SUPPLEMENTARY FIGURES AND TABLES
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Supplementary Figure 1. Representative data of SDS-PAGE and mass spectrometric analysis of the NO;-tyrosine-
incorporated Trastuzumab Fab variant. SDS-PAGE analysis of Trastuzumab-Fab (Tra-Fab, Lane 1) and the purified NO,-
tyrosine incorporated Fab variant (Tra-Fab-H-YS6NY, Lane 2)under non-reducing condition {a). The molecular weight was
analyzed by mass spectrometry (b).
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Supplementary Figure 2. Stochastic chemical modification of tyrosine of Trastuzumab. Trastuzumab IgG (Tra-Mab) was modified by
peroxinitrite. Binding affinity of stochastic nitrated Tra-Mab to SKBR3 cells was decreased (a). stochastic nitrated Tra-Mab were subjected to
nonreducing SDS-PAGE analyses (b) and anti-NO,-Tyr western blot analyses (c). Each purified fraction of stochastic nitrated Tra-Mab were
analyzed by SDS-PAGE (d) and anti-NO,-Tyr western blot (e)



Supplementary Table 1. List of antibody residues showing pH-dependency through 3-nitro-L-tyrosine substitution, and interaction pairs in

antiboty-antigen interface.

a b
Type Antibody Residue CDR Antigen  Residuc Energy[kcal/mol] Distance[A] BB Fre Type Antibody Residue CDR_Antigen  Residue Energy[kealimol] Distance]A] BB Freq
D 2-INSZB Tyr33 H1 3-INSZ.C His542 0.00 7.65-- 2 D 1-3WLW.L Tyr91 L3 3-3WLW.B Hisl71 0.01 6.96-* 51
D 2-INSZB Tyr33  HI  3-INSZC Glusss -0.15 6.46" 3 D IAWLWL Ty9l L3 3-3WLW.B Prol72 3.01 5.40%% 62
b 2-INSZB Tyr33  HI  3-INBZC AlaS59 0.00 7.25- 6 DH I-33WLW.L Tyr91 L3 3-3WLW.B Cysl73 -3.50 5.92-% 38
D 2:INSZB Ty33  HI  3-INSZC AspS60 0.00 722 2 IAWLW.L Ty91 L3 3-3WLWB Serl74 010 6.28.° 37
D 2-INSZB Tyr33  Hl  3-INBZC Pros72 0.00 734 "D LWLWL Tyl L3 3-3WLW.B Prol7s 0.64 SRS 54
D 2INSZB Tyr33  HI  3-INSZC PheS73 327 5.86%° 56 p LIWLWL Tyl L3 33WLWEB Metl?s 0.00 720b 5
-INSZB  TyS 2 3INSZC Tys32 X 2
g i:::i: :;;2 :2 ii::ﬁt lz;sig 333 2?2' 1? D I3WLWL Ty91 L3 33WLW.B Cysi77 0.00 7.80-b 3
D 2INSZB TwS6 H2  3-INSBZC Prosd0 0.00 707 i3 D IWIWLYSL L3 SSWLWE Serls0 000 oK !
D -INSZB Tys6 M2 -INSZC Hiss2 0.00 7724 o D IIWIWL Tyl 13 SIWLWE Gluis 0.00 741h 4
D 2-INSZB TyrS6 H2  3-INSZC Glysse 0.00 7.48-b 12
D 2-INSZ.B  Tyr56 H2 3-INBZ.C Pros557 1.55 5.56%= 64 c
D 2-INSZ.B  Tyrs6 H2 3-INBZ.C GlusS58 -2.56 5.82%= 85
D 2-INS8ZB TyrS6  H2  3-INSZC Ala559 0.00 7.36-b 3 Type Antibody Residue CDR _Antigen Residue Energy[kealmol] Distance|A] BB Fre:
D 2INSZB TyrS6  H2  3-INSZC AspS60 0.00 7.59-- 2 D 2-20SLH Tyr97 M3 3-20SLP Asnl7l 0.00 7.68b- 7
D 2INSZB TyrS6  H2  3-INSZC Glasel 0.00 7.42%- 19
D I-INSZA His9l L3 3-INSZC AspS60 0.00 7.62b- 2
D I-INSZA His91 L3 3-INSZC Lys569 0.00 7. ; €
D I-INSZA His9l 13 3-INSZC AspST70 0.00 Ta2*e 28 Type Antibody Residue CDR Antigen  Residue Encrgy[kealimol] Distance]A] BB Freq
DH 1-INSZ.A His91 L3 3-IN8SZ.C Pro571 -2.50 68 D 2-5GRIL Tyr32 L1 35GRIA  Met59 .65 6.51-% 36
D 1-INEZA Hiw1 L3 3-INSZC PmS7) 023 80 DH  25GRIL Tyd2 LI 35GRIA GluGo 289 580%™
D LINA Ml L3 SINC Ly ot W D MGUL hwm L GUA g oo
D LINSZA His91 L3 3INSZC Cyso0l 0.00 { D ZAGRIL T2 LI 3.5GRIA DGR 019 6047 38
D LINZE Tmes  H3  GINSZC Guaass 00 Sy , D 2SGRIL Tysz o LL 3SGRIA HisT8 0.00 7.37- 15
D 2INSZB Trp95 H3  3-INSZC AspS60 0.00 7.05-- j5 D ZSGRIL Tye2 o LL 3SGRIA-Tyisl 0.00 7‘67’_ 2
D 2.INSZB Tip95 H3  3-INSZC AspST0 0.00 7.67-b p D 2SGRIL Tyd2 LI 35SGRLA-Gnl07 0.00 7.30- 3
D 2INSZB Tm95 H3  3-INSZC ProS7l 0.00 707 js D 2SGRIL Tym2 L 3SGRIA Al 000 Te-b !
D 2INSZB Tp95 H3  3-INSZC ProS72 -184 629-4 44 g ;:g‘;}t ?S; i: ;’:ggﬁ 3:’111:': ggg ;g: !
D 2INSZB Tp95 H3  3-INSZC PheS73 -1.69 6.54 % 0o lsGRiH T;rﬂ 2 ASGRIA Tesd 000 Tere. B
d D 1-SGRLH Tyss2  H2  35GRIA Valss 0.00 7.75-b 3
D I-5GRLH TyrS2  H2  3-5GRIA Tyrse 0.78 6.03%* 103
Type _Antibody Residue CDR_Antigen  Residue D 15GRIH Tyr2  H2  3-5GRIA - Tip37 .00 7.68-b 4
D 23PP4L Ty3? LI 3-3PP4P Prol6o 0.00 747 % DH 1-5GRLH Tyss2  H2  35GRIA Glusd 561 5.81%% 39
D 23PPAL Ty32 LI 33PPAP Alal70 0.03 5.04.% 5 D 1-5GRIH Tyrs2  H2  3-5GRIA Glus0 0.00 7.19-b 1
D 23PPAL Tws2 LI 33PPAP Asal7l 011 598%% 75 D 1-SGRIH Tyrs2  H2  35GRLA Asn63 0.00 752 13
D 23PP4L Ty32 LI 3.3PP4P Prol72 0.00 7.46-* n b I-5GRILH Tyrs2  H2 - 3-5GRIA - Tle63 0.00 7.76-b 2
D 23PP4L Ty32 LI 3-3PP4P Serl?3 0.00 7.10-% 14 D 1SGRIH Tyes2  H2 - 3-5GRIA- Gln6o 0.00 7.38%- 2
D 23PPAL Tyr32 LI 33PP4P Glul74 0.00 714-# 23 D I5GRIH Tyrs2 H2  3-5GRIA- Argll3 .10 6.36—- 32
D 1-3PPAH Phe97  H3  3-3PP4P Prole9 0.00 7.64 - 2 b I-5GRILH Tyrs2  H2  3-5GRIA Metlls -1.99 5.97%% 39
D 1-3PP4H Phe97  H3  3-3PP4P Asnl7l 0.00 7.58% 3 D I-5GRLH Tyr52  H2  3-5GRJA - Serll7 0.00 7.89-- 1
D 1-3PP4H Phe97 H3  3-3PP4P Prol72 0.00 7.09-h 9 D 1-5GRLH TyrS2  H2 - 3-5GRILA - Tyrl23 0.00 7.76- 6
D 1.3PPAH Phed7 H3  3-3PPAP SerlT3 075 6324+ 52 D I-SGRIH Phes8 H2  3-5GRLA Glus§ 0.00 7.35-- 8
D 1-3PP4H Phe97  H3  3-3PP4.P Glul74 -341 575 95 D I-5GRLH Phe58  H2  3-5GRJIA  Argll3 -150 5.93-- 34
b I3PPAH Phed7 H3  3-3PPAP Lysi75 a7 5085+ 37 D 15GRIH PheS§ H2  3-5GRIA Metlls 057 6.58-- 18
D 1-3PP4H Phe97  H3  3-3PP4P  Asnl76 -1.69 5879 48 D 1-5GRIH PheS8  H2  3-5GRIA - Tyrl23 -0.94 6.02%* 35
D 1-3PP4AH Phe97 H3  3-3PP4P Serl77 2387 5424+ 6 D I-5GRIH Phes8  H2  3-5GRIA - Argl2s 0.00 T2 2
D 1-3PPAH Phe97  H3  3-3PP4P Prol78 -0.87 6,192 61 D 2-5GRIL Ty9l L3 3-5GRIA - Glus 0.00 7.40-% 1
D 1-3PP4H Phe97 H3  3-3PP4P Serl79 0.00 7283 24 D 2-5GRLL Tyr91 L3 3-5GRIA Met59 0.00 6.99-* 26
D 1-3PP4H Phe97 H3  3-3PP4P DTHISO 0.00 781-b 4 D 2-5GRIL Tyl L3 3-5GRLA Glu60 -0.68 5.59% ™
D 1-3PPAH Phe97  H3  3-3PP4P  Glnl81 0.00 742 0 D 2-5GRIL Ty9l L3 3-5GRLA - Asp6l 0.49 567+ 87
D 23PP4L Ty96 L3 3-3PP4P  Asnl7l 0.03 6.74-% 28 D 2-5GRLL Tyl L3 3-5GRJLA Lys62 0.00 T.19-b 14
D 23PP4L Tyr96 L3 3.3PP4P Prol72 028 6.08 %+ 54 D 2-5GRIL Tyl L3 3-5GRIA Vallll 0.00 6.95-* 17
D 2:3PPAL Tyr96 L3 3-3PP4P Serl73 023 588+ 36 D 2-5GRIL Ty9l L3 3-5GRIA Tyrll2 0.00 7.76-b 4
D 2-3PPAL Tyr9% L3 3-3PP4P  Glul74 0.00 7.14-h 6 D 2-5GRILL  Tyr91l L3 3-5GRIA Argll3 0.00 7.25-% 16
D 23PP4L Tyr96 L3 3-3PP4P Lysi75 0.00 7334 3 D 25GRIL Tyr9l L3 3-5GRIA Aml2s 0.00 6.82-- 10

(a) Trastuzumab-Fab—HER2 interface(PDB ID: 1N8Z) (b) anti-HER2 antibody-Fab-HER?2 interface(PDB ID: 3WLW) (c) Rituximab-Fab—CD20 interface
(PDB ID: 20SL) (d) Obinutuzumab-Fab—-CD20 interface (PDB ID: 3PP4) (e) avelumab-Fab—-PD-L1 interface(PDB ID: 5GRJ)
- Type describes the type of interaction, such as D (distance), and H (hydrogen bond).
- CDR represents complementarity determining region, and corresponding loop definition is noted in the column.

- Energy describes the interaction energy between antibody and antigen.

- Distance describes the average of inter-atomic distances between antibody and antigen.
- BB describes the backbone and side chain used in each interaction pair. The symbol *-*, “b", and “*" represent side chain, backbone, and both

respectively.
- Freq indicates the frequency of interactions found in each interaction pair.
- Acidic residues in antigen are highlighted.



Supplementary Table 2. List of mutants showing pH-dependency.

Name Recognized Antigen CDR Original Res. Incorporated Res. MOA Type
Tra-Fab-H-Y33NY HER2 H1l Y NY B
Tra-Fab-H-Y33CN HER2 HL Y CN B
Tra-Fab-H-Y33FBr HER2 Hi Y Fbr B
Tra-Fab-H-Y56NY HER2 H2 Y NY B
Tra-Fab-H-Y56FBr HER2 H2 Y FBr B
Tra-Fab-L-H91NY HER2 L3 H NY AB
Tra-Fab-H-W95NY HER2 H3 W NY B
3wlw-Fab-L-Y91NY HER2 L3 Y NY AB
3wlw-Mab-L-Y91CNY HER2 L3 Y CN AB
20SL-Fab-H-Y97NY  CD20 H3 Y NY C
20SL-Fab-L-Y32NY CD20 L2 Y NY C
3PP4-Fab-L-Y32NY CD20 L1 Y NY B
3PP4-Fab-L-YS6NY CD20 L3 Y NY C
3PP4-Fab-H-F97NY CD20 H3 F NY B
5GRJ-Fab-L-Y32NY PD-L1 L1 Y NY AB
5GRJ-Fab—-H-Y52NY PD-L1 H2 Y NY AB
5GRJ-Fab-H-F58NY PD-L1 H2 F NY B
5GRJ-Fab-L-Y91NY PD-L1 L3 Y NY B

MOA Type described the type of mechanisms of the pH-dependency, such as A (controlling hydrogen bond of Tyr), B (“intermolecular”
electrostatic repulsion), and C (“intramolecular” electrostatic repulsion).



