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Introduction

Protein folding, the process by which a linear polypeptide chain folds into
a three-dimensional structure, is an eighty-year challenge that has been described
as the final frontier of molecular biochemistry. Despite how long it has remained
unsolved, it appears that science is accelerating towards the solution with the advent
of neural net AI. Researchers are racing to build, refine, and use tools utilizing
these advancements into all stages of drug development. A Google team was just
awarded a Nobel Prize for advancements in protein folding prediction. This paper
proposes a possible future wherein AI-enabled virtual modeling is perfectly able
to predict protein folding and protein interactions. At least for antibody prediction,
this horizon is fast approaching.

The advance in technology could help resolve current issues with
pharmaceutical patenting. Antibodies have a history of functional claiming due to
the technical complexities inherent in the science, with the USPTO even creating
a carve out specifically to allow functionally claimed antibodies. Even when it
became possible to structurally identify antibodies, courts have accepted that it
was uniquely difficult and simply not how the art was practiced. However, there
has been a recent move away from this view. In Amgen Inc. v. Sanofi, the Supreme
Court affirmed the shift towards a heightened “full-scope” enablement standard for
genus claims. Courts have taken note and have begun to trend towards invalidating
genus patents for insufficient enablement. Yet beyond the protein folding horizon,
pharmaceutical patentees will be able to respond to these changes by utilizing AI
enabled protein folding prediction tools. There is a risk that these tools are too
powerful and allow patentees to tie up too much in return for too little. Courts
should be ready to respond to maintain the patent balance.

I
The Protein Folding Challenge

Proteins are large molecules that perform nearly all the work in a cell.1
They serve as structures, catalysts, hormones, enzymes, and building blocks, and
help to execute nearly all cell functions alongside other specialized roles such

1 Bruce Alberts et al., Molecular Biology of the Cell 129 (4th ed. 2002).



2024 BEYOND THE PROTEIN FOLDING HORIZON 245

as antibodies, toxins, or sources of luminescence.2 All proteins found in plant
and animal life are made up of varied combinations of just twenty common
amino acids.3 They are linked together to form a long unbroken one-dimensional
amino acid (1DAA) string that then folds into a three-dimensional shape.4 Most
purified proteins will spontaneously refold in vitro after being completely unfolded
into its 1DAA chain.5 The three-dimensional structure of a protein determines
its biochemical properties because the structure and function of a protein are
intimately intertwined.6 Therefore, being able to predict how a protein folds equates
to predicting its function. The scientific endeavor to develop a method to predict
protein structure is known as the protein folding problem. There are four levels of
protein organization.7 At the primary level is the chain of amino acids that make
up the 1DAA string. At the secondary level, the chain of amino acids folds into a
three-dimensional shape. Common shapes include the alpha helix (where the coils
up in a corkscrew shape) and the beta sheet (where the chain folds up on itself).8
At the tertiary level, the secondary structures interact with one another and the
entire protein shape forms by folding up on itself.9 Finally, at the quaternary level,
multiple tertiary structures may interact with one another to form a final protein.10

This level also includes protein-protein-interaction.

2 Id.
3 Michael Lopez & Shamim S. Mohiuddin, Biochemistry, Essential Amino Acids, Nat’l Inst. of

Health: Nat’l Ctr. for Biotech. Info, https://www.ncbi.nlm.nih.gov/books/NBK557845/ [https://perma.
cc/PE54-JQ76].

4 Ken A. Dill & Justin L. MacCallum, The Protein-Folding Problem, 50 Years On, 338 Science 1042,
1042 (2012).

5 T. E. Creighton, Protein Folding, Biochemistry J. 1, 1 (1990).
6 Dill & MacCallum, supra note 4, at 1042.
7 Protein, Nat’l Human Genome Rsch. Inst., https://www.genome.gov/genetics-glossary/Protein

[https://perma.cc/87LH-KGKL] (last updated Oct. 24, 2024).
8 Alberts et al., supra note 1, at 136.
9 Nat’l Human Genome Rsch. Inst., supra note 7.

10 Id.

https://www.ncbi.nlm.nih.gov/books/NBK557845/
https://perma.cc/PE54-JQ76
https://perma.cc/PE54-JQ76
https://www.genome.gov/genetics-glossary/Protein
https://perma.cc/87LH-KGKL
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Figure 1. Levels of Protein Organization11

The protein folding problem may be broken down into three questions:12

(i) The physical folding code: How is the structure of a protein determined by
the physiochemical properties encoded into its 1DAA chain?

(ii) The folding mechanism: How, despite having an immense number of
possible combinations, is a protein able to fold so quickly?

(iii) Predicting protein structure from amino acid sequence: How can a
computer algorithm be used to predict a protein’s structure based off of its amino
acid sequence?

The accuracy of computer modelling of physical phenomena depends on
accounting for all physical forces correctly.13 After a molecule is put in a random
initial configuration, the structure is subsequently determined by repeatedly solving
laws of physics for the atoms of the protein molecule and the solvent. “Template-
based modeling” is when target sequences that are already in the Protein Data
Base (PDB) are modeled and tends to be easier.14 By contrast, “free modeling”
prediction is when there are no known similar sequences and tends to be more

11 Id.
12 Dill & MacCallum, supra note 4.
13 Id. Some of the physical forces that contribute to protein folding include hydrogen bonds, van der

Waals interactions, backbone angle preferences, electrostatic interactions, hydrophobic interactions, and
chain entropy.

14 Dill & MacCallum, supra note 4, at 1044.
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difficult.15 In order to fully utilize this technology, folding prediction must be
reliable even when databases are limited.

One major experimental endeavor to study the kinetics of protein folding
involved finding folding intermediaries, which are partially structured states along
the folding pathway.16 Biochemical pathways almost always have been solved
by isolating pathway intermediates and studying their structures. However, this
approach has failed with protein folding pathways. Protein folding intermediates
exist for an exceedingly short period of time (<1 s); thus one cannot isolate and
study them using traditional structural methods.17 This led to the development
of new investigatory methods including mutational studies, hydrogen exchange,
fluorescence labeling, laser temperature jumps, and single molecule methods.

Despite the myriads of efforts, a complete “folding mechanism” remains
elusive. Ken A. Dill and Justin L. MacCallum define a folding mechanism as “a
narrative that explains how the time evolution of a protein’s folding to its native
state derives from its amino acid sequence and solution conditions.”18 In other
words, it is a general principle applicable to a broad range of proteins that accounts
for the differences and similarities in folding routes for various proteins.

Researchers have been able to confirm some conclusions. Proteins appear to
fold in hierarchical tree structures, rather than linear routes.19 The stability appears
to increase as the partial structure develops.20 Proteins also appear to first develop
local structures before folding into global structures.21 Scientists are working to

15 Id.
16 See generally C. Robert Matthews, Pathways of Protein Folding, 62 Am. Rev. Biochemistry 653

(1993).
17 S. Walter Englander et al., Protein Folding and Misfolding: Mechanism and Principles, 40 Q. Revs.

Biophysics 287, 289 (2008).
18 Dill & MacCallum, supra note 4, at 1043.
19 J. Hockenmaier et al., Routes Are Trees: The Parsing Perspective on Protein Folding, 66 PROTEINS:

Structure, Function, and Bioinformatics 1, 1 (2007).
20 Englander et al., supra note 17, at 320 (“The sequential formation of native-like foldons in a stepwise

pathway manner flows naturally from the obvious fact that the association of complementary structures
is energetically favorable. Pre-existing structure guides and stabilizes the formation of complementary
structure.”).

21 Hockenmaier et al., supra note 19, at 1; Dill & MacCallum, supra note 4, at 1043.
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unravel the mystery of protein folding, but there is seemingly no shortage of
questions to answer.22

We know far more sequences than structures, due to developments in high-
throughput sequencing outpacing developments in structure prediction.23 Google’s
Deepmind team recently developed a deep learning-based AI tool, AlphaFold2
(AF2).24 While it was heralded as groundbreaking, it still had a substantial error
rate.25 Molecular modeling still requires physical, experimental validation. It is
unclear when, if ever, modeling technology will reach a point where physical
validation of modeling is never required.

A. How Close Are We?

However far we are from crossing the “protein folding horizon” where
protein structures and interactions are modellable with certainty, one thing is
certain. Researchers have been making tremendous progress. A deep learning
neural network AI framework has burst onto the scene, with experts noting that
it frequently achieved “an accuracy comparable to that of experimentally derived
models.”26 This section details recent improvements in the field and reasons to be
believe that the horizon is fast approaching.

22 See generally William A. Eaton, Modern Kinetics and Mechanism of Protein Folding: A Retrospective,
125 J. Physical Chemistry B 3452 (2021).

23 See Mihaly Varadi et al., Alphafold Protein Structure Database: Massively Expanding the Structural
Coverage of Protein-Sequence Space with High-Accuracy Models, 50 Nucleic Acids Rsch. D439, D439
(2022) (noting there are nearly 220 million unique protein sequences in the Universal Protein Resource while
PDB held only 180,000 structures for 55,000 distinct proteins).

24 See generally John Jumper et al., Highly Accurate Protein Structure Prediction with AlphaFold, 596
Nature 583 (2021).

25 Ewen Callaway, ‘The Entire Protein Universe’: AI Predicts Shape of Nearly Every Known
Protein, Nature (July 29, 2022), https://www.nature.com/articles/d41586-022-02083-2 [https://perma.cc/
558W-6LX] (“35% of the more than 214 million predictions are deemed to be highly accurate, which means
they are as good as experimentally determined structures. Another 45% are considered to be accurate enough
for many applications.”).

26 See generally Joana Pereira et al., High-Accuracy Protein Structure Prediction in CASP14, 89
PROTEINS: Structure, Function, and Bioinformatics 1687 (2021) (noting that AF2 and competitors
who followed the path built by AF were tremendously successful at predicting backbone structures, though
noting that side-chains present a more difficult challenge).

https://www.nature.com/articles/d41586-022-02083-2
https://perma.cc/558W-6LX
https://perma.cc/558W-6LX
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1. Community Cooperation

Protein folding is such a grand challenge that organized communal effort is
commonplace. Critical Assessment of Protein Structure Prediction (CASP) was
one of the first community-wide competitions that spurred advancement, though
other competitions have subsequently arisen.27 CASP is held every two years,
and each time many different “target sequences” (proteins with structures known
only to the organizers) are given to research groups, who test their algorithmic
schemes to predict the 3D structures of said targets. Competition organizers then
evaluate group performance and publish a paper detailing the results.28 Afterwards,
competitors publish their results and methods, allowing the community to learn
and improve upon successful methods. With a focus on scientific progress rather
than commercial profit, these competitions are important so that advances are
immediately disseminated and incorporated into future efforts.

AF2 won CASP14.29 The organizers of CASP14 heralded AF2 as the
solution to the protein structure prediction problem.30 The organizers noted
that complex deep learning approaches were the most successful. Though AF2
showed substantially improved results compared to its predecessor AlphaFold

27 See, e.g., John Moult et al., A Large-Scale Experiment to Assess Protein Structure Prediction
Methods, 23 PROTEINS: Structure, Function, and Bioinformatics ii (1995) (introducing the first CASP
competition to evaluate protein structure prediction performance); Joël Janin et al., CAPRI: A Critical
Assessment of Predicted Interactions, 52 PROTEINS: Structure, Function, and Bioinformatics 2
(2003) (describing Critical Assessment of Prediction of Interactions (CAPRI) which assesses protein-protein
docking); Andrea Rizzi et al., Overview Of The SAMPL6 Host-Guest Binding Affinity Prediction Challenge,
32 J. Computer-Aided Molecular Design 937 (2018) (assessing predictions of the binding affinities
of small organic molecules to biological macro-molecules); Irina Kufareva, Advances in GPCR Modeling
Evaluated By The GPCR Dock 2013 Assessment: Meeting New Challenges, 22 Structure 1120 (2014)
(describing GCPR-Dock, an assessment of the progress in molecular modeling and ligand docking for G-
protein coupled receptors).

28 Pereira et al., supra note 26, at 1687 (“One of the standard metrics of accuracy in CASP is the Global
Distance Test Total Score (GDT TS), which corresponds to the average percentage of cognate Cα pairs
within distance cutoffs of 1, 2, 4 and 8Å. The closer its GDT TS is to 100%, the more accurate the backbone
of a model.”).

29 Jumper et al., supra note 24, at 583–584.
30 Pereira et al., supra note 26, at 1697–98 (“AF2 marks a solution to the structure prediction problem for

single protein chains which have a folded structure. . . . AF2 and related methods represent a key step on the
path to derive all structural properties of a protein by computation, such as dynamics, ligand interactions,
folding path and folded state under different conditions. The importance of this for the life sciences is difficult
to overstate.”).
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(AF) in CASP13, the second-ranked model in CASP14 also outperformed AF,
showing that groups improved upon AF.31 The success of AF2 continued to
expand during CASP15, despite AF2 not even participating.32 AF2 has been open
source since 2021, and participants have integrated the AI system into their own
approaches, with moderate improvements in accuracy and strides in predicting
protein interactions.33 Systems building on AF2 are “approaching the accuracy
of experimental methods.”34

There is much anticipation as the impacts of AF2 reverberate throughout the
scientific community. After the source code of the software was released, many
research papers have cited and utilized AF2.35 Deepmind announced AlphaFold3
on May 8, 2024, with improved accuracy in predicting protein-ligand docking
interactions, protein-nucleic acid interactions, and antibody-antigen prediction
accuracy.36 The results “show that high accuracy modelling across biomolecular
space is possible within a single unified deep learning framework.”37 The Royal
Swedish Academy of Sciences recognized the work of the Google Deepmind team
behind AF2 when Demis Hassabis and John M. Jumper were awarded the Nobel
Prize in Chemistry 2024 for their stunning breakthrough.38

2. Growth of Protein-Structure Databases

Community cooperation has not been limited to competitions. The PDB
was established in 1971 as the central archive for all experimentally determined
protein structures. It has steadily grown and has been formally maintained by an

31 Id. at 1697.
32 Maximilian Schreiner, CASP15: AlphaFold’s Success Spurs New Challenges

in Protein-Structure Prediction, Decoder (Dec. 14, 2022), https://the-decoder.com/
casp15-alphafolds-success-brings-new-challenges/ [https://perma.cc/NJ25-EM5D].

33 Id.
34 Id.
35 See generally Ewen Callaway, What’s Next For The AI Protein-Folding Revolution, 604 Nature 234

(2022).
36 See generally Josh Abramson et al., Accurate Structure Prediction of Biomolecular Interactions

with Alphafold 3, Nature (2024), https://www.nature.com/articles/s41586-024-07487-w [https://perma.cc/
AD3N-SEQE].

37 Id.
38 Press Release, Nobel Found. (Oct. 9, 2024), https://www.nobelprize.org/prizes/chemistry/2024/

press-release/ [https://perma.cc/M8C6-G9PV]. See also They have revealed proteins’ secrets through
computing and artificial intelligence, Nobel Found. (Oct. 9, 2024), https://www.nobelprize.org/uploads/
2024/10/popular-chemistryprize2024-3.pdf [https://perma.cc/GXP8-P7ES].

https://the-decoder.com/casp15-alphafolds-success-brings-new-challenges/
https://the-decoder.com/casp15-alphafolds-success-brings-new-challenges/
https://perma.cc/NJ25-EM5D
https://www.nature.com/articles/s41586-024-07487-w
https://perma.cc/AD3N-SEQE
https://perma.cc/AD3N-SEQE
https://www.nobelprize.org/prizes/chemistry/2024/press-release/
https://www.nobelprize.org/prizes/chemistry/2024/press-release/
https://perma.cc/M8C6-G9PV
 https://www.nobelprize.org/uploads/2024/10/popular-chemistryprize2024-3.pdf
 https://www.nobelprize.org/uploads/2024/10/popular-chemistryprize2024-3.pdf
https://perma.cc/GXP8-P7ES
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international consortium known as the Worldwide Protein Data Bank (wwPDB)
as a uniform global resource.39 There are currently more than 230,000 protein
structures within the database, with the annual deposition rate rising 500% over
20 years from 2000 to 2020.40

After winning CASP14, the creators of AF2 released the AlphaFold
Protein Structure Database (AlphaFold DB) in a partnership with the European
Bioinformatics Institute.41 While the protein structures have yet to be fully
validated, the AlphaFold DB contains 214,683,839 structures, an astronomical
increase from the PDB collection.42 This massive data trove contains the predicted
structures of nearly every protein known in science and showcases the potential
of protein folding technology.43 The AlphaFold DB has been likened to enabling
a “Google search” of protein structures for millions of researchers around the
globe.44 As recognition for this monumental advancement in scientific research
pours in, its impact will be felt throughout various fields and particularly in
pharmaceutical innovation.

B. Drug Design

Advancements in protein prediction technology will have significant impacts
throughout the scientific community. One area that will particularly be affected is
the development of pharmaceuticals.

39 See generally Helen M. Berman, The Protein Data Bank: A Historical Perspective, 64 Acta
Crystallographica 88 (2007).

40 Deposition Statistics, wwPDB, https://www.wwpdb.org/stats/deposition [https://perma.cc/
UQ22-Y85J] (May 7, 2024) (showing 2940 deposits in 2000 and 15436 deposits in 2020).

41 Varadi et al., supra note 23, at D440.
42 Frequently Asked Questions, AlphaFold Protein Structure Database, https://alphafold.ebi.ac.uk/

faq#faq-3 [https://perma.cc/DE54-3GK5] (last visited May 9, 2024). Though far from every possible protein
is available. Alberts et al., supra note 1, at 141 (estimating that for a typical protein length of about 3000
amino acids, more than 10ˆ390 different chains could be made, though fewer than one in a billion would be
stable).

43 Callaway, supra note 25.
44 Christian Edwards & Katie Hunt, Scientists Who Used AI to ‘Crack the Code’ of Almost All Proteins

Win Nobel Prize in Chemistry, CNN (Oct. 9, 2024, 8:08AM), https://www.cnn.com/2024/10/09/science/
nobel-prize-chemistry-proteins-baker-hassabis-jumper-intl/index.html [https://perma.cc/FCQ9-3DFP].

https://www.wwpdb.org/stats/deposition
https://perma.cc/UQ22-Y85J
https://perma.cc/UQ22-Y85J
https://alphafold.ebi.ac.uk/faq#faq-3
https://alphafold.ebi.ac.uk/faq#faq-3
https://perma.cc/DE54-3GK5
https://www.cnn.com/2024/10/09/science/nobel-prize-chemistry-proteins-baker-hassabis-jumper-intl/index.html
https://www.cnn.com/2024/10/09/science/nobel-prize-chemistry-proteins-baker-hassabis-jumper-intl/index.html
https://perma.cc/FCQ9-3DFP
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1. Discovery

The first step of drug development is discovery, where massive sets of drug
candidates are reviewed and narrowed down for further research. Projects can start
by screening as many as a million compounds to end up with one or two candidate
molecules.45 There are multiple stages of drug discovery, including:46

• Target Identification – Identifying biological targets for drugs to bind to that
elicit a desired response when bound.

• Target Validation – Validating identified targets through tools such as animal
models, monoclonal antibodies, and chemical genomics.

• Hit Identification & Lead Discovery – Screening for compounds that
bind to targets with strategies including high throughput screening (HTS),
focused screening, fragment screening, structural aided drug design, virtual
screening, physiological screening, and NMR screening. After compounds
pass screening, the lead discovery stage is used to screen using in vitro assays
to characterize both efficacy and safety.

• Hit-to-Lead – Refining hits to produce more potent and selective compounds
through the use of structure-activity relationship (SAR) investigations and
HTS assays. The multitude of hits from Hit Identification are studied in
parallel, and physiochemical and in vitro properties crucial to drug use are
characterized, such as solubility and permeability.

• Lead Optimization – Improving deficiencies in the lead compound while
maintaining favorable properties. There are various properties and tests
to consider, such as high-dose pharmacology, pharmacodynamic (PK/PD)
studies, dose linearity, and repeat dosing PK looking for drug-induced
metabolism and metabolic profiling.

A variety of screening techniques to identify hit molecules exist. HTS involves
screening entire compound libraries against the target using physical assays. This
can be an extremely expensive and time-consuming process, requiring the use of
laboratory automation.47 This testing assumes no prior knowledge that will aid in

45 J.P. Hughes et al., Principles of Early Drug Discovery, 162 Brit. J. Pharmacology 1239, 1248 (2011).
46 Id. at 1239.
47 Id.
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narrowing the scope of the search. Focused screening selects from a smaller subset
of compounds that are known to likely have some success based on prior knowledge
of the protein.48 These strategies have given rise to discovery paradigms using
pharmacophores (structural features in a molecule that is recognized at a receptor
site and is responsible for the molecule’s biological activity, often shared by
compounds that bind to the same target) and molecular modeling to conduct virtual
screening.49 Such pharmacophore based virtual screening (PBVS) strategies search
large libraries of chemical structures to identify compounds that are likely to bind
to the target.50 PBVS techniques will continue to grow more prevalent as libraries
of chemical structures expand and modeling programs improve.51 Any of these
techniques may be combined with one another; virtual screening can be followed
up with in vitro or physiological screening of the compounds.

Companies are already experimenting with virtual drug development.
Isomorphic Labs, established under Alphabet, Inc. as a spin off from DeepMind,
has partnered with Novartis AG and Eli Lilly & Co. to work on AI-enabled drug
discovery.52 A fully AI generated compound developed by Hong Kong-based

48 Id.; Campbell McInnes, Virtual Screening Strategies in Drug Discovery, 11 Current Op. Chem.
Biology 494 (2007). See also Philine Kirsch et al., Concepts and Core Principles of Fragment-Based Drug
Design, Molecules, Nov. 26, 2019, at 1 (providing a review of fragment-based drug design (FBDD), an
alternative to HTS). FBDD starts by screening a library of compounds for binding to a particular target.
Fragments are selected to represent ideal binding motifs as desirable starting points for further optimization.
After selection, fragments are enhanced through fragment linking, merging, or growing. Compared to HTS,
FBDD uses relatively smaller compound libraries and more sensitive assay methods for hit identification due
to a weaker binding affinity. FBDD has a lower throughput and thus selection of the compound library is
done carefully to generate high quality hits. The quality of the fragment library being screened has a direct
influence on the outcome of an FBDD project.

49 See generally Om Silakari & Pankaj Kumar Singh, Concepts and Experimental Protocols of
Modelling and Informatics in Drug Design 203–34 (2020).

50 Id.
51 See, e.g., Marwin H. S. Segler et al., Generating Focused Molecule Libraries for Drug Discovery with

Recurrent Neural Networks, 4 ACS Cent. Sci. 120 (2018) (proposing a completely in silico, data-driven
approach utilizing recurrent neural networks to generate molecular structures de novo).

52 See Isomorphic Labs Kicks Off 2024 with Two Pharmaceutical Collaborations,
Isomorphic Labs (Jan. 7, 2024), https://www.isomorphiclabs.com/articles/
isomorphic-labs-kicks-off-2024-with-two-pharmaceutical-collaborations [https://perma.cc/
NUZ5-WKG5].

https://www.isomorphiclabs.com/articles/isomorphic-labs-kicks-off-2024-with-two-pharmaceutical-collaborations
https://www.isomorphiclabs.com/articles/isomorphic-labs-kicks-off-2024-with-two-pharmaceutical-collaborations
https://perma.cc/NUZ5-WKG5
https://perma.cc/NUZ5-WKG5
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Insilico Medicine is currently in phase II clinical trials.53 A fully AI generated
compound developed by Hong Kong-based Insilico Medicine is currently in phase
II clinical trials.

C. Antibodies Beyond The Protein Folding Horizon

Given the importance of proteins to pharmaceutical research, it is easy to
imagine a future where near perfectly accurate protein structure and docking
prediction is a common tool for research. Such clear insight into the molecular
world would revolutionize therapeutic design. Scientists could utilize massively
expanded compound data banks that contain information on protein structures
and functions predicted down to the atomic level. Scientists may also be able
to use AI tools to screen existing compounds, dream up new ones, and refine
them. The various physiochemical properties of any known compound would be
readily available, and any novel or combined compound would go through reliable
simulations to ascertain these properties. The drug discovery process could be done
entirely in silico (on a computer), or at the very least with minimal experimental
validation. Use of AI is already being integrated into every stage of the drug
development process, from drug design and development to designing and running
clinical trials.54 Science is accelerating down this path.

A study of FDA approved therapeutic agents between 2009 and 2018
determined that the mean cost of bringing a new drug to market ranged from
$314 million to $2.8 billion depending on the therapeutic area.55 Advancements
in simulation will likely lower these costs. As protein folding and molecular
simulation accuracy improves, drug design methods implementing these new tools

53 See Urtė Fultinavičiūtė, Insilico’s AI drug enters Phase II IPF trial, Clinical Trials Arena
(June 27, 2023), https://www.clinicaltrialsarena.com/news/insilico-medicine-ins018055-ai/?cf-view [https:
//perma.cc/8M49-MNFD].

54 See generally Debleena Paul et al., Artificial Intelligence in Drug Discovery and Development, 26 Drug
Discovery Today 80 (2021).

55 Olivier J. Wouters et al., Estimated Research and Development Investment Needed to Bring a New
Medicine to Market, 2009-2018, 323 JAMA 844, 844 (2020).

https://www.clinicaltrialsarena.com/news/insilico-medicine-ins018055-ai/?cf-view
https://perma.cc/8M49-MNFD
https://perma.cc/8M49-MNFD
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will improve in parallel.56 One example is the implementation of AI simulation
technology for antibody modeling and interface analysis in drug discovery.57

Antibodies are a type of proteins utilized in certain drugs and treatment
methodologies. They are incredibly diverse and connect with complementary large
molecules known as antigens.58 It is estimated that an individual has tens of billions
of variations in their body at any given time.59 Scientists think that the number
of unique antibodies mirror the number of stars in the galaxy.60 These immune
receptors have immense biological value as they have the potential to bind to almost
any other large molecule, even those that have yet to be conceived.61 Antibodies
are valuable because they will only bind with a single antigen, though a single
antigen can bind with multiple, slightly varied antibodies.62 This property makes
them useful as research tools, therapies, and diagnostics. They are “among the most
frequently used tools in basic science research”.63 Antibody based therapeutics
are currently the largest class of biotherapeutics, with five of the current top-
selling therapeutics being monoclonal antibodies.64 The global antibody market
was estimated to be at USD 162.17 billion in 2023 and is estimated to grow at a

56 Richard A. Norman et al., Computational Approaches to Therapeutic Antibody Design: Established
Methods and Emerging Trends, 21 Briefings Bioinformatics 1549, 1558 (2020) (noting that while current
methods reduce the need for experimental effort during Lead Identification, there is room for improvement to
better understand the immunogenicity and overall ‘developability’ potential of compounds through improved
understanding of biophysical properties).

57 Id. (reviewing existing methods to create novel molecules ab initio, including OptCDR, OptMAVEn,
AbDesign, and RosettaAntibodyDesign).

58 Mark A. Lemley & Jacob S. Sherkow, The Antibody Patent Paradox, 132 Yale L.J. 994, 1002–03
(2023).

59 Id.
60 Id.; B. Briney et al., Commonality Despite Exceptional Diversity in the Baseline Human Antibody

Repertoire, 566 Nature 393, 397 (No. 7744, Feb. 2019) (estimating that the immune system could potentially
generate up to a quintillion unique antibodies).

61 Lemley & Sherkow, supra note 58, at 1003–04.
62 Id. at 1004.
63 Id. (citing Mathias Uhlen et al., A Proposal for Validation of Antibodies, 13 Nature Methods 823,

823 (2016)).
64 Norman et al., supra note 56, at 1549 (“Five of the current top-selling blockbusters are monoclonal

antibodies: adalimumab and infliximab (anti-TNFα), rituximab (anti-CD20), bevacizumab (anti-VEGF),
trastuzumab (anti-HER2/neu) and their market presence is still expanding.”).
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compound annual growth rate (CAGR) of 11.31% from 2024 to 2032, to be worth
USD 425.38 billion by 2032.65

Antibodies are “Y” shaped molecules comprising of two heavy amino acid
chains and two light amino acid chains.66 The heavy chain has a variable domain
(VH) and three or four constant domains (CH1, CH2, CH3, CH4). The light chain
has a variable domain (VL) and a constant domain (CL). Within the VH and
VL domains are complementary determining regions (CDR) that vary greatly to
determine the antigen the antibody will bind to. The arms of the Y are composed
of a light chain paired with the VH and CH1 domains of the heavy chain. This is
referred to as the Fab region while the vertical segment of the Y is referred to as
the Fc region.

Multiple antibodies may bind to a particular antigen, possibly in different
places. The specific place on an antigen that a particular antibody’s Fab region
binds to is known as the “epitope.”67 The strength with which a particular
antibody binds to a specific epitope is known as the antibody’s “affinity.”68

Finally, how stable the binding is, how long the interaction lasts, is known as
an antibody’s “avidity.”69 These various properties of antibodies make them a
powerful, customizable tool in scientific research.

Monoclonal antibodies are created using hybridoma technology. Invented
by Georges Köhler and César Milstein in 1975, and applied to transgenic
humanized mouse strains, hybridoma technology has allowed scientists to generate
high quality and fully human monoclonal antibodies.70 The process begins by
immunizing a mouse subject with a target antigen, which creates an immune
response. Then splenocytes (white blood cells from the spleen) are extracted and

65 Global Antibodies Market Size, Share Trends, COVID-19 Impact & Growth Analysis
Report—Segmented by Product Type, Indication, End User, Application and Region—Industry Forecast
(2022 to 2027), Market Data Forecast (Jan. 2022), https://www.marketdataforecast.com/market-reports/
antibodies-market [https://perma.cc/VK6J-3QAX].

66 Christopher E. Loh, Antibody Claims: Patent Eligibility and Written Description Issues
(2020), Lexis, https://www.lexisnexis.com/community/insights/legal/practical-guidance-journal/b/pa/
posts/antibody-claims-patent-eligibility-and-written-description-issues [https://perma.cc/ENX4-SFRU].

67 Lemley & Sherkow, supra note 58, at 1003.
68 Id.
69 Id.
70 See generally Chonghui Zhang, Hybridoma Technology for the Generation of Monoclonal Antibodies,

in Antibody Methods and Protocols 117 (2012).

https://www.marketdataforecast.com/market-reports/antibodies-market
https://www.marketdataforecast.com/market-reports/antibodies-market
https://perma.cc/VK6J-3QAX
https://www.lexisnexis.com/community/insights/legal/practical-guidance-journal/b/pa/posts/antibody-claims-patent-eligibility-and-written-description-issues
https://www.lexisnexis.com/community/insights/legal/practical-guidance-journal/b/pa/posts/antibody-claims-patent-eligibility-and-written-description-issues
https://perma.cc/ENX4-SFRU
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fused with immortal myeloma cells, creating a mixture including unfused cells,
nonproducing hybridomas, and antibody-producing hybridomas. These are then
screened and isolated for a cell line that contains both the antibody-producing
ability of splenocytes and the reproducibility of myelomas. This is an immensely
resource-intensive step as individual hybridoma cells must be separated and cloned.
If successful, a culture of genetically identical hybridomas can be used to produce
a single antibody nearly infinitely.

One type of drug likely to be profoundly impacted by the protein-folding
revolution is antibody-drug conjugates (ADC), which have been described as
“magic bullets.”71 ADCs are complex molecules, combining an antibody, a linker,
and a toxin. The antibody acts as a sort of guidance system, to bring the toxin (often
called the “payload” or “warhead”) to the site of action. The linker connects the two
components and must be stable. ADCs present an opportunity for improved drugs
due to the specificity granted by the antibody guidance.72 Unfortunately, due to the
complexity of the molecule, ADCs often pose tremendous IP challenges due to the
potentially overlapping patent claims from various parties.73

II
Patent Law

To obtain a patent, an applicant must meet four criteria. The patent must be
useful,74 novel,75 non-obvious,76 and meet a written description requirement.77

The written description must enable a “person skilled in the art” to make and use
the invention in “full, clear, concise, and exact terms.”78 These requirements serve
as the statutory screens to protect the “carefully crafted bargain for encouraging the
creation and disclosure of new, useful, and nonobvious advances in technology and
design” in return for the exclusive monopoly granted by the federal government.79

Though utility patents only offer a limited term of protection, they protect

71 Ulrich Storz, Antibody-drug conjugates: Intellectual Property Considerations, 7 mAbs 989, 989 (2015).
72 Id. at 993 (stating that ADCs have an advantage over conventional chemotherapy as they can direct their

toxic payloads to targets with high specificity, reducing non-specific side effects).
73 Id. at 1008.
74 35 U.S.C. § 101.
75 Id. § 102.
76 Id. § 103.
77 Id. § 112.
78 Id.
79 Bonito Boats, Inc. v. Thunder Craft Boats, Inc., 489 U.S. 141, 150–51 (1989).
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functional features that strongly influence the market success of a product.80 Courts
strictly police access to utility patents due to the outsized impact a utility patent can
have on the market for a product.

A. AI Challenges

Challenges arise when major changes in the landscape shift the field and pose
novel questions to the court of how to apply the rules while staying faithful to the
goals of the patent system. The latest such development is the advent of AI. In recent
years machine learning AI has made incredible strides with the likes of ChatGPT
and Dall-E.81 Though its success is most visible through chatbots and text, image,
or video generators, neural net models are disrupting the channels of innovation
as well. Legal scholars have begun to grapple with patent law questions that arise
with AI. Should AI tools be considered eligible subject matter for patentability,
or are they a “basic tool[] of scientific and technological work” that should not
be monopolized?82 How should AI-assisted inventorship be treated? So far, the
Federal Circuit has held that only natural persons can hold patents,83 but Congress
still has room to intervene.84 In addition to posing general questions for patent law,

80 See Christopher Buccafusco et al., Intelligent Design, 68 Duke L.J. 75, 84 (2018).
81 McKinsey & Company, What is Generative AI? (Apr. 2, 2024), https://www.mckinsey.com/

featured-insights/mckinsey-explainers/what-is-generative-ai#/ [https://perma.cc/T6SQ-65UY].
82 Alice Corp. Pty. Ltd. v. CLS Bank Int’l, 573 U.S. 208, 216 (2014) (citing Ass’n for Molecular Pathology

v. Myriad Genetics, Inc., 569 U.S. 576, 589 (2013)); Compare Public Views on Artificial Intelligence and
Intellectual Property Policy, USPTO (Oct. 2020), at 7–8 (reporting that many actors view AI inventions to
be at risk for patent ineligibility), with David Kappos & Asa Kling, Ground-Level Pressing Issues at the
Intersection of AI and IP, 22 Colum. Sci. Tech. L. Rev. 263, 269 (2021) (noting there are 339,828 patent
families related to AI worldwide and yet only 1,264 have been involved in litigation, a relatively low litigation
rate of 0.37%).

83 See Thaler v. Vidal, 43 F.4th 1207, 1213 (Fed. Cir. 2022) (holding that the term “individual” in the
Patent Act is limited to natural persons and pointing to precedent preventing non-natural persons such as
corporations and sovereigns from being inventors).

84 A proposed alternative approach involves attributing AI assisted inventorship to the natural person
operating the AI who identifies the useful outputs. David L. Schwartz & Max Rogers, ”Inventorless”
Inventions? The Constitutional Conundrum of AI-Produced Inventions, 35 Harv. J.L. & Tech. 531, 569–70
(2022).

https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-generative-ai#/
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-generative-ai#/
https://perma.cc/T6SQ-65UY
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AI development raises specific issues of utility,85 novelty,86 and non-obviousness87

for the pharmaceutical industry. This paper will focus on the enablement and
written description requirements for pharmaceutical patents and how they may
change with AI-enabled protein structure prediction methods.

85 If AI systems could simulate the efficacy of compounds, would such in silico simulation satisfy
the utility test? With what confidence interval? Currently for pharmaceutical inventions, utility of novel
compounds depends on in vivo and in vitro experimental results. See Brenner v. Manson, 383 U.S. 519
(1966) (finding insufficient utility in a novel steroid compound solely from being an adjacent homologue
of an effective steroid with no additional testing); In re Kirk, 54 C.C.P.A. 1119, 1125–26 (C.C.P.A. 1967)
(finding insufficient utility merely because a compound is similar to a useful compound). Cf. In re Jolles, 628
F.2d 1322, 1327-28 (C.C.P.A. 1967) (finding sufficient utility in a novel compound due to similarity coupled
with experimental validation); Cross v. Iizuka, 753 F.2d 1040, 1051 (Fed. Cir. 1985) (explaining that early-
stage in vitro testing is sufficient to find utility in the right circumstances). See MPEP § 2107.03(III). The U.S.
Courts of Customs and Patent Appeals (C.C.P.A.) was a five-judge Article III appellate court on the same
level as the U.S. Courts of Appeals. The Federal Courts Improvement Act of 1982 abolished the C.C.P.A.
See Pub. L. No. 97-164, 96 Stat. 28 (1982) (codified as amended in scattered sections of 28 U.S.C.). The
U.S. Court of Appeals for the Federal Circuit (“Federal Circuit”) adopted C.C.P.A. decisional law as binding
precedent. See Corp. v. United States, 690 F.2d 1368, 1370 (Fed. Cir. 1982) (en banc).

86 Generally, the “all elements rule” sets a narrow standard for anticipation as the prior art disclosure must
contain “each and every element of a claimed invention.” Lewmar Marine, Inc. v. Barient, Inc., 827 F.2d 744,
747 (Fed. Cir. 1987); see also Merck & Co. v. Teva Pharmaceuticals USA, Inc., 347 F.3d 1367, 1372 (Fed. Cir.
2003) (stating that for a reference to be anticipatory, it must describe all of the elements and limitations of the
claim in a single reference and enable a PHOSITA to make and use the claimed invention). However, future
AI systems might unleash new compounds at a dizzying rate and rapidly expand the field of anticipatory prior
art to impede patent applications for novel compounds. Particularly if compound libraries focus on specific
groups, such as RNA or antibody binding sites. Establishing utility through any form of testing is irrelevant
to anticipation. In re Hafner, 410 F.2d 1403, 1405 (C.C.P.A. 1969) (“[A] disclosure lacking a teaching of
how to use a fully disclosed compound for a specific, substantial utility or of how to use for such purpose a
compound produced by a fully disclosed process is, under the present state of the law, entirely adequate to
anticipate a claim to either the product or the process and, at the same time, entirely inadequate to support
the allowance of such a claim.”).

87 What may have been non-obvious to a researcher or a team working without the help of an AI tool may
become obvious to an assisted inventor, and the impact of AI assistance will continue to expand the definition
of what is obvious. See Ryan Abbott, Everything Is Obvious, 66 UCLA L. Rev. 2, 34 (2019) (“[G]iven there
is no limit to how sophisticated computers can become, it may be that everything will one day be obvious to
commonly used computers.”); Lexi Heon, Artificially Obvious but Genuinely New: How Artificial Intelligence
Alters the Patent Obviousness Analysis, 53 Seton Hall L. Rev. 359, 379 (2022) (“[T]he fear of AI creating
a world where everything is obvious is impending, if not already at least partially present.”); Olga Gurgula,
AI-Assisted Inventions in the Field of Drug Discovery: Readjusting the Inventive Step Analysis, 2 Int’l J.
Soc. Sci. Pub. Pol’y 7 (2020).
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B. A Background on Genus Claiming and Enablement

The utility patent system is one that gives nominally uniform rights across
various industries, to the benefit of some and the detriment of others. The
pharmaceutical industry is one where patent protection is seen to be crucial for
innovation.88 In addition to obtaining protection for specific compounds that have
been discovered, patentees routinely seek genus claims, which protect “a group of
compounds closely related both in structure and in properties.”89 Some scholars
argue that genus claims are critical for meaningful patent protection of chemical
compounds, as there is a risk that infringers who capture the heart of the invention
could avoid liability “by a minor modification of the particular embodiments
disclosed in the patent’s specification.”90 If granted, genus claims also afford
patentees a broad scope of protection without having to actually make each species
covered by the claim. A common technique for genus claiming in chemistry and
biotechnology is to draw a core chemical structure with an array of variables around
it, representing various chemical groups.91 This claiming practice allows for a large
number of permutations within the scope of the claim.

Historically, courts accepted these genus claims, with the CCPA reversing
a USPTO enablement rejection on the ground that a more detailed disclosure
would force an inventor to carry out an immense number of experiments and
discourage them from filing applications.92 The focus was on whether the inventor
demonstrated that some species functioned as intended and provided direction for
how to test the rest.93 As long as gaps in disclosure could be readily filled by the
PHOSITA’s (person having ordinary skill in the art) knowledge, courts would allow

88 See Dan L. Burk & Mark A. Lemley, The Patent Crisis and How Courts Can Solve It 4 (U.
Chi. Press 2009) (“In the pharmaceutical industry, there seems to be a strong consensus . . . that patents are
critical to innovation . . . [whereas] [l]awyers and executives in the information technology industries . . .
almost invariably see the patent system as a cost rather than a benefit to innovation.”).

89 In re Kalm, 378 F.2d 959, 963 (C.C.P.A. 1967).
90 Brief for Intellectual Property Professors as Amici Curiae Supporting Petitioners at 4, Amgen Inc. v.

Sanofi, 598 U.S. 594 (2023) (No. 21-757) (quoting Carnegie Steel Co. v. Cambria Iron Co., 185 U.S. 403,
437 (1902)).

91 See Dmitry Karshtedt et al., The Death of the Genus Claim, 35 Harv. J. L. & Tech. 1, 13 (2021); see
also In re Harnisch, 631 F.2d 716, 719-20 (C.C.P.A. 1980) (explaining the Markush claiming practice).

92 See In re Angstadt, 537 F.2d 498 (C.C.P.A. 1976) (reversing a USPTO decision to reject a patent despite
only 40 working examples being disclosed across a large genus).

93 Id. at 503–504.
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broad genus claiming. Particularly in the field of biotechnology, the Federal Circuit
upheld genus claims against §112(a) challenges up until the 1990s.94

Antibodies were historically patented through functional claiming, a form of
genus claiming. Under this approach, an applicant could claim an entire genus
of antibodies by claiming the specific target they bound to or the functions they
performed.95 This was due to the technical challenge of structurally describing a
complex molecule like an antibody. Such an endeavor was not how the science
was practiced. Rather than building towards a molecular structure, hybridoma
technology screened samples through trial and error for a cell line that produces
the desired monoclonal antibody. Describing every single species was nearly
impossible. In recognition of this difficulty, the USPTO has allowed inventors to
deposit complex biological materials in a public depository to supplement written
disclosure and demonstrate possession of the invention.96 Despite this option,
patentees preferred instead to characterize and claim antibodies by their function.
For example, this was the case in Noelle v. Lederman, where claims were made to
a genus of antibodies simply by characterizing the antigen to which they bound.97

This practice was tolerated by the courts in part due to the complex nature of
the science. But there are issues with functional genus claiming.98 Such a claim
will include every antibody that binds to a particular epitope or antigen, which

94 See, e.g., Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367 (Fed. Cir. 1986) (upholding a
genus claim to monoclonal antibodies used in an immunometric assay method to determine the concentration
of an antigen); In re Wands, 858 F.2d 731 (Fed. Cir. 1988) (upholding a genus claim to monoclonal antibodies
used to detect a hepatitis B antigen because the specification gave guidance and working examples, the
PHOSITA’s level of skill was high, and the methods required were well known).

95 Lemley & Sherkow, supra note 58, at 1013–14.
96 Id. at 1013; see also Thomas D. Denberg & Ellen P. Winner, Requirements for Deposits of Biological

Materials for Patents Worldwide, 68 Denv. U. L. Rev. 229, 242 (1991) (“In addition to the written
specification, actual biological material must be deposited if it is not known and readily available to the
public or cannot be made or isolated without undue experimentation.”). Merely depositing a compound is not
dispositive of disclosure as courts engage in a case-by-case determination of whether the deposit sufficiently
demonstrates possession of that which was claimed. See Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d
956, 967 (Fed. Cir. 2002) (describing the scope of genus claim deposits as a question of fact).

97 355 F.3d 1343, 1349 (Fed. Cir. 2004).
98 See id. at 1348–49 (discussing issues with functional claiming for antibodies but noting that “[A]s long

as an applicant has disclosed a ‘fully characterized antigen,’ either by its structure, formula, chemical name,
or physical properties, or by depositing the protein in a public depository, the applicant can then claim an
antibody by its binding affinity to that described antigen.”).
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might broadly cover over a million molecules.99 This raises anticipation concerns.
If a single species out of the million antibodies within the genus claim is previously
known, the claim would violate novelty.100 A patentee could attempt to avoid these
issues by narrowing the functional claim, such as by claiming an antibody by the
epitope it bound to instead of the antigen.101

In 1999, the USPTO acknowledged the technical challenges of characterizing
antibodies and carved out a specific exception for antibodies from the usual rule.102

The exception stated that “[a]n applicant may also show that an invention is
complete by disclosure of sufficiently detailed relevant identifying characteristics
which provide evidence that applicant was in possession of the claimed invention,
i.e., complete or partial structure, other physical and/or chemical properties,
functional characteristics when coupled with a known or disclosed correlation
between function and structure, or some combination of such characteristics.”103

Some offered functional characteristics included “a sequence, structure, binding
affinity, binding specificity, molecular weight, and length.”104 All of these
allowances recognized the fact that defining antibodies by their underlying structure
or genetic sequencing was simply not practical before high-throughput genetic
sequencing methods became routine.105

Patentees did not know precisely how antibodies worked, only that they did,
posing an enablement problem.106 In Hybritech Inc. v. Monoclonal Antibodies,
Inc., though the patentee taught others how to identify, make, and use the
claimed antibodies, the trial court found insufficient enablement and invalidated

99 Centocor Ortho Biotech, Inc. v. Abbott Lab’ys, 636 F.3d 1341, 1352 (Fed. Cir. 2011) (describing the
task of finding a single antibody within the claimed set as trying to find one key on “a ring with a million
keys on it”).

100 See Nichols Inst. Diagnostics, Inc. v. Scantibodies Clinical Lab’y, Inc., 195 F. App’x 947, 951–52 (Fed.
Cir. 2006) (finding claims anticipated due to prior disclosure of an antibody with the claimed bindings).

101 Lemley & Sherkow, supra note 58, at 1015.
102 Revised Interim Guidelines for Examination of Patent Applications Under the 35 U.S.C. §112, P1

“Written Description” Requirement; Request for Comments, 64 Fed. Reg. 71427, 71435 (Dec. 21, 1999)
(“[T]here is an inverse correlation between the level of skill and knowledge in the art and the specificity of
disclosure necessary to satisfy the written description requirement.”).

103 Id.(emphasis added).
104 Id. at 71439.
105 Lemley & Sherkow, supra note 58, at 1015.
106 See id. at 1016–17.
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the patent.107 The Court of Appeals for the Federal Circuit reversed.108 The court
held that it would be unreasonable to demand perfectly precise calculations of
characteristics such as affinity.109 Instead, the court focused on whether “the claims,
read in light of the specification, reasonably apprise those skilled in the art and are
as precise as the subject matter permits.”110 In the view of the Federal Circuit, the
subject matter did not allow for exact precision and therefore the relevant inquiry
was whether undue experimentation was required for one skilled in the art to make
and use the claimed invention.111 This focus on whether “undue” experimentation
was required to “make and use” the invention was affirmed in In re Wands.112

Years later, even after techniques to uncover the genetic sequence or structures
were proven, patent applicants were reluctant to claim antibodies by structure.113

Such a narrow claim to a single antibody would be easy to design around, as minor
changes that preserved function could enable a competitor to copy the invention
while avoiding infringement. This narrow protection would be a worse outcome for
the patentee than a trade-secret protection route, due to the enabling specification
that teaches the original antibody. Some patentees attempted to craft specific
claims while covering trivial variations by including homology percentages in their
claims, which set a percentage of similarity to the original claimed sequence that
would still be covered.114 However, the USPTO required that claims to homologous
groups of proteins would need to disclose the degree of acceptable sequence
variations specifically, so as to delineate the metes and bounds of the claim in
terms of structure.115 This posed a challenge, as changing even one sequence of an

107 623 F. Supp. 1344, 1352–1357 (N.D. Cal. 1985), rev’d, 802 F.2d 1367 (Fed. Cir. 1986).
108 Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1367 (Fed. Cir. 1986).
109 Id. at 1384–85.
110 Id. at 1385 (emphasis added).
111 Id. at 1384.
112 858 F.2d at 737.
113 See, e.g., Lemley & Sherkow, supra note 58, at 1016 (“Instead, [applicants] filed patents on some

combination of functional elements, including an antibody’s antigen, its epitope, and the binding affinity and
avidity of the antibody to its target.”).

114 See Christopher M. Holman, Protein Similarity Score: A Simplified Version of the Blast Score as a
Superior Alternative to Percent Identity for Claiming Genuses of Related Protein Sequences, 21 Santa
Clara Comput. High Tech. L.J. 55, 71–73 (2004) (discussing homologous proteins, though noting that the
relationship breaks down in the case of synthetic sequences generated using technology and likely includes
a large number of non-functional proteins or variants that are not homologs but retain function).

115 Id. at 67.
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antibody might result in a nonfunctional species, risking rejection.116 Functional
claiming of antibodies remained the preferred method until recently.

Recently, the exceptional treatment of allowing functional antibody claims has
ended. With its decision in Amgen Inc. v. Sanofi, the Court unanimously affirmed its
distaste for functional claiming of antibodies under the enablement requirement.117

The question to ask now is how actors buffeted by this change in wind can be aided
by increasing modeling capabilities to meet the higher enablement and written
description standards, and how those standards might change in response to the
advances.

C. Current State of Written Description

A patent’s specification “shall contain a written description of the
invention.”118 In Ariad Pharm., Inc. v. Eli Lilly & Co., the Federal Circuit stated
that the distinctive characteristic of description is disclosure.119 A specification
is adequately descriptive when it “reasonably conveys to those skilled in the
art that the inventor had possession of the claimed subject matter as of the
filing date.”120 For the most part, adequate description has two major elements:
the enablement requirement and the written description requirement.121 The
enablement requirement ensures the patentee satisfies their obligation to disclose
technical knowledge in exchange for being granted a patent, so the public may
practice the invention.122 The written description requirement forces the patentee

116 See, e.g., Novozymes A/S v. DuPont Nutrition Bioscis. APS, 723 F.3d 1336, 1338 (Fed. Cir. 2013)
(finding nonfunctional embodiments within the claims and affirming invalidation of a patent).

117 598 U.S. 594 (2023); Lemley & Sherkow, supra note 58, at 1020.
118 35 U.S.C. § 112.
119 598 F.3d 1336, 1351 (Fed. Cir. 2010) (en banc).
120 Id.
121 There is also a third “best mode” requirement. However, since the America Invents Act (AIA) was

signed into law on September 16, 2011, this requirement has been practically eliminated as it is no
longer possible to invalidate a claim as a result of failure to present the best mode. This has resulted
in the best mode requirement being seen as a “paper tiger,” as it is technically still required but will
not result in the invalidation of a granted patent. Gene Quinn, Patentability: The Adequate Description
Requirement of 35 U.S.C. 112, IPWatchdog (June 24, 2017, 9:15 AM), https://ipwatchdog.com/2017/06/24/
patentability-adequate-description-requirement-35-u-s-c-112/id=85039/ [https://perma.cc/WB6A-S8Z7].

122 See, e.g., Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d 956, 970 (Fed. Cir. 2002) (“[T]he public
must receive meaningful disclosure in exchange for being excluded from practicing the invention for a limited
period of time.”); Reiffin v. Microsoft Corp., 214 F.3d 1342, 1345 (Fed. Cir. 2000) (“The purpose . . . is to
ensure that the scope of the right to exclude . . . does not overreach the scope of the inventor’s contribution

https://ipwatchdog.com/2017/06/24/patentability-adequate-description-requirement-35-u-s-c-112/id=85039/
https://ipwatchdog.com/2017/06/24/patentability-adequate-description-requirement-35-u-s-c-112/id=85039/
https://perma.cc/WB6A-S8Z7
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to demonstrate that she was actually in possession of the invention that is being
claimed at the time of filing the patent application.123

Whether a written description satisfies the requirements varies with the nature
and scope of the invention as well as the extent of the scientific and technological
knowledge at the time of the invention.124 The inquiry is a question of fact.125 Over
the years, courts have developed industry specific standards for enablement.126 On
one hand there are “predictable” arts like electrical and mechanical engineering,
which require less disclosure as they are rooted in “well defined, predictable
factors.”127 Because it is predictable what will occur when circuits are combined,
or how much thermodynamic power a newly designed engine will produce, courts
have been comfortable with accepting a single embodiment to enable a broad
claim.128 On the other hand, inventions in more “unpredictable” arts such as
organic chemistry will require more specific and detailed disclosures to avoid the
risk of forcing undue experimentation.129

While the USPTO appears to continue to grant broad chemical genus claims
as a matter of course,130 federal courts have been increasingly hostile to genus
claims under 35 U.S.C. §112(a) for failure to enable or describe the full scope

to the field of art as described in the patent specification.”). See also Pfaff v. Wells Elecs., Inc., 525 U.S. 55,
63 (1998) (“[T]he patent system represents a carefully crafted bargain that encourages both the creation and
the public disclosure of new and useful advances in technology, in return for an exclusive monopoly for a
limited period of time.”).

123 See In re Barker, 559 F.2d 588, 592 n.4 (C.C.P.A. 1977) (“[T]he ‘essential goal’ of the description
of the invention requirement is to clearly convey the information that an applicant has invented the subject
matter which is claimed.”).

124 Capon v. Eshhar, 418 F.3d 1349, 1357 (Fed. Cir. 2005).
125 Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563 (Fed. Cir. 1991).
126 Sean B. Seymore, The Enablement Pendulum Swings Back, 6 Nw. J. Tech. & Intell. Prop. 278, 282

(2008).
127 Id.; see also In re Vaeck, 947 F.2d 488, 496 (Fed. Cir. 1991) (stating that the disclosure required for a

claimed genus of diverse and poorly understood microorganisms is greater than the disclosure required for
“predictable” inventions with a mechanical or electrical element).

128 See Spectra-Physics, Inc. v. Coherent, Inc., 827 F.2d 1524, 1533 (Fed. Cir. 1987); In re Cook, 439 F.2d
730, 735 (C.C.P.A. 1971); In re Vickers, 141 F.2d 522, 527 (C.C.P.A. 1944).

129 Schering Corp. v. Gilberty, 153 F.2d 428, 433 (2d Cir. 1946) (finding that organic chemistry is an
experimental science where results are often “uncertain, unpredictable and unexpected”); see also Genentech,
Inc. v. Novo Nordisk A/S, 108 F.3d 1361, 1367–68 (Fed. Cir. 1997) (explaining that the claimed invention is
an unpredictable technology, and the enabling disclosure must be specific and useful).

130 Sean B. Seymore, Patenting the Unexplained, 96 Wash. U. L. Rev. 707, 729 (2019) (stating that such
claims are “ubiquitous in the chemical and pharmaceutical arts”).
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of the claimed invention, particularly for biotechnology and chemistry patents.131

The Court of Appeals for the Federal Circuit has invalidated genus patents by
pointing to inadequate guidance in a specification to translate across the full scope
of a genus; an excessive amount of experimentation required to parse through the
genus; and the lack of precise structural information in the specification to limit
the metes and bounds of the genus.132 Several of these decisions have resulted
in jury verdicts of over a billion dollars being overturned.133 The trend has been
that biotechnology, chemical, and pharmaceutical genus claims lose in court.134

Legal scholars have labeled this the “full-scope” enablement standard and view it as
reflecting a shift from a practical focus on whether the disclosure enables others to
make and use the claimed invention, to a fruitless endeavor for the exact boundaries
of the invention.135 The fear is that functional genus claims are essential for
pharmaceutical patent protection—and this new “full-scope” enablement standard
effectively kills genus claim patents and guts the protection that the pharmaceutical
industry has become reliant upon.136

D. Amgen Inc. v. Sanofi and Genus Claiming

In Amgen Inc. v. Sanofi, the Court took up the enablement question of the
degree to which a patentee must show exactly which species within a genus will
work as intended.137 The claims at issue involved antibodies that lower LDL
cholesterol.138 Amgen owned the 8,829,165 and 8,859,741 patents which claimed

131 See Karshtedt et al., supra note 91, at 22.
132 Id.; see also AbbVie Deutschland GmbH & Co., KG v. Janssen Biotech, Inc., 759 F.3d 1285, 1301

(Fed. Cir. 2014) (citing Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d 956, 964 (Fed. Cir. 2002)) (“It is
true that functionally defined claims can meet the written description requirement if a reasonable structure-
function correlation is established, whether by the inventor as described in the specification or known in the
art at the time of the filing date. However, the record here does not indicate such an established correlation.
Instead, AbbVie used a trial and error approach to modify individual amino acids in order to improve the IL-
12 binding affinity. Moreover, the . . . patents do not describe any common structural features of the claimed
antibodies. The asserted claims attempt to claim every fully human IL-12 antibody that would achieve a
desired result . . . whereas the patents do not describe representative examples to support the full scope of
the claims.”).

133 Juno Therapeutics, Inc. v. Kite Pharma. Inc., 10 F.4th 1330, 1332 (Fed. Cir. 2021); Idenix Pharms. LLC
v. Gilead Scis. Inc., 941 F.3d 1149, 1153 (Fed. Cir. 2019).

134 See Karshtedt et al., supra note 91, at 4.
135 E.g., id.; Brief for the Petitioners, supra note 90, at 8–10.
136 See Karshtedt et al., supra note 91, at 62–64.
137 598 U.S. 594 (2023).
138 Id.



2024 BEYOND THE PROTEIN FOLDING HORIZON 267

all antibodies that bind to the PCSK9 protein and thus lower LDL levels by
blocking PCSK9 from binding to the LDL receptors.139 After Amgen sued Sanofi
for patent infringement, the District Court for the District of Delaware granted
Sanofi judgement as a matter of law, finding Amgen’s claims invalid for lack of
enablement.140 On appeal, the Federal Circuit affirmed, signaling their support for
the “full-scope” enablement standard by holding that the patents required undue
experimentation to obtain antibodies fully within the scope of the claims.141

In order to determine whether “undue” experimentation was required for
a PHOSITA to practice the invention, the Federal Circuit applied the following
Wands factors:142

(1) The quantity of experimentation necessary

(2) The amount of direction or guidance presented

(3) The presence or absence of working examples

(4) The nature of the invention

(5) The state of the prior art

(6) The relevant skill of those in the art

(7) The predictability or unpredictability of the art, and

(8) The breadth of the claims

While Amgen argued that the no undue experimentation was required due
to the embodiments disclosed being sufficiently structurally representative for
fulfilling the written description requirement, Sanofi claimed there were millions
of potential antibodies that might fall within the genus and require undue
experimentation.143 Sanofi pointed to the lack of guidance, the unpredictability
of antibody generation, and the substantial degree of trial and error that would be
required. The court sided with Sanofi, focusing on the large number of possible
candidates within the scope of the claims and the lack of guidance to narrow

139 Id.
140 Amgen Inc. v. Sanofi, No. CV 14-1317-RGA, 2019 WL 4058927 (D. Del. Aug. 28, 2019), aff’d, 987

F.3d 1080 (Fed. Cir. 2021), aff’d, 598 U.S. 594 (2023).
141 Amgen, Inc. v. Sanofi, 987 F.3d 1080 (Fed. Cir. 2021), aff’d, 598 U.S. 594 (2023).
142 Id. at 1084–85.
143 Id. at 1085.
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the field that necessitated a large quantity of experimentation. In discussing the
unpredictability of the field of science, the court noted that translating an antibody’s
amino acid sequence into a three-dimensional structure is still not possible, and
that a substitution within the sequence can alter the function.144 Thus, seemingly
the only way to discover undisclosed but claimed embodiments would be through
substantial and expensive trial and error.

The Supreme Court granted certiorari to address the question whether
Amgen’s ‘165 and ‘741 patents satisfied the enablement requirement of 35 U.S.C.
§112(a), such that the invention was described “in such full, clear, concise, and
exact terms as to enable any person skilled in the art . . . to make and use the
[invention].”145 Writing for a unanimous Supreme Court, Justice Gorsuch affirmed
the Federal Circuit’s “full-scope” standard.146 A specification may call for “a
reasonable amount of experimentation to make and use a patented invention. What
is reasonable in any case will depend on the nature of the invention and the
underlying art.”147 What is not allowed is a claim that monopolizes an entire class
of antibodies by function simply by disclosing twenty-six antibodies by their amino
acid sequences.148

The Court’s opinion cited O’Reilly v. Morse, The Incandescent Lamp Patent
and Holland Furniture Co. v. Perkins Glue Co. as examples of prior enablement
jurisprudence where overbroad claims were paired with insufficient disclosure.149

In Morse, the claim was too broad and covered all means of telegraphic
communication, while the specification did not describe how to make or use
them all.150 In Incandescent Lamp, the patentees only possessed an incandescing
conductor made of carbonized paper, yet tried to claim “every fibrous and textile
material.”151 Such a claim might have been permissible if there was disclosure
of a “quality common” to the claimed fibrous and textile substances that made

144 Id. at 1087.
145 Amgen, 598 U.S. at 599 (quoting 35 U.S.C. §112(a)).
146 Id. at 610.
147 Id. at 612.
148 Id. at 613–15.
149 O’Reilly v. Morse, 56 U.S. 62 (1853); Consol. Elec. Light Co. v. McKeesport Light Co. (The

Incandescent Lamp Patent), 159 U.S. 465 (1895); Holland Furniture Co. v. Perkins Glue Co., 277 U.S. 245
(1928).

150 Morse, 56 U.S. at 113–17.
151 The Incandescent Lamp Patent, 159 U.S. at 472–73.
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them “peculiarly” adapted to incandescent lighting.152 In Holland Furniture, the
claim was to a starch glue and the specification described a key ingredient in
terms of its “use or function” rather than its “physical characteristics or chemical
properties.”153 The Court took issue with the fact that “elaborate experimentation”
was required from one attempting to use the discovery as claimed and described
functionally.154

The Court focused on the extreme breadth of Amgen’s claims. When a patent
“claims an entire class of processes, machines, manufactures, or compositions
of matter, the patent’s specification must enable a person skilled in the art to
make and use the entire class. In other words, the specification must enable the
full scope of the invention as defined by its claims. The more one claims, the
more one must enable.”155 The Supreme Court has affirmed the Federal Circuit’s
shift of the enablement inquiry from a question of whether making and using the
invention will require undue experimentation to whether defining the full scope of
the invention, by experimenting with potentially every species within the genus,
will require undue experimentation. The intent seems to be to limit genus claims
to species that work, or at the very least limit the genus such that it would not take a
prohibitively long time to test every single species within the genus. The Court has
signaled a desire for the patentees to do the work to narrow down the genus with
some principle before applying for a patent, rather than seeking to claim potentially
millions of compounds based on function.

Though this full scope view of enablement has prevailed, USPTO guidelines
post-Amgen state that the Wands factors still control.156 The view of the USPTO
is that enablement turns on the degree of experimentation required by the
specification and whether it is “reasonable.”157 Yet in Baxalta Inc. v. Genentech,
Inc., the Federal Circuit relied on the “full scope” test from Amgen to affirm a

152 Id. at 472.
153 Holland Furniture, 277 U.S. at 256.
154 Amgen Inc. v. Sanofi, 598 U.S. 594, 610 (2023) (citing Holland Furniture, 277 U.S. at 257).
155 Id. (emphasis added).
156 Adoption of Updated WIPO Standard ST.26; Revision to Incorporation by Reference, 88 Fed. Reg.

34089 (May 26, 2023).
157 See Eileen McDermott, USPTO Says Wands Still Controls Post-Amgen in New Enablement

Guidelines, IPWatchdog (Jan. 9, 2024, 6:30 PM), https://ipwatchdog.com/2024/01/09/
uspto-says-wands-still-controls-post-amgen-new-enablement-guidelines/id=171784/ [https://perma.
cc/W2FA-N9PM].

https://ipwatchdog.com/2024/01/09/uspto-says-wands-still-controls-post-amgen-new-enablement-guidelines/id=171784/
https://ipwatchdog.com/2024/01/09/uspto-says-wands-still-controls-post-amgen-new-enablement-guidelines/id=171784/
https://perma.cc/W2FA-N9PM
https://perma.cc/W2FA-N9PM
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district court decision of invalidity for lack of enablement.158 Baxalta’s patent
covered millions of antibodies, while the specification disclosed just eleven amino
acid sequences. Like in Amgen, the court took issue with the fact that nothing in
the specification taught a PHOSITA how to identify antibodies that fell within the
claim limitations other than by repeating a brute force trial-and-error process.159

There was no way for a PHOSITA to “predict” which antibodies would perform
the claimed functions.

With Amgen Inc. v. Sanofi, the Supreme Court has backed a strict, higher
bar for enablement, especially for functional genus claims pertaining to antibodies
where potentially millions of compounds are claimed with minimal disclosure.
When a novel drug target is discovered, it is likely a naturally occurring
phenomenon that cannot be patented, as it already exists inside the body of a
person.160 Discovering a novel target that elicits a desired pharmacological effect
is analogous to discovering properties of electricity in Morse,161 or BRCA genes
in Myriad,162 or the pre-modified bacteria in Chakrabarty,163 all of which were
unpatentable. Discovering such natural phenomena is a valuable contribution to
society, but granting a broad patent to all applications of that discovery would
“shut the door” on future innovation and inventions that may improve upon the
initial disclosure.164 Such a broad claim without similarly broad disclosure is
impermissible. What may be patented is a specific application of said natural
phenomenon, like the twenty-six antibodies disclosed in the specifications in
Amgen, or the telegraph as one method of electromagnetic communication in

158 81 F.4th 1362 (Fed. Cir. 2023).
159 Id. at 1366.
160 See 35 U.S.C. § 101. The framework for distinguishing patents that claim laws of nature, natural

phenomena, and abstract ideas from those that claim patent eligible applications of those concepts is as
follows. First, determine whether the claims at issue are directed to a patent-ineligible concept. If so, then
consider the elements of each claim both individually and “as an ordered combination” to determine whether
additional elements “transform the nature of the claim” into a patent-eligible application. Mayo Collaborative
Servs. v. Prometheus Lab’ys, Inc., 566 U.S. 66, 78–79 (2012); accord Ariosa Diagnostics, Inc. v. Sequenom,
Inc., 788 F.3d 1371, 1375 (Fed. Cir. 2015). This second step has also been described as a search for an
“inventive concept,” an element or combination of elements sufficient to ensure that the patent amounts to
significantly more than a patent upon the ineligible concept itself. Mayo, 566 U.S. at 72.

161 O’Reilly v. Morse, 56 U.S. 62, 62 (1853).
162 Ass’n for Molecular Pathology v. Myriad Genetics, Inc., 569 U.S. 576, 576 (2013).
163 Diamond v. Chakrabarty, 447 U.S. 303 (1980).
164 Morse, 56 U.S. at 113.
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Morse. The unpredictable nature of the science and protection against minor
variations warrant some broader scope of protection than the four corners of
the specification, but this is countervailed by the interests against precluding the
field from future improvement and the reciprocity of the patent bargain. With
these policy underpinnings in mind, the next part examines how advancement in
predictive simulation might affect claiming and enablement.

III
Folded Enablement

Thus, the Court has signaled its dissatisfaction with broad functional genus
claims particularly pertaining to antibodies that offer little to no instruction for
a PHOSITA to narrow the genus. Parties working in drug development may
feel limited to specific compounds in their claims and therefore vulnerable to
minor variations. Advancements in simulation technology utilizing AI may offer a
solution. Though functional claiming of antibodies is effectively voided, increased
modeling capabilities will enable scientists to both predict the structures of the
compounds claimed and hypothesize a genus of molecules that have similar
functions.

These advancements may directly address the concerns raised by the Court
relating to functional genus claiming of antibodies. In Amgen, the Court noted that
antibody science was unpredictable and that scientists cannot “always accurately
predict exactly how trading one amino acid for another will affect an antibody’s
structure and function.”165 It also took issue with the lack of guidance given to
narrow the large breadth of the claims.166 When an actor designs a drug around
a novel target beyond the protein folding horizon, they will be able to not only
disclose the specific structures of the species that they synthesized and tested,
but also have ways to narrow down the potential genus of compounds that bind
to that target. They also may be able to simply disclose hundreds of species in
their specification. In silico simulation can be used to screen and filter for prior
disclosures to avoid anticipation, for nonfunctional species to avoid enablement
issues, for any other characteristics that might make a species an unattractive
candidate for drug development, and even to generate a proposed procedure to

165 Amgen Inc. v. Sanofi, 598 U.S. 594, 600 (2023).
166 Id. at 614 (describing Amgen’s approach to enablement as “little more than [] research assignments.”).
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synthesize the remaining species. The question of nonobviousness may be looming,
but application of this technology towards a novel target may be enough for courts.

The resulting patent application might look like a specific disclosure of
twenty-six antibodies that were produced and tested alongside a genus claim
consisting of merely 300 species that have been simulated to be found as viable
but not preferrable alternatives. Or it might look like a specific disclosure of 326
antibodies that were simulated to be the best candidates to bind to a particular
target, with experimental validation on twenty-six of the group. The characteristics
evaluated by the program to narrow down the genus could be fully disclosed as
guidance as per the second Wands factor.

Both hypothetical claims would likely meet the full scope enablement
standard that is the law following Amgen, even though the Wands factors will take
into account the advances in simulative capabilities and the science. Courts will
recognize that the skill of those in the art has risen, that the art has become more
predictable, and consider the state of the prior art in considering whether undue
experimentation will be required. Narrowing the claimed genus would address the
major concern in Amgen and help the court find that undue experimentation is
not required. To get around anticipation or obviousness objections, patentees may
structure their claims as applications of these compounds as a means of binding to
newly discovered targets.

A. Claim Complexity

Rather than enabling patentees to claim compounds structurally, AI-enabled
advancements in simulation technology may have the opposite result. If the
technical capability to filter a broad library of compounds based on functional
criteria exists, it may also sufficiently enable a PHOSITA to define the full scope
of a functionally claimed genus without undue experimentation. Courts may be
willing to accept functional claiming of an antibody genus by a patentee that
provides sufficient narrowing criteria and disclaims nonfunctional species. The
question would be whether the burden of sorting through an expansive genus to
clarify the bounds of a claim should be placed on the patentee or on the public.
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An inventor has no incentive to disclose any more than is required by law.167

Any disclosure that is not claimed is dedicated to the public.168 It may be that a
heightened burden on the inventor will increase the costs of innovation. This may
slow the pace of invention and dissemination of knowledge. However, there are
benefits to imposing the burden on the patentee to clarify the scope of a claim.
In a competitive industry like pharmaceuticals, actors will be both patentees and
patent readers. Having clear patent claims will allow readers to design around the
patent to improve upon the inventions of their competitors.169 This would stimulate
competition, an integral goal of the patent system. If a competitor is left to sift
through a functionally claimed genus, they may be met with uncertainty when
deciding whether to utilize a compound at the outer fringes of the claim. This
leaves the competitor with three unfavorable options. They may try to negotiate
a license, which leaves them at the mercy of the patentee. They may simply choose
to abandon the attempt, which may deprive the public of innovation. Finally, they
may attempt to find relief through litigation, such as an action to invalidate the
patent or find noninfringement. This is a costly process that should be avoided if
possible. While it is important to protect a patentee from infringement by trivial
variations, the burden for the practicing public to narrow a functionally claimed
genus must not be too great.170

Another potential issue is the increasing complexity of claims. Claiming
compounds functionally has the benefit of simplicity. It is possible that the kind of
structural claiming enabled by simulation technology greatly raises the information

167 Jeanne C. Fromer, Patent Disclosure, 94 Iowa L. Rev. 539, 594 (2009).
168 The dedication rule states when a patentee discloses but does not claim subject matter in a patent, the

unclaimed matter is dedicated to the public. The rule is based on the idea that the patentee has control over
drafting of the claims, and if they disclose but omit to claim certain subject matter, they are deemed to have
waived the right to capture the disclosed matter under the doctrine of equivalents. See Johnson & Johnson
Assocs. Inc. v. R.E. Serv. Co., 285 F.3d 1046 (Fed. Cir. 2002) (per curiam).

169 Fromer, supra note 167, at 596 (analogizing to a multi-party prisoner’s dilemma, where all parties
would be better off with more effective disclosure as long as there is no individual defection).

170 See Clarisa Long, Information Costs in Patent and Copyright, 90 Va. L. Rev. 465, 495–96 (2004)
(“Owners know more about their property than do observers. . . . [R]ules that force owners publicly to disclose
and convey information, such as by defining the boundaries and more general attributes of the good, can
increase overall social welfare. Such rules may lower information costs for observers (which will be a large
number of people), while increasing information costs for owners (which will be a small number of people
for any given good). Information disclosure rules are efficient so long as they lower net costs to observers by
more than they raise net costs to owners.”).
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costs of patent readers when deciphering the claim. Readers may require access to
certain computer programs. The group having “ordinary skill in the art” may be
exceedingly small, limited to those with expertise in computational biology.

Presently, biochemical patent claims are inaccessible to many. While
individual inventors may be disproportionately affected by rising information
costs than those under the umbrella of large firms with deep pockets, the typical
pharmaceutical patentee is not an inventor working out of her garage. The average
skill required to understand and make use of a pharmaceutical patent is already
high. Claiming compounds structurally may raise the complexity of reading claims,
resulting in lowered access for some, but with a net positive effect. The practicing
public will have more definite notice of what is claimed by the patent, spurring
innovation by allowing competitors to design around the patentee. Parties with the
resources to compete in the pharmaceutical market will adapt to reading the more
complex claims. In the end, the twin goals of innovation and access will continue
to be met.

B. Means Plus Function Plus Simulation

In response to the movement away from functional claiming of antibodies,
Professors Mark Lemley and Jacob S. Sherkow proposed a middle ground
involving means-plus-function claiming.171 35 U.S.C. §112(f) provides the
statutory basis.172 Despite explicitly permitting functional claiming, a §112(f)
claim is actually substantially narrowed in scope.173 Such a claim is not construed
to cover every means of performing the claimed function, and is instead limited
“only to those disclosed in the patent’s specification and equivalents thereof.”174

As applied to antibodies, this serves as an intermediary between broad, purely
functional claims and narrow species claims. A claim for means of binding to a
target antigen accompanied with a limited specification would not be found invalid
for written description or enablement as it would only be construed to cover the
exact species that are disclosed in the specification.

171 Lemley & Sherkow, supra note 58, at 1055–61.
172 35 U.S.C. § 112(f). “An element in a claim for a combination may be expressed as a means or step for

performing a specified function without the recital of structure, material, or acts in support thereof, and such
claim shall be construed to cover the corresponding structure, material, or acts described in the specification
and equivalents thereof.”

173 In re Hyatt, 708 F.2d 712, 714–15 (Fed. Cir. 1983).
174 Lemley & Sherkow, supra note 58, at 1056–57.
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The fight then is over what constitutes an “equivalent” and what test should
be applied to accused infringers. Warner-Jenkinson Co. v. Hilton Davis Chem. Co.
says there is equivalence if the accused and claimed thing perform “substantially
the same function in substantially the same way to obtain the same result.”175 The
traditional aim is to capture later-developed equivalents that are unknown at the
time of applying for the patent. Though unlikely, it is possible that two structurally
different antibodies have the same function: they bind to the same epitope, have
the same binding affinity, have the same avidity, and thus perform substantially the
same function in substantially the same way to obtain the same result. It may be
a question of the degree of scrutiny that is applied to the measurements of these
characteristics to find equivalence.

The species within the disclosure cover literal infringement. There is a
separate doctrine of equivalents (DoE) that would apply as well. For means-
plus-function claims, this DoE applies in two circumstances: where function is
similar but not identical, and where the equivalent did not exist at the time the
patent issued.176 For a precise science such as antibodies, the first application
would not apply. Function would have to be identical to be covered as binding
to the same antigen at a different epitope should be sufficiently different. There
is the possibility then that means-plus-function equivalence applies DoE onto
the equivalent structures covered by literal infringement.177 Lemley and Sherkow
argue this strategy can capture structurally different antibodies that share functional
characteristics while being sufficiently narrow to pass under the full scope
enablement standard. The basis for written description – preventing gun jumping
and late claiming – will be supported because structures must be disclosed when
filing, so patentees will need to identify and possess the antibodies before claiming.

But the view is different on the other side of the protein folding horizon.
Patentees would be able to identify and disclose a significant number of species
within the specification. Means-plus-function claiming enabled with sophisticated
simulation may wind up with hundreds of disclosed species, and allowing claims

175 Warner-Jenkinson Co. v. Hilton Davis Chem. Co., 520 U.S. 17, 35 (1997) (citing Union Paper-Bag
Mach. Co. v. Murphy, 97 U.S. 120 (1878)). Equivalence is tested not against the claim as a whole but goes
element by element. Id. at 29–30. Antibody claims tend to not be in multielement format.

176 Chiuminatta Concrete Concepts, Inc. v. Cardinal Indus., Inc., 145 F.3d 1303, 1310–11 (Fed. Cir. 1998).
177 John N. Kandara, Note, Application of the Doctrine of Equivalents to Means Plus Function Claims:

WMS Gaming Inc. v. International Game Technology, 50 Duke L.J. 887, 916 (2000).
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to extend to equivalents may wind up crowding out the field for future innovators.
It is conceivable that within the hundreds of disclosed species, some may be
strategically added not for their value as viable drug development candidates,
but to widen the net of equivalents so as to fend of undiscovered improvements.
Courts will likely want to narrow what is covered under equivalents by having a
high standard for similarity. Compounds will be screened based on characteristics
such as binding epitope, binding affinity, avidity, among others. To encourage
improvements in a mature field, courts may want to rule that in order for a
compound to infringe on an equivalent, it must match every characteristic to an
extraordinarily high degree.

C. How Much is Enough?

Advanced molecular simulation will enable actors to run extensive screenings
and simulations of compounds at minimal costs. This raises the question of how
much patentees should be expected to do in order to claim a compound. Would it be
proper to allow a claim to a genus of 10,000 antibodies as long as a computer has
generated a “recipe” to synthesize each one, and simulated the interactions with
a target epitope with a positive outcome? Should even a 99.9% confidence in in
silico reliability be enough? While requiring some degree of physical validation
may serve to ensure that the public is not swindled out of a proper patent bargain,
could such a requirement ultimately be an undue burden on inventors that will
ultimately stifle innovation?

The labor in creating a list of compounds may be relatively trivial. The
scientific endeavor to advance protein folding simulation is a worldwide communal
effort and the fruits of that endeavor should be a commons to be enjoyed by
all. While there may be valuable work in discovering a novel target, the work to
screen existing databases generated through common effort is not proportionate to a
monopoly on 10,000 antibodies for use in binding to a specific epitope. Such a grant
might fence off the field and block others when only a select few antibodies will
be used in clinical trials and ultimately only one may possibly make it into a drug.
Within the 9,999 other antibodies that were screened and deemed to be inferior
choices, there may be one that is superior in different circumstances such as use at
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high altitudes, or on women.178 Or there may simply be one that was erroneously
predicted to have an unfavorable characteristic but in reality, is superior. Precluding
others from experimenting with the remainder of the genus may deprive society of
valuable advancements.

With that being said, an inventor deserves to have exclusivity and protection
for their invested efforts. That protection should account for trivial variations so
that infringers cannot avoid liability with minimal effort. Without the guarantee of
protection against follow-on actors, few will want to undertake the costly process of
developing a pharmaceutical compound and obtaining FDA approval to bring it to
market. Adding a requirement that a patentee not only successfully synthesize the
full genus that they claim but validate that each species functions as predicted might
be a prohibitively expensive and tip the scales on the cost-benefit of innovation.
As future courts are faced with these difficult questions, they should maintain the
balance between twin goals of innovation and access. Innovators must be protected
so that they continue to have an incentive to progress science and the useful arts.
The bounds of patent claims must be clear so that the public has proper access to
improve upon the invention.

Conclusion

Protein folding and related technologies are developing at an exponential rate.
We may soon cross the horizon into a world where the molecular mysteries of
complex proteins are made clear for researchers. Despite the history of functional
claiming of antibodies and genus claiming, courts have transitioned into a full
scope view of enablement after Amgen Inc. v. Sanofi. This status quo may make
it difficult for pharmaceutical actors to obtain protection against minor variations
of their inventions. Advancements in protein folding and interaction may offer the
solution. Modeling capabilities will enable actors to structurally define not only the
compounds that they are using in physical trials, but also any functional equivalents
within the entire theoretical universe of molecules. This will allow patentees to
meet the full scope standard enough to protect against variations and equivalents.

178 Women and in particular women of color have been underrepresented in clinical research. This has
consequences for women’s health as diseases and treatments can affect men and women differently. While
progress has been made to increase representation in clinical trials, there is far more to be done. Allison M.
Whelan, Unequal Representation: Women in Clinical Research, 106 Cornell L. Rev. Online 87 (2021).
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There is a risk that this trivializes the enablement standard and allows inventors to
tie up too much in return for too little.
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