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I, Barbara Triggs-Raine, Ph.D., hereby declare as follows.

I. INTRODUCTION

1. I am over the age of 18 and competent to make this declaration.

2. I have been retained as an expert witness on behalf of Patent Owner

Halozyme, Inc. (“Patent Owner”) for the above-captioned post-grant review

proceeding (PGR). I am being compensated for my time in connection with this

PGR at my standard consulting rate, which is $300 per hour.

3. Iunderstand that this Declaration accompanies a Patent Owner’s

Preliminary Response filed in this PGR involving U.S. Patent No. 12,110,520 (“the

’520 patent”) (EX1001), which resulted from U.S. Patent Application No.

18/068,418 (“the *418 application”), filed on December 19, 2022.

4. I understand that the 520 patent is related to the following U.S. Patent

Applications:

U.S. Patent Application No.

filed on May 21, 2021;

U.S. Patent Application No.

filed on June 25, 2020; and

U.S. Patent Application No.

filed on March 19, 2020;

U.S. Patent Application No.

17/327,568 (“the *568 application”),

16/912,590 (“the *590 application”),

16/824,572 (“the 572 application”),

15/226,489 (“the *489 application”),
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filed on August 2, 2016; and
e U.S. Patent Application No. 13/694,731 (“the *731 application”),
filed on December 28, 2012. Dr. Hecht provided the *731
application as EX1026.
5. I understand that the 520 patent is also related to the following
provisional applications:
e Provisional Application No. 61/796,208 (“the 208 provisional
application™), filed on November 1, 2012; and
e Provisional Application No. 61/631,313 (“the *313 provisional
application”), filed on December 30, 2011.
6. In addition to reviewing the *520 patent and the *731 application, I have
reviewed a redline comparison of the specifications of the *520 patent and the *731

application (EX1045). The 520 patent has substantively the same specification' as

!'T understand that the specification of the *520 patent includes its Figures and
a narrative discussion, EX1001, pp. 15-181, including any documents that are

b

“incorporated by reference,” as well as the patent’s sequence listing, EX2006.2
Because the specification of the 520 patent and the specification of the *731

application share a common disclosure that is substantively the same, I may refer to

them interchangeably.? T understand that in assessing the *731 application for written
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the 731 application filed on December 28, 2012. Compare EX1001, with EX1026,
14-370. Dr. Hecht agrees that the specifications of the ’520 patent and the *731
application are substantively the same and share a “common disclosure.” EX1003,
q18. Like Dr. Hecht, for convenience, I provide citations to the disclosure in the
’520 patent and at times refer to the specification that is substantively shared by the

’520 patent and the *731 application as the “common disclosure.”? Below, I often

description and enablement, the application must be assessed as of the ’731
application’s filing date (December 28, 2012). I understand that the’520 patent is
also related to two earlier-dated patent applications: the 208 provisional application
filed on November 1, 2012, and the ’313 provisional application filed on December
30, 2011. However, Drs. Hecht and Park did not assess the earlier-dated *208 and
’313 provisional applications for written description or enablement, or even include
them on their Exhibit Lists. EX1003, 99123-124; EX1004, Appendix A.* I declined
these awards.> Enzymes are a specific type of protein.

2 Because the specification of the *520 patent and the specification of the *731
application share a common disclosure that is substantively the same, [ may refer to
them interchangeably.? I understand that in assessing the >731 application for written
description and enablement, the application must be assessed as of the 731

application’s filing date (December 28, 2012). I understand that the’520 patent is



Case PGR2025-00017
U.S. Patent No. 12,110,520

refer to December 28, 2012, the filing date of the *731 application, as I have been
asked to consider the *731 application in my analysis of written description and
enablement.

7. In preparing this Declaration, I reviewed: (1) the *520 patent and its entire
prosecution history, including the entire prosecution histories of the *568
application, the *590 application, the *572 application, the *489 application, the
’731 application, the *208 provisional application, and the *313 provisional
application and (ii) each of the documents cited in this declaration, in light of
general knowledge in the art in the following timeframes referenced: In assessing
written description and enablement, I refer to December 28, 2012—the filing date

of the >731 application that is related to the *520 patent.> In assessing obviousness

also related to two earlier-dated patent applications: the 208 provisional application
filed on November 1, 2012, and the ’313 provisional application filed on December
30, 2011. However, Drs. Hecht and Park did not assess the earlier-dated *208 and
’313 provisional applications for written description or enablement, or even include
them on their Exhibit Lists. EX1003, 9123-124; EX1004, Appendix A.* I declined
these awards.®> Enzymes are a specific type of protein.

3 T understand that in assessing the 731 application for written description and

enablement, the application must be assessed as of the 731 application’s filing date
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in response to Dr. Hecht’s and Park’s declarations, I refer to the same timeframe
Dr. Hecht considered: before December 29, 2011. EX1003, q11.

8. In formulating my opinions, I relied upon my experience, education, and
knowledge in the relevant art. In formulating my opinions, I also considered the
viewpoint of a person of ordinary skill in the art (“POSA”), as defined below in §
V, as of the timeframes discussed herein (e.g., paragraph 7), in light of general
knowledge in the art.

II. MY BACKGROUND AND QUALIFICATIONS

9. I am a Professor in the Department of Biochemistry & Medical Genetics
at the Rady Faculty of Health Sciences at the University of Manitoba. And I was
the Head of the Department of Biochemistry & Medical Genetics from 2018-2025.

I hold a Ph.D. in Microbial Genetics and B.Sc. in Microbiology, with First Class

(December 28, 2012). I understand that the’520 patent is also related to two earlier-
dated patent applications: the *208 provisional application filed on November 1,
2012, and the 313 provisional application filed on December 30, 2011. However,
Drs. Hecht and Park did not assess the earlier-dated *208 and ’313 provisional
applications for written description or enablement, or even include them on their
Exhibit Lists. EX1003, §9123-124; EX1004, Appendix A.* I declined these awards.’

Enzymes are a specific type of protein.



Case PGR2025-00017
U.S. Patent No. 12,110,520

Honors from the University of Manitoba. In addition, I am a board member of the
International Society for Hyaluronan Sciences, a member of the American Society
of Matrix Biology, and a member of the American Society for Biochemistry &
Molecular Biology.

10. T have extensive experience in the fields of cellular and molecular
biology, biochemistry (including protein biochemistry), glycobiology, and human
genetics—including extensive practical experience researching hyaluronidases,
which have been a focus of my research since 1995.

11. My curriculum vitae is submitted herewith as EX2002.

12. In 1983, I completed my B.Sc. at the University of Manitoba, during
which I was awarded the Natural Sciences and Engineering Research Council of
Canada (“NSERC”) Undergraduate University Summer Research Award and the
NSERC Postgraduate Scholarship. In 1987, I completed my Ph.D. at the University
of Manitoba (studying a gene encoding a bacterial enzyme and its regulation). I
was also extended awards for the Medical Research Council Postgraduate
Scholarship (in 1983)“ and the Sigma Xi Student Award for Excellence in
Research and the NSERC Postdoctoral Fellowship (in 1987).

13. Prior to my postdoctoral work, I was a teaching assistant (sessional) in

4T declined these awards.’ Enzymes are a specific type of protein.
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the Dept. of Microbiology in the Faculty of Science, University of Manitoba from
1987-1988.

14. From 1988-1989, I was a postdoctoral fellow at the Hospital for Sick
Children, Toronto (studying the genetics of Tay-Sachs disease), during which I
was awarded the Medical Research Council Postdoctoral Fellowship. From 1989—
1991, I continued my postdoctoral training at the McGill University-Montreal
Children’s Hospital, Montreal (studying the genetics of Tay-Sachs disease).

15. In 1991, I returned to the University of Manitoba, where I have held
multiple roles until the present date, including: (i) at the Faculty of Medicine—
Assistant Professor, Dept. Biochemistry & Medical Genetics (1991-1997);
Assistant Professor, Dept. Human Genetics (1994—1997); Associate Professor,
Dept. Biochemistry & Medical Genetics (1997-2003); and Associate Professor,
Dept. Pediatrics & Child Health (2003—-2006); (i1) at the Manitoba Institute of
Child Health—Director of Research, Facilities and Space Development (2008—
2010); and (111) at the Rady Faculty of Health Sciences—Professor, Dept.
Biochemistry & Medical Genetics (2004—present); Professor, Dept. Pediatrics &
Child Health (2006-2021); Associate Head, Dept. Biochemistry & Medical
Genetics (2011-2018); Scientific Director, Central Animal Core Facility (2015—
2022); and Head, Dept. Biochemistry & Medical Genetics (2018—February 2025).

16. While at the University of Manitoba, I received multiple awards,
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including: Manitoba Health Research Council Scholarship (1991-1992), Medical
Research Council of Canada Scholarship (1992-1997), Rh Award in the Health
Sciences (1995), Journal of Biological Chemistry: Best of 2012—Glycobiology
and Extracellular Matrices (2012), Manitoba Medical Students’ Association
Nomination for Best Teaching: Small Group Setting—Class of 2020 (2018),
Bachelor of Science in Medicine Supervisor Mentorship Award (2018-2019), and
Science Co-op Supervisor Recognition Award (2023).

17. Since 1995, a primary focus of my research has been researching and
characterizing hyaluronidases. My research has led to over 80 peer-reviewed
research publications and six book chapters, over 20 of which specifically relate to
hyaluronidases. I have also received over 50 grants, over 10 of which specifically
related to the characterization of hyaluronidases. Additionally, I have advised 6
doctoral students and 10 masters students, seven of whom specifically studied
hyaluronidases for their dissertation.

18. T have also advised three postdoctoral fellows, two resident research
projects, and over forty undergraduate students, and I have served on over 70
graduate student committees. I frequently peer review publications and have been
an ad hoc reviewer for the publications Nature Communications, American
Journal of Human Genetics, American Journal of Medical Genetics, BMC

Genetics, BMC Medical Genetics, Brain and Behavior, Canadian Journal of
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Physiology and Pharmacology, European Journal of Human Genetics, Gene, Gene
Therapy, Glycobiology, Matrix Biology, Molecular Genetics and Metabolism,
Molecular and Cellular Biochemistry, Mutation Research, Orphanet Journal of
Rare Diseases, Plant Biotechnology Journal, PLOS One, Journal of Biological
Chemistry, and Mutation Research. The publications I reviewed often related to
hyaluronan or hyaluronidase biology.

19. In addition to my educational training and my professional and research
experience, | have kept abreast of the fields of cellular and molecular biology,
biochemistry (including protein biochemistry), glycobiology, and human genetics
by reading scientific literature, conferring with colleagues in the field, and
attending and presenting lectures at scientific conferences. I have given over 20
presentations and invited lectures, over half of which specifically related to
hyaluronidases and/or hyaluronan degradation. I have provided abstracts to 100
scientific conferences, approximately 40 of which specifically related to
hyaluronidases and/or hyaluronan. I have also taught undergraduate and graduate
courses on genetics in biomedicine, glycobiology, human genetics, environmental
microbiology, biological energy transductions, genetic counseling, and medical
biochemistry—and I was the Symposium Program Chair at the 2018 Annual
Glycomics Symposium. I was also a member of the organizing committee for the

International Society of Hyaluronan Sciences biennial meeting in 2023. I currently
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serve in the same role for the 2025 meeting.

III. SUMMARY OF OPINIONS

20. I have been asked to consider whether a POSA would have found the
subject matter of claims 1-2, 6-15, and 17-30 of the 520 patent (i.e., the claimed
invention) to be adequately described in the patent (Ground A), and whether it
would have required undue experimentation for a POSA to practice the claimed
invention, in light of the teachings in the common disclosure and general
knowledge in the field (Ground B). In view of the state of the art as of December
28,2012, and in light of the teachings in the common disclosure, a POSA would
not have found the challenged claims to lack written description support or
enablement. In particular, a POSA would have recognized that the claimed
modified PH20 polypeptides all include common structural features, which are
defined by amino acid sequence identity—not hyaluronidase activity; thus, Dr.
Hecht’s analysis of written description and enablement, which is predicated on
requiring that the claimed modified PH20 polypeptides exhibit hyaluronidase
activity, is erroneous.

21. I have also been asked to consider (1) whether all limitations of the
challenged claims are found in Dr. Hecht’s asserted prior art: Chao (EX1006) and
the *429 patent (EX1005); (2) whether a POSA would have had a reason to

combine the teachings of Chao (EX1006) and the ’429 patent (EX1005) to make

-10 -
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the claimed modified PH20 polypeptides that include an E324D, E324N, or E324R
substitution, including whether (1) bridging the gap between Chao, the 429 patent,
and the claimed invention would have required more than ordinary creativity; and
(11) whether a POSA exercising ordinary creativity would have had a reasonable
expectation of success in combining Chao and the *429 patent to arrive at the
claimed invention (Ground C).

22. In view of the state of the art before December 29, 2011, a POSA would
not have found the challenged claims to have been obvious.

IV. LIST OF DOCUMENTS CONSIDERED

In providing my testimony, I considered the documents cited in this

Declaration and the documents listed in the table below.

Exhibit No. Description

1001 U.S. Patent No. 12,110,520

1002 File History of U.S. Patent No. 12,110,520

1003 Declaration of Dr. Michael Hecht

1004 Declaration of Dr. Sheldon Park

1005 U.S. Patent No. 7,767,429

Chao et al., “Structure of Human Hyaluronidase-1, a Hyaluronan
1006 Hydrolyzing Enzyme Involved in Tumor Growth and
Angiogenesis,” Biochemistry, 46:6911-6920 (2007)

1007 WO 2010/077297, published 8 July 2010

-11 -
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Exhibit No. Description

1008 Stern et al., “The Hyaluronidases: Their Genomics, Structures, and
Mechanisms of Action,” Chem. Rev. 106:818-839 (2006)
Jedzrejas et al., “Structures of Vertebrate Hyaluronidases and

1009 Their Unique Enzymatic Mechanism of Hydrolysis,” Proteins:
Structure, Function and Bioinformatics, 61:227-238 (2005)
Zhang et al., “Hyaluronidase Activity of Human Hyall Requires

1010 Active Site Acidic and Tyrosine Residues,” J. Biol. Chem.,
284(14):9433-9442 (2009)

1011 Arming et al., “In vitro mutagenesis of PH-20 hyaluronidase from
human sperm,” Eur. J. Biochem., 247:810-814 (1997)

1012 Bordoli et al., “Protein structure homology modeling using
SWISSMODEL workspace,” Nature Protocols, 4(1):1-13 (2008)
Frost, “Recombinant human hyaluronidase (rHuPH20): an

1013 enabling platform for subcutaneous drug and fluid administration,”
Expert Opinion on Drug Delivery, 4(4):427-440 (2007)

1014 Brandon & Tooze, “Introduction to Protein Structure,” Second
Ed., Chapters 1-6, 11-12, 17-18 (1999)

1015 Table Associating Citations from the 520 patent (EX1001) to
Corresponding Citations in the *731 Application (EX1026)
Steipe, “Consensus-Based Engineering of Protein Stability: From

1016 Intrabodies to Thermostable Enzymes,” Methods in Enzymology,
388:176-186 (2004)

1017 Green, “Computer Graphics, Homology Modeling, and
Bioinformatics,” Protein Eng’g & Design, Ch. 10, 223-237 (2010)
Chica et al., “Semi-rational approaches to engineering enzyme

1018 activity: combining the benefits of directed evolution and rational

design,” Curr. Opin. Biotechnol., (4):378-384 (2005)

-12 -
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Exhibit No. Description
Hardy et al., “Assessment of contraceptive vaccines based on
1019 recombinant mouse sperm protein PH20,” Reprod., 127:325-334
(2004)
Pomering et al., “Restricted Entry of IgG into Male and Female
1020 Rabbit Reproductive Ducts Following Immunization with
Recombinant Rabbit PH-20,” Am. J. Reprod. Immunol., (3):174-
82 (2002)
Baba et al., “Mouse Sperm Lacking Cell Surface Hyaluronidase
1021 PH-20 Can Pass through the Layer of Cumulus Cells and Fertilize
the Egg,” J. Biol. Chem., 277(33):30310-4 (2002)
Primakoff et al., “Reversible Contraceptive Effect of PH-20
1022 Immunization in Male Guinea Pigs,” Biol Reprod., 56(5):1142-6
(1997)
Tung et al., “Mechanism of Infertility in Male Guinea Pigs
1023 Immunized with Sperm PH-20,” Biol. Reprod., 56(5):1133-41
(1997)
Rosengren et al., “Recombinant Human PH20: Baseline Analysis
1024 of the Reactive Antibody Prevalence in the General Population
Using Healthy Subjects,” BioDrugs, 32(1):83-89 (2018)
1025 U.S. Patent No. 9,447,401
1026 U.S. Patent Application No. 13/694,731
1029 Gmachl et al., “The human sperm protein PH-20 has
hyaluronidase activity,” FEBS Letters, 3:545-548 (1993)
1030 Sills, “Retraction,” Science, 319:569 (2008)
Yue et al., “Loss of Protein Structure Stability as a Major
1031 Causative Factor in Monogenic Disease,” J. Mol. Biol., 353:459-
473 (2005)
1032 Wang & Moult, “SNPs, Protein Structure, and Disease,” Hum.

Mutation, 17:263-270 (2001)
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Exhibit No. Description
1033 Markovi¢-Housley et al., “Crystal Structure of Hyaluronidase, a
Major Allergen of Bee Venom,” Structure, 8:1025-1035 (2000)
1034 “Negative Results,” Nature: Editorials, 453:258 (2008)
1035 Lins et al., “Analysis of Accessible Surface of Residues in
Proteins,” Protein Sci., 12:1406-1417 (2003)
Hayden, “Chemistry: Designer Debacle,” Nature, 453:275-278
1036
(2008)
Benkert et al., “Toward the Estimation of the Absolute Quality of
1037 Individual Protein Structure Models,” Bioinformatics, 27:343-350
(2010)
Schwede et al., “SWISS-MODEL: An Automated Protein
1038 Homology-Modeling Server,” Nucleic Acids Rsch., 31:3381-3385
(2003)
Alberts, “Molecular Biology of the Cell,” Fifth Edition, Chapter 3
1039
(2007).
He et al., “NMR Structures of Two Designed Proteins with High
1040 Sequence Identity but Different Fold and Function,” PNAS,
105:14412-14417 (2008)
1041 Alexander et al., “A Minimal Sequence Code for Switching
Protein Structure and Function,” PNAS, 106:21149-21154 (2009)
1042 Ruan et al., “Design and Characterization of a Protein Fold
Switching Network,” Nature Comm., 14 (2023)
Sievers et al., “Fast, Scalable Generation of High-Quality Protein
1043 Multiple Sequence Alignments Using Clustal Omega,” Molecular
Sys. Biology, 7.1 (2011)
1044 Mihel, “PSAIA — Protein Structure and Interaction Analyzer,”
BMC Structural Biology, 8:21 (2008)
1045 Redline Comparison of the *731 and ’520 Specifications
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Exhibit No. Description

1046 Beasley & Hecht, “Protein Design: The Choice of de Novo
Sequences,” J. Biological Chemistry, 272:2031-2034 (1997)
Xiong et al., “Periodicity of Polar and Nonpolar Amino Acids is

1047 the Major Determinant of Secondary Structure in Self-Assembling
Oligomeric Peptides,” PNAS, 92: 6349-6353 (1995)

1048 Hayden, “Key Protein-Design Papers Challenged,” Nature,
461:859 (2009)

1049 KEGG, DRUG: Hyaluronidase (human recombinant), available at:
https://www.genome.jp/entry/D06604

1050 Pace & Scholtz, “A Helix Propensity Scale Based on Experimental
Studies of Peptides and Proteins,” Biophysical J. 75:422-427

1051 U.S. Patent Application No. 61/631,313

1052 U.S. Patent Application No. 61/796,208

1053 Hom pre2011

1054 Hom pre2011 header
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receptor for oncogenic sheep retroviruses,” Seminars in Cancer
Biology 18:296-301 (2008)

2022

Kaneiwa, T. et al., “Identification of human hyaluronidase-4 as a
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Declaration of Michael Hecht, Ph.D. (Exhibit 1003), Merck Sharp
& Dohme LLC v. Halozyme Inc., Case No. PGR2025-00009
(P.T.A.B.), December 27, 2024
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V.  PERSON OF ORDINARY SKILL IN THE ART

23. As an expert, | have offered opinions throughout this declaration from
the perspective of a person of ordinary skill in the art (“POSA™). I understand that
the level of ordinary skill in the art acts as a lens through which the prior art and
claimed invention must be viewed. I further understand that an assessment of
whether an invention is adequately described, enabled, or nonobvious is conducted
from the viewpoint of a POSA.

24. T understand that a POSA is a hypothetical person who is presumed to be
aware of all pertinent art, who thinks along conventional wisdom in the art, and is a
person of ordinary creativity. I also understand that the following factors are
pertinent to the determination of the level of ordinary skill: (1) the educational
level of the inventor(s), (2) the type of problems encountered in the art, (3) the
prior art solutions to those problems, (4) the rapidity with which innovations are
made, (5) the sophistication of the technology, and (6) the educational level of
active workers in the field.

25. Dr. Hecht opined that “a person of ordinary skill in the art . . . would
have had an undergraduate degree, a Ph.D., and post-doctoral experience in
scientific fields relevant to [the] study of protein structure and function (e.g.,

chemistry, biochemistry, biology, biophysics) . . . [and] [f]rom training and
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experience, the person would have been familiar with factors influencing protein
structure, folding and activity, production of modified proteins using recombinant
DNA techniques, and use of biological assays to characterize protein function, as
well with techniques and tools used to analyze protein structure (i.e., sequence
searching and alignments, protein modeling software, etc.).” EX1003, 913.

26. I disagree with Dr. Hecht’s assessment of the level of skill of a POSA
because he omits any practical experience with hyaluronidases and because a Ph.D.
and/or post-doctoral experience is not required to make and use the claimed
modified PH20 polypeptides. EX1003. As I discuss below, a POSA in the relevant
field, or at least a member of their team, would have had experience working with
hyaluronidases. First, general experience with non-hyaluronidase proteins or
enzymes is inadequate because hyaluronidases differ from other proteins and
enzymes.’ In particular, different hyaluronidases have different three-dimensional
structures, which are linked to their different substrates and/or functions. EX2018,
33495, 33507; EX2019, 653, 658; EX2020, 286; EX2021, 296; EX1008, 825;
EX2022, 6-7; EX1001, 72:45-48, 167:25-30, 226:36-38; EX1008, 825; EX2022, 6-
7; EX1006, 6911-6916; EX1004, 436. The *520 patent explains, for example, that

hyaluronan is a natural PH20 hyaluronidase substrate and inhibitor and specifically

> Enzymes are a specific type of protein.
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states that “[o]ne of skill in the art is familiar with various classes of hyaluronidase
inhibitors.” EX1001, 160:17-20 (emphasis added). Neither Dr. Hecht nor Dr. Park,
according to their curriculum vitae and Background and Qualifications, have any
experience with hyaluronidases, let alone PH20. EX1003, q91-9 and Appendix B.
And Dr. Hecht’s published works, as listed in his curriculum vitae, indicate that he
has minimal experience with enzymes generally. EX1003, 232-237. Only ~four of
Dr. Hecht’s published works relate to enzymes, none of which exist in nature
because they were designed de novo. EX1003, 236-237. Thus, these ~four
published works do not demonstrate a general understanding of natural enzymes,
much less hyaluronidases. And the remaining proteins referenced in Dr. Hecht’s
published works, as listed in his curriculum vitae, are also de novo proteins or
proteins of bacterial origin—unlike the modified PH20 polypeptides of the 520
patent, which are of mammalian, specifically human, origin. EX1001, 69:6-7;
EX1003, 232-237. This lack of hyaluronidase experience is relevant because, in
Dr. Hecht’s obviousness analysis, as | explain in Section X, he relies on an 88-
sequence alignment (prepared by Dr. Park) that contains 70 non-PH20
hyaluronidases, including, e.g., Hyal-1, Hyal-2, Hyal-3, Hyal-4, Hyal-5, and Hyal-
6—and only 18 PH20 sequences. EX1004, 427; EX1056. But a POSA having
hyaluronidase experience (or a POSA working with a team member having

hyaluronidase experience) would have been aware of the differences between
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PH20 and other hyaluronidase proteins, including, but not limited to, their:
structures, substrates (or lack thereof), biological origins, functions (e.g.,
enzymatic activity, cell-signaling activity), and/or optimal pH; therefore, they
would not have aligned these 88 different hyaluronidases in seeking to modify
PH20 as Drs. Hecht and Park propose. This lack of hyaluronidase experience is
also relevant because, as I discuss in Section IX, Dr. Hecht dismisses PH20’s well-
known contraceptive utility, even though, before 2011, a POSA would have been
well-aware of the data demonstrating that PH20 was 100% effective as a
contraceptive in guinea pigs. Section IX; EX1003, 4109; EX1023, Abstract;
EX2010, 1, Abstract. Moreover, the *520 patent discusses various problems
encountered in the art and contemplated solutions to those problems, which require
familiarity with hyaluronidases, as discussed further below. And as also discussed
below, while the hyaluronidase assays described in the common disclosure do not
require extensive experience to employ, they do require familiarity with
hyaluronidases.

27. The *520 patent’s specification and its cited references are further
informative to factors 2-4. The 520 patent contains significant description
regarding hyaluronidases, and the *520 patent cites numerous references relating to
hyaluronidases. For example, more than 80 references cited plainly relate to

hyaluronidase according to their title. EX1001, 3-13 (containing more than 80
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references mentioning hyaluronidase and/or its substrate hyaluronan in their titles);
EX1001, 8 (“Hyaluronidase and its substrate hyaluronan: biochemistry, biological
activities and therapeutic uses”). Additionally, both of the references that Dr.
Hecht relies upon for his obviousness analysis (the ’429 patent and Chao) relate to
hyaluronidases. EX1003; EX1005, 1 (“Soluble hyaluronidase glycoprotein
(sHASEGP), process for preparing the same, uses and pharmaceutical
compositions comprising thereof”); EX1006, 6911 (“Structure of Human
Hyaluronidase-1, a Hyaluronan Hydrolyzing Enzyme Involved in Tumor Growth
and Angiogenesis”). Moreover, over 20 references cited in Dr. Hecht’s declaration
relate to hyaluronidases, including: EX1001 (the *520 patent), EX1004-EX1011,
EX1013, EX1019-EX1026, EX1029, EX1033, EX1049, EX1051-EX1052,
EX1061, and EX1069. EX1003, 146-47.

28. The ’520 patent also states that the field of the invention relates to
modified PH20 hyaluronidase peptides. EX1001, 4:15-20. And the background of
the invention discusses hyaluronan and “hyaluronan-degrading enzymes (e.g.,
hyaluronidases)” EX1001, 4:21-50.

29. The background of the invention also discusses the therapeutic use of
hyaluronidases. For Example: EX1001, 4:41-46 (“Various hyaluronidases have
been used therapeutically (e.g., hyaluronidase sold under the trademarks Hydase®

(bovine testicular hyaluronidase), Vitrase® (ovine hyaluronidase), and Wydase®
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(bovine hyaluronidase))”). Throughout, the specification relates to modified PH20
polypeptides, as do the claims.

30. Furthermore, Halozyme, the owner of (and original applicant for) the
’520 patent, was known in December 2011 for developing and commercializing
products involving hyaluronidases. EX1002, 20 (listing Halozyme, Inc. as
applicant); EX2004, 1.° And I understand that each of the inventors, or at least one
or more members of the team of inventors, had at least two years of experience

working with hyaluronidases in December 2011. EX2005, 1-14.”

6 On February 27, 2025, I retrieved EX2004 online from Fierce Pharma
Biopharma News & Insights and generated a PDF from the online webpage. EX2004
is true and accurate to the best of my knowledge. I consider EX2004 to be a reliable
source of information containing the type of information upon which an expert in
the field would typically rely. Accordingly, I rely on EX2004 here.

7 On December 18, 2024, 1 retrieved the LinkedIn profiles of Michael
Shepard, Robert Conner, Ge Wei, and Qiping Zhao from LinkedIn and generated
PDFs from the corresponding online webpages. I combined these PDFs into a single
document to create EX2005. EX2005 is true and accurate to the best of my
knowledge. I consider EX2005 to be a reliable source of information containing the

type of information upon which an expert in the field would typically rely.
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31. In addition, I understand that each of the inventors was employed by
Halozyme, Inc. (the owner of, and original applicant for, the *520 patent) in
December 2011; therefore, their experience working with hyaluronidases would
have been examples of active workers in the field of the invention at this time.
EX1002, 20; EX2005, 1-14.

32. In view of the above, and in accordance with the first and sixth factors
referenced above in paragraph 24, a POSA in this field or a member of a team that
includes the POSA would have at least two years of practical experience with
hyaluronidases. The practical experience with hyaluronidases would need to come
from either the POSA’s own experience or through collaborations with a team
having experience studying and characterizing hyaluronidases.

33. A POSA for the ’520 patent would also typically have a degree such as a
B.S., M.S., or a Ph.D., with at least two years of experience and training in cellular
and molecular biology and protein biochemistry. This experience and training
could come from a POSA’s undergraduate or graduate studies or employment.

34. Regarding the educational level of the inventors of the *520 patent, I

Accordingly, I rely on EX2005 here.? Ie., (ii) the type of problems encountered in
the art, (ii1) the prior art solutions to those problems, (iv) the rapidity with which

innovations are made, and (v) the sophistication of the technology.
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understand that (i) in December 2011, Michael Shepard had a B.S. in Zoology
(Cellular and Developmental Biology) and a Ph.D. in Cellular and Developmental
Biology & Genetics; (i1) in December 2011, Robert Conner had a B.A. in
Biochemistry and Molecular Biology and a Ph.D. in Biological Chemistry; and (iii)
in December 2011, Ge Wei had a B.S. in Biochemistry, an M.S. in Biochemistry,
and a Ph.D. in Biochemistry and Molecular Genetics. EX2005, 1-14. Therefore, I
understand that at least 3 of the 4 inventors held a degree such as a B.S., M.S., or a
Ph.D., with at least two years of experience and training in (i) cellular and
molecular biology and (i1) protein biochemistry from their undergraduate or
graduate studies and/or employment. EX2005, 1-14.

35. And, as mentioned above, I understand that each of the inventors was
employed by Halozyme, Inc. (the owner of, and original applicant for, the *520
patent) in December 2011; therefore, their educational background and experience
and training in cellular and molecular biology and protein biochemistry would
have been examples of active workers in the field of the invention at this time.
EX1002, 20; EX2005, 1-14.

36. In view of the above, and in accordance with the first and sixth factors
referenced above in paragraph 24, a POSA for the 520 patent would typically
have a degree such as a B.S., M.S., or a Ph.D., and the POSA or a team member

would have at least two years of experience and training in cellular and molecular
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biology and protein biochemistry.

37. The second through fifth factors referenced above in paragraph 24% also
support a POSA definition requiring at least two years of practical experience with
hyaluronidases from either the POSA or a member of a multi-disciplinary team
that includes the POSA because, as discussed above, the field and background of
the invention relate to hyaluronidases. EX1001, 4:15-50.

38. Additionally, the 520 patent discusses various problems encountered in
the art and contemplated solutions to those problems, which require familiarity
with hyaluronidases. For Example: EX1001, 109:26-29 (“PH20 hyaluronidase,
such as tHuPH20, rapidly loses activity in the presence of preservatives . . ..”),
109:56-67 (“The modified PH20 polypeptides provided herein that exhibit
increased stability in the presence of phenolic preservatives exhibit more than 15%
enzymatic activity in the presence of at least one phenolic preservative . . . .”);
EX1001, 118:37 (“PH20 denatures in the presence of low salt or no salt.””); and
118:47-51 (“Provided herein are modified PH20 polypeptides that exhibit

increased stability in the presence of low concentrations of salt . . . .”).

8 Le., (ii) the type of problems encountered in the art, (iii) the prior art
solutions to those problems, (iv) the rapidity with which innovations are made, and

(v) the sophistication of the technology.
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39. Regarding the sophistication of the technology, while the hyaluronidase
assays described in the common disclosure do not require extensive experience to
employ, they do require familiarity with hyaluronidases. For example: EX1001,
126: 58-62 (“Provided herein are methods for identifying a modified or variant
hyaluronan-degrading enzyme, such as a modified hyaluronidase or modified
PH20 polypeptide.”), 130:8-135:26, 171:8-173:5 (describing hyaluronidase
assays), 171:12-15 (“assays can be used to assess the hyaluronidase activity of the
PH20 polypeptide™). Furthermore, the *520 patent describes the role of PH20 in
contraception, and comprehending the role of PH20 in contraception is relevant to
understanding a contraceptive utility (i.e., use) for the claimed modified PH20
polypeptides. EX1001, 188:6-27 (“PH20 plays a role in fertilization by facilitating
entry of the sperm through the cumulus layer surrounding the unfertilized egg.
PH20 also is able to bind to hyaluronic acid (HA) on the zona pellucida during
early phases of fertilization. This binding also initiates intracellular signaling that
aids in the acrosome reaction. Immunization with PH20 has been shown to be an
effective contraceptive in male guinea pigs.”), 188:6-27 (“Modified PH20
polypeptides provided herein can be used as vaccines in contraceptive
applications.”).

40. As I will discuss in Section IX, without support in the scientific

literature, Dr. Hecht dismisses a well-established contraceptive utility for PH20
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hyaluronidases, which would have been known by a POSA in December 2011.
And as I will discuss in Section X, Drs. Hecht and Park base their obviousness
analysis on a sequence alignment of evolutionarily distant hyaluronidase
sequences, many of which are not even from humans; but a POSA having
hyaluronidase experience would have understood that the inclusion of such
sequences would undermine the conclusions they draw from the alignment.

41. Accordingly, the second through fifth factors referenced above in
paragraph 24 also support requiring at least two years of practical experience with
hyaluronidases from either the POSA or a member of a team that includes the
POSA.

42. The second through fifth factors referenced above in paragraph 24° also
support a POSA definition where the POSA would have had at least two years of
experience and training in cellular and molecular biology and protein biochemistry
from their undergraduate or graduate studies or employment.

43. The ’520 patent extensively describes methods for producing the

claimed modified PH20 polypeptides. EX1001, 142:59-67 (“Polypeptides of a

% Le., (ii) the type of problems encountered in the art, (iii) the prior art
solutions to those problems, (iv) the rapidity with which innovations are made, and

(v) the sophistication of the technology.
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modified PH20 polypeptide set forth herein can be obtained by methods well
known in the art for protein purification and recombinant protein expression.
Polypeptides also can be synthesized chemically. Modified or variant, including
truncated, forms can be engineered from a wild[-]type polypeptide using standard
recombinant DNA methods. For example, modified PH20 polypeptides can be
engineered from a wild[-]type polypeptide, such as by site-directed mutagenesis.”),
135:28-149:54, 188:35-225:9 (further detailing methods for producing modified
PH20 polypeptides). Recombinant DNA methods, site-directed mutagenesis,
recombinant protein expression, chemical protein synthesis, and protein
purification methods are routine cellular and molecular biology and protein
biochemistry methods and/or techniques that a POSA equipped with the *520
patent specification’s guidance could have used to make the claimed modified
PH20 polypeptides. EX1001, 142:59-67.

44. In view of the above, and in accordance with the second through fifth
factors referenced above in paragraph 24, a POSA for the ’520 patent would
typically have a degree such as a B.S., M.S., or a Ph.D., with at least two years of
experience and training in cellular and molecular biology and protein biochemistry.

45. Altogether, in view of the six factors referenced above in paragraph 24, a
POSA in this field or a member of a multi-disciplinary team that includes the

POSA would have also had at least two years of practical experience with
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hyaluronidases. The practical experience with hyaluronidases would need to come
from either the POSA’s own experience or through collaboration with a member of
a multi-disciplinary team having experience studying and characterizing
hyaluronidases. Additionally, a POSA for the 520 patent would also typically
have a degree such as a B.S., M.S., or a Ph.D., with at least two years of
experience and training in cellular and molecular biology and protein biochemistry.
The experience and training in cellular and molecular biology and protein
biochemistry could come from the POSA’s experience and training during their
undergraduate or graduate studies or employment.

46. Considering my ample practical experience with hyaluronidases as
described in my background and qualifications, I am more experienced than a
POSA under both my own definition and Dr. Hecht’s.

VI. LEGAL BASIS FOR MY ANALYSIS

47. My understanding regarding the legal principles relating to the definition
of a POSA is provided in Section V above. In formulating my further opinions set
forth in this Declaration, I also applied the following legal principles:

A. Claim Construction

48. I understand that in a post-grant review (“PGR”), patent claim terms are
given their ordinary and customary meaning as understood by a POSA at the time

of the invention, in view of the patent’s specification and its prosecution history—

-32 -



Case PGR2025-00017
U.S. Patent No. 12,110,520

unless the patent explicitly defines the claim term. I also understand that when a
patent explicitly defines a claim term in the specification, the patent’s definition
controls. I also understand that no two claims in the same patent should be
interpreted to be the same invention, i.e., | understand that every claim is presumed
to be distinct. I also understand that the scope of a dependent claim is presumed to
be narrower than the scope of the claim(s) from which it/they depends.

49. I understand that claim 1 is the sole independent claim in the 520 patent
and that claims 2, 6-15, and 17-30 are dependent claims (depending directly or
indirectly from claim 1). I understand that a dependent claim contains all
limitations (i.e., elements) of the claim(s) from which it depends. Thus, I
understand that claims 2, 6-15, and 17-30 contain all limitations of claim 1, as well
as those of any additional claims from which they depend. The copy of the 520
patent provided as Exhibit 1001 also lists claims 3-5, 16, and 31-35, but |
understand that Patent Owner Halozyme, Inc. statutorily disclaimed claims 3-5, 16,
and 31-35 on May 7, 2025. EX2003. Thus, I understand that the disclaimed claims

3-5, 16, and 31-35 are not currently part of this post-grant review proceeding. '

10T understand that a statutory disclaimer means that, effectively, the only

challenged claims are claims 1-2, 6-15, and 17-30.
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B.  Written Description

50. I understand that the written description provided by a patent
specification must convey clearly to a POSA that the applicant was in possession!!
of the claimed invention as of the patent’s filing date or as of the filing date of a
related earlier-filed application if the patent owner would like to receive the benefit
of that earlier date (here, [ have been asked to assess the *520 patent’s written
description as of the filing date of the earlier *731 related application: December
28,2012). And I understand that this involves an objective inquiry into the
disclosure provided in the specification from the perspective of a POSA as of
December 28, 2012.

51. I further understand that this written description requirement must be
assessed in view of the state of the knowledge of a POSA in the art. In addition, I
understand that a patent specification is written for a POSA and that such a
hypothetical person presumably has all of the knowledge of the state of the art as
of the patent’s filing date, in addition to the knowledge provided by the patent
specification itself.

52. Tunderstand that there is sufficient (i.e., adequate) written description

' T understand possession does not mean physical possession and does not

require making or testing the invention.
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support when a POSA can visualize or recognize the full scope of the claimed
subject matter and that the claimed subject matter need not be provided verbatim in
a specification. I also understand that a skilled artisan comes to the patent with
knowledge in the art, therefore, it is unnecessary to spell out every detail of the
invention in the specification for a skilled artisan to conclude that there is written
description support.

53. T understand that assessing whether there is written description support
for a genus'? claim involves consideration of a number of factors, including (i) the
nature and scope of the claims; (i1) existing knowledge in the particular field and
extent and content of the prior art; (ii1) maturity of the science of technology and

scientific and technologic knowledge already in existence; (iv) predictability of the

12T understand a genus to be a group that covers multiple “species” and that
“species” are sometimes referred to as “embodiments.”!* I note that Dr. Hecht
nonetheless argues that “[a] skilled artisan would have understood the claims to
necessarily cover modified PH20 polypeptides that are active mutants, and would
not view them as including inactive mutants.” EX1003, 4134 (emphasis added). I
note also that Dr. Park omits any mention of the concept of claim construction in
his declaration; in particular, Dr. Park does not cite the *520 patent in his

declaration. EX1004.
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aspect at issue; and (v) scope of the invention at issue.

54. T also understand that some genus claims are referred to as “functional”
genus claims because they describe the claimed invention in terms of what it
does—rather than defining the claimed invention by its structural components. By
contrast, [ understand that “structural” genus claims define the claimed invention
by its structural components.

55. I further understand that a sufficient description of a genus may be
provided by the disclosure of either (i) a representative number of species falling
within the scope of the genus or (ii) structural features common to the members of
the genus so that one of skill in the art can visualize or recognize the members of
the genus. Additionally, I understand that an adequate written description requires
a precise definition, such as by structure, formula, chemical name, physical
properties, or other properties, of species falling within the genus sufficient to
distinguish the claimed genus from other materials.

C. Enablement

56. I understand that a patent application specification that provides an
enabling disclosure must allow a POSA to make and use the full scope of the
claimed invention without undue experimentation as of that application’s filing
date. Here, I have been asked to consider whether the 731 application provides an

enabling disclosure for the challenged patent claims of the *520 patent, which I
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understand is a consideration in determining whether the *520 patent is entitled to
be treated as though it were effectively filed as of the *731 application’s

December 28, 2012 filing date. I understand that the following factors can be used
to determine whether undue experimentation would have been needed (the so-
called Wands factors): (1) the breadth of the claims; (2) the nature of the invention,;
(3) the state of the prior art; (4) the level of one of ordinary skill; (5) the level of
predictability in the art; (6) the amount of direction provided by the inventor; (7)
the existence of working examples; and (8) the quantity of experimentation needed
to make or use the invention based on the content of the disclosure.

57. T understand that the determination that “undue experimentation” would
have been needed to make and use the claimed invention is a conclusion reached
by weighing the above-noted factual considerations. I understand that whether
some experimentation is necessary does not necessarily make such
experimentation undue and that even a considerable amount of experimentation is
not undue, if it is merely routine. Furthermore, I understand that evidence of a
pharmaceutical property in any standard experimental animal is sufficient to
establish utility (i.e., usefulness).

D. Obviousness

58. I understand that an obviousness analysis involves comparing a claim

with the prior art to determine whether the claimed subject matter would have been
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obvious to a POSA in view of the asserted prior art and the general knowledge in
the background art. I understand that obviousness must be assessed from the
viewpoint of a POSA at the time of the invention. In assessing obviousness, I have
been asked to consider the timeframe before December 29, 2011, the same
timeframe Dr. Hecht considered. EX1003, 9911, 194. I further understand that to
establish obviousness, a party seeking to establish obviousness must perform the
following factual inquiries: (a) determining the scope and content of the prior art;
(b) ascertaining the differences between the claimed invention and the prior art;
and (c) resolving the level of skill in the art. I understand that, in determining the
scope and content of the prior art and ascertaining the differences between the
claimed invention, a patent challenger may (1) specify where each element of the
claim is found in the prior art or (2) explain why a POSA exercising ordinary
creativity would bridge any gaps (i.e., missing elements) between the prior art and
the claimed invention to produce the claimed invention.

59. I understand that one way of showing obviousness is by establishing that
a POSA would have had both (i) a reason to modify or combine the teachings of
the prior art to achieve the claimed invention and (ii) a reasonable expectation of
success in doing so. I understand that the reason to combine prior-art references
can come from a variety of sources, not just the prior art itself or the specific

problem the patentee was trying to solve. And I understand that the references
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themselves need not provide a specific hint or suggestion of the alteration needed
to arrive at the claimed invention; the analysis may include recourse to logic,
judgment, and common sense available to a person of ordinary skill that does not
need to be explicit in any reference. Moreover, I understand that evidence showing
that lack of motivation to combine may support a conclusion that the claimed
invention was nonobvious.

60. I understand that a “reasonable expectation of success” is assessed in
view of the prior art and general knowledge in the art from the viewpoint of a
POSA before the relevant date (Dr. Hecht considered the timeframe before
December 29, 2011, and I have been asked to consider the same timeframe).
Furthermore, I understand that the expectation of success need only be reasonable,
not absolute. I understand that this rationale, if not explicitly provided by the prior
art, may be implicitly provided by the prior art. Moreover, I understand that
evidence showing that there was no reasonable expectation of success may support
a conclusion that the claimed invention was nonobvious.

61. I also understand that, before reaching a conclusion that the claimed
invention would have been obvious, one must consider any objective evidence of
non-obviousness if it is available. The objective evidence of non-obviousness can
include evidence of commercial success attributable to the claimed invention,

evidence of industry praise for the claimed invention, evidence of a long-felt need
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that was solved by the claimed subject matter, evidence that others copied the
claimed subject matter, or evidence that the claimed subject matter achieved an
unexpected, superior result relative to the closest prior art. I understand that such
evidence must have a nexus, or causal relationship, to the claimed subject matter
beyond what was available in the prior art, and must be commensurate in scope
with the patent claim(s) at issue.

62. Finally, I understand that the patent examiner is charged with assessing
all pending claims for compliance with certain requirements under the patent laws,
including the requirement that the specification provide an adequate written
description for the invention and that the claims be non-obvious.

VII. CLAIMS 1-2, 6-15, AND 17-30 DO NOT REQUIRE
HYALURONIDASE ACTIVITY

63. Although Dr. Hecht omits any mention of the concept of claim

construction'?, I have considered how a POSA would have construed the claimed

13 T note that Dr. Hecht nonetheless argues that “[a] skilled artisan would
have understood the claims to necessarily cover modified PH20 polypeptides that
are active mutants, and would not view them as including inactive mutants.”
EX1003, 9134 (emphasis added). I note also that Dr. Park omits any mention of the
concept of claim construction in his declaration; in particular, Dr. Park does not

cite the 520 patent in his declaration. EX1004.
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invention: claims 1-2, 6-15, and 17-30—in view of the principles of claim
construction I summarized in Section VL. A.

A. A POSA Would Have Understood That a “modified PH20
polypeptide” Means “a PH20 polypeptide that contains at least
one amino acid modification compared to a reference unmodified
PH20 polypeptide”

64. A POSA interpreting claims 1-2, 6-15, and 17-30 of the *520 patent
would have deemed it necessary to interpret the meaning of “modified PH20
polypeptide” because the term “modified PH20 polypeptide” appears either
explicitly or via incorporation in each of claims 1-2, 6-15, and 17-30 and is
fundamental to interpreting the claims. EX1001, Claims 1-2, 6-15, and 17-30.

65. Claim 1, for example, states:

A" modified PH20 polypeptide, comprising one or more amino acid
modifications in an unmodified PH20 polypeptide, wherein: the
unmodified PH20 polypeptide consists of the amino acid sequence
selected from the group consisting of SEQ ID NO: 3, 7 and 32-66;
amino acid modifications are selected from the group consisting of
amino acid replacements(s), deletion(s), and/or insertion(s); the
modified PH20 polypeptide comprises an amino acid replacement at a
position corresponding to residue 324, with reference to amino acid
positions set forth in SEQ ID NO: 3; the replacement at the position

corresponding to residue 324 is selected from the group consisting of

(P2

14 T understand the term “a” to mean one or more.
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A, D, H, M, N, R and S; corresponding amino acid positions are
identified by alignment of the PH20 polypeptide with the polypeptide
having the amino acid sequence of SEQ ID NO: 3; and the modified
PH20 polypeptide has at least 91% sequence identity to a polypeptide
having the amino acid sequence selected from the group consisting of
SEQ ID NO: 3, 7 and 32-66.

EX1001, Claim 1 (emphasis added). The modified PH20 polypeptide of Claim 1 is

thus defined by the following common features: (i) the modified PH20 polypeptide
of claim 1 shares “at least 91%” of the structure of the disclosed sequences (SEQ
ID NO: 3, 7 and 32-66), implicitly limiting any sequence variation to 9%, and (ii)
that the modified PH20 polypeptide of claim 1 contains one amino acid
modification (selected from A, D, H, M, N, R, and S) at position 324 (with
reference to amino acid positions set forth in SEQ ID NO: 3). EX1001, Claim 1.
Claim 1, therefore, is defined purely by structure, and not by any function.
EX1001, Claim 1.

66. Specifically, I understand that claim 1, which explicitly recites the term
“modified PH20 polypeptide,” is the only independent claim in the *520 patent.
And I understand that dependent claims contains all limitations (i.e., all distinct
claim components) of the claim(s) from which they depend. Section VII.A. Claims
2, 6-15, and 17-30 depend from and thus incorporate every element of claim 1;
therefore, the term “modified PH20 polypeptide” also appears via incorporation in

each of claims 2, 6-15, and 17-30. EX1001, Claims 2, 6-15, and 17-30. Thus, I
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explain the meaning of “modified PH20 polypeptide” below.

67. First, [ understand that when a patent explicitly defines a claim term in
the specification, the patent’s definition controls. Section VIL.A. The term
“modified PH20 polypeptide” is expressly defined in the specification of the 520
patent, as follows: “As used herein, ‘modified PH20 polypeptide’ or ‘variant PH20
polypeptide’ refers to a PH20 polypeptide that contains at least one amino acid
modification, such as at least one amino acid replacement as described herein, in
its sequence of amino acids compared to a reference unmodified PH20
polypeptide.” EX1001, 48:38-43 (emphasis added). The express definition of
“modified PH20 polypeptide” does not encompass any function because it
describes only structural components: (i) a sequence of amino acids (i1) with at
least one amino acid modification (iii) relative to a reference sequence. EX1001,
48:38-43.

68. The term “modified PH20 polypeptide,” therefore, has a purely
structural meaning in the context of the specification, and a POSA applying its
express definition would have understood that the term “modified PH20
polypeptide” is defined by a sequence of amino acids and not by any particular
function. EX1001, 48:38-43. This structural definition—explicitly and solely
described by a sequence of amino acids—does not require hyaluronidase activity.

EX1001, 48:38-43.
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69. Second, I understand that claim terms are given their ordinary and
customary meaning as understood by a POSA at the time of the invention in view
of the patent’s specification and its prosecution history—unless the patent
explicitly defines the claim term. Section VII.A, above. As discussed above,
“modified PH20 polypeptide” is explicitly defined; I do not separately analyze any
ordinary and customary meaning of “modified PH20 polypeptide.”

70. Third, I understand per Section VII.A that claims are to be interpreted
in view of the entirety of the patent’s specification, including the entirety of the
claims, and the entirety of the *520 patent’s specification clearly explains that
“modified PH20 polypeptide” also refers to polypeptides (including
hyaluronidases) that do not exhibit hyaluronidase activity.

71. A POSA interpreting claim 1 in view of the other dependent claims
would find further support indicating that the term “modified PH20 polypeptide”
does not require hyaluronidase activity. Dependent claims 17-18, for example,
specify further modifications to the modified PH20 polypeptide of claim 1,
including glycosylation. Claim 18 specifically recites, “The modified PH20
polypeptide of claim 17, wherein the post-translational modification is
glycosylation.” EX1001, Claim 18 (emphasis added).

72. Dr. Hecht states, “PH20 enzymes must be glycosylated to exhibit their

catalytic activity.” EX1003, 9197. The *520 patent also states that glycosylation “is
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required for PH20 hyaluronidase activity” and that “at least N-linked glycosylation
sites corresponding to amino acid residues N200, N333 and N358 are required for
secretion and/or activity of the enzyme.” EX1001, 70:67-71:4 (emphasis added).

73. Because the modified PH20 polypeptide of dependent claim 18 must be
glycosylated, claim 1 must cover both glycosylated and unglycosylated modified
PH20 polypeptides; otherwise, the scope of claims 1 and 18 would be identical.
EX1001, Claims 1 and 18. As discussed above, I understand that the scope of
dependent claims are presumed to be distinct because the scope of a dependent
claim should be narrower than the independent and dependent claims preceding it.
Section VI.A.

74. Accordingly, a POSA would have understood that claim 1 necessarily
encompasses unglycosylated modified PH20 polypeptides—and because the *520
patent states that glycosylation “is required for PH20 hyaluronidase activity,” a
POSA would have understood claim 1 to encompass modified PH20 polypeptides

that lack PH20 hyaluronidase activity.'®

15 Dependent claims 2-35 are likewise consistent with the understanding that
claim 1 does not require hyaluronidase activity. I understand that claims 3-5, 16,
and 31-35 have been disclaimed; however, I have assessed them insofar as they

would have informed the meaning of claim 1 to a POSA and do not interpret them
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75. Reviewing the claims in view of other descriptions in the common
disclosure further supports the understanding that the claims do not require
hyaluronidase activity. EX1001, 115:40-123:22, 251:1-6, 75:58-60, 115:59-62,
116:51-59, 188:21-25, 251:1-256:67, Tables 5 and 10. For example, the
specification explicitly explains that some modified PH20 polypeptides are
inactive. In particular, the specification defines inactive mutants as modified PH20
polypeptides:

Inactive Mutants: Provided herein are modified PH20 polypeptides that
contain one or more amino acid replacements in a PH20 polypeptide
and that are inactive, whereby the polypeptides do not exhibit
hyaluronidase activity or exhibit low or diminished hyaluronidase
activity...The modified PH20 polypeptides provided herein that are
inactive generally exhibit less than 20%, such as less than 10%, of the
hyaluronidase activity of a wildtype or reference PH20 polypeptide,
such as the polypeptide set forth in SEQ ID NO: 3 or 7....exhibit less

as suggesting that claim 1 requires hyaluronidase activity. For example, I do not
interpret the term “increased” to support the notion that claim 1 requires
hyaluronidase activity because this term relates to the activity of the modified
PH20 polypeptides of claims 3-4 relative to the hyaluronidase activity of the
polypeptide set forth in SEQ ID NO: 3, an unmodified PH20 polypeptide. EX1001,

Claims 3-4.
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than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, ... 0.05% or less of the
hyaluronidase activity....

EX1001, 115:40-123:22 (emphasis added). Numerous additional descriptions in
the specification describe that modified PH20 polypeptides can be inactive.
EX1001, 251:1-6 (emphasis added) (“The other mutants that exhibited less than
[20%] hyaluronidase activity of wildtype PH-20, in at least one of the duplicates,
were rescreened to confirm that the dead mutants are inactive”); EX1001, 75:58-60
(emphasis added) (“Also provided are modified PH20 polypeptides that are
inactive, and that can be used, for example, as antigens in contraception
vaccines”); EX1001, 115:59-62 (emphasis added) (“For example, provided herein
are PH20 polypeptides that are inactive and that are modified, for example by
amino acid replacement or substitution, compared to a wildtype or reference PH20
polypeptide”); EX1001, 116:51-59 (emphasis added) (“The amino acid
replacement(s) can be at the corresponding position in a PH20 polypeptide as set
forth in any of SEQ ID NOs: ... 3, 6-66 ... or a variant thereof having at least ...
91% or more sequence identity thereto, so long as the resulting modified PH20
polypeptide is inactive.”); EX1001, 188:21-25 (emphasis added) (“the modified
PH20 polypeptides can be inactive enzymes”); EX1001, 251:1-256:67 (describing
a modified assay that is intended to specifically detect inactive mutants); EX1001,
Table 5 (providing replacements identified as corresponding to inactive mutants);

EX1001, Table 10 (providing numerous examples of inactive mutants).
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76. The specification also states that “/i/ncluded among the modified PH20
polypeptides provided herein are PH20 polypeptide that are active mutants....”
EX1001, 75:49-54 (emphasis added). Because the specification states that active
mutants are “included among” the “the modified PH20 polypeptides provided
herein,” the specification clearly contemplates that the modified PH20
polypeptides are not limited to active mutants even beyond the explicit descriptions
of inactive mutants referenced above. EX1001, 75:49-54.

77. I note that the specification states that a modified PH20 polypeptide can
have “150 amino acid replacements, so long as the resulting modified PH20
polypeptide exhibits hyaluronidase activity”; however, this description is not part
of the express definition of “modified PH20 polypeptide”; therefore a POSA would
not have interpreted this statement to mean that the term “modified PH20
polypeptide” requires hyaluronidase activity. EX1001, 48:38-53.

78. A POSA would also have understood that this statement merely
describes an upper limit for the number of modifications possibly allowing a
modified PH20 polypeptide to exhibit enzymatic activity. EX1001, 48:38-53.

79. And moreover, a POSA would have understood that the claims do not
encompass a modified PH20 polypeptide having 150 amino acid replacements
because a modified PH20 polypeptide having 150 amino acid replacements would

exhibit a lower percent identity than the “at least 91%"” structural identity required
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by the claims. EX1001, 48:38-53 and Claims 1-2, 6-15, and 17-30; EX2006. SEQ
ID No. 3, for example, contains 447 amino acids. EX2006. If 150 amino acid
replacements were made to SEQ ID NO. 3, the resulting polypeptide would have
only ~66% structural identity to SEQ ID NO. 3. EX2006. Likewise, the shortest
amino acid sequence of SEQ ID Nos. 32-66—SEQ ID No. 32, has 430 amino acid
residues; and the longest amino acid sequence of SEQ ID Nos. 32-66—SEQ ID
No. 66, has 465 amino acid residues. EX2006. If 150 amino acid replacements
were made to SEQ ID Nos. 32 and 66, the resulting polypeptides would have only
~65% and ~68% structural identity to SEQ ID Nos. 32 and 66, respectively.!® In
any event, a 150 amino acid replacement would result in significantly less that the
“at least 91%” structural identity required by the claims. EX1001, 48:38-53,
Claims 1-2, 6-15, and 17-30; EX2006.

80. In view of the above, therefore, the specification clearly does not restrict
“modified PH20 polypeptide” to active enzymes nor contradict nor modify the
specification’s explicit definition of modified PH20 polypeptide.

81. Finally, I reviewed the prosecution history for the *520 patent

16 These values were calculated as follows: [(total amino acid residues—
150)/total amino acid residues]*100, i.e.: [(447-150)/447]1*100 = 66; [(430—

150)/4301*100 = 65; [(465-150)/465]*100 = 68.
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(EX1002), but I did not find in it any discussion that contradicts or modifies the
specification’s explicit definition of modified PH20 polypeptide.

82. In sum, a POSA interpreting “modified PH20 polypeptide” according to
the express definition in view of the specification and prosecution history would
have understood that “modified PH20 polypeptide” simply means “a PH20
polypeptide that contains at least one amino acid modification, such as at least one
amino acid replacement as described [in the patent], in its sequence of amino acids
compared to a reference unmodified PH20 polypeptide.” In other words, “modified
PH20 polypeptide” is a purely structural term (defined by an amino acid sequence)
that does not require hyaluronidase activity (i.e., a particular function).

B. A POSA Would Not Have Interpreted Claims 1-2, 6-15, and 17-30

as Being Limited to Enzymatically Active Mutant PH20
Polypeptides

83. As discussed, a POSA would not have interpreted “modified PH20
polypeptide” to require any hyaluronidase activity. Section VII.A. Rather, as
discussed, a POSA would have understood that “modified PH20 polypeptide” is a
purely structural term defined by an amino acid sequence. Section VILA.

84. Furthermore, because nothing in the remainder of the claims,
specification, or prosecution history would have otherwise indicated to a POSA
that the claims should be limited to modified PH20 polypeptides having

hyaluronidase activity, e.g., “active mutants,” a POSA would not have interpreted
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Claims 1-2, 6-15, and 17-30 as requiring hyaluronidase activity.

85. Dr. Hecht acknowledges that the *520 patent contemplates both active
and inactive mutants. EX1003, III.A, 998. Nevertheless, he argues that the claims
would be understood to concern active mutant PH20 modified polypeptides.
EX1003, IV.B. Dr. Hecht provides two primary reasons for this assertion—(1) that
“a skilled artisan reading the common disclosure would have understood it to be
describing two, mutually exclusive types of modified PH20 polypeptides: (i) active
mutants are those with significant levels of hyaluronidase activity (i.e., above 40%
of the activity of unmodified PH20), and (i1) inactive mutants, which do not exhibit
significant hyaluronidase activity (i.e., less than 20% of the activity of the
unmodified PH20),” EX1003, §107—and (2) that “[t]he brief suggestion in the
common disclosure about possibly using inactive mutant forms of PH20 as the
immunogen of a contraceptive vaccine does not seem credible....” EX1003, §112.

86. First, a POSA would not have understood the claims to encompass only
“active mutants.” As Dr. Hecht acknowledges, both active and inactive mutants are
contemplated in the specification. EX1003, III.A, 998. Dr. Hecht argues that “the
common disclosure identifies each of these substitutions [i.e., each of E324D,
E324N, or E324R] as causing PH20:.447 to exhibit increased hyaluronidase
activity.” EX1003, 99126-128. However, a POSA interpreting claim 1 in view of

the other dependent claims (together with the specification and prosecution
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history) would have found further support indicating that the term “modified PH20
polypeptide” still does not require hyaluronidase activity. Dependent claims 17-18,
for example, specify further modifications to the modified PH20 polypeptide of
claim 1, including glycosylation. EX1001, Claims 17-18. Claim 18 recites, “The
modified PH20 polypeptide of claim 17, wherein the post-translational
modification is glycosylation.” EX1001, Claim 18 (emphasis added). EX1001,
Claim 18. Dr. Hecht states, “PH20 enzymes must be glycosylated to exhibit their
catalytic activity.” EX1003, 9197. And the common disclosure also states that
glycosylation “is required for PH20 hyaluronidase activity.” EX1001, 70:67-71:4.
Therefore, a POSA would have understood that claim 1 encompasses both active
and inactive mutants. Moreover, the term “active” is a functional term not found in
the claims; the claimed modified PH20 polypeptides are not defined by any
function. EX1001, Claims 1-2, 6-15, and 17-30; EX1003, 4107. And Dr. Hecht
does not identify any claim term appearing in any of claims 1-2, 6-15, or 17-30 that
imposes a requirement for hyaluronidase activity.

87. Additionally, Dr. Hecht argues that the statement in the specification that
modifications “can be in any PH20 polypeptide ... so long as the modified form
exhibits hyaluronidase activity” suggests that the claimed modified PH20
polypeptides are limited to “active mutant[s]”; however, the specification only

explains that modifications can be made to create active modified PH20
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polypeptides, not that all claimed modified PH20 polypeptides must have
hyaluronidase activity. EX1003, 49128-129. Furthermore, the specification is not
limited to two, mutually exclusive groups of mutants defined by either (1) above
40% or (i1) less than 20% activity. Table 9 of the specification, for example,
provides 536 modified PH20 polypeptides that exhibit 120% or greater
hyaluronidase activity of wild-type PH20, approximately 75 mutants that exhibited
300% or greater activity than wild-type, and 192 polypeptides that exhibit between
20-40% activity. EX1001, Table 9. Therefore, the claimed modified PH20
polypeptides are not limited to polypeptides falling into the two categories

Dr. Hecht delineated in paragraph 98 of his declaration. EX1001, Table 9.

88. Second, as will be discussed further in Section IX below, the
specification contemplates a credible (i.e., valid) contraceptive utility for the
modified PH20 polypeptides, and the specification does not distinguish between
using active or inactive mutants for this contraceptive utility. Section IX. In
particular, and as will be discussed further in Section IX below, the prior art cited
by the specification, Primakoff 1988 and Tung 1997, reported that PH20
polypeptides are successful as contraceptives in guinea pigs. Section IX. The
specification expressly states that “modified PH20 polypeptides provided herein
can be used as vaccines in contraceptive applications,” without delineating

between inactive or active mutants. EX1001, 188:8-10. In other words, a POSA
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would have understood that both inactive and active mutants could have been used
for contraceptives.

89. Thus, altogether, a POSA would not have interpreted Claims 1-2, 6-15,
and 17-30 as being limited to active mutant PH20 polypeptides.

VIII. THE COMMON DISCLOSURE PROVIDES ADEQUATE WRITTEN
DESCRIPTION SUPPORT FOR THE CLAIMED INVENTION

90. As explained in my analysis below, the claims are adequately described
by the ample written description provided in the common disclosure. I provided a
discussion of the legal principles relating to written description above in Section
VI.B., and my analysis below follows those legal principles.

A. A POSA Would Have Recognized That the Claimed Modified

PH20 Polypeptides All Include Common Structural Features,
Which Are Defined by Amino Acid Sequence Identity

91. First, as discussed, claims 1-2, 6-15, and 17-30 do not require
hyaluronidase activity. Section VII. Rather, the scope of the claims is defined by
specific structural features of the modified PH20 polypeptides. Section VII.
Because Dr. Hecht assumes that the claims require hyaluronidase activity, he
overlooks how the claims’ structural features clearly define the scope of the claims
in a manner that would have allowed a POSA to have visualized or recognized all
members of the structurally defined genus of modified PH20 polypeptides.

92. Specifically, the scope of the claimed modified PH20 polypeptides is

defined by the following common features: (1) that the modified PH20 polypeptide
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of claim 1 shares “at least 91%” of the structure of the disclosed sequences (SEQ
ID NO: 3, 7 and 32-66), implicitly limiting any amino acid sequence variation to
9%, and (i1) that the modified PH20 polypeptide of claim 1 contains an amino acid
modification (selected from A, D, H, M, N, R, and S) at position 324 (with
reference to amino acid positions set forth in SEQ ID NO: 3). EX1001, Claim 1.

93. Even Dr. Hecht and Dr. Park use these structural features to define the
scope of the genus. EX1003, 49120, 122; EX1004, 99180-184, App’x F. Dr. Park,
for example, determines the number of distinct polypeptides encompassed by the
claims by using “91% sequence identity” to “human PH20 proteins having varying
lengths of C-terminal truncations” and “one substitution at a defined position to
either one or one of seven alternative amino acids.” EX1004, §180.

94. Moreover, the sequences for SEQ ID NO: 3, 7 and 32-66, which are
provided in the sequence listing, are incorporated by reference (i.e., included) in
their entirety in the 520 patent. EX1001, 4:4-12. Thus, the common disclosure
fully describes the complete structure (i.e., amino acid sequence) of SEQ ID NO:
3, 7 and 32-66 because a POSA could have readily visualized SEQ ID NO: 3, 7
and 32-66 by simply reviewing their corresponding amino acid sequences in the
sequence listing. EX1001, 4:4-12.

95. SEQ ID NO: 3, 7 and 32-66 correspond to a series of C-terminal-

truncations of unmodified PH20. EX1001, 12:62-67, 30:45-51. As such, these
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sequences are highly similar and only differ by single amino acid residue
truncations with respect to the most similar length sequence(s). For example, SEQ
ID No. 66 is the longest sequence, and SEQ ID. No. 65 is only one amino acid
residue shorter than SEQ ID. No. 66. At the other end of the spectrum, SEQ ID No.
32 is the shortest sequence, and SEQ ID. No. 33 is only one amino acid residue

longer than SEQ ID NO. 32 at its C-terminus, as illustrated in Figure A below:
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Figure A. Sequence alignment I prepared aligning the C-terminal portions of SEQ
ID NO: 3, 7 and 32-66 and showing that each sequence differs by only a single
amino acid residue at the C-terminus, with respect to the most similar length
sequence(s). An enlarged copy of this Figure is provided as Appendix A.

96. Furthermore, a POSA could have readily visualized or recognized the

claimed polypeptides that include sequences having at least 91% identity to SEQ
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ID NO: 3, 7 and 32-66, and including the claimed modification at position 324 (A,
D, H, M, N, R or S), using the disclosure in the common disclosure and existing
knowledge in the field. EX1001, 58:57-61:7. The *520 patent explains that
sequence identity can be determined by aligning sequences to identify identical
residues using either: a global alignment, where the full-length of two sequences is
compared by aligning them from beginning to end, EX1001, 58:57-61:7; or by a
local alignment, where two sequences are aligned where they share amino acid
similarity or identity, EX1001, 58:57-61:7. The *520 patent further explains that
these alignments can be readily performed using “standard alignment algorithm
programs,” EX1001, 58:57-61:7—although, for “such high levels of identity” (i.e.,
of “above about 85-90%), “the result ... can be assessed readily, often without
relying on software,” EX1001, 61:1-5. Nonetheless, a POSA would have
understood that such algorithms could be run on a computer to accelerate the
process, and the *520 patent describes multiple exemplary algorithms that a POSA
would have had knowledge of as of December 28, 2012, along with multiple
exemplary publicly available programs for performing the alignments, such as

BLAST."” EX1001, 58:57-61:7; EX1004, 924.

17 Dr. Park acknowledges that a POSA also would have been able to perform

a sequence alignment with CLUSTAL-Omega. EX1004, 924.
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97. Thus, a POSA as of December 28, 2012, equipped with the common
disclosure, would have been able to readily visualize sequences having at least
91% identity to SEQ ID NO: 3, 7 and 32-66 because they could have considered
every permutation of each of the recited sequences in an entirely predictable
manner. Claim 1. Likewise, a POSA as of December 28, 2012 would have been
able to align these at least 91% identity sequences with SEQ ID No. 3 and then
visualize replacing the amino acid corresponding to position 324 of SEQ ID No. 3
with A, D, H, M, N, R or S in an entirely predictable manner. EX1001, 58:57-61:7.

98. Moreover, the scientific and technical knowledge regarding performing
sequence alignments was matured and well developed as of December 28, 2012.
EX1001, 58:57-61:7. The art cited in the 520 patent regarding suitable algorithms
for performing alignments includes art dating back to the 1970s, for example.
EX1001, 58:57-61:7.1

99. In addition to the above, I further disagree with Dr. Hecht’s opinion
regarding the sufficiency of the description of the structural features common to all

members of the claimed genus because his analysis is undergirded by his general

18 “Exemplary algorithms for performing global alignment include the
Needleman-Wunsch algorithm (Needleman et al. J. Mol. Biol. 48: 443 (1970).”

EX1001, 58:57-61:7.
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misunderstanding that the claims require hyaluronidase activity. As I explained in
Section VII above, the claims do not require any hyaluronidase activity. Dr. Hecht
argues, however, that “[m]ore importantly, there are no ‘double’ or ‘triple’ (or
more) mutants that combined sets of single mutations classified as causing both
‘active[’] mutants’ and ‘inactive’ mutants or were within particular regions of the
PH?20 sequence”—and that the 520 patent “does not, for example, suggest that
incorporating one of the specific single substitutions that caused that PH201.447
mutant to exhibit increased activity will cause a similar increase in the activity of
any other PH20 polypeptide that contains additional substitutions, regardless of
their number, location or identity.” EX1003, 9131, 140 (emphasis added). But a
POSA would have understood that the claims do not require hyaluronidase
activity, so Dr. Hecht’s views are founded on an assumption that a POSA would
not have made. Dr. Hecht also argues that “[t]here are no observations from the
experimental results on any specific secondary structures or structural motifs
within the PH20 protein that were influenced (positively or negatively) by
individual mutations”—and that “[t]here also 1s no guidance regarding additional
mutations that could be made to further enhance or alter the characteristics of these
mutants.” EX1003, 9139 (emphasis added). Again, the claims do not require
hyaluronidase activity—therefore, none of Dr. Hecht’s above statements supports a

conclusion that a POSA would not have been able to visualize or recognize all
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members of the claimed genus based on the common structural features (defined
by amino acid sequence identity and a specific mutation at residue 324) provided
in the common disclosure.

100. Altogether, in view of the above, a POSA would have recognized that
the claimed modified PH20 polypeptides all include common structural features,
defined by amino acid sequence identity and a specific mutation at residue 324,
such that a POSA would have been readily able to visualize or recognize all
members of the claimed genus of modified PH20 polypeptides.

B. A POSA Would Have Recognized That the Claimed Modified

PH20 Polypeptides Are Represented by a Representative Number
of Species Falling within the Scope of the Structural Genus

101. As explained above, a POSA would have been readily able to visualize
or recognize all members of the claimed genus of modified PH20 polypeptides
based on the structural features common to all members of the structurally defined
genus of modified PH20 polypeptides.

102. Nonetheless, the common disclosure also adequately describes the
claimed genus of modified PH20 polypeptides because it provides an ample
description of a representative number of species falling within the scope of the
claimed genus of modified PH20 polypeptides.

103. Dr. Hecht argues that the species exemplified throughout the common

disclosure are not sufficiently representative of the claimed modified PH20
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polypeptides. EX1003, 99103, 159. However, Dr. Hecht notes that the common
disclosure provides a library of “6,753” PH20 mutants—which a POSA would
have recognized as a significant number of exemplified species. EX1003, 44103,
159. And the common disclosure explains that each modified PH20 polypeptide
within this ~6,800 mutant library contains “a single amino acid mutation compared
to ... residues 1-447 of SEQ ID NO:3....” EX1001, 194:51-55. Additionally, of the
tested mutants, over 600 exhibited activity. EX1001, 228:25-30.

104. Dr. Hecht further argues that the ~6,800 working examples are not
representative of the “incredible diversity” of the claimed modified PH20
polypeptides. EX1003, 9143. However, the diversity of the claims is significantly
limited to at least 91% sequence identity; therefore, a POSA would have
understood that the claims encompass a very homogeneous group of modified
PH20 polypeptides. Indeed, Dr. Park—whom Dr. Hecht relies upon for his
analysis—states that bee venom hyaluronidase and human PH20 are “highly
homologous™ despite only “sharing about 30% sequence identity.” EX1004,

940, 163. The claimed modified PH20 polypeptides require more than three times
that sequence identity.

105. Dr. Hecht also states that the claims are not adequately described
because “the sequence identity language in the claims captures the six modified

PH20 polypeptides with two or three specific combinations of substitutions that the
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common disclosure says to not make.” EX1003, 163. I disagree with Dr. Hecht.

106. While the common disclosure discloses six select combinations that
should not be made, as I will explain, these six select combinations fall outside the
scope of the claimed modified PH20 polypeptides. EX1001, 77:56-59.

107. The common disclosure explains that P13A/L464W, N47A/N131A,
N47A/N219A, N131A/N219A, and N333A/N358A should not be made if the
modified PH20 polypeptide contains only two amino acid replacements. EX1001,
77:56-59. The common disclosure subsequently states that, “[f]or purposes herein,
reference to positions and amino acids for modification herein, including amino
acid replacement or replacements, are with reference to the PH20 polypeptide set
forth in SEQ ID NO:3.” EX1001, 77:61-64. Because none of P13A/L464W,
N47A/N131A, N4TA/N219A, N131A/N219A, and N333A/N358A include any
modification at position 324, and the claims specifically require a modification at
position 324, these combinations fall outside the scope of the claims.

108. Likewise, the common disclosure explains that N47A/N131A/N219A
should not be made if the modified PH20 polypeptide contains only three amino
acid replacements. EX1001, 77:56-59. Therefore, because this combination also
does not include any modification at position 324 (as required by the claims), this
combination also falls outside the scope of the claims.

109. Accordingly, a POSA would have recognized that these six select
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combinations were never encompassed by the claims. Dr. Hecht overlooks this
fact.

110. Dr. Hecht also argues that PH20 with multiple substitutions are not
adequately described in the common disclosure. EX1003, q141. However, Dr.
Hecht (and Dr. Park) overlook descriptions of modified PH20 polypeptides
containing multiple amino acid modifications that are encompassed by the claims
throughout the common disclosure.

111. For example, the common disclosure describes that ““...any of such
modified PH20 polypeptides contain a single amino acid modification, such as a
replacement, and combinations of modifications....” EX1001, 18:43-49 (emphasis
added); e.g., EX1001, 48:46-50 (“Typically, a modified PH20 polypeptide
contains, 1, 2, 3, 4, 5, 6, 7,...amino acid replacements.”); and EX1001, 75:61-65
(emphasis added) (““The modifications can be a single amino acid modification,
such as single amino acid replacements (substitutions), insertions or deletions, or
multiple amino acid modifications, such as multiple amino acid replacements,
insertions or deletions. Exemplary modifications are amino acid replacements,
including single or multiple amino acid replacements.”)

112. The common disclosure also describes multiply modified polypeptides
containing at least one modification at the claimed position 324. E.g., EX1001,

14:24-17:64 (emphasis added) (“[e]xemplary modifications include at least one
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amino acid replacement selected from among replacement with:... R at a position
corresponding to position 324....and/or with Q at a position corresponding to
position 447, with reference to amino acid positions set forth in SEQ ID NO: 3.”);
e.g., EX1001, 85:60-87:8 (emphasis added) (“In particular examples, provided
herein is a modified PH20 polypeptide containing an amino acid replacement or
replacements at a position or positions corresponding to....324...with reference to
amino acid positions set forth in SEQ ID NO: 3.”); and EX1001, 97:64-98:10
(emphasis added) (“For example, the modified PH20 polypeptides provided herein
contain an amino acid replacement (substitution) at one or more amino acid
positions corresponding to positions....324...with reference to amino acid
positions set forth in SEQ ID NO: 3.”); and EX1001, 97:64-98:10 (emphasis
added) (“In some examples, the modified PH20 polypeptides provided herein
contain one or more amino acid replacement(s) at a position(s) corresponding to
position(s)...324...and/or 326 with reference to positions set forth in SEQ ID NO:
3.”). Thus, a POSA would have understood that the common disclosure describes
modified PH20 polypeptides containing multiple amino acid substitutions that are
encompassed by the claims.

113. In addition to the above, I further disagree with Dr. Hecht’s opinion
regarding the sufficiency of the number of representative species because his

analysis is undergirded by his general misunderstanding that the claims require
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hyaluronidase activity. As I explained above, claims 2, 6-15, and 17-30 do not
require any hyaluronidase activity. Dr. Hecht argues that the 520 patent contains
“no mutants with a first mutation that led to its classification as an ‘active mutant’
and that then acquired a second mutation.” EX1003, 131. But the claims do not
require hyaluronidase activity. He also argues that “[m]ore importantly, there are
no ‘double’ or ‘triple’ (or more) mutants that combined sets of single mutations
classified as causing both ‘active[’] mutants’ and ‘inactive mutants’ mutants or
were within particular regions of the PH20 sequence”—and “[a] significant
number of the mutants (~12%) made were not characterized, and around 2.7% of
the mutants had activity between 20% and 40%,” EX1003, 49131, 138. But again,
claims 2, 6-15, and 17-30 do not require hyaluronidase activity—therefore, none of
Dr. Hecht’s above statements support a conclusion that a POSA would not have
been able to visualize or recognize all members of the claimed genus of modified
PH20 polypeptides, especially in view of the ~6,800 working examples provided in
the common disclosure.

114. Altogether, considering the significant homogeny of the claimed
modified PH20 polypeptides, the ample description of modified PH20
polypeptides containing multiple amino substitutions, and the ~6,800 working
examples of single-replacement PH20 polypeptides, a POSA would have (i) been

able to visualize or recognize all members of the claimed genus of modified PH20
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polypeptides and (ii) found ample description of a representative number of species
falling within the scope of the structural genus. As such, a POSA would have
found that the common disclosure of the *731 application (i.e., the “common
disclosure”) provides sufficient written description for claims 1-2, 6-15, and 17-30.
IX. THE COMMON DISCLOSURE WOULD HAVE ENABLED A POSA

TO PRACTICE THE FULL SCOPE OF CLAIMS 1-2, 6-15, and 17-30
WITHOUT UNDUE EXPERIMENTATION

A.  Practicing the Claimed Invention Would Not Have Required
Undue Experimentation

115. In Section VI.C., I summarize the legal principles I applied in assessing
whether the common disclosure would have enabled a POSA to practice the full
scope of claims 1-2, 6-15, and 17-30 without undue experimentation as of
December 28, 2012, which is the filing date of the 731 application. As I explain
below, a POSA on December 28, 2012, could have made and used the full scope of
the claimed invention without undue experimentation. First, making the claimed
modified PH20 polypeptides would not have required undue experimentation
because making the claimed modified PH20 polypeptides would have been a
matter of using routine molecular biology and protein biochemistry techniques for
a POSA equipped with the guidance of the common disclosure on December 28,
2012, as discussed in Section IX.A.1 below. Second, using the claimed modified
PH20 polypeptides also would not have required undue experimentation for a

POSA equipped with the guidance of the common disclosure on December 28,
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2012, because the modified PH20 polypeptides have multiple credible uses,
including “therapeutic uses of modified PH20 polypeptides that have the ability to
degrade hyaluronan,” as acknowledged by Dr. Hecht. EX1003, 9108. As provided
in the common disclosure, these therapeutic uses include: “treat[ing] diseases or
disorders associated with accumulation of HA'®” and “increas[ing] the dispersion
and delivery of therapeutic agents” by “increas[ing] tissue permeability.” EX1001,
4:30-50. Furthermore, the modified PH20 polypeptides also have a credible use as
contraceptives, e.g., in experimental animals. These credible uses of the claimed
modified PH20 polypeptides would have been evident to a POSA equipped with
the common disclosure on December 28, 2012, as discussed in Section IX.A.2
below.

1. Making the Claimed Modified PH20 Polypeptides Would
Not Have Required Undue Experimentation.

116. As discussed in Section VI.C., I understand that whether some
experimentation is necessary does not necessarily make such experimentation
undue, and that even a considerable amount of experimentation is not undue if it is
merely routine. Also as discussed in Section VI.C., I understand that whether

experimentation would have been undue is determined by considering and

19 HA is an abbreviation for hyaluronan. EX1001, 4:23.
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weighing the factors mentioned in Section VI.C, §56.%° Furthermore as discussed
in Section VI.C., I understand that enablement is assessed in view of the
knowledge provided by the patent specification itself.*! As I will explain below in
view of these considerations, on December 28, 2012, making the claimed modified
PH20 polypeptides in light of the guidance provided in the common disclosure
would have been routine.

117. First, regarding the nature of the invention, the nature of the invention
is a modified PH20 polypeptide. Although, as discussed in Section X below, the
prior art does not disclose or suggest making the particular modified PH20
polypeptides recited in the claims, a POSA would not have considered the nature
of the invention to necessitate undue experimentation as of December 2012,

because using recombinant protein expression to make modified polypeptides was

20j.e., (1) the breadth of the claims; (2) the nature of the invention; (3) the
state of the prior art; (4) the level of one of ordinary skill; (5) the level of
predictability in the art; (6) the amount of direction provided by the inventor; (7) the
existence of working examples; and (8) the quantity of experimentation needed to
make or use the invention based on the content of the disclosure.

21 T understand that enablement is also assessed in view of what was already

known in the art as of December 28, 2012.
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commonplace as of December 2012 (as discussed below). In other words, the state
of the prior art regarding making modified polypeptides generally was well
established as of December 2012.

118. Nonetheless, Dr. Hecht argues that “[m]aking and identifying all of the
multiply-modified PH20 polypeptides that are within the immense set of
polypeptides ... defined by the claims' sequence identity parameters is not only
undue experimentation, it likely is impossible.” EX1003, q170. However, in view
of the state of the prior art and the guidance provided in the common disclosure
(e.g., molecular biology methods and sequence information), making the claimed
modified PH20 polypeptides would have required nothing more than routine
molecular biology and protein biochemistry techniques. EX1001, 142:59-67. The
common disclosure explicitly states that “[t]he modifications provided herein can
be made by standard recombinant DNA techniques such as are routine to one of
skill in the art,” and states:

Polypeptides of a modified PH20 polypeptide set forth herein can be
obtained by methods well known in the art for protein purification and
recombinant protein expression. Polypeptides also can be synthesized
chemically. Modified or variant, including truncated, forms can be
engineered from a wildtype polypeptide using standard recombinant
DNA methods. For example, modified PH20 polypeptides can be
engineered from a wildtype polypeptide, such as by site-directed

mutagenesis.
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EX1001, 135:30-39, 137:35-37 (emphasis added). The inventors of the 520 patent
further describe these routine molecular biology and protein biochemistry
techniques in detail. EX1001, 135:40-137:32 (“Isolation or Preparation of Nucleic
Acids Encoding PH20 Polypeptides™), 137:33-42 (“Generation of Mutant or
Modified Nucleic Acid and Encoding Polypeptides™), 137:42-140:63 (“Vectors
and Cells”), 140:64-144:58 (“Expression” in various cell types and organisms,
including: prokaryotic, yeast, insect, mammalian, and plant cells; and plants and
insects themselves), 144:59-149:53 (“Purification”).

119. Thus, the common disclosure describes an overarching routine
molecular biology and protein biochemistry method that can be used to produce
the claimed modified PH20 polypeptides: recombinant protein expression (in
various cells, insects, or plants). The first recombinant protein was produced in a
bacterial cell in 1977%2, and biotech companies have been using recombinant

protein expression to produce recombinant proteins commercially since 1982%;

22 EX2007, p. 1.

23 EX2008, p. 1 (“In 1982 Food and Drug Administration approved Humulin,
Eli Lily’s recombinant insulin made from Genentech’s specially modified bacteria.
It was the first drug produced through recombinant DNA technology and among the

first genetically engineered products to be available to consumers.”). On February
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therefore, recombinant protein expression was well-established as of December
2012. Recombinant protein expression is a straightforward method involving, e.g.:
isolating DNA from a source; inserting the DNA into an expression vector; and
inserting the expression vector into a cell, insect, or plant. EX1001, 135:28-149:53.
After the expression vector is inserted into the chosen cell, insect, or plant—the
cell, insect, or plant will produce the protein of interest, which, as stated in the
common disclosure, can then be purified according to standard protein purification
methods: “Proteins, such as modified PH20 polypeptides, can be purified using
standard protein purification techniques known in the art.” EX1001, 135:40-
145:20. Given the guidance in the common disclosure, these techniques would
have been routinely and predictably employed by—and well within the level of
ordinary skill of—a POSA as of December 2012.

120. The common disclosure also provides all the sequences (i.e., SEQ ID

27, 2025, I retrieved EX2008 online from a Smithsonian Institution (The National
Museum of American History, Behring Center) and generated a PDF from the online
webpage. EX2008 is true and accurate to the best of my knowledge. I consider
EX2008 to be a reliable source of information containing the type of information
upon which an expert in the field would typically rely. Accordingly, I rely on

EX2008 here.
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NO: 3, 7 and 32-66) that a POSA would have needed to make the claimed
modified PH20 polypeptides using these routine molecular biology and protein
biochemistry techniques. EX1001, 4:8-12, 75:20-36; EX2006.

121. Furthermore, the inventors of the *520 patent provide additional
detailed guidance on making the modified PH20 polypeptides by way of examples.
In particular, Example 1 provides step-wise guidance regarding how to make
recombinant human PH20 hyaluronidase, which a POSA would have been able to
readily and predictably apply to make the claimed modified PH20 polypeptides, as
of December 2012 in light of the guidance in the common disclosure. EX1011,
195:14-200:41. And Example 2 provides step-wise guidance regarding making a
library of PH20 mutants, which a POSA also would have been able to readily and
predictably apply to make the claimed modified PH20 polypeptides, as of
December 2012, in light of the guidance in the common disclosure. EX1001,
194:6-225:11.

122. In particular, Example 2 explains that a PH20 mutant library can be
made by: (1) cloning (i.e., inserting) DNA encoding human PH20 into an
expression vector, i.e., creating a PH20 template; (i1) mutating the “DNA
encoding human PH20” portion of the expression vector, i.e., “mutagenesis” of the
PH20 template; (iii) transfecting CHO-S cells with the mutated expression vector,

i.e., inserting the expression vector into cells; and (iv) incubating the cells
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overnight in cell culture media, i.e., growing the cells overnight in a growth-
supporting liquid. EX1001, 194:6-225:11. Example 2 explains that the modified
PH20 polypeptides can be collected from the supernatant (i.e., non-cell containing
liquid), and Example 6 explains how these steps can be employed on a large scale.
EX1001, 194:6-225:11, 277:46-279:67.

123. This is a straightforward recombinant protein expression method for a
POSA equipped with the guidance in the common disclosure. And as I explained
in paragraph 119 above, recombinant protein expression is a routine molecular
biology and protein biochemistry method and has been commonplace since at least
the 1980’s. Furthermore, Example 2 provides a detailed description of the
expression vector (i.e., PH20 template), including its complete sequence, which is
included in the sequence listing for the common disclosure. And, Example 2 also
states that the CHO-S cells are transfected according to the protocol from the
manufacturer. Given the guidance in the common disclosure, a POSA would have
been able to predictably apply these established recombinant expression methods
exemplified in the common disclosure.

124. Thus, each of factors (2)-(7)** referenced in Section V.I., weighs in

24 j.e., (1) the breadth of the claims; (2) the nature of the invention; (3) the

state of the prior art; (4) the level of one of ordinary skill; (5) the level of
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favor of concluding that a POSA would have been enabled to make the claimed
modified PH20 polypeptides in light of the guidance provided in the common
disclosure.

125. Indeed, Dr. Hecht states that such methodology was conventional. He
stated: “The *429 Patent also describes conventional methods of producing
enzymatically active PH20;.447 in CHO cells transfected with a bicistronic vector
containing a DNA sequence encoding ... PH20.” EX1003, 4198 (emphasis added).

126. And he further states:

I note that these conventional procedures relating to production of the
wild-type PH201.447 protein that are described in the 429 Patent could
be applied to produce forms of PH20.447 that incorporate a single amino
acid substitution (e.g., the E324D, E324N, or E324R substitutions |
discuss below) with little effort. It involves using the conventional
techniques of creating a modified nucleotide sequence encoding the
PH20:.447 sequence with the single amino acid change, inserting it into
the vector described in the common disclosure, and then using the
vector to transfect a CHO cell, again as is described in the common

disclosure.

EX1003, 9203 (emphasis added).

predictability in the art; (6) the amount of direction provided by the inventor; (7) the
existence of working examples; and (8) the quantity of experimentation needed to

make or use the invention based on the content of the disclosure.
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127. Furthermore, the breadth of the claims, which define the modified
PH20 polypeptides by structure, would have weighed in favor of concluding that
POSA would have been enabled to make the claimed modified PH20 polypeptides
as of December 2012. The claims recite at least 91% identity to sequences that, as
discussed in Section VIII above, are fully disclosed in the common disclosure.
Moreover, SEQ ID NO: 3, 7 and 32-66 merely represent a series of C-terminal
single amino acid truncations, as demonstrated in Figure A in Section VIIL.A
above; therefore, SEQ ID NO: 3, 7 and 32-66 are highly similar. In view of this
factor, therefore, a POSA would have been enabled to make the claimed modified
PH20 polypeptides in light of the guidance provided in the common disclosure
(which includes the sequence listing).

128. Regarding the quantity of experimentation, a POSA would not have
needed to perform undue experimentation as of December 2012 because, as
explained above, a POSA would have been able to make the claimed modified
PH20 polypeptides in light of the guidance provided in the common disclosure and
doing so would have required nothing more than repetition of routine molecular
biology and protein biochemistry techniques, which could be further facilitated by
the large-scale methods exemplified in the common disclosure common disclosure
(as mentioned above). Thus, this factor also weighs in favor of concluding that a

POSA would have been enabled to make the claimed modified PH20 polypeptides.
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129. Dr. Hecht’s analysis focuses on “identify[ing] all of the enzymatically
active multiply-mutated PH20 polypeptides in the scope of the claims.” EX1003,
1189 (emphasis added). As such, Dr. Hecht presumes that a POSA would have
been required to test the modified PH20 polypeptides for enzymatic activity.
EX1003, q189. But, as I explained in Section VII above, the claims do not require
enzymatic activity. EX1003, q189. Therefore, a POSA would have understood that
“identify[ing] all of the enzymatically active multiply-mutated PH20 polypeptides
in the scope of the claims” would not be required to make and use the claimed
modified PH20 polypeptides. EX1003, 9189 (emphasis added).

130. Moreover, I further disagree with Dr. Hecht’s general opinion that
making and using the claimed modified PH20 polypeptides would have required
“undue” experimentation because Dr. Hecht fails to address the fact that the nature
of any experimentation is merely routine; it is, therefore, not undue. EX1003,
19134-135, 169, 185-193. And, as explained in paragraphs 117-123 above, the
techniques required to make modified PH20 polypeptides would have been routine
as of December 2012 for a POSA who was equipped with the guidance of the
common disclosure.

131. In view of the above, and in accordance with the factors provided in
Section VI.C, 956, a POSA would have been able to make the claimed modified

PH20 polypeptides with routine molecular biology and protein biochemistry
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methods that were long-established and well within their skillset when provided
with the guidance in the common disclosure, as of December 2012.

2. Using the Claimed Modified PH20 Polypeptides Would Not
Have Required Undue Experimentation.

132. As discussed in Section VI.C, I understand that assessing whether using
the claimed modified PH20 polypeptides would have been undue is also a matter
of considering and weighing the factors referenced in Section VI.C, §56.%° And as
also discussed in Section VI.C, I understand that evidence of a pharmaceutical
property in any standard experimental animal is sufficient to establish that an
invention is useful (i.e., has utility) in the context of assessing enablement.

133. As explained below, using the claimed modified PH20 polypeptides
would not have required undue experimentation as of December 2012 because the
modified PH20 polypeptides have multiple credible uses, including: “increase[ing]

the dispersion and delivery of therapeutic agents” by “increase[ing] tissue

2 j.e., (1) the breadth of the claims; (2) the nature of the invention; (3) the
state of the prior art; (4) the level of one of ordinary skill; (5) the level of
predictability in the art; (6) the amount of direction provided by the inventor; (7) the
existence of working examples; and (8) the quantity of experimentation needed to

make or use the invention based on the content of the disclosure.
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permeability”; “treat[ing] diseases or disorders associated with accumulation of
HA?Z%”; and “be[ing] used as vaccines in contraceptive applications.” EX1001,
4:21-50 and 188:8-9.

134. And Dr. Hecht does not dispute the “therapeutic uses of modified PH20
polypeptides that have the ability to degrade hyaluronan.?”” EX1003, §108.
Regarding the dispersion and delivery use, the common disclosure states:

[A]ny of the modified PH20 polypeptides provided herein that exhibit
hyaluronidase activity based on its ability to degrade
glycosaminoglycan(s) such as hyaluronan ... can be used as a spreading
factor to increase the delivery and/or bioavailability of subcutaneously

administered therapeutic agents.

26 HA is an abbreviation for hyaluronan. EX1001, 4:23.

27T note also that, although not required by the claims, the specification of the
’520 patent details how to test modified PH20 polypeptides for their ability to
degrade hyaluronan (i.e., for their hyaluronidase activity) and cites multiple known
assays for doing so. EX1001, 132:50-63, 171:7-173:21, 225:11-278:33, Examples
3-5, 281:16-287:56, Examples 8-11, 290:47-293:16, Examples 14-15. And the
specification further explains that such hyaluronidase assays were known in the art
as of 2012. EX1001, 52:13-15 (*“Assays to assess hyaluronidase activity are known

to one of skill in the art and described herein.”).
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EX1001, 174:41-47. Regarding the use relating to the treatment of diseases
associated with accumulation of HA, the common disclosure states:

The modified PH20 polypeptides also can be used to treat a hyaluronan-
disease or disorder that is characterized by an excess or accumulation
of hyaluronan. For example, modified PH20 polypeptides provided
herein can be wused to for treating a tumor; for treating
glycosaminoglycan accumulation in the brain; for treating a
cardiovascular disorder; for treating an ophthalmic disorder; for
treating pulmonary disease; for treating cellulite; and/or for treating a
proliferative disorder.
EX1001, 174:57-65.

135. And the common disclosure explains that such uses have been
approved as therapies in humans; the common disclosure states:

[V]arious forms of PH20 hyaluronidases have been prepared and
approved for therapeutic use in humans. For example, animal-derived
hyaluronidase preparations include Vitrase® hyaluronidase (ISTA
Pharmaceuticals), a purified ovine testicular hyaluronidase, and
Amphadase® hyaluronidase (Amphastar Pharmaceuticals), a bovine
testicular hyaluronidase. Hylenex® hyaluronidase (Halozyme
Therapeutics) is a human recombinant hyaluronidase produced by
genetically engineered Chinese Hamster Ovary (CHO) cells containing
nucleic acid encoding for soluble rHuPH20 (see e.g., U.S. Pat. No.
7,767,429).
EX1001, 175:1-11. Furthermore, the common disclosure explains that

hyaluronidases can be used as cosmetic agents; the common disclosure states that
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“[H]yaluronidase also can promote akinesia in cosmetic surgery, such as
blepharoplasties and face lifts.” EX1001, 175:25-27.

136. Moreover, the common disclosure cites multiple combination therapies
using PH20, which a POSA would have understood could have been applied to the
claimed modified PH20 polypeptides in view of the guidance in the common
disclosure. EX1001, 176:25-35.

137. And the claimed modified PH20 polypeptides also have a credible
contraceptive use, e.g., in experimental animals, as will be explained in further
detail below.

138. Although Dr. Hecht questions the utility of the enzymatically inactive
modified PH20 polypeptides, even the references he cites establish that PH20 was
100% effective as a contraceptive in guinea pigs.*® EX1003, 9109; EX1023,
Abstract; EX2010, 1, Abstract.

139. Dr. Hecht does not dispute these findings in guinea pigs studies. And,
as I explained in Section V above, a POSA or at least a member of their team,
would have had experience working with hyaluronidases. And I note again that Dr.

Hecht, according to his curriculum vitae and Background and Qualifications, has

28 “Here, we report that 100% effective contraception was obtained in male

and female guinea pigs immunized with PH-20.” EX2010, p. 1, Abstract.
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no experience with hyaluronidases—nor with PH20 or contraceptives.”’ EX1003,
991-9 and Appendix B.
a. The Common Disclosure, in Light of the Prior Art,

Would Have Indicated That the Claimed Modified
PH20 Polypeptides Are Useful as Contraceptives.

140. The common disclosure clearly states that the claimed modified PH20
polypeptides are useful as “antigens in contraception vaccines” and does not limit
this utility to active or inactive modified PH20 polypeptides. EX1001, 75:58-60,
194:54-195:6. The common disclosure explicitly states that the “[m]odified PH20
polypeptides provided herein can be used as vaccines in contraceptive
applications” and that “[t]he polypeptides can be administered directly or can be
administered as a recombinant virus to deliver the antigen.” EX1001, 188:6-27.
Moreover, the prior art states that it would “clearly be advantageous to use a
[modified PH20] polypeptide for immunization that is devoid of enzymatic
activity.” EX1011, 814. Thus a POSA would not have presumed the modified
PH20 polypeptides would have needed to have been enzymatically active to have a
contraceptive effect. EX1001, 75:58-60, 194:54-195:6; EX1011, 814. The common

disclosure also explains the correlation between PH20 and contraceptives; the

2 T note also that Dr. Hecht’s declaration does not mention consulting with

anyone having practical experience with hyaluronidases. EX1003.
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common disclosure states that “PH20 is present in the male reproductive tract, and
is expressed in both the testis and epididymis and is present in sperm,” and was
known to “play[] a role in fertilization by facilitating entry of the sperm through
the cumulus layer surrounding the unfertilized egg.” EX1001, 188:8-15. And the
common disclosure states: “PH20 plays a role in fertilization by facilitating entry
of the sperm through the cumulus layer surrounding the unfertilized egg. PH20
also is able to bind to hyaluronic acid (HA) on the zona pellucida during early
phases of fertilization. This binding also initiates intracellular signaling that aids in
the acrosome reaction. Immunization with PH20 has been shown to be an effective
contraceptive in male guinea pigs.” EX1001, 188:14-19.

141. The common disclosure further explains this correlation between PH20
and contraception in detail. EX1001, 72:48-73:51. In particular, the common
disclosure states that:

PH20 is normally expressed in sperm from a single testis-specific gene.
PH20 is a sperm-associated protein involved in fertilization. PH20 is
normally localized on the sperm surface, and in the lysosome-derived
acrosome, where it is bound to the inner acrosomal membrane. PH20 is
multifunctional and exhibits hyaluronidase activity, hyaluronan (HA)-
mediated cell-signaling activity, and acts as a sperm receptor for the
zona pellucida surrounding the oocyte when present on acrosome
reacted (AR) sperm.
EX1001, 72:48-73:51 (emphasis added). The common disclosure also states that:
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In addition to being a hyaluronidase, PH20 also appears to be a
receptor for HA-induced cell signaling, and a receptor for the zona
pellucida surrounding the oocyte. Due to the role of PH20 in
fertilization, PH20 can be used as an antigen for immuno-
contraception.

EX1001, 72:48-73:51 (emphasis added).

142. Furthermore, the common disclosure cites two credible, peer-reviewed
scientific journal articles, neither of which Dr. Hecht substantively addresses or
includes in his Exhibit List: Primakoff 1988 (EX2008) and Tung 1997 (EX1023),
which teach that PH20 is an effective contraceptive in guinea pigs. EX1001,
188:18-23; EX1003, 4109, pp. 146-147. Citing to Primakoff 1988 and Tung 1997,
the common disclosure states that “[iJmmunization with PH20 has been shown to
be an effective contraceptive in male guinea pigs” and that PH20 is “an effective
contraceptive in female guinea pigs due to the generation of anti-PH20 antibodies
that prevent sperm and egg binding.” EX1001, 188:18-23.

143. Primakoff 1988 specifically found “100% effective contraception was
obtained in male and female guinea pigs immunized with PH-20”—and that the
“contraceptive effect was long-lasting and reversible.” EX2010, Abstract
(emphasis added). Notably, Primakoff 1988 was published in Nature—which is
generally regarded as one of the world’s most prestigious, peer-reviewed, scientific

journals; only ~8% of manuscripts submitted to Nature are deemed worthy of
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publication.® And the studies in Primakoff 1988 were further validated nine years
later by Primakoff 1997, which reported: “The results show that immunization of
males with PH-20, even at low doses, results in a reproducible, completely
effective contraceptive action.” EX1022, 1142 (emphasis added). Tung 1997
reported similar results to Primakoff 1997, reporting:

Most males that became infertile after PH-20 immunization (and all that
received a total dose > 5 pg) showed either a complete loss of sperm
from the caudae epididymides or the presence of only abnormal sperm

in the caudae.

EX1023, 1138 (emphasis added).

144. Dr. Hecht acknowledges that the common disclosure describes the
contraceptive utility of PH20 and cites to both Primakoff 1988 (EX2010) and Tung
1997 (EX1023) as demonstrating that PH20 is an effective contraceptive in guinea
pig. Yet, he states that the claimed modified PH20 polypeptides have no utility as
contraceptive vaccines because of subsequent studies conducted in other—non-
guinea pig—animals. Specifically, he points to subsequent publications reporting
efforts to immunize rats or mice with PH20. EX1003, 99110-113. However, those
studies relating to rats and mice are not determinative of their effects in guinea pigs

and do not undermine the use of PH20 as a contraceptive in guinea pigs. EX1019-

30 EX2012, p. 2.
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EX1021.

145. Dr. Hecht also points to “publications reporting on the Auman testing of
Hylenex® (wild-type PH20i.447).” EX1003, 49109-112 (emphasis added). But the
references Dr. Hecht cites regarding the studies in humans were published after
December 2012—specifically, in 2015 and 2018, as he acknowledges—and thus
would not have informed a POSA’s knowledge as of December 28, 2012. EX1003,
qqr11-112.

146. For these reasons, Dr. Hecht simply fails to account for the reproduced
data from the guinea pig experiments. Moreover, as I noted above, Dr. Hecht,
according to his curriculum vitae and Background and Qualifications, has no
practical experience with hyaluronidases, PH20, or contraceptives, whereas a
POSA or a member of the POSA’s multidisciplinary team would have had
practical experience with hyaluronidases. EX1019-EX1021; Section V; EX1003,
191-9, Appendix B. A POSA as of December 2012 would have known that the data
indicated a “strong rationale” for using PH20 for the development of anti-sperm
contraceptive vaccines because, at the time, the data indicated that PH20 was an
“exciting proposition” and a “viable alternative to other modalities of
contraception.” EX2009, 5. Therefore, Dr. Hecht seems to have excluded art that
would have been known to a POSA in his analysis.

147. Notably, none of the publications Dr. Hecht cites (i.e., Hardy 2004,
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Pomering 2002, Baba 2002, Rosengren 2018, and Rosengren 2015) contradicts any

finding in Primakoff 1988, Tung 1997, or Primakoff 1997 regarding the

contraceptive utility of PH20 in guinea pigs. EX1003, q9110-112; EX1019-

EX1021; EX1024; and EX1061. Specifically:

e Hardy 2004 reported studies in mice and acknowledged the “strong

immunocontraceptive effect in guinea pigs.” EX1019, 333 (emphasis
added);

Pomering 2002 reported studies in rabbits and acknowledged that
“[1Jmmunization of both male and female guinea-pigs with the sperm
antigen rPH-20 has been shown to elicit infertility.” EX1020, 175
(emphasis added);

Baba 2002 reported studies in mice and—importantly, identified that
PH20 is not essential for fertilization in mice, stating: “PH-20 is not
essential for fertilization, at least in the mouse....” EX1021, Abstract
(emphasis added); and

Rosengren 2018 and Rosengren 2015 both reported studies in humans,
and Rosengren 2015 noted that guinea pigs “experienced infertility
following PH20 immunization,” citing Primakoff 1997. EX1061, 1154.

148. And both Pomering 2002 and Baba 2002 only assessed whether PH20

was essential to fertilization in mice. EX1020, 175; EX1021, Abstract. Chao (also

cited by Dr. Hecht) is also consistent with the findings of Primakoff 1988,

Primakoftf 1997, and Tung 1997. Chao reports that the C-terminal domain of

mammalian PH-20 “is responsible for the secondary binding of the acrosome-

reacted sperm to the zona pellucida (a glycoprotein membrane) of oocyte during
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fertilization.” EX1006, 6916 (emphasis added).

149. Altogether, none of the references cited by Dr. Hecht dispute or
undermine the effectiveness of the claimed modified PH20 polypeptides as a
contraceptive in guinea pigs. EX1006, 6916; EX1019, 333; EX1020, 175; EX1021,
Abstract; EX1061, 1154. Moreover, guinea pigs are a standard experimental
animal, hence the term “guinea pig” is often colloquially used to refer to the
subjects of an experiment.®!

150. In view of the above, a POSA would have found it credible (i.e., valid)

that the claimed modified PH20 polypeptides could be effective contraceptives,

particularly considering that (i) Lin 1993 reports that the “deduced amino acid

3L EX2011, p. 1 (“a subject of research, experimentation, or testing”)]. On
Febraury 27, 2025, I retrieved EX2011 from Merriam-Webster Online Dictionary
using the Wayback Machine (URL:
https://web.archive.org/web/20100221175034/http://www.merriam-
webster.com/dictionary/guinea pig) and generated a PDF from the online webpage.
The Wayback Machine retrieval was made on February 21, 2010. EX2011 is true
and accurate to the best of my knowledge. I consider EX2011 to be a reliable source
of information containing the type of information upon which an expert in the field

would typically rely. Accordingly, I rely on EX2011 here.
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sequence of human PH-20 ... is 59% identical with guinea pig PH-20, suggesting
they may have a conserved function and immunogenicity” and (i1) as Dr. Park
acknowledged, bee venom hyaluronidase and human PH20 are “highly
homologous™ despite only “sharing about 30% sequence identity.” EX1004, 940;
EX2013, 10075 (emphasis added).

151. In view of the above, a POSA would have understood that the common
disclosure discloses that claimed modified PH20 polypeptides could be used as
contraceptives in guinea pigs.

B. Merck’s Own Patented Claims Have Similarities to Claims 1-2, 6-
15, and 17-30

152. T have been asked to assess whether Merck’s own patented claims have
similarities to Claims 1-2, 6-15, and 17-30.3 In U.S. Patent No. 7,872,107 (filed
December 29, 2006, and claiming the benefit of the filing date of U.S. Application
No. 60/755,382, filed December 30, 2005), Merck claimed the following:

1. A variant of an IL-12p40 protein, the variant being at least 90%
identical to SEQ ID NO:2 and comprising an amino acid alteration at
one or more positions corresponding to residues 258-266, wherein the
amino acid alteration comprises an amino acid substitution selected

from the group consisting of Lys260Asn, Lys260GIn, and Lys260Gly.

EX2015, 516-524 (emphasis added).

32T assessed only U.S. Patent No. 7,872,107 in this analysis.
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153. Like the claimed modified PH20 polypeptide of the common
disclosure, Merck’s claimed modified polypeptide (a variant of an IL-12p40
protein) was defined only by its structure—i.e., by a percent identity to a given
amino acid sequence with a single amino acid substitution. EX2015, 516-524.

154. Similarly, Merck’s claimed sequence, SEQ ID NO: 2, contained 306
amino acids; the claimed sequences of the common disclosure (SEQ ID NO: 3, 7
and 32-66) contain 430 to 465 amino acids. EX2015, 516-524; EX1001, Claims 1-
2, 6-15, and 17-30; EX2006. I note also that Merck’s claimed “at least 90%”’
sequence identity is in fact lower than the “at least 91%” sequence identity
requirement of the claimed modified PH20 polypeptides here. EX2015, 516-524.

155. Thus Merck has previously patented structurally defined modified
polypeptides requiring only “at least 90%” identity to a sequence that is 306 amino
acids in length and contains one of three mutations at a single location
(Lys260Asn, Lys260GlIn, or Lys260Gly). EX2015, 516-524. In other words,
Merck has previously patented structurally defined modified polypeptides similar
to those claimed here—despite the large genus claimed by Merck. EX2015, 516-
524. And the USPTO determined that Merck’s claims were enabled. EX2015, 516-
524.

156. Claims 1-2, 6-15, and 17-30 are similarly enabled. As discussed above,

on December 28, 2012, a POSA given the guidance in the common disclosure
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would have been able to readily make and use the full range of modified PH20
polypeptides identified in the claims without undue experimentation. Rather, any
experimentation would have been routine given the guidance in the common
disclosure (i.e., the common disclosure).

X.  CLAIMS 1-2, 6-15, and 17-30 WOULD NOT HAVE BEEN OBVIOUS
IN VIEW OF CHAO AND THE ’429 PATENT

157. In Section VI.D, I summarize the legal principles I applied in assessing
obviousness in view of the asserted prior art and the general knowledge in the
background art from the viewpoint of a POSA at the time of the invention. I apply
those principles in my analysis here. In considering obviousness, I address the
timeframe of “before December 29, 2011, in order to respond to Dr. Hecht’s and
Dr. Park’s analysis regarding that same timeframe—a timeframe that is before the
December 30, 2011 filing date of Halozyme’s *313 provisional application to
which the ’520 patent is related. EX1003, q11; EX1004, q10.

158. Dr. Hecht’s declaration states that Dr. Hecht reviewed Dr. Park’s
declaration, and Dr. Hecht repeatedly agrees with Dr. Park and/or bases his
analysis (at least in part) on Dr. Park’s analysis. EX1003, 4920-22, 85, 122-125,
158, 215-220, and 224-237. For convenience, however, I refer to Dr. Park’s and
Dr. Hecht’s arguments collectively as Dr. Hecht’s arguments.

159. Briefly, Dr. Hecht argues: (1) that the *429 patent would have

motivated a POSA to make single amino acid substitutions in “non-essential
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regions”’; and (2) that the multiple sequence alignment of five different
hyaluronidases and the structural information regarding Hyal-1 (“Hyal-1"") in Chao
would have indicated where such “non-essential regions” would have been located
in PH20. EX1003, 99209-216.

160. Dr. Hecht concludes that the combination of the *429 patent and Chao
would have motivated a POSA to specifically mutate position 324 of PH20.
EX1003, 9220. Specifically, he concludes that a POSA “would have expected that
the E324D, E324N, and E324R substitutions in PH20;.447 to be tolerated.”*?
EX1003, 9221. He also concludes that a POSA would have had reasonably
expected that mutating E324 to aspartic acid (D), asparagine (N), or arginine (R)
“would exhibit comparable activity to the unmodified PH20i.447 enzyme.” EX1003,
9221. And Dr. Hecht further concludes that a “skilled artisan also would have
expected that the PH20;.447 protein incorporating a single amino acid substitution
in a non-essential region would generally have the same therapeutic uses and
utilities as described with respect to the PH201.447 protein.” EX1003, 9207.

A. Even in Combination, Chao and the ’429 Patent Fail to Disclose
or Suggest a E324 Mutation of PH20, Much Less a E324 Mutation

33 D is an abbreviation for the amino acid aspartic acid; E is an abbreviation
for glutamic acid; N is an abbreviation for asparagine; and R is an abbreviation for

arginine. EX1003, q115.
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to Aspartic acid (D), Asparagine (N), or Arginine (R), as Required
by Claims 1-2, 6-15, and 17-30.

161. As I summarized in Section VI.C. above, I understand that, in
determining the scope and content of the prior art and ascertaining the differences
between it and the claimed invention, a patent challenger may (1) specify where
each element of the claim is found in the prior art or (2) explain why a POSA
exercising common sense or ordinary creativity would have bridged any gaps (i.e.,
missing elements) between the prior art and the claimed invention to produce the
claimed invention.

162. First, I assess whether all elements of claims 1-2, 6-15, and 17-30 can
be found in Chao and the ’429 patent. Second, I assess whether a POSA would
have nonetheless supplied the missing elements from Chao and the *429 patent
using common sense or ordinary creativity.

1. Chao and the ’429 Patent Do Not Disclose Any Mutation of
E324, Nor Do Chao and the ’429 Patent Disclose Any
Mutation of E324 to Aspartic acid (D), Asparagine (N), or
Arginine (R), as Required by Claims 1-2, 6-15, and 17-30.
163. Claim 1 recites:

A3 modified PH20 polypeptide, comprising one or more amino acid
modifications in an unmodified PH20 polypeptide, wherein: the

unmodified PH20 polypeptide consists of the amino acid sequence

(P2

34 T understand the term “a” to mean one or more.
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selected from the group consisting of SEQ ID NO: 3, 7 and 32-66;
amino acid modifications are selected from the group consisting of
amino acid replacements(s), deletion(s), and/or insertion(s); the
modified PH20 polypeptide comprises an amino acid replacement at a
position corresponding to residue 324, with reference to amino acid
positions set forth in SEQ ID NO: 3; the replacement at the position
corresponding to residue 324 is selected from the group consisting of
A, D, H M, N, R and S; corresponding amino acid positions are
identified by alignment of the PH20 polypeptide with the polypeptide
having the amino acid sequence of SEQ ID NO: 3; and the modified
PH20 polypeptide has at least 91% sequence identity to a polypeptide
having the amino acid sequence selected from the group consisting of
SEQ ID NO: 3, 7 and 32-66.
EX1001, Claim 1 (emphasis added).

164. Neither Chao nor the *429 patent disclose “an amino acid replacement
at a position corresponding to residue 324” as required by claims 1-2, 6-15, and
17-30. EX1001, Claim 1; EX1005; EX1006. And neither Chao nor the 429 patent
disclose replacing E324 with an amino acid “selected from the group consisting of
A,D,H, M, N, R, and S.” EX1001, Claim 1; EX1005; EX1006. Instead, Chao
focuses on the three-dimensional structure of human hyaluronidase-1 (“hHyal-17)
by describing its resolved crystal structure, and the *429 patent focuses on soluble
neutral hyaluronidase glycoproteins (“sHASEGPs”). EX1005; EX1006. Neither a

mutation at E324, much less a mutation of E324 to aspartic acid (D), asparagine

-93 .



Case PGR2025-00017
U.S. Patent No. 12,110,520

(N), or arginine (R), is mentioned whatsoever in Chao or the *429 patent. EX1005;
EX1006. Accordingly, these claim elements are missing from the prior art Dr.
Hecht cites.
165. Moreover, Dr. Hecht does not provide a reasonable explanation as to
how or why a POSA would have nonetheless supplied these missing elements, as I
explain below. EX1003; EX1005; EX1006.
2. Dr. Hecht Does Not Adequately Explain Why a POSA
Would Have Supplied the Missing E324 Mutation or
Modified the Missing Mutation of E324 to Aspartic acid

(D), Asparagine (N), or Arginine (R) based on Chao and the
’429 Patent Using Common Sense or Ordinary Creativity.

166. Dr. Hecht does not explicitly argue that either common sense or
ordinary creativity supplies the missing E324 mutation, much less the mutation of
E324 to aspartic acid (D), asparagine (N), or arginine (R). EX1003. Rather, he
summarized Dr. Park’s methodology as follows:

[Dr. Park’s] methodology included (i) using a multiple-sequence
alignment to identify non-essential regions of PH20 (including
position 324), (ii) identifying the amino acids that occur at those non-
essential regions in the proteins in the set used for the alignment, and
(111) assessing whether amino acid substitutions appearing in nature
at position 324 would be tolerated by PH20.
EX1003, 9215 (emphasis added). This summary of Dr. Park’s methodology jumps

from identifying amino acid residues within “non-essential regions” to assessing

whether substitutions at position 324 would be “tolerated by PH20.” EX1003,
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9215. Dr. Hecht does not explain why a POSA would have arrived at the specific
E324 locus. Nor does he explain why a POSA would have jumped to mutating
E324 to aspartic acid (D), asparagine (N), or arginine (R). EX1003, 4215.

167. Dr. Hecht states: “Position 324 is within a non-essential region of the
PH20 sequence, based on my review of Dr. Park's analysis.” EX1003, 9217.%
Notwithstanding whether position 324 is in a “non-essential region,” which I will
discuss in Section X.B below, Dr. Hecht does not explain why a POSA would have
selected position 324 from any other residue within the purported “non-essential
region” surrounding E324 or any other “non-essential” region purportedly
identified by Dr. Park. EX1003, 4215.

168. Instead of providing a reason to focus on position 324 that is based on

common sense or ordinary creativity of a POSA or any teaching or suggestion in

35 Dr. Park alleges that, based on his 88-sequence alignment, “a skilled

299

artisan would have deemed ‘essential residues’” to be located where “non-identical
amino acids appear[] in less than ~5% of the proteins in the data set.” EX1004,
430. But this statement is unsupported by any reference, and Dr. Park cites only to
his own declaration and appendices for support. EX1004, 4930-32. And Dr. Hecht

relies on this determination by Dr. Park without any additional further support.

EX1003, §215; EX1004, 930-32.
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the art, as will be discussed further below, Dr. Park states that he was “asked by
counsel to report [his] conclusions with respect to position 324.” EX1004, 4103.
Dr. Hecht then relied on Dr. Park’s declaration without providing any further
reason based on the common sense or ordinary creativity of a POSA or any
teaching or suggestion in the art. EX1004, 9103; EX1003, 94920-22, 85, 122-125,
158, 215-220, and 224-237. But a POSA reading the ’429 patent in combination
with Chao would not have had a reason to mutate position 324.

B. Even in Combination, Chao and the 429 Patent Would Not Have

Provided Any Motivation to Make a E324 Mutation of PH20,

Much Less a E324 Mutation to Aspartic acid (D), Asparagine (N),
or Arginine (R), as Required by Claims 1-2, 6-15, and 17-30.

169. As I summarized in Section VI.D, I understand that one way of
showing obviousness is by establishing that a POSA would have had both (i) a
reason to modify or combine the teachings of the prior art to achieve the claimed
invention and (ii) a reasonable expectation of success in doing so. I address both of
these inquiries in turn.

1. Chao and the ’429 Patent Would Not Have Motivated a
POSA to Make the Claimed E324 Mutation.

a. The 429 Patent Would Not Have Provided Any
Reason to Make Single Amino Acid Mutations in
“Non-Essential” Regions.

170. Dr. Hecht argues that the 429 patent describes “that making a single
amino acid substitution within a non-essential region of PH20 would be tolerated

by the enzymatically active forms of PH20 being described in the *429 Patent”™—
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and states that “‘in general, single amino acid substitutions in non-essential regions
of polypeptides’ ... ‘do not substantially alter biological activity.”” EX1003, 9206.

171. However, as explained below, the *429 patent does not identify any
regions of PH20 as being non-essential. EX1005. And contrary to Dr. Hecht’s
testimony, the 429 patent does not provide any reason to make a single amino
acid substitution in “non-essential” regions. Instead, the *429 patent merely states
that “[sJuitable conservative substitutions of amino acids are known to those of
skill in this art and can be made generally without altering the biological activity”
and states that making modifications at non-essential positions generally will not
“alter[] the biological activity.” EX1005, 16:14-22 (emphasis added). These
statements in the 429 patent would not have provided a POSA with any reason to
make an E324D, E324N, or E324R mutation of PH20. Indeed, a POSA would have
been disinclined to expend resources (e.g., time or materials) to make a mutation
that was expected not to “alter[] the biological activity,” and Drs. Hecht and Park
have not identified any reasons to make such a mutation.

172. And, as explained below, Chao does not fill in any of these
shortcomings of the 429 patent’s teachings.

b. Chao Would Not Have Identified “Non-Essential”
Regions.

173. Dr. Hecht states that “Chao provided an annotated alignment of the five

human hyaluronidase enzymes which identified conserved residues among the set
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of five related proteins.” EX1003, 483 (emphasis added). He argues that the
conserved residues identified by Chao are “essential” and argues that a POSA
would have combined Chao and the 429 patent because “the *429 Patent would
have encouraged a skilled artisan to make modified PH20 proteins having single
amino acid substitutions in non-essential regions.” EX1003, §212.

174. However, Chao never identified any residues as “essential” in its
annotated alignment, and the word “essential” is not even mentioned in Chao.
EX1006, 6916, FIG. 3. Accordingly, a POSA would not have interpreted Chao as
identifying essential or non-essential residues in its annotated alignment. EX1006,
6916, FIG. 3. And as explained in Section X.B.c below, a POSA would not have
interpreted Chao as identifying non-conserved residues as “non-essential.”

c. A POSA Would Not Have Been Motivated to Prepare
nor Rely on the 88-Sequence Alignment Prepared by

Dr. Hecht Because Dr. Park’s Alignment Includes
Mostly Non-PH20 Sequences.

175. Dr. Park argued that the non-conserved regions he purportedly
identified “align with what [he] considers to be the ‘non-essential regions’ referred
to by the "429 patent.” EX1004, 432. He identified non-conserved regions by: (1)
identifying “largely invariant residues that a skilled artisan would have deemed
‘essential’ in PH201.447”” from a multiple sequence alignment of 88 hyaluronidases
and (2) “identif[ying] important residues in hyaluronidase proteins or which

reported experimental results showing that modifying single residues impaired or
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eliminated activity of the enzymes.” EX1004, 9926, 30.

176. Of the 88 sequences that Dr. Park aligned, only 18 are PH20 sequences.
EX1004, 927; EX1056. The remaining 70 sequences are for other hyaluronidases,
including, e.g., Hyal-1, Hyal-2, Hyal-3, Hyal-4, Hyal-5, and Hyal-6. EX1004, 427;
EX1056.% Dr. Park contends that his 88-sequence alignment is more informative
than Chao’s alignment because he included “homologous proteins from human and
non-human species.” EX1004, 993.

177. However, a POSA would not have been motivated to prepare the 88-
sequence alignment prepared by Dr. Park because he includes so many disparate,
evolutionarily distant sequences—many of which are not even from humans, such
as a tunicate (a marine invertebrate animal). EX1056. And furthermore, a POSA
would not have been motivated to rely on such an 88-sequence alignment because
different hyaluronidases were known to have different enzymatic functions and

substrates before December 29, 2011. EX1056; EX2018, 33495, 33507; EX2019,

3¢ Hyal is an abbreviation for hyaluronidase. I note that the proper
nomenclature for these proteins is HYAL1, HYAL2, HYAL3, HYAL4, HYALS,
and HY AL6; however, because Hyal-1 is not capitalized in Chao, I use the above
nomenclature throughout (i.e., Hyal-1, Hyal-2, Hyal-3, Hyal-4, Hyal-5, and Hyal-

6) for consistency.
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653, 658; EX2020, 286; EX2021, 296; EX1008, 825; EX2022, 6-7. EX1001,
72:48-51 and 160:24-29; EX1006, 6911, 6915-6916.
i. Different Hyaluronidases Were Known to Have

Different Functions and Substrates before
December 29, 2011%,

178. For example, before December 29, 2011, it was known that Hyal-3
does not exhibit any enzymatic activity and that Hyal-2 is only weakly
enzymatically active or in many cases, inactive. EX2018, 33495, 33507; EX2019,
653, 658; EX2020, 286. Hyal-2 was known to be a receptor for a retrovirus in
sheep before December 29, 2011. EX2021, 296. And Hyal-4 was known to
catalyze different substrates than PH20. EX1008, 825; EX2022, 6-7. EX1001,
72:45-48, 167:25-30. Hyal-4 was identified specifically as a chondroitinase,
meaning it catabolizes (i.e., breaks down) chondroitin sulfate of proteoglycans.

EX1008, 825; EX2022, 6-7.

37 In assessing written description and enablement, I refer to

December 28, 2012—the filing date of the *731 application that is related to the *520

t.3® Dr. Park merely states: “I believe the positions I identified in Appendix D-

paten
2 [non-conserved positions in Park’s alignment], including position 324, align with

what I consider to be the ‘non-essential regions’ referred to by the ’429 Patent.”

EX1004, §32.
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179. By contrast, PH20 is a sperm-associated protein involved in
fertilization, and its natural substrate is hyaluronan. EX1001, 72:45-48, 167:25-30.
And Chao explained that Hyal-1 does not “contain glycosylphosphatidylinositol-
signal sequences” and is not “membrane-bound upon maturation”—unlike PH20,
which does contain a glycosylphosphatidylinositol-signal sequence and is
membrane bound. EX1006, 6911; EX1004, 436.

180. Chao also acknowledged “different catalytic properties” and
“differ[ences] in their catalytic efficiencies and pH profiles” between different
human hyaluronidases. EX1006, 6914, 6916. Chao notes that for Hyal-1, the
“activity optimum is at pH 3.8.” EX1006, 6915. I note that, by contrast, the activity
of PH20 was measured at a pH of 7.4 in the specification. EX1001, 226:36-38.

181. A POSA, therefore, would have known that different hyaluronidases
were known to have different functions and substrates. Thus, a POSA would not
have been motivated to prepare the 88-sequence alignment prepared by Dr. Park
nor rely on such an alignment considering the wide variety of hyaluronidases
included, at least some of which were specifically known to have had different
functions and substrates before December 29, 2011.

il Chao Suggested that Non-Conserved Residues

May Be Responsible for Different Catalytic
Properties between Different Hyaluronidases.

182. Additionally, rather than suggesting that non-conserved residues were
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non-essential, as proposed by Dr. Park, Chao stated that the non-conserved
residues “may be responsible for the different catalytic properties of the human
hyaluronidases™ and that sequence variations “may contribute to the apparent
different substrate specificity”” between different hyaluronidases. EX1006, 6915-
6916 (emphasis added).

183. A POSA, therefore, would not have considered the non-conserved
regions to be “non-essential” in PH20—particularly considering the differences in
function, catalytic properties, and pH profiles of different hyaluronidases, as I
described above. EX1006, 6911, 6914. Instead, a POSA would have understood
that PH20 has different attributes than other hyaluronidases. EX1006, 6911-6916;
EX1056; EX2018, 33495, 33507; EX2019, 653, 658; EX2020, 286; EX2021, 296;
EX1008, 825; EX2022, 6-7; EX1001, 72:45-48, 167:25-30. And a POSA would
have understood from Chao that the non-conserved residues may have been
responsible for these different attributes. EX1006, 6911-6916; EX1056; EX2018,
33495, 33507; EX2019, 653, 658; EX2020, 286; EX2021, 296; EX1008, 825;
EX2022, 6-7; EX1001, 72:45-48, 167:25-30.

iii. Dr. Park Mischaracterizes the Non-Conserved
Residues in Chao.

184. Figure 3 of Chao depicted a multiple sequence alignment identifying
invariant conserved residues between five different hyaluronidases: Hyal-1, Hyal-

2, Hyal-3, Hyal-4, and PH-20 (below). EX1006, FIG. 3, 6916.

- 102 -



Case PGR2025-00017
U.S. Patent No. 12,110,520

® s .

Hyal-1 22 RGEL FEEG T T v Al T owE L (R H G Voo S VE oV ViR e G0 1F ke e o xRS 5 DR T
HY:J-.’E 21 ‘E TAEBED DVPETOD=CERLE LODLNAEDNQASD N R TS T T F ¥ ST

Hyal-3 21 ....QFlL S E LB 5 NVE%AH-EnhrG| LNALGL IANRGDHE HGO N MRS 5|0 fe
Hrll—l 35 IEYN \][KMFF‘ ICISP LILNKAR SN T T F ¥Rl T. =

1 .|
FH-20 36 MAES -TCKFLIE.nl D\ﬂbLF‘-"’" S P RILNATGOCE VNS Y| - e gy 1D S LT

.
ExrERC TRDT] ﬁQnﬂﬂA;ﬁEAQUE:HEA?Q?En

Hyal-1 33 TlaR[T| FQDI_.J‘H\IE‘F\ DI’S L I

Hyal-2 a7 AEMLOKRVEHY TRTOES AlS] Vv R oD KD BERLEROLVASRHED EORIVE
Hyal-3 22 LALAAYQIHHSLE .EGE AME Lgla G G RRE NA'H&;;Q\-'I:'E'.;L"?GS;;L.!
Hyal-4 10% LEEADQDIINYYIFPAEDF S[81 CRIA RREIN S KD KLISDMGENVSAT K}
PH-20 111 LOKAKKDITEYME VO NL . [gM ThlA BRI FED ,_._-!"J.;'LEL-N‘\" JLELTEATE

Hyal-1 170 wHQDQ GSA?\RAWHJ‘[C‘ LELGRA
Hyal-2 174 CEAOYEREFAAQOFMLEMLREY VR
Hyal-2 168 HEYTO ARRALMELD L.H
Hyal-4 1B6 KW T SAKAFMEE I
PH-20  1B7 EQE| MCKDFL/VE 'K
P& wf
—_— LoQCO0epOORO000000QQn

. .
Hyal-1 245 l'A‘VLLET{JKEGH‘Y\'Q‘IZ Byt SOTTHNHEME LDE

Hyal-2 251 LOETLASSRHGRNE VS FEVLC L SERLTGHMS EMIY 3
Hyal-2 244 LEERLEPPANHE . QAFVERHEILE GRECERFMEQDD =
Hyal-4 Z61 VWESLGDSENLLEF 3 KFEVH fROEFLFFRSEQD 5
PH-20 282 LNTRREFVAATL .Y VRANEIVR [IVFTOQVLKFMEQDE TV

[:T: -
— 5000
IPUSUENTRTKESEOATKRYMOTT

Hyal-1 3220 RT=  HEPEALML

Hyal-2 327 »DACYTTQTE.-QYLKD’LTR RNE . SASTFEH
Hyal-2 218 COLELSSSEEE®WHLHDYLVDT ROPCOMEAFEY
Hyal-4 338 GOMNLTASKANSTHVEGF VS50 KMW . NAP 5 Y[Ry
PH-20 338 CGTLSIMESMESSILLLDNYMETT ENW . NS S0 YEH

b1
Hyal-1 396
Hyal-2 403 |
Hyal-3 393 iC T "F'PQI[‘H{KO’(P«-\APA ASSFPEEHFEEPG
Hyal-4 414 .EFTVHG KASL‘ILLA\"MAJI‘S-[ILQ”EGAJ-REIE{‘IALLEbU ....................
PH-20 414 ...Krl'.r't SEPTLEDLEQFSEKQY=eils TLS . . . SEEKADVED TOAVDVETADGYVEIDAFLEFEME

ok n

Figure B. Original Figure 3 of Chao. Invariant residues are depicted in royal blue;
catalytic residues are depicted in red; cysteine residues are depicted in orange; and
Hyal-1 N-glycosylated asparagine residues are depicted in turquoise. EX1006,
FIG. 3, 6916.

185. As seen in Dr. Park’s annotation of Figure 3 of Chao below, he

identifies all non-conserved regions as “non-essential” as follows:
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Non-essential regions

Figure C. Annotation of Figure 3 of Chao by Dr. Park. Dr. Park identifies variant
regions as “non-essential.” EX1001, 432.

186. I disagree with Dr. Park’s annotation of Figure 3 of Chao because he
wrongly deems non-conserved regions to be “non-essential” without providing
support for this assertion.*® EX1001, 32.

187. As I explained above, a POSA would have understood from Chao that
the non-conserved residues may have been responsible for the differences between
PH20 and the other hyaluronidases Chao aligned. EX1006, 6911-6916; EX1056;
EX2018, 33495, 33507; EX2019, 653, 658; EX2020, 286; EX2021, 296; EX1008,

825; EX2022, 6-7; EX1001, 72:45-48, 167:25-30.

38 Dr. Park merely states: “I believe the positions I identified in Appendix D-
2 [non-conserved positions in Park’s alignment], including position 324, align with

what I consider to be the ‘non-essential regions’ referred to by the ’429 Patent.”

EX1004, 932.
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188. Chao exemplifies the loop region between B5 and a5 as an example of
a non-conserved region that may be responsible for catalytic differences between
PH20 and the other homologous proteins in its alignment. EX1006, 6915-6916. I

outline (in red) this loop region between 5 and a5 here:

QP SGIRAQ 8w L wigel s
i;=éwLVAv WLWA 1S
“f;Aq.gA% -VL%WLWAAS
S EDEVLREINEMSERANN S

“_'VV”K~ DDMS AN E s

Figure D. Annotation of Figure 3 of Chao by Dr. Triggs-Raine. The non-conserved
region is outlined in red, and the non-conserved residues are uncolored. EX1006,
FIG. 3. The invariant conserved residues are depicted in royal blue.

189. Chao explains that “the loop connecting 5 and a5 ... varies in length,
composition, and potential glycosylation” between the five aligned hyaluronidases.
EX1006, 6915-6916. Chao then explicitly states: “Such variations may be
responsible for the different catalytic properties of the human hyaluronidases.”
EX1006, 6916.

190. Other prior art references support Chao’s observation that non-
conserved residues may impact the activity and function of proteins. EX2016, 2;
EX1014, 21, 55. In Pils 2005, for example, the authors reported that “functional
sites can vary in subfamilies and homologous protein sequences can perform

different functions using a different set of functional residues.” EX2016, 2
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(emphasis added).

191. And Brandon and Tooze 1991 explains that “[w]hen homologous
amino acid sequences from different species are compared, it is found that
insertions and deletions of a few residues occur almost exclusively in the loop
regions” since “cores are much more stable than loops” during evolution. EX1014,
21. Brandon and Tooze 1991 further explains that “substrate specificity and
catalytic function reside in loop regions which are separated from the residues of
the a helices and 3 strands that contribute to the structural stability of these domain
structures” and that “loop regions” (like the loop region in Figure 3 of Chao above)
“frequently participate in forming binding sites and enzyme sites.” EX1014, 21,
55. In other words, Brandon and Tooze 1991 explains that, in homologous proteins
(such as Hyal-1 and PH20), non-conserved loop regions are often responsible for
catalytic differences between the homologous proteins. EX1014, 21, 55. Dr. Hecht,
citing Green®, argues that non-conserved residues are where “variation ... thus is
tolerated in proteins.” EX1003, 949. However, Green does not equate non-

conserved with non-essential residues.* EX1017.

39 EX1017.
40 Green merely notes that the degree of conservation at amino acid positions

can give insight “applicable to protein engineering.” EX1017, p. 224. Dr. Park also
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192. The observations of the authors of Brandon and Tooze 1991 are
consistent with Chao’s observations regarding the loop connecting 5 and a5. As
seen in Figure 3 of Chao, the loop regions (i.e., the regions between the a-helical
or B-sheet regions) contain many varied—i.e., non-conserved—residues. EX1006,
FIG. 3, 6916. Therefore, a POSA would have understood from Pils 2005, Brandon
and Tooze 1991, and Chao that the regions containing many non-conserved
residues “may be responsible for the different catalytic properties of the human
hyaluronidases.” EX1006, 6915-6916 (emphasis added); EX1014, 21, 55; EX2016.
Thus, a POSA would not have presumed that such non-conserved regions would
have been “non-essential.”

193. In conclusion, a POSA would not have had any motivation to make a

mutation at E324 in view of Chao and the ’429 patent.

cites Steipe as explaining that “sequence identity information [can] identify single
amino acid substitutions that would be tolerated.” EX1004, 423. But Steipe does not
suggest that non-conserved residues are non-essential either; Steipe merely notes
that some “functional residues” can be replaced without losing structural stability.

EX1016, p. 186.
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d. Chao Did Not Provide “New, Highly Relevant
Structural Features for Evaluating Structural
Features of PH20.”

194. Dr. Hecht argues that Chao provided “new, highly relevant structural
features for evaluating structural features of PH20.” EX1003, 986. I disagree
because, as mentioned above, the primary focus of Chao was discussing the three-
dimensional structure of Hyal-1—not PH20. EX1005, Abstract. I also disagree
because Chao did not identify any new PH20 sequences or new PH20 structural
information. EX1006.

195. And Dr. Hecht does not explain why Chao’s three-dimensional Hyal-1
structural information would have motivated a POSA to make a mutation at E324.
EX1003. Dr. Hecht states: “A notable finding in Chao was its identification of the
‘Hyal-EGF’#! domain in the C-terminal region of human hyaluronidases.”
EX1003, 984. But Chao only identified an EGF-like domain in Hyal-1. EX1006,
6911. But this domain was many amino acids away from position 324, and Dr.
Hecht does not explain why it would have directed a POSA to consider position

324 for a modification.

' Chao refers to the “EGF-/ike” domain of Hyal-1, not “Hyal-EGF,” as
referenced in Dr. Hecht’s declaration. EX1003, 484; EX1006, p. 6913 (emphasis

added).
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196. Dr. Hecht argues that the Hyal-1 EGF-like domain identified in Chao
(corresponding to residues 337-409 in PH20) “had been experimentally shown to
be necessary or important to the catalytic activity of hyaluronidases.” EX1003,
988. Chao states, however, that “the EGF-like domain is located remotely from the
active site (over 30 A away), and thus is not likely to be involved in substrate
recognition (Figure 4B)”—and Chao accordingly questions: “What then is the role
of this domain?” EX1006, 6916.

197. Furthermore, Chao explains that the EGF-like domain contains a f3-
hairpin unit, and Chao states: “Because the sequence of the B-hairpin region varies
significantly within the hyaluronidase family (Figure 3), the partner identity or
affinity may vary for each enzyme.” EX1006, 6917 (emphasis added). In other
words, Chao explains that, if present, this EGF-like domain likely varies between
hyaluronidases. EX1006, 6917. And moreover, Chao states: “Now that the 3D
structure of hHyal-1 has revealed the presence of a novel HyalEGF-like domain, a
search for partners and characterization of their interactions are timely.” EX1006,
6917 (emphasis added). In other words, Chao explains that any interactions
between possible EGF-like domains in other hyaluronidases and their substrates
need to be first sought—and if found, further characterized (i.e., studied). EX1006,
6917.

198. In sum, a POSA would not have interpreted the EGF-like domain
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identified in Hyal-1 as providing new information, nor would a POSA have
interpreted the EGF-like domain identified in Hyal-1 as being “experimentally
shown to be necessary or important to the catalytic activity of hyaluronidases.”
EX1003, 988.

199. Paramount to the above, however, none of Dr. Hecht’s remarks
regarding the EGF-like domain identified in Hyal-1 explains why it would have
motivated a POSA to specifically mutate E324.

e. Drs. Hecht and Parks’ Stated Reason for Focusing on
Position 324 is Not Based on the Prior Art.

200. While Drs. Hecht and Park recognized there were ~370 non-conserved
residues in Chao’s alignment, they offered no reason based on the prior art (Chao
or the ’429 patent) to focus on E324. Instead, Dr. Park stated that he was “asked by
counsel to report my conclusions with respect to position 324.” EX1003, §83;
EX1004, 9992-93, 102. Dr. Hecht merely states that “[p]Josition 324 is within a

non-essential region ... between C316 and L327” (EX1003, 9217), which he
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illustrates with a cropped and annotated portion of Figure 3 of Chao follows:
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Figure E. Dr. Hecht’s cropped and annotated portion of Figure 3 of
Chao. EX1003, 9217.

201. But there are 90 bounding essential residues in Chao’s Figure 3
(highlighted in yellow, blue, and red), and ~370 non-conserved residues that fall
within these 90 bounding residues. I illustrate Chao’s ~370 non-conserved residues

(outlined in red) below. EX1006, 6916, FIG 3.
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- 64 non-conserved residues

-+

- 58 non-conserved residues

3=

Hyal-1 C F y T L . e
T i~ ; - . # > 53 non-conserved residues
Hyal-4 £ A v i <[] P
PH-20

+

- 62 non-conserved residues

-+

Hyal-1
- 64 non-conserved residues

PH-20

-+

- 71 non-conserved residues

‘ = 372 non-conserved residues

Figure F. My annotation of Figure 3 of Chao. The non-conserved regions are
outlined in red, and the non-conserved residues are uncolored, identifying a total of
372 non-conserved residues. EX1006, FIG. 3.

202. Drs. Hecht and Park do not establish why a POSA would have mutated
E324 rather than any of the other 371 non-conserved amino acids. EX1004;
EX1005. And, similarly, Dr. Park’s alignment, which is not a prior art reference,
identifies “379 positions in PH201.447” that he considers “non-essential.” EX1004,
91926-29, 31-32, Appendix D-1. And Dr. Park does not explain why a POSA would
have selected position 324 from among the other 378 options in his alignment.
EX1004, 9926-29, 31-32, Appendix D-1.

203. In total, in view of my discussions in Sections X.A and X.B.la-e, a
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POSA would not have been motivated to mutate E324 in view of Chao and the
’429 patent. Notwithstanding all of the above, I also explain here why a POSA
would not have been motivated to mutate E324 to aspartic acid (D), asparagine
(N), or arginine (R).

f. Drs. Hecht and Park Do Not Establish That a POSA

Would Have Been Motivated to Mutate E324 to
Aspartic Acid (D), Asparagine (N), or Arginine (R).

i. Dr. Park’s Assessment of the Prevalence of
Aspartic acid (D), Asparagine (N), or Arginine
(R) at E324 among Hyaluronidases Does Not
Inform the Prevalence of D at E324 in PH20.

204. Dr. Hecht argues that a proline at position 329 disrupts the a-helical
structure at position 324 such that “[i]t lessens the importance of the amino acid at
position 324 having a high helix propensity” and states that Dr. Park’s model is
“consistent with the fact that many different amino acids with varying sizes and
chemical characteristics are found at positions corresponding to position 324 in
PH20.” EX1003, 949232-233. Despite this assertion, however, Dr. Hecht does not
explain why a POSA would have chosen aspartic acid (D), asparagine (N), or
arginine (R) from among the “many different amino acids.” EX1003, §9232-233.
Dr. Hecht argues that Dr. Park’s report identifies aspartic acid (D) as the most
prevalent amino acid at position 324 of his 88-sequence alignment. EX1003, §218.
Hecht also argues that “there a large number of homologous hyaluronidase proteins

that have aspartic acid, asparagine, and arginine at positions corresponding to 324

- 113 -



Case PGR2025-00017
U.S. Patent No. 12,110,520

in PH20.” EX1003, 9221 (emphasis added). Yet Dr. Hecht acknowledges that
asparagine and arginine are only present at position 324 in 7% and 6% of proteins,
respectively, in Dr. Park’s 88-sequence alignment. And as discussed in Section
X.B.1c above, a POSA would not have found Dr. Park’s 88 sequence alignment to
be informative, especially because it contains mostly hyaluronidases that are not
PH20s. Indeed, only 18 of the 88 sequences are from PH20 enzymes. EX1004,
9127; EX1056.

205. Drs. Hecht and Parks’ analyses and opinions are further undermined by
the fact that even if a POSA would have aligned only the PH20 sequences that Dr.
Park obtained, they would have found that aspartic acid (D) is not present at
position 324 in any of the 18 PH20 sequences, and asparagine (N) and arginine (R)
are present at position 324 in only two of eighteen PH20 sequences, respectively,

as depicted in Figure G below.
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NCBI Multiple Sequence Alignment Viewer, Version 1253 ~ Position 324
Sequence ID Start Alignment l End Organism

|354 364|
NP_003108.2 (+ 1 L D N Y M E T I L N P 495 Homo sapiens
XP_003318802.2 (+) 1 495 Pan troglodytes
XP_003261317.2 (+) 1 495 Nomascus leucogenys
XP_001086882.2 (+ 1 S| 484  Macaca mulatta
NP_001076141.2 (+) 1 [ o) | [T 500  Oryctolagus cuniculus
XP_002919069.1 (+) 1 I 470  Ailuropoda melanoleuca
NP_9991761  (+) 1 e S 2z 469  Sus scrofa
XP_002686960.3 (+) 1 [s] Cnl N 467  Bos taurus
NP_001008413.3 (+) 1 LAl R )| = 501  Bos taurus
NP_001166492.1 (+) 1 Ce] O e B 487  Cavia porcellus
NP_001019492.1 (+) 1 T 2z B 469  Rattus norvegicus
XP_001507937.2 (+) 3 T | T 482  Omithorhynchus anatinus
NP_001073344.1 (+) 1 5z | HE - N 471 Mus musculus
XP_003502177.1 (+) 1 ETE $ i | 472 Cricetulus griseus
XP_002190553.4 (+) 20 15 0 R 75 469  Taeniopygia guttata
XP_002932242.3 (+ 10 EEE [ A 471 Xenopus tropicalis
NP_001082194.1 (+) 15 V= I v ) | 471 Xenopus laevis
NP_0010741542 (+) 39 T [EE R T 432 Danio rerio

Figure G. I prepared and annotated an alignment of the 18 PH20 sequences of the
88 total sequences aligned by Dr. Park. The red shading indicates residues that
differ from the human PH20 sequence (Sequence ID NP_003108.2), whereas the
grey shading indicates residues that are identical to the human PH20 sequence.
Position 324 is outlined in yellow.*

206. As outlined in yellow above, three of the 18 PH20 sequences (shaded
grey) maintain the glutamic acid (E), none of the yellow-outlined residues include
an aspartic acid (D) at position 324, and only two of the yellow-outlined residues
include an asparagine (N) or arginine (R), respectively, at position 324.

207. A POSA would not have concluded, therefore, that aspartic acid (D)
was the most prevalent amino acid at E324. Nor would a POSA have concluded

that asparagine and arginine were present at position 324 in a “large number of

42 Position 359 corresponds to position 324 when the signal sequence is

included. EX1004, §104.

- 115 -



Case PGR2025-00017
U.S. Patent No. 12,110,520

homologous hyaluronidase proteins.” EX1003, 9218.

208. Furthermore, of the two sequences in which arginine appears at
position 324, one sequence is derived from an evolutionarily distant non-
mammalian organism: specifically, a Zebra finch (Taeniopygia guttata).

209. And the sequences containing either an asparagine or arginine at
position 324 have only 66% identity or less to the claimed PH20 sequences;
therefore, they are not at least 91% identical to the claimed PH20 sequences.

210. Thus, considering the above, a POSA would not have found Dr. Park’s
88-sequence alignment to be informative in determining aspartic acid (D),
asparagine (N), or arginine (R) as a single substitution at E324 for PH20.

211. Therefore, even when viewed in combination, Chao and the ’429 patent
do not suggest mutating E324 to aspartic acid (D), asparagine (N), or arginine
(R).* EX1005; EX1006.

il Drs. Hecht and Park Do Not Explain Why a

POSA Would Have Been Motivated to
Undertake Nearly 30 Discrete Steps to Make

+ My reasoning with respect to mutating E324 to aspartic acid (D), asparagine
(N), or arginine (R) also applies to alanine (A), histidine (H), methionine (M), or
serine (S). Section X.B.1f. Thus, even in combination, Chao and the 429 patent do

not suggest mutating E324 to A, H, M, or S. EX1004, 99124-141.
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the E324 Mutation to Aspartic acid (D),
Asparagine (N), or Arginine (R).

212. Unable to identify any disclosure in the 429 patent or Chao that
suggests making an E324 substitution to aspartic acid (D), asparagine (N), or
arginine (R), Drs. Hecht and Park argue that a POSA would have found it obvious
to engage in a lengthy series of steps set forth in Drs. Hecht and Parks’
declarations. EX1003, 4983, 195, 217-222; EX1004, 9920-159, Appendix C,
Appendix D-1.

213. Indeed, Drs. Hecht and Park argue that a POSA would have engaged in
nearly 30 discrete steps to arrive at an E324D mutation as follows:

1) Review Halozyme's Hylenex biological product. EX1003, 4195.

2) Superimpose the HY AL1 and bee venom hyaluronidase structures.

EX1004, 9989-91.

3) Align five human hyaluronidases of Chao. EX1003, 83.

4) Identify a characteristic pattern for the Hyal-EGF domain of PH20.
EX1004, 9997-98.

5) Identify invariant residues by analyzing a multiple sequence alignment of
a set of published hyaluronidase sequences that was available in
December of 2011. EX1004, 926.

6) Review scientific literature that identified important residues in

hyaluronidase proteins or which reported experimental results showing
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that modifying single residues impaired or eliminated activity of the
enzymes. EX1004, 9926, 88.

7) Generate a dataset of sequences that were homologous to PH20 and that
were publicly available by 2011 by performing a BLAST search using
the human PH20 sequence in FASTA format (Uniprot P38567). EX1004,
1928, 156-157.

8) Perform a search against the “reference proteins” database. EX1004,
19156-157.

9) Download the search results as a text file. EX1004, 99156-157.

10) Copy the header section of the text file into a separate file to decrease
the amount of text so the data would have been easier to manipulate.
EX1004, 9157.

11) Extract the accession numbers of the retrieved sequences from the last
column and save them as a list of alphanumeric codes in a temporary file.
EX1004, q157.

12) Write and run another perl script to identify any duplicates. EX1004,
q157.

13) For any duplicates, keep only the longest isoform of each unique
enzyme from each organism to yield a final set of 88 unique sequences

which were homologous to human PH20 and available by December
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2012. EX1004, q157.

14) Save this list as a text file. EX1004, 4157.

15) Write and run a third perl script to retrieve the FASTA format for each
sequence from the file with the original BLASTP results and save the
results as a new file. EX1004, 9158.

16) Use Clustal Omega to generate a multiple sequence alignment. EX1004,
1159.

17) Upload 88 sequences in FASTA format. EX1004, q159.

18) Save the MSA generated to a local file. EX1004, 9160.

19) Use Clustal Omega to determine whether a residue is “conserved” or
“semi-conserved,” which takes into account how similar a residue is
across all of the sequences. EX1004, 929.

20) Use alignment to identify 68 largely invariant residues that a skilled
artisan would have deemed “‘essential residues” in PH20;.447. EX1004,
1930-32, 41-43, Appendix D-1.

21) Identify the 379* positions other than the 68 essential residues deemed

4 Dr. Park purports to have identified 379 non-essential amino acid

positions in PH201.447 based on his alignment of 88 sequences. EX1004, 931,

Appendix D-2.
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“non-essential” residues. EX1004, q31.

22) Determine whether position 324 is within a non-essential region of
PH201.447. EX1004, 9932, 31, Appendix D-2; EX1003, 9217.

23) Identify the frequencies of amino acids that occur in sequences
homologous to PH20. EX1003, 44214-216; EX1004, q21.

24) Determine the variability in the amino acids at non-conserved positions.
EX1004, 9921, 31, 41-42; EX1003, 9218.

25) Determine that the residue at position 324 in PH20 is glutamic acid (E).
EX1004, 9930-21, 41-43, 105, Appendix D-1; EX1003, q218.

26) Determine the most prevalent amino acid at position 324 of the 88
sequence alignment is aspartic acid (D), which appears at position 324 in
~25% of the 88 proteins. EX1003, 9218.

27) Determine the second most-frequently occurring amino acid at position
324 of the 88-sequence alignment is threonine (T), which appears at
position 324 in ~13.6% of the 88 proteins. EX1004, 943; EX1003, 9218.

28) Determine that aspartic acid, asparagine, and arginine are obvious
choices for substitutions for glutamic acid at position 324. EX1003,
19220-221.

214. But Drs. Hecht and Park do not explain why a POSA would have been

motivated to undertake all of these steps. In particular, Drs. Hecht and Park do not
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explain why a POSA would have been motivated to undertake these steps to
prepare an E324D-containing PH20 polypeptide with “at least comparable
hyaluronidase activity as unmodified PH201.447.” EX1003, 9236. And furthermore
Drs. Hecht and Park do not sufficiently explain all of these steps.

215. Dr. Park also does not adequately explain the perl scripts he wrote, how
he used them, or how he assessed their reliability. EX1004, 99157-158. For
example, Dr. Park states: “To generate a file with these 88 sequences in FASTA
format, [ wrote and ran another perl script.” EX1004, q158. But he does not cite or
describe what perl script he used, nor explain how he determined whether his
further custom perl script produced the intended results. EX1004, 49157-158.

216. Therefore Dr. Park did not sufficiently explain all of the steps he
undertook, and Dr. Hecht did not supply sufficient additional explanation.

ili. The Hydrophilicity of Aspartic Acid (D),
Asparagine (N), and Arginine (R) Would Not

Have Motivated a POSA to Mutate E324 to D,
N, or R.

217. Dr. Hecht argues that because the “environment at position 324 is
solvent exposed,” aspartic acid (D), asparagine (N), and arginine (R) would have
been obvious choices for substituting E324 because aspartic acid (D), asparagine
(N), and arginine (R) are hydrophilic residues. EX1003, 4220. First, Dr. Hecht
does not provide a reason regarding why a POSA would have been motivated to

modify a solvent-exposed residue. Second, Dr. Hecht does not explain why a
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POSA would have modified E324 rather than any other solvent-exposed residue in
PH20. Third, a POSA would have understood that lysine is more hydrophilic than
aspartic acid and asparagine, as depicted in hydrophobicity scale A in Table 12.1

from Brandon & Tooze 1991 (duplicated in Figure H below). EX1014, 245.

Table 12.1 Hydrophobicity scales
Amine g \Wiet] Wled| Nial \Wall [Cus g WAlal \Tr Gly [Ser! WPral [gr D) (Gl [Ash N D S EEA
A 28 19 45 38 42 25 -09 18 -0.7 -04 -08 -16 -13 -32 -35 -35 -35 -39 -35 -45
B 37 34 31 28 26 20 19 16 12 10 06 -02 -07 -30 -41 -48 -82 -88 -9.2 -123

Row A is from J. Kyte and R.F. Doolittle; row B, from D.A. Engelman, T.A. Steitz, and A. Goldman.

Figure H. Table 12.2 from Brandon & Tooze 1991. Lysine (Lys) labeled in red, is
more hydrophilic than asparagine (Asn) labeled in blue and aspartic acid (Asp),
labeled in red, in hydrophobicity scale A. EX1014, 24.

218. Thus, in view of Sections X.A-X.B, a POSA would have had no
motivation to make the claimed E324 mutation to aspartic acid (D), asparagine
(N), or arginine (R) before December 29, 2011. What is clear, however, is that Dr.
Hecht relied upon Dr. Park’s analysis for identifying substitutions, and Dr. Park’s
analysis focused on E324 because he was “asked by counsel to report [his]
conclusions with respect to position 324.” EX1003, 430; EX1004, 4103.

C. Drs. Hecht and Park Have Not Established That, in the Absence
of the Guidance Provided in the Specification, Chao and the ’429
Patent Would Have Provided a POSA with a Reasonable
Expectation That an E324 Mutation of PH20 to Aspartic acid (D),
Asparagine (N), or Arginine (R) Would Have Produced a
Polypeptide with “at Least Comparable Hyaluronidase Activity as
Unmodified PH20;-447”

219. As I summarized in Section VI.D, I understand that one way of
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showing obviousness is by establishing that a POSA would have had both (i) a
reason to modify or combine the teachings of the prior art to achieve the claimed
invention and (i1) a reasonable expectation of success in doing so. As I explained
above, a POSA would not have had a motivation to leap from the teachings of
Chao and the ’429 patent to make an E324 mutation of PH20 to Aspartic acid (D),
Asparagine (N), or Arginine (R) as required by claims 1-2, 6-15, and 17-30.

220. In view of the legal principles summarized in Section VI.D., and as
explained by my analysis below, Drs. Hecht and Park also have not shown that
Chao and the ’429 patent would have provided a POSA with a reasonable
expectation of successfully producing a protein exhibiting “at least comparable
hyaluronidase activity as unmodified PH20.447,” without the guidance in the
common disclosure. EX1003, 9236. I note again that the claims do not require
enzymatic activity, but Dr. Hecht argues that a POSA “would reasonably expect
that the E324D, E324N, and E324R substitutions in PH20 would each be tolerated,
yielding a protein that exhibits at least comparable hyaluronidase activity as
unmodified PH20;.447.” EX1003, 9236.

221. In fact, Dr. Hecht goes as far as saying that “based on modeling
techniques available in 2011, the E324D and E324N substitutions would each be
expected to be a neutral change, while the E324R substitution would be expected

to be a beneficial change.” EX1003, 9229.
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222. To support this assertion, Drs. Hecht and Park propose that a POSA
would have engaged in over fifty steps that are not outlined in Chao and/or the
’429 patent, as follows:

1) Prepare PH20 structural model to visualize amino acid substitutions in PH20.

EX1004, 933-36, 162-165.

2) Use SWISS-MODEL to generate a model of the PH20 structure using the

HYALI structure. EX1004, 9939-40.

3) Determine that the PH20 model was reliable by assessing the QMEAN value

for the model. EX1004, 4163.

4) Analyze the C-terminus region’s local QMEAN reliability using B-factor
scores in the modeled PH20 structure. EX1004, q165.
5) Use HYALTL as the template structure for PH20 in SWISS-MODEL.

EX1004, 9167.

6) Devise a consistent, objective methodology for assessing substitutions using
the PH20 model. EX1004, q9102-103.
7) Assess possible interactions between the wild-type residue and its

neighboring amino acids. EX1004, q944-47, 53-60, 65-85.

8) Assess possible interactions between an amino acid at a particular position

with solvent. EX1004, 945.

9) Determine hydrophobicity and sterics of each neighboring amino acid.
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EX1004, 946.

10) Consider the varying characteristics of side chains of each amino acid and
their interactions, including hydrophobic residues with other hydrophobic
residues, van der Waals attractions between residues, hydrogen bonding
among polar residues. EX1004, 9948-52.

11) Consider factors within the context of the specific location of the
substitution, including whether the residue being substituted is on the surface
of the protein’s structure or buried within protein’s structure. EX1004, 9953-
54.

12) Define a classification system for assessing single amino acid substitutions
in PH20. EX1004, 955.

a. Changes that were likely to stabilize the protein.

b. Changes that were either neutral of mildly positive or negative for the
local protein structure.

c. Changes that were likely to be significantly destabilizing.

13) Inspect the PH20 structure produced using the PyMol viewer to identify the
neighbors of the residues to assess in the wild-type PH20 sequence. EX1004,
956.

14) Note “neighbors” that were within ~5 A of the side chain of the amino acid

being evaluated, with greater number of neighbors indicative of the residue
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being buried and fewer neighbors indicative of a solvent accessible surface
residue. EX1004, 9956-57.

15) Determine the fractional solvent accessible surface area ("SASA") to
quantitatively measure whether a residue is solvent accessible. EX1004, §58.

16) Inspect the distance between neighbors and a particular residue to
determine whether there was likely a van der Waals interaction. EX1004,
9159.

17) Periodically use a custom script, which runs within the PyMol environment
to show all of the neighboring amino acids encompassed in a shell, allowing
one to visualize the chemical moieties surrounding an amino acid at a given
position EX1004, 960.

18) Use the “mutagenesis” feature of PyMol, which replaces an amino acid at a
defined position with another amino acid, to evaluate whether a mutation
would have been likely be tolerated. EX1004, 961.

19) Consider the chemical similarity of the substitution to the wild-type amino
acid at the position being evaluated. EX1004, 962.

20) Assess interactions with neighboring residues to determine impact of
substitution, including: EX1004, 9963, 85.

21) For each substitution, consider whether the change introduces a

hydrophobic residue into a hydrophilic environment EX1004, 4464-68.
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22) For each substitution, evaluate its compatibility with the predicted
secondary structures at that position. EX1004, 4969-73.

23) For each substitution, consider how the substitution would have altered
steric interactions compared to the wild-type residue. EX1004, 4974-79.

24) For each substitution, consider tertiary interactions that might be influenced
by a substitution. EX1004, 9980-83.

25) Consult the structure of human HY AL1 and/or bee venom hyaluronidase to
consider how a particular substitution might influence the structure of PH20
(reflects the evolutionary influences of the protein’s structure). EX1004,
184.

26) Balance the type of impact of the substitutions based on the magnitude of
each interaction may have on the protein's structure. EX1004, 985.

27) Assign a score for each substitution reflecting the aggregate effect.
EX1004, 9986-87.

a. A score of 1 (reduce protein stability), 2 (no effect or slightly positive
or negative effect), or 3 (improve overall stability).

28) Consider the biochemical and structural data reported in the scientific
literature, including Chao, Zhang, Stern, and Arming. EX1004, q988-101.

29) Evaluate and assign scores to many different substitutions to develop a

consistent and unbiased methodology to evaluate potential substitutions.
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EX1004, 99102-103.

Analysis of Position 324:

30) Assess the local environment near position 324 in PH20, which is glutamic
acid (E) in the wild-type form of human PH20. EX1004, 4105.

31) Visualize E324 within the PH20 model using PyMol. EX1004, §107.

32) Confirm that E324 was not near the active site. EX1004, 107.

33) Note that E324 has six neighbors. EX1004, 4107.

34) Inspect placement of neighboring amino acids and their interactions with
E324. EX1004, 9107.

35) Confirm more distant, non-neighboring amino acids do not interact with
E324. EX1004, 9107.

36) Determine that residue E324 is located in the middle of helix 8 (a8).
EX1004, 9108.

37) Determine that a proline residue at position 329 causes a kink causing the
a8 helix to be partially unwound around position 329. EX1004, 9109.

38) Determine that E324 is located at a solvent-exposed position. EX1004,
q110.

39) Determine that E324 has a fractional SASA (fSASA) of 0.48, which is
similar to the median fSASA value for glutamic acid, which is 0.45.

EX1004, q110.
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40) Determine that E324’s side chain is pointed toward the solvent and is not
restricted by E324’s six neighbors. EX1004, 4110.

41) Create custom scripts that run within the PyMol environment. EX1004,
91960, 177.

a. Inspect positions.

b. Identify each residue, its neighbors, the distance between the residue
and each neighbor, as well as the surface environment.

c. Display the pockets of a particular location in the structure using a
script that invokes display options built into PyMol.

42) Use a built-in function in PyMol that replaces the amino acid in the
structure at a position with a different amino acid ("mutagenesis"). EX1004,
9961, 107, 120, 178.

43) Assess numerous substitutions representing diverse interactions, including
E324D, E324N, E324R, E324A, E324H, and E324S. EX1004, qq113-153.

44) Evaluate the E324D substitution in PH201.447. EX1004, 9113-121.

45) For E324D, determine that aspartic acid (D) is found at position 324 in
about 25% of the 88 proteins reviewed. EX1004, §113.

46) Determine that aspartic acid can tolerate a solvent-accessible environment
because it is a hydrophilic amino acid. EX1004, 9114.

47) Use the PyMol protein mutagenesis feature, which suggested rotamer 3 as
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the best fit for aspartic acid at position 324. EX1004, q115.
48) Determine that, when aspartic acid was substituted in position 324:
a) The terminal carboxyl group of D324 will point toward and interact
with solvent;
b) D324 would be expected to contribute to the creation of a solvent
shielded hydrophobic environment around F380;
c) The positioning of D324 will sterically impede the movement of
solvent molecules around F380 (like E324); and
d) The van der Waals and/or hydrophobic interactions may be reduced
because:
1. D324’s carboxyl group may interfere with the adjacent
hydrophobic interaction involving the side chains of F380; and
1. The proximity of the polar hydroxyl of D324 and the
hydrophobic side chain of L374 may be destablilizing. EX1004,
9116-118.

49) Conclude that the magnitude of any reduction of van der Waals and/or
hydrophobic interactions that may result from the E324D substitution would
not be expected to significantly impact the stability of the protein. EX1004,
q119.

50) Determine that, although aspartic acid has a low helix propensity, its
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substitution with E324 would not be expected to significantly impact the
secondary helical structure around position 324 because the helical structure
around position 324 has been disrupted due to the proline at position 329.
EX1004, 9119.

51) Confirm that the modeled structure with E324D, which incorporates energy
minimization, supported the evaluation based on PyMol’s protein
mutagenesis feature. EX1004, 9120.

52) Assign the E324D mutation a score of 2 in view of the expected effects of
the E324D mutation. EX1004, 121.

53) Assess whether asparagine (N) would have been tolerated at position 324.
EX1004, 9122-129.

54) Conclude that N324 would be tolerated. EX1004, 4129.

55) Assess whether arginine (R) would have been tolerated at position 324.
EX1004, 99130-137.

56) Conclude that R324 would be tolerated. EX1004, q137.

57) Assess whether alanine (A) would have been tolerated at position 324.
EX1004, 9138-142.

58) Conclude that A324 would be tolerated. EX1004, 4142.

59) Assess whether histine (H) would have been tolerated at position 324.

EX1004, 99143-147.
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60) Conclude that H324 would be tolerated. EX1004, q147.
61) Assess whether serine (S) would have been tolerated at position 324.

EX1004, 99148-153.

62) Conclude that S324 would be tolerated.*> EX1004, §153.

223. Drs. Hecht and Park provide no explanation demonstrating that a POSA
would have been motivated to carry out these more than fifty steps to form a
reasonable expectation that making the E324D mutation of PH20 would have
yielded a PH20 polypeptide with “at least comparable hyaluronidase activity as
unmodified PH20;.447,” absent the guidance in the specification. EX1003, 4236.

224. Additionally, similarly to the nearly 30 steps previously described
above, Dr. Park also does not fully explain the above more than fifty steps here
although they, too, include creating and using custom scripts. EX1004, 460, 177,
179, 183, App’x E, F.

225. Dr. Park also states that he “periodically used a custom script that [he]

wrote which runs within the PyMol environment” that “shows all of the

4 I note that Dr. Park provides no assessment regarding whether methionine
(M) would have been tolerated at position 324, nor does he conclude that a POSA

would have determined that methionine (M) would have been tolerated at position

324.
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neighboring amino acids encompassed in a shell, allowing one to visualize the
chemical moieties surrounding an amino acid at a given position.” EX1004, 960.
But he does not explain what he means by “periodically,” nor does he explain how
these scripts work to “visualize the chemical moieties surrounding an amino acid at
a given position.” EX1004, 960.

226. In sum, the combination of Chao and the *429 patent do not provide
any guidance suggesting that mutating E324 to aspartic acid (D), asparagine (N),
or arginine (R) would have yielded a PH20 polypeptide with “at least comparable
hyaluronidase activity as unmodified PH20:.447.” EX1003, 9236; EX1005;
EX1006.

227. Furthermore, the 429 patent’s general guidance that amino acid
substitutions in non-essential regions of a polypeptide “do not substantially alter
biological activity” would not have provided a POSA with sufficient guidance to
reasonably expect that making the E324D mutation would have yielded a PH20
polypeptide with “at least comparable hyaluronidase activity as unmodified PH20;.
447.” EX1003, 9236; EX1005, 9:47-50 (emphasis added). Rather, a POSA reading
the ’429 patent’s general guidance that amino acid substitutions in non-essential
regions of a polypeptide “do not substantially alter biological activity” could also
have concluded that such substitutions would not substantially decrease biological

activity. EX1005, 16:14-22 (emphasis added). The word “alter” does not
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specifically indicate an increase or decrease in “biological activity.” EX1005,
16:14-22.

228. Thus Drs. Hecht and Park have failed to show that a POSA would have
had a reasonable expectation that making the E324 mutation to aspartic acid (D),
asparagine (N), or arginine (R) would have yielded a PH20 polypeptide with “at
least comparable hyaluronidase activity as unmodified PH201.447” before
December 29, 2011 and absent the guidance in the specification. EX1003, 4236.

D. Dr. Hecht’s Declarations in Related Proceedings Further Reveal

that the 429 Patent and Chao Would Not Have Provided Any
Reason to Make a D320K Mutation.

229. Dr. Hecht has submitted declarations in twelve other related
proceedings.*® In each case, he applies essentially the same references and
reasoning as explained above, but to different claimed modifications:

1) U.S. Patent No. 11,952,600 requires an amino acid modification
as position 320;

2) U.S. Patent No. 12,018,298 requires an amino acid modification
at position 313;

3) U.S. Patent No. 12,152,262 requires an amino acid modification

4 Obviousness was not challenged in the proceeding related to U.S. Patent

No. 12,077,791. EX2063.
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at position 317;
4) U.S. Patent No. 12,123,035 requires an amino acid modification
at position 312;
5) U.S. Patent No. 12,054,758 requires an amino acid modification
at position 317;
6) U.S. Patent No. 12,060,590 requires an amino acid modification
at position 371;
7) U.S. Patent No. 12,049,652 requires an amino acid modification
at position 324;
8) U.S. Patent No. 12,104,185 requires an amino acid modification
at position 320;
9) U.S. Patent No. 12,037,618 requires an amino acid modification
at position 309;
10) U.S. Patent No. 12,091,692 requires an amino acid
modification at position 313; and
11) U.S. Patent No. 12,195,773 requires an amino acid
modification at position 320.
EX1003; EX2029-2034, EX2029-2034, EX2036, EX2038, EX2057, EX2061, and
EX2065.

230. I illustrated this point with exemplary portions of Dr. Hecht’s
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Declarations related to U.S. Patent Nos. 11,952,600; 12,018,298; 12,152,262;
12,123,035; 12,054,758; 12,060,590, 12,049,652; 12,104,185; 12,037,618; and
12,091,692 in my First Declaration. EX2001, q134. I illustrate this point with
exemplary portions of Dr. Hecht’s Declaration related to U.S. Patent No.
12,195,773 below.¥

231. The text that is deleted relative to Dr. Hecht’s 600 patent declaration is
depicted in red strike through, and the text that is new relative to Dr. Hecht’s *600

patent declaration is depicted in blue underline text:

Exemplary Excerpt 1
Comparative Patent Deleted Text Is Depicted in Red; New Text Is
Depicted in Blue
US Patent No. I note that these conventional procedures relating to
12,195,773 production of the wild-type PH20;.447 protein that
PGR2025-00053 are described in the *429 patent could be applied to
produce forms of PH20,.447 that incorporate a single
EX2064, 4227, amino acid substitution (e.g., the D320K
EX2030, 9200 substitution I discuss below) with little effort.

47 Dr. Hecht’s Declaration related to U.S. Patent No. 12,195,773 was filed

June 6, 2025—after my First Declaration.

- 136 -



Case PGR2025-00017
U.S. Patent No. 12,110,520

Exemplary Excerpt 2

Comparative Patent

Deleted Text Is Depicted in Red; New Text Is
Depicted in Blue

US Patent No.
12,195,773
PGR2025-00053

EX2064, 9228;
EX2030, 9201

The *429 Patent reports that expressing the D320k
PH20, 447 rrutant PH20,.447 mutants in a CHO cell
yields a glycosylated form of the protein that is
enzymatically active.

Exemplary Excerpt 3

Comparative Patent

Deleted Text Is Depicted in Red; New Text Is
Depicted in Blue

US Patent No.
12,195,773
PGR2025-00053

EX2064, 9241;
EX2030, 9213

Position 320 is within a non-essential region of the
PH20 sequence, based on my review of Dr. Park’s
analysis[] and the sequence alignment of Chao.

Exemplary Excerpt 4

Comparative Patent

Deleted Text Is Depicted in Red; New Text Is

US Patent No.
12,195,773
PGR2025-00053

EX2064, 245;
EX2030, 1216

Depicted in Blue

Giveptheexphanationsaboyve—a A skilled artisan:
#n20+H-would have readily identified position 320
as being in one of the non-essential regions of
PH201.447 contemplated by the *429 Patent.

232. As can be seen from the above excerpts, Dr. Hecht’s analysis is also

substantially the same in his declaration submitted in support of the PGR Petition
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filed against U.S. Patent No. 12,195,773. EX2064.

233. In closing, Drs. Hecht and Park appear to have relied on hindsight,
based on the direction of counsel, rather than any teachings or suggestions
stemming from the prior art that would have motivated a POSA to make an E324D
mutation. Drs. Hecht and Park fail to identify any disclosure of a mutation of E324
(or an E324 mutation to aspartic acid (D), asparagine (N), or arginine (R)) in Chao
and the *429 patent, whether explicitly or as would have been supplied by the
common sense or ordinary creativity of a POSA. And absent the guidance of the
specification, Drs. Hecht and Park further fail to establish that a POSA would have
had a motivation to combine Chao and the *429 patent to make a E324 mutation of
PH20 or establish that a POSA would have reasonably expected that mutating
E324 to aspartic acid (D) would have resulted in a modified PH20 polypeptide
with at least comparable hyaluronidase activity as unmodified PH201.447. As
depicted above, Drs. Hecht and Parks’ analysis is, in essence, based on cherry-
picking using hindsight rather than reflecting the view of a POSA reading the *429

patent in combination with Chao.
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XI. CONCLUSION

234. In view of the facts above, and in accordance with the legal principles
described in Section VI, a POSA would have found that the common disclosure
shared by the 520 patent and the 731 application (filed December 28, 2012)
adequately described and enabled the subject matter of claims 1-2, 6-15, and 17-
30. Additionally, in view of the facts above, and in accordance with the legal
principles described in Section VI, a POSA would have found that claims 1-2, 6-
15, and 17-30 would not have been obvious to a POSA before December 29, 2011

(the date Dr. Hecht used in his analysis).
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I hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true,
and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,
under Section 1001 of Title 18 of the United States Code.

Executed on this 11th day of June, 2025.

éﬁ/zwcojiaw Feret

arbara Triggs- -Raind,h.D/
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APPENDIX A
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Figure I. Enlarged view of Figure A above. Sequence alignment I prepared
aligning the C-terminal portions of SEQ ID NO: 3, 7 and 32-66 and showing that
each sequence differs by only a single amino acid residue at the C-terminus, with
respect to the most similar length sequence(s).
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