet al., 2000; Roveraet al., 2001):

Trypticase soy broth (TSB) medium was inoculatedhwa
loopful of fresh (24-hour old) culture d?. aeruginosa OM13 and
incubated at 28+1°C for 5 days. It was then cargafl at 7000 rpm for
15 min, and the supernatant was finally passedigir@a Millipore filter
(0.2 um porosity) to get cell free culture filtrateat contains the
antifungal compound.

In order to extract the antifungal compound, thieatie was treated
with chloroform (20 ml for 20 ml filtrate) in semmg funnels, the
chloroform was added in two batches, and each lwatetains 10 ml of
chloroform. In each time of extraction the sepatiunnel was shake
vigorously, after two phase were separated and ckb& organic phase
(which contain the antifungal compound ) was taked chloroform
was evaporated in an oven at 40°C for 24 hrs . dreeipitate was
purified by using preparative TLC on a silica g&lte , in which thin
layer chromatography was carried out with crudeaettand acetone as
a mobile phase and the relative mobility of egobt svas determined
considering relative flow (f

The activity of purified antifungal compound wasngmared with

that of the crude extract.
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2.7.12-Characterization of the partially purified antifungal

compound:
In an attempt to characterize the partially pudfi@antifungal

compound the following tests were performed:

* Determination of the R value:
Another type of characterization is to know thedue of the
partially purified antifungal compound and thesevdtues were measured
at the same conditions that were used in this sfugiyng silica gel thin

layer chromatographic plate (TLC) and using chlorof as mobile phase].

 Determination of UV absorbance:

In order to identify the antifungal compound proed by
P. aeruginosa OM13, the partially purified antifungal compoundasv
subjected to UV absorption spectrum to show them@ben bands in the

sample.

The UV absorbance was done at the Chemistry Dmpattat the
College of Science/ Al-Mustansirya University arfast will give the
absorbance of the functional chemical groups that faund in the
compound in order to propose a possible chemiaaictsire of that

compound.

* IR analysis:
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Depending on Socrates, (1980) for the identificatiof
antifungal compound produced W aeruginosa OM13, the partially
purified antifungal compound was subjected to theasarement of the

infrared (IR) for the characterization of the compd.

The IR spectrum was done at the Chemistry Depaittraé the
College of Science/ Al-Mustansirya University ahdstspectrum will give
the functional chemical groups that are found & ¢bmpound in order to

propose a possible chemical structure of that camgo
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