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Abstract

Food allergy affects an estimated 220–250 million people worldwide, for whom the constant
risk of a severe reaction weighs heavily on quality of life. Allergic reactions are triggered by the
cross-linking of allergen-specific IgE bound to its high-affinity receptor, FcεRI, on mast cells and
basophils, causing degranulation, inflammation and, in severe cases, anaphylaxis. Omalizumab
(Xolair), the sole FDA-approved biologic for food allergy, neutralizes circulating IgE; however,
it does not effectively remove IgE from FcεRI, where it can persist for weeks and where even a
small residual amount can sustain sensitivity. Here we describe an agentic computational design
campaign with Claude toward a disruptive inhibitor antibody that physically removes bound
IgE from FcεRI. Guided by our research team, Claude pursued a biparatopic molecule that pairs
a disruptor arm, which displaces IgE from FcεRI, with a non-competing anchor arm that holds
the molecule on receptor-bound IgE. Of 91 experimentally characterized disruptor designs,
20 showed activity against receptor-bound IgE by competitive bio-layer interferometry, and
in a dose-titration assay three variants removed more IgE than omalizumab at therapeutically
relevant concentrations (25–400 nM). De novo designs for the anchor arm bound IgE at diverse
epitopes with apparent affinities of 3.4–235 nM. These subcomponents provide the starting
point for further characterization toward a best-in-class IgE disruptor.

1 Introduction

Food allergy is an atopic disease characterized by the overproduction of IgE reactive against otherwise
harmless environmental or food antigens. Allergen-induced cross-linking of IgE bound to the high-affinity
receptor FcεRI of mast cells and basophils releases preformed and newly synthesized inflammatory medi-
ators, resulting in classical symptoms ranging from moderate urticaria to severe, fatal anaphylaxis (Fig-
ure 2b) [1]. In the United States the disease affects up to 8% of children and about 10% of adults, roughly
33 million people in all, with about 40% of affected children reactive to more than one food [2–4]. Until re-
cently, the only option for food allergy patients was strict allergen avoidance and self-injectable epinephrine
for accidental exposures [5].
The fundamental pathway of food allergy is the interaction of allergen-specific IgE with the high-affinity
receptor FcεRI of mast cells and basophils, one of the strongest protein-receptor interactions in human
immunology. IgE binds FcεRIα with an affinity near 10−10 M and dissociates so slowly that mast cells
and basophils stay fully sensitized whether or not allergen is present [6–8], supported by continuous IgE
production by B cells [9–11]. While free IgE has a serum half-life of about two days, receptor-bound
IgE persists in human skin for weeks to months [9, 12–14]. Additionally, mast cells and basophils are
exquisitely sensitive to IgE cross-linking. For reference, a basophil carries some 105 FcεRI, yet only a few
thousand allergen-specific IgE molecules, one or two per cent of the receptor pool, give a half-maximal
response, and only a few hundred are enough to initiate secretion [15–17]. Therefore, food allergen
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Figure 1. Overview of biparatopic disruptive IgE inhibitor design campaign. (a) We sought to design
a biparatopic VHH whose anchor arm binds receptor-bound IgE and whose disruptor arm forces IgE into
a non-FcεRIα-competent state, so that it departs the receptor without cross-linking (from Figure 2d). (b)
The design campaign, simplified from Figure 3. Claude decomposed the objective with human input and
ran both design phases. (c) Characterization by bio-layer interferometry: competitive BLI for the disruptor
arm and standard BLI for the anchor arm. (d) Judicious pairing of the two arms via geometric analysis will
provide the starting point for further in vitro and in vivo characterization toward a therapeutic biparatopic.

reactivity is the result of a baseline state of fully sensitized and highly reactive mast cells and basophils
driven by continuous allergen-specific IgE production by B cells.
Over the past decade, the management and treatment of food allergy have been revolutionized. Most no-
tably, in 2024 omalizumab (Xolair), a humanized anti-IgE antibody, became the first FDA-approved medi-
cation to reduce allergic reactions to multiple foods [5, 18, 19]. In the OUtMATCH trial, 16 to 20 weeks of
omalizumab allowed 67% of patients with multi-food allergy to tolerate 600 mg of peanut protein, against
7% on placebo [18]. This is a major advance for the treatment of food allergy, yet it is far from completely
addressing the disease. Only 42% of treated patients completed the full 6,044 mg cumulative challenge for
two of their foods and 24% for all three. Furthermore, 14% could not consume even 30 mg of peanut after
the full 16 to 20 weeks of treatment [18]. The treatment regimen is also burdensome. Because omalizumab
neutralizes IgE stoichiometrically, the dose is set by body weight and total IgE. Patients must take 75 to
600 mg of drug by injection every two or four weeks, with no established dosing for patients whose body
weight and/or total IgE lie outside the approved label, excluding a significant population. Furthermore,
because omalizumab does not alter IgE production, free IgE returns after discontinuation of drug, requiring
patients to be treated indefinitely [5, 19]. Omalizumab therefore protects against accidental exposure, but
patients are advised to continue avoiding their allergens and must carry epinephrine [5, 19].
Omalizumab nonetheless represents a breakthrough in the treatment of food allergy and validates IgE as
the central mediator of the disease. Its limitations derive from the biology of the IgE:FcεRIα interaction
and from the development goals set for omalizumab in the 1990s (Figure 2) [20, 21].
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Figure 2. IgE biology and the disruption problem. (a) IgE-Fc conformations. Free IgE-Fc (PDB 2WQR)
is bent, with the Cε2 pair folded back and the Cε3 domains closed; receptor-bound IgE-Fc (PDB 1F6A)
has the Cε3 domains open, straddled by FcεRIα D2. Cε3 center-to-center distances are marked; the Cε2
pair on the right is from PDB 7SHT (dashed). (b) Allergen-induced clustering of IgE:FcεRI on an effector
cell activates the cell and releases granule mediators. (c) Omalizumab binds free IgE on Cε3 and blocks
receptor loading, but its epitope is covered on receptor-bound IgE. Right, a partially disrupted complex
(PDB 7SHT). (d) Biparatopic disruptor concept. An anchor arm (blue) binds a non-overlapping epitope
and holds the molecule on receptor-bound IgE; a disruptor arm (green) enters the Cε3 site as it opens and
levers the receptor off. Arm positions are illustrative (E3_53 and E2_79 sites, PDB 7MXI). Caption continues
on the next page.
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Figure 2. IgE biology and the disruption problem (continued). (e) Facilitated dissociation of IgE:FcεRIα
complex by omalizumab, and antibody variants derived from omalizumab. The IgE:FcεRIα complex opens
transiently at one of its two Cε3 sub-sites (orange; sub-site 1 light, sub-site 2 dark) while the other holds;
an antibody that binds the exposed site blocks re-engagement, the second sub-site releases, and IgE leaves
bound to the antibody in a non-binding state. State 1, native complex (PDB 1F6A, Cε2 pair from 7SHT);
states 2–4, the trapped disruption intermediate (PDB 7SHT) with an omalizumab-derived scFv in the
opened sub-site 1 and a second copy levering FcεRIα at sub-site 2 (14◦, 5 Å), shown without the an-
tibody (2) and without the receptor (4). Structures superposed on the Cε4 pair, one camera; domains
drawn as heavy-atom outlines.

IgE exists in two forms, free in the circulation and bound to FcεRI on the cell surface, and at therapeutically
relevant doses omalizumab neutralizes only the free form (Figure 2c). Because IgE triggers reactions
through clustering of the bound form, neutralizing free IgE disarms the cell only as fast as its existing
complexes turn over: basophils lose most of their surface IgE within about ten days, but FcεRI-positive
mast cells in skin are unchanged after one week and reduced only after ten [22–24]. The medicine with
the greatest potential for patients with food allergy would therefore not only neutralize free IgE but also
remove the IgE already bound to effector cells (Figure 2).

2 Neutralizing and disruptive IgE inhibitors

Omalizumab neutralizes free IgE by binding to the IgE Cε3 chain at two symmetrically related epitopes, and
in a manner which both directly overlaps with the bound conformation of FcεRIα, and which additionally
prevents the folded-back conformation of the Cε2-domain believed to stabilize the IgE:FcεRIα complex
(Figure 2a) [20, 21, 25, 26]. For these same reasons, it was originally thought omalizumab was unable to
bind IgE once it is already bound to FcεRIα. However, subsequent studies of omalizumab after its initial
development discovered that it could in fact disrupt IgE:FcεRIα complexes, but only at concentrations far
above those reached in patients. In this case, transient partial dissociation on the part of FcεRIα allows
omalizumab to occupy its partially overlapping epitope on Cε3, thereby preventing rebinding to FcεRIα
(Figure 2e) [25]. Indeed, at micromolar concentrations omalizumab has been shown to accelerate the
dissociation of pre-formed complexes and to remove IgE from basophils over hours. Omalizumab’s 50%
disruption capacity (DC50) is ∼200 µM (SPR) for bound IgE disruption compared to KD ≈ 0.2 nM for free
IgE inhibition [25, 27].

Orthosteric disruptive inhibitors In parallel to this work, designed ankyrin repeat protein (DARPin)
E2_79 was discovered and found to inhibit mediator release more effectively than omalizumab in cellular
assays [28, 29]. In 2012, a fluorescence assay developed to classify IgE inhibitors demonstrated that E2_79
disrupted not as a classical competitor of the FcεRIα epitope, but rather through a modeled steric overlap
of only 400 Å3 in comparison to omalizumab’s modeled value of 1200 Å3, suggesting that large overlap
may not be necessary and may even be counter-productive to facilitating disruption [8, 25, 30]. Subse-
quently, E2_79 was shown to remove surface IgE from allergic-donor basophils within minutes, to abolish
IgE-dependent activation, and to protect mice carrying human FcεRIα from passive cutaneous anaphy-
laxis [27]. The DARPins that revealed facilitated dissociation, however, made a difficult starting point for
a medicine, limited by immunogenicity, developability, and no approved precedent for the scaffold [27, 31].
Based on this work, the academic groups behind the DARPins turned to engineering omalizumab itself to
establish disruptive potency [32, 33]. They evolved variants that strip humanized mast cells at a few
hundred nanomolar, and a cryo-EM structure of a variant bound to a partially dissociated complex con-
firmed steric facilitated dissociation as the mechanism of disruption [32]. Elbow-flexible descendants of
these variants desensitize mice within 36 hours of a single dose, where omalizumab matches vehicle [33].
Excellergy, a biotechnology company founded on this work, has now entered phase 1 clinical trials [33, 34].

Allosteric disruptive inhibitors Concurrently, the biotechnology company Ablynx isolated single-domain
antibodies (VHHs) against IgE from an unbiased llama immunization campaign, and found several that
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not only blocked IgE binding to FcεRI but also displaced receptor-bound IgE from cells [35–37]. The
mechanism of one of these VHHs, sdAb026, was resolved later: it binds the CD23 (FcεRII) site at the
Cε3–Cε4 junction and traps the closed conformation that cannot bind FcεRIα, representing a second route
to disruption that acts from a distal epitope rather than at the interface [38]. In cellular assays, sdAb026
strips IgE from basophils within minutes.

Biparatopics Together, the orthosteric and allosteric disruptive lineages have established two distinct
mechanisms for driving disruption of IgE:FcεRIα complexes: steric facilitated dissociation, in which a
binder inserts at a transiently exposed sub-site of the receptor interface and competes the receptor off,
and allosteric conformational trapping, in which a binder at the distal CD23 (FcεRII) site locks Cε3 in the
closed conformation that cannot hold the receptor [8, 38]. In both cases, and regardless of modality, such
monovalent disruptors require concentrations of high hundreds of nanomolar to micromolar on cells to
mediate disruption. To significantly improve disruptive potency, biparatopic constructs have been gener-
ated by combining a monovalent disruptor armwith a second anchor arm against a non-competing epitope.
Fusing E2_79 to a DARPin that recognizes receptor-bound IgE at a distal Cε3–Cε4 surface improved effi-
ciency about 100-fold [27, 39]. Furthermore, the knob-in-hole IgG1 Fc-fusion, KIH_E07_79, brought the
half-maximal disruptive concentration on whole-blood basophils to 2 nM, roughly 500-fold the potency of
E2_79, and cleared IgE from basophils and tissue mast cells within nine hours in vivo [30, 39, 40]. Bi-
paratopic VHHs have similarly demonstrated significant disruptive potency gains by pairing sdAb026 with
non-competing anchoring VHHs [41]. Biparatopic constructs exhibit improved disruption because of an
avidity effect for the IgE:FcεRIα complex. The non-competing arm binds receptor-bound IgE and anchors
the molecule to the IgE:FcεRIα complex. This, in turn, holds the disruptive arm at a high local concentra-
tion, ready to act whenever the complex transiently adopts the state it recognizes (Figure 2d) [27, 39, 41].

Anaphylactogenicity The same biparatopicmechanismwhose avid cis-binding of a single receptor-bound
IgE molecule enables significantly higher disruptive potency also carries the risk of trans-binding of two
distinct receptor-bound IgE molecules, which can lead to cross-linking and anaphylaxis [32]. As a clini-
cal example, the development of omalizumab variant HAE1 was discontinued after adverse events in two
participants during a phase 2 trial. Although the nature of the events has not yet been disclosed, cellular
assays demonstrated HAE1 could activate basophils from some donors, attributed to longer dwell time on
intact IgE:FcεRIα complexes [32]. The flexible binding geometry of biparatopics demands that significant
consideration be taken so as to avoid this unwanted cross-linking. While initial experimental validation
suggested that KIH_E07_79, for example, was non-activating [39, 40], subsequent testing in additional
donors reported a high degree of anaphylactogenic activity [41]. Further characterization has strongly
implicated the arm geometry, linking moiety (tandem or Fc-fusion) and orientation, as well as the affinity
and kinetics of the arms themselves, in determining the anaphylactogenicity [39–41]. Hence, a truly best-
in-class disruptive IgE inhibitor must engage receptor-bound IgE strongly enough to disrupt the complex,
yet be physically unable to bridge two IgE molecules on the same cell.

3 A computational design campaign toward a best-in-class IgE inhibitor

Potent and safe disruption of bound IgE calls for precise control over molecular geometry. Conventional an-
tibody discovery via display or immunization provides little control of the binding epitope or pose, making
complex therapeutic mechanisms such as IgE disruption challenging to target. On the other hand, biomolec-
ular generative models can specify or predict the geometry before any molecule is made, enabling rational
optimization or selection. We hypothesized that a computational design campaign leveraging modern
biomolecular generative models, directed by Claude [42], and informed by prior literature and rational
epitope and pose selection could accelerate the path towards a best-in-class IgE inhibitor: one able to in-
hibit free IgE with high affinity, disrupt IgE:FcεRI on allergic effector cells with potency at therapeutically
relevant doses, and do so without cross-linking and activating effector cells.
We set out to design a biparatopic antibody with two functional VHH arms, one that disrupts the IgE:FcεRIα
interaction and one that anchors the molecule to receptor-bound IgE at a geometrically compatible epitope.
Upon a Claude-assisted review of existing literature, we opted to pursue (1) localized redesign of sdAb026,
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Figure 3. Claude-steered decomposition of the design task. Objective decomposition and strategy,
disruptor redesign and de novo anchor design as three phase columns; blue boxes are near-autonomous
Claude phase execution, green frames Claude-driven objective decomposition with human interaction.

an existing VHH with observed disruptive activity and known IgE-bound structure [38, 43]; to obtain
our disruptor arm; and (2) de novo design of an anchor arm to diversify and control the anchor arm
geometry. We ultimately identified three disruptor variants that are comparable in activity to sdAb026
and which are more potent than omalizumab at therapeutically relevant concentrations. We also designed
and characterized de novo anchors with single-digit nanomolar affinity for IgE. These results represent the
first of many critical steps in developing a complex antibody therapeutic like a biparatopic disruptive IgE
inhibitor, and provide the critical modular subcomponents for continued therapeutic optimization.

3.1 Claude-steered decomposition and orchestration of the design task

The design campaign was largely driven by interaction with Claude Mythos 5.1. First, in conjunction with
our research team, Claude orchestrated high-level design planning and decomposed the stated objective
into distinct work phases. Second, it proceeded with near-autonomous execution of these work phases,
supported by our research team throughout, as Claude has recently done for de novo binder design against
diverse targets [42]. In total, the campaign consisted of a total of 22 distinct phases of autonomous execu-
tion, of which 15 were primarily devoted toward computational design. We provide a high-level summary
of the workflow in Figure 3.
To initiate the design campaign, Claude performed an extensive review of characterized disruptive ap-
proaches from both academic and preclinical work, and grouped these into two salient mechanistic classes:
First, orthosteric disruptors, including the monovalent and biparatopic lineages extending DARPin E2_79
[8, 27], affinity-evolved, disruption-selected omalizumab variants [32, 33, 39], and even omalizumab it-
self at sufficiently high concentration [25, 26], act by exploiting small, transiently freed steric overlap with
FcεRIα to gain occupancy and subsequently drive dissociation. Second, allosteric disruptors act as CD23
function homologs [44], displaying selective affinity for the non-receptor-competent closed conformation of
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IgE Fc Cε3–Cε4, and which includes examples such as sdAb026 [38]. Claude then proceeded to analyze the
amenability of each class to computational redesign and eventual inclusion within a biparatopic construct,
identifying key functional and structural considerations for each class critical to facilitating disruption and
whose accurate recapitulation would be required on the part of the computational model employed.
Toward this end, Claude identified experimentally derived, publicly available data to be used as a means
of directly and quantitatively gauging function-specific modeling performance. For example, Claude per-
formed structure prediction on a number of campaign-relevant resolved structures, including both the or-
thosterically disrupted intermediate state induced by the clone 7 omalizumab variant (PDB 7SHT) [32, 45],
and the disruptive binding mode of sdAb026 (PDB 5NQW) [38, 43], observing uniformly high accuracy
over both classes in identifying the open/closedness of Cε3–Cε4, but displaying higher confidence for the
allosteric disruptors. Such observations, the existence of an experimentally validated disruptor in VHH
sdAb026, and the existence of a solved structure by which to guide redesign, resulted in a final judgment
to emulate the allosteric rather than orthosteric disruption mechanism.1

Finally, to better inform the choice of co-folding models for use in downstream optimization, Claude iden-
tified experimentally validated loss-of-function mutants of sdAb026 [38], and used these as the basis of a
calibration mechanism by which to select two distinct co-folding models whose confidence most accurately
recreated the disruptive rank-ordering of wild type against the disclosed mutants. Claude further clarified
the functional specification of the desired biparatopic into respective designs for both arms and a necessary
linking moiety. Together with key structural or functional insights, it decomposed the design campaign into
subsequent phases. The overall flow of this campaign-planning stage is summarized in Figure 3, left.

3.2 Disruptor redesign

To initiate disruptor redesign, Claude began by analyzing the interface geometry of the resolved sdAb026
binding mode to IgE Cε3–Cε4 in PDB 5NQW [38, 43], identifying three scopes within which to conduct
targeted, structurally localized redesign. These scopes include a Cε4, receptor-distal interface, mediated by
both part of the CDR3 loop and a collection of framework regions (Cε4 interface scope), a Cε3, receptor-
proximal interface mediated by CDR1 and CDR3 (Cε3 interface scope), and a third scope consisting of the
interface-distal CDR2 loop (CDR2 scope). A fourth scope consisting of CDR1 and CDR3 residues which do
not participate in the interface as contacts but which can be inferred to play supporting, interface-stabilizing
roles, was advocated for by Claude and carried through the initial inverse-folding and tempered-redesign
rounds; however, we opted to drop it from further campaign phases so as to diversify resources away from
the binding interface toward the distal CDR2 scope instead. More details on the choice of scopes can be
found in Section A.1, and a brief visual overview is included in Figure 3.
Claude then elected to split subsequent disruptor redesign efforts into six distinct sub-phases, each con-
sisting of a choice of redesign scope and redesign paradigm. For both the Cε3 interface and Cε4 interface
scopes, Claude opted to perform targeted mutagenesis so as to obtain double, triple, and quadruple mu-
tants with superior disruptive effect. To do so, two primary methods were employed: inverse folding of
randomly sampled sub-scopes [46], as well as tempered redesign, a purpose-built, gradient-based muta-
genesis approach not requiring prior specification of mutation scope. Claude enabled real-time conceptual-
ization, implementation, and subsequent validation and deployment of this key methodological extension,
and more broadly meticulously tailored design workflows (both open and internal) to campaign-specific
contexts. Finally, both inverse folding and gradient-based redesign were utilized against the CDR2 scope.
At the completion of the round, Claude refolded all designs using the scoring models nominated in Sec-
tion 3.1, ranked by 10-seed mean binder-pair ipTM, and nominated thirteen distinct designs from each of
the four Cε3 interface and Cε4 interface design scopes, accompanied by an additional forty designs from
the CDR2 scope, for subsequent experimental validation. A more detailed overview of the round phasing
can be found in Figure 3 (middle column), and a summary of results is reported in Figure 4. We refer the
reader to Section 3.2 for a more extensive treatment of each phase mentioned above, and to Section C for
further details on tempered redesign.
1Relative model performance on 7SHT and 5NQW is likely a partial artifact of their deposition dates of October 2021 and January

2018, respectively, and in relation to model training cutoffs.
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Figure 4. Design campaign results. (a) disruptor redesign (a-c): every scored design per arm (gray)
and the nominated designs (colored) by (a) mean critic score over ten seeds and by (b) substitution count
against reference sdAb026 (b); dashed line, sdAb026; (c) right, nominee n10 on the Cε3–Cε4 dimer. An-
chor design (d-g): (d) the same strip per design round; (e) a curated subset of nominated anchor variants
on both Cε2 and Cε3–Cε4; (f) a (G4S)2 KIH linker proxy applied to disruptor variant n10 and anchor n83,
and (g) a (G3S)3 tandem linker proxy applied to the same combination.

3.3 De novo anchor design

The anchor arm was designed de novo against two surfaces that remain exposed on receptor-bound IgE
(Figure 2d). The first is the Cε2 domain pair, the epitope class of the VHH anchors that improved sdAb026
in biparatopic format [41]. The second is the Cε3–Cε4 surface recognized by E3_53, the anchor of the
first biparatopic DARPin [27, 39]. Claude first refolded the published Cε2-binding VHHs [41] with the
selected co-folding critics to check whether the models placed them on a consistent epitope, and used the
consensus footprint as the first target.
Anchors were designed by backpropagation through the structure predictor from a random start, over all
three CDRs, on twelve clinical VHH frameworks (Table 2). Three phases of design were run on Cε2: one
against the consensus epitope, one against randomly drawn epitope patches across the domain, and one
without epitope conditioning (Section B.2). On Cε3–Cε4, two phases were run: the first with randomly
drawn epitope patches as for Cε2 and with an additional avoidance loss penalizing contact with the FcεRIα
and sdAb026 footprints, as well as a subsequent, completely unconditioned run without epitope condition-
ing. Both rounds were subsequently followed up by an iterative refinement scheme based on inverse folding
[46–49]. In total, 23,600 unique designs were scored in 1,310 H100-hours, and 57 were nominated, 42
on Cε2 and 15 on Cε3–Cε4 (Figure 4, Table 3). We refer the reader to Section B for a more technical
discussion, to Figure 3 (right column) for a broad overview of the round, and to Figure 4 for results for the
round regarding plate nomination for subsequent experimental validation.
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3.4 Biparatopic assembly

In the final phase of the design campaign, we asked Claude to use the computational results characterizing
the disruptive potency and binding affinity of the designs from Section 3.2 and Section 3.3, together with
model predictions of pose and binding geometry to assemble promising biparatopics. As discussed in
Section 2, the choice of linking moiety varies among precedented disruptors, and within a larger design
space consisting of both single-chain tandem linkers, such as the (G4S)2 linker found in biparatopic DARPin
bi53_79 [27], and bulkier, knob-in-hole (KIH), IgG fusion constructs [39, 41]. To further narrow the
design mandate, we requested that Claude limit its search to encompass only tandem (G4S)k linkers for
k ∈ {3, 4, 5, 6, 7, 8}. Despite the limited search space, the dimer symmetry of IgE Fc, combined with the
labile nature of Cε2, ensures that geometric characterization of the likely cis-binding mode of a putative
biparatopic remains a difficult task.
A long and flexible linker is a serious liability for an IgE-targeting biparatopic. The desired biparatopic effect
by which an anchor arm binding raises the effective local disruptor arm concentration so as to increase the
disruptive potency of the molecule relies on a shorter, rather than longer, linker. The role of linker length,
and of linker and arm geometry more generally, is widely implicated as playing a dominant role beyond
affinity and kinetics in the anaphylactogenic liability of a particular construct [39, 41]. Indeed, a longer
linker and more flexible geometry can accommodate trans binding of distinct receptor-bound molecules,
in turn leading to stable bridging, activation, and eventually, anaphylaxis.
With this context present, Claude proceeded to split the task in two: First, Claude conducted a systematic
enumeration of potential IgE Fc Cε2–Cε4 conformations with bound FcεRIα by identifying all deposited
structures in the PDB with these chains present (2Y7Q, 7SHT, 8YWA). For each putative pair of anchor and
disruptor, all structures were enumerated along with all combinations of symmetrically related binding sites
for both anchor and disruptor arm, so as to yield a total of twelve crude, candidate cis-binding geometries.
Second, Claude derived an algorithm which, for each fixed geometry and choice of k ∈ {3, 4, 5, 6, 7, 8},
attempts to construct a placement of the alpha carbons of (G4S)k tandem linker residues so as to yield an
unobstructed path between the pair of complementary VHH termini. For the latter, minor intervention on
our part was required to ensure that pathological linker geometries (i.e., threading the “donut hole” of the
open conformation of IgE Cε3–Cε4) were excluded, and that certain steric clashes were properly accounted
for. The combined procedure then nominates the shortest such k for which an unobstructed linker could
be constructed, along with the corresponding construction. One such linker construction is provided in
Figure 4 (bottom right).

4 Results

We nominated designs from both the disruptor and anchor design campaigns for experimental validation
and assessed their functional activity via bio-layer interferometry (BLI). For the disruptor arm, we per-
formed a multi-phase, competitive BLI experiment to measure the extent to which the designed antibody
in solution can displace IgE bound to an immobilized soluble FcεRIα ectodomain, mimicking the physio-
logical context of FcεRI on mast cells and basophils. For the anchor arm, we performed standard kinetic
characterization of free IgE binding to immobilized VHH.

4.1 Designed disruptor variants displace IgE from bound FcεRIα

We first nominated 91 disruptor designs for experimental screening, alongside the parent sdAb026 and
single alanine mutants of its Cε4-facing CDR3 previously reported to remove functional activity [38], at
a single concentration. Twenty designs removed IgE faster than every negative control. We classified
these 20 sequences as positive hits for disruptive activity. Six hits appeared to improve upon the activity
of sdAb026. Hits originated from every design scope and method, albeit at different rates (Figure 5D).
Redesign of CDR2 was by far the most productive route, accounting for most of the hits and most of the
designs that appeared to exceed the disruptive activity of the parent. However, activity did not depend
on staying close to the parent sequence, and functional activity was retained for sequences differing by
as many as eight substitutions (Figure 5B), demonstrating the ability of biomolecular models to navigate
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Figure 5. Experimental characterization of disruptor arm designs. (A) Schematic and idealized sen-
sorgram from the competitive BLI assay. The IgE displacement is quantified in terms of the decline from the
peak BLI response relative to total IgE loading. (B–E) Initial screen of 91 designs via a 120 s dissociation
phase. (B) IgE remaining at the end of the dissociation phase against the number of substitutions from
sdAb026. Twenty variants (blue) exhibited an apparent IgE off-rate exceeding every negative control’s;
the eight variants carried forward for purification are labeled V1–V8. (C) The disruptive effect is not corre-
lated with the association rate in a standard binding kinetics assay. (D) The designs by redesign scope and
method and by substitution count. (E) The number of designs mutated at each CDR position (top) and the
best and worst IgE displacement among them (bottom). (F–K) Purified variants were assayed at 600 s of
dissociation and at five therapeutically relevant concentrations, alongside omalizumab. (F) Percentage of
IgE bound at 400 to 25 nM; green cells removed more IgE than omalizumab. (G–K) Time courses at 400,
200, 100, 50 and 25 nM; the arrow marks addition of the disruptor.

sequence functional landscapes zero-shot. Substitutions throughout CDR2 and at two positions in CDR1
appeared in designs more active than the parent (Figure 5E), whereas most positions in the Cε4-facing
CDR3 never appeared in an active design at all, consistent with the loss of activity in the alanine mutants
of that loop.
We then purified eight active designs, alongside sdAb026 and the inactive alanine mutant Y112A, and
compared them to each other and to omalizumab over a range of therapeutically relevant concentrations
(Figure 5F–K). To do so, we performed an extended disruptive BLI assay, with the disruption phase extended
to tenminutes. All variants retained disruptive activity greater than the Y112A control at all concentrations.
Encouragingly, three variants, V1, V4 and V8, removed more IgE than omalizumab at every concentration
tested. However, the variants did not appear to improve upon the parent sdAb026, with the best variant,
V1, providing a similar response at most concentrations.
To confirm that disruptive activity is not solely a function of binding, we conducted single-point BLI assays
of free IgE binding to immobilized VHH. Nearly all of the designs retained binding activity, many with very
slow dissociation constants at the limit of measurement (Section E). The apparent association rate, kon, did
not predict disruption activity (Figure 5C). Additionally, the alanine mutant negative controls appeared to
bind IgE nearly as tightly as sdAb026, but removed far less IgE in the disruptive BLI screen (Figure 5B).
Thus, a single substitution at the Cε4 interface (i.e., the negative controls) can abolish disruption while
leaving affinity nearly intact.

4.2 Epitope-diverse anchor arm hits

We next nominated and experimentally tested 57 anchor arm designs via BLI, with the VHH immobilized
on the probe. Three variants exhibited cleanly resolved kinetic fits, for a hit rate of approximately 5%
(Figure 6A). The hits derived from two of the three epitope-specific design blocks: the side of Cε2 distal
to the consensus binding site of variants B1, E1, and F4 [41]; and the Cε3–Cε4 surface. Somewhat
surprisingly, no designs targeting the consensus epitope of variants B1, E1, and F4 exhibited binding.
Corroborating recent literature [42], the critic scores do not perfectly anticipate which designs would
bind; anchor design 1 was the lowest-ranked of the 19 nominees targeting the distal Cε2 surface, whereas
anchor designs 2 and 3, were second-best within second of the 15 nominees targeting the Cε3–Cε4 surface.
Plotting the association rate against the off-rate (Figure 6C) reveals the three hits associate at similar
rates, so their range of apparent affinities, from 3.4 to 235 nM, arises almost entirely from their off-rates.
We caveat, however, that these affinity measurements are potentially confounded by avidity; because IgE
presents each Fc domain twice, binding events to adjacent immobilized VHHs may not be independent.
Curiously, though, anchor designs 1 and 3 appear to occupy a near-symmetric, single binding site at the in-
tersection of the two IgE monomers (Figure 6A). Experimental characterization of avidity will thus provide
an unusual mechanism by which to directly probe the accuracy of the predicted binding pose.
Using the predicted binding poses, we explored the linker lengths required to join the anchors with the
original disruptor, sdAb026, when the latter is bound to the same IgE dimer (Figure 6D). Because there
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Figure 6. Experimental characterization of de novo anchor arm designs. (A) Three anchor designs
bound IgE, with the predicted pose on IgE-Fc and the BLI sensorgram (black) with a single-exponential
fit (dashed) shown. (B) Peak association response of all 57 de novo anchors by design block; below the
dashed line (0.2 nm) no binding was resolved. (C) Apparent association and dissociation rates of the three
hits, with lines of equal KD. (D) The predicted poses of the anchors suggest possible lengths of (G4S)k
linkers that would combine with sdAb026 into a tandem VHH biparatopic construct, in either orientation.
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are two identical binding sites for sdAb026 and two linking orders, there are four possible orientations of
the two arms. For all three anchors, at least one orientation admits a linker length within distribution for
3–5 (G4S) repeats, a typical range for therapeutic antibodies. Anchors 2 and 3 are closer to the sdAb026
binding site, and hence appear to be more compatible with one tandem VHH orientation over the other.
Because these distances have some flexibility depending on the conformation of Cε2, we did not commit
to a single linker, but built a library (using our disruptor variants in place of sdAb026) that covers both
orientations and a range of linker lengths for each anchor (Section 3.4) for further characterization.
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5 Discussion and future work

In this report, we demonstrated that computational design can produce two functional arms of a biparatopic
as the first key step towards a best-in-class IgE disruptive inhibitor. Our parallel design campaigns produced
(a) a disruptor arm that removes IgE from FcεRI, and (b) an anchor arm that binds to IgE at a noncom-
petitive epitope. Through Claude agentic orchestration of biomolecular generative models [42], both were
obtained within weeks rather than the months expected of traditional screening workflows.
Starting from sdAb026, a single-domain antibody with previously reported disruptive activity [38], we
obtained 20 variants with measurable disruptive activity. These variants were up to eight substitutions from
the parent and represent a diverse functional family different from one another by as many as ten residues
(out of 31 CDR residues). These findings mirror similar results in the use of biomolecular foundationmodels
to design functional sequences far from original starting points [50–52]. We will continue to explore
agent-orchestrated computational design campaigns [42] to venture further from known sequence space,
steering towards other properties of interest in addition to preserving function. While we did not measure
any variants with improved functional activity over sdAb026 at controlled doses, diversification of existing
functional sequences provides multiple starting points for independent optimization for properties beyond
functional potency, such as developability, biparatopic compatibility, and cross-reactivity. This represents a
significant reduction in time and cost over the custom library-scale screening protocols previously required
for such diversification [32, 33].
In combination with our anchor designs, we expect biparatopic construction (as tandem VHH or as VHH-
Fc) to provide a significant boost to potency and disruptive efficacy. Indeed, the parental disruptor sdAb026
was reported to exhibit disruption at therapeutically relevant concentrations only when combined with an
anchoring VHH [35, 37, 41]. Similarly, the orthosteric disruptor DARPin E2_79 experienced dramatically
improved potency after conversion to a biparatopic format [27, 39]. In this light, we are encouraged to
observe improved activity over omalizumab even when our designs are expressed as monovalent constructs.
A key limitation of the disruptor design methodology pursued here is the reliance on an existing sequence
(and in fact, docked structure) of a molecular species with the desired functional activity. Future work
will explore if Claude can employ reasoning strategies to design functional sequences when no reference
sequence is available; or even more ambitiously, when the structural specification of the desired function
(in this case, inducing disruption by biasing IgE Fc toward a closed conformation) is entirely unavailable.
The subcomponents generated here by Claude will provide an excellent basis for the development of can-
didate biparatopics for further characterization towards a best-in-class IgE disruptive inhibitor. Following
biophysical validation of free and bound IgE inhibition, candidates will be tested in basophil and mast-cell
assays for disruption, activation, and protection against allergen challenge across donors, followed by fur-
ther lead optimization and functional, pharmacokinetic, and pharmacodynamic studies in animals. A key
risk will be to avoid anaphylactogenicity via receptor cross-linking; we anticipate that geometric reasoning
and analysis of biparatopic formats with Claude will prove highly useful in this next stage of discovery.
Looking beyond IgE, the strategies and methods developed in this work create a powerful foundation
for additional campaigns of rationally designed antibodies capable of more complex biological functions,
opening the door for best-in-class medicines across human diseases.
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A Technical details of disruptor redesign

We provide extended commentary and technical details for all disruptor redesign phases as outlined in
Figure 3.

A.1 Characterization of 5NQW interface geometry and clarification of redesign scopes

sdAb026 bound to IgE Fc
Cε3–Cε4 (PDB 5NQW)

Cε4 × CDR3 Cε3 × CDR1,3 CDR1,3 free scope CDR2 scope

D99 E100 E101 Y102
A103 L104 G105
P106 N107 E108
F109 D110 Y111

G26 F27 T28 F29
G30 N31 Y32 D33
A97 T98 D99 E100
E101 Y102 A103

G26 F27 T28 F29
G30 A97 T98 A103

L104 G105 F109 Y111

I51 D52 T53 G54
G55 D56 I57 T58

IMGT CDR1 IMGT CDR2 IMGT CDR3

Figure 7. Redesign scopes on sdAb026. sdAb026 bound to IgE Fc Cε3–Cε4 (PDB 5NQW; Cε3 and Cε4
rendered in white and light-grey, respectively). Left-middle to right: the four redesign scopes with color-
coded scope residues highlighted according to their respective CDRs.

Determination of design scope After analyzing the binding mode of sdAb026 in PDB 5NQW, Claude
nominated the Cε3 interface, Cε4 interface, and free scopes detailed in Figure 7. As reported in the main
text, the free scope was eventually dropped in favor of a fourth, interface-distal CDR2 scope so as to
increase the diversity and extent of the explored optimization space. We emphasize that chronologically,
full redesign was initially carried out against the three non-CDR2 scopes before the conceptualization of
the fourth, complementary CDR2 scope reported in Figure 3. Claude then further identified the first three,
interface-proximal scopes as being candidates for targeted mutagenesis (edit distance 2-4) rather than full
scope redesign, utilizing both inverse folding (Section A.2) and a gradient-based mutagenic design scheme
developed for precisely this purpose, as described in Section A.3.

A.2 Inverse Folding of Scopes 1-3

Sequence-biased inverse folding. To achieve the desired mutagenic effect with inverse folding, Claude
initially considered combining a uniform and calibrated sequence bias with SolMPNN [46]. First, N = 250
unbiased draws using SolMPNN at T = 0.1 were produced for each scope S, with ski,j denoting the k-th
recorded logit of the j-th residue member of the i-th draw, after which Claude sought to calibrate a uniform,
scope-specific biasing parameter bS so as to maximize the fraction

1

NM

N∑︂
i=1

M∑︂
m=1

1
[︁
2 ≤ di,m(bS) ≤ 3

]︁ (1)

where
di,m(bS) =

∑︂
j∈S

1
[︁
r̃m
i,j ̸= rj

]︁
, r̃m

i,j ∼ softmaxk

(︂(︁
ski,j + bS 1[k = rj ]

)︁
/T

)︂
(2)

of biased resamples predicted to land between two and three edits, where rj is the parent sdAb026 residue
at scope position j, r̃m

i,j is the m-th of M residues resampled at that position from the recorded logits ski,j
of unbiased draw i after adding the bias bS to the parent residue’s logit (softmax over the twenty amino
acids k, tempered by T ), di,m(bS) is the number of substitutions within S carried by that resample, and
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Figure 8. Sequence-biased inverse folding of scopes 1–3. (a) Critic A against Critic B mean binder-pair
ipTM for the unique sequences among the N = 250 unbiased SolMPNN draws per scope at T = 0.1, with
marker size scales with the number of draws yielding the sequence. (b) Sequence logos of the unbiased
draws (top) and of the biased resamples of Equation (1) at the calibrated bS (bottom), over sdAb026 with
the three scopes marked; black, the sdAb026 residue; red, a substitution. (c) Expected fraction of unique
sequences among 250 biased resamples against their mean edit distance as bS is swept, at T = 0.1, 0.2 and
0.4; filled markers, the unbiased draws.

1[·] is the indicator function. Claude performed this calibration procedure to obtain such a bS for each of
the three interface-proximal scopes. Logo diagrams for the averaged unbiased and biased position-specific
probability matrices are shown on the top and bottom, respectively, of Figure 8 (b), emphasizing that bias
was primarily applied toward a small number of higher entropy indices, so as to yield an undesirable tension
between edit distance and redesign diversity, and so that the realization of diverse sequences requires a
stronger bias, yielding designs of both high edit distance and low unbiased model likelihood. Indeed, as
modeled in Figure 8 (c), the fraction of unique designs rises only modestly within the edit distance interval
of interest (2-4 edits) as temperature is increased from T = 0.1 to T = 0.4. Subsequent inverse folding and
critic evaluation substantiated such biasing as detrimental to model confidence, suggesting that biasing
in this fashion yields sequences which are consistent with neither the inverse folding model itself nor the
downstream folding critics.

Inverse Folding with Manually Constructed Scopes In light of poor critic confidence on the part of
manually calibrated biased inverse folding, Claude elected instead to manually enumerate all double-,
triple-, and a select number of quadruple mutants of sdAb026 until a predetermined budget of N = 750
was obtained, and subsequently inverse fold at T = 0.4 with SolMPNN. Critic confidence with respect to
both nominated critics, edit distance, and DockQ are visualized in Figure 10. In particular, we report both
mean critic binder-pair ipTM (that is, the average ipTM between the design and the respective IgE dimer
chains), and the sub-interface DockQ mean [53, 54], which we define as the average DockQ of the variant
with respect to both Cε3 and Cε4 interfaces.

A.3 Tempered redesign of Scopes 1-3

In addition to the inverse folding in Section A.2, Claude enabled the rapid development and integration
of a second, gradient-based design approach we’ve termed tempered redesign, which together with an
improved interface geometry loss, yields designs which achieve both higher critic confidence and deviate
less significantly from the intended reference geometry across all three initial design scopes, and as visu-
alized in Figure 9. A more extensive technical discussion of both techniques can be found in Section C.
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Figure 9. Summary of sdAb026 redesign designs. Top-left, top-right, and bottom-left: scatters of mean
binder-pair ipTM against mean sub-interface DockQ for double, triple, and quadruple mutants generated
by tempered redesign (blue) and inverse folding (grey) against the Cε3 interface, Cε4 interface, and free
scopes, respectively. Bottom-right: scatter of mean binder-pair ipTM against mean sub-interface DockQ for
the redesigns obtained via inverse folding with SolMPNN (grey) and gradient-based redesign (red) against
the CDR2 scope.

A.4 CDR2 Redesign

For the CDR2 scope, and due to its distance from both Cε3 and Cε4 interfaces, Claude near-autonomously
executed full-scope redesign using a combination of both inverse folding with SolMPNN and gradient-
based redesign. Toward this end, SolMPNN (v_48_020) was used to generate 750 redesigns at each rung of
the temperature ladder T ∈ {0.1, 0.3, 0.5, 0.7, 1.0}, obtaining unique-sequence fractions of 18.9%, 61.6%,
87.6%, 97.9% and 100% respectively (750 draws per rung), of which 1,289 unique designs over the ladder
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Figure 10. Inverse folding and tempered redesign of scopes 1–3. Rows: inverse folding (every unique
sequence among the enumerated double, triple and sampled quadruple mutants of sdAb026) and tempered
redesign (the production pool at two to four substitutions); columns: the three scopes. Top: Critic A against
Critic B mean binder-pair ipTM per sequence, colored by mean sub-interface DockQ to PDB 5NQW over
ten seeds; star, sdAb026. Bottom: edit distance to sdAb026 against mean binder-pair ipTM over ten seeds,
same coloring; bars, per-edit medians; dashed line, sdAb026.
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Phase Method H100 h Settings Designs
produced /
nominated

Inverse folding ↦→ Cε3
× CDR1,3

SolubleMPNN on the
sdAb026–Fc complex (PDB
5NQW), subset mode

80 v_48_020; every pair and triple and 300 quadruples of the 15 scope
positions, 5 draws each; T = 0.4; parent residue excluded; 5 folds
per critic

3 237 / 13

Inverse folding ↦→ Cε4
× CDR3

as above 60 as above over the 13 scope positions 2 572 / 13

Inverse folding ↦→
CDR1,3 free

as above 50 as above over the 12 scope positions 2 101 / 0

Tempered redesign ↦→
Cε3 × CDR1,3

gradient-based redesign with
the interface specification and
the tempered schedule

265 18 interface groups (one per sdAb026 contact residue and Fc chain,
min-k 1, 8–10Å) at total weight 0.5; template 0.5; pLM 0.05; lr 0.1;
Sapex = 0.60, N = 120; 876 trajectories; 5 folds per critic

641 / 13

Tempered redesign ↦→
Cε4 × CDR3

as above 265 as above with Sapex = 0.70, N = 120; 874 trajectories 681 / 13

Tempered redesign ↦→
CDR1,3 free

as above 265 as above with Sapex = 0.60, N = 120; 874 trajectories 629 / 0

Inverse folding ↦→ CDR2 SolubleMPNN on the complex,
all CDR2 positions free

25 v_48_020; parent residue excluded at all 8 positions; 1 289 designs
over a T = 0.1–1.0 temperature ladder; 5 folds per critic

1 289 / 19

Redesign ↦→ CDR2 gradient-based redesign from a
random CDR2 start, standard
cosine schedule

130 same losses and interface groups as the tempered rows; 150 steps,
T 1.0→ 0.01; 750 trajectories; 5 folds per critic

695 / 20

Total 1 140 H100 h; 11 845 unique designs scored under both critics; 91 nominated for BLI.

Table 1. Disruptor optimization: rounds of computation.

were scored under both critics (Table 1). Gradient-based redesign was similarly run with identical interface
geometry loss settings to those developed and used in Section A.3 to obtain 750 trajectories, yielding 695
distinct designs (93%). The results of both inverse folding and gradient-based redesign are displayed in
Figure 9, indicating that direct redesign trades off exact recapitulation of interface geometry as measured
by mean sub-interface DockQ for an increase in mean critic confidence in the form of a thicker tail.

A.5 Conclusion and nomination

Claude concluded the round by nominating a total of 91 distinct designs by selecting the top 13 from each
of four total Cε3 and Cε4 scope-method combinations, as well as 20-each from each of the two design
approaches employed against the CDR2 scope. One of the CDR2 scope variants redesigned using inverse
folding was subsequently dropped to accommodate an additional control, yielding the reported total of 91
designs. An overview of the ipTM of the nominated designs and their edit distances to sdAb026 is provided
in Figure 4. Additional design details are provided in Table 1.

B Technical details of de novo anchor design

B.1 Computational Prediction of Literature-Described Cε2 Binders

In Figure 11 (a), we list reported affinities and kinetic quantities for immunization-derived, non-humanized
nanobodies confirmed to bind IgE Fc [41]. We additionally pursue refolding against both IgE Fc Cε2 and
Cε2–Cε4 dimers using one of the two nominated campaign critic models and report intra-variant epitope
Jaccard and ipTM results in Figure 11 (b, c). In particular, we obtain a shared, predicted consensus epitope
for variants B1, E1, and F4, but fail to reach consensus for variants B3 and D2. Folds against Cε2–Cε4 and
Cε2-only dimers are provided in Figure 11 (d).

B.2 Computational design against Cε2 Scope

Scope construction. We consider a global Cε2 scope constructed from PDB 2Y7Q as the set of solvent-
accessible residues (per-residue SASA ≥ 152 via PyMOL) whose alpha carbon has an unobstructed line of
sight of length at least 20 Å to an alpha carbon on Cε3–Cε4. We then further restrict to obtain a local and
limited B1-consensus scope as the intersection of this initially constructed Cε2 scope with the set of residues
present in the epitope footprint in at least 75% of B1 cofold predictions from Section B.1. Both scopes are
visualized in Figure 12. We next describe a total of three Claude-driven de novo design phases against
these two scopes.
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sdAb KD koff (s−1)
B1 65 nM 4.9 × 10−2

B3 0.28 nM 2.5 × 10−4

D2 81 nM 2.0 × 10−2

E1 n.r. n.r.
F4 n.r. n.r.

(a)

B1 B3 D2 E1 F4
0.0

0.2

0.4

0.6

0.8

1.0

se
ed

-to
-se

ed
 fo

ot
pr

int
 J

ac
ca

rd

within Cε2-dimer folds within Cε2–Cε4-dimer folds pooled, both

(b)
B1 B3 D2 E1 F4

0.0

0.2

0.4

0.6

0.8

1.0

m
ea

n 
bin

de
r-p

air
 ip

TM
 (5

 se
ed

s)

arm + Cε2 dimer arm + Cε2–Cε4 dimer

(c)

(d)

Figure 11. Literature-described Cε2 anchors: reported kinetics and their refolding on the Cε2 dimer
and on the Cε2–Cε4 dimer. (a) Reported BLI affinity and dissociation rate on IgE-Fc for five experimentally
characterized sdAbs from Spillner et al. [41] (n.r.: not reported.) (b) Seed-to-seed consistency of the 4Å
footprint as the pairwise Jaccard within the five Cε2-dimer folds, within the five Cε2–Cε4-dimer folds,
and pooled over all ten (mean ± SEM over pairs; Critic A). (c) Mean binder-pair ipTM ± SEM over the
five Critic A seeds on each target. (d) All ten refolds of each sdAb (Critic A and Critic B, five seeds each)
superimposed on one reference surface of the target, with sdAb chains rendered in blue.

Design against B1 consensus scope For each of the twelve distinct frameworks in Table 2, Claude ran
102 design trajectories of epitope-conditioned redesign of all three CDRs, for a total of 1224 total design
trajectories. Each such design was then subsequently refolded using five distinct seeds and across both
campaign critic models, with results reported in Figure 12. We then iteratively refine the top-40 variants
identified by 10-seed mean ipTM through repeated inverse folding and folding, similar to the procedures
described by Fry et al. [47], Frank et al. [48], Cho et al. [49]. Results are reported in Figure 12, including
both 10-seed mean critic confidence and epitope Jaccard to the target epitope.

Epitope scanning against Cε2 To increase epitope diversity, Claude subsequently elected to perform
design with randomized epitope selection: a query residue is randomly selected from the global scope
from which an epitope is then constructed as the set of all in-scope residues whose alpha carbon lies
within a 12 Åcutoff of the query. We henceforth refer to this approach as epitope scanning. Design is then
carried out as in the previous phase, and against the Cε2 dimer, with the additional repulsive loss term
applied to out-of-scope residues on Cε2. In total, this round generated a total of 3600 distinct trajectories
evenly divided among the same twelve frameworks shown in Table 2. The top 75 designs by 10-seed mean
ipTMwere subsequently nominated for further iterative refinement totaling 50 additional H100 hours, and
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Figure 12. The Cε2 design scope and the three design rounds against it. (a) The Cε2 inside-face scope
(green) and the nine-residue B1 consensus epitope (blue) on the receptor-bound IgE Fc of PDB 7SHT, and
with all domains rendered as surfaces. (b–d) Mean binder-pair ipTM over the ten critic seeds against the
footprint Jaccard to the B1 consensus epitope (mean over the Critic A seeds), one point per unique design,
with marginals: (b) design against the B1 consensus scope, (c) epitope scanning over the Cε2 scope, (d)
unconditioned design against the Cε2 dimer.
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Framework FR1 FR2 FR3 FR4 Native CDR1 / 2 / 3 Sampled lengths
Isecarosmab DVQLVESGGGVVQPGGSLRLSCAAS MGWFRQAPGKEREFVAG YYVDSLKGRFTISRDNSKNTVYLQMNSLRPEDTALYYC WGQGTLVTVSS 8 / 8 / 17 7–9 / 8–9 / 14–20
Gocatamig2 EVQLVESGGGLVQPGGSLTLSCAAS LAWYRQAPGKKRELVAG VYMDSVKGRFTISRDNAKNSVYLQMNSLRAEDTAVYYC WGQGTLVTVSS 8 / 7 / 11 7–9 / 7–8 / 8–14
Gontivimab DVQLVESGGGLVQAGGSLSISCAAS LGWFRQAPGKEREFVAA IGPPNVEGRFTISRDNAKNTGYLQMNSLAPDDTAVYYC WGRGTQVTVSS 8 / 8 / 19 7–9 / 8–9 / 16–22
Vobarilizumab EVQLVESGGGLVQPGGSLRLSCAAS MAWYRQAPGKGRELVAG SYADSVKGRFTISRDNAKNTLYLQMNSLRPEDTAVYYC WGQGTLVTVSS 8 / 7 / 15 7–9 / 7–8 / 12–18
Brivekimig1 DVQLVESGGGVVQPGGSLRLSCAAS KGWFRQAPGKEREFVAA SYADSVKGRFTISRDNSKNTVYLQMNSLRPEDTALYYC WGQGTLVTVSS 9 / 8 / 16 8–10 / 8–9 / 13–19
Erfonrilimab (VHH2) QVQLVESGGGLVQPGGSLRLSCAAS MGWFRQAPGKGLEGVAA YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC WGQGTLVTVSS 8 / 8 / 21 7–9 / 8–9 / 18–24
Produvofusp QVQLVESGGGLVKPGGSLRLSCAAS MGWFRQAPGKEREFVSA YYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYC WGQGTLVTVSS 8 / 8 / 22 7–9 / 8–9 / 19–25
Sonelokimab1 DVQLVESGGGLVQPGGSLRLSCAAS VGWFRQAPGKEREFIGA YYAVSEKGRFTISRDNSKNTLYLQMNSLRPEDTAVYYC WGQGTLVTVSS 8 / 8 / 16 7–9 / 8–9 / 13–19
Podentamig1 EVQLVESGGGLVQPGRSLTLSCAAS YGWYRQAPGKQRELVAA LYADSVKGRFTISRDNAKNSIYLQMNSLRPEDTALYYC WGQGTQVTVSS 8 / 6 / 14 7–9 / 6–7 / 11–17
Lunsekimig2 EVQLVESGGGVVQPGGSLRLSCAAS LYWYRQAAGIERELIAS NYVDSVKGRFTISRDNSENTMYLQMNSLRAEDTGLYYC WGQGTLVTVSS 8 / 7 / 11 7–9 / 7–8 / 8–14
Erfonrilimab QVQLVESGGGLVQPGGSLRLSCAAS MAWFRQAPGKERERVAK YLADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAVYYC WGQGTLVTVSS 8 / 8 / 21 7–9 / 8–9 / 18–24
Lofacimig QVQLVESGGGSVQAGGSLRLSCAAS MAWFRQAPGKEREGVAA SYADSVKGRFTISKDNSKNTLYLQMNSLRAEDTAVYYC WGQGTLVTVSS 9 / 7 / 23 8–10 / 7–8 / 20–26

Table 2. VHH frameworks used for de novo anchor design. Framework regions FR1–FR4 (IMGT) of the
twelve therapeutic VHH scaffolds; the three CDR loops between them are designed from random logits
with lengths drawn uniformly from the sampled windows (CDR1 / CDR2 / CDR3). Native loop lengths are
reported for reference.

yielding an average of 20 cycles of refinement. Results are reported in Figure 12, including both 10-seed
mean critic confidence and epitope Jaccard to the epitope from the previous round.

Unconditioned design against Cε2 Finally, Claude elected to run a final, unconditioned design run
against the Cε2 scope, this time without any repulsive loss term. This round generated a total of 7194
design variants across the 12 VHH frameworks. Further experimental details can be found in Table 3, and
results are reported in Figure 12.

B.3 Computational design against Cε3–Cε4

Linker- and epitope-related filtering procedure The flexible positioning of IgE Cε2 relative to Cε3–Cε4
makes it hard to gauge the geometric compatibility of an anchor placed on the latter with a disruptor on the
former on tandem or Fc-fusion linker geometry, as doing so would require more precise modeling of domain
rearrangement and linker geometry to accommodate cis binding of the resulting biparatopic. In contrast,
the comparatively rigid Cε3–Cε4 varies largely between the open and closed conformations described in
Section 2, so that direct screening for linker compatibility is more straightforward. For this reason, Claude
formulated a screening algorithm for determining the compatibility of a choice of anchor with a C-terminal
IgG1 fusion, as in [41], and together with disruptor sdAb026 (via PDB 5NQW). The procedure involves
first performing a rigid alignment of both the anchor arm as well as one of the two symmetrically related
sdAb026 chains in 5NQW to PDB 2Y7Q. Then, for each of linker lengths (G4S)1 (n = 4) and (G4S)2 (n = 8),
we construct circular shells centered at the respective VHH N-termini, and with inner and outer radii equal
to 0.8 × L and 1.2 × L for L ≜ 0.8 × 3.8 × n. A 1 Åcircular grid is then constructed about the midpoint
of the N-termini, and a grid search is performed for apices which satisfy strict clash criteria. Namely, the
shortest clash-free paths are identified via Dijkstra’s shortest-path algorithm on a 1.5Å cubic lattice, with
lattice points within 3 Åof IgE Fc, receptor, or arm chains excluded. A final check is applied by screening
for clashes involving a rigid-body cylindrical approximation of the IgG1 Fc. If such a non-clashing path
exists, the anchor is said to be linker-compatible. We additionally apply a secondary, epitope-related filter
removing any design which overlaps with the respective residue footprints of sdAb026 or FcεRIα.

Epitope scanning against Cε3–Cε4 In line with de novo design against Cε2, Claude similarly pursued
design against Cε3–Cε4 with an identical epitope scanning procedure to the one described in Section B.2,
and with a similar repulsive avoidance loss intended to exclude residues within the footprints of sdAb026
and FcεRIα. A total of 1584 design trajectories were run, after which the top-50 designs by mean critic
ipTM passing both linker compatibility and epitope filters were selected for further refinement in the same
manner as described in the Cε2 epitope scanning phase, significantly diversifying the set of high-confidence,
filter-passing designs, and as shown in Figure 13 (top-right, middle-left).

Design ablations against Cε3–Cε4 The low incidence of filter-passing, high-confidence designs prior to
refinement in the previous phase prompted Claude to suggest a series of ablations applied to the design
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Figure 13. De novo anchor design against Cε3–Cε4. Top: a nominated anchor passing both linkability
and epitope-overlap criteria, tethered to the proxy disruptor arm sdAb026 (red) by a (G4S)1 linker proxy
(black; arms drawn as shortest obstacle-free paths as described in Section B.3) on the 5NQW Fc Cε3–Cε4;
an anchor with epitope (and steric) overlap with sdAb026; the epitope-scan pool before refinement, Critic
A vs Critic B mean binder-pair ipTM (5 seeds), with exclusion-free and KIH-linkable designs in green.
Middle: the same pool after refinement (plate nominees in red), and the unconditioned pool before and
after refinement (plate nominees in red). Bottom: mean 10-seed binder-pair ipTM and mean intra-seed
footprint Jaccard, both ± SEM and per ablation setting, with all designs (black) against the exclusion-free
and linkable subset (green; subset sizes above the points).
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Phase Method H100 h Settings Designs
produced /
nominated

B1-epitope Cε2 design de novo gradient-based against
the 9-residue B1 consensus
epitope; subsequent iterative
refinement expansion of the top
40

75 random start, all CDRs, 12 frameworks drawn uniformly, native
CDR lengths; cosine 1.0→ 0.01 over 150 steps; one interface group
on the 9 consensus-epitope residues (min-k column 5, 12Å, weight
0.5)

1 224 / 4

Cε2 design de novo gradient-based against
the whole Cε2 inside-face
scope with epitope scanning;
subsequent iterative refinement
of 75 epitope-diverse nominees

210 same start, frameworks, schedule and losses; one random 10Å
epitope patch per design drawn from the inside-face scope (min-k 5
/ 5, 12Å, weight 0.5)

3 600 / 6

Cε3–Cε4 design de novo gradient-based with
epitope scanning and an avoid
group; subsequent iterative
refinement

195 scanning patch 10Å per Fc copy (min-k 5 / 5, 12Å, +0.5); avoid
group on the FcεRIα and sdAb026 footprints (−0.5, 8 Å); expansion
with SolubleMPNN v_48_020 at T 0.10, 50 starts × 2 streams

2 831 / 12

Scope-specific design
ablations

paired ablations of the scanning
workflow at matched design
indices

210 baseline rerun; grouping and avoid-weight variants; attract-weight
ladder ×1 . . . × 20; an unconditioned arm (no scanning, no
interface groups)

2 703 / 0

Ablation-refined
Cε3–Cε4 design

unconditioned gradient-based;
the 8 best designs seed the hit
expansion

270 972 designs × 3 rows; same schedule and losses 2 916 / 0

Ablation-refined Cε2
design

unconditioned gradient-based
paired index-by-index with the
Cε2 design round

270 2 400 designs × 3 rows reusing the earlier frameworks and CDR
lengths

7 194 / 32

Cε3–Cε4 hit expansion fixed-template inverse folding
of the CDRs of the 8 picks

80 SolubleMPNN v_48_020, T 0.1, Cys excluded; template = best
Critic A seed; 400 draws per start in strata of 4 / 8 / 16 / all CDR
positions

3 119 / 3

Total 1 310 H100 h; 23 587 unique designs scored under both critics; 57 nominated for BLI.

Table 3. Anchor design: rounds of computation.

procedure, swapping the design model checkpoint, dropping the avoidance weight, varying the weight ap-
plied to the interface geometry loss term, dropping conditioning altogether, and designing instead against
a Cε3–Cε4 monomer. For each, 150 designs were run with the ablated settings, with results reported in
Figure 13 (bottom row). Overall, and among other observations, we find that removing the repulsion loss
raises the average design confidence as well as the average intra-design epitope Jaccard score above the
baseline, albeit at the expense of a reduced incidence of filter-passing designs.

Unconditioned generation against Cε3–Cε4 Citing a desire for consistency with the Cε2 design cam-
paign, higher intra-design epitope consistency, and the possibility of hit-expansion as a means to mitigate
initially low filter-passing rates, Claude elected to carry out a final round of completely unconditioned de-
sign against Cε3–Cε4 totaling 2916 design trajectories. Of these, a small subset (n = 8) was advanced to
hit-expansion and diversification via inverse folding with SolMPNN, yielding a refined pool of over 3000
additional designs. Pre- and post-refinement results are shown in Figure 13.

B.4 Conclusion and nomination

Claude finally nominated a total of 57 designs for experimental validation, including four designed against
the B1 consensus epitope on Cε2, 38 from subsequent design against Cε2, and 15 against Cε3–Cε4. Further
design and model details can be found in Table 3.

C Claude-driven methodological extensions

Throughout the campaign, we repeatedly leaned on Claude to enable rapid, on-the-fly conceptualization,
implementation, and deployment of methodological extensions of open-source and internal design work-
flows custom-tailored to accommodate structural, sequential, or other experimental priors specific to the
campaign. Two such examples came up during disruptor redesign which we believe materially shifted our
capacity to prosecute the campaign, and which we expect to be of further use within our internal design
platform going forward. We describe each now as follows.
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Figure 14. Tempered redesign. (a) Temperature schedules: normal design follows the cosine schedule
from hot to cold; tempered redesign runs the same schedule from cold up to the turnaround Sapex in
reference time and back, drawn at Sapex = 0.60 (Tapex = 0.35). (b) Substitutions per design in the ultra-
low-edit sweep cell (Cε3 × CDR1,3 scope, Sapex = 0.85, N = 40 steps, 76 trajectories). (c) The chosen
production cell (Cε3 × CDR1,3 scope, Sapex = 0.60, N = 120 steps, 38 trajectories). (d) Normal design of
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the entire binder. Right: the granular interface geome-
try loss promotes contact between multiple distinct epi-
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C.1 Targeted mutagenesis via tempered redesign

Our design platform consists of a gradient-based design model similar to that disclosed in Candido et al.
[55], and which natively supports the redesign of particular residue subsets starting from scratch. In con-
junction with Claude, we reasoned that by modifying the annealed temperature schedule to instead start
at a low, near-zero temperature before rising to a predetermined apex, and then cooling back down to the
starting temperature, we could realize a gradient-based mutagenic design scheme. In particular, recall the
cosine temperature schedule

ρref : [0, 1] → [Tmin, 1], ρref(sref) = Tmin + (1− Tmin)
1
2

(︁
1 + cos(π sref)

)︁
, (3)

so that the tempered redesign schedule ρtempered is realized as the composition ρref ◦ πtransform, with the
tempering transform πtransform defined as

πtransform : [0, 1] → [0, 1], πtransform(sreal) =

{︄
1− 2 sreal (1− Sapex) sreal ≤ 1

2 ,

1− 2 (1− sreal) (1− Sapex) sreal >
1
2 ,

(4)

Here, Tmin denotes the minimum design temperature, and Sapex denotes apex reference time. Tempered
redesign is then achieved by taking the initial sequence chosen explicitly rather than randomly and apply-
ing Algorithm 11 of Candido et al. [55] with tempered temperature schedule ρtempered in place of ρref .

C.2 An improved interface geometry loss

An additional designmodification whose rapid campaign integrationwas driven by Claude came in the form
of a generalization of an existing epitope loss from Candido et al. [55], allowing for the specification of
interface geometry at arbitrary granularity. This interface geometry loss enables the creation of multiple
distinct interface sub-groups, and the specification of group-specific epitope and paratope residue sets each
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Algorithm 1 Interface Geometry Loss
Require: distogram logits z ∈ RL×L×B over B distance bins with midpoints δ1 < · · · < δB
Require: groups g = 1, . . . , G, each a tuple (Rg , Cg , krowg , kcolg , dc,g , wg):

Rg row residues of the group’s block (the target residues)
Cg column residues of the block (the binder residues)
kcolg ∈ N∪{all} columns counted per row; krowg ∈ N∪{all} rows counted per group (each drawn once per trajectory)
dc,g contact cutoff (Å); wg group weight

Require: ε = 10−8

1: p← softmaxb(z) ▷ per-pair distance distribution pijb
2: L ← 0
3: for g = 1, . . . , G do
4: Pij ←

∑︁
b: δb<dc,g

pijb for i ∈ Rg , j ∈ Cg ▷ probability that the pair lies within dc,g
5: mij ← − log (Pij + ε) ▷ pair measure
6: for i ∈ Rg do
7: Ji ← the kcolg columns j ∈ Cg with the smallestmij ▷ all of Cg if kcolg = all

8: ri ← 1
|Ji|

∑︁
j∈Ji

mij ▷ row score
9: end for
10: Ig ← the krowg rows i ∈ Rg with the smallest ri ▷ all of Rg if krowg = all

11: ℓg ← 1
|Ig|

∑︁
i∈Ig

ri ▷ group term
12: L ← L+ wg ℓg ▷ groups are summed, so no group can fill another’s k slots
13: end for
14: return L

Reference epitope loss ≡ G = 1, R1 = epitope residues, C1 = all binder residues, kcol1 = 5, krow1 = all, dc,1 = 12Å.

Figure 16. Pseudocode for the proposed interface geometry loss, generalizing the epitope loss of Candido
et al. [55] to arbitrarily many interface groups realized as pairs of subsets of rows and columns within the
larger distogram, with each containing distinct distance cutoffs and row- and column-count parameters
k
{row,column}
g .

with distinct distance cutoffs and contact parameters. We provide an overview of this modified interface
geometry loss in Figure 16 as well as a demonstration as to the degree to which it can, in combination
with tempered redesign, yield redesigns which more faithfully recapitulate the desired interface geometry
when compared to the vanilla epitope loss.

D Experimental methods

Protein expression and purification. VHH designs were expressed by cell-free protein synthesis (Gen-
Script CFXpress PLUS E. coli CFPS kit, cat. RP-D00006-1) from 125 ng of linear DNA template carrying
a T7 promoter, ribosome-binding site, the VHH with a C-terminal Twin-Strep tag, a stop codon and a T7
terminator, in the kit’s reaction buffer according to the manufacturer’s instructions. For the screens, reac-
tions were used unpurified after dilution in PBS or Gator K buffer. For purification, variants were captured
from the reactions on MagStrep Strep-Tactin XT beads (IBA Lifesciences, cat. 2-5090-010), washed with
Buffer W (100 mM Tris-HCl pH 8.0, 150 mM NaCl, 1 mM EDTA) and eluted with Buffer BXT (Buffer W
with 50 mM biotin). Protein concentrations were measured on a Qubit Flex fluorometer.

Bio-layer interferometry. All measurements were made on a Gator Plus instrument (Gator Bio) at 30 ◦C
with shaking at 1000 rpm. Unless otherwise noted, all dilutions and buffer steps used Gator K buffer.

Competitive disruption assay, screen. Soluble His-tagged FcεRIα ectodomain (Sino 13193-H08H-100)
was loaded onto anti-His XT probes (Gator Bio) for 90 s, followed by 30 s of buffer. IgE (Abcam AB65866-
1008) reconstituted to 100 nM was then bound to the receptor for 120 s, followed by 30 s of buffer. The
probe was then moved for 120 s into the cell-free expression reaction of each design (diluted 3× in PBS).

Competitive disruption assay, purified variants. Eight active designs, alongside sdAb026 and Y112A,
were purified as above. They were tested at 25, 50, 100, 200 and 400 nM with omalizumab (MedChem-
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Express HY-P9950) in duplicate. The loading sequence was as in the screen, with phase boundaries at 0,
30, 90, 120, 150 and 180 s, followed by a 600 s exposure to the purified test article.

Analysis of the disruption traces. Each trace was decomposed into stacked receptor, IgE and VHH
components. Let R(t) be the raw response and R0 the mean of the last ten reads before receptor loading.
The receptor component was fitted on the buffer step after receptor loading, [t1, t2], and extrapolated over
the rest of the trace:

R(t)−R0 = AR e−kR(t−t1), t1 ≤ t ≤ t2. (5)
The IgE component is the response above it, E(t) = R(t) − R0 − AR e−kR(t−t1), and its decay in the
buffer step after IgE loading, [t3, t4], was fitted in the same way, E(t) = AE e−kE(t−t3), giving Ê(t), the IgE
expected without a disruptor. On exposure to the VHH from t4, the rise to the first maximum of the trace,
at tp, was assigned to VHH and non-specific binding and carried forward as the constant

V = E(tp)− Ê(tp), (6)

so that any decline below it reports IgE leaving the receptor. The fraction of IgE remaining, the IgE lost at
the end of the exposure tend, and the apparent IgE off-rate kapp are then

f(t) =
E(t)− V

Ê(tp)
, L = 1− f(tend) =

E(tp)− E(tend)

Ê(tp)
, E(t)− V = Ae−kapp(t−tp), tp ≤ t ≤ tend,

(7)
with f(tp) = 1. In the screen, t1, . . . , t4 = 150, 180, 300, 330 s and tend = 450 s. A design was called
disruptive if

kapp > max
c∈{E108A,D110A,Y112A, sfGFP}

k(c)app. (8)

For the purified variants the same decomposition was used, adapted to the missing final buffer step, and
the fraction of IgE bound was read as f(t) at 600 s of exposure.

Binding assays. VHHs were captured on Strep-Tactin XT probes (Gator Bio) for 60 s from cell-free reac-
tion mix, followed by 60 s of buffer, and exposed to IgE (Abcam AB65866-1008). The disruptor designs
were exposed to 100 nM IgE for 120 s with 180 s of dissociation; the anchor designs were exposed to
560 nM for 180 s with 180 s of dissociation. Each trace was referenced to the mean of the last ten reads
of the baseline before association, and Rmax is the peak response in the association phase. Each phase was
fitted separately with a single exponential, R(t) = C + Ae−kobst for association and R(t) = R0 e

−koff t for
dissociation over the complete phase, with t measured from the start of each phase. For 1:1 binding at a
single analyte concentration, kobs = kon[IgE] + koff , so the apparent association rate constant is

kon =
kobs − koff

[IgE]
, (9)

and KD = koff/kon, reported only where both rates were resolved. Where koff falls at the lower bound of
the fit it is reported as not resolved.

E Extended characterization of disruptor designs

Table 4 collects, for every disruptor design and control, the results of the initial disruptor screen and a
binding assay against free IgE (Section D). From the competitive disruption assay, we report the fraction
of receptor-bound IgE lost by the end of the exposure (Equations (7) and (8)). From the binding assay of
free IgE at 100 nM, we report the apparent rates kobs, koff and kon (Equation (9)).
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Table 4. Disruption and binding assays of the disruptor designs and controls. Variants are called active
in the disruption assay if they have an apparent IgE off-rate faster than that of every negative control; our
primary endpoint (reported in the main text) is the percentage of receptor-bound IgE removed by the end
of the exposure. For the binding assay, we report kobs and koff from single-exponential fits of the association
and dissociation phases, and kon from Equation (9). n.r., not resolved (rate at the bound of the fit). Scope
and method as in Section 3.2; Subs., substitutions relative to sdAb026. Designs D1–D91 are ordered by
IgE lost, highest first, and V1–V8 mark the purified variants of Figure 5F–K.

Disruption assay Binding assay

Design Scope Method Subs. Active
IgE lost
(%)

kobs

(10−3 s−1)
koff

(10−6 s−1)
kon

(103M−1s−1)
sdAb026 control 36 13.38 89 133
E108A control 27 11.84 159 117
D110A control 16 11.40 137 113
Y112A control 10 11.49 571 109
D1 (V3) CDR2 redesign 6 ✓ 43 13.63 83 135
D2 (V1) Cε3 × CDR1,3 tempered redesign 2 ✓ 43 20.07 79 200
D3 (V5) CDR2 redesign 7 ✓ 39 11.90 86 118
D4 (V6) CDR2 redesign 6 ✓ 38 13.37 86 133
D5 (V7) CDR2 redesign 6 ✓ 37 15.67 108 156
D6 (V2) Cε4 × CDR3 inverse folding 2 ✓ 37 19.42 92 193
D7 CDR2 redesign 6 ✓ 33 13.47 79 134
D8 Cε3 × CDR1,3 tempered redesign 2 ✓ 32 15.16 89 151
D9 CDR2 redesign 5 ✓ 31 13.42 67 134
D10 CDR2 redesign 6 ✓ 31 13.78 106 137
D11 CDR2 redesign 5 ✓ 31 9.69 95 96
D12 CDR2 redesign 5 ✓ 30 14.41 60 144
D13 (V4) Cε3 × CDR1,3 inverse folding 2 ✓ 30 19.54 82 195
D14 (V8) Cε3 × CDR1,3 inverse folding 2 ✓ 29 20.44 111 203
D15 CDR2 redesign 5 ✓ 29 12.53 86 124
D16 CDR2 redesign 6 ✓ 28 11.87 85 118
D17 Cε3 × CDR1,3 tempered redesign 2 ✓ 28 14.94 90 149
D18 Cε4 × CDR3 tempered redesign 2 ✓ 28 14.21 87 141
D19 CDR2 inverse folding 8 ✓ 28 11.85 119 117
D20 CDR2 redesign 6 28 14.11 77 140
D21 CDR2 redesign 6 ✓ 27 13.51 78 134
D22 Cε3 × CDR1,3 inverse folding 3 27 16.84 115 167
D23 Cε3 × CDR1,3 inverse folding 3 26 15.56 123 154
D24 Cε3 × CDR1,3 tempered redesign 3 26 18.09 98 180
D25 Cε4 × CDR3 inverse folding 3 26 20.55 98 204
D26 Cε3 × CDR1,3 tempered redesign 3 26 13.69 105 136
D27 CDR2 inverse folding 8 26 13.94 97 138
D28 Cε4 × CDR3 tempered redesign 2 26 13.58 116 135
D29 CDR2 inverse folding 8 25 15.66 103 156
D30 CDR2 redesign 6 25 9.77 138 96
D31 CDR2 redesign 6 24 13.62 73 135
D32 CDR2 inverse folding 8 24 16.58 88 165
D33 Cε4 × CDR3 inverse folding 3 23 13.67 130 135
D34 Cε3 × CDR1,3 inverse folding 3 23 20.53 98 204
D35 CDR2 redesign 5 23 12.66 85 126
D36 CDR2 redesign 6 23 14.38 72 143
D37 CDR2 inverse folding 8 22 15.34 109 152
D38 CDR2 inverse folding 8 22 15.94 90 159
D39 Cε3 × CDR1,3 tempered redesign 3 22 18.97 87 189
D40 Cε3 × CDR1,3 inverse folding 3 22 19.46 102 194
D41 Cε3 × CDR1,3 tempered redesign 3 22 18.49 62 184
D42 Cε4 × CDR3 tempered redesign 3 21 14.32 86 142
D43 CDR2 inverse folding 8 21 14.76 98 147
D44 Cε3 × CDR1,3 tempered redesign 2 21 17.32 98 172
D45 Cε3 × CDR1,3 inverse folding 3 21 15.28 149 151
D46 CDR2 inverse folding 8 21 15.23 86 151
D47 CDR2 inverse folding 8 21 15.21 110 151
D48 Cε3 × CDR1,3 inverse folding 2 20 17.81 125 177
D49 Cε4 × CDR3 tempered redesign 2 20 14.54 126 144
D50 CDR2 redesign 5 19 9.36 107 93
D51 Cε4 × CDR3 tempered redesign 2 19 9.52 246 93
D52 Cε3 × CDR1,3 tempered redesign 4 17 16.28 124 162
D53 Cε4 × CDR3 inverse folding 3 17 19.34 53 193
D54 Cε3 × CDR1,3 tempered redesign 2 17 17.36 94 173
D55 Cε4 × CDR3 tempered redesign 2 17 14.42 116 143
D56 Cε3 × CDR1,3 tempered redesign 2 17 12.52 101 124
D57 CDR2 inverse folding 8 16 10.26 129 101
D58 CDR2 redesign 6 16 8.83 102 87
D59 Cε3 × CDR1,3 inverse folding 3 16 19.99 85 199
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Disruption assay Binding assay

Design Scope Method Subs. Active
IgE lost
(%)

kobs

(10−3 s−1)
koff

(10−6 s−1)
kon

(103M−1s−1)
D60 Cε4 × CDR3 inverse folding 3 16 18.69 91 186
D61 Cε3 × CDR1,3 inverse folding 3 16 17.15 84 171
D62 CDR2 inverse folding 8 16 15.64 107 155
D63 Cε3 × CDR1,3 inverse folding 4 16 14.15 196 140
D64 CDR2 redesign 6 16 12.02 42 120
D65 CDR2 inverse folding 8 15 13.51 86 134
D66 CDR2 inverse folding 8 15 15.96 65 159
D67 Cε4 × CDR3 inverse folding 4 14 14.52 566 140
D68 Cε3 × CDR1,3 inverse folding 3 14 19.80 89 197
D69 CDR2 inverse folding 8 13 15.16 91 151
D70 Cε4 × CDR3 tempered redesign 3 13 12.94 295 126
D71 Cε4 × CDR3 tempered redesign 2 13 11.58 309 113
D72 Cε4 × CDR3 inverse folding 3 12 14.35 305 140
D73 Cε3 × CDR1,3 tempered redesign 4 12 18.25 39 182
D74 CDR2 inverse folding 8 12 11.70 67 116
D75 Cε4 × CDR3 tempered redesign 3 12 12.11 1156 110
D76 Cε4 × CDR3 inverse folding 3 12 28.52 2919 256
D77 CDR2 inverse folding 8 11 15.39 62 153
D78 Cε4 × CDR3 inverse folding 2 11 16.20 222 160
D79 Cε4 × CDR3 tempered redesign 2 11 14.51 71 144
D80 Cε4 × CDR3 inverse folding 3 11 14.61 207 144
D81 CDR2 inverse folding 8 10 18.05 101 179
D82 CDR2 inverse folding 8 10 18.06 n.r. 181
D83 Cε3 × CDR1,3 inverse folding 2 10 28.20 n.r. 282
D84 Cε3 × CDR1,3 tempered redesign 3 9 25.87 n.r. 259
D85 Cε4 × CDR3 inverse folding 4 9 29.78 3556 262
D86 Cε4 × CDR3 tempered redesign 3 9 9.48 294 92
D87 Cε4 × CDR3 inverse folding 3 8 12.87 279 126
D88 Cε4 × CDR3 tempered redesign 3 8 14.62 99 145
D89 Cε4 × CDR3 inverse folding 4 8 19.87 3036 168
D90 CDR2 inverse folding 8 7 18.87 n.r. 189
D91 Cε4 × CDR3 tempered redesign 2 6 14.03 97 139
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