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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.

Reporting on sex and gender

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics

Recruitment

Ethics oversight

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.

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

Data exclusions

Replication

Randomization

Blinding

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.

Donor identity disguised.

Donor identity disguised.

Donor identity disguised.

Boston Children's Hospital Blood Donation Center

Boston University IBC protocol: 18-1537

For all in vitro assays, sample size was determined by the number of wells or independent replicates included in the data. All data represents a
sample size of three or larger. For all in vivo data, sample size was determined by the number of mice (N=1 for each mouse). All data
represents a sample size of three or larger. A sample size of n = 3 (three experimental repeats) was chosen because (1) three is the minimum
number to estimate variance in sample statistics and (2) in order to ensure individual measurements were not artifacts. For Figure 5E and F,
and Supplementary Fig. 16E, as the number of conditions in the experiment is so big that if including more than one replicates for each
condition, we would not be able to generate data every 2 hours, thus, the resolution of the experiment would have been reduced. Instead,
the same experiment was repeated 3 times, and a representative experiment is displayed. All experiment showed same trend as we
interpreted in the manuscript.

No data were excluded.

In vitro assays were performed at least 2 times with similar results. Live cell imaging for the dual-regulated circuit experiment were performed
once with triplicates (Figure 5e, f, and Supplementary Figure 16e), but the same experiment was performed multiple times with a single well
for each drug concentration, and the same trend in adaptation topology across concentration variations was observed. In vivo experiments
(Figure 6b, c, and d) were performed in multiple batches with N=4--6 for each batch. Each batch includes at least one sample for each
condition and the results were similar between each batch and combined to form the final data set. All experiments were performed with at
least 3 replicates. For Figure 5E and F, and Supplementary Fig. 16E, as the number of conditions in the experiment is so big that if including
more than one replicates for each condition, we would not be able to generate data every 2 hours, thus, the resolution of the experiment
would have been reduced. Instead, the same experiment was repeated 3 times, and a representative experiment is displayed. All experiment
showed same trend as we interpreted in the manuscript.

For in vitro experiment, samples are prepared all at once and run plates by plates with no special allocation of samples within or outside of a
testing group. For in vivo experiments, after hydrodynamic tail vein injection for the delivery of plasmid DNA, mice were randomly selected for
inducer or vehicle control administration. For in vitro experiments, within replicates transected or transduced with the same DNA mix,
randomly selected triplicates are supplemented with inducers or vehicle control. : Experiments were performed on immortalized cell lines
which can reasonably be assumed to be identical when split into multiple wells for trasnfection/infection. Thus, cells being input into different
experimental conditions are effectively randomized without explicitly controlling covariates.

For all experiments, Success metrics for our controller design vs the unregulated system were pre-defined (Relative MFI, leakiness, and
inducibility).During in vivo luminescence imaging, the investigators are blinded to treatment mouse groups.
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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.

HLA-ABA FITC conjugated antibody BD Bioscience 555552

HLA-A2 PE conjugated antibody BD Biosciences 560964

CD46 Alexa Fluor 594-conjugated Antibody R&D systems FAB2005T

ImmunoCult Human CD3/CD28 T Cell Activator STEMCELL 10971

All antibodies were used based on the validation statements on the manufacturer’s website, including the specie and applications.

Lenti-X 293T (Takara Biosciences)

HEK293FT N/A

Jurkat clone E6-1 ATCC TIB-152

Neuro-2a ATCC CCL-131

U87MG N/A

Cells were purchased and used directly from the source with no additional authentication.

All cell lines tested negative for mycoplasma.

No commonly misidentified cells were used in this study.

Balb/c (female 5-6 weeks) Jackson Laboratory 005557 12 hours light /dark cycles; temp 68-79F, humidity 30-70%

The study did not involve wild animals

All mice involved in this study were female.

The study did not involve field collected samples

Our studies were overseen by the IACUC at Boston University




