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 Supplementary Figure 1: Concentration-dependent change in protein L folding probability: Folding probability of protein L has been measured with different concentrations of BiP and ERdj3, at 7 pN force. Folding probability of protein L changes significantly while increasing the ERdj3 concentration upto 10 µM; however, becomes stable after further increasing its concentration to 25 µM. Similarly, with BiP, the folding probability increases upon increasing the concentration to 10 µM but remains stable at its 25 µM concentration. Each data point represents n≥4 molecules and were calculated using > 250 s for every concentration. Error bars are standard error of mean (s.e.m).
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Supplementary Figure 2: Concentration-dependent change in protein L folding probability in presence of DnaK and DnaJ: Folding probability of protein L has been measured with different concentrations of DnaK and DnaJ at 7pN force. Both these chaperones were observed to negatively affect the FP of protein L after gradual increase of the concentrations till the FP saturates. Folding probability of protein L changes significantly while increasing the DnaJ concentration upto 10µM; however, becomes stable after further increasing its concentration to 25µM. Similarly, with DnaK, the folding probability decreases upon increasing the concentration. Each data point represents n≥4. Error bars are s.e.m. 
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Supplementary Figure 3: Folding probability in presence of the BiP chaperone complex: BiP chaperone complex (containing 25 µM BiP, 10 µM ERdj3, and 10 µM Sil1; in addition to 5 mM ATP and 10 mM MgCl2) was used to check its effect on the folding probability of protein L. We have observed that BiP chaperone complex increases the folding probability of protein L by upshifting the half-point force from 6.4 pN to 7.7 pN. Each data point represents n≥5 molecules and were observed for >250 s. Error bars are s.e.m. 
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Supplementary Figure 4: Folding probability of protein L with Sil1: Folding probability of protein L at different forces has been plotted to understand the effect of Sil1. We observed that the folding probability of protein L with 10 µM Sil1/BAP (red circles) is overlapped with that in their absence (control, black circles) with a similar half point force of 6.7 pN.  Each data point represents n≥4 molecules. Each datapoints of FP were calculated using >250 s. Error bars are s.e.m. 
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Supplementary Figure 5: Folding probability of protein L with DnaK chaperone cycle: Folding probability of protein L at different forces has been plotted to understand the effect of DnaK chaperone complex. We observed that the FP of protein L in presence of 25µM DnaK, 10µM DnaJ and 10µM GrpE (yellow circles) overlaps with that in their absence (control, black circles) with a similar half point force of 6.6 pN.  The experiments were performed in the presence of to 5 mM ATP and 10 mM MgCl2. Each data point represents n≥4. Error bars are s.e.m. 
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Supplementary Figure 6: Relative increment in the folding probability of protein L in the presence of chaperones: Relative increment in the folding probability (defined as ∆Pf) has been plotted as a function of force. (a) The ΔPf reaches to ~45%. in the presence of BiP chaperone (red circles). Similarly, for (b) ERdj3 (blue), and (c) BiP chaperone complex (purple), the ΔPf reaches upto ~30% increase at 7 pN of force. Each FP datapoints at every force were observed for >250 s. Each data point represents n≥4. Error bars are s.e.m.
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 Supplementary Figure 7: Unfolding MFPT in presence and absence of BiP: Unfolding MFPT has been plotted as a function of varying forces. At a particular force, the unfolding MFPT has been observed to increases in the presence of 25 µM BiP (red circles) than in its absence (black circles), indicating that BiP slows down the unfolding kinetics of protein L. Each data point represents n>4 molecules. Error bars are s.e.m.
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Supplementary Figure 8: BiP accelerates the refolding kinetics: The refolding MFPT were plotted both in the absence (black circles) and presence (red circles) of BiP. We have observed that BiP accelerates the refolding kinetics by decreasing the total refolding time. For example, at 7 pN force, the polyprotein completely refolds in 137.65±18.1 sec without BiP; however, it decreases to 93.5±16.1 sec in the presence of BiP. Each data points represents n≥4 molecules and error bars are s.e.m.
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Supplementary Figure 9: Unfolding MFPT in presence and absence of ERdj3: Unfolding MFPT has been plotted against the forces both in the absence (black circles) and presence of ERdj3 (blue circles). At a particular force, the unfolding MFPT has been observed to increases in the presence of 10 µM ERdj3 than in its absence, indicating that ERdj3 slows down the unfolding kinetics of protein L. Each data point represents n≥5 molecules. Error bars are s.e.m.
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[bookmark: _Hlk120261605]Supplementary Figure 10: Refolding MFPT in the presence and absence of ERdj3: The refolding MFPT against the force has been fitted to exponential equation. We have observed that the refolding MFPT decreased from 137.65±18.1 sec without ERdj3 (control, black circles) to 85.56±15.6 sec in the presence of ERdj3 (blue circles). Each data point represents n>5 molecules and error bars are s.e.m.
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Supplementary Figure 11: Unfolding MFPT with and without BiP chaperone complex (BiP, ERdj3 and Sil1): Unfolding MFPT has been plotted as a function of varying forces. At a particular force, the unfolding MFPT has been observed to increases in the presence of 25µM BiP, 10µM ERdj3 and 10µM Sil1 (violet circles) than in its absence (black circles), indicating that this chaperone complex slows down the unfolding kinetics of protein L. Experiments were done in presence of 5mM ATP and MgCl2. Error bars are standard error of mean (s.e.m). Each data point represents n>4.
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Supplementary Figure 12: BiP chaperone complex accelerates the refolding kinetics: The refolding MFPT were plotted both in the absence (black circles) and presence (violet circles) of BiP chaperone complex. We have observed that BiP chaperone complex accelerates the refolding kinetics by decreasing the total refolding time. For example, at 7 pN force, the polyprotein completely refolds in 137.65±18.5 sec without BiP; however, it decreases to 83.1±10.4 sec in the presence of this chaperone complex. Each data points represents n≥4. Error bars are s.e.m. 
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Supplementary Figure 13: DnaK regulating unfolding MFPT of protein L: DnaK reduces the unfolding MFPT of protein L substrate as shown in this figure. In presence of 25µM DnaK (green circles) the unfolding of the polypeptide was occurring faster than when it is absent (black circles). Error bars are standard error of mean (s.e.m). Each data point represents n≥5.
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Supplementary Figure 14: Refolding MFPT in the presence and absence of DnaK: Exponential fitting of the refolding MFPT against the force shows that refolding MFPT increased significantly in the presence of DnaK (green circles). Each data point represents n>5. Error bars are s.e.m.
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Supplementary Figure 15: DnaJ decreases the unfolding time: By exponentially fitting the unfolding MFPT at different forces it was observed that DnaJ reduces the unfolding time of the substrate significantly. The data has been plotted against the forces both in the absence (black circles) and presence of 10µMDnaJ (brown circles). Error bars are standard error of mean (s.e.m). Each data point represents n≥5. Error bars are s.e.m. 
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Supplementary Figure 16: Refolding MFPT decelerates in presence of 10µM DnaJ: The refolding MFPT data is plotted against the force led to observe that it increased significantly in the presence of DnaJ (brown circles) and hence more time was required for proper refolding. Each data point represents n>5. Error bars are s.e.m. 
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[bookmark: _Hlk129539200]Supplementary Figure 17: Comparative analysis of step size of protein L in presence of different chaperones at different forces: At each of the particular forces (a) 6pN, (b) 7pN, (c) 8pN, (d) 35pN, (e) 40pN, (f) 45pN; we analyzed the comparison in the step size of protein L in presence of different chaperone. No significant changes were observed in the step size of substrate protein at each force in presence of different chaperones.
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Supplementary Figure 18:  Mechanical workdone by the BiP chaperone complex: We measured the mechanical work done by the protein L in the presence of BiP chaperone complex and observed that mechanical work done of folding increases from 22 ±0.09 zJ in the control (black solid circles) to 38±0.013 zJ in the presence of BiP chaperone complex (violet solid circles) at 7 pN force. 
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	Structures
	Equivalent residues

	RMSD

	Identity %

	Similarity %

	P Value


	BiP and DnaK
	211
	2.72
	47.95
	61.93
	2.22e-16

	ERdj3 with DnaJ
	245
	5.12
	15.43
	28.93
	1.06e-06



Supplementary Figure 19: Structural alignment of substrate binding domain (SBD) of mechanical foldases with their cytoplasmic holdase variants: (a) SBD of BiP and DnaK: The structural alignment was done between BiP_SBD (red; PDB id: 5e85) and DnaK_SBD (green; PDB id: 1dkZ) using the webserver POSA (Ref). (b) SBD of ERdj3 and DnaJ: While aligning DnaJ (brown; AF-P08622-F1-model_v4) and ERdj3 (blue; AF-Q9UBS4-F1-model_v4) we proceeded with the Alpha fold structures as their X-ray crystallographic structures are not available. The structural alignment data observed with POSA has been provided in the table below.
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Supplementary Figure 20: Docking analysis of chaperones with folded conformation of protein L substrate: (a) BiP_SBD, (b) ERdj3 (c) DnaK_SBD and (d) DnaJ with folded conformation of protein L B1 domain. The interacting amino acids (one letter with their residue numbers) are highlighted in the inset. The carbons of the side chains of the interacting residues from substrate are highlighted in orange whereas that of chaperones are highlighted in green. Details of the interactions are provided in table 1, table 5, table 3 and table 7 respectively.
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Supplementary Figure 21: Docking analysis of chaperones with unfolded conformation of protein L substrate: (a) BiP_SBD (b) ERdj3 (c) DnaJ and (d) DnaK_SBD with unfolded conformation of protein L B1 domain. The insets highlight the interacting amino acids (one letter with their residue numbers) of both the proteins. The carbons of the side chains of the interacting residues from substrate are highlighted in orange whereas that of chaperones are highlighted in green. Details of the interactions are provided in table 2, table 6, table 8 and table 4 respectively.
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Supplementary Figure 22: Binding energy of chaperones with folded substrate: For docking of mechanical foldases and holdases with folded protein L conformation using HADDOCK 2.4, we used water-refined models for all these molecules. Each cluster-generated complex structure representing van der Waals and electrostatic energy. The first cluster was selected for further analysis due to their lowest free energy and frequency. (a, b) BiP_SBD; (c, d) DnaK_SBD; (e, f) ERdj3 and (g, h) DnaJ docked with folded proteinL B1 domain.
[image: ]
[bookmark: _GoBack]Supplementary Figure 23: Binding energy of chaperones with unfolded substrate: Using HADDOCK 2.4, we docked both mechanical foldases and holdases with unfolded protein L conformation. The generated structures representing van der Waals and electrostatic energy according to the number of clusters generated during docking. The first cluster was selected for further analysis due to their lowest free energy and frequency. (a, b) BiP_SBD; (c, d) DnaK_SBD; (e, f) ERdj3 and (g, h) DnaJ docked with folded proteinL B1 domain.
Supplementary tables:
Supplementary Table 1: Interactions of BiP’s substrate binding domain with folded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	B:LYS42:HZ2 - A:ASP578:OD2
	1.65674
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:LYS581:NZ - B:ASP38:OD2
	5.37232
	Electrostatic
	Attractive Charge

	A:LYS585:NZ - B:GLU32:OE1
	4.60554
	Electrostatic
	Attractive Charge

	A:GLN496:HE22 - B:ASN44:O
	2.29077
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER571:HG - B:ASP43:OD1
	2.46257
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ASN574:HD21 - B:ASP43:OD2
	1.79922
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN575:HE22 - B:THR39:O
	1.82357
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLY636:HN - B:GLU32:OE1
	1.82278
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER637:HG - B:LYS23:O
	2.76234
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER645:HG - B:ASP43:OD1
	2.35686
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ASN646:HD21 - B:SER16:OG
	2.0128
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG647:HH12 - B:ASN44:OD1
	1.76523
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG647:HH22 - B:ASN44:O
	1.95527
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ASN14:HD21 - A:ASN646:O
	2.7309
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLN18:HE22 - A:TYR641:O
	2.71751
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLU21:HN - A:ASN639:O
	2.74088
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS23:HN - A:SER637:OG
	1.82764
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HZ3 - A:GLY636:O
	2.6272
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS42:HZ1 - A:ASN574:O
	1.81518
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS42:HZ1 - A:GLY577:O
	2.54641
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS42:HZ3 - A:GLY577:O
	2.38707
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLY493:CA - B:ASP43:OD1
	3.30767
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:SER645:CB - B:ASP43:O
	3.10702
	Hydrogen Bond
	Carbon Hydrogen Bond

	B:THR39:CB - A:GLN575:OE1
	3.3267
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:LEU640:CD2 - B:PHE22
	3.75136
	Hydrophobic
	Pi-Sigma

	A:VAL494 - B:LYS42
	5.33356
	Hydrophobic
	Alkyl

	A:LYS581 - B:LYS42
	4.99733
	Hydrophobic
	Alkyl

	B:ALA13 - A:ILE450
	5.12605
	Hydrophobic
	Alkyl

	B:ALA20 - A:LEU640
	4.86812
	Hydrophobic
	Alkyl

	A:TYR635 - B:ALA35
	5.24959
	Hydrophobic
	Pi-Alkyl

	A:PHE642 - B:LEU40
	5.01493
	Hydrophobic
	Pi-Alkyl



Supplementary Table 1: Interaction of BiP substrate binding domain with folded protein L substrate: The interacting amino acids of BiP substrate binding domain with the folded substrate. (‘A’ denotes the BiP chaperone whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 2: Interactions of BiP’s substrate binding domain with unfolded protein L:
	Name
	Distance
	Category
	Type of bond

	
	
	
	

	A:LYS435 - B:GLU21
	1.50553
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:LYS620:HZ2 - B:GLU32:OE2
	2.25293
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:LYS435:HZ3 - B:THR19:O
	1.9213
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:LYS620:HZ3 - B:ASN14:O
	2.1184
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN628:HE21 - B:TYR36:OH
	2.06339
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:SER16:HN - A:GLU564:OE1
	2.0832
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:SER16:HG - A:GLY644:O
	1.64515
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLN18:HE21 - A:ASP560:O
	2.14397
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR34:HN - A:TYR641:OH
	1.95459
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR34:HH - A:GLU625:O
	2.23658
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR36:HH - A:GLU638:O
	1.80601
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR36:HH - A:LEU640:O
	2.7678
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLY15:CA - A:GLU564:OE2
	3.55191
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:GLU638:OE1 - B:TYR36
	4.63078
	Electrostatic
	Pi-Anion

	B:ALA13 - A:LYS620
	5.46583
	Hydrophobic
	Alkyl

	B:ALA20 - A:LYS556
	4.84423
	Hydrophobic
	Alkyl

	B:TYR34 - A:PRO629
	5.28462
	Hydrophobic
	Pi-Alkyl

	B:TYR36 - A:PRO629
	5.45408
	Hydrophobic
	Pi-Alkyl



Supplementary Table 2: Interaction of BiP substrate binding domain with unfolded protein L substrate: The interacting amino acids of BiP substrate binding domain with the unfolded substrate. (‘A’ denotes the BiP chaperone whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 3: Interactions of DnaK’s substrate binding domain with folded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	A:ARG467:HH22 - B:GLU21:OE1
	2.58472
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:LYS556:HZ1 - B:GLU2:OE1
	2.38959
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:LYS556:HZ3 - B:GLU2:OE2
	1.56397
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	B:LYS7:HZ2 - A:ASP540:OD2
	2.26986
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	B:GLU2:N - A:GLU552:OE1
	5.25401
	Electrostatic
	Attractive Charge

	A:THR410:HN - B:GLY15:O
	2.20013
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:THR410:HG1 - B:ASN14:O
	2.75709
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:THR410:HG1 - B:GLY15:O
	1.95035
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:VAL425:HN - B:GLN18:OE1
	2.08829
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG467:HE - B:GLU21:OE1
	2.36195
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN538:HE21 - B:ASN59:OD1
	2.64027
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:HIS541:HE2 - B:THR5:O
	1.83675
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN549:HE22 - B:TYR56:OH
	1.92563
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLU3:HN - A:GLU552:OE1
	1.81787
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS7:HZ1 - A:ASN537:O
	1.76808
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ASN14:HD22 - A:THR410:O
	2.36285
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ASN14:HD22 - A:LEU411:O
	2.63464
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:SER16:HG - A:THR410:O
	2.80952
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR17:HN - A:THR409:OG1
	2.19213
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR17:HG1 - A:THR403:OG1
	3.05
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR19:HN - A:VAL425:O
	2.8533
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLU21:HN - A:GLY468:O
	2.03927
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS54:HZ3 - A:MET588:O
	2.40074
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR56:HH - A:MET599:SD
	2.59023
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER427:CB - B:THR19:O
	3.3554
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:ALA553:CA - B:GLU2:OE2
	3.74661
	Hydrogen Bond
	Carbon Hydrogen Bond

	B:THR5:CB - A:SER545:OG
	3.35295
	Hydrogen Bond
	Carbon Hydrogen Bond

	B:SER16:CB - A:GLN424:OE1
	3.60948
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:PRO466 - B:LYS23
	5.39716
	Hydrophobic
	Alkyl

	A:ALA592 - B:LYS54
	4.60354
	Hydrophobic
	Alkyl

	A:ALA602 - B:VAL4
	5.14012
	Hydrophobic
	Alkyl

	B:LYS23 - A:MET469
	4.58435
	Hydrophobic
	Alkyl

	B:LYS54 - A:MET599
	4.94956
	Hydrophobic
	Alkyl

	A:HIS541 - B:LYS7
	4.03116
	Hydrophobic
	Pi-Alkyl

	B:TYR56 - A:MET599
	5.22449
	Hydrophobic
	Pi-Alkyl



Supplementary Table 3: Interaction of DnaK substrate binding domain with folded protein L substrate: The interacting amino acids of DnaK substrate binding domain with the folded substrate. (‘A’ denotes the DnaK chaperone whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 4: Interactions of DnaK’s substrate binding domain with unfolded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	B:LYS28:HZ3 - A:GLU585:OE2
	3.05632
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	B:LYS41:HZ1 - A:ASP560:OD1
	1.58551
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	B:LYS28:NZ - A:GLU531:OE2
	5.42875
	Electrostatic
	Attractive Charge

	A:LYS414:HN - B:GLU3:OE2
	2.72467
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:THR416:HG1 - B:GLU3:OE2
	1.589
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:VAL425:HN - B:GLU21:OE2
	1.67993
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN534:HE21 - B:GLU27:OE2
	2.05686
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN534:HE22 - B:THR25:O
	1.92229
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN538:HE21 - B:GLU32:OE2
	1.83607
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN538:HE22 - B:LYS28:O
	2.02572
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLN596:HE22 - B:ALA37:O
	2.23554
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS7:HZ2 - A:SER423:O
	1.90394
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR19:HN - A:GLY468:O
	2.35357
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR19:HG1 - A:GLY468:O
	1.74074
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLU21:HN - A:VAL425:O
	1.75845
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS23:HZ2 - A:THR410:O
	1.87614
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS23:HZ2 - A:ILE412:O
	2.34985
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS23:HZ3 - A:LEU411:O
	1.81317
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HZ1 - A:GLN538:OE1
	2.7384
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HZ2 - A:GLU531:O
	2.48809
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HZ2 - A:THR535:OG1
	1.76711
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ALA35:HN - A:ALA592:O
	1.89683
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER427:CB - B:THR19:O
	3.33543
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:GLN593:CA - B:ALA35:O
	3.57751
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:SER595:CB - B:TYR34:OH
	3.14572
	Hydrogen Bond
	Carbon Hydrogen Bond

	B:THR5:CG2 - A:HIS422
	3.9048
	Hydrophobic
	Pi-Sigma

	B:PHE12:O - A:HIS541
	2.92736
	Other
	Pi-Lone Pair

	A:HIS541 - B:ALA13
	4.02022
	Hydrophobic
	Pi-Alkyl

	B:TYR34 - A:ALA592
	4.0794
	Hydrophobic
	Pi-Alkyl

	B:TYR34 - A:MET599
	4.54012
	Hydrophobic
	Pi-Alkyl



Supplementary Table 4: Interaction of DnaK substrate binding domain with unfolded protein L substrate: The interacting amino acids of DnaK substrate binding domain with the unfolded substrate. (‘A’ denotes the DnaK chaperone whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 5: Interactions of ERdj3 with folded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	B:LYS28:HZ2 - A:GLU229:OE1
	2.72197
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	B:LYS28:HZ3 - A:GLU229:OE2
	1.56311
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:GLN173:HE21 - B:ASN44:O
	2.81172
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:LEU201:HN - B:GLU21:O
	2.12143
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ASN203:HD21 - B:GLU3:OE2
	1.71523
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:HIS231:HE2 - B:THR39:OG1
	1.89872
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ASN14:HD21 - A:GLN189:O
	2.00239
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:SER16:HG - A:VAL191:O
	1.97578
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:GLU21:HN - A:VAL199:O
	2.39006
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR36:HH - A:ASP233:OD2
	1.66723
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ASN44:HD22 - A:CYS171:O
	2.23463
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:LYS168:CE - B:THR17:O
	3.16607
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:ARG172:CA - B:ASP43:O
	3.3937
	Hydrogen Bond
	Carbon Hydrogen Bond

	A:CYS171:SG - B:PHE12
	3.44584
	Other
	Pi-Sulfur

	B:ALA13 - A:VAL191
	4.82169
	Hydrophobic
	Alkyl

	B:ALA20 - A:VAL232
	4.16507
	Hydrophobic
	Alkyl

	A:HIS231 - B:ALA35
	5.3768
	Hydrophobic
	Pi-Alkyl

	B:PHE12 - A:CYS193
	5.30346
	Hydrophobic
	Pi-Alkyl

	B:PHE22 - A:VAL232
	5.30347
	Hydrophobic
	Pi-Alkyl

	B:TYR36 - A:VAL232
	3.83019
	Hydrophobic
	Pi-Alkyl



Supplementary Table 5: Interaction of ERdj3 with folded protein L substrate: The interacting amino acids of ERdj3 with the folded substrate. (‘A’ denotes ERdj3 chaperone whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 6: Interactions of ERdj3 with unfolded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	B:LYS28:HZ3 - A:ASP112:OD1
	1.54759
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	B:LYS28:NZ - A:ASP104:OD1
	5.06142
	Electrostatic
	Attractive Charge

	A:ARG24:HH21 - B:TYR34:OH
	2.08761
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:LYS95:HZ1 - B:ASN14:O
	2.51042
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ASP96:HN - B:GLN18:OE1
	2.86993
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER101:HG - B:LYS23:O
	1.72985
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLY103:HN - B:THR25:O
	2.32205
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLY111:HN - B:GLU32:OE1
	1.68232
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:PHE12:HN - A:GLY103:O
	2.15421
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ALA13:HN - A:SER107:OG
	2.56526
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:SER16:HN - A:GLU92:OE1
	2.11934
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:SER16:HG - A:GLU92:OE2
	1.67827
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR19:HN - A:ASP96:OD2
	2.48292
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR19:HG1 - A:ASP96:OD2
	1.76508
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ALA20:HN - A:ASP96:OD2
	1.857
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:THR25:HN - A:HIS102:ND1
	1.96977
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HN - A:ASP104:OD2
	2.33823
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HZ1 - A:SER107:O
	1.97307
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS28:HZ2 - A:HIS108:ND1
	2.0506
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ALA29:HN - A:ASP104:OD2
	1.75706
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR34:HH - A:ASP69:OD2
	3.03702
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ALA35:HN - A:GLU65:OE1
	1.78612
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:GLU65:OE1 - B:TYR34
	2.98714
	Electrostatic
	Pi-Anion

	A:PHE106 - B:ALA13
	5.15836
	Hydrophobic
	Pi-Alkyl

	B:PHE12 - A:ILE105
	4.80021
	Hydrophobic
	Pi-Alkyl



Supplementary Table 6: Interaction of ERdj3 with unfolded protein L substrate: The interacting amino acids of ERdj3 with the unfolded substrate. (‘A’ denotes ERdj3 chaperone whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 7: Interactions of DnaJ with folded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	A:LYS301:HZ2 - B:ASP43:OD1
	2.26441
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:LYS369:HZ1 - B:ASP50:OD1
	1.76973
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:ARG359:NH2 - B:ASP38:OD2
	3.30223
	Electrostatic
	Attractive Charge

	A:LYS301:HZ3 - B:LYS42:O
	1.87378
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG359:HE - B:ASP38:OD2
	1.56852
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG359:HH21 - B:ALA35:O
	2.79656
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG359:HH22 - B:ALA35:O
	3.0491
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER362:HG - B:GLU46:OE1
	2.40347
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:LYS369:HZ1 - B:VAL49:O
	2.45369
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:LYS369:HZ2 - B:VAL49:O
	2.58948
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS41:HZ3 - A:SER362:OG
	2.52635
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS42:HZ1 - A:THR299:O
	2.48975
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:LYS42:HZ2 - A:GLY300:O
	2.01007
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:SER362:CB - B:TRP47:O
	3.77332
	Hydrogen Bond
	Carbon Hydrogen Bond

	B:LYS42:CE - A:GLN298:O
	3.58236
	Hydrogen Bond
	Carbon Hydrogen Bond

	B:THR30:CG2 - A:PHE370
	3.86382
	Hydrophobic
	Pi-Sigma

	A:PHE370 - B:PHE26
	4.68336
	Hydrophobic
	Pi-Pi T-shaped

	A:LYS301 - B:LYS42
	4.75652
	Hydrophobic
	Alkyl

	A:LYS369 - B:VAL51
	4.53869
	Hydrophobic
	Alkyl

	B:PHE26 - A:LEU374
	5.35209
	Hydrophobic
	Pi-Alkyl



Supplementary Table 7: Interaction of DnaJ with folded protein L substrate: The interacting amino acids of DnaJ with the folded substrate. (‘A’ denotes the DnaJ whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).

Supplementary Table 8: Interactions of DnaJ with folded protein L:
	Name
	Distance
	Category
	Type

	
	
	
	

	A:ARG108:HH12 - B:GLU32:OE1
	1.62847
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:ARG108:HH21 - B:GLU32:OE2
	1.57693
	Hydrogen Bond;Electrostatic
	Salt Bridge;Attractive Charge

	A:GLY78:HN - B:GLU3:OE1
	1.77466
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG106:HE - B:ASN9:O
	2.39186
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG106:HH11 - B:GLY24:O
	3.0779
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG106:HH11 - B:THR25:O
	1.59047
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG106:HH21 - B:ASN9:O
	1.83606
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG106:HH22 - B:GLY24:O
	2.29972
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG173:HH22 - B:THR19:O
	2.30904
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:TYR34:HH - A:PRO158:O
	1.91241
	Hydrogen Bond
	Conventional Hydrogen Bond

	B:ALA35:HN - A:GLN157:OE1
	3.00449
	Hydrogen Bond
	Conventional Hydrogen Bond

	A:ARG106:HN - B:PHE22
	2.92721
	Hydrogen Bond
	Pi-Donor Hydrogen Bond

	B:SER16:HN - A:HIS165
	3.20587
	Hydrogen Bond
	Pi-Donor Hydrogen Bond

	A:ARG106 - B:LEU10
	4.09865
	Hydrophobic
	Alkyl

	B:PHE12 - A:ARG106
	4.66139
	Hydrophobic
	Pi-Alkyl

	B:PHE12 - A:ARG108
	5.25647
	Hydrophobic
	Pi-Alkyl

	B:PHE22 - A:ARG106
	4.14338
	Hydrophobic
	Pi-Alkyl

	
	
	
	



Supplementary Table 8: Interaction of DnaJ with unfolded protein L substrate: The interacting amino acids of DnaJ with the unfolded substrate. (‘A’ denotes the DnaJ whereas ‘B’ indicates the protein L substrate. Amino acid residues are denoted with their three-letter core with their respective positions).
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