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ABSTRACT

The present study aimed to induce some highly phosphate dissolving and
pesticides degrading bacterial isolates via conjugation technique. Two hundred
bacterial isolates (collected from rhizosphere seils cultivated with different crops in
different regions in Egypt, previously exnosed for many pesticides for long time). in
addition two hacilli strains were used. The efficiency of phosphate dissolving showed
significant differences. Eight isolates and the two bacilli strains were chosen for
conjugation experiment, while they appeared different responses to eight types of
antibictics and three different pesticides . These isolates were found to be belonging
tc Pseudomonas sp. Two types of conjugation were conducted i.e., intrageneric
(among Pseudomonas isolates) and intraspecific (between two bacilus megaterium
strains). The resuits showed that 16 from all the 135 selected transconjugants
praoved to have the ability to release phosphours amounts more than the highest
parental isolate {Km 15). The majority of these transconjugants also proved to have
the ability to degrade all doses of the appflied pesticides with some minor
exceptions. The biochemical analysis results showed that there was one band {£6.00
K.D) that may be associated with phosphate solubilizaiton activity.

Keywords: Pseudomonas- bacifus-phosphate-pesticides-biodegradation-intragenic
and intraspecific conjugation.

INTRODUCTION

Phosphorus is an important nutrient required for the basic process of
life. Also, it is an essential nutrient for ptant growth, whereas it functions as
an agent of energy transfer, and a deficiency of available phosphorus is
more likely to limit reproduction and productivity than any other materials,
except water. The conversion of phospherus to insdluble form is one of the
maost important problems of phosphate fertilization in Egypt. Alkaiinity of the
Egyptian soils rapidly converts soluble forms of inorganic P-fertilizer applied
to the soils, to fess avaiiable forms, mainly as a complex precipitated form of
Cas(POy4).. Some soils microorganisms play an impertant role in supplying
the grown plants with available forms of phosphorus through production of
organic, inorganic acids and Co, {Hellstén ef al., 2005). They increase the
soil acidity and consequently convert the insoluble forms of phosphorus into
soiuble ones (Alexander, 1977).

The widespread agricultural use of pesticides resulted chemical
entering soil and water ecosystems. In Egypt, the use of pesticides has
become an integral and economically essential part of agriculture. Many
problems arise from the use of synthetically produced pesticides.
Biodegradation is the phenomenan where by which soil-applied pesticides
are rapidly degraded by a population of microorganisms that had adapted
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due to previous exposure to the pesticides. These microorganisms are
capable of utilizing various pesticides as the sole source of nitrogen, carbon
and phosphorus. Also, microorganisms may degrade a pesticide because it
is toxic to them (Digrak and Ozel, 2002 and Kao ef af. 2004).

This study aimed to construct highly phosphate dissolving and
pesticides degrading bacterial isolates via DNA transfer technique
{conjugation}.

MATERIALS AND METHODS ‘

A. MATERIALS:
A.1. Microorganisms:
A.1.a. Bacterial isolates:

Two hundred bacterial isolates were coliected from the rhizosphere
of different plants from different regions that were previously exposed to
many pesticides. Eight isolates were selected ‘and used in this study and
were nominated, Gm15 , Kf1, Ds1, Gs7, Km10, Km15, Gm11 and Kw1.
A.1.b. Bacterial strains:

Two bacterial strains were also selected; Bacilfus megateriuim var.
phosphaticum “Phosphobacterin”, and Bacillus megaterium A.H. Both strains
proved to be effective in dissolving the precipitated forms of phosphate.

A.2. Media:

Four different media were used; Luria medium (LB) (Sambrook et af,
1289), Nutrient broth medium (NB) (Difco, 1953), King’s B medium: {Beial,
1996) and Bunt and Rovira medium (1955) as mcdified by Abdel-Hafez
{1966).

A.3. Antibiotics

Eight different antibiotics were used to determine additional selective
genetic marker(s) as well as early indicators for the success of conjugation
processes (Table 1). .

Tabie (1): Abbreviations and recommended doses of the applied eight

antibiotics:

IAntibiotic Abbreviations Concentration {pg/ml} |
IBmpicillin Amp 200
Carbencillin Carb 100 !
Streptomyein Stp 100
Tetracycline Tet 15

Rifampicin Rif 150 1
Kanamycin Km 160 ‘
Chloramphencot CAMP 100 i
Cephalexin Ceph 100 ‘

A.4. Pesticides:

Two organophosphorus insecticides; Malathion and Dursban, and

one carbamate herbicide; Stomp, were applied with three different doses for
each as shown in Table (2).
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Table (2): Pesticides under investigation and their applied
concentrations.
Pesticide Dose Concentration {ul/mi}
Zero 4]
. 12 RD 1.25
Malathion RD 25
2RD 5
Zero 0]
12 RD 256,
Dursban RD 5
2RD 10
Zero 0
Stomp 1/2 RD 3.75
RD 7.5
2RD 15

A.5. Reagents and buffers:

Reagents were used for phosphorus determination (Jackson, 1967)
and protein analysis buffers (Ogunseitan, 1998).

B. METHODS:
B.1. Phosphate

Isolation of phosphate dissolving bacteria was conductad according to

El-Gibaly et al. ( 1877a). The efficiency of phosphate dissolving bacteria was
determined using the methods of Abdel-Hafez (1968); Ei-Gibaly et al,
(1977b) and Abdel-Nasser ef al, (1982) while the phosphate dissolving
ability was determined using the methods of Jackson (1967).
B.2. Pesticides

To estimate the numbers of pesticides degrading bacteria, plate count
agar method was used according to Collins ef al. (1989) as follows:
B.3. Identification of bacterial isolates:

Cultural, physiological properties and biochemical activities of these
isolates were determined as described by Parry et al. (1983).0n the other
hand, Bacillus and Pseudomonas characterized isolates were more identified
according to Bergey’'s Manual Systematic Bactericlogy (1984).

B.4. Conjugation experiments:

Conjugation between bacterial isclates and/or strains was conducted
according to the method of Simon (1984).
B.5. Protein analysis:

Extraction of protein was carried out as described by Ogunseitan
(1998), while the electrophoresis of proteins was conducted according to the
method described by Ried and Colimer (1985).

RESULTS AND DISCUSSION

1. Determination of phosphate dissolving ability:
The ability of selected bacteria to dissolve inscluble phosphate
(tricalcium phosphate) to soluble form (calcium mono or diphosphate) was
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determined quantitatively by measuring soiluble phosphorous and pH. The
obtained pH and released phosphorus vailues were collected from media
inoculated with the different bacterial isolates after 2, 6, 10 and 14 days
during bacterial growth. in addition, the relationship between pH values and
the amounts of soluble phosphorus released was studied.

The efficiency of isolates was varied, while some of them were icw
efficient (less than 100 ppm.of released phosphorus) and the other were high
(more than 200 ppm.). The isolate Km15 released the highest amount of
phospherus of 463.33 ppm. The efficiency of the two strains (B. megaterium
var. phosphaticum, B. megaterium A.H) was high since they gave 333.33
and 325.33 ppm, respectively at the end of incubation period (14 days).

The data indicated that there were three types of the relationship
between pH values and the amounts of soluble phosphorus. The first type
included the bacterial isolates which showed remarkable increase in the
released phosphorus amounts with the decrease: of pH values and was found
to contain the majority of the tested bacterial isolates and strains.

The second type incfuded the isolates which increased the pH values
with decrease in the amounts of scluble phosphorus.

The third type included the isolates which gave low amounts of
soluble phosphorus in spite of their pH values.

The obtained resuits were in agreement with those obtained by
Abdei-Hafez (1966), Ei-Gibaly et al (1977b) , Abdel-Nasser ef al. (1982), El-
Dahtory ef al. (1989), Yadav and Singh (1991), Nahas (1998) and Marino et
al. (1998).

2. Antibiotics resistance and/or sensitivity: :

To study the resistance or sensitivity to one or more of eight
antibiotics, 40 bacterial isofates and two bacterial strains were chasen
according to the variations in their phosphate solublization efficiency. These
bacteria were classified into seven classes according to their response to the
used antibictics as shown in Table (3).

3. Pesticides studies: .

According to the variations in phosphate dissolving abitities and the
response to the used antibiotics, only 20 isofates, in addition to the two
strains were selected to study the effect of pesticides on the growth rate.
Results in Table (4) present the response of the selected isolates and strains
to the different doses of the applied pesticides.

By comparing the number of colonies appeared on the untreated and
treated plates, three cases of response to pesticides were obtained. in the
first case, very low or no colonies were appeared as a result of application of
one or more of the pesticides. doses comparing with the untreated controfs,
these isolates or strains were considered as sensitive (3). In the second
case, the colonies appeared on the treated plates were less, in pumber, than
or nearly equal to thase appeared on the untreagted plates (R). In the third
case, secme doses caused considerable increase in number of colonies on
the treated plates comparing with the controls. The isolates which showed
this phenomenon may produce one or more product(s) which cause
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biodegradation of the pesticide(s) and then decrease or inhibit its effect
causing high growth rate of bacterial cells and an increase in coiony
numbers, these isolates were considered as degradative ones (R*).

Table{3):Categories of genetic markers in the selected bacterial isolates

and strains to the used antibiotics.

Antibiotics
Carb | Stp | Tet Rif Km [CAMP] Ceph.
+ +

Class | Isolates and strains

Km10
Ks11
! Ke14
Do
Ke1S
Km1
Km2
Ks12
Gecé
i Gett
i Gs1
Gf1
Gf2
Gf3
Gwi1
Gwb
Gwt0
Det1
Gm13
Gm11
Ds10
P. putida M.
Ks13
Kmi15
Km3
Ds4
Dw10
Kf1
Kw1
B. megatenum A H
KmS
DeciS
Dm1
Ds1S
DwS
Ds1
Gs7
8. megateriurn var.
phasphaticum
Del
Km4
E Det3
Dm10
L G Di 7
+ =:resistant to antibiotics and - = sensitive to antibiotics
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Table (4): Final response of the selected isolates and strains to three

pesticides,
Isolates Stomp Malathion Dursban
and strains 4/2RD| RD |2 RD{1/2RD{ RD |2 RD|1/2RD| RD |2 RD
Kw1 R* R* R* R* R* R* R* R* R*
Dm1 R R R R R R R R R
Km15 R* R* R* R* R* R* R* R* R*
Kf1 R R R R R R R R |'R
Km10 S S S S S S S S S
Ks11 S S 8 s 8 S S 5 S
De13 S 8 S S S S S s 3
Km1 s S S s 8 S S 8 g
Gwt S S 5 s 8 S 5 5 ]
DecA 8 S ) S 8 3 S s 8
8. megaterium s S S S s S S S S
ivar. phosphaticum
B. megatenum S ) s S S S 8 S S
1A H R S S R 8 3] R 5 S
Ds 4 R* R* R* R* R* R* S 3 S
Gm11 R* R* R* R* R* R* S S S
Df10 R R R R R R 8 3 3
Gf1 R R R R R R R 3 3
Gm15 R R R-| R R R R ] 3
Km2 8 S S R R R R R R
Gs7 S S S R R R R R R
Gf3 S S S S S S R R R
Ds1 S S S R R R R S 3
Gel1

S=sensitive, R=resistant and R"= degradative ability.

These results were in agreement with those of Spain et al. (1980),
Spain and van Veld (1983), Hammad et al (1891), Muibry and Kearney
(1991), Gillian (2000) and Digrak and Ozel (2002).

4. Identification of the bacterial isoiates:

Morphological, physiologicat properties and biochemical activities of
the 20 selected bacterial isolates were studied according to Parry et al
(1983) and Bergey's Manual of Systematic Bactericlogy (1984) to classify
them:. )

Comparing the data given in Table (5) with those reported by
different investigators (Parry ef al, 1983 and Bergey's Manual of Systematic
Bacteriology, 1584), it could be concluded that these isolates were classified
into two genera ,Psedomonas and bacillus.

Many studies confirmed that, these two genera had the ability to phosphate
solublization,(Patgiri and Bezbaruah ,1980; Mohod et af,, 1891; Bilolikar et
al. , 1996; Gaind and Gaur,1999 and Das et &, 2003). In addition, many
authors detected the degradative functions of some Pseudomonas and
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bacillus species Matsumura and Boush(1968), Serdar ef al,( 1982), Kao et
al.(2004) and Neumann ef al.( 2004).

Table (5): Morphological, physiological characteristics and biochemical
activities of the 20 selected bacterial isolates.

.| Sporulation . .
Cell Gram ... | Anaerobic Pigment | Oxidase
Isolates shape reaction Motility growth an:hzgzre production test
Gm11 Shert rods - Motile - - + +
cm15 Short reds - Motile - - + - +
km1Q Short rods - Motile - - + +
roalt Short rods - Motite - - + +
Df10 Short rods - Motile - - + +
Os1 Short rods - Motile - - + +
Gs7 Short rods - Motile - - + +
Kw1 Short rods - Motile - - + +
Geli Short rods - Mctile - - + +
G Short rods - Motile - - + +
Gi3 Shert rods - Motiie - - + +
Dm1 Short rods - Motile - - + +
Kmi1s Short rods - Motile - + +
Km2 Short rods - Motile - - + +
in1 Short rods - Motile - - - +
Dc13 Rods + Moatile - +, oval - -
Km1 Rods + Motile - +, oval - .
Dci Rods + Motile - +, oval - -
Gwb Rods + Motile - +, ovai - -
Ds4 Rods + Motile - +, oval - -

+ = positive and - = negative,

6.A. Conjugation:

Two types of conjugation were used i.e. conjugation between isoiates
belonging to the same genus of Pseudomonas (intrageneric conjugation) and
conjugation between strains from the same species of B. megaterium
{intraspecific conjugation).

To study the intrageneric conjugation, eight Pseudomoenas isolates
(Kf1, Gm15, Km10, Kw1, Ds1, Km15, Gm11 and Gs7) were used. These
isolates were proved to be different in their response to more than one
antibiotic. Four isotates (Kf1, Gm15, Ds1 and Gs7) exihibited low phosphate
dissolving abilities, since they produced 41.66, 43.00, 76.00 and 79.16 ppm
of soluble phosphorus, respectively (Table 6). The other isolates showed
high phosphate dissolving abilities, since they released more than 300.00
ppm of phosphorus.

All possible intrageneric crosses (eight) between the selected
isolates and only one intraspecific cross between two B. megaferium strains
were carried out as shown in Table (6). For determination of phosphate
dissolving efficiency and response to pesticides for the obtained intrageneric
and intraspecific transconjugants, the possible nine crosses were classified
into three classes according to the phosphate dissolving ability of their
parents and each class included three crosses. Fifteen transconjugants were
selected randomly from each cross {o determine their phosphate dissolving
efficiencies. Moreover, from four to eight transconjugants were selected from
each cross to test their response to the three used pesticides.
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Table (6): Characteristics of the isolates and strains used in
intrageneric and intraspecific conjugation crosses.

Crosses Phosphate | Response to pesticides
dissolving .
" Antibiotic
Class Parents efficiency . .
No. Type {ppm) after Stomp (Malathion|Dursban| markers
14 days ]
Carb'’, Kif°,
) Gmis 43.00 R R S CAMP’
1 |intrageneric) ., 41.66 R R R Carb®, RIf,
Iolw CAMP®
. Dst 76.00 5 S R Carb®,
oy |2 (intregenenio]  gmis 43.00 R R S |car’ Rif sto!
Tet’ Rif, |
. Gs7 79.16 S R R i
3 lintrageneric CAMP® Tet', |
Gm15 43.00 R R S RIF. CAW_{
) Kmi0 316.60 S bS] S Cart’, Rif, Stp
g | 4 |intrageneric) T, 41,66 R R R [carb” Rif. Sto’l
! high ‘ Km15 46333 R* TR R |Carb’. Rif, Stp|
x | o |Inwagenenc|  gnys 43.00 R R S |cart, Rif", S5
low ) Gmi1 370.00 R* R* 3 Carb", Rif*, Tet'|
6 [inrageneric|  h, 76.00 s S R [Carb® Rif. Tet®!
1 Kt 316,66 R* R R |Aamg®. Rif. Tet™:
7 |Intrageneric| 0 316.60 S s s |Amgl RiF, Ter
) Kmi5 463.33 R* R* R*  |Carb’, Rif, Tel’]
" 8 [intrageneric) g 316.60 s s S |cart, Rif, Tat|
high - . cart, Stp® i
X 9 |intraspecific meg‘;aarnum 333.33 8 S S aée‘phsp‘ |
nigh -
'S iohosphaticur !
B. . 5 A
megaterium 325.33 S 5 'S Cag:  Stp I
eph !
AH |
a. Class I:

Alt isolates used as parents in the conjugation in this class exhibited
low phosphate dissolving efficiency. Four Pseudomonas isolates (Kf1,
Gm15, Ds1 and Gs7) were used to carry out the three crosses of this class
and all crosses were intrageneric.

a.1. Cross 1

The results revealed that 14 transconjugants were higher than both
parents (Table 7). Four transconjugants (Tt 1/1, Tr 1/5, Tr 1/8 and Tr 1/15)
proved to be efficient isolates, since they reieased phosphorus am0unt5 of
250.00, 233.33, 231.66 and 290.00 ppm., respectively.

On the other hand, the results indicated that all transconjugants
except (Tr 1/9 and Tr 1/12), were able to decrease the media pH. This pH
decrease was associated with the increase of soluble phosphorus (Table 7).

The obtained results in Table (8) revealed that the two parental
isolates, Gm15 and Kf1 were resistant to both stomp and malathion, while
they showed an opposite response to dursban.. Three transconjugants, Tr
1/4,Tr 1/5 and Tr 1/8, exhibited resistance {0 all doses of the three used
pesticides. In addition, one transconjugant (Tr 1/15) showed an increase in
its colony numbers after treatment with all pesticides doses comparing with
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control treatment. Therefore, this transconjugant was able to degrade these
pesticides and symbolized with R* in Table (8).

Table {7): Amounts of released phosphorus and pH values for the
parental isolates of cross 1 and 15 selected transconjugants.

i pH Soluble-P {ppm) %
Parents and Days after inocutation Days after inocutlation from
Transconjugants higher
[ 2|6 | 10| 14} 2| 6 |10 14 =
=m15 6.99|6.05| 692 | 6.89 |33.83|35.33|35.00[43.00 {100.00
1 7567750 735 ] 7.30 §31.66;33.33)36.66| 41.66}96.88
}Tr 1/1 590[588| 580 | 5.70 {238.33|241.66|246.66|250.00{581.40
Tr 12 7501745 | 738 | 7.32 [ 3166 |33.16(38.33(4C.00{93.02
173 6.95/6.90 | 6.85 | 6.90 |66.66 | 75.00 | 80.00 | 83.33[193.79
iTr 1/4 7401700 | 6.895 | 6.80 |4666|58.33 | 71.66 | 81.66 [186.90
[Ir 1/5 6.00{ 590 | 587 | 580 |163.33(|216.66{221.66/233.33|542.62
T 1/6 6.50] 6.00 ] 5560 | 520 |133.33|141.66|150.001161.66;375.95
ﬂ'r 117 7.60,7.40| 700 | 6.89 133.33150.00|62.50{78.33|182.16
Tr /8 6.00{ 5.6 ({ 587 | 5.80 |164.66)165.83]216.66}231.66|538.74
Tr1/9 690169831697 | 6,99 {70.00(75.00|80.00188.33(205.41
Mr 1/10 7001680 6.83 | 6.75 |66.66 | 80.00 [ 91.66 {115.00{267 .44
Er 111 6.99;{6.95] 690 ) 8.87 | 73.33| 86.66 | 91.66 |{100.00|232.55
dr 112 6.87:6911695 | 6.98 |75.00(81.66|85.00(91.66(213.16
Er 113 730710} 699 | 7.18 [45.00 (50.0048.3353.33({124.02
Tr 114 76017401 720 | 700 |4166|58.33|76.66| 8166 (189.90
!Tr 1/15 594|589 585 | 575 [241.66| 250.0 {275.00{200.00(674 41

Table(8): Effect of pesticides on number of colonies of high phosphate
dissolving transconjugants from cross 1 and their parents.

rT’arents and Pesticides™ Final

| trans- Controt St M D response™”
| conjugants 2 RD| RD |2RDI:RD|{ RD |2RD| %2:RD { RD |2RD|St{ M D
[Gm15 140 [105({ 93 | 70 [110] 98 [ 75 | 60 0} 0 JR|R s
iKf1 145 1101 98 | 75 1115 [ 104|105 125 (103|685 |R| R R
[Tf N 130 1001 75 | 80 [ 95 ({ 75 | S5 10590 | 70 JR! R R
Trirms 100 85 170 | S5 | 80 | 70 | S0 a5 70160 |R| R R
!er 1/8 110 B0 I 65| 45 [100] 85 | 65 88 0[S IR R R
ori1s 120 160 ] 200 | 250 {180 | 240 {3001 140 | 200 | 350 |R*| R* R*

S=sensitive to pesticides, R= resistant to pesticides and R*= degredation.
*St= Stomp, M= Malathion and D= Dursban.

a.2. Cross 2:

Thirteen transconjugants were found to be higher in phosphate
dissolving efficiency (Table 9). Five transconjugants (Tr 2/1, Tr 2/2, Tr 2/7,
Tr 2113 and Tr 2/15), out of these 13, showed high efficiency since they
exhibited 389.00, 390.33, 358.33, 383.33 and 383.00 ppm, respectively of
soluble phosphorus. The other eight transconjugants produced quantities of
soluble phosphorus ranged from 100.00 ppm (Tr 2/3) to 183.33 ppm (Tr 2/6).

Results in Table (8) indicated that 12 transconjugants as weli as both
parents showed inverse correlation between their pH values and soluble
phosphorus quantities. On the other hand, three transconjugants (Tr 2/5, Tr
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2/8 and Tr 2/14) showed positive correlation. The five transconjugants which
showed high phosphate dissolving efficiency in this cross were used for
studying their response o the three pesticides under study.

The two parents showed an opposite response to the three pesticides
(Table 10). All the five selected transconjugants showed resistance to all
pesticides doses with different levels. Two transconjugants (Tr 2/1 and Tr
2/15) were able to resist all doses of the used insecticides. Both
transconjugants showed a biodegradation capability to the herbicide' In
addition, both transconjugants (Tr 2/7 and Tr 2/13) were able to degrade
dursban, but the first transconjugant (Tr 2/7) was able to degrade malathion
aiso. Only one transconjugant (Tr 2/2) resisted all doses of all pesticides.

Table{8):Amounts of released phosphorus and pH values for the
parental isolates of cross 2 and 15 selected transconjugants.

Parents and PH Soluble-P (ppm) % from 1‘
Transconjugants| Days after inoculation Days after inoculation ;la%:;; ‘

2 1 6 10 (14 2 ] 6 10 14| \
Ds1 7.0517.00{6098 695!5500]67.00] 73.00 | 76.00 | 100.00 |
Gm15 6.99'1 6.95 | 6.92 16.89|33.83 ) 35.33 | 39.00 | 43.00 | 56.58 |
Tr 271 4.96) 4.90 | 4.81 | 4.78350.00| 366.66 | 383.33 | 380.00 | 511.84
Tr 22 4.89) 4.85 | 4.81 | 4.78 [366.66{385.00 | 386.00 | 390.33 | 513.59 :
Tr 2/3 6.85] 683|680 |6.75[77.50( 78.33 | 83,33 [100.0C | 13167 |
Tr 214 6.801 6.74 | 6.70 | 6.65 [100.00{110.00( 114.33 { 120.00 ] 157 89
T 2/5 6.90(6.95 [ 6.98 |6.98 8166 91.66 | 106.66 | 128.33} 168.85 |
Tr 216 5.89( 586 | 5.80 | 578 |155.00|165.00 )| 180.00 | 183.33 | 244 22 |
Tr 217 5.00] 4.94 | 490 | 4.85|316.66}321.66| 333.33 | 358.33 | 471.49 |
Tr 2/8 7.00] 706711 |719]4666|53.33 | 6333 | 7166 | 9425
Tr 2/9 7.20] 710 | 6.95 | 65.92 4500 50.00 | 58.33 | 66.33 | 87.28 |
iTr 2/10 6.8416.80 [ 6,75 [6.7183.33 | 91.66 | 100.00{ 108.33 | 142.54 :
ITr 2f11 5931 5.9 | 585 (5.81{125.00{145.00 158.00 { 175.0C | 23026 |
Tr 2712 598 5.93 | 5.89 | 5.85 (120.00}131.66| 136.66 | 148.30 ) 195.17
Tr2/13 5.031{5.00 | 4.95 | 490 1333.33350.00 | 366.66 | 383.33 | 304.38
Tr 214 6.201 5.25 | 6.32 | 6.39 1150.001161.66] 164.66 | 166.66 | 219.29
Tr 2115 4.95] 490 | 4.85 | 4.80 1341.661350.00] 366.00 | 383.00 | 503 95

Table(10):Effect of pesticides on number of colonies of high phosphate
dissolving transconjugants from cross 2 and their parents

Pesticides* . i

Parents Final.response”|

St M D 1

and trans-Control 7 Y 7 l

conjugants RB RD{2RD RI’D RD | 2RD RB RD|2RD| § | M | D |
Ds1 170 {0 lo)yofoilo]| o {108{e6[73!S (S| R
Gm15 140 [105[93] 70 {110{%8 | 75 160 0 | O | R} R | 8
Tr 211 100 [200}280{400{ 90 { 75| 60 {85705 |R* | R| R
TF 2/2 120 |100{85| 70 {110} 85 ] 80 |100|80i65| R IR | R

Tr 2/7 140 |140]90) 75 | 220|300 40C [200|3501450| R | R*| R* !

Tr 2013 100 | 90 |BO| 45 | 85 | 65 } 50 |180|2501400| R | R | R* |

Tr2/15 130 |190{360{430}110{ 90 | 80 [100( 75160 |[R*"{ R | R |

*St= Stomp, M= Malathion and D= Dursban,
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a.3. Cross 3:

Eleven transconjugants exhibited amounts of soluble phosphorus
more than their higher parent (Table 11). The highest amounts of solubie
phosphorus released by transconjugants Tr 3/3, Tr 3/8, Tr 3/11, Tr 3/14 and
Tr 3/15 were 318.66, 333.33, 283.33, 320.33 and 313.66 ppm, respeclively,
All tested transconjugants were found to be varied in their ability to decrease
the media pH values. All selected 15 transconjugants, except Tr 3/9,
appeared an inverse relation, as their parents, between pH values and the
amounts of released soluble phosphorus (Table 11). -

Table{11):Amounts of released phosphorus and pH values for the

parental isolates of cross 3 and 15 selected transconjugants.

L < and PH Soluble-P (ppm) % from
r'f:srs‘ci:Fugants Days after inoculation Days after inoculation higher

2 6 10 | 14 2 6 10 14 parent
Gs 7 690677 { 6.60 | 6.50 [75.00|76.16/78.33] 79.16 | 100.00
iGm15 609|695 | 692 | 6.80 [33.83(35.3330.00] 43.00 | 5432
Tr 3/1 6.80( 675671 | 6.65 [83.33{100.001113.33| 126,66 160.00
Tr 3/2 6.74| 671 | 6.63 | 6.60 [100.00/110.00{114.33{ 120.00 | 151.¢1
Tr 3/3 496 | 490 | 484 | 480 [266.33289,331300.16} 318.66 | 402.55
Tr 3/4 6.90| 685|680 | 677 |71.16173.33|76.16| 76.33 | 9895
Tr 3/5 5.80 | 5.86 | 5.78 | 5.75 [133.33{155.00{165.00, 180.00| 227.39
Tr 3/6 7.01| 700|695 ;600 |31.83[3333(35.33] 3866 | 4884
Tr 37 7201710 [ 7.05 [ 7.01 [28.66(30.00|31.16| 3233 | 4084
Tr 3/8 4.89| 483 | 4.77 | 469 [290.33/313.66(320.00( 333.33 | 421.08
iTr 3/9 693|698 | 7.00 | 7.03 [69.33(71.00(72.16| 73.33 | 9263
r 310 592|590 | 5.84 | 584 [125.001145.00/158.33 175.00 | 221.07
Er 3n 5.30{ 5.24 | 5.09 | 5.02 [240.66[251.16{277.00( 283,33 | 357.92
r3/M12 598 | 595 | 5.88 | 5.84 [131.66136.66/148.33] 158.33 | 200.01
t[r 313 6.20| 6.00 | 5.90 | 5.85 {133.33[150.00161.66| 166.66 | 210.53
Tr 3/14 5.05] 5.00 | 4.85 | 4.78 277.16285.00[290.00| 320.33 | 404.66
hr 315 499| 49514851479 {245.001261.33279.00/ 313.66 | 396.23

Both parental isolates were found to have the same response fo
malathion, while they showed an opposite response to the other two
pesticides (Table 12).

Table(12).Effect of pesticides on number of colonies of the high
phosphate dissolving transconjugants from cross 3 and their
parents.

[Parents and Pesticides” . .
trans- Control St M D Final response

iconjugants 2 RDIRD{2RD | ¥2RD | RD |2RD [\ RDIRDI2RD| S M D
/Gs? 200 0D JOo) O 140 | 115 | 85 | 180 105] 95 S R R
Gm1s 140 105 193] 70 110 g8 |75 (60 (0] O R R S
Tr33 150 200 280} 350 | 230 | 330 [ 430 | 300 [370] 430 R R* R*
iTr 3/8 120 180 12801 380 | 110 90 | 80 100 (851 75 R* R R
Tr 3114 100 0 (0] © 85 70 | 60 0 0| © S R 3]
Tr 3/14 200 250 {350{ 450 | 300 | 400|450 [ 280 [350{ 460 | R~ R~ R*
Tr 315 140 0 (o] o0 120 {1001 80 { 0 jO] O S R S
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*St= Stomp, M= Malathion and D= Dursban.

Two transconjugants (Tr 3/3 and Tr 3/14) were found to be able to degrade
all doses of the three used pesticides. Also, it was noticed that one
transconjugant (Tr 3/8) showed biodegradation ability to the herbicide stomp
onjy, while it was found to resist the two insecticides. Furthermore, two
transconjugants (Tr 3/11) and Tr 3/15) showed similar response to all used
pesticides, since they were sensitive to stomp and dursban and resistant {c
the insecticide, malathion. '

b. Class Ik

Six isolates were used in the three crosses of this class, three low
efficient isotates (Kf1, Gm15 and Ds1} and three highly efficient ones (Km1G,
Km15 and Gmi1). Ali these isolates showed different responses for some
antibiotics and also the pesticides under study.

b.1. Cross 4: ‘

Six transconjugants (Tr 4/1, Tr 4/3, Tr 4/7, Tr 4/9, Tr 4/13 and Tr
4/15) were proved to have the ability to dissolve phosphate more than the
higher parent (Tabte 13). The lowest amounts of released phosphorus were
produced by transconjugants Tr 4/8, Tr 4/12 and Tr 4/14. An increase in the
amounts of released soluble phosphorus was found to be associated with the
decrease of pH for all transconjugants as weil as their parents,

Both parenial isolates, Km10 and Kf1 showed an opposite response
to three pesticides. On the other hand, iwo transconjugants (Tr 4/1 and Tr
4/15) showed a gradual increase in the total bacterial counts afier treaiing
with different doses of stomp and dursban for the first and malathion and
dursban for the second (Table 14).
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Table(13):Amounts of released phosphorus and pH values for parental
isolates of cross 4 and 15 selected transconjugants.

% from
Farents and pH Soluble-P {ppm) higher
Trans- parent
conjugants Days after inoculation Days after inocutation
2 6 10 14 2 6 10 14
Km10 580 570 | 565 { 560 |250,80|275.001300.00{316.60{100.00
Kf1 756 7.50 { 7.35 | 7.30 | 31.66 | 33.33 | 36.66 | 41.66 | 13.16
Tr 411 543} 533 | 525 | 520 |316.66]|333.33|366.66(383.33(121.08
Tr 4/2 6.95; 6.90 | 6.85 ] 6.80 | 75.00 | 83.33 |100.00|116.66 | 36.84
Tr 413 5.38( 530 | 526 j 515 {335.00{350.001383.33{400.00(126.34
Trd4/4 6.50) 6.00 | 550 | 540 |133.33]150.00|200.00{230.00|72.65
r4/5 575| 570 | 566 | 558 |275.00|283.331298.33]303.33|95.81
iTr 4/6 6.93| 685 | 680 | 675 | 70.00 {75.00 | 83.33 |108.33] 34.22
Tr 4/7 5571 550 | 540 | 532 1321.66(325.001333.33{383.33(121.08
Tr 4/8 7.30) 710 | 899 | 7.18 | 58.33 | 6500 | 73.33 | 50.00 [ 15.78
iTr 49 545( 540 | 536 | 531 [375.00{395.00;408.33/416.66]131.60
Irr 4110 6.899| 685 { 687 | 682 | 66.66 | 75.00 { 91.66 |115.00|36.32
Tr 4/11 570 563 | 555 | 545 |266.66|271.66/283.33/205.00)/ 93.18
iTr4/12 7401 7.00 | 695 | 6.90 | 46.66 | 58.33 | 76.66 | 83.33 | 26.32
mr 4/13 5.65fj 550 | 555 | 545 ]300.00)310.00§314.33|317.00]100.13
Tr 4714 760| 740 | 722 | 710 |33.33 | 4166 | 50.00 ; 58.33 | 18.42
hr 415 530| 525 | 515 | 5.00 }331.66]40000{432.33[450.00142 13!

Table(14).Effect of pesticides on number of colonies of the high
phosphate dissolving transconjugants from cross 4 and their

parents.

Parents Pesticides* Final response*
and transw Control St M D

xonjugants Y {RD{2RD| %2 |RD{2RD| % (RD2RD| St | M | D

RD RD RD

Km10 220 0 0 0 0 0 0] 0 0 0] S SRR
K1 145 1110) 98 | 75 11151104 1105]125[103] 85 R RI|R

Tr 4/1 120 [200{2801350|1001 85 | 75 | 18 1300{400| R* R | R*
Tr4/3 220 1210|150 (100|200 |120) 95 [20511301100| R R |'R

Tr 47 200 |190({110} 90 [180}120| 85 |1501100[ 75 [ R R IR

ITr 4/9 130 (110180 | 70 |1207 90 | 75 |190(280(380| R R | R*
Tr 413 140 0 o) 0 0 0 0 0 0 0 S S |8

Trd/15 100 90 | 70 | 50 {150250|350]2001300/400f R R* [R'

*St= Stomp, M= Malathion and D= Dursban.

The same phenomenon was observed when transconjugant (Tr 4/9)
was treated with ail dursban doses compared to the conirol. Also, two
transconjugants (Tr 4/3 and Tr 4/7) were found to be resistant to all
pesticides  concentrations. Complete lethality was observed for
transconjugant (Tr 4/13) when it was treated with all pesticides doses.

2. Cross &5:

Four transconjugants (Tr 5/10, Tr 511, Tr 512 and Tr 5/15)

appeared to have a better abillly in releasing phosphorus than their higher
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parent; Km15 (Table 15). None of the remaining 11 transconjugants
produced soluble phosphorus amount less than that amount produced hy the
lower parent; Gm15, and none of them was considered as low efficient
isolate. : :

The pH values estimated for all the 15 tested transconjugants except
Tr 5/4, Tr 8/6 and Tr 5/13 were found to be reduced with an increase in the
amounts of soluble phosphorus. In cortrast, three transconjugants, Tr 5/4, Tr
5/6 and Tr 5/13 showed an increase in the pH values with the increase in
their soluble phosphorus.

Table(15):Amounts of released phosphorus and pH vafues for the
parental isclates of cross 5 and 15 selected transconjugants.

lParents and pH Soluble-P {ppm} | % from|
fTransconjuga Days after inocculation Days after inoculation higher
Ints 2 6 10 14 2 '8 10 14 | parent |
Km15 4,84 | 477 [ 470 | 4.64 [391.66[441 66450 00]463.33] 100 00 :
m15 6.99 | 695 | 6.92 | 6.89 §33.83)3533)39.00)4300 928 !
r &N 500 ( 498 | 485 | 4.90 }333.33|350.00i366.65(383.33| 82.73 |
T 5/2 5.05 | 499 | 4.94 | 480 [325.00)331.66349.83|365.00[ 78.78
r5/3 505 | 500 | 4.80 | 470 |332.50|333.33|366.66|400.00] 86.33
r5/4 525 | 529 | 5.33 | 540 |330.83|331.66|333.3313568.33] 77 23
r5/5 530 | 520 | 510 | A4.95 |326.66(|333.33/350.00|366.60{ 79.13
r 5/6 498 | 489 | 505 | 5.08 |341.66(|366.66{385.00{400.00; 86.33 )
r 57 4499 | 485 [ 490 | 485 (350.00({366.66({383.33|400.00; 86.33 ,
r 5/8 515 | 5,00 [ 495 ! 4.90 [325.009333.33(350.00/383.00) 8266 ’
r 5/9 500 | 496 | 491 § 4.88 |330.00{340.00{360.00]375.00; 80.93 !
r 510 450 | 444 | 4.35 | 4.28 [466.66{470.001475.00]483.33} 10432 !
r5/11 4.50 { 4.43 | 433 | 4.29 |463.33|475.00/483.00{491.00| 105 37
r5/12 446 { 436 1 430 | 420 |471.66[{481.66|488.33|495.00| 106.83
r5/13 5.90 | 595 | 598 | 598 |233.33|241.66|243.33(246.66| 53 24
r5/14 535 { 530 | 525 ) 515 |335.00(350.00|370.00{390.00] 84.17 |
T 5/15 440 | 430 | 425 ) 420 (470.00|475.00]483.331491.66] 106.11 l

The highest four transconjugants (Tr 5/10, Tr 5/11, Tr 5/12 and Tr
5/15) as well as their parental isolates were used 1o test their response to the
three pesticides. Parental isolate Km15, was found 1o be able to degrade all
doses of these pesticides while the other parental isolate (Gm15) was
resistant to both stomp and malathion, but it was sensitive to the insecticide,
dursban (Table 16). All of the selected transconjugants were found to have a
biocdegradation capability towards the two pesticides stomp and malathion.
Two transconjugants (Tr 5/10 and Tr 5/15) were found to have the ability to
degrade dursban, while transconjugants (Tr 5/11and Tr 5/12) were resistant
only to durshan.
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Tabie{16):Effect of pesticides on number of colonies of the high
phosphate dissolving transconjugants from cross § and
their parents,

Parents Pesticides* Final response”
land trans-Contro[ St M D

FGﬂjUQENtS ¥: |RD [2RD| V2 | RD |2RD| % | RD {2RD{ St M| D

RD RD RD

Km15 215 !285]|3501435|310}370(460(310|380(485| R* | R* | R*
K5mi15 140 (105|193 ;70 |1101 98 (7560 | O 0 R 'R | S
Tr 5/10 150 1200)280/350]2501350/450}180/280[38C) R* | R* | R*
Tr 5/11 200 |250|370(4301260(380|4601180i150(100| R*  R*{ R
TroM2 220 |280(380(4601300|4001500|2001120(100| R* | R* | R
i'r 518 160 |[240|3000420(200]320|440(|2201350({450] R* | R* | R*

*St= Stomp, M= Malathion and D= Dursban.

b.3.Cross 6:

it was noticed that four transconjugants (Tr 6/1, Tr 6/6, Tr 6/10 and
Tr 6/13) manifested superiority in releasing phosphorus over the higher
parental isoiate; Gm11, while they produced 383.33, 400.00, 385.00 ana
408.33 ppm of phosphorus, respectively. In contrast, the other four
transconjugants (Tr 6/2, Tr 6/3, Tr 6/4 and Tr 6/14) exhibited amounts of
reieased phosphorus lower than that of the lower parentai parent, Ds1.

Table(17).Amounts of released phosphorus and pH values for the
parental isolates of cross 6 and 15 selected transconjugants.

pH Solubie-P (ppm]) % from
_T.f;ig?ozg':gams Days after inoculation Days after inoculation Higher
! 2 & 10 14 2 6 10 14 | Parent
iGm11 520 | 49 488 | 4.80 |330.00|331.60{336.60;370.00[ 100.00
Ds1 705|700 [ 6.98 | 6.85 ;155.00i67.00[73.00{76.00] 2054
Tr 6/1 557 550 1 540 | 5.30 [321.66{325.00]333.33{383.33| 103.60
Tr 6/2 73017257747 | 7.10 [35.00(41.66 | 46.66 | 48.33 13.06
Tr 6/3 6.99 ] 706 | 711 | 7.18 | 28.33133.33}50.00(58.33 15.76
Tr 6/4 6.60 | 6.85 | 6.80 | 7.00 |40.00}48.33|55.0038.33 10.36
Tr 8/5 570 | 563 | 5.55 | 5.45 1266.66{272.00{284.00{295.00| 79.72
Tre/6 539 530 | 525 | 5.15 [332.00(347.00|380.00(400.00| 108.10
Tr 6/7 5.38 [ 5.35 | 5.30 | 5.25 |321.66[328.33{348.33/{358.33{ $6.84
Tr 6/8 593 | 589 | 593 | 6.02 {125.001145.00{128.33{115.00[ 31.08
r oM 530 520 (| 515 | 5.05 |326.66[331.66(353.33|350.00| 94.59
Tr6/10 543 5.33 | 525 | 520 1317.00/334.00}367.00}385.00) 104.05
Tr 6/11 5.89 | 582 | 578 | 5.75 |133.33|155.00(165.00{180.00] 4865
Tr 5/12 6,00 | 590 { 585 | 5.80 [165.00{216.66|225.00/233.33| 63.06
Tr6/13 5301 525 | 5.16 | 5.04 |383.33[381.661400.00{408.33] 110.36
Tr6/14 7.05 | 712 [ 715 | 7.22 [37.50§50.00[60.00 | 68.00 18.38
Tr 6/15 7.00| 695|680 ) 6.85 |50.00]56.66[63.33[76.00 20.54

One transconjugant, (Tr 6/15) released an amount of scluble

phosphorus equal to that produced by the lower parental isolate; Ds1 (76.00
ppm). The remaining six transconjugants showed intermediate efficiency.

7617




Abou-Shosha, A.A.M. et al.

The pH values estin.ated during the incubation period indicated that
11 transconjugants as well as their parents had the ability to bring down the
pH of the media. The amounts of released phosphorus associated with this
reduction were increased (Table 17). In addition, two transconjugants {Tr 6/3
and Tr 6/14) showed an increase in the pH value of the media with a
corresponding increase in the amounts of released phosphorus.

To study whether the transconjugants can grow or not as a result of
the pesticide treatments, four transconjugants (Tr 6/1, Tr /6, Tr 6/10 and' Tr
6/13) which produced soluble phospherus amounts more than the higher
parent were selected as shown in Table (18).

Table{18):Effect of pesticides on number of colonies of the high
phosphate dissolving transconjugants from cross 6 and their

parents.
barents and Pesticides Final :
transconjugants Control St M D response
Yz RD| RD |2RD¥: RD| RD |2RD [ RD| RD [2RD(St| M | D
Gm11 160 2101420498 (2201440|518| O 0 0 IR R* [ S
Ds1 17001 0 0 0 0 0 0 |108| 96|73 |S| S R
Tr /1 200 (25033014501 270(380{470(190({110{ 80 [R*[ R* [ R :
Tr B/6 160 §20013401440119012501380(140(|100{ 75 |[R*[R* | R
Tr 6/10 220 |250|350(450)260(380(470(200{150(100(R*| R* ! R |
Tr6/13 150 1200{30014001220(3501460|180(240)380(R*| R* | R* |

*St= Stomp, M= Malathicn and D= Dursban.

The results obtained in Table (18) showed that the two parental
isolates varied in their response to the three applied pesticides, while all the
tested transconjugants degraded stomp and malathion. Also, the same
finding was observed when transconjugant Tr 6/13 was treated with all doses
of dursban. Three transconjugants, Tr 6/1, Tr 6/6 and Tr 6/10 were found to
be resistant only to dursban doses.

c. Class Iit;

Two intrageneric crosses (7 and 8) between three Pseudomonas
isolates (Km15, Km10 and Kw1) were applied. Also, one intraspecific cross
{No. 9) was carried out between two B. megaterium strains (B. megaterium
var. phosphaticum and B. megaterium A.H). All bacterial isolates and strains
used in this ciass showed highly phosphzste dissolving abilities.

c.1.Cross 7:

All the selected transconjugants showed higher capacity of dissolving
tricalcium phosphate than their parents (Table 19). The highest production of
released phosphorus was obtained by transconjugant; Tr 7/10 (433.33 ppm)
and the lowest amount (366.33 ppm) wes produced by the transconjugant (Tr
7/9) which was also higher than its parents.
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Table(19y:Amounts of released phosphorus and pH vaiues for the
_parental isolates of cross 7 and 15 selected transconjugants.

[parems and PH Soluble-P (ppm) % from
ransconjucants Davys after incculation Days after inoculation higher

; 2 6 10 14 2 6 10 14 | parent
Kw1 585) 5.76 | 5.69 | 560 {275.83{285.00}303.33}316.66] 100.00
Km10 5.80) 5.70 | 5.65 | 5.60 1250.80{275.00{300.00{316.60] $9.98
r 7 535} 530 | 525 | 520 [325.83{350.001383.33(400.00{ 126.32
v 72 5607 550 { 5.45 | 5.35 |316.66]330.83|350.00(366.66:.115.79
r 713 540 533 { 528 | 5.22 |330.00]358.33]383.33]408.33( 128.95
1Tr 7i4 5.551 566 | 570 | 5.81 229 18]331.66|363.33|381.66§ 120.53
h’r 715 4051 490 | 485 | 476 {333.33/366.66|383.33/400.00l 126.32
:Tr 716 5107 497 | 490 | 4.85 {350.00{380.00{400.00/416.66] 131.58
77 524 520§ 500 | 4.86 [373.33(398.331410.004428.33; 135.26

\ r 7/8 5.38) 5.30 | 525 | 520 [326.66[330.83(366.66|383.33; 121.05
* r7/9 5.35; 530 } 520 | 5.08 {330.00[333.331349.831366.33f 115.69
T 710 4.98; 493 | 483 | 480 1375.00/400.001416.661433.33{ 136.84
I'"r 7111 526% 518 | 5.00 | 4.88 |363 33|376.66]400.00|416.66| 131.58
Tr 7/12 4991 490 | 4.85 | 4,80 |341.88|366.86)383.33;400.00{ 126.32
r7/13 513 496 | 492 | 488 (376.66|393.331411.66)426.66| 134.74

Tr 7114 5.00f 4.97 | 491 | 4.78 {380.00[395.00{410.00i430.00} 135.79 |

Tr 715 498} 492 | 489 | 483 {358.33|361.66[398.32 415.00] 131.05 |

The resuits clearly showed that the increase in the soluble
phosphorus amounts was associated with the reduction of pH values of the
media. In addition, this increase in the phosphorus amounts was noticed also
with the transconjugant Tr 7/4 which increased the pH of the media.

For testing the effects of the used pesticides on transconjugants
survival, eight transconjugants which released more than 400.00 ppm were
selected as shown in Table (20).

The parental isolate Km10 was found to be sensitive to all the three
pesticides doses, while the other parent Kw 1 was found 1o be successful in
degrading thein.

Six transconjugants (Tr 7/6, Tr 7/7, Tr 7/10, Tr 7/13, Tr 7/14 and Tr
7/15) exhibited a response similar to that of the parentai isolate Kw1. On
contrast, the three pesticides were more resistant to hicdegradation by the
other two tested transconjugants (Tr 7/3 and Tr 7/11) while their growth was
inhibited after exposure to all doses of pesticides.

c.2. Cross 8:

The second cross of this class was achieved between the two highly
efficient isolaies in phosphate dissoiving {Km15 and Km10).The seven
transconjugants; Tr 8/, Tc 8/4, Tr 8/7, Tr 8/8, Tr 8/12, Tr 8/13 and Tr 8/15
showed the highest activity in phosphate solubilization and were higher in
their productivity than the higher parent, since they gave more than 500.00,
470.00, 483.33, more than 500.00, 491.66, 485.00 and more than 500.00
ppm of released phosphorus, respectively (Table 21). In addition, seven
transconjugants showed intermediate productivity and only one
transconjugant (Tr 8/14} was equal to the lower parent in its preductivity.
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Table (20): Effect of pesticides on number of colonies of the high
phosphate dissolving transconjugants from cross 7 and
their parents

Parents = Pestl;ndes D Final response‘i
|
22:ju;'::ti' Controll~ oD 2RD| % |RD [2RD| % |RD |2RD| St | M | D |
RD RD RD i
Kv- 1 220 |290[345]43001310]366[4501300]420]550] R* | R* | R*
Km 10 220 jojolofjoa{o|lojojoflo]|s]| s |s
Tr 7/3 200 [olojo(ofo{of{oloio|s} s |s
Tr 7/6 150 |200}280)380|1901250|400{210(320{430I R* | R* | R*
Tr 7/7 230 |270!380|460|250f370]|480(280(380(500| R* [ R* R*{
Tr 7/10 140 (180([260{370!190]290)390/200]300|400} R* | R* | R*|
Tr 7/11 150 |ojlo|Jo|lojolojo]lo|lols| s [s
Tr 7713 180 [230|3501460|22013701480(250(360(480( R* | R* | R*.
Tr7/14 220 |270]380)450|250)360)480|360420]530| R* | R* | R*
Tr 7115 200 |260)370]480|300|4201540|280(3801450| R* | R* | R*|

*St= Stomp, M= Malathion and D= Dursban.

Table(21);Amounts of released phosphorus and pH values for the
parental isolates of cross 8 and 15 selected transconjugants.

ST%I

pH Soluble-P {(ppm}

farents and Days after inoculation Days after inoculation from 1
ransconjugants . higher;
2 8 110 | 14 2 6 10 14 | arent

Km15 484,477 470|4.64|391.66|441.66:450.00 463.33 {100 00|
Km10 5.80(5.70 | 565 | 5.60 | 250.80 | 275.00 | 300,00 | 316.60 {68.23
ITr 811 4161410 | 4.05| 3.99 1 482.161491.66 |{ 500,00 (>500.00 [107.91
Tr 8/2 5.60(5.55(5.50 545 [308.33316.66 | 325.00; 333.33 | 71.94
Tr 8/3 553|548 |5.40 | 535|321.66;330.00 (338,33 | 358.33 |77.34
Tr 8/4 52515201515 510 |438.33(448.33(461.66 | 470.00 (101.44
Tr 8/5 5.20( 517 (512 5.071425.00)433.33 /441,66 | 450.00 | 9712}
ITr 8/6 495|489 |4.85|4.80)433.00)441.00|450.00| 458.00 |98 85
Tr 8/7 455[450;445]4.40(455.00| 466.66:475.00 | 483.33 1104 32
LTr 8/8 4.50)4.44 1434 430|478.33|483.33)|490.00>500.00{107.91.
ITr 8/9 560(5.53 | 549 | 544 |320.00}325.00{331.66| 333.33 | 7" 94
Tr 8110 5.40§ 5.3515.30 [ 5.25(383.33;408.33{425.00; 438.30 94‘60i
Tr 811 52513520515 ;5.05 |358.33|378.00 | 400.00} 415.00 | B8.57:
Tr 8/12 495490 | 485(4.80|466.33|476.66 |483.33| 491.66 106,11[
Lfr 8/13 5.00({4.88 | 484|480 |450.00|466.50|475.00| 485.00 104681
ITr 8/14 5.90| 5.85 | 5.80 | 5.75 | 255.00 | 276.66 { 297.83 | 31660 68.331
r 8/15 4,307 4.25{4.1514.05 | 490.00 | 495.00 | 500.00 | >500.00{107.51)
The amounts of soluble phosphorus released by all tested

transconjugants showed an inverse relation with the pH vaiues (Tabte 21). All
transconjugants obtained from this cross were able to bring down the pH in
the acidity direction which was associated with arr increase in the quantity of
soluble phosphorus released.
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To study the effects of each of the three used pesticides on the
grown transconjugants, only seven transconjugants were selected, since they
were more efficient than the highest parent (Km15).

Data presented in Table (22) revealed that both parents showed an
opposite response to pesticides. Also, five transconjugants (Tr 8/1, Tr 8/4, Tr
8/8. Tr 8/12 and Tr 8/15 had a biodegradation ability to all used pesticides. In
addition their totat colony counts were found to be higher than the control.

Twe transconjugants (Tr 8/7 and Tr 8/13) showed a degree of
resistance less than the other five, both transconjugants were considered as
resistant ones for all dcses of pesticides.

Table ({22): Effect of pesticides on number of colonies of the high
phosphate dissolving transconjuganis from cross 8 and
their parents.

Parents and Pesticides” . .

llrans- Control St M D Final response

onjugants v» RD|RD{ 2RD (- RD{ RD [2ZRD{Y: RD}RD 2RD} St M D
le15 215 | 285 {350( 435 | 310 | 370 [460]) 310 [380/485] R* R* R*
#mm 20y 010 0! O0O)oOolJOoOlLoOojOojO|l S |1 s | s
Tr 81 200 | 250 |350} 450 | 260 § 370 |480| 300 {400(500| R~ R* R™
|Tr8,’4 180 | 240 |320| 400 | 250 | 380 |48C| 200 [350|450f R* R" R~
ﬂr 87 250 § 230 {18G] 120 | 220 [ 170 {10Qf 240 {19Q{120| R R R
Tr 8/8 140 | 180 (250 370 { 200 | 320 {430} 190 ]250;360] R* R* ]
[Tr 812 150 | 200 |300] 400 | 220 | 330 |440) 180 }250{370| R* R* R*
Tr8mn3 220 } 210 ]150] 100 | 200 | 140 100| 205 |170{100| R R R
r 8/15 160 | 220 |330| 450 | 240 | 380 [480| 250 [350]450] R" R* R*

*St= Stomp, M= Malathion and D= Dursban.

3.Cross 9:

The third cross of this class was intraspecific and carried out
between two B. megateriurn strains, B. megaterium var. phosphaticum, which
i$ used as a commercial inoculom, and B. megaterium A.H. (Table 23).

All tested transconjugants showed variable levels of phosphate
solubilization. The production of soluble phosphorus of 14 transconjugants
was found to be higher than that released by the higher parental strain; B.
megaterium var. phosphaticum. The soluble phosphorus productivity of these
transconjugants ranged from 337.00 ppm (Tr 9/3) to more than 500.00 ppm
{Tr 9/15). Only one transconjugant (Tr 9/2) released a quantity of phosphorus
{333.33 ppm) equal to that released by the highest parental strain; B
megaterium var. phosphaticum (Table 23).

Eleven transconjugants were found to exhibit an inverse relation
between the amounts of soluble phosphorus and their pH values (Table 23).
The increase in the quantities of soluble phosphorus released by these
transconjugants was associated with reduction in pH values of their media. In
addition, two transconjugants (Tr 9/1 and Tr 9/5) showed a positive
relationship between pH values and the amounts of soluble phosphorus,
since the increase in pH values was accompanied by an increase in the
amounts of soluble phosphorus. Another type of relationship was noticed in
the case of the transconjugant (Tr 9/2), while an increase in the pH values
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Table {23): Amounts of released phosphorus and pH values for the
parental isolates of cross 9 and 15 selected

transconjugants.
pH Solubie-P {ppm) % from
tr::‘asr::;isu‘;';ﬂt s Days affer inoculation Days after inoculation higher
2 6 10 14 2 6 10 14 parent
8. megatenium var| 545 | 525 | S15 | 489 132833 | 33166 | 33283 | 333.33 } 100.00
lphosphaticum .
B. megaterium AH | 570 | 550 | 540 | 530 [ 317.33 | 32066 | 322,83 | 325.33 | 97.60
[ir o/ 535 | 542 [ 550 { 555 | 330.00 | 333.00 | 338.00 | 340,00 | 102.00
ITe 9/2 545 | 548 | 556 | 560 | 34533 | 339.00 | 333.33 | 333.33 | 100.00
Tr9/3 545 | 540 | 535 | 5.20 | 323.00 | 328.00 | 334.00 | 337.00 | 101.10
Tr 9/4 518 | 5.05 | 490 | 4.85 | 339.00 | 345.00 { 35C.00 | 362.00 | 10860
Tr9/5 520 [ 521 528 {1 535 {33000 { 33400t 338.00 | 351.00 | 105 3C
ITr o6 510 | 5.00 | 490 | 486 | 340.00{ 350.00 | 360.00 } 365.00 } 10950 '
Tr S/7 490 | 4B0 | 470 | 465 | 346.00 | 358.00 | 389.00 | 43C.00 | 12900 !
Tr 9/8 495 | 490 | 485 | 4.80 | 340.00 | 345.00 | 350.00 | 400.00 { 120.00 |
Tr 9/9 480 | 472 | 464 | 458 [ 353.001367.00 { 375.00 | 420.00 | 126.00
Tr 9/10 440 | 430 | 425 | 420 | 475.00{ 478.00 | 483.33 | 491.66 | 147.49 |
Tr 911 430 | 420 1 415 | 410 | 480.83 | 483.33 | 491.66 | 498.33 | 149.50
Tr 812 527 | 528 | 529 | 529 [ 327.00 ] 336.00 | 341.00 | 350.00 | 105.00
Tr 913 441 | 436 1 430 { 420 | 48166 | 48833 | 495.00 | 499.16 | 149.75
Trom4 433 | 422 | 418 | 405 | 49166 | 49583 | 498.33 | 500.00 | 150.00
Tr 9115 430 | 427 | 408 | 400 | 479.16 | 483.33 | 499.50 |> S00.00[> 150 00

Growth inhibition was noticed when both parental strains were
treated with all concentrations of pesticides( Table 24). Eight highly efficient
transconfugants (Tr /7, Tr 9/8, Tr 9/9, Tr 9/10, Tr 9/11, Tr 9/13, Tr 9/14 and
Tr 9/15) were selected to study the effect of the used pesticides.

Table (24): Effect of pesticides on number of colonies of the high
phosphate dissolving transcon;ugants from cross 9 and
their parents.

Parents and Pesticides Final response
Trans- Controli— St n M - D :
conjugants R/2D RD (2RD . RD|RD [2RD|*2RD| RD |[2RD| St | M | D :
\B.megaterium 205 (olo]Joijo0(0JO{ O o 0 S S {8 |
var.
Iohosphaticurm
B.megatenum 175 0 0 0 c |00 0 o 0 S s |8
AH .
Tr 877 200 o 0 0 0j01}o0 0 0 0 S 8§18
Tr 9/8 180 0 0 0 cjo0j0] 0 0 o ] 5|85
ITr 9/9 150 0 0 0 o |j0jo0]| 0 o Q ] S | s
Tr 910 220 0 0 o.fae oo 0 0] ¢ s 3 |s
ITr 9/11 180 o o 0 |150]1001807140) 80 | 75| S R 1R
Tr9/13 240 | 220|150 | 100 | 230 i170(120) 200 | 120 | 70 | R R | R
Tro/114 160 0 o ¢ g|0]j0Q)| O &) Q ) 3|8
[Trom15 230 (220011601100} O [ O] O | 210 1180|120} R 5 | R

*St= Stomp, M= Malathion and D= Dursban.

While only cne transconjugant (Tr 9/13) was found to exhibit
complete resistance to ali pesticides doses, two transconjugants (Tr 9/11 and
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Tr 9/15) exhibited resistance to two pesticides.On the other hand, five
transconjugants (Tr 9/7, Tr 9/8, Tr 9/9, Tr 9/10 and Tr 9/14) were unable o
resist any of the applied pesticides doses.

Conceming the resuits shown in Tables (from 7 to 24), it can be
concluded that 16 from 135 selected transconjugants proved to have the
ability to release phosphorus amounts more than the highest parental isolate
used in this study {(Km15). Out of these 16 transconjugants, four {Tr 5/10, Tr
5/11, Tr 5/12 and Tr 5/15) were belonging to cross 5 in class Il. In addition,
these transconjugants had the ability to degrade both stomp and malathion.
Also, only two transconjugations (Tr 5/10 and Tr 5/15) degraded durshan, but
the athertwo (Tr 5/11 and Tr 5/12) were resistant.

On the other hand, seven high phosphate producing transconjugants
(Tr 8/4, Tr 8/4, Tr 8/7, Tr 8/8, Tr 8/12, Tr 8/13 and Tr 8/15) were obtained
from cross 8 in class Ili. Five out of these seven transconjugants (Tr 8/1, Tr
8/4, Tr 8/8, Tr 8/12 and Tr 8/15) had the ability to degrade all pesticides while
two transconjugants (Tr 8/7 and Tr 8/13) were resistant for all pesticides.

Also, five high phosphate dissolving bacterial transconjugants (Tr 9/10,
Tr 8711, Tr 9/13, Tr 9/14 and Tr 9/15) were obtained from the intraspecific
cross (cross 9). Two transconjugants (Tr 9/10 and Tr 9/14) were found to be
sensitive for all pesticides doses and one transconjugant (Tr 3/13) showed
high resistance for pesticides doses. On the other hand, transconjugant (Tr
9/11) was resistant to malathion and dursban and sensitive to stomp while
(Tr 9/15) was sensitive to malathion and resistant to the other two pesticides.

it was noticed that, both crosses (5 and 8) which gave 11 high
phosphate dissoiving transconjugants were including the highest parent
{(Km15}. Moreover, isolate Km15 shared only in these crosses as a parent,
but did not use in other crosses in the conjugation experiments. it could be
concluded that, when isolate Km15 was used with either low efficient parent
(Gm15 in cross 5) or highly efficient parent (Km10 in cross 8), it proved to
have the ability to inherit the high phosphate dissolving efficiency to many of
its transconjugants. This means that this isolate carries the gene{s} which
couid be responsible for high phosphate dissoiving efficiency. Moreover, the
majority of the transconjugants selected from the two crosses (5 and 8)
proved to have the ability to degrade ali doses of pesticides with some minor
exceptions. This may indicate that isolate Km1% aiso contains the
degradative gene(s), which could be responsible for the biodegradation of
these pesticides. To determine if both types of genes are carrying on either
~ the chromosomal DNA, the plasmid DNA or distributed between both DNAS,
further studies will be needed.

On the other hand, it was not surprising that many transconjugants
from cross 9 showed the ability to produce highly phosphate amounts, while
both parents (B, megaterium strains) are well known as high phosphate
producers. In other words, they may harbor the gene(s) responsible for
dissolving phosphate. But, none of these transconjugants showed any
pesticides degradative ability as shown in Table (24), this indicate that both
strains may not carry the degradative gene(s), which are responsible for
biodegradation process of pesticides.
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By studying DNA transfer results which were obtained after the application of
conjugation experiments in this work, it could be concluded that these results
took three main phenomena into consideration. These main phenomena
were the efficiency of refeasing soluble phosphorus, the relationship between
pH values and the amounts of released phosphorus and the response to
three applied pesticides. These subjects were studied in all selected
transconjugants and compared with the resuits of the parents.

For the first phenomenon; the highly efficiency of releasing soluble
phospheorus: Higher phosphate productivity may be a result of reactivation
of some genes which are responsible for this phenomenon as a result of
collecting different genetic materials in one cell as a result of conjugation.
Also, this gene activation may be a result of the effect of some cytoplasmic
components which were transferred from one cell to another.

Another interpretation for the higher productivity -of some of the obtained
recombinants in comparison with their parenis, that the genes which are
responsibie for phosphate dissolving were suppressed in its own host cells
{one or both parents) and once these genes were transferred or collected
with other genetic components, they could be reactivated and share with
other genes in the enhancement of phosphate dissolving. These results are
in agreement with those of Goldstein (1995), Rodriguez et al. (2001), Zhao &t
al. (2002) and Goldstein et al., (2003).

For the second phenomenon; the relationship between pH values and
the amounts of released phosphorus for the obtained transconjugants:
Two types of relations were found. The first was reverse association between
pH values and amounts of released phosphorus. The second was positive
association; this means that the increase of phosphorus amounts with the
increase of pH values.

It is well known that low pH value is an essential factor for the
conversion of insoluble form of phosphorus to the soluble one. Phosphaie
dissolving bacteria have the ability to produce organic acids such as gluconic
acid and 2-ketogluconic acid from glucese. Results of this study indicated
that the new constructed genetic pools found as a result of mixing the
genetic materials of two cells (conjugation) may activate some gene(s} in
glucose pathway, which encourage the induction of these organic acids,
causing the decrease of pH values and then enhancing the reiease of sofuble
phosphorus, These results are in agreement with those of Marino ef al
(1998), Gaind and Gaur (1999) and Xu et al. (2004).

For the third phenomenon; the ability of some bacterial isolates on
resistance or degrading different pesticides:

Results of this study revealed that some of the transconjugants were
sensitive to one or more of the three pesticides used in this study. These
transconjugants may lack the gene(s) responsible for the resistance io
pesticide(s) or these recombinants may carry the resistance gene(s) but in
inactive form, therefore, these recombinants seem as sensitive isolates for
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this peslicide(s). Some other transconjugants had the ability {o resist the
effect of one or more of pesticides, while they grew on media containing this
pesticide(s). These recombinants may carry one or more of the detoxification
genes which prevent the toxic effect of pesticide(s). This prevention can
occur by cleavage of one or more of the toxic groups or disruption of
chemical bond(s) which are important for the chemicai structure of
nesticide(s). Also, pesticides resistance gene(s) may be carried by these new
constructed isolates and prevent the penetration of pesticide(s) into the
bacterial cell or indicate this pesticide(s) cnce it penetrate into the cell. The
occurrence of one of these effects is dependent on the iocation of this
gene(s) in the new constructed cell, if it is carried on either the chromosomai
or plasmid DNA.

Other transconjugants showed the ability of pesticides biodegradation
and they may carry one or more of the degradative genes. This gene(s) have
the ability to degrade or breakdown the pesticide(s) to its precursors or
primary substrates. These substances can be utiiized by the new
transconjugants and enhance their growth and give large numbers of
bacterial celis on the pesticide-treated plates in comparison with the controls.
These resuits are in agreement with many authors who used DNA transfer
techniques to imprcve the pesticide biocdegradation ability. Suwa ef al.
{1996), Feng and Kennedy (1997), Paromenskaya ef al (1998}, Hayatsu et
al. (1999}, Sutherland et al. (2002) and Desaint ef al. (2003).

For the transconjugant Tr 6/13 (Tables 21 and 38) which showed
degradative ability for the insecticide dursban, in spite of one of its parents
(Gm11) was sensitive and the second (Ds1) was resistant for the same
insecticide, this result agree with that reported by Kole and Dey (1989). They
found that when some pesticides such as Stomp and Ronstar were used at or
above recommended rates, the growth of phosphate dissolving bacteria was
inhibited. They added that the effect was more pronounced at higher rates of
the herbicides and decreased with time after application due to herbicide
biodegradation. Finally, it can be concluded that the application of DNA
transfer technique such as conjugation led to the construction of different
types of recombinants with DNA molecules from different sources. The
majority of these recombinants showed higher abilities in solubilizing
phosphate and resisting or degrading pesticides.

7. Genetic analysis of protein patterns:;

To identify a biochemical genetic marker associated with phosphate
solubilization trait, SDS-PAGE technique was used. Twelve transconjugants
out of the 15 resulted from cross 4 (Km10 x Kf1) differing in their productivity
of soluble phosphorus in addition to their parents were chosen. Qut of the 12
selected transconjugants, eight had high phosphate solubilization efficiency,
(Tr 4/15, Tr 4/8, Tr 4/3, Tr 4/1, Tr 4/13, Tr 4/5, Tr 4/11 and Tr 4/4) and four
showed low phosphate dissolving efficiency (Tr 4/6, Tr 4/12, Tr 4/14 and Tr
4/8) were used. Electrophoresis analysis for the extracted proteins of the 12
selected transconjugants and their parents was carried out. Figure (1)
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presents the banding patterns and the molecular weight of the extracted
proteins against a standard protein marker (Cat. N. 161.0308, BioRAD ).

212, 00(Ds — 5
12,00 V &
EEMK e

LE .20

‘i\

A

Figure (1): A photograph representing SDS-PAGE banding patterns of
Pseudomonas isolates, and 12 of their fransconjugants.

There were remarkable wvariations in the numbers of protein bands

between the two parental isolates, while eight bands were detected in SDS-
PAGE banding patterns for the highly efficient isolate (Km10) and only four
bands for the low efficient isolate (Kf1). The highest band numbers were
detected in the first four highly efficient transconjugants; Tr 4/15, Tr 4/9, Tr
4/3 and Tr 4/1, the intensity of these bands was differed. On the other hand,
the other four highly efficient transconjugants showed different protein band
numbers, while ten identical bands were detected for both Tr 4/13 and Tr 4/5,
eight and nine bands were detected for Tr 4/11 and Tr 4/4, respectively.
With regard to the rest four low efficient transconjugants, it was noticed that
seven identical bands were detected for both transconjugants; Tr 4/6 and Tr
4/8 and nine identical bands were detected for both transconjugants;-Tr 4/12
and Tr 4/14.

The results revealed also some differences in the intensity of the same
protein bands between the parental isolates and their transconjugants. The
high efficient parent; Km10 represented a weak intensity band (No. 4), which
was very weak in the high efficient eight transconjugants. This band was
absent in the low efficient parent (Kf1) and the four low efficient
transconjugants. In addition, Km10 isolate exhibited very weak intensity
bands (Mos. 10, 11 and 12), which were detected as weak bands only in the
first four of the high and all the low efficient tested transconjugants.
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These results confirmed those obtained by Tegelstrom and Essen (1996)
who reported that individuals originating from different breeders are more
dissimilar than those from the same breeder. El-Sanossy (2003), indicated
that there were levels of polymorphism amaong some Azofobacfer strains and
their resulted transconjugants. He also showed that the intensity of protein
bands was differed at the same band from the parental strains to their
resulted transconjugants.

This study showed that one protein band (No. 2) with size of 66 KDa may be
associated with phosphate solubilizing activity, while it was detected in the
high efficient parent; Km10 and eight high efficient transconjugants.

It can be concluded that protein analysis may be used as biochemical
genetic tool to identify bacterial isolates and their recombinants with specific
characteristics. However, further studies on other molecular markers such as
RFLLP and RAPD are needed to substantiate this conclusion.
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