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ABSTRACT

Several bacterial isolates were isolated from Dakahlia and Damitta
Governorates. The isolates were purified, identified and tested for PHB production.
The tested isolates were 17 isolates of Azotobacter chroococcum, 8 isolates of
Azospirillum lipoferum, 22 isolates of Alcaligenes eutrophus, 3 isolates of A. latus, 3
isolates of Bacillus subtilis, 2 isolates of B. cereus, 5 isolates of B. megaterium, 2
isolates of B. coagulans, 3 isolates of B. polymexa, 4 isolates of B. thuringiensis, 2
isolates of Pseudomonas fluorescens, 2 isolates of P. putida, 2 isolates of P. alcaligenes, 2
isolates of P. aeruginosa, 4 isolates of Rhizobium leguminosarim, 2 isolates of R. meliloti,
one isolate of R. japonicum and 12 isolates of Streptomyces albus. Also, the
occurrence of alginate in different isolates of Azotobacter and Pseudomonas were
investigated. All isolated strains proved to be PHB producers. The amount of PHB
produced by Bacillus isolates varied from 0.02 to 0.16 g/l, while by Azospirillum
isolates the PHB amounts ranged from 0.12 to 0.58 g/I. Using Rhizobium isolates, the
highest amount of PHB (0.36 g/l) was produced by R. leguminasarim No 3, while the
lowest amount (0.06 g/l) was obtained by R. leguminosarim No 2. Usig two media,
Alcaligenus eutrophus No. 20, seemed to be the most active PHB producer among all
Alcaligenes isolates (0.52 g/l). By Pseudomonas isolates, Pseudomonas fluorescens
No. 2 produced 0.30 g/L of PHB while P. aeruginosa No. 2 produced 0.10 g/L.
Generally the isolate of Azotobacter chroococcum No. 16 showed the highest values.
The cell dry weight, PHB concentration and the yield of PHB were 2.28 g/l, 0.78 g/l,
34.21%, respectively. And the highest amount of alginate concentration (g/l) was 0.44
by Azotobacter chroococcum No. 14.
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INTRODUCTION

The problem of environmental pollution caused by indiscriminate
dumping of plastic waste has assumed global proportions. These
conventional plastics that are synthetically derived from petroleum are not
readily biodegradable, It is considered as environmentally harmful wastes. In
the search of environmentally friendly materials to substitute for conventional
plastics, different biodegradable plastics have been developed either by
incorporating natural polymers into conventional plastics formulations, by
chemical synthesis, or by microbial fermentations. However, physical
limitations of these materials still exist (Kahar et al., 2004).

Among the variety of biodegradable plastics a family of more than 40
poly-hydroxy alkanoates (PHAs) and their co-polymeric derivatives has
emerged as very attractive materials due to their complete biodegradability. A
number of bacteria accumulate these polymers or co-polymers as an
intracellular carbon reserve when unfavorable environmental and nutritional
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conditions are encountered. Poly-b-hydroxybutyrate (PHB) is a microbial
polyester produced by many bacteria and stored in cells in the form of
granules. It is a candidate for the synthesis of environmentally benign,
biodegradable plastics. Much efforts has been spent in optimizing the poly-@3-
hydroxybutyrate (PHB) production using pure substrates and pure cultures.
The cost of this (PHB) is still around ten times higher than that of
conventional plastics (Wang and Lee, 1997).

PHA has been identified in more than 20 bacterial genera, including
Alcaligenes (Khanna and Srivastava, 2005), Azotobacter (Pozo et al., 2002),
Bacillus (Law et al., 2003), Pseudomonas (Sheu and Lee, 2004), Rhizobium
(Todd et al., 2002) and Streptomyces (Verma et al., 2002).

Because only a few of the many species of brown seaweed are
suitable, as a results of abundance and location, for commercial alginate
production, there is at present interest in the bacterial production of alginate-
like polymers. Alginate was reported first in the opportunistic pathogen
Pseudomonas aeruginosa and then in three nonpathogenic species of
Pseudomonas, including P. mendocina, P. putida, and P. fluorescens,
Azotobacter vinelandii appears to be highly appropriate for commercial
bacterial alginate production (Bakkevig et al., 2005). Also, A. chroococcum,
was used for alginate production (Pecina et al., 1999). In previous studies,
several collection isolates of Azotobacter and Pseudomonas were screened on
3 different media.

Alginates have various industrial uses as viscosifiers, stabilizers and gel-
forming, film-forming or water-binding agents. These applications range from
textile printing and manufacturing of ceramics to production of welding rods and
water-treatment. These properties are utilized in the food industry in products like
custard creams and restructured food. The polymer is also used as a stabilizer
and thickener in a variety of beverages, ice-creams, emulsions and sauces. The
pharmaceutical industry uses alginates as wound dressings and dental
impression materials. The polysaccharide is also used as a tablet binder or
disintegrant, and by carefully choosing the optimal alginate quality one can obtain
controlled release of the drug. In recent years alginates have been used for
encapsulation of cells and enzymes (Bucko et al., 2005 and Dentini et al., 2007).

The aim of this work was isolation, identification and test the isolates
for PHB and alginate production.

MATERIALS AND METHODS

Isolation and purification:

Different soil samples were taken from different regions in Damitta
and Dakahlia Governorates, Egypt. The soil samples were collected from
rhizosphere of different plants (Zea mayz, Vicia faba and Trifolium
alexandrinum) from 0-15 cm layer. 10 gram of each sample was suspended
in 90 ml of sterile distilled water and shaked vigorously, serially diluted in
sterile distilled water, and the dilution from 10-! to 10-® were plated on specific
media. Plates were incubated at 30°C for 48 h.
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Azotobacter isolates were isolated and maintained using modified
Ashby’s medium (Abd EI-Malek and Ishac, 1968) and PHB production was in
(Pozo et al., 2002) medium which supplemented with 1% fructose as carbon
source. But the alginate production was in (Clementi et al. 1995) medium,
(Jimenez et al.1999) medium 2005 and (Lange et al., 2002) medium.

Azospirllium isolates were isolated and maintained using nitrogen
deficient medium (Dobereiner, 1988) and PHB production was in (Sun et al.,
2002) medium which supplemented with 0.5% malic acid as carbon source.

Alcaligenes  isolates were isolated using mineral salt medium
(Khanna and Srivastava, 2005); maintained using nutrient rich medium (Du et
al., 2001) and PHB production was in AL1 medium (Wang and Lee, 1997)
which supplemented with 3% sucrose as carbon source and (Beaulieu et al.,
1995) medium which supplemented with 3% glucose as carbon source.

Bacillus, Streptomyces and Pseudomonas isolates were isolated and
maintained using nutrient agar medium (Difco, 1977)

PHB production by Bacillus isolates was in (Aslim et al.,, 2002)
medium which supplemented with 2% glucose as carbon source.

PHB production by Pseudomonas isolates was in (Qiang et al.,
2001) medium which supplemented with 1% glucose as carbon source . But
the alginate production was in (Bakkevig et al., 2005) medium .

Rhizobium isolates were maintained using yeast extract mannitol
agar medium (Tavernier et al., 1997) and PHB production was in the same
medium which supplemented with 0.6% fructose as carbon source .

PHB production by Streptomyces isolates was in yeast extract malt
extract medium (YEME medium) (Verma et al., 2002) which supplemented
with 2% glucose as carbon source.

Rhizobium spp:

7 isolates of Rhizobium leguminasarum, meliloti and japonicam were
obtained from Microbiology Department, Fac. of Agric., Mansoura Univ.
Cultivation system

The inocula were prepared in 250 ml conical flasks containing 20 ml
of different media, inoculated with a loop of tested cultures and incubated in a
rotary shaker at 200 rpm at 30°C for 48 h. Then the inocula were transferred
into 250 ml conical flasks containing 50 ml of the production medium and
incubated in a rotary shaker at 200 rpm at 30°C for 48 h. (Khanna and
Srivastava, 2006).

Analytical methods
Biomass determination

Cells from 50 ml culture broth were pelleted by centrifugation (5000xg,
10 min), washed twice with sterile distilled water, dried for 24 h at 100 °C and
used for total cell dry weight determination (Khanna and Srivastava, 2005).
Poly-R-hydroxybutyrate determination

For the quantitative estimation of PHB, cells of culture broth were
collected by centrifugation (5000xg, 10 min). 10 ml of hot chloroform was
added in cells at 70 °C 10 min and incubated at 30 °C for 24 h. The resulting
solution was collected, allow to the chloroform to evaporate, dried at 100 °C
for 24 h and cell dry weight was determined (Pozo, et al., 2002).
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Alginate measurement:

A 10-ml sample of culture broth was centrifuged at 5000 rpm for 20
min. The supernatant was added to 30 ml propan-2-ol and the resultant
precipitate was filtered through a Whatman filter-paper, dried to 70°C for 24 h
until constant weight and weighted (Jimenez et al., 2005)

RESULTS AND DISCUSSION

The identification of isolates :

Seventeen isolates of Azotobacter were isolated from different soil
samples. The isolates showed that the cells are oval, negative to Gram-stain,
motile, capsulated, formed dark brown pigments in old cultures, catalase
positive, not hydrolyzing gelatin, starch or casein, indole negative, M.R.
positive, V.P. test positive, acid produced from glucose, fructose, galactose,
arabinose, maltose, sucrose, xylose, mannitol, sorbitol and ribose. Acid not
produced from lactose. All the isolates were identified as Azotobacter
chroococcum.

Eight isolates of Azospirillum were isolated from different soll
samples. The isolates showed that the cells were vibroid, 1-2 x 4-6 um,
negative to Gram stain, very active motile with spiral movement, colonies are
round, white, slightly viscid , convex and translucent, catalase positive, M.R.,
V.P. and indole tests negative, not hydrolysing starch, gelatin and casein,
acid produced from glucose, fructose, galactose, arabinose, xylose, mannitol,
sorbitol and ribose and acid not produced from maltose, sucrose and lactose.
The isolates were designated as Azospirillum lipoferum.

Twenty five isolates of Alcaligenes were isolated from different soil
samples. The isolates showed that the cells were rods and cocobacilli,
negative to Gram stain, motile, capsulated, catalase positive, oxidase
positive, indole negative, M.R. negative, V.P. negative, citrate negative, not
hydrolyzing gelatin, starch or casein, acid not produced from glucose,
Lactose, mannitol, maltose, sucrose, xylose, anaerobic growth with nitrate
positive and anaerobic growth with nitrite negative. These isolates were were
involved in the species of A. eutrophus . The isolate Nos.11, 19 and 22
anaerobic growth with nitrate negative and anaerobic growth with nitrite
positive. The three isolates were placed under the species of A. latus .

Several bacterial cells were isolated from from different soil samples.
The cells were positive to Gram stain, endospore, motile, catalase positive,
M.R. positive, hydrolyzing starch and casein. Three isolates produced acid
from glucose, arabinose, xylose, manitol, not produced gas from glucose,
oxidase positive, hydrolyzing gelatin, indole negative, V.P. test positive, and
citrate utilization positive. These isolates were identified as B. subtilis. Two
isolates not produced acid from glucose, arabinose, xylose, manitol, not
produced gas from glucose, oxidase positive, hydrolyzing gelatin, indole
positive, V.P. test positive, and citrate utilization negative. These two isolates
were identified as B. alvei. Two isolates not produced acid from glucose,
arabinose, xylose, manitol, not produced gas from glucose, oxidase positive,
hydrolyzing gelatin, indole negative, V.P. test positive, and citrate utilization

6056



J. Agric. Sci. Mansoura Univ., 33(8), August, 2008

positive. These isolates were identified as B. cereus. Two isolates produced
acid from glucose, arabinose, xylose, not from manitol, not produced gas
from glucose, oxidase negative, not hydrolyzing gelatin, indole negative, V.P.
test positive, and citrate utilization positive. These isolates were identified as
B. coagulans. Five isolates produced acid from glucose, manitol, xylose,
arabinose, produced gas from glucose, oxidase positive, hydrolyzing gelatin,
indole negative, V.P. test negative, and citrate utilization positive . These
isolates were identified as B. megaterium. Three isolates produced acid from
glucose, manitol, xylose, not from arabinose, not produced gas from glucose,
oxidase positive, hydrolyzing gelatin, indole negative, V.P. test positive, and
citrate utilization negative. These isolates were identified as B. polymyxa.
Four isolates produced acid from glucose, not from manitol, xylose,
arabinose, not produced gas from glucose, oxidase positive, hydrolyzing
gelatin, indole negative, V.P. test positive, and citrate utilization positive.
These isolates were identified as B. thuringiensis.

Eight pseudomonas were isolated from different soil samples. The
cells were short rods, nigative to Gram stain, non endospores, motile,
catalase positive, oxidase positive, not hydrolyzing starch, indole negative,
V.P. negative, citrate utilization negative, acid produced from fructose and not
produced from lactose and maltose. Two isolates produced acid from
glucose, not produced from sucrose, xylose, manitol, not hydrolyzing gelatin
and M. R. test was positive. These isolates identified as P. putida. Two
isolates produced acid from glucose, sucrose, xylose, manitol, hydrolyzing
gelatin and M. R. test was positive. These two isolates identified as P.
fluorescence. Two isolates produced acid from glucose, manitol, not
produces from sucrose, xylose, hydrolyzing gelatin and M. R. test was
positive. These isolates identified as P. aeruginosa. Two isolates produced
acid from manitol, not produces from glucose, sucrose, xylose, not
hydrolyzing gelatin and M. R. test negative. These isolates identified as P.
alcaligenes .

Eleven isolates of Streptomyces showed filamentous cells, positive to
Gram stain, non motile, catalase positive, oxidase positive, hydrolyzing
gelatin, starch and casein, indole negative, M.R. positive, V.P. negative, acid
not produced from fructose or lactose, acid not produced from glucose,
maltose, sucrose and xylose. The isolates identified as Streptomyces albus.
Efficiency of the isolated microorganisms for PHB production :

Data in Table 1 showed that all isolates of Azotobacter produced PHB.
The cell dry weight varied from 0.54 to 2.28 g/l, the PHB concentration ranged
from 0.12 to 0.78 g/l and PHB% ranged from 8.33 to 34.21%. A. chroococcum
No. 16 showed the highest values of PHB, the cell dry weight, PHB
concentration and the vyield of PHB were 2.28 g/l, 0.78 g/, 34.21%,
respectively.

PHB level was higher than the level recorded by Cho et al., (2001)
who studied the production of PHB by Azotobacter and found that the PHB
concentration was 0.69 g /L when the medium employed for PHB production
was supplemented with 20 g glucose. Kim, (2000) used an inexpensive
substrate i.e. starch, to produce PHB in fed-batch culture of Azotobacter .
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Fermentation was carried out in a 2.5 liters stirred tank fermentor and the
mximum production was 46% PHB.

Table (1): PHB production by Azotobacter isolates

Isolates No. C.D.W (g/l) PHB (g/l) PHB (%)
IA. chroococcum No. 1 1.08 0.18 16.67
IA. chroococcum No. 2 0.94 0.20 21.28
IA. chroococcum No. 3 1.72 0.36 20.93
IA. chroococcum No. 4 1.48 0.40 27.03
IA. chroococcum No. 5 2.3 0.50 21.74
IA. chroococcum No. 6 1.6 0.42 26.25
IA. chroococcum No. 7 1.72 0.46 26.74
IA. chroococcum No. 8 1.88 0.18 9.58
IA. chroococcum No. 9 1.06 0.28 26.42
IA. chroococcum No. 10 1.44 0.12 8.33
IA. chroococcum No. 11 0.98 0.16 16.33
IA. chroococcum No. 12 0.72 0.12 16.67
IA. chroococcum No. 13 1.1 0.12 10.91
IA. chroococcum No. 14 1.14 0.14 12.28
IA. chroococcum No. 15 0.54 0.12 22.22
IA. chroococcum No. 16 2.28 0.78 34.21
IA. chroococcum No. 17 1.46 0.14 9.59

Table 2 shows the production of PHB by Azospirillum isolates. Cell
dry weight of the used isolates varied from 0.30 to 5.8 g/l, the PHB
concentration ranged from 0.12 to 0.58 g/l and PHB% ranged from 3.33 to
53.33 %. Azo. lipoferum No. 5 had the highest values of PHB and the cell dry
weight, PHB concentration and the yield of PHB were 1.44 g/l, 0.58 g/,
40.28%, respectively. PHB levels were in the range obtained by Sun et al.,
(2002) who studied the production of PHB by Azospirillum. They found that
Azospirillum can accumulate even more PHB up to 40% of the cell dry.

Table (2): PHB production by Azospirillum isolates

Isolates No. C.D.W (g/l) PHB (g/l) PHB (%)
A. lipoferum No. 1 0.30 0.16 53.33
A. lipoferum No. 2 0.30 0.12 40.00
A. lipoferum No. 3 1.40 0.24 17.14
A. lipoferum No. 4 1.42 0.16 11.27
A. lipoferum No. 5 1.44 0.58 40.28
AA. lipoferum No. 6 4.20 0.14 3.33
A. lipoferum No. 7 2.02 0.14 6.93
A. lipoferum No. 8 1.58 0.28 17.72

Table 3 showed that, cell dry weight of Alcaligenes isolates varied
from 0.40 to 7.30 g/l. The PHB production ranged from 0.02 to 0.52 g/l and
PHB% ranged from 0.87 to 21.76%. A. eutrophus No. 21 recorded the
highest amount of PHB (0.52 g/l).

Several investigators studied the production of PHB from
Alcaligenes isolates. Khanna and Srivastava (2005) found that, R. eutropha
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exhibited a maximum biomass (3.25 g/l) with a PHB concentration of 1.4 g/l in
48 h. and Beaulieu et al., (1995) found that the yield of PHB was 26%, but
Kim et al., (1995) found that, PHB concentration was 3.15 g/I.

Table (3): PHB production by Alcaligens isolates

Isolates No. Medium No. 7 Medium No. 8
C.D.W |PHB (g/l) |PHB (%) | C.D.W PHB |PHB (%)
(/) (C10) (C10)

A. eutrophus 1 3.88 0.20 5.16 2.48 0.22 8.87
A. eutrophus 2 3.14 0.20 6.37 2.44 0.16 6.56
A. eutrophus 3 2.80 0.14 5.00 1.98 0.28 14.14
A. eutrophus 4 2.90 0.38 13.10 1.30 0.14 10.77
A. eutrophus 5 2.80 0.14 5.00 2.62 0.36 13.74
A. eutrophus 6 3.34 0.18 5.39 2.28 0.10 4.386
A. eutrophus 7 2.98 0.14 4.70 2.90 0.14 4.83
A. eutrophus 8 3.16 0.16 5.06 3.10 0.28 9.03
A. eutrophus 9 3.06 0.14 4.58 1.56 0.08 5.13
A. eutrophus 10 4.40 0.16 3.64 2.20 0.30 13.64
A. eutrophus 11 3.92 0.48 12.25 2.08 0.12 5.77
A. eutrophus 12 1.92 0.24 12.50 0.40 0.02 5.00
A. eutrophus 13 5.48 0.28 5.11 2.30 0.02 0.87
A. eutrophus 14 2.46 0.18 7.32 1.64 0.22 13.42
A. eutrophus 15 1.98 0.28 14.14 1.72 0.08 4.65
A. eutrophus 16 7.30 0.36 4.93 3.68 0.12 3.26
A. eutrophus 17 2.62 0.46 17.56 2.48 0.28 11.29
A. eutrophus 18 5.10 0.48 9.41 1.98 0.28 14.14
A. eutrophus 19 2.20 0.30 13.64 2.30 0.36 15.65
A. eutrophus 20 2.98 0.52 17.45 2.28 0.40 17.54
A. eutrophus 21 2.40 0.52 21.67 2.90 0.44 15.17
A. eutrophus 22 1.64 0.22 13.42 2.10 0.18 8.57
A. latus 1 2.06 0.10 4.85 1.90 0.16 8.42
A. latus 2 2.90 0.14 4.83 2.40 0.18 7.50
A. latus 3 1.90 0.16 8.421 2.62 0.16 6.12

Table 4 shows that all isolates of Bacillus produced PHB. Cell dry
weight varied from 0.22 to 2.92 g/l. The PHB concentration ranged from 0.02
to 0.16 g/l and PHB% ranged from 1.53 to 21.43 %. B. megaterium No. 5
showed the highest values of PHB and cell dry weight, PHB concentration
and yield of PHB were 1.42 g/l to 0.16 g/l, 11.27%, respectively. Aslim et al.,
(2002) reported that PHB was produced by B. subtilis, B. megaterium, B.
firmus, B. sphaericus, B. theringiensis and B. pumilus. The highest value of
PHB in B. megaterium Y6 was 0.27 g/l and the cell dry weight was 1.04 g/l in
B. subtilis K1, and the lowest value of PHB was 0.04 g/l in B. theringiensis D1
and the cell dry weight was 1.04 g/l in B. firmus G4.

Table 5 shows that cell dry weight of Pseudomonas isolates varied
from 0.32 to 2.92 g/I, the PHB concentration ranged from 0.10 to 0.30 g/l and
PHB% ranged from 4.00 to 43.75%. P. fluoresens No.1 recorded the highest
values of PHB (0.30 g/l), while the cell dry weight was 1.68 g/l, and the yield
of PHB was 17.86 %.
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Table (4): PHB production by Bacillus isolates

Isolates No. C.D.W (g/l) PHB (g/l) PHB (%)
B. subtilis 1 0.46 0.08 17.39
B. subtilis 2 0.98 0.02 2.04
B. subtilis 3 0.82 0.02 2.44
B. alvei 1 1.34 0.04 2.99
B. alvei 2 1.16 0.02 1.72
B. cereus 1 0.56 0.04 7.14
B. cereus 2 2.62 0.04 1.53
B. coagulans 1 1.02 0.04 3.92
B. coagulans 2 0.68 0.06 8.82
B. megaterium 1 2.92 0.12 411
B. megaterium 2 0.22 0.04 18.18
B. megaterium 3 0.48 0.02 4.17
B. megaterium 4 1.10 0.10 9.10
B. megaterium 5 1.42 0.16 11.27
B. polymyxa 1 0.64 0.08 12.50
B. polymyxa 2 1.14 0.04 3.51
B. polymyxa 3 0.28 0.06 21.43
B. thuringiensis 1 0.58 0.06 10.35
B. thuringiensis 2 2.56 0.06 2.34
B. thuringiensis 3 0.64 0.04 6.25
B. thuringiensis 4 0.40 0.02 5.00
Table (5): PHB production by Pseudomonas isolates

Isolates No. C.D.W (g/l) PHB (g/l) PHB (%)
P. putida 1 1.02 0.10 9.80
P. putida 2 2.92 0.12 4.11
P. fluorescence 1 1.68 0.30 17.86
P. fluorescence 2 0.84 0.18 21.43
P. aeruginosa 1 2.46 0.14 5.69
P. aeruginosa 2 2.50 0.10 4.00
P. alcaligenes 1 0.92 0.18 19.57
P. alcaligenes2 0.32 0.14 43.75

Table 6 shows that cell dry weight of Rhizobium isolates, cell dry
weight varied from 0.38 to 1.22 g/l, the PHB concentration ranged from 0.06
to 0.36 g/l and PHB% ranged from 7.38 to 29.51%. The highest values of cell
dry weight, PHB concentration and the yield of PHB were obtained by R.
leguminosarim No. 3. Similar results were obtained by Tavernier et al., (1997)
and Encarnacion et al., (2002).

Table 7 shows that cell dry weights of Streptomyces isolates were
varied from 0.90 to 3.04 g/l, the PHB concentration ranged from 0.02 to 0.12 g/l
and PHB% ranged from 1.03 to 6.68%. Streptomyces albus No. 10 seemed to
be the highest producer of PHB. Verma et al., (2002) studied the production of
PHB by 12 different strains of Streptomyces and found that all the tested
isolates produced PHB and wide variation in the PHB content and the time
required for maximum production observed.
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Table (6): PHB production by Rhizobium isolates

Isolates No. C.D.W (g/) PHB (g/l) PHB (%)
R. leguminasarum 1 1.38 0.16 11.59
R. leguminasarum 2 0.66 0.06 9.09
R. leguminasarim 3 1.22 0.36 29.51
R. leguminasarum 4 1.18 0.10 8.48
R. meliloti 1 0.40 0.08 20.00
R. meliloti 2 2.44 0.18 7.38
R. japonicam 0.38 0.06 15.79
Table (7): PHB production by Streptomyces isolates

Isolates No. Cell dry weight (g/) PHB (g/l) PHB (%)
S. albus 1 2.12 0.04 1.89

S. albus 2 1.00 0.04 4.00

S. albus 3 3.04 0.08 2.63

S. albus 4 1.44 0.04 2.78

S. albus 5 0.90 0.04 4.44

S. albus 6 1.94 0.02 1.03

S. albus 7 3.04 0.10 3.29

S. albus 8 2.54 0.08 3.15

S. albus 9 1.84 0.06 3.26

S. albus 10 1.72 0.12 6.98

S. albus 11 1.46 0.04 2.74

Alginate production :

Table 8 shows that when Pseudomonas isolates were used for
alginate production, cell dry weight varied from 1.36 to 2.54 g/l, the alginate
concentration ranged from 0.12 to 0.38 g/l and alginate % ranged from 6.67
to 14.96 %. P. aeruginosa No. 2 showed the highest values of alginate (0.38
g/l). Martins et al, (1990) studied the production of alginate by
Pseudomonas isolates, and Bakkevig et al., (2005) observed that P.
fluorescence produced alginate after 2 days and alginate yield was 0.45 g/I.

Table (8): Alginate production from Pseudomonas spp.

Isolates Cell dry weight (g/L) Alginate (g/L) Alginate (%)
P. putida 1 1.68 0.18 10.71
P. putida 2 2.30 0.24 10.44
P. fluorescence 1 1.98 0.22 11.11
P. fluorescence 2 1.36 0.12 8.82
P. aeruginosa 1 1.44 0.12 8.33
P. aeruginosa 2 2.54 0.38 14.96
P. alcaligenes 1 2.08 0.18 8.65
P. alcaligenes2 1.80 0.12 6.67

Table 9 shows that cell dry weight of Azotobacter isolates were
varied from 0.66 to 4.00 g/l, the alginate concentration ranged from 0.02 to
0.44 g/l and alginate% ranged from 1.03 to 20.9%. A. chroococcum No. 14
showed the highest values of alginate (0.44 g/l) and the cell dry weight was
4.0 g/l. Castaneda et al., (2000) reported that, alginate was produced by
Azotobater isolates. Clementi et al., (1995) observed that, pH, phosphate and
C/N ration affected on the aginate production ant it was 0.63 g/I.
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Table (9): Alginate production from Azotobacter chroococcum on

different media

Medium No. 1 Medium No. 2 Medium No. 3
Isolates No. CDW Alginate | Alginate | CDW | Alginate | Alginate | CDW |Alginatel Alginate
o] O () @) (¢/) (W) @ | O W)
0.66| 0.04 6.06 | 0.70 | 0.02 2.86 | 0.74 | 0.14 | 18.92
1.28| 0.24 18.75 | 1.34 | 0.14 10.45 | 1.34 | 0.28 | 20.90
1.66] 0.30 18.07 | 2.16 | 0.34 15.74 | 1.16 | 0.14 | 12.07
1.98| 0.16 8.08 | 1.76 | 0.16 9.09 | 1.76 [ 0.14 | 7.96
2.46| 0.38 15.45 | 2.80 | 0.34 12.14 | 2.36 | 0.30 | 12.71
1.48| 0.10 6.76 | 1.16 | 0.14 12.07 [ 1.94 ] 0.02 | 1.03
1.96| 0.14 714 | 1.34 | 0.14 10.45 | 1.16 | 0.16 | 13.79
IA.chroococcum No. 2.44| 0.40 16.39 | 2.46 | 0.32 13.01 | 2.38 | 0.28 | 11.77
IA.chroococcum No. 1.60| 0.16 10.00 | 1.32 | 0.14 10.61 | 1.52 | 0.14 | 9.21
IA.chroococcum No. 10 (1.84| 0.12 6.52 | 1.18 | 0.12 10.17 | 1.16 | 0.18 | 15.52
IA.chroococcum No. 11 [1.74]| 0.10 575 | 128 | 0.16 1250 | 1.92 ] 0.16 | 8.33
IA.chroococcum No. 12 (1.58| 0.14 8.86 | 1.34 | 0.14 10.45 | 1.14 | 0.18 | 15.79
IA.chroococcum No. 13 [1.64| 0.14 854 | 192 | 0.18 9.38 | 1.78 | 0.10 | 5.62
A. hroococcum No. 14 [4.00| 0.44 11.00 | 2.74 | 0.32 11.68 | 2.16 | 0.34 | 15.74
IA.chroococcum No. 15 [1.64| 0.14 854 | 146 | 0.18 12.33 [ 190 | 0.14 | 7.37
IA.chroococcum No. 16 [1.80| 0.14 7.78 | 1.00| 0.14 14.00 | 2.16 | 0.22 | 10.19
A.chroococcum No. 17 [1.00| 0.14 14.00 | 1.76 | 0.12 6.82 | 0.90 | 0.02 | 2.22

IA.chroococcum No.
IA.chroococcum No.
IA.chroococcum No.
IA.chroococcum No.
IA.chroococcum No.
IA.chroococcum No.
IA.chroococcum No.

OO N[O~ [W|IN|F-

REFERENCES

Abd-El-Malek, Y. and Y. Z. Ishac (1968). Evaluation of methods used in
counting Azotobacter. J. Appl. Bact., 31: 267-275.

Aslim, B.; Z. N. Yuksekdag; and Y. Beyatli (2002). Determination of PHB
growth quantities of certain Bacillus species isolated from soil. Yurkish
Elctronic J. Biotechnol. 24-30.

Bakkevig, K.; H. Sletta; M. Gimmestad; R. Aune; H. Ertesvag; K. Degnes; B.
E. Christensen; T. E. Ellingsen and S. Valla (2005). Role of the
Pseudomonas fluorescens alginate lyase (AlgL) in clearing the
periplasm of alginates not exported to the extracellular environment. J.
Bacteriol. 187 (24): 8375—-8384.

Beaulieu, M.; Y. Beaulieu; J. L. M. Linard; S. Pandian and J. Goulet (1995).
Influence of ammonium salts and cane molasses on growth of
Alcaligenes eutrophus and production of polyhydroxybutyrate. Appli.
Environ. Microbiol. 61(1): 165-169.

Bucko, M.; A. Vikartovsk; A. Lacik; G. Kollarikova; P. Gemeiner; V. Patoprsty
and M. Brygin (2005). Immobilization of a whole-cell epoxide-
hydrolyzing biocatalyst in sodium alginate—cellulose
sulfate—poly(methylene-co-guanidine) capsules using a controlled
encapsulation process. Enz. Microbial Technol. 36: 118-126.

Castaneda, M.; J. Guzman; S. Moreno and G. Espin (2000). The GacS
sensor kinase regulates alginate and poly-b-hydroxybutyrate
production in Azotobacter vinelandii. J. Bacteriol. 182(9): 2624—2628.

Cho, K. S.; H. W. Ryu; C. H. Park and P. R. Goodrich (2001). Utilization of
swine wastewater as a feedstock for the production of
polyhydroxyalkanoates by Azotobacter vinelandii UWD. J. Biosci.
Bioengin. 91 (2): 129-133.

Clementi, F.; P. Fantozzi; F. Manciniand and M. Moresi (1995). Optimal
conditions for alginate production by Azotobacter vinelandii. Enz.
Microbial Technol. 17: 983-988.

6062



J. Agric. Sci. Mansoura Univ., 33(8), August, 2008

Dentini, M.; G. Rinaldi; A. Barbetta; D. Risica; C. Anselmi and G. S. Braek
(2007). lonic gel formation of a (pseudo)alginate characterised by an
alternating MG sequence produced by epimerising mannuronan with
AlgE4. Carbohydrate Polym. 67 (4) : 465-473.

Difco Manual of Dehydrated Culture Media and Reagents for Microbiological
and Clinical Laboratory Procedures. (1977). Difco Laboratories
Incorporated (9t ED), Detroit, Michigan. USA. 451.

Dobereiner, J. (1988). Isolation and identification of root associated
diazotrophs. Plant Soil. 110: 207.

Du, G.; J. Chen; J. Yu and S. Lun (2001). Continuous production of poly-3-
hydroxybutyrate by Ralstonia eutropha in a two-stage culture system.
J. Biotechnol. 88: 59-65.

Encarnacion, S.; M. C. Vargas; M. F. Dunn; A. Davalos; G. Mendoza; Y.
Mora and J. Mora (2002). AniA regulates reserve polymer
accumulation and global protein expression in Rhizobium etli. J.
Microbiol. 184(8): 2287—2295.

James, B. W.; W. S. Mauchline; P. J. Dennis; C. W. Keevil and R. Wait
(1999). Poly- hydroxybutyrate in Legionella pneumophila, an energy
source for survival in low-nutrient environments. Appli. Environ.
Microbiol. 65(2):822-827.

Jimenez, R. P.; C. Pena; O. T. Ramirez and E. Galindo (2005). Specific
growth rate determines the molecular mass of the alginate produced by
Azotobacter vinelandii. Biochem. Engin. J. 25: 187-193.

Kahar, P.; T. Tsuge; K. Taguchi and Y. Doi (2004). High yield production of
polyhydroxyalkanoates from soybean oil by Ralstonia eutropha and its
recombinant strain. Polym. Degradation Stability. 83: 79—86.

Khanna, S. and A. K. Srivastava (2005). Statistical media optimization studies
for growth and PHB production by Ralstonia eutropha. Process
Biochem. 40: 2173-2182.

Khanna, S. and A. K. Srivastava (2006). Optimization of nutrient feed
concentration and addition time for production of poly(-hydroxybutyrate).
Enzyme and Microbial Technology. 39: 1145-1151.

Kim, B. S. (2000). Production of poly(3-hydroxybutyrate) from inexpensive
substrates. Enz. Microbial Technol. 27: 774-777.

Kim, H. Y.; J. S. Park; H. D. Shin and Y. Hyun (1995). Isolation of glucose
utilizing mutant of Alcaligenes eutrophus, its substrate selectivity, and
accumulation of Poly- f —hydroxybutyrate. J. Microbiol. 33: 51-58.

Lange, H. C.; D. Beunard; P. Dhulster; D. Guillochon; A. M. Caze; M. Morcellet;
N. Saude and G. A. Junter (2002). Production of microbial alginate in a
membrane bioreactor. Enz. Microbial Technol. 30: 656—661.

Law, K. H.; Y. C. Cheng; Y. C. Leung; W. H. Lo; H. Chua and H. F. Yu
(2003). Construction of recombinant Bacillus subtilis strains for
polyhydroxyalkanoates synthesis. Biochem. Engin. J. 16: 203—-208.

Martins, L. O.; L. C. Brito and I. S. Correia (1990). Roles of Mn?*, Mg?* and
Ca?" on alginate biosynthesis by Pseudomonas aeruginosa. Enz.
Microbial Technol. 12(10): 794-799.

Pecina, A.; A. Pascual and A. Paneque (1999). Cloning and expression of the
algL gene, encoding the Azotobacter chroococcum alginate lyase:
purification and characterization of the enzyme. J. Bacteriol. 181 (5):
1409-1414.

Pozo, C.; M. V. M. Toledo; B. Rodelas and J. G. Lopez (2002). Effects of
culture conditions on the production of polyhydroxyalkanoates by
Azotobacter chroococcum H23 in media containing a high
concentration of alpechin (wastewater from olive oil mills) as primary
carbon source. J. Biotechnol. 97: 125-131.

6063


http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=5241&_auth=y&_acct=C000051494&_version=1&_urlVersion=0&_userid=1090508&md5=a586a62f8b7b3b3111b783a1e0c5cb79
http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=5241&_auth=y&_acct=C000051494&_version=1&_urlVersion=0&_userid=1090508&md5=a586a62f8b7b3b3111b783a1e0c5cb79
http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=%23TOC%235241%231990%23999879989%23370125%23FLP%23&_auth=y&view=c&_acct=C000051494&_version=1&_urlVersion=0&_userid=1090508&md5=f43730c911d25383630e6eb2ba0cb336

El-Sawah, M.M.A. et al.

Qiang, C. G. ; X. Jun; W. Qiong; Z. Zengming and H. K. Ping (2001).
Synthesis of copolyesters consisting of medium-chain-length (-
hydroxyalkanoates by Pseudomonas stutzeri 1317. Reactive
Functional Polym. 48: 107-112.

Sheu, D. S. and C. Y. Lee (2004). Altering the substrate specificity of
polyhydroxyalkanoate synthase lderived from Pseudomonas putida
GPol by localized semirandom mutagenesis. J. Microbiol. 186 (13):
4177-4184.

Sun, J.; A. V. Dommelen; J. V. Impe and J. Vanderleyden (2002).
Involvement of ginB, ginZ, and gInD genes in the regulation of poly-3-
hydroxybutyrate biosynthesis by ammonia in Azospirillum brasilense
Sp7. Appli. Environ. Microbiol. 68(2): 985—988.

Tavernier, P.; J. C. Portais; J. E. N. Saucedo; J. Courtois; B. Courtois and J.
N. Barbotin (1997). Exopolysaccharide and poly-b-hydroxybutyrate
coproduction in two Rhizobium meliloti strains. Appli. Environ.
Microbiol. 63(1): 21-26.

Todd, J. D.; M. Wexler; G. Sawers; K. H. Yeoman; P. S. Poole and A. W. B.
Johnston (2002). RirA, an iron-responsive regulator in the symbiotic
bacterium Rhizobium leguminosarum. Microbiol. 148: 4059-4071.

Verma, S.; Y. Bhatia; S. P. Valappil and I. Roy (2002). A possible role of poly-
3-hydroxybutyric acid in antibiotic production in Streptomyces. Arch.
Microbiol. 179: 66-69.

Wang, F. and S. Y. Lee (1997). Poly(3-hydroxybutyrate) production with high
productivity and high polymer content by a fed-batch culture of
Alcaligenes latus under nitrogen limitation. Appli. Environ. Microbiol. 63
(9): 3703-3706.

4 Syl e ad) Gy ddad gy Jlaill ALNAY < pand gal) (amy L)

AR ) i gad) Al e ‘*M@JM.\M« ) sed) Adl) (2 98 dana 3 gada
**L,.'ALH\A:«M;Q?&‘*J?LLQMQW\ ‘*ﬁf“

raa =B pala) — 5 ) gaiall draly — 401 3N AS - o> gl g g Saall aid

s = b gaiall — B pealall daaly — Bty 401,50 48 - 2 ol g g pSsall audd **

o2a 485 a1y i) 5 5 g (S50 U sl (s nl) el sall Aniial) LS (g apaall e
8 < Azotobacter chroococcum ¢ e 17 die ady . zliy) e Lei jad HLadl g Ledy jai g YL
3 < A latus @Y= 3 « Alcaligenes eutrophus ¢« 4= 22 « Azospirillum lipoferum ¢ <Y e
B. o oilie s« B. megaterium ¢ &Y e 5 ¢« B. cereus ¢ ol e 5 « Bacillus subtilis ¢ <Y e
U— il « B, thuringiensis o— <Y< 4 «B.  polymexa o— <Y< 3 «coagulans
P. o= odlyes < P. alcaligenes o« ol 3o 5« P. putida o= ¢l = 5 < Pseudomonas  fluoresens
R. (e saaly e R, meliloti ¢= ol e 5 « Rhizobium leguminasarim ¢« <Y e 4 < aeruginosa
Laliie oY je 8 il sale 3 5a 5 (53 Al &5 WS Streptomyces albus o< Ae 125 japonicum
PHB- 48 Sy PHB zl) e 6l Ld Y 3all S ilsy . Pseudomonas s Azotobacter ¢
g 515 <l Azospirillum <Y e L ¢ Vel 52 0.16 — 0.02 o» )55 Bacillus &Y e ddaul 5 datial)
O O LBl ey R, leguminasarim No 3 ¢ @il el Je Jpanll 255 /6l )2 0.58 — 0.12 o
e Jsaall 5 Alcaligenus ddaw s PHB zl8Y (it aladiud 3ik oo 5 .R. leguminasarim No 2
Pseudomonas <Y e U . (LVals 0.52) Alcaligenus eutrophus No. 20 ¢ gl e
P. aeruginosa s (Ll 0.3) @l i Pseudomonas fluorescence No. 2 &l cikac
LAl 055 S . il el Azotobacter gsia (e 16 a4 jall & ekl s el ;2 0.1 <l No. 2
% 34.215 538/ 21,2 0.78 ¢« A/ a2 2.28 54 % PHB sl (il J panall s PHB 33l 38 55 ¢ 28l
iad 14 a8, el e 5la) sa 0.44 S Lale Jsaaal) o lial¥) (e 32853 Aol Lai gl e
.Azotobacter

6064



