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Structural Limitations of the ’055 Patent Claims
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Ex. 1001 (’055 patent), claim 1
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Relationship Between Enzyme Sequence and Function

3

Ex. 2019, 866; POR, 10; Ex. 2011, ¶ 34
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’055 Patent – High Sequence Identity

4

Ex. 1001 (’055 patent), 21:41-60; POR, 22, 35-36; Sur-Reply, 4; Ex. 2011, ¶ 95
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’055 Patent – High Sequence Identity

5

Ex. 1001 (’055 patent), 31:55-32:22; POR, 21, 35-36; Sur-Reply, 4; Ex. 2011, ¶ 95
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Enzyme Sequence-Function Correlation

“The comparison of protein sequences is widely used to infer protein structure and 
function.”

Devos 2000 (Ex. 2026):

Ex. 2026, 98, 105; POR, 39; Ex. 2011, ¶ 157

POR at 46

“[E]stimates for the sequence conservation of enzyme function may provide important 
benchmarks for everyday sequence analysis.”

Rost 2002 (Ex. 2028):

• “[S]equence identity is also widely used as an indication of functional similarity”
• “[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.”

Tian 2003 (Ex. 2019):

Lifescan Global Corp. v. Ikeda Food Rsch., Ltd., PGR2019-00032, Paper 11 at 26, 
30 (PTAB 2019) (crediting expert testimony that skilled artisans could identify 
enzymes within a claim by making a “fair guess” based on sequence)
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Ex. 2028, 595; POR, 9; Ex. 2011, ¶ 98

Ex. 2019, 864, 872; POR, 11, 38; Ex. 2011, ¶¶ 35, 97 
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Enzyme Sequence-Function Correlation

• Purpose: “derive the threshold of sequence identity necessary to transfer function from a 
protein of known function to an unknown protein.”

• “Because the Enzyme Commission (EC) is the best developed and most widely used 
functional classification scheme, EC numbers have been employed to explore the 
threshold of sequence identity necessary for accurate function transfer.”

Tian 2003 (Ex. 2019):

Ex. 2019, 863-64; POR, 10-11, 31; Sur-Reply, 6; Ex. 2011, ¶¶ 23, 34

Ex. 2019, 866 (Figure 1(B) “includes both enzyme-enzyme and enzyme-non-enzyme sequence pairs”); Ex. 2011, ¶ 99; 
POR, 37
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Enzyme Sequence-Function Correlation

• “[E]stimates for the sequence conservation of enzyme function may provide important 
benchmarks for everyday sequence analysis”

Rost 2002 (Ex. 2028):

Ex. 2028, 595; POR, 9; Sur-Reply, 6; 
Ex. 2011, ¶¶ 97-99

Ex. 2011, ¶ 99; Ex. 2028, 604; POR, 37
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Enzyme Sequence-Function Correlation

• “The comparison of protein sequences is widely used to infer protein structure and function.”
• “Structural similarity is conserved even at very low levels of sequence similarity.” 

Devos 2000 (Ex. 2026):

Ex. 2026, 98, 105; 
POR, 39; Ex. 2011, 

¶¶ 100, 158

Ex. 2026, 99-101 (Fig. 1(b) (red annotation at 85% added); Ex. 2011, ¶¶ 31-39; Sur-Reply, 8. 
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Enzyme Sequence-Function Correlation

POR, 38
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Enzyme Structure and Sequence Identity

• “When two sequences are very similar we can safely infer that they have similar 
structures.”

• “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.”

Rost 2002 (Ex. 2028):

“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.”

Wilson (Ex. 2024):

Ex. 2028, 604, 596; Ex. 2011 ¶ 101; POR, 39

Ex. 2024, 238; Ex. 2011, ¶ 101; POR, 39

• “Structural similarity is conserved at very low levels of sequence similarity.”
• “The comparison of protein sequences is widely used to infer protein structure and 

function.”

Devos 2000 (Ex. 2026):

Ex. 2026, 105, 98; POR, 39; Ex. 2011, ¶¶ 100, 157
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Dr. Bollinger’s Testimony
Enzyme Sequence-Function Correlation

Ex. 2011 (Dr. Bollinger’s Declaration), ¶ 118; POR, 73
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’055 Patent – AAD-12 Motif

Ex. 1001 (’055 patent), claim 1; 10:61-11:34

• “Q. What is a motif in simple terms? A. In general, it’s a stretch or sequence of amino 
acids in which some are specified and some can be any identity that relates to a 
function.”

• “[S]killed artisans understood that active site residues are, as their name reflects, 
correlated to an enzyme’s activity.”

Dr. Bollinger’s Testimony:

Ex. 2011, ¶¶ 154-156; Ex. 1043, 22:18-22; POR, 74
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’055 Patent’s Disclosures of Figure 2, Motif, 
and Conserved Residues

Ex. 1001 (’055 patent), 20:23-34, 11:1-6; POR, 22-23, Ex. 2011, ¶ 71  

“Changes at key active site residues or other highly conserved residues are generally 
deleterious.”

Minshull (Ex. 2025):

Ex. 2025, 204-205; Ex. 2011, ¶¶ 56, 119, 138, 156, 160; POR, 74; Sur-Reply, 16
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Figure 2:  Motif and Conserved Residues

Ex. 1001 (’055 patent), Fig. 2, 31:55-32:22; Ex. 2011, ¶¶ 83, 111-112; POR, 44; Sur-Reply, 7
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Figure 2:  Motif and Conserved Residues

Ex. 1001 (’055 patent), 31:55-32:22; Ex. 2011, ¶¶ 111-112; POR, 44; Sur-Reply, 7

16



DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Technical Background - Motif

Hausinger (Ex. 2054):

“The high degree of active-site sequence identity and strong orientation of key side 
chains by interactions with the FeII are supportive of the active site being the most 
conserved and structurally accurate part of the RdpA and SdpA models.”

Muller (Ex. 1020)

Ex. 1020, 1358; POR, 29 

Ex. 2054, 22 (annotated); Ex. 2011, ¶ 66; POR, 14 
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Motif and Conserved Secondary Structures

18
Ex. 2022 (Elkins), 5190 (Fig. 5); Ex. 2011, ¶¶ 83, 110, 124; POR at 75
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Sequence Comparisons & Protein Variants

• “There are two main reasons to try to predict an enzyme’s function from its sequence ...  
the second is to create enzymes with specific properties.”

• “[C]hanges at key active site residues or other highly conserved residues are generally 
deleterious.”

• “When the functional similarity of 486,000 homologous protein pairs were compared, 
very little variation in EC number was observed in sequences sharing more than 40% 
identity.” 

Minshull (Ex. 2025):

Ex. 2025, 202, 204-205; Ex. 2011, ¶¶ 29, 56, 103, 119, 138, 156, 160; POR, 8, 49

• “SIFT presumes that important amino acids will be conserved in the protein family, and 
so changes at well-conserved positions tend to be predicted as deleterious.”

Ng (Ex. 2044):

Ex. 2044, 3812; Ex. 2011, ¶¶ 54-56; POR, 12-13
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Amgen Inc. v. Sanofi

Amgen The instant case
Claims directed to antibodies Claims require AAD-12 enzymes

Purely functional claims - no sequence 
identity limitations included

Claims require at least 85% sequence identity  
to SEQ ID NO: 2

Claims did not require conserving any 
active-site motif residues

Claim require AAD-12 motif: five amino acids 
with fixed spacing

No evidence of antibody sequence-function 
correlation presented

Dr. Bollinger testified regarding the ’055 
patent’s disclosures of the AAD-12 motif and 
enzyme sequence-function correlation and 
background literature in the field (e.g., Tian, 
Rost, Devos, Wilson, Todd) 

Amgen, 598 U.S. at 602, 613-14; POR, 1, 6-11, 33-46
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Lifescan Global Corp. v. Ikeda Food Research, Ltd.

Lifescan The instant case
Enzyme sequence contained 593 amino 
acids

SEQ ID NO: 2 contains 293 amino acids

Number of permitted mutations 
encompassed by the claims: 59

Claim 1 (at least 85% sequence identity) 
permits up to 43 mutations

Motif: six amino acids AAD-12 motif: five amino acids with fixed 
spacing

Lifescan at *30; POR, 46
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Lifescan Global Corp. v. Ikeda Food Rsch., Ltd., PGR2019-00032, Paper 11 at 26, 
30 (PTAB 2019)
• “Dr. Cass also testifies that ‘[a] POSA could look at a given sequence, 

different from SEQ ID 1 and make a fair guess whether it would have a 
qualitatively similar behavior or not . . . .’”
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Perspective of Skilled Artisans

22

Ex. 2011 (Dr. Bollinger’s Declaration), ¶ 72; POR, 29.
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Perspective of Skilled Artisans
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Ex. 2011 (Dr. Bollinger’s Declaration), ¶ 135; POR, 60.
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AAD-12 Transformation of Monocot and Dicot Plants
• Arabidopsis – Example 7 
• Corn – Example 8
• Tobacco – Example 10 
• Soybean – Example 11
• Cotton – Example 12
• Rice – Example 21
• Canola – Example 22
• AAD-12 as Selectable Marker – Examples 7 and 24

In Vitro Assays – Examples 5 and 6
Codon Optimization – Example 2
Identification of AAD-12 (SdpA) – Example 1

• Proteins investigated “range from highly identical (85-98%) to very low identity (23-32%).” 
• “In this case only sequences with ≤50% homology were chosen.” 
• SdpA was identified “as a homologue with only 31% amino acid identity  to TfdA.”

’055 Patent – Twenty Four Examples

Ex. 1001 (’055 patent), 31:55-102:49; POR, 23-26; Ex. 2011, ¶¶ 85-90
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Paul Christou, Ph.D. – Plant Transformation Expert
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• Endowed Professor, Catalan Institution for Research and Advanced Studies at 
the University of Lleida, Spain.

• Ph.D. in Plant Biochemistry, The University of London, University College, 
1980.

• Generated the first stably transformed soybean line in the world by particle 
bombardment. Published in Nature Biotechnology, 1988.

• Led industry group to generate the first commercialized transgenic soybean crop, 
RoundUp Ready soybean.

• Recipient of grants from the Bill & Melinda Gates Foundation and the European 
Research Council

Ex. 2012, ¶¶ 1-21; POR, 15, 16 

• Serves on the International Advisory 
Board of the Max Planck Institute of 
Plant Physiology

• Awarded 2020 Narcís Monturioll 
Medal for excellence in scientific 
research

• 286 peer-reviewed publications
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Plant Transformation

26

“A large number of techniques are available for inserting DNA into a plant host cell.”

’055 Patent:

Ex. 1001, 24:25-62 (describing microparticle bombardment (biolistics), Agrobacterium, etc.); POR, 24

“[P]article bombardment is a versatile and effective transformation method, not limited 
by cell type, species or genotype. There are no intrinsic vector requirements so 
transgenes of any size and arrangement can be introduced, and multiple gene 
cotransformation is straightforward.” 

Dr. Christou (in Altpeter 2005):

Ex. 2075, 305-306; POR, 19
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Plant Transformation

27

Ex. 2012, ¶ 92; POR, 19-21

Dr. Christou:
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J. Martin Bollinger, Ph.D.
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• Enzymologist and Professor at Penn State University, Department of Chemistry 
and Department of Biochemistry and Molecular Biology

• Endowed Russell and Mildred Marker Professor of Natural Products Chemistry
• Ph.D. from Massachusetts Institute of Technology, 1993
• N.I.H.-sponsored postdoctoral fellow at Harvard Medical School, 1993-1995
• Fellow of the American Association for the Advancement of Science
• Research team specializes in enzymes that use transition metals to react with 

oxygen gas to transform substrate compounds.

Ex. 2011, ¶¶ 1-19; POR, 5.

• 20+ years of research and 39 
publications concerning αKG-
dependent oxygenases, including 
in Science and Nature
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Principles for Generating Variants & Retaining Function

29

1. Maintain high sequence identity.

2. Maintain the active site motif. 

3. Retaining residues that are highly conserved across related 
enzymes. 

4. Maintain charge distribution and steric bulk.

Ex. 2011, ¶¶ 56, 123-128; POR,12-13; Sur-Reply, 2
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Generating Variants & Retaining Function
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Dr. Bollinger’s Testimony:

Ex. 2011, ¶ 125;  POR, 51-52; Sur-Reply, 11
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Generating Variants & Retaining Function
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Ex. 2011, ¶ 125;  POR, 51-52; Sur-Reply, 11



DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Generating Variants & Retaining Function
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Dr. Bollinger’s Testimony:

Ex. 2011, ¶ 126;  POR, 51-52; Sur-Reply, 12
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Generating Variants & Retaining Function
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Ex. 2011, ¶ 126;  POR, 51-52; Sur-Reply, 12
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Generating Variants & Retaining Function
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Dr. Bollinger’s Testimony:

Ex. 2011, ¶ 127;  POR, 52; Sur-Reply, 10
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Dr. Silverstone
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• No academic degree or scientific training in enzymology or protein 
engineering.

• No publications in enzymology or protein engineering.
• No invited talks regarding enzymology or protein engineering.
• Could not recall what Enzyme Commission (EC) numbers mean.
• His CV, which accurately reflects how he holds himself out to the 

industry, does not mention any expertise in enzyme engineering or 
enzymology.

• Omitted enzymology from his proposed level of skill.

POR, 29, 31-32, 47
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Dr. Silverstone
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A. . . . I used March 24, 2017, as the date for my evaluation. 
Q. That’s what you were instructed to use by counsel, correct?
A. That is correct. Counsel advised me to use that date.

Time Period for His Analysis:

Ex. 2009, 107:23-108:9; POR, 31-32

Q.  EC numbers generally have four digits; is that right?
A. I don’t remember if that’s the case.
Q.  Do you know what each of the four digits of an EC number indicates?
A. I don’t remember. It’s been a long time since I used them, so I don’t remember what 

each category is.
Q.  Do you know how many options there are for the first digit in an EC number?
A. I don’t know how many options there are. I don’t remember.

Enzymology and EC numbers:

“In my opinion, analysis of Wands factor (6) the relative skill of those in the art shows 
that a very high level of skill in the biochemical arts is required for the genetic 
modification of plants . . . .”

Perspective for His Analysis:

Ex. 1003, ¶ 62; POR, 47

Ex. 2009, 88:13-18; POR, 31
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αKG-Dependent Dioxygenases
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Ex. 1003, ¶ 48; Ex. 2011, ¶ 102; POR, 39-40

• Hydroxylation
• Dealkylation
• Desaturation
• Epoxidation
• Epimerization
• Halogenation
• Cyclization
• Peroxide formation
• Ring expansion/contraction reactions




