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Extended Data Fig. 1| Design of aninducible SrtA expression construct for antibody (top & bottom) or PMA/I (top). Percentage of murine CD40L expressed
TCR-MAP. (a) Vector designs for the different inducible NFAT-SrtA reporters on the cell surface of Jurkats was assessed by flow cytometry. Error bars indicate
tested. (b) Jurkat cells transduced with the various NFAT-SrtA reporters were the mean and SD. Datain b are representative of n=3 independent biological
stimulated for 6 h (top) or 1,4, 6, 8,24 h (bottom) with either 1 pg/ml anti-CD3 replicates. PMA, phorbol 12-myristate 13-acetate. I, ionomycin.
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Extended Data Fig. 2| See next page for caption.
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Extended Data Fig. 2| Optimization of the TCR-MAP platform. (a) Streptavidin
cell surface labeling of HLA-A*02:01" Gs-target cells transduced with (green)

or without (gray) the CTAGIB antigen at the indicated effector-to-target cell
ratios with 1G4 TCR" SrtA-Jurkats for 6 h using an LPETG-biotin concentration

of 50 uM. Reported fold change values were calculated based on the ratio of
streptavidin fluorophore MFl of the CTAG1B 90-aa peptide expressing Gs-targets
over streptavidin fluorophore MFI of no antigen controls. (b) Streptavidin cell
surface labeling of HLA-A*02:01" Gs-target cells transduced with (orange) or
without (gray) the CTAG1B antigen at the indicated concentration of LPETG-
biotin substrate added to a co-culture with 1G4 TCR* SrtA-Jurkats for 6 h at

an effector-to-target ratio of 1:1. Reported fold change values (Right) were
calculated based on the ratio of streptavidin fluorophore MFl of the CTAG1B
90-aatile expressing Gs-targets over streptavidin fluorophore MFl of no antigen
controls on the bottom. (c) Quantification of HLA-DRB1*11:01* CIITA*CTSS*
Gs-target cell biotinylation after transduction with HIV gag 56-aa fragment
containing the known antigen for F24 TCR. LPETG-biotin substrate (50 uM) was
added at the indicated times. Reported fold change values were calculated based
ontheratio of the mean of antigen-expressing G;-target cell biotinylation over
the mean of no antigen Gs-target cell biotinylation. Co-cultures were performed
atan effector-to-target ratio of 1:1(d) Representative flow plots looking at

target cell biotinylation of HLA-A*02:01" G;-target cells transduced with (red)
orwithout (gray) the CTAGIB antigen. CTV labeled antigen® G;-target cells were

spiked into non-antigen controls at a frequency of 1% and co-cultured with 1G4
TCR" SrtA-Jurkats alone or combined with four other non-cognate TCRs at a final
effector-to-target ratio of 1:1for 6 h using an LPETG-biotin concentration of 50
M. Quantification of the total frequency of CTV labeled antigen® Gs-targets
relative to the whole population (light gray) or gated on the top 1% of biotinylated
Gs-targets (dark gray) is reported for all TCR pooling conditions. Reported

fold change values were calculated based on the ratio of the frequency of CTV*
Gs-target cells in the top 1% of biotinylated cells over their frequency in the total
input population. (e) Representative flow plots showing the pre- and post-
magnetic bead enrichment of target cells. Pp65 antigen® HLA-A*02:01" Gs-target
cells were spiked into no antigen control cells at a frequency of <1% and co-
cultured with NLV3 TCR* SrtA-Jurkats for 6 h using an LPETG-biotin concentration
of 50 uM at an effector-to-target ratio of 1:1 or 1:2, as indicated. Cells from the co-
culture were labeled with streptavidin conjugated magnetic beads and run over
amagnetic enrichment column (Miltenyi). Cell bound to the column were eluted
and analyzed by flow cytometry to quantify cognate antigen (CTV*) enrichment.
Reported fold change values were calculated based on the ratio of the frequency
of CTV* Gs-target cells bound to the column versus their frequency in the input
population. Each dot in c-e represents a different biological replicate, where
error barsina-eindicate SD. Datain a-e are representative of n =3 independent
biological replicates. MFI, mean fluorescence intensity. CTV, cell trace violet.
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Extended Data Fig. 3| Magnetic bead enrichment is capable of is

olating

cognate antigens using TCR-MAP. TCR-MAP screen schematic and results of

NLV3 TCR* SrtA-Jurkats screened against a CMV-specific viral peptidome library

in HLA-A*02:01" Gs-target cells. Biotinylated G;-target cells were either FACS

isolated (a) or labeled with streptavidin conjugated magnetic beads and run over

amagnetic enrichment column for a total of two consecutive purifications for

isolation (b). Cellular barcodes fromisolated cells are PCR amplified from gDNA.

Downstream NGS and analysis of enriched reads relative to the inp

ut library

enables calculation of adjusted p values to call enriched peptides by the TCR

Fold enrichment (geomean)

queried. Theresults of the screen are plotted such that each dot represents one
peptide with the y axis indicating the negative log10 p adjusted values by Mageck
and the x axis reporting the geometric mean of the enrichment of the peptide
across three replicates. Fold enrichment is defined as the ratio of the abundance
ofthe peptide in the sorted population relative to the input library. Peptides
highlighted in red contain the known cognate antigen for the NLV3 TCR. CMV,
cytomegalovirus. FACS, fluorescence-activated cell sorting. gDNA, genomic
DNA.
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Extended Data Fig. 4| TCR-MAP identifies cross-reactive and cross-restrictive
antigenic hits for CTAG-reactive CD4 TCR. (a) Human genome-wide TCR-MAP
screen results of the TCR3898-2 TCR. Each dot represents one peptide with they
axis plotting the negative log10 p adjusted values by Mageck and the x axis calling
the geometric mean of the enrichment of the peptide across three replicates.
Fold enrichment is defined as the ratio of the abundance of the peptide in the
sorted population relative to the input library. Peptides highlighted in blue are
known antigens of the TCR3898-2 TCR, while yellow indicates new antigens
that validated. (b) Determination of CD69 upregulation of TCR3898-2 TCRs to
theindicated antigens in CIITA*CTSS" Gs-target cells that express six different
HLA-DR, -DP, and -DQ alleles or only the HLA-DRB1*04:01 allele to assess HLA-

restriction patterns. The relative correlation of the fold enrichment of the
peptide fragment vs the CD69 upregulation of TCR3898-2 TCRs by that same
epitope sequence is plotted in (c) and the r?value reported.

(d) Representative flow cytometry plots of 3898-2 TCR* SrtA-Jurkat cell activation
by assessing CD69 upregulation in response to the indicated peptides expressed
in CIITA'CTSS' Gs-target cells expressing all six DR'DP'DQ" alleles or only the
HLA-DRB1*04:01allele. * p=0.0266 (left) and 0.0397 (right), **** p < 0.0001

for each group relative to no antigen control by two-tailed t test. Each dotinb
represents a different biological replicate, where error bars indicate the mean
and SD. Datain e are representative of n =3 independent biological replicates.
HLA, human leukocyte antigen. CIITA, class Il transactivator. CTSS, cathepsin S.
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Extended Data Fig. 5| TCR-MAP accurately identifies Treg TCR reactivities.
(a) Mouse genome-wide TCR-MAP screen results of PAD4-reactive 6MNO TCR*
SrtA-Jurkats. 56-aa peptide fragments covering the murine proteome were

expressed in H2-IAb* CIITA*CTSS" Gs-target cells SrtA-Jurkat cells were added
to achieve a final effector-to-target ratio of 1:1. Each dot represents one peptide
with they axis reporting the negative logl0 p adjusted values by Mageck and

Fold enrichment (geometric mean)

the x axis indicating the geometric mean of the enrichment of the peptide

across three replicates. Fold enrichment is defined as the ratio of the abundance
ofthe peptide in the sorted population relative to the input library. Peptides
highlighted in red indicate validated hits from the screen. PAD4, peptidylarginine

deiminase 4.
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Software and code

Policy information about availability of computer code

Data collection  Data collection was performed via FACSDiva 6.0 (BD) and CytoFLEX Acquisition and Analysis Software (version 2.3).

Data analysis Flow cytometry analysis was performed using FlowJo v10.8.2 (BD).
Bar plots and scatter plots were generated using GraphPad Prism 9.
Statistical analysis was performed using GraphPad Prism 9 software.
Read processing and alignment were performed with CutAdapt66 and Bowtie 267, respectively.
Mageck 0.5.8 was used to assign p-values to peptides in TCR-MAP screens.
Screen results and saturation mutagenesis footprint figures were generated using DataGraph v4-7.
EpitopelD script for saturation mutagenesis scoring matrix analysis is outlined in the Methods section.
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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

Plasmids and cell lines generated in this study are available upon reasonable request and are subject to a Materials Transfer Agreement (MTA) from the lead
contact. A copy of the MTA and conditions for its use are provided as part of supplemental information of the manuscript. Source data are provided with this paper.
Normal tissue FPKM data was obtained from The Human Protein Atlas (https://www.proteinatlas.org/about/download).

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A
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Life sciences study design
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Sample size No sample-size calculations were performed. Each experiment was performed at least three times via independent biological experiments
with three technical replicates to ensure sample size was sufficient for experimental interpretation. Since the results were consistent between
experiments, three was generally deemed sufficient. No data were excluded from the analysis.

Data exclusions  No data were excluded from the analysis.

Replication All experiments conducted with cell culture samples were repeated at least three times via independent biological experiments. All attempts
at replication were successful.

Randomization  No randomization was performed as it is not relevant to the present study as there is no treatment involved. All conditions were assigned in
advance by the experimentalist and thus well defined.

Blinding No blinding was performed because there was no group allocation performed.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
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Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Dual use research of concern

Antibodies

Antibodies used Cells were stained for at least 30min in PBE (1x PBS with 2% BSA and 2mM EDTA) with antibodies, washed two times in PBE. All
antibodies or cell-surface staining reagents were from BioLegend and were used at 0.5 -1ul per million cells (APC anti-mouse CD40,
clone 3/23; BV421 Streptavidin, 405226; PE or BV421 anti-human CD69, clone FN50; APC anti-mouse CD154 (CD40L), clone SA047C3;
PE anti-biotin, 1D4-C5; APC anti-human HLA-A, HLA-B and HLA-C, clone W6/32; APC anti-human HLA-DR, DP, DQ, clone Tu39; BV421
anti-mouse MHC-II, clone M5/11.15.2; PE anti-human CD4, clone RPA-T4; FITC anti-mouse CD4, clone RM4-5; BV785 anti-human
CD8, clone SK1; BV421 anti-mouse CDS8, clone 53-6.7; APC anti-mouse H2Kb, clone AF6-88.5).
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Validation No explicit antibody validation was performed in this study. However, most antibodies were used in the context of gene knockout or
cDNA over-expression and all results were consistent with the antibodies recognizing their intended targets. Validation and other
pertinent information to each antibody can be found on the manufacturer's website. Each lot of the antibody used was quality
control tested by immunofluorescent staining with flow cytometric analysis by the manufacturer as part of their quality control.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK-293T (CRL-3216) and TCRbeta-null Jurkat (J.RT3-T3.5) were obtained from ATCC.
Authentication None of the cell lines used were authenticated.
Mycoplasma contamination All lines used for the study tested negative for Mycoplasma contamination.

Commonly misidentified lines  No commonly misidentified cell lines were used.
(See ICLAC register)
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Plots
Confirm that:
|Z The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| 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).
|Z| All plots are contour plots with outliers or pseudocolor plots.

g A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation HEK-293T cells were removed from the plate via incubation at 37C for 1min in 0.25% trypsin. Cells were stained for at least
30 m in PBE with antibodies, washed two times in PBE before flow cytometry analysis or sorting.

Instrument Sorting was performed on a Sony MA900 instrument. Analysis was performed on an LSR-II (BD) or CytoFLEX (Beckman
Coulter).

Software Data was collected with FACSDiva (BD) and analysis was performed using FlowJo v10.8.2 (BD).

Cell population abundance The purity of post-sort samples was determined by culturing the cells and staining and analyzing on a flow cytometer. The
abundance of each sort varied.

Gating strategy The gating strategy relevant for all experiments is shown in Fig. 1b.

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






