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History and Mission

House Bill 688 was enacted in 2003 and created the Missouri Life Sciences Research Board (MLSRB)
and the Missouri Life Sciences Research Trust Fund (Fund). According to the statute, “moneys in the
life sciences research trust fund shall be used strategically, in cooperation with other governmental
and not-for-profit private entities, to enhance the capacity of the state of Missouri's ability to
perform research to better serve the health and welfare of the residents of the state of Missouri as a
center of life sciences research and development by building on the success of research institutions
located in Missouri, creating in and attracting to Missouri new research and development
institutions, commercializing the life sciences technologies developed by such institutions, and
enhancing their capacity to carry out their respective missions.”

According to statute, the mission of the Board and the Fund is to:
e Enhance research capacity in life sciences to better serve the health and welfare of Missouri
citizens;
e Promote Missouri as a center of life science research and development by building on the
success of existing Missouri research institutions;
Create and attract new research and development institutions; and
e Transform research into commercial life science technology.

At the invitation of the Missouri Life Sciences Research board of directors, MTC has assumed
responsibility for the administration of the LSTF. Key responsibilities include drafting the request for
proposals (RFPs) for the research and commercialization projects, scientific peer review services,
and the centers for excellence. While the Life Sciences Research Board retains all decision-making
authority, MTC plays an important role in ensuring that these dollars are invested wisely by
managing the grantmaking and follow-up process in a seamless, informative, and organized fashion.

In 2007, House Bill 7 appropriated $13.45 million to the Life Sciences Trust Fund in the areas of
bioenergy, plant science and animal health and nutrition. Fourteen grants were awarded in the
research and commercialization areas totaling $13.1 million.

In 2008, the General Assembly and Governor approved $21 million to the Life Sciences Trust Fund
($13.4 million available for new grants with the remainder going to fund ongoing projects approved
by the Life Science Research Board). The language in HB 2007, included an expansion into medical
devices, biomaterials and composite research, diagnostics, hanotechnology related to drug
development and delivery, clinical imaging and information technology related to human health. The
LSRB received 183 letter of intent proposals of which the LSRB invited 66 to submit a full proposal.
Pursuant to board policy and HB 2007, Centers for Excellence were required to focus their
membership, expertise, and collaborations on all areas of research authorized by HB 2007. The
following resolution was approved by the Life Science Research Board:

“Recognizing that the Life Science Research Board has worked diligently to responsibly
administer the monies entrusted to it by the Missouri General Assembly for fiscal year 2008,
be it resolved that the Life Science Research Board strongly supports another year of funding
for the Life Science Research Trust Fund and further specifies that it agrees with the
recommendation to focus monies appropriated by the General Assembly exclusively on
animal science, plant science, medical devices, biomaterials and composite research,
nanotechnology related to drug development and delivery, clinical imaging, and information
technology related to human health. Furthermore, the Life Science Research Board will not
fund any human health research proposals outside of these scientific areas.”



The promise of the life sciences in Missouri is impressive: to provide better health for citizens and
animals, to create good quality, family-supporting jobs across the State, and to develop an
economic engine to power future growth for our communities. The Legislature authorized the Life
Sciences Research Trust Fund in 2003 to help achieve this potential.

The Life Sciences Research Trust Fund has provided economic benefits while fostering new scientific
knowledge focused on improvement in healthcare, agriculture, animal health, bioenergy, and
biotechnology. To assist in achieving these benefits, the Life Sciences Research Board has
developed thorough standards and guidelines in making and managing its awards.

The Life Sciences Research Trust Fund has strived to promote economic development within the
State in three ways: enabling new initiatives leading to the creation of jobs and additional economic
activity, attracting additional funding from non-state or industry resources, and assisting in the
commercialization of scientific innovation and the creation and development of new companies.

The grants that are awarded are designed to foster projects with the leveraging potential to garner
additional research funding or commercialization investment. Such projects might include: major
initiatives to establish new research collaboration with increased competitiveness for non-state
research dollars, projects to enable institutions to recruit prominent and renowned researchers or to
acquire new equipment, both of which would have the potential to pull down additional funding, and
increase capacity for additional research and economic growth. Furthermore, the Life Sciences
Research Trust Fund grants provide funding to projects where federal and industry funding is more
difficult, especially in the cases where a successful innovation could lead to a major opportunity for
future funding. Some grants provide “gap funding” for projects, bridging the divide between
academic research discoveries and commercialization of products through the development of for
proof-of-concept activities or to develop a commercial prototype.

Below is the process designed to maximize the State’s returns from its investment in Life Sciences
Research Trust Fund:

< Annual grant competitions that describe clearly and concisely the types of outcomes that are
expected from funded proposals.

» Selecting proposals most likely to meet the goals. Screening Committees which contain a panel
of regional experts and scientific peer review and rank proposals against criteria and make
recommendations to the Missouri Life Sciences Research Board about which proposals should
be funded.

» Ensuring grantee accountability. Awards will be made to grantee institutions under the terms
of a contract that explicitly specifies that grant funding can only be used for the purposes
outlined in their proposal and are subject to reporting requirements. Furthermore, staff have
met with grant recipients to ensure that funding is being spent in a prudent manner and
monitored the progress of funded grants. Awardees are required to report the progress of
their research against the goals stated in their proposal and account for the funding they
have expended.

Goals of the Life Sciences Research Trust Fund
The goal of the Life Sciences Research Trust Fund is to promote economic vitality in the State of
Missouri by fostering innovative scientific research designed to improve the welfare of the State’s



citizens. Financial returns will leverage the dollars expended and potentially bring outside
investment. Knowledge gains will enhance the reputation of Missouri as a global center of research,
discovery, innovation, and commercialization. Scientific discovery will contribute to robust industry
development and economic growth. Research will lead to innovations that will improve healthcare
outcomes, efficiencies in delivery, and cost-effectiveness.

Research and Commercialization will generate new scientific knowledge that will promote health and
strengthen the State’s reputation as a hub for innovation and biotechnology. These investments will
enable innovative approaches to scientific problems, new collaborations among public and private
institutions, and more rapid translation of discoveries from lab to market. Furthermore, this will
assist in attracting new students and investigators to the region’s research community.

It will do so in four important, measurable ways:

» Stimulate economic activity. Life Sciences Trust Fund grants will directly fund jobs and
economic activity in Missouri, paying researcher salaries, supporting scientific staff, and
promoting the purchase of goods and services within the state.

o Commercialization. The Life Sciences Trust Fund grants will assist in furthering the
commercialization of research discoveries, converting ideas into innovative goods and
services for the marketplace, and fostering the creation and development of new companies.
This commercialization process may produce invention disclosures, patent filings, intellectual
property licensing, gap-funding grants, new company formation, and equity investments.
Licensing of intellectual property will garner royalty income to institutions.

e Leveraging additional funds. One of the most important returns on the State’s investment in
the Life Sciences Research Trust Fund will be its enabling role in helping institutions leverage
additional research funding from non-state sources. Furthermore, additional funding may
also be in the form of private investment in regards to commercialization activities that have
been supported by the Life Sciences Research Trust Fund.

e Growing Research Capacity. Research capacity is the volume of directed resources available
to conduct research in a specific area of interest authorized by the General Assembly.
Capacity can be increased in Missouri and retained, including personnel and equipment.

e Expanding Knowledge. Publications in respected peer-reviewed journals and presentations
to colleagues at major scientific gatherings are two common measures for the dissemination
of new discoveries. To be accepted in these venues, articles and presentations must
demonstrate sound science and represent a new contribution to the body of knowledge.

Research and Commercialization Missions

The following guidelines are laid forth in state statute:
“All moneys appropriated by the general assembly from the life sciences research trust
fund shall be appropriated to the life sciences research board to increase the capacity for

quality of life sciences research at public and private not-for-profit institutions in the state
of Missouri and to thereby:



(1) Improve the quantity and quality of life sciences research at public and private not-for-
profit institutions, including but not limited to basic research (including the discovery of
new knowledge), translational research (including translating knowledge into a usable
form), and clinical research (including the literal application of a therapy or intervention to
determine its efficacy), including but not limited to health research in human development
and aging, cancer, endocrine, cardiovascular, neurological, pulmonary, and infectious
disease, and plant sciences, including but not limited to nutrition and food safety; and

(2) Enhance technology transfer and technology commercialization derived from research
at public and private not-for-profit institutions within the Centers for Excellence. For
purposes of sections 196.1100 to 196.1130, "technology transfer and technology
commercialization" includes stages of the regular business cycle occurring after research
and development of a life science technology, including but not limited to reduction to
practice, proof of concept, and achieving federal Food and Drug Administration, United
States Department of Agriculture, or other regulatory requirements in addition to the
definition in section 348.251, RSMo.

Funds received by the board may be used for purposes authorized in sections 196.1100 to
196.1130 and shall be subject to the restrictions of sections 196.1100 to 196.1130,
including but not limited to the costs of personnel, supplies, equipment, and renovation or
construction of physical facilities; provided that in any single fiscal year no more than ten
percent of the moneys appropriated shall be used for the construction of physical facilities
and further provided that in any fiscal year eighty percent of the moneys shall be
appropriated to build research capacity at public and private not-for-profit institutions and
twenty percent of the moneys shall be appropriated for grants to public or private not-for-
profit institutions to promote life science technology transfer and technology
commercialization. Of the moneys appropriated to build research capacity, twenty percent
of the moneys shall be appropriated to promote the development of research of tobacco-
related illnesses.”

Centers for Excellence

In June and July 2008, the MLSRB met to review the legislative action and funding requirements.
The MLSRB voted to authorize the staff of the Missouri Technology Corporation (MTC) to provide
administrative and support services to the MLSRB. They also approved the request for proposals
(RFP) to establish the Centers for Excellence (CFE).

The first step in the process was the designation of four CFE across the state of Missouri. In order
to be considered for selection as a CFE it must be established within a geographical area specified in
sections 196.1100 to 196.1130, RSMo, and be comprised of a consortium of public and private not-
for-profit academic, research, or health care institutions or organizations that have collectively at
least fifteen million dollars in annual research expenditures in the life sciences, including a collective
minimum of two million dollars in basic research in life sciences.

For organizing purposes, each CFE was required to nominate a chairman and functional board of
directors representative of the consortium of public and private not-for-profit academic, research, or
health care institutions or organizations associated with their CFE with a focus agriculture research
and commercialization.



Each CFE for life sciences research was required to appoint a screening committee. The centers,
through their screening committees, then collected, prioritized, and forwarded to the MLSRB
proposed research and commercialization initiatives for consideration for funding by the board.
Members of each screening committee had to be generally familiar with the life sciences and current
trends and developments with either technical or scientific expertise in the life sciences with an
understanding of life sciences and with an understanding of the application of the results of life
sciences research. No member of a screening committee could be employed by any public or
private entity eligible to receive financial support from the life sciences research trust fund.

The MLSRB views the regional and statewide CFE as virtual organizations, whose purpose is to think
strategically about the important life science research and commercialization initiatives important to
their specific region, but also how these regional initiatives strengthen the state of Missouri’s ability
to compete on a larger regional and national scale. The centers were asked to develop the
strongest possible proposals within their regions, looking to collaborate among other regions to
enhance and strengthen the statewide base of research and development assets wherever possible.

CFE Award Information

Four Centers for Excellence were designated by the Life Sciences Research Board in July 2008,
pursuant to sections 196.1100 to 196.1130, RSMo. They included the following geographic areas:

(1) One St. Louis area center for excellence may be established within the
geographical area encompassing the city of St. Louis and St. Louis, St. Charles,
Jefferson, and Franklin counties. If any part of a municipality is located within
any one such county and also encompasses a part of another county in this state,
the entire area encompassed within the city limits of such municipality shall be a
part of the geographical area of the St. Louis area center for excellence;

(2) One Kansas City area center for excellence may be established within the
geographical area encompassing Jackson, Clay, Andrew, Buchanan, and Platte
counties. If any part of a municipality is located within any one such county and
also encompasses a part of another county in this state, the entire area
encompassed within the city limits of such municipality shall be a part of the
geographical area of the Kansas City area center for excellence;

(3) One Springfield center for excellence may be established within the geographical
area encompassing Greene, Christian, and Webster counties;

(4) A Missouri statewide center for excellence may be established that shall
encompass the institutions, agricultural research centers dedicated to the
development of plant-made pharmaceuticals, and campuses within the University
of Missouri system and those regions of Missouri not encompassed within another
center for excellence; provided that the University of Missouri-Kansas City and
the University of Missouri-St. Louis shall participate in the Centers for Excellence
in their respective geographical regions.

Centers for Excellence Chairman

Jim Baker, Ph.D.

Vice President for Research and Economic Development
Missouri State University

901 South National Avenue

Springfield, MO 65897



Roger N. Beachy, Ph.D.

President

Donald Danforth Plant Science Center
975 North Warson Road

St. Louis, MO 63132

William Duncan, Ph.D.

President

Kansas City Area Life Science Institute
2405 Grand Blvd., Suite 500

Kansas City, MO 64108

Thomas L. Payne, Ph.D.

Vice Chancellor for Agriculture

Dean, College of Agriculture, Food and Natural Resources
Director, Missouri Agricultural Experiment Station

2-69 Agriculture Building

University of Missouri

Columbia, MO 65211

Research and Commercialization Projects

The second step in the process was the approval of the RFP for letters of intent and full proposals
for the Research and Commercialization projects. This document was approved by the MLSRB in
June. The RFP was emailed in June to University presidents, chairs of the CFE, and members of the
Research Alliance of Missouri (RAM). The deadline for letters of intent to be submitted to the
research board was July 7, 2008 and for full proposals September 5, 2008.

Funds Available In Each Grant Category
Eighty percent, or $10.5 million, is available for Life Science Trust Fund research grants.

Twenty percent, or $2.6 million, is available for Life Science Trust Fund commercialization
grants.

It should be noted that no more than 10 percent, or $1.3 million, shall be used for the
construction of physical facilities or “bricks and mortar.”

Furthermore, a single Center for Excellence shall not receive more than 50 percent or $6.5
million. It should also be noted that no single institution or organization shall receive in any
consecutive three fiscal year period more than 40 percent of the moneys appropriated to the
Life Science Trust Fund.

Proposal Criteria

e Scientific and technical quality of the proposed project. Proposals must address
an important and relevant question(s) related to the specific research area(s) of interest
to the MLSRB. Merit review: scientific and technical significance, originality and likelihood
of success of achieving external funding.



e Expertise of Investigators/Collaborators. Qualifications and research experience of
the Principal Investigator, Co-Principal Investigators and collaborating investigators.

e Quality of and degree of collaboration(s). The plans for collaboration and
interaction among the collaborating institutions and among the individual program
participants. How the collaborative plans will foster more rapid and higher quality
progress toward the program goals.

e Sufficiency of plans to enhance future funding potential. How the proposed
program will provide leverage for future funding of program participants from federal,
state or private funding sources. How the work of this project is anticipated to continue
after the period of support provided by the MLSRB award.

¢ Availability of facilities/resources needed for proposed research. Resources
currently available or being sought for performance of the proposed research including
location and availability of access to required specialized facilities and/or equipment.
How the requested resources are key to the collaborative research effort in enabling both
high priority research and research collaboration.

e Intellectual Property Disposition Plan. Adequacy of Intellectual Property Disposition
Plan (IPDP) including material transfer agreements, nondisclosure agreements, licenses,
etc., to the extent applicable. How intellectual property will be managed and developed.

e Commercialization Potential. How the proposed research and development effort
will facilitate the potential commercialization of a discovery or innovation and the specific
pathway for that process.

e Strategic Alignment. How the proposed research or commercialization proposal aligns
with the state’s strategic economic development and research priorities as determined by
the MLSRB.

e Realistic assessment of the scope of work proposed for a one (completed in 3 years, as
above) year period of funding.

e Appropriateness of the proposed budget with regard to the scope of work.

e Potential contribution to the health and quality of life of the people of Missouri, whether
in the intermediate or longer term.

Grant Awards

Within the limits of available funds, awards were made to applicants whose proposals were judged
most meritorious under the evaluation criteria and procedures defined by the MLSRB. The MLSRB
determined which proposals would be funded, and any conditions that might pertain to the award of
funds to each selected projects.

The Missouri Life Sciences Research Trust Fund awards are to be made available within three to six
weeks of the date of award notification. The expectation is that projects will be initiated within
three months of award notification.



Scientific Peer Review Process

The third step in the process was to initiate the Scientific Peer Review process in accordance with
Section 196.1112, RSMo. The MLSRB approved the Peer Review RFP which was distributed in June
2008.

The Scientific Peer Review RFP requested responses from organizations or individuals routinely
providing scientific peer review and related consulting services for high technology sponsored
research programs. The RFP provided that neither the peer review organization nor its employees,
and where applicable, its parent organization nor employees thereof, have any financial interest in
any current grant, nor will they have any financial interest in any new grant awarded through the
Life Sciences Research Trust Fund Program during the term of the proposed contract.

The following qualifications were also requested:

1. Experience in advising technical grant programs sponsoring projects within the life sciences;

2. Intimate knowledge of best practices in scientific peer review;

3. Significant experience and knowledge of issues pertaining to competitive grant programs
funded by state government, including conflict of interest avoidance and public rights and
access to information;

4. Experience working with independent Web-based peer review systems.

Two responses were received and the Scientific Peer Review was awarded to American Association
for the Advancement of Science (AAAS). The AAAS Research Competitiveness Program draws upon
the intellectual resources of the science, engineering, and science and technology policy
communities to assist universities, government agencies, research consortia, and other institutions
in planning, reviewing or evaluating programs and initiatives in research, development, and
innovation. Since 1996, AAAS has assembled and led carefully tailored teams to provide expert
review and programmatic guidance on over 180 projects throughout the United States. The MLSRB
felt this organization had the necessary experience and qualifications and, therefore, approved its
proposal in July 2008.

Budget
The statute under Section 196.1115.3, RSMo, allows two percent of the total appropriation to be

used for administrative costs of the board and the process. The following administrative budget was
approved by the MLSRB in July 2008.

Life Sciences Research Board FY2009 Budget

Peer review $127,700
CFE/Screening Committee $13,725
DED staff $12,730
MTC staff $41,200
Board Meeting Expenses $3,270
Senior Project Manager $44,375
Flex (legal/travel/etc) $25,000
TOTAL: $268,000
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Spending Plan
This spending plan is designed to enhance Missouri’s position as a global leader in several important

sectors of the life science economy — animal science, plant science, medical devices, biomaterials
and composite research, diagnostics, nanotechnology related to drug development and delivery,
clinical imaging, and information technology related to human health.

The main reason for this focused approach is the inescapable fact that agriculture is Missouri’'s
leading industry and affects every corner of the state from an economic standpoint. Another
important factor, however, is that such an approach allows the state to build on tremendous
strengths that already exist in plant biotechnology (where Missouri has more PhDs than any other
state in the nation) and animal health and nutrition (where Kansas City area companies account for
nearly 32 percent of worldwide sales in the industry). Ultimately, it is thought that placing resources
where demonstrated strengths already exist will bring about the greatest results and the best return
on the state’s investment.

Funding Summary by Project Type

Funding Type Funding Allocated
Research $10,500,000
Commercialization $ 2,600,000
TOTAL $13,100,000

Funding Summary - Research

Grant Pl Grant Funds
Number Project Title Pl Institution | Category Committed
Drought Simulators
Critical to
Translational
Research in Plant Dr. Felix University of
09-1106 Science Fritschi Missouri Equipment $1,558,125
Pseudospark Pulsed
Plasma X-ray
Generation for
Portable Medical Dr. Joshua
09-1055 Devices Rovey MST Project $164,268
Derivation of Induced | Dr.
Pluripotent Cells from | Toshihiko | University of | Project
09-1018 the Pig Ezashi Missouri Proposal $180,000
Acquisition of
Metabolomics
Platform for
Metabolic Dr. Leslie
09-1105 Engineering Hicks DDPSC Equipment $894,993.20
Targeting
Plasminogen
Activator Inhibitor-1 Dr.
to Inhibit William University of
09-1128 Restenosis Fay Missouri Project $815,625
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Grant Pl Grant Funds
Number | Project Title Pl Institution | Category Committed
Computational
simulation of canine
biomechanically
induced
unicompartmental
osteoarthritis: a
concurrent multiscale | Dr. Trent
09-1078 approach Guess UMKC Project $556,956.90
Dr.
St. Louis Institute for | Samuel Washington | Centers or
09-1076 Nanomedicine Wickline University Institute $1,500,000
Informatics Research | Dr. Mark University of
09-1065 Core Facility Mclntosh Missouri Project $1,302,217
UMKC Center of
Excellence in Dr. Lynda Centers or
09-1101 Mineralized Tissues Bonewald | UMKC Institute $1,050,195.67
Optimization of
Camelina as a
nonfood production
platform of value-
added biotechnology | Dr. Eliot Centers or
09-1148 products. Herman DDPSC Institute $593,563.50
Acquisition of a
Confocal Laser
Scanning Microscope
to Enhance the Dr.
Research Capabilities | Xuemin
of University of (Sam)
09-1016 Missouri at St. Louis | Wang UMSL Equipment $281,745
Advanced
Cardiovascular Stent
incorporated with
Nitric Oxide Delivery | Dr. Chi
09-1117 System Lee UMKC Project $540,000
Workforce
Development and
Business Incubation:
Animal Health and
Nutrition Missouri
Infrastructure in Dr. Gary Western
09-1019 Missouri Clapp State Equipment $285,000
Jordan
New Medical Valley
Materials, Devices, Innovation
and Instrumentation Center/
at Missouri
the Jordan Valley Dr. Ryan State Centers or
09-1053 Innovation Center Geidd University Institute $825,000

12



Research Project Summaries

Project #: 09-1106

Project Title: Drought Simulators Critical to Translational Research in Plant
Science

Award Amount: $1,558,125.00

Center for Excellence: Statewide

Lead Investigator: Dr. Felix Fritschi, University of Missouri

Collaborators: Dr. Robert Kallenbach, University of Missouri

Dr. Grover Shannon, Delta Research Center
Dr. Stephen Anderson, University of Missouri
Dr. Deborah Finke, University of Missouri
Dr. Robert Kremer, University of Missouri
Dr. Randall Miles, University of Missouri

Dr. Henry Nguyen, University of Missouri
Dr. Melvin Oliver, University of Missouri

Dr. Craig Roberts, University of Missouri
Dr. David Sleper, University of Missouri

Dr. William Stevens, University of Missouri
Dr. Kelly Tindal, University of Missouri

Dr. William Lebold, University of Missouri
Dr. Allan Wrather, University of Missouri
Dr. Xi Xiong, University of Missouri

Summary:

The objective of this project is to develop field research facilities that will enable Missouri scientists
to take new discoveries in basic plant drought research and develop products and practices that will

reduce grower losses from lack of rain, study ways to increase water use efficiency, and protect
environmental resources.

The projects requests funding for automated drought simulators that will allow control of
precipitation under field conditions. Water is a finite resource that is in great demand for a wide
variety of reasons, including domestic, industrial, leisure, landscape, and agricultural uses. In light
population increases and greater demands for non-agricultural uses, more and more emphasis will
have to be placed on efficient use of water resources available for plant production. The proposed
drought simulators will provide a novel tool for Missouri scientists to study how plant water use
efficiency and production-system water use efficiency can be improved. The ability to manage the
timing, duration, and intensity of water deficit stress under field conditions is essential to examine
plant responses to drought and interactions of drought and biotic stresses in mid-western
environments. Thus, the drought simulators will bridge the gap between controlled environmental
facilities (growth chambers and greenhouses) and conditions encountered in the field. This facility

of

will foster closer collaborations among researchers ranging from molecular biologists to agronomists

and soil scientists. The drought simulators will complement and enhance current MU strengths in
basic plant drought research and hasten technology transfer to a broad range of constituents. In

addition, they will improve research efficiency and speed scientific progress since scientists will not
have to rely on weather conditions conducive to drought research, but can impose the desired stress

conditions at will.
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With drought simulators researchers will be able to 1) identify new germplasm with increased
drought tolerance, 2) identify underlying genetic mechanisms that control drought tolerance, 3)
discover and evaluate physiological mechanisms conferring greater drought tolerance, 4) develop
and evaluate cultural practices to increase crop productivity and reduce environmental impact, and
5) study the influence of water deficit stress on soil-plant-insect and soil-plant-pathogen
interactions. The proposed drought simulators would place Missouri scientists at the national
forefront of drought-related translational research, and will benefit major agricultural and turf
constituents in Missouri. This unique facility will lead to research advancements to improve food
security and increase profitability for farmers while protecting environmental resources, protecting
water quality, and increasing water use efficiency.

Project #: 09-1055

Project Title: Pseudospark Pulsed Plasma X-ray Generation for Portable
Medical Devices

Award Amount: $164,268.00

Center for Excellence: Statewide

Lead Investigator: Dr. Josh Rovey, Missouri Science and Technology

Collaborators: Dr. Scott Kovaleski, University of Missouri

Summary:

Current medical x-ray devices are large and rely on a high-voltage, high-current electron beam
impinging onto a target to emit x-rays (bremstrahlung “braking” radiation). Further, the target must
rotate at high speeds to dissipate the power of the beam. In the future, a small, portable xray
device is envisioned that can be used on-site, at an accident, on the battlefield, in a clinic, or in the
operating room. One potential technology that may achieve this goal is pulsed plasma based
electron sources. In these devices, the high-energy electron beam is not space-charge limited, so
higher currents at lower voltage and lower power can be obtained.

A pseudospark relies on pulsed current from a stored capacitor to generate a plasma discharge that
emits a high-energy, high-current electron beam. Direction of this electron beam onto a target is
known to produce EUV and soft x-ray emissions. With the proper scaling of the device geometry and
pulse forming network, the pseudospark may also produce hard x-ray emissions that are suitable for
medical applications. The benefit of this device is that it has a space-charge neutralized beam that
decreases the required power for a given beam voltage (P—V2, as opposed to P—V5/2 for traditional
space-charge limited x-ray sources). Since less power is required, the power supply electronics and
thermal constraints are relaxed and a smaller device becomes possible.

The project consists of a 2 year study to investigate pseudospark plasma discharges for x-ray
generation in a portable medical device. The overall objective is to demonstrate pseudospark xray
production with the energy and quantity necessary for medical applications. They will combine
modeling simulations and experimental testing to complete this objective in three main phases.

The expected outcome is a set of design criteria (geometry and pulse forming network) for
developing a small, portable medical x-ray device that uses a plasma-based pseudospark for xray
generation. First, an electron beam investigation will be completed. The initial pseudospark device
will be designed based on previous results from a 100 kV device. However, this design will be
modified and adjusted based on electron beam propagation and pseudospark operation modeling.
Results from this phase will quantify the pseudospark-produced electron beam parameters, such as
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current, current density, and charge transfer per pulse. The optimum devices from this phase will be
selected for x-ray measurements in phase 2.

Phase 2 will focus on x-ray measurements by placing a tungsten target downstream of the
pseudospark device. Si PIN and CdTe diode detectors will be positioned to measure the x-ray
spectrum. These results can be used to determine the exposure, absorbed dose, and other relevant
metrics that will be compared with traditional x-ray tubes. In phase 3, the x-ray measurements will
be used to determine which pseudospark devices are viable for medical applications. Specifically,
they will determine the pseudospark design characteristics required for medical x-ray production.
These characteristics will then be used to suggest a future pseudospark design that should be used
in future testing and device development.

Project #: 09-1018

Project Title: Derivation of Induced Pluripotent Cells from the Pig
Award Amount: $180,000.00

Center for Excellence: Statewide

Lead Investigator: Dr. Toshihiko Ezashi, University of Missouri
Collaborators: Dr. Randall Prather, University of Missouri
Summary:

The ability to copy valuable animals in such a way that their merits, for e.g. milk production, semen
quality, rate of gain, disease resistance, are maintained in the progeny of the original animal
continues to be a problematic and inefficient process. One way to make progress in this area is to
create pluripotent cell lines from the skin or some other accessible tissue of the animal, a process
that could be achieved without killing or harming the donor animal, e.g. the valuable pig or cow.
Their goal is to express a suite of special genes in these cells in such a way that they become
reprogrammed and completely undifferentiated.

Such cells are known as induced pluripotent cells and can contribute to all the tissues of the body.
However, they can be derived from a relatively small biopsy of ordinary tissues of the adult animal,
without resorting to manipulation or loss of a live embryo. They seem to have achieved this end
with porcine fibroblasts by expressing a combination of just four genes in addition to supplementing
with a drug and a specialized growth factor. If pluripotency can be established in these cells, they
will have great value for exact copying the pig by Dr. Randall Prather at the National Swine Center
at the University of Missouri. The induced pluripotent cells are likely to provide greater efficiency
than established procedures, and should likely mitigate the abnormalities and deaths that are
common to animals cloned from differentiated cells, which appear not to be programmed correctly.

There are three aims to the proposal described here, plus a future long term aim for which funding
is not presently being sought. Aim 1 is to create several induced pluripotent cell lines and to
establish optimal culture conditions and freeze storage conditions for these cells. The second is to
demonstrate that the cells are pluripotent according to standard criteria. Such cells, for example,
should continue to grow indefinitely without senescing and have a stable chromosome complement
throughout this time. They are expected to express genes typical of undifferentiated rather than
differentiated cells, yet be capable, given an appropriate stimulus, to differentiate into a multitude of
different tissue types, e.g. to nerve cells or liver cell. Aim 3, will compare different combinations of
genes for re-programming differentiated pig somatic cells and determine which one is optimal. A
final, longer term goal is to collaborate with Dr. Prather to show that these cells can be used to
create pigs that are exact copies of the animal that contributed the cells in the first place. The
results obtained in the grant are likely to lead to commercial development and allow the
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investigators to gain large scale federal and industrial funding and additional research stemming
from the project.

Project #: 09-1105

Project Title: Acquisition of Metabolomics Platform for Metabolic
Engineering

Award Amount: $894,993.20

Center for Excellence: St. Louis

Lead Investigator: Dr. Leslie Hicks, Donald Danforth Plant Science Center

Summary:

The ability to detect, identify, and characterize biomolecules remains an essential component in the
elucidation of complex cellular processes. Progress in the field of analytical instrumentation
development continually advances current capabilities and the ease by which these efforts can be
carried out. The purpose of this proposal is to seek funding for two Agilent LC-mass spectrometers,
a 6200 series accurate mass TOF and a 6500 series accurate mass QTOF, to support research of
scientists at the Danforth Center as well as their partner institutions and current collaborators. The
combination of these two high performance instruments will establish a robust, high-throughput
metabolomics platform with high resolution, high dynamic range, and sub-picogram sensitivity. High
mass accuracy MS capabilities are essential for full characterization of molecules in metabolic
engineering efforts and the addition of this instrumentation at the Danforth Center will provide easy
access to a large number of scientists in the St. Louis region which are in need of this advanced
technology.

The Donald Danforth Plant Science Center is an independent, non-profit research institution
conducting interdisciplinary plant science research in genetics, biochemistry, cell biology, physiology,
and structural biology. Established in 1998, the Danforth Center is a 170,000 sq. ft facility
constructed on a 40-acre site located in St. Louis, MO. Dr. Roger Beachy is the founding president;
there are currently 18 principal investigators; and the Center is actively recruiting three new senior
Pls. The Danforth Center includes state-of-the-art research laboratories, green houses, growth
chambers, and three core scientific facilities that service the needs of scientists in the areas of
microscopy, tissue culture, and proteomics/mass spectrometry. It has strong educational and
research partnerships and has established active international research and training programs. The
Danforth Center provides infrastructure that enables training of scientists, postdoctoral fellows, and
graduate/undergraduate students, accomplishing one of the guiding tenets of the Danforth Center
charter: to provide a world-class institute where scientists from around the world can learn, train,
and conduct research to answer some of the most important questions in plant biology.

The research projects described in this project require a platform that suits the various needs of
multiple plant biologists. For some projects, the platform must enable determination of elemental
composition for structural elucidation of small molecule metabolites, where as identification and
characterization of metabolites changing due to a defined system perturbation will be necessary for
other projects. The overall superior sensitivity, dynamic range, and mass accuracy of instruments
available for these studies will be essential for successful completion of all the projects and thus in
securing other research funding. The success of this proposal will positively impact research in the
areas of natural product biosynthesis, plant/microbe interactions, plant lipidomics/sphingolipidomics,
and metabolic engineering for enhanced biofuel systems. The requested instrument will allow plant
biology researchers at the Danforth Center and collaborators to further expand their research scope
into the interface of biology and chemistry and promotes the creation of cross-disciplinary specific

16




aims and collaborations that will facilitate a macroview analysis of specific projects while deriving
systems-wide information.

Project #: 09-1128

Project Title: Targeting Plasminogen Activator Inhibitor-1 to Inhibit
Restenosis

Award Amount: $815,625.00

Center for Excellence: Statewide

Lead Investigator: Dr. William Fay, University of Missouri

Collaborators: Dr. Douglas Bowles, University of Missouri

Dr. Dmitri Baklanov, University of Missouri
Dr. Daniel Lawrence, University of Michigan
Dr. Brian Wamhoff, University of Virginia

Summary:

Missouri is among the states with the highest incidences of cardiovascular disease, ranking 8th in
2005. Many patients with coronary artery disease (CAD) undergo percutaneous coronary
intervention (PCI), a procedure in which a cardiac catheterization is performed and a stent is placed
in a coronary artery at the site of a stenosis (blockage) to improve blood flow. Most patients receive
stents that are coated with drugs designed to prevent restenosis--i.e. the re-growth of the blockage
within several months after the initial procedure. Drug-eluting stents inhibit growth of cells within
the wall of the artery that cause restenosis. However, within the past few years it has been
discovered that drug-eluting stents, in the process of inhibiting restenosis, also inhibit the normal
repair of the inner lining of the artery (i.e. the endothelium), thereby predisposing the artery to
thrombosis, or abnormal blood clotting, which can lead to heart attack and death. The overall
objective of this proposal is to develop new strategies to prevent restenosis without increasing the
risk of thrombosis.

The project will study novel compounds that inhibit the function of plasminogen activator inhibitor-1
(PAI-1), a key blood clotting protein. These studies will involve the use of pigs, which are widely
regarded as the best animal model to test and develop potential treatment strategies for heart
disease in humans. The proposed program is multi-disciplinary in nature, involving collaborations
between physicians and basic scientists of the University of Missouri-Columbia School of Medicine
and College of Veterinary Medicine, as well as investigators at the University of Michigan and
University of Virginia. They anticipate that the data generated from the proposed studies will lead to
submission of a Small Business Innovation Research (SBIR) application to the National Institutes of
Health focusing on development of new compounds to inhibit restenosis in humans without
promoting thrombosis. The University of Missouri-Columbia is the only university in the state, and
one of the few in the nation, with a medical school and veterinary school located on the same
campus. The collaboration between medical- and veterinary based investigators is a major strength
of the proposal. This work has great potential for developing pig models of human diseases that will
lead to new treatment strategies for patients. They anticipate that their studies will have substantial
commercial potential, since new approaches are needed to prevent restenosis without promoting
thrombosis.

Given the high prevalence of CAD in Missouri, the proposed studies are strategically aligned with the
state’s health care, economic development, and research opportunity objectives.

Project #: 09-1078
Project Title: Computational simulation of canine biomechanically induced
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unicompartmental osteoarthritis: a concurrent multiscale

approach
Award Amount: $556,956.90
Center for Excellence: Kansas City
Lead Investigator: Dr. Trent Guess, University of Missouri-Kansas City
Collaborators: Dr. James Cook, University of Missouri

Dr. Reza Derakhshani, University of Missouri-Kansas City
Dr. Ganesh Thiagarajan, University of Missouri-Kansas City

Summary:

In 2005, 32% of Missourians (1.38 million people) reported having doctor-diagnosed arthritis
(information collected from the Behavior Risk Factor Surveillance System). In addition, 60% of
Missourians over age 65 have been told by a doctor or health care professional that they have some
form of arthritis, of which osteoarthritis is the most common. Worldwide, it is suggested that
approximately 400 million people suffer from osteoarthritis (data from the National Institutes of
Health and The Arthritis Foundation).

There is no known cure for arthritis and estimates of the total annual cost in the US exceed $90
billion. Osteoarthritis is a debilitating disease that is not completely understood, but evidence links
the severity, progression, and treatment of the disease to the mechanical environment in the knee
during everyday activities such as walking, running, and stair climbing. The natural response of
articular cartilage to insult or injury is an outcome of complex interconnected factors that include
anatomy, biology, and muscle forces. The goal of this project is to develop a predictive,
computationally efficient, patient level simulation tool of mechanical osteoarthritis indicators.
Specifically, a computational model of the canine knee (stifle) that includes surrogate models of
cartilage tissue behavior will be combined with musculoskeletal models of movement and validated
through in-vivo canine models of osteoarthritis. The computationally efficient cartilage surrogates
will predict key tissue indicators of osteoarthritis (shear stress, peak stress, and stress transients) in
response to organ level loading and learn from a finite element model solution database.

This work combines the internationally recognized expertise in canine osteoarthritis and tissue
engineering of the University of Missouri - Columbia with the musculoskeletal biomechanics
expertise and innovative multiscale modeling techniques of the University of Missouri — Kansas City.
The project will enhance the reputation and research capabilities of both institutions while
developing validated simulation tools of the canine neuromusculoskeletal system that include
concurrent tissue level response. This research will enable the development of patient-specific
models that predict tissue level mechanical osteoarthritis indicators during movement and simulation
tools where tissue level parameters are incorporated in optimization schemes of muscle activation.
This project addresses a key area in osteoarthritis research that has largely been neglected, the role
of muscles in osteoarthritis pathomechanics including muscle activation patterns and muscle
strength.

Project #: 09-1076

Project Title: St. Louis Institute for Nanomedicine

Award Amount: $1,500,000.00

Center for Excellence: St. Louis

Lead Investigator: Dr. Sam Wickline. Washington University
Collaborators: Dr. Karen L. Wooley, Washington University

Dr. Dong Qin, Washington University
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Summary:

The recent emergence of nanoscience as a key approach to innovation in advanced materials has
sparked a similar interest in the application of its principles to the fields of biomedical diagnostics,
therapeutics, and basic cell physiology. The overarching goal of the proposed St. Louis Institute for
Nanomedicine is to advance the safe and effective use of nanotechnologies to reduce death and
suffering from human disease. The global theme that will integrate and focus the planned Institute
is Translation through development and preclinical evaluation of new nanotechnologies for health
care, assessment of safety in production and utilization, facilitation of technology transfer and
clinical trials, and education of a new workforce and the public at large. Resources and
infrastructure that will be developed to facilitate interdisciplinary implementation of nanomedical
devices through collaboration by sponsoring:

1. Research: to expand basic research in nanoscale materials, structures, devices, and
pharmaceuticals that may be of benefit for understanding, diagnosing, treating, or
preventing human disease;

2. Translation: to guide translation of laboratory breakthroughs into clinical trials by
demonstrating safety and efficacy of nanomedical devices and products;

3. Technology Transfer and Commercialization: to foster an entrepreneurial pathway for local
commercialization of nanomedical products; and

4. Education and Workforce Development: to train the next generation of scientists and
clinicians who will invent and use novel nanomedical products, expand the local talent pool
for translation and commercialization, and bring relevant information to the public regarding
new developments in nanomedicine.

Specifically, they will create a regional Institute with an inclusive, open network organizational
structure: a synergetic environment that should cultivate and enable innovative research directions
and translate breakthrough scientific discoveries into practical applications of nanotechnology in the
areas of clinical imaging, diagnostics and drug discovery and delivery. They will leverage on their
current multi-institutional and multidisciplinary strengths primarily in the development of nanoscale
devices to probe and treat cardiovascular disease and cancer and build translational research to
generate new commercial opportunities to maximize the regional economic benefits of investments
by the State, city, and regional academic institutions and industry partners in medical
nanotechnologies.

Project #: 09-1065

Project Title: Informatics Research Core Facility
Award Amount: $1,302,217.00

Center for Excellence: Statewide

Lead Investigator: Dr. Mark Mclntosh, University of Missouri
Collaborators: Dr. Chi-Ren Shyu, University of Missouri
Summary:

The dynamic changes in technology-based research and information generation require
sophisticated informatics tools and expertise to analyze massive data sets, and advanced statistical
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analysis methods to address issues of multi-dimensional experimental design and data analysis.
Modern molecular technologies allow system-based investigation of the entire genetic and protein
complements of important agricultural species of plants and animals to an extent never before
possible. Scientists trained in these molecular technologies are generating extensive data sets from
the experimental examination of the genomes and application of different ‘genomics’ tools to a
variety of plant and animal species that hold significant promise for the next generation of
agricultural advances. The obstacle in this quest is the mining of these data sets for that critical
piece of information that holds the key to such advances. Most life scientists are not sufficiently
trained in the informatics technologies required to manage and interpret these data libraries. This
project focuses on establishing a resource team with the technological knowledge and capability to
develop and apply informatics tools to animal and plant sciences projects while systematically
analyzing and archiving research data sets useful to researchers throughout Missouri and the nation.

Through synergistic collaborations with the MU Informatics Institute, the UM Bioinformatics
Consortium and the Office of Research Core Facilities, they plan to create an Informatics Resource
Core Facility (IRCF) which will enhance Life Sciences research projects across Missouri. The IRCF will
complement other molecular core research activities and new sophisticated, high-throughput
instrumentation in genomics, proteomics, metabolomics, imaging and structural biology. The shared
resource will allow research teams to access and gain bioinformatics expertise for the design, data
management, and analysis of their research projects and a data warehouse to store their research
data sets and resulting analyses. The IRCF will also provide an opportunity for bioinformatics faculty
to create the next generation of algorithms and tools to address multifaceted questions created by a
systems biology approach to today’s interdisciplinary life sciences research. The Informatics
Resource Core Facility will build our state’s life science research capacity and enable researchers to
more efficiently and effectively conduct their research and analyze their research results, thus
gaining an advantage in garnering additional external funding for their research, and better serving
the economic and welfare of Missouri’s citizens. With one-time startup funding spent carefully over
three years, they will collaborate with researchers to build the on-going costs into their external
research grant requests. With this one-time investment, their synergistic team will build a self-
sustaining informatics research core facility.

This project directly addresses Missouri's research priorities for the application of basic genomic and
proteomic information from laboratory studies toward the enhancement of food animal and
agricultural crop production around the state. Anticipated informatics personnel and equipment
enhancements will aid to mine plant and animal data sets and identify key molecular determinants
of agricultural fitness that have the potential to drive the agricultural industry of the state for the
foreseeable future.

Project #: 09-1101

Project Title: UMKC Center of Excellence in Mineralized Tissues
Award Amount: $1,050,195.67

Center for Excellence: Kansas City

Lead Investigator: Dr. Lynda Bonewald, University of Missouri-Kansas City
Summary:

Diseases of mineralized tissues such as bone and teeth or of the muscles that control bone
movement result in significant health costs in terms of suffering, loss of work and productivity, and
even death. There is a tremendous need for new approaches to treating musculoskeletal diseases.
Of the 57.9 million Americans injured annually, more than one-half incur injuries to the
musculoskeletal system. The most common bone disease is osteoporosis, which leads to fragile
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bones that break easily. Hip fractures account for 300,000 hospitalizations per year; 20% of those
patients die within a year and 20% are relegated to long-term care facilities such as a nursing
home. Associated muscle weakness and wasting compound the consequences of immobility.
Biomaterials will be required for the estimated 500,000 joint replacements performed annually, and
new surgical techniques and rehabilitation strategies will help speed patient recovery.

Scientists are making important discoveries in the lab that could be used to treat patients with
diseases of mineralized tissue. Conditions such as obesity and diseases such as cancer can have a
devastating impact on the health of the bones, teeth, and muscles and affect patients of all
backgrounds and ages. The United States is facing a national epidemic with regards to obesity.
Obesity and inactivity in the population are leading to fragile, weak bones in children and account
for more than 300,000 deaths per year. While new discoveries are being made as to how exercise
promotes musculoskeletal strength, the population is increasingly sedentary. Injuries, chronic
disease, and obesity all result in long-term declines in skeletal and muscle strength. Basic
understandings of how bone cells respond to mechanical load and the cross-talk with associated
muscles will help to define therapeutic strategies for combating changes in skeletal
microarchitecture brought on by inactivity.

Other diseases of mineralized tissue include dental diseases and craniofacial conditions that require
procedures ranging from tooth restorations to major reconstruction of facial hard and soft tissues.
Children lose more than 50 million school hours and adults close to 200 million work hours each
year due to dental visits because of deteriorating oral conditions and dental disease. Improved
biomaterials technology is needed to develop new approaches for treatment.

The formal establishment and support of a UMKC Center of Excellence in the Study of Mineralized
Tissues would accelerate new discoveries and convert these discoveries into therapies and
treatment serving the health and welfare of the residents of the state of Missouri. This Center of
Excellence will be structured to leverage significant existing resources to generate a mechanism to
increase productivity and funding to a much greater extent over that which would be expected from
the individual components and constituents. Funding of the present application would provide seed
money for projects with high potential for technology transfer and for interdependent, collaborative
projects within the Center of Excellence that will lead to federal grants and support from industry. In
summary, this Center will build upon the success of its members to create an environment
supportive of creative discovery that will attract prominent researchers and facilitate transfer of
discoveries to industry and to the patient.

Project #: 09-1148

Project Title: Optimization of Camelina as a nonfood production
platform of value-added biotechnology products.

Award Amount: $593,563.50

Center for Excellence: St. Louis

Lead Investigator: Dr. Eliot Herman, Donald Danforth Plant Science Center

Collaborators: Dr. Roger Beachy, Donald Danforth Plant Science Center

Dr. Monica Schmidt, Donald Danforth Plant Science Center
Dr. Gene Stevens, Delta Research Center

Summary:

They propose to develop Camelina sativa as a nonfood industrial crop for Missouri farmers and
industrial users. ldeally, a commercially successful industrial crop is one that produces multiple
products, each with its own value stream. For example, a plant that produces biodiesel, industrial
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enzymes, and polymers for plastics will have greater value than one that only produces a single
product. The new crop must be adapted to growth and high yields suitable for Missouri farmers.

Finally, the crop should be developed to reduce unwanted spread and growth of proprietary

materials. This is a collaborative project that brings together basic sciences, biotechnology, and
plant breeding. Furthermore, the outcome of the project is of significant interest to Metabolix Inc.,

as part of their ongoing research. If successful, this project will also lead to the growth of life
sciences companies in the State.

The specific goals of this project are to:

(1) Develop the agronomic potential of Camelina as a Missouri crop (Dr. Gene Stevens, Delta
Center, University of MO). A wide range of Camelina germplasm will be evaluated by
applying standard agronomic experimental variables (effects of nutrients, day length, soil
types, etc on growth and yield potential). The variety(ies) selected with high yield and
adaptability to Missouri conditions will be potential targets for genetic modification and
commercial development.

(2) Establish a compositional dataset of C. sativa. Proteomic studies will be conducted to
identify the major and minor seed proteins of Camelina and high throughput sequencing
technologies will be applied to create an EST data set from seeds in early to mid maturation.
This information is required to create the transgenes that will reduce the abundant proteins
in seeds and lead to a pathway through which to ‘replace’ endogenous proteins with high-
value proteins.

(3) Remodel composition of C. sativa seed proteins. They will apply a proven approach to
engineer the composition of soybean seeds (developed by co-Pls, Drs. E. Herman and M.
Schmidt) to suppress major seed proteins of Camelina and replace them with one or more
target protein(s) of commercial interest. The general approach is based upon gene-specific
silencing of target genes and selective expression of genes and subcellular accumulation of
target proteins in transgenic seeds. If successful, this will lead to high levels of target
proteins (goal: >10% of total seed protein)

(4) Develop and apply a system to secure intellectual property and reduce unwanted spread
of transgenic seeds. A new system is being developed (Dr. R. Beachy) to create
hyperdormant seeds that will not germinate unless induced by a chemical gene switch
system. This system will be applied to C. sativa varieties selected in (1) and (2).

The anticipated outcome/product of this pre-commercial project is to develop an over-winter crop
for Missouri farmers that will produce high value non-food proteins, oils and other products. If
successful, this project will also lead to the growth of life sciences companies, such as Metabolix

Company, in the State.

Project #: 09-1016

Project Title: Acquisition of a Confocal Laser Scanning Microscope to
Enhance the Research Capabilities of University of Missouri at
St. Louis

Award Amount: $281,745.00

Center for Excellence: St. Louis

Lead Investigator: Dr. Xuemin (Sam) Wang, University of Missouri-St. Louis
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Collaborators: Dr. Elizabeth A. Kellogg, University of Missouri-St. Louis
Dr. Colin MacDiarmid, University of Missouri-St. Louis
Dr .Lisa Schechter, University of Missouri-St. Louis
Dr. Teresa Thiel, University of Missouri-St. Louis
Dr. Amy Zanne, University of Missouri-St. Louis
Dr. Bethany K. Zolman, University of Missouri-St. Louis
Dr. Sonya Bahar, University of Missouri-St. Louis
Dr. James K. Bashkin, University of Missouri-St. Louis
Dr. Cindy Dupureur, University of Missouri-St. Louis
Dr. Jingyue (Jimmy) Liu, University of Missouri-St. Louis

Summary:

This grant sought funds for a confocal laser scanning microscope (LSM) to improve the research
capabilities of University of Missouri-St. Louis (UMSL) in areas important to plant science, bioenergy,
medical devices, and biomaterials. LSM allows the user to peer deep into cells and tissues and to
see internal cellular structures in astoundingly sharp detail. At the same time, preparation of
materials to be observed requires minimal time; for many purposes, large pieces of plant or animal
tissue can be placed under the microscope and internal structures can be observed directly. LSM has
become the industry standard for microscopy; because it is both highly sensitive and time-efficient,
it is a critical tool for biological and biomaterial research. With the development of new research
programs and hiring of promising new faculty in the science departments at UMSL, the need for a
state-of-the-art LSM is becoming necessary and urgent. However, there is no LSM system available
on the UMSL campus. The acquisition of a Carl Zeiss LSM 710 will greatly enhance and expand the
existing and future research efforts in many areas of biological and biomaterial research. The LSM
system will be a versatile instrument that accommodates the diverse research needs in the
departments of biology, physics, and chemistry and the Center for Nanoscience.

The availability of an LSM 710 system will improve the research capabilities and faculty’s
competitiveness for extramural research funding and for translational research. One application of
the LSM is to enhance the research activities in several labs in searching for more efficient ways to
capture and convert solar energy to produce bioenergy. The instrument and research activities will
provide excellent opportunities to integrate frontier research with education to train students and
scientists in research areas important to plant science, bioenergy, medical devices, and
nanotechnology.

Project #: 09-1117

Project Title: Advanced Cardiovascular Stent incorporated with Nitric Oxide
Delivery System

Award Amount: $540,000.00

Center for Excellence: Kansas City

Lead Investigator: Dr. Chi Lee, University of Missouri-Kansas City

Collaborators: Dr . Hai-Lung, Missouri S&T

Dr. Richard Hopkins, Children’s Mercy Hospital
Dr. Yungyun Lee, University of Missouri-Kansas City

Summary:
Cardiovascular stents are metal scaffolds placed in a harrowed atherosclerotic artery to keep the
vessel open by providing structural support and prevent it from re-occluding, a condition called
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restenosis in which endothelial cell growth proliferates around the device as part of the body’s
natural wound-healing response and impedes blood flow. Most bare metal stents are reported to
cause restenosis after a few months of surgery and thus newly developed stents are covered with
inhibitory agents to prevent restenosis. Even though the drug-releasing coatings for stents are an
exciting protective device that can provide an enormous clinical benefit, the drug coating may peel
and delaminate from the metallic surface of the stent due to poor adhesion between the coating and
the stent surface. The coating delamination can potentially lead to embolism, acute thrombosis,
inflammation and non-uniform delivery of drugs.

In this proposal, they will attempt to reduce restenosis and improve the biocompatibility of a metal
scaffold (MS) with two nanotechnology approaches: i) pattern modification by the
nano/micromachining technique with a femtosecond laser (FSL) and ii) the development of
microparticles (MP) containing Nitric Oxide (NO) using the double emulsion method. The key to this
proposed study is the partnership of interdisciplinary scientists in pharmaceutics, engineering,
cardiology, advanced proteomics, pharmacological and computer sciences, which seems to be an
ideal approach for biomedical research. This proposal is highly innovative in that they will develop
the MS with different patterns of the groove in its outer surface which can firmly retain NO loaded
MP and exert a controlled release rate of NO according to the loading conditions.

As heart-related diseases remain the most prevalent cause of death in the world, a continuous and
controlled supply of NO through MS built with nanotechnology will greatly relieve the long-term risk
of cardiovascular diseases. It was also reported that heart disease was the leading cause of death
accounting for 16,708 deaths (about 30%) of the Missouri state's deaths in 2002 (National Vital
Statistics Report 2004; 53(5)). Therefore, MS built with nanotechnology shall benefit thousands of
patients under cardiovascular complications in the state of Missouri by reducing the burden of heart
disease and stroke, and promoting activities that can be implemented in health care, communities
and schools.

Project #: 09-1019

Project Title: Workforce Development and Business Incubation: Animal
Health and Nutrition Infrastructure in Missouri.

Award Amount: $285,000.00

Center for Excellence: Kansas City

Lead Investigator: Dr. Gary Clapp, Institute for Industrial and Applied Life
Sciences

Collaborators: Dr. Benjamin Caldwell, Missouri Western State University
Dr. Bern Eichenmueller, Boehringer Inghelheim Vetmedica

Summary:

This proposal targets the Bond Science and Technology Incubator clients, as well as education and
training of scientists and engineers who will be preparing for careers in the Animal Health and Nutrition
industries in Northern and Western Missouri. Current academic training does not satisfy the specific
industrial need. The projected growth in the life science industry will only exacerbate the problem.
This proposal seeks to enhance training and educational activities being conducted at the Kit Bond
Science and Technology Incubator through additional build out of a laboratory set to function under the
current Good Manufacturing Practices (cGMPs) and Good Laboratory Practices (GLPs) regulations. This
proposal seeks funding to build and operate a small functional clean room and to purchase additional
scientific equipment and casework in support of this resource. The result will create a clean room in an
environment that will not only simulate the environment where graduates will work, but could be used
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as a setting where incubator clients perform early hand filling and/or finish operations. The rationale for
presenting this proposal lies in the cost of operations of a clean room. The cost to operate and/or
access a clean room makes this resource difficult to afford and prohibitive for small and start-up firms.

The Institute for Industrial and Applied Life Sciences (IIALS) is presenting this application to the
Missouri Life Science Trust Fund Board in an effort to gain support for workforce and economic
development in Northern and Western Missouri. The IIALS is a public-private partnership operating as
a 501(c) 3 not for profit organization. The stakeholders in the IIALS include Missouri Western State
University, Boehringer Ingleheim Vetmedica Inc, IVX Animal Health, AgriLabs, Clipper Distributing,
Nestle Purina PTC, Heartland Health, the City of St. Joseph, Buchanan County, the St. Joseph Area
Chamber of Commerce, The Wes Remington Family, The Bradley Family Trust and the Messick Trust.
The Institute’s mission is to promote applied life science activities in the Northern and Western regions
of Missouri, inclusive of Kansas City. The Institute further defines its mission, vision and goals into
three primary areas of emphasis: Workforce Development, Economic Development, and Advocacy for
Animal Health and Nutrition.

The Institute also operates the Kit Bond Science and Technology Incubator and the Missouri Innovation
Center of St. Joseph. The IIALS has the advantageous position of being able to offer access to these
services and equipment needed by entrepreneurs as they begin to grow and develop their commercial
products and ideas for the Animal Health Corridor.

Project #: 09-1053

Project Title: New Medical Materials, Devices, and Instrumentation at the
Jordan Valley Innovation Center

Award Amount: $825,000.00

Center for Excellence: Springfield

Lead Investigator: Dr. Ryan Geidd, Missouri State University

Collaborators: Dr. Paul Durham, Missouri State University
Dr. Matthew Curry, Missouri State University

Summary:

The mission of the Jordan Valley Innovation Center (JVIC) is to improve the translation of research
from the laboratory to the end user by providing an environment for entrepreneurship to flourish
among scientists through intellectual property incentives. In the Life Sciences, corporate affiliates
(including St. Johns Health Systems) help provide the background business information needed to
drive high-risk high-reward research toward application. JVIC life science research focuses on
medical materials, devices and instrumentation in both the pure and applied research venues.

Located in Springfield on the downtown campus of Missouri State University, JVIC has created a
unique environment where corporate research scientists can work side by side with JVIC faculty,
staff and students on externally funded programs. JVIC uses its seven senior corporate affiliates,
three from within Missouri and four headquartered outside Missouri, to form a caucus that serves as
a research and operational advisory board. This Senior Corporate Affiliate Caucus (SCrA) helps guide
the research mission of JVIC and its intellectual property (IP), expansion, infrastructure and shared
equipment policies. JVIC and its sub-centers operate as a non-profit institute where high-risk/reward
research can be pursued without fear of losing commercial IP or patent rights. In addition, JVIC has
a close relationship to Springfield Innovation, Inc., a Missouri Innovation Center, which provides
further unique opportunities for the commercialization of research programs.
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JVIC includes a 75,000 sqft facility called the Roy Blunt JVIC building that includes 4,000 sqgft of
Class 10, 100, and 1000 clean rooms that specialize in materials synthesis and nano/micro device
fabrication. JVIC also houses medical instrument prototyping, medical materials, and microscopy
laboratories. In addition to equipping these laboratories, JVIC has purchased over $20M in state of
the art materials synthesis and analysis equipment that is utilized by both the corporate affiliate
scientists and the JVIC research staff. External research project income has totaled to over $35M
since FY03, not including facility renovation grants.

Medical research at JVIC is roughly divided among the physical length scales inherent in the project.
At the smallest length scales JVIC is developing well known FDA approved materials systems into
morphologies and microstructures that can improve long and short term in-vivo performance. At
somewhat longer length scales, in-vitro experiments are performed to develop materials integrated
with devices to make passive components active or “smart”. At larger scales, fully integrated
instrumentation compatible with existing signals and systems is being built to drive or provide
adaptation to existing instruments or facilities. Finally, at the largest length scales, JVIC has
specialized super computer and artificial intelligence facilities including a unique 0.46 TFOP (trillion
floating point operations per sec) CRAY computer capable of developing models for ultra high speed
analysis of vast arrays of medical related information.

26



Funding Summary - Commercialization

Grant Grant Funds
Number | Project Title Pl Pl Institution Category | Committed
Photoacoustic
detection of
circulating
melanoma cells in Dr. John University of Project
09-1034 | blood Viator Missouri Proposal $407,789.00
iPrep: Ophthalmic
Povidone-lodine Dr. Wendell | St. Johns Medical
09-1177 | Antiseptic Formulation | Scott Institute Project $574,450.00
Center for
Translational Marcia Emerging
09-1024 | Development Center Mellitz Technology/SLU | Equipment | $520,000.00
Molybdenum-99 /
Technetium-99m
Processing Facility Ralph University of
09-1011 | At MURR Butler Missouri/Reactor | Equipment | $1,097,761.00
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Commercialization Project Summaries

Project #: 09-1034

Project Title: Photoacoustic detection of circulating melanoma cells in
blood

Award Amount: $407,789.00

Center for Excellence: Statewide

Lead Investigator: Dr. John Viator, University of Missouri

Collaborators: Dr. Paul Dale, University of Missouri

Dr. Scott Holan, University of Missouri
Dr. Luis Polo-Parada, University of Missouri

Summary:

Melanoma is the deadliest form of skin cancer and has the fastest growth rate of all cancer types. In
the U.S., the lifetime risk is about 1 in 55, while other parts of the world have even greater risks.
Early surgical resection of melanoma is the best avenue of therapy. However, for those cases where
the lesion progresses and spreads, monitoring of metastatic disease is crucial for positive clinical
outcomes.

Detection of circulating melanoma cells (CMC's) in human blood and lymph systems has the
potential to find early metastasis and monitor therapy. They have detected CMC's by generating
photoacoustic waves, or laser induced ultrasound, in melanoma cells suspended in saline and in
single CMC's in blood samples from advanced melanoma patients. They will improve their current
photoacoustic detection device by incorporating an optical reactance acoustic sensor in their
apparatus and by implementing a two color laser method for increasing the ability to specifically find
melanoma. These improvements will increase accuracy for single melanoma cell detection of lightly
pigmented cells. They will also alleviate alignment problems, allowing robust detection of CMC's in a
clinical device. The ability to detect single CMC's makes this device a viable tool for monitoring
metastatic melanoma cells in blood.

Melanin, a strong optical absorber within melanoma cells, absorbs low energy, rapid laser pulses
thereby generating photoacoustic waves. The procedure for CMC detection would be performed by
separating the white blood cells from a melanoma patient's blood sample. CMC's, if present, reside
among the white blood cells. These cells are introduced into the photoacoustic detection system and
are scanned for melanoma cells. In a healthy sample in which there are no melanoma cells, no
acoustic pulses will be generated. In a sample containing metastatic melanoma, high frequency
acoustic pulses would be generated and detected by the system.

This detection system manifests as two marketable products. The first product is the laser detection
system described above that will be located at centralized testing centers, costing about $50,000-
100,000. The second product is a CMC test kit costing approximately $50. The test kits would be
used for regular monitoring of the 600,000 melanoma patients in the U.S. and by millions in the
international markets. In this study, they will test up approximately 40 Stage IV melanoma patients
during years 2 and 3. The actual number will depend on analysis of a pilot study currently
underway. They will correlate disease state and survival using Kaplan-Meier plots to the number of
CMC's detected in their blood samples. Using the results of this study, they will pursue FDA pre-
market notification (510(k)) for the melanoma detector as a method to monitor disease state in
advanced patients. This 510(k) strategy is conservative, with a high likelihood of being obtained.
With subsequent funding from the SBIR and investor capital, they will conduct more efficacy
studies to obtain 510(k) for detection of early metastasis.
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Project #: 09-1177

Project Title: iPrep: Ophthalmic Povidone-lodine Antiseptic Formulation
Award Amount: $574,450

Center for Excellence: Springfield

Lead Investigator: Dr. Wendell Scott, St. Johns Medical Institute
Collaborators: Dr. Paul Durham, Missouri State University

Summary:

Endophthalmitis is the inflammation of intraocular cavities of the eye most commonly caused by
microbial infection, which can lead to decreased and permanent vision loss. Although the risk of
endophthalmitis can never be completely eliminated, taking proper precautions such as pre- and
post-surgical antisepsis, aseptic surgical technique, and prophylactic antibiotics can greatly reduce
the incidence. An issue of particular concern involving ocular surgery is the best method for
disinfection. The eye is highly sensitive to pH, tonicity, viscosity, concentration, and surface tension
making it one of the most difficult parts of the body to disinfect.

Povidone-iodine (PVI) is currently used as a topical pre- and postoperative antiseptic for the eye
through off-label methods of manually diluting the standard 10% product for the skin with sterile
saline to achieve a 5% concentration. The off-label use of the 5% PVI causes local inflammation as
well as death to the healthy epithelial cells that provide the covering of the eye. Since the current
formulation is also highly acidic, it causes pain and discomfort to the patient when applied to the
eye without first using an anesthetic. Their novel formulation of PVI, iPrep, has a neutral pH
allowing for direct application to the eye without irritation and a lower concentration of iodine, which
significantly reduces damage to healthy epithelial cells while maintaining its excellent antiseptic
properties.

Other benefits of iPrep include the inability to develop bacterial resistance, capability to be used
repeatedly in all age groups, inexpensive to manufacture, and highly effective against a wide range
of infectious agents including Gram positive and negative bacteria, fungi, viruses, protozoa, and in
particular, important ocular pathogens: Herpes simplex, adenovirus, HIV, and Acanthamoeba.
Since the iodine concentration has been optimized and the irritation factors have been eliminated,
iPrep can be extended beyond pre- and post-surgical antisepsis to an over-the-counter eye
antiseptic to reduce infections caused by minor cuts and scratches.

Another application of iPrep is for communicable ophthalmic infections such as Trachoma.
Trachoma is a bacterial eye infection estimated to affect over 6 million people making it the leading
cause of preventable blindness worldwide. Unfortunately, third-world countries are most affected
by the debilitating effects of this disease. iPrep is a safe and inexpensive ophthalamic antiseptic
that is anticipated to provide a readily accessible therapy which would drastically change the way
Trachoma is treated.

The collaboration between St. John’s Medical Research Institute and the Center for Biomedical and
Life Sciences utilizes the strengths of a well established health care facility and those of higher
education expertise to engineer and test iPrep both in animal and human trials. iPrep is ideal for
investment by the Life Science Research Board as a medical device according to the FDA United
States Code [321] due to the straightforward nature of the transition to commercialization and the
potential extensive impact to Springfield and the State of Missouri, as well as national and
international communities.

29




Project #: 09-1024

Project Title: Translational Acceleration Center

Award Amount: $520,000

Center for Excellence: St. Louis

Lead Investigator: Marcia Mellitz, Center for Emerging Technologies
Summary:

This grant will create a Translational Acceleration Center for life science start-up companies involved
in proof-of concept research. The Center for Emerging Technologies, Washington University,
University of Missouri St. Louis, and BioGenerator.

This will project will fit out and equip 300 sq ft. modules of wet lab research space and associated
office space in the CET Building 111 which is currently being developed. The lab fit out will include
benches, sinks, fume hoods, casework, and advanced telecommunications capacity. CET will
provide these companies with extensive support services through the company creation and
development phases. The leases will be short-term and priced affordably so as to easily enable the
transition from university lab to company creation. This project will be designed to serve new start-
up companies with very limited funding and the need to use their resources for product
development rather than lab fit out.

This project is an important component in building the life science capacity of Missouri by
developing physical facilities, support services, and a mechanism of collaboration to transform
university discoveries into commercially viable innovative products. Overcoming the “Valley of
Death”, that critical transition from university bench to company formation and successful early
stage growth, is a barrier facing many institutions and organizations across the country. Although
scientific breakthroughs are important and essential, it is bringing them to market that creates a
new 21° century industry base for the state and its long term economic advantage.

Project #: 09-1011

Project Title: Molybdenum-99 / Technetium-99m Processing Facility At
MURR

Award Amount: $1,097,761

Center for Excellence: Statewide

Lead Investigator: Ralph Butler, University of Missouri

Collaborators: Dr. John Robertson, University of Missouri

Summary:

The University of Missouri Research Reactor (MURR) Center has been working to develop the
methodology and facilities for domestic production of molybdenum-99 (Mo-99) from low enriched
uranium (LEU), with the objective of meeting half of the nation’s medical need for its daughter
product, technetium-99m (Tc-99m). In the United States alone, Tc-99m is used in ~35,000
procedures each day. Collaboration with and funding from the Department of Energy has focused
on developing new starting material that will yield Mo-99 that not only meets FDA specifications, but
also addresses the global issue of nonproliferation and secures a sizable domestic supply of this
critical radiopharmaceutical for medical imaging. In parallel with methodology and process design
are the design and construction of a production facility addition at the MURR Center.
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The MURR Center is seeking $1.3 million for the architectural and engineering design of a Mo-99/Tc-
99m processing facility. Having commercial-scale Mo-99 processing capabilities for the production
of Tc-99m at the MURR Center will ensure a significant domestic supply for patient use, clinical trials
and new R&D applications of a proven radioisotope. As there is no current U.S domestic production
of Mo-99, the State of Missouri would become the sole U.S. producer of this critical radioisotope. In
meeting half of the U.S. demand, the project would generate annual gross revenues of $30 to $40
million.

Technetium-99m

Technetium-99m (Tc-99m) is the most commonly used medical radioisotope in the world. Over 30
different radiopharmaceuticals use Tc-99m for imaging and performing functional studies of the
brain, myocardium, thyroid, lungs, liver, gallbladder, kidneys, skeleton, blood and tumors. It is
estimated that more than 70% of all nuclear medicine procedures use Tc-99m, and ongoing
research is being carried out to develop even more applications for this isotope. Tc-99m does not
occur naturally; because it has a short half-life of 6.02 hours, it has to be continuously produced and
cannot be stockpiled. Fortunately, Tc-99m is the decay product (daughter) of molybdenum-99 (Mo-
99) which has a half-life of 66 hours. The isotope is made available to physicians and patients by
distributing Mo-99/Tc-99m generators to nuclear medicine facilities on a weekly basis.

Production of Mo-99/Tc-99m

Most of the Mo-99 produced today is from the neutron irradiation of high enriched uranium (HEU)
targets at reactors in Canada, Europe, and South Africa. After neutron irradiation, the HEU targets
are removed from the reactor and chemically processed to recover the Mo-99. The Mo0-99 is
shipped to a facility that loads the Mo-99 on to an aluminum oxide column known as a technetium
generator. The generator manufacturer ships the loaded generator to a nuclear pharmacy, which
recovers the Tc-99m by passing saline solutions through the generators. The nuclear pharmacist
formulates the drug products, by adding the appropriate amount of Tc-99m solution to a freeze-
dried kit. The Tc-99m pharmaceutical is drawn into a shielded syringe and transported to the
hospital for injection into the patient by a nuclear medicine physician. Covidien in St. Louis is one of
only two licensed Tc-99m generator manufacturers in the U.S.

31



Total Grant Funding:

Total for Research:

Project Summary

$13,100,000

$10,500,000

Letter of Intent--Research

Centers for Requested Research | # of Requested

Excellence Funds Projects

Kansas City $26,680,047 43

Springfield $7,036,309 15

St. Louis $11,444,758.88 13

Statewide $67,547,438.21 88

Subtotals $112,708,553.09 159

Full Proposals--Research

Centers For | Requested # of Awarded Funds | # of %o of

Excellence Funds Requested Projects | Available

Projects Awarded | Funds

Awarded

Kansas City $11,134,293 16 $2,432,152.57 4 23%

Springfield $4,979,981 8 $825,000 1 8%

St. Louis $9,177,498.20 8 $3,270,301.70 4 31%

Statewide $29,063,772.67 27 $4,063,772.67 5 38%

Subtotals $54,355,545 59 | $10,547,689.94 14 100%o

Total for Commercialization: $2,600,000

Letter of Intent--Commercialization

Centers for Requested # of Requested

Excellence Commercialization Projects

Funds

Kansas City $3,122,950 5

Springfield $1,197,600 2

St. Louis $4,136,000 5

Statewide $6,968,294.75 12

Subtotals $15,424,844.75 24
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Full Proposals--Commercialization

Centers For | Requested # of Awarded # of % of
Excellence | Funds Requested | Funds Projects | Available
Projects Awarded | Funds
Awarded
Kansas City $0 0 $0 0 0%
Springfield $574,450 1 $574,450 1 22%
St. Louis $520,000 1 $520,000 1 20%
Statewide $3,262,739 5 $1,505,550 2 55%
Subtotals $4,357,189 7| $2,600,000 4 100%

33



Life Sciences Research Board
Missouri Department of Economic Development

Roger Mitchell, Ph.D., Chair
Professor Emeritus

Division of Plant Sciences

2-20 Agriculture Building
University of Missouri-Columbia

Jeanne Daffron, Ph.D.

Asst.Vice President for Academic and
Student Affairs

Missouri Western State University
4525 Downs Drive

St. Joseph, MO

Representative Bob Onder
Missouri House of Representatives
Capital Building, Room 201E
Jefferson City, MO 65102

T. Edward Pinegar
5308 S. Kissick
Springfield, MO 65804

Kevin Sprouse

Vice President and Chief Operating Officer
IMMVAC, Inc.

6080 Bass Lane

Columbia, MO 65201

Edward Stevens

President

Pulse NeedleFree Systems
8210 Marshall

Lenexa, KS 66214



MISSOURI LIFE SCIENCES RESEARCH BOARD

GRANT AWARDS UPDATE
FY 2008

Report to the Chair of the Senate Appropriations Committee
And Chair of the House Budget Committee

Prepared By Missouri Technology Corporation

December 31, 2008



FY 2008 Research and Commercialization Projects

In FY2008, Eighty percent, or $10.5 million, was awarded for Life Science Trust Fund research

grants. Twenty percent, or $2.6 million, was awarded for Life Science Trust Fund

commercialization grants.

Funding Summary by Project Type FY 2008

Funding Type Funding Allocated
Research $10,500,000
Commercialization $ 2,600,000
TOTAL $13,100,000

Funding Summary - Research

Proposal Recipient Project Title Program Funding
Number Area Allocated
13234 University of Bone Fracture Repair in Animals | Animal Health | $786,998
Missouri- Using a New Bond Cement
Kansas City
(UMKC)
13249 Missouri State Insect-Deterrent and Gateway Fund | $52,953
University Antifeedant Properties of Ginkgo
(MSU) Biloba
13238 UMKC Evaluation of Candidate Animal Health | $675,000
Diagnostic Targets for Johne’s
Disease in Livestock
13321 University of Advancing Animal and Plant Animal, Plant, $3,381,568
Missouri- Agricultural Sciences in Missouri | Environmental
Columbia Science
(UMC)
13250 Washington Discovery and Utilization of Bioenergy $2,989,703
University Enzymes for Renewable Biofuels
Production
13248 University of Integrated Program for the Bioenergy $526,906
Missouri-Rolla Development of Microalgae as
Sustainable Resources for
Biofuels and Biomaterials
13230 UMKC Ultrahigh-Throughput Sequence | Plant Science $558,020
Profiling of Small RNA in
Brachypodium Distachyon, an
emerging model for Cereal and
Biofuel Crops
13243 MSU Grape Polyphenols: Potential for | Gateway Fund | $897,955
New Commercial Products and
Enhanced Plant Health
13254 UMKC Identification of Functional Plant Science $318,624

Replication and Transcription
Linked to Residues for
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Chromatin Assembly by Histone
H3 Proteins in the Corn Smut
Ustilago and the Yeast
Saccharomyces

13246 UMKC Novel Therapeutic Strategies for | Animal Health | $312,273
the Treatment of Eye Diseases
in Animal

TOTAL | $10,500,000

Research Project Summaries

Project # 13234: Bone Fracture Repair in Animals Using a New Bond
Cement

Award Amount: $786,998

Program Area: Animal Health

Center for Excellence: Kansas City

Lead Investigator: David J. Eick, University of Missouri-Kansas City

Collaborators: Donna M. Pacicca, The Children’s Mercy Hospital

Summary:

Pets and large animals, such as horses, currently benefit from biomaterials (materials used in
medical devices that interact with the body) that are used to stabilize and heal bone fractures.
Frequently, a bone cement is used to stabilize fractures and prosthetic devices such as those
used for hip replacement in dogs with hip dysplasia, a disease that can cause crippling
lameness and painful arthritis. The bone cement that is currently used for this purpose is a
strong resin (called PMMA) that has several significant drawbacks — it impedes the healing of
the bone due to severe toxicity and heat generation and it contracts while solidifying.

The scientists leading this project have developed a silorane-based resin that is superior to
PMMA in several important ways. This resin, for example, maintains the same strength as
PMMA without contracting or shrinking while drying. It is also less toxic and generates less
heat. Additionally, preliminary data suggest this resin actually supports, rather than hinders,
bone formation. The results of this study will be the development of composites that have
enhanced strength and compatibility with the body. Fillers will be included in the form of hollow
microspheres (biodegradable glass) that could be used to contain and act as carriers for
antibiotics or growth factors that induce bone growth and blood vessel formation.
Accomplishment of these goals will lead to a commercial application that will improve bone
health in both large and small animals.

UPDATE:

The broad, long-term objective of this grant application was to develop drug
delivery strategies to improve ocular absorption of topically applied
veterinary drugs such as erythromyecin, prednisolone, acyclovir (ACV) and
bimatoprost for the treatment of bacterial keratitis, inflammations and viral
corneal keratitis respectively. They have already reported to The Missouri
Life Sciences Research Board that erythromycin and bimatoprost have been
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replaced with ganciclovir (GCV) and gatifloxacin respectively due to higher
clinical significance to veterinary health sciences. The first specific aim
involves the synthesis and characterization of the sterioisomeric prodrugs of
ACV, GCV and prednisolone. This goal has been completed. The prodrugs
have been characterized for their interaction with peptide transporters.
Bioreversion and stability studies for ACV and GCV prodrugs have been
carried out.

They have screened gatifloxacin for its affinity towards the efflux
transporters (P-glycoprotein, Multidrug resistance associated protein and
Breast cancer resistance protein). Synthesis of sterioisomeric prodrugs of
gatifloxacin is in progress. They have also prepared and characterized
nanoparticles of ACV and its prodrugs. They have synthesized and
characterized a novel pentablock (PB) polymeric material made of
multipolymer blocks like polyglycolide, polyethylene glycol and
polycaprolactone (every block of PB polymer is FDA approved for human
use). Since polyglycolide has a faster biodegradation profile relative to
polycaprolactone, varying the ratios of these two blocks polymers in the PB
polymers can optimize the long term release of these sterioisomeric prodrugs
in the eye.

They are planning to utilize this novel PB polymer (US patent in preparation)
to prepare and characterize nanoparticles. Prodrug entrapment efficiency,
particle size, and release profiles will be optimized by adjusting polymeric
block ratios of PB polymer. Nano particles containing ACV, GCV,
prednisolone, gatifloxacin and their prodrugs will be ready for evaluation in
the rabbit eye in next two months. A suitable long term delivery system will
be available for testing in animals (Cats and Dogs) by the end of 2009.

Project # 13249: Insect-Deterrent and Antifeedant Properties of Ginkgo
Biloba

Award Amount: $52,953

Program Area: Gateway Fund

Center for Excellence: Springfield

Lead Investigator: Maciej Pszczolkowski, Missouri State University

Summary:

The goal of this research project is to develop a novel pest control strategy targeting internal
fruit feeding insects. Codling moth, the most significant apple pest problem for Missouri
growers, infests the fruit as “neonate,” or newborn, larvae within twelve hours after hatching
from the egg and stays inside the fruit until its development is complete. Recently advocated
Codling moth control measures that target adults are only at an early stage of development in
Missouri and may not be effective enough to provide satisfactory control measures. Historically,
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broad-spectrum contact insecticides have been used to target larvae just after hatch. However,
these insecticides pose a severe risk to human health, negatively impact the natural
environment, and will soon be banned by the federal “Food Quality and Protection Act.” If no
alternatives are commercially available after this pesticide is banned, it is estimated that
Missouri apple growers will lose at least $5.2 million in annual income.

It is already known that ethanolic extracts from Ginko biloba (a Chinese tree that is
exceptionally resistant to insect pests) prevents apple infestation by Codling moth neonates.
This study will determine which Ginko substances discourage neonates from infesting fruit. By
identifying these substances, the study will open a new avenue for Codling moth control with
substances derived from an herb which has been known to be beneficial to human health,
thereby helping to reduce potential human health risks and minimize adverse environmental
effects from currently used Codling moth control measures. The study will be undertaken in
cooperation with an internationally recognized expert on modifying Codling moth larvae
behavior with plant extracts. The results will be licensed to a Missouri-based company which
produces chemicals for agricultural applications.

UPDATE:

This two-year project aims to identify the components of Ginkgo biloba that have
antifeedant and deterrent properties toward the major cosmopolitan pest of apples,
codling moth, Cydia pomonella.

During the first year, the Pl and co-workers established a season-independent
choice assay for testing Ginkgo extracts. Methodology of this assay has been
published in a peer-reviewed research paper, which is scheduled to appear in
Journal of Entomological Society of British Columbia by the end of December 2008.

Moreover, they partitioned Ginkgo extracts into five fractions, each containing
different class of chemicals that are found in Ginkgo foliage. Three classes of Ginkgo
constituents were inactive in their assays. One class is still being tested. Yet another
class of Ginkgo constituents has deterrent properties and prevents fruit infestation
by codling moth larvae in dose- dependent manner. They are in the process of
identifying the deterrent chemical compound in this fraction.

Their results pave the way to implementation of strategies of codling moth control
with plant derivatives, so called secondary metabolites. These may be synthesized
on a larger scale and used for sprays against codling moth larvae. Alternatively,
their chemistry may suggest how codling moth- resistant apple varieties could be
rationally designed.

Project # 13238: Evaluation of Candidate Diagnostic Targets for Johne’s
Disease in Livestock

Award Amount: $675,000

Program Area: Animal Health

Center for Excellence: Kansas City

Lead Investigator: Brian V. Geisbrecht, University of Missouri-Kansas City
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Collaborators: John P. Bannantine, National Animal Disease Center, U.S.
Department of Agriculture

Summary:

Johne’s disease is a fatal livestock disease that results from a chronic infection of the gut
(stomach and intestines) by the widely distributed environmental organism Mycobacterium
avium paratuberculosis (MAP). The economic impact of Johne’s disease accounts for an
estimated loss of $1.5 billion per year to U.S. livestock producers. Johne’s disease is widely
considered to be one of the most serious issues affecting livestock in Missouri.

In addition to livestock concerns, mounting evidence suggests that milk production from
infected animal results in contamination of a large percentage of the nation’s dairy supply, since
common methods of pasteurization do not destroy MAP. It is therefore essential for both
economic and human health related reasons to have adequate methods of diagnosing Johne’s
disease in cattle as well as methods for testing dairy products for MAP contamination.
Unfortunately, affordable and effective tests for this organism and Johne’s disease have yet to
be developed.

This study will examine target immunological biomarkers (fragments of DNA sequence that
cause disease) derived from the MAP bacterium and assess the feasibility of translating these
protein antigens (molecules that stimulate an immune response) into affordable diagnostics for
MAP infection in livestock and their agricultural products.

UPDATE:

Mycobacterium avium paratuberculosis infection of livestock, also krnown as
Johne’s Disease (JD), continues to represent an substantial economic burden to
dairy producers. JD is caused by a chronic infection of the gastrointestinal tract
with the slow-growing environmental microbe Mycobacterium avium
paratuberculosis (Map). There are currently no affordable diagnostic tools to help
dairy producers control the spread of this disease amongst their herds. As a result,
they received funding from the Missouri Life Sciernces Trust Fund to address this
need.

The rationale behind their project lies in the fact that the bovine immune
system specifically recognizes marny of the proteins produced by Mycobacterium
avium paratuberculosis (Map). In this regard, understanding the molecular basis of
these specific immune reactions should provide the basic knowledge needed to
begin development of a field-deployable immune-based diagnostic for Map
infection. Of the greater than 3,000 proteins produced by this organism, they
focused on about 20 of these whose immunological properties make them the most
promising candidate diagnostic agents. During this period, they have expressed and
purified approximately 12 different Mycobacterium avium paratuberculosis proteins
for further immunological testing.

Though this work is ongoing, they have made the greatest progress in their
studies of the hypothetical protein MapXXXX (N.B.: this unusual notation is used to
protect the identity of this protein, which will be important in securing the
University’s intellectual property rights to the data which follow). To begin, they
have determined the three-dimensional structure of a protease-stable fragment of
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MapXXXX. Though the protein is exceedingly rich in glycine and proline residues, it
nevertheless adopts a stable, folded structure that belongs to the P60 family of
bacterial invasin hydrolases. In concurrent work, they have also used the
recombinant MapXXXX proteins for their structural studies to characterize two
different monoclonal antibodies, 14C5 and 8G6, isolated by their collaborator, Dr.
John P. Bannantine (who works at the USDA). At this point, they have fully
sequenced the immunoglobulin heavy and light chain genes expressed by these two
monoclonals, and are working on producing recombinant, or synthetic, antibody
fragments that mimic their function in terms of binding to MapXXXX. Futhermore,
they have mapped the regions recognized by these monoclonals to two separate
areas of the MapXXXX structure and, more importantly, have discerned which
regions of the MapXXXX protein are most antigenic to subclinically-infected, but JD-
positive cattle. The reason that this piece of information is so important is that it
will allow us to focus over the next year on developing their recombinant
monoclonal antibody platform to specifically-detect this “biomarker” region of
MapXXXX. While they hope to be able to use these tools to begin design of the long
sought-after JD diagnostic, they plan to continue similar efforts on other Map
proteins in case the development of MapXXXX fails.

In the last year, they have set their project to characterize potential Johne’s Disease
diagnostic targets in motion.

Project # 13321: Advancing Animal and Plant Agricultural Sciences in
Missouri

Award Amount: $3,381,568

Program Area: Gateway Fund, Odor Abatement, Water Quality, Plant
Science, Animal Health, Life Sciences Capacity
Enhancement

Center for Excellence: Statewide

Lead Investigator: Marc J. Linit, University of Missouri-Columbia

Collaborators: Rod Geisert, University of Missouri-Columbia

Jack Jones, University of Missouri-Columbia

Rob Kallenback, University of Missouri-Columbia

Monty Kerley, University of Missouri-Columbia

Scott Peck, University of Missouri-Columbia

Keith Striegler, University of Missouri-Columbia

Jinglu Tan, University of Missouri-Columbia

Jerry Taylor, University of Missouri-Columbia

Jay Thelen, University of Missouri-Columbia

John Walker, University of Missouri-Columbia

Wenping Qiu, Missouri State University, Mountain Grove

Summary:

This University of Missouri proposal focuses on strategic investments across a broad spectrum
of research stages — basic, transitional, applied — in order to enhance Missouri’s position as a
national leader in the agricultural sciences. These research projects will focus on both animal
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and plant science with a particular emphasis on building instrumentation and research
equipment capacity, which is a major factor in attracting federal research dollars and, of course,
serves as the tool that allows research scientists to develop new technologies. Specific projects
will focus on measuring agriculture impacts on Missouri streams, developing livestock odor
abatement strategies, improving feed efficiency for pasture-based dairy and beef cattle
operations, and extensive study of plant genetics and proteins to improve crop yield. Findings
from this research will not only enhance animal and plant productivity, but improve citizens’
quality of life while contributing to Missouri economic development efforts.

UPDATE:

Maintaining Water Quality Associated with Plant and Animal Agriculture

In March and April, the Pl’s selected and ground-checked nearly 100 watersheds
and stream sampling sites in Northern Missouri. Sites were culled from a pool of
watersheds without municipal or industrial point sources, with minimal urban
development and representing a broad mix of dominant land-cover types (crop,
pasture, forest). Half the selected sites have CAFO’s in their watershed or in one or
more adjacent catchments.

Monitoring and Management of Animal Odor
Efforts have been successful in reducing waste output in beef cattle. Diet

formulations were developed that allowed roughage removal from the diet and
optimized absorbable amino acid to energy ratio in the diet. The net result was a
reduction in waste volume output by approximately 60%6 in the growth phase and
4096 in the finishing phase. They are also using carbon and nitrogen emissions
equations developed for exchange trading in Canada to demonstrate the influence
of diet formulation changes on carbon emissions. Their expectation is that similar
type equations will be used in the US, or used for globally trading carbon credits.
Additionally, they are validating new feedlot technology that defines the feeding
endpoint of cattle in the feedlot. This technology will further reduce carbon
emissions from beef production entities.

Improved Efficiencies in Pasture-Based Dairy Operations

Pasture-based dairy systems in Missouri have grown exponentially over the past 5
years, investing more that $100 million in capital and adding nearly 20,000 dairy
cows to the state. While these operations are undeniably successful, one of the most
comimon management issues these producers face is monitoring pasture availability
and nutritive value. Presently, there is no efficient or simple way to monitor these
dynamic but important factors. To date they have evaluated four methodologies for
determining dry matter on-offer in pastures. Cool-season grass/legume pastures
grazed by dairy cows have been evaluated for pasture dry matter, forage quality,
and resultant milk yield every three weeks this year starting in late-March.

Additionally, as part of this grant they are purchasing new automated milking
equipment for the dairy parflor at the Southwest Center. This equipment is
scheduled to be installed in January 2009 and will give them the ability to measure
milk yield on a daily basis. This addition provides them with the capacity to conduct
detailed evaluations of how daily fluctuations in pasture availability and nutritive
value impact milk production. To their knowledge, MU will have the only pasture-
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based dairy operation in the US that can provide information on how variations in
pasture change day-to-day milk yields.

Genetic Improvement of Missouri’s Beef Herd

They have found that the ratio of complex I to complex 111 in the electron transport
chain (ETC) is significantly correlated to residual feed intake (metabolic efficiency)
in beef cattle. They have also recently demonstrated the economic value of
selection pressure for metabolic efficiency. They have a patent pending for
prediction of metabolic efficiency using the ratio of ETC complexes. MFA has
sponsored patent costs to date and is expected to be a partner in product
development. The research has also been used in part to attract a technology
company to the KC Life Sciences corridor.

Feed Mill Renovation to Support Contemporary Animal Nutrition Research
The University of Missouri Feed Mill was built in 1963 and continues to produce

approximately 2,000 tons of experimental feed per year. This facility provides
specialized feed for swine, poultry, beef, dairy, sheep and horses. The experimental
diets made by this feed mill are critical to our state’s agriculture research. The
Division of Animal Sciences feed mill functions to meet the need of delivering
multiple experimental diets for testing several animal species at the research farms
and centers. Currently, the contractor for the feed mill renovation has ordered the
grain bins and started construction in November. Existing bins have been removed.
Once the University provides permission the Pellet Mill will be replaced by the end of
the year.

On-Farm Enerqy production.: Integrated Systems Approach to Biomass Utilization
The project has been divided into three sub-projects. Each sub-project is provided a
graduate research assistantship (GRA) and is coordinated/participated by one or
more group members. The sub-projects will result in models which will be
integrated into a system model.

=  Crop production models. This effort is led by Gene Steverns and is focused on
modeling cellulosic biomass production. One graduate student is onboard and
work Is underway at the Delta Center.

»  Biomass handling and processing model. Two students (one grad and one
undergrad) have been recruited for the work. Software programs have been
acquired and they have established cooperation with Show Me Energy Coop
as the model system. Data collection has started. Jinglu Tan, Steve Borgelt,
and Leon Schumacher lead and coordinate this effort.

=  Conversion process models. This sub-project focuses on thermochemical
conversion processes. Bill Jacoby and Fu-hung Hsieh lead the effort. A
graduate student is onboard and work is ongoing in Jocoby'’s lab.
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Grape Genomics and Viticulture

The objective of the project is to determine the prevalence and significance of virus
diseases in commercial vineyards and associated native grape populations. They
collected 45 samples of five wild grape species from three natural habitats in June,
2008, and 151 samples of grapevines from four commercial Chardonel vineyards in
July, 2008. They inspected the four Chardonel vineyards and found that virus or
virus-like diseases are epidemic in these vineyards. They have completed the
extraction of total RNA from 196 samples. They have completed the detection of
two nematode-transmitted grapevine viruses in the 45 wild grape samples by using
reverse transcription polymerase chain reaction (R7T-PCR). Sequences of virus-
specific RT-PCR amplified DNA fragments were obtained. The results so far have
generated new information on the status of grape viruses in Missouri and possible
origin of grapevine viruses. The updated knowledge of grapevine viruses will assist
the Missouri grape and wine industry implement effective management of grape
virus diseases in the future.

Enhance Statewide Equipment

Infrastructure Supporting Plant and
Animal Genomics

LSTF funds were used to acquire an
lllumina Genome Analyzer Il and an
lllumina BeadExpress instrument for
the University of Missouri Life
Sciences Research Community
(MULSRC). Because they purchased
the instruments as a bundle they were
able to achieve a discount on the
purchase of the Genome Analyzer 11,
allowing $52,669 from the LSTF grant
to be contributed towards the purchase of the BeadExpress. The BeadXpress is a
versatile instrument which allows low density single nucleotide polymorphism
(SNP) genotyping, Gene or Protein Expression analysis and this instrument has now
been installed and the DNA Core Staff were trained on the instrument the week of
September 1, 2008. Dr. Keisler in Animal Sciences plans to use this platform for
qguantifying hormone levels and Dr. McMullen in Plant Sciences will use the
instrument for focused GoldenGate SNP genotyping assays.

-

e The Genome Analyzer Il has been installed and is currently being utilized
by the MULSRC. The DNA Core personnel have had the opportunity to
create libraries and process samples for DNA resequencing, small RNA
identification and quantitation, and chromatin immunoprecipitation and
sequencing (ChlP-seq) applications and the instrument’s performance has
been exceptional.

The paired-end module was installed and DNA Core staff were trained August 25" -
27" Generating data with the paired-end module will provide a benchmark for
expected instrument performance and Drs. Taylor and Prather are interested in
performing paired-end sequencing analyses of cattle and swine genomics DNA.




Quantitative Proteomics for the Plant and Animal Sciences in Missouri

The ThermoFisher LTQ Orbitrap mass spectrometer was delivered and installed in
March 2008. Members of the Thelen and Peck labs along with staff of the Charles W
Gehrke Proteomics Center participated in a four-day training course for instrument
operation. During that course, samples were run to examine the instrument’s
performance for determination of sites of phosphorylation and for determination of
technical variability associated with same sample analyses (the first step towards
quantitative proteomic measurements).

campus in November.
end.

A second piece of equipment, SageN Research Sorcerer2
Integrated Data Appliance, was also purchased and
delivered on-site. Over 100 database searches have been
completed to date and the data are currently being analyzed.
Each search takes about 16 hours to complete. Although this
is comparable to previous search engines, the major
advantage of the Sorcerer?2 is that six searches can be done
simultaneously. This has increased data throughput from 2
months to about 2 weeks. This increase in speed should
facilitate progress on the project as a whole.

The third major equipment purchase from the LSTF award is
a second mass spectrometer. The instrument arrived on
Installation and training should be complete before year’s

Project # 13250:

Award Amount:
Program Area:

Center for Excellence:
Lead Investigator:
Collaborators:

Discovery and Utilization of Enzymes for Renewable
Biofuels

Production

$2,989,703

Bioenergy

St. Louis

Himadri Pakrasi, Washington University

Largus (Lars) Angenent, Washington University
Rajeev (Reggie) Aurora, Saint Louis University
Richard Axelbaum, Washington University

Roger N. Beachy, Donald Danforth Plant Science Center
Pratim Biswas, Washington University

Robert Blankenship, Washington University

Jeffrey |. Gordon, Washington University

Tuan-Hua David Ho, Washington University

Monty Kerley, University of Missouri-Columbia
Shelley Minteer, Saint Louis University

Ralph Quatrano, Washington University

Monica Schmidt, Donald Danforth Plant Science Center
Thomas Smith, Donald Danforth Plant Science Center
Gary Stacey, University of Missouri-Columbia

Teresa Thiel, University of Missouri-St. Louis
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Xuemin (Sam) Wang, University of Missouri-St. Louis
Dong Xu, University of Missouri Columbia

Oliver Yu, Donald Danforth Plant Science Center
Zhanyuan Zhang, University of Missouri- Columbia

Summary:

This proposal includes a comprehensive set of biofuels related research projects by members of
the Missouri Biofuel Research Consortium in St. Louis, a group of 20 world class plant scientists.
The projects focus on three areas: improving the efficiency of transforming biological materials
into energy, enhancing the reliability and cost effectiveness of biofuels, and increasing the
efficiency of transforming sunlight into energy via biological materials (plants and algae). While
fossil fuels will remain a critical fuel for energy generation in the foreseeable future, bio-derived
fuels will be an important component of our regional and national energy portfolio. Availability
of cheap, abundant energy is imperative for the economic prosperity and national security of
any country. This proposal will help biofuels transition from a boutique to a primary energy
source, improving both of these important ends.

UPDATE:

The research activities of the Missouri Bioenergy Research Consortium (MBRC), a
group of 20 investigators from five academic and research institutions in Missouri,
are all aimed at the efficient production of renewable biofuels. Highlights of
preliminary results from the two primary objectives follow.

1. Discovery of Enzymes for the conversion of lignocellulose to biofuels.
The conversion of lignocellulosic materials to bioetharnol has been regarded as a
challenging task in the current efforts toward biofuel production. Using a genomics
based approach, MBRC investigators have:
completed the capability enhancement phase,
o developed an assay and method for liberating sugars from carbohydrates and
converting them to a common intermediate,
o developed new instrumentation capabilities for metabolite measurements,
o made substantial progress in developing an inducible lignin degradation
system using enzymes from plants, fungi and bacteria;
o made great progress in identifying exo- and endoglucanases as well as
laccase;
e determined the atomic structure of SusD, member of a new class of acterial
proteins potentially involved in lignocellulose degradation
(Teatured on the July 2008 cover of Structure),
established an efficient regeneration process for biofuel crops, a first step
toward efficient genetic transformation.

2. Microbial Carbon Sequestration for Biofuel Production:
In the presence of sunlight, microalgae can efficiently convert carbon dioxide into
biomass, which can be further converted into biofuels, thus providing both a source
of renewable energy and carbon capture. To this end, MBRC investigators have:
e screened and optimized several algal strains with useful traits for bioenergy
production,
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o developed a lab-scale coal combustor to allow for studies of microalgae
growth under realistic flue gas compositions,
o completed preliminary work on carbon dioxide capture.

These results have provided a significant part of the scientific framework for the
newly established Consortium for Clean Coal Utilization at Washington University, a
research partnership with commitments of $5 million each from Arch Coal and
Peabody Energy and $2 million from Ameren, three corporations headquartered in
Missouri. The consortium's goal is to bring university researchers, industries,
foundations and government organizations together to addressing the scientific and
technological challenges of ensuring that coal can be used in a clean and
sustainable manner.

Project # 13248: Integrated Program for the Development of Microalgae as
Sustainable Resources for Biofuels and Biomaterials

Award Amount: $526,906

Program Area: Bioenergy

Center for Excellence: Statewide

Lead Investigator: Paul Nam, University of Missouri-Rolla

Collaborators: Keesoo Lee, Lincoln University

Virgil Flanigan, University of Missouri-Rolla
Fabio Rindi, University of Alabama

Summary:

Scientists from multiple disciplines and institutions will work
collaboratively to develop algae as a potential solution to
growing energy and environmental challenges. This project
seeks to: develop sustainable and less expensive methods
for the capture and conversion of solar energy in algae;
develop methods to use algae biomass as a renewable fuel
source; and develop practical and environmentally

responsible methods of carbon dioxide capture and
sequestration. The major thrust of the research program will
focus on the following: 1) identification of high yielding, hardy,
pest resistant algae strains; 2) developing economically viable,
commercial scale algae cultivation systems; 3) identifying an
effective system for extracting oil from wet algae for conversion
into biodiesel; and 4) testing methods for fermenting algae
carbohydrates into ethanol. Integration of these innovations
should yield a comprehensive algae cultivating and refining - :
system that can economically mass-produce biomass feedstock for conversion mto biofuels,
biopolymers (plastics), and other valuable products.
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UPDATE:

As a part of the research directed at the production of biofuels from microalgae,
they’ve been exploring algal strains and their growth conditions that yield the
maximum amount of biomass and target biochemicals. Microalgal species were
collected from local and non-local regions, and subjected to the isolation,
identification and cultivation. Lipid content and transesterification product were
monitored in order to evaluate their potential as a sustainable feedstock for
producing biodiesel. Microalgae growth media containing various concentrations of
essential nutrients were compared for the best algal biomass production. The
optimum algal cultivation condition was determined by measuring the amount of
biomass present during the log phase of growth through the measurement of optical
density or dry weight. For the large-scale algae cultivation, an incremental volume
was harvested daily to determine the biomass yield. The harvesting and de-
watering of algae culture were conducted via the flocculation-aided technique
which allowed the treatment of large volume of algal culture.

Dr. Nam and Dr. Lee have completed ways to identify algal strains and growth
conditions for maximum biomass/target biochemical yields, adaption to various
environmental conditions, and resistance to invasion by undesirable species.
Microalgae stains from Missouri and other regions have been collected, isolated, and
cultivated and their growth rate and oil content of these stains were measured and
compared.

_—

Furthermore, they have begun the investigation of
optimum growth conditions for large-scale, open-
pond algae culturing will start later this year. They
have established a collaborative research agreement
with Associated Electric Cooperative and Central
Electric Power Cooperative to construct a pilot algae
cultivation pool at their Chamois Power Plan and
utilize the carbon dioxide from the flue gas. They are
providing the research location and in-kind support
($50,000 for construction materials and engineering
services).

Dr. Nam and Dr. Lee presented some of their findings at the Annual Meeting of the
Missouri Academy of Science.

Project # 13230: Ultrahigh-Throughput Sequence Profiling of Small RNA in
Brachypodium Distachyon, an Emerging Model for Cereal
and Biofuel Crops

Award Amount: $558,020

Program Area: Plant Science

Center for Excellence: Kansas City

Lead Investigator: Julia Chekanova, University of Missouri-Kansas City
Collaborators: Todd Mockler, Oregon State University
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Summary:

Progress in understanding the basic biology and mechanisms of gene function in monocot
grasses (the world’s predominant grass species), including cereal species cultivated for food and
feed, as well as dedicated biofuel crops such as switchgrass, has been severely constrained for
many years due to the lack of convenient experimental systems (i.e. model crops). For
example, RNA has emerged during the past decade as a key controller of genome function, yet
very little information on small RNA function in monocot species is currently available.
Brachypodium distachyon (a genetic relative of wheat, barley, and switchgrass) has recently
emerged as a premier model for studying how genes function in more genetically complex
temperate grasses because of its simple growth requirements, rapid life cycle, small size, and
relatively simple “genome,” or catalogue of hereditary information. This study will use the
model grass, Brachypodium, to fill the significant gap in knowledge that exists for monocot
grasses such as wheat, barley, oats, and switchgrass. Ultimately, this new knowledge wiill
benefit Missouri’s agriculture and biofuels industry through higher yields for these crops and
more efficient energy conversion.

UPDATE:

Small RNAs have been firmly established as key regulators of genome
function in diverse organisms including plants, yet the biology of small RNAs
in monocot plants remains poorly studied. The goal of this proposal is to
create a comprehensive catalog of small regulatory RNAs in Brachypodium
distachyon, the emerging model system for such agriculturally important
species of cereal crops as wheat, corn, rice, barley, as well as for dedicated
biofuel crops such as switchgrass, I.e. for the most economically important
group of plants. Because small RNA spectra are known to differ between
different tissues, stages and growth conditions, they chose to focus this year
on leaf, root and stem tissues, as well as on leaves of plants infected with the
plant pathogen fungus Magnaporthe grisea. Magnaporthe grisea is the causal
agent of rice blast disease, which is the source of tremendous crop losses
worldwide.

They have obtained and propagated Brachypodium distachyon line BdZ21,
established collaboration with the US Fungal Genetics Stock Center that is
housed at UMKC, and obtained USDA permit to carry out plant infections with
pathogenic fungi. They identified two strains of Magnaporthe grisea (Guy-11
and 70-15) causing infection of Brachypodium distachyon line B21 plants and
carried out pilot as well as full scale plant infections. Small RNAs were
isolated from three tissue types (leaves, roots, stems) as well as from leaves
of plants infected with Magnaporthe grisea. These small RNAs are being used
for small RNAs library construction. Solexa deep sequencing of first six small
RNA libraries is scheduled for January 2009.
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Project # 13243: Grape Polyphenols: Potential for New Commercial
Products and Enhanced Plant Health

Award Amount: $897,955

Program Area: Gateway Fund

Center for Excellence: Springfield

Lead Investigator: Laszlo Kovacs, Missouri State University
Collaborators: Wenping Qiu, Missouri State University

Richard Biagioni, Missouri State University

Paul Durham, Missouri State University

Daniel Schachtman, Donald Danforth Plant Science Center
Oliver Yu, Donald Danforth Plant Science Center

Summary:

Grapes synthesize a plethora of polyphenolic compounds (such as tannins and lignins), many of
which improve the health of both the plant and the human who consumes it or its product (e.g.
wine or juice). This study will focus on two varieties, Norton and Cabernet Sauvignon, the
former of which is the most prominent wine grape in Missouri. The project scientists will work
to identify the individual compounds, or classes of compounds, that provide the health benefits
provided by grapes and grape products. The resulting information will lead to the development
of novel high-value grape products, such as wines, food supplements, and herbal condiments
with scientifically-proven dietary value. This research project will also identify genes that direct
polyphenol synthesis in the berries that respond most effectively to plant pathogens or
diseases. Knowledge acquired from these studies will lead to healthier fruit products and
hardier plants, resulting in improved human health and lower fungicide usage in Missouri
vineyards.

UPDATE:

They have collected berry tissue (seed and skin) samples from two different
grapevine varieties (Norton and Cabernet Sauvigrnon) at defined
developmental stages all through the growing season. They are extracting
nucleic acids from these tissues to began studying genes of enzymes that
synthesize polyphenolic compounds in the berry. In addition, they began
collecting information on the key regulators of the flavonoid pathway, the
route by which the major polyphenolic compounds are synthesized in grape
cells. Twelve genes of these regulators have also been cloned and are now
being introduced into grape roots to determine how they influence flavonoid
biosynthesis.

A comparative analysis of the polyphenolic compounds themselves is
underway in both Norton and Cabernet Sauvignon. More than ten novel
anthocyanins (color-producing polyphenols) that are specific to Norton were
already identified at the level of molecular structure for the first time.
Chromatographic studies also are underway to compare the amounts of seed
polyphenols as they accumulate during the course of berry development. In
bioactivity studies, they have found that polyphenols extracted from the seed
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possess considerably higher anti-inflammatory activity than those from the
berry skin. Seeds also contain higher quantities of these compounds, with
maximal quantities measured at the developmental stage at which the berry
starts to change color and ripen (veraison).

Currently, large-scale experiments are underway in which seed extracts are
fractionated and the anti-inflammatory activity of the various fractions are
tested. Work is also in progress to determine how long the polymers are that
accumulate in the seed and in the berry skin, with results already showing
that proanthcyanidins form shorter polymers in the seed than in the berry
skin. Polymer length may be one of the characteristics that are important in
determining the anti-inflammatory potential on these compounds.

Project # 13254: Identification of Functional Replication and Transcription
Linked to Residues for Chromatin Assembly by Histone H3
Proteins in the Corn Smut Ustilago and the Yeast

Saccharomyces
Award Amount: $318,624
Program Area: Plant Science
Center for Excellence: Kansas City
Lead Investigator: Jakob H. Waterborg, University of Missouri-Kansas City

Summary:

Fungi are often serious plant pathogens which threaten and diminish agricultural crops. In
order to control fungi related diseases better, and to learn how one can directly interfere with
or change fungal actions, control of gene expression must be better understood. This study
uses Corn Smut, a fungal disease that infects corn, as a model. It seeks to understand the role
specific histones (spools around which DNA winds) play in growth and development of the
fungus. This basic research could eventually lead to applications to guard corn and other
important cash crops from fungal diseases.

UPDATE:

As in animals and plants, basidiomycetal fungi such as corn smut Ustilago
maydis, a corn pathogen, contain two functionally distinct histone H3 forms.
In Ustilago they differ by only 6 amino acids out of a total of 135 residues.
Four of these have been predicted to define the capability to participate in
Replication-Coupled (RC) assembly of nucleosomes across newly replicated
DNA or in Replication-Independent (R1) nucleosome assembly across genes
which have lost nucleosomes through the process of gene transcription.
Predicted cell-cycle dependent expression of RC and increased acetylation of
RI forms has been established. This project will define by gene mutation and
replacement the RC and RI functional residues in the two Ustilago H3
proteins. The single H3 in the yeast Saccharomyces cerevisiae has been
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show to be chimera with RC and RI functions. Ustilago H3 sequences will
identify yeast H3 residues required for RC or RI function by gene mutation,
rescue and replacement. This research explores one of the foundations of
eukaryotic gene expression, the dynamic packaging of genes by histone
proteins into chromatin.

This project has made significant progress and the Pl believes that this funding was
incredibly important, because this type of research was too early in its research
stage initially to receive federal funding.

Project # 13246: Novel Therapeutic Strategies for the Treatment
of Eye
Diseases in Animal

Award Amount: $312,273

Program Area: Animal Health

Center for Excellence: Kansas City

Lead Investigator: Ashim K. Mitra, University of Missouri-Kansas City

Summary:

Topical administration is the most preferred and convenient route for treatment of veterinary
eye diseases. However, drug levels absorbed by the eye for most topically applied drugs are
less than one percent of the applied dose. Obviously this is an inefficient treatment method.
The objective of this research project is to develop drug delivery strategies to significantly
improve eye absorption of topically applied veterinary drugs such as erythromycin,
prednisolone, acyclovir and bimatoprost for the treatment of bacterial keratitis, inflammations,
viral corneal keratitis, and glaucoma. With these grant funds, scientists will continue research
on a drug that, when added to eye medicine, results in greater solubility and eye absorption. In
addition, a drug is being tested that uses microscopic particles suspended in a gel solution to
increase the time the substance resides on the eye and sustains the release of the drug. This
strategy allows a single treatment application for one week therapy, causing much higher
efficacy of the applied medication, particularly in companion animals.

UPDATE:

The broad, long-term objective of this grant application was to develop drug
delivery strategies to improve ocular absorption of topically applied veterinary
drugs such as erythromycin, prednisolone, acyclovir (ACV) and bimatoprost for the
treatment of bacterial keratitis, inflammations and viral corneal keratitis
respectively. They have already reported to The Missouri Life Sciences Research
Board that erythromycin and bimatoprost have been replaced with ganciclovir
(GCV) and gatifloxacin respectively due to higher clinical significance to veterinary
health sciences.

The first specific aim Involves the synthesis and characterization of the
sterioisomeric prodrugs of ACV, GCV and prednisolone. This goal has been
completed. The prodrugs have been characterized for their interaction with peptide
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transporters. Bioreversion and stability studies for ACV and GCV prodrugs have been
carried out. They have screened gatifloxacin for its affinity towards the efflux
transporters (P-glycoprotein, Multidrug resistance associated protein and Breast
cancer resistance proteirl). Synthesis of sterioisomeric prodrugs of gatifloxacin is in
progress. They have also prepared and characterized nanoparticles of ACV and its
prodrugs. They have synthesized and characterized a novel pentablock (PB)
polymeric material made of multipolymer blocks like polyglycolide, polyethylene
glycol and polycaprolactone (every block of PB polymer is FDA approved for human
use). Since polyglycolide has a faster biodegradation profile relative to
polycaprolactone, varying the ratios of these two blocks polymers in the PB
polymers can optimize the long term release of these sterioisomeric prodrugs in the
eye.

They are planning to utilize this novel PB polymer (US patent in preparation) to
prepare and characterize nanoparticles. Prodrug entrapment efficiency, particle
size, and release profiles will be optimized by adjusting polymeric block ratios of PB
polymer. Nano particles containing ACV, GCV, prednisolone, gatifloxacin and their
prodrugs will be ready for evaluation in the rabbit eye in next two months. A
suitable long term delivery system will be available for testing in animals (Cats and
Dogs) by the end of 20089.
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Funding Summary — Commercialization — FY 2008

Commercialization | Recipient Project Title Program Funding
Proposal # Area Allocated
13323 Mid-America | Commercialization of Value- | Gateway $738,281
R&D Added Food-Grade Soybean
Foundation Lines Developed by the
University of Missouri and
New Generation Functional
Food Ingredients and Plant-
Made Component for
Nutritional Retail Products
13324 uMC Commercialization of a Animal $400,000
Proprietary Bull Fertility Health
Test
13319 Donald Polyhydroxyalkanoates in Plant $1,136,719
Danforth Transgenic QOilseeds Science
Plant Science
Center
13320 DT Search Animal Waste Phosphorous | Odor $325,000
and Designs | Management Systems Abatement,
LLC Water
Quality,
Bioenergy
TOTAL | $2,600,000




Commercialization Project Summaries

Project # 13323: Commercialization of Value-Added Food-Grade Soybean
Lines Developed by the University of Missouri and New
Generation Functional Food Ingredients and Plant-Made
Component for Nutritional Retail Products

Award Amount: $738,281

Program Area: Gateway Fund

Center for Excellence: Statewide

Lead Investigator: Alex Stemme, Mid-America Research and Development

Foundation, Jefferson City

Henry T. Nguyen, Missouri Soybean Merchandising Council

Chair and Director at the National Center for Soybean

Biotechnology, University of Missouri-Columbia
Collaborators: W. J. (Bill) Cook, Missouri Food and Fiber

Ryan Schmidt, Soy Labs, LLC

David A. Sleper, National Center for Soybean

Biotechnology

J. Grover Shannon, Delta Research Center, UM

Richard J. Hofen, University of Missouri-Columbia

Summary:

This project seeks to commercialize several lines of food-grade soybeans that have been
developed by University of Missouri research scientists. These genetic lines have novel and
desirable characteristics such as high protein content, large seeds, and low saturated fat levels.
These proprietary soybean varieties will be processed in Missouri into a variety of “functional
food” ingredients (functional foods have significant health or disease fighting properties) and
nutritional retail products.

This project will establish Missouri as the nation’s leading center of plant science research
related to heart-healthy soy protein and functional food products, building on the success of the
University of Missouri and its National Center for Soybean Biotechnology. The project also
assists in creating and developing a new commercial research institution, AgBorn Genetics, LLC
(AgBorn). It will also attract and further develop the commercial firms, Revolutionary
Ingredient Technologies, LLC (RevingTech) and Soy Labs, LLC (Soy Labs). Ultimately, the
project will deliver new, Missouri-born plant science technologies to the commercial marketplace
in the form of functional food ingredients and nutritional retail products.

UPDATE:

This project was successful in that the grant assisted with the recruitrment
of Soy Labs to the Mexico Plant Science Center. Thus, this project
successfully leverages the investment the state of Missouri has already made
on behalf of the Mexico Plant Science Center. The profect is currently
utilizing soybean fields in Missouri and will subsequently process the
ingredients here in Missouri and thereby potentially lowering costs.

Soy Labs is a nutraceutical and functional food ingredient company dedicated
to improving quality of life of consumers worldwide by offering innovative,
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research-validated nutritional and functional food products. It is

currently in the process of commercializing Lunasin XP(®), a patent-pending
soy peptide that exhibits powerful cholesterol-lowering properties. Soy
Labs also has strategic research collaboration and sales opportunities in
Europe, Asia, and Israel. Additionally, Soy Labs is developing proprietary
manufacturing processes for Lunasin XP and other soy compounds that will be
initiated and located within the new Mexico Plant Science Center.

Furthermore, this grant has allowed the further development of seed lines
that have higher oil content and lower saturated fats. Consequently, these
seed lines have the potential to be licensed to compariies.

Project # 13324: Commercialization of a Proprietary Bull Fertility Test
Award Amount: $400,000

Program Area: Animal Health

Center for Excellence: Statewide

Lead Investigator: Peter Sutovsky, University of Missouri-Columbia
Collaborators: David Patterson, University of Missouri-Columbia
Summary:

This proposal seeks to commercialize a new, patented bull fertility test that will improve
reproductive health and performance of dairy and beef bulls, thus adding to the bottom lines of
many Missouri dairy and beef cattle producers. Current fertility evaluation in bulls is based on
subjective methods introduced in the 1950’s. The test that is the subject of this grant
represents an accurate, inexpensive, and commercialized viable approach to improving
efficiency in this area. This method centers on detection of sperm surface molecules that are
found only in defective sperm cells, which provides a quick evaluation of bull fertility and
diagnosis of reproductive disorders. Three technologies will be commercialized: 1)
veterinarian’s office fertility test kit; 2) reference laboratory service for bull fertility testing; 3)
nanotechnology based semen purification kit to serve artificial insemination companies.
Funding from this grant will be used to develop and commercialize second prototypes for the
first two technologies and to develop a first prototype for the third technology. A start-up
company spun off by the University of Missouri, or licensing to a Missouri-based animal
health/artificial insemination company will be pursued as avenues for commercialization.

UPDATE:

Ubiquitin is a proprietary biomarker of semen quality in bulls. Antibodies or probes
that bind to ubiquitin can be used to tag defective bull sperm cells for fertility
testing. The same probes attached to magnetic nanoparticles can be used to deplete
bad sperm cells from bull semen, thus improving the pregnancy rates after artificial
insemination (Al) in cattle.

Data from a large scale trial of bull sperm ubiquitin have been analyzed, showing
strong correlations between bull semen quality and sperm ubiquitin levels.

COMMERCIALIZATION: New collaboration has been started with a company, to
beta-test the reference laboratory/veterinarian office probe. Data from the initial
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project period was presented on September 19 at the Technical Conference of the
National Association of Animal Breeders in Milwaukee, WI.

Project # 13319: Polyhydroxyalkanoates in Transgenic Oilseeds
Award Amount: $1,136,719

Program Area: Plant Science

Center for Excellence: St. Louis

Lead Investigator: Jan Jaworski, Donald Danforth Plant Science Center
Collaborators: Edgar Cahoon, Donald Danforth Plant Science Center

Joseph Jez, Donald Danforth Plant Science Center

Summary:

Polyhydroxyalkanoates (PHA) are polyesters that are produced by microbes. Their physical
properties and environmental benefits are uniquely suitable for industrial and medical use as
biobased, sustainable and biodegradable plastics. This project is collaborative between
scientists at the Donald Danforth Plant Science Center and Metabolix Inc. based in Cambridge,
MA. Metabolix is a winner of the “Presidential Green Chemistry Award” for the development of
PHA in plants, the focus of this commercialization project. The work funded by this grant will
develop the technological foundation for efficiently producing these biomaterials in non-food
crops and Metabolix scientists will be located at the Nidus Center for Scientific Enterprise in St.
Louis. The project objectives are to produce bioplastics in transgenic oilseeds as a value added
feedstock for biodiesel biorefineries.

UPDATE:

The Donald Danforth Plant Science Center and their oilseed experts has established
a strategic research and commercialization collaboration with Metabolix, a
bioscience company, for the production of the biodegradable plastic,
polyhydroxyalkanoate (PHA), in plants. They are collaborating on a project to
develop an advanced industrial oilseed crop to produce bioplastics.

The proposed work is to develop the technological foundation for efficiently
producing these biomaterials in non-food crops Brassica juncea (Indian mustard)
and Camelina sativa (False flax) with seed-specific expression of genes for the
production of PHA. Metabolix has established a new group at the Nidus Center in
St. Louis that presently consists of 2 Ph.D. scientists and a laboratory technician. It
is anticipated that the size of this group will continue to grow. The goal is to have
plants with seeds containing 5%6 dry weight PHA within 3 years and reduce to
practice the production of a PHA-based plastic within 5 years.

Most of research in year one was carried out with Camelina sativa because of its
short 3-month growth cycle. They have succeeded in producing numerous
transgenic Camelina plants that synthesize significant levels of PHA. PHA levels of
greater than 5%6 were achieved, but these high levels were toxic to the seed. They
have revised their strategy to include the use a “gene switch” that will allow them
to produce plants that only produce PHA when treated with the chemical
methoxyfenozide. Preliminary results indicate that this strateqy is working very
well it will allow them to grow some plants with little or no PHA to yield viable
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seeds and grow other treated plants to produce seeds synthesizing high levels of
PHA. [Initial findings suggest that they will exceed their target of 5%6 PHA.

Project # 13320:

Award Amount:
Program Area:

Center for Excellence:
Lead Investigator:

Collaborators:

Animal Waste Phosphorous Management

Systems

$325,000

Odor Abatement, Water Quality, Bioenergy

Kansas City

Dr. Gary Clapp, Institute for Industrial and Applied Life
Sciences

Bill Junk, DT Search & Designs, LLC

Dean Thompson, DT Search & Designs, LLC

Gina Becker, Advanced Manufacturing Institute
Sigifredo Castro, Advanced Manufacturing Institute
Bret Lanz, Advanced Manufacturing Institute

Kylo Heller, KLA Environmental Services, Inc.

Frank Mercurio, KLA Environmental Services, Inc.
Rick McKee, Kansas Environmental Management
Associates

EPA (Environmental Protection Agency) regulations require CAFQO’s to balance the waste
nutrients they apply to crop land. Typically phosphorous is the most limiting factor. The recent
surge in ethanol production has increased the amount of distiller's grain (an ethanol byproduct)
available for use as a feed ingredient. DDGs (Dried Distiller's Grains) have been shown to
increase the amount of phosphorous in animal waste by as much as 120 percent. This, coupled
with the EPA waste application requirements, will require feedlots and dairies to either acquire
more land or greatly reduce the use of DDGs. In most cases, additional land is unavailable.
Therefore, the only alternative is to decrease the phosphorus concentration in the waste,

thereby allowing the CAFO to comply with EPA
regulations and expand the use of DDGs. This

project will demonstrate an economical, user-
friendly system that significantly lowers
phosphorous concentrations in lagoon

lagoon wastewater on Concentrated Animal

versions show reduce phosphorus levels by at
least 75 percent.

wastewater. Funds will be used to construct a
farm-scale, pilot phosphate reduction system for

Feeding Operations (CAFO's) that smaller-scale

UPDATE:

The Institute for Industrial and Applied Life Sciences, has continued its progress on
production of a viable commercial scale phosphorous reduction system that would
be used to treat the liquid wastes at CAFOs. The information gathered during the
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pilot lab scale and small farm scale operations were put to use and allowed for the
build of a commercial system.

The commercial system was constructed and assembled on a CAFO that could hold
60,000 head of cattle. Construction delivery and assembly took place during the
spring and early summer of 2008. The initial assembly went relatively smooth;
however, the early summer did not bring enough rain to wash the animal waste
from the CAFO holding pens in to the storage lagoons. Therefore, they were forced
to wait for proper weather conditions. The rains finally arrived at their CAFO in mid-
August and they were able to initiate their shake down evaluation runs.

The performarnce runs from August and September were showing very good
commercialization success by removing greater than 50%6 of the phosphorous in a
single pass. However, the October cool weather seemed to reduce the performance
of the commercial unit to 30%6 reduction. This seasonal fluctuation is to be
expected as the chemistry of the lagoons with the seasons, as well as the
performarice of the waste management system.

They have been constantly monitoring the lagoon chemistry and they are continuing
their shake-down runs this month as the cold rainy season begins. The pH, Total
Phosphorous, Phosphate, Calcium, and Magnesium are all contributors to the
performance of the reduction runs. They believe they understand the low
Phosphorous reduction performance from October and November and have
addressed this by adding a mixing chamber for the ammonia and the water prior to
entering the reactor. They process looks to perform much better with adequate
mixing and when higher temperatures are employed.

The system has performed quite well under some pretty realistic and difficult
conditions. These conditions would actually represent the real world challenges
faced by the end user. As a result, they have initiated drawings for the unit that will
be sold as a commercial treatment. A local St. Joseph manufacturer is very
interested in building these units once they have worked out the operational
challenges associated with a full year. Functional tests will continue the next few
months and changes will be made if needed.
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FY2008 Project Summary

Total Grant Funding: $13,100,000
Total for Research: $10,500,000
Centers for Requested # of Awarded # of %o of
Excellence | Research Funds | Requeste Research Awarded Available
d Funds Projects Funds
Projects Awarded
Kansas City $ 7,116,890 12 $ 2,650,915 5 25.2%
Springfield $ 1,606,315 3 $ 950,908 2 9.1%
St. Louis $ 4,210,849 1 $ 2,989,703 1 28.5%
Statewide $12,962,501.33 18 $ 3,908,474 2 37.2%
Subtotals $25,896,555.33 34 $10,500,000 10 100%
Total for Commercialization: $2,600,000
Centers for | Requested # of Awarded # of % of
Excellence | Commercialization | Requested Commercialization | Awarded Available
Funds Projects Funds Projects Funds
Awarded
Kansas City | $2,559,640 3 $ 325,000 1 12.5%
Springfield | $ 500,000 1 $ 0 0 0%
St. Louis $1,326,775 1 $1,136,719 1 43.7%
Statewide $4,586,459 4 $ 1,138,281 2 43.8%
Subtotals $8,972,874 9 $2,600,000 4 100%
Total Projects Total % of
Center for Total Awards Awarded Funds Available
Excellence
Kansas City $ 2,975,915 6 22.7%
Springfield $ 950,908 2 7.3%
St. Louis $ 4,126,422 2 31.5%
Statewide $ 5,046,755 4 38.5%
Total $13,100,000 14 100%
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Life Sciences Administration FY2008
July 2007 - June 2008

LIFE SCIENCESTRUST FUND

Income
Contributions Income (2%) 269,109.00
Total Income $ 269,109.00
Expenses
Advertising 2,602.27
Post Award Meeting Expense 454.69
Insurance-MTC Staff 1,365.00
M eetings 232.10
Payroll Expenses-DED Staff 12,660.99
Payroll Tax-MTC Staff 1,553.90
Professional Fees
Consulting-Peer Review 159,000.00
L egal Fees 13,079.75
Total Professional Fees $ 172,079.75
Travel 69.16
Meals 49.27
Travel 1,937.45
Total Travel $ 2,055.88
Wagesfor MTC Staff 20,653.75
MTC Reimbursement 41,200.00
Total Expenses $ 254,858.33
Net Operating Income $ 14,250.67
Net Income $ 14,250.67
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INDEPENDENT AUDITORS REPORT

To the Board of Directors of
Missouri Life Sciences Research Trust Fund:

We have audited the accompanying financial statements of the Missouri Life Sciences Research
Trust Fund (acomponent unit of the State of Missouri), as of and for the year ended June 30, 2008,
which collectively comprise the Fund's basic financia statements as listed in the table of contents.
These basic financia statements are the responsibility of the Fund's management. Our responsibility
isto express an opinion on these financia statements based on our audit.

We conducted our audit in accordance with auditing standards generally accepted in the United
States of America. Those standards require that we plan and perform the audit to obtain reasonable
assurance about whether the financial statements are free of material misstatement. An audit
includes examining, on atest basis, evidence supporting the amounts and disclosures in the financial
statements. An audit also includes assessing the accounting principles used and the significant
estimates made by management, as well as evaluating the overall financial statement presentation.
We bdlieve that our audit provides areasonable basis for our opinion.

As discussed in Note 1, the Fund prepares it financia statement on the basis of cash receipts and
disbursements, which is a comprehensive basis of accounting other than accounting principles
generally accepted in the United States of America.

In our opinion, the financia statements referred to above present fairly, in al materia respects, the
respective cash basis financial position of the fiduciary activities of the Missouri Life Sciences
Research Trust Fund as of June 30, 2008, and the respective changes in cash basis financial
position thereof for the year then ended in conformity with the basis of accounting described in
Note 1.

Management has eected to omit the Management’s Discussion and Analysis section from the audit
report.

GRAVESAND ASSOCIATES, CPAs, LLC
Jefferson City, Missouri

November 11, 2008

63



BASIC FINANCIAL STATEMENTS

The basic financial statementsinclude integrated sets of financia
Statements as required by the GASB. The sets of statementsinclude:

e Fund financid statements
» Fiduciary Fund
In addition, the notes to the financia statements are included to provide
information essential to a user’ s understanding of the basic financial statements.



MISSOURI LIFE SCIENCES RESEARCH TRUST FUND

NOTESTO THE FINANCIAL STATEMENTS
FOR THE YEAR ENDED JUNE 30, 2008

NOTE 1 — NATURE OF OPERATIONS AND SUMMARY OF SIGNIFICANT
ACCOUNTING POLICIES:

The accompanying financial statements include the transactions of all funds under the management
and control of the Fund’sBoard. The Fund isincluded as a component unit of the State of Missouri.

The Missouri Life Sciences Research Trust Fund (the Fund) was established by the Missouri
General Assembly beginning in fiscal year 2007 and in perpetuity thereafter. Moneys in the Fund
shall be used strategically, in cooperation with other governmental and not-for-profit entities, to
enhance the capacity of the State of Missouri’s ability to perform research to better serve the health
and welfare of the residents of the State of Missouri as a center of life sciences research and
development by building on the success of research institutions located in Missouri, creating in and
attracting to Missouri new research and devel opment institutions, commercializing the life sciences
technologies developed by such ingitutions, and enhancing their capacity to carry out their
respective missions. Its governing body consists of seven members who have general familiarity
with the life sciences and current research trends and are appointed by the Governor with the advice
and consent of the Senate.

The Fund may establish and is to oversee each “center for excellence for life sciences research,”
which may be located in the St. Louis and Kansas City areas and Springfield in addition to a
Missouri Statewide center.

The Fund is to be held separate and apart from all other public moneys and funds of the State,
including but not limited to the tobacco securitization settlement trust fund. The state treasurer shall
deposit into the fund twenty-five percent of al moneys received from the master settlement
agreement.

No more than ten percent of the moneys shall be used for the construction of physical facilities and
further provided that in any fiscal year eighty percent of the moneys shall be appropriated to build
research capacity at public and private not-for-profit ingtitutions. Twenty percent of the moneys
shall be appropriated for grants to public or private not-for-profit institutions to promote life science
technology transfer and technology commercidization. Of the moneys appropriated to build
research capacity, twenty percent shall be appropriated to promote the development of research of
tobacco-related illnesses.

65



MISSOURI LIFE SCIENCES RESEARCH TRUST FUND

NOTESTO THE FINANCIAL STATEMENTS
FOR THE YEAR ENDED JUNE 30, 2008

NOTE 1 -NATURE OF OPERATIONSAND SUMMARY OF SIGNIFICANT

ACCOUNTING POLICIES: (Continued)

A.

Financial Reporting Entity

The Fund' sfinancia reporting entity is comprised of the following:

Primary Government: Missouri Life Sciences Research Trust Fund
In determining the financial reporting entity, the Fund complies with the provisions of
Governmental Accounting Standards Board Statement No. 14, The Financial Reporting
Entity, as amended by GASB 39 Determining Whether Certain Organizations Are
Component Units

Basis of Presentation

Government-Wide Financial Statements

The Statement of Net Assets and Statement of Activities display information about the
reporting government as awhole. They include all funds of the reporting entity except for
fiduciary funds. The statements di stinguish between governmental and business-type
activities. Governmental activities generally are financed through taxes, intergovernmental
revenues and other non-exchange revenues. Business-type activities are financed in whole
or in part by fees charged to external parties for goods or services. The Fund does not
have any governmental or business-type activities. Therefore, no government-wide
financial statements are included.

Fund Financial Statements

Fund financia statements of the reporting entity are organized into funds, each of whichis
considered to be a separate accounting entity. Each fund is accounted for by providing a
separate set of self-balancing accounts which constitute its assets, liabilities, fund equity,
receipts, and disbursements. The fund is organized into one mgjor category, fiduciary. The
Fund presently has no governmental or proprietary funds. An emphasisis placed on mgor
funds within the governmenta categories. A fund is considered major if it isthe primary
operating fund of the Trust or meets the following criteria

e Total assets, liahilities, receipts, or expenditures of that individua governmenta fund
are at least 10 percent of the corresponding total for all funds of that category or type,
and

e Tota assets, liabilities, receipts, or expenditures of the individua governmental fund
areat least 5 percent of the corresponding total for al governmental funds combined.
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MISSOURI LIFE SCIENCES RESEARCH TRUST FUND

NOTESTO THE FINANCIAL STATEMENTS
FOR THE YEAR ENDED JUNE 30, 2008

NOTE 1 — NATURE OF OPERATIONS AND SUMMARY OF SIGNIFICANT
ACCOUNTING POLICIES: (Cont'd.)

B. Bassof Presentation (Cont'd.)

Fund Financial Statements (Cont’d.)

The funds of the financial reporting entity are described below:

Fiduciary Fund

Private Purpose Trust Fund - Fiduciary funds are used to account for resources held
for the benefit of parties outside the government.

C. Measurement Focus and Basis of Accounting

M easurement focus is aterm used to describe “how” transactions
are recorded within the various financial statements. Basis of
accounting refersto “when” transactions are recorded regardless of

the measurement focus applied.

M easur ement Focus

In the fund financial statements, the “current financial resources’ measurement focus or the
“economic resources measurement focus, as applied to the cash basis of accounting, is used
as appropriate:

All governmental funds utilize a “current financial resources’ measurement focus. Only
current financial assets and liabilities are generaly included on their baance sheets.
Their operating statements present sources and uses of available spendable financia
resources at the end of the period.

Basis of Accounting

In the fund financial statements, fiduciary activities are presented using a cash basis of
accounting. This basis recognizes assets, liabilities, net assets, receipts and expenditures
when they result from cash transactions. This basis is a comprehensive basis of accounting
other than accounting principles generally accepted in the United States of America.
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As aresult of the use of the cash basis of accounting, certain assets and thelir related receipts
(such as accounts receivable and revenue for billed or provided services not yet collected)
and certain liabilities and their related expenses (such as accounts payable and expenses for
goods or services received but not yet paid) are not recorded in these financia statements
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MISSOURI LIFE SCIENCES RESEARCH TRUST FUND

NOTESTO THE FINANCIAL STATEMENTS
FOR THE YEAR ENDED JUNE 30, 2008

NOTE 1 — NATURE OF OPERATIONS AND SUMMARY OF SIGNIFICANT
ACCOUNTING POLICIES: (Cont'd.)

D. Assets, Liabilities and Equity

Cash and Cash Equivalents

For the purpose of financia reporting, “cash and cash equivalents’ includes al demand
and savings accounts, and certificates of deposit or short-term investments with origina
maturity of three-months or less.

Equity Classification

It is the Fund's policy to first use restricted net assets prior to the use of unrestricted net
assets when an expense is incurred for purposes for which both restricted and unrestricted
net assets are available.

Fund Financial Satements:

Fiduciary fund equity is classified as ending net assets.

NOTE 2—-DEPOSITS, INVESTMENTSAND INVESTMENT INCOME:

Deposits

Cash and cash equivaents are invested by the State as part of the State’ s cash pool. All deposit and
investment risk is controlled by the State. Information concerning the State€'s deposit and
investment risks may be found in the State’' s 2008 Comprehensive Annua Financial Report.

NOTE 3—RISK MANAGEMENT:

The Fund is exposed to various risks of loss related to torts; theft of, damage to and destruction of
assets; business interruptions; errors and omissions;, natural disasters, employee injuries and
illnesses; and employee health and accident benefits. Commercia insurance coverage is purchased
for claims arising from such matters other than employee health benefits. Settled claims have not
exceeded thiscommercia coveragein any of the three preceding years.

NOTE 4 - CONTINGENCIES:
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Litigation - Various claims and lawsuits are possible against the Fund. In the opinion of Fund
management, the potential loss on all clams and lawsuits will not be significant to the Fund's
financial statements.
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