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Abstract

In this study 6 bacterial isolate, isolated Uranium Ore samples from Aborshid Egypt, were characterized for their
response to 15 antibiotics and 10 heavy metals Beside Uranium. The results revealed a varying response of the Ore
bacteria to the tested heavy metals. All isolates showed multiple metal resistance towards two to six heavy metals,
with MIC ranging from 50 to 1000 ppm. The most potent of the strains in both groups were resistant to Pb, Ni, Cu
and Zn. highly metal-resistant bacteria could be used with potential application for treatment of wastewaters, using
Immobilized Bacterial cells isolated from Egypt uranium Ore, Uranium removal from uranium refining wastewater,
the most potent isolate was identified the Egyptian strains belong to E. coli, based on 16S rRNA gene sequencing
the nucleotide sequences reported here were deposited to the NCBI Nucleotide Sequence Database under

L

accession numbers (MF496270) by the name of Mostafa gomaa fadl.

J

Keywords: Aborshid; Immobilized bacteria; Resistance; Uranium;
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Introduction

Enormous quantities of toxic metals are released into the
environment annually as a result of human activities. In some cases,
these releases are deliberate and well regulated, like industrial Waste,
while in other cases they are accidental and include chemical spills or
improper land disposal [1]. Heavy metals like Pb, Cr, uranium,
selenium, zinc, Cd, gold, silver, copper, and nickel. Heavy metals
released into the environment have, accumulation in food chains, and
persistence in nature. These pollutants are derived from mining and
fertilizer manufacture like phosphate fertilizer increased due to rapid
industrialization and technological development, posing significant
threats to Environment and Human health because of their toxicity [2].

The results for the determination of the effect of pH on Cu and Cd
removal are shown at below pH 2 conditions, Cu and Cd removal
efficiencies were less than 61% and 38%, respectively, while at higher
than pH 3 conditions, Cu and Cd removal efficiencies dramatically
increased to over 95% [3]. These results suggest that H* can compete
withCu?* or Cd?* on the surface of Ca-alginate beads and hinder Cu?*
and Cd?* biosorption at low pH however, Cu?* or Cd?* becomes
relatively exchangeable with Ca?" in Ca-alginate beads at higher than
pH 3 conditions [4].

From results of the batch experiments, it was found that the lowest
pH limit for the use of Ca-alginate beads was pH 3. So our study on
Phosphoric acid Which explain increase PH in phosphoric acid from
0.3 to 0.5 due exchanges These results suggest that H* can compete
with Cu?* or Cd?* on the surface of Ca-alginate beads and hinder U
biosorption at low pH U becomes relatively exchanged with Ca?* in
Ca-alginate beads at higher than pH 3 or lower where even the initial
pH of Phosphoric acid was 0.69(<3 of pH), the buffer effect of the Ca-
alginate beads will increase the pH. Controlling heavy metal discharges
and removing toxic heavy metals from water bodies has become a

challenge for the next generations where the fate of toxic metal species
after they released to the environment becomes difficult. Additionally,
they spread damage as they move from one ecological system to
another. Trials used for heavy metal removal from industrial effluents
can be classified as physical, chemical, and biological. Physicochemical
methods such as precipitation, ion exchange, filtration, membrane and
electrochemical technologies, reverse osmosis, electrodialysis,
adsorption on activated carbon, etc., have disadvantage which is high
capital and operating costs and may also be associated with the
generation of secondary wastes which cause treatment problems.
Therefore, recent attention has been drawn toward the development of
alternative methodologies known as bioremediation processes.

Jackson et al. reported that the ability of microorganisms (Bacillus
species, Pseudomonas species, Micrococcus species, Staphylococcus
species) to tolerate pollution makes them useful in bioremediation due
to adaptive nature of microorganism. The structures of cell walls play
an important role in the adsorption process of metal ions. This may be
due to the presence of positively charged cations of metal ions, which
connect to negatively charged Binding sites in capsules or polymers on
the cell wall by means electrostatic reactions [5]. Gram-positive
bacteria exhibit more advantages in the biosorption process compared
with Gram-negative bacteria due to the fact that Gram-positive
bacteria have thick peptidoglycan cell walls that make them potentially
more suitable for biosorption [6].

The walls of B. subtilis contain carboxylic groups of glutamic acid of
peptidoglycan, which form the major site of metal adsorption. In B.
licheniformis, teichoic acid and teichuronic acids are important
binding sites [7]. Carbonyl, hydroxyl, imine, sulfonate, carboxyl,
amine, thioether, imidazol, phosphodiester, phosphonate and amide
groups are the important groups, which were used for the biosorption
of metal ions in the bacterial cell wall [8].
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Immobilized biomass

The use of an immobilized (palletized) biomass for industrial
application, can improve biomass performance for heavy metal
removal and makes recycle of biomass easier. due to the low density
particle sizes, poor mechanical strength, and isolation of solid and
liquid phase. The use of free bacterial cells for removal of heavy metals
on a commercial scale may create problems. The immobilization of
bacterial cells for heavy metal treatment from industrial effluents to
overcome these shortcomings where immobilization of bacterial
biomass by matrixes makes the biomass more stable, rigid, and heat
resistant with porosity for practical applications, Therefore, it needs to
consider that few efforts have been directed towards the remediation of
heavy metals using immobilized bacterial biomass it was shown by the
literature [9-11].

Materials and Methods

Sampling

U-resistant bacterial isolates were isolated from the rock ore
aborshid using Nutrient Agar (NA) medium and were prepared using
peptic digest of animal tissue (5 g/L), beef extract (3 g/L), NaCl (5 g/L)
and agar 15 g/L. Rock analysis of Lamprophyte aborshide shown in
Table 1.

Elements Percentage
SiO, 43.87%
Al,O, 19.32%
TiO, 3.6%
FeO3 15.97%
Ca 1.54%
Mg 0.81%
Na 1%

K 1.6%
P20s 0.8%
Loss of ignition 7.66%
Uranium 400 pm

Table 1: Rock analysis of aborshid ore.

Isolation and identification of heavy metal-resistant bacteria
from rock ore

The isolated metal-resistant bacteria were amended with different
conc. of U-metal. Pour plate was performed in NA medium and was
incubated at 37°C for 24 h. The most potent isolate was identified the
Egyptian strains belong to E. coli, based on 16S rRNA gene sequencing
the nucleotide sequences reported here were deposited to the NCBI
Nucleotide Sequence Database under accession numbers (MF496270)
by the name of Mostafa gomaa fadl.

Preparation of E. coli capsule

We reported alginate-chitosan as a E. coli, Capsule E. coli, Capsule/
alginate-chitosan microcapsule was composed of E. coli sodium
alginate, chitosan and calcium chloride. Therefore, in sterile
conditions, Bacillus species was mixed with sodium alginate solution,
and then the mixed solution was dropped into calcium chloride
solution to immobilize using microcapsule preparation instrument. E.
coli Capsule loaded calcium alginate gel beads were obtained after
immobilizing, and Bacillus species loaded calcium alginate gel beads
were mixed with chitosan solution to obtain the E. coli Capsule /
alginate-chitosan microcapsule. The microcapsule system had good
mechanical strength, flexibility and biocompatibility between E. coli
Capsule and microcapsule. In addition, internal three-dimensional
network structure of the microcapsule provided a sufficient space for
E. coli Capsule. Growth and good encapsulating stability [13,14].

Study area and microorganisms

The 24 bacterial strains used in the present study were isolated
previously in the Nuclear Materials Authority from samples collected
on two Aborshid, Egypt. 6 Isolates, designated S6, were The Egyptian
strains belong to E. coli, based on 16S rRNA gene sequencing [15]. The
pure cultures were stored at +4°C and recultured on nutrient agar
slants every 2 months to maintain their purity and viability.
Suspensions of pure cultures mixed with 30% (v/v) glycerol were stored
at -80°C.

Antibiotic susceptibility and resistance tests

The Antarctic bacteria were checked for antibiotic resistance with
the following antibiotics: ciprofloxacin (Cp, 5 ug), gentamicin (G, 10
ug), amikacin (Am, 30 pg), tobramycin (Tb, 10 pg), novobiocin (Nb, 5
ug), lincomycin (L, 15 pg), tetracycline (T, 30 pg), ampicillin (A, 10
ug), chloramphenicol (C, 30 pg), vancomycin (V, 30 mg), erythromycin
(E, 15 pg), kanamycin (K, 30 pug) and cefazolin (Cfz, 30 pg). Antibiotic
susceptibility of the strains was assayed following the Kirby-Bauer disc
diffusion method [16] on Peptone Yeast Extract Agar (PYA) medium.
Aliquots of each bacterial suspension grown exponentially in nutrient
broth were spread on the surface of PYA plates.

Antibiotic discs (Bul Bio; NCIPD, Sofia, Bulgaria) impregnated with
known amounts of antibiotics were placed aseptically on the surface of
the inoculated plates and incubated at 18 + 2°C for 24 h. After
incubation, the organisms were classified as sensitive or resistant to
each antibiotic according to the diameter of inhibition zones.

Heavy metal resistance tests

The Aborshid bacteria were screened for their heavy metal
resistance patterns using the agar well diffusion method (Hassen et al.).
Ten heavy metals-chromium (Cr), copper (Cu), nickel (Ni), cobalt
(Co), cadmium (Cd), zinc (Zn) and lead (Pb)-were used as Standard:
respectively. In a preliminary test, 0.05% (w/v) metal salt solutions
were prepared in distilled water and sterilized in a boiling water bath
for 20 min. Sterile PYA plates were prepared and wells (7 mm in
diameter) were punched by a sterile borer. After inoculation of the
plates with overnight grown indicator cultures, 100 pl of each metal
salt solution was added to the wells. After incubation of the plates at
18-20°C for 48 h, the inhibition (sterile) zones were measured as an
indicator of resistance/sensitivity. Zones were recorded as the distance
from the edge of the zone to the edge of the well. Isolates showing a
clear zone of 1 mm or less were considered as resistant strains [17]. The
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minimum inhibitory concentration (MIC) of metal ions for the
Antarctic bacteria was determined by gradually increasing or
decreasing the heavy metal concentrations in the following cationic
concentration ranges (mM): Cu: 0.2-24; Cd: 0.14-14.2; Ni: 3.8-46; Cr:
1.4-17; Zn: 0.2-20.8; Co: 0.2-21; Pb: 1.3-26. The MIC value was defined
as the lowest concentration of metal ion at which a visible inhibition
(clear) zone of 1-2 mm around the well was observed after incubation
of the plates at 18-20°C for 48 h [18]. Strains that were not inhibited by
a concentration of heavy metals less than 1.0 mM were regarded as
resistant [19].

Determination of uranium

The uranium content of the sample and prepared standard and
treated solution were determined according to the method described
by Davies and Gray [20].

Reagent:

. Orthophosphoric acid (H3P04,85%),
2. Concentration (HCL,32%),
10% ammonium ferrus Sulphate (10 gm A.E. S+10 ml H,SO,
concentration then up to volume 100 ml with Dist),
Titanium trichloride (TiCls),
Sodium nitrite (NaNQ,),
20% Urea Solution,
Indicator Sodium salt (0.2 gm diphenyl amino-4-sulfonic acid
sodium salt+0.2 sodium carbonate, then add drops of dist H,O
with stirring and up to volume 100 ml),

Rl

N

8.  Ammonium meta vanidate (NH,VO3).

Methodology

e 5 ml of uranium sample were taken in a dry and clean 100 ml
Erlenmeyer flask, then the following chemicals were added in the
same order.

o 10 ml double distilled water.

o 10 ml (H3PO,).

e 1 mlconc. (Hcl).

o 5drops of 10% ammonium ferrus sulphate.

o 3 drops of TiCl; were added till the solution changed to purplish
color.

o The reaction was leaved for 5 min.

o 3 drops of 15% NaNO, were added till the brown yellowish color
appears then disappear. Immediately 5 ml of (urea 20%) were
added and followed by rapid shaking till the air bubbles were
stopped.

o The reaction was leaved again for 2 minutes befor adind the
indicator.

o 2 drops of indicator sodium salt were added.

o Titration against 0.1 Ammonium metavanadates was performed
till the end point of pale violet color appeared.

o The uranium concentration will be calculated according to the
following equation:

U (mg/1)=T x V1 x 103/v

Where (T) is the titration intensity of NH;VO; Solution, (V1) is the
consumed volume of NH,VO; Solution and (v) solution is the volume
of the measured sample [20] and developed by Nuclear Materials
Authority.

Results and Discussion

Table 2 represents that 6-10 Isolates tested for incubation with
different conc. of Uranium and investigate strong of growth against U
conc. It was found that the most potent isolate S6, S5 which it's Growth
continue with stability up to 1000 ppm Uranium conc.

Uranium conc. | 100 ppm | 200 ppm | 300 ppm | 600 ppm | 1000 ppm
Isolate number

S6 ++ + + + +

S4 + + + + +

S5 + + + + +

S7 + + + + +

S8 + - - - -

Table 2: Test for Screening of uranium resistant isolates.

Antibiotic resistance and sensitivity of the (£. coli mos) as
defined bacteria Aborshid Egypt

Bacterial resistance to antibiotics is an extensively investigated
phenomenon of considerable medical importance [21]. Resistant
bacteria are common in the natural environment, especially in aquatic
habitats [22], and even in habitats that seem unlikely to have been
exposed to anthropogenic antibiotics [23,24]. It has long been
recognized that specific antibiotic resistance mechanisms can be
acquired through mutation of the bacterial genome or by gaining
additional genes; different physiological states are also important for
the survival of bacteria in the presence of antibiotics. Antibiotic
resistance genes are often located on plasmids that are able to transfer
horizontally among diverse bacterial populations, thus contributing to
the widespread dissemination of antibiotic resistance in the
environment [25,26]. Antibiotic resistance has also been reported
among bacteria in cold environments.

The resistance patterns to 13 antibiotics in the (E. coli mos)
Aborshid bacteria were determined and the results are shown in Table
1. Six strains showed multiple antibiotic resistance, and only Bacillus
species A2-4 was sensitive to all target antibiotics. Bacteria of both
tested groups showed a high degree of multiple antibiotic resistance,
most frequently towards lincomycin (79%), cefazolin (75%), ampicillin
(71%), novobiocin and erythromycin (62%), chloramphenicol and
vancomycin (58%), and tetracycline (42%). A high frequency of
bacteria resistant to antibiotics can be viewed as an indicator of
environmental pollution [27]. Isolation of antibiotic-resistant bacteria
from areas with limited human activity can be a good indicator of
human impact on these natural areas, such as Aborshid Egypt [28].
The relatively high percentage of multidrug resistant bacteria
determined in this study (79%) may suggest medium anthropogenic
impact in these Antarctic regions.

Heavy metal resistance of the Antarctic bacteria

Aborshid bacteria (£. coli mos) were investigated for resistance to
ten heavy metals, and MICs for each metal ion were determined. A
varying response of bacterial strains of £. coli mos to the tested heavy
metals was observed (Table 3). Although there is no currently
acceptable concentration of metal ions, which could be used for
distinguishing metal resistant and metal-sensitive bacteria, strains able
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to grow at concentrations of metal ions at and above 10 ppm were
considered resistant, as suggested by Malik and Jaiswal [19]. The
highest MIC values of each heavy metal determined for S6 and S5
strains were compared (Figure 1). For S6 strains (Figure 2), the
observed similar order of resistance to metals of both groups of strains
(according to the highest MICs) probably relates to the metal
concentrations in the sampling areas. Lo Giudice et al. found tolerance
to the heavy metals of bacterial isolates from Aborshid Ore (in the
order Ph>Cu>Ni>Mo>Ti>Cr>Cd>Mo>Zr, which appeared to be
strictly related to the metal concentrations in the study area (Figure 3)
[29]. The present results revealed a high multi metal resistance of both
groups of strains: all S6 strains exhibited resistance to four to ten metal
ions, and 92% of A2 strains were resistant to three to six metal ions
(Figure 4). Although Industrial waste are considered the natural
collectors of pollutants (Table 4) [30], the frequency of metal resistance
of S5 ore isolates was found to be comparable to that of S6 soil isolates.
All S5 strains were found to be resistant to Pb, Cu and Ni ions, and.
The majority of the strains in each group (75%) were found to be
sensitive.

Identification of bacterial isolates

Isolation and biochemical identification of E. coli from industrial
wastewater effluents. 16 samples were collected from Rock Sample in
aborshid. The results revealed that E. coli was found in higher
concentration Uranium. Wastewater is an important reservoir for E.
coli and presented significant acute toxicity if released into the
receiving water body without being adequately treated. Results
revealed the presence of both gram negative and positive bacteria.
There was non significant variation among all the samples of
wastewater. The highest concentration of E. coli was observed in Rock
Sample of Uranium industry Site. Biochemical and Confirmed by 16 S
ribosomal RNA Sequencing and phylogenetic Tree confirmed that S6
isolate is that £. coli.

E. coli was cultured on LB medium and MacConkey medium for
morphological characterization. After 24 hrs, two types of colonies
were isolated under microscopic examination. All the isolated colonies
were pink on MacConkey medium, while creamy yellow on LB
medium. E. coli was observed in highest concentration from Rock
samples of industry (aborshid A) whereas in Rock samples of industry
(aborshid B) six samples indicated the presence of E. coli which was
confirmed by 16S ribosomal RNA Sequencing and phylogenetic Tree.
Four samples were of gram positive bacteria which may be B. subtilus
or B. thuringiensis. In Rock Sample (aborshid C) eight samples were of
gram negative while two samples were of gram positive bacteria. It was
observed that Rock (aborshid A) revealed most potent of Uranium
resistant isolates of gram negative bacteria.

Isolation and biochemical identification of E. coli from industrial
wastewater effluents. 16 samples were collected from Rock Sample in
aborshid. The results revealed that E. coli was found in higher
concentration Uranium. Wastewater is an important reservoir for E.
coli and presented significant acute toxicity if released into the
receiving water body without being adequately treated. Results

revealed the presence of both gram negative and positive bacteria.
There was non-significant variation among all the samples of
wastewater. The highest concentration of E. coli was observed in Rock
Sample of Uranium Industry Site. Biochemical and Confirmed by 16 S
ribosomal RNA Sequencing and phylogenetic Tree confirmed that S 6
isolate is that £. coll.

1485 bp

Figure 1: (S6) Sample gave good band and purified 16S rRNA photo
details.

E. coli was cultured on LB medium and MacConkey medium for
morphological characterization. After 24 hrs, two types of colonies
were isolated under microscopic examination. All the isolated colonies
were pink on MacConkey medium, while creamy yellow on LB
medium. E. coli was observed in highest concentration from Rock
samples of industry (aborshid A) whereas in Rock samples of industry
(aborshid B) six samples indicated the presence of E. coli which was
confirmed by 16 S ribosomal RNA Sequencing and phylogenetic Tree.
Four samples were of gram positive bacteria which may be Bacillus
subtilus or Bacillus thuringiensis. In Rock Sample (aborshid C) eight
samples were of gram negative while two samples were of gram
positive bacteria. It was observed that Rock (aborshid A) revealed most
potent of Uranium resistant isolates of gram negative bacteria.

Nucleotide sequence accession numbers

The nucleotide sequences reported here were deposited to the NCBI
Nucleotide Sequence Database under accession numbers (MF496270)
by the name of Mostafa gomaa fadl.

Correlation between multiple antibiotic resistance and
uranium and heavy-metal tolerance among some E. coli
isolated from Aborshid Egypt

The aim of this preliminary screening of antibiotic sensitivity was to
find possible correlation between antibiotic resistance and heavy-metal
resistance patterns of 12 E. coli strains isolated from Uranium ore.
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Figure 2: Merged Figure showing 16s rRNA and Phylogenetic Tree.
Uranium conc. 100 ppm 200 ppm 300 ppm 600 ppm 1000 ppm
Isolate number
S6 ++ + + + +
S4 + + + + +
S5 + + + + +
S7 + + + + t
S8 : - - - -
Table 3: Screening of Bacterial Isolates against different Uranium concentration.
E. coli (S6) Ph Cr Cu Co Ni Cd Mo Zr Ti
100 R R R R R R R R R
200 R R R R R R R R R
400 R R R R R R R R R
600 R R R R R R R R R
1000 R 5ml 2ml 5ml 2ml 5ml 1 ml 4 ml 2ml
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(S5) Ph Cr Cu Co Ni Cd Mo Zr Ti
100 R R R S R S S S S
S(Bacillus) Ph Cr Cu Co Ni Cd Mo Zr Ti
100 S S S S S S S S S

Table 4: Screening of Bacterial Isolates against different Heavy metal concentration.

In soil and water, multiple antibiotic resistances is clearly associated
with resistance/tolerance to heavy-metals (Hg?t, Cu?*, Pb?*, Zn?*,
Ca?"). For different genera the genes for heavy-metals resistance are
often plasmid encoded. Since these genes are clustered on the same
plasmids, heavy-metals and drugs are environmental factors which
exert a selective pressure for the populations of these plasmid-

harboring bacteria. Antimicrobial susceptibility testing was performed
for ampicillin, tetracycline, gentamycin, kanamycin, chloramphenicol,
ceftazidime and cefotaxime by standard disk diffusion. These
antibiotics were chosen because of their wide-spread use and
importance in the treatment of Gram-negative bacterial infections

(Table 5).

Isolate Inhibition zone diameter(mm)

Antibiotic Amount on disc Resistant Intermediate Sensitive
E. coli S6

Ampicillin® 10 pg 11 or less 12-13 14 or more
R Ampicillin® 10 pg 28 or less - 29 or more
S Cephoxitin 30 ug 14 or less 15-17 18 or more
S Cephalotin 30 ug 14 or less 15-17 18 or more
S Chloramphenicol 30 ug 12 or less 13-17 18 or more
S Clindamycin 2 ug 14 or less 15-16 170r more
| Erytromycin 15 g 13 or less 14-17 18 or more
S Gentamycin 10 pg 12 or less 13-14 15 or more
| Kanamycin 30 pg 13 or less 14-17 18 or more
| Methicillinc 5 ug 9 orless Oct-13 14 or more
| Neomycin 30 pg 12 or less 13-16 17 or more
S Nitrofurantoin 300 pg 14 or less 15-16 17 or more
R Penicillin Gd 10 units 28 or less - 29 or more
R Penicillin Ge 10 units 11 or less Dec-21 22 or more
| Polymyxin B 300 units 8 orless 09-Nov 12 or more
R Streptomycin 10 pg 11 or less Dec-14 15 or more
R Tetracycline 30 ug 14 or less 15-18 19 or more
S ;I'Sri)r(nTe)thoprim-SquamethoxazoIe 1.25/23.75 g 10 or less Nov-15 16 or more
R Tobramycin 10 ug 12 or less 13-14 15 or more
R Novobiocin 30 pg 17 or less 18-21 22 or more

Table 5: Screening of Bacterial Isolates against different antibiotic disc.

Kirby-Bauer

MICs values of antibiotics and heavy-metals were determined by
dilution method in Mueller-Hinton broth using an inoculum of about

1-2 x 108 CFU/ml. The concentration range for antimicrobials and
heavy-metals Standard (Cu, Cd, Co, Cr, P, Pb, Ni, Mo, Zr, U,) was
100-1000 Samples (S6) resistant to ampicillin and colistin sulphate and
doxycycline and penicillin and streptomycin and tetracycline. The
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phenotypic data shows the direct association between multiple
antibiotic and heavy-metal resistance for E. coli strains in polluted
water (Table 6).

Uranium removal from uranium wastewater using
immobilized F. coli cells isolated from Egypt uranium ore
aborshid

As mentioned, some microbial species have a high U accumulating
ability, which suggests the possibility that they may be used for the
removal of U from U wastewater, and other waste sources (Table 7).

Removed U (%)

Strain (Isolate no) pH adjusted continuously at

pH 6.0

pH adjusted only started
at pH 6.0

100%

E. coli (S6) 98%

Table 6: Uranium removal from uranium wastewater using by
adjusting PH.

Strains Adsorbed uranium U (%)
E. coli (S6) 100%
Table 7: Uranium removal from uranium wastewater using

immobilized microorganisms isolated from uranium ore.

We attempted to remove U from U Lab. wastewater sampled at
Nuclear Materials Authority using bacteria exhibiting a significant
ability to accumulate U. Viable cells of E. coli were suspended in 100
mL of a solution immobilized bacteria (pH 6.0) of wastewater
containing U for 1 h at 25°C. E. coli isolated from Egypt U ore
removed 90% and 78% U, respectively (Table 7a-7b), when solution pH
was adjusted initially to 6.0. Solution pH gradually decreased, with E.
coli cells being more adversely affected by pH. However, strains
quantitatively removed U when the pH was maintained at 6.0. These
species can thus remove U from U refining wastewater with a high
efficiency.

Analyzed the FTIR spectra of U loaded and unloaded

FTIR spectra is used as to confirm availability of binding sites as
shown in Table 5a-5b for Uranium we found Amino acid(O-H)
stretching protein v(N-H) stretching, Phosphate C-O Stretching band,

P-H stretching, Protein amide-I band mainly(C=0) Streching, Protien
(CH,) and (CHj3) bending of methyle Lipid (CH,) bending of methyl,
Carbohydrate (C-O) of polysaccharides, Nucleic acid (other phosphate
containing compound) >P=0 stretching of phosphodiester, acid
chlorides C-Cl stretch in S6 E. coli, and comparing with dead isolate
we found the same beside acid chlorides at position 550 cm™!, C-CI
stretch Cayllahua et al. study who used FTIR spectra to confirm the
presence of amide, carboxyl, and phosphate groups in Rhodococcus
species Biomass.
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Figure 3: EDX to confirm biosorption of U by cell free extract
loaded Ca-Alginate beads.

Several band transformations allowed the authors to predict the
possible involvement of amino, carbonyl, carboxyl, and phosphate
groups in the biosorption of Cd?*.

. . Intensity of loaded band live .
1

Main peak(cm™') bacteria Typical band Wave number range

1-3439.42 779 Amino. acid(O-H) stretching protein  v(N-H) 3029-3639
stretching

2-2355.62 93 Phosphate C-O Stretching band, P-H stretching | 2344-2365

3-1638.23 90 Protein amide | band mainly(C=0) Stretching 1583-1709

) Protein (CH;) and (CH3) bending of methyl Lipid :

4-1428.99 95 (CH,) bending of methyl 1425-1477
Carbohydrate (C-O) of polysaccharides, Nucleic

5-1101.15 100 acid (other phosphate containing compound)| 1072-1356
>p=o stretching of phosphodiester
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6-556.363

97

acid chlorides C-Cl stretch

730-550

Table 7a: Data of FT-IR OF unloaded E. coli (S6) unloaded and loaded Bacterial Isolate.

Main peak(cm™) Intens!ty of unloaded band dead Typical band Wave number range
bacteria
1-3455.42 50.4 Amino acid (O-H) stretching protein v(N-H) stretching | 3029-3639
2-2088.62 99 Phosphate C-O Stretching band, P-H stretching 2344-2365
3-1641.23 78 Protein amide | band mainly (C=0) Stretching 1583-1709
4-1428.99 %6 Protejn (CH3) and (CH3) bending of methyl Lipid (CH) 14251477
bending of methyl
Carbohydrate (C-O) of polysaccharides, Nucleic acid
5-1109.15 105 (other phosphate containing compound) >P=0| 1072-1356
stretching of phosphodiester
6-593.363 92 acid chlorides C-Cl stretch 730-550
7-550.577 92 acid chlorides C-Cl stretch 730-550

Table 7b: Data of FT-IR OF unloaded E. coli (S6) unloaded and loaded bacterial isolate.

Energy dispersive X-ray (EDX)

In our study we use Energy dispersive X-ray Figure 1 (EDX) to
confirm Biosorption of U by Cell-free extract loaded Ca-Alginate
beads confirmed the involvement of an ion-exchange mechanism
during biosorption. In order to elucidate the chemical nature of
bacterial cell-bound Uranium.

(EDX) can provide information regarding the chemical and
elemental characteristics of biomass. Tunali et al. analyzed both Pb?*
and Cu?" loaded Bacillus sp. using EDX, and confirmed the
involvement of an ion-exchange mechanism during biosorption [31].
In order to elucidate the chemical nature of bacterial cell-bound
lanthanum. In our study we use Energy dispersive X-ray (Figure 4).

The alginate beads (Figure 3), predominantly ellipsoidal spheres,
with average diameter of 3-5 mm were used in the packed bed to
remediate 10 mg! U (VI) in a synthetic Uranium solution. The
effectiveness of different dosages of beads was considered and the
optimized ratio of 1:5 (v/v) of beads to water was used in all batch
studies of isotherm kinetics. Scanning electron microscopic of these
beads, Control, Waste, Figure 3 showed that these were hollow from
inside (Figure 4) having smooth inner wall and a little rough outer wall
(Figure 3). After interaction with the metal, the surface turned very
rough (Figure 4). These calcium alginate-beads contained bacterium E.
coli whose morphology changed from single discrete cells (Figure 5) to
numerous cells forming chain-like structure when grown under metal
stress (Figure 6). This established the fact that £. coli interacted with
the metal present in the medium.

Kazy et al. employed X-ray diffraction (XRD) analysis and
confirmed the involvement of cellular carboxyl and phosphate groups
in the binding of lanthanum by Pseudomonas biomass [32]. SEM
micrographs have aided researchers in analyzing cell surface
morphology before and after biosorption. Tunali et al. visualized the
surface of metal-loaded Bacillus sp. while in our study we employed
SEM aided us in confirming U biosorption study were also made to
remove U from U wastewater using immobilized microorganisms

having a high ability to adsorb U [31,33-35]. Uranium refining
wastewater (100 mL, pH 6.0) supplemented with 2.1 mM of U were
adsorbed on a column (bed volume 2 mL) of immobilized bacterial
cells Immobilized bacterial cells isolated from U mines in the Egypt
can also remove U from the U refining wastewater with high efficiency
[36-39].

Figure 4: (EDX) to confirm Biosorption of U by Cell-Free extract
loaded Ca-Alginate beads.
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Figure 5: (EDX) by Cell-Free extract control loaded Ca-Alginate
beads.

00 ppm days

Figure 6: Bioremediation of 600 ppm U(VI) from synthetic solution
in bottle.

Conclusion

This study confirmed that an isolated, characterized and identified
novel strain of the most potent isolate was identified. The Egyptian
strains belong to E. coli, based on 16S r RNA gene sequencing the
nucleotide sequences reported here were deposited to the NCBI
Nucleotide Sequence Database under. could be utilized to remediate
Uranium contaminated water. This report is the first of its kind where
the cell-free extract of a powerful bacterium, E. coli was used as
encapsulated calcium alginate beads for bioremediation through
biosorption of Uranium by recycled semi-batch Burette flow process.
The comparison with published literature confirmed highest
remediation rate in the proposed process. The characterization
experiments of the results revealed a varying response of the Ore
bacteria to the tested heavy metals. All isolates showed multiple metal
resistance towards Ten heavy metals, with MIC ranging from 50 to
1000 ppm, the fresh and used CFE-modified calcium alginate beads
indicated that the remediation could be by biosorption of Uranium.
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