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ABSTRACT
To evaluate microwave absorbing biomaterials, Halobacterium Salinarum bacteria were immobilized on radar
absorbing coatings (barium hexaferrite) and the microwave absorption behavior was examined. The bacteria was
grown in the bacterial growth medium (HS) and determined that on the 10th day had the greatest growth. Then
bacteria were immobilized using Carbodiimide (CDI) and through covalent bonding on hexa ferrite barium
nanoparticles coated with SiO2. After covalent bond formation between the cells and hexaferrite barium, the
process was optimized using different conditions and the factors affecting the stabilization of bacteria on
nanoparticles were evaluated. Results showed that the ratio between cell/CDI, the nanoparticle/linker, the pH and
the time of reaction affect the optimal reaction conditions. The best reaction condition was obtained in the ratio of
250 mg for cell,500mg nanoparticle,500mg linker, pH=6 and 5 hours of reaction, respectively.FTIR analysis
shows that coating with SiO2 increase the hydroxyl group to react with the bacteria in the area 3400cm-1. The data
obtained from SEM show connection between the bacterial cell and nanoparticle clearly. Finally, the microwave
absorbing behaviors of bacteria, barium hex ferrites, bacteria immobilized on the nanoparticles in the 8-12 GHs
region are respectively-1/5db,-8db and-13db, in fact, the difference between the control and immobilized sample
at around 6db, that represents the Immobilization bacteria on the bed and bacteria is effective in absorbing
microwave.
Keywords: Halobacterium Salinarum, Barium Hexaferrite, CDI, radar microwave, Immobilization.

INTRODUCTION
Halobacterium Salinarum is an aerobic archaea,
gram-negative and very halophytes that live in
salt plains and salt lakes [1-3].The membrane
surface of bacteria, including routes that are
called purple membrane (PM). The retinal
protein Bacteriorhodopsin is the major
photosynthetic protein of the archon H.
salinarum.It converts the energy of "green" light
(500-650 nm, max 568 nm) into an
electrochemical proton gradient, which in turn is
used for ATP production by ATP synthase.
Bacteriorhodopsin in the presence of light,
Passes the proton (H +) from the intracellular to
extracellular membrane. And uses of photonics

process for the production of ATP. The surface
of
Halobacterium
Salinarum
contains
membrane patches called the purple membrane
the only protein in the purple membrane is
bacteriorhodopsin which forms a hexagonal 2dimensional
crystal
consisting
of
bacteriorhodopsin
trimmers
the
purple
membrane can be easily isolated and permits
mass production of bacteriorhodopsin as is
required for biotechnological applications.
Bacteriorhodopsin is best studied proteins in
Achaea, naturally found in cells that grow under
low lighting conditions and aerated and this
proteins is the type of Integral membrane
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proteins, that has seven trans-membrane helices
with
molecular
weight
26/8Kda.
Bacteriorhodopsin protein that is one of the
photochromic proteins in the last three decades
has attracted much attention, and is also known
as a strong microwave materials, it is the radar
absorbing properties from 3 to 40 GHz [4-11].
Scientists are investigating the use of a variety
chemical modified and possibly genetically
proteins bacteriorhodopsin as an enabling
environment for tanks and aircraft in radar
absorbing paint.
This protein has many applications in medicine,
industry, intelligence and defense, which can be
a strong reason to do research and extensive
testing for immobilization the bacteria and deal
with unstable environmental conditions and thus
enhancing its efficiency, In fact, to raise the
efficiency of the protein and its stability in
different environmental conditions necessary to
stabilize the bacteria instead of protein. Given
that proteins and enzymes have little stability in
the environment and if they are immobilized in
the form of cells increases their stability relative
to the surrounding environment and protein will
have optimal performance and stability. So cell
immobilization instead of immobilization of
proteins purified form will be economically
more favorable [12-19].
In general, ferrite is a magnetic material, that
their main component is iron oxide, which has
the desirable magnetic properties such as
magnetic permeability and high electrical
resistivity. So is dedicated the vast applications
in the field of electricity, electronics,
telecommunications, and computer and.....
Hexagonal ferrites are a major class of magnetic
materials, that is high permeability coefficient
them, therefore, they can be used as magnetic
adsorbent with high waste, extensive studies
have been conducted on the use of these
materials as adsorbents [20-23].
Barium Hexaferrite is a hexagonal ferrites,
which can act as a good absorber Fig(1). The
resonant frequency of this material is outside of
the microwave about 46/7 GHz. But by
replacing a part of Fe and Ba ions by ions of
divalent and tetravalent, there is the possibility
of reducing it to range radar [24-31]. In this
Jafar Mohamadian Mosaabadi, et al.

study, titanium and manganese ions were
replaced with part of the iron ions in
combination Barium Hexaferrite (BeFe12O19)
with
the
general
formula
(BaFe9Mn1.5Ti1.5O19).
And
absorption
characteristics
were
examined
after
immobilization on H. salinarum .

Figure (1): Barium Hexaferrite absorb radar waves
in the range of 12 to 18 GHz

MATERIALS AND METHODS
Materials
Halobacterium Salinarum bacteria used in this
study is R1 that the microbial Bank of Germany
(DSMZ) have been purchased with code 671.
Barium Hexaferrite powder, was purchased
from Sigma-Aldrich,ortho silicate solution
(TEOS) and CDI powder were obtained from
Sigma-Aldrich Co.
Methods
Culture Medium Preparation
Preparation of Media for Bacterial materials
mentioned in the table (1) with. One liter of
distilled water mixed in a 2-liter balloon by
magnetic Stirrer and eventually the uniform
solution was obtained. The pH adjusted to 7.5.
The balloon was covered with cotton and foil
and placed for 30 minute in an autoclave
A vial containing H. Salinarum R1 was opened
under sterile condition and added to the culture
medium by sterile swab. The medium was
placed under shaking incubator at 37 ° C,
200rpm for a week [32].
Company
SigmaGermany
MerckGermany
MerckGermany

chemical
formula

Amount
(gr)

Material

-

5gr

Peptone
bacteriological

-

5gr

Yeast extract

C5H9NO4

1gr

L-Glutamic acid
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MerckGermany
MerckGermany
MerckGermany
MerckGermany
MerckGermany
MerckGermany
Merck
Germany

CH6Na3O7+2
H2O
MgSo4+7H2
O

3.4gr
5.4gr

Trisodium
citrate dehydrate
Magnesium
sulfate
Potassium
Chloride
Sodium
Chloride

KCL

2gr

NaCL

250gr

FeCL2+4H2O

36mgr

Iron(II) chloride

MnSO4+H2O

30.7mg
r

Manganese
Sulfate

dH2O

1000ml

Distilled water

Coating of Barium on Ferrite Hexa.Sio2
2 grams of barium hexaferrite was mixed with
50 ml of ethanol and put it in ultrasonic device
with Intensity 0.3, 2 pulses for 3 minutes. Then
about 2 ml of tetra-ethyl ortho silicate (TEOS)
and add 50 ml of ethanol and 6 ml of ammonia
and stirred them with a mechanical stirrer for 24
hours. Then it washed twice with ethanol and
put in the oven to dry completely. Finally the
hydroxyl groups on the nanoparticles were
analyzed by FTIR. [33, 34]
Linkage between the Bacterial Cell and
Nanoparticles
Stirring
method
was
used
for
the
immobilization. Three material nanoparticle,
CDI and Halobacterium Salinarum were mixed
with different mass ratios in phosphate buffer
with different PH The suspension was stirred for
24 hours at 100 rpm. About 0.5gr nanoparticles
coated with Sio2 was mixed with 10 ml dry
acetone and a certain amount of CDI and put
into a shaker with 400 rpm for 4 hours. Finally,
after bacteria centrifugation At 370c and
9000rpm for 10min , added bacteria present in
10mM phosphate buffer with different PH to the
sample and put the samples for 6 hours in a
shaker with 3000rpm and the chance to be
immobilized nanoparticles on cells Fig(2), then
immobilized bacteria was separated from the
reaction solution with magnets.
after
immobilizatio were taken OD(660nm) supernatant
samples and was determined the cells attached
to the nanoparticles. To select the optimal
method stabilizing was selected 12 different
tests. [33-34]
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Figure (2): Schematic of the reaction mechanism
CDI.

Factors affect optimal condition for bacterial
cell immobilization Due to the nature of the
covalent bond reaction between the functional
groups, linker concentration to bacterial cell
concentration, linker to nanoparticle hexa ferrite
concentration, pH and reaction time were
determined as the most important variables.
The
Linker
to
the
Nanoparticle
Concentration Ratio
Another
important
variable
in
this
immobilization is ratio the CDI to the
nanoparticle, the amount of nanoparticles
considered constant to the 500mg and the
amount of CDI was considered according to its
surface functional groups the variable ratio 250
mg, 350 mg, 500 mg, 750 mg. So at first added
500mg nanoparticle to different CDI in PH=6 to
the sample and and put the samples for 6 hours
in a shaker with 3000rpm
Linker to the Bacterial Cell Concentration
ratio
The most important variable in the covalent
bond between the bacterial cell with the surface
of the nanoparticles is ratio the linker to the
bacterial cell, because should be established a
relative proportion between the functional
groups on the linker cell.. The amount of cells
particles was kept constant and the amount of
linker was selected variable. As a result,
theoretical initial estimate of the value of the
linker was 250 mg, 350 mg, 500 mg, 750 mg
and the amount of bacterial cells was placed 250
mg. So at first, after centrifugation At 370c and
9000rpm for 10min , added 250mgr bacteria in
10mM phosphate buffer with different the
amount of CDI in PH=6 to the sample and and
put the samples for 6 hours in a shaker with
3000rpm and the chance to be immobilized
nanoparticles on cells. after immobilizatio were
taken OD(660nm) supernatant samples and was
determined the cells attached to the CDI.
2534
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Reaction PH
Ph environment is one of the most important
variables in covalent reaction. Generally
covalent reaction is performed at acidic PH. The
effect of this variable lays in the fact that speed
connection linker to the functional groups of
cells and nanoparticles depend on the ph. Due to
instability of cells in acidic ph this variable
should be determined at the optimal level,
therefore, the values of 5, 6 and 7 ph was
determined
Reaction Time
Covalent reaction time in the references and the
instructions used have been reported about 1 to
24 hours. But according to cell immobilizatio in
aqueous solutions does not seem logical long
time, so the times was determined 3,4,5,6 and 7
hours.
Measuring
Tests to evaluate the absorption of
electromagnetic waves in a frequency band
width X was by the waveguide device and
network analyst. In this device, the waves
generated by a waveguide through the wave
tunnel radiated to the surface sample, and the
return reflection waves were evaluated by
Network Analyst. Then, using the relevant
software were traced loss graph signal strength
(or reflection coefficient) and also passing the
charts based on decibels (dB). Figure (4) about
how to measure the return losses and the sample
flow. The sample was placed with the
appropriate amount in the appropriate location
in the tunnel waveguide Absorb radar waves
were determined for each sample in the
frequency range from 8 to 12 GHz. The graph of
the absorption of electromagnetic waves (return
losses, pass) samples were drawn.

Figure (4) :The method of measuring the absorption
with waveguide fixture(A) Single-port measurement
(B) Two-port measurements.
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Photography with an Electron Microscope
To study the binding surface of the cells to
nanoparticles was used scanning electron
microscopy. For this purpose, the cells were
washed twice with distilled water and then
freeze dryer was dried on aluminum foil during
12 hours the samples were analyzed by scanning
electron microscopy at the Department of
Electrical and Telecommunications Malek
Ashtar University.
CONCLUSION
H. Salinarum Growth in Culture
Halo bacterium Salina rum has a maximum
optical absorption at a wavelength of 660nm To
measure the growth of bacteria, the bacteria
absorption was measured at the wavelength
mentioned in different days, Because the OD=12 is the best bacterial growth rates and as the
results show in Fig (5), On the tenth day of cell
growth with OD (660nm) =1.401 is the highest
growth and the cells remained at the beginning
of their stationary growth phase and has the
highest rate of synthesis.

Absorbance
2
1.5
1
0.5
0
15

10

5

0

Figure (5): Chart the growth of bacteria

Determination of Hydroxyl Groups on the
Sample and the Sample Covered with SiO2
Confirm the connection cells to iron oxide
nanoparticles were taken FTIR spectra of iron
oxide nanoparticles and iron oxide nanoparticles
coated with SiO2.
Figure (7) shows the FTIR spectra of the
nanoparticles coated with SiO2. Peak observed
in the area 13400cm-1 is related to the vibrations
of hydroxyl groups. Also the peak observed in
the area in 1585 shows Si-Fe-O connectivity and
peaks are observed in the region of 12 122cm-
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1

and1094.12cm-1 related to the vibration of SiO-Si.

cell and nanoparticles covalently bonded, the
CDI, ph and duration of reaction had the greatest
impact in the creation of stabilization.
Table (1): The control sample without the linker
OD(660) Bacteria(mg) CDI
Nanoparticles(mg)
1/373
250
0
500
Table (2): The amount of nanoparticles to linker in
the covalent bond

Figure (6):
nanoparticles

FT-IR

spectrum

of

uncoated

OD(660)

Bacteria(mg)

CDI

Nanoparticles
(mg)

0/407
0/321
0/249
0/241

250
250
250
250

250
350
50
750

500
500
500
500

Table (3): The amount of variable ph in the covalent
bond
OD(660)

PH

0/267

5/5

0/249

6

0/291

6/5

Table (4): The duration of covalent bond
Figure (7): FT-IR spectra of barium ferrite Hexa
covered with SiO2, FTIR spectra of barium ferrite
Hexa covered with SiO2
FT-IR spectrum of uncoated nanoparticles

The Results of Optimal Stabilization of
Bacterial Cells on the Hexa Ferrite Barium
After covalent bond between the cells and
barium hexaferrite was performed Optimization.
For this purpose, various experiments were used
and four parameters were selected as factors
affecting the result was 12 different tests with
different OD values.
The effect of each variable and surfaces of the
surface nanoparticles covalently bonded to the
bacterial cell in table (1), (2), (3) and (4) is
expressed.
Analysis of the results obtained by using
different tests. In this experiment, all the tests
conducted without the presence of CDI, as
control sample and also was performed to
confirm the covalent bonding, table (2) shows
the results. Based on the results obtained in the
Jafar Mohamadian Mosaabadi, et al.

OD(660)

Time

0/491
0/292
0/249
0/215
0/209

3
4
5
6
7

Imaging of Nanoparticle Surface by Using
SEM
Figure (8) is the SEM images taken from the
surface of Hexa barium ferrite which clearly
shows the link of bacteria on the surface of the
nanoparticles.
Part A: Related to on samples prepared from
bacteria and nanoparticles without the use of
intermediate that the bacteria could not link with
ferrite particles.
Part B: Related to the fixing bacteria on
cellulose fibers, the stabilization was done in the
presence of intermediate.
SEM imaging of the surface of the
nanoparticles.(A) Nanoparticle surface without

2536

Halo bacterium Salinarum immobilized on Barium Hexaferrite increases microwave Adsorption Behavior

linker(B) Nanoparticle surface in the presence of
linker.

sample or return losses, and second graph is
related to the passing waves of sample.
30
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Figure (9): Radar absorption chart related to bacteria
that is most absorption in the region of 12 GHz is
approximately 1/5dB.

Figure (10)Radar absorption chart related to
context, as is clear from the chart, In this case,
the amount of wasted power and password is
relatively high and the frequency12GHz is about
-8dB which expresses this matter that the
substrate can be used as a radar absorbing
material.
Figure (8): (A) Nanoparticle surface without
connecting links (B) Nanoparticle surface with
connecting links,

Check Absorption Microwave by the Samples
Stabilized
As mentioned above, due to the presence of
bacteriorhodopsin membrane protein in bacteria
Salina rum this bacteria are absorbing properties
microwaves at a frequency of 8 to 12/4 Figure
(9), that this property can be used in
compression and encryption. Survey and
measure the microwave absorption of the
sample Stabilized in this research, was
performed by microwave analyzers VNA Malek
Ashtar University, Department of Electrical and
Telecommunications. In this study, was used for
measuring single-port and double-port And
microwave irradiation was measured. [34,35]
For each sample three graphs drawn, the first
graph is related to the wave reflection from the
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Figure (10): A) S11 chart of the context the
minimum point is equal to -8db,
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B) S21 chart of the context at the minimum point

is equal to -4.8db
Figure (11) Radar absorption graph related to
witness where bacteria cells due to lack of link
could not be stabilized on the surface of the
nanoparticles. As is clear from the graph, in this
case, the amount of wasted power and password
is not changed and about 1dB is different.

Figure (12): A) S11 chart of the optimum Sample at
minimum point is equal to -13dB and -11Db,
B) S21 chart of the optimum Sample at the minimum
point is equal to -8.9dB.

Figure (13) Radar absorption chart related to
sample include optimum concentration is twice.
As specified in this chart increased absorption in
material is due to increased cell concentration.
Check measurements show that the X-band
absorption is on average about dB16 at a
frequency of 8GHz.

Figure (11): A) S11 chart of the control sample at
minimum point is equal to-9dB and-7Db,
B) S21 chart of the control sample at the minimum
point is equal to -5dB

Figure (12) Radar absorption chart related to
sample include the optimum concentration of
the bacterial cell and the optimum conditions
covalent bond between the nanoparticles and the
bacterial cell. As shown in the chart with the
changes made in the Sample increased amount
of wasted power and the rate has increased to
about 13dB. These changes show that the action
taken on material cause increase the absorption,
compared to the first. the difference absorption
is equal to 5dB.

Figure (13): A) S11 chart of twice the optimum
concentration Sample at minimum point is equal to 16dB
B) S21 chart of twice the optimum concentration
Sample at the minimum point is equal to -10dB and 6dB.

Figure (14) Radar absorption chart related to
sample include optimum concentration is
halved. As expected the rate of absorption
decreased with the half the optimum
concentration, and the results of this figure
shows that concentration cells has a direct
impact on the rate of absorption.

Jafar Mohamadian Mosaabadi, et al.
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Figure (14): A) S11 chart of half the optimum
concentration Sample at minimum point is equal to 10Db
B) S21 chart of half the optimum concentration
Sample at the minimum point is equal to -7dB.

CONCLUSION
The aim of this study is the use of microwave
absorbing properties of Halo bacterium Salina
rum microorganisms. To achieve this goal
should be to stabilize these proteins may be
provided on solid surfaces, so that during the
stabilization, does not lose its functional
structure, so initially the bacteria stabilized on a
suitable substrate and the optimal conditions
were studied. After much research we found that
CDI is the best linker to the covalent bond that
cause was the connection between the cell and
the particles by functional groups on the bacteria
and nanoparticle. That it needs to create a
coating on the nanoparticles, that cause Stable
the nanoparticles as well as increasing the
functional group that is required to connect, so
SiO2 was recognized as the best coverage.
The results of optimized bacterial cell covalently
bonded to the surface of the nanoparticles is
reveals that the parameters of the ratio cell to the
CDI, the ratio nanoparticles to the linker,

Jafar Mohamadian Mosaabadi, et al.

duration of reaction and the ratio of ph are
effective in optimal reaction conditions. In the
covalent bond between the bacterial cell and the
surface of the nanoparticles, one of the
important are variables reactants functional
groups. Also another important variable in the
covalently bonded are and duration of the
reaction and ph environment. Theoretically
speed connectivity and link bacterial cell to the
surface of the nanoparticles and the linker with
active functional groups depends on the ph
environment. Connection done in an acid
environment, of course highly acidic
environment
that
causes
instability
nanoparticles, so the environmental ph has a
great impact on covalent reaction and stabilize
the bacterial cells on the surface of
nanoparticles. SEM images taken from fixing
bacteria on the surface of the nanoparticles
clearly indicated covalent bond between the
bacterial cell and the nanoparticles. The results
of the microwave experiments showed that help
the bacterial cell and a certain amount of
nanoparticles and CDI can be made X-band
microwave absorber and obtain the amount of
absorption that measured by the WR90
rectangular waveguide and as a single-port and
two-ports, which was about 15dB. In fact, the
difference between the control sample and
stabilized sample were at around 6dB. That
represents the fixing bacteria on substrate and
also reflects the influence of bacteria on the
absorption. The absorption rate shows that it can
be considered as an option to build a variety
radar absorbing coatings that raises the value of
military use bacteria. So This material can act as
a microwave-absorbing color in this range of
frequency However, more studies should be be
done about different combinations of these
materials, particle size, color combination, layer
thickness and the possibility of using two or
more layers with different compositions to
provide optimum conditions for absorption.
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