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TABLE S1 Predicted ion pairs in TSS and KP-43*

TSS KP-43
lon pair Distance (A) Ion pair Distance (A)
Salt bridge K9-D313 3.0
R37-D39 33

K151-D147 3.1
R217-D215 4.0
K219-D221 2.6 K217-D219 2.7
K247-E44 3.7
K274-E270 2.9
K288-D221 4.0 K286-D219 4.0
R309-D296 3.3
R372-E419 2.9

Long-range R3-D189 4.4
ion pair R5-D11 6.0
R9-D296 4.2
R39-E45 7.5
R47-D91 4.7
K49-E50 6.7
R56-D59 4.5
R123-D153 5.2 R124-D153 5.5
R150-D353 59
K178-D354 4.2 K177-D353 4.5
R189-D2 54

R190-D8&2 7.7
R210-E203 7.6
R215-D213 4.5
R233-D239 4.7 R231-D237 4.9
R271-D153 43 R269-D153 4.8
K281-D153 4.5
R303-E169 6.0
R309-D202 5.3
R313-D12 4.6
R314-D296 4.7
K324-D322 7.9
K328-D331 6.6
K332-E415 6.2
R363-E362 6.1

* The ion pairs involved in ionic networks are underlined. The ion pairs located at the interface
between the catalytic and BJR domains are bolded.




TABLE S2 Hydrolyzed peptides of insoluble type I collagen a1l chain by TSS at 60°C

Peptide sequence

Modification
(O=*: oxidation

No. i cleavage site) Position OH=+: Hydroxylation; PSMs
P+ phosphorylation)
1 |[RIGLPGTAGLPGMKGHRI G 92-106 |1xO* [M11]; OH=* [K/P] 2
2 |L{PGTAGLPGMKGHR! G 94-106 |OH* [K/P]; 1xOH+* [M9] 3
3 |SVGLDGAKGDAGPAGPKYG 110-124 1
1xO* [M30]; OH* [P] 2
4 |s{GLDGAKGDAGPAGPKGEPGSPGENGAPGQOMGPRIG 110-142 == M0 50T [P Z
1xOH* [P3] 2
5 |RVGRPGAPGPAGARIG 149-160 b S [p3: Po] >
6 |[RVPGAPGPAGARYG 151-160 [2xOH=* [P1; P4] 1
7 |RVGSEGPQGVRIG 200-208 1
8 |KIGANGAPGIAGAPGFPGARIG 236-253 [3xOH=* [P6; P12; P15] 1
9 |T{GAKGEPGPTGIQGPPGPAGEEGKRGAR! G 284-310 [1xOH= [P15] 1
2xOH=* [P9; P11] 1
10 |RVGEPGPAGLPGPPGER!G 311-325 [ S Tpo- P11 PIZ] 1
11 |[RVGFPGADGVAGPKGPALG 332-346 [1xOH=* [P3] 1
1xOH* [P3] 6
12 [RVGFPGADGVAGPKGPAGERIG 332-349 [~ S I3 KLZ] 1
13 |F{PGADGVAGPKGPAGERIG 334-349 [1xOH=* [P1] 1
14 |DVGVAGPKGPAGERY G 338-349 1
15 |RVGAPGPAGPKY G 350-358 [1xOH= [P3] 1
1xOH* [K/P] 6
16 |[RVGQAGVMGFPGPKGAAGEPGKAGERYG 413-436 |[OH=* [K/P]; 1xO* [M6] 5
OH* [K/P]; 1xO* [M6] 9
1xOH* [K/P] 3
1xO* [M3]; OH* [K/P] 11
17 |pVGVMGFPGPKGAAGEPGKAGER!G 416-436 [1,0x (M3, OF [K/P] 5
1xO* [M3]; 3xOH+ [P6: P8; P15][ 2
18 [VVMGFPGPKGAAGEPGKAGERYG 418-436 [1xOH= [P4] 1
1xOH* [P3] 3
19 [M{GFPGPKGAAGEPGKAGERIG 419-436 [2xOH* [P5; P] 4
3xOH* [P3; P5; P12] 2
20 |[K{GAAGEPGKAGER{G 425-436 7
1xOH* [P6] 2
21 [RYGVQGPPGPAGPRIG 524-535 [ Siie P, el T
22 |[VIQGPPGPAGPRY G 526-535 |1xOH=* [P4] 1
23 |0VGPPGPAGPRIG 527-535 |1xOH* [P3] 1
24 [RVGAAGLPGPKYG 572-580 |1xOH= [P6] 1
1xOH* [P6] 2
25 |RVGAAGLPGPKGDRIG 572-583 |~ = [P6; K91 T
26 |R{GAAGLPGPKGDRGDAGPKGADGAPGKDGVRY G 572-601 [3xOH* [K/P] 3
27 |A{GLPGPKGDRGDAGPKGADGAPGKDGVRI G 575-601 [3xOH* [P3; P5; K23] 1
28 |LVPGPKGDRYG 577-583 |1xOH=* [P1] 1
29 [L{ PGPKGDRGDAGPKGADGAPGKDGVRG 577-601 [3xOH* [P1: P3; K21] 1
1
30 [K{GDRGDAGPKGADGAPGKDGVRIG 581-601 [LxOH= [K/P] 3
2xOH* [P8; P15] 1
2
31 |RVGDAGPKGADGAPGKDGVRIG 584-601 |LxOH* [K/P] 7
2xOH=* [K/P] 2
32 |RVGDAGPKGADGAPGKDGVRGLTGPIGPPGPAGAPGDKGEAGPSGPAGPTGARIG 584-634 |2xOH=* [K14; K36] 1
33 |G{DAGPKGADGAPGKDGVRY G 585-601 |1xOH* [P11] 1
34 |DJAGPKGADGAPGKDGVRIG 586-601 [1xOH* [P10] 2
35 |AlGPKGADGAPGKDGVRYG 587-601 |1xOH= [P9] 1
36 |G PKGADGAPGKDGVR{ G 588-601 |LxOH=* [P8] 1
1
37 [K{GADGAPGKDGVR!G 590-601 [ o —om >
38 [RVGLTGPIGPPGPAGAPGDKGEAGPSGPAGPTGARLG 602-634 [Pl 4
3xOH* [P9; P11; P15] 2
39 |[T\GPIGPPGPAGAPGDKGEAGPSGPAGPTGARNG 605-634 [1xOH= [P6] 1
40 |[AlGAPGDKGEAGPSGPAGPTGARIG 614-634 [1xOH* [K/P] 2
41 |RYGSAGPPGATGFPGAAGRYV 704-720 [2xOH* [P6; P12] 2
42 |R{VGPPGPSGNAGPPGPPGPAGKEGSKGPRY G 721-748 [3xOH* [K/P] 3
2xOH* [P8; P] 2
43 |s{GNAGPPGPPGPAGKEGSKGPR!G 728-748 [~ = [P6: PS. 73] 1
2xOH* [P6; P] 2
44 [N{AGPPGPPGPAGKEGSKGPRIG 730-748 [0 S P4 P6_PT] 1
45 [RIGVVGLPGORIG 797-805_[1xOH* [P6] 1
46 [VIVGLPGQRIG 799-805_[1xOH* [P4] 1
47 |RYGETGPAGPPGAPGAPGAPGPVGPAGKY S 875-900 [3xOH* [P12; P15; P18] 1




TABLE S2 (continued)

Modification
Peptide sequence . Ox: oxidation
No. (JFr): c\eavagcg site) Position OH(*: Hydroxylation; PSMs
P+ phosphorylation)

2xOH* [P12; P15] 1
48 |[RVGETGPAGPPGAPGAPGAPGPVGPAGKSGDRI G 875-904 |- = P9, P12, PI5] T
49 |R{GETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGPAGPAGPIGPVGARIG 875-922 [3xOH+ [P12; P15; P] 2
50 |A\GKSGDRGETGPAGPAGPIGPVGARIG 899-922 2
51 |A|GKSGDRGETGPAGPAGPIGPVGARGPAGPQGPRYG 899-931 2
52 |[K{SGDRGETGPAGPAGPIGPVGARGPALG 901-925 1
53 |KYSGDRGETGPAGPAGPIGPVGARGPAGPQGPRIG 901-931 1
54 |[RVGETGPAGPAGPIGPVGAR\G 905-922 [1xOH* [P8] 1
55 |[RVGETGPAGPAGPIGPVGARGPAGPQGPRIG 905-931 1
56 |[RVGETGPAGPAGPIGPVGARGPAGPQGPRGDKGETGEQGDRGIKIG 905-946 _[2xOH* [K30; K42] 1
57 |[TlGPAGPAGPIGPVGARIG 908-922 1
58 [VIGARGPAGPQGPRIG 920-931 1
59 |AJRGPAGPQGPRIG 922-931 1
60 |[RVGPAGPQGPRIG 923-931 1
61 |RVGPAGPQGPRGDKYG 923-934 2
62 [RVGPAGPQGPRGDKGETGEQGDRG 923-943 [1xOH* [K/P] 3
63 |Anl|GPQGPRGDKGETGEQGDRG 926-943 [1xOH=* [K/P] 3
1
64 [RVGDKGETGEQGDRGIKIG 932-946 [LxOH* [K15] 1
2xOH* [K3; K15] 2
65 |[RVGDKGETGEQGDRGIKGHVR 932-948 [2xOH* [K3; K15] 2
1xOH* [K15] 1
66 [R{GDKGETGEQGDRGIKGHRG 932-949 b ks, KIB] i
1
67 |KVGETGEQGDRGIKIG 935-946 o T
68 |KYGETGEQGDRGIKGHRIG 935-949 [1xOH* [K12] 1
69 |SYGLOGPPGPPGSPGEQGPSGASGPAGPRIG 953-979 [2xOH* [P] 3




TABLE S3 Hydrolyzed peptides of insoluble type I collagen a2 chain by TSS at 60°C

Peptide sequence

Modification
(O=: oxidation

No. (i: cleavage site) Position OH=+: Hydroxylation; PSMs
P+ phosphorylation)
1 |RIGHNGLDGLKGQPGAPGVKGEPGAPGENGTPGQTGARI G 100-135 [1xP+ [T29] 1
2 |RVGRVGAPGPAGARIG 142-153 [1xOH* [P6] 2
3 |RVGIPGPVGAAGATGARIG 247-261 [1xOH* [P3] 1
1xOH* [P3] 1
4 |RVGLPGADGRAGVMGPAGSRIG 325-342 || S 12T OFe 7] T
5 |P{GADGRAGVMGPAGSRIG 328-342 1
1
6 |RVAGVMGPAGSRIG 333-342 [1xO* [M4]; 1xOH* [P6] 2
1xO* [M4]; 1xOH=* [P6] 1
7 |[rRyIGATGPAGVRIG 343-351 1
1
8 [RVGATGPAGVRGPNIG 343-354 [ oo T
9 |AJTGPAGVRGPNIG 345-354 1
10 |TYGPAGVRGPNIG 346-354 1
1xOH* [P6] 1
11 |NVGDSGRPGEPGLMGPRI G 355-369 [1xO* [M12]; OH* [P] 1
1xO* [M12]; 2xOH= [P6; P9] 2
1
12 |s|{GDPGKAGEKGHAGLAGARIG 421-438 [1xOH* [K9] 1
2xOH* [P3; K9] 1
13 |[KYGHAGLAGARI G 430-438 1
14 |0\GLPGPAGTAGEAGKPGERYG 475-492 [2xOH=* [K/P] 2
15 |1\ PGEFGLPGPAGARI G 495-507 [2xOH* [P1; P7] 1
16 |1 PGEFGLPGPAGARGER\ G 495-510 [2xOH* [P1; P7] 1
17 |»lGPSGPSGLPGERGAAGIPGGKGEKGETGLRGDIGSPGRDGARY G 553-594 [1xP+ [S35] 1
2xOH* [P6; K12] 1
18 [RVGAAGIPGGKGEKGETGLRG 565-582 [ v [P6. Ko, K1Z] >
2xOH= [P4; K10] 1
19 |n|AGIPGGKGEKGETGLRIG 567-582 [ v [paK7: K10] i
2xOH* [P1; K7] 3
20 |1V PGGKGEKGETGLRIG 570-582 = = PL. Ka: K7] T
21 |RVGDIGSPGRDGA!R 583-593 [1xOH* [P6] 1
22 |RVGAPGAIGAPGPAGANGDRI G 595-612 [2xOH= [P3; P9] 1
23 [RVGAPGAIGAPGPAGANGDRGEAGPAGPAGPAGPRIG 595-627 [2xOH* [P3; P9] 1
24 |RVGEAGPAGPAGPAGPRYG 613-627 1
25 |[RVGEAGPAGPAGPAGPRGSPGERYG 613-633 [1xOH* [P18] 1
26 |AJGPAGPAGPAGPRYG 616-627 1
27 |RIGSPGERGEVGPAGPNGFAGPAGAAGQPGAKGERY G 628-660 [2xOH* [P20; P27] 1
28 |[RVGTKGPKGENGPVGPTGPVGAAGPSGPNGPPGPAGSRY G 661-696 [2xOH* [P17; P23] 1
29 [RIGDGGPPGATGFPGAAGRI T 697-713 [2xOH* [P6: P12] 1
30 [RVGDQGPVGRYS 742-749 1
31 [NVAGPVGAAGAPGPQGPVGPVGKHIG 873-894 [1xOH= [P10] 1
32 |INVAGPVGAAGAPGPQGPVGPVGKHGN{R 873-896 [1xOH* [P10] 1
33 |NVAGPVGAAGAPGPQGPVGPVGKHGNRY G 873-897 [1xOH* [P10] 1
34 |AlAGAPGPQGPVGPVGKHGNRY G 879-897 |1xOH* [P4] 2
35 |[nlGAPGPQGPVGPVGKHGNRYG 880-897 |1xOH* [P] 3
1
36 [K{HGNRGEPGPAGAVGPAGAVGPRIG 894-915 [ o T
37 |H{GNRGEPGPAGAVGPAGAVGPRGPSGPQIG 895-921 [ on o ;
38 |H{GNRGEPGPAGAVGPAGAVGPRGPSGPQGIRYG 895-924 [1xOH* [P6] 1
39 [HIGNRGEPGPAIG 895-903 1
1
40 |[H{GNRGEPGPAGAVGPA!G 895-909 oo T
41 |[H{GNRGEPGPAGAVGPAGAVGPRIG 895-915 1
42 |HlGNRGEPGPAGAVGPAGAVGPRGPS\ G 895-918 [1xOH* [P] 2
43 |NVRGEPGPAGAVGPAGAVGPRGPSY G 897-918 [1xOH=* [P] 2
1
44 IN{RGEPGPAGAVGPAGAVGPRGPSGPQGIRIG 897-924 [~ Al .
45 |RVGEPGPAGAVGPAGAVGPRIG 898-915 [1xOH* [P3] 1
46 |[nlGAVGPAGAVGPRI G 904-915 1
47 |AlGAVGPAGAVGPRGPSIG 904-918 1
48 |AnlGAVGPAGAVGPRGPSGPQI G 904-921 1
49 |RVGPSGPQGIRIG 916-924 1
1xOH* [K12] 1
DKGPR -

50 [RVGPSGPQGIRGDKGEPGDKGPRIG 916-936 [ S i/l 3
1
51 |nJGHHGDQGAPGAVGPAGPRIG 955-972 oo T
52 |nl|GHHGDQGAPGAVGPAGPRGPALG 955-975 [1xOH* [P9] 2




TABLE S3 (continued)

Modification
Peptide sequence ", (O=: oxidation
No. (V: cleavage site) Position OH=: Hydroxylation; PSMs
P+ phosphorylation)

53 |n{GHHGDQGAPGAVGPAGPRGPAGPSGPAGKDGRY I 955-986 = o é
1xOH* [P9] 2
54 [nl GHHGDQGAPGAVGPAGPRGPAGPSGPAGKDGRIGQPGAVGPAGIRIG 955-999 P~ = 175, k23] >
55 |[V{GPAGPRGPAGPSGPAGKDGRY I 967-986 1
56 |RYGPAGPSGPAGKYD 973-983 1
57 |RYGPAGPSGPAGKDGRY I 973-986 2
58 [RVGPAGPSGPAGKDGRIGQPGAVGPA!G 973-996 [1xOH= [P18] 1
59 |RVGPAGPSGPAGKDGRIGQPGAVGPAGIR!G 973-999 o é
60 |AlGPSGPAGKDGRIGQPGAVGPAGIRIG 976-999 |1xOH+* [P15] 2
61 |A\GKDGRIGQPGAVGPAGIRYG 982-999 1




TABLE S4 Hydrolyzed peptides of solublized type I collagen a1 chain by TSS at 60°C

Peptide sequence

Modification
(O=: oxidation

No. (: cleavage site) Position OH=: Hydroxylation; PSMs
P+ phosphorylation)
1 [K{STGISVPGPMGPSGPRIG 10-25  [1xOH* [P7]; 1xO* [M10] 1
2 |RVGLPGTAGLPGMKIG 92-103 |OH* [K/P]; 1xO* [M11] 1
3 |NVGAPGQMGPR\ G 134-142 |1xOH=* [P3] 1
4 |RVGRPGAPGPAGARYG 149-160 [2xOH= [P3; P6] 2
5 |[RVGRPGAPGPAGARGIN 149-161 [2xOH= [P3; P6] 1
6 |RVPGAPGPAGARIG 151-160 [2xOH* [P1: P4] 1
7 |RIGNDGATGAAGPPGPTGPAGPPGFPGAVGAKGEGGPQGPRIG 161-199 [3xOH=* [K/P] 3
8 [K{GEGGPQGPRIG 191-199 1
9 [RVGSEGPQGVRIG 200-208 1
10 [K{GEPGPTGIQGPPGPAGEEGKRG 287-307 [1xOH* [P12] 1
11 |RVGEPGPAGLPGPPGERYG 311-325 [2xOH* [P9; P11] 1
12 |RVGEPGPAGLPGPPGERGGPGSRYG 311-331 [3xOH= [P9; P11; P12] 1
13 |[RVGFPGADGVAGPKGPALG 332-346 [1xOH* [P3] 1
14 |RVGFPGADGVAGPKGPAGERYG 332-349 [1xOH+* [P3] 2
15 |FYPGADGVAGPKGPAGERIG 334-349 |1xOH* [P1] 1
2xOH* [P3; K9] 1
16 |RVGAPGPAGPKIG 350-358 [ Sri s, T
17 [RVGAPGPAGPKGY S 350-359 [1xOH* [P3] 1
18 [RVGQAGVMGFPGPKGAAGEPGKAGER! G 413-436_[1xO* [M6]; OH* [P] 2
19 |AnlGVMGFPGPKGAAGEPGKAGERYG 416-436_[2xOH* [P6; P8] 1
20 |[K{GAAGEPGKAGERYG 426-436 1
1xOH* [P6] 3
21 [RVGVQGPPGPAGPRIG 524-535 | e [P5: PG T
2xOH* [P6; K9] 1
22 [RVGAAGLPGPKGDRIG 572-583 [T e, >
23 [K{GDRGDAGPKGADGAPGKDGVRG 581-601 [1xOH* [P15] 1
1xOH* [P12] 3
24 |[RVGDAGPKGADGAPGKDGVRIG 584-601 b Stiv [p5, P1Z] 1
25 |nlGPKGADGAPGKDGVRY G 588-601 [1xOH* [P9] 1
26 |[K{GADGAPGKDGVRY G 591-601 [1xOH* [P6] 2
2xOH* [K/P] 5
27 [RIGLTGPIGPPGPAGAPGDKGEAGPSGPAGPTGARIG 602-634 = =~ [PS: PIL.PIE] T
28 |AJGPSGPAGPTGAR\G 623-634 1
29 |SYGPAGPTGARIG 626-634 1
30 [RVGAPGDRGEPGPPGPAIG 635-649 [3xOH= [P3; P9; P11] 1
31 [RIGSAGPPGATGFPGAAGRIV 704-720 |2xOH* [P6; P12] 1
32 |RVVGPPGPSGNAGPPGPPGPAGKEGSKGPRY G 721-748 [3xOH~ [P6; P12; P13] 1
1P+ [T3]; 2xOH* [P36; P39] 1
33 [RVGETGPAGRPGEVGPPGPPGPAGEKGAPGADGPAGAPGTPGPQGIAGQRIG 749-796 [~ T3]: X0k~ [P36] .
2xOH* [P8; P12] 2
34 |[K{GAPGADGPAGAPGTPGPQGIAGQR!G 773-796 | [PB. P12 PI5] 1
35 |[RYGVVGLPGQRYG 797-805 |1xOH* [P6] 1
36 [VIVGLPGQORIG 799-805 [1xOH* [P4] 1
37 |R{GETGPAGPPGAPGAPGAPGPVGPAGKSGDRYG 875-904 [3xOH= [P9; P12; P15] 1
38 |AlGKSGDRGETGPAGPAGPIGPVGARYG 899-922 2
39 [K{SGDRGETGPAGPAGPIGPVGARYG 901-922 1
40 [VIGARGPAGPQGPRIG 920-931 1
41 |AJRGPAGPQGPRIG 922-931 1
42 |RVGPAGPQGPRYG 923-931 1
43 |R{GPAGPQGPRGDKGETGEQGDR G 923-943 |1xOH* [K/P] 4
44 [RVGDKGETGEQGDRGIK{G 932-946 [2xOH=* [K3; K15] 2
45 [K{GETGEQGDRGIKIG 935-946 |1xOH* [K12] 1
46 |RIGPPGSAGSPGKDGLNYG 980-994 [2xOH= [P3; P9] 1




TABLE S5 Hydrolyzed peptides of solublized type I collagen a2 chain by TSS at 60°C

Modification
Peptide sequence L Ox: oxidation
No. (5: cleavag?e site) Position OH(*: hydroxylation; PSMs
Px: phosphorylation)

1 |RYGRVGAPGPAGAJR 142-152 |1xOH* [P6] 1
2 |RVGRVGAPGPAGARIG 142-153 |1xOH=* [P6] 1
3 |N\PGPAGPAGPRIG 192201 [OH=[PL] 1
4 |RYGIPGPVGAAGATGARIG 247-261 [1xOH* [P3] 2
5 |IlPGPVGAAGATGARY 249-261 [1xOH= [P1] 1
6 |[RVGSTGEIGPAGPPGPPGLR{G 301-318 [2xOH=* [P12; P14] 1
7 |RIGLPGADGRAGVMGPAGSRG 325-342 [1xOH* [P3] 2
8 |L{PGADGRAGVMGPAGSR\G 327-342 [1xOH= [P1] 1
9 [RIAGVMGPAGSRIG 333-342 [1xO* [M4]; 1xOH* [P6] 3
10 |[RVGATGPAGVRGPNYG 343-354 1
11 |[TVGPAGVRGPNIG 346-354 1
12 |[KVGHAGLAGARI!G 430-438 1
13 |L{ PGPAGTAGEAGKPGER\ G 477-492 [2xOH* [K/P] 2
14 |1 PGGKGEKGETG 570-579 |1xOH=* [P1] 1
15 |RVGAPGAIGAPGPAGANGDRGEAGPAGPAGPAGPRIG 595-627 |2xOH* [P3; P9] 1
16 |A|GANGDRGEAGPAGPAGPAGPRIG 607-627 1
17 |NVGDRGEAGPAGPAGPAGPRYG 610-627 1
18 |RVGEAGPAGPAGPAGPRYG 613-627 1
19 |G{PAGPAGPAGPRIG 617-627 1
20 [N\GPVGPTGPVGAAGPSGPNGPPGPAGSRIG 670-696 [1xOH* [P21] 1
21 |AJGSRGDGGPPGATGFPGAAGRYT 694-713 |2xOH* [P9; P15] 1
22 [RVGDGGPPGATGFPGAAGRY T 697-713 [2xOH* [P6; P12] 1
23 [RVGYPGNAGPVGAAGAPGPQGPVGPVGKY H 868-893 [2xOH+ [P8; P15] 1
24 [NJAGPVGAAGAPGPQGPVGPVGKHGN{R 873-896 |1xOH* [P10] 1

1
25 [N\RGEPGPAGAVGPAGAVGPRIG 897-915 |- —on T
26 |[NJRGEPGPAGAVGPAGAVGPRGPSGPQGIRYG 897-924 [1xOH* [P] 2
27 |RVGEPGPAGAVGPAGAVGPRGPSGPQ!G 898-921 [1xOH* [P5] 1
28 |RVGEPGPAGAVGPAGAVGPRGPSGPQGIRIG 898-924 [1xOH* [P] 2
29 |AJGAVGPAGAVGPRGPSGPQIG 904-921 1
30 [G\PAGAVGPRIG 908-915 1
31 |RVGDKGEPGDKGPR{G 925-936 [1xOH* [K3] 1
32 |an! GHHGDQGAPGAVGPAGPRIG 955-972 [1xOH* [P9] 2
33 [RVGPAGPSGPAGKID 973-983 1

1
34 [RVGPAGPSGPAGKDGRY I 973-986 [ oo .
35 |RVGPAGPSGPAGKDGRIGQPGAVGPAGIRYG 973-999 [1xOH* [P18] 3
36 |RVGPAGPSGPAGKDGRIGQPGAVGPAGIRGSQIG 973-1002 [1xOH=* [P] 3
37 |anlGPSGPAGKDGRIGQPGAVGPAGIRI G 976-999 [1xOH* [P15] 1




TABLE S6 Primers used in this study

Primer Oligonucleotide sequence (5 to 3")"

TSS-f  GGAATTCCATATGAAGCGGGAAACAGGG

TSS-r CCGCTCGAGACGGGAGCGGGA

S257A-f  CTATCTCAGCGGGACAIGCCATGGCGACG

$257A+  GIGATGTCCCGCTGAGATAGGCGTAGAAGG

S257C-f  CTATCTCAGCGGGACATIGJATGGCGACG

$257Cr  [GJATGTCCCGCTGAGATAGGCGTAGAAGG

AP-r GGCTCGAGCCTGTTTTTTCGTGAC

AP’ GGCTCGAGGCCGTTGGC

ABP-r CCGCTCGAGCGTCTCGATCGCACG

AN-f CGCATATGGACAGGGCGGCGGCGATCATC

N-f GGCATATGCACCACCACCACCACCACAAGCGGGAAACAGGGCGCAAG
N-r GGCTCGAGTCAGCGCTGTTTTCGTTCCGGAAC

BIRf  GGCCATATGGGCTTTGTGGATGAG

PPCf  CCGCATATGGAACTGGTGTCCGAC

E187A-f GCCTCCGIJAAACGACCGGCCGGAGC

E187A-r  GTCGTTTIGCGGAGGCGCCCACGGCG

N368D-f CTGGTCAACGACCTGAACCTGCGAG

N368D-r  CAGGTIJGTTGACCAGGGTGCGCTCG

N370D-f CAACAACCTGIGACCTGCGAGTGGTC

N370D-r  CAGGTCAGGTTGTTGACCAGGGTG

D385A-f CAACGICTTTTTCCACTACCCCTACG

D385A-r  GTGGAAAAAGGCGTTGCCGTTCAAGG

D393A-f CTACGACGIJCGAAGTGGACAACCTCAAC

D393A-r  CACTTCGIGICGTCGTAGGGGTAGTGG

D396A-f CGAAGTGGCJCAACCTCAACAACGTG

D396A-r  GAGGTTGIGCCACTTCGTCGTCGTAG

E402A-f CAACGTGGIJGCAGGTCTGGATCAAG

E402A-r  GACCTGCGICCACGTTGTTGAGGTTG

GFP-f  CTTTAAGAAGGAGATATACATATGAGTAAAGGAGAAGAACTTTTCACT
GFP-r  CCCAAGCTTTTTGTATAGTTCATCCATGC

GFP’r  GCTTCCTCCTCCTCCGCTTCCTTTGTATAGTTCATCCATGC
BIR-f  GGAAGCGGAGGAGGAGGAAGCGGCTTTGTGGATGAGAAAAA
BIR>r  GTGGTGGTGGTGGTGCTCGAGGCCGTTGGCCGCCAGGGCGT
PPC’-f  GGAAGCGGAGGAGGAGGAAGCGAACTGGTGTCCGACAATTG
PPC’t  GTGGTGGTGGTGGTGCTCGAGACGGGAGCGGGACGGGTAGG

* Underlined sequences indicate restriction enzyme sites. The mutated nucleotides are boxed.

The italicized section indicates the His6 tag-encoding DNA sequence.



TABLE S7 Primer pairs, templates, and restriction enzyme sites used in plasmid construction

Plasmid Primer pair Template Restriction site
pET26b-pro-TSS TSS-f/TSS-r Genomic DNA of  Nde I-Xho 1
strain WF146

pET26b-4P TSS-t/AP-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-AP’ TSS-f/AP’-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-44P TSS-t/ABP-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-4AN AN-f/TSS-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-N N-f/N-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-4IR BIR-f/AP’-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-PPC PPC-f/TSS-r pET26b-pro-TSS Nde 1-Xho 1

pET26b-pro-S2574 S257A-1/S257A-r pET26b-pro-TSS

pET26b-pro-S257C S257C-1/S257C-r pET26b-pro-TSS

pET26b-pro-E1874 E187A-f/E187A-r pET26b-pro-TSS

pET26b-pro-N368D N368D-{/N368D-r pET26b-pro-TSS

pET26b-pro-N370D N370D-{/N370D-r pET26b-pro-TSS

pET26b-pro-D3854 D385A-t/D385A-r pET26b-pro-TSS

pET26b-pro-D3934 D393A-t/D393A-r pET26b-pro-TSS

pET26b-pro-D3964 D396A-t/D396A-r pET26b-pro-TSS

pET26b-pro-E4024 E402A-f/E402A-r pET26b-pro-TSS

pET26b-AN/S257A S257A-1/S257A-r pET26b-AN

pET26b-GFP GFP-f/GFP-r pADI123 Nde 1-Hind 111

pET26b-GFP-£IR GFP-f/GFP’-r pADI123 Seamless cloning
BIR’-f/BIR’-r pET26b-pro-TSS

pET26b-GFP-PPC GFP-f/GFP’-r pAD123 Seamless cloning
PPC’-f/PPC’-r pET26b-pro-TSS




Catalytic domain B-jelly roll domain

FIG S1 Distribution of acidic amino acid residues of protease TSS. The ribbon model of TSS
was generated using SWISS-MODEL (http://swissmodel.expasy.org) with KP-43 (PDB ID:
1WMF) as the template. The side chains of Asp and Glu (red), as well as those of the catalytic

triad D-H-S (blue) are indicated.
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FIG S2 Schematic representation of primary structure (A), photographic record (B) and SDS-
PAGE analysis (C) of purified recombinant GFP, GFP-BJR, and GFP-PPC.



FIG S3 Prepared FSC powder from fish scales.



