Egyptian J. of Phycol. Vol.12, 2011

ISOLATION AND IDENTIFICATION OF SOME
INDIGENOUS CYANOPROKARYOTA ISOLATES
BASED ON MORPHOLOGICAL AND
PHYSIOLOGICAL CHARACTERIZATIONS

Salem, S. H.}, Fatma I. EL-Zamik!, Howaida M. L. Abd El-Basit’,
Azza A. Abd EI-All? and A. S. Alit

1- Agric. Microbiology Dept., Fac. Agric., Zagazig Univ., Zagazig, Egypt.
2- Soils Water and Environ. Res. Inst., Agric. Res. Center (ARC), Giza, Egypt.

Abstract

Forty-two cyanoprokaryota strains were isolated from 10 diverse sites along
Sharkia Governorate, Egypt (7 sites representing the fertile soils and 3 sites representing
the new reclaimed soils). Eight genera and 11 species of N,-fixing cyanoprokaryota were
identified based on available morphological distinction and physiological characterization.
On the basis of the obtained results, we classified these isolates to 3 genera and 5 species
isolated from fertile soils and 7 genera and 8 species isolated from new reclaimed soils.
Nostoc spp strains were the most common filamentous heterocyst-forming
cyanoprokaryota (22 strains) and two species of Nostoc including 11 strains of N.
muscorum and 11 strains of N. calicicola. Anabaena includes 10 strains in three species
(A. oryzae (6 strains), A. circinalis (2 strains) and A. oscillarioides (2 strains). Nodularia
spumigena were represented in this work by two strains from fertile soils. In addition
Calothrix clavata (2 strains), Synechococcus sp. (3 strains) and one strain of each
Oscillatoria homogenea, Dermocarpa olivacea and Xenococcus kerneri were inhabited in
the reclaimed soils. This indicates that Nostoc spp. and Anabaena spp. were highly
distributed in fertile soils more than new reclaimed soils. The latter species were the most
important cyanoprokaryota genera to fix atmospheric nitrogen in rice field.

Keywords: Identification, Indigenous Cyanoprokaryota, Morphology, Nitrogenase
Activity, Pigment Contents, Physiology.

Introduction

Cyanoprokaryota are distributed world-wide and diverse assemblage of
unicellular or multicellular photosynthetic prokaryotes that possess chlorophyll a
and perform oxygenic photosynthesis. Cyanoprokaryota are responsible for a
significant proportion of the biological fixation of nitrogen on Earth (Haselkorn
and Buikema, 1992). Cyanoprokaryota are major biomass producers both in
aquatic as well as terrestrial ecosystems and represent more than 50% of the
biomass in many aquatic ecosystems (H&ader et al., 2007). They are valuable
sources of various natural products of medicinal and industrial value (Cardozo et
al., 2007). In addition, their inherent capacity to fix atmospheric nitrogen makes
them ecologically important for rice-growing countries where they add to rice
fields as natural biofertilizer (Vaishampayan et al., 2001).
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Cyanoprokaryota, as environmentally important microoganisms, has been
identified mainly on the basis of morphological characters, such as shape and size
of trichomes, cell types, size and location of heterocysts and akinetes, and planes
of division (Rippka et al.,, 1979). Morphological variation of trichomes,
heterocytes and akinetes can be used in identification of species of the nostocalean
genera (Hindak, 2000).

In the second edition of Bergey’s Manual of Systematic Bacteriology
(2001) the cyanoprokaryota are subdivided into five guasi-taxonomic groups or
subsections. Their diagnosis is based on the dichotomous key: the morphotype is
unicellular or quasi-multicellular (trichome); division is binary or multiple (with
formation of beocytes); presence or absence of differentiated cells (akinetes and
heterocysts); and absence or presence of ramification (true or false) in the
trichome (Pinevich, 2008).

The present system of cyanoprokaryota must be modified according to
combined markers, in which molecular data (as an indisputable genetic basis)
should be correlated with biochemical, ultrastructural, phenotypic and ecological
data. New data are necessary in order to correct or up date the system, thus, the
classification must continually be revised and supplemented (Komarek, 2010 a
and b).

The modern taxonomic system of cyanoprokaryota using morphological,
physiological, biochemical and genetic characterizations based upon axenic
strains is now generally accepted (Stainer et al., 1971; Rippka et al., 1979;
Castenholz and Waterbury, 1989). Therefore, it is necessary to develop the new
system of cyanoprokaryota taxonomy from the existing botanical assemblage of
names so that compatibility and continuity with the traditional botanical
classification system are preserved. This means that morphological
characterization and identification at the species level according to botanical
concepts remain an initial step (Li et al., 2000).

This study was therefore undertaken to isolate N,-fixing free-living
cyanoprokaryota from different rice fields in Sharkia Governorate, Egypt and
evaluate their diversity based on their widespread distribution, morphological
distinction and physiological characterization, as well as identification of a core
set of isolates for further utilization as bioinoculants for rice crop.

Materials and Methods
Study area and sampling

Sharkia Governorate is located in the East Delta of North Egypt (30°.19.50
N to 31 ©.15. 15 N). The total area is 4911 km? equivalent to 1,169,285 faddans
(faddan = 4200m?). Sharkia is the second governorate at ARE in terms of
agriculture planted area (824,098 faddans). It is one of the most important rice
growing areas in Egypt (around 176,401 faddans in 2010 season).
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Eighty moistured soil samples were collected from 19 locations cultivated
with rice plants situated in 10 different regions at Sharkia Governorate. These
regions included seven areas from the fertile soil namely Zagazig (Z), Hihya (H),
Mashtool EI-Sook (M), Belbiese (B), Diarb Nagm (D), El-Hessenia (E), Abo-
Hammad (A), and three areas of the newly reclaimed soils, which suffer from
high salinity namely San El-Hagar (Sa), Shader Asaam (Sh) and Sahl Elteen (Se).
These locations were chosen to represent wide spread fields of rice crop
cultivation in the governorate. The isolation regions are shown in Table (1). The
different isolates of cyanoprokaryota were isolated for the aforementioned
moistured soil samples.

Table (1) Sites and physicochemical analyses of soils in different locations of Sharkia
governorate selected for isolation of cyanoprokaryota.

. . . . Chemical analysis
physical analysis Mechanical analysis
Geographical Cations (mg/L) anions(mg/L) Name of
sites isolates
EC| O |Sand|.o.|Clay| Typeof P R L | A -
pH dsml M9% | % Silt% % soil Ca™ |[Mg"™| Na" | K" |HCO;| CI' | SO4
Fertile soils
. Z1,z1,
Zagazig (2) 786|267 | 195 |3322| 1301 (5289 Clay | 055|060 | 165 |007| 028 |08L| 170 | 550
Hiya(H) (761 64 | 182 |388| 56 [556| Clay |107|115|435| 54| 30 |326| 306 | M2
13, H.14
El-Hessenia E4,E41
©® 775 48 | 122 |480| 81 |429| Clay | 68 | 68 |348|04| 36 | 86| 39 E3E24
D'yazg)'\"gm 755|1720] 122 |301| 152 |547| Clay |515|240| 75 [32| 36 | 96 | 757 DBBZ'
Abo- 732 17| 133 |350]| 316 | 333 Clay 14833 30119 22 | 81| 42 | A2A22
Hammad (A) loam
Belbeise (B) [7.40| 350 | 122 |472| 208 | 320 EL\?}% 262 (221|348 |046| 24 |384| 427 |BI,B4B5
Mashtool EI- Clay
Sook (M) 710(310| 108 |450| 158 | 39.2 loam 2711153(201|031| 23 |433| 181 [IM11,M12
Newly reclaimed soils
Sa 30,Sa
San El-hagar 3L, Sa%,
9ar\ 705|197 | 101 |3432| 1297 |5282 Clay |400|278|1196(050| 2.7 |1324| 528 | Sa33,Sa
(Sa)
80, Sa8l,
Sa82,Sa83
Shader Sh1,Sh10,
Asaam 852|213 | 046 |427| 134 |539| Clay |185|226|1780({044| 68 |1590| 551 | Sh1i,Sh
(Sh) 12
Sel2,Se100,
Se 80, Se
Sahl Elteen 81, Se82,
(S0) 835/ 221 | 055 |386| 165 |449| Clay |17.3|217|190|0.37| 105 [1680| 56.8 Sel12
Sel13,Se
114
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Isolation and Purification of Cyanoprokaryota
Development of cyanoprokaryota and culturing conditions

Each water-soil sample of rice cultivated soil (10 ml) contains about 2 g
of the specific soil was transferred to sterile 250 ml conical flasks containing 90
ml BG-13 medium. Microscopic observations were recorded, as well as growth
appearance, during 3-4 weeks of incubation at 30°C. Several successive transfers
have been made using the respective medium and all the isolated cyanoprokaryota
by these enrichment cultures were subjected to a course of purification (Ferris
and Hirsch, 1991).

Streaking method (Roger and Kulasooriya, 1980) was carried out using
the BG13 agar medium to get single culture from these isolates. The plates
incubated at 30°C under continuous illumination (400-500 lux). Developed
colonies were picked up and microscopically examined and those composed of
cyanoprokaryota cells were preserved on slants containing BG 13 medium. All
isolates obtained were maintained under photoautotrophic growth conditions in
BG 11 medium (Rippka et al., 1979) and BG12 and BG 13 media (Ferris and
Hirsch, 1991). Both enrichment and stock cultures were grown under continuous
illumination with Philips Florescent 40-W cool-white fluorescent tubes, at a
relatively low light intensity between 400-500 lux and incubated at 30°C.

Purification of Cyanoprokaryota from heterotrophic bacteria

Purification of Cyanoprokaryota using antibiotics (nystatin and
cycloheximide), was carried out according to Ferris and Hirsch (1991). Also,
purification of cyanoprokaryota using UV radiation was employed according to
the method described by Garcia-Pichel et al. (1992). Isolates grown in test tubes
were subjected to UV radiation by placing the tubes under UV lamp using
DESGAUV 254/366 nm, exposed for 30 minutes.

Identification of cyanoprokaryotal Isolates.
Morphological characteristics revealed by microscopic analysis

The morphological examination of the selected cyanoprokaryotal isolates
was carried out at different stages of growth in N-free BG11 medium. The isolates
were viewed under a light microscope, the general shape and color of culture of
isolates, shape, width and length of vegetative cells, presence or absence of
heterocysts, site of heterocysts in filaments, shape, width and length of
heterocysts, presence or absence of akinetes, shape, width and length of akinetes,
presence or absence of baeocystes and sheath were described and/or measured
using the keys provided by Desikachary (1959), Rippka et al. (1979) and
Bergey’s Manual of Systematic Bacteriology (2001).
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Analytical procedures for growth attribute pigments and enzymes involved
in N-assimilation.

Nitrogenase activity

The efficient of different isolates to fix atmospheric nitrogen (N,-ase
activity) was assayed. The enzyme activity was estimated using the acetylene
reduction assay technique (ARA) according to the standard procedures by Hardy
et al. (1973).

Total nitrogen content

Total N content in the cultures was determined by microkjeldahle method
(Bremner and Mulvaney, 1982) using H,SO, digestion for the cyanobacterial
cells followed by steam distillation and estimation of ammonia produced by
titration with dilute HCI and the total protein content was calculated according to
Bremner and Mulvaney (1982).

Pigments content

Chlorophyll a (Chl a) in the cultures was estimated by the method of
Meeks and Castenholz (1971). Amounts of cyanobacterial phycocyanin (C-PC)
and cyanobacterial allophycocyanin (C-APC) in each sample were estimated by
the method of Bennett and Bogorad (1973) and the modifying procedure by
Singh et al. (2009).

Results and Discussion

Identification of the 42 cyanobacterial isolates based on morphological
features such as color of cultures, general shape, width and length of vegetative
cells. In addition, presence or absence of heterocysts, shape, width and length of
the heterocysts and their site on filaments; presence or absence of akinetes, shape,
width and length of the akinetes; presence or absence of baeocystes and sheath
were taken into account (Tables 2 and 3). Physiological properties such as total
protein, nitrogenase activity, chlorophyll a contents, phycocyanin contents and
percentage of chlorophyll a / phycocyanin (Tables 4 and 5) were included. Based

on the aforementioned morphological and physiological characterizations, and
according to Desikachary (1959), Rippka et al. (1979) and Bergey’s Manual of
Systematic Bacteriology (2001), data in Tables 2-5 showed that the isolates were
classified. In general to 3 genera including 5 species isolated from fertile soils and
7 genera including 8 species isolated from new reclaimed soils. Nostoc spp.
strains were the most common filamentous heterocyst-forming (22 isolates). Two
species of Nostoc including 11 isolates of N. muscorum (9 isolates from fertile
soils and 2 isolates from reclaimed soils) and 11 isolates of N. calcicola (3 from
fertile soils and 8 from reclaimed soils) were identified. Anabaena includes 10
isolates in three species (A. oryzae (6 isolates), A. circinalis (2 isolates from fertile
soils) and A. oscillarioides (2 isolates from reclaimed soils) of Nodularia
spumigena were represented in this work by two isolates from fertile soils.
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Table (4): Physiological characters of cyanoprokaryotal isolates, isolated from fertile

soils.
Pigments
2= Phycocyanin
T 8= = = =c
E | ooen | 25 | ZE | £ | E| % 28
S | (mg/) 52 €2 2 g E 58
S e 23 e O = 52
z g5 S g z g o
z= & S 2 8

Z1 270.3 16.049 9.91 17.90 35.70 53.60 18.49
Z11 295.0 9.351 1.69 2.90 6.70 9.60 17.60
Z12 308.7 12.764 1.53 2.50 7.00 9.50 16.11
Z51 221.4 6.429 3.63 7.00 9.40 16.40 22.13
H13 338.4 9.076 1.69 7.70 6.00 13.70 12.34
H14 254.7 7.801 2.83 9.30 7.80 17.10 16.55
H5 288.3 6.429 3.49 14.00 17.90 31.90 10.94
H52 265.2 5.000 1.35 4.70 2.30 7.00 19.29
D1 242.7 6.436 1.76 7.70 4.60 12.30 14.31
D2 283.5 5.502 1.34 7.50 5.10 12.60 10.63
D13 321.3 10.468 2.58 7.30 8.20 15.50 16.65
A2 244.5 1.301 4,52 4.10 37.40 41.50 10.89
A22 251.7 2.977 1.98 7.10 41.80 48.90 4.05
Bl 234.6 3.051 9.68 15.20 20.00 35.20 27.50
B4 261.0 3.489 5.44 5.40 8.00 16.00 34.00
B5 303.9 4.735 5.35 7.60 14.10 21.70 24.65
E3 349.2 21.056 5.17 9.10 7.30 16.40 31.52
E4 261.0 3.489 5.44 8.70 7.30 16.00 34.00
E24 282.9 6.570 5.47 8.40 8.90 17.30 31.62
E41 273.9 4.270 6.67 6.80 8.20 15.00 44.47
M11 311.1 4.270 10.38 19.00 36.00 55.00 18.87
M12 335.7 9.316 9.61 14.40 33.60 48.00 20.02

Based on morphological and physiological characterizations (Table 2 and 4) and according to Desikachary
(1959), Rippka et al. (1979) and Bergey’s Manual of Systematic Bacteriology (2001) the cyanoprokaryotal
isolates were classified as follows:

Z1 Anabaena oryzae D1 Anabaena oryzae E3 Nostoc muscorum
Z11 Anabaena oryzae D2 Anabaena circinalis E4 Nostoc muscorum
Z12 Anabaena oryzae D13 Nostoc muscorum E24 Nostoc muscorum
Z51 Nostoc calcicola A2 Nodularia spumigena E41 Nostoc muscorum
H13 Anabaena oryzae A22 Nodularia spumigena M11 Nostoc muscorum
H14 Anabaena oryzae Bl Nostoc muscorum M12 Nostoc muscorum
H5 Nostoc calcicola B4 Nostoc muscorum

H52 Nostoc calcicola B5 Anabaena circinalis
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Table (5) Physiological characters of cyanoprokaryotal isolates, isolated from new

reclaimed soils

> _ Pigments

5_,2 Z% % . Phycocyanin S
S Total % E‘; = - ’f - = 2c
= protein g O ‘é_ E = = % s )

s | (mug) e 52 S |2E| = |25

= 2= 5 T |0 S |9

%) s S

Sa30 236.7 6.429 3.11 2.7 5.7 8.40 37.02
Sa3l 321.3 13.210 9.22 8.8 27.7 36.50 25.26
Sa32 193.8 4.550 1.36 6.7 17.9 24.60 5.53
Sa33 222.0 0.067 1.37 4.0 4.5 8.50 16.12
Sa80 207.0 0.082 1.53 0.5 2.3 2.80 54.64
Sa8l 3135 14.370 3.46 3.4 6.7 10.10 34.26
Sa82 217.8 4.103 2.54 4.2 13.3 17.50 14,51
Sa83 297.3 9.316 7.07 3.9 18.0 21.90 32.28
Sel? 245.1 8.384 4.86 34 5.4 8.80 55.23
Sel00 307.2 15.010 1.99 4.8 4.4 9.20 21.63
Sell2 259.5 4.664 4.98 4.6 5.3 9.90 50.30
Sell3 221.7 2.454 3.60 3.7 3.2 6.90 52.17
Sell4d 260.7 5.101 1.17 2.1 1.9 4.00 29.25
Se80 302.1 10.450 0.73 17 3.2 4.90 14.90
Se81 1875 3.057 1.19 2.2 6.8 9.00 13.22
Se82 274.8 6.837 0.76 5.6 24 8.00 9.50
Shl 323.1 11.350 3.29 3.4 4.0 7.40 44.46
Sh10 206.4 0.052 1.92 1.0 2.1 3.10 61.94
Sh1l 225.3 3.630 0.39 8.7 9.1 17.80 2.19
Shill 240.3 0.740 0.76 3.6 14.8 18.40 4.13

Based on morphological and physiological characterizations (Table 3 and 5) and according to Desikachary
(1959), Rippka et al. (1979) and Bergey’s Manual of Systematic Bacteriology (2001) the cyanoprokaryotal

isolates were classified as follows:

Sa30
Sa3l
Sa32
Sa33
Sa80
Sa8l
Sa82

Nostoc calcicola
N. calcicola.

Oscillatoria homogenea
Synechococcus sp
Xanococcus kerneri

N. muscorum
N. calcicola

Sa83

Sel2
Sel00
Sell2
Sell3
Sell4
Se80
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N. calcicola Se81
Calothrix clavata Se82
N. muscorum Shl

Anabaena oscillarioides Sh10
A. oscillarioides Shil
N. calcicola Shl11l
N. calcicola
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N. calcicola

C. clavata
Dermocarpa olivacea
Synechococcus sp
Synechococcus sp
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In addition Calothrix clavata (2 isolates), Synechococcus sp. (3 isolates) and one
isolate of each Oscillatoria homogenea, Dermocarpa olivacea and Xanococcus
kerneri were existed in the reclaimed soils. This indicates that Nostoc spp. and
Anabaena spp. were spreading in fertile soils more than new reclaimed soils. The
latter species were the most important cyanoprokaryota genera to fix atmospheric
nitrogen in rice field.

Tables 2 and 3, show that the classification depended on the morphological
characteristics has revealed that the cyanoprokaryota isolates namely D13, B1,
B4, E3, E4, E24, E41, M11 and M12 (isolated from fertile soils) and Sa81, Se100
(isolated from reclaimed soils) were belong to Nostoc muscorum since they were
characterized by filamentous, brown color culture. The shape of their vegetative
cells ranged from barrel to cylindrical, and their diameter ranged from 2.0-4.0 um
in width and from 3.0-6.0 um in length. Heterocysts were present in different
isolates.

Their sites were found to be internal and terminal in the filament, their
shapes ranged from spherical to ovoid, and their diameters ranged from 3.0-5.0
pm in width and from 4.0-6.0 um in length. In the mentioned isolates, akinetes
were present and their shapes were ovoid, and their diameters ranged from 4.0-7.0
pm in width and from 6.0-10.0 pum in length (Tables 2 and 3). On studying the
physiological patterns of these isolates, data in Tables 4 and 5) revealed that their
total protein content ranged from 261.0 to 349.2 mg/g., nitrogenase activity
ranged from 3.489 to 21.056 p mole C,H,/h/ml. and percentage of chlorophyll a /
phycocyanin ranged from 16.65 to 44.47%. the morphological characters and to
some extent the physiological patterns of these isolates gave good reasons to
classify them to Nostoc muscorum (Fig. 1a) according to Desikachary (1959) and
Rippka et al. (1979).

In this respect, Komarek and Anagnostidis (1989) reported that in
morphological characteristics are important for practical use and identification of
natural population of cyanoprokaryota. The main phenotype character conforming
to phylogenetic clusters (genera) inside of Nostocaceae is a metameric, symmetric
or subsymmetric structure of trichomes resulting from the heterocyts and akinetes
position (para- and apoheterocytic development of akinetes).

The ranking of strains for chlorophyll, PC, APC and PE content and also for
their total phycobiliproteins and % PBS out of total proteins can be very useful in
selection of strains for their potential utilization as coloring agents, phycoflour
probes or as additives in a range of cosmetic and pharmaceutical products
(MacColl and Guard-Friar, 1987).

The isolates namely, Z51, H5 and H52 (isolated from fertile soils) and
Sa30, Sa3l, Sa82, Sa83, Sell4, Se80, Se81 and Se82 (from new reclaimed soils)
were belonging to Nostoc calcicola. They characterized by filamentous, color of
culture ranged between blue green to brown. Vegetative cells shape ranged from
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barrel to ovoid, and their diameters ranged between 2.5-5.5 um in width and 4.0-
7.0 um in length. Heterocysts were present in all isolates. Their sites were found
to be internal and terminal in the filament. Heterocysts were ovoid in shape, and
their diameters ranged from 3.0-6.0 um in width and from 3.5-6.5 pm in length.
Akinetes were present and their shapes were ovoid and ranged from 4.0-6.0 um in
width and from 5.0-10.0 um in length. After classification to the species level as
N. calcicola, the physiological characteristics were also studied. The total protein
content ranged from 187.5 to 321.3 mg/g. Nitrogenase activity ranged from 3.056
to 13.210 p mole C,H4/h/ml. Percentage of chlorophyll a / phycocyanin ranged
from 9.50 to 37.02%. From the mentioned data and according to Rippka et al.,
(1979) and Bergey’s Manual of Systematic Bacteriology (2001) these
cyanoprokaryotal isolates were classified as Nostoc calcicola (Fig. 1b).

Figure (1): Light micrographs of (A) N. muscorum and (B) N. calcicola
Where A= Akinete, H= Heterocyts and V= Vegetative cell

Regarding the genus Anabaena, morphological classification indicated that
the isolates namely, Z1, Z11, Z12, H13, H14 and D1 (isolated from fertile soils)
were belong to A. oryzae (Tables 2 and 4), since they were characterized by
filamentous shapes and bluish green in color. Shapes of vegetative cells were
cylindrical and their diameters ranged from 1.5-3.5 um in width and from 3.0-5.0
pm in length. Heterocysts were present and their sites were found to be internal
and terminal in the filamentous. The heterocysts had a spherical shape, and
diameter ranged from 2.5-3.5 pum in width and from 3.0-4.0 um in length.
Akinetes were present and were cylindrical in shape, their diameters ranged
between 4.0-6.0 um in width and between 6.0-8.0 um in length. Physiological
characteristics revealed that the total protein content ranged from 242.7 to 338.4
mg/g. Nitrogenase activity ranged from 6.436 to 16.049 pmole C,H,/h/ml.
Percentage of chlorophyll a / phycocyanin ranged from 12.34 to 18.49%. Based
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on mentioned data and according to Desikachary (1959), Rippka et al. (1979),
these cyanoprokaryotal isolates could be classified as Anabaena oryzae (fig 2a).

Traditionally, Anabaena species are identified according to their
morphological characters such as morphology of filaments, vegetative cells,
heterocysts, and akinetes (Li et al., 2000 and Rajaniemi et al., 2005).

Prasanna et al. (2006) stated that significant differences were observed
among the Anabaena strains with regard to the shape and size of trichomes and
individual cells within a filament, besides qualitative and quantitative aspects of
phycobiliprotein accumulation and activities of enzymes involved in nitrogen
metabolism.

Results in Tables (2 and 4) and Fig. (2) showed the morphological and
physiological characteristics of the isolates namely, D2 and B5 (from fertile soils)
which referred that to these isolates could be Anabaena circinalis. The isolates
were well characterized by filamentous shapes, blue green in color. Vegetative
cells ranged from spherical to ovoid, and their diameters ranged from 5.0-7.5 pm
in width and from 5.0-8.0 um in length. Heterocysts were present and their sites
were found internal and terminal in the filament. Heterocysts shapes were
spherical having diameters ranged from 5.5-9.5 ym in width and from 7.0-10.0
pum in length. Akinetes were present and cylindrical in shapes with diameters
ranged between 14.0-17.0 um in width and from 16.0-19.0 um in length. Total
protein content ranged from 283.5 to 303.9 mg/g. Nitrogenase activity ranged
from 4.735 to 5.502 p mole C,Hih/ml. Percentage of chlorophyll a /
phycocyanin ranged from 10.63 to 24.65%. Based on the mentioned data these
cyanoprokaryotal isolates were classified as Anabaena circinalis (Fig. 2b)
(Desikachary, 1959 and Rippka et al., 1979).

Li et al. (2000) reported that Anabaena circinalis characterized by
vegetative cells with gas vesicles, spherical and 5.3-11.7 pym in diameter.
Heterocyts are spherical and 10.7-12.9 um in diameter. Akinetes ellipsoidal with
conical ends, 13.0-17.5 pum in diameter, 23.4-30.7 um in length, distant from
heterocytes.

In the same Tables (2 and 3) the cyanoprokaryotal isolates namely, Sel12
and Sel13 (isolated from new reclaimed soils) could be classified as Anabaena
oscillarioides which were well characterized by filamentous and dark green in
color. Their vegetative cells ranged from isodiametric to cylindrical shapes, and
their diameters ranged from 4.5-6.0 um in width and from 4.0-6.5 pum in length.
The heterocysts were present and their sites were found internal and terminal in
the filament. Their shapes were spherical, having diameters ranged from 6.0-8.0
pm in width and 6.0-9.0 pum in length. Akinetes were present with cylindrical
shapes. Their diameter ranged between 7.0-11.0 pum in width and between 20.0-
28.0 pm in length. The same features were also used for morphological
classification of Anabaena species by Rajaniemi et al. (2005). The physiological
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study demonstrated that the cells contains total protein content ranged from 221.7
to 259.5 mg/g., nitrogenase activity ranged from 2.454 to 4.664 p mole
C,H4/h/ml. and percentage of chlorophyll a / phycocyanin ranged from 50.30 to
52.17%. The observation of cyanoprokaryota Anabaena oscillarioides under the
microscope is shown in Fig. (2¢).

Figure (2): Light micrographs of (A) Anabaena oryzae, (B) A. circinalis and (C) A.
oscillarioides. Where A= Akinete, H= Heterocyts and V= Vegetative cell

The isolates namely, A2 and A22 (from fertile soils) could be classified as
Nodularia spumigena according to the morphological characters presented in
Table (2 and 4). These isolates were characterized by being filamentous and olive
green in color. Vegetative cells were disk shape, and their diameters ranged from
3.0 -4.0 pm in width and from 3.0 -4.0 um in length. Heterocysts were present
and their sites were found internal and terminal in the filament. Their shapes were
a disk-shape, and their diameters ranged from 3.0 -4.0 um in width and from 3.0 -
5.0 um in length. Akinetes were present and their shapes were disk-shape and
diameters ranged from 4.0 -5.0 pym in width and from 4.0 -5.0 um in length.
Sheaths were present and total protein content ranged from 244.5 to 251.7 mg/g.
Nitrogenase activity ranged from 1.301 to 2.977 pmole C,H,/h/ml. Percentage of
chlorophyll a / phycocyanin ranged from 4.05 to 10.89%. Therefore, these
cyanoprokaryotal isolates were classified as Nodularia spumigena (Fig.3a). in this
aspect Komarek and Anagnostidis (1989) demonstrated that heterocyst
differentiation in Nostoc, Anabaena, Cylindrospermum and Nodularia, always
occurs in an intercalary position, but in Anabaena cylindrica, conical end cells
sometimes give rise to similarly shaped heterocysts and may become terminal
after trichome breakage.

The isolates namely, Sel2 and Shl (Calothrix clavata) were well
characterized by filamentous culture and olive green in color. The vegetative cells
were disk shape, and their diameters ranged from 2.0 -3.0 um in width and from
2.0 -3.5 um in length (Table 3). In these isolates heterocysts were present and
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their sites were found terminal in the filament only. Their shape is a hemispherical
and diameter ranged from 5.0 -7.0 pm in width and from 6.0 -8.0 um in length.
Akinetes were also present and their shapes were spherical having diameters
ranged from 4.0 -6.0 um in width and from 4.5 -6.0 um in length. Sheaths were
present in these isolates. The physiological patterns revealed that the total protein
content ranged from 245.1 to 323.1 mg/g., nitrogenase activity ranged from 8.384
to 11.350 p mole C,H,/h/ml. and percentage of chlorophyll a / phycocyanin
ranged from 44.46 to 55.23% (Table 5). On these grounds, these cyanoprokaryotal
isolates were classified as Calothrix clavata (Fig. 3b).

Bohuslav (2007) reported that the Calothrix can be recognized by
trichomes heteropolar, at the basis with hemispherical terminal heterocyst, 7.5-10
um in diameter. Cells at basis narrowelliptic or narrow-cylindrical creating spore,
often with clear constrictions by cross walls, 5.5-12.5 um in diameter. Cells in the
middle zone of trichome wider than longer or isodiametricm 2.5-3.5 pm in
diameter. Initial stages 6-10—celled, heteropolar, later creating specific basal
wideness and apical hair.

Figure (3): Light micrographs of (A) Nodularia spumigena, (B) Calothrix clavata and
(C) Oscillatoria homogenea. Where A= Akinete, H= Heterocyts, V= Vegetative cell
and Sh= Sheath

Oscillatoria homogenea presented by isolate Sa32 (Table 3) demonstrated
that this isolate was characterized by filamentous culture and green in color. The
vegetative cells were elongate, and their diameters ranged from 2.0 -3.5 pm in
width and from 4.0 -6.0 um in length. Heterocysts, akinetes and sheaths were
absent. These cells contains total protein amounted 193.8 mg/g., nitrogenase
activity 4.550 p mole C,H,/h/ml., and percentage of chlorophyll a/phycocyanin
5.53% (Table 5). This isolate was, therefore, classified as Oscillatoria homogenea
(Fig. 3c).

Pinevich (2008) reported that Oscillatoria are trichome cyanoprokaryota
having no ability to form akinetes and heterocysts. Oscillatoria have no true
branching, though in some cases, when the sheath was formed, false branching
was observed.
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The isolates, Sa33, Sh1l and Sh111 classified as Synechococcus sp. were
characterized by being unicellular cells (Table 3) reproduction by binary fission,
color of culture was blue green. Their vegetative cells were coccoid to rod, and
their diameters ranged from 1.0 -3.0 um. Sheaths were present. The physiological
studies showed that the total protein content in the cells ranged from 222.0 to
240.3 mg/g., nitrogenase activity from 0.067 to 3.630 4 mole C,H/h/ml., and
percentage of chlorophyll a / phycocyanin ranged from 2.19 to 16.12% (Table 5).
These isolates were therefore, classified as Synechococcus sp. according to
Rippka et al. (1979).

Synechococcus sp. is small unicellular cyanoprokaryota with ovoid to
cylindrical cells that reproduce by binary traverse fission in a single plane. Its size
varies from 0.8 um to 2.5 pm (Rippka et al., 1979).

Komarek (2010a) stated that Synechococcus are unicellular
cyanoprokaryota with more or less rod-like cells are usually classified into this
genus. They are commonly distributed, easily grown in cultures and many of
strains have been isolated.

Results in Tables (3 and 5) and Fig. (4) show also that the isolate Sh10
(Dermocarpa olivacea) was characterized by being unicellular cyanoprokaryota,
reproduction by multiple fission, pale green in color. The vegetative cells were
hehispherical, and their diameters ranged from 2.0-4.0 um. Baeocyste was
present. On studying the physiological patterns of this isolate (Table 5) revealed
that the total protein content in microbial mass was 206.4 mg/g., and nitrogenase
activity showed 0.052 p mole C,H,/h/ml. and percentage of chlorophyll a /
phycocyanin was 61.94%. The isolate was, therefore, classified as Dermocarpa
olivacea according to the mentioned references.

The isolate Sa80 classified as Xanococcus kerneri was characterized by
being unicellular simple (Table 3) reproduction by multiple fission. The observed
color of culture was pale green. Its vegetative cells were spherical, and their
diameters ranged from 6.0 -11.0 um. Baeocyste was present. In this isolate total
protein value was 207.0 mg/g., and nitrogenase activity gave 0.082 p mole
C,H4/h/ml. The chlorophyll a / phycocyanin amounted 54.60% (Table 5). Based
on the mentioned data and according to Desikachary (1959) and Rippka et al.
(1979), this isolate was classified as Xanococcus kerneri.

Zhaxybayeva et al. (2008) reported that single-celled ranged in size
from about 0.6 um to well over 30 pum in their largest dimension. Although, most
species exceed 2 um, the upper limit of organisms recognized as picoplankton, it
seems likely that, based on world-wide biomass, the majority are below this limit.

In general, the identification indicated that Nostoc strains were the most
common filamentous heterocyst -forming cyanoprokaryota the latter includes 22
strains of Nostoc (52.4% of all strains) belongs to 2 species. Anabaena spp. was
recorded as a second rank (23.8% of all species).
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Figure (4): Light micrographs of (A) Synechococcus sp, (B) Dermocarpa olivacea and
(C) Xanococcus kerneri. Where Bf= Binary fission, B= Baeocyste, V= Vegetative cell
and Sh= Sheath

Regarding the distribution of cyanoprokaryotal communities in Sharkia
governorate soils, a few isolates of unicellular species were found with the
majority being filamentous with heterocysts. In a field experiment,
Yanni (1991) studied the profiles of cyanoprokaryotal genera dominant in rice
field by plating and microscopic methods. The population profile comprised 64%
Nostoc, 24% Anabaena and 8% Calothrix. Aulosira, Nodularia, and Tolypothrix
represented less than 1 % of the total heterocystous cyanoprokaryota.

The dominance of the Nostoc genus has also been reported in other
terrestrial habitats (Olson et al., 1998). The predominance of Nostoc in certain
habitats has been attributed to its ability to remain desiccated for months to years,
then recover metabolic activity within hours to days after rehydration with water,
its ability to screen damaging UV light in terrestrial and shallow benthic habitats,
its resistance to grazing probably due to production of a large amount of sheath
material and the formation of colonies that are too large for many algivores to
consume (Dodds et al., 1995).

Stulp (1982) concluded from studies on morphological variability of
Anabaena strains that traditionally accepted criteria in the taxonomy of the genus
Anabaena are stable over a wide range of environmental conditions and hence
serve their utility for taxonomy.

The present investigation clearly brought out the diversity existing among
the cyanoprokaryotal isolates analyzed in terms of various morphological and
physiological attributes. Molecular polymorphisms further aided in effective
differentiation of the selected strains, besides revealing their genetic relationships.
A combination of attributes, including morphological and physiological
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characteristics could provide useful taxonomic criteria for distinguishing isolates
belonging to the cyanoprokaryotal group, when analyzed under a uniform set of
conditions (Prasanna et al., 2006). Such attributes should also be included in the
descriptions of the genus/species in taxonomic treatises, for providing a more
comprehensive characterization of the members placed under this group. This
would facilitate not only selection of particular strain(s) for in-depth analyses of
various metabolic processes but also for their effective utilization for diverse
purposes (Shalini et al., 2008).
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