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(5M00), NP1-B17 TCR complexed with H2-Db (5SWZ), E8 TCR with HLA-DR (2IAM, 2IAN), 2B4 with I-Ek (6BGA, 3QIB), and TCR-CD3 complex (6JXR). Source data are
provided with this paper.

Gender was not considered because they are irrelevant. We only used human red blood cell (RBC) to assemble the BFP force
transducer for force measurement, not to any biological aspects of the RBC or the donor. RBCs from any donor work the
same regardless of their gender.

We used RBCs from healthy male and female (not pregnant) adult donors aged 20 to 40 who weigh at least 110 pounds.

Donors were recruited by word of mount from volunteers from the Georgia Tech community with full consent. Participants
were students and staffs on campus.

Institutional Review Board of the Georgia Institute of Technology.

The sample size question is irrelevant for the modeling part of the study. For the experimental part of the study, sample size is relevant to the
bond lifetime vs force data. Each curve includes several hundreds of bond lifetime measurements spanning the entire force range measured
from >10 cell-bead pairs. In our experience, several tens of measurements per force bin would be sufficient for the data to be statistically
stable. For MD simulations, we increase the sample sizes as much as we can (each 50,000 frames from production phase for data analysis), to
ensure the differences between the results of different simulations systems are statistically significant according standard error of the mean.

For BFP experiments, only clear binding events were used for analysis. in order to extract bond parameters. The profiles of such binding
events are detailed in our previous publication (ref. 4, 5). For MD simulations, the data from the equilibration phase were excluded, where the
molecules were reshaping under the influences of domain-swapping or external constraints to bring the system to the desired conditions. The
stabilized structures and dynamics from the production phase were valid representations of experimental results.

Replications were not applicable for fitting to the model. All fitting results were determined after checking validity as well as its convergence.
For BFP experiments, replications were performed from more than 10 cell(bead)-bead pairs at 3 independent experiments. Each pair had
several hundred contacts to see whether there is a bond and how long it can last under force. All attempts at replication were successful. For
flow-cytometry, we collected data (~10000 cell per each state) from 4 different states. For MD simulation, all simulations were performed in
multiple independent runs. The tested complexes were simulated under various constant forces.

For model application, initial values of parameter sets were randomly selected. However, setting boundaries were generally chosen by
biophysical guidance. For example, a tilting angle of bond interface as the one of parameter sets has a range [0, 180] (degree) (boundary
condition) defined by mathematics. Hence, boundaries were set by using mathematical, biophysical limitation. For BFP experiments, Each
experiment used a new fresh batch of cells, and random pairs were selected from a pool of red blood cells, beads, or cells located in the
testing chamber. For flow-cytometry, cells were randomly selected and measured by the instrument. For MD simulation, the randomizations
were achieved by random initial velocities for each atom sampling from the Maxwell-Boltzmann distribution for each independent run.

BFP experiments and flow-cytometry are not relevant to Blinding. The measurements are recorded automatically by the instrument and
cannot be biased by the investigator. Modeling are not relevant to Blinding. The fittings are done automatically by computer and cannot be
biased by the investigator. MD simulation systems are subject to force fields derived from first principles and self-evolved based on Newton's
laws of motion, thus yielding results not biased by human expectations.
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The following antibodies used for flow cytometry were bought from BD Biosciences (San Jose, CA): PE-Cy7 anti-mouse CD25 (clone
PC61, 1:20, cat. 552880), PE anti-mouse CD69 (clone H1.2F3, 1:20, cat. 553237), APC anti-mouse CD8 (clone 53-6.7, 1:20, cat.
553035) mAbs.

The following antibodies used for flow cytometry were bought from eBioscience (ThermoFisher SCIENTIFIC):

PE anti-mouse CD3" (clone 145-2C11 or 2C11, cat. 12-0031-82) and allophycocyanin (APC)-conjugated anti-TCR! (clone H57-597 or
H57, cat. 17-5961-82) mAbs.

PC61, Ceredig, Rhodri, et al. "Expression of interleukin-2 receptors as a differentiation marker on intrathymic stem cells." Nature
314.6006 (1985): 98-100.

H1.2F3, Bendelac, A., et al. "Activation events during thymic selection." The Journal of experimental medicine 175.3 (1992): 731-742.

53-6.7, Bierer BE, Sleckman BP, Ratnofsky SE, Burakoff SJ. The biologic roles of CD2, CD4, and CD8 in T-cell activation. Annu Rev
Immunol. 1989; 7:579-599. (Biology)

145-2C11, Setoguchi, Ruka, et al. "Homeostatic maintenance of natural Foxp3+ CD25+ CD4+ regulatory T cells by interleukin (IL)-2
and induction of autoimmune disease by IL-2 neutralization." The Journal of experimental medicine 201.5 (2005): 723-735

H57-597, Ishikawa, Eri, et al. "Protein kinase D regulates positive selection of CD4+ thymocytes through phosphorylation of SHP-1."
Nature communications 7.1 (2016): 1-14.

Naive CD8+ mice T cell, Mouse 58-/- T cell hybridoma cells, RBC

These cells were widely used to express different TCRs in many publications, including our publications.

Mycoplasma contamination was not tested.

N/A

C57BL/6J mice (Jackson Laboratories, Strain #000664) were used to generate 2C TCR transgenic mice (6-8 week old male or female
mice was used to extract primary T cells from the spleen). Primary T cell purified from the spleen of mice was used for each round of
BFP experiment when they were needed.

No wild animals were used in this study.

Sex was not considered in this study since we used only primary T cells purified from the spleen of mice.

No field samples were used in this study.

The Institute Animal Care and Use Committee (IACUC) of Emory University.




