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Supplementary Figure 1. ProTα-H1 affinity is robust to fluorophore labeling, surface immobilization, 
and slight sequence variations, but highly dependent on ionic strength. Measured equilibrium 
dissociation constants (KD) for different ProTα and H1 variants as a function of ionic strength (see legend 
and Supplementary Table 1). A fit to the Lohman-Record model1,2 was used to estimate the number of 
counter ions released upon binding (18 ± 1, solid line; shaded band indicates 67 % confidence interval). KD 
values for surface-immobilized ProTα were measured with Avi-tagged ProTα (Figure 3). KD values for 
fluorophore-labeled ProTα were measured with unlabeled H1, values for fluorophore-labeled H1 with 
unlabeled ProTα. The value denoted "Unlabeled ProTα" is from competition titrations (Figure 1c). Horizontal 
error bars indicate our estimate of the uncertainty in ionic strength while vertical error bars are the standard 
error of the fits reported in Supplementary Table 1. 
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Supplementary Figure 2. Dependence of the exchange rates o  ProTα (
P

exk  ) and H1 (
H

exk  ) on protein concentrations. (All dependencies calculated using 

the rate coefficients given in Supplementary Table 1.) Purple dotted lines show the exchange rates calculated using a two-state model for the formation of PH 
(Eq.17, see Methods for details). Solid purple lines show the exchange rates calculated using a kinetic model including the formation of the ternary complexes 
PPH and PHH (four-state model, Eqs. 13 and 16, see Methods for details). To identify whether the system is in slow or fast exchange under the experimental 
conditions, the exchange rates need to be compared with the observation timescales of the respective measurements, indicated as horizontal dashed lines for 
single-molecule  R T and   R, respectively. The bottom panels show the calculated fraction of ProTα bound (in any of the complexes, PH, PPH, or PHH), 

bound

P . The gray shading indicates protein concentrations outside the ranges at which the measurements were performed, or where one of the populations is 

present to <5 %, which would complicate the detection of line broadening, as indicated by the horizontal bars above the panels and in the lowest panels, 
respectively. (a) Conditions relevant for Figures 1b and 3b,c (single-molecule experiments). No deviation between two-state and four-state models is expected 
under these conditions since the populations of PPH and PHH are negligible, and slow-exchange behavior is expected in the experimentally accessible range. (b, 
c, d) Exchange rates for ProTα and H1 in the presence of 1  nM H1 (Figures 1c, 2a, and 3e,f, single-molecule experiments), 1 µM H1 (Figure 2b and Figure 4a,c, 
single-molecule and recurrence experiments), or 20 µM H1 (Figure 2c, single-molecule experiments), respectively, and varying concentrations of unlabeled ProTα 
(conditions of the corresponding experiments in Figures 1-3 shown above the panels). While the two-state model results in slow exchange between bound and 
unbound ProTα in all cases, the four-state model yields a transition from slow to fast exchange with increasing protein concentrations, in accord with the 
experimental data (Figure 2a,b,c). (e) Exchange rates of ProTα and H1 calculated for the experimental conditions used in the NMR titration of 15N-ProTα with 
unlabeled H1 (Figure 2d-f). The two-state model results in slow exchange between bound and unbound ProTα on the NMR timescale, while the four-state model 
indicates fast exchange, in agreement with the experimental data (Figure 2e,f) 
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Supplementary Figure 3. Transfer efficiencies, hydrodynamic radii and peak intensity ratios indicate 
the formation of higher-order complexes. (a) Single-molecule FRET efficiencies of 50 pM donor/acceptor-
labeled H1 in the presence of increasing concentrations of unlabeled ProTα. (b) Hydrodynamic radius (RH) 
under the same conditions as in (a) from FCS. (c) Relative populations of P, PH, PPH and PHH, as a 
function of ProTα concentration under the conditions of (a, b) calculated according to the four-state model 
(Eq. 12, see Methods for details). Transfer efficiencies (d) and RH from FCS (e) of 50 p  labeled ProTα in 
the presence of increasing concentration of unlabeled H1. Investigation of the H1 concentration range above 
200 µM was prevented by high fluorescence background. (f) Relative populations of P, PH, PPH and PHH, 
as a function of H1 concentration under the conditions of (d, e) calculated according to the four-state model 
(Eq. 12, see Methods for details). Dashed vertical lines in A-F, from left to right, represent the KD values for 
PH, PPH and PHH formation, respectively. (g) RH from pulsed-field gradient NMR experiments with 20 µM 
15N-ProTα and increasing concentrations of unlabeled H1. (h) Relative populations of P, PH, PPH, and PHH 
as a function of the H1 concentration under the conditions of (g) calculated according to the four-state model 
(Eq. 12, see Methods for details, a-h: TBS, 200 mM ionic strength). Dash-dotted vertical lines represent the 
concentrations of H1 where the molar ratios H1 to ProTα are 1:2, 1:1, and 2:1, respectively (from left to 
right). In (a,b,d,e), horizontal error bars represent the estimated dilution error; in (b,e), vertical error bars are 
the result of propagating the standard error of the transfer efficiency.  
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Supplementary Figure 4. Affinity and ionic-strength dependence of the ternary complex PHH. (a) 
Example of transfer efficiency histograms of 50 p  labeled ProTα with increasing concentrations of 
unlabeled H1 (concentrations indicated in the panels) in TBS at 8 mM ionic strength. The histograms show 
the peaks of unbound (P, red) and bound ProTα (PH purple, PHH blue), while the gray peak represents the 
donor-only population. (b) Superposition of the transfer efficiency histograms normalized by the number of 
events per measurement. The subpopulations P, PH and PHH are in slow exchange at this low ionic 
strength, as shown by the presence of separate peaks and an isosbestic point between the PH and PHH 
populations. (c) KD for the reaction PH + H ⇌ PHH quantified by fitting the fraction of PHH (cPHH/(cPHH + cPH) 
as a function of H1 concentration with a binding isotherm (Eq. 6, solid line). (d) The KD of PHH was 
measured at different ionic strengths and extrapolated (dashed line with 90% confidence band), yielding a 
KD of (12 ± 3) µM at 200 mM ionic strength. Vertical error bars show the standard errors of the fits of the 
PHH bound fraction as a function of the H1 concentration (see for example (c)). (e) Transfer efficiency of 
labeled ProTα in the unbound state (P, red), in PH (purple) and in the ternary complex PHH (dark blue) as a 
function of ionic strength. 
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Supplementary Figure 5. Recurrence analysis of transfer efficiency histograms enables kinetic 
analysis in the fast exchange regime. (a) Transfer efficiency histogram of 150 pM double-labeled ProTα in 
the presence of 1 µM unlabeled H1 and 3    unlabeled ProTα. Two species are visible, the donor-only 
population (gray) and a FRET population (purple), comprising the time-averaged signal from unbound (P) 
and bound  PH, PPH and PHH  labeled ProTα. The red- and blue-shaded areas represent the transfer 
efficiency intervals used to select the initial bursts for recurrence analysis. (b, c) Transfer efficiency 
histograms generated with increasing delay time (see Methods for details) from bursts selected in the 
corresponding transfer efficiency intervals shown above. With increasing delay time, the donor-only 
population increases due to photobleaching of the acceptor, and the position of the FRET population shifts, 
relaxing towards the equilibrium transfer efficiency histogram. (d) The transfer efficiency of the FRET 
population as a function of delay time, showing that the system equilibrates in less than 100 ms. (e, f) 
Examples of transfer efficiency histograms after delay times of 50 µs and 211 µs, respectively, show the 
separation in transfer efficiencies of the initial populations for short recurrence times and their full 
convergence for long times. 
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Supplementary Figure 6. NMR lineshape calculations. The lineshapes of individual NMR residues 
(indicated in the panels) were calculated using the Bloch-McConnell equation for different kinetic models 
(see Methods for details). (a) Lineshapes calculated assuming a two-state model (Eq. 9). Two peaks in slow 
exchange are visible. (b) Lineshapes calculated for the four-state model including the ternary complexes, 
and assuming the same linewidth for the sup-populations of P, PH, PPH, and PHH (linewidth obtained from 
the spectra of ProTα in the absence of H1). This analysis shows a single peak shifting with increasing 
concentration of H1, in agreement with the fast exchange observed in the NMR experiments, but in 
disagreement with the broadening observed during the H1 titration (Figure 2f). (c) To account for the line 
broadening with increasing concentration of H1, we set the linewidth of the bound ProTα subpopulations PH, 
PPH, PHH to the value from the NMR spectra at 20    H1  1:1 molar ratio of ProTα:H1 , where the fraction 
of PH is expected to be close to 100% (FigureSupplementary Figure 3h). The resulting analysis yields good 
agreement with the NMR experiments (Figure 2). (d,f) Comparison of peak positions, intensity ratios (I/I0), 
and full width at half height (FWHH) from the Bloch-McConnell calculation, using the approach described in 
(c), with the experimental data (red points). (d) Calculated chemical shifts as a function of H1 concentration 
show good agreement with the experimental data (red symbols), independent of whether we choose 
individual Larmor frequencies ω for each sub-population P, PH, PPH, PHH (full black line) (see Methods for 
details) or whether the Larmor frequency of the ProTα-bound subpopulations (PH, PPH, PHH) were 
assumed to be equal (ωPH = ωPPH = ωPHH = ωPbound) (dot-dashed gray line for ωPbound = ω(cH=20) and dashed 
gray line for ωPbound = ω(cH=80) ). (e,f) I/I0 (e) and FWHH (f) from calculated lineshapes. Shaded gray areas 
show error bands assuming 10% (dark gray) or 20% (light gray) uncertainty in the line widths of the bound 
ProTα subpopulations. 

  



 

 

10 

 

 

Supplementary Figure 7. Association rate coefficients from potentials of mean force (PMFs). (a) 
P  s for association of ProTα and H1 from coarse-grained umbrella sampling simulations with and without 
Coulomb interactions (see legend) as a function of the center-of-mass distance, r, between the proteins. (b) 
Radial probability density, P(r), with the vertical orange dashed line indicating the maximum. (c) Association 
rate coefficients, kon, calculated from PMFs in (a) and the experimentally determined translational diffusion 
coefficients of H1 and ProTα to an absorbing boundary, b, at a given intermolecular separation (see 
Methods for details). (d) Ratio of kon for different scenarios over the association rate coefficient without 
intermolecular interactions, kflat.  
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Supplementary Figure 8. Ionic-strength dependence of interaction kinetics under two-state 
conditions. (a) Relaxation rates from stopped-flow experiments in TBS 165 mM ionic strength with 2 nM 
labeled ProTα mi ed with different concentrations of H1. The observed rate, kex, increases linearly as a 

function of H1 concentration. Purple line and shaded area represent the fit with 
ex on H D onk k c K k= +  and 95% 

confidence interval, respectively. Error bars are the standard errors of the fits of the averaged signal of at 
least 80 repeats. (b-d) Results from single-molecule surface-immobilization experiments in TBS at ionic 
strengths from 200 mM to 275 mM analogous to Figure 3a, analyzed with a two-state binding model. The 
error bars are the s.d. estimated from bootstrapping analysis (see Materials and Methods for more details). 
(e) The resulting association and dissociation rate coefficients as a function of ionic strength. While the 
association rate coefficient is only weakly dependent on ionic strength, the change in dissociation rate 
coefficient dominates the change in KD. A fit of koff with the Record/Lohman model2 suggests the binding of 
17 ± 3 counterions upon dissociation, close to the value from a corresponding analysis of the KD 
(Supplementary Figure 1). Error bars represent standard errors of the fits at each ionic strength.1 
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 K
D
 (

n
M

) 
 

Ionic Strength (mM) 
 

Variants 165 180 200 208 230 240 275 290 330 340 

𝑷 + 𝑯 ⇌ 𝑷𝑯 

ProTα 

E56C/D110C 

Alexa488/594 

(2.1−0.8
+1.1) 

× 10−3 

(3.7 ± 0.5) 

× 10−2 
0.73 ± 0.07 1.0 ± 0.1  25 ± 3  (2.3 ± 1.5) 

× 102 

(1.4 ± 0.4) 

× 103 

(4 ± 2) 

× 103 

ProTα 

S1C/D110C 

Alexa488/594 
   2.0 ± 0.1       

ProTα 

E56C/D110C 

Cy3B/Abb.STAR635 
   1.0 ± 0.1       

ProTα 

E56C/D110C 

Atto 550/647N 
   3.1 ± 0.2       

H1 

V104C/G194C 

Alexa488/594 
   3.5 ± 0.2       

ProTα 

S1C/D109C 

Alexa488/594 
   2.3 ± 0.5       

ProTα 

S1C/E55C 

Alexa488/594 
   1.3 ± 0.2       

ProTα 

E55C/D109C 

Alexa488/594 
  0.51 ± 0.05 1.3 ± 0.1       

Avi_ProTα E56C/D110C 

Cy3B-LD650 

free diffusion 
  1.12 ± 0.08        

Avi_ProTα E56C/D110C 

Cy3B-LD650 

surface 

  1.2 ± 0.2  2.0 ± 0.2  59 ± 6    

Unlabeled ProTα 
(5.8 ± 0.6) 

× 10−3 
 1.1 ± 0.4  6.5 ± 0.4      

𝑷𝑯 + 𝑷 ⇌ 𝑷𝑷𝑯 
ProTα 

E56C/D110C 

Alexa488/594 

  (3.5 ± 0.4) 

× 103 
       

 Ionic Strength (mM)  
Variants 8 13 18 23 33 43 58 83 200 

𝑷𝑯 + 𝑯 ⇌ 𝑷𝑯𝑯 
ProTα 

E56C/D110C Alexa488/594 

(2.0 ± 0.1) 

× 102 

(5.4 ± 0.2) 

× 102 

(7.1 ± 0.4) 

× 102 

(5.4 ± 0.6) 

× 102 

(1.31 ± 0.06) 

× 103 

(1.8 ± 0.1) 

× 103 

(2.8 ± 0.2) 

× 103 

(4.1 ± 0.9) 

× 103 

(12 ± 3) 

× 103 

Supplementary Table 1. Comparison of equilibrium dissociation constants, KD, of ProTα and H1 for different labeling variants and dye pairs at different ionic strengths1 
and for the different complexes (see equilibria on the left). 
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 Ionic Strength (mM) 

165 200 230 275 

 𝑷 + 𝑯 ⇌ 𝑷𝑯 

𝒌𝒐𝒏 (𝑴−𝟏𝒔−𝟏)  (3.5 ± 0.2) × 109 (1.45 ± 0.06) × 109  (3.1 ± 0.1) × 109  (3.1 ± 0.1) × 109  

𝒌𝒐𝒇𝒇(𝒔−𝟏) (6 ± 3) × 10−3  (1.7 ± 0.1) (2.8 ± 0.1)   (59 ± 5) 

𝑷𝑯 + 𝑷 ⇌ 𝑷𝑷𝑯 
  

𝒌𝒐𝒏
𝑷𝑷𝑯 (𝑴−𝟏𝒔−𝟏)    (0.53 ± 0.1) × 109     

𝒌𝒐𝒇𝒇
𝑷𝑷𝑯 (𝒔−𝟏)   (1.9 ± 0.2) × 103      

𝑷𝑯 + 𝑯 ⇌ 𝑷𝑯𝑯 

  

𝒌𝒐𝒏
𝑷𝑯𝑯 (𝑴−𝟏𝒔−𝟏)    (0.53 ± 0.1) × 109     

𝒌𝒐𝒇𝒇
𝑷𝑯𝑯 (𝒔−𝟏)   (6 ± 2) × 103     

Supplementary Table 2. Comparison of association and dissociation rate coefficients of ProTα and H1 at different ionic strengths and for the different complexes 
(see equilibria on the left). 
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ProTα (unlabeled 
& NMR) 

                                                            1 
MAHHHHHHSAALEVLFQ/GPMSDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNANEENGEQEADNEVDEEEEEGGEEEEEEEEGDGEEEDGDEDE
EAESATGKRAAEDDEDDDVDTKKQKTDEDD 

ProTα 
S1C/E55C 

                                                            1 
MAHHHHHHSAALEVLFQ/GPMCDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNANEENGEQEADNEVDEECEEGGEEEEEEEEGDGEEEDGDEDE
EAESATGKRAAEDDEDDDVDTKKQKTDEDD 

ProTα 
S1C/D109C 

                                                            1 
MAHHHHHHSAALEVLFQ/GPMCDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNANEENGEQEADNEVDEEEEEGGEEEEEEEEGDGEEEDGDED
EEAESATGKRAAEDDEDDDVDTKKQKTDEDC 

ProTα 
E55C/D109C 

                                                            1 
MAHHHHHHSAALEVLFQ/GPMSDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNANEENGEQEADNEVDEECEEGGEEEEEEEEGDGEEEDGDEDE
EAESATGKRAAEDDEDDDVDTKKQKTDEDC 

ProTα 
E56C/D110C 

                                                        1 
MAHHHHHHSAALEVLFQ/GPSDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNAENEENGEQEADNEVDEECEEGGEEEEEEEEGDGEEEDGDEDE
EAESATGKRAAEDDEDDDVDTKKQKTDEDC 

ProTα 
S1C/D110C 

                                                        1 
MAHHHHHHSAALEVLFQ/GPCDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNAENEENGEQEADNEVDEEEEEGGEEEEEEEEGDGEEEDGDEDE
EAESATGKRAAEDDEDDDVDTKKQKTDEDC 

Avi-ProTα 
E56C/D110C 

                                                                     1 
MAGLNDIFEAQKIEWHEGSMGSGSMSDAAVDTSSEITTKDLKEKKEVVEEAENGRDAPANGNAENEENGEQEADNEVDEECEEGGEEEEEEEEGDGEEED
GDEDEEAESATGKRAAEDDEDDDVDTKKQKTDEDCGGPR/GSRSQASHHHHHH 

Unlabeled H1 
1 
TENSTSAPAAKPKRAKASKKSTDHPKYSDMIVAAIQAEKNRAGSSRQSIQKYIKSHYKVGENADSQIKLSIKRLVTTGVLKQTKGVGASGSFRLAKSDEPKKSV
AFKKTKKEIKKVATPKKASKPKKAASKAPTKKPKATPVKKAKKKLAATPKKAKKPKTVKAKPVKASKPKKAKPVKPKAKSSAKRAGKKK 

H1-V104C-G194C 

    1 
MTENSTSAPAAKPKRAKASKKSTDHPKYSDMIVAAIQAEKNRAGSSRQSIQKYIKSHYKVGENADSQIKLSIKRLVTTGVLKQTKGVGASGSFRLAKSDEPKK
SCAFKKTKKEIKKVATPKKASKPKKAASKAPTKKPKATPVKKAKKKLAATPKKAKKPKTVKAKPVKASKPKKAKPVKPKAKSSAKRAGKKKCGPR/GSRSQ
ASHHHHHH 

Supplementary Table 3. Amino acid sequences of proteins used. Protease cleavage sites for His6 tags are indicated by a slash, the avi-tag with flexible linker 
in italics, Cys residues introduced for labeling and amino acid number 1 are indicated in bold for each sequence. ProTα  unlabeled &   R , ProTα S1C/E55C, 
ProTα S1C D1  C, ProTα    C D1  C are variants of human ProTα isoform 2, while ProTα    C D11 C, ProTα S1C D11 C, and Avi-ProTα    C D11 C are 
variants of isoform 1. The isoforms differ by a single Glu at position 39. 
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	Supplementary Figure 1. ProTα-H1 affinity is robust to fluorophore labeling, surface immobilization, and slight sequencevariations, but highly dependent on ionic strength. Measured equilibrium dissociation constants (KD) for different ProTα and H1 variants as a function of ionic strength (see legend and Supplementary Table 1). A fit to the Lohman-Record model1,2 was used to estimate the number of counter ions released upon binding (18 ± 1, solid line; shaded band indicates 67 % confidence interval). KD values for surface-immobilized ProTα were measured with Avi-tagged ProTα (Figure 3). KD values for fluorophore-labeled ProTα were measured with unlabeled H1, values for fluorophore-labeled H1 with unlabeled ProTα. The value denoted "Unlabeled ProTα" is from competition titrations (Figure 1c). Horizontal error bars indicate our estimate of the uncertainty in ionic strength while vertical error bars are the standard error of the fits reported in Supplementary Table 1.
	/
	Supplementary Figure 2. Dependence of the exchange rates of ProTα (� ) and H1 (� ) on protein concentrations. (All depenencies calculated using the rate coefficients given in Supplementary Table 1.) Purple dotted lines show the exchange rates calculated using a two-state model for the formation of PH (Eq.17, see Methods for details). Solid purple lines show the exchange rates calculated using a kinetic model including the formation of the ternary complexes PPH and PHH (four-state model, Eqs. 13 and 16, see Methods for details). To identify whether the system is in slow or fast exchange under the experimental conditions, the exchange rates need to be compared with the observation timescales of the respective measurements, indicated as horizontal dashed lines for single-molecule FRET and NMR, respectively. The bottom panels show the calculated fraction of ProTα bound (in any of the complexes, PH, PPH, or PHH), �. The gray shading indicates protein concentrations outside the ranges at which the measurements were performed, or where one of the populations is present to <5 %, which would complicate the detection of line broadening, as indicated by the horizontal bars above the panels and in the lowest panels, respectively. (a) Conditions relevant for Figures 1b and 3b,c (single-molecule experiments). No deviation between two-state and four-state models is expected under these conditions since the populations of PPH and PHH are negligible, and slow�exchange behavior is expected in the experimentally accessible range. (b, c, d) Exchange rates for ProTα and H1 in the presence of 10 nM H1 (Figures 1c, 2a, and 3e,f, single-molecule experiments), 1 µM H1 (Figure 2b and Figure 4a,c, single-molecule and recurrence experiments), or 20 µM H1 (Figure 2c, single-molecule experiments), respectively, and varying concentrations of unlabeled ProTα (conditions of the corresponding experiments in Figures 1-3 shown above the panels). While the two-state model results in slow exchange between bound and unbound ProTα in all cases, the four-state model yields a transition from slow to fast exchange with increasing protein concentrations, in accord with the experimental data (Figure 2a,b,c). (e) Exchange rates of ProTα and H1 calculated for the experimental conditions used in the NMR titration of 15N�ProTα with unlabeled H1 (Figure 2d�f). The two-state model results in slow exchange between bound and unbound ProTα on the NMR timescale, while the four-state model indicates fast exchange, in agreement with the experimental data (Figure 2e,f)
	/
	Supplementary Figure 4. Affinity and ionic-strength dependence of the ternary complex PHH. (a) Example of transfer efficency histograms of 50 pM labeled ProTα with increasing concentrations of unlabeled H1 (concentrations indicated in the panels) in TBS at 8 mM ionic strength. The histograms show the peaks of unbound (P, red) and bound ProTα (PH purple, PHH blue), while the gray peak represents the donor�only population. (b) Superposition of the transfer efficiency histograms normalized by the number of events per measurement. The subpopulations P, PH and PHH are in slow exchange at this low ionic strength, as shown by the presence of separate peaks and an isosbestic point between the PH and PHH populations. (c) KD for the reaction PH + H ⇌ PHH quantified by fitting the fraction of PHH (cPHH/(cPHH + cPH) as a function of H1 concentration with a binding isotherm (Eq. 6, solid line). (d) The KD of PHH was measured at different ionic strengths and extrapolated (dashed line with 90% confidence band), yielding a KD of (12 ± 3) µM at 200 mM ionic strength. Vertical error bars show the standard errors of the fits of the PHH bound fraction as a function of the H1 concentration (see for example (c)). (e) Transfer efficiency of labeled ProTα in the unbound state (P, red), in PH (purple) and in the ternary complex PHH (dark blue) as a function of ionic strength.
	/
	Supplementary Figure 5. Recurrence analysis of transfer efficiency histograms enables kinetic analysis in the fast exchage regime. (a) Transfer efficiency histogram of 150 pM double�labeled ProTα in the presence of 1 µM unlabeled H1 and 3 µM unlabeled ProTα. Two species are visible, the donor�only population (gray) and a FRET population (purple), comprising the time�averaged signal from unbound (P) and bound (PH, PPH and PHH) labeled ProTα. The red- and blue-shaded areas represent the transfer efficiency intervals used to select the initial bursts for recurrence analysis. (b, c) Transfer efficiency histograms generated with increasing delay time (see Methods for details) from bursts selected in the corresponding transfer efficiency intervals shown above. With increasing delay time, the donor�only population increases due to photobleaching of the acceptor, and the position of the FRET population shifts, relaxing towards the equilibrium transfer efficiency histogram. (d) The transfer efficiency of the FRET population as a function of delay time, showing that the system equilibrates in less than 100 ms. (e, f) Examples of transfer efficiency histograms after delay times of 50 µs and 211 µs, respectively, show the separation in transfer efficiencies of the initial populations for short recurrence times and their full convergence for long times.
	/
	Supplementary Figure 6. NMR lineshape calculations. The lineshapes of individual NMR residues (indicated in the panels) ere calculated using the Bloch�McConnell equation for different kinetic models (see Methods for details). (a) Lineshapes calculated assuming a two-state model (Eq. 9). Two peaks in slow exchange are visible. (b) Lineshapes calculated for the four-state model including the ternary complexes, and assuming the same linewidth for the sup�populations of P, PH, PPH, and PHH (linewidth obtained from the spectra of ProTα in the absence of H1). This analysis shows a single peak shifting with increasing concentration of H1, in agreement with the fast exchange observed in the NMR experiments, but in disagreement with the broadening observed during the H1 titration (Figure 2f). (c) To account for the line broadening with increasing concentration of H1, we set the linewidth of the bound ProTα subpopulations PH, PPH, PHH to the value from the NMR spectra at 20 µM H1 (1:1 molar ratio of ProTα:H1), where the fraction of PH is expected to be close to 100% (FigureSupplementary Figure 3h). The resulting analysis yields good agreement with the NMR experiments (Figure 2). (d,f) Comparison of peak positions, intensity ratios (I/I0), and full width at half height (FWHH) from the Bloch�McConnell calculation, using the approach described in (c), with the experimental data (red points). (d) Calculated chemical shifts as a function of H1 concentration show good agreement with the experimental data (red symbols), independent of whether we choose individual Larmor frequencies ω for each sub�population P, PH, PPH, PHH (full black line) (see Methods for details) or whether the Larmor frequency of the ProTα-bound subpopulations (PH, PPH, PHH) were assumed to be equal (ωPH = ωPPH = ωPHH = ωPbound) (dot�dashed gray line for ωPbound = ω(cH=20) and dashed gray line for ωPbound = ω(cH=80) ). (e,f) I/I0 (e) and FWHH (f) from calculated lineshapes. Shaded gray areas show error bands assuming 10% (dark gray) or 20% (light gray) uncertainty in the line widths of the bound ProTα subpopulations.
	/
	Supplementary Figure 7. Association rate coefficients from potentials of mean force (PMFs). (a) PMFs for association of roTα and H1 from coarse-grained umbrella sampling simulations with and without Coulomb interactions (see legend) as a function of the center-of-mass distance, r, between the proteins. (b) Radial probability density, P(r), with the vertical orange dashed line indicating the maximum. (c) Association rate coefficients, kon, calculated from PMFs in (a) and the experimentally determined translational diffusion coefficients of H1 and ProTα to an absorbing boundary, b, at a given intermolecular separation (see Methods for details). (d) Ratio of kon for different scenarios over the association rate coefficient without intermolecular interactions, kflat. 
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	Supplementary Table 2. Comparison of association and dissociation rate coefficients of ProTα and H1 at different ionic srengths and for the different complexes (see equilibria on the left).
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