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Extended DataFig. 8| Characterization of partially bound samples of of chainsand their states labeled. b. nsEM micrograph (top) and most
sr312.a.Range of partially bound XY oligomeric states of sr312 that would be populated 2d class averages (bottom) for the 50% liganded sample of sr312
expected tobe populatedinanon-cooperative scheme of peptide-binding, showninFig.4ec.nsEM micrograph (top) and most populated 2d class

or thataretransiently populated in the KNF model. X-state chains (pink) and averages (bottom) for a partially liganded speciesisolated via SEC from the

Y-state chains (blue) are indicated for each modeled oligomer, withthe number ~ ~10% liganded sample of sr312 shown in Extended Data Fig. 7).
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Extended DataFig. 9| Characterization ofinducible homodimer systems.
a.NanoBitluciferase measurements from 11 soluble designsat 5 nm of each
tagged-luciferase construct showninthe absence (pink) and presence (blue)
of 5uM cognate peptide. Bars and error-bars represent average and standard
deviation of three measurements b. Luminescence readings for eachinducible
dimer designderived from an equimolar mixture of NanoBit luciferase parts
tagged tothe design, where each componentis held constantat10 nM, while
the peptideis titrated in two-fold steps down from amaximum concentration
of 10 pM. Tested designs include IHA10 (black), IHA8 (red) and alg and smBit
tagged hinge construct, jsO07, (gray) that does not assemble into oligomers

asacontrol for off-target luciferase activity. Bars and error-bars represent
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average and standard deviation of three measurements. c. SEConIHA10 at1pM
inthe presence and absence of 10 uM peptide. d. Interfacial sites (green
spheres) that were mutated to alanine inIHA10. The LHD regions of the two
opposing chains are shown in different pink shades. e. SEC comparison of
IHA10 (dashed pink) and the alanine mutant IHA10_F311A (solid pink) at 2 uM.
f.SECon1pMIHA10_F311Ainthe presence (blue) and absence (pink) of20 uM
peptide. The additional peakin the blue trace corresponds to free, unbound
peptide.g. Twointerface-adjacentsitesin IHA10 that were chosen for FRET
labelling areshown as green spheres, with Y-state chains (blue) and peptide
(red) displayed. 8 C and 323 C were labeled with AlexaFluor 555 and AlexaFluor

647 respectively.



Extended Data Table 1| Cryo-EM data collection, refinement and validation

sr322 sr322 clustered species sr312_cs221B
EMB-42442 EMD-42542 EMD-42491
PDB: 8UP1 PDB: 8UTM PDB: 8URE
Data collection and processing
Magnification 105,000 105,000 105,000
Voltage (kV) 300 300 300
Electron exposure (e—/A2) 52 52 43
Defocus range (um) 0.8-1.8 0.8-1.8 0.8-1.8
Pixel size (A) 0.84 0.84 0.84
Symmetry imposed C4 C2 C4
Initial particle images (no.) 699,357 699,357 971,294
Final particle images (no.) 157,386 144,551 58,251
Map resolution (A) 4.55 432 4.40
FSC threshold 0.143 0.143 0.143
Map resolution range (A) 4.15-10.72 4.19-9.05 35-6.0
Refinement
Initial model used (PDB code) Design Model Design Model Design Model
Model resolution (A) 4.55 432 4.40
FSC threshold 0.143 0.143 0.143
Model resolution range (A) 4.15-6.0 4.19-6.0 3.5-6.0
Map sharpening B factor (A2) Na Na Na
Model composition
Non-hydrogen atoms 7,088 14,176 8896
Protein residues 1,428 2,856 1688
Ligands 0 0 0
B factors (A?)
Protein Na Na Na
Ligand Na Na Na
R.m.s. deviations
Bond lengths (A) 0.009 0.009 0.009
Bond angles (°) 1.485 1.549 1.424
Validation
MolProbity score 0.50 0.65 0.50
Clashscore 0 0.05 0
Poor rotamers (%) 0 0 0
Ramachandran plot
Favored (%) 98.45 97.29 98.70
Allowed (%) 1.55 2.71 1.30
Disallowed (%) 0.00 0.00 0.00

Columns represent statistics for different solved Cryo-EM structures.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

D The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

D For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX X 0 XXX OO s

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  AlphaFold2, SerialEM 4.1

Data analysis SclPy 1.9.3, PyMOL 2.5.0, CryoSparc v4.0.3, DiscoverMP, Phenix 1.21

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data is available either in the main text or as supplementary materials. PDB models and sequences for designs shown in main text figures are available in
attached Supplementary Data. Accession numbers for solved structures are included in the Data Availability statement.




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or N/A
other socially relevant
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groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Number of replicates are listed in figure captions and methods sections. Number of measurements was chosen to be n>=3 to enable
computation of confidence intervals and error bars.

Data exclusions  none

Replication As described in figure captions. Key designs reported in the main figures were independently expressed and purified at least three times,
yielding similar results in MP, SEC and negative stain EM.

Randomization  Randomization is not relevant in this study Experiments were performed on sequence-validated and purified proteins

Blinding Blinding is not relevant in this study Experiments were performed on sequence-validated and purified proteins

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.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies g |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied: ) )
DPescribe-any-atithentication-proceduresforeach-seed-stock-tised-ornovel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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