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NANOTECHNOLOGY

            BIOMOLECULAR MOTOR POWERING THE NANOWORLD….

[image: image10.png]Bead
Streptavidin

Biotinylated BSA
F,





ABSTRACT

            The last decade has been seen the thrilling development in material science in the nanometer scale. Recently people start to realize the exciting potential of biomolecules in nanotechnology. A scientific advancements associated with molecular biology and nanofabrication technology now offer , for the first time, the potential of engineering functional hybrid organic/ inorganic nano-mechanical systems.

                         Nanobiotechnology is the integration of evolutionary and human systems for the design and fabrication of molecular devices. The integration of biological motor, F1 ATPase with nano-electro-mechanical systems (NEMS) to create a new class of hybrid nano-mechanical devices. Biomolecular motors are nature’s nanomachines that convert chemical energy into mechanical work.

                         The F1 ATPase is certainly the most ubiquitous example of a chemi-mechanical transduction device in nature is capable of converting transmembrane chemical gradients into the rotary mechanical motion of the gamma subunit that in turn is cupled to ATP formation. It can also be run in reverse, in which case the chemical energy of ATP can be used to generate mechanical motion. Conformational changes central to this mechanism are driven by passage of protons. The biomolecular motor is capable of generating a force >100 pN, has a calculated no load rotational velocity of 17 r.p.s., and a diameter of less than 12 nm. These characteristics are consistent with the engineering features associated with currently producible nano-mechanical structures.

                           These paper will address current research on the integration of the F1 ATPase motor protein with NEMS specifically designed to evaluate motor performance.
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1) INTRODUCTION                                                                                   Page no:1
                     Nanotechnology is field of applied of science focused on the design, synthesis, characterization  and application of materials and devices on the nanoscale. Scientists have been studying a wide range of organic molecular motors. Only very recently has the size scale of nanofabricated inorganic mechanical devices approach a size scale that could conceivably be compatible with force production and dimensions of molecular motors. Our long term objective is to utilize the best attributes associated with both the organic and inorganic world for the examination and creation of NEMS that are powered by biological motors and chemical energy sources. 


Living cells, too, have engines, such as those that bacterial cilia or transport energy across membranes. The scientist found their molecular stator and rotor in the form of an ubiquitous molecules, the enzyme F1 ATPase. The F1 ATPase molecular motors occurs no the membranes of mitochondria, microscopic bodies in the cells of nearly all living organisms. We envision that F1 ATPase motor will pump fluids,  open and close values in micro-fluidic devices. The integration of biomolecular motors with nanoscale engineered systems enables the development of hybrid organic/inorganic devices such as nanomachines capable of using ATP as an energy source with out put of mechanical work, like engines. 

2) BIOLOGICAL NANOMACHINES

Dynein

· Carrier proteins by sliding over the rails ( microtubule) in cells.

Biomolecular motor (F1 ATPase)

· Synthesizes ATP (energy) by using an influx of protons to rotate.

Bacterium 

      -     Swims toward the chemicals (e.g. food) using flagellum.

                        In this paper we consider the “F1 ATPase which is Biomolecular Motor” and its integration with NEMS.
3) F1 ATPase ACTS AS BIOMOLECULAR MOTOR                             Page no:2                        

                        The energy required by living creatures is transported in the form of ATP (adenosine triphosphate). The ATP synthesizing enzyme is the world's smallest rotating motor, and it efficiently creates ATP. It is located in cellular membranes and the mitochondria endomembrane. It is the combination of two rotating motors (the F1 and F0) that are about 10 nm in diameter and height and are easily separated. The F0 rotates by utilizing the difference in the hydrogen ion concentrations on both sides of the biological membranes. ATP is synthesized from the ADP and phosphoric acid. When there is a slight difference in the concentration of hydrogen ions, the F1 breaks up the ATP into ADP and phosphoric acid. The energy obtained rotates the F0 in the opposite direction and transports the hydrogen ions. (Fig.1) Thus, the ATP synthesizing enzyme is an extremely interesting molecular machine that converts the electrochemical potential of the hydrogen ion and ATP by a rotating movement. It has been rotating within the organism for at least two billion years. We observed the movement of the single motor - in other words, the single molecule (the easily handled F1 motor) to look for the mechanism by which this small, delicate molecular motor works.
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Fig.1: F1 ATPase as biomolecular motor
4) PRINCIPLE                                                                                             Page no:3
                        Nanomachines consisting biomolecular motors F1-ATPase (Fig.2) which generates force by in moving energy in cells, places it among the most powerful of any known molecular motors. The moving part of F1-ATPase is a central protein shaft (or rotor, in electric-motor terms), that rotates in response to electrochemical reactions with each of the molecule's three proton channels. ATP (adenosine triphosphate) is the fuel for the molecular motor's motion. Energy becomes available when atomic bonds between phosphate atoms are broken during hydrolysis, converting ATP into ADP (adenosine diphosphate). During hydrolysis, the shaft rotates in a counterclockwise direction, whereas it rotates clockwise during ATP synthesis from ADP. 
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Fig2. Natural ATPase                                       Fig3. Biomolecular Nanomachine
                       Biomolecular nanomachines (Fig.3), in which recombinant F1-ATPase, biomolecular motors were biotinylated immediately after purification and were then attached to Ni post using histidin tags. Streptavidin was then bound to the biotin residue on the tip. Fluorescent microspheres coated with biotinylated histidine rich peptides were attached to the bound F1-ATPase motors through a biotin–streptavidin linkage. Successful assembly of the hybrid system with input of ATP, was demonstrated  with observation of rotation of fluorescent microsphere.

5) INTEGRATION OF BIOLOGICAL MOTOR AND NEMS               Page no:4
A] PARTS OF ARTIFICIAL BIOMOLECULAR MOTOR:

1) Nanofabricated substrate.

2) Biomolecular motor.

3) Fluorescent  microsphere.
1) Nanofabricated substrate:
                           Nanofabricated substrate were constructed as the base for the device and for attachment of biomolecular motors. Ni posts were fabricated to prevent problems associated with increased drag on microspheres due to the close proximity to the base surface. A thin gold 
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                                              Fig.4:Nanofabricated substrate
conductive layer was thermally evaporated onto the resist-coated slide for electron-beam (e-beam) lithography. The average post measured 50 to 120 nm in diameter (Fig.4), depending on the e-beam exposure dose. Slides were etched with potassium iodine for removal of gold and were then immersed in methyl isobutyl ketone: isopropanol to develop the features. Electron gun evaporation was used to form the Ni caps on the posts. The surrounding residual Ni were removed using acetone and methylene chloride.
2) Biomolecular motor:
            The F1-ATPase(Fig.5) coding sequence (alpha, bita and gamma subunits) was isolated from the thermophilic bacterium, Bacillus PS3, using the polymerase chain reaction (PCR). Restriction endonucleases sites, BamHI and PstI, were added to the 5' and 3' end of the coding sequence, respectively, and used to directionally clone the 3.9 kb PCR product into the plasmid pGEM-3Z. Subsequently, site directed mutagenesis was used to: (1) change the Cys193 to Ser, (2) change the Ser107 to Cys, (3) change the gamma initiation codon from GTG to ATG, 
                                                                                                                                                                          Page no:5

and (4) change the gamma termination codon from TAG to TAA. In addition, a ten histidine (His) tag was inserted immediately downstream of the bita initiation codon. The expression plasmid pQE-MH was inserted into Escherichia coli in which the majority of F1-ATPase genes have been eliminated; minimizing the formation of chimeric F1-ATPases. 
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                                                           Fig.5: F1 ATPase

3) Fluorescent microspheres:
                        A six His-tag peptide was covalently coupled to carboxylate-modified 1 mm fluorescent microspheres using a water-soluble carbodiimide. Fluorescent microspheres coated with biotinylated histidine rich peptides were attached to the bound F1-ATPase motors through a biotin–streptavidin linkage. Streptavidin was then bound to the biotin residue on the tip. The His-tagged microspheres were allowed to attach to nickel-coated coverslips for 15 minutes at room temperature. Unattached microspheres were removed through a series of washes, and coverslips were observed using fluorescence microscopy.           
B] ATTACHMENT AND MOVEMENT OF BIOMOLECULAR MOTORS:

                          Although the biological and chemical aspects of F1-ATPase have been studied, relatively little is know about the engineering properties of this enzyme. The objectives of this experiment were to attach F1-ATPase to a nanofabricated substrate, and angle of deformation of the gamma subunit (Fig.6). By attaching a 1 micrometer microsphere to the gamma subunit, the displacement and angle of deformation of the gamma subunit can be determined by measuring the radial displacement of the microsphere. The angle of deformation will provide valuable insight on the mechanism behind rotation of the gamma subunit. The biotinylated protein then was attached 
to an array of 30 nm gold dots deposited on a coverslip. Fluorescent 1 micrometer  microspheres 
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 Fig.6:Angle of deformation     Fig.7:Assembly and Movement observe in CCD camera   coated  with  streptavidin  were  allowed  to  bind  to biotinylated gamma subunit. Movement of the microsphere was measured using a differential interferometer. Images of microsphere movement were also captured at 1 msec intervals using the CCD kinetics camera (Fig.7).

C] CONTROLLING ROTATION AND ATP CONSUMPTION:
                        A device for controlling rotational velocity and measuring ATP consumption is polydimethyl siloxane (PDMS) chamber (Fig.8) sealed with a cover glass is simultaneously, of a single F1-ATPase, a rotary biomolecular motor, was developed. The rotation velocity of a single F1 is controlled by changing the temperature within short response time. The size of the micro chamber is so small that concentration change of products of a single molecular enzyme can be measured in tens of minutes. To show the feasibility of micro chamber in measuring ATP consumption (Fig.9) of a single F1.
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  Fig.8: Polymethyl siloxane (PDMS) chamber      Fig.9: Rotation with ATP consumption                                                                            

6) FUTURE ASPECTS                                                                                 Page no:7
1. Optimize the environmental conditions in order to maximize the viable fraction, and extend the useful lifetime of biomolecular motors.
2. This biomolecular motors could combine with other nanostructures to form complete nanorobotic assemblies, which might have medical applications, such as traveling through the blood stream to help repair the damaged cells, organs and DNA.

3. The biomolecular motors will be used to power the joint of nanodevice, which could be used to provide very local and accurate drug delivery.

4. These bimolecular motors will be pumping fluids, opening and closing valves.

5. Develop a fundamental understanding of fluid flow and transport processes at the nanoscale.

7) CONCLUSION

                     We have presented biological and nanofabrication platforms for the production of organic/inorganic hybrid NEMS. Because of its size and force generation, F1-ATPase serves as an excellent model system for evaluating the use of biomolecular motors in these hybrid devices. The development of devices that  are capable of translating the energy of a biomolecular motor into useful work. These results represent the enabling technologies necessary for integrating NEMS into living organisms. Further investigation of the engineering properties and motor performance are necessary for the production of functional nanomechanical devices powered by F1-ATPase, that is
“POWERING THE NANOWORLD”
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