[bookmark: _Hlk217658048]Table S1 LC-MS/MS analyzed peptides of SP02
	Amino acid
	Sequence mass
	m/z
	Sequence
	Missed Cleavage

	[22-33]
	1145.66772
	1145.66772
	QKFAAAAAALAL
	2

	[25-39]
	1212.69466
	1212.69466
	AAAAAALALATGAGL
	2

	[45-66]
	2277.04585
	2277.04585
	TSAPAQAAEPEAGPGQWFIADY
	2

	[63-72]
	1194.56773
	1194.56773
	IADYGIDELW
	2

	[153-157]
	581.23881
	581.23881
	SASMW
	0

	[180-194]
	1562.71553
	1562.71553
	AVDEGADVVNMSLGW
	1

	[195-207]
	1608.61251
	1608.61251
	DDPTWDPDWDEAF
	2

	[200-207]
	994.37887
	994.37887
	DPDWDEAF
	1

	[233-246]
	1209.68376
	1209.68376
	APSTVPGVVGVGGL
	0

	[266-281]
	1641.78289
	1641.78289
	MGPAEDIPVPLPGGEY
	0

	[282-289]
	743.26648
	743.26648
	GTGDGCSF
	0

	[290-300]
	938.56694
	938.56694
	AAPVVAGVAAL
	0

	[301-308]
	930.4527
	930.4527
	IRSDDPDL
	0

	[309-318]
	1094.57282
	1094.57282
	SADEVVAKLY
	1

	[346-348]
	300.19178
	300.19178
	APL
	0

	[349-351]
	274.17613
	274.17613
	AAL
	0

	[352-366]
	1635.84491
	1635.84491
	NAEVPADVPQARQQL
	0
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[bookmark: _Hlk217658066]Figure S1 Total decomposition analysis heat map analyzing the interacting residues at 37 ℃
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[bookmark: _Hlk217658133]Figure S2 MD simulation analysis of SP02 protease–proteoglycan complexes over 50 ns at 20 ℃. (a) RMSD graph, (b) RMSF graph showing per-atom flexibility, (c) No. of intermolecular H-bonds, (d) SASA, and (e) Rg: compactness.
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[bookmark: _Hlk217658140]Figure S3 Total decomposition analysis heat map analyzing the interacting residues of SP02-decorin and SP02-biglycan complexes at 20 ℃

[bookmark: _Hlk217684252]

Table S2 MD interaction parameters of SP02 with model proteoglycans at 20 ℃, compared to 37 ℃
	[bookmark: _Hlk217679455]Complex
	RMSD (stability)
	RMSF (flexibility)
	Rg (compactness)
	SASA (solvent exposure)
	H-bonds / Salt bridges
	Binding affinity (MM-GBSA, kcal/mol)
	Overall stability

	SP02-Decorin

	Stabilized RMSD values beyond 35 -50 ns
	Terminal residues fluctuate
	Relaxed
	High
	Lesser H-bonds, repetitive contacts
	-8
	Low

	SP02-Biglycan 
	Steady values with minimal deviations
	Minor terminal deviation
	Relaxed (in comparison to 37˚C)
	High
	Less H-bonds, repetitive contacts
	-17.35
	Moderate
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[bookmark: _Toc197596768][bookmark: _Hlk217658152][bookmark: _GoBack]Figure S4 Rg of proteases calculated from MD simulations
[bookmark: _Hlk217658171]Table S3 List of substrate interacting residues with backbone dynamics as predicted by DynaMine. Residues were selected using a flexibility score (< 0.7) corresponding to backbone N–H S² order-parameter values.
	Sequence no.
	Residue
	Probability

	161
	Asn
	0.6186

	162
	Arg
	0.6299

	163
	Pro
	0.622

	164
	Glu
	0.6131

	165
	Ser
	0.5888

	166
	Ser
	0.5876

	167
	Pro
	0.5789

	168
	Pro
	0.5962

	169
	Ser
	0.6209

	170
	Arg
	0.6439


[bookmark: _Hlk217658191]Table S4 List of tunnels predicted in dehairing proteases involved in proteoglycan interaction
	

Protease
	Tunnel no.
	Tunnel length (Å)
	Tunnel lining residues

	SP01
	1 
	6
	His92, Asp122, Arg185, Trp188, Ser220, Ser221, Ile235, Leu121

	SP02
	1 
	9.3
	Asp86, His125, Val129, Trp157, Asn223, Ser288, Phe289, Ser191

	
	2 
	9
	Trp157, Asn223, Trp232, Ala235, Cys287, Ser191, Leu192, Gly193, Cys220, Val221, Gly222

	
	3 
	14
	Arg170, Ala173, Leu192, Trp194, Asp196, Trp199, Trp203, Phe207, Pro168, Ser169


Residues in bold– Tunnel lining residues interacting with proteoglycans 
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