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Extended DataFig.1|*C-HSQCNMR spectrashowing C*and C* chemical

shifts of L-and D-peptides. A L-H1,s5,,sand D-H1,s5.,,5; BL-ANAC046 and
D-ANACO046; CL-DREB2A and D-DREB2A; D L-ANACO013 and D-ANACO013;

EL-PUMA and D-PUMA. All L-peptides displayed ingrey and D-peptidesin

orange.ForAandE,alineat35ppminthe®>C-dimension originates from the

presence of Tris in the buffer.
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Extended DataFig.2|AlphaFold3 models of ANAC046 and ANACO13 showningreyinarepresentative conformation to ease the comparison of the
peptidesin complex with RST. Peptide models agreeing with experimental peptide models. The color schemeis shown at the top and matches the scale
datacolored accordingtothe pLDDT of ANAC046 (A) and ANACO13 (B). RST is used by Alphafold3. PyMol version 2.6.0a0 was used to visualise the structures.
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Extended DataFig. 3| Comparison of NMR peak intensities from bindingL-
and D-enantiomers to RST. Intensity ratios reported for the interactions of
RSTwith D- (orange) and L-version (grey) of ANAC0465,9.335 (top), DREB2A 555,57,
(middle),and ANACO13,s,.,,, (bottom). The saturation wasin all cases 99% or
above.
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Extended DataFig. 6 | C*-CEST profiles of >C,"”*N-labeled L-ANAC046,,.5;5
peptide with 5% RST. A concentration of 1mM®C,N-L-ANAC04 6,435 With
50 PMRST wasusedinthe CEST experiment to ensure 5% saturation based on
theKd fromITC. The used pulse sequences modulate HSQCs as a function of i-1
carbonsaturation. Hence the HSQC peak of residue e.g. S321ismodulated asa
function of K320 carbon saturation. The profiles shown correspond to the C* of
theresidue givenateach plot. The pulse sequence used cannot probe the C* of

G325inthe peptide. The dotsshow the experimental data while the line shows
thefit. Thevertical grey dotted, and solid lines correspond to the chemical
shiftgiven fromthefit of the peptide’sunbound and bound states, respectively.
Residuals are shown above each plot. The additional smaller dipsinthe CEST
profile of D328 could not be recapturedin the *N-CEST or *C-CEST profiles,
suggesting they originate formnoise.
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Extended DataFig.7|ZZ-exchange NMR spectroscopy of L-ANACO013 in
complex withRCD1-RST at 25°C. The ZZ-exchange spectrum of - ANACO013
(100 UM L-ANACO13 + 50 uM RST, grey) is overlayed with LLANACO13 inits free

(650 pM L-ANACO13, yellow) and bound form (650 uM L-ANACO13 + 800 pM
RST, orange). The dashed lines connect the peaks from the free state to those of
thebound state viaZZ-exchange cross-peaks. Example highlighted for Glu262.



Extended Data Table 1| CIDER® analysis of disordered peptides

Net
Fraction charge
charged per
No. residues residue Kappa
Peptide Sequence residues (FCR) (NCPR) (¥) Hydropathy
H1155-175 KKAKKPKTVKAKPVKASKPKK 21 0.52 0.52 0.10 2.81
ANAC046319-338 SKSACDGLDDLIFWEDLYTS 20 0.30 -0.20 0.35 4.30
DREB2A255-272 SSDMFDVDELLRDLNGDD 18 0.44 -0.33 0.23 3.71
ANACO013254-274 NLEEDMYLEINDLMEPEPEPT 21 0.38 -0.38 0.08 3.45

PUMA130-156 EEEWAREIGAQLRRAADDLNAQYERRM 27 0.44 -0.07 0.13 3.13
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Extended Data Table 2 | Thermodynamics and kinetics for L- and D-peptide interactions

Thermodynamics Kinetics
Model
systems N Ka AH -TAS AG Ka kot Kon
(M) (kJ/mol) (kJ/mol) (kJ/mol) (M) D) (M5

L-Hliss.175 1= 8+3 87+22 63424 291 - - -

< 1

& D-H1155.175 8+0.6 90+6 70+ 6 -28+0.3 - - -
L-ANAC046319338  0.93 +0.02 0.67 % 0.05 2541 10+ 1 353402 0.27 % 0.02 101+3 370+ 30

g D-ANACO46315338  0.85+0.02 1042 2341 5+2 285404 10.8+£0.5 1664 +84 154+ 10

e L-DREB2Azss22 0.85+0.07 0.25+0.03 61+2 23+2 377403 0.13+0.01 47+1 370 +30

wn

& D-DREB2Azsson  0-85:£0.05 18+5 23%2 542 272+0.6 10.0£0.5 1715221 * 175+ 15

a

< L-ANACO0132s4274  0.95£0.02 (081 +0.001 48+ 1 8+1 -40.48 + 0.04 Fixed 7.0+0.3 86+ 4
D-ANACO13s4zns 092007 41£19 842 744 2543 80+ 6 9551911 118+ 12

= L-PUMA 130156 0.89 +0.02 0.0013 = R B - - -

2 0.0003 93+ 1 02+ 51.740.6

= 0.41 +0.20

E D-PUMA 130156 270 + 39 280+ 55 259+ 55 20.8+0.3 - - -

*FixedatN=1.

Fixed: Ky from ITC used as a fixed value in the 2D line-shape analysis.
Errors are standard errors of the mean from three technical replicates.



Extended Data Table 3 | Effects of stereochemistry on interactions

AAGp-L AAHp.L A(-TAS)p-L AAGunbound-1,p-L

(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
MCL1:PUMA 30.9+0.7 -187 £ 55 218 +£55 -
ProTa: Hlissa7s 03+1 -3+23 7+25 -
RCD1-RST:ANAC046 6.8+0.4 2+1 5+2 22
RCD1-RST:DREB2A 10.5+0.7 38+3 2843 -0.8

RCD1-RST:ANACO013 1543 40+2 -25+4 1.9
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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
IZ 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
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|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
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
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|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Data collection  SymphoTime 64 version 2.4 (PicoQuant) was used for single molecule data collection. NMR data were recorded at cOpenNMR (supported by
the Novo Nordisk Foundation) on Bruker instruments using Topspin versions 3.6.5, 4.0.7 or 4.2.0 (Bruker Biospin). CD data were recorded on
Jasco J815 or J810 using SpectraManager from Jasco Inc. ITC data were collected on MicroCal PEAQ-ITC microcalorimeter (Malvern
Panalytical, Malvern, United Kingdom) and on a MicroCal ITC200 microcalorimeter (MicroCal Instruments, Northampton, United Kingdom).

Data analysis Fretica, a custom add-on package for Mathematica v.12.3 (Wolfram Research) was used for the analysis of single-molecule fluorescence data
and is available at https://github.com/SchulerLab. For NMR data analyses, pMDD 60, NMRPipe, CcoNMR were used, otherwise GraphPad
Prism 8.4.1 and SpectraManager (Jasoc Inc), Origen 7, TITAN, Jasco software for CD, ChemEX for CEST.ITC data were analysed using Origin7 or
Malvern Panalytical analysis software

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.
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- A description of any restrictions on data availability
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Chemical shifts of MCL1 in the PUMA bound state have been submitted to BioMagResBank under the accession number 52264
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Sample size The sample size for all free diffusion FRET experiments was always > 4000 freely diffusing molecules. The sample sizes were found to
satisfactorily describe the conformational distributions and dynamics in the ensembles. For NMR, ITC and CD, the sample sizes were based on
previous comparable experiments.

Data exclusions  Bursts arising from freely diffusing molecules with only a single fluorophore and with < 50 photons were excluded from analysis. More details
on Data exclusion and selection can be found in the Methods section. For NMR analyses and protein interactions measurements, data were
not excluded. For ITC, the first injection point was excluded do to the possibility of air in the injection volume.

Replication The overall reproducibility of the main experiments was confirmed by making multiple independent measurements. For NMR analyses, data
were recorded once except for the relaxation data, where data were recorded in triplicate on the same sample to extract error bars. ITC was
recorded in triplicates or duplicates.

Randomization  No randomization was done

Blinding Experiments were not blinded
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