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ABSTRACT

Bacteriorhodopsin (bR) is a transmembrane protein which can exist in a variety form of chemical states. By
choosing two states, O state for binary zero and Q state as binary one, it is possible to use this protein as a memory
device. In order to increase O state life time and follow that Q state the new matrix was design to make a bR film.
Thus, different ratios of Gelatin-polyvinyl alcohol matrices weight/volume were provided in order to find the
optimal condition to light absorption. In addition, triethanolamine (TEA) was also used as photosensitizing
chemical additive to film forming suspension. It found that the bR film matrix of 0.0005% (W/v) is the best ratio for
bR light absorption. Furthermore, TEA changed both absorption and the lifetime of M intermediate. After wards, bR
film was chemically immobilized on glassy surface and then illuminated by laser beam in different times. Radiation
of bR films in various intervals after chemical immobilization demonstrated that bR ground state; M, P, and Q
intermediates of bR photocycle are existed.
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INTRODUCTION

Bacteriorhodopsin (bR) is a transmembrane protdiitlwvconsists of a single polypeptide chain of 248no acids
forming seven transmembranehelices. It has a similar structure and same igtig the rhodopsin protein which
founds in the eyes [1, 2]. The bR has a chromoplgnmiup contains a retinal molecule that linkedaviprotonated
Schiff base to lysine 216 [3]. This molecule usdalsenergy as a supply to transport protons throtigh
Halobacterium salinarium cell membrane and causirmgptential difference required for driving the #esis of
adenosine triphosphate (ATP) from adenosine dighetsp(ADP) [2, 4, 5, 6, 7]. Absorption of a photoyn bR
trigger a photocycle that involve a series of intediates identified as K, L, M, N and O states9810, 11]. The
bR exclusive property as a light sensitive receptakes it a good candidate to create an artifii@toreceptor [2,
12, 13, 14, 15, 16]. In the last few years, sc&stare looking at protein-based memory to compéte the speed
of electronic memory, the reliability of magnetiartl-disks, and the capacities of optical/magneticage. The data
writing technique proposed by Dr. Birge involveg tise of a three-dimensional data storage systé@imn Ifi this
case, a cube of bR in a polymer gel is surroundetivb arrays of laser beams [18, 19, 20, 21] plaate®0 degree
angles from each other. One array which called itgeigoeams is set to green and activates the phoof the
protein in any selected square plane, or page,imitie cube. After a few milliseconds, the numb&iQOostates
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intermediate of bR in reaches around maximum. Ttmeroarray is set to red color, a beam which switgh
molecules from O to P state and following relaxeshe highly stable Q state quickly. In this prex®© state, the
first state of excited state, assign to a binatyes® and P-, Q- states are assigned as a binarg Laln the present
study, we have tries to use the unique charadteo$tbR [22, 23] as an analogous to the binarytahimg system

which is used in existing semiconductor and magnegémories. In this respect, the new bR film wasstmcted

and the photocycle activity of its in film was irstigated before and after laser beam radiation.

MATERIALS AND METHODS

2.1 Materials

Bacteriorhodopsin (bR), polyvinyl alcohol (PVA), HCand gelatin (GE) were provided from Sigma.
Triethanolamine (TEA) was provided from Fluka. Swpc acid (HSQOy), GlycidOxy PropyltrimethoxySilane
(GOPS), 1,1carbonyldiimidazole and acetonitrile were providexm Merk. The Glassy surface was provided from
Sinagen.

2.2 preparation of bR film

Bacteriorhodopsin film in polymer matrix was pregadifollowed by standard protocol as described #4}.[2 mg of

bR was soaked in 1ml tri-distilled water for 20 mim addition, 0.4 M of triethanolamine (TEA) sdart was added
to the bR suspension to give a TEA: bR with 250dlamratios (which give maximal photosensitivityjhen

0.00025 gr of PVA and GE powders were solved inmMia@i-distilled water for 20 minutes to prepare R¥nd GE

solutions. The resulting solution was heated aircegtat 60 °C for 40 min. Finally, the appropriagdio of bR -

TEA and GE-PVA solutions were mixed and stirredZ6+30 minutes to make a film-forming solution [24]

2.3 Chemical Immobilization

The chemical immobilization of bR film in GE-PVA mnix was done on a glassy surface. First the glassface
was soaked for 10 min in 20 mM HCI and washed dth distilled water. Next, the glassy surface wasked 10
min in sulphoric acid solution for 10 min and onere it was washed with distilled water again. Aftieat the
glassy surface was embedded into 10% (v/v) GOR&ignland mixed by 1:1 ratio with distilled watera® C for 3
hours. Lastly the glassy surface activated by smal@0 min in 1,1carbonyldiimidazole mixed by 100 mg/ml
acetonitrile solution and dried at 4°C for 12 houks the end the film based on bacteriorhodopsirGiglatin-
polyvinyl alcohol matrix was dropped on treatedsglasurface and dried at 4°C.

2.4 photon induction and assay of bR activation
After chemical immobilization of film based on bR GE-PVA matrix on glassy surface, two orthogonains,
green laser (vertical) and red laser (horizontal)ehbeen used to consider absorbance spectrum of bR

UV/Vis spectroscopy was used as a quantitativeraetation of bR film. Furthermore, a solution of 3MKC| and
80 mM of MgC} adjusted to pH 7.1 and the bR film was embeddexthe solution. A projector lamp (200 W) was
used as a light source to induce the activity ofgs®on pump. The changing of pH was measured bymaiter
[25].

RESULTS AND DISCUSSION

The matrices based on polymer such as GE and P¥A@mally used to construct the bR film. These$ypf the
matrices mechanically make the stable films witbdyoptical quality [24]. In this study, the filmseve provided
based on bR in GE-PVA matrix with various weightivoe ratios (w/v). The results show that increasfdR
concentration in bR film or decreasing of w/v ratib GE-PVA matrix in bR film increase the light abption.
Among different GE-PVA w/v ratios, the bR film mixtof 0.0005% (w/v) shows highest absorption tdti¢Fig.
1).
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Fig.1. Absorption spectrum of bR film in GE-PVA matrix at 25°C.
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Fig.2. Activity of proton pump of bR film 0.0005%, immediately (a), 18 hours (b), 7 days (c), and 3Ggs
(d) after chemical immobilization.

Hence, this ratio was designated as an optimalition for the rest of study. The previous studigsorted that the
amounts of bR intermediates, mainly O state, agblfipH sensitive [2].

491
Pelagia Research Library



Ahmad MolaeiRad et al Euro. J. Exp. Bio., 2012, 2 (3):489-495

0.012
a
0.011 |
) 4\
© 001 -
©
o
o)
2 0.009 1
<C
/\b_/
0.008
0.007 ‘ ‘ ‘ ;
568 569 570 571 572 573

Wavelength(nm)

Fig.3.Comparison of bR state in bR film 0.0005%, days after chemical immobilization; a, after laser;b,
before laser.
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Fig.4.Comparison of M state in bR film 0.0005%,7 dgs after chemical immobilization; a, after laser; b
before laset

In addition, it has been shown that the in pH= Bieato polymerization enhanced O state [2]. Fattreason, the
buffer phosphate with pH values ranging from 4.4®106 was selected as a solvent of the bR filme fdsults
show that bR film in 0.0005% (w/v) GE-PVA matrix oéiffer phosphate with pH=6.04 as a solvent haditleest

absorption to light (data not shown).

Follow that, the activity of the light-driven pratgoump has been extensively investigated by pH metemeasure
the activity of bR in the film in GE-PVA matrix @ 0005% (w/v).
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Fig. 5. Compare of P state in bR film 0.0005%, 18dures after chemical immobilization; a, after laserb,
before laser.

It confirmed that bR in film has been active 18 tp days and 30 days after chemical immobilizatia glassy
surface (Fig. 2).

Although pH decreasing exposed bR protein to défieconditions, however bR is able to maintairsitacture and
activity. Consequently, the bR films were illumiedtby two orthogonal beams immediately, 18 houcs ‘anays

after chemical immobilization for 30 minutes.
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Fig. 6. Compare of P state in bR film 0.0005%,7 dayafter chemical immobilization; a, after laser; b,before
laser.

Figure 3 indicates the bR activation in bR film@B%, 7 days after chemical immobilization. Fig@rdisplays a
peak at 569-571 nm which indicates bR state battion.
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Fig.7. Comparison of Q states in bR film 0.0005%, days after chemical immobilization; a, after laserb,
before laser.

Although there is no absorption peak after lasembeThere is a peak at 401-404 nm (Fig. 4) whighresents
native M states, respectively. As it shows thiskpeapears after laser beam while there is no abearpeak before
radiation.

Figures 5 and 6 show the P states18 hours ands7aft®y chemical immobilization. Although in bothse there is
no absorption peak before laser beam, howeverlikerption peaks appear after radiation. Figurespldys an
absorption peak at 375-377 nm via illumination afeser beam. This peak is corresponding to Q sththe bR

photocycle. Altogether, the comparison of absorbaspectrums, before and after lasers, demonstthtdin

optimized pH and GE-PVE matrix w/v ratio, the bRofiitycle intermediates namely bR, M, P, and Q arsted

and they are activated after laser irradiation.

CONCLUSION

One of the special characteristics of bactriorha@tofs its ability to enter to into branched phgtde represented
as P and Q states. llluminating the bR protein im@®rmediate with red light will drive protein mthe branched
photocycle. Increasing the life time of O internadiwill enhanced the photochemical conversion inéoP and Q
states [2, 26]. Thus, the optimal condition to echli®R membrane protein and the photocycle activityple
membrane has been investigated. The TEA in conibmatith halogen containing organic compounds wéded
to GE-PVA matrix as photosensitizing chemical agémhong different GE-PVA w/v concentration matricéf
film in GE-PVA matrix of 0.0005% (w/v) has the higgt absorption to light. TEA dramatically changemsthb
absorption and the lifetime of the M and followsittl® intermediate. As a result, developing of Qestmhanced
photochemical conversion into the P state and @@#&sing the writing ability of bR film.
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