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Introduction
The Oak Ridge National Laboratory is working with Battelle’s Health and Life Sciences Division on preparations for a visit by Eli Lilly to Oak Ridge on September 21-22, 2009. In an effort to help ensure that this visit is as productive as possible for all parties, I have listed below a number of research areas at ORNL that may be of potential interest to Eli Lilly representatives.  We hope that this preliminary list will stimulate Eli Lilly researchers to  provide more detail regarding  the research areas and specific issues which interest them the most. We look forward to further communication among ORNL, Battelle, and Eli Lilly, and a most productive visit this September.

ORNL Capabilities Summaries 

1. The Biological and Nanoscale Systems Group focuses on the characterization, integration and adaptation of natural and synthetic systems across multiple length scales. A continuing emphasis is to characterize and understand how natural systems are organized at the nanoscale and how this organization contributes to biological function. 

To support this aim, an interdisciplinary group focuses on technology development with specific interests in biological imaging, biocompatible micro- and nanofabrication techniques, and high throughput screening technologies. Current imaging projects evaluate microbial systems and seek to trace the location and quantity of membrane proteins, to identify interacting proteins, and to confirm biochemical networks. Nanotechnology projects are centered on mimicking the physical and chemical characteristics of biological cells, developing biocompatible patterning techniques, and adapting biological routes to nanoscale material fabrication.

The group maintains comprehensive resources in molecular biology and in molecular and cellular imaging and leverages off of the advanced fabrication capabilities of ORNL’s Center for Nanophase Materials Sciences.

Further details are on the website: http://www.ornl.gov/sci/besd/bsd/BioNanoSysGrp/BNSG/BNSG_home.htm.
2. David Geohegan of ORNL’s Center for Nanophase Materials Science (CNMS) is working on creating carbon nanohorns.  These are essentially rolled graphene sheets (“graphene” simply refers to the structure in which the carbon atoms are arranged).  The size of the pores in between the carbon atoms can be tailored to control pore size and, therefore, the release of drugs which might be packaged within the nanohorns.  
3. ORNL’s Spallation Neutron Source (SNS) has the potential to help pharmaceutical companies conduct research in several different areas of interest:  

a. Understanding how proteins work is a key to unlocking the secrets of life.  The key to understanding how individual proteins work is by uncovering their shape. Neutron scattering could play a vital role in this research. Aging and cancer are caused partly by the abnormal functioning of DNA and proteins involved in regulating expression of a person's genetic pattern. Knowing the individual structures of these macromolecules will aid understanding of the chemical nature of disease at the atomic level, as well as the chemical mechanisms of genetic regulation.
b. The superior ability of neutrons to precisely locate hydrogen atoms in macromolecular structures will likely be important in several medial applications. Complex fluids—such as blood and soft materials (such as the permeable walls of body cells and other membranes—are essential to the processes of life. Because these materials are composed of hydrogen and other light atoms, SNS will be useful for studying small samples of these materials. In the pharmaceutical industry, using highly intense neutron beams to understand materials at the molecular level could speed the development of time-released, drug-delivery systems that target specific parts of the body. The more intense neutrons beams available at SNS will provide information previously unavailable to this field of study. 

c. ORNL’s Spallation Neutron Source (SNS) will be useful for studying protein folding-the process by which a string of amino acids folds reproducibly to yield the protein's functional three-dimensional shape. One way that folding affects function is by bringing together widely separated amino acids to form an active site-the catalytic region of an enzyme where binding with a biochemical substance (substrate) occurs. Only neutrons can allow scientists to "see" the critical hydrogen atoms of the active site.  

d. SNS will also be useful for studying mechanisms of enzyme activity (e.g., how the enzymatic process changes a substrate or how a drug blocks the function of the enzyme). By studying a deuterated substrate bound to an enzyme, SNS can help scientists determine the location of the enzyme's active site and the probability that a potential drug will bind to that site and block the enzyme's undesired activity.

	
 
	
The power of neutron scattering to detect hydrogen atoms is shown in this image of hydrated carbon monoxide myoglobin. The space-filling stippled structures on the protein stick model are hydrating water molecules.
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If the protein folding problem could be solved, gene sequences could be translated directly into three-dimensional structures. However, an extraordinary amount of neutron and X-ray data must be generated to aid the long-term development and validation of computer algorithms to predict protein folding. Meanwhile, the structure of almost every interesting protein will require a separate analysis, extending the time required to determine form and function in all macromolecules of biological interest. 
In addition, SNS studies could expedite development of artificial blood-vesicles that mimic the action of human blood cells. This capability could thus avoid the tough problems of screening blood for life-threatening viruses, quickly finding the right type of blood in an emergency, and convincing people to donate blood.

	
	
	
	

	
	



Other potential benefits to the medical community include studies of health-care-related materials and bone structure. Intense neutron beams will be useful for developing better materials for medical implants that are highly resistant to wear and corrosion but that have no detrimental effects on the body. Neutrons have been used to see how bones mineralize during development, how they decay during osteoporosis, and whether proposed remedies will work. Neutron scattering can also help determine why a chemical additive in a newly developed toothpaste is improving or hindering the toothpaste's effectiveness in cleaning teeth.
4. Neutron Characterization of Sol–Gel Drug Delivery Systems

The aim of this proposal is to investigate the diffusive properties of model drugs within sol–gel drug delivery systems of relevance in bone repair and joint replacement, using a combination of quasi-elastic and small-angle neutron scattering. This project addresses a major scientific bottleneck in drug delivery research, namely the ability to characterize the distribution and diffusion of guest molecules in host carriers. It is crucial to determine these parameters in order to develop materials with controlled drug release, and hence systemic efficacy. We anticipate that the combination of small-angle and quasi-elastic neutron scattering can provide unheralded benefits in the characterization of both the structural and dynamic properties of realistic drug delivery materials, by providing information where other characterization techniques used to date have provided only indirect or qualitative evidence, or in cases where other approaches have failed entirely. This will be the first demonstration of using quasi-elastic neutron scattering to measure the dynamics and diffusion of pharmaceuticals within confined environments relevant to drug-delivery platforms. The proposed research represents a new direction in drug delivery research and it has broad implications for the development of other drug delivery systems, e.g., polymer-based. It plays to ORNL’s strengths and unique capabilities in materials and neutron sciences and is expected to generate an industry or NIH funded research program.
Investigators: Hugh O’Neill1,2, Eugene Mamontov3, Gary A. Baker1,Volker Urban1,2
1Center for Structural Molecular Biology, 2Chemical Sciences Division and 3Neutron Scattering Science Division, Oak Ridge National Laboratory PI contact information: Hugh O’Neill, oneillhm@ornl.gov
5. ORNL is home to a superconducting magnet of a Nuclear magnetic Resonance spectrometer (NMR), which is one of the lab’s most powerful research tools. More information is attached in the most recent edition of the ORNL Reporter:
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6. Biological research teams are using the National Center for Computational Sciences supercomputers to build the knowledge base required to realize the potential of protein engineering. They are exploring how specific patterns of vibrations that occur constantly inside each protein regulate the protein’s internal dynamics and thus the chemical reactions that take place in it. They are revealing how proteins in the cell membrane regulate the flow of materials into and out of the cell. Their discoveries will show us how to harness these molecular machines to expedite the productivity and speed of chemical processes, enable new types of industry, design new pharmaceuticals and medical therapies, and improve human lives in a myriad of ways.

Gating Mechanism of Membrane Proteins
· PI: Benoit Roux, Argonne National Laboratory & the University of Chicago 

· Jaguar: 3,500,000 hours 
7. The Center for Structural Molecular Biology at ORNL is dedicated to developing instrumentation and methods for determining the 3-dimensional structures of proteins, nucleic acids (DNA/RNA) and their higher order complexes. The tools of the CSMB will help understand how these macromolecular systems are formed and how they interact with other systems in living cells. The focus of the CSMB is to bridge the information gap between cellular function and the molecular mechanisms that drive it. The suite of tools being developed by the CSMB includes:
Bio-SANS, a Small-Angle Neutron Scattering (SANS)[image: image1.jpg]


 facility for biological samples, is currently being constructed at the ORNL High-Flux Isotope Reactor (HFIR). The CSMB is also closely aligned with researchers at the Spallation Neutron Source (SNS). 
Isotope Labeling Laboratories for cloning, gene expression, purification and characterization of labeled biological macromolecules are planned; a pilot deuteration facility is currently operational. 
Computational Techniques are being developed for the study of macromolecular complexes by SANS. Combined with selective Deuterium-labeling, they will make it possible to develop detailed structural models that will enable the understanding of function. 
Another computation technique developed for the study of calculates solution small-angle X-ray and neutron scattering intensity profiles by ORNL-SAS. This makes it possible to develop from a wide variety of structures, including atomic resolution models of proteins and protein complexes, low-resolution models defined in any manner, or combinations of both.
Neutron diffraction, spectroscopy and scattering are excellent tools for studying biological systems because neutrons interact differently with hydrogen and its isotope deuterium. As a result, it is possible to:
(i) pinpoint individual hydrogen positions in proteins 
(ii) probe the structure and dynamics of proteins, nucleic acids and membranes 
(iii) characterize higher order complexes 
These studies use neutrons to address questions that have not - or cannot - be answered by other techniques.
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SANS can be used to study biological systems under near physiological conditions, providing insight into interactions within complexes and conformational changes in response to stimuli. Through the use of specific deuterium labeling SANS makes it possible to highlight and map components within larger complexes (e.g. viruses, ribosome). The SANS instruments at ORNL's High Flux Isotope Reactor and Spallation Neutron Source will open new opportunities for studying conformational changes and molecular processes on biologically relevant timescales. 
8. Biological Interfacing with Nano-structured Materials.   Tim McKnight and a number of ORNL research colleagues have performed research on Vertically Aligned Carbon Nanofibers, which have  significant potential as a platform for biochemical detection, manipulation and analysis of cellular response, molecular toxicology, and human factor enhancement. 

9. The ORNL Nuclear Medicine Program has dedicated research laboratories available for radiochemistry, synthetic chemistry, animal experiments and target preparation, and we also have available hot cells and glove box facilities for radioisotope processing. The ORNL High Flux Isotope Reactor (HFIR) provides a key resource for radioisotope production for our research program, providing a maximum steady state thermal neutron flux of about 2.3 x 1015neutrons per square centimeter per second, which is the highest of any reactor in the world. The versatile HFIR irradiation positions within the core and reflector regions include an online, hydraulically operated system which provides access to the core of the reactor, for both short and long term irradiations. These capabilities offer unparalleled capability for production of very large quantities of high specific activity radioisotopes. We are currently developing new improved processing and purification procedures and produce  a variety of radioisotopes which are of current interest in medicine and biology, especially for cancer therapy.
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