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Abstract .

Two phage isolates for Pseudomonas putida were isolated from soil
cultivated with potato by the enrichment culture technique and signed as PP,
and PP,. The phages were propagated and purified by polyethylene glycol,
6000-sodium dextran sulfate 500 two phase system. The two phages had
different ultraviolet absorption spectra. Results of the lytic pattern of both
phages showed that, they had a restricted host range. Particle morphology of
the isolated phages was determined and it was found that the two viruses
have tadpole shape, which phage PP, has an isometric head (135 nm) and
long non-contractile tail (225 nm) whereas phage PP, has an isometric head
(121 nm) and long contractile tail (202 nm), the tail possing an outer sheath
(135 nm) and neck (27 nm). Protein patterns of the isolated Ps. putida
phages were analysed by SDS-PAGE and the data revealed that phage PP,
had 16 structural proteins, 6 are known and the other are extrapolated, but
phage PP, had 13 structural proteins 5 are known and the others are
extrapolated. Both viruses have one molecule of the nucleic acid DNA with
molecular weight of 2223 bp and 2559 bp for PP, and PP, respectively.

Key words: Pseudomonas putida, Phages, Isolation, Purification,
Electron microscopy, SDS-PAGE, DNA, Lytic pattern.
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Genus Pseudomonas has  percentage, growth of plants and

tremendous importance and that, due  phosphorus uptake of many plants

to it’s widespread distribution in soil
and it’s ability to utilize a wide
range of organic substances as
carbon or nitrogen sources. Pseudo-
monas putida is one of the
saprophytic - fluorescent  Pseudo-
monas which comprise an important
- group of bacteria used for biological
control of micro-fungi of the plant
rhizosphere (Bergsma-Vlami ef al.,

(Alok-Sarma et al., 2003).

Virulent bacteriophages play an
important role in  decreasing
numbers of Pseudomonas putida in
the soil and subsequently their role
which reflects on the plants causing
decreasing in yield.

Virulent ~ viruses  infecting
Pseudomonas(Pseudomonas phages)
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were isolated from different sources,
1.e. plant leaves, seedlings, seeds
(Miyajima, 1980), field free and
rhizosphere soils (Kakutani ef al.,
1994), and raw sewage (Thomas

and Leary, 1983). Isolation of
Pseudomonas  phages  almost,
achieved by enrichment liquid

method (Mosa ef al., 1996). The
most  effective = method  for
concentrating and purifying of
Pseudomonas phages as well as
many bacteriophages can be done
using polyethylene glycol, 6,000,
differential centrifugation and 10-
40% sucrose density gradient
centrifugation (Tokarchuk et al.,
1975). Pseudomonas bacteriophages
form different plaques ranging from
small to large clear (Kakcutani et
al., 1994). Some Pseudomonas
fluorescens  phages have an
isometric icosahedral head and a
short or long contractile or non
contractile tail with different
diameters (Keel et al., 2002).

Many investigators studied
Pseudomonas phage/host patterns
and reported that phages attack their
Pseudomonas strains with different
degree of activities. The Iytic
activity of Pseudomonas phages is
either specific in which the phage
lysis only a single strain of
Pseudomonas or polyvalent in which
the phage lyses numerous strains of
Pseudomonas (Mosa et al., 1996).

Protein structure of Pseudomonas
phages was determined by SDS-
polyacrylamide gel electrophoresis,
and it was found that,

bacteriophages differ between them
in their protein patterns (Auling,
1978).

Because of the little knowledge
about the bacteriophages specific for
fluorescens Pseudo-monas
particularly Pseudomonas putidae in
the Egyptian soil. This investigation
was planned to isolate, purify and
characterize some phage isolates
occur in the soil, depending upon the
lytic pattern, electron microscopy,
protein patterns and serology.

Materials and Methods
Source of bacteria:

‘Bacterial strains of Ps. putida and
Ps. fluorescens were kindly obtained
from Plant Pathology Dept., Fac. of
Agric., Ain Shams Univ., Cairo,
Egypt. They were grown on the
King’s medium (10.0 g peptone,
0.75 g K;HPOq4, 0.75 g MgSOy, 7.5
ml glycerol and 1.5% agar).

Isolation of bacteriophages :

Clay loamy and sandy soil samples
were collected from, soil cultivated
with potato plants at Qalubia
Governorate (Farm of Fac. Agric,
Shoubra El-Khima and Basos) and
Sharkia Governorate (Dahshour).
Phages were isolated using the
enrichment culture technique Eayre
et al. (1995) as follows :

Five g of each sieved soil sample,
001 of CaCO; and § ml broth
cultures Ps. spp. (24 hr old) were
added into 250 ml Erlenmeyer flasks
containing 100 ml of King's
medium,
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After shake- culturing on o rotary
shaker for 72 h at 30°C, the cultures
were centrifuged at 6000 rpm for 15
min. Supernatants were decanted in
test«tubes  and  mixed  with
chloroform (1:10 v/v), vortexes and
centrifuged for 15 min at 6000 rpm.
The  resulting  upper  phase
supernatants (crude phage lysates)
were separated from the chloroform,
and stored in sterile vials at 4°C,

Assaying of bacteriophages:

Qualitative  and  quantitative
nssaying of the isolated two phages
were carried out using the spot test
and double layer agar plate methods,
The phages presumptively
responsible for the plaques were
purified by three times of single
plaque isolation (Tanaka er al.
1990), to obtain a single purified

plaque type.
Propagation and purification;

Phage lysate of each isolated phage
was  propagated according to
Tanaka et al. (1990) to prepare high
titre suspension of the phage.

The propagated high titre phage
stock was purified and concentrated
according 1o Othman (1997) by
sedimentation by  polyethylene
glycol (PEG 6000), dextran sulphate
two phage system 65.0, 2.0 and 17,0
g of PEG, sodium dextran sulfate
and NaCl) were added to 1000 ml
phage lysate in separating funnel and
mixed well, then left 1o stand for
overnight at 4°C,

The heavily turbid bottom layer was
collected slowly and centrifuged at
2000 rpm for 15 min. The clear top
and bottom phase were removed and
the remaining inter-phase layer was
suspended in dextran sulphate. The
mixture was allowed to stand and
then centrifuged (at 6000 rpm for 15
min) and supernatant containing
phages was collected followed by
centrifugation at 15000 rpm for 2 h.
The pellets were re-suspended in
saline solution and dialyzed against
NaCl solution (0.85%) for 48 hr.

Determination of phage particle
morphology:

Phage suspension (10° pfu/ml)
were negatively stained with 4%
uranyl acetate and examined with
transmission electron microscope
(Beckman 1010) operated at 60 KV
at the Regional Centre for Mycology
and  Biotechnology,  El-Azhar
University, Cairo, Egypt. Electron
micrographs were taken and phage
dimensions were measured.

Ultraviolet extinction spectra of
purified phages :

Purified phage preparations were
diluted to 100-fold and measured at
range of 230 to 300 nm. ultraviolet
waves (Unico - UV ~ 2100
spectrophotometer) MIRCEN,
Faculty of Agriculture, Ain Shams
University, in order to determine the
optical properties, evaluate purity
and yield of the purified phages,

Lytic pattern of Ps. putida phages :
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Two bacteriophage isolates of Ps.
putida were tested against 7 bacterial
Ps. putida and Ps. fluorescens
isolates illustrated in Table (1)
obtained from the Department of
Microbiology, Faculty of
Agriculture, Ain Shams University.

Tasted bacteria were suspénded in
King’s medium to a density of about
10° cfwml. Aliquot (0.5 ml) of
suspension of each bacterial isolate
was mixed with 2 ml melted
medium (0.8% agar) and then
overlaid on plates of king’s solid
medium.

Twenty ul of phage suspension were
spotted on the agar overlayers and
the plates were incubated at 30°C
overnight. Clear confluent lysis or
turbid confluent lysis were recorded
as positive reaction, while extremely
faint zones were considered negative

reaction, according to Eayre et al.
(1995).

Protein patterns of phages :

Proteins of phage particle were
fractionated by SDS-pAGE
described by Laemmli (1970), slab
gels were formed between two glass
plates (16 x 16 cm separated by 1.0
mm thick Teflon spacers). Gels were
formed with 12% separating gel and
a 4% stacking gel. After complete
polymerization, the comb was
removed and aliquots of 50 ul of the
purified phage preparations were
dissociated by heating for 5 to 10
min. in 50 ul of Laemmli buffer
containing 2-mercaptoethanol
protein samples and protein markers

were electrophoresed at 200volt (25
mA) for 3-5 h. .

The molecular weights of capsid
proteins  were  estimated by
comparison with those of protein
markers with molectlar wt (116.0,
66.2, 45.0, 35.0, 25.0, 18.4 and 14.4
KDa). Gels were stained overnight
in 200 ml of 0.1% comassie brilliant
blue R250 and destained according
to Hames and Rhichwood (1985).
Data were obtained by gel
documintation quantity 1 (Bio-Rad).

Analysis of phage nucleic acid :

DNA nucleic acid of phages was
separated according to the method of
Mayer ef al. (1973) with slight
modification of Maniatis et al.
(1982). The nucleic acid extraction
was carried out with phenol
saturated with TE buffer (10 mM
tris-HCl (pH 8.0), 1"mM EDTA).
The agarose gel electrophoresis was
carried out using the tris-borate
EDTA buffer (TBE) (Peacock and
Bingman, 1968). Electrophoresis
was carried out at 60 Volts for 3h,
the gel was stained in 1 ug/ml of
ethidium bromide for 30 min.
(Dillon et al., 1985). The stained
gels were examined wusing an
ultraviolet lamb and the DNA
molecular weights were estimated
by comparison with those of DNA
markers with molecular weight (1,
517, 1,200, 1,000, 900, 800, 700,
600, 500, 400, 200 and 100 bp.).
Data were obtained by gel
documintation quality 1 (Bio-Rad).



Results and Discussion

Isolation and characterization of
two phage isolates of Ps. putida
isolated from the clay loamy soil
cultivated with potato plants (Farm
of Fac. Agric, Ain Shams
Univ.Shoubra El-Khaima, Qalubia)
which was the only one that give
positive for phage isolation. In
contrast, no phages were isolated
from other types of soil. Phages
were isolated by enrichment culture
technique and phages were
designated as PP; and PP,
Numerous studies decument that
phages capable of infecting
fluorescent Pseudomonads can be
isolated from different environments
(Ackermann, 2001; Jensen ef al.,
1998; Erkan and Saygl, 1987;
Mosa et al., 1996 and Park et al.,
2000).

From the plates derived from the
overlayer assaying technique and
containing the different
morphological characters plaques. A
plaque of each isolates was picked
up and used for preparing purified
phage lysate by single plaque
isolation method. After repeating the
technique three times, the purified
phage lysate was propagated to
obtain large scale production of the
phages specific for Ps. putida to use
in purification procedure. Mosa et
al. (1996) used enrichment culture
tehcnique for Ps.  solanacearum

phage isolation; Park et al. (2000)
used also the enrichment method for
isolation of phages of Pseua‘omonas
g p!ecaglos:c:da

_demonstrating
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The two phage isolates produced
different types of plaques, PP,
isolate produced circular, clear
plaque (2 mm in diameter) without a
halo while PP, isolate produced a
circular plaques with central clear
area surrounded by opaque area
forming a halo, with 7.0 mm in
diameter.

Propagation and purification of
Ps. putida phages:

A large amount (1000 ml) with
high titer of phage lysates (PP;-and
PP;) was prepared using liquid
culture technique. The titer of the
propagated pha.ges was 1.6 x 10"
and 1.1 x 10" for PP, and PP,

respectively.

Polyethylene  glycol  dextran
sulfate two phase system was used
to obtain partial purified phage
preparations. Twenty three ml for
PP; and twenty eight ml for PP
phage of turbid phase were collected
from separating funnel after
precipitation with PEG (Fig. 1A)
and about 2 ml of the intermediate
phase (cake) were collected after
centrifugation of the turbid phase
(Fig. 1B). Intermediate phases were
obtained and centrifuged at 3000
rpm  for 30 minutes, then the
supernatant was centrifuged at
15.000 rpm for 120 min. The pellets
were resuspended in saline solution
and dialyzed against NaCl solutlon
(0 85%).

Invesngalors usually_ prepare hlgh
titer phage lysates either from plates
confluent

Iysis
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(Greer, 1982) or by liquid
enrichment  cultures  (Othman,
1997). Purification of some phages
was accomplished using a two-phase
water soluble polymer system by
polyethylene lycol, 600 (4%) and

sodium dextran sulfate, 500 (0.22%)
followed by differential
centrifugation (Hu’ ér al., 1981;

Othman ef al., 2004 and Thomas
and

Leary, 1983).

b

Fig. (1): Separating funnel containing viruses Pp, "and Pjiz in
turbid bottom after precipitation (A) and intermediate |,
phase containing viruses PPy and PP, after centrifugation .

of the turbied phase (B).

Characterization of phage parti-
cles :

Morphological properties of the

isolated phages :

The particle morphology of the
isolated phages PP, and PP, was
determined by examination of the
negatively  stained  preparations
loaded onto carbon coated copper
grids. Fields in the electron micro-
scope screen were repeated many
times to confirm the homogeneity of
the preparations and/or the presence

_.of more than view or identity.
-Electron mlcrographs (Fxg 2A and

TR Sy g FeR TEF 4 A i

3 ;
B) showed that, the two yiruses have 4
tadpole shape PP, virus ,with
isometric head (135 nm in diameter)
and long non-contractile tail (223
nm) whereas, PP, virus having
fsometric head (121 nm) and long
contractile tail (202.9 nm), the tail
posing an opter sheath,(135 nm) and
neck (27 nm). The phage PP, can be
classified as member of siphoviridae
family, while phage PP, can rbe
classified as member of styloviridae
farmly ‘Miyajama (1980)_examined
ph@ges of .Pseudamonas, fusco-

-vaginae and found that, the.all phage

o jo | gt = Ly
Y gnls.'.'l. * ¢
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Fig. (3.

_ U..V; sbsorption spectrum of Preudomonas phage PP,
{A)and Pm phage PP, (B).




Protein patterns of Pseudomonas
phages :

SDS-PAGE has been more widely

used to compare  structural
differences between virus strains
(Maillard et al., 1996).

The molecular weight of the proteins
of PP; and PP, were determined
comparing with marker proteins. As
shown in Fig. (4), Pseudomonas
putida PPy virus had 16 structural
proteins with molecular weights
known and extrapolated of 112.41,
86.78, 84.18, 72.29, 65.60, 55.96,
42.87, 36.84, 33.56, 29.21, 23.55,
17.48, 7.03, 5.92, 2.78 and 1.73 KDa
while Pseudomonas putida Pp; virus
had 13 structural proteins with
molecular weights known and
extrapolated of 117.66, 113.38,
83.38, 65.60, 57.11, 42.87, 34.19,
28.72, 23.55, 17.48, 7.94, 6.60 and
3.23 KDa. Data also showed that
there were four known structural
protein presented in the two phages

with molecular weights of 65.60,

42.87, 23.55 and 17.48 KDa .Data
also indicated that the two phage
isolates PP; and PP, differed
quantitatively and qualitatively in
their structural proteins and they are
considered according to these two
phages. Auling (1978) reported that
Pseudomonas pseudofalva temperate -
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phages give 5 major & 10 minor
bands when their proteins were
determined by SDS-PAGE, the
molecular weight of proteins ranged
from 6.5 to 145 KDa.

Electrophoresis of DNA of
Pseudomonas putidae viruses :

The purified preparations of
nucleic acid of PP; and PP;

(Pseudomonas putida) viruses were
electrophoresed (1%) by agarose
slab gel. Fig. (5), Illustrates that
there is one molecule in each phage,
comparing with marker DNA. The
molecular weight of Ps; and Ps;
viruses were 2223.885 and 2559.069
bp. Respectively.

Thomas and Leary (1983)
reported that either the nucleic acid
was RNA or DNA and wether it is
single or double stranded, they were
determined by acrylamid gel electro-

phoresis and enzyme digestion. They
determined the molecular wt of 20
Pseudomonas syringae pv. glycinea
bacteriophages, they were double
stranded DNA with molecular
welghts varying from 5.6 to 8.0 x
10 bp by comparison with standards
also Keel ef al., 2002 reported also

that the genome size of P
fluorescens strain CNAO was
approximately 50 kbp “
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KDa

-«-116.0

i - 66.2

B - 450

i - 35.0
b ~— 26.0
- 16.4

B — 14.4

Fig. (4):Protein patterns of Pseudomonas viruses (PP; and PP,) as determined by

12%SDS-PAGE.

1,200
1,000
900
300
700
600
500
400

200

100

Fig. (5): Molecular weight of the PPy and PP genome viruses, as
detrermined on 1% agarose gel electrophoresis.
- Lane 1 PPy genome; - Lane 2 PP; genome; - Lane M marker

DNA.
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Lytic patterns of Pseudomonas
phages :

Pseudomonas phages have been
purified and their infectivity on
various Pseudomonas host strains is
being studied qualitatively by the
spot test technique. Data represented
in Table (2) showed that
Pseudomonas phages PP, and PP,
have a host range restricted to three
or four of the 7 tested strains
respectively. The two isolates of
Pseudomonas phages differ in their
reaction with the bacterial host
strains, as Pp; caused lysis to four
strains (Pf8, 50, Pfl, andPs; while
phage PP, reacted positively with
three isolates (Pf8, 50, and Pfl).
Many investigators studied the

Pseudomonas phages host patterns
and reported that phages attack their
Pseudomonas strains with different
degrees of activity Kropinaki and
Warren (1970) reported that the
lytic bacteriophage QW-14 specific
for  Pseudomonas  acidovorans
showed limited host range, lysing
only four of seven different strains.
While Aria and Uehara (1982)
reported that phi phage of Ps
syringae attacked 18 isolates of Ps.
syringae. The lytic activity of
Pseudomonas phages is either
specific in which phage lysis only a
single strain of Pseudomonas or
polyvalent in which the phage lyses
numerous strains of Pseudomonas.

Table (2): Lytic pattern of the isolated phases specific for

Pseudomonas fluorescence PS4

Pseudomonas putida.
Indicator bacteria Spot test results
Phage PP, Phage PP,

1  Pseudomonas putida PF1 + +
2  Pseudomonas putida 50 + +
3 Pseudomonas putida P55 - 2
&  Pseudomonas putida PP - §
5  Psewdomonas fluorescence B - -~
6 + .
4

Pseudomonas fluorescence

* Result of three replicates for each treatment.
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