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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.
	[image: image4.png]Protein Complexe:
ol Bre ety 23003







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.
[image: image3.png]Deuterated Enzyme
h- Podjarny et ar.



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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Chemical Sciences Division’s NMR spectrometer
explores a niche in complex solid structures

Across from Ed Hagaman’s Chemical
Sciences Division office in Building
4500-North is a lab with an enormous metal
container in one corner—essentially an indus-
trial-sized dewar. It houses the superconduct-
ing magnet of a nuclear magnetic resonance
spectrometer, or NMR, and is arguably one
of ORNL’s most powerful research tools that
will fit inside a room-sized laboratory.

Ed’s Chemical Sciences Division NMR

At this temperature the wire is a superconduc-
tor, which enables the high current and strong
magnetic field.

The intense magnetic field in the spool bore
is the business end of the NMR into which
samples are introduced. The stray field around
the magnet is powerful enough to scramble
a watch or snatch any magnetic object that
comes too close. Ed’s lab has a line of demar-
cation that no magnetic object should cross.

operates at In NMR,

a magnetic ; ; samples are
field stength | 7he NMR lab has a line of demarcation | sueq i

of 164 tesla. | no magnetic object should cross. extremely high
NMR spec- magnetic fields.
trometers In these fields

are commonly designated by the resonance
frequency of protons, which in his case is 700
megahertz (MHz). Though not the highest
field spectrometer (both the Environmental
Molecular Sciences Laboratory at PNNL and
the National High Magnetic Field Labora-
tory at Florida State University operate at 900
MHz), the ORNL NMR is no runt.

“Many of the great advantages of high-field
NMR are achieved in our magnet,” Ed says.

The magnet, the heart of an NMR, is a
spool of intricately wound niobium and tin
wire chilled to 4.2 Kelvin with liquid helium.

nuclei with “spin” behave as tiny magnets
(dipoles), aligning along the field axis and
precessing (the motion of a spinning top) at
characteristic frequencies. The interaction

of the nuclei with the static magnetic field
provides a way to measure their characteristic
frequencies and associated properties, which
are used to determine molecular structure and
dynamics.

Many elements have isotopes that are
active in NMR. Hydrogen, carbon-13, nitro-
gen-15, and phosphorus-31 are important

(See NMR, page 4)
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Ed Hagaman spends a lot of time
under the NMR, which is where he
loads his samples.

ORNL wins two major ‘Energy Frontier’ centers

RNL will be home to two of 46 new

multi-million-dollar Energy Frontier
Research Centers announced by the White
House in conjunction with a speech delivered
by President Barack Obama at the annual
meeting of the National Academy of Sciences
on April 27.

The EFRCs, which will pursue advanced
scientific research on energy, are being estab-
lished by the Office of Science at universities,
national laboratories, nonprofit organizations,
and private firms.

ORNL received two of the 12 awards
for national laboratories and is a partner on
approximately 10 other successful proposals.
Selection from a pool of some 260 applica-
tions was based on a rigorous merit review
process using outside panels composed of
scientific experts.

The two ORNL Energy Frontier Center
projects are the Fluid Interface Reactions,
Structures and Transport (FIRST) Center and
the Energy Frontier Center for Defect Physics
in Structural Materials.

“Energy storage and material properties
are key pieces to the nation’s energy puzzle,”
says Michelle Buchanan, ORNL associate
Laboratory director for Physical Sciences.
“ORNL has a unique blend of scientific
expertise, facilities and leadership needed
to address these challenges. We are honored
to receive these awards and eager to go to
work.”

The FIRST Center will bring together a
multi-disciplinary research team of labs and
universities to provide unprecedented knowl-
edge of how fluids and solid materials inter-
face at a subatomic level.

Understanding these interactions is the
basis for improved batteries, solar panels and
fuel cells and also can impact other energy-
related research applications, such as carbon
dioxide sequestration and corrosion-resistant
materials.

One of the center’s goals is to achieve
the ability to predict or even control these
interactions of electrons, atoms, ions and
molecules to benefit the design of new pro-
cesses and materials with unique properties to
address our future energy needs.

David Wesolowski, ORNL Chemical Sci-
ences Division, is the center director. ORNL’s
main center partners are Vanderbilt Univer-
sity and Argonne National Laboratory.

The Energy Frontiers Research Center
for Defect Physics in Structural Materials

(See FRONTIER. naae 2)
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Continued from page 1

sotopes in structural studies of organic
ompounds, Ed’s historical area of exper-

ise. NMR parameters provide a wealth of
nformation about small-molecule structures,
uch as amino acids, sugars and steroids, and
arge-molecule structures, as in proteins and
lastics. The connection with structure is
hrough subtle changes in the nuclear parame-
ers due to the electron density at the nucleus.
ilectron density reflects bonding.

The implementation of pulse, Fourier
ransform (PFT) NMR dates from the mid
60s with the advent of the Cooley-Tukey
ast Fourier transform algorithm. Pulse NMR
echniques sped up experiments by orders
»f magnitude and made the observation on
VMR signals from dilute magnetic nuclei
iuch as carbon-13 routine. Computer-inten-
ive data analysis helps researchers deal with
he copious and often redundant data pro-
luced by the technique.

“We can look at proton resonances in
nolecules at 700 megahertz and distinguish
signals which differ by 0.01 hertz,” Ed says.

“You need that level of resolution, one part in-

1 billion, to determine protein structure. Large
sroteins have thousands of individual protons
which, at high field, can be resolved. Each
sroton can report on its environment.”

“In the NMR method, you first assign
1nique resonances to protons in a particular
amino acid residue and then establish the
imino acid sequence in separate magneti-
zation relay experiments,” he says. “The
2xciting part is that we have learned how to
ransfer magnetization both through bonds
and through space in a coherent, trackable
fashion.”

For example, if amino acid 21 in a protein-
chain line shares a through-space interaction
with amino acid number 78—in other words,
they influence each other, like two proxi-
mate bar magnets—the protons of these two

Hagaman is SO enthuszastzc
about NMR that he peri-
"'odzcally erupts 1 into laughter :
whzle descrzbzng one trzck &
or another. o -

residues must be close in space in the folded
protein structure.

“And you have gained an important con-
straint on how that protein is folded,” Ed
says.

Three-dimensional structures with atomic
resolution come from both NMR and X-ray

methods. Of protein structures that are cur-
rently known, “about 15 percent are from
NMR,” Ed says.

The two techniques have little in common
and that fact makes them highly complimen-
tary. X-ray crystallography requires a single
crystal for measurements, and that often is a
limiting step. Large molecules, like proteins,
which have asymmetrically folded structures,
often are very difficult to crystallize.

In contrast, the NMR measurements are
made on the protein dissolved in water and
undergoing translational and rotational reori-
entation motions. The protein can be in its
folded, bound or denatured state. The long-
term stability of proteins in solution can be
a limiting factor in the NMR measurements,
which take weeks or months.

hile most of the previously described

research is performed in a liquid envi-
ronment, Ed explores ways to use NMR on
samples in the solid state. (In fact, after more
than an hour of explaining NMR in liquids,
Ed guffaws that
“None of that is
what I do.”)

He came to
ORNL in 1976
proposing solid-
state NMR as
a tool to probe
complex solid
structures in
exquisite detail.

“The main dif-
ficulty in solids
is that magnetic
interactions are
static, giving
broad lines an
poor resolution,
whereas the motion of materials in solution
are both averaged and narrowed by reorienta-
tional motion,” he says.

Ed Hagaman is so enthusiastic about NMR
that he periodically erupts into laughter while
describing one “trick” or another, like “magic
angle spinning,” to coax data out of his pow-
erful setup. He grinds samples into powder
and then spins them at extremely high speeds
in the NMR at the “magic” angle, 54.73
degrees, the angle of mechanical rotation
relative to the static magnetic field axis.

How fast? With the best technology,
an astonishing 3.6 million rpm. The fast
mechanical rotation narrows the broad lines
typically found in the spectra of solids and
gives beautiful resolution in the spectra and
valuable chemical and structural information.

Gaining a spectroscopic signal is still dif-
ficult, particularly in that Ed is dealing with
a very unfavorable signal-to-noise ratio. Ed’s
goal is studying the solid-solid or solid-lig-

uid interfaces in heterogeneous, amorphous
systems. These may be metal oxide surfaces
that hold catalytic particles or highly engi-
neered, chemically modified mesoporous
silicas, which serve as nanoreactors. It is at
these interfaces, usually a small fraction of
the sample, that he tries to gain structural and
dynamic insight into the chemical reactions
occuring in this venue.

“It’s a tough experiment because it’s so
danged insensitive,” Ed says.

Ed has recently built extremely small NMR
probes—coil detectors—that lower the atom
threshold sensitivity. “We can now elicit a
signal from as few as 10! nuclei. The tradi-
tional number is 10'8,” he says.

Misfortune introduced him to NMR tech-
nology: Ed came to ORNL from Indiana
University, where he was studying organic
chemistry. He became highly allergic to the
alkaloids he was synthesizing.

“Organic chemistry was on the fifth floor
of the building. I couldn’t get near the chemi-
cals, so I worked on the sixth floor. That’s

l Ed Hagaman examines a rotor assembly tool he uses for his
NMR “magic angle spinning” technique.

where the NMR spectrometers were,” Ed
says.

Thus was his interest piqued. After a post-
doctoral stint at Rice University he was hired
at ORNL by the late physical organic chemist
Clair Collins.

Recognizing the potential wealth of infor-
mation that could be gained, Ed called for
more work in solid-state NMR, which has
resulted in improved techniques and his new
and powerful instrument.

His current work focuses on solid state
NMR of quadrupoles. Most of the elements
in the periodic table fall into this category.
Two years ago ORNL bought the new NMR
and knocked a hole in his lab’s outside wall
to move it into the building. The NMR will
likely move again when the new Chemical &
Materials Sciences Building is finished.

“Wherever the magnet is, that is where
I'll be developing new NMR tricks,” he
says.—B.C.
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