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Microorganisms as a Tool in Biotechnology of Sea Water Treatment
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Abstract: Ten bacterial isolates and three fungal isolates were isolated from two water samples from
sea. The bacterial and fungal isolates were able to extract metal ions from sea water; the biosorption
process was increased by increasing incubation period and in presence of yeast extract sea water
medium. The most potent microbes were used in combination in two groups’ bacterial group and
fungal group. The fungal group was superior in biosorption process. The influence of biosorption of
metal ions on fungal and bacterial isolates was studied by transmission electron microscopy. The
treated water was used in germination of wheat grains in pot experiment. Fungi and bacteria could
be useful in the development of innovative technologies for biosorption, bioremediation, and biomining
operations in which heavy metals must be removed from wastewaters.

Key words: Aspergillus, Biotechnology, Biosorption, water demineralization and ultrastructure.

INTRODUCTION

Metals are introduced into aquatic systems as a result of the weathering of soils and rocks, from volcanic
eruptions, and from a variety of human activities involving the mining, processing, or use of metals and/or
substances that contain metal contaminants (Laws, 1993). The presence of heavy metals in aquatic
environments is known to cause severe damage to aquatic life (Hussein et al., 2004). Halophilic
microorganisms are found as normal inhabitants of highly saline environments and thus are considered extreme
halophiles (Ventosa and Nieto, 1995). It is possible that microorganisms could be used in the removal of toxic
metal ions from water and even in the recovery of them by using the adsorption properties of the
microorganisms. Physical adsorption of ion exchange at the living or non-living cell  surface is very rapid and
occurs in a short time after microorganisms come into contact with heavy metal ions. Accumulation in living
cells is slow, related to metabolic activity (Gadd, 1990; 1992; El-Meleigy, 1992; 1997a; Razak et al., 1995;
Nourbakhsh et al., 2002). To solve the water pollution problem by toxic heavy metals contamination resulting
from humans technological activities has for long presented a challenge. Biosorption can be apart of the
solution (Vieira and Volesky, 2000). Only within the past decade has the potential of metal biosorption by
biomass materials been well established (Volesky and Hlan, 1995). Most studies of  biosorption for metal
removal have involved the use of either laboratory-grown microorganisms or biomass generated by the
pharmacological and food processing industries or wastewater treatment units (Tsezos and Volesky, 1981;
Rome and Gadd, 1987; Macaskie, 1990; Costa and Leite, 199l). Biosorption of heavy metals by microbial cells
has been recognized as a potential alternative to existing technologies for recovery of heavy metals (Hussein
et al., 2004). Hawari and Mulligan (Hawari and Mulligan, 2008) recorded that the, biosorption is potentially
an attractive technology for treatment of wastewater for retaining heavy metals from dilute solutions while
Jezequel and Lebeau, (2008) reduce the cadmium potentially available for plants by using Bacillus sp and
Streptomyces sp for soil bioaugmentation. The mechanism of uptake can be due to physical sorption, chemical
complexation with microbial cell surface groups or bioaccumulation (Muraleedharan et al., 1991) .Many aquatic
microorganisms, such as bacteria, yeast and algae can take up dissolved metals from their surrounding onto
their bodies and can be used for removing heavy metal ions successfully (Gadd, 1988). Biofilm consists of
microbial cells (algal, fungal, or bacterial) and the extra cellular biopolymer the cells produce,metals are
directly and/or indirectly involved in all aspects of microbial growth, metabolism and differentiation. Many
metals such as K, Na, Mg, Ca, Mn, Fe, Cu, Ni, Co, Zn, Mo are essential for biological functions, whether
some others, such as Al, Ag, Cd, Sn, Au, Sr, Hg, Ti and Pb have no essential biological functions. All these
elements can interact with microbial cells and be accumulated as a result of physico-chemical mechanisms and
transport systems of varying specificity, independent on, or directly and indirectly dependent on metabolism
(Gilman, 1956). The aim of this work was conducted to identify and characterize some of seawater
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microorganisms with superior ability in biosorption of ions. These microbes are useful in the development of
innovative technologies for biosorption, making this water available in agriculture use.

MATERIALS AND METHODS

Water samples from different localities (Mediterranean Sea Red Sea and Karoon, s Lake(Saline water ))
were collected in specific containers and kept in refrigerator. Thewater from Mediterranean Sea and Red Sea
were collected to make one sample(sample I) while the water collected from Karoon,s lake made the second
water sample(sample Ï) these two samples were used for the isolation of microorganisms capable of growing
on sea water.

Isolation of Microorganisms:

Three different culture media were used for the isolation of the microorganisms from sea water samples,
sea water-agar medium, sea water yeast extract agar medium and sea water-glycerol agar medium. Media were
inoculated by 1.0 ml from each sample separately (Se water sample I and Karoon,s lake sample Ï) and
incubated at different temperatures 37, 40, 45, 50 and 55 � for 48 hours .Bacterial colonies were picked up
and inoculated on the same medium and incubated at their specific temperature. Purification of bacterial
cultures was carried out by continuous culturing and check for purity by Gram’s stain and microscopic
examination. Fungal colonies were left for 4 days and then picked up and inoculated on the same media they
grown on before .All cultures were done at least in triplicate.

Media Used for Isolation of Bacteria and Fungi:

1-Water agar medium: This medium consists of: 20.0g agar (w/v) dissolved in 1000 ml seawater.
2- Water agar Yeast extract medium: This medium consists of: 20.0g agar (w/v) supplemented with

different concentrations of yeast extracts( 0.01 ; 0.015 and 0.025g %) and dissolved in 1000 ml sea  water. 
3- Water glycerol agar medium: This medium consists of: 20.0 g agar /l( w/v) supplemented with 1.0 g/l

glycerol (w/v) dissolved in 1000 ml sea water . All the culture media were sterilized by autoclaving at 121�
for20 minutes.

Identification of Fungi:

Fungi were identified according to, identification books, A manual of Soil Fungi (Gilman, 1956);
Compendium of soil fungi (Domsch et al., 1980) and (Raper and Fennell, 1965, 1973; Samson, 1922).

Identification of Bacteria:

Identification of bacteria was carried out  by Micro Scan  At National Institute of Urology and Nephrology
El-Mataria Cairo, Egypt ,and the results were confirmed using Berger’s Manual of Systematic Bacteriology
9  edition (Holt et al., 1994).th

Determination of Total Protein in Cells:

Protein was determined after two days in the cell free extract of microorganisms by the method of (Lowery
et al., 1951) using bovine serum albumin as a standard protein.

Determination of Elements And/or Ions:

All methods applied were determined according to Greenberg, (1992) and/ or using Plasma optical
emission Mass Spectrometer (POEMS III) Produced by thermo electronics USA using 1000ppm centrifuged
standard solution (Merck) as stock. At Desert institute El-Mataria Cairo Egypt.

Effect of Biosorption of Ions on Fungal and Bacterial Cells:

The most potent fungi(A.flavus and A.niger) and bacteria(Staphylococcus aureus, Micrococcus rouseus, 

Micrococcus kristine and Vibrio fluvials)were grown separately under the laboratory conditions at 37 C in two
liters conical flasks contained 1 liter of sea water-yeast extract medium. After five days incubation period,
samples of seawater containing microbial growth were taken and kept refrigerated .At the end of the incubation
period(after 20 days ) the second sample was taken and kept in the refrigerator these samples were taken for
the  Electron microscopic examination. Water samples taken through this experiment (5 and 20 days samples)
were used for the preparation of ultrathin section of fungi and bacteria to examine the details structures of
these cells through biosorption process, using Transmission Electron Microscopy (TEM) JEOL-1010 at the
Regional center for Mycology and Biotechnology at Al-Azhar University, Nasser city, Cairo, Egypt.Large
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amount of treated water then subjected to UV treatment for twenty minutes to get rid of all living organisms
in the water, then filtration of water takes place to remove the biomass, the filtrates kept refrigerated.

Application of Treated Sea Water in Cultivation of Wheat Plant(Triticum aestivum Sakha 93):

Treated water was used in pot experiment for cultivation of wheat plant. This experiment was made by
using crockery pots with diameter 20 cm containing rewashed sandy soil. Pots were planted with wheat
grains(Triticum aestivum  Sakha 93)with rate of 10-15 grains per pot. The pots were divided into four groups,
each one contained five replicates and they were treated as following:

1- The first group was irrigated with sea water without any treatment.
2- The second group was irrigated with fungal treated sea water.
3- The third one was irrigated with bacterial treated sea water.
4- The last one was irrigated with tap water as universal control. The pots were irrigated every two days

and left for thirty days then picked up and photographs taken.
 

RESULTS AND DISCUSSION

Isolation of Microorganisms:

Two water samples were used in isolation of bacteria and fungi .These samples were sample I from sea
water and sample II (Karoon, s Lake water). Thirteen microorganisms were isolated using the two water

1 1a 2 3 4 5 6 7 8 9samples (Table (1)).Ten bacterial isolates (B , B , B , B , B , B , B , B , B  and B ) and three fungal isolates
1 2 3(F , F  and F ). All  fungal and bacterial isolates occupied the mesophilic range of temperature 37 c – 45 c; o  o

all isolated microorganisms   required saline water (sea water) and 2.0 %g (w/v) yeast extract for growth  ,
1 1ano growth was occurred on medium contains glycerol ( only week growth for F  and  B ), or sea water agar

medium, while all isolated microorganisms were grown on yeast extract agar medium. Table (2) demonstrated
that ,total proteins( growth) of all isolated organisms was increased by increasing yeast extract concentration 
till 2.0 g %(w/v),increasing concentration to 2.5 g%(w/v) decreasing or had no effect on growth .Figure (1)
illustrated that the biosorption rate of all ions increased by increasing incubation period reached its maximum
activity at the fifteenth to twentieth day, where the rate became constant in case of many ions. The biosorption
rate of this group in all tested ions was low in relation to other groups of mixing two, fig.(2), three, fig.(3)
or four fig.(4) organisms with each other. Sample II contained nine bacterial isolates; these isolates were tested
as every organism alone and then by combination of two organisms, three organisms, four and so on to know
their effect separately and in combination on the biosorption of some ions in sea water. One hundred and
nineteen (119) treatments were obtained (Table 3), the combination no 82 was the most biosorbents bacteria
( Fig.5), it composed of fourbacterial isolates.Identification of the most active fungi and bacteria was carried

2 3, 2out. The most active biosorbents fungal isolates were F  and F  F  was identified as Aspergillus flavus and
3 3F  was identified as Aspergillus niger. The most active biosorbents bacteria were identified as B ;

8 4 5Staphylococcus aureus, B ; Micrococcus roseus,B ; Micrococcus kristinae, and B ; Vibrio fluvials.

Table 1: Isolation of microorganisms from water samples using different culture media at different temperatures.
Isolates Growth temperatures � Culture media supplemented with: Water sample

--------------------------------------------------------------------------- -------------------------------------------
37 40 45 50 55 a b c

F1 37 - - - - - 0 Week sample I
F2 0 - - - - - 0 - sample  I
F3 0 40 - - - - 0 - sample  I
B1 0 - - - - - 0 Week sample  I
B1a 0 0 - - - - 0 - sampleÏ
B2 0 0 - - - - 0 - sample  Ï
B3 0 0 45 50 - - 0 - sample  Ï
B4 0 0 0 - - - 0 - sample  Ï
B5 0 0 0 0 - - 0 - sample  Ï
B6 0 0 0 0 55 - 0 - sample  Ï
B7 0 0 - - - - 0 - sample  Ï
B8 0 0 0 - - - 0 - sample  Ï
B9 0 0 - - - - 0 - sample  Ï
Sample I: Seawater
Sample  Ï: Karoon, s Lake
a – free: Seawater-agar medium
b – Seawater yeast extract 0.025 g% (w/v)
c – Seawater glycerol (1.0g/l(w/v))
- No growth 
+ Growth
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Table 2: Determination of total protein (Growth) of isolated organisms as a function of yeast extract concentration.
Isolates Protein(mg)/100 ml culture medium (Growth)

YE mg%(w/v) 10 15 25 50 100 200 500 1000 1500 2000 2500
F1 0 0.053 0.61 0.19 0.2 0.25 0.26 0.35 1.99 1.94 1.62 0.54
F2 0 0.041 0.05 0.06 0.07 0.16 0.37 0.35 0.37 2.03 2.7 2.16
F3 0 0.068 0.07 0.08 0.14 0.23 0.2 0.42 0.7 1.89 1.35 1.08
B1 0 0.022 0.02 0.03 0.39 1.35 0.22 0.36 0.76 0.81 0.95 1.51
Ba1 0 0.0229 0.03 0.05 0.13 0.17 0.2 2.09 2.15 3.11 2.79 2.03
B2 0 0.0018 0.002 0.02 0.04 0.05 0.11 0.66 0.84 0.89 0.87 0.68
B3 0 0.0041 0.028 0.06 0.08 0.1 0.16 0.31 0.58 0.81 0.88 0.66
B4 0 0.11 0.013 0.14 0.15 0.18 0.19 0.22 0.54 0.68 0.54 0.27
B5 0 0.122 0.123 0.16 0.18 0.26 0.41 0.45 0.5 0.95 0.54 0.41
B6 0 0.162 0.167 0.17 0.3 0.35 0.35 0.43 0.43 0.93 0.99 0.77
B7 0 0.092 0.095 0.1 0.15 0.27 0.43 0.63 1.62 2.57 3.11 2.57
B8 0 0.0081 0.0135 0.03 0.11 0.16 0.27 0.65 0.95 0.14 1.22 1.28
B9 0 0.0513 0.081 0.14 0.18 0.27 0.54 0.95 1.08 1.75 1.62 1.35
At optimum temperature for growth of each isolate.
YE mg%(w/v)= yeast extract concentration mg%(w/v)

Table 3: Combination of microorganisms of group Ð
No.Of C Organisms Number No.Of C Organisms Number No.Of C Organisms Number No.Of C Organisms Number
1 1+2 31 6+7 61 5+6+9 91 1+2+3+4+8
2 1+3 32 6+8 62 6+7+8 92 1+2+3+4+9
3 1+4 33 6+9 63 6+7+9 93 2+3+4+5+6
4 1+5 34 7+8 64 7+8+9 94 2+3+4+5+7
5 1+6 35 7+9 65 1+2+3+4 95 2+3+4+5+8
6 1+7 36 8+9 66 1+2+3+5 96 2+3+4+5+9
7 1+8 37 1+2+3 67 1+2+3+6 97 3+4+5+6+7
8 1+9 38 1+2+4 68 1+2+3+7 98 3+4+5+6+8
9 2+3 39 1+2+5 69 1+2+3+8 99 3+4+5+6+9
10 2+4 40 1+2+6 70 1+2+3+9 100 4+5+6+7+8
11 2+5 41 1+2+7 71 2+3+4+5 101 4+5+6+7+9
12 2+6 42 1+2+8 72 2+3+4+6 102 1+2+3+4+5+9
13 2+7 43 1+2+9 73 2+3+4+7 103 2+3+4+5+6+7
14 2+8 44 2+3+4 74 2+3+4+8 104 2+3+4+5+6+8
15 2+9 45 2+3+5 75 2+3+4+9 105 2+3+4+5+6+9
16 3+4 46 2+3+6 76 1+2+3+4+5 106 3+4+5+6+7+8
17 3+5 47 2+3+7 77 1+2+3+4+6 107 3+4+5+6+7+9
18 3+6 48 2+3+8 78 1+2+3+4+5+6 108 4+5+6+7+8+9
19 3+7 49 2+3+9 79 1+2+3+4+5+7 109 1+2+3+4+5+6+7
20 3+8 50 3+4+5 80 1+2+3+4+5+8 110 1+2+3+4+5+6+8
21 3+9 51 3+4+6 81 3+4+5+6 111 1+2+3+4+5+6+9
22 4+5 52 3+4+7 82 3+4+5+8 112 2+3+4+5+6+7+8
23 4+6 53 3+4+8 83 3+4+5+9 113 2+3+4+5+6+8+9
24 4+7 54 3+4+9 84 4+5+6+7 114 3+4+5+6+7+8+9
25 4+8 55 4+5+6 85 4+5+6+8 115 1+2+3+4+5+6+7+8
26 4+9 56 4+5+7 86 4+5+6+9 116 1+2+3+4+5+6+8+9
27 5+6 57 4+5+8 87 1+2+3+4+5 117 1+2+3+4+5+6+7+9
28 5+7 58 4+5+9 88 1+2+3+4+6 118 2+3+4+5+6+7+8+9
29 5+8 59 5+6+7 89 6+7+8+9 119 1+2+3+4+5+6+7+8+9
30 5+9 60 5+6+8 90 1+2+3+4+7
No. Of C=Number of combination.

Table 4: Biosorption of some ions by mixing microbes combination No.82 of sample II from Karoon,s lack  water.
20 15 10 5 Incubation  period (by days)

     % of biosorbed ions Ions
71.56 66.85 62.15 62.14 Calcium
79.02 78.55 877.7 74.81 Chloride
52.29 34.99 14.71 11.93 M anganese
90.13 89.07 83.60 78.67 Potassium
54.84 53.93 49.62 38.47 Sodium

Biosorption of Some  Major Ions in Seawater:

A.niger and A.flavus absorbed about 97.88% of the sodium ions in the sea water they incubated in while
bacterial combination No.82 absorbed about 54.84 % which reflected  the absolute requirement of these
organisms to sodium ions . High amounts of Mg  ions were absorbed by the isolated fungi and bacteria .It+2

is well known that Mg  ions play an important role in many key  metabolic reactions catalyzed by enzymes+2

. Combination of bacterial isolates S. aureus, M.roseus, M .kristinae, and V .fluvials absorbed 90.13 % of the

1086



Aust. J. Basic & Appl. Sci., 4(6): 1083-1099, 2010

dissolved K  ions in sea water, while fungal isolates A.niger andA.flavus absorbed lower quantities of K  ions+ +

(88.87 %). High  amounts of Ca  ions were absorbed by the tested fungi and bacteria. S. aureus, M .roseus,+2

M kristinae, and V fluvials.absorbed almost about 52.29 % of the dissolved Mn  ions. A.niger, A.flavus, M+2

.roseus, M .kristinae ,and V .fluvials showed the ability to absorb( or adsorb )an array of different metal ions
as lead, copper ,iron ,cadmium and zinc in/on their cells.
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Fig. 1: Effect of microorganisms of sample I on the biosorption of some ions in sea water.
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Fig 2: Effect of mixing two organisms from group I on the biosorption rate of some ions in seawater.
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Fig. 3: Effect of mixing three organisms of sample I on the biosorption of some ions in seawater.

Fig. 4: Effect of mixing the four organisms of  sample I on the biosorption of some ions in sea water.

Influence of Biosorption of Seawater Metal Ions on Ultra Structure of Isolated Microorganisms Cells:

Effect of Biosorption on Fungi(a.flavus and A.niger):

Influence of ions in seawater on Aspergilli was determined by (TEM) transmission electron
microscopy.TEM photomicrographs of the Aspergilli after five days of incubation in sea water-yeast extract
medium (Fig.5a) and after twenty days (Fig.5b) illustrates the influence of biosorption of metal ions on the
ultrastructure of those Aspergilli. Fungal mycelium after five days appeared healthy and normal to some extant
(Fig.5a). Fungal cell constituents, cell wall, cell membrane, cytoplasm, nucleus or mitochondria and vacuoles
were well identified, while after twenty days fungal cells appeared plasmolyzed, shrunk and metamorphosed,
very thick dark cell wall, large vacuoles, neither nucleus nor mitochondria were very small (if identified), the
plasmolyzed cytoplasm full of liposomes  large vacuoles and glycogen granules (Fig.5b).The Aspergillus
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showed normal (to some extent) or metamorphosed vesicles after five days of incubation in sea water while
after twenty days all vesicles were distorted carrying on metamorphosed phialides and chains of unsuccessive
conidia  (Fig.5b ). Phialides of A. niger are basepetally while of A. flavus are bottle shape in normal
conditions, plate (1a) showed that after five days of incubation in sea water phialides didn’t changed while
after twenty days complete distortion of this structure had been occurred (Fig.5b). Phialides became oblong
or fusiform full of lipid granules and cell membrane withdrawn away from the cell wall. Conidia appeared
spinulose echinulate after five days, Fig.5a whereas after twenty days conidia appeared thick wall, crenate or
echinulate, Fig (5b).

Fig. 5a: Microphotographes of fungal cells after five days of incubation in sea water -yeast extract medium
.N,nucleus;M,mitochondria; V,vacuole; CW,cell wall; CM,cell membrane;L,lipid globule;G,Golgi
cisternae.( A= X 15000;Bar=500nm and B=X30000 ;Bar=500nm ).A, Fungal cells ;B, Septum;
C-Phialide and D ,Vesicle.

Fig. 5b: Microphotographes of fungal cells after twenty days incubation in seawater yeast extract medium.
(A: X =25000; B, C and D: X =20000; Bar=500 nm; ) E and F: (X=25000 and 15000 respectively,
Bar= 500nm).  A, Fungal cells; B, Septum; C-Phialide and D,  Vesicle.

Ii-effect of Biosorption on Bacterial Isolates S.aureus; M.roseus ;M. Kristine and V.fluviales:

Influence of sea water ions on bacterial isolates was determined using (TEM). After five days of
incubation in sea water bacterial cells appeared normal healthy ( Fig 6a;A and B) many of them carried on
division (Fig. (6 a ) C and D), while others had shrank cytoplasm; broken cell wall; without slime layer and
fimbri or lyses cells Fig .6a (A,B,C and D).Ultrastructure of bacteria affected greatly after twenty days (Fig
6b). Cell wall showed thickness in some cases or may be broken ,so bacterial protoplast extruded. Some
bacterial cells were capable of dividing (Fig 6b) others diverse their shape (Fig 6b, metamorphosed) or
sporulating .Fimbri or pili, capsule or slime layer were disappeared  (Fig 6b), the naked protoplast tried to
make new wall (Fig 6b).

Application of Treated Sea Water in Cultivation of Wheat Plant (Triticum Aestivum Sakha 93):

The treated water in the last experiment was used in cultivation of wheat plant. Fig. (7) demonstrated the
net result of this experiment. Fungal cells highly successful in desalting and biosorption processes resulting
in water nearly the same as tap water, so application of treated water was promising. The results appeared that
this water could be used in irrigation of some plants, sea water affected wheat plant greatly, only germination
of grains occurred when used without treating while after treating with fungi or bacteria the wheat growth
appeared normally nearly as in control. 
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Fig. 6a: Microphotographes of bacterial cells after five days of incubation in sea water -yeast extract medium.
A and D,x= 80000; B and C, x=100000. G,x=40000.

Fig. 6b: Microphotographes of bacterial cells after twenty days of incubation in sea water -yeast extract
medium.A, x =50000;B,C ,D and F, x=80000 and E,x=100000. 

Fig. 7: Microphotographes of wheat plant (Triticum aestivum) after thirty days of cultivation in pots,
1-Irregated by sea water; 2-Irregat by bacterial treated water; 3- Irrigated by fungal treated water and
4- Irrigated by normal tap water (control).
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Discussion:

Extreme environment is a relative term, since environments that are extreme for one organism may be
essential for another organism (Gomes and Steiner, 2004).Extremophiles  are microbes that thrive in the earth's
most hostile environments ranging from scalding hot springs, to high-pressure vents thousands of feet below

10the ocean’s surface, to saline lakes and ponds at pH  (Peyton, 2001). Jennings, (1983)observed that the
germination of Penicillum janthinellum spores  was greater in presenceof seawater while the germination of
A.wentii and Zygorhynchus moelleri Vuill spores was greater in presence of sodium chloride or autoclaved sea
water than fresh water.Ventosa et al (1998) discuss the requirement of many bacterial genera to salt as; 
Halobacillus ,Marinococcus, Salinococcus, Nestrenekonia  and Tetragenococcus. Nieto et al (1989) studied the
effect of yeast extract concentration on the sensitivity of microorganisms to metal ions in saline conditions they
reported that ,reduction in the yeast extract concentration resulted in increased sensitivity to all metals, but only
a slight decrease in the toxicities of nickel and zinc was found when the yeast extract concentration was
increased“.Ventosa et al., (1998) reported that, complex media stimulate growth at high saltconcentrations, no
growth occurred on the media devoid of yeast extract.  Thus, some important components of commonly used
media such as peptone, yeast extract, and casamino acids share a high binding power to  different metal ions
and, hence, canprevent their toxicity (Gadd and Griffiths, 1980; Babicn and Stotzky, 1978). Yalçinkaya et al

(2001) reported that many workers isolated different microorganisms having the ability to remove metal ions
from water such as A. niger, Rhizopus oryzae,Saccharomyces cerevisiae and Chlorella regularis. Babicn and
Stotzky (1978) used Pleurotus sapidus to remove Cd  and Hg ions. Very few studies on interactions+2 +2

ofmoderate halophiles with heavy metals have been reported, as some of these metal-resistant halophilic
bacteria could be used as bioassay indicator organisms in saline aquatic polluted environments (Trevors et al.,

1985). Biological surfaces consist of different functional groups where coordination complexes with metal ions
can be formed (Yalcnkaya et al., 2001). A. niger biomass was found to be more effective in the removal of
nickel than biomass which had been boiled in 0.1N NaOH solution for 15 min (Imhoff, 1993). The apparent
intracellular Na  does not occur freely dissolved in the cytoplasm but is rather strongly bound, concentrations+

are often far too high to enable the generally salt-sensitive cytoplasmic enzymes to be active. In addition Na+

and other ions may be bound to the outer cell layers, in amounts increasing with external salinity (Imhoff,
1993; Ventosa et al., 1998). In most halophilic bacteria K  is accumulated to few tenths of 1M (Imhoff, 1993).+

The intracellular Mg  concentrations varied from 9 to 23 mM depending on the growth conditions (Vreeland,2+

1993). In the presence of 0.05 to 3.4 M NaCl, it was reported that cells contain between 3.1and 12 mM Ca2 +

intracellular, most of it probably bound (Vreeland, 1993). A single measurement of intracellular Mn2+

concentrations in S.costicola gave a value of 0.6mM Mn /kg of sea water (De Medicis, 1986). The measured2+

intercellular Cl  concentrations is in most cases much lower than  the combined Na  and K  concentrations- + +

(Imhoff, 1993).In contrast , fungi and bacteria isolated in this search absorbed high amounts of Cl  in their cells-

( 94.96 % and 79.02 respectively). These ions have been removed from sea water by those species in high
quantities, they shown to be excellent biosorbents .Volesky and Holan (1995) reported that mycelia of Rhizopus

and Absidia have been shown to be excellent biosorbents for lead ,cadmium, copper, zinc, and uranium, while
Saccharomyces species have the ability to uptake silver, cadmium, cobalt and copper. On the other hand,
Bacillus species have the ability to accumulate gold, cadmium, chromium, copper iron and manganese. Ashby
et al (1997) said that Penicillum ochro-chloron was able to extract copper from aqueous solutions and form
insoluble copper precipitates within the matrix of the fungus, while Ilhan et al (Iihan et al., 2004) used
S.saprophyticus to remove lead, copper and chromium ions from wastewater.Metamorphoses of fungi reported
upon exposing fungal hyphae to number of metals such as selenium (Ghonamy, 1987; EI-Meleigy, 1997a),
tellurium (EI-Meleigy, 1987; 1997a), cadmium (Ghonamy, 1987), lead (EI-Meleigy, 1997b) nickel and silver
(Razak et al., 1995), vanadium (EI-Sheikh et al., 1997) and copper (EI-Meleigy, 1992) they discussed the
effect of absorbing /adsorbing these metals by fungal cells and the reflections of their presence on fugal
morphology and physiology. The darkening in the fungal cells reflect the presence of high amount of melanin
pigments which also reflect the adaptation of fungal cells to accumulate high amounts of ions, this phenomenon
was emphasized by Gadd et al (1987) and Gadd (Venkasteswerlu and Stotzky, 1986), they added melanin to
the medium of the fungus Aureobasidium pullulans which resulted in greater accumulation of metals (reduction
of the toxicity of the metal) also they showed that melanin pigmented chlamydospores accumulated greater
amounts of metal than hyaline hyphae. El-Meleigy (1997a; 1997b) reported that albino mutant of A. fumigatus

failed to grow in any metal containing media (Cu, Pb, Zn, Cd, Se, and Te), while the pigmented wild type
grew well and tolerate high quantities of these metals.  Toxic metals induced morphological and chemical
alterations in the cell wall of Cunninghamella blakesleeana where most of the cellular copper was sequestered
(Helmy, 2005).
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Helmy (2005) observed a remarkable shrinkage at all investigated  A.flavus  and Alternaria alternata

organelles such as cytoplasmic materials, nucleus and mitochondria, which deformed also in shape, while those
of  Cladosporium cladosporidies were swollen and increased greatly in thickness .The role of bacterial
envelopes of Bacillus coagulans was discussed by Ramacle, (De Philippis et al., 2002), he recognized that the
cell envelopes thickened and the proportion of peptidoglycan increased by a factor of 1.8 in presence of
cadmium .Also he said that the high affinity of the cell wall peptidoglycan for cadmium was due to the
increase proportion of glutamic and aspartic acids which are not expected in the cell wall grown under normal
culture conditions. Both amino acids could bind cadmium because they bear carboxylic groups. The capability
of the charged macromolecules present on the external layers of the cell envelopes (i.e., lipopolysaccharide,
capsule or slime layer) to bind heavy metals seems to be quite promising, giving the possibility to use
microbial cultures and dried biomass for the removal of these toxic elements. De Philippis et al (2006) used
two capsulated cyanobacteria Cyanospora capsulate and Nostoc PCC7936 for bioremoval of heavy metals from
polluted water bodies  while, Sannasi et al (2006) used a mixed culture comprising both Gram-positive and
Gram-negative bacteria to provide an enhanced metal sorption capacity. Gram positive and Gram-negative
bacteria are significantly different in their cell wall structure and physiology including tolerance and resistance
to metals.The mechanisms by which microorganisms remove metals from solutions are: (i)  The physiological
state of the organism, the age of the cells, the availability of micronutrients during their growth and the
environmental conditions during the biosorption process (such as pH, temperature, and presence of certain co-
ions), are important parameters that affect the performance of a living biosorbents. Vieira and Volesky (2000)
reported that, to solve the water pollution problem by toxic heavy metal contamination resulting from human’s
technological activities has for long presented a challenge. Biosorption can be a part of the solution, they added
some types of the biosorbents such as seaweeds, molds, yeast bacteria or crab shells ,the uptake of their
biomass (in some cases) reach 50 % of their biomass dry weight. Fungal and bacterial treated water could be
useful in the development of innovative technologies for biosorption, bioremediation, and biomining. The 
operations in which heavy metals must be removed from wastewaters. 
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