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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.
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EMDB database with the accession code EMD-29026. Generated and analyzed data sets that support the findings of this study are available as Source Data and from
the corresponding authors upon reasonable request.

For the serum stability assays, venous blood was obtained from healthy volunteer without any medication prior the blood
donation. Written consent was obtained prior conducting the experiment and a compensation was offered to the volunteer.
Sex or gender were not considered for this study as the overall protease activity in serum of individuals between sexes are
expected to be equal.

No such grouping was performed nor was it relevant for this study.

Healthy male subjects were invited for a blood donation, with participants having no medications prescribed 14 days prior of
experiment.

No special recruitment criteria were set other than stated in this point.

The study design and conduct was in accordance to the authorization of the ethical commission of the Medical University of
Vienna (EK1548/2020) and with institutional guidelines.

Computational peptide design was carried in the Rosetta software suite. The Rosetta software suite is available free of charge to academic
users and can be downloaded from http://www.rosettacommons.org. Raw data of score and rmsd for plots presented in the main text and
supplementary information are provided in Source Data file. Instructions and inputs for running these applications, and all other data and
code necessary to support the results and conclusion are provided in Source Data file. All the structures presented will be deposited in PDB.
The raw in vitro and in vivo data for pharmacological assays (presented in Figures 3-5, Supplementary Figures 6, 11-14, 25-26, 28 and
Supplementary Tables 3-6 and 9-14) are available as a Source Data File. HPLC traces and MS data of all designed compounds are also available
as a Source Data File and upon reasonable request by the corresponding authors.

Extreme outliers in in vitro assays were identified and cautiously excluded, otherwise, data was kept as complete as possible.

Data were replicated using at least three biologically independent replicates. Binding assays were performed in duplicates and functional
assays in triplicates. See figure and table legends for specific details.

Ligands tested in vitro were selected based on their ability to pass interface metrics, thus no randomization was

performed. However, covariates were controlled through careful matching of experimental groups based on relevant variables. This approach
allowed us to reduce the potential confounding effects of covariates and improve the internal validity of our findings. For functional and
binding assays, randomization is not relevant as no group allocations were performed. For the behavioral studies, mice were randomly
assigned across treatments.

The in vitro characterization of designed ligands was performed unblinded. Blinding was not implemented in the in vitro pharmacology study
due to the highly quantitative and automated nature of the experiments, where subjectivity and bias were minimal. The large number of
samples and controlled conditions also made the logistics of blinding impractical. The study aimed for high reproducibility and validation of
assay protocols, and the experimental design itself was structured to minimize potential sources of bias. However, the affinity, potency and
efficacy as well as receptor selectivity data were confirmed at three independent labs. The in vivo experiments in mice were performed in a
blinded manner.



3

n
atu

re
p

o
rtfo

lio
|

rep
o

rtin
g

su
m

m
ary

A
pril2023

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

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

gp64-PE antibody (expression system, #97-201), anti-FLAG-horseradish peroxidase-conjugated antibody (Sigma, A8592)

gp64-PE antibody was purchased from Expression Systems and was used for baculovirus titration. The detailed information can

be found at https://expressionsystems.com/product/gp64-pe-antibody/

anti-FLAG-horseradish peroxidase-conjugated antibody was ordered from Sigma-Aldrich and was used in ELISA experiment for

the detection of KOR receptor (wt and mutants) expression level. The detailed information can be found at https://

www.sigmaaldrich.com/US/en/product/sigma/a8592

Human embryonic kidney cells 293 (HEK293T) and chinese hamster ovarian cells (CHO-K1) were obtained from American
Type Culture Collection (ATCC). Spodoptera frugiperda (Sf9) cells are from Expression Systems (#94-001S).

All cells used in this study are commercial and were obtained from vendors as indicated in the manuscript. HEK293T and
CHO-K1 were certified by ATCC using morphology and growth characteristics as well as STR profiling. Sf9 cells are commercial
and obtained from vendors as indicated in the manuscript. No additional authentication was performed by the authors of this
study.

Mycoplasma contamination was tested prior to conducting in vitro assays and ruled out for cell lines used in the study.

No commonly misidentified cell lines were used in the study.

Experiments were performed in male SWISS mice (RjOrl:SWISS; 8-10 weeks old, 30-35 g body weight) purchased from Janvier Labs
(Le Genest-Saint-Isle, France). Mice were group-housed in a temperature- (21-22°C) and humidity-controlled (60-70%) specific
pathogen free room with a 12 h light/dark cycle and with free access to food and water. All behavioral experiments were performed
during the light cycle.

No wild animals were used in these study.

We used male mice to establish pain and behavioral responses as these types of studies are commonly reported using either male or
female mice, or both sexes.

This study did not invole samples collected from the field.

All animal care and experimental procedures were in accordance with the ethical guidelines for the animal welfare standards of the
European Communities Council Directive (2010/63/EU) and were approved by the Committee of Animal Care of the Austrian

Federal Ministry of Science and Research (Protocol Nr. 2022-0.159.599).




