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Supplementary Figure.S1 Uncropped SDS-PAGE of wild type PD-1 treated with various 

enzyme as shown in Fig.1b, a gel was scanned using EPSON Expression 11000XL scanner, 

SilverFast 8.0.1 r26 software. 

  



 

Supplementary Figure S2 Original image as shown in Fig. 2a that obtained from Qual 

Browser, Thermo Xcalibur 3.1.66.10 software.  Mass spectrum average from the same range 

that used for protein deconvolution by Biopharma Finder software. Raw data from this spectrum 

were export without any modification and used for image reconstruction—for better clarity and 

flexibility—by GraphPad Prism software.  

PD1_1 #591-657 RT: 3.63-3.82 AV: 67 NL: 1.10E5
T: FTMS + p ESI sid=15.00  Full ms [600.00-2500.00]

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e
 A

bu
nd

an
ce

998.8855
z=1

953.6026
z=?

1034.2181
z=?940.2130

z=1 1048.8826
z=1

923.7101
z=? 1067.0385

z=1

1103.9412
z=?

912.1686
z=?

1123.2181
z=?

1165.2881
z=?

1216.6770
z=?874.2295

z=? 1233.7370
z=1

1292.5974
z=1862.0830

z=?

834.7065
z=? 1333.5998

z=?
1398.1472

z=?
769.0690

z=?716.4730
z=?

684.6036
z=? 1497.9175

z=?646.9678
z=?

1457.3742
z=?

1523.9135
z=?

1568.2367
z=?



 

Supplementary Figure S3 Original image as shown in Fig.2b obtained from Biopharma Finder 

3. 0 software.  Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software. 

  



 

Supplementary Figure S4 Original image as shown in Fig. 3a that obtained from Qual 

Browser, Thermo Xcalibur 3.1.66.10 software.  Mass spectrum average from the same range 

that used for protein deconvolution by Biopharma Finder software. Raw data from this spectrum 

were export without any modification and used for image reconstruction—for better clarity and 

flexibility—by GraphPad Prism software. 
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Supplementary Figure S5 Original image as shown in Fig. 3b obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software. 

  



 

Supplementary Figure S6 Original image as shown in Fig. 4a that obtained from Qual 

Browser, Thermo Xcalibur 3.1.66.10 software.  Mass spectrum average from the same range 

that used for protein deconvolution by Biopharma Finder software. Raw data from this spectrum 

were export without any modification and used for image reconstruction—for better clarity and 

flexibility—by GraphPad Prism software. 
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Supplementary Figure S7 Original image as shown in Fig. 4b obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software. 

  



 

Supplementary Figure S8 Uncropped SDS-PAGE of PD-1 with T153A mutation treated with 

various enzyme as shown in Fig.5a, a gel was scanned using EPSON Expression 11000XL 

scanner, SilverFast 8.0.1 r26 software.  



 

Supplementary Figure S9 Uncropped SDS-PAGE of PD-1 with T153A mutation treated with 

various enzyme as shown in Fig. 5b and 5c, a gel was scanned using EPSON Expression 

11000XL scanner, SilverFast 8.0.1 r26 software. 

 

 

 

Supplementary Figure S10 Uncropped SDS-PAGE of PD-1 with T153A mutation treated 

with various enzyme as shown in Fig.5d, a gel was scanned using EPSON Expression 11000XL 

scanner, SilverFast 8.0.1 r26 software. 

  



 

Supplementary Figure S11 Original image as shown in Fig.6a obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software. 

  



 

Supplementary Figure S12 Original image as shown in Fig.6b obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software.  



 

Supplementary Figure S13 Original image as shown in Fig. 6c obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software. 

  



 

Supplementary Figure S14 Original image as shown in Fig.6d obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software.  



 

Supplementary Figure S15 Original image as shown in Fig. 6e obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software. 

  



 

Supplementary Figure. S16 Original image as shown in Fig. 6f obtained from Biopharma 

Finder 3.0 software. Raw data from this deconvoluted mass spectrum were export without any 

modification and used for image reconstruction—for better clarity and flexibility—by GraphPad 

Prism software.   



 

Supplementary Figure.S17 Sequence coverage map of MS/MS spectrum acquired from in-gel 

tryptic digestion of band a from Figure 1b, which corresponds to the untreated wild-type PD-1 

protein.  The coverage map was obtained using Biopharma Finder 3.0 software.  It should be 

noted that no peptides related to OpeRATOR digestion were identified. 

  



 

Supplementary Figure.S18 Sequence coverage map of MS/MS spectrum acquired from in-gel 

tryptic digestion of band b from Figure 1b, which corresponds to the PNGaseF treated wild-

type PD-1 protein.  The coverage map was obtained using Biopharma Finder 3.0 software.  It 

should be noted that no peptides related to OpeRATOR digestion were identified. 

  



 

Supplementary Figure.S19 Sequence coverage map of MS/MS spectrum acquired from in-gel 

tryptic digestion of band d from Figure 1b, which corresponds to the OpeRATOR treated wild-

type PD-1 protein (upper band) .  The coverage map was obtained using Biopharma Finder 3.0 

software.  It should be noted that peptides related to OpeRATOR digestion— with high 

abundance of RAEVPTHAP—were identified in this samples. 

  



 

Supplementary Figure.S20 Sequence coverage map of MS/MS spectrum acquired from in-gel 

tryptic digestion of band e from Figure 1b, which corresponds to the OpeRATOR treated wild-

type PD-1 protein ( lower band) .  The coverage map was obtained using Biopharma Finder 3.0 

software.  It should be noted that peptides related to OpeRATOR digestion— with high 

abundance of RAEVP—were identified in this samples. 
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Supplementary Figure. S21 Extracted ion chromatogram and sequence confirmation of 

OpeRATOR- digested peptides.  A)  The EIC of m/ z 489. 262, which corresponds to 

RAEVPTAHP, was highly detected in the sample from band d, confirming that this fragment 

is a result of OpeRATOR digestion at S157. B) The EIC of m/z 286.164, which corresponds to 

RAEVP, was highly detected in the sample from band e, confirming that this fragment is a 

result of OpeRATOR digestion at T153.  C)  The b- ion and y- ion annotated MS/MS spectrum 



corresponding to the parent ion with m/ z 489. 26 confirms the amino acid sequence of 

RAEVPTAHP. D) The b-ion and y-ion annotated MS/MS spectrum corresponding to the parent 

ion with m/z 571.32 confirms the amino acid sequence of RAEVP (note that MS/MS spectrum 

of m/z 286.16, corresponding to (M+2H)2+, is also possible for confirming the sequence, but the 

spectrum of singlet charge parent ion quality is much better and was chosen to display). 


