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Figure S1. Structures of the silicon-based functionalizing agents (3-aminopropyl)triethoxysilane (APTES), triethoxysilylbutyraldehyde (TESB), and 4-triethoxysilylbutanoic acid (4-TESBA). 
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Figure S2. Effect of denaturation conditions of BSA on the digestion via pepsin CEP for 4 hours at a 1:0.1 enzyme:substrate ratio (mass:mass). (A) Classical denaturation conditions employing urea, DTT, and IDA. (B) Acidic denaturation employing formic acid (0.44% v/v, pH 2.0). Separations were performed at +15 kV using phosphate buffer (50 mM, pH 2.5) with detection at 200 nm for A, and formic acid (0.44% v/v, pH 2.0) for B. Effect of denaturation conditions of BSA on the digestion via pepsin CEP for 4 hours using 26 μL of BSA for a 1:0.1 enzyme:substrate ratio (mass:mass). (C) Thermal denaturation. (D) Thermal and acidic denaturation employing phosphate buffer (50 mM, pH 2.0). Separations were performed at +15 kV using phosphate buffer (50 mM, pH 2.5) with detection at 200 nm. 
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Figure S3. CE-UV peptide map of in-solution digestion of denatured BSA (7.01 μg/μL) at an enzyme-to-substrate of 1:0.1 (mass:mass). Separations were performed at +15 kV using phosphate buffer (50 mM, pH 2.5) with detection at 200 nm. 
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Figure S4. Light microscope images taken of the capillary at 40× magnification. (A) Bare 100 μm inner diameter fused silica capillary prior to immobilization. (B) 4-TESBA functionalized capillary with pepsin in phosphate buffer (50 mM, pH 2.0), immobilized within. Imaged 15 cm from the capillary inlet. 
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Figure S5. Peptide map of digestion of denatured BSA using the phosphate buffer CEP at a 1:0.1 enzyme-to-substrate ratio (blue) and the pepsin phosphate buffer OT-IMER flowing substrate for 240 minutes at 50 mbar (red). The phosphate buffer OT-IMER has a sequence coverage of 31% by LC-MS/MS analysis, compared to 36% for the off-line digestion. The CEP only used 20 μL of BSA while approximately 942 μL of BSA passed through the IMER over the 240 minute flow, hence the discrepancy in peak height. Only Separations were performed at +15 kV using phosphate buffer (50 mM, pH 2.5) with detection at 200 nm. 
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Figure S6. (A) The first digestion in blue and the tenth digestion in red. BSA sequence coverage from the LC-MS/MS analysis on the digest from the pepsin IMER. (B) Digest #1, 40% BSA sequence coverage. (C) Digest #10, 40% BSA sequence coverage. Separations were performed at +15 kV using formic acid (0.44% v/v, pH 2.0) with detection at 200 nm. 





Table S1. Peptides identified by LC-MS/MS analysis of the pepsin phosphate buffer CEP digestion of BSA. Masses are reported in Daltons. Sites with missed cleavages are indicated in the sequence column. 
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Table S2. Peptides identified by LC-MS/MS analysis of the pepsin phosphate buffer IMER digestion of BSA. Masses are reported in Daltons. Sites with missed cleavages are indicated in the sequence column.[image: A table of numbers with numbers
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Table S3. Peptides identified by LC-MS/MS analysis of the first of ten BSA digestions by the same pepsin formic acid IMER within two hours. Masses are reported in Daltons. Sites with missed cleavages are indicated in the sequence column.
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Table S4. Peptides identified by LC-MS/MS analysis of the tenth of ten BSA digestions by the same pepsin formic acid IMER within two hours. Masses are reported in Daltons. Sites with missed cleavages are indicated in the sequence column. 
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Measured  Theoretical ” Missed
Sequence Mass Mass Charge  Position Cleavages
GEEHFKGLVL 3768731 1,127.60 3 3948 2
LSHKDDSPDL 563.7725 1,125.53 2 127-136 1
LSHKDDSPDLPKL 488.9273 1463.76 3 127-139 2
PKLKPDPNTL 5618295 1,121.64 2 137-146 1
KADEKKFWGKY 467.2503 139873 3 151-161 2
YEIARRHPYF 4512346 1,350.68 3 163-172 2
YANKYNGVF 538.2641 1,074.51 2 180-188 2
SVARLSQKFPKAEF 536.635 1,606.88 3 238251 2
SQKEPKAEF 5412878 1,080.56 2 243251 1
VEVTKLVTDL 558.8293 1,115.64 2 252-261 1
YEYSRRHPEY 4672178 1,398.63 3 355364 2
RLAKEYEATL 398.5553 1,192.64 3 371380 2
AKEYEATL 4627372 923.4598 2 373380 1
DKLKHLVDEPQNL 5169505 1,547.83 3 398410 2
KHLVDEPQNL 596.82 1,191.63 2 401410 1
IVRYTRKVPQVSTPTL 6200358 1,857.09 3 431446 1
TRKVPQVSTPTL 663.891 1,325.77 2 435-446 0
SALTPDETYVPKAF 769.8908 1,537.77 2 512-525 2
TPDETYVPKAF 634.3141 1,266.61 2 515-525 1
TPDETYVPKAEDEKL 584.9613 175186 3 515529 2
VPKAFDEKL 523.7971 1,045.58 2 521529 1
PDTEKQIKKQTAL 500619 1,498.84 3 540552 0
VELLKHKPKATEEQL 882.0063 1,762.00 2 553567 2
LKHKPKATEEQL 4746084 1,420.80 3 556567 1
LKHKPKATEEQLKTVMENF 763.0752 2,286.20 3 556574 1
KTVMENF 4347148 867.4151 2 568-574 0
AVEGPKLVVSTQTALA 792.4543 1,582.89 2 592607 2
VVSTQTALA 4452532 888.4919 2 599-607 1
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Sequence Measured Mass  Theoretical Mass Charge  Position  Missed Cleavages
PKLKPDPNTL 5618295 L12164 2 137146 1
KADEKKFWGKY 467.2502 139873 3 1sia6l 1
YEIARRHPYF 4512351 1,350.68 3 aean 2
YANKYNGVF 538.264 107451 2 180-188 1
SQKEPKAEF 5412876 1,080.56 2 243251 1
YEYSRRHPEY 4672183 1,398.63 3 355364 2
DKLKHLVDEPQNL 5169505 1,547.83 3 398410 2
EKLGEYGF 4717321 941.4497 2 419426 2
IVRYTRKVPQVSTPTL 6200345 1,857.08 3 431446 1
TRKVPQVSTPTL 442.9293 132577 3 435446 0
TPDETYVPKAF 6343142 1,266.61 2 51558 1
PDTEKQIKKQTAL 750.4244 1,498.83 2 540552 0
VELLKHKPKATEEQL 882.0069 1,762.00 2 553567 1
LKHKPKATEEQL 474.6085 142080 3 556567 1
KTVMENF 4347152 867.4159 2 568574 0
AVEGPKL 3572132 7124119 2 592598 0
VVSTQTALA 4452529 888.4912 3 599-607 1
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Sequence Measured Mass  Theoretical Mass  Charge Position  Missed Cleavages
KDLGEEHF 47735 9734505 2 3643 T
LSHKDDSPDL. 563.7722 1,125.53 2 127136 1
LSHKDDSPDLPKL 488.928 1463.76 3 127139 2
PKLKPDPNTL 5618205 112164 2 137146 1
KADEKKF 4332421 8644697 2151187 0
KADEKKEWGKY 4672505 1398.73 3 Isilel 2
YEIARRHPYF 4512351 1,350.68 316372 2
EIARRHPYF 396.8806 L187.62 3164172 1
YANKYNGVF 5382644 107451 2 18088 2
ANKYNGVF 4567324 911.4503 2 IsLIss 1
KAWSVARL 4657797 9295448 2 2524 1
SQKEPKAEF 5412873 1,080.56 2 243281 1
YEYSRRHPEY 4672178 1398.63 3 355364 2
EYSRRHPEY 4128635 123557 3 356364 1
DKLKHLVDEPQNL 5169507 1,547.83 3 398410 2
KHLVDEPQNL 3982154 1,191.62 3 01410 1
VDEPQNL 4077008 8133871 2 a0aa10 0
EKLGEYGF 47318 941.4491 2 419426 2
GEYGEQNAL 4997326 997.4507 2 anan 2
TRKVPQVSTPTL 4429296 132577 3 43446 0
SALTPDETYVPKAF 769.8907 1537.77 2 s12ss 2
TPDETYVPKAF 6343142 1,266.61 2 51588 0
TPDETYVPKAEDEKL 5849609 1,751.86 3 515529 2
PDTEKQIKKQTAL 5006192 149884 3 540552 0
KTVMENF 4427129 8834112 2 568574 0
AVEGPKL 3572134 7124123 2 52508 0
VVSTQTALA 445,253 888.4914. 2 599-607 1
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Sequence Mesured - Theorciel  Cparge puson el
‘GEEHFKGLVL 564.8061 1,127.60 2 3948 2
'GDMADCCEKQEPERNECF 1,145.93 2289.84 2 109-126 0
LSHKDDSPDL 563.7723 1,125.53 2 127-136. 1
LSHKDDSPDLPKL 488.9279 1,463.76 3 127-139 2
PKLKPDPNTL 561.8295 1,121.64 2 137-146 1
KADEKKFWGKY 467.2504 1,398.73 3 151-161 2

w2 me 3 ean 1

e s 3 @an 2

wesos  Lwe 3 lean 1

moises  Teasw 2 mam 2

au  mows 2 mas 2

ssaels  Lows 2 s 2

LKA wexis  lasm 1 mow 2
SVARLSQREPKAEF seed  Leess 3 most 2
SQKEPKAEF 5412874 1,080.56 2 243251 1
SOKEPKAREVEVTKL sew s 1 e 2
VEVTKLVTDL s e 2 oo
YEYSRRAPEY wan vmse 3 s 2
DKLKHLVDEPQNL. sieosos  Lsom 3 w2
KHLVDEPQNL sese Lol 2 a1
QNALIVRYTRKVPQVSTPTL 762.1089 228331 3 427446 2
IVRYTRKVPQVSTPTL. @oms e 3 el 1
TRKVPQVSTPTL. @ s 2 asas o
VEVSRSI wsmes a2 0
SALTPDETYVPKAR wow 2 2
TPDETYVPKAF Ges e 2 i
VPKAEDRKL oo Loiss 2 i
DEKLETF somn  weas 2 2
POTFRQIKKQTAL oo lasss 3 sese o
'VELLKHKPKATEEQL 588.3403 1,762.00 3 553-567 2
LKHKPKATEEQL 474.6085 1,420.80 3 556-567 1
LKHKPKATEEQLKTVMENF 7577439 227021 3 556-574 1
KTVMENF 4347151 8674157 2 568-574 0
AVEGPKL 3572129 7124113 2 592-598 0
AVEGPKLVVSTQTALA 7924536 1,582.89 2 592-607 1
VVSTQTALA 4452529 8884913 2 599-607 1
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