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The Shares are offered subject to prior sale, as and if issued, subject to the right of the Company to reject any subscription, in whole or in part, for any reason and subject to certain other conditions set forth herein.

In making an investment decision, investors must rely upon their own examination of the Company and the terms of the Offering, including the merits and risks involved.  Prospective investors should carefully consider all of the information contained in this Memorandum.  In view of the significant risks and restrictions on transfer disclosed herein, the acquisition of the Shares offered hereby should be considered only by persons who can bear the economic risk of their investment for an indefinite period of time and can afford a total loss of their investment.

This Memorandum includes certain statements with respect to our historical and anticipated performance.  Estimates of future performance reflect various assumptions, which may or may not prove accurate, as well as the exercise of a substantial degree of judgment as to the scope and presentation of such information.  No representations or warranties are made as to the accuracy of such statements or estimates of anticipated performance.  Actual results achieved may differ substantially from those expected.

Prospective investors are not to construe the contents of this Memorandum as legal, tax or business advice.  Each prospective investor should consult its own attorney and business advisor as to the legal, business, tax and related matters concerning this investment.  Prospective investors are urged to request any additional information they may consider necessary in making an informed investment decision.

Except as described herein, no person has been authorized to make any representation or give any information with respect to the Shares offered hereby, except the information contained herein.  Prospective investors should not rely on information other than that contained in this Memorandum.  Neither the delivery of this Memorandum at any time nor any sale made thereunder shall, under any circumstance, imply that information contained herein is correct at any time subsequent to the date hereof.

This Memorandum has been prepared solely for the benefit of investors interested in the private placement of the Shares described herein and constitutes an offer only if the name of the offeree appears in the appropriate space on the inside cover.  Any reproduction or distribution of this Memorandum in whole or in part, or the disclosure of its contents, is prohibited.

This Memorandum contains summaries of the rights and preferences of the   Shares and of certain documents and agreements relating to this Offering, which summaries are believed to be accurate as to the portions of the documents and agreements described.  Reference is hereby made to the actual documents for complete information concerning the rights and obligations of the parties thereto.  All such summaries are qualified in their entirety by this reference.  Copies of the documents, agreements and opinions referred to in this Memorandum are available from the Company.

FOR FLORIDA RESIDENTS ONLY
The Series C Preferred Stock referred to herein will be sold to, and acquired by, the holder in a transaction exempt under section 517.061 of the Florida Securities Act.  The Series C Preferred Stock has not been registered under said Act in the State of Florida.  In addition, all Florida residents shall have the privilege of voiding the purchase within three days after the first tender of consideration is made by such purchaser to the issuer, an agent of the issuer, or an escrow agent or within three days after the availability of that privilege is communicated to such purchaser, whichever occurs later.
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Executive Summary

Over the last several years the world experienced the excitement of the Genomics revolution. Amidst the exuberance was the hope of understanding the biological mechanisms of life – and a flood of new data. The human genome sequence alone consists of over three billion pairs of bases comprising about 30,000 genes.

Today, interest is more focused on the functions of genes. Researchers acknowledge that ultimately the proteins produced by the genes enable the functions of the body. However, two major factors make the study of proteins, Proteomics, considerably more complicated than Genomics: the effect of protein structure and folding on functional characteristics and the sheer number (up to one million) of unique proteins in the human body. We expect the volume of data generated by Proteomics research to quickly surpass the quantities relating to Genomics. The ability of scientists to derive meaningful conclusions is seriously hindered by the burden of dissecting mountains of raw data.

Tomorrow’s science logically will move beyond the static measurements that we are accustomed to now. We are seeing the first indications of the potential in the newest medical imaging modalities. More sensitive detection and the promises of Molecular and Dynamic Imaging may soon enable in vivo analysis of the most fundamental processes in the human body. Once again these technologies will generate data of gigantic proportions.

The common challenge as science advances from Genomics to Proteomics to Dynamic Imaging centers on converting raw data to analyzable information and ultimately to knowledge that can be brought to market through products and services. Mathematics holds the key to this transition. More specifically, BIOwulf’s proprietary Machine Learning and the Support Vector Machine (SVM) tools may provide the best available capabilities to derive knowledge from the vast quantities of raw data that are emerging.

The convergence of mathematics, computer science, and medicine is embodied by BIOwulf. We have paired the world’s most concentrated team of recognized Machine Learning experts with prominent imaging and oncology specialists and complemented the scientific team with seasoned management that has previously brought technical products to market and built successful biotechnology organizations. Furthermore, we have established relationships with leading research institutes such as M.D. Anderson Cancer Center and the University of Nottingham to align the Company with the latest scientific developments and gain access to key tissue and data resources.

The Company plans to address short and long-term revenue generation including immediate opportunities in mammography screening, pharmaceutical discovery, and clinical analysis of oncology. Further projects addressing genomic and proteomic analysis, gene promoter research, and applications of magnetic microelectromechanical systems to proteomics comprise the mid-range revenue prospects Long range revenues are expected to be substantial in drug development, and products and services shaping a new market for dynamic imaging.

The biotech industry has recognized the need to push research into Proteomics in the post-genomic era but is struggling with the tools necessary to create new knowledge. BIOwulf has quietly developed many promising tools for this arena while building the best organization to address the challenge. In the process, the Company has developed a roadmap for the post-proteomic era where Dynamic Imaging can fully enable personalized medicine through the analytical capabilities of advanced machine learning.

The Business Model

The mass of data within the scope of medicine is overwhelming the scientific community and creating substantial opportunities for technologically advantaged businesses to thrive. The BIOwulf business model centers on the aligned opportunities of disease detection, diagnosis, and treatment by leveraging genomic, proteomic, and imaging data resources in novel analytic applications.

Our strategy includes both in-house efforts and research collaborations to develop marketable proprietary advantage through tools, techniques, and discovery.  Up-front fees, research payments and grants, milestone payments, database subscriptions and royalties may all contribute revenue to the Company. Appropriate staff and expertise in the related field are in place to address opportunities in a timely fashion.

Short-term Revenue Sources:

In the short-term, BIOwulf may generate revenues in three main areas:

A. Discovery Contracts:  Discovery contracts with pharmaceutical and biotechnology companies that are interested in specific disease or diagnostic areas will be pursued.

B. DNA Chip Analysis.  The Company has demonstrated the capability to derive information from data that was considered unusable by the Affymetrix analysis software. Upon completion of studies underway, the Company may pursue opportunities to market an analytics package either through a partner, directly to the end user, or as a service offering.

C. The Georgia Cancer Initiative:  In November of 2000, Governor Roy Barnes announced the formation of the Georgia Cancer Coalition, a one billion dollar initiative focused on improving cancer care in the State of Georgia. The Company has had a series of discussions with State officials regarding participation in the Georgia Cancer Coalition. Management believes that significant opportunities exist in the areas of data analysis, screening and clinical trials support for the State. Participation will offer open access to key potential collaborators, as well as significant research data in addition to the direct revenue opportunities. Step one is already underway. We have an initial, limited contract with the State of Georgia to extract cancer information from its substantial databases.

Mid-term Revenue Sources

In the mid-term, the following areas may become the dominant source of revenue:

A. Collaborative biological research with pharmaceutical partners:  As the Company demonstrates its competence in specific areas of biological research to pharmaceutical partners; it expects to obtain opportunities to conduct such research funded by those partners as well. This could be a direct outgrowth of short-term discovery contracts.

B. Radiology imaging:  Through our wholly owned subsidiary, BIOwulf Radiology, programs will be developed to implement computer-aided diagnoses for medical images and also programs to assist in the advancement of imaging technologies.

C. Government grants and contracts:  Successful endeavors are expected in obtaining contract and grant funding from the federal government and nonprofit, grant-giving organizations.

D. Medical diagnostics.  Improved medical diagnostic products consisting of mathematically combined information from already approved products are being explored and initial results are promising.

Long-term Revenue Sources

Long-term, revenues may be generated in the following areas:

A. Royalties on products developed and commercialized by partners using data generated by BIOwulf:  The identification of drug targets and lead compounds based on advanced pattern recognition should be extremely valuable.  Agreements between BIOwulf and pharmaceutical and biotechnology companies will include royalty rights on products derived from this data.

B. Commercialization of internally generated discoveries:  Focused biological research will be conducted directly and in collaborations to provide potential for the development of commercial products. Expansion is anticipated of the radiology imaging technologies into further commercial opportunities including providing on-line second opinions to radiologists simultaneously with their reading of imaging information.

As research advancements and analytics developments allow the important area of dynamic imaging to mature, the Company’s revenue opportunities will shift from the nearer-term clinical, genomic, and proteomic focus to our long-range expectation to capitalize on the emergent technologies and analytics bringing value to dynamic imaging and its impact on personalized medicine.

Market Positioning

This past year, scientists completed the first draft of the genetic sequence of a human being, marking the beginning of a new era in biological research.  After years of sequencing, scientists have uncovered the millions of pieces of information behind the 23 pairs of human chromosomes.  A wealth of genetic information is now becoming available to investigators, who are mining the data for drug and diagnostic leads. As data on genes, gene expression, Single Nucleotide Polymorphisms (SNPs), haplotypes and splice variants emerge; scientists are struggling to grasp the meaning of their combined efforts. The research community has realized that knowing the function of a gene is more important than the explicit description of the gene and research focus has dramatically shifted to functional Genomics. 

Ultimately, the proteins produced by the body’s expressed genes provide the endpoint of scientific investigation; for it is these proteins that directly regulate metabolism and disease in the body. Understanding how and why these mechanisms work will lead to the breakthrough discoveries of therapeutic proteins and validated drug targets. However, the difficulty faced by Proteomics, the study of proteins, lies in the scope of the problem. On average, each gene in the human body can code for (or produce) 25-30 proteins and these proteins can each interact with other proteins or protein groups. The problems of Proteomics are exponentially larger and therefore more difficult than the problems of Genomics. Science has only scratched the surface in the study and annotation of protein‑based interactions within the body. The flood of Proteomics data that may prove invaluable to medical research is only a trickle today because of the emerging state of the science.

Both Genomics and Proteomics offer point-in-time snapshots of what is happening at a specific site in the body. So far, little attention has been paid to the need for contextual reference. Today’s genomic and proteomic challenges are holding back the larger opportunity of observing the molecular interactions that, in real time, determine the course of cells, disease, and life itself. Newly emerging and refinements to existing medical imaging modalities are expected to provide this window on molecular interactions both spatially and temporally, and thus we move beyond snapshot guesses as to what is occurring in the body. This field of dynamic imaging is in its absolute infancy but seems to hold the ultimate keys to personalized medicine, the ability to see the proteins at work in a body and directly observe the results of your medical treatments. Observation of fluid movements, molecular interactions, immune response processes in action and various organ operations may be the next quantum leap in data collection beyond Proteomics. The bandwidth of information available from even a single patient could be staggering. 

The recurring thread in the efforts to effect personalized medicine is the need to capture and decipher massive amounts of data, extract the relevant information from this data, convert the information to usable knowledge, and finally relate this knowledge to solving a particular clinical problem. The challenge is magnified by the ever-growing volume of laboratory and research data in the progression from Genomics and functional Genomics through Proteomics and structural Proteomics, to dynamic medical imaging. Since each of these steps logically builds upon the previous ones, when taken together, today’s tidal wave of data is clearly only a hint of what is coming. The data structures, handling techniques, and processing algorithms necessary to confront this problem are only recently emerging. The tools to refine data into knowledge will undoubtedly depend upon sophisticated mathematical processing.

BIOwulf has anticipated this coming revolution in biomedical information and is creating tools to capitalize on it.  The Company was founded on the simple and profound conclusion that the next revolution in medicine will be driven by very advanced mathematics that have the ability to process, draw meaningful conclusions, and develop models from the torrent of biomedical information being generated in genomic, proteomic and image based forms.

Focus

The Company’s mathematical focus is on the application of Machine Learning theories to the extraction of knowledge from biomedical data. The Company is structured to develop or otherwise acquire some data, process the data using Machine Learning, and capture value through various means, from patenting intellectual property to licensing software components installed in other companies’ instrumentation, to developing commercial drug products derived from our proprietary technologies.

To secure a position in the emerging Machine Learning field, BIOwulf recruited, at its inception, Prof. Vladimir Vapnik, Ph.D., the father of Statistical Learning Theory, the mathematical foundation of the most promising developments in Machine Learning.  In turn, Prof. Vapnik assisted Company management in recruiting an unparalleled team of Machine Learning experts that can keep the Company at the forefront of this field.  BIOwulf has, to date, successfully attracted 16 of these top mathematicians into employment with the Company and three individuals have joined our Scientific Advisory Board.  As a result, BIOwulf has, to our knowledge, the most concentrated group in the world of mathematicians and computer scientists focused on this unique set of tools. This group has been equipped with the computing tools, infrastructure and collegial working environment needed to bring the intangible character of mathematics into real products and services.

To guide this team to a successful commercial outcome, BIOwulf’s management includes individuals with extensive experience in the biotechnology field and in the general management of intellectual assets.  Most notably, our CEO, Dr. Peter Farley, previously created the environment at Cetus Corporation which led Dr. Kary Mullis to the breakthrough invention of Polymerase Chain Reaction (PCR), the basic research technique that has enabled the incredible flow of data and success in biotechnology research, including the Human Genome Project.

Proprietary Advantages

The following five components contribute heavily to the advantages BIOwulf holds in addressing the challenges of Genomics, Proteomics, and ultimately dynamic imaging:

A. Machine Learning Technology and Expertise:  The Company possesses proprietary, state-of-the-art mathematical algorithms capable of analyzing the behavior of thousands of genes and proteins simultaneously and determining which gene or protein or which combination of genes and proteins correlate most strongly with a specific disease.  The beacon technology for the Company is its patent protected applications of Support Vector Machine (SVM) algorithms, providing significant bioinformatics-enabled tools.  Our analytical technologies bring together advances in molecular biology and state of the art mathematical modeling.  We can not only develop algorithms specifically to address an analysis need but we can also develop the new mathematical theories that will be required to push the frontier of life sciences forward.

B. BIOwulf:  The Company has developed a patent-protected computational platform consisting of proprietary software operating across a twenty-two node parallel processing super computer capable of performing four billion mathematical calculations per second.  It is the world’s only super computer architecture specifically designed for parallel processing of Genomics data utilizing SVM algorithms.

C. Rare Cancer Tissues:  The Company has exclusive rights to the data to be extracted from a rare tissue bank of approximately 3,000 breast, ovarian, uterine, and other cancer tissues through collaboration with the M.D. Anderson Cancer Center.  Independent laboratories have verified the presence of both stable DNA and non-degraded RNA in these specimens and an average of ten years of clinical outcome data is available for each of the approximately 3,000 patients.  The tissues are now in cryogenic storage in the Company’s clinical laboratories.  We also have similar rights to cancer tissues and related data from the University of Nottingham.

D. Cancer Screening through Autoantibody Detection: Through collaboration with Dr. John Robertson of the University of Nottingham, BIOwulf has gained access to the first assay with clinical data that indicates an ability to detect carcinoma in the stage 1 and stage 2 levels through a serum-based assay. This assay consists of a panel of assays for autoantibodies, and its performance can be greatly enhanced using BIOwulf Machine Learning techniques.
E. Microelectromechanical Devices (MEMS) for Protein Analysis:  A prototype electromagnetic platform for manipulation and analysis of proteins has been developed.  This platform will allow the characterization of moderately purified proteins in their native states and will act as a unique source of data for the BIOwulf mathematical tools.  Agreements to secure exclusive rights to this technology in the medical field are in the final process of negotiation.

Intellectual Property

To date, the Company has filed 24 patent applications, two of which have been issued.  Of particular note are applications in the following clinical areas:

· An application addressing a constellation of seven genes that separate cancerous colon tissue from non-cancerous colon tissue with 100% accuracy.  Every possible combination of these genes has been covered in this patent application.

· An application addressing two genes that differentiate prostate cancers.

· An application addressing the ability to genetically classify two types of leukemia.

Twenty of our patent applications (including the two issued patents) focus directly on Machine Learning technology and its extensions and SVMs.

Investment Opportunity
BIOwulf presents an early-stage opportunity for investors to participate in a company with significant competitive advantage and substantial barriers to competition in the rapid-growth bioinformatics market involving Genomics, Proteomics, and dynamic medical imaging. Core technologies, key scientific and management teams, and strategic positioning of the Company in the marketplace are expected to enable BIOwulf to pioneer the development of truly personalized medicine.

Using our unique Machine Learning and related capabilities, we expect to demonstrate a new paradigm that will revolutionize the diagnostic and therapy discovery and development process. By cost-effectively identifying patterns within diverse data and associating these patient-specific patterns with clinical findings, the Company and its customers will be able to optimize the personal management of health, accelerate the development of new drugs, and improve lives.

The Business Opportunity

Healthcare accounts for as much as ten percent of global spending, and a substantial portion of that spending results, either directly or indirectly, in the generation of biomedical data. This data may be in the form of gene sequences like E coli where the data was sought out through laboratory research or in the form of pixels comprising the chest x-ray of a chronic smoker where the data is merely a byproduct of a routine procedure. The amalgamation of all of the medical expenditures that result in raw data sources could be over $180 billion this year with an upward future trend.

The beneficiaries of this data are a diverse group; from the drug discovery researcher, who wants to know primary information about a specific enzymatic pathway to the interventional surgeon who wants to know the morphological and physiological terrain he is treading on as he performs a given procedure. Each consumer of biomedical information has particular requirements with regard to the specific subset of potentially helpful information that can be drawn from the body of previous research and clinical occurrence. At present the organization, handling and presentation of large amounts of heterogeneous data is unwieldy and impractical. No common research repository exists to support even narrowly defined fields. Not even the newest fields like Genomics manage to maintain complete consistency in naming, storing, or identifying the same research elements across even publicly accessible databases. Traditionally, each individual researcher has compiled and maintained the specific databases and research materials supporting his research.

There are, however, some exceptions to this single investigator focused process. In the last 20 years, biomedical science has begun to foster a more coordinated application of resources, such that statistically significant conclusions could be drawn from large-scale experiments. From the Framingham Heart Study to the sequencing of the human genome, a new form of coordinated data has emerged. Huge databases created from comparable experimental designs have given new insight into biomedical processes.

The most visible single collection of data has been the creation of the consensus sequence of the human genome, along with the concomitant sequencing of lower species to allow in vivo experimentation to support genomic understanding. This process has created at least 21 known genomic databases and has allowed the estimation that there are about 30,000 genes in a human being. This study, in conjunction with the development of the short oligonucleotide and complimentary DNA (cDNA) microarrays has allowed the measurement of messenger RNA (mRNA) expression of many genes in many different states, giving the first understanding of the dynamics of genomic transcription. 

This combination of nucleic acid based data has been sifted over to a significant level already, and there is an estimate that over 200,000 gene or partial gene patents have been filed, most of which have lacked essential functionality of the gene. There is, however, a huge set of uncollected data needed to understand the complexities of genomic processing, including studies of subject to subject variation, single nucleotide polymorphisms, haplotyping, gene promoters, splice variants, and gene function.  We have demonstrated that our proprietary technologies can provide the means to determine gene function if we can receive access to detailed data subsets.

While Genomics has been evolving for several years and is crowded with competing entities, the biomedical community has recently refocused its efforts on the second level of understanding; the analysis of proteins. Dubbed “Proteomics”, this field has drawn hundreds of millions of dollars in recent investment, and has seen the formation of several companies, but it faces much tougher problems than Genomics. One of Proteomics toughest hurdles is the lack of a protein analog for PCR that provides the necessary amplification for genomic measurements. Proteins are also much more difficult to identify requiring several different procedures to confirm identification of a given protein since there is no protein hybridization process as there is for the nucleic acids of Genomics. Furthermore, proteins can carry multiple subtle chemical changes such as sugar molecule attachment, that modify the protein’s character while leaving the main structure intact. It is estimated that there are over one million protein species in the human body, of which scientists truly understand the character of only about 2,000. Needless to say, biomedicine has a long way to go to truly understand the proteome.

As the study of Genomics and Proteomics proceeds, it is becoming apparent that the relative location and action of these chemical structures within the body have relevance. Thus it can be inferred that accurate imaging at the structural and molecular level will be paramount in gaining true understanding and control of physiologic processes. Recent scientific advances including development of confocal microscopes, fluorescent dyes enabling four-dimensional examination of cells, and the development of large scale imaging tools such as MRI allowing the chemical and physical characterization of a volume of tissue are quite significant in light of future imaging needs. It is the data from these types of advancing tools and techniques that will lead to the knowledge needed to control the mechanisms of biological systems.

While the ability to “image” tissue is just beginning to emerge, the ability to process that data into meaningful knowledge has seen virtually no commercial development. The sheer volume of data along with complexities of the imaging process such as movement by the subject during the imaging session or inherent fluctuations of the device create a need for powerful analytics to attain useful data.

What is the answer to this “data challenge”? BIOwulf is focused on the use of mathematics and computer science to sift through the data and extract meaningful knowledge in the relatively short-term so that this challenge can be met. Manipulating these data sets and separating useful details from the preponderant noise demands enhancement beyond human perception. Fortunately, our mathematicians and computer scientists have been developing theories of Machine Learning that focus directly on these knowledge extraction enhancements.

BIOwulf has demonstrated the power of its advanced Machine Learning in several areas of healthcare.

A. Disease specific-gene discovery and functionality:  Ongoing studies of breast, colon, and prostate cancers are yielding promising results and valuable intellectual property. For example, follow-up studies performed on published colon cancer data resulted in our discovery of a unique combination of genes with strong promise of enabling accurate separations of cancerous colon biopsies from normal ones. While the overall combination of genes had never previously been associated with colon cancer, each of the genes upon review of the literature has been shown to have functionality logically associated with cancer.  We have submitted patent applications covering the group and all subsets of these genes, the interactivity of the genes, and the functionality of the collective effects of the gene expression.  Each of these genes provides an obvious basis for significant pharmacological research and we believe that we will have proprietary rights to their use in finding therapeutic and diagnostic solutions.

B. Differentiation of two morphologically similar cancers:  We applied our Machine Learning technology to demonstrate the ability to discriminate between and diagnose two types of leukemia, Acute Myeloid Leukemia and Acute Lymphoblastic Leukemia, that require drastically differing courses of treatment but are difficult to distinguish medically. We have filed a patent application on this diagnostic discovery.

C. Superior results from microarray data:  We obtained access to microarray data that were generated from tissues obtained from patients that had prostate cancer and underwent prostatectomy.  Gene expression values from 7,129 probes on the Affymetrix Gene Chip were recorded for 67 tissues coming from 26 patients.  The initial experiments were limited to discerning the genetic differences between 42 tissues of Benign Prostate Hyperplasia (BPH) and the highly malignant grade four cancers.  Ten genes targeted in this study represent the genes most indicative of a benign or malignant tissue sample. A subset of only two genes was discovered that effectively and consistently performs the separation of BPH and malignant samples. Again, we have filed a patent application on our discovery.

 More significant than the results from this early experiment is the realization that the Affymetrix chips hold more data than previously thought. The SVM-based techniques developed and used in conjunction with performing this study allowed 60% more microarray experiments to be studied. The lower susceptibility to spurious noise in BIOwulf’s tools enabled the use of experiments that even Affymetrix had labeled as unusable. The higher level of sensitivity in this technology allows interpretation of much of the lower signal data and greatly improved results.

D. Analysis of mammographic data:  BIOwulf has successfully developed a tool for the detection of microcalcifications in digitized mammography images. This is an intermediate step on the way to the development of a tool that will maximize the interpretation of a mammogram to determine the malignant nature of a detected lesion.

While our recent developments demonstrate the power of advanced mathematics and specifically Machine Learning in processing medical data, there are simply too few people focused on this area to even begin to approach the potential of this market. Capable Machine Learning scientists are a scarce commodity, and few of them are interested or willing to become dedicated to healthcare applications. BIOwulf has successfully overcome these barriers to advancing biological applications of Machine Learning.

BIOwulf recognizes this significant opportunity and is determined to become a market leader in biomedical information analysis. We are well on our way.

BIOwulf Technologies and Applications

The fundamental goal of BIOwulf is to make biomedical science quantitative through the application of Machine Learning, dramatically improving our understanding of both normal and pathological biology.  The application of newly derived knowledge will more precisely define disease, leading to new diagnostics, treatments and personalized medicine.  To achieve these objectives, BIOwulf has begun a comprehensive program that should culminate in new drug development capabilities, novel medical diagnostic procedures, new imaging contrast agents, and more sensitive imaging analysis. Due to the significant research efforts providing a wide assortment of data, the proven problem complexity, and the humanitarian benefit to furthering knowledge, BIOwulf has chosen to focus its analytics largely within the field of oncology. Lessons learned in analyzing cancer related issues will later be extended to other major disease groups and healthcare issues.

BIOwulf Capabilities

The answers to the most important questions of life lie in the data that is emerging from the wealth of existing and emerging measurement tools. The effective new methods of Machine Learning are proving very useful in extracting the nuggets of knowledge, and therein the commercial value, from today’s mountains of scientific data. BIOwulf is intent upon changing the fundamental understanding of biology through application of quantitative methods of Machine Learning. The goal is enabling personalized medicine through more precise disease definitions, detection capabilities, and treatment regimes.

The Company’s implementations of Machine Learning may directly impact drug development capabilities, medical diagnostics, and medical imaging technologies. BIOwulf scientists are keenly alert to new ideas and combinations of technologies where our Machine Learning analytics can lead to new discovery. Our cornerstone Machine Learning methodologies have already proven beneficial in identifying multiple gene expression patterns for cancer detection while other researchers have focused on single gene targets. We expect that the Machine Learning analytics for medical imaging that are currently in development may, when combined with new imaging contrast agents that BIOwulf is supporting, generate a leap forward in both sensitivity and accuracy for disease screening and diagnosis.

Machine Learning

The relatively new branch of mathematics known as Machine Learning combines robust computational methods and knowledge discovery techniques. It is important to have a firm understanding of both the Machine Learning techniques and the problem that is being addressed to gain maximum benefit from the analysis. In our case, the medical applications knowledge not only leads to relevant answers, but in many cases spurs further development of the mathematical theories as well. We have already advanced Machine Learning through the development and application of our proprietary learning algorithms, particularly SVMs.

One area of Machine Learning that is becoming particularly fruitful is pattern recognition. The tools implementing statistical learning theory, particularly SVMs and related kernel methods, have been demonstrated to be particularly adept in handling pattern recognition tasks in benchmark data as well as real-world applications. Most of the problems being addressed at BIOwulf involve pattern recognition – classifying benign/malignant tumors, identifying microcalcifications in mammograms, or classifying leukemia patients for treatment are just a few examples.

In order to exploit patterns in data, two opposing forces must be controlled: 1) specific detection of patterns in examples under study, and 2) general and reliable application of the identified patterns to new cases. The first problem is a computational problem and the second is a statistical problem. Prof. Vapnik’s statistical learning theory provides the rigorous mathematical foundation for handling this dilemma in a robust and predictable fashion. SVMs are at the forefront of the new generation of learning systems based on this theory.

Support Vector Machines

BIOwulf has created unique and proprietary implementations, adaptations, and extensions of the basic SVM concept. SVMs are a significant advance because of their ability to efficiently handle problems that were previously considered impossible because of mathematically adverse conditions. The SVM concept identifies an optimal problem solution based upon boundary conditions resulting from the data under study whereas traditional methods derive a solution specific to the data at hand. In a nutshell, the SVM solves for the worst-case scenario rather than the average case and thus upon subsequent use it provides a solution that is more robust in resisting errors.

In addition to facilitating the identification of the best solution, the SVM specifically identifies the cases that this solution is dependent upon. Each input case is a vector made up of all of the individually measured fields of that case. The solution dependent cases are known as the support vectors. They are identified as being the crucial cases in the training data. Given the expensive nature of most biomedical research, the ability to draw conclusions from small numbers of samples is critical. The support vectors represent the cases that lie closest to the decision boundary and are clearly the most interesting cases for cost-effective targeted follow-up studies.

In medical studies, it is often more desirable to identify the relevant characteristics (features) of a population of patients that indicate a particular condition. In the post‑genomic era, this capability is magnified because of the wealth of data that was discussed earlier. To specifically address this need, the BIOwulf scientists have developed recursive feature elimination algorithms based upon support vector machines. The resulting proprietary tool is known as RFE‑SVM for which patent applications are pending.

RFE‑SVM targets identification of those features most important in the decision process.  For example, in genomic applications, very small subsets of genes that affect a particular disease are delineated from the thousands of candidate genes.  Feature selection also yields system optimization that is critical to commercial viability. In constructing genomic and proteomic based diagnostics, each additional measurement necessary for a specific test battery directly affects the economic viability of a potential product. RFE‑SVM is the sort of new-generation analytic tool that is needed to unlock the potential of today’s preponderance of genomic and proteomic data. It also holds promise for feature extraction within the imaging arena that is tomorrow’s promise.

The statistical learning theory methodologies enhance tools from various domains.  They overcome many limitations of earlier attempts and the mathematics provide superior scaling (thousands of features and few training examples), fast training and no problem of local minima (unique global solution), few easy to choose parameters (usually one complexity parameter and one robustness parameter, chosen by cross-validation), and smooth, intuitive and easy to interpret decision functions. Our methods consistently perform well and have theoretical foundations that explain the performance characteristics.  SVMs and related tools minimize the structural risk associated with a problem and provide a guarantee of quality and security.

In order to best serve our customers and remain ahead of competition, our team of outstanding mathematicians designs new algorithms, expands the theoretical foundation of Machine Learning, and extends the ability to approach new problems. BIOwulf mathematical staff includes some of the most talented Machine Learning scientists in the world.  Their strategic focus is aligned with the corporate goals with current work centered on problems of Genomics, Proteomics, and imaging.

By addressing specific problems in a modular fashion, the capabilities attained through the current development efforts may be more easily extended to similar or adjunct areas. The similarity here may be in application, underlying data construction, or data analysis processes. The mathematical team strives to maintain an architectural classification of the tools and challenges that are addressed in our development efforts so that prior experience can be capitalized upon whenever possible. The catalog of capabilities addressed includes:

· Feature/Pattern Selection
· Model Selection/Statistical Testing
· Clustering/Unsupervised Learning
· Time Series Prediction/Causality Inference
· Reinforcement Learning/Control Problems
· Kernel Machines
· Expert Knowledge Combination

The BIOwulf Knowledge Refinery:  The Product of Mathematical Advantage

The foundation of our integrated Genomics/Proteomics/imaging bioinformatics effort is the development of the BIOwulf Knowledge Refinery. Since all of our analytical capabilities rely upon the availability, quality, and structure of the underlying data, BIOwulf recognizes that without keen attention to data as a resource our impact could be limited. The Knowledge Refinery combines the analytical results of proprietary and public datasets, the inclusion of heterogeneous information, domain expertise and advanced Machine Learning technologies for the discovery of new biomarkers, medical diagnostics, imaging agents and pharmaceuticals.  This tool uses the theoretical constructs of statistical learning theory to extract “knowledge” and to ensure with mathematical certainty the processing of data into knowledge. By creating automated knowledge extraction capabilities based on a unified theory, the knowledge extracted at each step can enhance an evolving database that continuously represents the “state of the art” in terms of biomedical conclusions.  This database becomes the gold standard for referencing new information against past assumptions.

As examples of the tools that emerge from such synthesis of theory and application, BIOwulf has developed the following focused applications:

· Our Proprietary Recursive Feature Elimination-SVM tool (RFE‑SVM) has been used by our scientists to find discriminant relationships within clinical datasets as well as within gene expression datasets created from microarrays of tumor versus normal tissues.  Using RFE-SVM, our scientists have been able to extract information from microarray datasets that the most advanced bioinformatics techniques have missed.  RFE-SVM has also been used to determine gene expression patterns that can be correlated to severity of disease.  The data analysis technique can potentially improve diagnosis and prognosis by providing a physician with an enhanced decision tool.  These analytic methods are effective for identifying genes implicated in several cancers as well as assisting with the pharmacogenomic and toxicological profiling of patients.

The Recursive Feature Elimination SVM (RFE-SVM) method allows discrimination of subsets of genes that together differentiate best between disease and normal patients, in contrast with methods that select genes that individually correlate to disease.  Microarray data is processed with several thousand gene expression coefficients.  With RFE-SVM, a decision tree is established to help find the best subset of genes satisfying multiple criteria, including good disease specificity, and economic value.  Another method, the zero-norm SVM method allows very rapid identification of minimal subsets of genes that are effective to build diagnosis tests.  Both methods are scalable to hundreds of thousands of observations when moved beyond Genomics into Proteomics and Dynamic Imaging.  They are also applicable to the selection of relevant causal relationships in gene regulatory networks.

· Module combination methods:  The strategies for combining information have been developed from different sources.  While traditional methods rely simply on combining the data at the data analysis system input level, or combining the results of various modules independently built on the basis of separate data sources, SVMs kernel methods allow blending of information at an intermediate level.  This superior integration strategy is applicable to diagnosis, prognosis, and the discovery of new classes (clustering).

· Text relevancy estimation methods:  Methods are in development to access both public and private literature databases to process text and find data relevant to a given thread of biological inference.  This text based synthesized knowledge will be combined with knowledge extracted from numerical and image based data to form a unified tree of assumptions/conclusions and hypotheses.

The tangible outputs of these tools include the following:

· Validation and prioritization of drug targets;

· Assessment of pre-clinical data in terms of clinical relevance;

· Development of patient selection criteria in clinical trials;

· Improvement of the effectiveness of diagnosis tests and design of new tests;

· Prediction of the benefit of certain treatments for particular patients;

· Discovery of new categories of disease or gene functionality;

· Identification of patients at risk requiring particular attention;

· Optimization of health care strategy and treatment monitoring;

· Identification and elimination of bad samples (data cleaning);

· Suggestion of new experiments (query learning);

· Identification of relevant medical abstracts; and

· Inference of regulatory pathways.

In summary, we believe that the BIOwulf mathematical team and the data manipulation infrastructure we are building will help us dominate the future of bioinformatics.

BIOwulf Application Development Projects

Application 1:  Automated Interpretation and Analysis of Static Medical Images

We are applying computer-aided diagnosis to static medical images (both digitally acquired and digitized from film) to recognize and characterize abnormalities. Our BIOwulf Radiology subsidiary has developed advanced analytics to approach this problem.  We have applied a combination of preprocessing techniques with pattern recognition algorithms and other Machine Learning methods to aid in the detection of microcalcifications in the breast and to classify benign and malignant disease cases.  A differentiating methodology in our analysis centers on the incorporation of our proprietary advanced Machine Learning technologies.

Mammography and physical examination are recognized as the current standards for early detection of breast cancer.  There is conclusive evidence that routine screening mammography results in significant reduction of mortality from breast cancer for patients over 40.  As a result of screening mammography, malignant lesions can be detected at an earlier stage of the disease when the prognosis is more favorable.  Still, breast cancer is the second leading cause of cancer deaths in women and the second most common cancer among women, after skin cancer.  It is estimated that more than 700,000 people died from breast cancer in the world in 2000 with more than 41,000 deaths in the United States.

Currently, 10% to 25% of breast cancers are not detected by mammography although approximately 70% of first-pass undetected malignancies demonstrate abnormalities on prior mammograms when reviewed retrospectively. Additionally, of all cases subsequently referred for biopsy, only 20% to 30% are confirmed positive for malignancy.  Microcalcifications, mass lesions, spiculation, asymmetry, and architectural distortion represent abnormalities present on mammograms that may indicate the presence of breast cancer.  The use of computer-based programs to detect and analyze these abnormalities would be valuable in the diagnosis of breast cancer at an early stage when the disease remains curable.  The value of computer aided diagnosis stems from the potential of specific algorithms to reduce the number of false positives (diagnosing cancer erroneously) and false negatives (not diagnosing a present cancer) inherent in human readings of mammograms.

Currently marketed computer aided diagnostics are typically plagued by a high false positive rate because of the tendency to err on the side of being too conservative. The costs incurred in resolving such false alarms largely offset the potential benefits of automated screening. Our superior analytic tools should be able to control the number of false positives while maintaining the ability to accurately detect a very high percentage of the actual disease cases. Accomplishing this will allow the automated tools to initially be used as a second reading of the examination to validate the physician’s diagnosis.  Second human screenings, while cost prohibitive in general practice; have been shown to significantly improve the detection of abnormalities. An automated screening tool with near-expert screening accuracy would afford the same benefit without the costly utilization of valuable physician time.  Further refinement of the automated screening tools may eventually result in primary interpretation by computer with physician time dedicated to only the “non-normal” cases.

Accomplishment to Date

Our preliminary results have shown great promise in the analysis of digitized mammograms.  We have organized a large database into training and testing sets, achieving detection rates for micro calcifications in excess of 90%.  More importantly, this has been achieved with a very low number of false positives.  This is a dramatic improvement over other presently available commercial products.  We plan to rapidly finalize development of this product and start marketing as an adjunct to radiologist interpretation.

Future Plans

We plan to incorporate additional patient data streams, including clinical data, cancer markers, and cytometry, to maximize the diagnostic capabilities for the individual patient. BIOwulf’s drive toward automated screening capabilities should maximize clinical utility and enhance the detection of breast cancer while simultaneously reducing the number of unnecessary biopsies being performed.

Mammography is the first application of the use of Machine Learning to interpret images.  There are, however, a large number of other applications for the use of Machine Learning to increase the knowledge gained from medical images.  We expect to work directly on images and image sequences already being produced by medical imaging tools, while working on methodologies to produce novel and powerful new tools for the extension of drug discovery and medical diagnostics.

BIOwulf Radiology plans to finalize software that includes the properly calibrated variables and structure to achieve market leadership in both tumor detection and classification. This tool may be delivered either through onsite computer set ups in radiology departments, or through online connections to a central computer in which the model resides. Regulatory approval may be expedited through 510K requirements in the instance of the product being used as an adjunct to radiologist readings. Prior to standalone reading, a more extensive Premarket Approval (PMA) likely will be necessary.

Application2: Using BIOwulf Mathematics with Others Data for Genomic Analysis, Microarray Analysis and Cancer Biomarkers/Diagnostics

BIOwulf has chosen to focus on oncology because there is a great need for new diagnostics and therapeutics, there is a tremendous amount of unprocessed data available, and there is fundamental belief that cancer is a complex and systemic disease that may yield to our analysis.

Accomplishments to Date:

Breast Cancer:  Prognostic Tool for Chemotherapy Response

Currently, a reliable method for identifying breast cancer patients likely to fail therapy and suffer recurrence of the disease does not exist.  A prognostic tool that would enable doctors to consider alternate treatments for patients likely to fail standard regimens would be valuable.  BIOwulf performed a study based on a sample of 73 patients from which 49 patients had seen no recurrence.  The study used 20 variables from preprocessed clinical data such as:  progesterone receptors, age, positive lymph nodes and total nodes surgically removed to determine what variables were critical for prediction.  Based on clinical data alone, a “diagnostic pattern” was revealed that was able to accurately identify three out of four women who ultimately failed chemotherapy treatment.  BIOwulf scientists expect to improve upon these results through incorporation of genomic and/or proteomic data from the tissues associated with these cases.

Leukemia:  Class Discrimination between AML and ALL using Microarrays

The objective of the experiment was to determine if the two types of leukemia could be discriminated by the different patterns of gene expression on a microarray.  Analyzing a publicly available dataset (Golub, et al 1999) the RFE-SVM made an errorless distinction between the AML and ALL variants using a two-gene discriminator compared to a 3% error rate by the original authors.

Colon Cancer:  Finding Gene Expression Patterns Relevant to Colon Cancer
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The aim of this experiment was to define the genotype or gene expression patterns that are affiliated with colon cancer.  The dataset that was analyzed was gathered from 62 patient tissue samples that were plated onto oligonucleotide arrays from which 2,000 data points were reported from each array (Alon, et al 1999).

Seven complementary genes correlated with the presence or absence of colon cancer were specific to colon epithelial cells and have been implicated in the progression of colon cancer in several studies within the literature.  A surprising finding from this analysis was a gene from a Trypanosoma genus, a parasite. A literature review revealed that patients infected with this parasite demonstrate resistance to colon cancer. Patent applications have been made to protect the findings described by the genes isolated in this study.

To further align our toolbox with the needs of the pharmaceutical drug development process, we extended the presentation of our results using proprietary visualization tools that enable the presentation of knowledge-based decision trees for easy analysis of alternative subsets of genes of high predictive power.  A binary decision model was established through iteration of the RFE-SVM over relevant subsets of promising genes obtained from unconstrained application of RFE-SVM. In this manner, potential diagnostic applications hinging on a maximum number of genes can be effectively explored. The visualization tools allow quick identification of relevant findings through easily perceived node color labeling and edge magnitude in the resulting diagrams. Additional constraints, such as gene patentability, ease of measuring a protein in serum, estimation of value as a drug target, or economic viability could be introduced to modify the preferred path in real time.

Prostate Cancer:  Tying Together Clinical Decision Tools and Microarray Information

We are collaborating with two independent university investigators who are generating clinical and genomic data from cancerous and normal prostate tissues.  This research effort is designed to develop RFE-SVM tools to delineate prognosis, disease progression and treatment response of prostate cancer patients based on clinical information datasets as well as DNA microarray datasets.

A Clinical Dataset with 158 patients (79 Transition Zone patients and 79 Peripheral Zone patients) was analyzed, using accepted variables that influence patient outcome, to determine if the SVM techniques could be used as an effective clinical outcome prognosis tool.

A microarray experiment was performed on radical prostatectomy tissues resulting in 7,129 gene expression measurements for each sample across a population of 67 tissues removed from 26 patients.  The objectives of the study were to find a genetic link between where the cancer was located in the prostate, in what type of tissue the cancer was located, and the severity and the recurrence potential of the disease.  The initial experiments were limited to discerning the genetic differences between 42 tissues of Benign Prostate Hyperplasia (BPH) and the highly malignant grade four cancers.  Ten genes were identified that had greatest correlation with the two datasets.  However, a subset of only two genes predicted the separation of BPH and grade four cancer patients perfectly, using the leave-one-out method.  This study will be expanded to include other regions and grades of prostate cancer.  The ability of our Machine Learning technologies to discriminate signal below the threshold for many conventional methods allowed us to use of 60% more microarrays than conventional methods.

Gene Functional Classification

In our attempts to understand cellular function at the molecular level, we must be able to synthesize information from disparate types of Genomic data.  In collaboration with Columbia University, we have addressed the problem of inferring gene functional classifications from a heterogeneous data set consisting of DNA microarray expression measurements and phylogenetic profiles from whole-genome sequence comparisons.  We have demonstrated the application of the SVM learning algorithm to this functional inference task.  The SVM kernel function was instrumental in combining heterogeneous data to attain better results than other methods.  Out of 126 functional classes, 64 are learnable with the two data sets while only 44 are learnable from microarray data only and 40 from phylogenetic profiles only.

Gray Box Models for Gene Networks, Use of Promoters

One of the challenges of Genomics research is to infer all of the gene regulatory pathways and their alteration in disease patients.  As the quantity and variety of Genomic data increases, molecular biology shifts from a hypothesis-driven model to a data-driven one.  This enables inference of regulatory pathways from genome-wide experimental results, including microarray gene expression data and the full DNA gene sequences that contain regulatory elements as well as protein coding regions.

Gene networks are graphic models of regulatory pathways showing causal relationships between the activation or inhibition of one gene compared to the activation of inhibition of another.  The availability of massive amounts of genome-wide experimental data makes possible to imagine disentangling gene networks by retaining only those connections between genes that are consistent with experimental data.  Yet, learning the whole network without any prior assumption about its architecture is not mathematically tractable.  The number of human genes is presently estimated at 30,000.  If we define the state of a network as the current on-and-off values of all 30,000 genes, we have 230000 states, which is roughly 109000.  So even if we treat genes as on or off – which is false because they show graded levels of activity – we have 109000 possible states.  This value exceeds even the estimate of the number of particles in the known universe (1080).  Therefore it is important to simplify the learning problem as much as possible.  One approach that we are pursuing is to constrain the architecture of the network with as much knowledge as possible from already studied pathways and regulatory mechanisms.  We call that a gray box model, as opposed to a black box model.

In collaboration with the Royal Holloway University of London, we have devised a new method to combine promoter sequence analysis with microarray gene expression data.  A simplified view of gene regulation is that genes encoded in the DNA get transcribed into mRNA and then translated into proteins.  Some proteins are transcription factors that activate the transcription of other genes by binding to their promoter region.  Genes that are co-regulated may have similar structures of their promoter region.  Genes that are co-regulated are usually co-expressed.  We have devised special SVM kernels that make use of the synergy between the similarity in structure of the promoter region and gene co-expression to hypothesize new regulatory mechanisms. 

Plans for the Future:

Our ability to extract maximum information from complex data sets, including genomic sequences, promoter sequences, gene expression data and diagnostic measurement data, gives us the ability to add value to many of the primary data producers, from drug company research departments to instrument makers to government agencies. We do not plan to create businesses in instrument development; instead we plan to work with data generators (drug companies), and instrument companies (mass spectometry, gene expression, 2-d gel, etc.) to gain up front payments, development payments, licensing payments and royalties from products developed.

Application 3: Autoantibody Detection as a Tool for Cancer Screening

One of the major goals in the fight against cancer is the ability to detect the primary tumor before tumor cells that can potentially metastasize are released into the bloodstream.  There has been limited success in research areas of tumor markers, indicative DNA and whole tumor cells in peripheral blood indicating the presence of a potentially malignant growth.  Low experimental specificity and sensitivity have limited many of these projects.

Our collaborator at the University of Nottingham, Dr. John Robertson, has developed a test for the detection of autoantibodies to known tumor markers.  He has shown that these assays are extremely successful at detecting early stage epithelial cell derived carcinomas with only a small amount of optimization of the antigen presentation technology.  He has also found ways to isolate these naturally derived autoantibodies, such that they might be used to detect the “modified” tumor marker proteins.  His early data indicates that some combination of auto-antibody/modified antigen detection technology can create a powerful and unduplicated tool for early cancer screening.

Under our exclusive license agreement with the University of Nottingham, BIOwulf owns the exclusive rights to the output of Dr. Robertson’s research:  development of a panel of immunoassays for the assay of autoantibodies in human serum.  These potentially high-value assays, which address an annual market that should exceed one billion dollars if universally useful, will be developed internally.  If the results are convincingly positive, a marketing program and market development effort will be put in place.  Partnering opportunities with major diagnostic companies would be considered; however, licensing will only be pursued if a suitable business relationship can be developed.

Application 4:  MEMS (Microelectromechanical Systems) Meets Proteomics – The Virtual Proteomic Array/Electron Cloud Spectrometer

Proteomics is the analysis of the most ubiquitous class of molecules in the body – proteins – and the one that shoulders the major duties of both structure and function.  Recently, there has been a major focus in biomedical research on the study of these molecules.  Proteomic research is predicted to be more complex than Genomic research, as there is a factor of 2000 more molecular species predicted and as there is no analog to PCR to allow the amplification of rare molecules.  A company with a material advantage in the study of these molecules should be capable of novel insight into biological process and drug discovery.

BIOwulf has started the development of an advantaged multiplexed protein analysis scheme that allows the interrogation of a huge number of potential protein-protein interactions along with the mathematical capability to gather unique information out of these interactions.  This combination of tools is expected to allow rapid parallel analysis of proteins and protein extracts, using pattern recognition to ease the analytical pressure presently faced in available techniques.

The Virtual Magnetic Array for Proteomics

Magnetic manipulation has been commonly used in the biomolecular sciences, since force can be delivered in unique ways through liquids without physical contact.  This ability is especially valuable in the manipulation of paramagnetic microparticles, from stirring to separation to immobilization in a flowing stream.  Magnetic applications have been integral in immunoassays systems, genetic probe analysis systems, Genomic and protein sequencing systems and cell based sorting and identification.  In general, magnetism has made many of the breakthroughs in commercial delivery of biochemistry possible, although scientists have been hesitant to apply magnetics to manipulate fluids and particles at the microscopic level because magnetic forces theoretically do not scale well.  We believe that we are overcoming this theoretical problem.
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Accomplishment to Date 

We are working closely with Dr. Chong Ahn, Director of the Center for MEMS and Microdevices and a professor at the University of Cincinnati, who has developed breakthrough technology in the field.  (See “Certain Relationships and Related Matters” below.)  Dr. Ahn has been able to create miniaturized electromagnets that can be brought into close proximity with paramagnetic particles labeled with both proteins of interest and complementary binding molecules.  These electromagnets can be turned off and on and juxtaposed in space such that mixing and controlled movement can be achieved and the theoretical scaling problem avoided.

Dr. Ahn has also created a set of microflow channel schemes for sample preparation and other manipulations.  These tools allow a set of reactions to be accomplished with on-board microdevices.  These channels are formed in plastic, a low cost material.  Dr. Ahn has also developed a micropipetting device that allows the manipulation of ultrasmall aliquots of both binding targets and sample molecules.  These micropipettes will be critical for the formation of reaction fields that allow nanoassays and other manipulations.

Plan for Future Work

It is the goal of BIOwulf and Dr. Ahn to create a platform for the analysis of protein binding events using electromagnets, microfluidics, controlled ligand display, micropipetting, detection techniques such as fluorescence and mass spectrometry and advantaged Bioinformatics.  This method to achieve Proteomic analysis should be easily applied to the research market, medical diagnostics, and biothreat detection. 

The “Electron Cloud” Spectrometer

Along with high throughput Proteomic analysis, we plan to use the “virtual magnetic array” with a well characterized set of ligand labeled microparticles to create a research tool that will be useful to any investigator involved in Proteomics. 

This tool can be used with molecular ligands such as antibodies, proteins, lipids, small molecules, and phage display libraries.  Molecular surface characteristics of proteins can be determined.  The binding can be done in different solution environments such that differential binding characteristics can be analyzed.

This product, when combined with a nonspecific, inexpensive detection scheme such as fluorescence or with a specific scheme such as mass spectrometry, will be useful in several markets, including the research market.  The tool will also be potentially valuable as a diagnostic device and/or a biothreat detection tool.  Our mathematical technologies and the ability to run multiple assays at one time relieve the pressure on the system to use very specific and patented proteins.  This will allow the opportunity to develop assay tools that are not covered by existing intellectual property rights.  Because of the inherent flexibility, the relative value of the different business arrangements along with financing opportunities will be determined before developing a business model.  It will also be necessary to finalize the license agreement between Siloam Biosciences and the University of Cincinnati before we can proceed fully (See “Siloam Biosciences and Certain Relationships and Related Matters” below).

Application 5:  Dynamic Imaging with In Vivo Labeling

Extensions of old imaging techniques and novel new practices are beginning to change the way medicine is practiced. Spiral CT scans and MRI are now used extensively to collect three-dimensional information that aids physicians in localization and identification of morphological disturbances or trauma. Positron Emission Tomography allows an even more specific understanding of local metabolism. Recent improvements in some non-specific imaging contrast reagents have also improved sensitivity and specificity in ultrasound technologies. In general nonspecific imaging techniques continue to make strides in characterizing the morphology of a system.

A new set of improvements is now beginning.  Technologies can now image individual molecule distribution, providing a micromolar concentration, within tissue and within living creatures. This technology, titled molecular imaging, can create a profile of certain molecules, such that dynamic chemical imaging is possible. Along with chemical imaging, other technologies can now characterize the physical movement of liquids within the tissue, thereby characterizing the microphysiology of the specimen. Combined, these techniques, along with three dimensional morphological data gives a complete “video” of the events in a tissue volume. This video contains more complete information concerning the physiology happening in that volume than any tool previously available.

Two issues hold back the rapid development of this dynamic imaging technology. The first problem is that no one has built the infrastructure to capture, manipulate and extract knowledge from this massive amount of data, such that it can be compared patient to patient and situation to situation. The second problem is that for most molecules of real interest, the concentration found in most physiological situations is too low for present technology. If these two impediments could be removed, there is tremendous potential for medical imaging to become the standard diagnostic tool and drug screening tool.

BIOwulf has programs underway to address both of these problems. First, our company is structuring mathematical tools to manipulate three and four dimensional image data such that facile comparisons can be made. These tools create a baseline to collect and improve the data being potentiated by others progress in molecular and dynamic imaging. 

Secondly, BIOwulf has used its contacts and skills in Proteomics and nanotechnology to start to develop advantaged labels for ultrasensitive molecular detection using multiple moieties. These technologies, being developed in the laboratories of several leading academics, have already shown that they can relieve the sensitivity boundary in one technique, and others have the theoretical potential to completely change the limits of in vivo imaging, particularly in concert with BIOwulf mathematics.

Technologies

Achieving such an ambitious goal demands a combination of tools.  We have focused our research on gaining advantaged positions in multiple analytical techniques, while creating a dominant position in the application of advanced mathematics to combine such signals.  This technology collection effort has emphasized the ability to close the physiological control loop at a volume range where pathology can be detected and controlled before systemic pathology becomes established.  The number of techniques capable of gathering information from patients in a noninvasive manner is large and growing rapidly.  We plan to work with both academics and industrial partners to use the data generated by these new technologies to enhance the management of patients and improve patient care.

The Product(s)

The output of our research will be a set of protocols to characterize both animals and humans for their biological conditions.  These protocols will include novel imaging parameters, novel labels and novel mathematics to optimize the information gathered. Our plan is to license the software to instrument developers while keeping the labels as proprietary.  We plan to partner with one or more major pharmaceutical firms for the joint development of this technology for use in animal testing and human clinical trials.  We also plan to develop contrast imaging agents either internally or through joint ventures with drug companies.

Application 6:  An Enabling Resource:  Securing Access to Primary Patient Tissue and Medical Record Data – Unique Math Applied to Controlled Studies in Human Populations

BIOwulf™ has relationships that provide preferential access to tissues and patient data through our involvement with the Georgia Cancer Coalition and business relationships with M.D. Anderson Cancer Center and the University of Nottingham.

The Georgia Cancer Initiative

We are in the process of developing a working relationship with the State of Georgia on a statewide initiative designed to improve cancer care and cancer technology access for all residents of Georgia.  We currently have a contract with the Georgia Department of Community Health (GDCH), which provides health coverage for 25% of the more than eight million residents of the state.  Although the current contract is limited to a specific cancer-focused data analysis, we believe that the scope of the contract will be expanded to include the integration of screening programs, clinical research programs, the development of a comprehensive cancer data repository and the potential development of a serum and tissue repository for the approximately two million Georgia residents whose healthcare is covered by GDCH.  Our strategy is to use the relationship with GDCH as a cornerstone for the rollout of improved cancer screening, clinical trials and the other infrastructure components to the rest of the state via the initiatives under the direction of the Georgia Cancer Coalition.  Once expanded to the entire state, the Cancer Initiative will ultimately make screening programs available to the entire population of the state, and provide access to nearly 32,000 new cancer cases each year.

If an expanded contract with the state should be achieved, as a key component of the Georgia Cancer Initiative we will develop a central data repository, which will contain tumor registry data as well as other patient encounter data.  This cancer data repository will provide researchers with longitudinal patient records for long term tracking of treatment efficacy and cancer recurrence.

M.D. Anderson Cancer Center

We have roughly 3,000 frozen cancer tissue samples, which we received from M.D. Anderson Cancer Center.  Each of the samples has been cataloged and an average of ten years of clinical follow-up data on the patients is available.  In addition, we have access to a number of M.D. Anderson prostate and colon cancer tissues.  All of these tissues and corresponding clinical data will be used in pursuit of new discoveries in Genomics and Proteomics.

Summary Capitalization

The following table sets forth the capitalization of the Company immediately before the issuance of the Series C Preferred Stock as well as the capitalization of the Company as adjusted to give effect to the sale of __________ shares of Series C Preferred Stock at an offering price of $____ per share. 

	
	
	Actual
	
	As adjusted

	Long-term debt
	
	0
	
	0

	Shareholders’ Equity
Series A Preferred Stock, par value $0.0001 per share; 7,082,000 authorized; 6,824,000 outstanding and actual
	
	$                682
	
	$                682

	Series B Preferred Stock; par value $0.0001 per share; 690,000 authorized; 585,000 outstanding and actual
	
	$                  59
	
	$                  59

	Series C Preferred Stock, par value $0.0001 per share; __________ authorized; none outstanding, actual; __________ outstanding, actual as adjusted)
	
	0
	
	$______

	Common Stock, par value $0.0001 per share; 100,000,000 authorized; 29,874,765 outstanding and actual

	
	$             2,987
	
	$             2,987

	Additional paid-in capital
	
	$    10,234,355
	
	$      ________

	Accumulated Deficit
	
	$   (5,248,481)
	
	$   (5,248,481)

	Total Shareholders’ equity
	
	$      4,989,602
	
	$__________

	Total Capitalization           ???
	
	$      9,979,204
	
	$___________


Summary Financial Information

	
	Fiscal Year Ended December 31, 2000
______________
Unaudited
	Inception to 
December 31, 1999
_______________
Unaudited

	Profit and Loss Data:

Loss from operations
Licensing costs
Interest income, net

Noncash Compensation

Net loss
	              (3,219,972)

                 (208,161)

                   139,423

                 (610,422)

              (3,899,132)
	(936,318)
(135,475)
(25,960)

(265,902)

(1,349,349)

	
	
	

	
	As of 
December 31, 2000
Unaudited
	As of
December 31, 1999
Unaudited

	Balance Sheet Data:
Cash, cash equivalents and short term investments

Noncurrent Assets

Property, plant and equipment (less depreciation)

Current and long-term liabilities

Retained earnings (deficit)

Capital Stock and Paid-in Capital

Total Stockholders’ Equity
	$5,142,473

222,675

766,010

1,141,556
(5,248,481)
10,238,083
4,989,602
	$235,703

0

201,715

691,466
(1,349,349)
1,095,301
(254,048)


Use of Proceeds

The net proceeds to the Company from the sale of the Series C Preferred Stock offered hereby are estimated to be $___________, after deduction of estimated offering costs of $____________.

The Company intends to use the net proceeds from this Offering to fund research and product development, to fund commercialization of its proprietary technologies, and for general corporate purposes.

The amount actually expended for each purpose and the timing of such expenditures will depend upon numerous factors, including (i) the progress of the Company’s research programs, (ii) the rate of technological advances, (iii) determinations as to the commercial potential of the Company’s products and services, (iv) competitive developments, (v) the establishment of collaborative agreements with other companies, (vi) the availability of additional financing, (vii) the status of the Company’s patents and those of its competitors, and other factors.  In addition, portions of the net proceeds may also be used to acquire technologies or fund collaborative arrangements that complement the business of the Company.

Pending application of the proceeds as described above, the Company intends to invest the net proceeds of this Offering in short-term, investment grade, interest-bearing securities or certificates of deposit.

Terms of Series C Preferred Stock

	Dividends:
	The holders of Series C Preferred Stock will be entitled to receive annual dividends, out of any assets legally available therefore, at a rate of 8% of the Original Purchase Price of the Series C Preferred Stock, ratably with the holders of the Series A Preferred Stock and prior to any dividend distributions being made by the Company to holders of Series B Preferred or Common Stock, payable when, as and if declared by the Board of Directors.  Such dividends will be noncumulative.

	Liquidation Preference:
	In the event of the Company’s liquidation, dissolution or winding up, the holders of the Series C Preferred Stock will be entitled to receive ratably with the holders of the Series  Preferred Stock whose original liquidation preference is $1.25 per share and in the preference to holders of the Series B Preferred or Common Stock a per share amount equal to the Original Purchase Price (the “Series C Liquidation Preference”).  After payment of the Preferred Stock Liquidation Preferences (including the $1.00 per share preference of the Series B Preferred Stock, any remaining assets will then be distributed to the holders of the Common Stock.

	Conversion:
	Optional Conversion:  Each share of Series C Preferred Stock will be convertible, at the option of the holder, at any time into Common Stock.  The initial conversion rate will be one-for-one, subject to adjustment as described under “Antidilution” below.

Automatic Conversion:  The Series C Preferred Stock will automatically convert into Common Stock, at the then applicable conversion rate for the Preferred Stock, upon the earlier of:  (a) the closing of a firm commitment underwritten public offering of shares of Common Stock which results in net proceeds to the Company of at least $25,000,000 (the “IPO”) and an offering price of at least $____ per share, or (b) the date specified by the vote or written consent of holders of two-thirds of the outstanding shares of the Series C Preferred Stock.

	Antidilution Protection:
	The conversion price of the Series C Preferred Stock will be subject to a weighted average adjustment to prevent dilution if the Company issues additional equity capital at a purchase price lower than the applicable conversion price, other than upon (i) conversion of Series A Preferred Stock, (ii) the issuance of shares of Common Stock pursuant to the exercise of options issued to employees, consultants or directors of the Company under any agreement, arrangement or plan, where the primary purpose is not to raise additional equity capital, (iii) the issuance of shares of Common Stock as consideration for the acquisition by the Company of another business entity or the merger of any business entity with or into the Company, (iv) the issuance of shares of Common Stock in connection with an equipment lease financing or real estate leasing transaction,  and (v) the issuance of shares of Common Stock made in connection with an IPO.  The conversion price will also be subject to proportional adjustment for stock splits, stock dividends, recapitalizations and similar issuances of equity capital.

	Voting Rights:
	Shares of Series C Preferred Stock will have the right to one vote each, and will vote as one class together with the Common Stock and Series A and Series B Preferred Stock on all matters which are voted on at any meeting of stockholders, except as specified herein or otherwise required by law.

	Series C Preferred Stock Protection Provision:
	The vote or written consent of the holders of at least a majority of the outstanding Series C Preferred Stock (voting separately as a class) shall be necessary for effecting or validating the following actions:

Any authorization or any designation, whether by reclassification or otherwise, of any new class or series of capital stock or any other securities convertible into equity securities of the Company ranking senior to the Series C Preferred Stock in right of redemption, liquidation preference, voting or dividends or any increase in the authorized or designated number of any such new class or series;

Any amendment, alteration, repeal or waiver of any provision of the Company’s Certificate of Incorporation (including the filing of a Certificate of Designation) or the Company’s bylaws that alters or changes the voting or other powers, preferences or other special rights, privileges or restrictions of the Series C Preferred Stock;

Any redemption or repurchase of Common Stock (except for acquisitions of Common Stock by the Company pursuant to agreements which permit the Company to repurchase such shares upon termination of services to the Company or in exercise of the Company’s right of first refusal upon a proposed transfer) or Series A or Series B Preferred Stock;

Any liquidation, dissolution or winding up of the Company or any merger or consolidation of the Company or any sale, lease or other disposition of all or substantially all of the Company’s assets.

Holders of the Series A and Series B Preferred Stock will have similar class voting rights.

	INVESTORS’ RIGHTS
	

	Information Rights:
	The Company will deliver to the holders of Series C Preferred Stock unaudited quarterly, and audited annual financial statements prepared in accordance with U.S.  GAAP, as soon as possible after the close of the relevant period, but in no case more than 60 and 120 days, respectively, after the closing of the relevant period.  Each holder of Series C Preferred Stock will also be entitled to standard rights of access.  These provisions will terminate upon an IPO.

	Preemptive Rights:
	There are no preemptive rights.

	Registration Rights:
	In the event of any registered public offering of Common Stock (excluding the IPO), holders of Preferred Stock will have customary “piggyback” registration rights.  Following the completion of an IPO, holders of Preferred Stock will have the right to two demand registrations subject to standard limitations.

	Right of Assignment:
	Any purchaser of Series C Preferred Stock may assign, in whole or in part, its rights and delegate its obligations under the agreements related to the Series C Preferred Stock to Permitted Transferees, provided that such an assignee agrees to be bound by the provisions of the agreements.

	EMPLOYEE MATTERS
	

	Stock Vesting:
	The Company currently expects that stock and stock equivalents issued after the Closing to employees, directors, consultants and other service providers will be subject to vesting as follows:  25% to vest at the end of the first year following such issuance, with the remaining 75% to vest annually over the next three years.  A repurchase option may provide that upon termination of the employment of the stockholder, with or without cause, the Company or its assignee (to the extent permissible under applicable securities law qualification) retains the option to repurchase at cost any unvested shares held by such stockholder.


Description of Other Capital Stock

Common Stock

The holders of Common Stock are entitled to one vote for each share held of record on all matters submitted to a vote of the stockholders.  Subject to the rights of the holders of the Preferred Stock, holders of Common Stock are entitled to receive ratably such dividends, if any, as may be declared by the Board of Directors out of funds legally available therefor, as well as any other distributions to stockholders.  In the event of the Company’s liquidation, dissolution or winding up, holders of common stock are entitled to share ratably in all of the Company’s assets remaining after satisfying the liquidation preferences of the Preferred Stock.

Convertible Preferred Stock

Of the total number of shares of preferred stock which we are authorized to issue, 7,082,000 shares are designated Series A Convertible Preferred Stock and 6,824,000 shares are outstanding, and 690,000 shares are designated Series B Convertible Preferred Stock and 585,000 shares are outstanding.  Each holder of Convertible Preferred Stock, other than the Series B Preferred Stock holders, is entitled to the number of votes equal to the number of shares of Common Stock into which such shares of convertible preferred stock may be converted.  Holders of Series A Preferred Stock will be entitled to receive, out of legally available funds, noncumulative dividends at the rate of 8% of their initial liquidation preference per share ratably with holders of Series C Preferred Stock when, if and as declared by our board of directors in preference to any dividend distribution to holders of Series B Preferred or Common Stock.  In the event of our liquidation, dissolution or winding up, holders of Series A Preferred Stock will be entitled to receive, prior to and in preference to any distribution of any of our assets, their original purchase price per share.  If assets available to be distributed among the holders of the Series A and Series C Preferred Stock shall be insufficient to permit the payment to the holders of such Preferred Stock of their full preferential amounts, then all of our assets and funds legally available for distribution shall be distributed ratably among the holders of such Preferred Stock in proportion to their preferential amounts.  Each share of Preferred Stock will be convertible at the holder’s option into Common Stock on a one-for-one basis, subject to certain antidilution adjustments.  All shares of Preferred Stock automatically convert into shares of Common Stock upon an initial public offering subject to certain price conditions, upon the request of holders of at least 66.7% of the outstanding Preferred Stock or at such time as 66.7% of the Preferred Stock owners outstanding have converted to Common Stock.

THE COMPANY

We believe that BIOwulf is the leader in the next generation of Bioinformatics:  the refining of data into actionable knowledge.  We are, to our knowledge, the first company to assemble the critical mass of Machine Learning experts and application experts in Genomics, Proteomics and biomedical imaging to truly automate the process of knowledge extraction and synthesis.  We have shown the ability to extract unique and useful information from gene expression experiments, mammography films and tissue spectroscopy experiments.  Our next generation mathematical tools, when combined with novel data from Genomic, Proteomic and non-invasive imaging modalities, promises the opportunity to grasp biology at the system level and to create unique services and products from that knowledge.

Our initial business plan is to apply our proprietary advanced mathematical skills on unique data sets.  We plan to develop our own data sets in gene promoter analysis, Proteomics and in vivo molecular imaging, while accessing additional unique data from others (e.g. mass spectrometry, tissue spectroscopy, and single nucleotide polymorphisms data) through strategic alliances.  We plan to focus on cancer as an initial disease target, given our access to patient samples and records, but will expand our purview opportunistically.  As our initial data set grows, we anticipate the formation of strategic alliances and service contracts with recognized leaders in several of our target industries, including pharmaceuticals and medical diagnostics.  We plan to maintain significant rights to intellectual property developed within our strategic alliances, from which we plan to market services and products.  In addition, we intend to identify and invest our own funds in certain specific areas of product opportunities, from which we intend to gather a high percentage of profits on product sales.

Modern Biomedical Science and the Data Challenge

In the last twenty years, the world’s biomedical infrastructure has developed the capability to collect huge amounts of data concerning genetic, chemical, morphological and physiological make up.  Over $180 billion dollars a year is spent in this pursuit.  And this analysis is well founded, as a systematic understanding of life demands such information collection capability.  In a single cell, there are in the vicinity of 1046 potential molecular interactions.  The potential information needed to describe the human organism exceeds 10300 bits based on the estimate of cells in the human body.  By way of reference, there are approximately 1080 particles in the known universe.  The dilemma facing the biomedical community is how to possibly process such information in a systematic and evolutionary way.

The BIOwulf Solution

BIOwulf is focusing on the development of advanced mathematical tools to take the indirect data collected from biomedical systems, refine it down to manageable amounts that retain the critical information represented, structure it to draw conclusions and connect those conclusions such that decisions can be based upon them.  We have brought together a world-class group of mathematicians focused in the arena of Machine Learning and a group of experienced commercial medical and bioscience professionals to create and apply these tools.  We believe we are the first company that has created this critical mass of interacting scientists.

Machine Learning is fundamental to this process, as it is the discipline focused on using computers and mathematics to extract useful information from diffuse data without significant human intervention.  As the amount of data collected surpasses the power of any single human processor to analytically manipulate, any extension of present day skills will have to take advantage of the tenets of this discipline.

At this time, BIOwulf has shown superior results in the analysis of gene expression data, promoter finding schemes within Genomic data, tissue spectroscopy data and mammography data.  In working with these data sets, BIOwulf has begun to build the infrastructure to achieve the desired goals of universal application of Machine Learning to all biologically relevant data sets.  BIOwulf has structured its internal systems to support the confidentiality and data compression required to allow collaborations using such large and confidential data sets.

COMPETITION

We compete in a number of overlapping markets to provide analytical tools to aid institutions and individuals in their Genomic and Proteomic research.  We compete to identify the makeup and function of genes and proteins that will lead to the development of therapeutic and diagnostic products and services.  We also intend to compete in the business-to-business e-commerce market by offering Web-enhanced and third party imaging products on the Internet.  Our principal competitors include, among others, Affymetrix, Inc., Celera Genomics, Compugen Ltd., Incyte Pharmaceuticals, Large Scale Biology, Inc., Lion Bioscience, and Millennium Pharmaceuticals, and in the imaging field, R2 and CADX.

Competition among entities attempting to identify the genes associated with specific diseases and to develop products based on these discoveries is intense.  We face, and will continue to face, competition from pharmaceutical, biotechnology and diagnostic companies, academic and research institutions, and governmental agencies, in the United States and elsewhere.  Three giant corporations dominate the imaging field and we may have to select one of them as an alliance partner.

Many of our competitors have substantially greater capital resources, research and development staffs, facilities, manufacturing and marketing experience, distribution channels and human resources than we do.  These competitors may discover, characterize or develop important genes, drug targets, lead compounds, drug discovery technologies or drugs in advance of us or our collaborative partners or that are more effective than those developed by us or our collaborative partners, or they may obtain regulatory approvals for their drugs more rapidly than we or our collaborative partners do.  Any of these events could have a material adverse effect on any of our similar programs.  Moreover, our competitors may obtain patent protection or other intellectual property rights that could limit our rights or those of our collaborative partners to use our technologies to commercialize drug, therapeutics, diagnostics or other medical products.  We also face competition from these and other entities in gaining access to cells, tissues and nucleic acid samples used in our discovery programs.

EMPLOYEES

As of April 30, 2001, we had 36 employees, including mathematicians, molecular biologists, physicians, and other subject matter experts, including 24 Ph.D.s or M.D.s, and five active consultants.  Our employees are not represented by a labor union, and we believe that our relations with our employees are good.

Facilities

We lease an aggregate of 8,323 square feet of office and laboratory space for $14,705 per month under long-term leases in Savannah, Georgia.  Through a services agreement with our affiliate, BIOwulf Technologies, LLC, we also pay for and use 1,392 square feet of office and research space for $3,410 per month. We also have month-to-month leases for office facilities in Atlanta and New York. We believe that the facilities we currently lease are sufficient for approximately the next 12 to 18 months.

LEGAL PROCEEDINGS

We are not currently engaged in any litigation.

GOVERNMENT REGULATION

Environmental Regulation

Our research and development activities in some cases involve the controlled use of biological and other hazardous materials, chemicals and various radioactive materials.  We are subject to federal, state and local laws and regulations governing the use, storage, handling and disposal of these materials and waste products.  In the event of an accident, we could be held liable for any damages that result, and any liability could exceed our resources.  Other than laws and regulations governing the generation, use and disposal of hazardous materials and wastes, and limiting workplace exposures to these materials, we do not believe our current and proposed activities are subject to any specific government regulation other than regulations affecting the operations of companies generally.

Regulation of the Internet

There is an increasing body of law and regulation pertaining to the Internet.  In addition, a number of legislative and regulatory proposals are under consideration by federal, state, local and foreign governments and agencies.  Laws or regulations may be adopted with respect to the Internet relating to liability for information retrieved from or transmitted over the Internet, on-line content regulation, user privacy, taxation and quality of products and services.  Moreover, it may take years to determine whether and how existing laws, including those governing intellectual property ownership and infringement, privacy, copyright, trademark, trade secret, taxation and the regulation of the sale of other specified goods and services, apply to the Internet.  The requirement that we comply with any new legislation or regulation, or any unanticipated application or interpretation of existing laws, may decrease the growth in the use of the Internet, which could in turn decrease the demand for our products, increase our cost of doing business or otherwise harm our business, results of operations and financial condition.

Due to the global reach of the Internet, it is possible that governments of nations to which we transmit data over the Internet might attempt to regulate Internet activity and our transmissions or take action against us for violations of their laws.  We cannot be sure that violations of these laws will not be alleged or charged by state or foreign governments and that these laws will not be modified, or new laws enacted, in the future.  Any regulation of this type could materially harm our business, results of operations and financial condition.

FDA Regulation

Regulation by government authorities in the United States and foreign countries is a significant factor in the development, manufacture and marketing of our proposed products and in our ongoing research and product development activities.  All of our products will require regulatory approval by government agencies prior to commercialization.  In particular, human therapeutic products are subject to rigorous preclinical studies and clinical trials and other approval procedures of the FDA and similar regulatory authorities in foreign countries.  Various federal and state statutes and regulations also govern or influence testing, manufacturing, safety, labeling, storage and record keeping related to such products and their marketing.  The process of obtaining these approvals and the subsequent substantial compliance with appropriate federal and state statutes and regulations require the expenditure of substantial time and financial resources.

Preclinical studies are generally conducted in laboratory animals to evaluate the potential efficacy of a product.  Drug developers submit the results of preclinical studies to the FDA as a part of an IND application which must be approved before we can begin clinical trials in humans.  Typically, clinical evaluation involves a time consuming and costly three-phase process.

Phase I

Clinical trials are conducted with a small number of subjects to determine the early safety profile, maximum tolerated dosage and pharmacokinetics of the product in human volunteers.

Phase II

Clinical trials are conducted with groups of patients afflicted with a specific disease or disorder in order to determine preliminary efficacy, optimal dosages and expanded evidence of safety.

Phase III

Large-scale, multi-center, comparative trials are conducted with patients afflicted with a target disease or disorder in order to provide enough data to demonstrate with substantial evidence the efficacy and safety required by the FDA.

The FDA closely monitors the progress of each of the three phases of clinical trials that are conducted in the United States and may, at its discretion, reevaluate, alter, suspend or terminate the testing based upon the data accumulated to that point and the FDA’s assessment of the risk/benefit ratio to the patient.

Once Phase III trials are completed, drug developers submit the results of preclinical studies and clinical trials to the FDA in the form of a new drug application, or a biologics licensing application, for approval to commence commercial sales.  In response, the FDA may grant marketing approval, request additional information or deny the application if the FDA determines that the application does not meet regulatory approval criteria.  FDA approvals may not be granted on a timely basis, or at all.  Furthermore, the FDA may prevent a drug developer from marketing a product under a label for its desired indications, which may impair commercialization of the product.  Similar regulatory procedures must also be complied with in countries outside the United States.

If the FDA approves the new drug application, the drug becomes available for physicians to prescribe in the United States.  After approval, the drug developer must submit periodic reports to the FDA, including descriptions of any adverse reactions reported.  The FDA may request additional studies, known as Phase IV, to evaluate long-term effects.

In addition to studies requested by the FDA after approval, a drug developer may conduct other trials and studies to explore use of the approved compound for treatment of new indications.  The purpose of these trials and studies and related publications is to broaden the application and use of the drug and its acceptance in the medical community.

MANAGEMENT

Peter J. Farley, M.D., M.B.A.:  President and Chief Executive Officer.  Dr. Farley co-founded Cetus Corporation, the first biotechnology company, in 1971.  He was President of the company for 15 years, during which time it grew to a market valuation of $1.3 billion.  In 1983 Cetus completed the largest initial public offering of any company up until that time.  Dr. Farley received his M.D. from St. Louis University in 1965 and his M.B.A. from Stanford University in 1971.  Dr. Farley’s managerial experience is wide ranging, including corporate finance and negotiating and managing collaborative agreements with Fortune 500 companies in the pharmaceutical and diagnostic industries.  At Cetus he oversaw the work of two hundred Ph.D.s, one of whom received the Nobel Prize for the discovery while at Cetus of PCR, the fundamental research tool of Genomics today.  Following Cetus, Dr. Farley has been engaged in providing start-up funding and active management involvement with several health care and medical instrumentation companies.  Dr. Farley served as one of eight Silicon Valley CEO’s on a high technology advisory committee for President Reagan, “The Advisory Committee for Productivity and Innovation,” representing the biotechnology and pharmaceutical industries on this committee.  Dr. Farley and his family have relocated from Silicon Valley to Savannah, Georgia, where the Company is headquartered.

Garry Carls, M.D., M.B.A.:  Chairman of the Board, President of BIOwulf Radiology, Inc.  Dr. Carls is a Board certified Radiologist with expertise in digital imaging technology.  He has broad experience in both the academic and private practice arenas.  He holds an M.D. degree from St. Louis University and an M.B.A. from the Olin School of Business at Washington University.  He completed a Radiology residency at St.  Louis University and a fellowship at the Mallinckrodt Institute of Radiology.  He has served on the faculties of St. Louis University and Washington University Schools of Medicine and remains on the clinical faculty at St. Louis University.  He was the Chief of Diagnostic Radiology at St. Louis University for several years before going into private practice.  For the past 25 years he was the President and Managing Partner of a Radiology group with six hospital contracts.  He has considerable experience in management and professional positions including hospital Boards of Directors and Medical Staff Presidents.

Vladimir Vapnik, Ph.D., Co-Chairman, Scientific Advisory Board:  We have the benefit of a consulting agreement with Prof. Vapnik pursuant to which we have exclusive rights to his services and ownership of any discoveries in the fields of medicine and Genomics.

Anthony Barnes, Ph.D., M.B.A.:  Dr. Barnes is experienced in mathematical biology, pharmaceutical discovery, development, medical diagnostics and business development.  He has held senior positions in development and marketing at Abbott Laboratories, Johnson and Johnson, Ciba-Chiron and Immunicon and has consulted for Merck and Bristol Myers-Squibb.  He helped bring major medical products to market, including Cardizem SR, the Imx Immunoassay platform and the Sure Step Blood Glucose Monitor.  Dr. Barnes holds a Ph.D. in Analytical Chemistry from the University of Illinois at Champaign/Urbana and an M.B.A. from the University of Chicago.

Isabelle Guyon, Ph.D.:  Dr. Guyon is an expert in mathematics and computer science.  She is a co-inventor of SVM technologies and is considered a leading expert in this field.  Dr. Guyon received her Ph.D. in electrical engineering, with emphasis on Machine Learning techniques, from the Université Pierre et Marie Curie Institute in Paris, France.  She was recently invited to present the results of the Company’s leukemia discoveries at the Neuro Information Processing Systems (NIPS 99) meeting in Denver.  Dr. Guyon specializes in the application and development of leading edge mathematical methods for applied solutions and performs experimental research toward development of new products and services.

Michael Stern, M.B.A.:  Mr. Stern has 20 years of experience in corporate communications, strategic marketing and business development.  Prior to joining BIOwulf Technologies Mr. Stern was employed by Ernst & Young LLP, Palo Alto, California, as a Director of Business Development for Life Sciences/e Health practice.  In this role he identified, qualified and pursued development stage companies transitioning through the critical phases of start-up, ramp-up, and build-out to capture optimal market share and space; and assessed management’s ability to execute strategies to utilize unique technology, develop partnerships, leverage management experience, and build a sound revenue model to gain a competitive advantage. 

Before joining Ernst & Young LLP, Mr. Stern was Executive Vice President of Sales & Marketing and a director of Human Pheromone Sciences Inc.  He developed and implemented a strategic communications plan that included the development of corporate objectives, leveraged marketing strategy, branding, sales development and domestic and international distribution agreements.

Trey Rossiter, M.B.A.:  Mr. Rossiter has 19 years of experience in the computing and technology industry. Over the past six years he has been focused on direct commercial application of Machine Learning.  He played a pivotal role in the development of the Company’s unique BIOwulf™ parallel computer system.  Prior to joining the Company he was founder and president of The Insight Group, a management consulting firm specializing in the use of Machine Learning techniques in business applications.

Machine Learning Research Group as of April 30, 2001

	
	Original Nationality
	Expertise

	Peter Bartlett
	Australia
	Computational Learning Theory, Signal processing, time series.

	Alexandre Barilov
	Russia
	Software Architecture especially in 3-D graphics and image recognition.

	Asa Ben-Hur 
	Israel
	Physically and Biologically realizable models for biological computational learning, Clustering and Unsupervised Learning.

	Olivier Bousquet
	France
	Model selection, Online Learning and Model Averaging in Machine Learning.

	Olivier Chapelle
	France
	Image Classification and Bounds on Error Expectation.

	Nello Cristianini
	Italy
	Analysis and Design of Machine Learning algorithms specializing in text categorization and microarray analysis.

	Rene Doursat
	France
	Software Architecture in the area of dynamic models in pattern recognition and cognitive linguistics.

	Andre Elisseeff
	France
	Machine Learning Theory and Development especially in the area of large scale multi-class problems.

	Shelija Guberman
	Russia
	Pattern Recognition and Theory.  Author of the first pattern recognition paper in 1962.  Shelija has developed applications in image and signal processing, handwriting recognition, speech compression and virtual reality.

	Isabelle Guyon
	France
Switzerland
	Co-inventor of the SVM technique and focuses on the development of leading edge mathematical techniques. She worked several years at AT&T where she designed a handwriting recognition system based on neural networks and SVMs for portable computers.

	David Lewis
	USA
	Machine Learning in the application of text categorization, text routing, text clustering and text retrieval.

	Kelvin Lynn
	USA
	Director of Materials Research Center at Washington State University and the Boeing Chair of Advanced Materials.  Interests include photovoltonics, semi-conductors and MEMS.

	Bernhard Schoelkopf
	Germany
	Director of the Machine Learning Institute at the Max Planck Institute in Germany.  Interests include:  the use of SVMs and Statistical Learning Theory to understand high dimensional datasets.

	Vladimir Vapnik
	Russia
	The Father of Statistical Learning Theory and the SVM.  The Support Vector approach that is based on the V-C learning theory does not depend on dimensionality and can be applied to any function estimation problem.  Due to its high performance in solving real-life problems and its conceptual simplicity, SVM methodology has become popular all over the world for analysis of high dimensional datasets.

	Dave Warner
	USA
	Interests include Synthetic Intelligence Systems, Machine Learning and Grok-It Science.

	Jason Weston
	UK
	Applies Machine Learning and SVM feature selection techniques to gene selection. Expert in linear programming. Pioneered many SVM-based algorithms for density estimation, multi-class problems.

	Hong  Zhang
	China
	Pattern Recognition and Image Processing in the area of Radiology and Microarray analysis.


SCIENTIFIC ADVISORY BOARD

Our Scientific Advisory Board includes experts representing medicine, mathematics and computer science from top institutions worldwide.

Dr. Herbert Fritsche:  Professor of Biochemistry, Department of Laboratory Medicine:  Chief, Section of Clinical Chemistry, M.D. Anderson Cancer Center.

Prof. Vladimir Vapnik:  Technology consultant, AT&T Research Laboratories; Professor, Department of Computer Science, Royal Holloway College, University of London.

Dr. Daniel Chan:  Professor of Pathology, Oncology, Urology and Radiology; Director of the Department of Clinical Chemistry, Johns Hopkins University School of Medicine.

Prof. Alexy Chevronenkis:  Head of the Division of Process Control and Management on Incomplete Data, Institute of Control Sciences of the Russian Academy of Science.

Dr. Jeffery Cossman:  Oscar Benwood Hunter Professor of Pathology, Georgetown University Medical Center.

Prof. Alex Gammerman:  Chairman of the Computer Science Department, Royal Holloway College, University of London.

Dr. Federico Girosi:  Department of Public Health, Harvard University; Former Associate Director of the Center for Biological & Computational Learning, Massachusetts Institute of Technology.

Dr. K. Rama Madyastha:  For eight years Dr. Madyastha was Director of Clinical Laboratories at the Barnhill Clinical Laboratories in Savannah, Georgia.  He received his M.D. at the Universadad de CD.  Juarez, Mexico, and his Ph.D. at the Cancer Institute in Bombay, India.

Prof. Tomaso Poggio:  Uncas and Helen Whitaker Professorship of Vision Sciences and Biophysics at the Department of Brain and Cognitive Science, Co-Director of MIT Center for Biological and Computational Learning, Massachusetts Institute of Technology.

Prof. John F.R. Robertson:  Professor of Surgery, Faculty of Medicine and Health Sciences, City Hospital, Nottingham, England.

Dr. Thomas A. Stamey:  Holder of the Thomas A. Stamey Chair in Urology, Stanford University School of Medicine.

Dr. Morton Schwartz:  Professor and Chairman, Department of Clinical Chemistry, Memorial Sloan-Kettering Cancer Center.

BOARD OF DIRECTORS

	Name
	Age
	Position

	Garry Carls, M.D.

	61
	Chairman of the Board

	Glynn A. Bergeron, M.D.

	54
	Director

	Peter J. Farley, M.D.

	61
	President, CEO and Director

	John E. Matthews, CPA

	43
	Treasurer and Director

	Timothy P. O’Hayer

	42
	Director and Director of Operations

	K. Russell Simpson

	41
	Secretary and Director

	Julian N. Stern

	76
	Director


After completion of this offering, we expect that directors experienced in the pharmaceutical and biotechnology industries and in development stage companies may be added to the Board of Directors and may replace some of the present directors.

Glynn A. Bergeron M.D.  Dr. Bergeron has served as a Director of the Company since its inception.  He is a Diplomate of the American Board of Radiology with Board Certification in Diagnostic Radiology and special certification in neuroradiology.  Dr. Bergeron graduated LSU Medical School in 1971 and completed a residency in Diagnostic Radiology as well as a Fellowship in Neuroradiology at USC Medical Center in Los Angeles, California.  He is a senior partner with Radiology Associates of Savannah.  In addition, Dr. Bergeron served as Chairman of the Department of Radiology at Memorial Medical Center in Savannah, Georgia, from 1991 to 1994.  He has held many academic appointments including his current position as Associate Professor of Radiology at the Medical College of Georgia, and has been involved in teaching neuroradiology to radiology residents for more than 20 years.  Dr. Bergeron is a member of the Radiologic Society of North America, the Georgia Medical Society, the American College of Radiology, and the Southeastern Angiographic Society, and is a senior member of the American Society of Neuroradiology.

Garry Carls, M.D., M.B.A.  See “Management”.

Peter J. Farley, M.D., M.B.A.  See “Management”.

John E. Matthews, C.P.A.  Mr. Matthews has served as a Director and the Treasurer of the Company since its inception.  He is a partner with Lazard, Curlee & Company, an accounting firm located in Savannah, Georgia.  He graduated Armstrong State College with a B.B.A. in Accounting and received his license to practice as a certified public accountant in 1983.  Mr. Matthews is a Past President of the Savannah Chapter of the Georgia Society of Certified Public Accountants.

Timothy P. O’Hayer.  Mr. O’Hayer has served as a Director of the Company since its inception and also serves as Director of Operations.  Mr. O’Hayer is Chairman and Chief Executive Officer of O’Hayer and Associates, a company specializing in insurance, employee benefits and investment strategies, founded in 1981 and located in Savannah, Georgia.  Mr. O’Hayer received his degree from the American College in 1989.

K. Russell Simpson.  Mr. Simpson has served as a Director and the Secretary of the Company since its inception.  Mr. Simpson is a principal in the Savannah law firm of Simpson & Creasy, P.C.  He received his B.B.A. (with a concentration in accounting) summa cum laude from the University of Georgia in 1981 and his juris doctorate, cum laude, from the University of Georgia School of Law in 1984.  His professional career includes experience as a tax associate with the Atlanta tax department of a former “Big Eight” international accounting firm, and as a partner in the tax department of the Atlanta and Savannah law firm of Hunter, Maclean, Exley & Dunn, P.C.  Mr. Simpson’s practice is focused primarily in the areas of business and commercial law, taxation, estate tax planning, and estate and trust administration.  He is a member of the American Bar Association, the State Bar of Georgia and the Savannah Bar Association.  Additionally, he is president of the Savannah Estate Planning Council and president-elect of the Savannah Foundation, Inc.

Julian N. Stern.  Mr. Stern is the sole shareholder of a professional corporation that has been a member of Heller Ehrman White & McAuliffe LLP, who act as counsel to the Company in special matters.  He received a B.S. degree summa cum laude from New York University and his law degree from Yale Law School.  Mr. Stern’s professional career has included participation in the founding of the first biotechnology company and his professional practice concentrates on representation of high technology, development stage life sciences companies.  Mr. Stern is a director and corporate secretary of ALZA Corporation and DepoMed, Inc., which are publicly traded companies, and is also a director and/or corporate secretary of a number of earlier stage life science companies.

Director Compensation

We reimburse our directors for expenses incurred in attending board and committee meetings, but do not currently compensate them for their services as board or committee members. 

Limitation of Liability and Indemnification

Our Certificate of Incorporation and by-laws limit the liability of directors to the fullest extent permitted by Delaware law.

INTELLECTUAL PROPERTY RIGHTS

We and our licensors seek U.S. and international patent protection for major components of our technology platform, including analysis techniques, and for genes whose function we believe we have discovered.  We also rely on trade secret protection for some of our confidential and proprietary information, and we intend to use license agreements both to access external technologies and to transfer intellectual property rights to others.  Our commercial success will be dependent in part on our ability to obtain commercially valuable patent positions, maintain our trade secrets and otherwise protect our intellectual property portfolio.

As of April 30, 2001, we or our licensor had filed more than 24 patent applications in the United States Patent and Trademark Office and two foreign patent applications under the Patent Cooperation Treaty.

The patent positions of biotechnology companies, including ours, are generally uncertain and involve complex legal and factual questions that are still evolving.  Our business could be hurt by any of the following:

· government agencies in the United States or abroad may view our discoveries as not proprietary and therefore not patentable;

· the pending patent applications to which we have exclusive rights may not result in issued patents;

· the claims of any patents that may issue from an application may not provide meaningful protection;

· we may not be successful in developing additional proprietary technologies that could be patentable;

· patents that we may ultimately obtain may not provide a basis for commercially viable products or provide us with any competitive advantages and may be challenged by third parties;

· others may obtain patents prior to us which prevent the success of our applications or may obtain competing or overlapping patents which reduce the value of our technology; and

· others may have patents that relate to our technology or business.

The degree of future protection for our proprietary rights is therefore uncertain.  Furthermore, others may independently develop similar or alternative technologies, duplicate any of our technologies or, if patents are licensed or issued to us, design around the patented technologies licensed to or developed by us.  Other technologies may also provide third parties with competitive advantages over us and may harm our business.  In addition, we could incur substantial costs in litigation if we are required to defend ourselves in patent suits brought by third parties or if we initiate these suits.

These costs could significantly increase our expenses and increase our losses.  Furthermore, in circumstances where claims relating to proprietary technology or information are asserted against us, we may seek licenses to this intellectual property.  However, any required licenses may not be made available on commercially viable terms, if at all.  Failure to obtain any required license could prevent us from using or commercializing one or more of our technologies.

We have applied, and intend to make additional applications, for patent protection for methods relating to gene expression experiments, for the disease-specific patterns of gene expression we identify and for the individual disease genes and targets we discover.  These patents may include claims relating to novel genes and gene fragments and their functions and to novel uses for known genes or gene fragments identified through our discovery programs.  We may not be able to obtain meaningful patent protection for our discoveries.  Even if patents are available to us, the failure to obtain necessary licenses or other rights could preclude the offering of our products and services, and, therefore, materially harm our business, financial condition and results of operations.

Several groups are attempting to identify and patent gene fragments and full-length genes, the functions of which have not been characterized, as well as fully characterized genes.  There is substantial uncertainty regarding possible patent protection for gene fragments or genes without known function or correlation with specific diseases.  To the extent any patents are issued to other parties on these partial or full-length genes, the risk increases that our potential products and processes and those of our customers may give rise to claims of patent infringement even though our claims may be based on our discovered functionality of genes or gene fragments at issue.  The public availability of partial or full sequence information or the existence of patent applications related thereto, even if not accompanied by relevant function or disease association, prior to the time we apply for patent protection on a corresponding gene could hinder our ability to obtain patent protection with respect to this gene or to the related expression patterns.  Furthermore, others may have filed, and in the future are likely to file, patent applications covering genes or gene products that are similar or identical to those for which we may seek patent protection.  These patent applications may have priority over patent applications filed by us.  Any legal action against us or our customers claiming damages and seeking to enjoin commercial activities relating to the affected products and processes could, in addition to subjecting us to potential liability for damages, require us and our customers to obtain a license in order to continue to manufacture or market the affected products and processes.  We or our customers may not prevail in any action, and any license required under any patent may not be available on commercially acceptable terms, if at all.  If we become involved in litigation, it could consume a substantial portion of our managerial and financial resources and negatively impact our financial results.

Enactment of legislation implementing the General Agreement on Tariffs and Trade has resulted in changes to United States patent laws that became effective on June 8, 1995.  Most notably, the term of patent protection for patent applications filed on or after June 8, 1995 has been changed from 17 years from the date of grant to a period that will commence on the date of issuance and terminate 20 years from the earliest effective filing date of the application.  Because the time from filing to issuance of biotechnology patent applications is often more than three years, a 20-year term from the effective date of filing may result in a substantially shortened period of patent protection, which may harm our patent position.  If this change results in a shorter period of patent coverage, our business could be harmed to the extent that the duration and level of any royalties we are entitled to receive from our customers are based on the existence of a valid patent covering the product subject to the royalty obligation.

With respect to proprietary know-how that is not patentable and for processes for which patents are difficult to enforce, we rely on trade secret protection and confidentiality agreements to protect our interests.  We believe that several elements of our computational Genomics and Proteomics capabilities involve proprietary know-how, technology or data that are not covered by patents or patent applications.  In addition, we have developed a database of genes and gene fragment sequences which we update on an ongoing basis.  Some of this data will be the subject of patent applications, whereas other data will be maintained as proprietary trade secret information.  We have taken security measures to protect our proprietary know-how and technologies and confidential data and continue to explore further methods of protection.  While we intend to require employees, consultants and collaborative partners to enter into confidentiality agreements, we cannot be sure that proprietary information will not be disclosed in violation of these agreements, that others will not independently develop substantially equivalent proprietary information and techniques or otherwise gain access to our trade secrets, or that we can meaningfully protect our trade secrets.  In the case of arrangements with collaborative partners that may require the sharing of data, our policy is to make available to our collaborative partners only data that is relevant to our agreements, under controlled circumstances, and only during the contractual term of those agreements, and subject to a duty of confidentiality on the part of our collaborative partners.  However, these measures may not adequately protect our data.  Any material leak of confidential data into the public domain or to third parties may cause our business, financial condition and results of operations to be harmed.

We are a party to various license agreements that give us rights to use technologies and biological materials in our research and development processes.  We cannot be certain that we will be able to maintain these rights on commercially reasonable terms, if at all.  Our failure to maintain these rights could harm our business.

CERTAIN  RELATIONSHIPS AND RELATED MATTERS

Employment Agreements

We have entered into an employment agreement with Dr. Peter J. Farley, pursuant to which Dr. Farley has been employed as our President and Chief Executive Officer through August 17, 2002, at a base salary of $250,000, adjusted annually for increases in the Consumer Price Index.  Dr. Farley is also entitled to participate in all employee benefit programs and has received certain life insurance benefits.  Prior to entering into the employment agreement, Dr. Farley was performing similar services to the Company, beginning in February 2000, as a consultant for which he was paid compensation totaling $158,219.

The Company also had an employment agreement with one of its founders, Dr. Stephen Barnhill, to serve the Company as its Chairman of the Board and Medical Director at a base salary of $250,000 per year for a period of five years from August 18, 2000, plus other benefits, including a miscellaneous budget of $250,000 per year to be managed by Dr. Barnhill for expenses reasonably related to the Company’s business.  For various reasons, the Company and Dr. Barnhill have agreed to terminate his employment agreement with the Company in exchange primarily for the payment to him by the Company of a lump sum of $750,000 on conclusion of a successful equity offering.  Dr. Barnhill will also resign as a director of the Company upon receipt of such lump sum. 

License Agreements

The Company has entered into an amended license agreement as of August 18, 2000, with BIOwulf Technologies, LLC, a Georgia limited liability company in which officers and directors of the Company have a controlling interest, for a perpetual, worldwide, royalty-free, exclusive right and license to practice for all human and animal medical uses all SVM and related technology owned or controlled by BIOwulf Technologies.  Any improvements to the licensed technology by either party will be cross-licensed to the other party perpetually, worldwide, royalty-free and exclusively for use in its respective field.

The Company has entered into a research funding and license agreement as of February 9, 2001, with the University of Nottingham under which the University granted to the Company an exclusive, worldwide, perpetual license to practice certain proprietary patent rights and other intellectual property for the disease management of cancer in all its aspects.  In exchange, the Company agreed to pay to the University royalties on revenues derived by the Company from the licensed properties and to support research in the licensed field at the University for an initial period of one year with the Company’s option to continue funding for an additional three years.

The Company has entered into an agreement with Siloam Biosciences, LLC (“Siloam”), founded by Dr. Chong H. Ahn to exploit his MEMS and related technologies inventions.  Under the agreement, the Company will acquire majority ownership of Siloam Biosciences in exchange for an initial payment of $500,000 into Siloam and its agreement to provide or find research funding for Siloam up to an agreed amount for between one and three years depending upon research success.  Under the agreement, the Company will also be entitled to a perpetual, worldwide, royalty-free, exclusive license to Siloam’s MEMS technology in the medical field.  The Company’s obligations to make any payments to Siloam and its license rights are contingent on Siloam completing negotiations with the University of Cincinnati to acquire an exclusive, worldwide license to practice all MEMS and related technologies in the medical field that Dr. Ahn may have invented or developed while at the University of Cincinnati.

RISK FACTORS

You should carefully consider the risks described below, together with all of the other information included in this Memorandum, before deciding whether to invest in our Series C Preferred Stock, or the Shares.  The risks and uncertainties described below are not the only ones that we face.  Additional risks and uncertainties not presently known to us or that we currently deem immaterial also may impair our business operations.  The occurrence of any of the following risks could harm our business, financial condition or results of operations.  In such case, the Shares could decline in value, and you may lose all or part of your investment.

We have a history of net losses.  We expect to continue to incur net losses, and we may not achieve or maintain profitability.
We have incurred net losses since our inception including a net loss of approximately $_______ million for the year ended December 31, 2000.  As of December 31, 2000, we had an accumulated deficit of approximately $________ million.  We expect to have net losses and negative cash flow in the foreseeable future.  The size of these net losses will depend, in part, on the rate of acquisition, if any, of contract revenues and on the level of our expenses.  Revenues from collaborations are uncertain because our ability to secure future agreements will depend upon our ability to address the needs of our potential future collaborators.  We expect to spend significant amounts to fund research and development and enhance our core technologies and retained product rights.  As a result, we expect that our operating expenses will increase significantly in the near term and, consequently, we will need to generate significant additional revenues to achieve profitability.  Even if we do achieve profitability, we may not be able to sustain or increase profitability on an annual basis.

We are a development company employing unproven technologies.  If we do not develop commercially successful products, we may be forced to cease operations.

You must evaluate us in light of the uncertainties and complexities affecting a development stage biotechnology company.  Our technologies are new and in an unproven stage of development.  We may not develop products that prove to be safe and efficacious, meet applicable regulatory standards, are capable of being manufactured at reasonable costs or can be marketed successfully.

We may not be successful in the commercial development of products.  Successful products will require significant development and investment, including testing, to demonstrate their cost-effectiveness prior to their commercialization.  To date, companies in the pharmaceutical industry have not developed and commercialized any product based on our technologies.  We have not proven our ability to develop and commercialize products.  We or our collaborative partners must conduct a substantial amount of additional research and development before any regulatory authority will approve any of our products.  Such research and development may not indicate that our products are safe and effective, in which case regulatory authorities may not approve them.  Problems frequently encountered in connection with the development and utilization of new and unproven technologies and the competitive environment in which we operate may limit our ability to develop commercially successful products.

Commercialization of our technologies depends on collaborations with other companies.  If we are not able to find collaborators in the future, we may not be able to develop our technologies or products.

Since we do not currently possess the resources necessary to develop and commercialize potential products that may result from our proprietary technologies or the resources to fully complete any approval processes which may be required for these products, we must enter into collaborative arrangements to develop and commercialize products.

We will have limited or no control over the resources that any collaborator may devote to our products.  Any of our present or future collaborators may not perform their obligations as expected.  These collaborators may breach or terminate their agreement with us or otherwise fail to conduct their collaborative activities successfully and in a timely manner.  Further, our collaborators may elect not to develop products arising out of our collaborative arrangements or devote sufficient resources to the development, manufacture, marketing or sale of these products.  If any of these events occur, we may not be able to develop our technologies or commercialize our products.

We intend to conduct proprietary research programs, and any conflicts with our collaborators or any inability to commercialize products resulting from this research could harm our business.
An important part of our strategy involves conducting proprietary research programs.  We may pursue opportunities in fields that could conflict with those of our collaborators.  Moreover, disagreements with our collaborators could develop over rights to our intellectual property.  Any conflict with our collaborators could reduce our ability to obtain future collaboration agreements and negatively impact our relationship with existing collaborators, which could reduce our revenues.

Certain of our collaborators could also become competitors in the future.  Our collaborators could develop competing products, preclude us from entering into collaborations with their competitors, fail to obtain timely regulatory approvals, terminate their agreements with us prematurely or fail to devote sufficient resources to the development and commercialization of products.  Any of these developments could harm our product development efforts.

We will either commercialize products resulting from our proprietary programs directly or through licensing to other companies.  We have no experience in marketing.  In order for us to commercialize these products directly, we would need to develop, or obtain through outsourcing arrangements, the capability to market and sell products.  We do not have these capabilities, and we may not be able to develop or otherwise obtain the requisite marketing and sales capabilities.  If we are unable to successfully commercialize products resulting from our proprietary research efforts, we will continue to incur losses.

We may encounter difficulties in managing our growth.
Our ability to manage our operations and growth effectively requires us to continue to expend funds to improve our operational, financial and management controls, reporting systems and procedures and to attract and retain sufficient numbers of talented employees.  If we are unable to successfully implement improvements to our management information and control systems in an efficient or timely manner, or if we encounter deficiencies in existing systems and controls, then management may receive inadequate information to manage our day-to-day operations.

Since our technologies can be applied to many different product areas, if we focus our efforts on product areas which fail to produce viable product candidates, we may fail to capitalize on more profitable areas.
We have limited financial and managerial resources.  We will be required to prioritize our application of resources to discrete efforts.  This requires us to focus on technologies and product candidates in selected areas and forego efforts with regard to other products.  Our decisions may not produce viable commercial products and may divert our resources from more profitable market opportunities.

Many potential competitors who have greater resources and experience than we do may develop products and technologies that make ours obsolete.
The pharmaceutical industry is characterized by rapid technological change.  Our future success will depend on our ability to maintain a competitive position with respect to technological advances.  Rapid technological development by others may result in our products and technologies becoming obsolete.

We face, and will continue to face, intense competition from organizations such as large pharmaceutical and biotechnology companies, as well as academic and research institutions and government agencies that are pursuing competing product development.  These organizations may develop products that are superior alternatives to our products.

Any products that we develop will compete in multiple, highly competitive markets.  Most of the organizations competing with us in the markets for such products have greater capital resources, research and development and marketing staffs and facilities and capabilities, and greater experience in obtaining regulatory approvals, manufacturing products and marketing.  Accordingly, our competitors may be able to develop products more easily which would render our products and those of our collaborators noncompetitive.

Any inability to adequately protect our technologies could harm our competitive position.
Our success will depend in part on our ability to obtain patents and maintain adequate protection, of our other intellectual property and products in the United States and other countries.  If we do not adequately protect our intellectual property, competitors may be able to practice our technologies and erode our competitive advantage.  The laws of some foreign countries do not protect proprietary rights to the same extent as the laws of the United States, and companies have encountered significant problems in protecting their proprietary rights in these foreign countries.  These problems can be caused by, for example, a lack of rules and methods for defending intellectual property rights.

The patent positions of biopharmaceutical and biotechnology companies, including our patent position, are generally uncertain and involve complex legal and factual questions.  We will be able to protect our proprietary rights from unauthorized use by third parties only to the extent that our proprietary technologies are covered by valid and enforceable patents or are effectively maintained as trade secrets.  We will apply for patents covering both our technologies and products as we deem appropriate.  However, these applications may be challenged and may not result in issued patents.  Our existing patents and any future patents we obtain may not be sufficiently broad to prevent others from practicing our technologies or from developing competing products.  Furthermore, others may independently develop similar or alternative technologies or design around our patented technologies.  In addition, others may challenge or invalidate our patents, or our patents may fail to provide us with any competitive advantages.

We rely upon trade secret protection for our confidential and proprietary information.  We have taken security measures to protect our proprietary information.  These, measures may not provide adequate protection for our trade secrets or other proprietary information.  We seek to protect our proprietary information by entering into confidentiality agreements with employees, collaborators and consultants.  Nevertheless, employees, collaborators or consultants may still disclose our proprietary information, and we may not be able to meaningfully protect our trade secrets.  In addition, others may independently develop substantially equivalent proprietary information or techniques or otherwise gain access to our trade secrets.

Litigation or other proceedings or third party claims of intellectual property infringement could require us to spend time and money and could shut down some of our operations.
Our commercial success depends in part on not infringing patents and proprietary rights of third parties.

Third parties may assert that we are employing their proprietary technology without authorization.  In addition, third parties may obtain patents in the future and claim that use of our technologies infringes these patents.  We could incur substantial costs and diversion of management and technical personnel in defending ourselves against any of these claims or enforcing our patents or other intellectual property rights against others.  Furthermore, parties making claims against us may be able to obtain injunctive or other equitable relief which could effectively block our ability to further develop, commercialize and sell products, and could result in the award of substantial damages against us.  In the event of a successful claim of infringement against us, we may be required to pay damages and obtain one or more licenses from third parties.  We may not be able to obtain these licenses at a reasonable cost, if at all.  In that event, we could encounter delays in product introductions while we attempt to develop alternative methods or products.  Defense of any lawsuit or failure to obtain any of these licenses could prevent us from commercializing available products.

We routinely monitor the pubic disclosures of other companies operating in our industry regarding their technological development efforts.  If we determine that these efforts violate our intellectual property or other rights, we intend to take appropriate action, which could include litigation.  Any action we take could result in substantial costs and diversion of management and technical personnel.  Furthermore, the outcome of any action we take to protect our rights may not be resolved in our favor.

If we lose our key personnel or are unable to attract and retain additional personnel we may be unable to pursue collaborations or develop our own products.
We are highly dependent on the principal members of our management and scientific staff, the loss of whose services might adversely impact the achievement of our objectives.  In addition, recruiting and retaining qualified scientific personnel to perform future research and development work will be critical to our success.  We do not currently have sufficient executive management personnel to fully execute our business plan.  There is currently a shortage of skilled executives, which is likely to continue.  As a result, competition for skilled personnel is intense, and the turnover rate can be high.  Although we believe we will be successful in attracting and retaining qualified personnel, competition for experienced scientists from numerous companies and academic and other research institutions may limit our ability to do so on acceptable terms.  Failure to attract and retain personnel would prevent us from pursuing collaborations or developing our products or core technologies.

Our planned activities will require additional expertise in specific areas applicable to the products developed through our technologies.  These activities will require the addition of new personnel, including management, and the development of additional expertise by existing management personnel.  The inability to acquire these services or to develop this expertise could impair the growth, if any, of our business.

We will need additional capital in the future.  If additional capital is not available, we will have to curtail or cease operations.
Our future capital requirements will be substantial and will depend on many factors including payments received under collaborative agreements, the progress and scope of our collaborative and independent research and development projects, the effect of any acquisitions, and the filing, prosecution and enforcement of patent claims.

Changes may also occur that would consume available capital resources significantly sooner than we expect.  We may be unable to raise sufficient additional capital.  If we fail to raise sufficient funds, we will have to curtail or cease operations.  We anticipate that the net proceeds of this offering and interest earned thereon, together with existing cash and cash equivalents and anticipated cash flows from operations, will enable us to maintain our currently planned operations for at least the next two years.  If our capital resources are insufficient to meet future capital requirements, we will have to raise additional funds to continue the development of our technologies and complete the commercialization of products, if any, resulting from our technologies.

Our potential therapeutic products are subject to a lengthy and uncertain regulatory process.  If our potential products are not approved, we will not be able to commercialize those products.
The FDA must approve any therapeutic or diagnostic product before it can be marketed in the United States.  Before we can file a new drug application or biologic license application with the FDA, the product candidate must undergo extensive testing, including human clinical trials, which can take many years and require substantial expenditures.  Data obtained, from such testing are susceptible to varying interpretations which could delay, limit or prevent regulatory approval.  In addition, changes in regulatory policy for product approval during the period of product development and regulatory agency review of each submitted new application or product license application may cause delays or rejections.  The regulatory process is expensive and time consuming.

The regulatory agencies of foreign governments must also approve our therapeutic and diagnostic products, if developed, before the products can be sold in those other countries.

Even after investing significant time and expenditures, we or our collaborative partners may not obtain regulatory approval for our products.  Even if we or they receive regulatory approval, this approval may entail limitations on the indicated uses for which we or they can market a product.  Further, once regulatory approval is obtained, a marketed product and its manufacturer are subject to continual review, and discovery of previously unknown problems with a product or manufacturer may result in restrictions on the product, manufacturer and manufacturing facility, including withdrawal of the product from the market.  In certain counties, regulatory agencies also set or approve prices.

Health care reform and restrictions on reimbursements may limit our returns on pharmaceutical products.
Our ability and that of any collaborators to commercialize pharmaceutical products may depend in part on the extent to which reimbursement for the cost of these products will be available from government health administration authorities, private health insurers and other organizations.  Third-party payors are increasingly challenging the price of medical products and services.  Significant uncertainty exits as to the reimbursement status of newly approved health care products, and there can be no assurance that adequate third party coverage will be available for any product to enable us to maintain price levels sufficient to realize an appropriate return on our investment in research and product development.

Our collaborations with outside scientists may be subject to change which could limit our access to their expertise.
We work with scientific advisors and collaborators at academic and other institutions.  These scientists are not our employees and may have other commitments that would limit their availability to us.  Although our scientific advisors generally agree not to do competing work, if a conflict of interest between their work for us and their work for another entity arises, we may lose their services.  Although our scientific advisors and collaborators sign agreements not to disclose our confidential information, it is possible that certain of our valuable proprietary knowledge may become publicly known through them.

We may be sued for product liability.
We may be held liable if any product we develop causes injury or is found otherwise unsuitable during product testing, manufacturing, marketing or sale.  These risks are inherent in the development of pharmaceutical products.  Although we intend to obtain product liability insurance, this insurance may be prohibitively expensive, or may not fully cover our potential liabilities.  Inability to obtain sufficient insurance coverage at an acceptable cost or otherwise to protect against potential product liability claims could prevent or inhibit the commercialization of products developed by us or our collaborators.  If we are sued for any injury caused by our products, our liability could exceed our total assets.

We may use hazardous chemicals and radioactive and biological materials in our business.  Any claims relating to improper handling, storage or disposal of these materials could be time consuming and costly.
Our research and development processes may involve the controlled use of hazardous materials, including chemicals, radioactive and biological materials.  Our operations also produce hazardous waste products.  We cannot eliminate the risk of accidental contamination or discharge and any result injury from these materials.  Federal, state and local laws and regulations govern the use, manufacture, storage, handling and disposal of these materials.  We believe that our current operations comply in all material respects with these laws and regulations.  We could be subject to civil damages in the event of an improper or unauthorized release of, or exposure of individuals to, hazardous materials.  In addition, claimants may sue us for injury or contamination that results from our use or the use by third parties of these materials, and our liability may exceed our total assets.  Compliance with environmental laws and regulations may be expensive, and current or future environmental regulations may impair our research, development or production efforts.  We believe that our current operations comply in all material respects with applicable environmental protection agency regulations.

Management may invest or spend the proceeds of this offering in ways with which you may not agree and in ways that may not yield a return.
Management will retain broad discretion over the use of proceeds from this offering.  Shareholders may not deem such uses desirable, and our use of the proceeds may not yield a significant return or any return at all.  Management intends to use a majority of the proceeds from this offering for research and development, working capital and other general corporate purposes.  Because of the number and variability of factors that determine our use of the net proceeds from this offering, we cannot assure you that these uses will not vary substantially from our currently planned uses.  Pending these uses of the net proceeds from this offering, we intend to invest the net proceeds from this offering in short-term, interest-bearing, investment grade and U.S. government securities.

Our securities have no prior market, and we cannot assure you that our stock price will not decline after the offering.
There is presently no market, private or public, for our securities, and we cannot assure you that a trading market will ever develop or, if developed, that it will be maintained.  We cannot assure you that you will be able to resell these securities offered hereby at the private offering price or at all.  In addition, we do not intend to register the offer and sale of the securities offered hereby under federal or state securities laws.  Therefore, transfer of the securities will be subject to the restrictions of federal and state securities laws.  Accordingly, you must be prepared to bear the economic risk of holding the Shares or the common stock issuable upon conversion thereof, for an indefinite period of time.

Some of our existing shareholders can exert control over us, and may not make decisions that are in the best interests of all shareholders.
After this offering, our officers, directors and principal shareholders will together control approximately ____% of our outstanding securities.  As a result, these shareholders, if they act together, will be able to exert a significant degree of influence over our management and affairs and over matters requiring shareholder approval, including the election of directors and approval of significant corporate transactions.  Further, this concentration of ownership may delay or prevent a change in control of us even when a change may be in the best interests of our shareholders.  In addition, the interests of this concentration of ownership may not always coincide with our interests or the interests of other shareholders and accordingly, they could cause us to enter into transactions or agreements which we would not otherwise consider.

CERTAIN U.S. INCOME TAX CONSEQUENCES

The following is a summary of certain United States federal income tax consequences of the ownership of Series C Preferred Stock by investors that hold such stock as a “capital asset” within the meaning of the Internal Revenue Code of 1986, as amended (the “Code”).  This summary does not address all potential tax considerations that may be important or relevant to a holder and is not intended to be applicable to investors that may be subject to special tax rules, such as dealers in securities, traders in securities that elect to use a mark-to-market method of accounting for their securities holdings, tax-exempt organizations, life insurance companies, persons liable for alternative minimum tax, persons that hold Series C Preferred Stock as part of a straddle or a hedging or conversion transaction or persons whose functional currency is not the U.S. dollar.  This summary applies only to a holder of Series C Preferred Stock that is (i) a citizen or resident of the United States, (ii) a domestic corporation, (iii) an estate whose income is subject to United States federal income tax regardless of its source, or (iv) a trust, if a United States court can exercise primary supervision over the trust’s administration and one or more United States persons are authorized to control all substantial decisions of the trust.

Distributions of cash or property (including, for example, Common Stock or additional shares of Series C Preferred Stock) paid on the Series C Preferred Stock will be taxable as ordinary dividend income to the extent paid out of the Company’s current or accumulated earnings and profits, if any.  If a distribution exceeds the Company’s current and accumulated earnings and profits, the excess will be treated as a return of capital to the extent of the holder’s tax basis in the Series C Preferred Stock and any further excess will be treated as gain from the sale or exchange of the Series C Preferred Stock.

A holder will generally recognize gain or loss on a sale or exchange of Series C Preferred Stock equal to the difference between the amount realized in the sale or exchange and the holder’s adjusted basis in the Series C Preferred Stock sold.  Such gain or loss will be capital if the holder held the Series C Preferred Stock as a capital asset and will be long-term if the holder held the Series C Preferred Stock for more than one year.

A redemption of Series C Preferred Stock for cash will be a taxable event.  Under section 302(b) of the Code, a redemption of the Series C Preferred Stock for cash will be treated as a sale of the shares if the redemption (i) results in a “complete termination” of the holder’s stock interest in the Company, (ii) is “substantially disproportionate” with respect to the holder or (iii) is “not essentially equivalent to a dividend” with respect to the holder.  In determining whether any of these tests has been met, shares considered to be owned by the holder by reason of the constructive ownership rules of section 318 of the Code, as well as shares actually owned, are taken into account.  A cash redemption that is not treated as a sale will be treated as a distribution with respect to the Series C Preferred Stock and thus will be taxable as a dividend to the extent of the Company’s current or accumulated earnings and profits.

No gain or loss generally will be recognized for U.S. Federal income tax purposes on conversion of the Series C Preferred Stock solely into Common Stock (except to the extent of cash, if any, received in lieu of the issuance of fractional shares of Common Stock).  A holder’s tax basis and holding period in the Common Stock received upon conversion will be the same as those of the converted Series C Preferred Stock.
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� (1) Does not include 2,941,136 outstanding options granted to Dr. Herbert Fritsche on the founding of the Company, 3,207,953 outstanding options granted to key employees, and 200,000 outstanding options granted to consultants and members of the Scientific Advisory Board.


� Represents the value of employee stock options granted. See Note 1.
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