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Fig. S1. Electrophenisis data of PD-1 mutants (molecular weight ~650 bp) for the library using overlap PCR.
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Fig. S2. The genes of the library varied, indicating the good viability of the sequences in the library. (a) Alignment of sequenced genes from the library; (b) distribution of the designed amino acids in the library.



Fig.S3. ELISA detection of 29 PD-1 mutants bound to PD-L1 or PD-L2. Those clones with enhanced binding capacity were chosen for further identification.
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Fig. S4. ELISA detection of nine selected PD-1 mutants to bind to PD-L1 on a dose-dependent manner.
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Fig. S5. ELISA detection of nine selected PD-1 mutants to bind to PD-L2 on a dose-dependent manner.
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Fig. S6. Nine clones selected from the cell library inhibited PD-1 were found to bind to (a) PD-L1 or (b) PD-L2, as shown by ELISA detection. The nine clones (463, 407, 431, 446, 506, 411, 576, 408, and 410) were screened out because of their higher affinity. The heavy chain and light chain variable genes were amplified and transiently expressed to form full Ig in the 293T cells. The supernatant of the transfected cells was collected, diluted, and incubated with coated (a) PD-L1 or (b) PD-L2 to compete with the WT PD-1. Two mutants, 463 and 506, showed the best inhibition of PD-1 binding to PD-L1. (c) 463 or 506 antagonized with PD-1 to bind to the PD-L1 expressed on the CHO-K1 cell surface. The commercial anti-PD-L1 antibody ATE and the anti-PD-1 antibody Opdivo were set as positive controls. 463 and 506 blocked PD-1 binding to membrane PD-L1 in a dose-dependent manner, and showed similar or even better inhibitory activity in comparison with the positive control antibodies.



Fig. S7. The PD-1 mutant 463, Opdivo, or Atezolizumab inhibited PD-1 (biotin conjugated, 1.25 μg·mL–1) binding to PD-L1 on a dose-dependent manner.



Fig.S8. The PD-1 mutant 463 inhibited PD-1 (biotin conjugated, 1.25 μg·mL–1) binding to PD-L2 on a dose-dependent manner.


Fig. S9. The PD-1 mutant 463 inhibited PD-L1 (biotin conjugated, 5 μg·mL–1) binding to CD80 on a dose-dependent manner.
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