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Extended DataFig.7| Computational validation of the structure-based
combinatorial assembly strategy. Structure-based design permits the
rational combinatorial assembly of heavy and light chains, assembling only
heavyand light chains fromstructurally similar pairs. A) Fine-tuned RoseTTAFold
(left), and AlphaFold3 (right) validate that pairing heavy and light chains from
structurally similar (i.e. high pairwise TM score) designs yields scFvs that are
morelikely to be predicted to bind with high confidence (RF2 pBind, left; AF3
ipTM, right) than heavy and light chains from structurally-dissimilar (low pairwise
TMscore) designs. Note that the extremely high pBind distribution of the
“designed pairings” (rightmostbar of left plot) is an artifact of those designs
being specifically filtered for high pBind scores prior to the library being

ordered. B-C) combinatorial assembly leads to dramatically larger library sizes.
Plots show the number of clusters (pink) at different TM score similarity
thresholds for TcdB (left) and Phox2b (right) scFvs. For the amplification
strategy towork, each “cluster” becomes a PCR subpool, requiringindependent
PCRreactions (3 per subpool). Hence, we limit ourselves to large subpools
(>=100 designs), which maximizes the combinatorial amplification for the
amount of additional library assembly work. We additionally plot the theoretical
librarysize for each target (blue), calculated as number of _clustersxcluster
size?. Gray lines indicate the TM threshold chosen for library assembly, where
library sizes approximately match the transformation efficiency of yeast (107)%2.
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Extended DataFig. 8| Characterization of TcdB- and Phox2B-binding
scFvs. A-C: TcdB-binding scFvs. A) (left) Results of flow cytometry of yeast
samples displaying scFv4-C-Myc construct. Each sample was treated with
atitration of soluble biotinylated TcdB fragment (1285-1804) (bn-TcdB)
concentrations and visualized with anti-C-Myc FITC + SAPE. (right) Percentage

ofexpressing cellswhicharewithin the gateincrease withbn-TcdB concentration.

B) scFvs were designed tobind to the Frizzled epitope and therefore should
compete with Frizzled-7. Designed scFvs should not compete with CSPG4,
whichbindsatadifferentepitope on full-length TcdB. C) Yeast displaying
scFv4-C-Myc were incubated with1nM TcdB and either no competitor,100 nM
Frizzled-7,or 100 nM CSPG4. Binding signal specifically decreases when
Frizzled-7isadded, supporting that scFv4 binds at the Frizzled-7 epitope.
Binding signal does not significantly decrease when CSPG4 isadded.
D-G:Phox2B-binding scFvs. D) C*07:02/PHOX2B titration results with

yeast surface display of anti-C*07:02/PHOX2B scFvB1.2.1, tested in the “HL”
orientation with a (G4S)3 linker. For the tetramer condition, the biotinylated

C:07:02/PHOX2B pHLA was tetramerized on streptavidin-PE (SAPE) prior to
validation. The negative controlis yeastincubated in the same concentrations
of SAPEand FITC used in the experimental conditionsin the absence of target.
E) AF3 prediction of construct Bl.2.1docked to C*07:02/PHOX2B.F) Left:
Surface plasmonresonance (SPR) data characterizing binding of B1.2.1in the
HL and LH orientationsinthe 10LH-based framework (“phox” prefix, left
column) and the trastuzumab framework (“her” prefix, right column). B1.2.1
binds with approximately 1 uM affinity. Right: SPR data characterizing on-
target binding of C*07:02/PHOX2B (“phox2b”) versus the same HLAbound to
the R6A mutant of PHOX2B (“phox2b_r6a”). Theresultsindicate specific
bindingto theintended target. G) Representative ITC titration of HLA-C*07:02/
PHOX2B (30 uM) into asample containing 2 pM herceptin_VLVH-His-Avi binder.
Both samples contain1 mM excess of PHOX2B peptide, to prevent the formation
ofempty HLA. Theblacklineis the fit of the isotherm. Fitted values for KD, AH,
and ASwere determined using al-site binding model.
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Extended DataFig.10|AlphaFold3 retrospectively predictsbinders.

A) ipTMdistributions of design VHH libraries against 4 targets. Red lines
indicate validated binders. B) ROC curve demonstrating strong retrospective
predictive power of AF3 at discriminating designed VHH binders from non-
binders (AUC = 0.86). Note though that this plotis dominated by influenza
HAbinders, which are more numerous than confirmed binders to SARS-CoV-2
RBD and TcdB. C-D) Similar retrospective analyses of TcdB scFv binders.
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Thesebinders were assembled combinatorially from structurally similar
“parent” designs. The successfully-binding combined designs have
significantly higher AF3ipTMscores than the parent designs from which they
emanate (C, 6 binders from12 parent designs; two-sided Students t-test;
p=0.0025),and from the parentallibrary as awhole (D). These analyses
indicate the utility of AF3 for antibody design filtering.
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