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The object of the study is bacteriorhodopsin. This light-sensitive protein have been selected as
perspective substance for optical and optoelectronic applications. Bacteriorhodopsin carries out
pumping protons through the cell membrane. Biomolecule converts light into an electric signal
when sandwiched between electrodes. These properties were utilized in this research to
implement photosensors on the basis of BR layers.

These properties were utilized in this research to the bR water solution. According to the
absorption spectra and using Kramers – Kronig relation the extinction coefficient has been
calculated, as well as the related change of the refractive index value.
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SYMBOLS AND ABBREVIATIONS
A – absorption
с – light velocity; solution concentration
d – sample thickness
Ep – photoelectromotive force
g – gravity factor
h – Plank constant
i – imaginary unit
I – intensity of transmitted light
I0 – intensity of incident light
k - extinction coefficient
kω – attenuation coefficient
l – the distance in a dielectric
n – refraction index
pH – hydrogen – ion exponent
t - time
T – temperature; transmission
v – light velocity in a dielectric

Greek letters
α – absorption coefficient
λ – wavelength
ν – frequency
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τ – temporal constant
χ – magnetic susceptibility
ω – angular velocity

Acronyms
ATP – adenosine triphosphate
Arg – arginin
Asp – asparagine acid
Br – bacteriorhodopsin
BSM – basal salt medium
DNase1 - deoxyribonuclease 1
Glu – glutamine acid
Im – imaginary part
Lys – lysine
PM – purple membrane
PVA – polyvinyl alcohol
Re – real part
TEM – transverse mode
UF – ultraviolet
XH – terminal proton donor to the external environment
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INTRODUCTION
Bioelectronics investigates the use of light or electrical impulses controlled biopolymers as
computer modules and optical systems. Most of the current researches in bioelectronics are
aimed at investigate self-assembled monolayers, thin films, biosensors and photonic devices
based on proteins. The key requirements for biopolymers are the capability to change their
structure in response to some physical impact and generate no less than two discrete states that
differing easily measurable physical characteristics (eg, spectral parameters). That is why
substantial interest is proteins which capable to transform light energy in chemical in various
photosynthetic systems [1].
Bacteriorhodopsin is the light – dependent proton pump and most likely candidate among those
proteins. It has technically interesting features like the thermal and chemical stability.
Photosensitive protein bR (bacteriorhodopsin) is marked by characterized by an ordered
arrangement of molecules [1, 2]. Moreover, bR, embedded in polymer film thickness of 5 nm (a
monolayer) to tens of microns, has the ability to retain properties over a long period (more than
15 years). bR – containing polymer films have the same characteristics as photochromic
materials and characterized by record circularity and high optical resolution. Multilayer
structures, comprising layers based on BR, promising to create the components of information
systems that are used as space-time light modulators in devices for recording of dynamic
holograms, storage and display, neural network processing [1,2].
It is expected that optical techniques, implemented using such materials, will allow increasing
productivity, simplifying the solution to the problems of parallel processing of information and
the creation of three-dimensional functional structures for neural network processing, threedimensional (3D) optical memory and etc. The point at issue is about the creation of
fundamentally new devices that can implement a record speed and level of integration of the
elements, create a new architecture of high-performance systems and large capacity storage
devices [3].
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MATERIALS AND METHODS.
1. Bacteriorhodopsin
1.1 Characteristics of bacteriorhodopsin.

Bacteriorhodopsin in Figure 1.1 (Source [4]) is a protein used by Archaea, most notably by
Halobacteria [5]. Bacteriorhodopsin is named by analogy with protein of mammal’s visual
apparatus. W. Stohenius (USA) and D. Osterhelt (FRG) isolated it from the cell membrane of
Halobacterium halobium cells in 1971 [6]. Archaea Halobacterium halobium (Archeabacteria)
are organisms capable exist in the extreme conditions of saline lakes in which the salt
concentration reaches a very high value (25%). High concentrations of NaCl and magnesium
salts are required for growth and structure existence. Cells and cell components disaggregate
when the salt concentration is lowered to less than 2 M NaCl and 20 mM MgCl2 . Halobacteria
have unique photosynthetic apparatus for such conditions and bacteriorhodopsin plays the main
role [7,8].
Halobacterium halobium membrane can be separated into three fractions: yellow, red and purple.
The purple membrane of halophilic bacteria capables to transform the energy of light. This
system stores up light energy in the form of electrochemical potentials of H+. PM can coats up to
80% of the bacterial. PM is highly stable to different physical and chemical influences (for
example, the PM is stable to light, high temperatures, solutions with high ionic strength) [9].

Figure 1.1 Schematic representation of the structure of the BR.
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BR locates in the PM like symmetrical triserial molecules. The purple color of the membrane be
accounted of a couple 1:1 of proteins form and retinal chromophore. Therefore, each protein
chain have one retinal. Every trimmer stable 12 - 14 molecules of structural lipids.
Bacteriorhodopsin consists of seven regular helices α, A through G (Fig. 1.2 (Source [10])).
They go from one to the other edge of the membrane. All the irregular regions of the chain
(joining helix-loop) out of the membrane. Hydrophobic groups located on the helix turned out to
lipids (also hydrophobic) of membrane. Polar groups turned into a very narrow channel where
proton goes through. COOH-terminal group of the protein molecule located on the cytoplasmic
side of the membrane, and NH2- group - on the outside. Retinal is covalently bound to opsin and
forming aldimine linkage with one of the lysine residues in the protein chain. A- forms a
hydrogen bond with the proton Schiff base. The impact of the negative charge of the counterion
A- decreasing the magnitude of the red shift [11].

Figure 1.2. The amino acid sequence of bR A through G.
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1.1.1

The mechanisms of proton transfer.

During the photocycle Br capables of transfer protons from the cytoplasm to the outside of the
cell membrane expense the light energy. Bacteriorhodopsin creates a gradient of hydrogen ions,
the energy is used by cell for synthesis of adenosine triphosphate (ATP). This mechanism of
ATP synthesis in Fig.1.3 is called "nonchlorophyllic photosynthesis". Experiments via use of pH
indicator showed that the emission of a proton occurs on the outside face of PM and proton
capture on the cytoplasmic. ATP increase in cells when suspensions of halobacteria illuminated.

Figure 1.3. Nonchlorophyllic ATP synthesis in the cells of Halobacterium halobium.

Retinal plays role of a molecular switch that controls transmembrane proton transfer in Fig.1.4
([Sorce [12]) of cytoplasmic and periplasmic channels. It covers the central channel of the
bacteriorhodopsin. Absorbing proton retinal goes over from all-trans to 13-cis form. Retinal
bents and transports proton transfer due to the pile of seven helicios then retinal unbents and
comes back, but without proton [13].
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Figure 1.4. Scheme proton BR transfer through cytoplasmic (1) and the periplasmic (2)
channels. XH is terminal proton donor to the external environment.
Br has conformation transitions during photochemical transformation. Prior to absorption of a
photon structure of the protein is stabilized by binding energy of the complex formed by the
protonated Schiff base, charged groups in retinal locus and bound water [14]. Proton of Shiff
base coordinately bounds with Asp 85 and contacts with the outside of the membrane. Asp 85 is
the primary proton acceptor from the Schiff base. Glu-204 directly gives the proton in the
outdoor environment. The residue Asp 96 fills the deficit of proton in Schiff base by cytoplasmic
source.
The subsequent mechanism for the transfer of a proton through bacteriorhodopsin involves a
chain of hydrogen bonds formed by the side chemical group of hydrophilic amino acids, and
extending through the thickness of the protein [12].
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1.1.2

Photocycle of bacteriorhodopsin.

A fundamental property of bacteriorhodopsin is a characteristic of the photochemical cycle.
Molecule passes through the stages of successive states and spontaneously returns to its original
shape when photon absorption protein [15]. There are six intermediate states in the cycle of
photoinduced transformations BR. Each of these states, denoted by the letters of the Latin
alphabet from K to O in order of increasing lifetime, is characterized by certain spectral
properties [12].

Figure 1.5. Photocycle of Br.

Cyclic change of bacteriorhodopsin molecules state leading to the cyclic changes of the optical
characteristics (Fig. 1.6 (Source [16]) such as refractive index and absorption [15].
The spectral sensitivity of bacteriorhodopsin is in the visible region of the spectrum. Maximum
absorption in the initial state is equal to bR 570 nm (bR570). The main intermediate state M has a
maximum absorption at a wavelength of 412 nm (M412) [17].
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Figure 1.6. The absorption spectrum of the basic stages photocycle.

Proton transfer in the Asp 85 takes place in several stages corresponding to the sequence of
appearance forms J625, K610, L550 and M412 in photo cycle [18].
There are two stable forms Br560 and Br570 of bacteriorhodopsin. Absorption maximum at 560
nm is in the dark. Retiled chromophore is in the 13-cis conformation. The wavelength of
absorption maximum in the light is 570 nm and the conformation of the chromophore has an alltrans configuration.Trans-13-cis-retinal photoisomerization in the initial Br is associated with
changes in the planar location and a slight bend polyene chain.

The first photoproduct of bacteriorhodopsin shows a red shift in the visible absorption of the
chromophore; this is followed by thermal intermediates which are blue shifted [19].
An intermediate K610 chromophore exists in the transitional state, which is neither transformed
nor 13-cis-configuration during the lifetime. This state gradually relaxes to the planar position of
the 13-cis-retinal in an L550.
Schiff base has protonated in the state of L550. The principal step in the proton transport
connected with the disintegration of the form L550 caused by the Schiff base deprotonation,
proton transfer on Asp 85 and thereby forming M412. In this case the positive charge is shifted to
the Asp for ~ 25 ms and appearance Asp-COOH. There are two forms of M412 state where
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residue Asp 85 is protonated. In the first state form M412 terminal acceptor XH catches proton
from Asp 85. In the second state XH already gives a proton into the environment.
Transitions between states L – M:
Аsp 96 СООН(С = NН) Аsp 85 СОО¯ ХН →
L550
→

Аsp 96 СООН(С = N) Аsp 85 СООН ХН →
М(1)412
→ Аsp 96 СООН(С = N) Аsp 85 СООН Х¯.
М(2)412

The second part of the BR photocycle associated with reprotonation of the Schiff
base and disintegration of M412. In the beginning proton transfers via cytoplasmic
channel from Asp 96 COOH through "intermediaries" (threonine, H2O):
Asp 96 СООН(С=N) Asp 85 СООНХ¯→
М412
→ Asp 96 СОО (С=NH) Asp 85 СООHХ ¯ .
N520

The state of N520 decays with reprotonation Asp 96 COO due to cytoplasmic proton source. At
the same time the chromophore reisomerizes from 13-cis form to the initial all-trans retinal (state
O640):
Asp 96 СОО- (С = NH+) Asp 85 СООНХ →
N520
→ Asp 96 СООН(C=NH + ) Asp 85 СООНХ .
trans О640
Asp 85 COOH plays a role in retinal return to its initial state at the stage O640 - Br570:
Asp 96 COOH(C=NH + ) Asp 85 СООНХ¯→
trans О640
→ Asp 96 СООH (C=NH + ) Asp 85 СОО ¯ XH.
trans Br570 [12].
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1.2 The properties of Br
1.2.1

Bacteriorhodopsin slows down light trillions of times.

The light-sensitive protein bacteriorhodopsin can slow down the speed of the propagating light to
0.1 mm / sec. During the research in the University of Massachusetts in Boston it was obtained
that the group velocity of propagation of a light pulse through the plastic film with a high
concentration of the protein bacteriorhodopsin was below 0.1 mm / sec. This is 12 orders of
magnitude smaller than the velocity of light in vacuum.

The main advantages:
• the substance is highly light-, temperature- and chemical resistant and environmentally
friendly;
• experiment was carried out at room temperature and the required power is a fraction of a
milliwatt;
• all-optical control of light propagation speed and possibility of changing this in the widest
range with virtually zero absorption and absence signal distortion;
• speed down works equally for arbitrary waveform [20].
1.2.2

Mutated BR-Systems.

The main purpose of mutated bRs is inherent the advantage of biological systems and develop
new methods in material science. Mutated bRs can be realized by the use of genetic engineering
or conventional mutagenesis. This ability introducing an extend range of changes including
spectral shifts, changed photocycles and increased or decreased lifetimes of intermediates.
bRD96N is the good example of mutated bR where the Asp 96 is substituted by asparagine (Asn
96). In Asn 96 the second carboxyl group is replaced by a carboxyamido group. The changes of
the proton donor properties on the cytoplasmic side of the pore take place in the bRВ96Т [21].
To apply a large database usually requires bacteriorhodopsin structure modified by chemical
additives. For instance, polymeric films with genetically modified embedded bRD96N was used in
creating optical associative memory [17].
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1.3 Obtaining of bacteriorhodopsin.
Cultivation of bacteria - producers of bacteriorhodopsin.
Cultivation of Halobacterium Salinarium is carried out at a temperature of culture medium 3839ºС and pH = 7.2, under aeration of the air environment and fluorescent lighting. Duration of
the process is from 50 to 100 hours that depends on the characteristics of the strain and growing
method. The cell mass was precipitated in a centrifuge (8000 - 15000 rot./ min., 20 - 40 min.).
The yield of the cell mass is from 3 to 10 g / l, yield of the bacteriorhodopsin is 0.3 - 1.0% of the
raw cell mass.

Isolation and purification of bacteriorhodopsin.
Bacteriorhodopsin extraction technology of microbial cells usually involves three basic steps:
1. Disintegration of microbial cells. The operation is carried out by osmotic shock and cell wall
lysis of DNase or -free DNase osmotic shock. Moreover, it may be combined with
sonication. The net result is fragments of purple membrane containing bacteriorhodopsin is
released.
2. Deposition of the purple mass fragments by centrifugation.
3. Сleaning of multiple reprecipitation of the bacteriorhodopsin by centrifugation (20000 –
60000 rot./min., 20 – 40 min.).

The method of extrusion molding ring is used for isolation the purple membrane from the
biomass of halophilic bacteria (10 to 150 MРa, number of cycles 5).

The purity of the product that contains bacteriorhodopsin is determined by the absorption
spectrum of the suspension. The ratio of optical densities at wavelengths of 280 nm and 570 nm
is a measure of purity and doesn’t depend on the concentration of protein [22].
1.4 Technical possibilities of using bacteriorhodopsin.
Prospects of of application of materials based on bacteriorhodopsin are quite broad:
1. Proton transport.
1.1 Generation of APT in reactors.
1.2 Water disstilation.
1.3 Generation of electrical energy of light.
2. Photoelectrical application
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2.1 Ultrafast light detection
2.2 Artifical retina
2.3 Detection of mobility
3. Photochromic application
3.1 2D - data storage item
3.2 3D - data storage item
3.3 Holographic data storage item
4. Information processing
4.1 Light switches
4.2 Optical filtering
4.3 Neural network
4.4 Interferometry
5. Other applications
5.1 Detection of radiation
5.2 Biosensor application[21].

1.4.1

Photoelectrical application. Protein-based artificial retinas.

The development of artificial retinas has begun and differential responsivity of thin films based
on bacteriorhodopsin has already yielded edge improvement and motion-detection capabilities
that are special.

The high efficiency with which the protein transforms light into a change in protein
conformation is one of the significant characteristic of bacteriorhodopsin that is appropriate for
the use of this protein in artificiall retinas.

The following list summarizes the key benefits that are especially related to artificial retinas:
1. Durable stability of the bR to thermal and photochemical degradation.
2. High quantum yields.
3. Allowing the use of low light levels for activation.
4. Wavelength-free quantum yields that allow flexibility in optical design.
5. The generation of a photoelectric signal that has a various polarity for the forward
compared with the reverse photoreaction.
6. A differential sensibility under certain environment that mimic in vivo photoreceptors.
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7. The ability to make thin films or orientated polymer cubes including bacteriorhodopsin
with great optical qualities [2].

In order to study the possibility of using bacteriorhodopsin for the detection of movement and
recognition of moving samples has been made artificial photoreceptor forming element of a
neural network on the basis of bR. This photoreceptor is able to respond to changes in light
intensity like a biological photoreceptor [23].

1.4.2

Photochromic application. Optical data storage item based on
bacteriorhodopsin.

To create this kind of storage necessary firstly to intermediates of photocycle bacteriorhodopsin
(used as logic "0" and "1") should be as distinguishable spectroscopically. It’s mean that highs of
their absorption spectra should be fully extended. Secondly, the intermediates should be
thermally and photostable. They don’t have to disintegrate and go over into each other under the
exposure of light or high temperatures. Third, the processes of intermediates interconversion
should have a high quantum yield.

The transition between intermediates Q and Br of mutant D85N are used as the mechanism for
write/erase data in the most developed scheme at this moment [19].

Intermediates P and Q are not formed in the native protein. However intermediate O can proceed
with additional illumination in short-lived intermediate P (maximum absorption spectrum
corresponds to 490 nm) in case of protonation Asp 85. It is characterized by 9-cis retinal
conformation which splits to form a stable intermediate Q (maximum absorption spectrum - 380
nm).

The last one can exist for many years without changes until exposing to light with the
wavelength which translates it to the ground state. Less of this scheme is the low efficiency
photoconversion intermediate O in the P (0.02%), and vice versa P in the BR (1%). Moreover a
significant short of this approach is the necessity for additional lighting in the ground state of the
bacteriorhodopsin for transfering it to the stage O of photocycle from which the only possible
further transition in the intermediate P [24].
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Very promising is the design of 3D data storage items. Three-dimensional memory stores
information in a bulk medium and have opportunities to store the memory up to 300 times for a
given body size. 3D data storage items are also based on modified forms of bacteriorhodopsin. In
this technology protein is distributed in three-dimensional cube of transparent and inert carrier.
Data recording is performed by two perpendicular laser beams that intersect at a point where
possible two-photon transition certain molecule bacteriorhodopsin. The point at which intersect
lasers can be moved throughout the volume of a cube-media due carrying out accurate
precession of the laser beams, for example, using piezoelectric motors. In this case, the
information recording density is increased in order due the using of complementary dimension of
the optical medium. The main difficulty faced by developers of 3D-device memory is reading
system information from this type of media.

The income of the total system memory is increased by the low-cost carrier of information,
which gives an additional competitive advantage. The RAM should be able to write, read and
erase data. Schematic diagram of the major components is shown in Fig. 1.7 [16].

Figure 1.7. Scheme of three-dimensional branched-photocycle memories.
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1.4.3

Photochromic application. Holographic storage and associative
memory.

Full pages of data are stored in each record in a holographic memory. Approximately 106 points
of discrete data may be processed in parallel. Recording material is displaced either rotated, or
changes the angle between the reference beam and a data beam after the recording of one page.
These procedures are called angular multiplexing and shift of channels. The Fig. 1.8 shows the
principle of the holographic memory. And worry about the reference wave R interfere in the
holographic medium. The wave O and the reference wave R interfere in the holographic
medium. Angle R between the two beams determines the carrier frequency of the recorded
hologram. Furthermore, the position of the holographic medium in two axes, x and y, and its
rotation around the axis z (angle β) are further recording parameters. (B). The same setup as in
A. during the reconstruction of holograms, top view. During the reconstruction the hologram by
showing the recording medium only for the reference beam, it reconstructs the original object
output wave O (C). The recording process: information transmission wave output overlaps with
the reference wave R and the hologram H is recorded. (R), the hologram can be restored only if
the geometric parameters are selected (R, A, X, Y) and the hologram H, the reference wave
irradiation R [25].

Then on the next page data is stored in the same location. The more pages of data that are stored
in one place, the lower becomes the signal in which noise, because the data page is recorded after
decreases in the contrast of previously recorded pages. Information is restored by exposing the
recording medium with the reference beam in the exact same geometry, which was used during
the recording of the hologram H and distributed in accordance with the R wave [19].

Figure 1.8 Principle of holographic storage.
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2. Optical properties of material
2.1 The ratio between the change of the absorption and refractive index.
Index of refraction material, and spectral dependence of the refractive index are important for
many optical and in particular holographic applications of BR. The molar refraction and molar
absorption coefficient are the real and imaginary parts of a complex value. In the event of
idealized chromophore the spectral dependence between two values are described by the
Kramers – Kronig relations. The spectral dependence of the refractive index and absorption
change consistent with the Kramers - Kronig. This conclusion is very important for the
characterization of new variants of the BR. The spectral dependence of the material’s refractive
index should be measured at only one wavelength. The assumption that the Kramers-Kronig
relations take place for the new material immediately provides all the spectral dependence,
because the calculated curve can be scaled only in one experimentally analyzing value. The fact
that the Kramers-Kronig is a suitable approximation for n (λ, I) was unexpected, because in a
close-packed film in the BR-expected motion of the charge induced effects range order. This
shows that the fragment of the amino acid protects the chromophore region very well and
separates it from the external physicochemical conditions [25].

2.2 Kramers – Kronig relations.
In linear optical spectroscopy the approach of dispersion relations based on the theory developed
by Kramers and Kronig. They were able to bind the real and imaginary part of the linear
susceptibility. Kramers-Kronig (KK) relation is one of the main tools in optical spectroscopy for
the optical properties of the medium from the measured spectra. The basic principle of the
existence of relations KK is the causality. In optics, the cause is an electromagnetic field and the
answer - the polarization of electric charges. In the frequency domain the principle of causality
to the linear susceptibility of environment χ (1) can imagine the mathematical expression:


 (1) ( )    (1) (t ) exp(iwt )dt,

(2.1)

0

where ω - angular frequency of the electromagnetic radiation; t - time; i- imaginary unit.
It is obvious that transformation from the time domain to the frequency domain is performed
using the Fourier transform. The lower limit of the integral is equal to zero, because the answer
of χ (1) (t) occurs later than the cause. The equation (2.1) gives a complex function χ (1) (ω), as
the causality have to be a real function of time. The real part is the dispersion and the imaginary
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part is the light propogation in the medium. These ratios tie real Re χ (ω) and the imaginary Im χ
(ω) parts of the complex dielectric susceptibility χ (ω) = Reχ (ω) + iImχ (ω):

Re  ( ) 

Im  ( )
d ,
  

(2.2)

1  Re  ( )
P
d 
     

(2.3)

1



Im  ( )  





where P means that the integrals are taken in the sense of principal value.
The complex permittivity ε (ω) and the complex refractive index n (ω) of the medium are
determined in accordance with dielectric susceptibility χ (ω):

n 2   ( )  1   ( )

(2.4)

n( )   ( )  1   ( )  n  i

(2.5)

Complex refractive index:

a)

real part n of complex refractive index determines a propagation velocity of
light in isolator v = c/n´;

b)

κ is the extinction coefficient which: is related with absorbance by light
velocity.

Consequently, imaginary part Im χ(ω) determines light absorption in the medium. Real part
Reχ(ω) denominates refractive index (or light velocity in the medium).
Relations К-К join coefficient of extinction κ and real refractive index of medium n. They
involve only transforms in the real refractive index:
n( )  1 

 ( )  

2



P



0

k ( )
d
 2   2

2   n( )  1
P
d
 0  2    2

(2.6)

(2.7)
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Usually the essential assumption of a holomorphic function of the complex is understood as the
nonappearance of poles in the other half of the complex frequency plane. Holomorphic of
composite function means that it is differentiable functional relation.
P



A
0
2
   2

0

(2.8)

where A – constant.

We can use this property in the context of equations (2.6) and (2.7) and obtain the following
expressions:
n( )  1 

 ( ) 

2



P

0

2 





k ( )  k ( ) 
d
     

P



0

k ( )  k ( )
d
  

(2.9)

(2.10)

2.3 Beer – Lambert law. Light absorption.
The law of intensity Beer – Lambert can be used by virtue of the fact that the thickness of pattern
is generally known assuming homogeneity of the pattern.
I  I 0 exp( d )

(2.11)

where α – absorption coefficient, ω – angular rate of transmittance, d – sample thickness, I0, I –
intensity of the incident and transmitted light, respectively.
Transmittance is equal to:

T  I / I 0  exp(d )  1010 d

(2.12)

Absorption coefficient correlates with extinction coefficient k the following ratio:

  2 / c
where с – light velocity in vacuum [26].

(2.13)
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EXPERIMENTS AND RESULTS.
3.1 The measurement of transmittance spectrum of Br aqueous solution

Figure 3.1 – Gauging device of transmittance spectrum of Br aqueous solution.
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Figure 3.2 – Transmittance spectrum of Br aqueous solution.
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3.1

The measurement of absorbance spectra.
3.1.1

Experimental setup. Spectrophotometer Jasco V670 (Jasco)

The spectrophotometer Jasco V-670 in Fig. 3.1 is double-beam instrument with single
monochromator and covering a spectral range from 190 to 2500 nm (3200 nm option). The
monochromator uses dual gratings with automatically exchanged (1200 grooves/mm for the
UV/VIS and 300 grooves/mm for the NIR region). A PMT detector is provided for the UV/VIS
region and a Peltier-cooled PbS detector is employed for the NIR region Both gratings and
detector are automatically exchanged within the user selectable 750 to 900 nm range. Two
graphical user interfaces are available including a newly redesigned intelligent remote module
(iRM) with a color LCD touch screen and Spectra Manager II software, the latest version of
JASCO's innovative cross-platform spectroscopy software. Both of these interfaces allow full
system control and advanced data processing.


Simplicity of operation with the device



Compact design of spectrophotometer



The high – speed scanning



Automatic validation of the spectrophotometry

Figure 3.3 - Spectrophotometer Jasco V670
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Table 3.1 Characteristics of spectrophotometer Jasko V670

Optical system

Double – beam system
One monochromator, double gratings, two detectors
UV/visible range: 1200 grooves/mm
nearestё IR range: 300 grooves/mm

Source

Deuterium lamp (from 190 to 350 nm), halogen lamp (from
330 to 2700 nm)
Additionally until 3200 nm

The wavelength shift source

User selectable in the range from 330 to 350 nm

Detector

Photomultiplier, Peltie - cooled PbS

Wavelength range

From 190 to 2700 nm
Factory addition: from 190 to 3200 nm

Wavelength accuracy

±0.3 nm (UV/visible), ±1.5 nm (nearest IR)

Repeatability

±0.05 nm (UV/visible), ±0.2 nm (nearest IR)

Scanning speed

12000 nm/min (UV/visible), 48000 nm/min (nearest IR)

The spectral width of the slit

0.1, 0.2, 0.5, 1, 2, 5, 10 nm (UV/visible)
0.4, 0.8, 1, 2, 4, 8, 20, 40 nm (nearest IR)

Photometric range

±10000 % transmission
from -2to 4 OD units (UV/visible)
from -2 to 3 OD units (nearest IR)

Photometric accuracy

±0.002 Abs (from 0 to 0.5 Abs)
±0.003 Abs (from 0.5 to 1 Abs)
±0.3 %T
(Measured by NIST SRM 930D)

Photometric repeatability

±0.001 Abs (0 to 0.5 Abs)
±0.001 Abs (0.5 to 1 Abs)

Stability of baseline

±0.0003 Abs/hour

Smoothness baseline

±0.0005 Abs

Noise (RMS)

0.00003 Abs

Size

460 х 602 х 270 mm

Weight

kg [27]

28
3.1. Extracting the purple membrane

The extracting the purple membrane from archea is absolutely usual procedure. The
modifications were designed by Docent Sinikka Parkkinen at Lappeenranta University of
Technology.
Two reagents are necessary for procedure of preparation:
Reagent: Halomedium. Volume: 1000 ml.
Table 3.2 Components for preparation Halomedium.
NaCl

250 g

MgSO4* 7 H2O

20 g

tri-sodiumcitrate * 2H20

3f

KCl

2f

Bacto peptone, Oxoid L37

10 f

Further, through the use of 4N NaOH pH was adjusted to 7-7,2 and autoclaved (+120°С, 20
minutes).

Reagent: Basal Salt
Basal Salt medium (BSM) had identical components like Halomedium but without peptone.
The extracting method for the purple membrane
The archaea were grown to the stationary phase in four 1000 ml Erlenmeyer flasks. The whole
bulk compiled 530 ml where 30 from Basal Salt and 500 ml of Halomedium.
The onset of the stationary phase was measured visually (time for growth about 4-5 days).
The cells were sentrifuged into the BSM (SorvallRC 28S, GSA rotor, 4000 g, +10°С, 20
minutes).
The cells were suspended into the BSM and frozen.
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After four growth cycles, a small quantity of DNase1 dissolved to BSM was added to the cells
using a magnetic mixer (2 hours at ambient temperature).
The suspension was dialyzed against deionized H2O nightlong or at least 4 h (Spectra/Por, 3787
– D22, MVCO: 12 – 14 000). The H2O used for the dialysis was changed for the first time after
one hour, and later after a few hours.
The dialysate was sentrifuged (F-28/50 rotor, 2000 g, +10°C, 15 minutes).
The supernatant was sentrifuged (F-28/50 rotor, 35000 g, +10°C, 30 minutes).
The precipitate was cleaned using sterile water, and suspended in 2 ml of sterile H2O.
Table 3.3 List of prepared sucrose solutions растворов for the sucrose gradients
№

Concentration

Preparation

1.

60%

30 g + 50 ml

2.

50%

25 g + 50 ml

3.

45%

22,5 g + 50 ml

4.

40%

20 g + 50 ml

5.

35%

17,5 g + 50 ml

6.

30%

15 g + 50 ml

The sucrose was layered to the bottom of sentrifuge tube, and the tubes were balanced using the
30% sucrose gradient. The gradients were left to stand at surrounding temperature for 5 h to
make the edges between the layers diffuse.
About 2 ml of the PM suspension was pipted on top of the tubes and balanced with H2O.
The tubes were sentrifuged (S – 20/36 rotor, 72 000 g, +15°C, about 20).
The PM collected and dialyzed overnight after centrifugation,. The PM was mixed with water to
a volume over two times and sentrifuged (S20/36 rotor, 72 000 g, + 15°С, 30 minutes).
The PM was washed time after time and suspended in a small volume of sterile H2O.
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The concentration of PM was determined the absorbance at 570 nm.
The suspension PM was placed in the refrigerator [28].
3.2. The absorption spectrum of an aqueous solution of BR (150 – 800 nm).

The absorbance spectrum of water solution of bR was measured in the optical diapason from 150
to 800 nm. In Fig.3.1 is the dependence of molar absorption of energy prepared during the
experiment from the spectrophotometer Jasco V670.
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+Figure 3.1 – Dependence of molar absorption of energy.
Molar absorption varies from 150 to 800 nm. From 150 nm to 240 nm was measured parameter
beyond the capabilities of the measurement device, and in the range from 240 nm to 280 nm is
significantly reduced. Further, from 280 nm to 300 nm are a slight increase and then a sharp
decline in the range from 300 nm to 450 nm. From 450 nm to 570 nm is increase again and then
decline to a final wavelength, 800 nm.
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3.3. Analysis of refractive index change by Kramers – Kronig relation (150 – 800 nm).

For the calculation of extinction coefficient is necessary to have energy values obtained during
the measurements. We have to find with using the obtained wavelength energies and plot the
spectral dependence of the absorption A (E, eV):
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Figure 3.2 – Dependence molar absorption of energy.
Further, extinction coefficient is calculated on the basis of the law of Bouguer - Lambert - Beer
and Kramers – Kronig.
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Figure 3.3 – Dependence extinction coefficient of energy
.
Dependence of refractive index of energy was deduced further by dint of computer application
that was developed for calculation of different optical characteristics.
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Figure 3.4 – Dependence of refractive index change of energy.

3.4 The absorption spectrum of an aqueous solution of BR (190 – 1300 nm).

Absorbance spectrum in the diapason from 190 to 1300 was carried out. for calculation was used
the same principle like in the previous example The absorbance was extrapolated гыштп
Дщкутя агтсешщт due to the program Origin.
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Figure 3.5 – Dependence molar absorption of wavelength
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3.5 Analysis of refractive index change by Kramers – Kronig relation (190 – 1300 nm).
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Figure 3.6 – Dependence molar absorption of energy
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CONCLUSIONS
The main purpose of this work was to study the unique biological material, bacteriorhodopsin.
Using the BR is expected in areas such as optics, optoelectronics, information processing and so
on.

In the course of the master's thesis were performed optical studies. In particular, absorption and
transmission were measured and construction. Extinction coefficient was calculated on the basis
of the law of Bouguer - Lambert - Beer and Kramers - Kronig. Calculation and construction of
changes in the refractive index of the energy carried by a computer program. The spectral
dependence of the refractive index change and absorption is consistent with the Kramers-Kronig
relations.
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