





Extended DataFig.12|Analysis of the determinants of the successrate of
denovobinderdesign. a, Correlation between success rate and root mean
square deviation (RMSD) with scaffolds. In this experiment, the accuracy of the
scaffold library was examined with an experiment similar to Chevalier et al'..
Thebinding residues from known-good interfaces were copied onto scaffolds
that closely resembled the known-good binders. If the scaffold folded properly
and displayed these binding residues similarly to the original known-good
interface, the hypothesis was that the scaffold would bind. This experiment
sought todetermineboth the required accuracy of displayed sidechains to
createasuccessful binderaswellas to probe the accuracy of the scaffold
library. If forinstance, the scaffold library was perfectly accurate, thisgraph
wouldindicate thatif the Ca RMSD of the displayed sidechains deviates from
the known-good conformationby 0.5 A, that there would be a15% chance of
binding due to theintrinsicaccuracy of sidechains required for binding. The
scaffold library is likely not perfectly accurate however; as such, the correct
interpretation would be: Ifthe Ca RMSD of the displayed sidechains according to
the scaffold PDB model (which may not be perfectly correct) deviatesby 0.5 A
CaRMSD, thereis a15% chance of binding. This 15% chance of binding arises in
partfromthelikelihood that the scaffold will fold correctly and in part fromthe
intrinsicrequired accuracy of sidechain placements for binding. Notably, the
RMSD reportedinthisgraphis far lower than the determined crystallographic
accuracy of the IL-7Ra binder when aligned by the receptor (the two interfacial
helicesare1.5A Ca RMSD when aligned by the IL-7Ra receptor); however, if the
twointerfacial helices are aligned without regard for the receptor (the same
calculation performed in this figure (i.e. the helices are superimposed on top of
eachother)) the Ca RMSDis 0.43 A. As such, the best explanation for this datais
as follows: Although the predicted binding conformation of the complex
structure was only accurateto 1.5 A, the predicted monomer structure was
correctto 0.43 A. The comparison between scaffold and known-good interface

was performed at the monomer level, and therefore, these new binders were
successful because they assumed the correct monomer structure, which
displayed the sidechains the same as the known-good binder, and therefore
were abletobind, even though the known-good complex structure was not as
accurate. This graph continues to show increased signal below 0.43 A probably
because the scaffolds at very low RMSD ended up being slightly structurally
different for the same reason as the known-good binder. (i.e. if we crystallized
one of the scaffolds that differed only by 0.2 A, we would likely find that
scaffold model and the scaffold crystal structure deviate by about 0.43 A and
that the scaffold crystal structure and the known-good crystal structure are
very similar). Method: 11 IL-7Ra SSM-validated interfaces were used asa
starting point to create 2-helical grafts. All grafts consisted of 2-helices joined
withaloop and the scaffold library was superimposed onto these two helices
and the RMSD of the match was assessed. Ifagood matchwas found, the
sidechains making stronginteractions with IL-7Ra were copied onto the
scaffold and the remaining positions near the interface were allowed to
redesigntoavoid clashes. Plotted on the x-axis is the RMSD of the
superposition of the 2-helices + loop between the motif and the scaffold. The
y-axisrepresents the fraction of binders with predicted SCs,s <3 pM with the
number ontop representing the denominator. b, Target success rate versus
hydrophobicity. The y-axis shows what percentage of tested binders against
theindicated target showed SCs,below 4 pM. The x-axis shows the
hydrophobicity of the target region in SAP® units. A greater Asap_score
indicates greater hydrophobicity. While this graphis not completely fair as the
authorsimproved the method with time, the trendis strikingand canbe used to
estimate the difficulty of potential future targets. (The Asap_score canbe
calculated on the target structure alone by observing the SAP score of all
residues a potential binder would cover.).
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Extended DataFig.13|Power of computational metrics to predict binders.
Onthe fully-relaxed binder dataset (see Methods), the ability of several
computational metrics to predict which binders would have SCs, below 4 uM
was assessed. Inblack andinthe bar charts, datafor all targets were pooled
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the metric while the black solid line shows the ROC plot for the metric. Each of
the coloredlines represents the correlation of this metricon each of the targets
individually. The AUC of the overall black lineis givenin the upper left with the
medianofthe AUC of the colored lines givenimmediately below.



Extended Data Table 1| Number of binders against the 12 targets as estimated from FACS sorting

Total Designs

Target SCs0 <4 uyM SCs0 <400 nM Tested
H3 50 (0.08%) 21* (0.04%) 60,000
TrkA 10 (0.07%) 3 (0.02%) 15,000
FGFR2 604 (1.00%) 196 (0.33%) 60,000
EGFR 15 (0.01%) 12 (0.01%) 100,000
PDGFR 284 (0.28%) 0 (0.00%) 100,000
InsulinR 259 (0.43%) 2 (0.00%) 60,000
IGF1R 45 (0.30%) 1 (0.01%) 15,000
Tie2 5 (0.01%) 0 (0.00%) 100,000
IL-7Ra 22 (0.14%) 7 (0.05%) 15,000
CcD3? 1 (0.00%) 0 (0.00%) 60,000
TGF-B 100 (0.67%) 12 (0.08%) 15,000
VirB8 72 (0.48%) 10 (0.07%) 15,000
SARS-Cov-2 RBD 18 (0.02%) 9 (0.01%) 100,000

SCs, (Sorting Concentrations,) refers to the target concentration where 50% of expressing yeast cells for a given design are collected. The “SCs, < 4 uM” column was produced by looking for
binders that saw > 20% collection frequency during a 1 uM w/o avidity sort (see Method). When a 1 uM sort was not performed, 500 nM and 11% were used instead. A similar procedure was used
to estimate the 400 nM column. Some binders saturate their binding signal at 20% collection frequency (likely expression problems), for this reason, the H3 data were estimated at 800nM to
avoid needing a threshold higher than 20%. Additionally, binders with very low counts were discarded to guard against doubly-transformed yeast (see Methods).

‘Number of binders with SCs, < 800 nM estimated from 200nM sort.

? SSM sorts used to estimate the number of binders.
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Extended Data Table 2 | Crystallographic data collection and refinement statistics

Unbound Unbound )
Minprowin . TKAECD+ - minprotein RS minprotein - CEEE (P
binder miniprotein binder blndlﬁr7a}ga|nst binder complex binder against binder complex binder complex
-7Ra FGFR2
Data collection
Space group P2 P 24 R 32 P 32 P 4322 P 63 1 212424
Cell dimensions
a b c(A) 69.936.2748.80, 42.20, 205.70, 72.57 92.?3,8?42323, 132.1588,.;22.18, 4248, 4248, 8314 107.5623.(1@7.53, 57.12565?111.48
a, B,y (°) 90, 117.3,90 90, 106.42, 90 90, 90, 120 90, 90, 120 90, 90, 90 90, 90, 120 90 90 90
Resolution (A) 60.00 - 2.75 40.48 - 1.85* 36.15 - 1.50* 50.0 - 2.14* 50.0 - 3.01 N 50.0 -2.99 . 50.00 - 3.00*
(2.80 -2.75) (1.91 - 1.85) (1.55 - 1.50) (2.17 -2.14) (3.19-3.01) (3.17 -2.99) (3.08 -3.00)
Rrmeas 0.20 (1.2) 0.21 (5.4) 0.049 (1.7) 0.23 (2.4) 0.064 (0.334) 0.075 (0.357) 0.082 (0.740)
1ol 9.0 (0.8) 6.7 (0.4) 16.19 (1.37) 6.92 (1.04) 17.85 (4.08) 19.10 (6.59) 13.47 (2.52)
Completeness (%)  89.2 (54.2) 96.2 (75.3) 98.95 (97.53) 99.6 (97.6) 93.8 (95.7) 98.7 (97.3) 99.8 (99.8)
Unique reflections 47,866 (1,481) 99,845 (9,655) 28,231 (2,735) 62,839 (9,978) 1,644 (247) 9,194 (1,452) 6,672 (483)
Redundancy 3.2(1.9) 6.9 (6.4) 6.7 (6.5) 8.2(8.1) 5.5 (5.5) 4.7 (4.8) 5.9 (6.1)
cC1/2 0.79 (0.31) 0.997 (0.1) 0.999 (0.450) 0.993 (0.442) 0.999 (0.990) 0.998 (0.952) 0.999 (0.938)
cc* 0.92 (0.69) 1(0.427) 1(0.788) 1(0.663) - - -
Refinement
Resolution (A) 4324 -2.75 (ot 185 oot 50) (2272 14y 4248 -3.01 4656 -2.99 511 -3.00)
No. reflections 47,725 (2,359) 97,648 (7,671) 28,230 (2724) 62832 (1257) 1,619 9,191 6672 (653)
RewlRuw 0202020 03edotel)  (0sg0jodsn)  (0z03bf0) 0210298 02000283 (il G
No. atoms 12,962 6887 961 6511 381 2558 1534
Protein 12,577 6276 886 6166 381 2558 1534
Ligand/ion 289 349 - 36 0 0 0
Water 96 262 75 309 0 0 0
B-factors (A2?) 57 42 36 59 92 79 129
Protein 63 41 35 59 64 60 129
Ligand/ion 97 60 - 58 - - -
Water 52 40 43 50 - - -
Bond lengths (A) 0.002 0.010 0.013 0.008 0.008 0.003 0.008
Bond angles (°) 0.47 1.07 1.39 0.97 0.37 0.49 1.07

*Data collected from a single crystal. *Values in parentheses are for the highest-resolution shell.
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Data collection  Rosetta Macromolecular Modeling Suit; RifDock (https://github.com/rifdock/rifdock);

Data analysis Python 3.8; ForteBio Data Analysis Software Version 9.0.0.14; FlowJo v10.6.2; Coot-0.8.9.0; Phenix-1.19.2; DNAWorks2.0;
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The atomic coordinates and experimental data of H3_mb in complex with H3 HA, TrkA_mb in complex with TrkA, unbound FGFR2_mb, FGFR2_mb in complex with
FGFR4, unbound IL-7Ra_mb, IL-7Ra_mb in complex with IL-7Ra and VirB8_mb in complex with VirB8 have been deposited in the RCSB Protein Database with the
accession numbers of 7RDH, 7N3T, 7N1K, 7N1J, 7S5B, 70PB and 7SH3 respectively. Diffraction images for the TrkA minibinder complex have been deposited in the
SBGrid Data Bank with ID 838.
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Life sciences study design
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Sample size 15,000 to 100,000 designs were ordered for each targeting site and this depends on the Angilent Oligo library size. No statistical method was
used to determine the total number of designs to be experimentally tested. The numbers are chosen because the size of an Angilent Oligo
Pool is 15,000 or 60,000.
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Data exclusions  There is no data exclusion in this study.
Replication Experimental finders were statistically significant and no attempt at reproduction was performed.

Randomization  For the cell signaling assay, the cells were randomly separated into group and then treated with different concentrations of miniprotein
binders.

Blinding For the cell signaling assay, researchers were not blinded to different cell groups.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Antibodies
Antibodies used FI6v3 antibody was kindly provided by Deborah H. Fuller at University of Washington; Alexa Fluor 488 conjugated anti-ERK1/2 pT202/
pY204 antibody for BD Bioscience; Alexa Fluor 647 conjugated anti-Akt pS473 antibody from Cell Signaling Technology; Anti-rabbit
HRP conjugated secondary antibody from Bio-Rad Laboratories; HRP-conjugated secondary antibody from Bio-Rad Laboratories.
Validation Corti, D. et al. A neutralizing antibody selected from plasma cells that binds to group 1 and group 2 influenza A hemagglutinins.

Science333, 850-856, doi:10.1126/science.1205669(2011). For the commercially available antibodies, the researchers didn't do any
additional validation.

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) TF-1(ATCC CRL-2003); HEK293T (ATCC), Mark Hall, Department of Biochemistry, University of Birmingham, UK; Human
Umbilical Vein Endothelial Cells, LONZA, Cat #2519A. Hi5 cells (ATCC)

Authentication Authenticated by vendors and we didn't do any additional authentication.

Mycoplasma contamination TF-1, confirmed negative for mycoplasma; HET293T, negative, confirmed by Plasmo Test; Human Umbilical Vein Endothelial
Cells, confirmed negative for mycoplasma. Hi5 cells, confirmed negative for mycoplasma.




Commonly misidentified lines  No commonly misidentified cell lines were used in this study.
(See ICLAC register)

Flow Cytometry

Plots
Confirm that:
|Z The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology
Sample preparation Yeast Cell are incubated with the target protein and then labeled with anti-Myc Antibody conjugated with FITC and
Strepavidin congated with PE. The cells were washed with PBSF. See Methods for experimental details.
Instrument Sony SH800
Software FlowJo10
Cell population abundance Yes
Gating strategy Cells labeled without the target protein were used as negative control and all the cells showed binding signal were collected.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.




