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Supplementary Information
An expression for the total concentration of hTRF1 and DnaK for the nth titration point
As described in the text, and illustrated further in Figure 3A, the sample for the j+1 titration point is prepared by removing a small aliquot of volume Vj from sample j, to which an equivalent volume of DnaK stock solution is added. In this manner the net sample volume is maintained at a constant value, Vo (500 L) while the total concentration of hTRF1 (DnaK) decreases (increases) during the course of the titration. For example, starting from an initial concentration of hTRF1 of P0 (M) in a volume of V0 L and a stock DnaK concentration, L0 (M), the first sample is generated by removing V1 L from the sample of hTRF1 with concentration P0 and adding V1 L of DnaK at a concentration of L0 M. The total concentration of hTRF1 in the resulting sample, P1, is thus given by

	 	[S1]
with the total DnaK concentration L1 given by

	. 	[S2]
Similarly in the second sample, generated by removing an aliquot of volume V1 L from the first sample and adding an equivalent volume of DnaK, the concentrations P2 and L2 are given by 


and 

	 	[S3]
Assuming that the volume V1 is constant throughout the titration, the total client and DnaK protein concentrations in the nth sample, Pn and Ln are therefore given by 

 	 
and 

	     [S4] 

Setting , it follows that

	 	
and

                                  . 	                      [S5]
so that Pn and Ln are linearly related via

	, 	[S6]

as shown in Figure 3B. Since the functional dependence on the sample index n is the same for both Pn and Ln (), the notation for the total hTRF1 and DnaK concentrations at each titration point can further be simplified as 

	 	[S7]
and 

		[S8]
where the subscript T is used to explicitly indicate that total concentrations are calculated.	
It is noteworthy that the relations for Pn and Ln are valid even if the volume of added DnaK is not constant throughout the titration (although the total solution volume is always fixed to Vo). For example, suppose that volumes S=(V1, V2,…,Vj,…) are removed from the sample at each titration point and DnaK added such that the total volume, as before, remains constant. Suppose further that VQ is the largest common divisor of the set S such that Vi/VQ is an integer for all values of i. As the derivation above holds for a titration where constant volumes, VQ, are extracted from the solution at each point with n = 0,1,2,… in Eq [S6], it will also hold for a subset of the n values given by V1/VQ, V2/VQ,...,Vj/VQ…, corresponding to the titration points generated using the set of volumes S listed above.

Expressions for PT/LT at titration profile maxima 
(i) 1:1 complex

Consider a binding reaction of the type , where the total concentrations of protein (hTRF1, P) and ligand (DnaK, L) at any point in the titration are given by Eqs [S7] and [S8], respectively, and where the dissociation equilibrium constant Kd is defined as 

	 	[S9]
where [P], [L] and [PL] are the equilibrium concentrations of free protein, ligand and complex respectively. We consider further the titration profile monitoring [PL] and calculate the PT/LT ratio corresponding to the maximum in [PL]. The mass balance equations for this system at each point in the titration are

	 
and 												   [S10]

	.
The expression for the extremum in the titration profile is given by 

	 	[S11]
Since [PL], LT and PT are all functions of x, we can rewrite Eq [S11] as 

	. 	[S12]
Substituting for LT and PT from Eqs [S7] and [S8] we derive the following condition for the extremum,

	 	[S13]


and since x ≠ 0 it follows that =0. Eqs [S9] and [S10] are used to evaluate  as,

	 	[S14]
that can be rearranged,

	 .	[S15]

Differentiating [PL] in Eq [S15] with respect to x and solving for  yields

	 	[S16]
so that the maximum value of [PL] is  

	 .	[S17]

Substituting the expression for [PL] into Eq [S14] and, assuming tight binding, defined as , so that Kd[PL] in Eq [S15] can be neglected (Kd[PL] ~ 0), gives

	 	[S18]

and from Eq [S10] it follows that . Thus, the maximum population of [PL] and hence the maximum in the titration profile occurs at a LT/PT ratio of 1. 
(ii) 1:2 complex

It can similarly be shown that the maximal concentration of PL2 occurs at a PT/LT ratio of 2 for a titration in which the binding reaction is . Noting that the mass balance equations for this process are

	  
and 												   [S19]

	,
and that the dissociation equilibrium constant is given by 

	 	[S20]
it follows that

	 	[S21]
Substituting for PT and LT using Eq [S19] and rearranging gives

	 	[S22]
Following the procedure above for the single ligand binding process (Eqs [S13-S16]) it can be shown that the maximum concentration of PL2 has two solutions given by

	 	[S23]

Substitution of either of the roots in Eq [S23] into Eq [S22] and assuming tight binding, defined as  so that Kd[PL2] can be set to 0 in Eq [S22], gives

	 	[S24]


at the maximum of the titration profile, so that  and , leading to a ratio of LT/PT = 2 at the maximum. 
[bookmark: _GoBack]

Figure S1
[image: E:\DnaK_binding\manuscript_titrations\figures\SI_fig\fig_SI.jpg]

Figure S1. Fits of peaks reporting on state 'c' using the final model in Figure 6 (red) or the final model lacking the state U3Kc (black), showing that the latter model gives visually poorer fits for the initial data points. Only the first few points of the titration profiles are shown. 


Figure S2
[image: F:\DnaK_binding\manuscript_titrations\figures\SI_fig_2\fig_SI_pep_bound.tif]
Figure S2. Representative profiles from peptide titrations reporting on the peptide-DnaK complex (red: Ile 438a and green: Ile 401b) obtained by adding IM-13CH3 DnaK/ADP to unlabeled hTRF123-38. Solid curves are fits to a model lacking the molecular species N, UK2 and U3Ki.
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