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I, J. Martin Bollinger, Jr., hereby declare as follows: 

I. Introduction 

1. I have been retained by Finnegan, Henderson, Farabow, Garrett & 

Dunner, LLP on behalf of Patent Owner Corteva Agriscience LLC as an independent 

expert in the field of protein biochemistry, including enzymology and enzyme 

variants. I am being compensated for the time I spend on this matter, but no part of 

my compensation depends on the outcome of this proceeding. 

II. Professional Background and Qualifications 

2. I am an enzymologist and the endowed Russell and Mildred Marker 

Professor of Natural Products Chemistry in the Department of Chemistry and the 

Department of Biochemistry and Molecular Biology at The Pennsylvania State 

University. I received my Ph.D. from the Massachusetts Institute of Technology 

(MIT) in 1993 and was an N.I.H.-sponsored postdoctoral fellow at Harvard Medical 

School from January 1993 through May 1995. I am a Fellow of the American 

Association for the Advancement of Science. 

3. I have taught undergraduate courses in chemistry and biochemistry as 

well as graduate courses in the mechanisms of enzyme action. I have also lectured 

at numerous professional conferences, universities, and in corporate R&D 

laboratories on those topics. 
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4. I have expertise in the science of enzymes. In my research laboratory, 

we study enzymes involved in the production of DNA, natural-product drugs, and 

biofuels. Other enzymes that we investigate degrade natural and anthropogenic 

compounds to enable bacteria to acquire essential elements such as phosphorus and 

sulfur. Some of these enzymes, including the enzymes at issue in this case, are used 

in agricultural applications. I have consulted for several companies, including the 

biotechnology companies KinTek, LS9, Joule Unlimited, Dow AgroSciences (now 

Corteva), and the pharmaceutical company GlaxoSmithKline. 

5. I have received several prizes and awards, including the Dreyfus 

Foundation New Faculty Award (1995), the Searle Scholar Award (1996), the 

International Society of Biological Inorganic Chemistry’s Early Career Award 

(2008), Penn State University’s Faculty Scholar Medal for Outstanding 

Achievement in the Physical Sciences (2009), Penn State’s Howard Palmer Award 

for Faculty Mentoring (2012), Penn State’s Distinguished Faculty Mentoring Award 

(2021), the American Society for Biochemistry and Molecular Biology William C. 

Rose Award (2022), the American Chemical Society Division of Biological 

Chemistry Abeles and Jencks Award (2023), and the American Chemical Society 

Nobel Laureate Signature Award for Graduate Education in the Chemical Sciences 

(2023).  
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6. I have directed the research activities of 21 Ph.D. graduates, 7 M.S. 

graduates, and approximately 24 post-doctoral fellows; most of these trainees have 

gone on to successful careers in the chemical and biochemical industries or in 

academia, including positions at Stanford University, the University of 

Pennsylvania, Brigham Young University, Carnegie Mellon University, North 

Carolina State University, Brandeis University, and Penn State University. 

7. I have delivered several named and plenary lectures at universities and 

scientific conferences, including the 2018 TY Shen Lecture in Biological Chemistry 

at M.I.T. and keynote lectures at the 2009 International Conference in Biological 

Inorganic Chemistry in Nagoya, Japan, the 2015 Southeast Enzymes Conference in 

Atlanta, GA, and the 2020 Midwest Enzyme Chemistry Conference (remote). In 

total, I have delivered more than 50 lectures at conferences, nearly 80 lectures at 

colleges and universities, and 6 lectures at companies. 

8. I have co-chaired two international conferences (Gordon Research 

Conferences) and served as Program Chair of the American Chemical Society’s 

Division of Biological Chemistry. I have also served as co-chair of a federally 

funded, biennial international training program in biological inorganic chemistry at 

Penn State. 

9. I have served on the editorial advisory boards for the scientific journals 

Journal of Biological Chemistry, Biochemistry, and Journal of Biological Inorganic 
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Chemistry. I have also served as section editor of reference book series and special 

issues of journals, including Comprehensive Natural Products and Current Opinion 

in Chemical Biology.  

10. I have published ~140 original scientific research articles as well as ~21 

invited scientific review articles, book chapters, and perspectives. My research team 

specializes in elucidating the structures and mechanisms of enzymes that use 

transition metals to react with oxygen gas (O2) in the atmosphere to transform carbon 

compounds. All but a few of the more than 160 publications noted above focus on 

such oxygen-utilizing metalloenzymes. 

11. One of our most successful long-term projects (since 2002) concerns 

iron- and α-ketoglutarate-dependent oxygenases, which are at issue in this case. I 

have co-authored 39 publications focused exclusively on one or more of the enzymes 

in this large class. Three of these articles were published in the high-profile journals 

Science and Nature, and five others appeared in the top journals Proceedings of the 

National Academy of Sciences of the United States of America and Nature Chemical 

Biology. I have co-authored seven other articles that discuss these enzymes at least 

in part. 

12. My curriculum vitae (CV) is attached as Exhibit Appendix A and lists 

the litigations and other matters on which I have served as an expert witness. Also 
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listed on my CV are books and articles I have co-authored, including peer-reviewed 

journal publications. 

III. Materials Considered 

13. My opinions are based on my education, training, background and 

experience, the documents I reviewed, and information available to me to date. I 

have reviewed and considered the documents and materials cited in this declaration, 

as well as those listed in Appendix B. To the extent I am provided with additional 

documents or information in this proceeding, I reserve the right to modify or expand 

upon my opinions based on such new information, and in response to any additional 

reports and testimony. 

IV. Legal Standards 

14. The opinions I express in this declaration involve the application of my 

technical knowledge and experience to evaluating certain prior art and other 

scientific and technical issues relating to the ’055 patent. In preparing this 

declaration, certain patent law concepts have been explained to me by counsel, 

including the legal standard for assessing written description and enablement. 

15. I understand that written description and enablement must be analyzed 

from the perspective of a “skilled artisan” (or “skilled person”) in the same field as 

the challenged patent as of the “effective filing date” of the claims. I understand that 
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a skilled artisan is presumed to know of the relevant art (e.g., technical literature) as 

of the “effective filing date” of the claims. 

16. I understand that the “effective filing date” is evaluated on a claim-by-

claim basis and that it is the filing date of the earliest priority application that 

provides “written description” and “enables” the subject matter of the claim. In this 

case, as explained below, the relevant time period is in 2005-2006, when Corteva 

filed its initial patent applications that led to the ’055 patent. Ex. 2017 

(PCT/US2006/042133); Ex. 2013 (Provisional 60/731,044).  

17. I understand that the basic inquiry for written description is whether the 

specification describes the claimed subject matter such that a skilled person would 

understand that the inventor possessed what is claimed. I understand that a number 

of factors may be considered in evaluating the written description requirement, 

including: (1) the existing knowledge in the particular field; (2) the extent and 

content of the prior art; (3) the maturity of the science or technology; and (4) the 

predictability of the technical feature at issue. I have been instructed that a sufficient 

description of a genus (such as a group of enzymes) requires the disclosure of either 

a representative number of species or structural features common to the genus so 

that one of skill in the art can visualize or recognize the members of the genus. 

18. I understand that a patent claim also can benefit from the filing date of 

an application if the disclosure in the application provides enablement, that is, if the 
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patent specification enables a skilled person to make and use the full scope of the 

claimed subject matter without undue experimentation. I understand that enablement 

requires disclosure of only one or a few examples if there is some general quality, 

such as a structural feature, that runs through a genus of compounds that makes them 

particularly suited for their function. 

19. I understand that each claim of a patent must be enabled such that, at 

the effective filing date of the patent, a skilled person could practice the invention 

without undue experimentation. I understand that the factors I may consider in 

determining whether a disclosure would require undue experimentation, known as 

the “Wands factors,” include (1) the quantity of experimentation necessary, (2) the 

amount of direction or guidance presented in the specification, (3) the presence or 

absence of working examples in the specification, (4) the nature of the invention, (5) 

the state of the prior art, (6) the relative skill of those in the art, (7) the predictability 

or unpredictability of the art, and (8) the breadth of the claims. I understand that 

enablement is met where routine experimentation would be required to practice a 

claimed invention. I also understand that enablement is not measured against the 

cumulative time and effort it might take to make every embodiment within a claim. 

V. Background and State of the Art 

20. Set forth below is a brief summary of what was known in the prior art 

about enzyme structure-function correlations, including for αKG-dependent 
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dioxygenases such as SdpA (AAD-12) and TfdA. This information would have been 

known to persons skilled in the art and generally accepted in 2005-2006.   

A. Enzymes 

1. Function, Structure, and Classification of Enzymes 

21. Enzymes function as catalysts for biochemical reactions. Some 

enzymes catalyze reactions that would otherwise be too slow to be useful to cells 

and organisms. Without enzymes, many biochemical reactions would take much 

longer and would not be fast enough to sustain life. Ex. 2018 (StatPearls, Enzymes), 

1. An enzyme catalyzes a chemical reaction by binding its substrate(s) (i.e., the 

chemical compounds required for the reaction) at a location within an interior pocket 

known as the active site. Ex. 2018 (StatPearls, Enzymes), 1.  

22. The vast majority of enzymes are proteins (also known as 

polypeptides), which are large molecules built from 20 different types of amino 

acids. Ex. 2018 (StatPearls, Enzymes), 1. To form enzymes, these amino-acid 

building blocks are connected in a linear chain in a specific sequence. The sequence 

of amino acids in a polypeptide chain is called its primary structure. Ex. 2018 

(StatPearls, Enzymes), 1. This linear chain then folds up into a “globular” (meaning 

more or less spherical) three-dimensional structure in order to function as an enzyme 

catalyst. The secondary structure of a protein describes the localized polypeptide 

chain structures such as α-helices and β-sheets. Ex. 2018 (StatPearls, Enzymes), 1. 
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The complete three-dimensional fold of a polypeptide chain into a globular protein 

subunit is known as its tertiary structure. Proteins may be composed of one or more 

subunits (e.g., a monomer or dimer). The three-dimensional arrangement of subunits 

in an enzyme is known as its quaternary structure. Ex. 2018 (StatPearls, Enzymes) 

1. 

23. Enzymes are classified using a specific enzyme nomenclature system 

known as an Enzyme Commission or “EC” number. This system was “the best 

developed and most widely used functional classification scheme” in 2005-2006. 

Ex. 2019 (Tian), 864. An EC number is a unique four-digit code that categorizes the 

chemical reaction that an enzyme catalyzes. Ex. 2019 (Tian), 864. The first digit of 

an EC number indicates the main type of enzymatic activity and ranges from 1 to 61, 

including: 1, oxidoreductases, 2, transferases, 3, hydrolases, 4, lyases, 5, isomerases, 

and 6, ligases. Ex. 2020 (Tipton), 36. The last digit usually represents the substrate 

specificity of a reaction, while the first three digits of the EC number usually describe 

the overall type of enzymatic reaction. Ex. 2020 (Tipton), 36-37. For example, the 

EC number of (S)-(2,4-dichlorophenoxy)propanoate:α-ketoglutarate dioxygenase, 

also known as SdpA, is 1.14.11.43. The first digit (1) indicates that it is an 

 
1 A new class of enzymes, the translocases (EC 7), was added in 2018, but was not 

a recognized class in 2005-2006.  
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oxidoreductase, the second digit (14) indicates that it acts on paired donors with 

incorporation or reduction of oxygen, the third digit (11) indicates that 

α-ketoglutarate (also known as 2-oxoglutarate) is one of the electron donors, and the 

fourth digit (43) indicates that its substrate is (S)-(2,4-dichlorophenoxy)propanoate.2 

24. An enzyme’s structure and the reaction it catalyzes (its function) are 

usually determined by its sequence of amino acids or primary structure. Ex. 2018 

(StatPearls), 1 (“Subunit structure is determined by the sequence and characteristics 

of amino acids in the polypeptide chain.”); see also Ex. 2021 (Rost 1999), 85 

(“proteins with similar sequences adopt similar structures”). Enzymes with similar 

sequences usually catalyze similar or identical reactions, as further described below. 

2. Degrees of Amino Acid Sequence Relatedness  

25. Skilled artisans have long analyzed the similarity of enzymes by 

comparing their amino acid sequences. Before 2005-2006, skilled artisans in the 

field had arrived at a general consensus for how to determine and describe the degree 

of relatedness of enzymes based on their amino acid sequences.  

26. Skilled artisans perform sequence alignments to identify structural, 

functional, or evolutionary relationships between two or more DNA, RNA, or 

 
2 The Enzyme Commission has not yet assigned a separate EC number for the 

degradation of pyridyloxy auxin substrates, such as triclopyr, by the same enzyme. 
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protein sequences. Nucleotides or amino acids (often referred to as residues) in a 

sequence are aligned to give the greatest possible number of matches between or 

among the sequences, which are typically represented as rows within a matrix. Gaps 

are inserted between the residues as necessary so that identical or similar residues 

are aligned in successive columns. See, e.g., Ex. 2022 (Elkins), Fig. 5.  

27. By 2005-2006, researchers commonly performed sequence alignments 

to compare between proteins of similar or dissimilar structure. Ex. 2022 (Elkins), 

5189 (TfdA and TauD are “closely related proteins” based on ~30% sequence 

identity); Ex. 2021 (Rost 1999), 85. Sequence identities (or similarities) between two 

or more enzymes may range from <10% (very few matching residues) to 100% 

(identical). A sequence identity between two enzymes of above 35% or 40% is 

considered a relatively high level of sequence identity and indicates that those 

enzymes likely have similar structures and functions. Ex. 2021 (Rost 1999), 85. 

Often, two enzymes with this level of sequence identity will catalyze the same 

reaction or similar reactions. Enzymes having less than 20% sequence identity 

generally have different folded secondary and tertiary structures and catalyze 

different types of reactions.  

28. Decades of comparing and aligning protein sequences led researchers 

to recognize a “twilight zone” for sequence similarity. Ex. 2023 (Chung), 1123. This 

“twilight zone” represents a range of sequence identity (approximately 20-35%) in 
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which the relatedness of proteins—how similar their structures are, whether they 

have the same function, and whether they evolved from a common precursor—can 

be more difficult to judge. Ex. 2023 (Chung), 1123; Ex. 2021 (Rost 1999), 85. In 

other words, relationships between sequence and function are often more 

unpredictable when sequence identities fall within the twilight zone, making 

enzymes in this sequence identity range particularly interesting for research 

purposes, with several groups spending significant time attempting to discern 

sequence/function relationships at different thresholds of sequence identity, 

including at and around the twilight zone of 20-35% sequence identity. Ex. 2021 

(Rost 1999), 85; Ex. 2024 (Wilson), 245.  

3. Predicting Enzyme Function Based on Sequence Identity 

29. By the 2000s, genome sequencing was identifying new genes encoding 

proteins much faster than researchers could empirically determine the activities of 

those proteins. Researchers therefore sought to determine how reliably one could 

infer the function of a new protein by comparing its sequence to the sequence of 

another protein having a known function. Ex. 2025 (Minshull), 1 (two main reasons 

to predict an enzyme’s function from its sequence are “to identify the components 

and thus the functional capabilities of an organism” and “to create enzymes with 

specific properties”). Using pairwise sequence comparisons, numerous studies have 

shown that when the sequence identity between enzymes is above 60%, enzyme 
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function is well conserved. Ex. 2019 (Tian), 863; Ex. 2024 (Wilson), 233; Ex. 2026 

(Devos), 98; Ex. 2027 (Todd), 1113; Ex. 2028 (Rost 2002), 595. This principle 

applied in 2005 and continued to apply through the ’055 patent’s March 24, 2017 

filing date. Ex. 2030 (Price), 1. It remains true today. 

30. A study by Wilson et al. in 2000, for example, evaluated pairwise 

sequence, structure, and function comparisons on ~30,000 pairs of protein domains. 

Ex. 2024 (Wilson), 233. Wilson et al. constructed their own functional classification 

system using EC numbers for enzymes. Ex. 2024 (Wilson), 242. They found that full 

conservation of enzyme function can occur between two proteins with as low as 

~40% sequence identity. Ex. 2024 (Wilson), 233. They concluded that percent 

identity is a useful predictor of function for proteins that are close in structure and 

outside the twilight zone. Ex. 2024 (Wilson), 245.   

31. A study in 2000 by Devos et al. analyzed a set of over 7,000 protein 

sequence alignments using the publicly available FSSP protein database. Ex. 2026 

(Devos), 99. They found that, above an identity threshold of 50-80%, at least the 

first three digits of an EC number were identical, and above 80%, all four digits in 

the EC codes were “completely identical,” meaning that two enzymes having this 

level of identity can confidently be assumed to have the same activity. Ex. 2026 

(Devos), 101-102 (Fig. 1b, replicated below). Further, Devos et al. found that 

binding site conservation follows a similar pattern that is parallel to the overall level 
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of sequence identity, such that “at 75% identity, most of the proteins conserve 75% 

of the binding site residues.” Ex. 2026 (Devos), 103. 

 

Ex. 2026 (Devos), 101 (Fig. 1b).  

32. Similarly, a study by Todd et al. in 2001 assessed the functional 

variation of 31 diverse structural enzyme superfamilies using the EC classification 

scheme and found that functional variation is rare when the sequence identity is 

above 40%. Ex. 2027 (Todd), 1113. Todd et al. also found that “conservation of 

chemistry does appear to be the dominant theme,” further suggesting that high 

sequence identity between a pair of enzymes indicates that they will have the same 

biochemical function (i.e., catalyze the same reaction). Ex. 2027(Todd), 1138. 

33. In 2002, Rost made a more conservative estimate for sequence-based 

conservation of enzyme function aimed at providing “important benchmarks for 

everyday sequence analysis,” suggesting that the prior analyses were either biased 
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or too small. Ex. 2028 (Rost 2002), 595. Rost took a slightly different approach that 

considered sequence comparisons into the twilight zone and found that, when the 

sequence identity is below 70%, both the first digit and all four digits of EC numbers 

start to diverge more quickly than others had reported. Ex. 2028 (Rost 2002), 596; 

Ex. 2019 (Tian 2003), 863. Nevertheless, Rost confirmed previous reports that 

enzyme function is highly conserved above 70% sequence identity. Ex. 2028 (Rost 

2002), 596. Indeed, Rost presented a graphical comparison between his study and 

those by Wilson, Devos, and Todd, which confirmed an even stronger conservation 

of function at higher levels of sequence identity, including at 85% or greater identity: 

 

Ex. 2028 (Rost 2002), 604 (Fig. 5).  

34. A study by Tian et al. in 2003 consolidated and built upon the prior 

studies by Devos, Wilson, Todd, and Rost, analyzing thousands of protein sequences 
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for establishing “the threshold of sequence identity necessary to transfer function 

from a protein of known function to an unknown protein.” Ex. 2019 (Tian), 863. 

Using a strategy similar to Rost’s to reduce database bias, Tian defined an enzyme 

family as a family of sequences that are all above a certain threshold of pairwise 

sequence identity and that also have the same function. Ex. 2019 (Tian), 865, 876-

77. Tian found that “40% sequence identity can still be used as a confident threshold 

to transfer the first three digits of an EC number,” whereas “above 60% sequence 

identity is needed to have above 90% accuracy” for all four digits of an EC number. 

Ex. 2019 (Tian), 865. 

 

Ex. 2019 (Tian), 866 (Fig. 1(B)). As shown in the figure, the x-axis represents 

percent sequence identity, and the y-axis represents percent function conservation. 

35. Accordingly, by 2005-2006, persons skilled in the art routinely 

predicted enzyme function based on sequence similarity to proteins whose function 
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had already been experimentally determined. Extensive studies showed that this was 

a universal principle applied within the field of enzymology. See, e.g., Ex. 2026 

(Devos), 98; Ex. 2019 (Tian), 864 (“sequence identity is [] widely used as an 

indication of functional similarity”). It was established by then that enzyme function 

is well conserved and can be reliably predicted based on sequence identities above 

approximately 50-60%. These established function prediction values were well 

below the higher 85% minimum threshold of the ’055 patent claims. Ex. 2019 (Tian 

2003), 863; Ex. 2026 (Devos), 102.  

36. Indeed, sequence comparisons were the accepted “gold standard” for 

predicting protein function. Ex. 2029 (desJardins), 97; Ex. 2024 (Wilson), 233 

(“percent identity is more effective at quantifying functional conservation” than 

other techniques); Ex. 2030 (Price), 1 (“Proteins with over 30% similarity are likely 

to have similar functions, but to be 90% confident of the substrate of an enzyme, 

over 60% similarity may be required.”). 

37. The strong correlation between a high level of enzyme sequence 

identity and a conserved enzyme function was intuitive for skilled artisans in 2005-

2006 for several reasons. Different enzymes that catalyze the same reaction were 

known generally to have significant sequence and structural similarity based on 

underlying sequence conservation. Ex. 2032 (Galperin), 779-80. Structural analyses 

of enzymes having relatively high sequence identity have revealed recurrent 
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structural patterns, such as common folds and conservation of specific sequence 

motifs. Ex. 2032 (Galperin), 780. Persons skilled in the art recognized the 

evolutionary structural patterns of enzymes and often used their structures as a basis 

for inferring function for enzymes having related sequences. 

38. Even before the 2000s, skilled artisans had learned to recognize amino 

acid sequence patterns—known as motifs—in enzymes to identify elements of their 

structures that are essential for their functions. Such motifs consist of individual 

amino acids or stretches of amino acids that are always identical in a set of enzymes 

with the same or similar functions but that can be interspersed by individual or 

stretches of amino acids (known as spacers) that differ among enzymes of the set. 

The always identical amino acids (referred to as “conserved” amino acids) within 

such a motif often have important functions in the common activity of the set of 

enzymes, such as in binding of substrates or enzyme components (known as 

cofactors) that are required to promote the chemical reaction. Motifs are amino acid 

sequence patterns that are generally related to a specific function of the protein. By 

2005-2006, researchers had recognized that, when a set of enzymes has an overall 

level of sequence identity of about at least 60-70%, such sequence motif patterns 

that are fully conserved within the set of enzymes can readily help identify residues 

that are important to the common structure and function and, importantly, be used to 

assign new members to the set as new protein sequences are reported. Ex. 2033 
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(Dym), 1712. A motif is often one of the most reliable structural features for inferring 

common function between enzymes. Ex. 2002 (Müller 2006), 1358; Ex. 2034 

(Minarik), 261 (explaining how “[r]esidue 53 is conserved with an acidic side chain 

in all NAD-dependent MDHs”). For instance, malate dehydrogenases are a class of 

enzymes that promote one common chemical reaction and use a conserved catalytic 

mechanism. Malate dehydrogenases from different species share a high degree of 

3D (tertiary) structural similarity. Ex. 2034 (Minarik), 257. The common functional 

part of malate dehydrogenases—their catalytic domain—is characterized by a 

particular motif that is conserved throughout the class and contributes to both the 

conserved structure and the shared enzymatic activity. Ex. 2034 (Minarik), 259.  

39. In sum, by 2005-2006, high similarity of enzyme amino acid sequences 

was known to correlate well with conservation of both overall three-dimensional 

structure and function, which enzymologists recognized and referred to as sequence-

function (or structure-activity) relationships. Ex. 2035 (Chaparro-Riggers), 187. 

Thus, when an amino acid sequence appearing to represent a new enzyme was 

determined as part of the genome-sequencing efforts of the 1990s and 2000s, skilled 

artisans routinely assigned a biochemical function to the new enzyme using 

sequence comparisons and motif recognition. These principles were well established 

and also routinely applied in protein engineering to make enzyme variants with 
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conserved or even improved functional traits. See Section V.B, below; Ex. 2025 

(Minshull), 2-3 (“Using homologous sequences for protein engineering”). 

4. Enzymes Are Unique Compared to Other Types of Proteins 

40. Several categories of proteins occur in nature, including enzymes, 

antibodies, structural proteins, hormones, and many others. Skilled artisans were 

familiar with differences between the various types of proteins and what made 

enzymes unique. Among these categories of proteins, enzymes and antibodies have 

been extensively used in medicine and biotechnology and thus have been the 

subjects of considerable scientific research.  

41. A major difference between enzymes and antibodies is their 

evolutionary background. Because enzymes catalyze biochemical reactions, many 

of which were likely important even to early life forms, they are generally products 

of evolution over long time periods. Ex. 2018 (StatPearls, Enzymes), 1. Even 

enzymes that catalyze the identical reaction can have quite different amino acid 

sequences as a result of the long time over which they evolved from their common 

ancestral enzyme. However, any amino acid changes (mutations) appearing over 

time that disturbed the enzyme’s overall structure or replaced amino acids that 

promoted the reaction would have led to a loss or reduction of the enzyme’s activity, 

likely with negative consequences for the organism that depended on the enzyme. 

Accordingly, pairs of enzymes catalyzing the same reaction (isofunctional enzymes) 
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have retained common, relatively optimized structures with important amino acids 

that are responsible for certain facets of the overall enzyme activity (e.g., structural 

stability, substrate binding, transition state stabilization). See, e.g., Ex. 2019 (Tian), 

877. Amino acids in a protein sequence that are less important to an optimized 

structure or catalytic function are replaced over time by different amino acids, with 

no deleterious effect on protein function. The retained portions are functional motifs, 

such as the AAD-12 motif at issue here. In other words, enzymes that have evolved 

over time to perform the same function (or similar functions) can span a relatively 

broad range of sequence space. See, e.g., Ex. 2034 (Minarik), 258-59 (malate 

dehydrogenases have ~20% sequence similarity but have homologous active sites, 

coenzyme binding sites and quaternary structure).  

42. The evolutionary background of antibodies is starkly different from that 

of enzymes. Antibodies develop rapidly over a matter of weeks as part of an 

immunological response to an antigen molecule, to which the antibody binds. Ex. 

2037 (StatPearls, Antibodies), 1-2. Antibody structures and sequences are 

evolutionarily adapted to this rapid evolution, as large portions of antibodies have 

generally fixed sequences (known as constant regions) while sequence changes 

leading to diversity in antigen recognition are rapidly generated in smaller variable 

regions, particularly the hypervariable regions known as complementarity 

determining regions (CDRs). Ex. 2037 (StatPearls, Antibodies), 1-2. These variable 
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regions are, on average, much shorter in sequence than enzymes. Thus, the sequence 

of antibodies can rapidly evolve in relatively discrete regions as part of an 

immunological response, with small changes within the variable regions of an 

antibody often leading to enormous differences in function. In other words, the 

variable regions of antibodies, which generally determine their different functions, 

generally cannot be grouped into “buckets” of similar sequences as can be done in 

the case of enzymes.  

43. In addition, modifications in enzyme structure tend to be located 

throughout the enzyme’s amino acid sequence, unlike the focused tailoring of the 

variable and hypervariable regions of an antibody to change its binding activity and 

confer recognition of a new antigen. Ex. 2037 (StatPearls, Antibodies), 2. Because 

antibodies serve a different biological role, which requires rapid evolution of their 

structures to confer the ability to recognize new antigens, even small changes in 

variable region sequence can lead to entirely different antigen targets and therapeutic 

properties. The same does not hold true for enzymes, which generally have 

conserved and slowly evolving structures among enzymes having identical or similar 

functions. 

B. Enzyme Engineering and Variants 

44. In his declaration, Dr. Silverstone appears to imply that a skilled artisan 

would need 3D structural information in choosing substitutions to make on a target 
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protein to retain or improve its activity. Ex. 1003, ¶¶ 45-46. He fails to acknowledge 

the full knowledge of skilled artisans as of 2005-2006, which went well beyond 

selection of substitutions based on 3D structure alone.  

1. Sequence Alignments 

45. One important available technique was use of sequence alignments. Ex. 

2025 (Minshull), 2-3 (“The sequences of orthologous proteins are thus a potentially 

rich source of information regarding sequence changes that are acceptable without 

drastically disrupting protein function . . . .”); Ex. 2035 (Chaparro-Riggers), 180 (in 

protein engineering, “[b]esides crystal structures, a wide variety of tools can be 

applied, ranging from sequence alignments or phylogenic trees to computational 

models . . . .”). 

46. By 2005-2006, alignment tools for comparing protein sequences were 

recognized and widely used by persons skilled in the art. These tools allowed 

researchers to compare two or more protein sequences and calculate percent identity 

or similarity scores using known algorithms. These algorithms had been 

incorporated into various programs, such as BLAST (Basic Local Alignment Search 

Tool) and FASTA (FAST-All), which were publicly available and widely used by 

skilled artisans in 2005-2006. Ex. 2040 (Altschul), 3389; Ex. 2041 (Müller), 761; 

Ex. 1001 (’055 Pat.), 21:61-22:10.  
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47. Aligned sequences of amino acid residues are typically represented as 

rows within a matrix. Matching residues in the aligned sequences are typically 

marked using asterisks or pipe symbols. When the aligned sequences differ in length, 

gaps are inserted between the residues so that identical or similar residues can be 

aligned in successive columns. An exemplary sequence alignment is shown in 

Figure 5 of Elkins et al. Ex. 2022 (Elkins), 5190 (Fig. 5).  

48. The quality of a possible alignment of two or more sequences is 

frequently assessed using a substitution matrix, which have been known since the 

1970s and were automated and computer-implemented (e.g., with the SIFT (Sorting 

Intolerant From Tolerant) program) by 2005-2006. These matrices assign 

probabilities of seeing one of the 20 common amino acids replaced by another. One 

class of scoring matrix, given the acronym PAM (for Point Accepted Mutation), 

explicitly accounts for evolutionary approximations regarding the rates and 

probabilities of the possible amino acid substitutions. Ex. 2041 (Müller), 761. 

Another common scoring matrix is known as BLOSUM (Blocks Substitution 

Matrix) and encodes empirically derived substitution probabilities. Ex. 2041 

(Müller), 761. Results generated from either type of matrix allow skilled artisans to 

quantify the level of sequence relatedness or divergence. For example, in searching 

sequence databases to identify proteins related to an enzyme of interest (the query 

sequence), users of BLAST or FASTA can set threshold values either to restrict the 
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identified sequence set (the “hits”) to more closely related matches or to expand the 

set to include less similar (more divergent) sequences. 

49. When interpreting aligned sequences, it was common for skilled 

artisans in 2005-2006 to examine the degree of conservation of the amino acids 

within a stretch of the sequence as a rough measure of how conserved a particular 

region is among lineages. In a multiple sequence alignment, positions that have the 

identical amino acid in all the aligned sequences are considered highly conserved, 

and, if the side chain of the amino acid found there has an appropriate chemical 

functional group (such as the carboxylic acid group of Asp or Glu, the imidazole of 

His, the sulfhydryl of Cys, the amine of Lys, or the phenol of Tyr), then the amino 

acid always found in that sequence position likely has an important role in the 

enzyme’s mechanism(s) of catalysis or the overall structure. Positions that have only 

a few different amino acids harboring chemically similar side chains (such as Leu, 

Ile, or Val) in the aligned sequences are considered to be somewhat conserved and 

may be involved in important interactions with substrates, cofactors, or other parts 

of the enzyme. Sequence positions that vary more widely, meaning that 

representative sequences have different types of amino acids with chemically 

dissimilar side chains (such as Glu, Lys, and Leu) in that position, are not conserved. 

It can be concluded that the common overall structure of the set of aligned proteins 

is robust to even drastic changes to the amino acids in these unconserved positions. 
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Going beyond individual sites, stretches of sequence with a high density of highly 

or somewhat conserved positions are likely to have structural or functional 

importance. Often, conservation will be high in stretches of sequence that contribute 

to the active site. Sequence alignments can thus provide guidance as to regions of 

the enzyme that are likely to tolerate substitutions without loss of function and other 

regions in which any substitution, or particular classes of substitutions, will likely 

disrupt the enzyme’s structure and cause a loss of activity. See e.g., Ex. 2022 

(Elkins), 5190 (Fig. 5). 

2. Principles for Designing Enzyme Variants 

50. By 2005-2006, it was common for skilled artisans to develop enzyme 

variants with desired functional properties. A fundamental paradigm in the art was 

this established link between protein sequence and function: an enzyme’s amino acid 

sequence determines its three-dimensional fold (structure), and its structure 

determines its biochemical function (activity). Therefore, persons skilled in the art 

generally analyzed an enzyme’s amino acid sequence by comparing it to other 

known, similar sequences. Ex. 2025 (Minshull), 2-3 (“sequences of orthologous 

proteins are thus a potentially rich source of information regarding sequence changes 

that are acceptable without drastically disrupting protein function”); id., 9 (“tools 

may now be used to aid in enzyme redesign: identifying suitable proteins as catalytic 
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starting points, choosing changes to make, and assessing the effects of those changes 

in a powerfully predictive way”); Ex. 2035 (Chaparro-Riggers), 184. 

51. When making enzyme variants, a person skilled in the art in 2005-2006 

would not have randomly picked any of the 19 other possible amino acids for a given 

residue, as Dr. Silverstone suggests, but would have instead relied on known 

principles for generating enzyme variants. Ex. 1003, ¶ 80, n. 1 

52. To guide these substitutions, known matrices such as PAM or 

BLOSUM, which were commonly used to score alignments of protein sequences, 

would have provided guidance as to which amino acid replacements have been 

accepted by the processes of natural selection. See, e.g., Ex. 2083 (Dayhoff), 345; 

Ex. 2041 (Müller), 761. These matrices were developed from sets of high-confidence 

alignments of many homologous proteins by assessing the frequencies of all possible 

amino acid substitutions. Ex. 2025 (Minshull), 6. They show which changes are 

favored or disfavored, providing guidance to skilled researchers on how to modify 

enzymes without losing activity. Ex. 2025 (Minshull), 6-7. 

53. As noted above, skilled artisans performed sequence alignments with 

related proteins to identify highly conserved residues and segments that likely 

delineate important structural or functional elements. See Ex. 2035 (Chaparro-

Riggers), 185 (homology-based methods “can be used to identify residues that can 

tolerate mutation without radically changing function”). Comparing amino acid 



31 

sequences with low identity (~30%) is particularly helpful here because residues 

found to be conserved even at a relatively high level of divergence among aligned 

sequences are likely important to structure, function, or both, whereas sets of 

sequences with higher identity will have more coincidental identities at positions 

that may not have important roles. For example, in this case, Figure 2 of the ’055 

patent illustrates a sequence alignment among AAD-12 and other homologous 

proteins and provides valuable guidance to a skilled artisan by identifying conserved 

residues and the claimed AAD-12 motif by lining up the sequences with varying 

lengths of amino acids. Ex. 1001 (’055 Pat.), Fig. 2. 

54. A person skilled in the art in 2005-2006 would have had access to 

computational tools that took into account information provided by the substitution 

scoring matrices and sequence alignments to predict which substitutions in a given 

enzyme would be tolerated and which would cause loss of function. For example, 

SIFT was one available program that predicted whether an amino acid substitution 

would affect protein function by considering the position at which the change 

occurred and the type of amino acid change. Ex. 2044 (Ng), 3812.  

55. Skilled artisans also used directed evolution techniques (often 

combined with rational design) that mimic natural evolution to produce variants. Ex. 

2038 (Chica), 378 (targeting “multiple, specific residues to mutate on the basis of 

prior structural or functional knowledge [to] create ‘smart’ libraries”). Such 
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approaches enhanced directed evolution by incorporating strategies based on known 

sequence-activity relationships, such as the protein sequence activity relationships 

(ProSAR) method that was able to quickly generate enzymes with desired 

characteristics for commercial use. Ex. 2039 (Fox), 338-339. 

56. In summary, a skilled person would have followed several fundamental 

scientific principles of protein engineering in 2005-2006 when designing enzyme 

variants based on the claimed methods: 

1. Maintain high sequence identities in view of the known sequence-

function correlations for enzymes. Skilled artisans understood that high levels of 

sequence identity between enzymes are generally correlated with the same or 

similar function. By 2005-2006, studies consistently confirmed that the minimum 

threshold for confidently predicting enzyme function (e.g., typically 60-70%) was 

well below the 85% threshold recited in the ’055 patent claims. Ex. 2019 (Tian); 

Ex. 2028 (Rost 2002); Ex. 2025 (Minshull). 

2. Maintain the active site motif. The active site residues are those in the 

enzyme’s interior pocket that allow the enzyme to push and pull on the substrates 

to catalyze a chemical reaction. A skilled person would be careful to preserve the 

active site motif residues. Ex. 2025 (Minshull), 6 (“changes at key active site 

residues or other highly conserved residues are generally deleterious”).  
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3. Retain other non-motif residues that are highly conserved across related 

enzymes. This is particularly true for enzymes with low sequence identities 

(pairwise identities of ~30%) where “changes at well-conserved positions tend to 

be deleterious.” Ex. 2044 (Ng), 3812; Ex. 2025 (Minshull), 6. 

4. Retain overall surface charge distribution and steric bulk. Skilled 

artisans understood not to introduce mutations that would change the enzyme’s 

overall surface charge or steric bulk. See Ex. 2035 (Chaparro-Riggers), 186 

(suggesting restricting mutation diversity where small amino acids can create 

additional space in a binding pocket whereas large amino acids can narrow the 

binding pocket). For instance, Müller et al. tested the effect of various mutations, 

including one that resulted in a bulkier side chain and presented steric hindrance 

that interfered with the enzyme’s reactive conformation. Ex. 2002 (Müller 2006), 

1360. Skilled artisans would therefore avoid mutations that change side chain bulk. 

Skilled artisans, recognizing that changing an amino acid’s charge or polarity to the 

opposite charge would likely affect enzyme function, would have also avoided these 

types of substitutions. Ex. 2044 (Ng), 3812. 

57. Once enzyme variants had been obtained by following these principles, 

a skilled artisan would have understood that the genes encoding the enzymes could 

be passed on to an artisan skilled in plant transformation for expression in plants.  
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C. αKetoglutarate-Dependent Dioxygenases 

1. Reactions Catalyzed  

58. Well before 2005-2006, researchers identified bacteria that could 

degrade 2,4-D and other phenoxyacetate herbicides. This recognition led to the 

identification of the gene encoding the TfdA enzyme from the bacterium Alcaligenes 

eutrophus JMP134 in 1997.3 Ex. 1025 (Streber). TfdA was initially mischaracterized 

as a monooxygenase. Ex. 2001 (Fukumori), 24311. In 1993, Fukumori et al. 

identified the reaction by which TfdA degrades 2,4-D and established that TfdA 

belongs to the family of α-ketoglutarate-dependent (“αKG-dependent”) dioxygenase 

enzymes. Ex. 2001 (Fukumori), 24311.  

59. To degrade 2,4-D, αKG-dependent dioxygenases require the presence 

of Fe(II) as the metallocenter (metal cofactor), as well as oxygen and α-ketoglutarate 

(αKG) as co-substrates. Ex. 2001 (Fukumori), 24311. When TfdA acts on 2,4-D as 

its substrate, the enzymatically catalyzed oxidation reaction produces carbon 

 
3 A. eutrophus JMP134 was later renamed Ralstonia eutropha JMP134, and then 

renamed Cupriavidus necator JMP134. The tfdA gene is encoded by the pJP4 

plasmid in this strain. In this declaration, I will refer to the canonical JMP134 TfdA 

enzyme as “TfdA,” unless otherwise noted. 
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dioxide, succinate, 2,4-DCP (a phenol), and glyoxylate, as shown in the reaction 

below. Ex. 2054 (Hausinger), 40 (scheme 33).  

 

60. The αKG-dependent dioxygenase family is large. Ex. 2054 

(Hausinger), 21. In addition to enzymes like TfdA that are involved in detoxification, 

the family includes enzymes involved in plant biosynthetic pathways, antibiotic 

biosynthesis, and lipid metabolism. Ex. 2054 (Hausinger), 21, 29-38. 

61. Given the size of this family, members of the αKG-dependent 

dioxygenase family were generally classified into one of three groups of related 

enzymes. Ex. 1019 (Hogan), 12400-401. TauD, a family member that is closely 

related to TfdA, was classified in the same group (Group II) as TfDA. Ex. 1019 

(Hogan), 12401. TauD nonetheless has a different function than TfdA; it catalyzes 

the conversion of αKG, O2 and taurine to CO2, succinate, aminoacetaldehyde, and 

sulfite, which is used as a source of sulfur. Ex. 2022 (Elkins), 5185.  
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2. The αKG Motif and How It Was Determined  

62. αKG-dependent dioxygenases are generally defined by their consensus 

motif, which is a simple way to identify their active sites. By 2005-2006, skilled 

artisans recognized that enzymes in the αKG-dependent dioxygenase family varied 

greatly in the exact numbering of the motif residues and the number of amino acids 

in the spacers separating each pair of consecutive motif residues, reflecting the 

diversity of reactions catalyzed by these enzymes. 

63. Dr. Silverstone acknowledges that a suitable way to analyze the 

structure of a new protein is to “compare the sequence to [that of] a closely related 

protein of known structure.” Ex. 1003, ¶ 46. That is precisely how the αKG motif in 

general, and the specific examples of that motif found in TfdA, TauD, SdpA, and 

other related enzymes, were identified. In the early 2000s, Hogan et al. identified the 

metal binding residues in the active site motif of TfDA. Ex. 1019 (Hogan 2000), 

12400. They defined the TfdA motif as HX(D/E)X138–207HX10–13R, which is distinct 

from the motif of other αKG-dependent dioxygenases. Ex. 1019 (Hogan 2000), 

12401. The letters in the motif represent amino acids: “H” is His (histidine), “D/E” 

means that this residue must be either Asp (aspartate) or Glu (glutamate), and “R” is 

Arg (arginine). “X” can be any amino acid, and the numeric subscripts refer to the 

number of amino acids in the spacers. Hogan et al. also performed an alignment with 

TauD, revealing that it shared the common HX(D/E)X138-207HX10-13R motif. Ex. 1019 
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(Hogan 2000), 12401, 12407 (Fig. 8). Other enzymes in the family, such as the 

Group I enzymes, were found to share a common HXDX50-70HX10(R/K)XS motif and 

to act on different substrates. Ex. 1019 (Hogan), 12401.    

64. In 2002, Elkins et al. reported the crystal structure of TauD and used it 

to predict the structure of TfdA. Ex. 2022 (Elkins). The TauD motif bound to αKG 

at two motif sites, T126 and R266, through a hydrogen bond and a salt bridge, 

respectively. Ex. 2022 (Elkins), 5188. The authors found that TauD and related 

αKG-dependent dioxygenases, including TfdA, share the consensus motif 

HX(D/E)X23-26(T/S)X114–183HX10–13R. Ex. 2022 (Elkins), 5185. Elkins further 

explained that since “TfdA is particularly well characterized,” it was “worth 

modeling to extend our knowledge of the αKG-dioxygenase superfamily” and its 

predicted overall fold was expected to extend to other “closely related proteins 

(~30% sequence identity).” Ex. 2022 (Elkins), 5189. 

65. A further study by Hotopp et al. in 2002 identified two additional 

important, conserved residues of TfdA, T141 and R274, believed to bind the αKG co-

substrate. Ex. 2003 (Hotopp), 9792-93; Ex. 1019 (Hogan 2000), 12407 (Fig. 8). 

Thus, as reflected in Hogan and Hotopp, skilled artisans understood the structure-

function relationships of Group II αKG-dependent dioxygenases and had identified 

five common, conserved residues (H, D, T, H, R) in those enzymes’ active sites with 

variable spacing, depending on the specific enzyme.  
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66. Moreover, a 2004 review article by Hausinger described several αKG-

dependent dioxygenases known to have this HX(D/E)X23-26(T/S)X114-183HX10-13R 

motif, including TfdA, CarC or carbapenem synthase, shown in Scheme 11; TauD 

or taurine/αKG dioxygenase, shown in Scheme 29; and AtsK or alkylsulfatase, 

shown in Scheme 31. Ex. 2054 (Hausinger), 22, 31, 39. As this article explains, the 

active site structures of the αKG-dependent dioxygenases exhibit nearly identical 

arrangements of the three amino acid side chains that bind one face of the metal ion. 

Ex. 2054 (Hausinger), 45. The ’055 patent illustrates these common structural 

features in Figure 2, which were recognized by persons skilled in the art. 

3. Related Structural Features 

67. The determination of the crystal structure of TauD by Elkins et al. in 

2002 revealed that TfdA and other group II αKG-dependent dioxygenases (generally 

having ~30% or higher sequence identity) share similar primary and secondary 

structures. Ex. 2022 (Elkins), 5189. For instance, Figure 2 of Elkins et al. (replicated 

below) shows the conserved residues and secondary structures in group II αKG-

dependent dioxygenases, including shared α-helices and β-strands of the jellyroll 

motif, among others. The TauD secondary structure is colored red for helix, green 

for β-strands of the jellyroll motif, and yellow for other β-strands. Ex. 2022 (Elkins), 

5188 (Fig. 2). 
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Ex. 2022 (Elkins), 5190 (Fig. 5). 

68. The publication by Elkins et al. regarding the structures and functions 

of TfdA and other group II αKG-dependent dioxygenases provided guidance with 

respect to SdpA (AAD-12). In particular, it established that many of the aligned 
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sequences in Figure 2 had been correlated to a tertiary structure and provided 

significant guidance to a skilled person in choosing mutations for that family of 

enzymes.  

4. SdpA (AAD-12) and Its Active Site Motif  

69. In addition to TfdA, researchers had discovered other enzymes 

produced by soil bacteria that degraded phenoxy auxin herbicides such as 2,4-D. 

These enzymes included SdpA and RdpA from the bacteria Delftia acidovorans 

MC1, as well as SdpA and RdpA from Sphingomonas herbicidovorans MH. Ex. 

1025 (Streber); Ex. 1023 (Müller 2006).  

70. By 2006, Müller et al. had reported the specific motif residues in SdpA 

and RdpA from Sphingomonas herbicidovorans. Ex. 2002 (Müller 2006). In 

particular, sequence alignments between the (R)-specific and (S)-specific enzymes 

revealed that the His1-X-Asp/Glu-Xn-His2 motif of RdpA is comprised of residues 

His111, Asp113, and His270, while that of SdpA involves His102, Asp104, and 

His257. Ex. 2002 (Müller 2006), 1357. Citing Hogan (Ex. 1019) and its active site 

motif disclosures, Müller reported that the high degree of active site sequence 

identity and strong orientation of key side chains by interactions with the FeII were 

“supportive of the active site being the most conserved and structurally accurate part 

of the RdpA and SdpA models.” Ex. 2002 (Müller 2006), 1358. 
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71. Among enzymes sharing the αKG motif, the exact numbering of the 

conserved residues and the spacer lengths can vary, but, in any given enzyme, each 

residue has a precise amino acid number denoting its location in the sequence, and 

the spacers have well-defined lengths. For example, AAD-12 (SdpA) has a specific 

motif HX109D(X)111-134T(X)136-261H(X)263-272R, where the subscripts now give the 

sequence positions of the amino acids in SEQ ID NO: 2 of the ’055 patent. As 

claimed in the patent, this motif is associated with the dual herbicide-degrading 

activity of the AAD-12 enzymes. For any given αKG-dependent enzyme, whether 

or not the AAD-12 motif is present is readily assessed by aligning that enzyme’s 

sequence with SEQ ID NO: 2, such that its first spacer residue (X) between the 

conserved H and D residues aligns with position 109 (i.e., X109)in SEQ ID NO: 2. If 

all four of the other motif residues—D, T, H and R—also line up without the need 

to introduce any gaps in either sequence to make them line up, then the given enzyme 

possesses the AAD-12 motif and should have the dual herbicide-degrading activity. 

The motif residues must be unchanged, and the spacers between them must have 

precisely the specified length (although the sequence position numbering of the 

actual residues could be different) for the protein in question to possess the AAD-12 

motif. A person skilled in the art would have recognized that the location and spacing 

of the AAD-12 motif residues differ from those in other αKG-dependent 

dioxygenases having different substrate specificities. Indeed, Dr. Silverstone does 
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not identify any other enzymes having the particular active site motif present in 

AAD-12.  

VI. Level of Skill in the Art 

72. Regarding aspects of the ’055 patent relating to enzymology, 

particularly αKG-dependent dioxygenases (e.g., SdpA/AAD-12) and variants 

thereof, a person skilled in the art would have generally possessed a Ph.D. in 

molecular biology, biotechnology, or biochemistry, and 3-5 years of experience in 

the development of enzymes and enzyme variants as well as familiarity with αKG-

dependent dioxygenases. This need for a background in enzymology and familiarity 

with αKG-dependent dioxygenases is reflected in the scientific literature from 2005-

2006. E.g., Ex. 1019 (Hogan); Ex. 1020 (Müller); Ex. 2019 (Tian); Ex. 2028 (Rost 

2002); Ex. 2025 (Minshull).  

VII. The ’055 Patent 

A. The Claims 

73. The ’055 patent contains three independent claims and thirty dependent 

claims, all directed to novel transgenic plants and plant cells comprising a 

recombinant polynucleotide encoding AAD-12 proteins having required structural 

features.   

74. I have focused my analysis on aspects of the ’055 patent claims relating 

to αKG-dependent dioxygenases (e.g., SdpA/AAD-12), the AAD-12 motif, and 

sequence identity. I understand that another witness will address aspects of the ’055 
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patent relating to plant transformation and crop science. For this reason, I have not 

addressed those technical issues here. Claim 1 of the patent reads as follows: 

1. A transgenic plant cell comprising a recombinant 

polynucleotide that encodes an AAD-12 protein that exhibits 

aryloxyalkanoate dioxygenase activity wherein said activity 

enzymatically degrades a phenoxy auxin herbicide and a 

pyridyloxy auxin herbicide, further wherein said AAD-12 

protein comprises: 

i) an amino acid sequence having at least 85% sequence 

identity with SEQ ID NO: 2; and 

ii) an AAD-12 motif having the general formula of: 

HX109D(X)111-134T(X)136-261H(X)263-272R, wherein 

X109 represents a single amino acid at position 109, 

relative to the sequence of SEQ ID NO: 2; 

(X)111-134 represents a sequence of 24 amino acids; 

(X)136-261 represents a sequence of 126 amino acids; 

and 

(X)263-272 represents a sequence of 10 amino acids. 

Ex. 1001 (’055 Pat.), 125:2-18. 

75. The claimed “AAD-12 motif” corresponds to the active site discussed 

above for SdpA (AAD-12). It specifies five conserved (fixed) amino acids, as well 

as the particular spacing between these conserved residues.  

76. Independent claim 32 recites similar features as independent claim 1 

but further requires the AAD-12 motif to have 90% sequence identity with SEQ ID 
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NO: 2. over the stretch of its sequence that corresponds to positions 108 to 273 of 

SEQ ID NO: 2. Ex. 1001 (’055 Pat.), 126:52-127:4. Independent claim 33 generally 

recites a method of controlling at least one weed in a field planted with seeds that 

comprise an AAD-12 recombinant polynucleotide, and the method comprises 

applying to the field a pyridyloxy auxin herbicide. Ex. 1001 (’055 Pat.), 127:5-26. 

B. The Specification 

77. The ’055 patent describes transgenic plants expressing the bacterial 

αKG-dependent dioxygenase enzyme SdpA from Delftia acidovorans (i.e., 

AAD-12) that exhibit resistance to two different classes of herbicides: phenoxy 

auxins (e.g., 2,4-D) and pyridyloxy auxins (e.g., triclopyr and fluroxypyr). Ex. 1001 

(’055 Pat.), 4:44-62, 12:23-58. In view of this dual herbicide-tolerance activity, the 

inventors termed the enzymes and genes of the ’055 patent “AAD-12” (Aryloxy 

Alkanoate Dioxygenase) proteins and genes. Ex. 1001 (’055 Pat.), 4:48-62. The ’055 

patent discloses the amino acid sequence of AAD-12 as SEQ ID NO: 2. Ex. 1001 

(’055 Pat.), 5:48-51. 

78. The ’055 patent describes the inventors’ discovery of an αKG-

dependent dioxygenase (AAD-12) based on searching for homologues that have a 

significantly lower sequence identity to tfdA (within the twilight zone). Ex. 1001 

(’055 Pat.), 3:22-33, 32:6-7. Consistent with the function-prediction principles 

described above (Section V.A.3), the inventors recognized that “highly identical” 
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sequences generally had the same function. Ex. 1001 (’055 Pat.), 32:1-7. As 

explained above, by 2005-2006, researchers also recognized that the αKG-dependent 

dioxygenase family included enzymes with different functions characterized by 

unique αKG motifs. See Section V.C, above; Ex. 1019 (Hogan), 14201.  

79. In seeking new homologues with unique functions, the inventors 

describe in Example 1 that they only looked at sequences having lower than 50% 

sequence identity to tfdA (i.e., extending into the twilight zone). Ex. 1001 (’055 

Pat.), 32:6-14. Example 1 reports that the inventors identified SdpA (AAD-12), 

which had only 31% sequence identity to tfdA. Ex. 1001 (’055 Pat.), 32:15-22. In 

subsequent studies in planta, the inventors demonstrated a unique functional 

capability of the AAD-12 enzymes in their dual herbicide-degrading activity. E.g., 

Ex. 1001 (’055 Pat.), 45:50-56:38. 

80. The ’055 patent provides an extensive disclosure that would have 

supported and guided skilled artisans in making AAD-12 genes and proteins. Ex. 

1001 (’055 Pat.), 19:28-22:56. The patent explains, for instance, that this “family of 

proteins is characterized by three conserved histidine residues in a ‘HX(D/E)X23-

26(T/SX114-183HX10-13R’ motif which comprises the active site.” Ex. 1001 (’055 Pat.), 

11:1-16; Ex. 1019 (Hogan), 14200; Ex. 2022 (Elkins), 5185. It further explains that 

the histidines coordinate Fe+2 ion in the active site that is essential for catalytic 

activity (Hogan et al., 2000). Ex. 1001 (’055 Pat.), 11:1-16. When discussing 
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AAD-12 variants, the ’055 patent explains that variants can be prepared “having the 

same or essentially the same biological/functional activity against the target 

substrates and equivalent sequences as the exemplified proteins.” Ex. 1001 (’055 

Pat.), 19:51-54. These variants may be designed “that differ at the sequence level 

but that retain the same or similar overall essential three-dimensional structure, 

surface charge distribution, and the like.” Ex. 1001 (’055 Pat.), 28:57-29:10. These 

function prediction principles would have been expected to work based on the 

guidance in the art described above. See Section V.A.3; see, e.g., Ex. 2025 

(Minshull); Ex. 2019 (Tian). 

81. The ’055 patent further describes that “[v]arious properties and three-

dimensional features of the protein can also be changed without adversely affecting 

the activity/functionality of the protein.” Ex. 1001 (’055 Pat.), 22:11-14. The 

specification also describes that “[c]onservative amino acid substitutions can be 

tolerated/made to not adversely affect the activity and/or three-dimensional 

configuration of the molecule.” Ex. 1001 (’055 Pat.), 22:14-17. By 2005-2006, 

skilled artisans recognized that substituting similarly charged or sized amino acids 

represented a useful strategy for making variants having the same or improved 

activity as the reference enzyme.  

82. The patent also describes various techniques, such as directed evolution 

for generating enzyme variants. Ex. 1001 (’055 Pat.), 20:23-21:32, 28:54-56. As 
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described above, these techniques were well known and allowed skilled artisans to 

rapidly produce enzyme variants. See Section V.B.2, above. With respect to the 

active site, the patent provides guidance from others (Müller, Elkins, Chakrabarti) 

about what specific changes to the active site can be made to avoid negatively 

affecting the functionality of the enzyme. Ex. 1001 (’055 Pat.), 20:23-25. 

83. Figure 2 (replicated below) of the ’055 patent shows an amino acid 

sequence alignment of AAD-12 and other αKG-dependent enzymes, including 

TfdA, AAD-1, AAD-2, and TauD. Ex. 1001 (’055 Pat.), Fig. 2. A person skilled in 

the art would recognize that dark highlighting identifies the positions that are either 

highly conserved or that are generally only conservatively substituted. As detailed 

above, persons skilled in the art in 2005-2006 would have recognized the value of 

sequence alignments and relied on this information both for predicting protein 

structures and functions and for choosing substitutions to make to preserve function. 

See Section V.B.2, above; see, e.g., Ex. 2022 (Elkins), Fig. 5.  
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84. The inventors demonstrated their discovery of AAD-12 and its ability 

to impart resistance to several herbicides through twenty-four examples, extensive 

data, and three figures. 

85. For instance, Example 2 discloses the preparation and analysis of a 

“plant-optimized” (v1) and E. coli-optimized (v2) AAD-12 sequences that encode 

the AAD-12 protein. Ex. 1001 (’055 Pat.), 32:24-41:2. Example 2 also provides the 

design of a soybean-codon-biased DNA sequence encoding a soybean EPSPS 

enzyme having mutations that confer glyphosate tolerance. Ex. 1001 (’055 Pat.), 

32:24-41:2. Tables 6 and 7 of the patent disclose codon comparisons for designing 

AAD-12 variants with optimal translation for expression in E. coli and soybean. A 
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person skilled in the art, reading Example 2, would understand the importance of 

optimizing the AAD-12 sequence for expression in plants, including cells of 

monocot crops (e.g., corn) and dicot crops (e.g., soybeans). 

86. Example 3 discloses the preparation of expression and transformation 

vectors for AAD-12 (v2). Ex. 1001 (’055 Pat.), 41:4-43:20. Examples 5 and 6 report 

enzymatic activity of AAD-12 using high-throughput in vitro assays measuring 

phenol and chloropyridinol production by colorimetric and spectrophotometric 

assays. Ex. 1001 (’055 Pat.), 45:50-48:60. The specification, for example, describes 

a 96-well microplate format for performing enzyme assays measuring degradation 

activity against 2,4-D and triclopyr using incubation times of 5 to 10 minutes. Ex. 

1001 (’055 Pat.), 45:50-46:45. The ’055 patent reports in vitro testing data 

“show[ing] that AAD-12 (v2) is able to effectively degrade pyridyloxy-alkanoate 

herbicides such as triclopyr” and 2,4-D. Ex. 1001 (’055 Pat.), 47:4-48:60, Fig. 3. 

87. Example 7 describes the transformation of Arabidopsis plants with an 

AAD-12 gene. Ex. 1001 (’055 Pat.), 48:62-50:33. Seeds from those transformed 

plants were collected, and first-generation plants grown from that seed (i.e., T1 seed) 

were tested for dual herbicide-resistance activity. Ex. 1001 (’055 Pat.), 50:32-56:38. 

A skilled person reading Example 7 would understand that “AAD-12-transformed 

plants were . . . clearly protected from the triclopyr and fluroxypyr herbicide injury 

that was seen in the transformed non-resistant controls . . . .” Ex. 1001 (’055 Pat.), 
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54:13-16, 54:23-45 (Table 13). A skilled artisan would also understand that the 

AAD-12 (v1) gene imparted herbicide resistance to Arabidopsis plants against 

2,4-D. Ex. 1001 (’055 Pat.), 51:35-52:38 (Table 11).  

88. Example 14 reports comparative testing of AAD-12-transformed 

Arabidopsis against Arabidopsis transformed to express a different αKG-dependent 

dioxygenase enzyme (AAD-2). Ex. 1001 (’055 Pat.), 83:22-85:23. The amino acid 

sequence of AAD-2 is substantially different from that of AAD-12 (only 34% 

identity), and the two have different active site motifs. See Ex. 1001 (’055 Pat.), 

Fig. 2. In this study, the inventors found that AAD-12-transformed plants exhibited 

stronger 2,4-D resistance than AAD-2-transformed plants. Ex. 1001 (’055 Pat.), 

84:49-85:23.  

89. Examples 8, 10-12, 16, 17, 21, 22 report investigations of monocot and 

dicot plants transformed with an AAD-12 gene, including soybeans, tobacco, cotton, 

corn, rice, and canola. For instance, the specification describes how to prepare AAD-

12 expression cassettes and transform soybean plants using (1) Agrobacterium-

mediated transformation, (2) aerosol-beam-mediated transformation, (3) biolistic 

bombardment using mature seed, (4) WHISKERS-mediated transformation, and (5) 

particle bombardment using embryogenic callus tissue. Ex. 1001 (’055 Pat.), 72:48-

79:61. In Example 11, transformed soybean plants were tested for tolerance to the 

herbicide 2,4-D. Id. The ’055 patent discloses that “[a]ll AAD-12 (v1)-containing 
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plants were clearly resistant to the herbicide application,” while “control plants were 

severely injured” or killed, depending on the 2,4-D application rate. Ex. 1001 (’055 

Pat.), 76:40-50 (“These data are consistent with the fact that AAD-12 (v1) can impart 

high tolerance (>2x field rates) to a sensitive crop like soybeans.”). The ’055 patent 

also describes the use of combinations of 2,4-D, triclopyr, and fluroxypyr with 

AAD-12-transformed dicot crops such as soybeans. Ex. 1001 (’055 Pat.), 86:23-

87:20 (“One skilled in the art of weed control will now recognize that use of various 

commercial phenoxy or pyridyloxy auxin herbicides alone or in combination with a 

herbicide is enabled by AAD-12 (v1) transformation.”); Ex. 1001 (’055 Pat.), 71:4-9 

(“AAD-12 (v1) transformed event lines [in tobacco] displayed a high level of 

tolerance to 2,4-D, triclopyr and fluroxypyr . . . .”). A person skilled in the art, 

reading these examples, would also understand that the ’055 patent describes 

successful testing of AAD-12-transformed corn and rice to both classes of 

herbicides. Ex. 1001 (’055 Pat.), 64:28-65:53, 94:19-95:15. 

90. Taken together, these examples teach a person skilled in the art that (1) 

plants comprising an AAD-12 gene are rendered resistant to a phenoxyacetic acid 

herbicide (such as 2,4-D) and/or one or more pyridyloxyacetate herbicides (such as 

triclopyr and fluroxypyr); and (2) a plant expressing an αKG-dioxygenase enzyme 

with at least 85% sequence similarity to AAD-12 and the claimed AAD-12 motif 



52 

was reasonably expected to exhibit dual herbicide resistance. See, e.g., Ex. 1001 

(’055 Pat.), 4:44-5:6. 

VIII. The ’055 Patent Enables Making and Using AAD-12 Enzymes 

A. Qualities Common to the Claimed Set of AAD-12 Enzymes  

91. As referenced above in Section IV, I have been informed that the ’055 

patent claims are enabled if there is some general quality, such as a structural feature, 

running through the claimed set of AAD-12 enzymes that makes them particularly 

suited for their claimed dual herbicidal activity.  

92. The ’055 patent discloses two such structural features (“at least 85% 

sequence identity” and an “AAD-12 motif”) common to the AAD-12 enzymes of the 

claims. These structural features in the ’055 patent are correlated to their function of 

degrading the two specified classes of herbicides, phenoxy auxins (e.g., 2,4-D) and 

pyridyloxy auxins (e.g., triclopyr or fluroxypyr), and thus provide significant 

guidance for making and using AAD-12 enzyme variants. Accordingly, in my 

opinion, it would have required only a reasonable amount of experimentation to 

make and use AAD-12 enzymes across the scope of the claims. 

1. At Least 85% Sequence Identity to SEQ ID NO: 2 

93. The first common structure of the ’055 patent claims is the requirement 

of “at least 85% sequence identity to SEQ ID NO: 2.” Ex. 1001 (’055 Pat.), 125:8-9. 

SEQ ID NO: 2 is the amino acid sequence of the SdpA enzyme from D. acidovorans 

disclosed in the ’055 patent as degrading phenoxy auxin and pyridyloxy auxin 
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herbicides. Ex. 1001 (’055 Pat.), 5:48-52; Ex. 2013, ¶¶ [0021]-[0022]; Exs. 2014, 

2017, ¶¶ [0020]-[0021]; Ex. 2015, ¶¶ [0024]-[0025]; Ex. 2016, ¶¶ [0023]-[0024]. Its 

plant-optimized variant, AAD-12 (v1), was reported to degrade phenoxy auxin and 

pyridyloxy auxin herbicides in many plant species. Ex. 1001 (’055 Pat.), Examples 

7, 8, 10, 21, 22; Exs. 2013-2017, Examples 7, 8, 10, 21, 22. 

94. In my opinion, a skilled artisan would have generally expected enzymes 

having at least 85% sequence identity to SEQ ID NO: 2 to possess the dual herbicide-

degrading activity of AAD-12. My opinion is supported by the ’055 patent’s 

disclosures as well as the skilled person’s background knowledge of enzymology in 

2005-2006.   

95. The ’055 patent discloses that proteins “having the same or similar 

activity of the exemplified proteins,” such as SEQ ID NO: 2, will typically be within 

a sequence identity of “at least 60%.” Ex. 1001 (’055 Pat.), 21:42-50; Ex. 2013, 

¶ [0093]; Exs. 2014, 2017, ¶ [00102]; Ex. 2015, ¶ [00105]; Ex. 2016, ¶ [00108]. It 

also specifies higher sequence identities, including 85% identity and above. Ex. 1001 

(’055 Pat.), 21:52-59; Ex. 1001 (’055 Pat.), 21:42-50; Ex. 2013, ¶ [0093]; Exs. 2014, 

2017, ¶ [00102]; Ex. 2015, ¶ [00105]; Ex. 2016, ¶ [00108]. Among αKG-dependent 

dioxygenases, the specification further discloses that enzymes having 85-98% 

identity are “highly identical” and that “sequences with high homology would be 

expected to retain similar properties.” Ex. 1001 (’055 Pat.), 31:61-32:14; Ex. 2013, 
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¶ [00123]; Exs. 2014, 2017, ¶ [00150]; Ex. 2015, ¶ [00153]; Ex. 2016, ¶ [00156]. A 

skilled artisan would have understood that high levels of sequence identity between 

enzymes are generally correlated with having the same or similar function. 

96. Indeed, the ’055 patent’s disclosures are consistent with the background 

knowledge of a skilled artisan. By 2005-2006, several research groups had 

independently analyzed many thousands of protein sequences to determine threshold 

levels of sequence identity at which common function can be reliably predicted, as 

well as the levels of sequence identity where enzyme function begins to differ. Ex. 

2019 (Tian), 863; Ex. 2024 (Wilson), 233; Ex. 2026 (Devos), 98; Ex. 2027 (Todd), 

1113; Ex. 2028 (Rost 2002), 595. These studies demonstrated that at sequence 

identities of about 60-70% and higher, the function of a known enzyme can be 

reliably transferred to (i.e., predicted for) an enzyme whose function has not yet been 

experimentally confirmed.  

97. Tian et al., for instance, explained in 2003:  

[B]ecause the percentage of sequence identity is simple, quick 

and widely accepted by the biologist, several groups have 

examined the extent to which pairwise sequence identity [to] 

function similarity can be inferred. Devos, Wilson, and Todd 

[i.e., three separate studies] conducted an all-against-all pairwise 

enzyme sequence comparison, concluded that when the 

sequence identity is above 40%, above 90% accuracy can be 
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achieved when transferring the full four digits [of an] EC 

number. 

Ex. 2019 (Tian), 872. Tian et al. reviewed and built upon prior studies by these other 

groups (Devos (Ex. 2026), Wilson (Ex. 2024), and Todd (Ex. 2027)). Ex. 2019 

(Tian), 864.  Tian’s further analysis reported that “above 60% sequence identity is 

needed to have above 90% accuracy” for transferring all four digits of an EC number. 

Ex. 2019 (Tian), 876; see Section V.A.3, above. 

98. Another study by Rost in 2002 (also considered by Tian et al.) found 

that at least 70% sequence identity was required to predict enzyme function. Ex. 

2028 (Rost 2002); see Section V.A.3, above. Rost reported estimates for sequence 

conservation of enzyme function that were “more cautious” than previous studies 

but provided “important benchmarks for everyday sequence analysis.” Ex. 2028 

(Rost 2002), 595; Ex. 2024, 245 (“The sequence and function similarity thresholds 

potentially establish minimum thresholds of sequence similarity for reliable function 

prediction.”). 

99. These studies collectively confirmed that the minimum threshold for 

reliably predicting enzyme function was well below the 85% sequence identity 

threshold recited in the ’055 patent claims. This conclusion is illustrated by the 

figures below from Rost and Tian, to which I have added the red line annotation to 

indicate 85% sequence identity. Both figures show that at 85% sequence identity, the 
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degree of enzyme function conservation (shown on the y-axis) is well above 90% 

and nearing 100%. Thus, skilled artisans would have considered the “at least 85% 

sequence identity” feature of the ’055 patent claims as conservatively defining a 

narrow sequence space, in which proteins would be expected to have the same 

function as SEQ ID NO: 2.  

 

     Ex. 2019 (Tian), 866 (Fig. 1(B)).                Ex. 2028 (Rost 2002), 604 (Fig. 5). 

100. Dr. Silverstone states that “there would be no indication or guidance as 

to whether an amino acid sequence with an accepted predicted tertiary structure 

would have any functionality at all, much less the ability to degrade both phenoxy 

and pyridyloxy auxin herbicides.” Ex. 1003, ¶ 87. I disagree. His statement is 

contradicted by the studies discussed above, which confirmed the reliability with 

which skilled artisans in 2005-2006 predicted protein function based on sequence. 

Moreover, a skilled artisan would have appreciated that the sequence-based 

conservation of enzyme function was related to the strong conservation of enzyme 

structure at high levels of sequence identity. See, e.g., Ex. 2028 (Rost 2002), 596 
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(“In general, transfer of structure is almost guaranteed to be correct above the 

twilight zone, e.g., all known pairs of proteins with more than 33 residues in 100 

identical have similar structure.”); Ex. 2021 (Rost 1999), 85 (“Sequence alignments 

unambiguously distinguish between protein pairs of similar and non-similar 

structure when the pairwise sequence identity is high (> 40% for long alignments).”); 

Ex. 2026 (Devos), 105 (“Structural similarity is conserved even at very low levels 

of sequence similarity.”).  

101. Indeed, skilled artisans understood in 2005-2006 that an enzyme’s 

tertiary structure is at least as conserved as (if not more conserved than) an amino 

acid sequence based on the structure-and-function principles discussed above. 

Because enzyme structure can be quite forgiving to amino acid substitutions, skilled 

artisans generally based protein-function predictions on sequence identity rather 

than other structural comparisons. Ex. 2024 (Wilson), 238 (“Structure is always 

more highly conserved than sequence, so usually a given amount of structural 

similarity is not as significant as a corresponding amount of sequence similarity.”); 

Ex. 1033 (Lehninger), 141 (“protein tertiary structure is more reliably conserved 

than primary sequence”); Ex. 2028 (Rost 2002), 604 (“When two sequences are very 

similar we can safely infer that they have similar structures.”). Accordingly, persons 

skilled in the art would have predicted that at or above the claimed threshold of at 

least 85% identity to SEQ ID NO: 2, the tertiary structure of a given enzyme would 
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also be sufficient to maintain the function of degrading phenoxy auxin and 

pyridyloxy auxin herbicides. 

102. Dr. Silverstone also speculates that enzymes with 85% sequence 

identity to SEQ ID NO: 2 might catalyze entirely different reactions. Ex. 1003, ¶ 48 

(referencing desaturation, epoxidation, halogenation and other reactions that can be 

catalyzed by other αKG-dependent dioxygenases). He suggests that one could not 

predict that an enzyme within 85% sequence identity “would be an α-KG-dependent 

dioxygenase at all.” Ex. 1003, ¶ 50. I disagree. A skilled artisan would have 

understood that at least 85% sequence identity defines a narrow sequence space well 

within established ranges for conserving enzyme function. Ex. 2019 (Tian). Indeed, 

Dr. Silverstone’s speculative assertion is unsupported. He identifies no enzyme with 

85% (or higher) identity to SEQ ID NO: 2 that would have a different enzymatic 

function or that would fall into another enzyme class.  Contrary to Dr. Silverstone’s 

opinion, as discussed above, Tian, Rost, and other researchers demonstrated that, for 

enzymes having 85% or more sequence identity, a skilled artisan would have 

expected conserved function. Ex. 2019 (Tian), Fig. 1(b); Ex. 2028 (Rost 2002), 

Fig. 5. Identifying other types of enzymes within 85% sequence identity would have 

been considered highly unusual. 

103. Moreover, by 2005-2006, persons skilled in the art used data from 

known sequence-activity relationships not just to predict the function of newly 
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discovered sequences, but also to make new protein variants. Ex. 2035 (Chaparro-

Riggers), 187. For example, Minshull et al. reported that the sequences of 

“orthologous” proteins—i.e., related proteins from a different organism and 

typically having lower sequence similarity—are a “potentially rich source of 

information regarding sequence changes that are acceptable without drastically 

disrupting protein function.” Ex. 2025 (Minshull), 1-3 (citing the creation of new 

enzymes as a main reason to “predict an enzyme’s function from its sequence”); Ex. 

2035 (Chaparro-Riggers), 185 (orthologs “can be used to identify residues that can 

tolerate mutation without radically altering function”). Thus, skilled artisans were 

using sequence comparisons in 2005-2006 to identify important residues and provide 

guidance about which mutations would likely be tolerated or not tolerated. Ex. 2035 

(Chaparro-Riggers), 187. 

104. Accordingly, a sequence identity of 85% or greater, as disclosed in the 

’055 patent, was recognized to be correlated to enzyme function and used for making 

enzyme variants that maintain function. Skilled artisans would therefore have 

expected AAD-12 enzyme variants to retain their dual herbicide-degrading activity 

when they shared the common structural feature of having at least 85% sequence 

identity to SEQ ID NO: 2. 
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2. The AAD-12 Active Site Motif  

105. The second common structure of the ’055 patent claims is the AAD-12 

motif, HX109D(X)111-134T(X)136-261H(X)263-272R. Ex. 1001 (’055 Pat.), 125:10-18. 

Thus, in addition to requiring highly similar sequences (“at least 85% sequence 

identity to SEQ ID NO: 2”), the claims require the AAD-12 enzymes to have the 

same active site motif as in the dual herbicide-degrading protein sequence of SEQ 

ID NO: 2.  

106. Dr. Silverstone states that “it is impossible to ascertain substrate 

specificity from presence of the general motif attributed to the family, of which the 

‘AAD-12 motif’ belongs” because enzymes across the αKG-dependent dioxygenase 

family catalyze a wide range of reactions. Ex. 1003, ¶48.  His concern is misplaced. 

The AAD-12 motif of the ’055 patent claims is well-differentiated from the general 

motif characterizing the entire enzyme family. One key example of how the AAD-

12 and general motifs differ is in the number of amino acids in the “spacers” (the 

stretches of unknown residues X) between each pair of consecutive amino acids that 

are specified (H, D, T, H, and R). In the AAD-12 motif, all spacers must have an 

exact, specified length (1, 24, 126, and 10 amino acids). In the general αKG-

dependent dioxygenase motif, the spacers can have varied lengths. In the case of the 

last three spacers, the specified lengths of 24, 126, and 10 amino acids in the AAD-

12 motif in the patent differ from the spacer lengths found in most other αKG-
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dependent enzymes. Dr. Silverstone fails to identify any αKG-dependent enzyme 

that has all four specified spacer lengths, at least 85% identity to SEQ ID NO: 2, and 

catalyzes a different type of reaction. I am unaware of any such enzyme. It is 

irrelevant that other enzymes within the αKG-dependent enzyme family that have 

one or more different spacer lengths or less than 85% sequence identity can catalyze 

other reactions, because such enzymes do not fall within the claimed genus of AAD-

12 enzymes.  

107. A skilled artisan would have recognized that the AAD-12 motif differs 

from the corresponding sequence patterns in other αKG-dependent dioxygenases 

having different substrate specificities. As discussed above, by 2005-2006, prior 

studies by Hogan, Hotopp, and Elkins had characterized the active site motif for 

αKG-dependent dioxygenases generally (the “αKG motif”). See Section V.C.2, 

above; Ex. 1019 (Hogan); Ex. 2003 (Hotopp); Ex. 2022 (Elkins). The αKG motif 

described in those publications, however, did not have fixed spacer lengths but rather 

allowed for significant variation in the spacing between the specified residues. 

108. Hogan et al., for instance, characterized the variable motif for Group II 

αKG-dependent dioxygenases as: HX(D/E)X23-26(T/S)X114-183HX10-13R. Ex. 1019 

(Hogan), 12401. A person skilled in the art would have understood that this αKG 

motif requires a histidine (H), followed by any amino acid (X), followed by either 

an aspartic acid (D) or a glutamic acid (E), followed by a sequence (spacer) of any 
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length between 23 and 26 amino acids, followed by either a threonine (T) or a serine 

(S), followed by a sequence (spacer) of any length between 114 and 183 amino acids, 

followed by a histidine (H), followed by a sequence (spacer) of any length between 

10 and 13 amino acids, followed by an arginine (R). 

109. Compared to the variable αKG motif, the AAD-12 motif defines 

specific residues and fixed spacing anchored to position 109 of SEQ ID NO: 2, as 

summarized below. 

Group II αKG Motif Requirements 
(HX(D/E)X23-26(T/S)X114-183HX10-13R) 

AAD-12 Motif Requirements 
(HX109D(X)111-134T(X)136-261H(X)263-272R) 

Histidine (H) Histidine (H) 
X (anywhere) X (anchored relative to position 109 in  

SEQ ID NO: 2) 
Aspartic acid (D) or  

glutamic acid (E) 
Aspartic acid (D) 

Anywhere from 23 to 26 variable 
amino acids (X23-26) 

24 variable amino acids  
(i.e., from positions 111 to 134) 

Threonine (T) or  
serine (S) 

Threonine (T) 

Anywhere from 114 to 183 variable 
amino acids (X114-183) 

126 variable amino acids (i.e., from 
positions 136 to 261) 

Histidine (H) Histidine (H) 
Anywhere from 10 to 13 variable 

amino acids (X10-13) 
10 variable amino acids (i.e., from 

positions 263 to 272) 
Arginine (R) Arginine (R) 

 

110. Persons skilled in the art also recognized that compared to other αKG-

dependent dioxygenases having a close relationship to AAD-12, the AAD-12 motif 

and its dual activity remain distinctive. In 2002, following the work of Hogan, Elkins 
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et al. published the crystal structure of TauD and used it both to model the structure 

of TfdA and to interpret the structures of other αKG-dependent dioxygenases. Ex. 

2022 (Elkins), 5185. In Figure 5 of Elkins, the authors illustrated secondary 

structures and conserved active site motif residues of several Group II αKG-

dependent dioxygenases based on a sequence alignment to TauD.  
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Ex. 2022 (Elkins), 5190 (Fig. 5) (with secondary structures including α-helices 

colored red, β-strands of the jellyroll motif colored green, and other β-strands 

colored yellow).  
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111. Citing Elkins and its published TauD crystal structure, the ’055 patent 

specification further compared the sequence of AAD-12 to related enzymes, 

including TfdA, AAD-2, AAD-1, and TauD. Ex. 1001 (’055 Pat.), Fig. 2, 20:23-34 

(directing skilled artisans to Figure 2 regarding the active site); Exs. 2014-2017, 

Fig. 2. In the annotated figure below, colored arrows indicate where a skilled artisan 

would have recognized the conserved active site residues of these enzymes. 

 

Ex. 1001 (’055 Pat.), Fig. 2 (annotations in color added). 

112. The alignments between AAD-12, TfdA, AAD-2, AAD-1, and TauD, 

which have some gaps, confirm that none of these other Group II αKG-dependent 

dioxygenases have the exact, specified spacer lengths recited in the AAD-12 motif 
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of the ’055 patent (see table below). Moreover, the sequence identities between 

AAD-12 and the other Group II αKG-dependent dioxygenases are low (~26-37%). 

These differences further illustrate the importance of the AAD-12 motif and having 

at least 85% sequence identity to SEQ ID NO: 2 for the unique dual herbicide-

degrading activity of AAD-12 enzymes. Indeed, Dr. Silverstone does not assert that 

the other enzymes in Figure 2 exhibit degrading activity against pyridyloxy auxin 

herbicides, which is not a specific substrate for tfdA (phenoxy auxins), AAD-2 

(phenoxy auxins), AAD-1 (phenoxy auxins and (R)-aryloxyphenoxypropionate 

herbicides), or TauD (taurine).  

Enzyme Active-Site Motif % Seq Identity 
to AAD-12 

AAD-12 HX109D(X)111-134T(X)136-261H(X)263-272R 100% 
tfdA HX115D(X)117-140T(X)142-262H(X)264-273R 37% 

AAD-2 HX116D(X)118-141T(X)143-263H(X)265-274R 35% 
AAD-1 HX112D(X)114-137T(X)139-269H(X)271-280R 30% 
TauD HX100D(X)102-125T(X)127-254H(X)256-265R 26% 

 

113. Accordingly, as the ’055 patent discloses, the conserved residues and 

fixed spacing of the AAD-12 motif differ from the active-site motif of other αKG-

dependent dioxygenases and correlate with the claimed dual herbicide-degrading 

function. 

B. Dr. Silverstone’s Wands Factors Analysis Is Incorrect 

114. Dr. Silverstone addresses a set of Wands factors from which he 

concludes that significantly more support would be necessary to enable the ’055 
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patent claims. Ex. 1003, ¶¶ 56-93. I have also considered those factors and disagree 

with his analysis. 

1. Level of Skill in the Art 

115. Dr. Silverstone states that a “very high level of skill in the biochemical 

arts is required for the genetic modification of plants.” Ex. 1003, ¶¶ 62, 71-75. But 

he does not appear to address the knowledge of enzymes and capabilities that a 

highly skilled artisan in the field would have had in 2005-2006. Id. Indeed, as 

discussed above in Section VI, his proposed level of skill omitted any background 

in enzymology or, more specifically, in αKG-dependent dioxygenases.  

116. In my opinion, Dr. Silverstone’s failure to account for the substantial 

background knowledge of a skilled artisan in the field of enzymology renders his 

opinions deficient and unsupported. For example, he did not take into account a 

skilled artisan’s understanding that multiple studies before 2005-2006 had shown 

that high levels of sequence identity, such as 60% (Ex. 2019 (Tian)) or a “more 

cautious” 70% (Ex. 2028 (Rost 2002)), reliably predicted common function between 

enzymes. Nor did he take into account skilled artisans’ use of such correlations in 

making enzyme variants. Ex. 2025 (Minshull). He also failed to address the 

significance of the specification’s Figure 2, which shows the active site residues of 

SEQ ID NO: 2 (AAD-12) and other highly conserved residues with the 3D-mapped 

sequence of TauD as well as other related enzymes. Ex. 1001 (’055 Pat.), 20:23-34, 
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Fig. 2; Exs. 2014-2017, Fig. 2. He also failed to address the known and established 

techniques that could be used to generate enzyme variants in 2005-2006, if desired 

or needed. These techniques included directed evolution, which speeds up and 

mimics natural protein evolution to produce large numbers of variants according to 

evolutionarily favored amino acid substitution principles that had been known since 

the 1970s. Ex. 2038 (Chica). 

2. Nature of the Invention and Scope of the Claims   

117. The ’055 patent claims are directed to transgenic plants and plant cells 

having a recombinant polynucleotide that encodes an AAD-12 protein that exhibits 

dual herbicide-degrading activity against phenoxy auxin and pyridyloxy auxin 

herbicides. The AAD-12 proteins are required to have at least 85% sequence identity 

to SEQ ID NO: 2, which was demonstrated to have the claimed function in the 

specification. The AAD-12 proteins must also have the AAD-12 motif, 

HX109D(X)111-134T(X)136-261H(X)263-272R. 

118. The scope of AAD-12 proteins encompassed by the ’055 patent claims 

is narrow. The at least 85% sequence identity requirement limits the AAD-12 

proteins to those falling within a closely confined sequence space at which skilled 

artisans would expect to maintain the same or similar function, just as the 

specification discloses. Ex. 1001 (’055 Pat.), 21:41-60, 32:1-6; Ex. 2013, ¶¶ [0093], 

[00123]; Exs. 2014, 2017, ¶¶ [00102], [00150]; Ex. 2015, ¶¶ [00105], [00153]; Ex. 
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2016, ¶¶ [00108], [00156]. Indeed, skilled persons in 2005-2006 recognized that 

high levels of sequence identity, including 85%, were predictive of common 

function. Ex. 2019 (Tian); Ex. 2028 (Rost 2002); Ex. 2024 (Wilson). Enzymes 

having at least 85% sequence identity would have been considered highly identical 

and would have been presumed to be essentially the same enzyme having the same 

function.  

119. The scope of AAD-12 proteins is further narrowed by the required 

AAD-12 active site motif and especially the spacing between the active site motif 

residues. Absent this limitation, the active site residues and their spacing would be 

subject to modification. Instead, the AAD-12 motif requirement imposes a fixed 

active site requirement (anchored to position 109 of SEQ ID NO: 2), forecloses 

sequence modifications at those highly function-correlated residues, and requires 

such residues to have specific spacing requirements. Ex. 2025 (Minshull), 6 

(“changes at key active site residues or other highly conserved residues are generally 

deleterious”). 

120. Dr. Silverstone fails to evaluate the scope of AAD-12 proteins from the 

perspective of a skilled person with background knowledge of enzymology, who 

would have had experience working with far wider sequence identity ranges than at 

least 85% identity. Instead, his position boils down to a purely mathematical 

calculation without accounting for how skilled artisans understood enzyme amino 
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acid sequences and made variants. Ex. 1003, ¶¶ 79-80, n.1. Indeed, in 2005-2006, 

skilled artisans did not randomly substitute any of the 19 possible amino acids at any 

location when seeking variants that retain function, which is the hypothetical 

approach upon which his analysis is based. Such an approach assumes a low level 

of skill (or no skill at all), not the high level of skill that Dr. Silverstone admits a 

skilled person would have possessed by 2005-2006. 

121. In my opinion, the AAD-12 proteins encompassed by the claims do not 

represent a structurally or functionally diverse genus—they represent a narrow set 

of well-defined enzymes that are highly identical in sequence and that maintain the 

same motif residues and precise spacing that comprise their active site.  

3. The Specification’s Significant Guidance for Making AAD-12 
Variants in View of the State of the Art  

122. In my opinion, the ’055 patent provides sufficient direction, guidance, 

and experimental data to allow a skilled artisan to routinely make AAD-12 enzymes 

that retain their dual herbicide-degrading function.  

123. First, the specification provides significant structural guidance to 

skilled artisans in making AAD-12 variants of SEQ ID NO: 2 “having the same or 

similar activity of the exemplified proteins.” Ex. 1001 (’055 Pat.), 21:42-52; 

Ex. 2013, ¶ [0093]; Exs. 2014, 2017, ¶ [00102]; Ex. 2015, ¶ [00105]; Ex. 2016, 

¶ [00108]. The specification discloses that the amino acid identity of such variants 

“will typically be at least 60%,” including 85% or higher in identity to SEQ ID 
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NO: 2. Ex. 1001 (’055 Pat.), 21:41-60; Ex. 2013, ¶ [0093]; Exs. 2014, 2017, 

¶ [00102]; Ex. 2015, ¶ [00105]; Ex. 2016, ¶ [00108]. These disclosures were 

consistent with several studies that established minimum thresholds for sequence 

identity-based conservation of function. Ex. 2028 (Rost 2002), 596 (despite the 

“variety of methods and scores explored, all groups agreed that variations of function 

largely occurred below levels of 50% pairwise sequence identity, and that EC 

classifications are almost as conserved as structure”); Ex. 2019 (Tian), 877 

(“Typically, enzymes that catalyze the same reaction often show significant 

sequence and structural similarity.”).  

124. Second, the specification provides additional structural guidance by 

disclosing where to identify the AAD-12 active site residues, which a skilled artisan 

would understand to retain when seeking to retain function. Ex. 1001 (’055 Pat.), 

11:1-14, SEQ ID NO: 2, Figure 2; Exs. 2014-2017, Fig. 2. The specification also 

directs skilled artisans to the known TauD crystal structure, where secondary 3D 

structures such as conserved three-dimensional α-helices and jellyroll β-strand 

structures were identified. Ex. 1001 (’055 Pat.), 20:23-34; Ex. 2022 (Elkins), 5190 

(Fig. 5). The specification provides an alignment of AAD-12 (SEQ ID NO: 2) to the 

3D-mapped sequence of TauD as well as with other αKG-dependent dioxygenases. 

Skilled artisans in 2005-2006, as addressed above, were capable of avoiding 

disruptions to these structures and maintaining active site residues. 
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125. Third, Figure 2 of the ’055 patent provides a comparison of the 

sequence of AAD-12 (SEQ ID NO: 2) to the sequences of four related αKG-

dependent dioxygenases, highlighting their conserved residues using shading. 

Ex. 1001 (’055 Pat.), Fig. 2; Exs. 2014-2017, Fig. 2; Ex. 2025 (Minshull), 2-3. Those 

shaded residues are presumptively structurally and functionally important, and thus 

skilled artisans would typically avoid making substitutions at those positions or 

would make substitutions to residues of similar side-chain structure (e.g., L to I, V, 

L, F or M). Skilled artisans would readily identify in Figure 2 the residues that are 

identical across all five enzymes and generally avoid making substitutions to those 

strictly conserved residues. In the annotated Figure 2 below, green arrows are used 

to indicate the strictly conserved residues across AAD-12, tfdA, AAD-2, AAD-1, 

and TauD disclosed in the ’055 specification. Indeed, skilled artisans understood that 

the sequences of related proteins are often a “rich source of information regarding 

sequence changes that are acceptable without drastically disrupting protein 

function.” Ex. 2025 (Minshull), 2-3.  
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Ex. 1001 (’055 Pat.), Fig. 2 (annotations in color added). 

126. A skilled artisan would also understand from Figure 2 that there are 

many shaded residues (marked in red below) that are not strictly conserved across 

the sequences of all five enzymes. These residues are somewhat conserved but have 

been shown to tolerate conservative changes to similar amino acids as shown in the 

sequence alignment (e.g., L to I or V; S to G; etc.), providing guidance to skilled 

artisans that these residues may be preferentially left unsubstituted or conservatively 

substituted.  
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Ex. 1001 (’055 Pat.), Fig. 2 (annotations in color added). 

127. A skilled artisan would further understand from Figure 2 that the 

unshaded residues would likely tolerate a broader range of amino acid substitutions, 

particularly when overall sequence identity is kept at 85% or higher. For example, 

as shown among the unshaded residues in Figure 2, position 51—H, E, L or Y 

(different charge and L is non-polar and hydrophobic); position 112—R, D, E or H 

(different charge); position 215—M, R, K, D or V (hydrophobic, positive charge, 

positive charge, negative charge, hydrophobic). 
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128. Fourth, the ’055 patent specification provides further guidance that was 

consistent with recognized principles for making enzyme variants in 2005-2006. For 

instance, the specification discloses that variant enzymes may “differ at the sequence 

level but that retain the same or similar overall essential three-dimensional structure, 

surface charge distribution, and the like.” Ex. 1001 (’055 Pat.), 28:57-60. This 

guidance comports with a skilled artisan’s understanding that positively charged 

amino acids (i.e., K, R) and negatively charged amino acids (i.e., D, E) generally 

should not be exchanged at positions with a degree of conservation in sequence 

alignments of related proteins. Similarly, a skilled artisan seeking to retain an 

enzyme’s overall three-dimensional structure and function would aim to not 

dramatically change steric bulk by an amino acid substitution, as in by changing a 

smaller amino acid (i.e., A, S) to a significantly larger one (i.e., W, Q) or vice versa 

(i.e., L to G or A). The ’055 patent also explains that “[c]onservative amino acid 

substitutions can be tolerated/made to not adversely affect the activity and/or three-

dimensional configuration of the molecule.” Ex. 1001 (’055 Pat.), 22:11-24; Ex. 

2013, ¶ [0095]; Exs. 2014, 2017, ¶ [00104]; Ex. 2015, ¶ [00107]; Ex. 2016, ¶ 

[00110]. Conservative substitutions are those made within groups of amino acids 

that have similar properties and can often be interchanged without significant 

detriment to structure or function. See Ex. 2055 (EP 1,073,676), Table 1. A skilled 
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artisan would have recognized these categories of similarly charged and similarly 

sized amino acids by 2005-2006. 

  

Ex. 2055 (EP 1,073,676), Table 1. 

129. To make variants, the specification directs skilled artisans to known and 

established techniques such as directed evolution. Ex. 1001 (’055 Pat.), 28:54-29:10, 

29:43-30:9. By 2005-2006, these techniques were, in the hands of skilled artisans, 

capable of mimicking natural protein evolution in a high-throughput manner to make 

variants having evolutionarily favored changes in sequence that did not disrupt and 
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could even improve the protein’s function. The specification also discloses 

exemplary assays (e.g., available since at least 1993) that skilled artisans would have 

been able to use to efficiently confirm the activity of variants, including colorimetric 

and spectrophotometric assays that were established in the art and could be 

implemented in a high-throughput manner. Ex. 1001 (’055 Pat.), 45:50-48:59 

(disclosing a modified protocol from a 1993 publication deployed in a 96-well 

microplate format); Exs. 2013-2017, Examples 5, 6. 

130. Even Petitioner’s declarant, Dr. Silverstone, and his colleagues have 

relied on high-throughput techniques for generating improved enzyme variants, 

including synthetic ligation reassembly (SLR) and optimized directed evolution. 

See, e.g., Ex. 2008 (US 8,343,747), 70:58-75:21. With respect to SLR, they explain 

that it allows researchers to generate libraries of over 10100 to 101000 different progeny 

chimeras that can “be examined systemically in smaller groups.” Ex. 2008 (US 

8,343,747), 71:18-72:36. Dr. Silverstone fails to address any of these methods that 

were routinely used to generate and test enzyme variants. 

131. Accordingly, the ’055 patent provides significant direction and 

structural guidance for making AAD-12 variants with 85% or greater sequence 

identity to SEQ ID NO: 2 that skilled artisans would expect to retain the dual 

herbicide-degrading activity. 
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4. The Quantity of Experimentation Necessary Was Not Undue 

132. In my opinion, in 2005-2006, the amount of experimentation required 

to make and use the full scope of AAD-12 proteins would have been reasonable, not 

undue. Dr. Silverstone fails to account for the guidance provided in the ’055 patent, 

how skilled artisans made enzyme variants in 2005-2006, and how quickly and 

routinely enzyme variants were made and evaluated for function. 

133. The ’055 patent directs skilled artisans to a narrow sequence space for 

making AAD-12 enzymes. As Example 1 discloses, the inventors already completed 

the work of investigating a broad range of αKG-dependent dioxygenase sequences. 

Ex. 1001 (’055 Pat.), 31:55-32:22; Ex. 2013, ¶¶ [00123]-[00124]; Exs. 2014, 2017, 

¶¶ [00150]-[00151]; Ex. 2015, ¶¶ [00153]-[00154]; Ex. 2016, ¶¶ [00156]-[00157]. 

Starting with the sequence of TfdA, the inventors found other enzyme sequences 

ranging from “highly identical (85-98%) to very low identity (23-32%).” Ex. 1001 

(’055 Pat.), 32:1-6; Ex. 2013, ¶ [00123]; Exs. 2014, 2017, ¶ [00150]; Ex. 2015, ¶ 

[00153]; Ex. 2016, ¶ [00156]. In other words, their investigation extended down into 

what skilled artisans referred to as the “twilight zone” of sequence identity (e.g., 

approximately 20-35%), where sequence-function relationships are less predictable. 

Ex. 2021 (Rost 1999), 85.  

134. Among those lower identity sequences, the inventors identified SdpA 

(AAD-12), reported its unique dual herbicide-degrading activity, and directed 
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skilled artisans to make variants having the same or similar activity at high levels of 

sequence identity that were at or above established thresholds for strong sequence-

function conservation (e.g., typically at least 60%, including 85% and higher 

identity). Ex. 1001 (’055 Pat.), 32:1-22, 12:23-58, 21:41-60, Examples 5-8, 10, 21, 

22; Ex. 2013, ¶¶ [0093], [00123]; Exs. 2014, 2017, ¶¶ [00102], [00150]; Ex. 2015, 

¶¶ [00105], [00153]; Ex. 2016, ¶¶ [00108], [00156]; Ex. 2019 (Tian); Ex. 2028 (Rost 

2002). Accordingly, there was no need for skilled artisans to investigate 

unpredictable ranges of sequence identity to SEQ ID NO: 2 in search of enzymes 

having the dual herbicide-degrading activity. Instead, the inventors had already 

completed that work and the ’055 patent guides skilled artisans directly to a narrow 

range of sequences where conservation of function is expected.  

135. Dr. Silverstone fails to acknowledge how skilled artisans made enzyme 

variants in 2005-2006. Researchers often sought to make proteins having targeted 

improvements in certain properties, such as increased thermostability or a higher 

catalytic rate. Ex. 2038 (Chica), 378. Those efforts often involved investigating 

lower ranges of sequence identity (e.g., as in Example 1) or modifying active site 

residues in search of larger, unpredictable differences in properties. Skilled artisans 

would then focus their attention solely on the top-performing proteins, colloquially 

referred to as “winners” in the field of enzymology and protein engineering. Here, 

by contrast, a skilled artisan seeking to make AAD-12 enzymes across the scope of 
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the claims would face a simpler task. All variants exhibiting any level of the dual 

herbicide-degrading activity would broadly be “winners” because they would fall 

within the scope of the claims. Ex. 2035 (Chaparro-Riggers), 185 (discussing use of 

sequence comparisons to identify residues “that can tolerate mutation without 

radically affecting function”). A skilled artisan would only need to avoid total loss 

of activity. The ’055 patent significantly guards against loss of activity by precluding 

substitution of the AAD-12 active site motif residues, which a skilled artisan would 

expect to be deleterious to function. Ex. 2025 (Minshull), 6. In addition, a skilled 

artisan would be guided by the ’055 patent’s sequence alignments to avoid 

deleterious changes to other strictly conserved residues. Ex. 1001, Fig. 2; Exs. 2014-

2017, Fig. 2. 

136. I thus disagree with Dr. Silverstone’s position, for example, that 

making AAD-12 enzymes would require carrying out “the entire inventive process” 

anew. Ex. 1003, ¶ 83. Guided by the ’055 patent’s disclosures to a narrow, 

presumptively function-conserved sequence space (at least 85% identity) with a 

required active site motif, skilled artisans would have been able to routinely make 

AAD-12 genes and enzymes across the full scope of the claims. 

137. Indeed, skilled artisans had established principles to follow in making 

functional protein variants. Evolutionarily favored amino acid substitutions had been 

known since the 1970s, which were originally published in the form of matrices 
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cataloguing probabilities that one amino acid will be substituted for another amino 

acid over time. For example, W is the residue least likely to be substituted, as its side 

chain has a unique shape. It has the highest diagonal probability score in all the 

substitution scoring matrices (meaning most likely to be substituted by itself, i.e., 

conserved) and lowest total of off-diagonal elements (meaning least combined 

probability of being substituted by one of the 19 other amino acids over evolutionary 

distance). Residues such as A, S and T are more tolerant to mutual substitutions, as 

are V, I, and L. By 2005-2006, rational design and directed evolution techniques 

were incorporating these principles into largely automated practice to rapidly make 

variants across ranges of sequence that retained function and even improved an 

enzyme’s properties. Ex. 2038 (Chica); Ex. 2039 (Fox 2007). 

138. Skilled artisans often further restricted the extent, types, and locations 

of mutations to further ensure retention of function. These principles included: 

a. Staying at high sequence identity in view of the known sequence-

function correlations for enzymes. Ex. 2019 (Tian); Ex. 2028 

(Rost 2002); Ex. 2025 (Minshull). 

b. Maintaining the active site motif residues. Ex. 2025 

(Minshull), 6 (“changes at key active site residues or other highly 

conserved residues are generally deleterious”). 
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c. Retaining or only cautiously modifying residues that are 

conserved across related enzymes. Ex. 2025 (Minshull), 6. 

d. Retaining overall surface charge (i.e., avoiding changing a 

charged amino acid to an oppositely charged amino acid) and 

steric bulk in the sequence. Ex. 1001 (’055 Pat.), 28:57-60; Ex. 

2035 (Chaparro-Riggers), 186 (recommending restricting 

mutation diversity where small amino acids can create additional 

space in a binding pocket or large amino acids can narrow the 

binding pocket). 

139. The first two of these principles would have significantly guided a 

skilled artisan to stay within a highly function-correlated sequence space and to 

maintain the function-correlated active site residues, both of which are required by 

the ’055 patent claims. Figure 2 of the ’055 patent also discloses the highly 

conserved residues across enzymes related to AAD-12 (SEQ ID NO: 2), which a 

skilled artisan would generally either not mutate (highly conserved residues) or 

mutate cautiously (conservative changes) when seeking to maintain activity. Ex. 

2025 (Minshull), 6. This figure also discloses where highly variable residues are 

located (residues with no shading), which a skilled artisan would expect to mutate 

more freely. The ’055 patent’s disclosures to maintain surface charge distribution 

and overall structure also comport with a skilled artisan’s understanding to avoid 
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dramatic changes in surface charge and steric bulk within a sequence. Ex. 1001 (’055 

Pat.), 28:57-60. As I discussed above in Section V.B.2, skilled artisans also 

understood that these protein engineering principles may be implemented in 

automated directed evolution techniques and other computational techniques, 

requiring relatively little hands-on input.  

140. A skilled artisan would thus understand that following the structural 

guidance in the ’055 patent and known principles and techniques for making 

functional variants would significantly narrow the amount of experimentation 

necessary. As explained above, Dr. Silverstone’s enablement analysis fails to 

account for a skilled person’s background knowledge of enzymology and protein 

engineering principles. This is a critical deficiency because the purely mathematical 

10106 sequence calculation he repeatedly relies upon incorrectly assumes that a 

skilled artisan would use no skill and randomly use each of the 19 possible 

substitutions at each possible residue location other than the 5 specified AAD-12 

motif residues. Ex. 1003, ¶¶ 79-80, n. 1, ¶ 96. His false assumption is entirely at odds 

with how skilled persons made enzyme variants in 2005-2006. 

141. I also disagree with Dr. Silverstone’s position that “there is inadequate 

resolution necessary to determine the precise configuration of the active site, which 

is necessary to predict activity….”  Ex. 1003, ¶ 88. Skilled artisans predicted activity 

much more easily by staying at high sequence identity and retaining active-site motif 
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residues, as discussed above. While crystal structures or 3D coordinates could be 

useful for making enzyme variants, they were far from necessary. See, e.g., Ex. 2035 

(Chapparo-Riggers), 180 (“Crystal structures of the protein of interest (with or 

without the substrate bound) are, of course, useful, but data-driven protein 

engineering is not limited to such cases.”). Skilled artisans routinely relied on amino 

acid sequence information and recognized principles to successfully make protein 

variants, particularly within high levels of sequence identity. Ex. 2035 (Chaparro-

Riggers), 180 (“Besides crystal structures, a wide variety of tools can be applied,” 

including “sequence alignments”). 

142. I thus disagree with Dr. Silverstone’s opinions regarding the making of 

enzyme variants, which have no citation support. Ex. 1003, ¶¶ 79-88. As illustrated 

above, established principles and techniques for making enzyme variants in 2005-

2006 did not depend on “spatial coordinates,” “predicted secondary and predicted 

tertiary structures,” or mapping all potential residues within an active site. Ex. 1003, 

¶ 79, 83-84; Ex. 2024 (Wilson), 238 (“Structure is always more highly conserved 

than sequence, so usually a given amount of structural similarity is not as significant 

as a corresponding amount of sequence similarity.”). Nor did they require predicting 

in advance which variants would be necessarily better, equivalent, or worse—

particularly when all AAD-12 variants that did not have a total loss of activity would 

be within the scope of the claims, provided they retained a minimum of 85% identity 
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to SEQ ID NO: 2 and the AAD-12 motif. Ex. 1003, ¶¶ 81-82, 85. Nor did making 

enzyme variants require 3D-modeling. Ex. 1003, ¶¶ 85, 87-88. Dr. Silverstone thus 

bases his opinions on steps and techniques that a skilled artisan would have 

understood were not required. Instead, he appears to impose an inappropriate 

commercial development-type standard. Ex. 1003, ¶ 93 (demanding “commercially-

relevant” performance), ¶ 86 (“guarantee of success”), ¶ 91 (“guarantee 

performance”). 

143. I also disagree with Dr. Silverstone’s opinions regarding protein 

expression and in vitro testing. Ex. 1003, ¶¶ 79-91. The ’055 patent discloses 

detailed examples of expression in both E. coli and P. fluorescens, as well as in vitro 

activity testing of AAD-12 on various substrates. Ex. 1001 (’055 Pat.), Examples 

3-6; Exs. 2013-2017, Examples 3-6. A skilled artisan would have recognized that 

these examples provide significant guidance for designing and testing AAD-12 

variants.  

144. Performing in vitro assays also was not undue in 2005-2006. Examples 

5 and 6 of the ’055 patent disclose exemplary colorimetric and spectrophotometric 

assays, with the colorimetric assay having been available since 1993, to measure the 

herbicide-degrading activating of AAD-12. These are rapid assays, requiring only 

5- to 10-minute incubation times. Ex. 1001 (’055 Pat.), 45:50-48:62; Exs. 2013-

2017, Examples 5, 6. Skilled artisans would have understood that these standard 
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assays were conducted in high-throughput micro-well plates for measuring 

enzymatic activity based on detection of a colorimetric or spectrophotometric 

marker. By 2005-2006, these types of assays were further automated and could be 

run with little or no hands-on intervention. Accordingly, these assays, as well as 

other computational screening techniques, were readily available and widely used in 

the field to limit the amount of experimentation. See Ex. 2038 (Chica), 378; Ex. 2039 

(Fox), 338; Ex. 2008 (US 8,343,747), 71:18-72:36. 

145. Accordingly, in my opinion, it would have taken only a reasonable 

amount of experimentation by skilled artisans in 2005-2006 to make and use 

AAD-12 genes and enzymes across the full scope of the claims. Those genes would 

then be readily used for plant transformation, which I understand another witness 

will address in this proceeding. 

IX. The ’055 Patent Specification Adequately Describes AAD-12 Enzymes  

146. As stated in Section IV, I have been informed that the disclosure of the 

’055 patent (and its priority applications) provides written description support for 

the claims if the specification describes the claimed subject matter, such as by 

common structural features correlated to function or representative species (e.g., 

enzymes), so that a skilled artisan could recognize the claimed set of AAD-12 

enzymes having the dual herbicidal activity. 
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147. Here, the ’055 patent describes two common structural features (at least 

85% sequence identity and an AAD-12 motif) that a skilled artisan would have 

recognized are correlated to the AAD-12 enzyme’s dual herbicide function. The 

patent also discloses two exemplary AAD-12 enzymes that are representative of the 

AAD-12 enzymes of the claims, which are not structurally or functionally diverse. 

Accordingly, in my opinion, the specification provides sufficient written description 

support for the claimed set of AAD-12 enzymes. 

A. The ’055 Patent Describes AAD-12 Enzymes  

1. The Disclosed Structural Features of at Least 85% 
Sequence Identity and the AAD-12 Motif Are Correlated to 
the Dual Herbicide-Degrading Function 

148. In my opinion, the ’055 patent discloses two structural features of 

AAD-12 proteins that are correlated to function: (1) at least 85% sequence identity 

with SEQ ID NO: 2 and (2) the AAD-12 motif.  

149. The patent states that enzymes having the “same or similar activity” 

(e.g., as compared to AAD-12) typically have at least 60% sequence identity, 

including 85% or higher identity. Ex. 1001, 21:41-60, 32:1-6; Ex. 2013, ¶¶ [0093], 

[00123]; Exs. 2014, 2017, ¶¶ [00102], [00150]; Ex. 2015, ¶¶ [00105], [00153]; Ex. 

2016, ¶¶ [00108], [00156]. The ’055 patent also correctly states that among αKG-

dependent dioxygenases like AAD-12 (SdpA), sequence identities of 85% and 

higher are “highly identical” and expected to have similar properties (i.e., sequence-
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function correlation). Ex. 1001 (’055 Pat.), 31:61-32:6, 21:41-60; Ex. 2013, 

¶¶ [0093], [00123]; Exs. 2014, 2017, ¶¶ [00102], [00150]; Ex. 2015, ¶¶ [00105], 

[00153]; Ex. 2016, ¶¶ [00108], [00156]. 

150. These disclosures in the specification are consistent with the 

understanding in the art as of 2005-2006 that sequence identities above 40-60% are 

predictive of common enzymatic function. See Section V.A, above. As summarized 

in the annotated figures below, several research groups consistently found that high 

levels of sequence identity correlate to enzymatic function. 

151. For instance, Rost reported, using a “cautious” approach, that at least 

70% identity was required to predict protein function. Ex. 2028 (Rost 2002), 596; 

Ex. 2024 (Wilson), 245; Section V.A.3, above. Tian et al. then reported in 2003 that 

only “60% sequence identity is needed to have at least 90% accuracy” in predicting 

common function and substrate specificity, defined as “all four digits of an EC 

number.” Ex. 2019 (Tian), 865. The ’055 patent’s claimed threshold of at least 85% 

sequence identity thus significantly exceeded the thresholds reported in the art for 

inferring an enzyme’s function from its level of sequence identity to a known 

enzyme. 
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     Ex. 2019 (Tian), 866 (Fig. 1(B)).         Ex. 2028 (Rost 2002), 604 (Fig. 5). 

152. A skilled person in 2005-2006 therefore would have considered the 

’055 patent’s claimed 85% sequence identity threshold as “highly identical” among 

αKG-dependent dioxygenases and as conferring similar properties to a reference 

sequence (e.g., SEQ ID NO: 2). Ex. 1001 (’055 Pat.), 32:3-6 (“highly identical (85-

98%)”); Ex. 2013, ¶ [00123]; Exs. 2014, 2017, ¶ [00150]; Ex. 2015, ¶ [00153]; Ex. 

2016, ¶ [00156]. Indeed, the claimed minimum of 85% sequence identity comports 

with the specification’s disclosure to stay above 60% for sequence identity-based 

conservation of function. Ex. 1001 (’055 Pat.), 21:49-50 (“amino acid identify will 

typically be at least 60%”), 21:41-60; Ex. 2013, ¶ [0093]; Exs. 2014, 2017, ¶ 

[00102]; Ex. 2015, ¶ [00105]; Ex. 2016, ¶ [00108]; Ex. 2028 (Rost 2002), 596; Ex. 

2019 (Tian), 877; Ex. 2008 (US 8,343,747), 48:55-66 (Dr. Silverstone’s patent 

stating that “substantially identical” for two or more sequences refers to at least about 

50%, 51%, and up to 99% or more sequence identity). Accordingly, a skilled artisan 
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would have viewed an enzyme that was at least 85% identical to AAD-12 as 

essentially the same enzyme with the same enzymatic function. 

153. In my opinion, in view of the ’055 patent disclosures and background 

knowledge discussed above, a skilled artisan would not have needed to see specific 

examples of AAD-12 proteins at or near 85% identity to SEQ ID NO: 2 to recognize 

that enzymes having 85% or more sequence identity would exhibit the dual 

herbicide-degrading activity of AAD-12 (SEQ ID NO: 2). Instead, skilled artisans 

would have understood that variants of AAD-12 with at least 85% sequence identity 

were reasonably expected to maintain the claimed function.  

154. The ’055 patent also describes the AAD-12 active site motif, which 

correlates to the enzyme’s dual herbicide-degrading activity. As detailed above, the 

claimed motif is specific to AAD-12 and defines specific residues and fixed spacing 

of the active site residues, anchored to position 109 of SEQ ID NO: 2. The location 

and spacing of the motif residues differ from those in other αKG-dependent 

dioxygenases having different substrate specificities. See Section VIII.A.2, above. 

A skilled artisan would have understood that the conserved residues and fixed 

spacing of the AAD-12 motif represent the active site and correlate to the claimed 

dual activity. 

155. For instance, the AAD-12 motif differs from other αKG-dependent 

oxygenase motifs by the number of amino acids in the spacers. In this case, the 
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specified lengths of 24, 126, and 10 in the last three spacers in the AAD-12 motif 

differ from the spacer lengths found in most other αKG-dependent enzymes. See 

Section VIII.A.2, above. A skilled artisan would understand that an AAD-12 enzyme 

that has all four specified spacer lengths and motif residues, and at least 85% identity 

to SEQ ID NO: 2, would be expected to catalyze the same type of reaction as 

AAD-12 (SEQ ID NO: 2) because the active site motif determines the correct fit and 

binding for its particular substrate. 

156. By 2005-2006, skilled artisans understood that active site residues are, 

as their name reflects, correlated to an enzyme’s activity. Indeed, it had been 

recognized that “changes at key active site residues . . . are generally deleterious” to 

enzyme function. Ex. 2025 (Minshull), 6. A skilled artisan would therefore have 

understood the importance of the claimed AAD-12 motif for conferring its 

herbicide-degrading activity. See Section VIII.A.2, above. 

157. Dr. Silverstone asserts that “the final three-dimensional structure of a 

protein, which is critical for its function, is determined by a variety of factors that 

cannot be predicted, based on our current level of understanding, solely from the 

primary sequence of amino acids.” Ex. 1003, ¶ 42. I disagree. First, Dr. Silverstone 

fails to account for the state of the art as of 2005-2006, which taught that three-

dimensional structure is highly conserved at 85% or more sequence identity. See 

Section V.A.3, above; Ex. 2028 (Rost 2002), 604 (“When two sequences are very 
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similar we can safely infer that they have similar structures.”); Ex. 2028 (Rost 2002), 

596 (“In general, transfer of structure is almost guaranteed to be correct above the 

twilight zone, e.g., all known pairs of proteins with more than 33 residues in 100 

identical have similar structure.”); Ex. 2021 (Rost 1999), 85 (“Sequence alignments 

unambiguously distinguish between protein pairs of similar and non-similar 

structure when the pairwise sequence identity is high (> 40% for long alignments).”); 

Ex. 2026 (Devos), 98 (“The comparison of protein sequences is widely used to infer 

protein structure and function.”). Based on these principles, while not guaranteed in 

every case, a skilled artisan would have expected that AAD-12 enzymes at 85% and 

higher sequence identity would exhibit similar three-dimensional structures based 

on their high levels of sequence identity and specific motif residues. 

158. Second, Dr. Silverstone’s requirement for a three-dimensional structure 

was not necessary in 2005-2006 for predicting enzyme function. Instead, skilled 

artisans recognized that there were alternatives to using crystal structures for making 

enzyme variants. Ex. 2035 (Chaparro-Riggers), 180 (“Besides crystal structures, a 

wide variety of tools can be applied, ranging from sequence alignments or 

phylogenetic trees to computational models, and small, experimental libraries used 

to ‘scout’ for interesting residues.”). While crystal structures were useful, the art 

recognized that “protein engineering is not limited to such cases.” Ex. 2035 

(Chaparro-Riggers), 180. 
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159. As Dr. Silverstone acknowledges, one established protein engineering 

technique was to “compare the sequence to a closely related protein of known 

structure.” Ex. 1003, ¶ 46. This approach was widely used in the art in 2005-2006. 

For example, Elkins et al. modeled the structure of TfdA in 2002 based on the known 

crystal structure of another αKG-dependent dioxygenase, TauD. Citing Elkins, the 

’055 patent discloses a sequence alignment between AAD-12 and three-

dimensionally characterized TauD, as well as tfdA, AAD-1, and AAD-2. Ex. 1001 

(’055 Pat.), Figure 2, 20:23-34; Exs. 2014-2017, Fig. 2. Accordingly, the ’055 patent 

provides comparisons of AAD-12 to a previously 3D-mapped αKG-dependent 

dioxygenase, consistent with Dr. Silverstone’s demands. 

160. I also disagree with Dr. Silverstone’s hypothetical concerns regarding 

potential protein misfolding. Ex. 1003, ¶ 47. By 2005-2006, researchers followed 

established principles (discussed above) for making protein variants to reduce issues 

such as protein misfolding or total loss of activity. See Section V.B.2, above; 

Ex. 2025 (Minshull), 6 (“changes at key active site residues or other highly 

conserved residues are generally deleterious”). Dr. Silverstone fails to address the 

knowledge and capabilities that a skilled artisan would have applied when making 

AAD-12 enzymes within the scope of the claims. 

161. Dr. Silverstone also repeatedly relies on a generalized biochemistry 

textbook for his misfolding arguments. E.g., Ex. 1003, ¶¶ 42-46, 49. But the cited 
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textbook does not support his positions. For instance, Dr. Silverstone states that 

“[a]lthough there is flexibility in the amino acids between the histidine residues in 

the motif, there is still an ultimate three-dimensional arrangement which may not be 

predicted by a given primary amino acid sequence.” Ex. 1003, ¶ 49 (citing pp. 

120-44 of Ex. 1033). Nothing in the more than 20 pages that he cites, however, 

supports his proposition. If anything, the textbook is consistent with the general 

conservation of structure at high sequence identities (tertiary structure more 

conserved). Ex. 1033 (Lehninger), 141 (“protein tertiary structure is more reliably 

conserved than primary sequence”). Where a skilled artisan sought to conserve (not 

destroy) enzyme function and structure, there were known scientific principles for 

how to accomplish that. Dr. Silverstone, however, fails to address those guiding 

principles for making functional enzyme variants. 

162. Accordingly, in my opinion, the structural AAD-12 motif and 85% 

sequence identity features of the claims (individually and collectively) are 

sufficiently correlated to the claimed function and provide adequate written 

description support for the claims of the ’055 patent. 

2. The Disclosed AAD-12 Enzymes Are Representative of the 
AAD-12 Enzymes of the Claims 

163. I have been informed that species are representative when they reflect 

the structural and functional diversity of the genus in the claims. In my opinion, the 

genus (set) of AAD-12 enzymes is neither structurally nor functionally diverse, and 
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the AAD-12 enzymes disclosed in the ’055 patent are amply representative of the 

genus. 

164. The two exemplary AAD-12 enzymes described in the ’055 patent are 

representative of the claimed AAD-12 enzymes. The claims are narrowly tailored to 

AAD-12 enzymes having at least 85% sequence identity to SEQ ID NO: 2 and 

containing the AAD-12 motif, resulting in little variation in the structural features of 

the AAD-12 enzymes. As detailed above, those structural features are also strongly 

correlated with the dual herbicide-degrading function. Accordingly, a person skilled 

in the art would have understood that the disclosed AAD-12 enzymes are sufficiently 

representative of the claimed set of AAD-12 enzymes. 

165. A skilled artisan would consider the claimed set of AAD-12 enzymes 

as essentially the same enzyme with the same function based on their high sequence 

similarity (85% or more) to SEQ ID NO: 2 and conserved AAD-12 motif. With 

respect to high sequence identity, the ’055 patent accurately describes enzymes 

having 85% or higher sequence identity as “highly identical” and as “expected to 

retain similar properties.” Ex. 1001 (’055 Pat.), 32:3-6; Ex. 2013, ¶ [00123]; Exs. 

2014, 2017, ¶ [00150]; Ex. 2015, ¶ [00153]; Ex. 2016, ¶ [00156]. This was consistent 

with a skilled artisan’s understanding in 2005-2006 that enzyme function and 

structure are strongly correlated at 85% and higher sequence identity. See Section 

V.A.3, above; Ex. 2019 (Tian), 863 (“several studies suggested that when the 
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sequence identity is above 40%, enzyme function is well-conserved”); Ex. 2028 

(Rost 2002), 604 (“When two sequences are very similar we can safely infer that 

they have similar structures.”); Ex. 2021 (Rost 1999). 

166. Also, as summarized above (Section VIII), a skilled artisan would have 

known how to generate AAD-12 variants within the scope of the claims that would 

have reasonably been expected to possess the claimed activity. In addition to staying 

at high sequence identities (above 85%) and including an AAD-12 motif as the 

claims require, a skilled artisan would know to follow established principles for 

making AAD-12 variants, including retaining or cautiously modifying highly 

conserved residues and retaining overall surface charge. See Section V.B.2, above. 

Following these recognized protein engineering principles, a skilled artisan would 

have reasonably expected that any AAD-12 enzyme within the claimed set would 

exhibit the claimed dual herbicide activity.  

167. I disagree with Dr. Silverstone’s assertions that enzymes within 85% 

sequence identity to SEQ ID NO: 2 might catalyze entirely different reactions or 

even fall into enzyme families other than αKG-dependent dioxygenases. Ex. 1003, 

¶¶ 48, 50. A skilled artisan would have understood at least 85% sequence identity to 

define a narrow sequence space well within established ranges for conserving 

enzyme function. Dr. Silverstone does not identify any enzyme having at least 85% 

identity to SEQ ID NO: 2 and an AAD-12 motif that has a different enzymatic 
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function than AAD-12 (SEQ ID NO: 2) or that falls into another enzyme class. In 

fact, such an enzyme would have been unlikely since Tian, Rost, and others had 

already demonstrated by 2005-2006 that, for enzymes having 85% or more sequence 

identity, enzyme function is highly conserved. Ex. 2019 (Tian), Fig. 1(b); Ex. 2028 

(Rost 2002), Fig. 5. 

168. Accordingly, in my opinion, the disclosed AAD-12 enzymes in the ’055 

patent would have been considered representative of the full set of claimed AAD-12 

enzymes. 

X. Conclusion 

169. For the reasons set forth above, it is my opinion that the ’055 patent 

claims are adequately described and enabled, particularly in view of the patent’s 

extensive disclosure and known enzyme structure-function correlations, including 

for αKG-dependent dioxygenases such as SdpA (AAD-12), in 2005-2006 as well as 

in 2017.  

170. I declare that all statements made herein of my knowledge are true, and 

that all statements made on information and belief are believed to be true. I further 

declare that all statements made herein were made with the knowledge that willful 

false statements and the like are punishable by fine or imprisonment or both, under 

Section 1001 of Title 18 of the United States Code. 
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